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Endogenous myelin-specific antibodies mediate demyelination
and trigger spontaneous CNS autoimmune disease in the absence
of myelin-specific B cells

Klaus Lehmann-Horn1, Deetje Hertzenberg1, Claude C. Bernard2,
Scott S. Zamvil3, Bernhard Hemmer1, Martin S. Weber1

1Department of Neurology, Technische Universität München, Munich,
Germany; 2Monash Immunology and Stem Cell Laboratories, Monash
University, Clayton, Australia; 3Department of Neurology and Program
in Immunology, University of California, San Francisco, San Francisco,
United States

Objective: To dissect the relative pathogenic relevance ofmyelin-specific
antibodies (ab) frommyelin-specific B cells in theMSmodel experimen-
tal autoimmune encephalomyelitis (EAE).
Background: B cells and B cell-derived ab may both play a pathogenic
role in CNS autoimmune disease. Transgenic mice in which a majority
of B cells recognizes myelin oligodendrocyte glycoprotein (MOG)
and plasma cells secrete high titres of MOG-specific ab (MOG BCR
knockin mice) experience a fulminant course of actively-induced EAE.
Double-transgenic mice which further contain myelin-reactive T cells
(MOG BCR knockin×2D2) spontaneously develop EAE. Utilizing both
models in combination with anti (α)-CD20, which depletes B cells but
spares CD20 negative plasma cells, we dissected the relative pathogenic
contribution of myelin-reactive B cells from endogenously produced
myelin-reactive ab.
Methods: MOG BCR knockin mice received 0.2 mg α-CD20 i.p./week
starting 3 weeks prior to immunization with mouse MOG 1–117 or
after EAE was established. MOG BCR knockin×2D2 mice were
injected with 0.2 mg α-CD20/week starting at the age of 4 weeks.
T cell phenotype was determined by FACS for IFN-γ and IL-17.
Serum from MOG BCR knockin mice immunized with MOG 1–117
was transferred into recipient wild-type (WT) mice with established
EAE or naïve 2D2 mice. Serum from WT mice immunized with MOG
p35–55 served as control.
Results: MOG BCR knockin mice developed fulminant EAE compared to
WT mice, which was not affected by depletion of B cells. In double-
transgenic MOG BCR knockin×2D2 mice, α-CD20 treatment did not
interfere with development of encephalitogenic T cells or incidence/
severity of spontaneous EAE. While all peripheral compartments were
0165-5728/$ – see front matter
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efficiently depleted of B cells,α-CD20 did not affect constitutive secretion
of α-MOG ab in either model. Further corroborating the deduced patho-
genic role of myelin-reactive ab, serum from BCR MOG-knockin mice
containing high titres of pathogenic α-MOG ab exacerbated established
EAE in WT recipients and triggered spontaneous EAE in naïve 2D2
recipients.
Conclusion: Taken together, these data indicate that endogenously
produced self-reactive ab contribute to CNS autoimmune disease in-
dependent of myelin-reactive B cells. Ongoing mechanistic experi-
ments suggest that besides promoting CNS demyelination α-MOG
ab may enhance myelin-recognition of antigen-presenting cells
resulting in accentuated activation of myelin-reactive T cells.
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Clonally expanded and autoantibody producing B cells are present
both in peripheral blood and cerebrospinal fluid of multiple
sclerosis patients

Judith Fraussen1, Kathleen Vrolix2, Pilar Martinez-Martinez2,
Mario Losen2, Luisa M Villar3, Raymond Hupperts2,
Bart VanWijmeersch1, Marc H De Baets2, Piet Stinissen1, Veerle Somers1

1Biomedical Research Institute, Hasselt University, Diepenbeek, Belgium;
2Department of Neuroscience, School of Mental Health and Neuroscience,
Maastricht University, Maastricht, Netherlands; 3Department of Immu-
nology, Hospital Ramón y Cajal, Madrid, Spain

Objective: B cells and oligoclonal antibodies are present in the
cerebrospinal fluid (CSF) of multiple sclerosis (MS) and clinically
isolated syndrome (CIS) patients but their target antigens remain
unknown. The focus of this study was to characterize B cells from
the peripheral blood (PB) and CSF of MS and CIS patients following
B cell immortalization.
Methods: Peripheral blood mononuclear cells (PBMC), peripheral im-
munoglobulin G+ (IgG+) B cells or CSF cells were infected with
Epstein–Barr virus (EBV) to obtain continually dividing B cell lines. Mo-
lecular analysis of the Ig heavy chain variable region (VH) genes was
used to analyze clonality and diversity of the immortalized B cells.
Binding of the produced antibodies to human oligodendroglioma
(HOG), astrocytoma (U251), control epithelial alveolar carcinoma
(A549) cell lines and PBMC was analyzed by flow cytometry and
immunocytochemistry.

http://dx.doi.org/10.1016/j.jneuroim.2012.10.001
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Results: We generated 301 immortalized B cell lines from 18MS patients,
45 from4CIS patients, 7 from4patientswith a non-inflammatory neuro-
logical disease (NIND) and 40 from 2 healthy subjects (HC). Most B
cell lines were obtained from the PB although 7 B cell lines were
isolated from the CSF of 1 MS patient and 2 from 1 NIND patient.
A monoclonality rate of more than 82% was obtained for these
B cell lines, eliminating the need for subcloning. Antigen-stimulated
clonal expansion and affinity maturation were evidenced both in
PB and CSF of MS and CIS patients by the occurrence of B cell lines
expressing identical CDR3 sequences and increased VH mutation
frequencies when compared to B cells from HC. Moreover, a propor-
tion of peripheral B cells from MS and CIS patients displayed
autoreactivity, as demonstrated by analysis of antibody binding to
HOG cells, U251 cells, PBMC and A549 cells. Intracellular specificity
to HOG cells was demonstrated for antibodies from 4 B cell lines of
3 MS patients. General intracellular binding to 2 or more tested cell
lines was demonstrated for 75 other B cell lines from both MS and
CIS patients. Interestingly, the major myelin lipid phosphatidyl
choline was identified as specific target for 1 CSF B cell line of a MS
patient.
Conclusions: In conclusion, clonal expansion and affinity maturation
were demonstrated for the first time in peripheral B cells of MS and
CIS patients. As several B cell lines showed reactivity to human
brain cell lines, the antigen reactivity of the generated monoclonal
antibodies is now further examined to identify the specific target
antigens.
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Somatic hypermutation of intrathecal IgM-producing B cells in
multiple sclerosis patients

Eduardo Beltrán1, Birgit Obermeier2, Francisco Coret3,
María Simó-Castelló1, Isabel Boscá1, Luisa M. Villar4, HarmutWekerle2,
Reinhard Hohlfeld5, Klaus Dornmair5, Bonaventura Casanova1

1Multiple Sclerosis Unit, Hospital Universitari I Politècnic La Fe, Valencia,
Spain; 2Department of Neuroimmunology, Max-Planck-Institute of
Neurobiology, Martinsried, Germany; 3Neurology Department, Clinic Uni-
versity Hospital, Valencia, Spain; 4Department of Immunology, Hospital
Ramón y Cajal, Madrid, Spain; 5Institute of Clinical Neuroimmunology,
Ludwig-Maximilians-University, Munich, Germany

Objective: The vast majority of MS patients have oligoclonal bands
(OCBs) of the IgG isotype in their CSF that can be identified by iso-
electric focusing. Interestingly, about 40% of MS patients have
OCBs of the IgM isotype (OCMB) and many of them bind lipids.
Nearly 95% of OCMBs persist for many years. Therefore we hypoth-
esize that OCMB antibodies presumably might not originate from
the innate immune system but rather derive from an antigen-
driven immune response.
Methods: We collected cells from 3–5 ml CSF from 10MS patients. We
amplified heavy chains by two independent rounds of nested PCR. Re-
verse inner primers were linked to multiplex identifier (MID), a com-
binatory tag to discriminate between equal sequences. Each MID was
assigned to a particular patient. PCR products obtained from each
sample were purified and sequenced by pyrosequencing.
Results: We analyzed the Ig transcriptomes of intrathecal B cells
from 10 MS patients highly positive for OCMB. As controls we se-
quenced peripheral blood B cells from MS patients and a healthy
volunteer. We analyzed VH sequences derived from the different B
cells subpopulations, compared them with their corresponding VH

germline sequences, and analyzed the rates of somatic hypermutations
in the complementarity determining regions (CDRs) 1 and 2 to the
framework regions (FR) of the IgM variable region genes of intrathecal
B cells. We found significantly higher rates of somatic hypermutations
in the CDR as compared to FR: 6.9% versus 3% nucleotide exchanges in
intrathecal IgM-producing B cells; 10.2% versus 3.8% in intrathecal
IgG-producing B cells; and 9.8% versus 4.7% in peripheral blood
IgG-producing B cells, whereas the sequence analysis from the periph-
eral blood IgM-producing B cells showed the same rate of substitution
between CDR and FR: 2.8% vs. 2.7%.
Conclusions: Our study demonstrates for the first time that somatic
hypermutation occurs in IgM antibodies in an autoimmune disease
that affects the central nervous system like MS. This strongly supports
the view that IgM antibodies are generated by an antigen-driven im-
mune response. In a prospective view our findings might give reason
to focus on IgM antibodies as new potential therapeutic targets in MS
therapy.
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B-cells as obligatory APC in the marmoset EAE model

S. Anwar Jagessar1,2, Nicole Heijmans1, Erwin Blezer3, Jan Bauer4,
Jon Laman2,5, Niels Hellings6, Bert't Hart1,2,7

1Department of Immunobiology, Biomedical Primate Research Centre,
Rijswijk, The Netherlands; 2MS center ErasMS, Rotterdam, The
Netherlands; 3Image Science Institute, University Medical Center Utrecht,
The Netherlands; 4Department of Neuroimmunology, Medical University
of Vienna, Austria; 5Department of Immunology, Erasmus MC, Rotterdam,
The Netherlands; 6Biomedical Research Institute, Hasselt University,
Diepenbeek, Belgium; 7Department of Medical Physiology, University Med-
ical Centre Groningen, The Netherlands

Objective: CD20+ B-cell depletion is a highly promising treatment for
multiple sclerosis (MS), but the mechanisms underlying the therapeutic
effect are poorly understood. Classically, B-cells are thought to contribute
to the MS pathogenesis by production of autoantibodies that amplify de-
myelination via opsonization of myelin sheaths. However, this does not
explain the almost immediate and long-lasting clinical effect.

The aim of this research was to assess antibody non-dependent
contributions of B-cells in the experimental autoimmune encephalo-
myelitis (EAE) model in the common marmoset (Callithrix jacchus),
a small-bodied Neotropical primate. The common marmoset is used
as a valid preclinical model for MS that can be used for translational
research into pathogenic mechanisms and therapy development.
Methods: EAE was induced in five marmoset twins with a single
synthetic peptide derived from the human myelin oligodendrocyte
glycoprotein corresponding with the amino acid sequences 34 to
56 (MOG34–56) emulsified in incomplete Freund's adjuvant (IFA).
MS-like pathology and disease in this model is induced via an uncom-
mon autoantibody-dependent mechanism involvingMOG34-56 specific
cytotoxic T-cells producing high IL-17A. One sibling of a twinwas treat-
ed 21 after immunizationwith HuMab7D8, a human IgG1κmonoclonal
antibody against human CD20, and the fraternal sibling served as
control.
Results: All control animals developed neurological deficit character-
ized by balance disturbance and paralysis of the limbs. Furthermore,
demyelinated lesions in the white and grey matter were detected.
White matter lesions contained infiltrated T-cells and activated
macrophages/microglia. Grey matter lesions comprised only few
granzyme B+T-cells. Treatment with anti-CD20 resulted in total in-
hibition or significant reduction of these clinical and neuropathologi-
cal features.
Conclusions: Taken together, this experiment warrants the conclusion
that a critical pathogenic role of CD20+ B-cells is the activation of
MOG34-56 specific encephalitogenic T-cells in the marmoset MOG34-
56/IFA model, since B-cell depletion impaired the mechanism of action
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of the pathogenic T-cells in the autoantibody non-dependent EAE
model.
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Differential roles of CXCR3 ligands in trafficking of antibody secreting
cells during viral encephalomyelitis

Timothy Phares, Stephen Stohlman, Cornelia Bergmann

Lerner Research Institute, Cleveland Clinic, Cleveland, United States

Objective: Viral infections of the CNS are often characterized by accu-
mulation of antibody secreting cells (ASC) within the nervous tissue.
These ASC play a critical role in clearance or controlling viral recru-
descence by providing a local source of antibody (Ab). The signals fos-
tering ASC recruitment into the inflamed CNS are poorly understood.
Accumulation of ASC within the CNS during gliatropic coronavirus in-
duced encephalomyelitis is CXCR3 dependent and associated with the
sustained expression of CXCL9 and CXCL10 mRNA. The present study
determined if either CXCR3 ligand was equally capable of recruiting
ASC into the CNS.
Methods: To investigate the potential role(s) of CXCR3 ligand(s) on ASC
recruitment during virus-induced encephalomyelitis ASC accumulation
in the CNS of wild-type, CXCL9 deficient (CXCL9−/−), CXCL10−/− and
CXCR3−/− mice were compared. Mice were infected intracranially with
the gliatropic JHM variant of mouse hepatitis virus (JHMV). Real-time
quantitative PCR was used to measure parameters of CNS inflammation,
while anatomical distribution of CD138+ ASC, CXCL9 and CXCL10 in the
CNS were examined by immunohistochemical analysis.
Results: Parenchymal CD138+ ASC in the CNS were specifically reduced
in CXCL10−/−, but not in CXCL9−/− mice. Impaired ASC recruitment in
CXCL10−/− mice coincided with reduced CNS levels of virus specific
IgG relative to wt mice, but elevated levels relative to CXCR3−/− mice.
Neutralizing serum Ab levels were not affected by CXCL9 or CXCL10 de-
ficiency. Moreover transcript expression of BCMA and TACI, B cell recep-
tors that function to support ASC survival and differentiation, remained
near naïve levels throughout infection in CXCL10−/− mice. Consistent
with similar T cell accumulation and effector function, control of infec-
tious virus was not affected in either CXCL9−/− or CXCL10−/− mice.
Immunohistochemical analysis revealed CXCL10 expression in paren-
chymal cells consistent with astrocyte morphology. On the other
hand, CXCL9 expression was primarily confined to the perivascular
spaces surrounding blood vessels. Increased magnitude and distinct
focal expression of CXCL10 compared to CXCL9 may thus underlie
preferential in vivo migration of ASC by CXCL10.
Conclusions: These results highlight the distinct localization of CXCR3
ligands in the CNS during JHMV infection and demonstrate CXCL10 is
indispensable for driving ASC migration into the inflamed CNS
parenchyma.
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Astrocytic autoantibody of neuromyelitis optica (NMO-IgG) binds
to aquaporin-4 extracellular loops, monomers, tetramers and
high order arrays

Raffaele Iorio1, James P. Fryer2, Shannon R. Hinson2, Petra Fallier-Becker3,
Hartwig Wolburg3, Sean J. Pittock1, Vanda A. Lennon4

1Departments of Laboratory Medicine and Pathology, Neurology, Mayo
Clinic, Rochester, MN, United States; 2Department of Laboratory Medicine
and Pathology, Mayo Clinic, Rochester, MN, United States; 3Institute of Pa-
thology and Neuropathology, University of Tübingen, Tübingen, Germany;
4Departments of Laboratory Medicine and Pathology, Neurology,
Immunology, Mayo Clinic, Rochester, MN, United States

Objective: To investigate thenature andmolecular location of aquaporin-4
(AQP4) epitopes recognized by the pathogenic autoantibody of neu-
romyelitis optica (NMO-IgG) and the influence of AQP4 supramolec-
ular structure. AQP4, the principal central nervous system (CNS)
water channel, is confined to astrocytic and ependymal membranes.
Two AQP4 isoforms, M1 and M23, exist as homotetrameric and
heterotetrameric intramembranous particles (IMPs). IMPs organized
in orthogonal arrays of particles (OAPs) are an ultrastructural character-
istic of astrocytic membranes. NMO-IgG-seropositivity unifies a spec-
trum of relapsing CNS autoimmune inflammatory disorders (NMOSD)
of which NMO exemplifies the classic phenotype.
Methods: We used freeze-fracture-electronmicroscopy to evaluate
the supramolecular organization of AQP4 M1 and M23 isoforms in
transfected HEK293 cells. We used these cells as substrate to test
high-titered AQP4-IgG-positive sera from 32 individual NMOSD pa-
tients, and 85 control sera, by indirect immunofluorescence (live-cell
binding assay), Blue-Native PAGE and SDS PAGE. We investigated by
ELISA the binding of NMO-IgG to synthetic peptides corresponding
to AQP4 extracellular and intracellular loops.
Results: NMO-IgG binds to denatured AQP4 monomers (68% of cases),
to native tetramers and high order arrays (90% of cases), and to AQP4
in live cell membranes (100% of cases). Disease-specific epitopes re-
side in extracellular loop C more than in loops A or E. IgG binding to
intracellular epitopes lacks disease specificity.
Conclusions: Our observations predict greater disease specificity and
sensitivity for tissue-based and cell-based serological assays employing
“native” AQP4 than assays employing denatured AQP4 and fragments.
NMO-IgG binds most avidly to plasma membrane surface epitopes
formed by loop interactions within tetramers and by intermolecular
interactions within high order structures. The relative abundance and
localization of AQP4 high order arrays in distinct CNS regions may
explain the variable clinical phenotype of NMO spectrum disorders.
Supported by grants from the Guthy-Jackson Charitable Foundation, the
NIH (R01-NS65829) and the Deutsche Krebshilfe-Mildred Scheel-Stiftung
(109219).
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Endothelial miR-155 promotes blood–brain barrier dysfunction
in neuroinflammation

Miguel Alejandro Lopez-Ramirez1, Dongsheng Wu1, Gareth Pryce2,
Julie E. Simpson3, Arie Reijerkerk4, Josh King-Robson2, Helga E. de Vries4,
Mark C. Hirst1, Basi Sharrack5, David Baker2, Gregory J. Michael2,
David K. Male1, Ignacio A. Romero1

1Department of Life, Health and Chemical Sciences, The Open University,
Milton Keynes, United Kingdom; 2Barts and The London School of
Medicine and Dentistry, QueenMary, University of London, London, United
Kingdom; 3Academic Unit of Pathology, Department of Neuroscience,
University of Sheffield, Sheffield, United Kingdom; 4Blood–brain Barrier
Research Group, Molecular Cell Biology and Immunology, VU University
Medical Center, Amsterdam, United Kingdom; 5Department of Neurology,
Sheffield Teaching Hospitals NHS Trust, University of Sheffield, Sheffield,
United Kingdom

Objective: Blood–brain barrier (BBB) dysfunction is thought to contribute
to disease progression of many neurological conditions with an inflam-
matory component such as multiple sclerosis (MS). However, the molec-
ular mechanisms leading to breakdown of the brain endothelial barrier
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are largely unknown. Here, we have investigated the role of brain endo-
thelial microRNAs (miRNAs), known post-transcriptional regulators of
gene expression, in BBB dysfunction during neuroinflammation.
Methods: Initially, we used the immortalized human cerebral micro-
vascular endothelial cell line, hCMEC/D3, to determine altered
miRNAs after stimuli with cytokines at different time points using mi-
croarray analysis. We confirmed brain endothelial deregulated
miRNAs at the neurovascular unit in MS brain tissue, using laser cap-
ture microdissection (LCM), and in spinal cords of the experimental
autoimmune encephalomyelitis (EAE), by in situ hybridization
(ISH). RT-qPCR was carried out to validate altered miRNAs in vitro
and in vivo. To identify the molecular mechanisms mediating miR-
155-induced brain endothelial breakdownwe used transcriptome anal-
ysis and novel targets were validated using 3′ UTR analysis.
Results: Pro-inflammatory cytokines induced altered levels of many
miRNAs in cultured human cerebral microvascular endothelial cells.
Amongst the deregulated miRNAs, miR-155 showed the highest and
earliest increases in brain endothelium during inflammation both in
vitro and in vivo. Changes in the levels of selected brain-endothelial
deregulated miRNAs, including miR-155, were confirmed in spinal
cord of mice at different stages of EAE and in human MS brain tissue.
MiR-155-deficient mice were partially resistant to develop EAE, an ef-
fect associated with a reduction in BBB leakage to paracellular tracers
at the inflammatory plaque. In addition, miR-155 induced increases in
brain endothelial paracellular permeability by targeting not only set of
genes that maintain brain endothelial cell-cell junctions but also those
that regulate focal adhesion contacts.
Conclusions: We propose miR-155 as a novel negative regulator of
BBB function in inflammation-mediated neurodegenerative diseases.
Thus investigating the roles of miR-155 at the BBB have a number of
implications including uncovering new regulators that mediate BBB
integrity and identifying potential therapeutic targets to ameliorate
the progression of CNS inflammatory disorders.
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ABC transporters: Novel regulators of neuroinflammation

Gijs Kooij,MarkMizee, Arie Reijerkerk, Jack vanHorssen, Helga E. de Vries

MS Center Amsterdam, VU University medical center Amsterdam,
Amsterdam, Netherlands

Objective: The blood–brain barrier (BBB) is the regulated interface be-
tween the peripheral circulation and the central nervous system
(CNS). One of the key protective features of the BBB is that it strictly
regulates the efflux of various toxic compounds through specialized
ATP-binding cassette (ABC) transporters, thereby maintaining brain
homeostasis. ABC transporters can drive cellular exclusion of a wide
variety of exogenous compound and drugs, but recent data indicate
that endogenous substrates may include inflammatory mediators
like cytokines, chemokines and bioactive lipids, suggesting a potential
role in (neuro)inflammatory diseases like multiple sclerosis (MS),
topic of study in the current project.
Methods: To study the role of ABC transporters inMS pathology inmore
detail, we investigated their expression pattern in well-characterized
human post-mortem MS tissue and their expression/function in rele-
vant CNS cells. Moreover, proof of principal was obtained in vivo by in-
ducing experimental autoimmune encephalomyelitis (EAE).in mice
that lack one of the ABC transporters P-glycoprotein.
Results: Here we demonstrate that in active and chronic inactive MS
lesions ABC transporter expression is severely altered not only at
the level of the blood–brain barrier (BBB) but also at reactive astro-
cytes, in which they play a role in regulating immune cell migration
across in vitro BBB models. Moreover, we have provided conclusive
in vivo evidence indicating that animals that lack P-glycoprotein ex-
perience significantly reduced clinical symptoms of experimental au-
toimmune encephalomyelitis (EAE).
Conclusions: Together, these data highlight a novel immunomodula-
tory capacity of ABC transporters during neuroinflammation and indi-
cate their therapeutic potential to prevent MS lesion formation.
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microRNAs control brain endothelial cell barrier function and
immune quiescence, implications for MS

Arie Reijerkerk1, Miguel Lopes Ramirez2, Ignacio Romero3, Elga de Vries1

1MS center Amsterdam, VU University Medical Center, Amsterdam,
Netherlands; 2Department of Life Sciences, The Open University, Milton
Keynes, United Kingdom; 3Department of Life Sciences, The Open Univer-
sity, Milton Keynes

Objective: In normal physiology the blood–brain barrier (BBB) tightly
regulates brain homeostasis. Perturbations of BBB function, including
the loss of brain endothelial cell barrier integrity and immune activa-
tion are hallmarks of multiple sclerosis. Therefore, understanding of
the BBB in health and disease may lead to novel approaches for MS
treatment.
Methods: Using a combined genetic and bioinformatics approach, we
uncovered a novel mechanism which regulates different aspects of
the BBB, including barrier formation and immune quiescence, i.e.
through microRNAs. microRNAs are recently discovered endogenous,
small, noncoding RNAs which regulate the production of about 30% of
human proteins and have been shown to be involved in cell biology
and pathology
Results: Using a genomics approach, we have identified a microRNA
(miR-125a-5p) which targets the activity of the transcription factor
myc-associated zinc finger protein and plays a major role in the forma-
tion of a tight brain endothelial cell barrier and the paracellular traffick-
ing of immune cells. Interestingly, lower levels of miR-125a-5p were
associated with the inflamed BBB in vitro and in brain endothelial
cells obtained from MS patients by laser capture. Most importantly,
our recent analyses in brain capillaries which were isolated from MS
patients have revealed that a large panel of BBB stabilizing microRNAs
is significantly reduced in MS lesions.
Conclusions: We conclude that therapeutic application of microRNAs
(such as miR-125a-5p) potentially could re-establish normal func-
tioning of the BBB to prevent inflammation in multiple sclerosis.
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Sphingosine 1-phosphate receptor 5 mediates the immune
quiescence of the human brain endothelial barrier

Ruben van Doorn1, Melissa Pinheiro1, Elizabeth van der Kam2,
Eric Ronken3, Arie Reijerkerk1, Helga de Vries1

1Department of Molecular Cell Biology and Immunology, VU University
Medical Center, Amsterdam, Netherlands; 2Department of Pharmacology,
Abbott GmbH & Co KG, Ludwigshafen, Germany; 3Spinoza Centre for Neu-
roimaging, Netherlands Institute for Neuroscience (NIN), Amsterdam,
Netherlands

Objective: The sphingosine 1-phosphate (S1P) receptor modulator
FTY720P (Gilenya®) potently reduces relapse rate and lesion activity
in the neuro-inflammatory disorder multiple sclerosis (MS). Although
most of its efficacy has been shown to be related to immunosuppres-
sion through the induction of lymphopenia, it has been suggested
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that a number of its beneficial effects are related to altered endothe-
lial and blood–brain barrier functionality. However, to date it remains
unknownwhether brain endothelial S1P receptors are involved in the
maintenance of the function of the blood–brain barrier thereby medi-
ating immune quiescence of the brain. Here we demonstrate that the
brain endothelial receptor S1P5 largely contributes to the mainte-
nance of brain endothelial barrier function.
Methods:We analysed the expression of S1P5 in human post-mortem tis-
sues using immunohistochemistry. The function of S1P5 at the blood–
brain barrier was assessed in cultured human brain endothelial cells
using agonists and lentivirus-mediated knockdown of S1P5. Subsequent
analyses of different aspects of the brain endothelial cell barrier included
the formation of a tight barrier, the expression of blood–brain barrier pro-
teins and markers of inflammation and monocyte transmigration.
Results: We show that activation of S1P5 on cultured human brain en-
dothelial cells by a selective agonist elicits enhanced barrier integrity
and reduced transendothelial migration of monocytes in vitro. These
results were corroborated by genetically silencing of S1P5 in brain en-
dothelial cells. Interestingly, functional studies with these cells re-
vealed that S1P5 strongly contributes to brain endothelial cell
barrier function and underlies the expression of specific blood–brain
barrier endothelial characteristics such as tight junctions and perme-
ability. In addition, S1P5 maintains the immunoquiescent state of
brain endothelial cells with low expression levels of leukocyte adhe-
sion molecules and inflammatory chemokines and cytokines through
lowering the activation of the transcription factor NFκB.

Conclusions: Our findings demonstrate that S1P5 in brain endothe-
lial cells contributes for optimal barrier formation andmaintenance of
immune quiescence of the barrier endothelium.

Blood brain barrier
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Junctional Adhesion Molecule (JAM)-A contributes to monocyte
but not T cell migration across the blood-brain barrier influencing
clinical severity of EAE

Britta Engelhardt1, Julia Schäfer1, Rémy Boscacci1, Claudia Blatti1,
Ruth Lyck1, Elisabetta Dejana2, Urban Deutsch1

1Theodor Kocher Institute, University of Bern, Bern, Switzerland;
2IFOM-IEO Campus, IFOM-IEO Campus, Milan, Italy

The migration of circulating leukocytes into the central nervous
system (CNS) has been recognized as a key-event in the pathogenesis
of multiple sclerosis (MS) and its animal model experimental autoim-
mune encephalomyelitis (EAE). To enter the CNS, immune cells have
to cross either the highly specialized endothelium forming the
blood-brain barrier (BBB) or the epithelial cells that establish the
blood-cerebrospinal fluid barrier (BCSFB). Junctional adhesion mole-
cule (JAM)-A is expressed in tight junctions of both barriers as well
as by different leukocyte subsets and has been implicated in leuko-
cyte adhesion and diapedesis across endothelia of peripheral vascular
beds. During inflammatory conditions of MOGaa35-55-induced EAE we
detected an up-regulation of JAM-A in the inflamed BBB vasculature,
BCSFB epithelium, and on microglial cells. At sites of leukocyte infil-
tration JAM-A was exposed on the luminal side of BBB endothelial
cells, indicating an active involvement in leukocyte extravasation. In
comparison to wildtype littermates, MOGaa35-55-induced EAE in
JAM-A–/– mice was milder, delayed and accompanied by reduced leu-
kocyte infiltration into the spinal cord, while MOG-specific T cell
priming was not affected. In vitro studies with primary mouse brain
microvascular endothelial cells (pMBMEC) revealed maintenance of
monolayer integrity in the absence of JAM-A and showed a role for
endothelial JAM-A in diapedesis of CD115+CX3CR1+ monocytes but
not of encephalitogenic T cells across pMBMECs under both static
conditions and physiological shear flow. In summary, our study dem-
onstrates a role for JAM-A in EAE pathogenesis by specifically regulat-
ing monocyte but not T cell recruitment across the inflamed BBB.
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Lesion formation in multiple slerosis and spontaneous experimental
autoimmune encephalomyelitis is associatedwith early disturbances
in the blood brain barrier

Jorge Ivan Alvarez, Simone Terouz, Olivia Saint-Laurent,
Alisha Godschalk, Lyne Bourbouniere, and Alexandre Prat

Neuroimmunology Research Unit, CHUM Research Center, Notre-Dame
Hospital, Université de Montréal, Montréal, Canada

Magnetic resonance imaging studies suggest that early changes in
the normal-appearing white matter of multiple sclerosis (MS) patients
precede appearance of gadolinium-enhancing lesions. Although these
findings suggest the breakdown of the blood–brain barrier (BBB) as a
central characteristic in MS pathogenesis, limited data is available re-
garding the changes to the CNS vasculature during lesion formation.
Objective: To study the differential changes of BBB components, par-
ticularly during the early stages of lesion formation in MS and in
spontaneous experimental autoimmune encephalomyelitis (EAE).
Methods: CNS material from MS patients and from the novel T cell
receptor (TCR)-1640 transgenic animals which develop spontaneous
relapsing-remitting (RR) EAEwere classified according to cellular infiltra-
tion, demyelination, astrogliosis andmicroglial activation. BBB disruption
was determined at different levels.Wefirst evaluated the extravasation of
endogenous tracers to then examine the expression of the junctional pro-
tein molecules. These findings were correlated with changes in the base-
ment membrane and the activation of endothelial cells was determined
according to the expression of cell adhesion molecules (CAMs).
Results: Preactive MS lesions displayed considerable microglia and as-
trocyte activation, minimal leukocyte infiltration, a relative absence of
demyelination and discrete basement membrane abnormalities. How-
ever, we detected considerable redistribution of junctional proteins
and increased expression of all CAMs, suggesting that barrier breach
occurs at early stages of lesion formation, before significant immune
cell infiltration and demyelination. The pattern of BBB disruption in
RR mice was established at various stages before clinical signs and
the breakdown of the barrier in these mice was nearly identical to
the changes detected in preactive lesions from MS brains.
Conclusion: Our findings indicate early disturbances in the expression
of junctional proteins, CAMs and basement membrane proteins at the
level of the BBB in non-demyelinating MS and EAE specimens. These
early vascular changes coincide with perivascular immune cell infil-
tration and bring pathological support for important BBB disruption
prior to demyelination, during the first stages of lesion formation. In
addition, the involvement of peripheral immune responses in this
process will be discussed.

Innate immune system
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IL-27 signaling in microglia

Marta Olah, Bing Zhu, Ribal Bassil, Wassim Elyaman, Samia J. Khoury
Center for Neurologic Diseases, Brigham and Women's Hospital, Boston,
United States
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Objective: It has been recently suggested that antigen-presenting cells
are not only the source, but also the target of IL-27 - a novel pleiotro-
pic cytokine with both pro- and anti-inflammatory properties. In con-
trast to the well established diverse effects of IL-27 on T cells, very
little is known about how this cytokine might effect the antigen
presenting cells themselves.

The aim of this study was to investigate the effect of IL-27 signaling
on the phenotype and function of microglia, the resident immune cells
of the central nervous system in vitro and under neuroinflammatory
conditions in vivo.
Methods: The effect of IL-27 on the function and phenotype of microg-
lia cells was investigated in vitro in primary murine microglia cells.
The contribution of the IL-27 signaling to the establishment of the mi-
croglia phenotype involved in neuroinflammatory processes was in-
vestigated in murine experimental allergic encephalomyelitis (EAE),
a model of multiple sclerosis.
Results: Upon IL-27 stimulation in vitro a complex microglia pheno-
type emerged. On the one hand IL-27 significantly enhanced the
phagocytic capacity of microglia cells and induced a characteristic
cytokine/chemokine profile (CCL5, CCL3, CCL2 and CXCL1). On the
other hand IL-27 upregulated the surface expression of positive
(eg. CD40) and negative (eg. CD274) co-stimulatory molecules. Fur-
ther supporting the bivalent nature of IL-27, it exerted both syner-
gistic (eg. iNOS induction) and antagonistic effect (eg. induction of
the antigen presenting machinery) with IFN-gamma. Furthermore,
we established that in microglia, unlike in other antigen presenting
cells, IL-27 utilizes primarily the MAPK/Erk signaling pathway. In
vivo, IL-27 receptor was upregulated in microglia predominantly
during the chronic phase of EAE.
Conclusions: Our results demonstrate that IL-27 induces a characteris-
tic microglia phenotype with both pro- and anti-inflammatory as-
pects. Furthermore, our data suggest that the effect of IL-27 on
microglia depends on their state of activation. Nonetheless, the ex-
pression pattern of IL-27, IL-27 receptor and the related signaling
molecules in the course of EAE, point to the possible involvement of
this novel cytokine in the regulation of microglia phenotype and func-
tion during inflammatory demyelinating diseases.

409

The human neuroinflammasome is activated by HIV-1 infection:
Microglia contain requisite inflammasome components

John G. Walsh, William Branton, Christopher Power

Department of Medicine, University of Alberta, Edmonton, Canada

Objective: HIV-1 enters the brain early in infection and causes chronic
neuroinflammation together with the eventual loss of neuronal via-
bility, manifesting clinically as HIV-associated neurocognitive disor-
ders. Several inflammasome complexes have been reported to
mediate immune responses, most evident as interleukin (IL)-1β re-
lease by myeloid cells, in response to different microbial challenges.
However, the expression and impact of the inflammasome in individ-
ual neural cell types and ensuing human neurologic disease remain
unknown. Herein, we hypothesized the human brain contained an
inflammasome and its activation contributed to HIV neuropathogenesis.

Methods: Cerebral white matter from HIV/AIDS (HIV+, n=5) or other
disease control (HIV-, n=5) autopsied patients was investigated by
deep sequencing and semi-quantitative RT-PCR of brain-derived RNA.
Primary humanmicroglia, astrocytes and neuronswere exposed to pro-
totype stimuli to induce inflammasome activation including ELISA and
immunoblot analyses of IL-1β production and release.
Results: In primary human neural cells (neurons, astrocytes andmicroglia),
onlymicroglia constitutively expressed components of the inflammasome's
machinery (caspase-1, NLRP1, NLRC4 and AIM2). Exposure of primary
human microglia and astrocytes to activators of the inflammasome
(LPS, ATP or MDP) induced IL-1ß maturation and release, but only in
microglia. The absence of detectable IL-1ß protein in astrocyteswas dis-
cordant with astrocyte IL-1ß transcript levels, which were induced by
multiple stimuli. Conversely, astrocytes exposed to IL-1ß showed acti-
vation of TNFα, RANTES and iNOS expression. Human microglia ex-
posed to HIV-1 gp120 or HIV-1 infected showed induction and release
of IL-1ß, which was blocked by caspase inhibitors. Deep sequencing
and network analyses revealed that NLRP1 transcripts were increased
in cerebral white matter from HIV+patients, compared to the HIV-
group (pb0.05) in conjunction with activation of innate immune path-
ways. Moreover, caspase-1 as well as the inflammasome targets, IL-1ß
and IL-18, were also induced in the HIV+brains (pb0.05). IL-1β immu-
noreactivity was co-localized with MHC Class II in activated microglia
within HIV+brains.
Conclusions: These observations highlighted the expression and acti-
vation of the inflammasome in human microglia, pointing to a role
for these cells as the principal effectors of neuroinflammation,
which underlies the development of HIV neuropathogenesis.

133

Orchestrated monocyte trafficking via the blood-cerebrospinal
fluid-barrier following spinal cord injury

Ravid Shechter1, Omer Miller1, Gili Yovel1, Neta Rosenzweig1,
Anat London1, Julia Rist1, Ki-Wook Kim2, Steffen Jung2, Michal Schwartz1

1Department of Neurobiology, The Weizmann Institute of Science,
Rehovot, Israel; 2Department of Immunology, The Weizmann Institute
of Science, Rehovot, Israel

Objective: Monocyte infiltration following spinal cord injury (SCI) has
been traditionally assumed to reflect an unregulated, and thus
detrimental, invasion as a result of the mechanical disruption of paren-
chymal blood–brain-barrier (BBB). The delayed and insufficient infiltra-
tion of some beneficial monocytes, considering their abundance in the
blood, is thus puzzling. Moreover, given the recently recognized macro-
phage heterogeneity (pro-inflammatory(M1)/anti-inflammatory(M2))
at the lesion site, the underlyingmechanism that regulates the functional
fate of the infiltrating monocytes is currently enigmatic.
Methods: A series of experiments that specifically follow the entry
route of blood monocytes and their functional fate at the contused
spinal cord parenchyma were done. Blocking antibodies, knockout
mice and pharmacological inhibitors were used to reveal the under-
line mechanism utilized in each entry gate. flow cytometry, fluores-
cent microscopy, Luminex, adoptive transfer experiments as well as
chimeras were used throughout the study.
Results: Here, we show that rather than leaking through the disrupted
parenchymal BBB, monocytes are in fact actively recruited to the in-
jured spinal cord in a well-orchestrated manner, via the blood-
cerebrospinal fluid- barrier (B-CSF-B). Two novel entry zones, with dif-
ferential recruitment capacities, were identified; the adjacent spinal
cord leptomeninges and the anatomically remote brain ventricular cho-
roid plexus. Each entry point was found to be selective towards specific
monocyte phenotype and to utilize distinct immunological guiding
molecules (chemokines and integrins) to facilitate their recruitment.
Importantly each route orchestrated the acquisition of distinct pheno-
type and functional fate at the injured parenchyma of the differentiated
monocyte-derived macrophages (M1/M2).
Conclusions: These results demonstrated an orchestrated homing of
distinct monocyte-derived macrophage subsets (M1/M2) to the trau-
matized spinal cord parenchyma through different trafficking routes,
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none of which is the assumed the leaky BBB. Such understanding has
far reaching implications to both acute insults and other neurodegen-
erative conditions as it opens-up a potential novel reparative ap-
proach using selective intervention.

207

Primarymicroglia lack strict regulation of inflammasome-mediated
activation as compared to myeloid macrophages

Saskia Burm1, Céline van der Putten1, Ella Zuiderwijk-Sick1,
Linda van Straalen1, Sandra Amor2, Paul van der Valk2,
Jack van Horssen3, Jeffrey Bajramovic1

1Unit Alternatives, Biomedical Primate Research Centre, Rijswijk,
Netherlands; 2Department of Pathology, VU Medical Centre, Amsterdam,
Netherlands; 3Department of Molecular Cell Biology and Immunology,
VU Medical Centre, Amsterdam, Netherlands

Objective: Myeloid cells can respond to intra- and extracellular danger/
stress signals by inflammasome-mediated activation. This process con-
sists of two steps: Toll-like receptor-induced production of pro-IL-1b
followed by inflammasome-mediated cleavage and secretion of bioac-
tive IL-1b. Inflammasome-mediated activation is strictly regulated by
the induced expression of regulatory proteins and by inhibitory
processes like autophagy. Recent studies describe that microglia are
markedly different from other myeloid cells. They originate from a
separate progenitor, are chronically exposed to the neural microenvi-
ronment and their activation may be regulated differently. The
objective of this study was to determine the expression profile of
inflammasome components in primary microglia and to compare
inflammasome-mediated microglial activation and its regulation with
other myeloid cells.
Methods: Primary microglia, bone marrow- and blood-derived macro-
phages (BMDMs) of adult rhesus macaques of the same donor were
profiled for all NOD-like receptors (NLRs), inflammasome-associated
adaptor proteins, caspases, and regulatory proteins by quantitative
rt-PCR. Inflammasome function and kinetics were assessed by exposing
LPS-primedmicroglia to ATP, Silica orMSU (danger-associatedmolecu-
lar patterns: DAMPs) followed by measuring the transcription of
pro-IL-1b-encoding mRNA and the secretion of IL-1b.
Results: Primary microglia expressed NLRs (NALP1-3, NOD1/3/4,
AIM2, IPAF, NAIP), adaptor proteins (ASC), caspases (1/3-5/7/8),
and regulatory proteins (A20), and the expression profile closely re-
sembled that of BMDMs. Priming of microglia with LPS induced high
levels of pro-IL-1b-encoding mRNA, but IL-1b protein was only
processed and secreted in response to subsequent stimulation with
various DAMPs. Interestingly, in LPS-primed BMDMs the window
for inflammasome-mediated activation was 4–6 hours. By contrast,
LPS-primed microglia remained sensitive for inflammasome-
mediated activation for at least 20 hours.
Conclusions: In conclusion, primary microglia express multiple
inflammasome components closely resembling the expression pro-
file of BMDMs and they can be induced to form functional
inflammasomes. Importantly, primed microglia remain sensitive to
inflammasome-mediated activation for much longer than other
macrophages. We will present data onwhether this reflects a difference
in negative regulation of the inflammasome, or differences in autophagy
or apoptosis sensitivity.

307

November 2012, Boston, 11th Neuroimmunology Congress
LPS-induced microglial activation and neuroprotection against
experimental brain injury is independent of hematogenous TLR4
ZhihongChen,Walid Jalabi, Karl Shpargel, Ken Farabaugh, RanjanDutta,
Grahame Kidd, Cornelia Bergmann, Stephen Stohlman, Bruce D. Trapp§

Department of Neurosciences, Lerner Research Institute, Cleveland Clinic,
OH

Intraperitoneal (i.p.) injection of the Gram-negative bacterial endo-
toxin lipopolysaccharide (LPS) elicits a rapid innate immune response.
While this systemic inflammatory response can be destructive, tolera-
ble low doses of LPS render the brain transiently resistant to subsequent
injuries. However, the mechanism by which microglia respond to LPS
stimulation and participate in subsequent neuroprotection has not
been documented. In this study, we first established a novel LPS treat-
ment paradigm where mice were i.p. injected with 1.0 mg/kg LPS for
four consecutive days to globally activate CNS microglia. By using a
reciprocal bone marrow transplantation procedure between wild-type
and Toll-like receptor 4 (TLR4) mutant mice, we demonstrated that
the presence of LPS receptor (TLR4) is not required on hematogenous
immune cells but is required on cells that are not replaced by bone
marrow transplantation, such as vascular endothelia, to transduce
microglial activation and neuroprotection. Furthermore, by using a
state-of-the-art 3-dimentional electron microscopy, we showed that
activated microglia physically ensheath cortical projection neurons,
which have reduced axosomatic inhibitory synapses from the neuronal
perikarya. In line with previous reports that inhibitory synapse reduc-
tion protects neurons from degeneration and injury, we show here
that neuronal cell death and lesion volumes are significantly reduced
in LPS-treated animals following experimental brain injury. Taken to-
gether, our results suggest that activated microglia participate in
neuroprotection and that this neuroprotection is likely achieved
through reduction of inhibitory axosomatic synapses. The therapeutic
significance of these findings rests not only in identifying neuro-
protective functions of microglia, but also in establishing the CNS loca-
tion of TLR4 activation.

475

Ifit2 mediates protection from murine hepatitis virus induced
encephalomyelitis through amplification of type I
interferon expression

Niranjan B Butchi1, David R Hinton2, Stephen A Stohlman1, Volker
Fensterl3, Ganes C Sen3, Cornelia C Bergmann1

1Department of Neuroscience, Lerner Research Institute, Cleveland Clinic,
Cleveland, OH, United States; 2Department of Pathology, Keck School of
Medicine, University of Siuthern California, Los Angeles, CA, United
States; 3Department of Molecular Genetics, Lerner Research Institute,
Cleveland Clinic, Cleveland, OH, United States

Objective: Type I interferons (IFNα/β) provide a first line of defense
against viral infections through the concerted action of hundreds
of interferon stimulated genes (ISGs) and limit viral dissemination
prior to the emergence of adaptive immune responses. Even
though IFNα/β induction in the CNS is inherently low following in-
fection with the dual hepatotropic and neutrotropic coronavirus,
mouse hepatitis virus (MHV)-A59, it effectively limits viral spread
and protects from mortality. However, the role of specific ISGs in
mediating antiviral effects against CNS infections by MHV are
largely unknown.
Methods: The present study determined the role of the ISG Ifit2 in
MHV-A59 induced encephalomyelitis using Ifit2−/− mice.
Results: Contrastingdevelopment ofmild encephalitis inWTmice, near-
ly 60% of infected Ifit2−/− mice had more severe clinical disease and
succumbed to infection between 6–8 days post infection (dpi).
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Increased clinical symptoms in Ifit2−/− mice coincided with 2 log
higher infectious virus and enhanced viral spread throughout the CNS
parenchyma, including dissemination to the cerebellum and brainstem,
areas not infected in WT mice. Surprisingly, expression of IFNα/β and
consequently downstream ISGs such as Ifit1, Ifit3, Pkr, and Isg15 were
significantly reduced in the CNS of ifit2−/− mice harboring high
loads of infectious virus. Resembling the in vivo phenotype, impaired
IFNα/β induction was also observed in infected bone marrow derived
macrophages derived from Ifit2−/− relative to WT mice.
Conclusions: These data suggest a novel role of Ifit2 as a positive reg-
ulator in a feedback loop enhancing IFNα/β expression. We are fur-
ther characterizing the role of Ifit2 in modulating type I interferon
responses in the CNS. This work was supported by NIH Grants
NS064932 (CCB) and CA068782 (GCS).

B cells and antibodies
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Progressive encephalomyelitis with rigidity and myoclonus:
a syndrome with diverse clinical features and antibody responses

Erdag Ece1, Tuzun Erdem2, Akman-Demir Gulsen3, Shugaiv Erkingul1,
Sehitoglu Elcin4, Cavus Filiz4, Ugurel Elif4, Ulusoy Canan2, Turan
Selin2, Kurtuncu Murat5, Vural Burcak4

1Department of Neurology, Istanbul University, Faculty of Medicine, Istanbul,
Turkey; 2Institute for Experimental Medicine, Neurosciences Department,
Istanbul University, Faculty of Medicine, Istanbul, Turkey; 3Department
of Neurology, Istanbul Bilim University, School of Medicine, Istanbul,
Turkey; 4Institute for Experimental Medicine, Genetics Department,
Istanbul University, Faculty of Medicine, Istanbul, Turkey; 5Department
of Neurology, Acibadem University, School of Medicine, Istanbul, Turkey

Objective: The aim is to better characterize progressive encephalomy-
elitis with rigidity and myoclonus (PERM) syndrome and identify
novel PERM phenotypes.
Methods: Three cases were included to the study; 54-year old man
presenting subacute onset of difficulty of walking and profuse sweating,
46-year old man with diplopia, dysphagia and gate ataxia and 67-year
old man with subacute onset of amnesia. The clinical features and anti-
body status of PERM patients were investigated using immunoblots,
cell based assays (CBA), radioactive immuno assays (RIA), protein
macroarray and enzyme-linked immunosorbent assay (ELISA).
Results: Two patients with supratentorial involvement showed ab-
normal positron emission tomography (PET) or electroencephalogra-
phy (EEG) findings. One patient was discovered to have renal cell
carcinoma and protein macroarray revealed Ma3-antibodies. Another
patient with voltage-gated potassium channel and glutamic acid
decarboxylase-antibodies showed a good response to immunotherapy.
Conclusions: The heterogeneity of the immunological features sug-
gests that PERM is caused by diverse pathogenic mechanisms. Sero-
positivity to well-characterized neuronal cell surface antigens might
indicate a good treatment response.

228

Effects of sex and age on antibodies to the acetylcholine receptor

Florencia Aguirre, Luciana IrinaMelamud, AndresMaria Villa, Argentina
Seccion de Neuroinmunologia y Electrofisiologia, Hospital Ramos Mejia,
Buenos Aires, Argentina
Objective: To determine the effect of sex and age distribution on anti-
bodies to the acetylcholine receptor (AChR) seropositivity using data
derived from patients with myasthenia gravis (MG) in an Argentinean
cohort. The AChR autoantibody is a clinically validated serum biomarker
to diagnose MG. Sex and age definitively influence MG onset, generally
affecting women during the early life, although the prevalence of AChR
positive patients in elderly age is being recently diagnosed.
Methods: Data of 119 individuals who tested positive for AChR anti-
bodies were obtained from the Neuroimmunology Unit at Ramos
Mejia Hospital, Buenos Aires, Argentina. A standard immunoprecipi-
tation radioimmunoassay test was used. AChR antibody concentra-
tion above 0.5 nmol/L was regarded as positive.
Results: Out of 119 samples, 82 (68.9%) were female. The mean age of
the patients was 37.4 years (range 9–81) and the mean AChR titer
was 13.73 (DS 13.9). Most patients (94/119) were in the range of age
between 13 and 60 years old, 54 of them (57.4%) were between 14
and 30 years. 3 (2.5%) were pediatric (≤12 years) and 21 (17.6 %)
were elderly (>60 years). Pediatric patients were all female, with a
mean AChR titer of 7.9 (DS 7.0). In the group of age between 13 and
60 years it was observed a high female prevalence (female to male
ratio 3.6:1), and in patients between 14–30 years the female to male
ratio was 3.15/1. The mean AChR titer in these patients was 14.09 (DS
14.5) and 14.34 (DS 15.3) respectively. In elderly patients a high male
prevalence of positive AChR antibodies was found, male to female
ratio 2.5:1. Mean AChR titer in this group was 12.55 (DS 12.16).
Conclusions: AChR-seropositivity occurs predominantly in women
and particularly in individuals between 14 and 30 (45.3%). One in
five seropositivity patients was in the extremes of age. In men, but
not in women, AChR-IgG seropositivity increases exponentially
beyond age 50. There was no difference between AChR titer relates
to sex and age.
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Investigating novel autoantibodies in CNS demyelinating diseases

Harry Alexopoulos1, Ioanna Chatzi1, Penny Fouka1, Sofia Akrivou1,
Clementine Karageorgiou2, Panagiotis Politis3, Marinos Dalakas1

1Neuroimmunology Unit, Department of Pathophysiology, University of
Athens, Athens, Greece; 2Department of Neurology, “G.Genimatas” Gen-
eral Hospital, Athens, Greece; 3Department of Histology, Biomedical Sci-
ences Research Center, Academy of Athens, Athens, Greece

Objective: The most common demyelinating diseases of the central
nervous system (CNS) are autoimmune and includeMultiple Sclerosis
(MS), Neuromyelitis Optica (Devic's disease) and Acute Disseminated
Encephalomyelitis (ADEM). Despite numerous studies trying to iden-
tify their primary autoantigens, only Neuromyelitis Optica is firmly
associated with autoantibodies to aquaporin-4 (AQP4). Our aim was
to study a cohort of patients with autoimmune demyelinating dis-
eases and to identify possible new autoantigens
Methods: Sera (>500) from patients with suspected autoimmune de-
myelination were screened with immunofluorescence in mouse brain
tissue in order to detect anti-neuronal or anti-glial staining. Primary
astrocyte cultures were established and Western blot analysis was
performed in order to further analyse positive staining.
Results: In 8 patients, (diagnosed with either MS/seronegative NMO/
seropositive NMO), we observed an intense anti-astrocyte staining.
We confirmed this observation by double immunofluorescence with
anti-GFAP (Glial Fibrillary Acidic Protein antibody, a marker specific
for CNS astrocytes) in both mouse brain tissue and cultured astro-
cytes. Western blot analysis in both brain and astrocyte extract
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identified common reactivities in some patients. Immunoprecipita-
tion experiments are under way in order to identify the antigen.

In 5 additional patients we observed intense staining in Purkinje cell
bodies and dendrites. 4 of these patients were finally diagnosed as MS,
while 1was diagnosed asADEM. Their common clinicalfindingwas cer-
ebellar ataxia. Three distinct staining patternswere identified. To deter-
mine the possible autoantigens in these patients we will perform
double immunofluorescence experimentswith candidate cerebellar an-
tigens and we will also perform immunoprecipitation experiments.
Conclusions: Our preliminary findings indicate that novel autoantibodies
are present in demyelinating CNS diseases and are directed either
against glia (astrocytes) or neurons (cerebellum). The anti-astrocyte
staining, observed in both MS and NMO patients, could uncover a com-
mon pathophysiological mechanism with astrocytes in the epicenter.
The anti-cerebellar staining suggests that an uncommon but clinically im-
portant symptomatology in demyelinating disorders (cerebellar ataxia)
may be further understood. In both cases, the respective autoantigens
remain to be determined.
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Transciptome of B lymphocytes in multiple sclerosis

Viviana Annibali1, Renato Umeton2, Anita Annese2, Antonia Palermo2,
Rosella Mechelli2, Claudia Policano2, Gianluca Mattei2,
Vito A.G. Ricigliano2, Silvia Romano2, Giulia Coarelli2,
Giovanni Ristori2, Marco Salvetti1

1Centre for Experimental Neurological Therapies, Department of Neuro-
sciences, Italy; 2Centre for Experimental Neurological Therapies, Depart-
ment of Neurosciences, Mental Health and Sensory Organs, Sapienza
University, Rome, Italy

Objective: Over the past two decades B cells have increasingly moved
into the spotlight in multiple sclerosis (MS) research. So far it has not
been performed a detailed study of the B cells transcriptome in MS.
This may be a prerequisite for identifying the elements that B cells use
to carry out their pathogenic role. The primary aim of this project was
to analyze the whole B cell-transcriptome (coding and non-coding
RNA) in MS context. We studied the differences between MS patients
and controls in B cell transcriptome: 1) mRNA including alternative
splicing; 2) human microRNAs (miR).
Methods: We studied peripheral CD19+ B cell subsets obtained from
10 MS patients, 10 healthy donors (HD), and 2 monozygotic twins
discordant for MS. All affected individuals were treatment-naïve and
all the investigations were performed at least three months after
the last steroid therapy. Total RNA was extracted using miRNeasy
Kit (Qiagen). Microarray data was performed using two Affymetrix's
platforms: GeneChip-Human Exon and GeneChip-miRNA. The statis-
tical analysis was performed by means of two different software
packages, whose output results have been compared: Partek Geno-
mic Suite (version 6.6) and our own analysis pipe-line based on
EasyExon tools. In order to discover and understand the connections
among the genes obtained from the analysis, and their position in
other biological processes, a pathway analysis was performed
using Ingenuity Pathway Analysis (IPA). The miR Analysis was
performed by IPA microRNA Target Filter.
Results: Firstly, we found that EasyExon is much less permissive than
Partek. So we focused on EasyExon results, in particular we selected 26
genes differentially expressed in MS compared HD (pb0.03 and |fold
change|≥1.5). The list was then submitted to IPA and performed a path-
way analysis that led us to choose seven, among the original 26 genes
thatwere among those differentially expressedMS patients andHD. Fur-
thermore, performing the miR analysis with IPA, it has emerged that 6
genes from our list are targeted by 9 miR differentially expressed in
MS/HD groups.
Conclusions: Peripheral B cell compartment seems to be promising for
the identification of mRNA and miR signature. We have identified an
MS-related pattern, in terms of miR and/or genes.
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B-cell activation and treatment effects in multiple sclerosis

Lars Börnsen, Jeppe Romme Christensen, Rikke Ratzer, Helle Bach
Søndergaard, Per Soelberg Sørensen, Finn Selleberg
Danish Multiple Sclerosis Center, University Hospital Copenhagen
Rigshospitalet, Copenhagen, Denmark

Objective: It is assumed that disease activity in relapsing-remitting
multiple sclerosis (RRMS) is mediated by systemically activated mye-
lin reactive CD4+T-cells. The beneficial effect of B-cell depletion in
rituximab treated RRMS suggests that B-cells also have a role in the
immunopathogensis of MS. Previous studies imply that dysregulated
cytokine secretion by B-cells may promote the activation of T-cells.
This study aimed to examine the relationship of myelin basic protein
(MBP) induced B-cell and T-cell responses ex vivo and B-cell expression
of cytokines involved in T-cell activation in vivo among untreated,
interferon-beta (IFNb) treated and natalizumab treated MS patients
and healthy volunteers (HV).
Methods: We obtained blood samples from HV (n=13) and from
untreated (n=13), IFNb (n=16) and natalizumab treated (n=14)
RRMS patients. By qPCR we measured mRNA expression levels of IFNG,
TNFA, IL1B, IL6, IL12A, IL12B, IL10, IL23, IL27, LTA, LTB in B-cells.MBP specific
B-cell and T-cell responses were analyzed in a CFSE proliferation assay.
Results: There was a strong association between CD4+T-cell prolifera-
tion and B-cell proliferation induced byMBPamonghealthy individuals,
whichwe did not find amongMS patients.MBP induced proliferation of
B-cells did not differ between the groups examined. Expression of LTA in
B-cells was higher in IFNb treated than in untreated MS patients. B-cell
expression of TNF and LTA expression was increased and IL1B and TNF
expression decreased in natalizumab treated compared to untreated
RRMS patients. B-cells from HV and from untreated MS patients did
not show differences in mRNA expression levels.
Conclusion: Our findings suggest that MBP induced B-cell and T-cell re-
sponses ex vivo seem to be associated among healthy individuals but
not among MS patients. This could indicate a dysregulated interaction of
antigen-specifically activated B-cells and T-cells in MS. To what extent
treatment induced changes in the gene-expression of B-cells contribute
to the treatment efficacy needs to be examined in future studies.

55

Maternal autoimmunity, brain-reactive antibodies and Autism
Spectrum Disorder

Lior Brimberg, Peter, K. Gregersen, Betty Diamond

Feinstein Institute for Medical Research, North-Shore University Hospital,
Manhasset, United States

Objective: We propose that in some cases of Autism Spectrum Disor-
der (ASD), autoimmune susceptibility in the mother leads to the pro-
duction of anti-brain antibodies that are transferred to the fetus
during pregnancy and can alter fetal brain development, leading to
ASD in the offspring. Epidemiologic studies have addressed an associ-
ation between maternal autoimmunity and the development of ASD.
Women with rheumatoid arthritis or celiac disease have an increased
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risk for a child with ASD. Furthermore, antibodies specific for brain
antigens have been found in the serum of some mothers of a child
with ASD. When these antibodies were administered to pregnant
mice or pregnant monkeys they caused behaviors in the offspring
analogous to those seen in ASD.

Our aim is to predetermine whether a mother is at risk to have an
ASD child due to her repertoire of autoantibodies and potentially to
prevent those cases.
Methods: We screened 2789 sera of mothers of an ASD child and 693
sera of unselectedwomen of child-bearing age for anti-brain antibodies
using histology tomouse brain. Positive and negative sera frommothers
with an ASD child were then analyzed for anti-nuclear antibodies and
for possible association with known autoimmune susceptibility genes.
Results: Mothers of an ASD child were 5 times more likely to harbor
anti-brain antibodies than unselected control women. Anti-nuclear anti-
bodies, a measure of autoimmunity, were increased in serum of mothers
of an ASD child harboring anti-brain antibodies compared to either
mothers of an ASD child without anti-brain antibodies or unselected
women of child bearing age. Risk alleles previously associated with rheu-
matoid arthritis or celiac diseases were present at higher frequency than
expected in mothers with anti-brain antibodies and an ASD child.
Conclusions: This work could lead to an assessment of risk of having
an ASD child through screening the serum of pregnant women for
those with potentially pathogenic brain-reactive antibodies. This in
turn offers the possibility of prevention of a proportion of ASD.
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A new sensitive ELISA for aquaporin-4 autoantibodies based on
M23 isoform aquaporin-4

Shu Chen, Jakub Fichna, Rachel Mackenzie, Maria del Pilar Larosa,
Ian Matthews, Michael Gamble, Stuart Baker, Jadwiga Furmaniak,
Bernard Rees Smith

FIRS Laboratories, RSR Ltd., Cardiff, United Kingdom

Objective: Detection and measurement of serum aquaporin 4 autoanti-
bodies (AQP4 Ab) are important in the diagnosis and management of
neuromyelitis optica (NMO) and related disorders. AQP4 Abs are
detectable by different methods including: indirect immunofluores-
cence (IIF) on tissue sections, AQP4 transfected cell-based assay
(CBA), flow cytometric assay and bridge type ELISA. ELISA based on re-
combinant AQP4 M1 isoform (M1 ELISA) expressed in insect cells
showed comparable sensitivity and specificity to commercially avail-
able CBAs. Also, CBAs based on AQP4 M23 isoform transfected cells
(lacking first 22N-terminal amino acids) have greater sensitivity than
those based on the M1 isoform. A new version AQP4 Ab ELISA based
on M23 isoform AQP4 (M23 ELISA) was developed and evaluated.
Methods: Three assays, includingM23 ELISA, M1 ELISA and a commer-
cially available CBA were compared using 42 sera from patients with
suspected NMO or NMO spectrum disorders.
Results:Of the 42 sera studied, 31 (74%) were positive for AQP4 Ab by
M23 ELISA (values from 2.6 units/mL to 80 units/mL, mean 26 units/
mL, median 6.8 units/mL). Of these 42 sera, 20 (48%, all positive by
M23 ELISA) were positive in the M1 ELISA. 32 samples were also test-
ed by CBA and 19 (59%) were positive compared to 21 (66%) positive
in the M23 ELISA. There were 12 discrepant samples between M23
ELISA and CBA. 7 samples were positive in the M23 ELISA with AQP
Ab values ranging from 2.6 to 46.7 units/mL but negative by CBA
while 5 samples were positive by CBA but negative by ELISA. Further-
more, using a cut off for positive of 2.5 units/mL, 102/102 healthy
blood donors and 62/62 patients with other autoimmune diseases
were negative for AQP4 Ab by M23 ELISA.
Conclusions: The new version ELISA using M23 AQP4 provides a more
sensitive assay for detecting AQP4 Ab and has good handling charac-
teristics suitable for routine laboratory use worldwide.
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Antibodies against neurofascin correlate with disease severity in
different models of experimental autoimmune encephalomyelitis

Sevasti Flytzani1, Pernilla Stridh1, Andre Ortlieb1, Christopher Linington2,
Maren Lindner2, Maja Jagodic1, Tomas Olsson1

1Karolinska Institute, Karolinska University Hospital, Stockholm, Sweden;
2Institute of Immunology, Immunity and Infection, University of Glasgow,
Glasgow, United Kingdom

Objective: The presence of oligoclonal bands in the cerebrospinal fluid
and the efficacy of the treatment with B-cell depleting antibodies in
some patients with multiple sclerosis (MS) provide evidence for the im-
portance of antibodies in disease pathogenesis. Higher antibody levels
against neurofascin, a protein localized at the nodes of Ranvier and oligo-
dendrocytes, have been reported in one third of MS patients. Further-
more, antibody levels were more pronounced in secondary progressive
MS than in relapsing-remitting MS. In addition, anti-neurofascin anti-
bodies caused rapid worsening of experimental autoimmune enceph-
alomyelitis (EAE), an animal model for MS, following systemic
administration. In this study we aim to determine if anti-neurofascin an-
tibodies correlate with EAE susceptibility and severity and if there is an
epitope spreading to neurofascin during EAE development.
Methods: Susceptible DA rats were immunized with various myelin
antigens such as myelin oligodendrocyte glucoprotein (MOG), myelin
basic protein (MBP) and whole spinal cord homogenate (WSC). Rats
were monitored for clinical signs of EAE up to 60 days post immuni-
zation and serum anti-neurofascin total IgG, IgG1 and IgG2b antibody
levels were assessed at the onset and late phase of EAE by ELISA. Cor-
relation of anti-neurofascin IgG levels with clinical EAE phenotypes
was performed in 421 (DAxPVG)xDA rats immunized with MOG
and monitored for 35 days.
Results: We detected anti-neurofascin antibodies only in the late
stages of EAE induced with MOG suggesting that the epitope spread-
ing occurs during disease course. Our preliminary analysis of the
(DAxPVG)xDA population revealed higher anti-neurofascin IgG levels
in the sick compared to the healthy rats at the late phase of the
disease whereas anti-neurofascin antibody levels were almost
non-detectable at the onset of MOG-EAE. Furthermore, rats with
higher antibody levels against neurofascin displayed higher cumu-
lative score, longer disease, greater weight loss and earlier onset of
EAE compared to rats with lower antibody levels. Our preliminary
analysis of animals immunized with WSC, also showed that anti-
neurofascin antibodies are raised at a later time point in the disease.
Conclusions: There is a spreading of the immune response during
MOG-EAE andWSC-EAE to neurofascin antigens secondary to the central
nervous system damage. Anti-neurofascin antibodies correlate with sus-
ceptibility and severity of EAE and likely contribute to disease pathology.
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Active demyelination triggered by switching from azathioprine to
fingolimod in a patient with multiple sclerosis characterized by
recurrent optic neuritis: A case report

Dayna Griffiths1, Ronald Joffe1, David Brazier2, John Parratt3
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3Department of Neurology, Royal North Shore Hospital, University of
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Objective: We report a case of increased disease activity following
change from azathioprine to fingolimod in a woman with multiple
sclerosis characterized by recurrent optic neuritis.
Case Report: A 62 yo woman with multiple sclerosis first diagnosed in
1986when she presented with an isolated pontine lesionwas switched
from azathioprine to fingolimod in November 2011 due to increased
frequency of attacks of optic neuritis, the predominant manifestation
of her disease for more than 20 years. She had tested negative for
anti-NMO antibodies. Following a further attack of optic neuritis on
fingolimod, widespread demyelination was observed on a subsequent
MRI in April 2012. Previous MRIs had demonstrated lesions largely re-
stricted to the pericollosal white matter and optic nerves, however,
multiple new gadolinium-enhancing lesions were now seen within
the right and left frontal lobes, as well as the right middle cerebellar pe-
duncle. To date, no further clinical attacks have occurred following ces-
sation of fingolimod and resumption of azathioprine.
Discussion: Therapies directed against B cells are gaining ground in
the treatment of multiple sclerosis. Heterogeneity in the clinical phe-
notype and response to therapies in multiple sclerosis suggest it is
possible that some forms of the disease are more responsive to treat-
ment directed against antibodies. Although anti-NMO antibodies
were not detected in our patient, the predominance of optic symp-
toms in her case might suggest the presence of an unidentified anti-
body at which treatment should be targeted. Azathioprine is known
to be effective against some humoral-mediated CNS disorders, name-
ly NMO. A recent study has demonstrated that fingolimod has little
impact on B cells in the CSF or intrathecal IgG synthesis1. Thus, it is
possible that active demyelination resulted from reduced suppression
of B cell activity within the central nervous system when switching
from azathioprine to fingolimod in our patient.
Conclusion: Caution should be exercised when changing patients from
one immunotherapy to another, particularly with slightly atypical
presentations of multiple sclerosis, necessitating close radiological
and clinical observation.
References: 1. Kowarik MC, Pellkofer HL, Cepok S, Korn T, Kümpfel T,
Buck D, Hohlfeld R, Berthele A, Hemmer B. Differential effects of
fingolimod (FTY720) on immune cells in the CSF and blood of patients
with MS. Neurology. 2011 Apr 5;76(14):1214–21
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Cerebrospinal fluid levels of the “B-Cell Maturation Antigen”
(BCMA, TNFSRF17) are increased in MS and correlate with B cells

Andre Mueller, Saud Sadiq

MSRCNY, Multiple Sclerosis Research Center of New York, New York,
United States

Objective: B cells play an essential role in the humoral immune response
in neuroinflammation and serve as antigen presenting cells for T cells.
The B-cell maturation antigen (BCMA, TNFRSF17) is a member of the su-
perfamily of TNF receptors and preferentially expressed in B-cells. By
interacting with the TNF family members APRIL (TNFSF13) and BAFF
(TNFSF13B), BCMA plays an important role in B-cell homeostasis.

We are aiming to determine if multiple sclerosis (MS) disease
modulates BCMA activity in the CNS.
Methods: We studied the expression of BCMA by cells derived from
the cerebrospinal fluid (CSF) of untreated MS- and control patients
by microarray hybridization. In addition, we quantified soluble
BCMA and CXL13 protein as well as B-cell number in CSF samples
by ELISA and flow cytometry, respectively.
Results: BCMAwas >13 fold more strongly expressed by CSF cells of MS
patients than by control patients' CSF cells (p-value: 6×10−5). ActiveMS
patients' CSF cells expressed BCMA approximately 4 timesmore strongly
than those of inactive MS patients (p-value: 3.6×10−4). Untreated MS
patients had average BCMA CSF levels of 420 pg/mL and untreated con-
trol patients of 255 pg/mL.

Relative numbers of CD19+ B cells correlated well with BCMA CSF
levels (Pearson correlation coefficient: 0.631, p-value: 4.9×10−3)
and with CXCL13 CSF levels (Pearson correlation coefficient: 0.765,
p-value: 2.2×10−4).
Conclusions: Our data suggest that BCMA may be an important fac-
tor for the accumulation of B cells in the CSF in the pathogenesis of
multiple sclerosis. As BCMA CSF levels correlate strongly with B
cell numbers in the CSF, BCMA may be a surrogate biomarker for
CNS B-cell activity. CXCL13 is a chemokine discussed before to be
important for B cell recruitment into the CNS. Hence, the strong
correlation between CXCL13 and BCMA in CSF samples corrobo-
rates a probable link between BCMA CSF levels and the presence
of B cells in CSF.

Soluble forms of other members of the TNF receptor superfamily
were previously shown to have antagonistic rather than agonistic func-
tions. So far, the role of soluble BCMA in contrast to membrane-bound
BCMA was not addressed. We are currently trying to elucidate why
MS patients have increased BCMA CSF levels.
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Diagnostic efficacyof theflowcytometric aquaporin-4 autoantibody
assay: Comparison with conventional cell based assay

Kyung Seok Park1, Sung-Min Kim1, Kwang-Woo Lee1, Yoo-Jin Kim2,
Kyeong Cheon Jung2

1Dept. of Neurology, College of Medicine, Seoul National University,
Seoul, Republic of Korea; 2Dept. of Pathology, College of Medicine,
Seoul National University, Seoul, Republic of Korea

Objective: The antibody to aquaporin4 (AQP4 antibody) is a disease-
specific autoantibody to neuromyelitis optica (NMO). Though detec-
tion of AQP4 antibody can be sometimes essential in the diagnosis
of patients with NMO, its sensitivity varies greatly according to the
method of assay. We aimed to establish a highly sensitive and specific
anti-AQP4 antibody in Korea using flow cytometry, to evaluate its di-
agnostic accuracy, and to compare it with that of the conventional
cell-based assay (CBA).
Methods: Human embryonic kidney (HEK)-293 cell was transfected
with human aquaporin-4 (M23) cDNA. Serum samples from patients
with clinically definite NMO (n=20), high risk for NMO group (n=
49), classic multiple sclerosis (n=12), other idiopathic inflammatory
demyelinating disease (other IIDDs) (n=35), and negative controls
(neurologic disease other than the IIDDs or healthy humans, n=24)
were tested both at the Seoul National University with flow cytometric
anti-AQP4 antibody assay and at the Weatherall Institute of Molecular
Medicine (John Radcliffe Hospital, Oxford, UK) with conventional CBA.
Positive rates of flow cytometric anti-AQP4 antibody assay result in in-
dividual groups were assessed and compared with those of the conven-
tional CBA. Receiver operating characteristics (ROC) analysis was
adapted to optimize the cut off values of the flow cytometry, and
Cohen's Kappa coefficient was measured for the agreement of these
two assay methods.
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Results: ROC curve for the mean fluorescence index (MFI) ratio of the
flow cytometric assay and definite diagnostic criteria for NMO
showed the areas under the curve (AUCs) of 0.953. The sensitivity
of flow cytometry and conventional CBA were 96% and 91% respec-
tively in definite NMO group, 21.7% and 25.0% in high risk for NMO
group, 5.3% and 7.9% in other IIDDs group. Both assays showed no
positive results in classic MS group and in negative controls. The
kappa coefficient for these two tests was very high and was 0.761.
Conclusions: Both the flow cytometry and conventional CBA are high-
ly specific and also sensitive in identifying patients with NMO, and
these two assay methods showed a very good agreement. However,
because a small number of patients (3.6%), showed disagreement of
results, we suggest that complementary adaptation of those two
highly sensitive antibody assays can produce the most accurate out-
comes in identifying patients with anti-AQP4 antibody, especially
those with low antibody titers.

182

B cells influence T cell expansion during the initiation of
inflammation in EAE

Emily Pierson, Joan Goverman

Dept of Immunology, University of Washington, Seattle, United States

Objective: A role for B cells in the CD4+ T cell response in multiple
sclerosis (MS) and its animal model, experimental autoimmune en-
cephalomyelitis (EAE), is supported by anti-CD20-mediated B cell de-
pletion studies in both MS and EAE. However, the specific effects of B
cells on T cell activation in the CNS prior to onset of disease are not
understood. We used an adoptive transfer model to determine the ef-
fects of B cells during preclinical events in EAE.
Methods: MOG-specific Th1 and Th17 cells were adoptively transferred
into wildtype (WT) or B cell deficient (μMT−/−) C3Heb/Fej mice,
and CNS cells were isolated at multiple timepoints. The frequencies of
different cell types were analyzed by FACS, and mRNA expression levels
were determined by qRT-PCR. Numbers of MOG-specific IL-17- or
IFN-γ-secreting T cells were quantified by ELISPOT.
Results: C3Heb/Fej μMT−/− mice have a significantly reduced in-
cidence of EAE induced by adoptive transfer. MOG-specific T cells
enter the CNS initially but do not expand in μMT−/− recipients
compared to WT, although levels of proliferation are comparable
in both recipients. Preclinical mRNA expression levels of many cy-
tokines, chemokines, and adhesion molecules were upregulated to
a significantly higher level in the WT CNS compared to μMT−/−
recipient CNS, suggesting that the reactivation of and cytokine
production by the initial wave of T cells may be defective in the ab-
sence of B cells, leading to reduced activation of the vascular endo-
thelium and recruitment of additional T cells from the periphery. B
cells were found to be the predominant MHC Class II+ cells in the
non-inflamed CNS. B cells preferentially reactivated effector MOG-
specific Th1 cells in vitro compared with Th17 cells, due to a lack of
IL-1β production. Th1 cells induce classic EAE in WT recipients, but
induce atypical EAE in μMT−/− recipients. The μMT−/− recipi-
ents have fewer IFN-γ producing T cells in the brain than WT re-
cipients, resulting in higher Th17:Th1 ratios in the brain,
correlating with the change in localization of inflammation to the
brain.
Conclusions: These data support a role for B cells in the reactivation
and expansion of T cells entering the CNS during the induction of
EAE. B cells may be affecting T cell reactivation through direct anti-
gen presentation or by secreting cytokines that promote T cell activ-
ity. Additionally, B cells may differentially influence the ratio of Th1
and Th17 cells that enter the CNS during the onset of EAE.
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A novel GM-CSF+ TNF high IL-6high IL-10− human B cell subset is
abnormally increased in patients with MS

Rui Li, Yusei Miyazaki, Lorna Galleguillos Goiry, Sarah Lawrie,
Sathy Rajasekharan, Amit Bar-or

Montreal Neurolocial Institute, McGill University, Montreal, Canada

Introduction: B cell depletion therapy substantially decreases new
inflammatory disease activity in patients with multiple sclerosis
(MS). This treatment effect dose not apparently changes levels of
auto-antibodies highlighting antibody independent mechanism(s)
of B cell contribution to MS disease activity. Previous data from our
lab showed that activated B cell soluble factors, presumably cyto-
kines, can enhance pro-inflammatory T cell responses, and that
these responses may be exaggerated in patients with MS. However,
the phenotype, effector cytokine profiles, and frequencies of human
pro-inflammatory B cells remain unknown. Here, we characterize a
novel human pro-inflammatory cytokine producing B cell subset
and implicate it in the patients with MS.
Methods: CD19+ B cells were purified from antecubital venous blood
of healthy controls and matched (age, sex) untreated patients with
relapsing remitting MS (RRMS). B cells were activated by CD40L-
stimulation alone or in combination with B cell receptor (BCR)
cross-linking, and/or TLRs ligands. Usingmulti-colour flow cytometry,
B cell subsets were defined based on expression of single or combina-
tions of cytokines (TNF , IL-6, IL-1β, IL-10 and GM-CSF) and compared
between healthy controls and MS patients.
Results: Several distinct subsets of B cellwere identifiedbased on partic-
ular patterns of cytokine expression. Of particular interest is the de-
scription of a novel GM-CSF+ TNF high IL-6high IL-10- B cell subset
(Beff). Previously described regulatory B cells (Breg) were found to be
IL-10+ as expected and also TNF low IL-6low GMCSF−. Stimulation
of B cells through CD40L together with BCR significantly induced Beff
(n=7, p=0.0196) but decreased Bregs (n=7, p=0.0068). In contrast,
presence of TLR9 signaling enhances Bregs (n=7, p=0.0011) while
decreasing Beff (n=7, p=0.0019). Compare between healthy controls
(n=7) and patients withMS (n=11) revealed that patients had signif-
icantly higher proportions of Beff (p=0.0368).
Conclusion: Our results define a novel pro-inflammatory human B cell
subset which can be reciprocally regulated compared to regulatory
B cells (Bregs), in an activation- and context-dependent manner.
This pro-inflammatory B cell subset is over-represented in patients
with MS and may represent a more selective therapeutic target that
could obviate need for broad B cell depletion.

147

Role of B cells in T cell-mediated Autoimmunity of the central
nervous system

Meike Mitsdoerffer1, Joujin Lee2, Estelle Bettelli3, Vijay Kuchroo2

1Technical University Munich, Rechts der Isar/Department of Neurology,
Munich, Germany; 2Harvard Medical School, Brigham and Women's
Hospital/Center for Neurologic Diseases, Boston, United States; 3Benaroya
Research Institute, Immunology Program, Seattle, United States

Objective: The role of B cells in the pathogenesis of EAE and MS is incom-
pletely understood. Recent studieswith an anti-CD20 antibody therapy in
MSpatients have shownprofound clinical efficacywithout any significant
effect on the total circulating antibody levels suggesting a role for B cells
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beyond the production of autoantibodies. Other studies have proposed
that antigen-specific B cells act as highly efficient APC, especially when
whole protein is presented. Therefore, we studied the impact of
antigen-specific B cells in the generation of pathogenic as well as regula-
tory T cells.
Methods:
Results: Very small amounts of recombinant MOG protein (rMOG)
presented by MOG-specific B cells induced a strong proliferative re-
sponse of antigen-specific T cells, which was accompanied by the pro-
duction of high levels of IL-6, IL-10, and IL-17. In contrast, when
MOG35–55 peptide was presented by B cells, responding T cells prefer-
entially produced IFN-g. Furthermore, when B cells presented low
concentrations of antigen, they promoted the conversion of
antigen-specific Foxp3− CD4 T cells into Foxp3+ regulatory T cells.
On the other hand, presentation of higher concentrations of rMOG
but not MOG35–55 completely abrogated Treg conversion. These ob-
servations were paralleled by substantially higher concentrations of
IL-6 in the supernatant of rMOG stimulated cells. Interestingly,
these effects were completely reversed when IL-6 deficient B cells
were used.

These in vitro observations corresponded to our in vivo results using
MOG-specific immunoglobulin knock-inmice (TH), in which 20–50% of
the B cells express a MOG-specific B cell receptor (BCR). Immunization
of TH mice with MOG35–55 or rMOG resulted in higher incidence and
earlier onset of EAE compared to wild type mice as well as increased
proliferation, IL-6, and IL-17 production by T cells in response to anti-
gen. Interestingly, IL-23R-deficiency led to a complete abrogation of
EAE in a spontaneous diseasemodel inwhichMOG-specific T cell recep-
tor transgenic mice (2D2) are crossed to TH mice, while deficiency of
IL21R had no or little effect.
Conclusions: Myelin-specific B cells can initiate autoimmune re-
sponses by capturing even minuscule amounts of specific antigen
via their antigen-specific BCR. As a consequence antigen-specific
Th17 cells are generated, whereas the expansion of Tregs is inhibited
most likely due to production of IL-6 by antigen-specific B cells.

417

Moesin is a possible target molecule in cytomegalovirus-related
Guillain-Barre syndrome

Setsu Sawai

Department of Molecular Diagnosis, Graduate School of Medicine, Chiba
University, Chiba, Japan

Objective: The epitope in demyelinating Guillain–Barre syndrome
(GBS), acute inflammatory demyelinating polyneuropathy (AIDP), re-
mains unidentified. Outer surface of the Schwann cells was considered
to be a target of an immune attack in AIDP. In this study, we used
proteomic-based approach to reveal an immune target molecule in
the pathogenesis of AIDP.
Methods: We searched the proteins recognized by AIDP patients' sera
among the extracted proteins from Schwannoma cell lines by mass
spectrometer after 2-dimensional electrophoresis and subsequent
western blotting. Identified specific autoantibody was validated in the
sera of GBS and normal controls.
Results: Autoantibody against moesin protein was identified only in the
patients with AIDP after the cytomegalovirus (CMV) infection. We
found 5 out of 6 CMV-related AIDP patients to have autoantibody
againstmoesin, but none of the 15 AIDP patients without CMV infection
and 2 of the 46 normal controls had it. Moesin proteinwas known to be
present at distal tip of the Schwann cells and considered to play a crucial
role in the myelinating process. Immunohistochemically detected
moesin at distal tip of the Schwannoma cell lines was a target of the au-
toantibody in the patients with CMV-related AIDP.
Conclusions: Moesin is a possible immune target and play an impor-
tant role in the pathogenesis of CMV-related AIDP.
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Rituximab treatment in a girl with voltage-gated potassium-channel
associated FIRES (fever-induced refractory epileptic encephalopathy
in school-aged children)

Ariane Soldatos, Mark Gorman

Children's Hospital Boston, Harvard University, Boston, United States

Objective: Describe response to Rituximab treatment in a girl with
Voltage-gated potassium-channel associated (VGKC) FIRES (fever-
induced refractory epileptic encephalopathy in school-aged children)
Methods: This is a 6 year-old girl who presented with acute onset, sta-
tus post febrile prodrome, of refractory multifocal status epilepticus
requiring medically induced coma for approximately 1 month with
high-dose barbiturates, Midazolam infusion, and inhaled Isofluorane.
She had traveled to Vietnam 2 months prior. Her CSF profile was be-
nign. Extensive infectious testing including full arboviral panelwas neg-
ative. Her initial brain MRI had been normal. Repeat MRI one month
into her illness showed bilateral hippocampal FLAIR hyperintensities
extending into the thalami and posterior centrum semiovale.

She was found to have neuronal autoantibodies: VGKC 0.15 nmol/L
(reference range≤0.02). Thus, one month following presentation,
she was treated with intravenous immunoglobulin (ivIG) 2 g/kg,
Methylprednisolone 30 mg/kg/day iv for 5 days with a prolonged
oral steroid taper. She then underwent plasmapheresis for 5 doses
every other day. Her seizure control significantly improved, the
timing of which seemed to correlate with her plasma exchange,
though she had also required placement on the ketogenic diet
along with a regimen of 5 antiepileptic medications. She had nega-
tive body tumor screen.

She remained encephalopathic, status post tracheostomy and
G-tube placements. After a 4-month hospitalization, she was
transferred to a rehabilitation facility. She continued to have a
few brief seizures weekly. Five months after presentation she
experienced recrudescence of seizures with some decrease in
arousal. There was no intercurrent infection nor significant changes
in her antiepilpetic drug troughs.VGKC antibodies which had decreased
to zero post-pheresis were again detectable. Thus, she received a
repeat Methylprednisolone pulse. She underwent repeat cycle of
plasmapheresis.

Given this relapse, she was then treated with Rituximab 375 mg/m2

iv weekly for four doses starting 7 months after her initial presentation,
and she responded with complete B-cell depletion. She was weaned off
her oral steroid taper shortly thereafter. She remains on monthly ivIG
1 g/kg, ketogenic diet 4.25:1 ratio, Lacosamide, Levetiracetam, Pheno-
barbital, and Phenytoin.
Results: One month later her VGKC was again detectable at
0.08 nmol/L despite complete B-lymphocyte depletion. Her epilepsy
has stabilized and she has been able to wean some dosages of
her medications. However her encephalopathy has seen only slow
improvement: she still remains non-verbal with no clear communica-
tion; she can sit unsupported and hold herself standing with
assistance.
Conclusions: We describe a pediatric case of relapsing VGKC-
associated FIRES treated with Rituximab. There has been stabilization
of her seizures and some modest improvements in her mental status.
The VGKC antibody titers reappeared even while her B-cells were still
depleted. These are likely still being produced by plasma cells, which



14 Abstracts
are unaffected by Rituximab. Whether earlier treatment or other im-
munosuppressive modalities might lead to better outcomes remains
to be studied.
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Systemic autoimmunity in an Argentinean cohort of Neuromyeltis
Optic patients and its clinical impact

Andres Villa1, Florencia Aguirre2, Sandra Vanotti1, Santiago Claverie1,
Luciana Melamud3

1Secccion de Neuroinmunologia y Electrofisiologia, Hospital Ramos
Mejia. Universidad de Buenos Aires, Buenos Aires, Argentina; 2Secccion
de Neuroinmunologia y Electrofisiologia, Hospital ramos Mejia. Universidad
de Buenos Aires, Buenos Aires, Argentina; 3Secccion de Neuroinmunologia y
Electrofisiologia, Hospital ramosMejia. Universidad de Buenos Aires, Buenos
aires, Argentina
Objective: To study the autoantibody profile and associate autoim-
munity and its impact on clinical features and disease severity
of Neuromyelitis Optic (NMO) and its spectrum disorders (NMOSD).
Background: NMO has been associated with other clinical or
serological markers of non-organ-specific autoimmunity. It is un-
known if concomitant autoimmune disease or systemic autoanti-
body seropositivity confers a different prognosis in NMO/NMOSD
patients.
Design/methods: We retrospectively reviewed patients with diagno-
sis of NMO/NMOSD at Neuroimmunology Unit, Ramos Mejia Hospi-
tal, Buenos Aires, Argentina, and the presence of autoimmune
diseases and antibody positivity and their relationship with clinical
characteristics and disease severity.
Results: Thirty-four (31 female, 3 male; 29 NMO, 5 NMOSD) were ana-
lyzed. Mean disease durationwas 8 years (range: 3 – 17 years). Overall
systemic autoantibody seropositivity was high: anti-nuclear anti-
bodies 63% (17/27), anti-DNA 10 % (2/20) and anti-Ro and/or
anti-La 37.7% (5/14). Autoimmune disease was present in 23.5 %
(8/34). Of those who tested for NMO-IgG, 75 % (15/20) were pos-
itive; 53% (8/15) of these patients also had had presence of sero-
positivity of systemic autoimmunity and 20% (4/20) autoimmune
disease. Mean annualized relapse rate and median Expanded Dis-
ability Status Scale (EDSS) score was not significantly different be-
tween systemic autoantibody-positive and autoantibody-negative
patients, with or without concomitant autoimmune disease.
Conclusions: Our results suggest that concomitant systemic inflamma-
tory diseases and systemic autoantibody positivity in NMO/NMOSD
patients is a common feature. The presence of systemic autoantibody
seropositivity or autoimmune disease does not translate to a worse
clinical outcome in NMO/NMOSD patients.
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Identification of virus infection induced or modified cellular
proteins as a target for humoral immune response in
multiple sclerosis

Jussi Oskari Virtanen, Howard Jaffe, Steve Jacobson

NINDS, NIH, Bethesda, United States

Objective: One of the hallmarks of multiple sclerosis (MS), is an in-
creased intrathecal humoral immune response presenting as in-
creased IgG index and oligoclonal bands (OCBs). Although in many
of the infectious or autoimmune diseases of the central nervous sys-
tem the bands have been shown to be specific for the cause, the
specificity of the bands in MS, as well as the cause of MS have
remained elusive. Virus infection can change the cell phenotype
by altering the host cell gene expression or inducing post translational
modifications of host cell proteins. Some of these modifications can
lead to breakdown of immunogenic self tolerance and production of
autoantibodies.
Methods: To test if MS cerebrospinal fluid (CSF) or serum contains an-
tibodies to cellular proteins induced or modified by human herpesvi-
rus 6 (HHV-6) infection, CSF and serum antibodies were used to
immunoprecipitate cellular proteins in HHV-6, not mock, infected cell
lysates. These proteinswere separated in SDS-PAGE and bandswere ex-
cised. Proteins were in-gel trypsinized and subjected to MALDI-TOF
mass spectrometric analysis.
Results: We identified autoantibodies in MS CSF and serum to known
autoantigens (e.g. histones) that were present only in HHV-6 infected
cells.
Conclusions: This might suggest that virus infection can induce post
translational modifications of histones or some other cellular pro-
teins, which can lead to production of autoantibodies.
479

Conditional MHCII expression reveals a selective role for B cell
antigen presentation in autoimmune encephalomyelitis

Angela Archambault

Washington University in St. Louis, School of Medicine, St. Louis,
United States

Objective: The activation and differentiation of effector CD4 T cells de-
pends on interactions with major histocompatibility class II (MHCII)-
expressing antigen presenting cells (APCs). While several APC
populations coordinate CD4 T cell function, several lines of evidence
indicate that antigen presentation by B cells is a critical element to the
cellular immune response during immunity and autoimmunity. We
have sought to determine the individual contribution of B cell antigen
presentation to CD4 T cell priming and secondary responses in relation
to neuro-inflammation.
Methods: To address the hypothesis that B cells are sufficient APCs for
CD4 T cell responses, we have designed a new tool in which individual
subsets of APCs are capable of conditionally expressing MHCII in vivo.
We successfully targeted a stop sequence flanked by loxP sites to the
MHCII β chain locus in mice in order to utilize the Cre/loxP system for
conditional expression of MHCII, resulting in a mouse deficient in
MHCII. Successful conditional manipulation was achieved using CD19Cre

mice, restricting expression of MHCII to B cells.
Results: After intravenous or subcutaneous priming, sub-optimal pro-
liferation and activation of CD4 T cells was observed in mice
expressing MHCII only by B cells. Further, limiting MHCII expression
to B cells constrained secondary CD4 T cell responses in vivo. We tested
the sufficiency of B cell antigen presentation in directing autoreactivity
in an animal model for multiple sclerosis, experimental autoimmune
encephalomyelitis. B cell expression of MHCII alone was sufficient to
support secondary autoreactive CD4 T cell responses targeting the cen-
tral nervous system, but only when B cells were highly efficient at rec-
ognizing target antigen.
Conclusions: These results demonstrate a novel capacity to condition-
ally express MHCII in vivo. Further, they highlight the selective capac-
ity for B cell antigen presentation to initiate and propagate CD4 T cell
autoreactivity targeting the central nervous system.
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Myelin basic protein and neurofilament as biomarkers of
treatment response in a Phase II add-on trial of rituximab
for relapsing multiple sclerosis

Enrique Alvarez, Laura Piccio, Nhial Tutlam, Robert J. Mikesell, Neville S.
Rapp, Samantha Lancia, Becky J. Parks, Robert J. Naismith, AnneH. Cross

Washington University in Saint Louis, Washington University School of
Medicine, Saint Louis, United States

Objective: Myelin basic protein (MBP) and neurofilament (NF) levels
are markers of tissue destruction to myelin sheaths and axons, respec-
tively. We evaluated these biomarkers in predicting outcomes in multi-
ple sclerosis (MS) subjects treated with rituximab, a B cell depleting
monoclonal antibody, in combination with platform agents.
Methods: Clinical and imaging data were evaluated from a phase II
trial of rituximab as an add-on agent. Patients were categorized into
ideal responders (n=10), intermediate responders (n=11), and
non-responders (n=9) based on clinical measures and contrast en-
hancing lesions (CEL) after treatment. Ideal responders had no CEL
and stable or improved clinical exams after treatment. Levels of
MBP and phosphorylated heavy chain NF were determined at weeks
0 and 24 using ELISA (Beckman Coulter and BioVendor, respectively).
Statistical analyses were conducted using nonparametric Kruskal-
Wallis rank tests and Spearman correlation coefficient (rs) by rank.
Results: CSF MBP levels correlated strongly with the number of CEL
[Spearman r (rs)=0.609, p=0.002] and volume of CEL (rs=0.520,
p=0.009), but did not correlate with clinical markers (p=0.784
with EDSS). CSF NF correlated with EDSS (rs=0.479, p=0.018), but
not with MRI (p=0.187 with number of CEL; p=0.436 for volume
of CEL). CSF levels of MBP trended towards correlating with NF
(rs=0.405, p=0.050). Serum levels of MBP and NF were mostly
below detection limits. At week 24 after treatment, subjects had
lower levels of CSF MBP (p=0.046) and NF (p=0.067). These differ-
ences were driven by subjects who had been pre-identified to be ideal
responders to treatment with rituximab; changes were not significant
in the intermediate responders or non-responders. Baseline CSF levels
of MBP (p=0.191) and NF (p=0.629) at week 0 did not predict
treatment response to rituximab. Subjects that responded best to
treatment had more CEL (p=0.037) and lower EDSS scores (p=
0.036).
Conclusions: A significant drop at 24 weeks in the CSF levels of MBP
and NF was associated with good response to treatment with
rituximab and may warrant future study. CSF MBP correlated with in-
flammatory CEL, while NF correlated with clinical measures, as has
been reported previously. In this add-on study, treatment with
rituximab was most beneficial in patients who were less disabled
and with greater numbers of inflammatory lesions.
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Novel diffusional kurtosis imaging metrics of demyelination and
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Objective: Diffusion weighted MRI (DWI) is sensitive to microscopic
injury in normal appearing white matter (NAWM) in MS patients
and in experimental models of demyelination but it is not specific
to demyelination and axonal degeneration. We propose to use Diffu-
sional kurtosis imaging (DKI) a novel clinically feasible DWI method
to probe non-Gaussian diffusion tissue properties. Using DKI we
will quantify intra- and extra-axonal diffusivities, the axonal water
fraction (AWF) and the tortuosity of the extra-axonal space in
relapsing-remitting MS (RR-MS) patients and will investigate the fea-
sibility of this novel method in murine experimental models.
Methods: Thirty two patients with RR-MS and 19 matched controls
underwent MRI at 3 T using a TRSE sequence for DKI: 30 diffusion di-
rections, b=0, 1000, 2000 s/mm2, in-plane resolution 2.7×2.7 mm2.
DKI parametric maps were calculated, and then used to derive WM
parametric maps of the intra-axonal diffusivity Daxon, extra-axonal
axial and radial diffusivity, De,|| and De,┴, tortuosity α, and AWF.
Using tract-based spatial statistics (TBSS), skeletonized voxel-wise
analysis was performed of the DKI and WM metrics using FSL. In ad-
dition, regions of interest (ROI) were drawn of the corpus callosum
genu and splenium to determine between group differences for
each parameter. Three12 week-old male C57BL/6 mice underwent
MRI at 7.4 T using a 2D DWI gradient and spin echo sequence with
30 diffusion directions and b=0, 1300 and 2100 s2/mm, in-plane res-
olution of 60×60 μm. DKI parameters were measured in the corpus
callusum.
Results: TBSS showed a widespread pattern of significant changes in
all DKI parameters of RR-MS patients compared to NC. Of the WM pa-
rameters, significant changes were observed in De, , the tortuosity α,
and the AWF, whereas Daxon and De,|| did not significantly differ be-
tween groups. The ROI-based analysis showed similar results in both
the genu and splenium of the corpus callosum. The study in the wild
C57BL/6 mice showed that the method is feasible in small animals
with an acquisition time of 60 minutes.
Conclusions: Changes in the WM-parameters (as obtained from DKI)
may provide more insight in the specific underlying disease processes
occurring in the NAWM of RR-MS: The decrease in the AWF, tortuos-
ity and the increase in De, can be explained by demyelination, while
the lack of change in Daxon suggests an absence of intra-axonal injury
in the NAWM. The method is feasible in mice and the new DKI-metrics
will be validated in experimental models of lysolecithin-induced
demyelination.
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Neuron specific enolase (NSE) as a valid marker for neuronal
damage in murine models of ischemic stroke and EAE
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Objective: Immunity and inflammation are not only key players in the
pathophysiology of experimental allergic encephalomyelitis (EAE) but
also in ischemic stroke. In the murine middle cerebral artery occlusion
(MCAO) stroke model common methods for analyzing brain tissue
damage are vital staining with TTC (2,3,5-triphenyltetrazolium chlo-
ride), immunohistochemical methods andmagnetic resonance imaging
(MRI). While TTC and immunohistochemical approaches are fast and
reliable methods the further exploration of the analyzed tissue is re-
stricted. In contrary MRI monitoring allows a noninvasive analysis but
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is rather expensive and time consuming. Standard methods for detec-
tion of the neuronal damage in EAE are histological examination and
the neurological score.

In this study we aimed to validate whether plasma levels of neuron
specific enolase (NSE), a protein excusively espressed by neuronal cells,
correlates with the degree of cerebral damage in stroke in EAE.
Methods: Mice underwent temporary occlusion of the middle cerebral
artery for one hour followed by reperfusion (MCAO) or induction of
EAE with MOG35-55 peptide. In stroke experiments we correlated in-
farct size measured by MRI and TTC with the plasma NSE levels at d1,
d3 or d7 of reperfusion. In EAE experiments we correlated plasma
NSE levels with the neurological score at d15, d21 or d30. Plasma
NSE levels were detected by ELISA (IBL, Hamburg, Germany).
Results: In the stroke model there was a good linear correlation be-
tween NSE plasma levels and infarct size measured by TTC staining
and MRI (r>0.5) for d1 and d7 and a high correlation (r>0.7) for d3.

In the EAE model plasma NSE levels showed a high correlation
(r>0.7) at d15 and even a good correlation (r>0.5) at d21 and d30.
Conclusions: Taken together we provide evidence that plasma NSE
levels correlate significant with the degree of neuronal damage in an-
imal models of chronic and acute injury of the central nervous sys-
tem. NSE is therefore a valid and simple experimental tool allowing
to assess the degree of neuronal injury in a non invasive approach of-
fering the opportunity to carry out further biochemical or morpholog-
ical experiments with the CNS tissue samples.
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Myeloid microvesicles as a prognostic biomarker in CIS patients
converting to MS: A 2 year-prospective study
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Objective: The aim of the study is to explore the role of Myeloid
Microvesicles (MMVs) – emerging new biomarkers of tissue damage
and disease activity – as a possible prognostic biomarker for early MS
conversion in CIS patients and to understand their potential biological
role studying their correlation to other clinical and neuroradiological
markers.
Methods: This is a prospective study on 54 ClS patients (60%female,
median age 30 years, median EDSS at onset 1.5, median disease dura-
tion 7 months) recruited at San Raffaele Hospital in 2 years. Patients
underwent lumbar puncture for diagnostic reasons and 500 μL of CSF
were analyzed by flow cytometry (stained for AnnexinV, IB4) in order
to detect MMVs. 30 age matched healthy-controls were also evaluated
for MMVs presence.
Results: First, we confirmed that CIS patients have higher MMVs than
healthy controls (ROC curves of CIS vs HC: sensibility of 85% and speci-
ficity of 100% with cut-off value 1.6 MV/μL)Patients earlier-converters
(converting to Clinically Defined MS – according to 2010 McDonald
criteria – in 1 to 3 months) have higher MMVs (median 34.6 MV/μL)
in comparison to one-year converters or two-year converters or
non-converters(pb0.001). Interestingly, 2 patients who underwent a
progressive course of the disease have definitely higher MMVs.

MMVs rate directly correlate with EDSS both at onset and at
follow-up (Spearman r=0.68, pb0.001). An association with axonal
damage has to be demonstrated.
No correlation with oligoclonal bands, disease duration or type of
clinical presentation, was evident. Correlation with neuroradiological
data (DTI, fMRI) on a subgroup of CIS patients is ongoing.
Conclusions: MMVs are able to identify earlier converters to MS and
may represent a prognostic biomarker.

Patients presenting with higher MMVs more frequently develo-
ped an established disability in comparison to those with lower
MMVs. We may suppose that MMVs may reflect disease activity
rate and axonal damage. Their role in neurodegeneration has to be
determined.
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Myeloid Microvesicles as potential biomarker in probable Alzheimer
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Objective: To assess the amount of microglial microvesicles in the CSF
of patients affected by Alzheimer Disease (AD) and Mild Cognitive
Impairment (MCI), in comparison to age-matched healthy controls
and other dementia and prospectically correlate it with clinical, labo-
ratory and neuroradiological data.
Methods: 200 patients (80 AD, 50 MCI, 20 Frontotemporal Dementia,
30 other dementia; 20 healthy controls) were recruited at San
Raffaele Hospital in 18 months. Patients underwent CSF, MRI and
neuropsychological assessment analysis. 200 μL of CSF were analyzed
by flow cytometry to detect Microglial MVs
Results: An increased number of Microglial MVs is found in the CSF of
AD patients, in comparison to MCI and healthy control patients. FTD
patients had an even higher MMVs level. Among FTD patients those
with higher MMVs were patients affected by Semantic Dementia,
while BvFTD have lower MMVs. Microglial MVs in AD correlated
with disease duration and CSF B-Amiloid/Tau while no differences
were found for age, sex, MMSE, symptoms at onset, educational
level. Homocystein blood levels significantly correlated with MMVs.
For MCI no correlations with any markers was evident. Interestingly,
the subgroup of MCI-converters to AD within one year (n=28)
showed higher MMVs. A correlation with hippocampal atrophy and
MMVs is evident in AD. Correlations for other, more sensitive multi-
ple neuroradiological parameters is ongoing, in order to find early,
better markers of disease progression.

Conclusions: We proposed Microglial Microvesicles as an additional
novel biomarker – to be combined with other early markers – to char-
acterize the course of AD and the probability of MCI to convert to AD.
The role of MMVs in differentiating FTD subtypes has to be confirmed.

333

Analysis of Peripheral blood mononuclear cell phenotypes of
patients with relapsing-remitting multiple sclerosis under
fingolimod treatment (0.5 mg, oral dose): A prospective stu
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Objective: The inhibition of lymphocyte egress from secondary lym-
phoid tissues by Fingolimod (inhibitor of sphingosine-1-phosphate-
receptors) leads to a pronounced lymphopenia. So far, specific immu-
nological changes in the peripheral venous blood, sera or PBMCs
respectively, have only been analyzed in small patient numbers. The
influence of fingolimod on peripheral blood mononuclear cell
(PBMC) subpopulations in patients with RRMS over a 6-month
treatment period was analyzed and potential surrogate markers that
may be associated with a clinical response to treatment were
explored.
Methods: 450 RRMS patients receiving 0.5 mg fingolimod on a daily
oral dose were included in this prospective, multi-centre, single-
arm, open-label study. Peripheral venous blood samples were
obtained at several timepoints (baseline, 1, 4 and 6 months respec-
tively). Leucocyte surface marker expression was analysed in a flow
cytometric analysis (CD3, CD4, CD8, CD16, CD19, CD34, CD45RA,
CD56, CCR7 surface markers were determined). Additionally patient
sera samples were screened for their immunoglobulin levels (IgG,
IgM, IgA, IgE) and the presence of various cytokines by ELISA assays.
Results: The analysis of the first 250 patients revealed a decrease in
the relative number of CD45+, CD4+ and CD19+ positive cells,
which maintained at low levels for the follow-up. The decrease in
the CD4+/CD8+ ratio is due to the reduction of CD4+ T cells.
CD4+ cells however, were never found to be depleted. Also cell num-
bers of naïve T cells (CCR7+/CD45RA+) were decreased to a sixth of
the level before treatment and stays at low level for the whole
6-month period. In contrast effector memory T cells (CCR7-/
CD45RA-) were increased. Also IgG levels decrease in the 6-month
treatment by approx. 11%. IgM and IgA are just slightly decreased,
while IgE shows no variation in the 6-month treatment. For the ma-
jority of the cytokines tested so far, no significant alterations were
found. First results on the viral load during treatment show no alter-
ation. The study is still ongoing and data for the majority of the pa-
tients will be available.
Conclusions: Fingolimod induces an intended strong and reversible ef-
fect predominantly on CD4+ for the time of the treatment. Naïve T
cells are reduced, whereas effector memory T cells are increased. Bio-
markers predicting clinical efficacy and/or safety signals have not
been identified yet and require further prospective studies.

96

Blood adipokines and their association to disability
status and progression index in multiple sclerosis:
A three-year follow up study
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Objective: Multiple sclerosis (MS) is a chronic inflammatory disease of
central nervous system that affects young adults and leads disability.
Blood biomarkers which indicate a specific biological/pathological pro-
cess are essential to confirm or reject a diagnosis, to anticipate the out-
come and to check the efficiency of therapy in a particular patient. In
the present study, we determined the 3-year follow-up levels of
adipokines including leptin, adiponectin, adipsin and resistin in the
sera of patients withMS and analysed their association to various clinical
parameters including disease activity and progression.
Methods: The studywas a 3-year prospective follow-up study that includ-
ed 60MS patients, 20 subjectswith clinically isolated syndrome (CIS) and
30healthy controlswhounderwentneurological examination for 3 years.
Plasma adipokine levels were measured using enzyme immunoassay.
Results: At the baseline and 1-year follow-up, CIS patients showed
higher levels of resistin than RRMS group (pb0.05). Comparison be-
tween the CIS and CIS converted group revealed that the baseline
levels of adiponectin increased in those subjects who converted to
CDMS (pb0.01). The highest levels of adipsin were found in progres-
sive subtypes, while in RRMS adipsin levels remained low during the
whole 3-year period (pb0.05). In RRMS group, the levels of adipsin
seemed to correlate positively with disability status and progression
index (PI) (pb0.05). In PPMS group at the 2 yr follow-up, the levels
of leptin seemed to correlate with the PI (pb0.05).
Conclusions: Our data suggest that leptin, adipsin and resistin might
contribute to the development of disability and progression of the
disease, while adiponectin seems to be a candidate predicting conver-
sion of CIS to MS. These adipokines are important in MS pathogenesis
and might be potential biomarkers.
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Switch-associated protein 70 (SWAP 70) antibody levels are
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Objective: To identify an antibody biomarker for multiple sclerosis
(MS) that can be used as a predictor of MS relapses.
Methods: MS patients' sera were screened by a protein macroarray
derived from human fetal brain cDNA library (hEX1). Sera of 90 con-
secutive relapsing remitting MS (RRMS) patients and age-matched
145 Behçet's disease (BD) patients, 40 infectious meningoencephalitis
patients and 70 healthy controls were screened by ELISA for serum
antibodies against the selected clone.
Results: Sequencing of the clone with the highest signal intensity re-
vealed switch-associated protein 70 (SWAP70) as a potential target
autoantigen in RRMS. ELISA studies showed high-titer SWAP70-
antibodies in 21 (23.3%) RRMS and 7 (4.8%) BD patients. SWAP70-
antibodies were more likely to be found positive in sera obtained dur-
ing or shortly after a relapse.
Conclusions: RRMS and BD might share common pathogenic mecha-
nisms associated with SWAP70 functions. Detection of SWAP70-
antibodies during the attack period might suggest that these antibodies
are involved in MS relapse pathogenesis. Serum SWAP70-antibody de-
tection may be utilized as an easy-to-use MS relapse predictor.

339

Genetic biomarkers for preferable individualized selection
of interferon-beta or glatiramer acetate for disease-modifying
treatment in multiple sclerosis patients
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Objective: Several immunomodulatory strategies are being actively
implemented in therapeutic intervention in multiple sclerosis (MS).
Long-termmedication with specific first-line disease modifying treat-
ments (DMTs) interferon-beta (IFNb) and glatiramer acetate (GA)
has been shown to improveMS course. In search of biomarkers for se-
lection of preferable individual DMT we performed the comparative
pharmacogenomic analysis of immune response genetic variants
and their combinations in MS patients treated with IFNb or GA. Uni-
fied set of genes, encoding proteins which are involved in the mech-
anisms of action of IFNb and/or GA and identical clinical criteria of
treatment response in Russian MS patients were used.
Methods: 253 unrelated MS patients resident of the Moscow region
treated with IFN-beta and 285 MS patients treated with GA were
studied. The patients who were event-free during no less than
2 years on DMT were considered as optimal responders (Rs), other
patients were considered as non-optimal responders (NRs). We com-
pared the distribution of alleles/genotypes/allelic combinations of in-
vestigated genes among IFNb Rs versus GA Rs and among IFNb NRs
versus GA NRs. The allelic combinations, of which carriage was asso-
ciated with discriminative DMT response, were identified using
APSampler algorithm with subsequent validation by means of the
exact Fisher's (pf) and permutation (pperm) tests. Functional polymor-
phisms in the following candidate genes were studied: DRB1 HLA
class II, IFNB1 (rs1051922), IFNAR1 (rs1012335), IFNG (rs2430561),
TNF (rs1800629), TGFB1 (rs1800469), IL7RA (rs6897932), CCR5
(rs333) and CTLA4 (rs231775).
Results: Carriage of allelic combinations composing of CCR5, DRB1,
TGFB1 and IFNAR1 genes was different between IFNb Rs and GA Rs
(pf=0.00054–0.03; pperm=0.004–0.024), whereas carriage of allelic
combinations composing of CCR5, CTLA4 and IFNAR1 genes was differ-
ent between IFNb NRs and GA NRs (pf=0.00078–0.02, pperm=0.017–
0.058). Some discriminative composite markers, of which carriage in
Russians is beneficial for MS individuals on IFNb treatment whereas
detrimental for those on GA treatment were identified.
Conclusions: Our study provides an option for identification of prom-
ising prognostic composite genetic markers for IFNb or GA treatment
selection for individual MS patients.
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MicroRNA profiling in human EDTA plasma identifies a unique
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Objective: Multiple sclerosis (MS) is an immune cell mediated auto-
immune disease. There is little information available regarding dis-
ease stage specific biomarkers and predictors of response to any MS
therapy. Identification of biomarker that could identify the stage
and type of MS and that could predict a response to therapy, is invalu-
able, and would be the first step towards individualized medicine. Al-
tered expression of cellular microRNA (miRNAs) has been reported
previously in MS compared to controls. We investigated differential
expression of miRNAs in EDTA plasma samples from MS patients
compared to controls.
Methods: Expression of 368 miRNAs was tested in EDTA plasma
obtained from 19 MS patients (10 relapsing remitting MS (RRMS),
and 9 secondary progressive MS (SPMS)) and healthy control (HC, 9
subjects). This screening step was used to identify miRNAs that
were differentially expressed in SPMS to RRMS and among various
group comparisons. We selected 23 miRNAs from initial screening ex-
periment that were further tested using quantitative real time PCR on
a separate set of 100 MS patients (50 RRMS and 50 SPMS) and 32 HCs
to validate results obtained from screening results.
Results: We found differential expression of miRNAs in MS patients
compared to HCs plasma samples. We identified miRNA variables in
plasma that could differentiate SPMS or RRMS from HCs. Most impor-
tantly, we identified miRNAs in plasma that could differentiate a pro-
gressive patient from a relapsing remitting patient.
Conclusions: In summary, our results establish a blood-based test to
measure miRNAs in plasma that could be used to study disease or
therapy related biomarkers in MS patients.
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Objective: IFNb is a major first line therapy in MS, but available prep-
arations are immunogenic and can induce the production of neutral-
izing antibodies (NAbs) that reduce treatment efficacy. Routine
testing for NAbs with in vitro assays is recommended. However,
reported NAb titers in sera of patients are not necessarily transferable
to clinical outcomes. Therefore, a personalized in vivo assay is needed to
evaluate the importance of NAbs in individual patients. The hypothesis
was to test if phospho-specific flow cytometry (phosphoflow) canmea-
sure the activation of the IFNb/Stats signaling pathway in immune cell
subtypes after administration of IFNb in vivo and to test if an inappropri-
ate response to IFNb due to NAbs can be detected and quantified in vivo.
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The suitability of the assay was tested against IFNb inducible gene ex-
pression changes, including Mx1.
Methods: An 8 parameter phosphoflow single cell assay was devel-
oped to identify immune cell subtypes in blood and quantify intracel-
lular phosphorylated (activated) Stats transcription factors before
IFNb injection and at several time points thereafter and to assess
NAb effects in vivo (t=15 min–24 h; n=10). In addition, IFNb spe-
cific gene expression changes (whole blood mRNA) and IFNb concen-
trations (sera) were measured. Data was subjected to PCA, PLSR, and
Ffmanova.
Results: IFNb preparations were significantly different in their Stats
signaling signature in immune cells in vivo and NAbs significantly af-
fected this pattern in cell subtypes. Phosphorylation of Stat1 in T cells
and monocytes was predictive of NAb class in vivo. Gene expression
patterns were significantly affected by NAbs in vivo, but had lower
predictive values than Stats. IFNb concentrations in sera were variable
but increased after INFb injection in most patients.
Conclusions: Phosphoflow can quantify the activation of the INFb/
Stats pathway in immune cell subtypes and detect NAb effects in
vivo. This single cell based assay may be more accurate than gene ex-
pression changes in whole blood to predict NAbs effect in vivo. The in
vivo results support our previously published ex vivo phosphoflow
data that identified Stat1 as a promising biomarker for NAbs effects
in individual patients.
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The role of Fetuin-A in neuroinflammatory responses in
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Objective: We recently identified Fetuin-A as a cerebrospinal fluid
(CSF) biomarker of multiple sclerosis (MS). Elevated CSF Fetuin-A
was highly correlated to active disease in MS patients. In addition,
therapeutic response to natalizumab correlated with a significant re-
duction in CSF Fetuin-A. Fetuin-A, a cystatin-like serum protein, was
also found to be aberrantly expressed in neurons in and around
demyelinated lesions in MS and in EAE. Because mice lacking Fetuin-A
showed reduced severity of EAE, we hypothesize that Fetuin-A may
play a direct role in MS pathogenesis. The aim of this study was to ex-
amine the role of Fetuin-A in mediating neuroinflammatory responses
in MS.
Methods: As an in vitro model of neuroinflammation, SH-SY5Y neuro-
blastoma cells were co-cultured with LPS-stimulated macrophages in
the absence or presence of Fetuin-A. Growth and viability were mea-
sured by Alamar Blue assay. As an in vitro model of T cell polarization,
naïve CD4+ T cells were isolated from PBMCs and polarized into Th1,
Th2, Th17, and Treg cell populations in the absence or presence of
Fetuin-A. Gene expression changes were measured by quantitative
real time PCR. Protein expression and secretion was measured by flow
cytometry, immunocytochemistry, and ELISA.
Results: We found that Fetuin-A potentiates the neurotoxic response
of neuroblastoma cells to inflammation mediated by activated macro-
phages, correlating with uptake of Fetuin-A. In T cell polarization ex-
periments, Fetuin-A promoted Th1 polarization from naïve T cells,
which correlated with an increase in Th1-specific gene expression
and cytokine secretion. In contrast, Fetuin-A had no effect on Th17
or Treg polarization.
Conclusions: These results indicate that Fetuin-A promotes pro-
inflammatory responses in in vitro models of neuroinflammation. These
findings are consistent with the role of Fetuin-A as a CNS biomarker of
active MS and suggest potential mechanisms by which Fetuin-A may
play a role in MS pathogenesis.
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MS disease related variables and its impact on gray matter volume
and cortical thickness

Virginija D. Karrenbauer

Department of Clinical Neuroscience, MS research group, CMM, Karolinska
Institutet/ Karolinska University Hospital, Stockholm, Sweden

Nordic multiple sclerosis (MS) patients are in 95% of cases positive
for oligoclonal IgG bands (OCB) in the cerebrospinal fluid (CSF).
OCB-positive and OCB-negative patients are similar with regard to
clinical characteristics—and indistinguishable with regard to fulfill-
ment of the Barkhof criteria on brain magnetic-resonance-imaging
(MRI). Intriguingly, OCB-negative MS is not associated with the best
known MS risk factor—the HLA class II allele DRB1*15—but rather
with the HLA-DRB1*04 allele. Intrathecal IgG synthesis has been
reported to be associated with cortical lesions in clinically isolated
syndromes and early relapsing-remitting MS. HLA-DRB1*1501 was
shown to be associated with lower grey matter fraction and lower
brain parenckymal fraction.
Objective: To investigate which of the variables, HLA-DRB1*15 and
HLA-DRB1*04 genotypes, OCB, gender, disability, patients age, and
treatment length and type, have the biggest impact on cortical thick-
ness and gray matter volume in MS patients.
Methods: For this retrospective–explorative study we chose 25 MS
patients attending Stockholm MS Center and selected according to
the following criteria: (1) they had been examined with brain MRI
according to a MS specific protocol (2) their OCB status was known;
and (3) they had been genotyped for HLA-DRB1. Genotyping was
performed by sequence-specific PCR using a commercial kit. Gray
matter volume and cortical thickness were analyzed using FreeSurfer
software on MP-RAGE T1 weighted sequences. Principal component
analysis (PCA) and regression analysis was conducted to find out
which of the covariates has strongest impact for regional and global
atrophy development.
Results: Statistics is currently conducted to address the objectives.
Conclusions: This study gives a better understanding the impact of
HLA and OCB status on grey matter volume and cortical thickness
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CSF biomarker development for oxidative stress in patients with
multiple sclerosis

Mika Komori, Joseph Pawlowski, Pradeep Shukla,
Elena Romm, Bibiana Bielekova

NIH, NINDS, Neuroimmunology Branch, Bethesda, United States

Background: Multiple sclerosis (MS) is an immune-mediated disease of
the central nervous system (CNS).While inflammation predominates in
relapsing-remitting MS (RRMS) patients, it becomes less important in
progressive stages of MS, where current immunomodulatory therapies
provide no clinical benefit. One of the mechanisms that may contribute
to neurodegeneration in subjects with long-lasting CNS demyelination
is intrathecal mitochondrial dysfunction, associated with decreased
production of ATP and enhanced mitochondrial generation of reactive
oxygen species (ROS). Resulting oxidative stress may drive further
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mitochondrial dysfunction, leading to progressive neurodegeneration.
This pathogenic mechanism could be hypothetically inhibited by
therapies that have a potential to improve mitochondrial function,
such as idebenone. However, another source of ROS in the CNS of
MS patients is oxidative burst of the myeloid cells. Therefore, the
purpose of this study was to compare CSF biomarkers of oxidative
stress and the biomarkers of activation of myeloid lineage in a
large cohort of MS patients and other inflammatory (OIND) and
non-inflammatory (NIND) neurological diseases controls in order
to assess mitochondrial versus myeloid source of ROS in different pa-
tient subgroups.
Methods: ELISA assays were optimized to quantify, in a blinded fashion,
the concentrations of 4-hydroxynonenal (4-HNE) histidine adducts as
biomarker of oxidative stress and CXCL13 and IL-12p40 as biomarkers
of activated myeloid lineage in a large cohort (N=192) of untreated
subjects who presented for the diagnostic work-up of possible
neuroimmunological disorder.
Results: 4-HNE concentrations were significantly elevated in the CSF
of MS patients compared with NIND controls (pb0.05). Among MS
subtypes, RRMS and particularly PPMS patients showed significantly
higher CSF levels of 4-HNE compared with NIND controls. In contrast
CXCL13 and IL-12p40 levels were selectively elevated in RRMS and
OIND subjects, but not in PPMS cohort.
Conclusions: Our result suggests that while oxidative burst of myeloid
cells contributes significantly to intrathecal oxidative stress in RRMS
patients, mitochondrial dysfunction is more likely source of ROS in
the PPMS subjects. This validates PPMS as ideal cohort for testing of
therapeutic efficacy of idebenone. Phase II clinical trial of idebenone
in PPMS is currently in progress.
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RNA sequencing analysis of intrathecal exosomes isolated from
multiple sclerosis patients
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Objective: Multiple sclerosis (MS) is one of the most common causes
of neurological disabilities in young adults. Multiple physiological
and pathological processes in central nervous system (CNS) were ob-
served in MS autopsy tissue. Unfortunately, there are no reliable tools
to quantify these different intrathecal processes in living subjects. Ce-
rebrospinal fluid (CSF) represents an invaluable diagnostic window to
the CNS, thanks to its function in removal of brain metabolites by
draining interstitial fluid. While CSF cells and soluble factors repre-
sent a traditional target of investigation, CSF contains also a specific
type of microvesicles – exosomes – released by different cell types
and loaded with a protein and RNA cargo, suggesting their role as me-
diators of intercellular communication. The objective of this study is
to investigate the nature of the exosomal RNA load using an unbiased
approach.
Methods: Using RNA sequencing we investigated the RNA content of CSF
exosomes in a total of 5 groups of patients, pooling 10 patient
samples per group. Three groups represented primary progressive MS,
relapsing–remitting MS, and secondary progressive MS. Two control
groups of non-MS patients represented non-inflammatory neurological
diseases and other inflammatory neurological diseases. The resulting se-
quence data were aligned to human exome, as well as to the databases
of human herpes viruses and human endogenous retroviruses (HERV).
Results: RNA sequencing analysis confirmed the presence of se-
quences originated from cellular mRNA in CSF exosomes; this analy-
sis is currently ongoing. No RNA sequence derived from human
herpes viruses family was found in exosomal RNA in either of 5
groups of patients. In contrast, we identified a large number of se-
quences mapping to HERV family. Over 18,000 sequence reads
aligned to 120 HERVs, represented by 3883 different loci. However,
comparison of the expression levels for each HERV among 5 analyzed
groups did not reveal any significant differences.
Conclusions: Exosomes isolated from CSF contain RNA that originates
from both, protein coding and non-coding regions of human genome, in-
cluding a large portion of RNA sequences derived from HERVs. Several
HERV transcripts have been detected in the CNS, frequently in the context
of neuroinflammation. Although our study identified a presence of many
HERV transcripts in exosomes derived fromCSF, we didn't find any corre-
lation between HERV expression and MS disease status.
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Single nucleotide polymorphisms in relapsing-remitting multiple
sclerosis in Serbian patients: Disease susceptibility and interferon
beta treatment response biomarkers

Milos Markovic1, Emina Savic1, Dusan Popadic1, Vera Pravica1,
Zorica Ramic1, Jelena Drulovic2, Marija Mostarica Stojkovic1

1Institute of Microbiology and Immunology, School of Medicine, Univer-
sity of Belgrade, Belgrade, Serbia; 2Institute of Neurology, Clinical Centre
of Serbia, School of Medicine, University of Belgrade, Belgrade, Serbia

Objective: Recombinant interferon (IFN)-β therapy is most widely
used to reduce disease activity in patients with relapsing-remitting
multiple sclerosis (RRMS). However, up to 50% of patients continue
to have relapses and worsening disability despite therapy. Since reli-
able biomarkers with predictive value for natural history of disease
and clinical response to therapy are still lacking, our aim was to ana-
lyze the association of selected single nucleotide polymorphisms
(SNPs) in genes coding for cytokines or their receptors with pre-
sumed pathogenic role in MS with disease susceptibility and response
to IFN-β therapy in RRMS patients in Serbia.
Methods: We assessed SNPs in IFN-γ (rs2430561), tumor necrosis fac-
tor (TNF)-α (rs1800629), interleukin (IL)-17F (rs11465553), p40
subunit of IL-12/23 (rs3212227) and IL-23 receptor gene (IL-23R,
rs2201841) in 121 consecutive RRMS patients starting IFN-β therapy
and 166 healthy controls. Response to IFN-β was defined after
two-year follow-up: patients without relapses and no progression in
the Expanded Disability Status Scale (EDSS) score were considered
responders (R, n=69), while those with relapses and progression in
disability were considered nonresponders (NR, n=52). SNPs were
determined by qPCR using custom-made oligonucleotides (IFN-γ)
or TaqMan® SNP genotyping assays (other SNPs).
Results: Distribution of IL-23R CC and CT genotypes was different in
RRMS patients compared to healthy controls (5.8% vs. 15.7% and
47.9% vs. 38%, respectively; p=0.022). In contrast, the frequency of
C and T alleles of IL-23R SNP did not differ between the groups. Geno-
type distribution and allele frequencies of other 4 SNPs were also sim-
ilar in RRMS patients and healthy subjects.

None of the analyzed SNPs correlated with the response status of
the RRMS patients. However, when R were compared with poor
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responders (defined as 2 or more relapses and a 6-month sustained
increase in the EDSS score of at least one point), we found the differ-
ence in the frequencies of G and A alleles of −308 TNF-α SNP (89.7
and 10.3% vs. 79 and 21%, respectively; p=0.042). Disparity was
also observed in TNF-α genotype distribution, although it did not
reach statistical significance (p=0.057).
Conclusions: Our results suggest that IL23R and TNF-α SNP genotyping
might help in diagnosis and prediction of clinical response to IFN-β
therapy in RRMSpatients, but the studieswith larger cohorts of patients
are needed to evaluate their potential use as biomarkers.
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Pharmacogenomics biomarkers inmultiple sclerosis: Transcriptional
profiling of the B cell response to interferon-beta
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Center, Carmel Medical Center, Haifa, Israel; 4Technion-Israel Institute
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Objective: Interferon beta (IFN-B) is a widely used therapy in multiple
sclerosis (MS), however, up to 50% of the patients are poor responders
(PR) to the drug. Currently there are no predictive biomarkers for IFN-B
response in clinical use. Limited data is available on the B cell response
to IFN-B. Our aim was to characterize the gene expression response to
IFN-B in B cells, using lymphoblastoid cell lines as model for B cells, and
to identify gene expression patterns associated with the mode of clinical
response to IFN-B in multiple sclerosis (MS) patients.
Methods: Lymphoblastoid cell lines (LCLs) from MS patients classified as
either excellent responders (ER, n=9) or PR (n=8) were used as an ex-
perimentalmodel for B cells. LCLs are known to retainmanyB cell proper-
ties, as well as inter-donor variability in gene expression. LCLs were
cultured for 4 hrs with or without IFN-B and genome wide expression
analysis was performed in Illumina BeadChip (HumanHT-12 v4). Differ-
entially expressed genes (DEGs) and significantly enriched functional
pathways between the experimental groups were identified using
two-way analysis of variance and Ingenuity Pathways Analysis.
Results: We identified >100 DEGs following IFN-B exposure (False Dis-
covery Rate (FDR)≤0.05). Among the list we found DEGs that had not
been previously associated with IFN-B response in other cell types and
validated 5 of them by Real-Time RTPCR on additional LCLs. Network
analysis revealed that most of the IFN-β response DEGs map to known
canonical IFN pathways. Interestingly, some of the genes belong to
functional pathways known to be involved in MS pathology and thera-
peutics, such as the sphingosine-1-phosphate signaling pathway. Com-
parison of the gene expression patterns between untreated LCLs from
ER and PR (FDR≤0.05) yielded 11 DEGs, most of which were mapped
to several IFN-related canonical pathways.
Conclusions: The novel IFN-B response genes identified in LCLs from
MS patients suggest the existence of B cell-specific IFN-B response
pathways. Further analyses in primary B cells of these genes and of
DEGs identified as associated with the MS patients' clinical response
to IFN-B would contribute to validation of their importance for tai-
lored MS therapeutics.
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Extracellular Actin Scavenger System as a diagnostic/prognosis
tool in multiple sclerosis
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Objective: Since multiple sclerosis (MS) is an heterogeneous and mul-
tifactor disease, the study of inter-individual differences in cerebro-
spinal fluid (CSF) proteome may contribute to the discovery of
novel markers useful for diagnosis, disease subtype categorization
and progression monitoring, as well as for the development of new
therapeutic agents. Indeed, personalized investigations may highlight
new biomarkers of MS subtypes linked to potentially different patho-
logical mechanisms. To this aim, we focused on the study of individual
CSF samples collected from a “homogenous” population of female
relapsing-remitting multiple sclerosis subjects.
Methods: A blind proteomic study was performed analysing by
bi-dimensional electrophoresis (2DE) the CSF from 24 treatment-naïve
MS patients declared as relapsing-remitting RRMS at the moment of
the lumbar puncture. Clinical data of each patient were accurately
recorded and patients follow up was monitored for about 2 years after
the lumbar puncture.
Results: On the basis of the percentage volume of spots, a hierarchical
clustering analysis was performed and four spots enabling to separate
patients in subsets strictly correlated to the aggressiveness of the dis-
ease were highlighted. Surprisingly, by mass spectrometry analysis
we found that these spots contain gelsolin (GS) and vitamin D bind-
ing protein (DBP), both belonging to the extracellular actin scavenger
system. Further analysis highlighted an opposite trend of two spots
corresponding to two different DBP isoforms, suggesting the involve-
ment of a post translational modification (PTM). Preliminary experi-
ments combined to 2DE position of the spots indicate the two
isoforms correspond to a different glycosylation status of the DBP.
Moreover, DBP isoforms appear to be able to discriminate the only
subject whose RRMS diagnosis was not confirmed.
Conclusions: These findings seems very promising because they can
have a diagnostic/prognostic value and help the clinicians to early es-
tablish the rate of disease progression. Moreover, they may represent
novel therapeutic targets and be useful to elucidate new pathological
mechanisms. Further analysis on purified DBP will be crucial to
characterize the structure of DBP isoforms and to study the enzymes in-
volved in the post-translational modification process. These data are
protected by an Italian patent filing procedure (No. MI2012A000865;
holders: FISM and Bertolotto A).

275

Hu antibodies are present in smokers with chronic obstructive
pulmonary disease without cancer or neurological disease
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Objective: Chronic obstructive pulmonary disease (COPD) and smoking
are risk factors for lung cancer. It was studied if the paraneoplastic
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antibodies, anti-Hu and anti-CRMP5, were associated with cancer in
smokers with or without COPD.
Methods: Hu and CRMP5 antibodies were measured in sera from 552
smokers (≥10 pack-yrs); 379 of these had COPD and 300 blood do-
nors served as controls. The paraneoplastic antibodies were measured
by a radioimmunoprecipitation assay (RIPA). The positive sera were
also tested by indirect immunohistochemistry and line blot with re-
combinant proteins. The 552 smokers were matched with data from
the Norwegian Cancer Registry, and the hospital medical records
from the patients with paraneoplastic antibodies were reviewed.
The index serum samples were collected in 2006, and the mean
follow-up time of the smokers with paraneoplastic antibodies was
4.4 years (range 2.5–5.7 years).
Results: The IP assay showed that 5/379 (1.3%) COPD patients had Hu an-
tibodies and 1/379 (0.3%) COPD patients had CRMP5 antibodies. Only the
COPD patient with the highest IP assay index had detectable Hu anti-
bodies also by immunohistochemistry and line blot. None of the smokers
without COPD had such antibodies. None of the controls had Hu anti-
bodies, but 2/300 (0.7 %) had CRMP5 antibodies. The Hu and CRMP5 an-
tibodies remained positive during an observation time of more than
5 years. No cancer and no relevant neurological disease have been
recorded in the Cancer Registry or medical records up till date. The total
cancer frequency in smokers with COPD was 57/379 (15 %).
Conclusions: Hu antibodies were not significantly more frequent in
smokers with COPD than in blood donors (p=0.07, Fisher's exact
test). Hu antibodies were not associated with cancer or neurological
disease in COPD and are therefore not always paraneoplastic. It can-
not exclude that indolent cancer has been present and then been
discarded by the immune system in these patients.
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Objective: Multiple Sclerosis (MS) is a chronic inflammatory, autoim-
mune disease of the central nervous system, characterized by
demyelination of neurons. Clinically Isolated Syndrome (CIS) is a pos-
sible first manifestation of MS and a subgroup of these CIS patients
will develop MS. Cerebrospinal fluid (CSF) of both CIS and MS patients
is characterized by the presence of oligoclonal band antibodies. Howev-
er, little is known about the antigens to which these antibodies are di-
rected. The aim of this study was to identify novel antigens for CIS and
explore their prognostic potential to predict conversion to MS.
Methods: To identify novel antigenic targets for CIS, a phage display
technique, called serological antigen selection (SAS), was applied on
CSF from 4 CIS patients, who developed MS. Two cDNA phage display
libraries suitable for SAS have been constructed, which were derived
from normal and MS brain, respectively. Antibody reactivity towards
candidate CIS antigens was tested in CSF and serum from patients
with CIS (n=123/108), MS (n=65/n=44) and other (inflammatory)
neurological diseases (n=75/n=38) as well as in serum from healthy
controls (n=44).
Results: Using SAS, a panel of 6 novel CIS candidate antigens was iden-
tified, all derived from selections with the normal brain cDNA library.
Apart from antibody reactivity in CSF from CIS patients used for the
SAS technology, antibody reactivity was also detected in CSF from ad-
ditional CIS patients and relapsing–remitting (RR) MS patients.
Serum antibody reactivity was significantly increased in CIS and
RR-MS as compared to healthy and neurological controls (p=0.03).
For 2 antigens prognostic potential could be demonstrated, because
the frequency of both CSF and serum antibody positive patients was
higher in CIS patients who converted to MS as compared to CIS pa-
tients without conversion.
Conclusions: A panel of 6 novel CIS antigens was identified to which
antibody reactivity was primarily detected in CIS and RR-MS as com-
pared to controls. Prognostic potential to predict conversion to MS
could be demonstrated for 2 antigens. Future research is needed to
study the role of these antigens in CIS and MS pathogenesis.
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Response gene to complement-32 as a biomarker of relapses in
multiple sclerosis
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Objective: Response gene to complement (RGC)-32 is a novel mole-
cule that plays an important role in cell proliferation but its role in
multiple sclerosis (MS) has not been investigated. Our objective was
to investigate the expression of RGC-32 in MS brain and in the periph-
eral blood mononuclear cells (PBMCs) and correlate this expression
with clinical activity in patients with relapsing remitting MS.
Methods: We first examined the expression of RGC-32 in MS brains by
immunohistochemistry and correlate its expression with that of in-
flammatory cells (CD3+, CD4+,CD68+ cells), glial cells (ionized calci-
um biding adapter molecule 1 positive cells) and astrocytes (glial
fibrillary acidic protein positive cells). To gain more insight into the
role played by RGC-32 in MS, we then examined the expression of
RGC-32 mRNA in relation to disease activity in PBMCs using real
time PCR and correlated its expression with that of FasL mRNA. To si-
lence RGC-32 expression, PBMCs were transduced with RGC-32
shRNA lentiviral particles (Santa Cruz Biotech).
Results: We found that RGC-32 was expressed by CD3+, CD68+, and
glial fibrillary acidic protein positive cells in MS plaques. Expression
of RGC-32 was not confined only to the MS plaques but was also
present in normal adjacent white and gray matter areas, indicating
a widespread distribution of cells expressing RGC-32. Our data also
indicated that RGC-32 mRNA expression is up-regulated in PBMCs
of stable patients with RR MS when compared with healthy controls
(pb0.0001). In contrast, during periods of clinical exacerbation,
RGC-32 mRNA expression was significantly decreased in these pa-
tients when compared to that in stable patients (pb0.0001). RGC-32
expression was also found to be correlated with that of FasL mRNA
during relapses (r=0.89141, p=0.0002). In addition FasL expression
by CD4+ cells was significantly reduced after RGC-32 silencing, indi-
cating a role for RGC-32 in the regulation of FasL expression.
Conclusions: This decrease in RGC-32 expression might be useful in
predicting disease activity in patients with relapsing-remitting MS.
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Our data suggest that RGC-32 plays a dual role in MS, both as a bio-
marker of disease activity and as a regulator of FasL expression in
CD4 T-cells.
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The frequency of inflammatory activity (intrathecal oligoclonal
bands and Gd-enhancement in MRI) in German and Turkish
MS cases
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Background and objectives: Multiple sclerosis (MS) is a demyelinating
neurodegenerative disease of the central nervous system (CNS). As
the most consistent immunological finding, detection of oligoclonal
band (OCB) in the cerebrospinal fluid (CSF) is an important tool for
the diagnosis of MS and clinically isolated syndrome (CIS). The fre-
quency of OCB was found to be different in various countries
suggesting a possible influence of environment and/or of genetic
background. In addition, B cell activity markers including CSF-OCB
are found to be higher during periods of disease activity as detected
by MRI. In our study, we

a) compared the frequency of intrathecal OCB in patients with CIS
and MS from Germany and Turkey, and

b) evaluated the correlation between intrathecal OCB and the pres-
ence of Gd-enhancing lesions in MRI.

Patients and materials; This retrospective collaborative study was
performed in Ulm University and Cerrahpasa Medical School, Neurol-
ogy Departments. Total number of patients included is 277 (164
German, 113 Turkish patients). Subgroups of patients are CIS, relaps-
ing remitting MS (RRMS), secondary progressive MS (SPMS) and pri-
mary progressive MS (PPMS). Mean age at onset was 34 years in
Germans and 30 years in Turks. Isoelectric focusing and immunoblot
method was used to detect CSF OCBs. MRI scan (1.5 T) and CSF collec-
tion were performed prior treatment with steroids.
Results: The frequency of OCB was found to be similar in both groups
(78% in Germans, 76% in Turks), and the occurrence of simultaneous
Gd- enhancing lesions was found to be different as follows: 65.6% in
Germans and 46.4% in Turks.
Conclusion: The frequency of CSF OCB occurs similar in two
populations with different genetic backgrounds. The inflammatory
activity as detected by MRI appears causally unrelated to inflamma-
tion as reflected by CSF OCB.
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IRF5 and IRF8 genotypes, relapses and progression in multiple
sclerosis patients treated with interferon-beta
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Objective: A proportion of patients with relapsing–remitting multiple
sclerosis (RRMS) treated with interferon-beta respond well to thera-
py, whereas others continue to have relapses and are developing irre-
versible neurological deficits over time. Interferon response factor
(IRF)5 and IRF8 mediate the induction of endogenous type I inter-
ferons in response to viral infections, and previous studies have dem-
onstrated that polymorphisms in the IRF5 and IRF8 genes are
associated with the response to treatment with interferon-beta in
RRMS. We studied whether three single nucleotide polymorphisms
(SNPs) in the IRF5 gene and two SNPs in the IRF8 gene are associated
with relapse risk and risk of disease progression in Danish patients
treated with interferon-beta.
Methods: We studied 497 Danish patients (159 men, 337 women), who
were initiated on their first treatmentwith interferon-beta fromDecem-
ber 1995 toMarch 2008.Median time of follow-upwas 54 months. Clin-
ical data were obtained from the Danish MS Treatment Registry. The
annualized relapse rate (ARR), the time to first relapse (censored after
two years) and the time to a confirmed 1 point increase in the EDSS
score (censored after five years) were recorded for all patients.

DNA was obtained from venous blood samples and the SNPs
rs2004640, rs3807306 and rs3807306 in the IRF5 gene and rs13333054
and rs17445836 in the IRF8 gene were analysed using TaqMan allelic dis-
crimination. Primers and probes were obtained from Applied Biosystems
(Foster City, CA, USA).
Results: The median number of relapses in the two years before start
of therapy was 2 (range 0–8). During two years of follow-up 298 pa-
tients (60%) suffered a relapse. Patients with more than two relapses
in the two years prior to treatment had a higher relapse risk on treat-
ment (log-rank test: pb0.001; hazard ratio 1.512, 95% confidence in-
terval 1.198-1.909). There was no relationship between the genotype
of the IRF5 and IRF8 SNPs and the time to first relapse or the ARR on
treatment with interferon-beta. During follow-up for up to five
years, 155 patients (31%) had a sustained 1 point increase in the
EDSS score. Patients with more than two relapses in the two years
prior to treatment had a higher risk of sustained EDSS progression
(log-rank test: p=0.045; hazard ratio 1.39, 95% confidence interval
1.004-1.924). There was no relationship between the genotype of
the IRF5 and IRF8 SNPs and risk of sustained EDSS progression.
Conclusions: Patients with high disease activity prior to treatment with
interferon-beta have an increased risk of breakthrough disease activity
and sustained EDSS progression on treatment. The studied SNPs in the
IRF5 and IRF8 genes are not associated with relapse risk or disease pro-
gression in Danish patients treated with interferon-beta.
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Objective: Autoimmune hypophysitis (AH) is a neuroendocrine disorder
with various degrees of pituitary dysfunction. Histology shows chronic
inflammation with infiltration of lymphocytes and plasma cells. Lym-
phocytic infundibuloneurohypophysitis (LINH) is one type of AH, in
which lymphocyte infiltrated in the neurohypophysis accompanied
with central diabetes insipidus due to the insufficient arginine vaso-
pressin (AVP) secretion. Pathogenesis of LINH aswell as the autoantigen
is unknown. The differential diagnosis between LINH and other pitui-
tary diseases that cause DI such as pituitary tumor is sometimes diffi-
cult, resulting in the misdiagnosis. Thus, the aim of the present study
is to identify pathogenic pituitary autoantigen of LINH and develop
the non-invasive diagnostic marker biomarker of LINH.
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Methods: We performed an immunoprecipitation-shotgun liquid
chromatography-tandem mass spectrometry (LC-MS/MS) analysis
for screening the pathogenic pituitary autoantigens of LINH. The puri-
fied IgG from sera and the extract of the pituitary posterior glands
were mixed, immunoprecipitated, and the antigens were screened
with shotgun proteomics methods with LC-MS/MS.
Results:We identified several autoantigen candidates and performed the
antigen-based immunoblotting. Anti-76 kD protein antibodies were
detected in serum samples from 6 of the 7 patients with LINH (86%).
The specificity of 76 kD-autoantibody immunoblotting was confirmed
by absorption studies, in which preabsorption of the serum samples
with recombinant 76kD completely blocked the band migrating at
76 kDa. The anti-76 kD protein antibodies were detected in 1 of the 10
patients with DI due to other causes such as pituitary tumor (10%) and
were detected in 1 of the 9 healthy controls (11%). In addition, we
found that a 76 kD protein that is known to be involved in vesicle trans-
port was colocalized with AVP neurons in hypothalamus and posterior
pituitary where the sites of the disease are. We subjected rat pituitaries
to immunostaining with serum samples. Serum samples from patients
with LINH identified posterior pituitary, whereas there was no staining
of the posterior pituitary by serum samples from controls. Moreover,
double immunostaining analysis revealed that serum samples from pa-
tients recognized AVP neuron as well as 76 kD proteins. These findings
suggest that the 76 kD protein is involved in the pathogenesis of LINH.
Conclusions: In conclusion, 76 kDa protein appears to be an autoantigen
involved in LINH. Autoantibodies against 76 kD protein appear to be di-
agnostic for LINH.

Blood brain barrier
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Laquinimod Enhances Central Nervous System Barrier Functions

Hania Kebir, Jorge Ivan Alvarez, Alexandre Prat

CHUM-Notre-Dame Hospital, Universite de Montreal, Montreal, Canada

Objective: The blood–brain barrier (BBB) is a complex structure of
tightly joined capillary endothelial cells (ECs) restricting passage of
cells and molecules into the CNS. Disruption of the BBB and trafficking
of auto-reactive T cells from the systemic compartment into the CNS
are considered important and early events in the development of
multiple sclerosis (MS) lesions. Leukocyte transmigration across the
BBB requires the sequential activation and interaction of numerous
molecular effectors expressed by BBB-ECs including selectins, chemokines,
cytokines and cell adhesionmolecules. Evidence of the anti-inflammatory
role of the immunomodulator laquinimod for the treatment of MS arose
mainly from animal studies, where it was shown to inhibit the develop-
ment of experimental autoimmune encephalomyelitis. However, the
effects of laquinimod on the BBB remain to be established. In this study,
we sought to evaluate whether laquinimod provides clinical benefit by
decreasing BBB activation and leakage, as well as immune cell migration
to the CNS.
Methods: To model changes in the characteristics of the BBB, we
employed an in vitro model of the human BBB. We determined the
effect of laquinimod on the permeability of human BBB-ECs grown in
primary culture and measured by ELISA the array of chemokines and
cytokines released by BBB-ECs in response to laquinimod treatment.
Results: The transendothelial electrical resistance of confluent mono-
layers of human BBB-ECs significantly increased when exposed to
laquinimod, possibly through an upregulation in the expression of
tight junction molecules. Laquinimod also induced tightness of other
CNS barriers, namely meningeal and choroid plexus ECs. Furthermore,
laquinimod decreased BBB-EC activation by reducing their secretion of
proinflammatory mediators, including monocyte chemoattractant pro-
tein, interferon-gamma-inducible protein 10 and IL-6, and by down-
regulating the expression of activated leukocyte cell adhesion molecule
(ALCAM) on the surface of the brain endothelium. Finally, laquinimod
treatment significantly restricted the trafficking of TH1 and TH17 lympho-
cytes across BBB-ECs, two crucial effectors of disease in MS.
Conclusions: These data suggest that laquinimod may exert its thera-
peutic activity in part by promoting tightness of brain EC monolayers
and by restricting the migration of T cells across the BBB, through at-
tenuation of the proinflammatory cytokine/chemokine cascade in-
duced by the brain endothelium in MS.
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Proteinkinase C beta regulates Blood Brain Barrier Integrity and
T-Cell Proliferation in Experimental Autoimmune Encephalomyelitis

Tobias V. Lanz1, Matthias Osswald2, Felix Sahm3, Christiane A. Opitz1,
Ulrike M. Litzenburger1, Stefan Bittner4, Michael Schuhmann4, Michel
Mittelbronn5, Frank Winkler2, Sven G. Meuth4, Wolfgang Wick2,
Michael Platten1
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Germany; 2German Cancer Research Center (DKFZ), Clinical Cooperation
Unit Neurooncology, University Hospital Heidelberg, Neurooncology
Clinic, Heidelberg, Germany; 3German Cancer Research Center (DKFZ),
Clinical Cooperation Unit Neuropathology, University Hospital Heidelberg,
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4University Hospital Muenster, Department of Neurology, Inflammatory
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Muenster, Institute of Physiology, Neuropathophysiology, Muenster,
Germany; 5Edinger Institute (Institute of Neurology), University of
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Objective: Disruption of the blood–brain barrier (BBB) is a hallmark of
acute inflammatory lesions in multiple sclerosis (MS) and its animal
model experimental autoimmune encephalomyelitis (EAE). This dis-
ruption may precede and facilitate the infiltration of encephalitogenic
T cells. The signaling events that lead to this BBB disruption are poorly
understood but appear to involve dysregulation of tight junction pro-
teins such as claudins. Pharmacological interventions aiming at stabi-
lizing the BBB in MS might have therapeutic potential.
Methods: Efficacy of LY-317615 in the EAEmodel was studied in two ac-
tively immunized mouse models as well as in adoptively transferred
EAE. Tight junction proteins were detected by immunohistochemistry
and tight junctionmorphologywas investigated by electronmicroscopy.
BBB integrity was functionally tested in vitro by T-cell migration assays
through a brain endothelial cell layer and in vivo by evans blue injection
as well as 2-photon microscopy of dextran leakage. T cell proliferation
was measured by 3H-thymidine incorporation, T cell cytokine secretion
was measured by ELISA and intracellular flow cytometry.
Results: The orally available small molecule LY-317615, a synthetic
bisindolylmaleimide and selective inhibitor of protein kinase C beta
(PKC-beta), which is clinically used for the treatment of cancer, sup-
presses the transmigration of activated T cells through an inflamed endo-
thelial cell barrier, where it leads to an induction of the tight junction
molecules zona occludens (ZO)-1, claudin-3 and claudin-5. Treatment
of micewith established EAEwith LY-317615 ameliorates inflammation,
demyelination, axonal damage and clinical symptoms.While LY-317615
dose-dependently suppresses T cell proliferation and cytokine pro-
duction independent of antigen specificity, its therapeutic effect is abro-
gated in a mouse model requiring pertussis toxin, indicating that the
anti-inflammatory and clinical efficacy is mediated by stabilization of
the BBB. Histological and functional analyses have shown that this is a
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direct effect of LY-317615 on endothelial cells while T cells treatedwith
LY-317615 do not show altered migration behavior.
Conclusions: Our data demonstrates the involvement of endothelial
PKC-beta in stabilizing the BBB in autoimmune neuroinflammation
and suggests a therapeutic potential of BBB stabilizing PKC-beta as a
novel therapeutic approach for MS.
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Blood brain barrier alterations and neuro-inflammation after
single or repetitive exposures toprimaryblast using a high-intensity
focused ultrasound model of mild traumatic brain injury (mTBI)

Chantal Moratz1, Ellen Burton2, Yumbo Liu3,
Matthew Myers3, Joseph McCabe4

1Department of Medicine, Uniformed Services University of the Health
Sciences, Bethesda, United States; 2The Center for Neuroscience and
Regenerative Medicine, Uniformed Services University of the Health
Sciences, Bethesda, United States; 3Center for Devices and Radiological
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4Department of Anatomy, Physiology and Genetics, Uniformed Services
University of the Health Sciences, Bethesda, United States

Objective: It is unclear if exposure to a mild blast results in neuropa-
thology or long term neurocognitive deficiencies. High-intensity fo-
cused ultrasound (HIFU) exposure was utilized as a model to
exposure the rodent brain to a non-impact pressure alteration and
subsequent assessment was employed to evaluate neuropathology
or neurocognitive performance.
Methods: In the HIFU model, a transducer-generated wave travels
throughwater and a conductionmedium is used to ensure efficient cou-
pling of the ultrasonic energy through the skull. All animals were anes-
thetized with 5% Isoflurane for 2–3 min and the scalp region was
cleared of fur using Nair. Animals assigned to the HIFU-exposure condi-
tion were placed on a platform above the HIFU transducer and exposed
to a one-millisecond pulse. Animals were exposed to either a single ex-
posure or to 3 exposures that were spaced 24 h apart.
Results: Using male C57/Bl6 mice, we have demonstrated an immedi-
ate neuro-inflammatory response with activation of the endothelium
within the blood brain barrier. An increased permeability of the bar-
rier to low molecular weight molecules below 40 kD was seen early
but was resolved by 24 h after exposure. Immunohistochemical anal-
ysis of brain sections indicated that the expression of the neuro-
inflammatory markers, C3 and IBA-1, were up-regulated within 2 h
of exposure, while GFAP wasup-regulated at 24 h post exposure.
However, other acute signs of injury were not evident, such as neuro-
nal death, hemorrhage, or defects in motor function. Long term effects
were assessed by open field analysis, Zero Maze, Novel Object Recog-
nition and Novel Location tests in animals after three exposures to
HIFU at 24 h intervals. Open field and Zero Maze results at 24 h and
7 days post exposure indicated an increase in the time spent in the
open space and decreased anxiety.
Conclusions: These results indicate repetitive exposure to HIFU pro-
duced changes in long term cognitive functioning and patterns of ac-
tivity. The data is suggestive of a link between the immediate neuro-
inflammatory response and long term neurocognitive function due to
primary blast-like pressure exposures.
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CXCL1 can be regulated by interleukin-6 and promotes
granulocyte adhesion to brain capillaries during
bacterial toxin exposure and encephalomyelitis
Jean-François Richard, Monica Roy, Aline Dumas, Luc Vallières

Laval University Hospital Research Center, Laval University, Quebec City,
Canada

Objective: Granulocytes generally exert protective roles in the central
nervous system (CNS), but recent studies suggest that they can be
detrimental in experimental autoimmune encephalomyelitis (EAE),
the most common model of multiple sclerosis. While the cytokines
and adhesion molecules involved in granulocyte adhesion to the brain
vasculature have started to be elucidated, the required chemokines
remain undetermined.
Methods: CXCR2 ligand expression was examined in the CNS of mice suf-
fering fromEAE or exposed to bacterial toxins by quantitative RT-PCR and
in situ hybridization. CXCL1 expression was analyzed in IL-6-treated
endothelial cell cultures by quantitative RT-PCR and ELISA. Granulocytes
were counted in the brain vasculature after treatment with a neutralizing
anti-CXCL1 antibody using stereological techniques.
Results: CXCL1was themost highly expressed ligand of the granulocyte
receptor CXCR2 in the CNS of mice subjected to EAE or infused with li-
popolysaccharide (LPS) or pertussis toxin (PTX), the latter being com-
monly used to induce EAE. IL-6 upregulated CXCL1 expression in brain
endothelial cells by acting transcriptionally and mediated the stimula-
tory effect of PTX on CXCL1 expression. The anti-CXCL1 antibody re-
duced granulocyte adhesion to brain capillaries in the three conditions
under study. Importantly, it attenuated EAE severity when given daily
for a week during the effector phase of the disease.
Conclusions: This study identifies CXCL1 not only as a key regulator of
granulocyte recruitment into the CNS, but also as a new potential target
for the treatment of neuroinflammatory diseases such as multiple
sclerosis.
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Human brain microvascular endothelial cells present viral
peptides to HLA-class I-restricted CD8 T cells

Janine Rohrbach1, Oliver Davis1, Yovana Pacheco1, Anna McLean1,
Roxanna Haghighat1, Peter Sage2, Arlene Sharpe2, Daniel Kaufmann1,
Daniel Kavanagh3

1Ragon Institute of MGH, MIT and Harvard, Massachusetts General
Hospital, Boston, United States; 2Harvard Medical School, Dana-Farber
Cancer Center, Boston, United States; 3Ragon Institute of MGH, MIT and
Harvard, Massachusetts General Hospital, Boston

Objective: CD8 T cells specifically recognize pathogen-derived pep-
tides presented by MHC class I molecules. As key components of the
blood–brain-barrier, brain microvascular endothelial cells (BMVECs)
constitutively express MHC class I; however, their role in class
I-restricted antigen presentation and consequent antiviral immunity
in the CNS is poorly understood. Previous in vivo studies demonstrat-
ed that entry of murine antiviral CD8 T cells into the CNS was associ-
ated with viral uptake and class I-restricted peptide presentation by
BMVECs. These findings have yet to be confirmed in a human in
vitro model. The aim of this study was to investigate whether
human BMVECs can present viral peptides to CD8 T cell clones in
vitro, facilitating antiviral immunity in the CNS.
Methods: Human primary and transformed BMVECs were chosen to
express the HLA A*02 and/or A*03-MHC class I alleles. IFNγ
pre-stimulated BMVECs were loaded with synthetic peptides
representing A*02 and A*03-restricted viral epitopes and exposed to
antigen-specific human CD8 T cell clones. Antigen-specific activation
was measured in static tissue culture by intracellular cytokine
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staining and IFNγ-ELISA. To evaluate activation and adhesion under
shear force, confocal video-microscopy in conjunction with a Fluxion
Bioflux optical microfluidic tissue culture system was used.
Results: T cell clones produced IFNγ in response to cognate peptide
presentation by primary and transformed BMVECs. In preliminary ex-
periments, cognate peptide loading of IFNγ-pre-stimulated BMVECs
enhanced both adhesion and activation under conditions of shear
flow. Furthermore, significantly shorter crawling distances were ob-
served in specific T cell clones that recognized BMVECs loaded with
their specific peptides versus control peptides.
Conclusions: The ability of human BMVECs to present viral peptides to
CD8 T cells highlights their potentially beneficial role in host immune
defense against viral infection in the CNS. Our findings also suggest a
possible therapeutic target for blocking the MHC-dependent activa-
tion of viral antigen-specific CD8 T cells.
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PSGL-1 and E/P-selectin mediated rolling of encephalitogenic T
cells is not required for T cell invasion into the CNS during EAE

Karthik Sathiyanadan, Heidi Tardent, Caroline Coisne, Britta Engelhardt

Theodor Kocher Institut, Universität Bern, Bern, Switzerland

Objective: Inmultiple sclerosis and in its animalmodel experimental au-
toimmune encephalomyelitis (EAE), immune cells migrate across the
endothelial blood–brain barrier (BBB) and gain access to the CNS. The
involvement of P-selectin glycoprotein ligand 1 (PSGL-1) and of its en-
dothelial ligands E- and P-selectin in this process has been controver-
sial. Although intravital fluorescence videomicroscopy (IVM) studies
have provided evidence for P-selectin glycoprotein ligand (PSGL-1)
and its endothelial ligands E- and P-selectin in mediating the rolling of
encephalitogenic T cells in inflamed leptomeningeal brain vessels dur-
ing EAE, functional absence of PSGL-1 or E/P-selectin failed to influence
immunopathogenesis of EAE. In the present study we demonstrate by
means of IVM that PSGL-1 and E/P-selectin are essential for mediating
rolling but not initial capture of encephalitogenic T cells in inflamed
spinal cord microvessels during EAE. Lack of T cell rolling resulted in
significantly reduced numbers of T cells firmly adhering in the inflamed
spinal cord microvessels. Surprisingly, additional blocking of α4-
integrins on PSGL-1-deficient encephalitogenic T cells did not abrogate
T cell capture. Our data demonstrate that T cell rolling is not required for T
cell migration across the BBB during EAE. Thus our observations suggest
an important role of not yet defined adhesion molecules in mediating T
cell capture to spinal cord microvessels initiating PSGL-1 and E/P-selectin
independent T cell extravasation across the BBB during EAE.
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Challenging the dogma of neutrophil invasion after ischemic
stroke in mouse and men

Gaby Enzmann

Theodor Kocher Institute, University of Bern, Bern, Switzerland

Neutrophil extravasation into brain parenchyma and release of
their abundant proteases is commonly held to be a cause of neuronal
death and reperfusion injury following an ischemic insult. Yet stroke
therapies targeting neutrophils are largely ineffective. To address this
discrepancy we studied the temporo-spatial localization of neutro-
phils after transient ischemia in murine middle cerebral artery occlu-
sion (tMCAO) and human stroke.
Using specific markers that distinguish neutrophils (Ly6G) from
monocytes/macrophages (Ly6C) and that define the cellular and base-
ment membrane boundaries of the neurovascular unit (NVU), confocal
microscopy revealed that neutrophils rarely enter the CNS parenchyma.

Regardless of tMCAO duration, neutrophils were restricted to the
meninges and the luminal surfaces or perivascular spaces of cerebral
vessels. Neutrophil localization did not correlate with altered vessel
permeability or expression of endothelial cell adhesion molecules
known to be involved in neutrophil arrest and diapedesis (P-selectin,
ICAM-1, VCAM-1, JAM-C). In vitro studies confirmed that hypoxia fails
to induce neutrophil migration across the blood–brain barrier under
re-established flow conditions. Results were corroborated in 25 rare
human stroke specimens collected at defined time points after infarc-
tion. Our observations identify the NVU as the potential site of neu-
trophil action after CNS ischemia and suggest reappraisal of targets
for therapies to reduce reperfusion injury after stroke.

Clinical research
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Myasthenia gravis. A retrospective argentine hospital-based study

Florencia Aguirre, Luciana Irina Melamud,
Sandra Ines Vanotti, Andres Maria Villa

Seccion de Neuroinmunologia y Electrofisiologia, Hospital Ramos Mejia,
Buenos Aires, Argentina

Objective:Myasthenia gravis (MG) is an autoimmune disorder of neuro-
muscular transmission. It is a relative uncommon disease, with preva-
lence estimated approaching 20 per 100000 worldwide. Data from
Argentina are not available.
Methods: Records of patients with MG, follow up at Neuroinmunology
Unit in Ramos Mejia Hospital, from June 2009 to May 2012 were review.
Demographic, clinical and immunological features were evaluated.
Results: Out of 86 MG patients, 56 (65.1%) were female. Except ten pa-
tients (6 from Paraguay, 2 from Peru, 1 from Bolivia and 1 from Italy),
the others cases were native argentine patients. The mean age of onset
was 38.2 years (range 3 to 81 years) and the mean disease duration
was 9.1 years (range 0–57). 80.2% (65/81) were AChr Ab-positive. In pa-
tients without AChr antibodies, 1/4 specimens tested was anti-MuSK
positive. 5 patients (5.8%) were diagnosed younger than 12 years old,
all females. Twenty six cases (30.2%) had late-onset (LO) MG (onset
age>50 years). This group was characterized by male predominance
(male to female ratio 1.6/1), which was accentuated in the subgroup
whit onset age older than sixty (male to female ratio 4.3/1). Repetitive
nerve stimulation was done in 63 patients, 40 of them (63.4%) showed
an abnormal decrement. Thefirstmain symptomwas ptosis and diplopia
(57%) but only 9 patients (10.5%) persisted as ocular MG. 45.3% (39
patients) MG patients had moderate disease (MGFA III) and 8.1% (7
patients) had myasthenic crisis. In the LO MG subgroup, 50% (13/26)
presented moderate or severe disease (MFGA III–V) at worst status,
compared to 71.6% (43/60) in early onset (EO) MG (onset ageb50).
Also, relative to EOMGpatients, LOMGpatients requiredmore frequent-
ly pyridostigmine as the only treatment along the disease, 38.4% (10/26
patients) vs. 23.3% (14/60 patients). Among 22 patients who underwent
thymectomy, 7 patients had thymic tumors (9%), 1 of them presented
thymolipoma. 35.2 % (25/71) presented associated autoimmune
diseases, hypothyroidism was the most frequent. MG familial was diag-
nosed in 2 patients (2.3%).
Conclusions: MG patients of our population had clinical characteristics
quite similar than previously reported in studies performed in other
countries. However, as particular features, late onset MG seems had
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less severe disease, with less frequency of myasthenic crisis and im-
munosuppression requirements. The male predominance, already
reported, was greater than expected in the LO group.
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NMO-spectrum disorders in Turkish population: Clinical,
demographic characteristics and the presence of NMO-Ig G
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Objective: Neuromyelitis optica (NMO) is a rare inflammatory, demy-
elinating disorder of central nervous system (CNS), that predomi-
nantly affects the optic nerves and the spinal cord. Serum antibodies
to aquaporin-4 are involved in pathogenesis of NMO-spectrum disor-
ders. Testing for NMO IgG is recommended for the patients with clas-
sic NMO, transverse myelitis (TM) with longitudinally extensive
spinal lesion, severe or relapsing optic neuritis (ON) and opticospinal
MS (OSMS). The aim of our multicenter study was to describe the de-
mographic and clinical characteristics of NMO-spectrum disorders in
Turkish population.
Methods: Data was collected from five different medical centers, 91
patients were included. Number of patients' in subgroups are as fol-
lows: 29 classical NMO, 38 ON with no MS typical brain lesions, 21
TM, 3 optico-spinal MS (OSMS). Indirect immunofluorescence meth-
od using commercial kits was used for detection of NMO-Ig G.
Results: Female predominance was revealed in whole group (n: 67
females, 24 males, 2.8:1). The mean age at disease onset was 30
(min 11, max 62). The mean follow up was 6 years for both NMO
and ON, 5 years for TM and 3 years for OSMS patients. In classical
NMO group, either ON or TM was detected as an initial symptom in
12 cases (41%) for each. Both ON and LETM simultaneously occurred
in 4 patients (14%). The mean duration between the first and second
attacks was 1.29 years. Fourteen of classical NMO patients had nor-
mal cranial MRI, while only one patient showed typical MS lesions.
No oligoclonal band (OCB) was detected in classical NMO patients.
The presence of NMO-IgG was investigated in 23 classical NMO
patients and 10 of them were positive (43.5%). Only one of 15
patients with TM was positive for NMO IgG, while 14 patients with
ON tested for NMO-Ig G were all negative. The more frequent onset
symptom in seropositive NMO patients was TM (60%), while ON as
an initial symptom was more common in the seronegative group
(64%). The correlation between clinical course and NMO-Ig G sero-
positivity was also evaluated.
Conclusions: Because the incidence of NMO-spectrum disorders are
low, data regarding different aspects of the disease is lacking. We col-
lected data to describe the characteristics of Turkish patients diag-
nosed with NMO-spectrum disorders. Our findings revealed lower
NMO-Ig G positivity rate and absence of OCB in Turkish NMO cases.
Correlation between the status of NMO-Ig G, OCB and clinical features
has also been evaluated.
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Anti-NMDA-receptor encephalopathy: Clinical presentation in
Thai patients

Metha Apiwattanakul
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Objective: To describe clinical manifestations in patients with the di-
agnosis of NMDA-receptor encephalopathy in Thailand.
Methods: Patients whose sera or CSF were positive for NMDA
receptor-IgG were identified retrospectively from the Neuroimmunology
Laboratory data base of the Prasat Neurological Institute (PNI). Sera and
CSFwere tested from June 2010 to April 2012 by indirect immunofluores-
cence on substrates of mouse cerebral cortex/hippocampus and cerebel-
lum and HEK293 cells transfected with the NMDA receptor NR1 subunit
(cell-based assay; Euroimmun). All PNI patients' medical records were
available for review, but only general demographic data and tumor asso-
ciation were available for non-PNI patients.
Results: 45 seropositive patients were identified amongst 2044 test-
ed; 37 were female (82%) and 8 were male (18%). Median onset age
was 15 years (range 5–53 years). Ovarian teratoma was identified
in only one patient (age 25 years). No tumor was found in a male pa-
tient. Among 14 PNI patients, the most common initial clinical
manifestations were cognitive deficit, aggressive behavior and hallu-
cinations (79%). Generalized seizure occurred in 78% of patients at
the disease onset. EEG revealed epileptic discharge in 14% of patients
with decreased level of consciousness (mostly generalized slow
wave). Abnormal movements developed in 71%: 80% had orofacial
dyskinesia and 60% had limb dyskinesia. Autonomic disturbances
were documented in 93%: instability of heart rate or low grade
fever. No patient had hypoventilation or died. MRI brain abnormali-
ties were found in 64% (temporal and or frontal and insular lobe).
NMDA receptor antibody was detected in all CSFs and in 75% of
sera. The early indicators for disease improvement were heart rate
stabilization and reduced abnormal movements. Mean time to clinical
recovery after immunosuppressive treatment was 22 days. Median
time of cognitive recovery to baseline was 6 months. Three of 7 pa-
tients followed more than 3 months had recurrent attacks.

Conclusions: NMDA-receptor encephalopathy in Thailand predom-
inantly affects young patients (6–15 years old) and male patients are
affected more commonly than reported in previous studies. Ovarian
teratoma was detected infrequently.
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Neutralizing antibodies against Interferon-beta in neuromyelitis
optica patients

Nasrin Asgari

Department of Neurology, Vejle Hospital, Vejle, Denmark

Objective: Neuromyelitis optica (NMO) is believed to be an autoimmune
disease mediated by antibodies specific for aquaporin-4 (AQP4).
Interferon-beta (IFNß) is a first-line therapy for relapsing-remitting
multiple sclerosis. It has been clinically reported that IFNß treatment
worsens the clinical status of NMO patients. IFNß therapymay facilitate
the production of various autoantibodies and of IFNß-neutralizing anti-
bodies (NAbs). Therefore, we investigated if administration of IFNßwas
accompanied by development of IFN-neutralizing antibodies and of
other autoantibodies in NMO patients.
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Methods: A retrospective case series with clinical and radiological
follow-up of 35 NMO patients from a population-based cohort were
studied. Within the cohort 6 patients originated from a group with a
diagnosis of multiple sclerosis, who received IFNß therapy before
the diagnosis of NMO. An immunofluorescence assay was used to de-
termine AQP-4 antibodies. Nabs were determined by a commercially
available virus neutralisation assay.
Results: All 6 NMO-patients were AQP 4-antibody positive and all pa-
tients after IFNß treatment developed NAbs independent of age, sex,
disease duration. Four patients had serological or clinical signs of
other autoimmunity. The patients all had magnetic resonance imag-
ing (MRI) activity in CNS, high relapse rate, and progression in Ex-
panded Disability Status Scale (EDSS) score. Further studies of this
cohort are in progress.
Conclusions: All NMO patients treated with IFNß were NAbs positive
suggesting that NMO patients are particularly prone to develop
IFNß-neutralizing antibodies Nabs after IFNß therapy. B cells are rec-
ognized as a major player in NMO pathogenesis and it may be specu-
lated that IFNß increases B cell activity and antibody production and
aggravates NMO disease activity.
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Investigation on epitope regions for anti-synapsin Ia antibody in
patients with PPMS

Atsuro Chiba, Ayumi Uchibori

Department of Neurology, Kyorin University, Mitaka, Tokyo, Japan

Background and objective: We had found a novel IgG anti-neural
antibody, anti-synapsin Ia antibody, in a patient, who was clinically
diagnosed as primary progressive multiple sclerosis (PPMS). In
Western blot using rat brain membrane fraction as antigen, sera
from other three patients clinically diagnosed as PPMS also showed
positive bands with the same mobility as one detected in the first
patient. To elucidate the clinical significance of the antibody and
establish an efficient assay system, we confirm the antibody speci-
ficity using recombination proteins and investigated on the epitope
regions.
Methods and results: We cloned a rat synapsin Ia cDNA with the same
coding sequence as one registered in the GeneBank (accession number
NM_019133) from a rat cDNA library by combination of PCR and syn-
thetic DNA. Synapsin Ia was not well expressed as GST fusion protein
in E. coli, and the mobility of the product band on SDS-PAGE suggested
that full length of the protein was not expressed. Reaction with the
patients' sera was not clearly detected. We divided synapsin Ia into
three parts; N-terminal one-third, middle one-third, and C-terminal
one-third, and expressed them as GST fusion proteins. N-terminal and
middle parts were well expressed and the product appeared to be
complete judging from the molecular size on SDS-PAGE. However,
C-terminal one, whichmainly consists of proline-rich region of the pro-
tein, was not well expressed and incomplete, even using E. coli strain
engineered to rescue codon bias. In Western blot, serum from one pa-
tient reacted with themiddle part, and another patient's serum reacted
with incomplete products of the C-terminal part. Sera from the other
two patients did not reacted with any products of the three parts.
Conclusions: We confirmed serum IgG antibody against synapsin Ia in
two of four patients with PPMS. One patient's IgG reacted with epitope
in the middle parts of the protein, and another reacted with epitope in
the C-terminal one-third. Though no reaction was detected in the other
two patients, the negative studymight be due to the incomplete expres-
sion of the C-terminal region so far. Further approaches to this part are
necessary.
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Complement-activating capacity of IgG antiganglioside antibodies
in Guillain–Barré and Fisher syndromes
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Objective: In addition to pathological studies using human nerve
specimen, several ex vivo and in vivo studies have indicated that
antiganglioside antibody-induced complement activation in nervemem-
branes is a key process causingnerve damage inGuillain–Barré syndrome
(GBS) and Fisher syndrome (FS). Clinical outcome inGBS and FS are likely
to be based upon the extent of nerve damage, which may be influenced
by the complement-activating capacity of antiganglioside antibodies.
The purpose of this study was to investigate complement activation by
antiganglioside IgG antibodies in GBS and FS, and to examine its associa-
tion with IgG subclass and clinical features.
Methods: IgG antiganglioside antibodies in sera from 35 GBS and 19 FS
patients were used as primary antibodies and healthy sera samples
were used as the complement source. Formationof C5b-9 complex (a ter-
minal complex in the complement activation pathway) was determined
by rabbit polyclonal antibodies to C5b-9 complex with ELISA. Based on
the IgG subclasses of antibodies to single gangliosides or ganglioside com-
plexes determined by ELISA, the subjects were divided into
IgG1-dominant (GBS, n=17; FS, n=7) and IgG3-dominant (GBS, n=
18; FS, n=12) groups.
Results: In GBS, antiganglioside antibody activity positively correlated
with anti-C5b-9 activity (p=0.028). Antibodies to GM1 or GalNAc-
GD1a were more frequent in IgG1-dominant GBS. In IgG1-dominant
GBS, anti-C5b-9 activity was associated with peak disability graded on
the Hughes scale (p=0.015). The pure motor variant of GBS was signif-
icantly more frequent in IgG1-dominant (71%) than in IgG3-dominant
(33%). In FS, there were no significant correlations among anti-C5b-9
activity, antiganglioside antibody activity, and peak disability.
Conclusions: In IgG1-dominant GBS, antiganglioside antibody activity
was directly associated with complement-activating capacity and
may be correlated with the extent of complement-mediated nerve
damage, which influences the level of disability.
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Objective: The term “beneficial autoimmunity” in traumatic brain in-
jury has been described in recent years, in particular in reference to
rodent work. Moalem et al. (1999) described a beneficial effect of My-
elin Basic Protein (MBP) specific T cells on injured retinal ganglion
cells in rats. Hauben et al. (2000) described improved recovery
when these cells were transferred into rats with spinal cord contusion
injuries. The neuroprotective effect of passively transferred anti-MBP
T cells was decreased after blockade of neurotrophin receptor activity
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(Moalem et al. 2000), suggesting the beneficial effect might be medi-
ated via these neurotrophins.

This project is applying similar experiments to humans. Cox et al.
(2006) studied CD4+ T cell proliferation to MBP in severe traumatic
brain injury and suggested a more favourable outcome in those who
showed proliferation. This project considered proliferation of T-cells
to several central nervous antigens. Then to determine benefit, the pro-
duction of neurotrophins, in particular brain-derived neurotrophic fac-
tor (BDNF), from these T-cell cultures was analysed. This data is
correlated with clinical parameters.
Methods: 50 ml blood was taken from healthy volunteers and from
patients 72 h, 10 days or more than 6 months after severe traumatic
brain injury. Proliferation of T-cells was investigated with carboxy-
fluorescein succinimidyl ester (CFSE) using flow cytometry after
5 days in culture: with MBP, neuron specific enolase or S100 beta.
These were compared to Concanavalin A and unstimulated PBMC cul-
tures. Supernatants from these cultures were analysed with ELISA to
determine levels of BDNF.
Results: Patients continue to be recruited and the results analysed, but
early results suggest no difference in T-cell proliferation between the
healthy volunteers and patients. However, BDNF secretion by PBMC is
increased in patients, particularly at an early timepoint after injury.
Secretion was greatest to myelin basic protein.
Conclusions: Although there does not appear to be a difference in T
cell proliferation between the groups, there does appear to be an in-
crease in BDNF secretion to CNS antigens by the patients. This may
suggest that cells specific to CNS antigens have a role in repair following se-
vere traumatic brain injury in humans and hence this “autoimmunisation”
is conferring benefit.
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Clinical features of CIDP with antibodies to LM1 and LM1
containing ganglioside complexes
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Objective: LM1 is the predominant ganglioside in human peripheral
nerve myelin. We recently reported the presence of antibodies to
LM1 and LM1-containing ganglioside complexes in a part of the pa-
tients with CIDP. Those antibodies may be associated with the patho-
genesis of CIDP. We here investigated clinical features of the patients
with the antibodies.
Methods: Serum IgG antibodies to LM1, a mixture of GM1 and LM1
(GM1/LM1), and that of GD1b and LM1 (GD1b/LM1) were examined
in 75 consecutive patients with CIDP using ELISA as described previ-
ously. Clinical features of the CIDP patients with the above antibodies
in the present series and those in our previous report were investigat-
ed and compared with those of the antibody-negative patients.
Results: Of the 75 patients with CIDP, eight patients had at least one of
the IgG antibodies to LM1, GM1/LM1 complex or GD1b/LM1 complex.
Among the eight patients, two had antibodies to LM1, three had
anti-GM1/LM1 complex antibodies, one had anti-GD1b/LM1 complex
antibodies and the remaining two had antibodies to both GM1/LM1
and GD1b/LM1 complexes. Eighteen patients with the LM1-associated
antibodies (eight in the present series and 10 in our previous report)
were more elderly than the 67 antibody-negative patients (pb0.01).
Cranial nerve deficits were observed in none of the antibody-positive
patients but in 25% of the antibody-negative patients (pb0.05). Ataxia
was observed significantly more often (67%) in the antibody-positive
patients than in the antibody-negative patients (33%) (pb0.05).
Conclusions: In humans, LM1 is contained more in the dorsal root than
in the cranial nerves. No cranial nerve deficits and frequent ataxia in the
CIDP patients with antibodies to LM1 and LM1-cotaining complexes
may be associatedwith the distribution of LM1 antigen. Themechanism
of the production of the LM1-associated antibodies may be age-
dependent. Those antibodies to LM1 and LM1-containing complexes
are possible markers for a subclass of CIDP.
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Characteristic Feature on MRI Spine differentiating Neuromyelitis
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Background: The advent of NMO antibody has permitted amuch clearer
separation betweenNeuromyelitis Optica (NMO)andMultiple Sclerosis
and has permitted clarification of the differences in MRI imaging be-
tween NMO and Multiple Sclerosis. For example, we now know that
the presence of cerebral Demyelinating lesions does not rule out NMO.
Methods:Wedid a retrospective, rater blinded reviewof 29 cases of NMO
and 30 cases of MS using the criteria of the combination of a long (more
than 3 vertebral level), continuous and a central cord location as criteria
for NMO and more peripheral and patchy appearance for MS.
Results: Using these criteria, the raters were able to distinguish
the two conditions with a good degree of confidence, particularly
when the imaging was done at the time of an acute cord attack.

The sensitivity for diagnosis of NMO for the two readers was 86.2%
with a specificity of 93.3% for reader A and 96.4% with a specificity of
78.6% for reader B with a kappa of 0.72.
Conclusion: There are significantly different lesion parameters that
allow the distinction on spinal cord imaging between MS and NMO
with a moderately high degree of confidence. We can now fairly
establish a distinguishing diagnostic feature between Multiple
Sclerosis and Neuromyelitis Optica based on the location of the le-
sion as evident on the MR Imaging of the spine.
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Background/objective: The Immune Variation (ImmVar) project aims
to establish a reference atlas with which to explore the genetic archi-
tecture of variation in immune gene expression. Here, we present an
overview of the ImmVar project's ex vivo data.
Methods: We have sampled peripheral blood from 670 fasting sub-
jects of the Brigham & Women's Hospital PhenoGenetic Project, a liv-
ing tissue bank of healthy subjects (see poster by Von Korff et al.). In
one aspect of the ImmVar project, we have purified naïve CD4+
T cells and CD14+CD16− monocytes by flow cytometry to generate
a transcriptome-wide profile of each cell type using the Affymetrix
HuGene ST1.0 array.
Results: Fasting blood samples were collected from 164 African-
American, 155 East Asian, and 377 Caucasian subjects in a systematic,
rigorous manner between 07:30 AM and 08:30 AM, over the course
of 18 months. These subjects have been genotyped genome-wide
using the Illumina Infinium HumanOmniExpressExome BeadChips
which includes rare variants from 12,000 exomes as well as com-
mon coding variants from the whole genome. Here, to illustrate
the utility of this new resource, we report the validation of correla-
tions between SNPs associated with multiple sclerosis (MS) sus-
ceptibility and the expression of nearby genes in an interim
analysis of the data: in 4/15 loci, we confirm, using CD4+ T cell
and CD14+ monocyte data from healthy subjects, the same rela-
tion between an MS risk allele and gene expression that is ob-
served in data collected from peripheral blood mononuclear cells
of MS subjects.
Conclusion: This interim analysis of just 10% of the sampled subjects
already illustrates the utility of the ImmVar project's resource: it pro-
vides a powerful atlas within which to explore the relation of genetic
variation to variation in immune gene expression. Once completed,
these and other aspects of ImmVar project will serve as a robust foun-
dation for in silico analyses exploring the functional consequences of
disease-associated variants.

296

Identification of active zone protein ERC1 as an additional antigen
in Lambert–Eaton myasthenic syndrome — A case report
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Objective: To describe a patient with Lambert-Eaton myasthenic syn-
drome (LEMS) and antibodies against ERC1.
Methods: To identify new LEMS associated small cell lung cancer (SCLC)
markers, we used LEMS serum and a SCLC cell line to immunoprecipi-
tate antigens. One tumor-negative LEMS patient showed strong immu-
noreactivity against a 120 kDa protein. Mass-spectrometry identified
this protein as ERC1. A recombinant ELISA assay and a cellular assay ex-
pressing GFP-tagged full length ERC1 were used to confirm the pres-
ence of auto-antibodies against ERC1 in this patient, other LEMS
patients and controls.
Results: We describe a non-tumor patient with LEMS, positive for anti-
bodies against VGCC who also has serum antibodies against ERC1. Test-
ing of 58 LEMS patients including 9 VGCC-antibody negative LEMS
patients, 48 myasthenia gravis patients, 84 control patients with other
diseases and 12 healthy controls revealed no other positive results.
Conclusions: ERC1 is a new, but rare, antigen in LEMS. No SCLC could
be demonstrated in this non-smoking patient. Thus, it is unlikely
that ERC1 auto-antibodies are caused by an anti-tumor immune re-
sponse. This new auto-antibody against a presynaptic intracellular
protein is possibly the result of structural damage to presynaptic
axons in LEMS patients, and an example of “epitope spreading” sec-
ondary to the immune response against VGCC's.
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Repetitive nerve stimulation in myasthenic syndromes: Diagnostic
yield and relation to disease severity
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Objective: Repetitive nerve stimulation (RNS) is an important part of
the diagnostic workup of patients suspected of neuromuscular junc-
tion disorders. Comparison of different forms of myasthenia and rela-
tion to disease severity could further define the role of this diagnostic
test and increase our understanding of the pathophysiological
mechanism.
Methods: We retrospectively studied all patients who underwent re-
petitive nerve stimulation from 1999 to 2009 in our center. RNS was
performed at 1, 3 and 5 Hz in abductor digiti minimi (ADM),
orbicularis oculi and nasalis muscles. Sensitivity and specificity were
determined for all myasthenic syndromes. We also studied the rela-
tion between Myasthenia Gravis Foundation Association (MGFA) dis-
ease severity scores and outcome parameters, including compound
muscle action potential (CMAP) amplitude and decrement.
Results: A total of 284 patientswere studied, including 144 patientswith
myasthenia gravis, 53 patients with Lambert-Eaton myasthenic syn-
drome (LEMS) and nonmyasthenic controls. Sensitivity was 68.3 %,
66.7 %, 30.3% and 100% in anti-AChR, anti-MuSK and seronegative my-
asthenia gravis and LEMS, respectively. Specificity of RNS to differ pa-
tients from patients with other neuromuscular diseases and controls
was 98.6%. The initial CMAP amplitude of the ADM muscle correlates
negatively with increasing disease severity for both myasthenia gravis
and LEMS, with a slope of−0.75 and−1.14 respectively in transversal
and −0.34 and −0.64 in longitudinal analysis.
Conclusions: The diagnostic yield of RNS is generally good in clinically
affected patients with myasthenia gravis and excellent in LEMS. The
initial CMAP amplitude relates to disease severity, which has impor-
tant implications for our understanding of the pathophysiological
mechanism. We conclude that in patients with severe myasthenic
disease, part of the neuromuscular junctions are no longer only
“fatiguable” after repetitive stimulation, but already blocked at the
first moment of testing.
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Objective: The thymus is implicated as a site that triggers autoimmunity
in myasthenia gravis (MG). The medullary region in the thymus plays a
key role to prevent autoimmunity and to establish self-tolerance in T
cells. The thymic medulla contains Hassall's corpuscles (HCs), an epithe-
lial structure without established functions. We examined the morphol-
ogy and number of HCs in the thymus of MG patients.
Methods: Multicolor immunohistofluorescence analysis of involucrin,
CD4, and CD8 was performed in the thymic sections obtained from
MG (+) (n=25) and MG (−) patients (n=23). Corticomedullary ar-
chitecture of the thymus could be visualized by the predominant lo-
calization of CD4CD8 double-positive thymocytes in the cortex and
CD4CD8 single positive thymocytes in the medulla. The number and
size of involucrin (+) HCs per medulla (μm2) were measured with
ImageJ software. The area of HCs was calculated by tracing the pe-
riphery of involucrin (+) HCs.
Results: Epithelial cells of HCs were identified to be involucrin (+).
The number of involucrin (+) cells per unit medullary area (μm2)
was significantly larger in MG patients who exhibited the thymic hy-
perplasia than MG patients who did not carry the thymic hyperplasia.
Involucrin (+) cells in MG patients with the thymic hyperplasia
tended to be large in shape and distribute around germinal centers.
Discussion: Involucrin (+) HCs are thought to represent terminally
differentiated stage of medullary thymic epithelial cells (mTECs).
We speculate that altered differentiation of mTECs may be associated
with the thymic hyperplasia and the onset of MG.
Conclusion: The density and size of Involucrin (+) HCs are increased
in MG patients carrying thymic hyperplasia.
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In vivo achievable concentrations of idebenone are unlikely to
inhibit oxidative burst of immune cells
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Objective: Markers of oxidative stress have been observed in the
pathology studies of brain tissue from the multiple sclerosis (MS)
patients. There are two potential sources of reactive oxygen species
(ROS) in the intrathecal compartment of MS subjects: 1. Oxidative
burst of the immune cells and 2. Failing mitochondria. Because most
of the mitochondrial defects observed in MS tissue point towards
functional deficiency of electron transport chain (ETC.) complex I,
we are currently investigating whether therapy with idebenone
may improve generation of ATP by mitochondria in demyelinated tis-
sue by bypassing dysfunctional complex I, as it does in Leber's hered-
itary optic neuropathy. However, idebenone is also considered an
anti-oxidant. Therefore, we wanted to determine if in vivo achievable
concentrations of idebenone can effectively inhibit oxidative burst of
the immune cells.
Methods: Fresh whole blood samples from healthy donors, untreated
MS patients and idebenone treated PP-MS patients participating in
IPPOMS clinical trial were subjected to osmotic lysis of red blood
cells. The remaining white blood cells were pre-treated with 20nM
(N=17) or 120nM (N=20) of idebenone and 10 μM diphenylene
iodonium (DPI; N=37), a NADPH oxidase inhibitor, which served
as our positive control. The oxidative burst of granulocytes, monocytes
and lymphocytes was determined by longitudinal measurements
(every 5 min for 30 min) of fluorescence intensity of immune cells
after addition of Fc-oxyburst reagent, which increases green fluores-
cence upon oxidation by H2O2 generated by oxidative burst.
Results: Neither 20 nM, nor 120 nM concentration of idebenone had
significant inhibitory effect on oxidative burst. These concentrations
correspond to peak CSF or peak plasma concentrations of free
idebenone achievable with 2250 mg/day dosing. In contrast, DPI sig-
nificantly inhibited oxidative burst of all three cellular subtypes.
Conclusions: It is unlikely that in vivo achievable concentrations of
idebenone can significantly inhibit oxidative burst of immune cells.
Therefore, if idebenone therapy results in the inhibition of intrathecal
oxidative stress, such effect has to be attributed to the inhibition of
ROS formation by failing mitochondria.
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Objective: Fingolimod is licensed in the European Union as escalation
treatment for patients with relapsing–remitting multiple sclerosis
(RRMS). It is orally available and its efficacy has been demonstrated in
a large clinical trial program, but data from everyday settings are not
yet available.
Methods: To investigate the safety and efficacy of fingolimod in daily
practice, a large national 5-year non-interventional study (NIS) is being
conducted (PANGAEA) including subset pharmaco-economic (PE) data
over 2 years. A further NIS (PEARL) collects analogous data in a
first-line setting, i.e. Interferon-beta (IFN-beta) and Glatirameracetate
(GA) treatment, allowing comparison of treatment satisfaction and
health resource utilization between fingolimod and first-line therapy.
3-month interim-data will be presented.
Results: Already 1574 patients in the PEARL study and 168 patients of
the PE-subset of the PANGAEA study have completed month 3. The
populations are comparable regarding gender and age with a slight
difference in disease duration (8.8 vs 7.2 years, fingolimod vs
first-line). As expected fingolimod patients exhibit a higher baseline
disease activity compared to IFN-beta and GA (relapse rate: 1.2±
1.18 vs. 0.5±0.87; EDSS: 3.0±1.70 vs. 2.3±1.52; mean±SD). 98.8
% of the fingolimod patients but only 66.1 % of the patients with
first-line therapy found their medication easy to take (easy: 5.4 vs
26.6 %; very easy 6.6 vs 20.0 %; extremely easy 86.7 vs 19.5 %,
fingolimod vs first-line). For 97.0 % of the fingolimod patients and
only 69.5 % of the first-line patients, it is convenient to take their
medication as instructed (convenient: 5.4 vs 26.9 %; very convenient
7.8 vs 21.9 %; extremely convenient 83.7 vs20.6 %, fingolimod vs
first-line). Twice as many patients receiving fingolimod are overall
extremely satisfied with their medication (42.2 vs 21.4 %).

Themedian number of days absent fromworkwas three times lower
in patients receiving fingolimod (5±6.45 vs 14±26.54; days±SD).
Conclusions: These first results suggest that patients are more satisfied
with fingolimod, which is taken orally once daily, compared to inject-
able first-line IFN-beta and GA. This might translate to better compli-
ance and effectiveness, which still has to be shown. Apart from that,
the lower count of days absent from work under fingolimod hold a
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chance of reducing health costs caused by MS-related sick-leave. More
data will be needed to prove these assumptions.
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Objective: The goal of the Genes and Environment in Multiple Sclero-
sis (GEMS) study is to test the efficacy of a predictive algorithm that
incorporates genetic susceptibility and environmental exposure data
into a single estimate of risk of developing MS. If validated, this algo-
rithm will enable the development of prospective cohorts to study
the transition from health to MS in high-risk individuals such as
first-degree relatives who have a 20–50 fold increase in lifetime risk.
Methods: The GEMS study will recruit 5,000 first-degree relatives be-
tween 18 and 50 years of age. All participants will donate saliva for
DNA extraction and complete a questionnaire of medical and expo-
sure history. Using this information, each participant will be assigned
a genetic and environmental risk score (GERS). The GERS incorpo-
rates non-genetic risk factors such as gender, history of smoking
and infectious mononucleosis, and at least 54 genetic variants. Sub-
jects with high and low GERS will undergo blood biomarker profiling
and brain magnetic resonance imaging (MRI) scans.
Results: Subject recruitment has been the most successful by means of
internet-based strategies such as Facebook and the National Multiple
Sclerosis Society website. As of May 2012, the GEMS study has en-
rolled 1108 first-degree relatives of MS patients, including 224
males and 854 females. Approximately 770 saliva samples have
been genotyped. Subjects with the 100 highest and 100 lowest
GERS will be tested further (blood biomarkers and brain MRI) to
identify signs of early disease progression.
Conclusions: In MS, the first neurological symptom occurs well after
the onset of the disease process. Early initiation of disease treatment
therapies and lifestyle changes can delay disease progression. Thus,
there is a pressing need to develop a clinically deployable algorithm
that incorporates genetic susceptibility, environmental exposure,
and other data to predict an individual's risk of MS in high-risk per-
sons such as family members of MS patients.
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Objective: To evaluate the diagnostic utility of aquaporin-4 antibodies
(AQP4-Ab) for idiopathic inflammatory demyelinating diseases
(IIDDs) of the central nervous system in Korea.
Methods: In total, 153 consecutive patients with IIDDs from threemajor
hospitals in Korea were included. All were tested for AQP4-Ab using a
cell-based assay at the John Radcliffe Hospital, Oxford, UK. Patients
were evaluated for neuromyelitis optica (NMO), other NMO spectrum
disorder (OTHER NMOSD), and multiple sclerosis (MS) according to
the 2010 International panel criteria.
Results: Fourteen patients fulfilled the criteria for NMO, 64 were identi-
fied as OTHER NMOSD, 25 fulfilled the criteria for MS and 50 had either
CIS or topographically restricted IIDD. Patients with NMO required a
mean follow-up duration of 37.3 month before experiencing both
optic neuritis and myelitis. AQP4-Ab test positivity in patients with
OTHER NMOSD was only 21.9%. Subgroup analysis revealed that the
test positivity was relatively high in myelitis with typical brain lesions
of NMO group (75%) and recurrent longitudinally extensive myelitis
(LETM) group (46.7%), but low in monophasic LETM group (5.7%),
and recurret or bilateral simultaneous optic neuritis group (20%).
About 40% of patients with limited manifestations of NMO would
have fulfilled the 2010 International panel criteria for MS, without the
antibody test results. After exclusion of NMOandOTHERNMOSD, Korean
patients withMSwere AQP4-Ab-negative and had similar characteristics
to those of Western patients. Some patients were AQP4-Ab-positive (4%
of patients who had features of neither NMO, OTHER NMOSD, nor MS),
but were not identified using the current criteria.
Conclusions: The AQP4-Ab assay can be crucial in the differential diagno-
sis of IIDDs in Koreans, because it facilitated the early diagnosis of most
NMOs, showed low positivity in Korean patients with OTHER NMOSD,
could prevent limited NMO patients from being misdiagnosed with MS.
In addition, because some IIDD patients who did not have features of
NMO or OTHER NMOSD can show the positive test results, clinical suspi-
cion for the atypicalmanifestation of NMOor aquaporinopathy is needed.
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longitudinally extensive transverse myelitis (LETM): Possible role
of asymptomatic VEP abnormality
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Objective: To evaluate the factors associated with the aquaporin-4 an-
tibodies (AQP4-Ab) positivities in patients having isolated longitudi-
nally extensive transverse myelitis (iLETM) without optic neuritis in
Asian population.
Methods: Fifty patientswith iLETM,whodid notmeet the criteria for def-
inite NMO and did not have symptoms of optic neuritis, were included
from three major hospitals in Korea. All were tested for AQP4-Ab using
a cell-based assay at the John Radcliffe Hospital, Oxford, UK.

Factors as gender, age, Kurtzke extended disability status scale
(EDSS) at nadir, EDSS≥6 after intravenous methylprednisolone
(IVMP) treatment for acute relapse, visual evoked potential (VEP) ab-
normality without symptoms of optic neuritis, radiologic characteris-
tics, and other laboratory characteristics were assessed.
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Results: Of 50 patients with isolated LETM, 9 (18%) showed positive
AQP4-Ab test results. Asymptomatic VEP abnormality, poor re-
sponse to acute IVMP treatment, severe disability at relapse, as
well as female gender and relapsing disease course were signifi-
cantly associated with AQP4-Ab positive test results in patients
with LETM. However, age of onset, presence of asymptomatic
brain lesion, maximal length of spinal cord involvements, and cere-
brospinal pleocytosis were not associated with the AQP4-Ab test
results.
Conclusions: A considerable number of patients with AQP4-Ab-positive
LETM who did not have recognizable optic symptoms might have
sub-clinical optic nerve involvement , which could facilitate the early
diagnosis of definite NMO. The presence of AQP4-Abs in LETM patients
may assist prediction of long-term prognosis, disability at acute attack,
and the need for a second-line acute-phase treatment, such as plasma-
pheresis due to the insufficient treatment response to steroids. In addi-
tion, LETM patients with these characteristics should be strongly
encouraged to undergo AQP4-Ab testing to facilitate precise diagnosis
and appropriate treatment.

27

Thymoma following thymectomy of hyperplastic thymus in young
onset MG patients

Ernestina Santos1, Ana Martins Silva1, Philipp Stroebel2,
Antonio Marinho3, Carlos Lopes4, Nick Wilcox5,
Alexander Marx2, Maria Isabel Leite5

1Department of Neurology, Hospital Santo Antonio, University of Porto,
Porto, Portugal; 2Institute of Pathology, Medical Center Mannheim,
University of Heidelberg, Heidelberg, Germany; 3Department of Clinical
Immunology, Hospital Santo Antonio, Centro Hospitalar Porto, University
of Porto, Porto, Portugal, 4Department of Pathology, Hospital Santo
António, Centro Hospitalar Porto, University of Porto, Porto, Portugal;
5Neurosciences Group, Department of Clinical Neurology, Institute
of Molecular Medicine, John Radcliffe Hospital, Oxford, United Kingdom

Objective andmethods: It is extremely rare for young onset myasthenia
gravis (MG) patients to have thymoma following removal of hyper-
plastic thymus. We present two AChR-MG patients who developed
thymoma years after thymectomy, and highlight the clinical manifes-
tations that heralded the thymoma.
Results: Case 1: a 20 year-old female with generalized MG received
extended transternal thymectomy (thymic hyperplasia). After 14 years
of stable, mildMG on chronic steroid therapy, she got worse (respiratory
infections needing ventilation andplasma exchange). She also developed
alopecia totalis, oral candidiasis and recurrent genital Herpes simplex in-
fections. Thymoma was removed, but her MG and associated manifesta-
tions did not improve, and patient died six years later with a severe
pneumonia and respiratory failure. Retrospectively, she was found to
have high levels of anti-IL22, IL-17A and IL-17F antibodies. Case 2: a
27 year-old male with generalized MG was treated with immunosup-
pression and extended transternal thymectomy (thymic hyperplastic).
MG was initially difficult to treat, needing plasma exchanges, but
improved slightly with cyclosporine. Seven years after the MG onset,
he presented with spread skin lesions (paraneoplastic exfoliative
erythoderma) and worsened myasthenic symptoms with generalized
severe bulbar and respiratory involvement. Imaging and histology
revealed thymic carcinoma with pleural dissemination. He had severe
immunodeficiency (CD4+=99) and severe nosocomial infections
(P. aeruginosa, CMV and HBV hepatitis). Thoracic radiotherapy 30 Gy
was followed by chemotherapy, but patient died of massive pulmonary
thromboembolism.
Conclusions: These two cases illustrate not only clinical expression
of thymic neoplasms, but signs of the underlying complex immu-
nodeficiency associated to the production of auto-antibodies to
interleukins.
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Dysregulation of adrenergic/dopaminergic pathways in circulating
lymphocytes of CIS patients

Laura Schembri1, Paola Spagnuolo1, Mauro Zaffaroni2,
Mario Guidotti3, Giorgio Bono1, Franca Marino4, Marco Cosentino1

1Center for Research in Medical Pharmacology, University of Insubria,
Varese, Italy; 2Center for Research on Multiple Sclerosis, Hospital S.
Antonio Abate, Gallarate, Italy; 3Unit of Neurology, Valduce hospital,
como, Italy; 4Center for Research in Medical Pharmacology, university
of Insubria, Varese, Italy

Objective: The occurrence of dysregulated dopaminergic receptor
(DR)- and adrenoceptor (AR)-operated pathways in circulating lym-
phocytes has been extensively documented in patients with multiple
sclerosis (MS). Treatment with interferon-β seems to restore lym-
phocyte DR and AR responsiveness, suggesting their involvement in
the therapeutic response to immunomodulating treatments. It is
however uncertain whether such dysregulations develop as a conse-
quence of MS or precede its clinical manifestations. We therefore
decided to investigate DR/AR-operated pathways in circulating lym-
phocytes from subjects with clinically isolated syndrome (CIS) and
to assess the relationship of possible dysregulations with subsequent
progression to MS.
Methods: We planned to enroll into a multicentric longitudinal
study 50 ambulatory patients with CIS. Patients are studied at base-
line and after 6 or 12 months. A sample of venous blood is obtained
and circulating lymphocytes are isolated. Expression of mRNA for
β2-AR, DRD2 and D5, as well as for tyrosine hydroxylase (TH) is
evaluated in total lymphocytes and in purified CD4+CD25− T
effector cells (Teff) and in CD4+CD25+ T regulatory cells (Treg).
The production of dopamine, noradrenaline and adrenaline by
cultured lymphocytes is assessed by means of HPLC-ED. A group
of 15 age- and sex-matched healthy subjects (HS) is enrolled as
control.
Results: So far, we enrolled 18 CIS patients and 14 HS. Lymphocytes
from CIS patients express higher levels of TH mRNA both at rest
and after stimulation with PHA 10 μg/mL (Pb0.01 in both cases).
Stimulus-induced increase of β2-AR mRNA in cells from CIS patients
is significantly less than in cells from HS (Pb0.01). In CIS patients,
Teff have higher TH mRNA levels and Treg have higher DRD5
mRNA levels in comparison to cells from HS (Pb0,01 in both cases).
Assay of lymphocyte catecholamines is ongoing.
Conclusions: Preliminary data suggest that in CIS patients circulating
lymphocytes have dysregulated DR/AR-operated pathways. Adrener-
gic dysregulation in lymphocytes and Teff might represent a compen-
satory mechanism, while dopaminergic dysregulation in Treg – also
in view of the inhibitory role of DR in these cells – might underlie
an early impairment of Treg function. Enrollment and follow up of
all scheduled subjects will allow to establish the relevance of these
findings as well as their eventual relationship with the clinical pro-
gression of MS.

This study was supported in part by Italian Foundation for Multi-
ple Sclerosis Onlus(Grant code n° 2009/R/8)

Questa ricerca è stata finanziata in parte da un contributo della
Fondazione Italiana Sclerosi Multipla Onlus(Codice del finanziamento
n° 2009/R/8)
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Analysis and comparison of cellular intrathecal and peripheral
immune responses in patients with multiple sclerosis

Simone Christiane Wuest, Peter Kosa, Ina Mexhitaj,
Elena Romm, Bibiana Bielekova

National Institutes of Health, NINDS/Neuroimmunology Branch,
Bethesda, United States

Objective: Multiple sclerosis (MS) is an immune-mediated disorder of
the central nervous system (CNS). Neither the antigenic target of MS,
nor the cell population that mediates CNS tissue destruction has been
defined. Therefore, the objective of this study was the determination
of antigen (Ag)-specificity and phenotype of CD4+ and CD8+ T cells
in the cerebrospinal fluid (CSF) of patients with MS in comparison
to subjects with other neurological diseases.
Methods: Intrathecal immune reactivity is investigated by an
Ag-recognition assay based on co-cultures of dendritic cells,
pre-loaded with complex Ag and autologous CSF and peripheral
T cells. Ag-specificity and phenotype of T cells are determined by a
combination of a 7-day primary proliferation assay with an intracellu-
lar cytokine staining confirmation assay after overnight re-stimulation
with identical Ag. Ten different Ag are being tested, but the current
report focuses on reactivity to human herpes viruses Epstein-Barr
Virus (EBV), Human Herpes Virus-6 (HHV-6) and Cytomegalovirus
(CMV).
Results: So far, 15 patients were analyzed for T cell reactivity to CMV,
25 for HHV-6 and 27 patients for EBV reactivity. In the blood 53% of
the patients responded to CMV, 36% to HHV-6 and 19% to EBV lysates.
33% of patients had intrathecal reactivity to CMV, 64% to HHV-6 and
81% to EBV. The mean stimulation index (SI, calculated with TNF-α/
IFN-γ+ CD4+ T cells) of intrathecal EBV reactivity was significantly
higher (SI=101) than in periphery (SI=17). Similar results were
obtained for HHV-6 (SI of 14 in CSF vs.4 in periphery) and CMV (SI
of 565 in CSF vs.166 in periphery) albeit without reaching statistical
significance.
Conclusions: Intrathecal T cell reactivity to human herpes viruses
is common and robust. While high intrathecal reactivity to CMV
and HHV-6 can be explained by their neurotrophic character,
these findings are unexpected for EBV, which is known to be la-
tent in B cells, but not necessarily in the CNS. We continue
performing these assays in a blinded fashion and plan to unblind
the diagnostic category once we analyze at least 100 subjects.
Then, we will be able to answer the question whether T cell re-
sponses to different human herpes viruses differ between MS
subjects and controls.
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Uveitis in patients with multiple sclerosis

Erkingul Shugaiv1, Murat Kurtuncu2, Melike Mutlu1,
Gulsen Akman-Demir3, Ilknur Tugal-Tutkun4,
Erdem Tuzun5, Mefkure Eraksoy1

1Department of Neurology, Istanbul Medical Faculty, Istanbul University,
Istanbul, Turkey; 2Department of Neurology, Medical Faculty, Acibadem
University, Istanbul, Turkey; 3Department of Neurology, Medical Faculty,
İstanbul Bilim University, Istanbul, Turkey; 4Department of Ophthalmology,
Istanbul Medical Faculty, Istanbul University, Istanbul, Turkey; 5Department
of Neuroscience, Institute of Experimental Medicine, Istanbul University,
Istanbul, Turkey
Background and objective: Multiple sclerosis (MS) is an inflammatory
demyelinating disorder of the central nervous system (CNS). Uveitis
may be seen in about 5–10% of the patients with MS. Neuro-
Behcet's disease is frequently encountered in our region and cause
uveitis and MS-like clinical findings in most patients. Therefore, in
isolated uveitis patients, it is crucial to determine the clinical and
laboratory findings indicating high risk for MS development. In this
study we evaluated the cases with MS and uveitis in terms of clinical
course, radiological and laboratory findings.
Patients and methods: There were 6300 patients seen between 1993
and 2011 in Multiple Sclerosis and Demyelinating Disorders Unit in
Istanbul Medical Faculty, Department of Neurology. Their files were
retrospectively screened; a total of 41 cases (35 women, 6 men)
had had uveitis. In Group I, there were 21 cases with MS and uveitis;
in Group II, there were 20 cases who had uveitis and MS-like radio-
logical and laboratory features, without clinical evidence of neurolog-
ical involvement.
Results: In Group I, uveitis was the initial symptom before the neuro-
logical findings in the majority of the cases. Mean interval between
the onset of uveitis and neurological symptoms was 6.7 years
(1–17). All patients had relapsing remitting MS, and the mean EDSS
was 2.2 (0.0-4.0). Moreover in Group I, the mean progression index
was 0.32. Twelve Group I patients were under interferon-beta treat-
ment. In Group II, all patients had intermediate uveitis and were
sent for neurological consultation in search of an underlying demye-
linating disease. All had periventricular T2 hyperintense lesions on
cranial MRI, and oligoclonal bands in the CSF. In both groups uveitis
had a good prognosis.
Conclusions: MS can be associated with intermediate uveitis, most
commonly uveitis being the initial symptom of MS. This is easily dis-
tinguishable from anterior uveitis observed in Behcet's disease pa-
tients. Clinical course and EDSS scores of the patients with MS seem
to be relatively mild. However, this needs to be verified in larger pro-
spective series.
301

Clinical features, treatment, and outcome of 568 patients with
anti-NMDA receptor encephalitis

Maarten Titulaer1, Lindsey McCracken2, Iñigo Gabilondo3,
Thais Armangue3, Eugenia Martinez-Hernandez4, Carol Glaser5,
Takahiro Iizuka6, Lawrence Honig7, Susa Benseler8,
Myrna Rosenfeld1, Rita Balice-Gordon9, Francesc Graus3, JosepDalmau1

1Department of Neurology, Hospital Clinic University of Barcelona/IDIBAPS
andUniversity of Pennsylvania, Barcelona, Spain; 2Department of Neurology,
University of Pennsylvania, Philadelphia, United States; 3Department of
Neurology, Hospital Clinic University of Barcelona/IDIBAPS, Barcelona,
Spain; 4Department of Neurology, Hospital Sant Pau University Autonoma
of Barcelona and University of Pennsylvania, Barcelona, Spain; 5California
Department of Public Health, UC Davis, Richmond, United States; 6Depart-
ment of Neurology, Kitasato University, Kitasato, Japan; 7Department of
Neurology, University of Columbia, New York, United States; 8Depart-
ment of Rheumatology, Hospital for Sick Children University of Toronto,
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Objective: To report the clinical features and suggest treatment guide-
lines for anti-NMDA receptor encephalitis.
Methods: Cohort study, analysis of demographics, symptom onset,
treatment, and long-term follow-up. Demographic and clinical fea-
tures were compared using Chi2 tests; risk factors and treatment-
determining outcome were analyzed with Cox regression.
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Results: 81% were female. Median age was 21 years (range 1–85;
37%b18, 5%≥45 years). 39% had a tumor (96% teratomas). 54% of
females≥12 years had ovarian teratoma(s) versus 6%b12 years; 6% of
males (all adults) had a tumor. In patientsb12 years old the most fre-
quent initial symptoms were seizures, abnormal behavior, and move-
ment disorders (36%, 33%, and 14%), while in adults were abnormal
behavior and memory problems (65% and 14%). Within the first month,
88% of the patients had ≥4 of the following characteristic symptoms
(psychiatric features, memory, speech disorder, seizures, dyskinesias, de-
creased level of consciousness, autonomic instability, or hypoventilation),
while only 1% had a monosymptomatic illness. Movement disorders
are more frequent in children (88% vs 72%, pb0.0001), while central
hypoventilation and memory deficits are more common in adults
(79% vs 69%, p=0.001 and 40% vs 21%, pb0.0001). Atypical symptoms
like cerebellar ataxia or hemiparesis occur predominantly in young
children.

Immunotherapy (93%) and tumor removal (when appropriate)
resulted in full recovery or substantial improvement in 79% of the
patients at 24 months follow-up; 11% died. Early treatment led to
better outcome, while the need of ICU admission associated with
a worse outcome (pb0.0005 for both). Among patients treated
with immunotherapy, 53% responded to 1st line treatment (ste-
roids, IVIg and/or plasma exchange), 98% of them with good out-
come. If 1st line treatment failed (47%), 2nd line immunotherapy
(rituximab or cyclophosphamide) significantly improved outcome
compared with repeating 1st line drugs or no further treatment
(76% vs 55%, p=0.01). Relapses occurred in 13%, more frequently
in patients without teratoma. Most relapses were milder than the
original episode.
Conclusions: Anti-NMDA-receptor encephalitis is a severe but
treatable disorder of predominantly young individuals. Prompt treat-
ment improves outcome. If initial immunotherapy fails, second-line
treatment is usually effective. 79% of the patients have good outcome
although the process of recovery can take more than 24 months.
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Clinical course and immunomodulating therapy in anti-TPI
antibody-positive acute cerebellar ataxia

Ayumi Uchibori, Atsuro Chiba

Department of Neurology, School of Medicine, Kyorin University,
Tokyo, Japan

Back ground and objective: Immunomodulating therapies are applied
to post-infectious acute cerebellar ataxia (ACA), but the choice of
therapeutic methods was still empirical. We reported that serum
IgM antibody against triosephosphate isomerase (TPI) was found in
approximately 35% of patients with ACA, and that this antibody was
related with preceding Epstein-Barr virus (EBV) infection. We studied
clinical course and response to immunomodulating therapy in
anti-TPI antibody positive ACA.
Methods: The chronological change of clinical manifestations and the
antibody titers, and the effect of immunomodulating therapies were
investigated in six anti-TPI antibody-positive patients with ACA.
Results: Three patients have been treatedwith some immunomodulating
therapy. Corticosteroid therapies were first administered in all these pa-
tients, but there was no obvious improvement. In two of these patients,
intravenous immunoglobulin therapy (IVIg) was done following the ste-
roid pulse therapy, and significant improvement was observed after
starting IVIg in the both patients. The other three patients did not receive
immunomodulating therapy, and the neurological symptoms improved
gradually in the natural course. Chronological changes of the anti-TPI an-
tibody titers were examined in two patients. In one patient, who
received IVIg following the steroid pulse therapy and was discharged
on the 32nd disease day with almost-full recovery, the antibody titer
peaked on the 3rd disease day, decreased rapidly along with the thera-
pies, and became negative in serum obtained about two month after
the onset. In the other one, who was left to natural course without
immunomodulating therapies, the antibody titers peaked on acute
phase, decreasing gradually, but weak reaction still remain on the
225th disease day. He was discharged on the 60th disease day with
remaining trunk ataxia, and needed about sevenmonths of recuperation.
Conclusions: ACA is generally recognized to be a self-limiting disease
with a good prognosis in the natural course, but symptom also
could remain for more than half a year in some patients. There is no
established immunological marker to choose the therapy to alleviate
nadir and to shorten disease duration. Although our observation
could not tell which could be truly effective, conbination of
steroid-pulse and IVIg or sole IVIg, it suggests that serum anti-TPI
antibody might be a immunological marker of responder for such
therapies including IVIg.
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The PhenoGenetic Project: A living biobank with which to advance
investigations of the genetic and environmental architecture of
immune variation

Alina Von Korff1, Michelle Lee1, Selina Imboywa1, Linda Ottoboni2,
Anna Kaliszewska2, Philip L. De Jager2

1Center for Neurologic Diseases, Brigham and Women's Hospital, Boston,
United States; 2Program in Translational NeuroPsychiatric Genomics,
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Brigham and Women's Hospital, Boston, United States

Objective: The PhenoGenetic Project is an ongoing study aimed at
examining a large collection of healthy individuals in order to under-
stand how genetic variation, as well as environmental factors such as
intestinal microbes, alters the function of the immune system.
Methods: All participants complete a health history questionnaire and
provide a blood sample on enrollment. This initial sample is used to
isolate DNA, serum, plasma and peripheral blood mononuclear cells
that are kept in a frozen archive. Thus, our study has developed a
large biobank that serves as a resource for a variety of immunogenetic
projects. Research groups are able to draw from the 1744 enrolled do-
nors to obtain fresh blood, urine and stool samples from subjects of
interest based on phenotypic and genotypic characteristics.
Results: Over 30 different research groups have utilized the
PhenoGenetic biobank. Blood samples from this tissue bank have con-
tributed to projects that illustrate different paradigms in which the
resource can be used, including (1) screening the phenotypic and
functional profile of NK cells in over 100 randomly selected subjects
to identify the functional consequences of multiple sclerosis (MS)
susceptibility loci such as MAPK1 (see poster by Kaliszewska et al.),
(2) phenotyping a subset of subjects homozygous for a specific MS
susceptibility allele such as those found in the CD6 and TNFRSF1A
loci, (3) supporting the large-scale RNA profiling of over 600 healthy
subjects to establish an atlas relating genetic and RNA variation in the
immune system (ImmVar project, see poster by Lee et al.), (4) using
stool samples provided by the PhenoGenetic Project healthy subjects
as control samples to discover elements of the gut flora that may be
enriched patients with Relapsing-Remitting MS and Secondary
Progressive MS.
Conclusions: By enrolling a large population of healthy individuals our
biobank is able to facilitate the genetic and environmental dissection
of immunologic traits.
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Innate immune system
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Secondary progressive multiple sclerosis is associated with an
altered monocyte phenotype

Shahin Aeinehband, Sabrina Ruhrmann, RohamParsa, Mohsen Khademi,
Tomas Olsson, Maja Jagodic, Fredrik Piehl

Karolinska Institutet, Karolinska University Hospital, Stockholm, Sweden

Objective: Secondary progressivemultiple sclerosis (SPMS) is character-
ized by accumulating disability, nerve damage and signs of innate im-
mune activation. Recently we showed that expression of VEGF-A in
cerebrospinal fluid (CSF) cells was reduced in MS patients compared
to controls, irrespective of disease course (Iacobaeus et al., Plos One
2011). However, in peripheral blood mononuclear cells (PBMC),
VEGF-A was reduced only in SPMS, while relapsing-remitting MS
(RRMS) were similar to controls. Expression of VEGF-A was expressed
mainly by monocytes in the PBMC pool. The objective of this study
was to further explore the finding of reduced VEGF-A in PBMC and to
further characterize the monocyte profile of SPMS patients.
Methods: Expression of different monocyte markers was determined in
PBMC obtained from SPMS and RRMS patients (n=168) and controls
with other non-inflammatory diseases (n=116) using real time PCR.
Flow cytometrywas used to determine the proportion of differentmono-
cyte subsets in whole blood from MS patients and healthy controls (HC)
(HC n=5; RRMS n=4; SPMS n=8). Genome-wide mRNA expression
and DNA methylation profiling, using Affymetrix Gene 1.1 ST Array (HC
n=16; RRMS n=15; SPMS n=17) Illumina Methylation450 BeadChip
(HC n=13; RRMS n=10; SPMS 13) respectively, was performed on
CD14+ magnetic bead sorted cells from matching samples.
Results: SPMS patients displayed lower expression of the monocyte
markers CD14, CD11b and CD163 in PBMC compared to all other
groups. In CSF cells, all transcripts were downregulated in MS,
irrespective of disease course, compared to controls. Flow cytometry
revealed a trend towards a lower number of monocytes in SPMS,
with a relatively higher proportion of inflammatory monocytes in
whole blood. Microarray expression showed lower expression of
VEGF-A and several other transcripts in CD14+ cells from SPMS,
compared to RRMS. Interestingly, preliminary methylation data indi-
cate changes in DNA methylation between HC and MS, of which some
are sustained or increased in SPMS.
Conclusions: SPMS patients display an altered peripheral blood mono-
cyte phenotype, which include reduced expression of VEGF-A. These
findings support the notion of innate immune changes in SPMS and
should be further evaluated for therapeutic and/or biomarker purposes.
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Immunoregulatory role of Natural killer cells in Multiple Sclerosis

Ayse Altintas1, UgurUygunoglu1, Ilhan Tahrali2, Umut CanKucuksezer2,
Abdullah Yilmaz2, Gunnur Deniz2
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Objective: Multiple sclerosis (MS) is an autoimmune central nervous
system (CNS) disease characterized by inflammation, demyelination,
axonal/neuronal loss and gliosis. Although the etiology of the disease
is not defined clearly, there are findings emphasizing the prominent
role of the immune system. Natural killer (NK) cells are innate
lymphocytes with cytotoxic property that also play an immunoregu-
latory role in the pathogenesis of autoimmune diseases. Several stud-
ies showed that NK cells works at the border of innate and adaptive
immunity, to prevent the induction, propagation and activation of au-
toimmune T cells. Because of the discrepancy regarding the results of
studies on NK cells, the actual role of them in MS has not revealed yet.
We aimed to study the cell frequency and effector functions of NK
cells in patients subgroups diagnosed as a clinically isolated
syndrome(CIS), relapsing–remitting MS(RRMS) (naive and treated
with disease-modifying drugs: DMDs) and secondary-progressive
MS (SPMS) with no treatment.
Methods: Primarily, surface expression of CD3, CD4, CD8, CD19, CD16
and CD56, and proportions of NK cell subsets were detected in pe-
ripheral blood samples of patients and healthy subjects. Peripheral
blood mononuclear cells were stimulated with or without hrIL-2,
hrIL-12 or hrIL-4. After 24 h cell culture, IFN-γ, IL-10 and IL-22 con-
tents of CD56brightCD16- and CD56dimCD16+ NK cell subsets were
measured by flow cytometry. NK cell cytotoxic activity was measured
using erythromyeloblastoid leukemia cell line K562, and the frequen-
cies of NK cell subsets were detected after 72 h of culture. The results
were compared with age and gender-matched healthy subjects.
Results: In RR-MS patients receiving DMDs, SP-MS and CIS increased
IFN-γ levels were detected in CD3-CD16+CD56dim NK cells, while
IFN-γ levels were normal in the treatment naïve relapsing remitting
patients. In comparison with control group, higher CD16+CD56
dim, IL-10 and IL-22 levels in CD56dimCD16+ and CD56brightCD16−

NK cell were detected in patients.
Conclusions: There was no difference between the levels of IL-10 and
IL-22 secretion by NK cells in patients' groups, however IFN-γ secretion
was found higher except treatment naïve RRMS patients. Although our
preliminary results suggest that NK cells have a suppressive function on
the pathogenesis ofMS by releasing cytokines, further studies including
more patients are needed to verify.
209

Modulation of microglial activation via adenosine A3 receptors

Céline van der Putten1, Ella Zuiderwijk-Sick1, Jennifer Veth1,
Lejla Sukurova1, Saskia Burm1, Mies van Steenbergen2,
Johannes van Noort3, Ad IJzerman4, Jeffrey Bajramovic1

1Unit Alternatives, Biomedical Primate Research Centre, Rijswijk,
Netherlands; 2Pharmaceutics Department, Utrecht University, Utrecht,
Netherlands; 3Delta Crystallon, Inc., Leiden, Netherlands; 4Division of
Medicinal Chemistry, Leiden/Amsterdam Center for Drug Research,
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Objective: Toll-like receptor (TLR)-induced activation of microglia is
tightly regulated by different mechanisms that are constitutively
present or acquired during inflammatory conditions. Extracellular
adenosine can modulate TLR-induced activation through adenosine
receptor (ADORA)-mediated signaling. Four ADORA subtypes have
been described that can either increase (A2AR and A2BR) or decrease
(A1R and A3R) intracellular cAMP levels. The expression pattern of the
subtypes (the ADORA-code) thus orchestrates the cellular response
to adenosine. This study was aimed to elucidate the effects of
ADORA-mediated signaling on TLR-mediated activation of microglia.
Methods: Primary microglia from adult rhesus macaques were used
for gene expression profiling and in functional assays.
Results: Activation of microglia dramatically altered the ADORA-code,
sensitizing microglia to A2AR-mediated inhibition of TLR-induced
cytokine responses. We revealed that, in resting microglia in particu-
lar, A2AR-mediated inhibitory signaling is effectively counteracted by
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A3R-mediated signaling. In addition, our most recent data demon-
strates that A3R-mediated signaling, evoked by endogenously pro-
duced extracellular adenosine in an autocrine or paracrine way, is
essential to trigger transcription of TLR-induced IL-12, IL-23 and
MCP-1 mRNA.
Conclusions: We have identified A3R as an attractive therapeutic tar-
get to modulate innate immune responses. Inhibiting A3R-mediated
signaling will affect both resting as well as activated microglia by dif-
ferent mechanisms of action. These data and the roles of ADORAs in
both the initiation and resolution of neuroinflammation will be
discussed.
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Phosphatidylserine alters the functional properties of
myelin-phagocytosing macrophages by activating PPARs

Jeroen Bogie, Winde Jorissen, Jo Mailleux, Piet Stinissen,
Niels Hellings, Jerome Hendriks

Biomedical Research Institute, Hasselt University, Diepenbeek, Belgium

Objective: Foamy macrophages, containing degenerated myelin, are
abundantly found in active multiple sclerosis (MS) lesions. Recent
studies have described an altered phenotype of macrophages after
myelin phagocytosis. However, mechanisms by which myelin affects
the phenotype of macrophages and how this phenotype influences le-
sion progression remain unclear.

Myelin damage and oligodendrocyte apoptosis leads to exposure
of phosphatidylserine (PS) on the outer leaflet of the plasma mem-
brane. As apoptotic cell clearance by macrophages via PS induces an
immunosuppressive phenotype in macrophages, we investigated the
impact of PS on the functional properties of myelin-phagocytosing
macrophages.
Results: In this study we show that PS modulates the phenotype of
macrophages treated with myelin through the activation of peroxisome
proliferator-activated receptors (PPARs). Furthermore, uptake of PS by
macrophages, after intravenously injected PS-containing liposomes
(PSLs), suppressed the production of inflammatory mediators and
ameliorated experimental allergic encephalomyelitis (EAE). The protec-
tive effect of PSLs on EAE was paralleled with reduced demyelination
and CNS infiltration of immune cells and a decreased splenic cognate
antigen specific proliferation. Interestingly, we found that the expres-
sion of PPAR response genes was upregulated in active human MS
lesions.
Conclusions: Collectively our data show thatmyelinmodulates the pheno-
type ofmacrophages via a PS-induced PPAR activation, whichmay subse-
quently affect lesion progression in demyelinating diseases such as MS.
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Regulation of increased pro-inflammatory cytokine mRNAs
in short-term slices of cerebral cortex by distinct
anti-inflammatory compounds

David Graber, William Hickey

The Geisel School of Medicine at Dartmouth, Dartmouth College,
Lebanon, United States

Objective: Suppressing the synthesis of inflammatory mediators in the
central nervous system (CNS) pharmacologically is an attractive ther-
apeutic approach for many neurological illnesses such as traumatic
injury, stroke, infection, andneurodegenerative or autoimmunediseases.
Yet, the uniqueness and complexity of the CNS make discovering ef-
fective drugs very difficult, and results from dissociated cell systems
often don't predict in vivo efficacy. As a means to bridge the gap
between dissociated microglia cultures and whole animal models
of neurological disease, our research laboratory has assessed the
utility of short-term slices of CNS tissue for screening anti-inflammatory
molecules.
Methods: Slices of cerebral cortex from adult femalemice were explanted
in culturemedium for up to five hours. Up-regulation ofmRNAs formany
inflammatorymediatorswas demonstrated,while the cellularmicroenvi-
ronment is largely maintained. Distinct anti-inflammatory compounds
were either addeddirectly to the explantmediumor injected systemically
in mice prior to resection of cortical tissue. Abundance of IL-1beta
and TNF-alpha mRNAs in slices were measured and normalized to
beta-actin mRNA levels. Anti-inflammatory activity for each com-
pound in slices was compared to effects observed in microglia and/
or macrophage cultures.
Results: Glucocorticoid receptor agonists inhibited the increased cytokine
mRNA in slices of cerebral cortex whether added in explant medium or
injected into mice previously. Minocycline, thalidomide, propentofylline,
and clenbuterol were not inhibitory in cortical slices. Paradoxically, cyto-
kine mRNAs were enhanced by some anti-inflammatory compounds.
Conclusions: Our results demonstrate that the (1) increased expression
of cytokinemRNAs in short-termCNS slices can be regulated pharmaco-
logically and (2) some anti-inflammatorymolecules have conflicting ef-
fects in microglia cultures and slices. Further evaluation with a small
library of anti-inflammatorymolecules is warranted to confirm the util-
ity of short-term explants of CNS tissue as a drugdiscovery research tool
for neurological diseases.
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Circulating dendritic cells of multiple sclerosis patients are
dysregulated and their frequency is correlated with MS-associated
genetic risk factors
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Objective: Dendritic cells (DC) are widely known as professional
antigen-presenting cells and provide an important link to the
adaptive immune system where they regulate the balance between
immunity and tolerance. Alternations in the DC compartment can
ultimately lead to the induction or perpetuation of autoimmune
diseases such as multiple sclerosis (MS). This study aims to identify
alterations in DC phenotype and functionality in MS. Moreover, the
contribution of genetic risk factors to DC alterations was determined.
Methods: An ex vivo analysis of myeloid (mDC) and plasmacytoid DC
(pDC) was carried out on peripheral blood of MS patients (n=104)
and age- and gender-matched healthy controls (HC, n=112).
Frequencies and expression of costimulatory (CD80 and CD86) and
migratory molecules (CD62L, CCR5 and CCR7) were investigated.
Interleukin (IL)-12p70 and interferon (IFN)-α secretion was mea-
sured following Toll-like receptor (TLR) challenge. Study subjects
were genotyped for HLA-DRB1*1501 and IL-7R α.
Results: A significant decrease of circulating pDC was found in periph-
eral blood of patients with chronic progressive MS (CPMS) compared
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to relapsing-remitting (RR) MS and HC. No differences in blood fre-
quencies of mDC were found between different study groups. Both
mDC and pDC of MS patients show shifts in the expression of CD86,
CCR5 and CCR7 indicating that activation and migratory patterns of
DC change during MS. Moreover, RRMS patients showed a reduced
upregulation of CD86 on pDC and enhanced IL-12 production by
mDC after TLR ligation, indicative of altered DC responsiveness. Treat-
ment of MS is associated with a decrease of CD62L-positive mDC and
pDC. HLA-DRB1*1501 carriers have reduced frequencies of circulating
mDC as compared to non-HLA-DRB1*1501 carriers. Moreover, pa-
tients not carrying the protective IL-7Rα haplotype 2 have lower fre-
quencies of pDC in the peripheral blood, indicating that genetic risk
factors may impact the DC compartment of MS patients.
Conclusions: Our data indicate that circulating DC subsets undergo
changes in phenotype and functionality during MS disease. This
study further provides evidence that MS-associated genetic risk fac-
tors such as HLA-DRB1*1501 and absence of IL-7Rα haplotype 2
have an impact on the DC compartment and thereby may contribute
to the induction and/or maintenance of autoimmune responses.
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Role of the innate antiviral response of trigeminal ganglia
neurons in control of herpes simplex virus replication

Pamela Rosato, David Leib

Geisel School of Medicine, Dartmouth Hitchcock Medical Center, Lebanon,
NH, United States

Objective: Herpes Simplex virus type 1 (HSV-1) is a persistent patho-
gen that cycles between an acute/lytic infection and a latent state
within sensory neurons of the trigeminal ganglia (TG). The control
of acute HSV-1 replication, and the maintenance of latency by TG
neurons is crucial for prevention of disease pathology. The factors
needed for this control remain largely unknown. Mouse and human
studies show that the global innate anti-viral response is critical for
controlling HSV-1 replication and disease. Little is known, however,
about the importance of these antiviral pathways in the control of
HSV-1 replication in neurons. We therefore hypothesize that innate
immunity of TG neurons is a critical factor in the control of acute
HSV-1 replication and in the establishment and maintenance of
latency.
Methods: We used an in vitro model of HSV-1 infection of cultured TG
neurons derived from adult mice. Acute HSV-1 replication was mea-
sured over time in neurons isolated fromWT, IFNαβγR−/− (interferon
receptor), STAT1−/−, STING−/− or TLR3−/− mice. Previous studies
have shown TG neurons to be largely non-permissive to productive
HSV-1 infection. We therefore sought to measure the permissivity of
TG neurons by quantifying cells that were both infected and expressing
late proteins (permissive infection) compared with infected cells with
no evidence of late gene expression (non-permissive).
Results: Growth of HSV-1 was not altered in neuronal cultures defi-
cient in IFNαβγR, STAT1, STING or TLR3 demonstrating that that
these molecules are dispensable for control of acute replication in
vitro. Viral late gene expression appeared comparable in all WT and
KO infected cells, suggesting that neurons lacking these innate im-
mune components were equivalent to WT in terms of permissivity
to productive viral infection.
Conclusions: Contrary to our hypothesis, components of the innate
antiviral response may be dispensable for efficient control of HSV-1
acute replication in TG neurons, suggesting other mechanisms for
control. This also implies a large role for antiviral signaling in
non-neuronal cells, as the drastic phenotype seen in mice lacking
antiviral signaling cannot be explained by lack of control at the neu-
ronal level. Ongoing studies are investigating the role of antiviral sig-
naling in TG neurons and the maintenance of HSV-1 latency using an
in vitro model.
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Neutrophil depletion affects Dark Agouti experimental
autoimmune encephalomyelitis
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Objective: Neutrophils have been shown to own several immunoreg-
ulatory properties. Nevertheless few attention has been given to
their contribution to both Multiple Sclerosis and Experimental Auto-
immune Encephalomyelitis (EAE) etiopathogenesis and progression.

We aim to investigate the potential role of neutrophils during EAE
sensitization and chronic phase in Dark Agouti (DA) EAE.
Methods: Chronic EAE was induced in DA rats by intrafootpad injec-
tion of syngenic spinal cord homogenate in incomplete Freund's adju-
vant. Neutrophils were depleted by means of intraperitoneal injection
of anti-rat neutrophil serum (aNEU) at different disease time course,
i.e. either during the sensitization and the chronic phase of the dis-
ease. The animals were weighted weekly and aNEU effect was first
evaluated on clinical score while deeper analysis were performed
on blood formula, spleen morphology and spinal cord cytokine, che-
mokine and myelin basic protein expression.
Results: aNEU had no effect on clinical score when neutrophil deple-
tion was performed during the chronic phase, i.e. from 14 to
35 days post EAE induction (dpi). When aNEU was administered dur-
ing the EAE sensitization phase up to 8dpi, no difference in mean clin-
ical score could be revealed between EAE and aNEU-treated EAE rats
up to the disease peak, i.e. 14 dpi. However a significant improve-
ment in clinical condition could be reported soon after the disease
peak so that a chronic course was transformed into an acute/
monophasic one. aNEU treatment induced a faster body weight gain
while it did not affect blood formula changes related to EAE course.
Moreover while aNEU treatment did not counteract EAE effects on
both spleen microscopic morphological changes and Treg (FoxP3)
content, it mainly affected the expression of both pro- and
anti-inflammatory cytokines in the three main spinal cord traits (cer-
vical, thoracic, lumbar) while relative low effect was observed on
both MCP-1 and myelin basic protein expression.
Conclusions: Neutrophil depletion transformed a chronic EAE model
into an acute/monophasic one and resulted in cytokine expression
changes in spinal cord mainly referred to the cervical trait.
Acknowledgment: This project was supported by FISM — Fondazione
Italiana Sclerosi Multipla cod 2009/R/22. We wish to thank Mr.
Oggioni for his support in animal management.
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KIR2DL2 expression alters natural killer cells response to
herpesvirus infection in multiple sclerosis patients

Roberta Rizzo1, Valentina Gentili1, Ilaria Casetta2, Elisabetta Caselli1,
Riccardo De Gennaro2, Enrico Granieri2, Enzo Cassai1,
Dario Di Luca1, Antonella Rotola1



39Abstracts
1Section of Microbiology, Department of Experimental and Diagnostic
Medicine, University of Ferrara, Ferrara, Italy; 2Section of Neurology,
Department of Medical and Surgical Disciplines, University of Ferrara,
Ferrara, Italy

Objective: Multiple sclerosis (MS) is an autoimmune chronic inflamma-
tory disease of the Central Nervous System characterized by demyelin-
ation and axonal damage, initiated andmediated by autoreactive T cells.
Perturbations in immune-modulatory networks that include Th2 cells,
regulatory T cells and Natural Killer (NK) cells are thought to be in
part responsible for the relapsing–remitting progression of the disease.
However, themechanisms at the basis of the development and the pro-
gression of MS disease remain uncertain. Epidemiological studies indi-
cate that exposure to an infectious agent, in combination with genetic
predisposition, could be implicated in MS pathogenesis. It is proposed
that the development and the perpetuation of MS autoimmunity
could involve the presence of a latent infection in which the microor-
ganism persists in a subclinical form that can periodically reactivate.
This condition is typical for herpesviruses that have been evidenced
with an increased frequency in MS patients.

We evaluated the role of NK cells towards herpesvirus infection in
MS patients. In particular we were interested in possible NK cell func-
tional differences defined by KIR–HLA genotype repertoire.
Methods: Peripheral bloodmononuclear cells fromMSpatients and con-
trolswere treatedwith CpG sequences and infected in vitrowithHerpes
simplex virus 1 (HSV1). Samples were analysed for viral yield, TLR9
pathways by RT PCR Array System, cytokine secretion by Searchlight
Chemiluminescent cytokine array, NK cell activation by CD107a expres-
sion and cytotoxicity assay and killer immunoglobulin-like receptors
(KIR) expression by flow cytometry.
Results: CpG treatment promoted an unexpected sensitivity to her-
pesvirus infection in a subset of MS patients. TLR9 pathways did not
show defects while NK cells presented decreased degranulation and
cytotoxicity and up-regulated the inhibitory KIR2DL2 receptor. The
presence of the KIR2DL2 ligand, HLA-C1, is fundamental to reduce
the NK cell activation in the presence of a viral infection.
Conclusions: These results are the first direct proof of the implication of
KIR2DL2 receptor in the control of NK cell activation towards herpesvi-
rus infection inMS patients, supporting the role of viral infection in cre-
ating an environment more susceptible to the maintenance of an
autoimmune disease in the presence of a specific genetic background.
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A genetic and functional characterization of tumor necrosis factor
regulation in rat antigen presenting cells
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Objective: Tumor necrosis factor (TNF) is a pleiotropic cytokine affect-
ing the activity of numerous cells through a wide variety of pathways
controlling among others inflammation, apoptosis and cell activation.
A tight regulation of TNF is essential for inducing proper host inflam-
matory responses while restricting self-aggression and promoting tis-
sue repair. We have previously shown that TNF production is
genetically regulated by a locus on rat chromosome 4, Eae26 (Gillett
et al., J Immunol, 2010). Polymorphisms in Eae26 regulate TNF pro-
duction in macrophages and susceptibility to various inflammatory
diseases in rats including experimental autoimmune encephalomyeli-
tis (EAE), a model for multiple sclerosis (MS). We now sought to
characterize mechanisms underlying this genetic regulation.
Methods: To characterize the effect of Eae26 we are comparing sus-
ceptible DA rats with the DA.PVG-Eae26 congenic strain that contains
resistant Eae26 alleles on the DA background. We have characterized
the phenotype of different antigen presenting cells (APCs). Macro-
phages and dendritic cells were differentiated from bone marrow
cells with MCSF, GMCSF, GMCSF/IL-4 or rhFLlt3l. We have also studied
intraperitoneal (i.p.) macrophages, blood monocytes and microglial
cells from adult central nervous system (CNS). The impact of Eae26 on ac-
tivated APCs was measured with ELISA (TNF), griess reaction (NO), flow
cytometry and ability to activate co-cultured T cells. Intra-regional
recombinants, in combinationwith sequence variations and gene expres-
sion, have been utilized to identify the gene(s) responsible for Eae26
effect.
Results: Our results indicate that besides known TNF regulation, Eae26
also regulates NO production and expression of CD86 in APCs. This
regulation was specific to stimulated bone marrow derived dendritic
cells (GMCSF/IL-4), i.p. macrophages and blood monocytes. In con-
trast, we observed no effect of Eae26 on MCSF derived macrophages,
splenic DCs and CNS microglial cells. MCSF and GMCSF/IL4 bone mar-
row derived APCs from DA.PVG-Eae26 induced lower T cells prolifer-
ation than the DA APCs. This was not the case for rhFLT3l derived
APCs. Furthermore this difference was abrogated when we used pep-
tide as antigen instead of the whole protein.
Conclusions: These results suggest that Eae26 regulates the phenotype
of infiltrating macrophages and monocytes, which in turn modulates
EAE susceptibility.
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Investigation of brain endothelial cell lines as models of the
blood–brain barrier

Olov Nilsson, Hedvig Hellqvist
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Objective: In this study we aim to characterize two brain endothelial
cell lines, GPNT and bEND5, with regards to innate immune function
in order for them to be used for in vitro studies of the blood–brain
barrier during activation of innate responses
Methods: Intracellular signalling molecules were quantified by
Western blot and cytokine release by ELISA, respectively.
Results: In the rat GPNT cell line a rapid increase (5–15 min) in
MAPK p38 phosphorylation was detected. In these cells the
release of the chemotactic cytokine CINC‐1 was increased 5-fold
by 1 ng/ml of LPS compared to untreated control. In the bEND5
cells neither p38 phosphorylation or JNK phosphorylation was
observed. However, KC release was comparable to CINC-1 release.
None of the tested histones (H1, II AS or VIII-S) induced KC
release
Conclusions: These results warrant further investigation of these cell
lines for their suitability for in vitro studies of the role of TLR4 signal-
ling in neutrophil transmigration.
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Enteric neurons express alpha-synuclein mRNA and functional
Toll-like receptors
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Objective: Several psychiatric and neurological disorders such as
Parkinson disease are associated with intestinal problems. Toll-like
receptors (TLRs) on mucosal immune cells and epithelium play an
important role in the pathophysiology of intestinal inflammatory re-
sponses. There are limited reports about the expression of TLRs on en-
teric neurons. We hypothesize that TLRs on enteric neurons play an
important role during intestinal inflammation associated with
Parkinson's disease. Therefore, we have studied the expression and
function of TLRs in relation to alpha-synuclein on the IM-FEN cell
line of neurons of the enteric nervous system.
Methods: The IM-FEN enteric neuronal cell line was used to study the
expression and function of TLRs. Immunohistochemistry was used to
determine expression of the neuronal proteins Protein Gene Product
9.5 (PGP9.5), peripherin, class III β-tubulin and Hu-antigen D
(HuD), hallmarks of a neuronal phenotype. TLR mRNA expression
and alpha-synuclein (AS) mRNA expression was determined by
qPCR. Functionality was determined by exposure of the cells to KCl
and lipopolysaccharide (LPS), a TLR4 ligand. After stimulation, TLR
and AS mRNA expression was determined by qPCR.
Results: In cultured enteric neuronal cells, bearing PGP9.5, peripherin,
class III β-tubulin and HuD, mRNA expression was found for TLR-2, -3,
-4, -5 and -7. Exposure of the enteric neuronal cells to KCl for 24 h in-
creased TLR7 and AS mRNA expression. In addition, exposure of the
enteric neuronal cells to the TLR4 ligand LPS resulted in decreased
AS mRNA expression.
Conclusions: The IM-FEN enteric neuronal cell line expressed TLRs -2,
-3, -4, -5, -7 and AS mRNA, and TLR4 protein. TLR4 is functional; 24 h
exposure of the enteric neuronal cells to LPS resulted in a decreased
expression of AS mRNA. Hyperpolarization of enteric neuronal cells
through KCl exposure resulted in increased TLR7 and AS mRNA pro-
duction, possibly indicating upregulation of TLR7 and AS protein
expression.

IM-FEN cells are therefore a good model to study the role of TLRs
on enteric neurons and the role of enteric neurons in psychiatric
and neurological disorders.

This study is part of the Utrecht University Focus en Massa
program
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TLR induced type I interferon signaling in regulation of glial and
inflammatory response in CNS
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Objective: Our goal is to understand the glial signaling that controls
inflammatory responses in the central nervous system (CNS). This
glial response can play both a detrimental and beneficial role. Toll
like receptor (TLR) signaling is implicated in responses to pathogene
or endogenous signals. TLR signaling mediate immune response by
inducing cytokines, including type I interferons (IFN), known to
exert anti-inflammatory effects. IFN-beta, a member of the type I
IFN family, is currently used as a therapeutic for multiple sclerosis.
Type I IFNs signal through a common receptor, IFNAR. The aim of
the present study was 1) to investigate the in vivo response of
microglia and astrocytes to CNS administration of TLR ligand/agonist,
and 2) to examine whether this response involves type I IFN
signaling.
Methods: Mice were administered TLR ligand/agonist by injection to
the cisterna magna. We analyzed leukocyte entry to the CNS at 6, 18
and 72 h post injection by flow cytometry, and their localization by
immunostaining. Astrocytes and microglia were sorted by FACS and
gene expression was measured using quantitative real time-PCR.
Results: Injection of ligand/agonist for TLR2, 3 and 4 resulted in infiltra-
tion of CD45+ leukocytes after 18 h, determined to be the optimal
time. Immunostaining showed parenchymal localization of infiltrating
cells in cerebellum. FACS sorted astrocytes expressed equivalent levels
of TLR3 mRNA to microglia but lower level of TLR2 or 4. Microglia and
astrocytes were induced by TLR3 and 4 signaling to express interferon
regulatory factor 7,which regulates the induction of type I IFN. Injection
of ligand/agonist for TLR2, 3 and 4 led to increased level of glial CXCL10
gene expression. Together these results suggest the involvement of type
I IFN signaling. However, unlike CXCL10 gene expression, that was de-
pendent on IFNAR signaling, TLR-induced leukocyte infiltration was
not affected in IFNAR deficient mice.
Conclusions: These studies point to a role for TLR signaling in the in-
nate glial response that regulates CNS inflammation.
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Objective: Multiple sclerosis (MS) pathogenesis might be linked to
impaired function of regulatory subsets of immune cells. In vitro, ac-
tivation of NK cells with IL-27 or IL-2 or treatment with the anti-CD25
monoclonal antibody can induce suppressor function of CD56bright NK
cells, with mechanisms, which are not fully explained but might in-
volve lytic enzymes such as perforin and granzyme K, while the
CD56dim NK cell subpopulation is believed to maintain prominent cy-
totoxic feature. Aim of the present study was to assess the suppressor
function of CD56bright and CD56dim NK cells isolated from subjects
with early MS and healthy controls (HC) following activation with
IL-12 and IL-15.
Methods: NK cells were negatively isolated from buffy coats of five
healthy donors or peripheral blood of five subjects with early MS.
NK cells were sorted based on the lack of expression of CD3 and ex-
pression of CD56 into CD56bright and CD56dim populations. Isolated
cell populations from HC and MS subjects were cultured without ac-
tivation or under activation with IL-12 and IL-15. Gene expression
and cytokine production were assessed at various time-points. Viable
cells were then re-sorted and co-cultured with autologous CD3+ T
cells to assess suppressor function of NK cells.
Results: No differences in CD56bright/CD56dim proportion were ob-
served between MS subjects and HC. Culture with IL-12 plus IL-15
induced proliferation of CD56bright and CD56dim NK cells from MS
subjects and HC. CD56bright NK cells from HC, but not MS patients,
were able to suppress autologous T cell proliferation. Interestingly,
also CD56dim NK cells displayed some suppressor function in HC.
The expression of granzyme K or other cytotoxic enzymes was not
impaired in NK cells from HC nor in NK cells from MS subjects.
Conclusions: Our data provide evidence that the suppressor function
of CD56bright NK cells is impaired in early MS under multiple
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activation conditions. Functional studies are required to dissect the
mechanism of such suppressor function in HC and the altered re-
sponse observed in MS. Interestingly, also CD56dim NK cells could be
able to suppress autologous T cell proliferation under selected stimuli
in HC.
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Scavenger receptor A expression on antigen presenting cells is
important for CD4+ T-cell proliferation in EAE mouse model
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Objective: Multiple sclerosis (MS) is an autoimmune disease of the
central nervous system (CNS) characterized by damage to the neuro-
nal myelin sheath. One of the key effectors for inflammatory injury is
the antigen-presenting cell (APC). The class A scavenger receptor
(SRA), constitutively expressed by APCs in peripheral tissues and
the CNS, was shown to play a role in the phagocytosis of myelin; how-
ever, the role of SRA in the development of experimental autoim-
mune encephalomyelitis (EAE) and autoimmune reaction in the
periphery has not yet been studied;
Methods: We measured the clinical score of EAE induced C57BL/6 and
SRA−/− mice characterized CNS pathology using immunohistology
staining. Furthermore we assessed pro-inflammatory cytokine re-
sponse in cell cultures;
Results: We discovered that EAE progression and CNS demyelination
were significantly reduced in SRA−/− mice compared to WT mice.
In addition, there was a reduction in infiltrating peripheral immune
cells into the CNS lesion of SRA−/− mice, which was associated with
reduced astrogliosis. Immunological assessment showed that SRA de-
ficiency resulted in significant reduction of pro-inflammatory cyto-
kines, such as IL-2, IFN-gamma, IL-17 and IL-6. Furthermore, we
discovered that SRA−/− APCs showed impairment in activation and
in their ability to induce CD4+ T cell proliferation. Recently, we
have shown development of brain lesions in EAE induced NOD mice
(Levy et al., 2010). Here we discovered an increase in SRA expression
in infiltrated cells surrounding the brain lesion in those mice.
Conclusions: Expression of SRA on APCs is important for CD4+ T-cells
proliferation in EAE mouse model. Further studies of SRA-mediated
cellular pathways in APCs may offer useful insights into the develop-
ment of MS and other autoimmune diseases, providing future ave-
nues for therapeutic intervention.
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Ageing impairs the phagocytic capacity of macrophages:
Implications for central nervous system repair

Eimear Linehan, Denise C Fitzgerald
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Objective: Macrophages and microglia play important roles in the
repair of myelin sheaths (remyelination). These potent phagocytic
cells remove myelin debris from lesions which is essential for repair
processes that follow. Many studies report that macrophage function
is altered as a result of ageing. Interestingly, the efficiency of remyelination
also decreases with ageing. We hypothesise that ageing impairs the
ability of macrophages to phagocytose myelin debris.
Methods: We investigated the ability of macrophages from young and
aged mice to phagocytose myelin debris and fluorescent particles. Mi-
croglia, peritoneal, splenic and bone-marrow derived macrophages
from young and aged mice were prepared. Fluorescently labelled my-
elin debris or fluorescent particles were added to these cultures and
phagocytosis was analysed by flow cytometry and immunofluores-
cence microscopy. In addition, in vivo phagocytosis was measured
by intraperitoneal injection of fluorescent particles in young and
aged mice.
Results: Phagocytosis was significantly reduced in microglia, peritone-
al and splenic macrophages from aged mice compared to macro-
phages from young mice. This reduction in phagocytosis was also
demonstrated in vivo. Interestingly, ageing did not alter phagocytosis
in bone marrow-derived macrophages generated from young or aged
mice in our system.
Conclusions: In conclusion, myelin debris phagocytosis is impaired in
macrophages from aged mice. Therefore, decreased remyelination effi-
ciency with ageing may be caused by dysfunctional aged macrophages.
These findings potentially have important therapeutic implications in
the development of remyelination enhancing treatments for demyelin-
ating diseases such as Multiple Sclerosis.
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Macrophages, myelin debris and the efficiency of CNS
remyelination: The problems of growing old
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Objective: Remyelination of demyelinated lesions can occur through
the formation of new myelin sheaths, which are recruited as oligo-
dendrocyte precursor cells (OPCs) after demyelination. This process
appears to become less effective with age, and one of the reasons
that OPCs do not remyelinate is due to the accumulation of myelin de-
bris. The failure of macrophages to remove debris may be an impor-
tant process behind the inhibition of remyelination and recovery. A
role for the nuclear retinoid X receptor (RXR) in remyelination has
been shown in OPCs, but its role in macrophages and myelin debris
clearance is still unknown. The goal of my project is to characterize
the role of nuclear receptors in the activation of myelin-clearing mac-
rophages and determine the factors in young macrophages that allow
them to effectively phagocytose debris to allow for remyelination.
Methods: Myelin debris clearance was tested by comparing young and
old bone-marrow derived macrophages (BMDMs) from female C57bl/
6 mice. BMDMs were isolated from 2 month old and 32 month old
mice. Immunocytochemistry was performed by fixing cells in 4%
paraformaldehyde and staining using standard protocols. Antibodies
against Iba-1 and MBP were used to indicate myelin debris uptake
by BMDMs. mRNA will be isolated from young and old BMDMs
using the Qiagen RNeasy Mini kit, and the transcriptomes will be se-
quenced on an Illumina platform to determine differences in gene
expression between the young and old macrophages in response to
myelin.
Results: Nearly 55% (+/−11%) of young BMDMs were able to effec-
tively clear myelin, while only 10% (+/−5%) of old BMDMs were
able to clear debris in vitro. In order to study whether the role of
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RXR in remyelination is macrophage-mediated, 1 μM 9-cis retinoic
acid (9cRA), an RXR agonist, was added along with myelin debris to
BMDMs. 9cRA significantly increased the amount of myelin cleared
by 32 month old BMDMs to 34% (+/−9%) and creates a more youth-
ful state. 9cRA has no significant effect on young BMDMs, indicating
that RXR may play an important role in the difference between
young and old myelin-clearing macrophages.
Conclusions: These results indicate that studying the role of macro-
phages in remyelination is important and that nuclear receptors
may play a vital role in the cause of neurological symptoms in some
MS patients. Repairing myelin damage using macrophages may be
the next step to discovering effective treatments for prominent de-
myelinating disorders.
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Sex-related differences in cAMP specific PDE4B3 splice variant,
cytokine mRNAs and ICER expression following LPS
induced neuroinflammation
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Objective: Sex-related differences have been observed in the inci-
dence and severity of several neurological diseases and in sepsis in
humans. cAMP has been shown to play an important role in modulat-
ing the inflammatory environment during neuroinflammation and
importantly in protecting myelin from excitotoxic cell death. cAMP
is hydrolyzed by cyclic nucleotide phosphodiesterase (PDE).

In the 1970s a specific PDE4 inhibitor, rolipram, was developed in
the aim to treat depression, as it was shown that augmented cAMP
levels enhance the noradrenergic neurotransmission in CNS and
altered peripheral immune system with increase in several pro-
inflammatory cytokines has been reported in depressed patients
and in animal models of depression.

Considering the sexual dimorphism in the functional proper-
ties of oligodendrocytes and the importance of a systemic inflam-
mation in the progression and relapses of multiple sclerosis
together with the relation reported for depression to both these
aspects, we focused on identifying possible sex-related differences
in the alterations previously reported for the two PDE4B splice-
variants (PDE4B2 and PDE4B3) mRNA expression during innate
neuroinflammation.
Methods: We analyzed the influence of an intra-peritoneal lipopoly-
saccharide injection on the distribution pattern and expression levels
of the four PDE4B mRNA splicing variants and of COX-2, IL1-β and
TNF-α mRNAs in both male and female mice brains by semi-
quantitative analyses of in situ hybridized brain sections. Double
ISHH was used for characterization of the cell populations involved
in the PDE alterations. Furthermore, western blot analyses of the ex-
pression of inducible cAMP early repressor (ICER), phosphor-CREB
and PDE4B together with cAMP assays was used to explore the
sex-related differences observed.
Results: Clear differences were observed in PDE4B2 and PDE4B3
mRNA expression levels in males compared to females in a
time-dependent manner. Furthermore, we observed that the clear
downregulation of PDE4B3mRNAwas reflected in a lower percentage
of oligodendrocytes positive for this transcript which correlated with
a decrease in inducible cAMP early repressor (ICER) expression in
female corpus callosum.
Conclusions: Knowledge about PDE4B mRNAs expression in mouse
brain in both sexes and the alterations provoked by LPS administra-
tion might help us to clarify sex-related differences in psychiatric
disorders and not to mention in the susceptibility to autoimmune
diseases.
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The multiple sclerosis susceptibility MAPK1 allele is associated
with decreased degranulation by bulk NK cells and CD56dim NK
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Anna Kaliszewska1, Qingquan Liu2, Brendan T. Keenan1, Zongqi Xia1,
Christoph T. Berger2, Michelle Lee1, Galit Alter2, Philip L. De Jager1

1Program in Translational NeuroPsychiatric Genomics, Institute for the
Neurosciences, Department of Neurology and Psychiatry, Brigham and
Women's Hospital, Harvard Medical School, Boston, United States;
2Ragon Institute, Massachusetts General Hospital, Massachusetts Institute
of Technology and Harvard University, Boston, United States

Objective: Natural killer (NK) cells are capable of killing target cells
and secreting cytokines that regulate immune response. They have
been implicated in different aspects of multiple sclerosis (MS), in-
cluding susceptibility and acute inflammatory events. Here, we
assessed whether the function of NK cells is influenced by genetic
variants associated with MS susceptibility and could mediate some
of the functional consequences of the risk-associated alleles.
Methods: We investigated the role of mitogen-activated protein ki-
nase 1 (MAPK1) allele given that this protein is implicated in NK cell
mediated cytotoxicity. The dataset consists of phenotypic and func-
tional NK cell profiles of 96 healthy subjects using flow cytometry.
The results were replicated in the cohort of 65 subjects.
Results: We observed a strong association of theMAPK1 risk allele with
decreased degranulation (as measured by CD107α) by CD56dim NK
cells in response to HLA class I-deficient B cells in both the discovery
(p=0.02) and replication samples (p=0.005). This association
remained significant for total NK cells (p=0.01). These data indicate
that the MAPK1 MS susceptibility allele alters the degranulation re-
sponse of NK cells; an effect that is mainly driven by CD56dim subset.
Conclusions: MAPK1 has previously been shown to play an impor-
tant role in NK cells effector function, possibly by its control of
mobilization of secreted components such as perforin upon target
cell engagement. We hypothesize that the MAPK1 MS susceptibili-
ty allele may predispose to decreased cytotoxicity of NK cells that
may result in insufficient clearance of activated immune cells.
Modulation of the MAPK1 pathway could therefore provide an in-
teresting avenue to modulate dysfunctional immune responses in
MS.

456

Host factors driving the detrimental response to Campylobacter
causing the Guillain–Barré syndrome

Ruth Huizinga

Department of Immunology, Erasmus MC, University Medical Center,
Rotterdam, Netherlands

Objective: Campylobacter jejuni is the predominant preceding infection
in the Guillain-Barré syndrome (GBS) and is associated with severe
weakness and poor outcome. Molecular mimicry between C. jejuni
lipo-oligosaccharides (LOS) and gangliosides induces cross-reactive anti-
body responses precipitating peripheral nerve damage. This detrimental
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immune response after C. jejuni infection only occurs in a small minority
of susceptible persons: probably in less than 1 in 1000 C. jejuni infections.
The recurrence rate of GBS is approximately 5%, suggesting a role for host
factors in GBS susceptibility. In pilot studies we previously found that
dendritic cell (DC) and subsequent B-cell responses to C. jejuni LOS differ
significantly between persons. We hypothesized that high responders to
C. jejuni LOSmay especially be at risk to develop GBS after C. jejuni infec-
tion. We investigated the constitutional difference in the DC/B-cell re-
sponse to C. jejuni LOS in 20 healthy controls at 3 time points during a
six-month follow-up. In addition we compared the DC/B-cell response
between C. jejuni related ex-GBS patients (n=27) and control subjects
(n=28).
Methods: Peripheral blood monocyte-derived DC were stimulated
with C. jejuni LOS. The expression of maturation markers was deter-
mined using flow cytometry and cytokines were measured in the su-
pernatant. Additionally, DC supernatants were assessed for their
ability to promote B-cell proliferation.
Results: The results indeed confirm our earlier observation that the
DC/B-cell response was highly variable between healthy donors. The
differential responsiveness to C. jejuni LOS was confirmed at 3 and
6-months follow-up, suggesting a constitutional factor that deter-
mines the extent of the response. When comparing C. jejuni-related
ex-GBS patients and control subjects, we found significant differences
in the DC maturation markers CD38 and CD40, but not in other
markers including CD80, CD83, CD86 and HLA-DR. Although the
B-cell proliferative capacity of the DC supernatant as well as the pro-
duction of tumour necrosis factor-α was not significantly different,
there was a trend towards increased type I interferon production by
DC of ex-GBS patients (p=0.09).
Conclusions: These results indicate that, using an in vitro DC/B-cell
model, high and low responding healthy individuals to C. jejuni LOS
can be identified. Ongoing research will reveal whether the subtle
differences in the DC response to C. jejuni LOS play a role in GBS
susceptibility.
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Immunomodulatory effects of Type II macrophages and microglia
in experimental autoimmune encephalomyelitis

Sarrabeth Stone1, Diane Kenwright2, Anne La Flamme3

1School of Biological Sciences, Victoria University of Wellington, Wellinton,
New Zealand; 2Wellington School of Medicine and Health Sciences,
University of Otago,Wellington, NewZealand; 3School of Biological Sciences,
Victoria University of Wellington, Wellington, New Zealand

Objective: Microglia (MG), the macrophage (MФ)-like cell type of the
central nervous system (CNS) are important in the inflammatory re-
sponses that occur in the brain and spinal cord. Studies also suggest
that MG may also have a protective role in neuroinflammation. MΦ
can be induced into several activation states. Type II MΦ have a regula-
tory phenotype, producing increased IL-10 and decreased IL-12. Type II
activatedMΦ and Type II inducing treatments are protective against ex-
perimental autoimmune encephalomyelitis, however the effects these
have on MG is unknown. The aims of this project were to determine if
MG are capable of type II activation and to determine the effects of
treatingmice with type II inducing substances has on microglial activa-
tion, in both normal conditions and in experimental autoimmune
encephalomyelitis (EAE).
Methods: In order to investigate whether MG can also be type II
activated, MG were isolated from the CNS of adult mice and
maintained with M-CSF for 4 weeks before stimulation with
lipopolysaccharide LPS or LPS, which induce classical or type II
activation in MΦ respectively. To determine whether MG activa-
tion is altered in vivo by Type II inducing treatments, bone mar-
row chimeras were created using mice congenic for CD45 to allow MG
to be analysed separately from invading cells. In addition we used im-
munohistochemistry to look at the expression of several markers asso-
ciated with MG function and inflammation.
Results: Under type II activating conditions, where MG are stimu-
lated with LPS and immune complexes, MG produced less IL-12
compared to those under classical activating conditions (LPS
alone). Treatment with immune complexes is protective in mice
with EAE, we found that MG from IC treated mice exhibit a less in-
flammatory phenotype than those that are isolated from untreated
mice.
Conclusions: MG appear to be capable of achieving type II activation
which is a regulatory phenotype. MG activated to a regulatory pheno-
type should be capable of altering the immune microenvironment in
the CNS which would potentially protect against neuroinflammation,
such as that seen in Multiple Sclerosis.
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Lack of TGFβ signaling in myeloid cells prevents entry into the
remission phase of experimental autoimmune encephalomyelitis

Ivana Tosevski-Trogrlic1, Ursula Malipiero1, Friederike Ackermann1,
Marco Prinz2, Doron Merkler3, Mathias Heikenwälder4,
Adriano Fontana5, Tobias Suter1

1Clinical Immunology, University Hospital Zurich, Zurich, Switzerland;
2Department of Neuropathology, University Clinic Freibourg, Freibourg,
Germany; 3Department of Pathology and Immunology, University of
Geneva, Geneva, Switzerland; 4Helmoltz Zentrum, TU Munich, Munich,
Germany; 5Experimental Immunology, University of Zurich, Zurich,
Switzerland

Objective: Mechanisms to control autoimmunity are of immense im-
portance for the organism. TGF-beta is a potent regulatory cytokine
with diverse effects on hematopoietic cells. In experimental autoim-
mune encephalomyelitis (EAE), a model for multiple sclerosis, it has
been shown that the expression level of TGF-beta is increased during
the remission phase. However, the role of TGF-beta in regulating
myeloid cells during autoimmune responses is not thoroughly
studied.
Methods: In order to dissect the role of TGF-β in the innate immune
system during autoimmunity, we induced EAE in conditional knock-
out mice with the specific deletion of the TGFβRII gene in activated
phagocytosing myeloid cells (phag-TGFbRII−/−).
Results: Our study shows that in contrast to control animals
MOG-immunized phag-TGFbRII−/− mice develop stronger EAE and
are not able to remit from the disease. Histological analysis of these
mice revealed significantly stronger demyelination and accumulation
of inflammatory dendritic cells (infDCs). Interestingly, we observed
up-regulated expression of the Nox-2 gene both in total lysates and
in infDCs. Nox-2 encodes for a subunit of NADPH oxidase, responsible
for the reactive oxygen species (ROS) production. Furthermore, we
found enhanced phagocytic activity in infDCs derived from the CNS
of EAE-diseased phag-TGFbRII−/−mice.
Conclusions: Our data suggest that TGF-β signaling in myeloid cells
has a crucial regulatory role in the amelioration phase of EAE
and in protection from damage by myeloid cells. TGFb may exert
its regulatory function via regulation of ROS production and
phagocytosis.



44 Abstracts
101

GM-CSF induces dendritic-cell like microglia through classical
PKC/AP-1-dependent pathway

Yoshifumi Sonobe, Bijay Parajuli, Hiromitsu Tabata,
Hideyuki Takeuchi, Tetsuya Mizuno, Akio Suzumura

Department of Neuroimmunology, Research Institute of Environmental
Medicine, Nagoya University, Nagoya, Japan

Objective: Microglia are resident macrophage-like antigen presenting
cells in the central nervous system (CNS), which play both inflammato-
ry and neuroprotective roles in CNS inflammation including multiple
sclerosis (MS), Alzheimer's disease, and amyotrophic lateral sclerosis.
We and others showed that GM-CSF induced expression of CD11c,
MHC class II, CD86, and PD-L1 in microglia to be dendritic-cell (DC)
like phenotype. However, it is still unclear how GM-CSF induces
DC-like microglia. We have examined how GM-CSF induces microglial
differentiation into DC like cells.
Methods: Microglia were isolated from mixed glial cell cultures from
newborn C57BL/6 mice by shaking off method. After pretreatment
with each inhibitor including Gö6976 (PKC inhibitor), Wortmannin
(PI3K inhibitor), Rapamycin (mTOR inhibitor), and Akt inhibitor, for
30 min, cells were stimulated with GM-CSF. Total RNA was extracted
and RT-PCR was performed to assess CD11c and GAPDH mRNA ex-
pression. Flow cytometry was performed to analyze surface expres-
sion of CD11c and MHC classs II and costimulatory molecules
including CD80, CD86, and PD-L1. For detection of PKC-α, c-Fos, and
c-Jun, microglia were stimulated with GM-CSF. After washing twice,
cells were lysed with TNES buffer and Western blotting was
performed. Gel shift assay and Chip assay were also performed to de-
tect nuclear translocation of transcription factor and binding of tran-
scription factor to DNA.
Results: Both Gö6976 and Wortmannin, but not Rapamycin, and Akt
inhibitor, inhibited microglial CD11c expression. GM-CSF induced
both PKC-α and PI3Kp55 phosphorylation. PI3Kp55 phosphorylation
was suppressed by Gö6976, suggesting that classical PKC regulates
PI3Kp55 phosphorylation. Gel shift assay and Chip assay showed
that GM-CSF-induced CD11c expression was mediated by AP-1 family
transcription factor, c-Fos and c-Jun. Both c-Fos and c-Jun phosphory-
lation was inhibited by Gö6976, suggesting that classical PKC was up-
stream of c-Fos and c-Jun.
Conclusions: These results suggest that GM-CSF induces microglia to dif-
ferentiate to CD11c+cell differentiation through classical PKC-PI3K-AP-1
(c-Jun and c-Fos) dependent pathway inmicroglia. It is reported that local
antigen presentation in the CNS by CD11c+ DCs is important to drive
progression of experimental autoimmune encephalomyelitis, an animal
model ofMS. Thus, classical PKC/AP-1 (c-Jun and c-Fos)-targeting therapy
in microglia may be useful strategy to treat MS.
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Granulocytes and their growth/ mobilizing factors as candidate
therapeutic targets in autoimmune demyelinating disease

Julie Rumble, Benjamin Segal

Program in Neuroimmunology, University of Michigan, Ann Arbor,
United States

Experimental autoimmune encephalomyelitis (EAE) is a murine
model of autoimmune demyelination that is frequently used as a
model for multiple sclerosis (MS). We have previously shown that
granulocytes are critical for blood–brain-barrier (BBB) breakdown and
clinical disease in mice actively immunized with myelin antigens. In
the current study we investigated the pathways by which granulocytes
are regulated during EAE. We found that granulocyte-colony stimulat-
ing factor (G-CSF) and CXCL1 were upregulated in the serum shortly
after immunization with myelin peptide in CFA. The induction of
these mobilizing factors correlated with granulocyte expansion in the
bone marrow and their accumulation in the circulation. Sustained ex-
pression of serum G-CSF was dependent on the administration of
Bordetella pertussis toxin, which is required for the clinical manifesta-
tion of EAE in our model. Induction of systemic G-CSF and mobilization
of granulocytes were both dependent on IL-1R1 signaling, which was
previously implicated in the pathogenesis of autoimmune demyelinat-
ing disease. Transfer of IL-23-polarized, myelin-specific CD4 T cells
into naïve syngeneic hosts was sufficient to upregulate G-CSF and to
mobilize granulocytes into the circulation. Clinical EAE was attenuated
in the absence of the receptor for G-CSF. Interestingly, individuals
with MS have been reported to have experienced severe exacerbations
when given recombinant G-CSF following bonemarrow transplant. Col-
lectively, these data demonstrate the importance of G-CSF-driven gran-
ulocytemobilization in the development of autoimmune demyelinating
lesions and implicate granulocytes and their growth/ mobilizing factors
as novel therapeutic targets in MS.
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Adherence enables monocytes to efficiently polarize memory CD4
T-cells upon stimulation with LPS

Vanessa Beynon, Gopal Murugaiyan, Andre Pires da Cunha,
Francisco Quintana, Howard Weiner

Center for Neurologic Diseases, Brigham and Women's Hospital, Boston,
United States

Objective: Humanmonocytes have the ability to polarize memory CD4
T-cells in non-lymphoid tissues. This has been linked to the patho-
physiology of autoimmune diseases characterized by a skewing of
CD4 T-cell responses to the TH17 phenotype. We studied this effect
in an environment which does not facilitate adherence of monocytes,
comparable to the bloodstream compartment.
Methods: We used culture plates coated with a hydrogel layer that
minimizes adherence for the culture of monocytes and compared it
to monocytes grown in normal tissue culture plates. Monocytes
were co-cultured with memory CD4 T-cells and activating αCD3 anti-
body with or without LPS. Percentage of IL-17 and IFNγ producing
memory CD4 T-cells was measured by intracellular cytokine staining,
cytokine release by monocytes was measured by ELISA and surface
expression of co-stimulatory molecules was measured by flow
cytometry.
Results: We found that upon stimulation with LPS non-adherent mono-
cytes were not able to polarize memory CD4 T-cells as efficiently as ad-
herent monocytes. This was not related to increased spontaneous
apoptosis of non-adherent monocytes or difference in proliferation.
CD4 T-cell polarizing cytokine release upon LPS-stimulation was im-
paired in non-adherent monocytes and expression of co-stimulatory
molecules by non-adherent monocytes was altered upon stimulation
with LPS as compared to adherent cells. However neither addition of re-
combinant cytokines nor exogenous stimulation of co-stimulatory mol-
ecules led to a reversal of reduced T-cell polarization by non-adherent
monocytes. Activation of the β2-integrin pathway partly rescued the
impaired LPS-induced cytokine release.
Conclusions: Monocytes encountering LPS in an environment that
does not facilitate adherence have an impaired ability to polarize
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memory CD4 T-cells. They secrete less T-cell polarizing cytokines,
which is partly reversed by activation of the β2-integrin pathway,
and have an altered surface expression of co-stimulatory molecules.

Models of disease
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CB2 signaling is required for susceptibility to cerebral malaria

Judith Alferink1, Sabine Specht2, Hannah Arends3, Kim Schmidt2,
Andrea Kemter3, Stefanie Scheu4, Karola Poppensieker3, Beatrix
Schumak2, Wolfgang Maier5, Achim Hoerauf2, Andreas Zimmer3
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University of Bonn, Bonn, Germany; 4Institute of Medical Microbiology
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The endocannabinoid system (eCBs) is suggested to control
neuroinflammatory responses and therefore harbors potential for the
treatment of parasite-induced CNS infections. In this study we investi-
gated the role of the cannabinoid receptor 2 (CB2) in a mouse model of
cerebral malaria (CM). CB2 knockout (Cnr2−/−) mice inoculated with
Plasmodium berghei ANKA-infected erythrocytes (PbA-RBC) were
shown to exhibit enhanced survival, while all wild type (WT) controls
succumbed to disease. In addition, therapeutic application of the CB2 an-
tagonist SR122458 conferred enhanced ECM resistance in C57BL/6mice.
PbA-RBC infected Cnr2−/− mice showed a reduced brain vessel seques-
tration of parasitized erythrocytes, a less compromised blood brain bar-
rier and diminished neuroinflammation. Although a general reduction
of infiltrating hematopoietic cells was observed in Cnr2−/− mice,
CD11b+ macrophage ratios within the brain infiltrate were increased.
Higher numbers of CD11b+ cells expressedmarkers of alternatively acti-
vated macrophages, suggesting that they mediate beneficial responses
during parasite infection. Thus, targeting CB2 during parasite infection
is a promising approach for the development of alternative treatment re-
gimes for controlling parasite-induced neuroinflammatory responses.
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Interaction of inflammation and hyperoxia in a rat model of
neonatal white matter damage
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Objective: Intrauterine infection and inflammation are major reasons for
preterm birth. The switch from placenta-mediated to lung-mediated
oxygen supply during birth is associated with a sudden rise of tissue ox-
ygen tension that in preterm infants amounts to relative hyperoxia.
Both, infection/ inflammation as well as hyperoxia have been shown
to be involved in brain injury of preterm infants. Since it is unclear
how the combination of these two insults might contribute to tissue in-
jury, we investigated the influence of a systemic lipopolysaccharide
(LPS) application on hyperoxia-induced white matter damage (WMD)
in newborn rats.
Methods: Three-day-old Wistar rat pups received 0.25 mg/kg LPS i.p.
and were subjected to 80 % oxygen on P6 for 24 hours. The extent
of WMD was assessed by immunohistochemistry and western blot
analysis. In addition, the effects of LPS and hyperoxia were studied
in an in vitro co-culture system of primary rat oligodendrocytes and
microglia cells.
Results: Both noxious stimuli, hyperoxia and LPS, induced a significant
increase in apoptotic cell death as revealed by elevated cleaved
caspase-3 levels and TUNEL-positive cells. Furthermore, both
hyperoxia and LPS caused hypomyelination as revealed by Western
blot and immunohistochemistry. However, single hit and two
hit treated pups evoked the same degree of hypomyelination in
vivo. Interestingly, LPS pre-incubation reduced premyelinating-
oligodendrocyte susceptibility towards hyperoxia in vitro which
also involved a modulation of the inflammatory response regarding
cytokine expression.
Conclusions: In summary, our data suggest that inflammation as well
as hyperoxia strongly attenuate oligodendrocyte cellular dynamics
involving apoptotic pathways. Besides, our in vitro data indicate that
neuroinflammatory mechanisms contribute to vulnerability of imma-
ture oligodendrocytes. This study demonstrates that the interactions
among inflammation and hyperoxia in neonatal brains might contrib-
ute to WMD in premature born infants and are of major importance
to the field of perinatal neurology.
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Characterization of a relapsing remitting type of EAN induced in
Lewis rats

Susana Brun, Wissam Beaino, Elisabeth Trifilieff

CNRS, Université de Strasbourg, Strasbourg, France

Objective: Guillain–Barré syndrome (GBS) and chronic inflammatory
demyelinating polyradiculoneuropathy (CIDP) are autoimmune-
mediated inflammatory diseases of the PNS. Valuable insights in the
immunopathogenic mechanism of GBS has been gained from the
animalmodel, experimental autoimmuneneuritis (EAN) that can be ac-
tively induced in Lewis rats by immunization with peripheral myelin
homogenates, myelin proteins or derived peptides. But this model
really only mimics the acute form of GBS (AIDP) and, at the moment,
there is no useful animal model for CIDP, the chronic form.

In a previous study, we have shown that thiopalmitolation of en-
cephalitogenic T-cell epitopes of CNS myelin proteolipid protein, en-
hanced immune responses as well as the development and
chronicity of EAE, an animal model of the human demyelinating dis-
ease, multiple sclerosis. We hypothesize that the injection of Lewis
rats with the thiopalmitoylated immunodominant P0 neuritogenic
epitope would induce a chronic type of EAN.

The objective of this study is to characterize the EAN model we
have induced in Lewis rats by injection of the thiopalmitoylated pep-
tide palmP0(180–199).
Methods: We have synthesized palmitoylated and non-palmitoylated
P0(180–199) to study and compare their immunogenic and
neuritogenic properties after injection in Lewis rats. The disease
course was followed by clinical assessment and histopathology of
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the sciatic nerve. Demyelination and infiltration of inflammatory cells
were assessed at different stages of the disease model and the cellular
immune response was studied in detail.
Results: The acute course, clinical score and profile of EAN induced
after injection of P0(180–199) as well as the histopathological char-
acterization of the sciatic nerve were in complete accordance with
the literature. In contrast, palmP0(180–199) induced a relapsing-
remitting type of disease with 2 relapses (31, 42 dpi) after the first
attack (12 dpi) with an important demyelination at 21 and 31 dpi
associated with macrophages and T cells infiltration assessed by
immunohistology. Complete remyelination was observed at 62 dpi
when the animals had fully recovered. Preliminary results of prolifer-
ation assays show that there is an increase in the proliferation of LNC
when palmP0(180–199) is used to either inject the rats or as a stim-
ulating antigen.
Conclusions: From these data we concluded that palmP0(180–199) is
able to induce a “CIDP-like relapsing” T-cell mediated disease in the
Lewis rats.
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Gastrointestinal inflammation in a valproic acid-induced murine
model for autism

Caroline de Theije, Pim Koelink, Mechiel Korte, Berend Olivier,
Johan Garssen, Aletta Kraneveld
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Objective: The gut–brain axis has been implicated in various psychiat-
ric disorders, including autism. Although it has been reported that au-
tistic patients suffer from intestinal problems, there is still much
debate on the role of the gastrointestinal (GI) tract in autism. There-
fore, we used a valproic acid (VPA)-induced murine model of autism
to investigate whether VPA offspring exerted disturbances in the GI
tract.
Methods: Pregnant mice were subcutaneously injected with 600 mg/
kg sodium valproate or PBS at day 11 of gestation. After birth, the off-
spring was housed with the mother until weaning at postnatal day
21. At day 28–30 a social behavior test was performed, whereupon
mice were sacrificed and tissue was collected for histology and pro-
tein analyses. For histology, paraffin embedded sections of proximal
and distal ileum and colon were stained using standard H&E staining.
Tissue samples of jejunum, middle ileum, distal ileum and colon were
homogenized and neutrophil infiltration was quantified by measur-
ing myeloperoxidase (MPO) levels.
Results: Only male offspring of VPA-treated mothers showed reduced
social behavior compared to the offspring of PBS-treated mice. In the
GI tract of the male offspring of VPA mothers, profound cellular in-
flammation and a disturbed epithelial layer was observed predomi-
nantly in the distal ileum. A significant increase in MPO, a marker
for neutrophil infiltration, was observed in the distal ileum of male
offspring of VPA mothers, confirming the histological observations.
Tissue samples of female offspring are currently under investigation,
but first results indicate that no inflammation is present in the GI
tract of female offspring of VPA mothers.
Conclusions: These findings demonstrate that VPA maternal challenge
in mice not only leads to behavioral impairments in the male off-
spring, as reported by various groups, but prenatal exposure to VPA
also induces gastrointestinal neutrophilic inflammation, predomi-
nantly in the distal ileum. Since the use of VPA during pregnancy in-
creases the risk of autism in offspring in humans as well, these data
indicate that autism might indeed be associated with GI inflamma-
tion. Future research is focused on the pathway in which prenatal
exposure to VPA induces GI inflammation to gain more knowledge
on potential targets for treatment.

This study is part of the Utrecht University ‘Focus en Massa’ pro-
gram and is financially supported by Danone Research-Centre for
Specialised Nutrition.
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Gimap5 deficiency in Lewis rats causes lymphopenia and
exacerbates Experimental Autoimmune Encephalomyelitis

Henrike J. Fischer, Jens van den Brandt, Holger M. Reichardt
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Objective: Deficiency of the GTPase of the immunity associated protein
5 (Gimap5) causes severe T cell lymphopenia and is responsible for
the development of autoimmune Type 1 Diabetes in BB rats.
Gimap5 in these rats carries a single point mutation, resulting in
the expression of a truncated, non-functional protein. Consequently,
peripheral CD8+ and CD4+ T lymphocyte numbers are dramatical-
ly diminished due to increased death of recent thymic emigrants.
This appears to explain the selective enrichment of autoreactive
T cells as indicated by an oligoclonal expansion of the remaining
T cells. Interestingly, Gimap5 deficiency in PVG rats also leads to
T-lymphopenia and autoimmunity, although Gimap5 deficient rats
on this genetic background develop eosinophilic bowel disease
rather than Type 1 diabetes. Moreover, Gimap5 polymorphisms in
humans are linked to systemic lupus erythematosus and these pa-
tients are also lymphopenic.
Methods: To study Gimap5 function in neuroinflammatotory diseases,
we have backcrossed the mutant Gimap5 allele to Lewis rats, a strain
known to be particularly prone to develop experimental autoimmune
encephalomyelitis (EAE). By using speed congenics we were able to
obtain a 99% pure Lewis background within 5 generations.
Results: Gimap5 deficient Lewis rats develop T lymphopenia in the
periphery and show an altered TCR repertoire. Whereas the V beta
chain usage in the thymus is unchanged, some V beta chains are over-
represented on peripheral T cells of Gimap5 deficient Lewis rats as
compared to controls. However, the affected V beta chains are not
identical to the ones altered in BB rats. Although up to now we did
not observe any spontaneous disease development, Gimap5 deficient
rats suffer from a fulminant disease course after active EAE induction.
This would be consistent with the observation in MS patients that an
altered frequency of certain V beta chains is linked to the develop-
ment of MS.
Conclusions: Collectively, our data suggest that a skewed TCR repertoire,
as caused by Gimap5 deficiency, can aggravate neuroinflammatory
diseases such as EAE. This might contribute to a better understanding
of the etiology of MS.
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Neurocognitive and Immunologic Alterations Associated with Self
Injurious Behavior in a Rhesus Macaque Model

Zachary Freeman1, Kelly Metcalf Pate1, Kelly Rice1, Paul Soto2,
JosephMankowski1, M. Christine Zink1, Robert Adams1, Eric Hutchinson1

1Department of Molecular and Comparative Pathobiology, Johns Hopkins
University School of Medicine, Baltimore, United States; 2Department of
Psychiatry and Behavioral Sciences, Johns Hopkins University School of
Medicine, Baltimore, United States



47Abstracts
Objectives: Self Injurious Behavior (SIB) is a common comorbidity of
psychiatric disorders and is emerging as a unique syndrome. A dearth
of information about the neuroimmunologic mechanisms underlying
this behavior is available, and few representative animal models exist.
Previous work has demonstrated alterations in HPA axis and cortisol
function, which are known regulators of the immune system. We de-
scribe a cohort of rhesus macaques, with 100% incidence of SIB post
puberty, in which changes within the central nervous system (CNS)
and immune system were associated with the SIB.
Methods: Wounding behavior was documented using a wound score
(WS) scheme to measure severity and area affected by self-inflicted
wounding. To evaluate the predictive value of cognitive deficits for the
later development of wounding behavior, standardized touchscreen
cognitive function tests were used to assess impulsivity (Stop Signal
Response Time SSRT) and attentional set shifting (Intradimensional/
Extradimensional shift ID/ED). These data were correlated to WS
in SIB macaques at 2.5, 4, and 4.5 years of age (YoA). To investigate
whether perturbations of the dopaminergic nervous system contribute
to wounding, PET-MRI [11C]raclopride imaging of D2 dopamine recep-
tor expression within the striatum was performed at 5 YoA and corre-
lated with adolescent WS. CNS inflammation has been reported with
disorders comorbid with SIB and we quantified cerebrospinal fluid
levels of the inflammatory cytokine IL-6 using a commercially available
ELISA. Given that platelet activation has been previously noted in con-
junction with SIB, we also examined markers of platelet activation
using FACS.
Results: SIB macaques had increased SSRT (Spearman r=0.563 p=
0.045) and increased ID/ED errors (Spearman r=0.692 p=0.009)
correlating with WS at preadolescent ages preceding the develop-
ment of observable wounding. D2 receptor expression within the stri-
atum was elevated in animals with increased severity of wounding
(Spearman r=0.662 p=0.014). Macaques with SIB also had in-
creased levels of CSF IL-6 compared to normal animals (Mann
Whitney p=0.043). Platelets had increased surface expression of
PAC-1 and pselectin (MW p=0.023, 0.065).
Conclusions: Alterations in neurocognitive and immunologic functions
associated with the severity of SIB were found in these macaques.
These animals may provide a model to study the complex interactions
of the nervous and immune systems in psychiatric disease.
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Inflammatory monocytes exacerbate injury following
intracerebral hemorrhage

Matthew D. Hammond, Roslyn A. Taylor, Youxi Ai, Lauren H. Sansing

Department of Neuroscience, University of Connecticut Health Center,
Farmington, United States

Objective: Neuroinflammation is a major component of secondary
injury following intracerebral hemorrhage (ICH). However, little
is known about which of the many invading leukocyte populations
mediate secondary injury. Inflammatory Ly6Chi monocytes have
been shown to exacerbate injury in other models of sterile inflam-
mation. In this study we examined the role of Ly6Chi monocytes on
inflammation and injury in a mouse model of ICH. The purpose of
this study was to determine how inflammatory monocytes influ-
ence inflammation and secondary injury following ICH.
Methods: The autologous blood injection ICH model was performed
in C57BL/6J (WT) or B6.129S4-Ccr2tm1Ifc/J (CCR2−/−) mice. Briefly,
20 μl blood were stereotaxically injected 2.5 mm right and 3 mm
deep, relative to bregma. Injecting blood into this location causes
a right basal ganglia ICH, resulting in a left-sided motor deficit.
Motor function was assessed using the cylinder test. Mice were
placed into a glass cylinder and observed for 20 rears by a blinded
scorer. For each rear, the initial forelimb placed on the wall of the
cylinder was recorded. A laterality index (L.I.) was calculated as
(right placements− left placements)÷(lefts+rights+boths), where
zero indicates no forelimb preference and 1 indicates that only the
right forelimb was used. Flow cytometry was performed on ipsilateral
brain hemispheres following mechanical and enzymatic digestions
and centrifugation on a 30%/70% percoll gradient. Bone marrow trans-
plants were performed by injecting 1×106 WT or CCR2−/− bone mar-
row cells into lethally irradiated CD45.1 mice.
Results: CCR2−/− mice have significantly fewer Ly6Chi monocytes,
Ly6Clow monocytes, and dendritic cells in the brain at post-ICH days
1 and 3. A reduction in these leukocyte populations coincides with
significantly improved motor function in CCR2−/− mice at day 1
(L.I.=0.13±0.20 CCR2−/− versus 0.71±0.34 WT; pb0.05 by
t-test). Both groups of mice perform similarly on the cylinder test be-
yond day 1. Irradiated CD45.1 mice with CCR2−/− circulating leuko-
cytes had a significantly abrogated motor deficit compared to
CD45.1 mice reconstituted with WT bone marrow cells (L.I.=
0.30±0.21 CCR2−/− versus 0.55±0.19 WT; pb0.05 by t-test).
Conclusions: Together, these experiments show that bone marrow-
derived CCR2-expressing monocytes contribute to early injury follow-
ing ICH. In the absence of these monocytes, mice exhibit less severe
motor deficits and have a decreased inflammatory response.

17

Gastrointestinal symptoms and probiotic treatment in a mouse
model of an autism risk factor

Elaine Y. Hsiao, Sara W. McBride, Sophia Hsien, Janet Chow,
Sarkis K. Mazmanian, Paul H. Patterson

Biology Division, Caltech, Pasadena, United States

Objective: While autism is a neurodevelopmental disorder character-
ized by language and social deficits, recent studies have highlighted
striking dysregulation in the neural, peripheral, and enteric immune
systems of autistic individuals. There are also reports that subsets of
children with autism spectrum disorder (ASD) display gastrointesti-
nal (GI) abnormalities, including chronic inflammation of the colon,
increased intestinal permeability and altered composition of GI
microbiota. Moreover, antibiotic treatment and restricted diet are
reported to provide behavioral improvements for some ASD children.
We use a mouse model of an ASD risk factor, maternal immune activa-
tion (MIA), to assess whether offspring, which display core behavioral
and neuropathological features of autism, also display ASD-associated
GI symptoms. To explore the potential connections between GI prob-
lems and the brain and behavior, we test whether postnatal administra-
tion of a probiotic influences GI and ASD-related behaviors.
Methods: Pregnantmice are injectedwith poly(I:C) (to evoke amaternal
inflammatory response) or saline on E12.5. Adult poly(I:C) offspring are
confirmed to exhibit autism-related behavioral abnormalities and neu-
ropathology. Offspring are fed three doses of probiotic bacteria at
weaning. Young and adult offspring are assessed for a) intestinal barrier
integrity bymeasuring leakage of FITC-dextran through the intestinal ep-
ithelium and tight junction expression, b) enteric immune abnormalities
by assessing profiles and function of leukocytes derived from themesen-
teric lymph nodes, c) GI inflammation by cytokine Luminex array and
histology, d) serum metabolome profiles by GC-MS and LC-MS.
Results: MIA offspring display decreased intestinal barrier integrity
and corresponding changes in levels of tight junction proteins.
These symptoms are associated with altered expression of colon cyto-
kines and changes in serum metabolite levels. Postnatal probiotic
treatment ameliorates these GI abnormalities, and normalizes certain
serum metabolites and several ASD-related behaviors.
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Conclusions: These studies highlight the importance of the gut-brain
axis, where primarymanipulations of the intestinal microbiome can in-
fluence GI physiology and behavioral performance. The results raise the
possibility of testing a probiotic therapy in individuals with autism and
co-morbid GI problems. Also, findings of altered serummetabolite pro-
files in the MIA mouse model raise the possibility of testing particular
metabolites as candidate biomarkers for subsets of human ASD.

18

Neuroimmune changes in a mouse model of the maternal
infection risk factor for schizophrenia and autism

Elaine Y. Hsiao1, Sara W. McBride1, Janet Chow1, Krassimira A. Garbett2,
Sára Kálmán2, Károly Mirnics2, Sarkis K. Mazmanian1, Paul H. Patterson1

1Biology Division, Caltech, Pasadena, United States; 2Department of
Psychiatry, Vanderbilt University, Nashville, United States

Objective: Infection in pregnant women is associated with increased risk
for autism and schizophrenia in the offspring. In a mouse model of this
risk factor, activation of the maternal immune system by injection of
the viral mimic poly(I:C) sets in motion a cascade of molecular events
that ultimately results in autism- and schizophrenia-related behaviors
in offspring. The finding that interleukin-6 (IL-6) is a crucial mediator
of these effects led us to examine themechanism by which this cytokine
influences fetal development in vivo. Here we examine the placenta and
fetal brain as sites of early IL-6 action. We further assess whether MIA
offspring display altered postnatal immune profiles and function as a po-
tential later-life consequence of maternal immune activation (MIA).
Methods: Pregnant mice are injected with saline, poly(I:C), or IL-6 on
E12.5, or given an intranasal influenza infusion on E9.5, and the pla-
centas, fetuses, and postnatal offspring are examined by immunohisto-
chemistry, microarray, Luminex cytokine array, ELISA, flow cytometry,
quantitative real-time PCR, hematopoietic stem cell (HSC) differentia-
tion and behavioral testing.
Results: The cytokine IL-6 is a key mediator of the effects of MIA on the
fetus, as shown by blocking or genetically inactivating IL-6 in the MIA
dam, or conversely, by a single i.p. IL-6 injection in the control dam.
MIA activates downstream IL-6 signaling pathways in the placenta, alter-
ing its endocrine functions. These actions at the materno-fetal interface
are associated with altered cytokine profiles directly in the fetal brain.
Transcriptome profiling of the fetal brain response to poly(I:C), IL-6 or
flu infection reveals an acute, transient up-regulation of crystallin family
genes. These early changes are associated with altered immune profiles
in young and adult offspring, characterized by deficits in T regulatory
cells and increased levels of neutrophilic and monocytic Gr-1+ cells. In-
terestingly, behaviorally-abnormal MIA offspring that have been irradi-
ated and transplanted with immunologically normal bone marrow no
longer exhibit several autism- and schizophrenia-related behaviors.
Conclusions: These results support a key role for IL-6 in the placenta
and fetal brain in shaping neural development and behavior in MIA
offspring, and suggest that altered peripheral immunity can contrib-
ute to the development of abnormal behaviors.
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Hydroxyl radical formation in peripheral nerves of rats with
experimental autoimmune neuritis

Masashi Inoue, Shingo Konno, Hisao Kitazono, Toshiki Fujioka

Department of Neurology, Toho University Ohashi Medical Center,
Meguro, Tokyo, Japan
Objective: To elucidate hydroxyl radical (HR) formation in the periph-
eral nerves of rats with experimental autoimmune neuritis (EAN),
and if any, to indicate the cellular sources of HR.
Methods: Synthetic peptide of bovine P2 protein was injected into the
hind limb of female Lewis ratswith complete Freund's adjuvant. Clinical
signs were assessed daily. The rats were sacrificed at 7, 11, 14, 25 days
after immunization (n=5), respectively. Fifteen minutes before sacri-
fice, 300 mg/kg of sodium salicylate (SS) were given intraperitoneally.
The cauda equina (CE) were removed and stored in −80 °C until bio-
chemical analysis. CE were then homogenized, trapped HR by SS was
measured as a value of 2,5-dihydroxybenzoic acids (DHBA) by
high-performance liquid chromatography using an electrochemical de-
tector (ESA-model 5500: ESA, Bedford, MA). Formalin-fixed, paraffin
embedded CE at L4 level were employed for the immunohistological
analysis. Immunoreactivity for malondialdehyde (MDA), produced by
HR from lipid, were assessed by monoclonal antibody, 1F83 (JaICA,
NIKKEN SEIL, Shizuoka, JAPAN) after standard antigen retrieval protocol.
Results: EAN group developed flaccid tail paralysis on 11 days after
immunization (11 d.p.i) and worsened gradually. At 14 d.p.i, severe
flaccid paraplegia was developed and then recovered spontaneously.
After 25 d.p.i., tail tip paralysis remained. Motor paralysis did not de-
velop throughout the experimental period in control group. 2,5-DHBA
in EAN group was significantly increased compared to the control
group on 11 and 14 d.p.i. Immunohistological examination revealed
patchy distribution of MDA in CE which correlates with the foci of
CD45+ but not always of CD3+ infiltrating cells.
Conclusions: HR is produced especially within infiltrating cell foci in
CE during active demyelination/inflammation. The cellular source of
the HR is postulated as macrophages rather than lymphocytes. Fur-
ther investigation is warranted to elucidate precise cell source, signif-
icance and function of HR.
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HHV-6A infection enhances EAE severity in the common marmoset

Emily Leibovitch1, PietroMaggi1, Giovanna Brunetto1, Kelsey Motanic1,
Jillian Wohler1, Sheila Cummings Macri2, Susan Westmoreland2,
Afonso Silva1, Daniel Reich1, Steven Jacobson1

1NINDS, NIH, Bethesda, United States; 2NEPRC, Harvard Medical School,
Boston, United States

Objective: The ubiquitous human herpesvirus HHV6A is associated
with several neurologic diseases including multiple sclerosis
(MS).The biology of HHV6A infection is largely unknown, though it
is considered neurotropic. We investigated HHV6A infection in com-
mon marmosets (C. jacchus), which unlike rodents express the recep-
tor for viral entry. Experimental autoimmune encephalomyelitis
(EAE) is an inflammatory demyelinating disease of the CNS induced
by immunization with CNS tissue. Marmoset EAE recapitulates specif-
ic aspects of MS pathology and enables tracking of lesion develop-
ment by MRI. As viruses may act as triggers in MS, we asked if
marmosets previously inoculated with HHV6A exhibit an altered
EAE disease course compared to previously naïve marmosets.
Methods: We inoculated four marmosets with HHV6A intranasally, in
light of our recent work demonstrating the olfactory pathway as a
route of HHV6 entry. Subsequently, two of these marmosets were im-
munized with human white matter homogenate (WMH) in CFA to in-
duce EAE (WMH+virus) along with two previously naïve control
marmosets (WMH alone). Disease was monitored clinically, immuno-
logically and by MRI through to humane endpoints.
Results: WMH+virus marmosets exhibited clinical symptoms earlier
than WMH alone marmosets.WMH+virus marmosets also exhibited
more severe disease by MRI, with increased white matter lesion load
and leukocortical lesions in the brain. Seropositivity for an immunogenic
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myelin protein, MOG, often correlates with overt clinical EAE. We
detected increased levels of serum anti-MOG IgG in WMH+virus mar-
mosets compared toWMH alonemarmosets. Following HHV6A intrana-
sal infection, virus-specific antibodies were not detected but upon EAE
induction, virus-specific IgMwas detected in oneWMH+virus marmo-
set. Ongoing studies may elucidate themechanism(s) of accelerated dis-
ease including immunohistochemical analyses of CNS tissues, detection
of viral DNA from CNS tissues and flow cytometry-based analyses of cel-
lular responses to HHV6 and MOG.
Conclusions:Weobserved accelerated clinical EAE disease inmarmosets
previously inoculated with HHV6A.These preliminary observations
support a role for viruses in exacerbating CNS immunopathology. Virus-
es may act as triggers in autoimmune conditions such as MS through
molecular mimicry, bystander activation or unknown mechanisms
that compromise or activate the blood brain barrier. This animal
model may further our understanding of the longstanding association
between viruses and MS.

5

Toll-like receptor 4 deficiency ameliorates experimental
autoimmune neuritis by downregulating classically
activated macrophages (M1)

Shuai Yan1, Hongyan Li1, Vadis Quo2

1First Hospital, Jilin University, Changchun, China; 2University Hospital,
Karolinska Institute, Stockholm, Sweden

Objective: Toll-like receptors (TLRs) are a group of pattern recognition
receptors sensing exogenous and endogenous deleterious signals.
Activation of TLRs through the MyD88-dependent or MyD88-
independent pathway triggers T helper (Th)1-oriented autoimmune
responses by inducing production of IL-12 and tumor necrosis factor
(TNF)-alpha. TLR4 is one of the most extensively studied members
of the TLR family and has been associated with many autoimmune
disorders. We aimed to study the specific role of TLR4 in the patho-
genesis of experimental autoimmune neuritis (EAN), an animal of
human Guillain–Barré syndrome.
Methods: EANwas induced in TLR4 knockout (KO)mice and in C57BL/
6 mice as wild type (WT) controls by immunization with P0 peptide
180–199 emulsified in Freund's complete adjuvant. The effects of
TLR4 deficiency on the clinical course of EAN and the functions of T
cell and macrophages were studied.
Results: TLR4 deficiency remarkably ameliorated EAN. From day 15
post immunization, the clinical signs of TLR4 KO mice were signifi-
cantly less severe than those of their WT counterparts. Upregulated
expression of TLR4 was detected on the infiltrating cells in cauda
equina of EAN WT mice and was correlated with the clinical scores.
The proliferation of lymphocytes in response to either antigenic or
mitogenic stimulation was attenuated in the KO mice. Nevertheless,
TLR-4 deficiency downregulated the production of alternatively acti-
vated macrophage (M1), characterized by reduced production of in-
terleukin (IL)-12 and nitric oxide (NO), and enhanced production of
IL-10, both in vivo and in vitro.
Conclusions: Toll-like receptor 4 deficiency ameliorates EAN by
downregulating classically activated macrophages (M1).
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Encephalitogenic potential of discrete T cell epitopes of
aquaporin-4 (AQP4)

Patricia Nelson1, Michel Varrin-Doyer1, Collin Spencer1,
Sharon Sagan1, Raymond Sobel2, Jeffrey Bennett3, Scott Zamvil1
1University of California San Francisco, University of California San
Francisco, San Francisco, United States; 2Stanford VA Hospital, Palo Alto
VA, Palo Alto, United States; 3University of Colorado Denver School of
Medicine, University of Colorado Denver School of Medicine, Aurora,
United States

Background/objective: Neuromyelitis optica (NMO) is associated with
AQP4-specific IgG1 antibodies, a T cell-dependent antibody subclass,
indicating that AQP4-specific T cells are involved in NMO pathogene-
sis. AQP4 is a multideterminant autoantigen. Previously, we identified
immunodominant and subdominant determinants of AQP4 in SJL and
C57BL/6 mice. In adoptive transfer studies, donor SJL/JT cells specific
for the immunodominant AQP4 determinant elicited inflammatory
responses in recipient SJL/J mice, whereas donor C57BL/6T cells did
not elicit CNS inflammation in recipient C57BL/6 mice. Here, we ex-
amined whether donor SJL/JT cells that recognized subdominant
AQP4 determinants elicited CNS inflammation.
Methods: SJL/JT cells specific for AQP4 peptide (p) 16–30, p23-35,
p101-119 or p126-140 were tested for induction of CNS inflammation
in syngeneic SJL/J recipient mice by adoptive transfer of peptide-
specific CD4+ T cells polarized to Th1 and Th17 phenotypes.
Results:Donor SJL Th1 or Th17 cells specific for AQP4 p16-30, p23-35 and
p101-119 induced CNS inflammation in brain, spinal cord, and, often, the
optic nerves of irradiated SJLmice.More lesionswere detected after injec-
tion of anti-AQP4 antibodies with the T cells. These mice did not show
physical symptoms of CNS disease. In contrast, AQP4 p126-140-specific
T cells did not induce CNS inflammation.
Conclusions: The murine AQP4-specific encephalitogenic response is
not only strain-dependent, but also epitope-specific. In this regard,
T cells specific for some, but not all, subdominant determinants induced
CNS inflammation, findings thatmay be relevant to AQP4-specific T cell
responses in NMO.
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Lack of adiponectin leads to increased immune activation and a
worse MS model
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Dino Ferrrari Center, University of Milan, Fondazione Cà
Granda IRCCS Ospedale Policlinico, Milan, Italy

Objective: Multiple sclerosis (MS) is a presumed autoimmune disease
directed against central nervous system (CNS) myelin, for which
there are currently only partially effective treatments. The main ani-
mal model for MS is experimental autoimmune encephalomyelitis
(EAE), in which activated myelin-specific T cells enter the CNS lead-
ing to inflammation, demyelination and axonal damage. It is now
known that immune responses can be influenced by endogenous
metabolic molecules produced mainly by fat cells, called adipokines.
One such adipokine is adiponectin, which has anti-inflammatory ef-
fects and which levels are decreased in obesity. Here, we tested the
hypothesis that adiponectin has a protective role in EAE and MS.
Methods: EAE was compared in adiponectin deficient versus wild
type mice. Clinical, histopathological and immunological assessments
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were performed. Effects of administration of exogenous adiponectin
during EAE were also tested.
Results: ADP KO mice developed more severe EAE with greater CNS
inflammation, demyelination and axon injury. Lymphocytes from im-
munized ADP KO mice proliferated more and produced higher
amounts of inflammatory cytokines in response to antigen than WT
lymphocytes. These findings were associated with fewer T regulatory
cells with reduced functional capacity in ADP KO compared to WT
mice. Treatment with globular adiponectin ameliorated EAE, and led
to an increase in T regulatory cell numbers.
Conclusions: Adiponectin is immunomodulatory during EAE, suggesting
a new avenue of investigation for development of MS therapies.
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Astrocytes affect neuroprotection: Glatiramer acetate mediates
neuroprotection in an animal model of Huntington's Disease

Christiane Reick1, Carsten Saft1, Ralf A. Linker2, Stefan Wiese3,
Ralf Gold1, Gisa Ellrichmann1

1Department of Neurology, St. Josefs Hospital, Bochum, Germany;
2Department of Neurology, Friedrich-Alexander-University, Erlangen,
Germany; 3Group for Molecular Cell Biology, Ruhr-University Bochum,
Bochum, Germany

Objective: To investigate neuroprotective effects and therapeutic effi-
cacy of glatiramer acetate (GA) in a transgenic animal model of
Huntington's disease.
Background: Huntington's disease (HD) is a neurodegenerative disorder
with a progressive disease course for which there is no cure available so
far. Although the exact mechanisms that lead to neurodegeneration
are not fully understood, impaired transcription and transport of
brain-derived neurotrophic factor finally resulting in decreased brain
levels of BDNF may play a considerable role in the pathogenesis of HD.
GA, composed of a synthetic polypeptide mixture mimicking myelin
basic protein, is an approved drug already used for treatment of multi-
ple sclerosis. Besides its immunomodulatory effects, GA seems to have a
bystander effect on CNS resident glia cells. GA exerts neuroprotective
effects via increased BDNF upregulation in astrocytes and neurons rath-
er than in immune cells of the periphery.
Methods: R6/2 transgenic mice were immunized subcutaneously with
GA or with ovalbumin as control. The role of astrocytes in GA mediat-
ed neuroprotection was analyzed by in vitro stimulation of primary
astrocyte cultures with GA and astrocytes viability assay. Coronal
brain sections were immune- and histochemically processed for
Cresyl violet-, Ubiquitin-, NeuN-, GFAP- and BDNF-staining. Quantita-
tive real time PCR was performed to investigate potential differences
in BDNF expression in the brain within the different groups.
Concerning clinical course motor impairment was evaluated by accel-
erating Rotarod and Clasping score and survival was analyzed.
Results: Neurodegeneration and astrogliosis were reduced after GA
treatment. Furthermore, GA treatment restored BDNF levels in the
brain, quantified by real time PCR and immunofluorescence. First re-
sults indicate a possible bystander effect of astrocytes in GA mediated
neuroprotection in R6/2mice beingunderlined by immunofluorescence
double staining with GFAP and BDNF where number of BDNF positive
astrocyteswas raised.Motor function revealed an attenuatedmotor im-
pairment and dyskinesia was reduced after GA treatment as well.
Conclusions: Our results provide evidence for neuroprotection in an
animal model of Huntington's disease mediated by GA. This
neuroprotection may be linked to an upregulation of BDNF, described
to be downregulated in Huntington's disease. Based on our findings,
we propose a direct action of GA on astrocytes with beneficial effects
on neurons.
488

Characterizing demyelination and remyelination by flow
cytometry and its application in models of demyelination

Andrew P. Robinson, Jane M. Rodgers, Stephen D. Miller

Feinberg School of Medicine, Northwestern University, Chicago,
United States

Objective: Characterizing cells of the oligodendrocyte lineage is crucial
for understanding de- and remyelination in the CNS. Here we present
a novel method for the rapid, unbiased analysis of oligodendrocyte
lineage cells (OLCs) using flow cytometry. Amassing cellular data
we produced a global profile of oligodendrocyte populations from im-
mature oligodendrocyte progenitor cells (OPCs) to mature myelin-
forming oligodendrocytes (OLs) and from that characterized de- and
remyelination in the CNS.
Methods: To effectively characterize OLCs in the CNS, we optimized OLC
antibodies, dissociation enzymes, and purificationmethods frommouse
CNS. Then using this technique we successfully characterized OLCs in
mouse early postnatal development. We next applied our method to
two murine models of demyelination: cuprizone-induced demyelin-
ation and experimental autoimmune encephalomyelitis (EAE).
Results: SJL/J mice were fed cuprizone for five weeks to induce wide-
spread demyelination and then normal chow for a sixth week to
allow for remyelination and were sacrificed weekly throughout.
Flow analysis of OLCs revealed a robust loss of mature OLs by week
five with considerable recovery at week six. OPCs expanded early in
the disease course but decreased dramatically during remyelination
suggesting a gradual loss of mature OLs and an early, robust expan-
sion of OPCs that failed to fully differentiate until cuprizone with-
drawal. In SJL/J mice immunized with PLP139–151, EAE produced a
relapsing–remitting disease course similar to types of multiple sclero-
sis. Mice were sacrificed at onset, peak, remission, and relapse of clin-
ical disease, and brains and spinal cords were analyzed by flow
cytometry. At onset of disease there was a dramatic loss of mature
OLs with a concomitant increase in early and late stage OPCs. By dis-
ease peak pre-myelinating OLs were increased suggesting a matura-
tion of the previously expanded OPC pool. The mature pool never
fully expanded to pre-disease levels, suggesting an arrest in OLC dif-
ferentiation before functional maturation to myelinating OLs.
Conclusions: We present the first evidence of quantification of OLCs and
global analysis of the myelin-producing cells in postnatal and adult
mouse CNS by flow cytometry. Characterization in models of human
CNS disease confirmed the sensitivity of the assay and supports its use
in rapidly evaluating potential therapeutic interventions for direct and
indirect effects on demyelination and myelin regeneration.
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Mice lacking microglial CX3CR1 exhibit greater neurological
disability after intracerebral hemorrhage

Roslyn A Taylor, Matthew D Hammond, Youxi Ai, Lauren H Sansing

Department of Neuroscience, University of Connecticut Health Center,
Farmington, United States

Objective: Intracerebral hemorrhage (ICH) results in an inflammatory
response promoted by chemokine-mediated leukocyte recruitment
to the brain. Leukocyte populations infiltrate in the initial hours
after ICH, peak at 72 h, and diminish by 14 days. Spleen weights are
enlarged at the 72-hour peak of inflammation. The chemokine
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CX3CL1, expressed by neurons, selectively binds to its receptor
CX3CR1 found on T cells; resident monocytes (Ly6Clo), and microglia.
CX3CR1− null mice have been shown to have less injury in ischemic
stroke and greater injury after spinal cord injury. Our objective is to
identify the effect of CX3CR1 activation on neurological outcome
and the inflammatory response after ICH.
Methods: ICH was modeled by injection of 20 μl of blood into the right
striatum. Neurological deficit was quantified using digital gait analysis
(DigiGait™) and then mice were sacrificed at 72 h. C57/BL6 (WT) and
B6.129P-Cx3cr1tm1Litt/J (CX3CR1GFP/GFP) mice as well as bone marrow
chimeras consisting of WT and CX3CR1GFP/GFP hosts with reconstituted
leukocytes from a B6.SJL-Ptprca Pep3b/BoyJ (CD45.1) donor
(CD45.1➔WT or CD45.1➔CX3CR1GFP/GFP) were tested.
Results:Digital gait analysis showed CX3CR1GFP/GFPmice had greater ex-
ternal rotation of the left hind paw (WT−9.2°±4.6° vs. CX3CR1GFP/GFP

−15.9°±2.1°, pb0.05) and shorter left hindlimb stride length (WT
7.2 cm±0.4 cm vs. CX3CR1GFP/GFP 6.7 cm±0.2 cm, pb0.05) at 72 h.
This indicated a persistent left hemiparesis in themice lacking function-
al CX3CR1. In order to determine the contributions of leukocyte vs.
microglial CX3CR1, experiments were conducted in chimeras with
host CX3CR1 vs. WT cells. The chimeras with CX3CR1GFP/GFP host were
too weak to run on the treadmill at 72 h, while the WT host chimeras
could easily complete the testing. There were no differences in overall
body weight loss between the chimeras. The CX3CR1GFP/GFP chimeras
showed an exaggerated spleen enlargement with higher percentages
of spleen weight relative to body weight compared to WT chimeras
(WT 0.32 g±0.02 g vs. CX3CR1GFP/GFP 0.44 g±0.03 g, pb0.05).
Conclusions: CX3CR1GFP/GFP mice showed greater neurological disability
after experimental ICH. Bone marrow chimeras with CX3CR1GFP/GFP

hosts demonstrated greater disability and enlarged spleens at 72 h.
The data suggests an enhanced inflammatory response in mice lacking
microglial CX3CR1. Ongoing work is aimed at determiningmechanisms
and long-term outcomes.
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Detection of neurological sequalae in a post-meningitic mouse
model using the automated IntelliCage system

Lay Khoon Too1, Iain McGregor2, Nicholas Hunt1
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Objective: Behavioural alterations, learning difficulties, hearing loss
and motor impairments are common long-term sequelae in survivors
of pneumococcal meningitis (PM). Immunological profiles of PM
patients and animal models reveal the up-regulation of pro-
inflammatory cytokines, e.g. IL-1β, IL-6 and TNF. The elevation of
these cytokines in the brain recently has been shown to be associated
with sickness behaviour and cognitive alterations. Histopathology
studies have revealed neuronal damage, including cortical necrosis
and hippocampal apoptosis, in PM.

The current study aimed to characterise alterations in behaviour,
learning and memory in a post-meningitic C57BL/6J mouse model
using the IntelliCage, an automated behavioural testing system.
Methods: Female mice were given 5×105 cfu of Streptococcus
pneumoniae serotype 3 strain WU2 via intracerebroventricular injec-
tion. Controls received saline in the same way. Ceftriaxone antibiotic
(100 mg/kg i.p.) treatment was initiated 20 h later and was repeated
once each day for three days. Ten days post-infection, 12 to 16 C57BL/
6J mice, both uninfected controls and surviving post-meningitic mice,
were socially housed and simultaneously tested in the IntelliCage.
Mice were exposed sequentially to the followingmodules: free adapta-
tion; nosepoke adaptation; drinking session adaptation; LED stimulus
test; patrolling; spatial and discrimination reversal.
Results: Deficits in spatial learning and working memory were found
in the PM mouse model subjected to automated patrolling tasks. In
addition, inhibition of visiting, nosepoking, and drinking behaviours
was found in these mice when they were first exposed to the novel,
social IntelliCage environment, suggesting the presence of sickness
behaviours, which has not been reported before in PM rodents. Like-
wise, impaired behavioural flexibility in post-meningitic mice was
demonstrated in the early spatial reversal task, which has been con-
sistently reported in hippocampal-lesioned mice. Furthermore, aver-
sive responses to a constant LED-lit corner as well as impairments
in the discrimination reversal task were observed in our study.
Conclusions: The study revealed several aspects of long-term neuro-
logical sequelae in a PMmouse model. The results suggest that the se-
ries of behavioural tests may allow fast and standardised screening of
neurological alterations in post-meningitic mice modified genetically
or treated pharmacologically, which may encourage therapeutic
advances.
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Skeletal muscle pathology in the experimental animal model
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Objective: Myasthenia gravis (MG) is characterized with muscle
weakness mostly induced by acetylcholine receptor (AChR) or
muscle-specific receptor tyrosine kinase (MuSK) antibodies (Ab).
MG patients with MuSK-Ab often present with a severe disease
course and muscle atrophy. To investigate the influence of MuSK au-
toimmunity on muscle pathology, MuSK associated experimental au-
toimmune MG (MuSK-EAMG) was induced in C57BL/6 (B6) mice.
Methods: The immunopathological findings of B6 mice immunized
with recombinant human MuSK in complete Freund's adjuvant
(CFA) (n=14) were compared with those of control B6 mice immu-
nized with only CFA (n=11). Muscle weakness was assessed by clin-
ical observation and inverted mesh hanging test. Serum levels of
anti-MuSK Ig isotypes and complement C3 were measured by ELISA.
Neuromuscular junction (NMJ) Ig and complement deposits were
evaluated by immunofluorescence. NMJ AChR content was estimated
by α-bungarotoxin (α-BTx)-binding sites, whereas NMJ MuSK con-
tent was estimated by immunofluorescence and western blot using
an anti-mouse MuSK-Ab. Muscle histology was evaluated with
hematoxylin-eosin (H&E), succinate dehydrogenase (SDH) and cyto-
chrome oxidase (COX) staining.
Results: Mild to severe clinical muscle weakness was observed in 13 of
14 (93%) B6 mice immunized with MuSK-CFA. Ten (71%) mice had to
be terminated due to severe muscle weakness. MuSK-immunized
mice showed significantly increased serum anti-MuSK IgG, IgG1,
IgG2b and C3 levels and an abundance of NMJ IgG, IgG1, IgG2b, C3
and membrane attack complex (MAC) deposits. While MuSK-
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immunized mice had significantly reduced α-BTx binding sites, their
muscle MuSK content was found to be unaffected by immunofluores-
cence andWestern blot. H&E staining yielded type 1 muscle fiber atro-
phy in MuSK-CFA immunized mice, whereas muscular SDH and COX
expressions were normal.
Conclusions: MuSK immunization induces EAMG with very high inci-
dence and clinical severity. Although most MuSK-Ab positive MG
patients do not exhibit complement-fixing serum IgGs, MuSK-EAMG is
characterized with NMJ deposits of C3, MAC and complement-fixing
IgG2b antibodies, suggesting that complement-mediated NMJ damage
might contribute to muscle weakness in severe MuSK-MG patients.
Muscle weakness in MuSK-EAMG is associated with NMJ AChR loss and
muscle atrophy. Normal expression of mitochondrial enzymes suggests
that muscle atrophy is not associated with mitochondrial dysfunction.

The study is supported by TUBITAK (109S353).
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Gene expression for mouse BV-2 cells activated
by lipopolysaccharide

Hyungtae Lee, MiSook Doh, Sunhwa Kim, Kyounghwa Jung,
Miran Choi, Young Chai
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Microglia are resident immune cells within the central nervous sys-
tem and regulates innate and adaptive immune system. Lipopolysaccha-
ride (LPS) induces a strong inflammation in macrophage-like cells by
regulating gene expression. To identify genes up- and down-regulated
in mouse BV-2 microglia cells during LPS-induced inflammation, we
performed whole RNA shotgun sequencing (RNA-seq) with 10 ng/ml
LPS for 2 and 4 hours. Among statistically significant 775 genes (for
2 hr) and 1542 genes (for 4 hr) obtained from RNA-seq, 210 genes (for
2 h), 310 genes (for 4 h) were increased by LPS treatment and most of
them were transcription factors, histone modifier such as Irf1, Klf7 and
Jmjd3, zinc finger family proteins and non-coding RNAs including
miR5109. Irf-1 is an interferon-gamma (IFN-γ)-induced transcription
factor related with regulation of infection and inflammation, and
miR5109 influences the expression of target genes associated with
anti-inflammatory mechanisms. These results suggest that LPS affects
inflammation-related transcription regulators in BV-2 cells. This study
may provide the potential to identify regulators associated with inflam-
mation mechanisms in activated BV-2 cells with LPS treatment.
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role for SP1 dependent gene transcription in multiple sclerosis
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Objective: Although affecting the central nervous system, multiple
sclerosis (MS) is characterized by alterations in peripheral immunity.
Our objective was to investigate the effect of gender on global blood
gene expression in healthy and diseased subjects and to identify
novel pathological processes associated with MS.
Methods: We investigated global gene expressionby Illuminamicroarrays
in peripheral blood mononuclear cells (PBMC) of healthy and relapsing-
remitting MS individuals and performed gender-based analyses. More-
over, we reconstructed and analyzed the interactomes linked to the dif-
ferentially expressed genes in women and men with MS via systems
biology tools. Finally, we validated the contribution of one “in silico”
predicted interactor to the generation of T cell responses by in vitro
and ex vivo immunological assays and by in vivo experiments in the
animal model of MS.
Results: First of all, we monitored sex-related gene expression differ-
ences in PBMC from healthy or MS subjects. Using relaxed statistics to
maximize the number of differences between genders, about 10% of
the filtered genes resulted sex-specific in the healthy population,
while only 2% in MS subjects. Moreover, only a minor part of the MS
sex-specific genes were natural, pre-existing sex-specific genes. These
data demonstrate that MS pathology is associated with a dramatic
change both in the quantity and in the quality of the genes that are
normally differentially expressed between genders. Further, the appli-
cation of stringent statistics on the female or male populations led
to the identification of distinct gene signatures associated with MS,
which were characterized by the same biological content. In fact,
bioinformatical analyses of the transcriptional signatures and of the rel-
ative interactomes highlighted ontology terms related to transcription,
DNA binding and chromatin modification, suggesting that epigenetics
may be the underlying pathogenic mechanism in MS. We focused the
attention on the transcription factor SP1 which appeared among the
epigenetic interactors. Specific inhibition of SP1 reducedencephalitogenic
T cell responses, incidence and clinical expression of EAE, demonstrating
that SP1 dependent transcription modulates autoimmune responses and
that its blockade may represent a novel target for MS treatment.
Conclusions: In light of the results, we propose gender-based systems
biology as a novel tool to acquire novel information on disease asso-
ciated functional processes.

This study was supported by Fondazione Cariplo [Project 2006.0721/
10.4898] and by Italian Ministry for Health [Ricerca Finalizzata
RFPS-2007-1-637146]. Marco Di Dario was supported by a training
FISM (Fondazione Italiana Sclerosi Multipla) fellowship [Cod. 2009/
B/2].
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Myeloid shedding vesicles OMICS
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Objective: Microparticles (MPs) are released by most cell types into
the microenvironment in physiological conditions and are emerging
as a novel way of cell-to-cell communication. Composition and bio-
logical activity of MPs vary depending on the state of donor cells
and on their stimulation. In the recent years, a series of studies has
indicated relevant physiological and pathological functions for
extracellular vesicles within the brain. Microglia and perivascular
macrophages, both derived from myeloid progenitors, can become



53Abstracts
polarized to pro- or anti-inflammatory states called M1 and M2, re-
spectively, by the local microenvironment.

In order to identify the content of myeloid MPs we performed in
vitro studies on murine macrophages.
Methods: We treated macrophages obtained from peritoneum (Pec)
with IFNγ/LPS and IL4 to differentiate them into to M1 and M2. We
then induced MPs shedding from Pec by ATP administration. We
analysed MPs by flow cytometry for IB4, AnnexinV and CD9 to investi-
gate which macrophage phenotype is more involved in MPs release.
In addition, to isolate shedding vesicles, MPswere subjected to different
ultra-centrifugations andwe considered P2P3 fraction corresponding to
shedding vesicles. We studied mRNA expression of shedding vesicles
and of their donor cells via qRT-PCR andmicroarray analysis.We inves-
tigated also protein expression through mass spectrometry.
Results: We observed that IFNγ/LPS and IL4, after ATP administration, all
increased the release of shedding vesicleswhen compared to the control.

We found that iNOS, TNFα and IL1βmRNAare expressed in IFNγ/LPS
treated Pec. On the contrary, IL4 treated Pec expressed M2 markers
mRNA such as Ym1, Arg1, Mrc1 and CCL22. This was confirmed also in
M1 and M2 shedding vesicles.

Microarray analysis proved an up-regulation of M1 and M2 shed-
ding vesicles genes involved in inflammatory and anti-inflammatory
pathways and they also allowed to detect shedding vesicles potential
housekeeping genes.

Proteomic studies demonstrated a specific protein expression re-
duction in M1 and M2 shedding vesicles compared to the untreated.

Conclusions: Our results suggest that the content of MPs is affected
by the microenvironment. In particular, in neurodegenerative dis-
ease, myeloid shedding vesicles may be a solid marker for disease sta-
tus and response to therapies. Thus, the characterization of shedding
vesicles in human monocytes that we are performing is important.
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Objective: Interferon-beta (IFNb) is widely used as a first-line disease-
modifying treatment for multiple sclerosis (MS). However, a significant
share of MS patients experiences modest benefit from IFNb treatment.
Carriage of certain genetic variants affecting the clinical response to
IFNb may allow predicting optimal response in MS patients prior to
treatment initiation. The study aimed to analyze an association of the
immune response genes polymorphisms, which mainly code proteins
mediating IFNb action, with IFNb treatment response. This study empha-
sizes the exploration of gene variants that jointly provide better and
more accurate prediction on IFNb response than individual genes do.
Methods: Unrelated 253 Russian MS patients treated with IFNb were
studied. Event-free patients who were receiving IFNb treatment no
less than 2 years were considered as optimal responders, other patients
were considered as non-optimal responders. We have performed asso-
ciation analyze of polymorphisms in the functionally significant regions
of the following candidate genes: IFNB1 (153T>C, rs1051922), IFNAR1
(16725G>C, rs1012335), IFNG (874T>A, rs2430561), TNF (−308G>A,
rs1800629), TGFB1 (−509C>T, rs1800469), IL7RA (C>T in the exon 1,
rs6897932), CCR5 (w>del32, rs333), CTLA4 (49A>G, rs231775) and
DRB1HLA class II. The allelic combinations, in which carriage was asso-
ciated with optimal IFNb treatment response, were identified using
APSampler algorithm with following independent validation by
means of the exact Fisher's test and the permutation test.
Results: The carriage of TGFB1*-509C and CCR5*d alleles was associated
with optimal IFNb response by itself. Carriage of triallelic combinations
(CCR5*d+ IFNAR1*G+ IFNB1*T/T) or (CCR5*d+ IFNAR1*G+ IFNG*T) is
beneficial for IFNb treatment efficacy (pperm=0.017 and 0.035, corre-
spondingly) and increases the odds of favorable outcome to 14.3- and
2.8-fold times, correspondingly. The strongest indication for epistasis
is observed in the interaction of CCR5*d, IFNAR1*G and IFNB1*T/T in
above triallelic combination, whereas the additive mechanism was
observed for CCR5*d, IFNAR1*G and IFNG*T allelic set.
Conclusions: The results of the present study suggest that the influ-
ence of immune response genes on individual IFNb response has a cu-
mulative nature. Indicated triallelic combinations may be considered
as composite markers, which carriage is beneficial for IFNb treatment
response in Russian MS patients.
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Objective: Mesenchymal stem cells (MSCs) display remarkable neuro-
protective properties during the autoimmune attack to the central
nervous system characterizing the experimental autoimmune encepha-
lomyelitis. Their mechanism of action is believed to depend mainly on
the release of soluble factors, the identities of which is still mainly
unknown. This study aims at identifying the molecules of the MSCs
secretome mediating the neuroprotective effect utilising a proteomic
technique named Stable Isotope Labelling with Amino acids in cell
Culture (SILAC).
Methods: The complete spectra of proteins secreted byMSCs in presence
or absence of the inflammatory stimulus interferon-γ (IFN-γ), were
identified through the SILAC, based on the metabolic incorporation of
isotopic “heavy” 13C6-Lysine and 13C6-Arginine or “light” 12C6-Lysine
and 12C6-Arginine into the proteins expressed by IFN-γ primed or
unprimed MSCs, respectively. The spent medium of each condition was
collected and the proteins identified and quantified by nLC-ESI-Q-TOF
MS/MS mass spectrometry. The signaling pathways and the biological
processes mostly represented in the two conditions were dissected uti-
lizing the Ingenuity Pathways Analysis software.
Results: Analysis of the IFN-γ primed MSCs in comparison to unprimed
MSCs highlighted an increased expression of proteins directly involved
in the neurotrophic, anti-apoptotic and anti-proliferative effects. More-
over, proteins belonging to the IFN-γ signaling, protein synthesis and
cell metabolism were up-regulated. Analysis of unprimed MSCs spent
medium identified proteins that belong not only to the extracellular
compartment but also to intracellular compartments.



54 Abstracts
Conclusions: Utilizing a proteomic technique, we are elucidating in a
single step multiple molecular pathways induced in MSCs under in-
flammatory conditions. We found an enhanced expression of proteins
involved in the neuroprotective and anti-inflammatory effects and of
other proteins not directly related to these effects. The presence of
proteins belonging to the intracellular compartments in media from
MSCs cultures suggests that the mechanism of action of MSCs is, at
least partially, based on the release of membrane vesicles of endocytic
origin. Further functional assays and a comparative analysis with the
spent medium from a control cell line are ongoing to define in detail
the molecular mechanism of MSCs involved in their neuroprotective
effect.

210

Gene expression analysis implicates monocytes in the pathogenesis
of all clinical subtypes of multiple sclerosis
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Objective: Multiple sclerosis (MS) is a heterogeneous, chronic, immune-
mediated disease of the central nervous system. Previous studies
have indicated differences in the pathogenesis in relapsing-remitting
(RRMS), secondary progressive (SPMS) and primary progressive
(PPMS) disease, but it is controversial if all subtypes are associated
with systemic immune activation. The aim of our studywas to compare
gene expression in peripheral blood mononuclear cells (PBMCs) in
RRMS, SPMS, PPMS and healthy controls (HC).
Methods: RNA was extracted from PBMCs from 18 HCs, 18 RRMS pa-
tients, 18 PPMS patients and 17 SPMS patients. In addition, gene ex-
pression was studied in six immunomagnetically purified PBMC
subsets. For analysis on Affymetrix Human Gene 1.0 ST arrays with
28,869 genes and 764,885 distinct probes, RNA was amplified, labeled
and hybridized on the microarray. The arrays were scanned on the
Affymetrix GeneArray 3000 scanner. Gene expression values were
extracted from CEL-files by one step probe set summarization in the
Partek Genomics Suite 6.5.
Results: We found 406 genes that were differentially expressed with a
false discovery rate (FDR) b5% in RRMS, PPMS, SPMS and HC. 197 of
the genes were upregulated, and 209 where downregulated compared
to HC. There were no statistically significant differences in gene expres-
sion when comparing SPMS, PPMS and RRMS (Bonferroni-corrected
p-values >0.05). Primary component analysis showed that HCs and
MS patients clustered separately, but there was no clustering of the
MS subtypes along the first two principal components.

Ingenuity Pathway Analysis (IPA) of differentially expressed genes
revealed that: RRMS patients had activation of the canonical path-
ways: “T helper cell differentiation” and “ICOS-ICOS-L Signaling in T
helper cells”; SPMS patients had activation of “TREM1 Signalling”
and “LXR/RXR Activation”; PPMS patients had activation of “IL-6 Sig-
naling”, “MIF Regulation of Innate Immunity and “IL6 Signaling in
Gastric Cells”. Finally, bout onset patients (RRMS and SPMS) had acti-
vation of “Altered T Cell and B Cell Signaling in Rheumatoid Arthritis”,
whereas patients with PPMS or SPMS had activation of “Communica-
tion between Innate and Adaptive Immune cells”. The majority of dif-
ferentially expressed genes were mainly expressed in monocytes, and
we found differential gene also in purified monocytes in MS.
Conclusions: Changes in gene expression in PBMCs exist in all sub-
types of MS. We confirm that RRMS is primarily associated with acti-
vation of the adaptive immune system, whereas PPMS is associated
with innate immune activation. SPMS appears to be an intermediate
phenotype with features of both innate and adaptive immune activa-
tion. Most differentially expressed genes were mainly expressed in
monocytes, suggesting a pivotal role of moncytes in all subtypes of
MS.
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Objective: Multiple sclerosis (MS) is a chronic, inflammatory demyelin-
ating disease of the central nervous system (CNS). Typical white matter
lesions in MS are surrounded by areas of non-demyelinated normal
appearing white matter (NAWM) with complex pathology, including
blood brain barrier (BBB) dysfunction, axonal damage and glial activa-
tion. Astrocytes, the most abundant cell type within the CNS, may re-
spond and/or contribute to several neurodegenerative pathologies
including MS. We aimed to investigate the transcriptomic profile of as-
trocytes in NAWM to determine whether specific glial changes exist in
the NAWM comparedwith control whitematter, whichmay contribute
to lesion development or prevention of disease progression.
Methods: Laser capture microdissection (LCM) in combination with im-
munohistochemistry (IHC) was used to isolate an enriched population
of GFAP+ astrocytes from snap frozen, post-mortem control WM (5
cases) and NAWM (5 cases), obtained from the MS Society Tissue
Bank. RNAwas extracted fromapproximately 1000GFAP+ cells and tar-
get labelled anti-sense RNAwas amplified and hybridised to Affymetrix
Human Genome U133 Plus 2.0 gene microarrays. The chips were
scanned using a GC30007G scanner and the data processed using the
GCOS and GeneSpring 11x software (Agilent). The Database for Annota-
tion Visualisation and Integrated Discovery (DAVID) was used to group
genes according to their function and identify functional pathways.
Validationwas carried out on selected candidate genes using polymerase
chain reaction (qPCR) and IHC on 10 additional control and MS cases.
Results: GFAP+ astrocytes isolated from MS NAWM showed a signifi-
cant upregulation of a number of genes involved in oxidative stress
and iron metabolism, including metallothionein I–II, ferritin and
transferrin, compared to astrocytes from control cases.
Conclusions: Altered regulation of iron homeostasis and response to
oxidative stress in NAWM may reflect adaptive changes associated
with the pathogenesis of multiple sclerosis white matter lesions.

Pathology
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Objective: It is widely described that ethidium bromide (EB) injection
into the CNS induces local oligodendroglial and astrocytic death,
resulting in demyelination, blood–brain barrier disruption and
Schwann cell invasion. Surviving astrocytes present a vigorous reac-
tion around the injury site with increased immunoreactivity to glial
fibrillary acidic protein (GFAP). Hyperglycemia in diabetes mellitus
causes morphological and functional changes in peripheral neurons
and Schwann cells. Delay on oligodendrocyte remyelination was
pointed in streptozotocin-diabetic rats after EB injection in the CNS,
but astrocytic response was not investigated. Thus, the aim of this
study was to evaluate the effect of diabetic hyperglycemia on the
expected astrocyte repairing behaviour (estimated through GFAP ex-
pression) after EB injection.
Methods: Adult male Wistar rats were used and some received a single
injection of streptozotocin (50 mg/kg) in 0.01 M citrate buffer into the
tail vein to induce diabetes. Ten microlitres of 0.1% EB were locally
injected into the cisterna pontis of diabetic (group I) and non-diabetic
(group III) animals. The same was done using 0.9% saline solution
(group II, with diabetic rats, and IV, with non-diabetic rats). Groups V
(diabetic) and VI (non-diabetic) did not receive any intracisternal injec-
tion and were used as control groups. All rats were perfused by the
heart with buffered 10% formaldehyde at 15 and 31 days after
intracisternal injection and GFAP immunohistochemical staining was
done by the avidin-biotin complexmethod (rabbit anti-cow GFAP anti-
body, ZO334, Dako, 1:1000). Astrocytic evaluation was done using a
computerized image analysis system, measuring by colorimetry
GFAP-stained areas. Mean areas of each group were compared.
Results: In both diabetic and non-diabetic groups GFAP-stained areas
were significantly greater in EB-injected rats than in saline-injected
or control animals, but were smaller in the diabetic rats (group I,
41669,63±7204,08) in comparison to the non-diabetic ones (III,
55354,38±5825,37; p=0.001). As for diabetic rats compared to
non-diabetic, no difference was found between control groups (V
and VI) and saline injected groups (II and IV) nor between diabetic
groups II and V and non-diabetic groups IV and VI.
Conclusions: Results show that diabetes hindered the astrocytic increase
of GFAP expression in the EB-injected group compared to the
non-diabetic one, but did not affect GFAP response in the saline-injected
group or in diabetic control animals.
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Objective: Expression of glial fibrillary acidic protein (GFAP) has be-
come a prototypical marker for immunohistochemical identification
of astrocytes, the most numerous glial cells in the nervous tissue
and that exhibit receptors to several steroid hormones, which are
possibly capable of affecting astrocyte genic expression. Corticoste-
roids are widely used in clinical practice as anti-inflammatory and
immunosuppressive drugs under different therapeutic protocols and
apparently exert unclear effects on central nervous system (CNS)
glial cells. The aim of this investigation was to evaluate if dexameth-
asone (DX), a potent synthetic member of the glucocorticoid class of
steroid drugs largely administered to humans and animals, would
be capable of influencing the astrocytic expression of GFAP.
Methods: Samples from the pons and from the spinal cord (first tho-
racic segment - T1) of dogs, treated or not with DX, were submitted
to GFAP immunohistochemical staining and astrocytic reactivity was
determined by colorimetry in a computer system for image analysis.
The dogs used in the study died by different causes and belong to dis-
tinct breeds, ages and sexes. Tissue samples were collected and used
according to previously established criteria related to antigenic pres-
ervation. Some dogs had received DX in their last 15 days of life (with
doses ranging from 1 to 3 mg/kg, by intramuscular route, at regular
administration intervals of 4 to 6 hours, during a maximum period
of 7 days) and some were clinically healthy dogs, without any macro-
scopic or microscopic detectable lesion in the CNS and no history of
drug administration 15 days prior to death.
Results: Difference statistically significant (p≤0.05) was noted for the
mean areas stained with GFAP in the pons of dogs treated (6222.4±
1399.7) and non-treated (8752.6±566.61) with DX, as well as in the
spinal cord of dogs that previously received the corticoid (7738.5±
1153.7) or not (11785±1901.9), showing a strong tendency of
drug-induced reduction in the astrocyte expression of GFAP. No dif-
ference was seen between the two regions (pons versus spinal
cord) within the groups treated with DX and not treated.
Conclusions: Thus, results demonstrate that DX administration decreases
normal GFAP expression in astrocytes, suggesting that corticosteroids
may affect in a negative manner astrocytic repairing behaviour and
may prevent or reduce glial scar development following injury.
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Objective: Sporadic inclusion body myositis (sIBM) is the most com-
mon acquired myopathy in older patients and no treatment is avail-
able to halt the continuous decline in muscle strength. Its pathology
consists of a complex network of inflammatory and degenerative
pathomechanisms and recently a specific interrelationship between
IL-1β and accumulation of β-amyloid has been demonstrated. In the
brain of experimental dementia, blockade of nitric oxide (NO) has
been shown to reduce protein aggregation and ameliorate the disease
course.
Methods/results: Quantitative PCR revealed a significant overexpression
of inducible nitric oxide synthase (iNOS) inmuscle biopsy samples from
patients with sIBM compared to disease controls including dermatomy-
ositis, polymyositis,muscular dystrophy and non-myopathicmuscle. By
immunohistochemistry, protein expression of iNOS was confirmed in
sIBM muscle, whereas the signal remained much lower in the disease
controls. Staining for nitration of tyrosine residues identified intra-
fiber production of NO in sIBMmuscle and its signal significantly corre-
lated and co-localized with accumulations of β-amyloid. In vitro expo-
sure of human myotubes or myoblasts to interleukin (IL)-1β plus
interferon (IFN)-γ induced a several-fold upregulation of iNOS at the
mRNA- and protein level. Flow cytometry of myoblasts demonstrated
an elevated intracellular production of NO upon IL-1β+IFN-γ as
evidenced by dichlorofluorescein and diaminofluorescein, fluorescent
detectors of reactive oxygen species and NO. By immunocytochemistry
and fluorescentmicroscopy, intracellular nitration of tyrosine inmuscle
cells co-localized with amyloid precursor protein, but not with desmin.
Subsequent necrotic cell death of muscle cells upon IL-1β+IFN-γ was
evidenced by flow cytometry and cytochemistry; a similar morphology
and magnitude of cell death was induced by exogenous NO, which was



56 Abstracts
released from chemical donors such as DETA. Specific inhibition of iNOS
by 1400 W reduced the cytokine-induced production of NO as well as
the nitration of tyrosine and prevented accumulation of β-amyloid
and cell death.
Conclusion: Taken together the data suggest that iNOS is an important
molecule within the network of pathomechanisms in sIBM and may
be a key mediator of IL-1β-induced accumulation of β-amyloid in
muscle cells. The results may help to design alternative treatment
strategies in chronic myositis.

Psychoimmunomodulation
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Neuropsychiatric and cognitive dysfunctions are associated with
early stages of experimental allergic encephalomyelitis (EAE), a
mouse model of multiple sclerosis
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Objective: Multiple sclerosis (MS) is often associated with co-morbid
neuropsychiatric and cognitive impairments, affecting around 50%
of MS patients. Herein, we investigated these abnormalities in an an-
imal model of MS, called EAE, during the presymptomatic stage of the
disease.
Methods: EAE was induced in 8–10 week old C57BL/6 mice by
injecting myelin oligodendrocyte glycoprotein peptide (MOG35–55)
with complete Freund's adjuvant (CFA) subcutaneously and pertussis
toxin (PTX) intraperitonially. Mice injected with saline only or, CFA
and PTX were used as naïve or sham controls, respectively. Animals
were scored daily for assessment of motor deficits associated with
EAE after disease induction and showed no motor deficits until d9.
A series of neurobehavioral tests, namely, open field test, elevated
plus maze (EPM), forced swim test (FST), tail suspension test (TST),
fear conditioning and Morris water maze test (MWM), were
performed between d6–d8 after EAE induction. Plasma cytokine
levels were mesured by luminex multiplex array, while brain cyto-
kine transcripts were measured by semi-quantitative RT-PCR. Corti-
costerone levels were measured by ELISA. Luxol-fast blue staining
was used to study the extent of demyelination.
Results: EAE mice spent more time in the outer zone of open-field and
in the closed arms of EPM, and showed decreased latency for immo-
bility in TST and FST compared with sham and naïve controls. All
these results were indicative of anxiety-like behavior. Further, EAE
mice spent less time in the target quadrant compared to sham con-
trols during probe trial in MWM indicative of memory impairment,
while displaying faster memory extinction in the fear conditioning
test. Plasma levels of IL-5 increased and MIP-2 decreased in EAE
mice compared to sham, whereas both sham and EAE mice displayed
elevated G-CSF, IFN-ϒ, IL-6 and IL-17. Plasma corticosterone level was
also significantly upregulated in the EAE mice compared to naïve and
sham controls. Transcript analysis by RT-PCR from the brain revealed
up-regulation of interleukin (IL)-1β in the hippocampus of both sham
and EAE mice compared to naïve mice without any change in TNF-α,
Arginase-1 and IL-5. MIP-2 transcript level was decreased in the hip-
pocampus of EAE mice compared to sham. No apparent demyelin-
ation or microglial activation was observed in EAE mice at this stage.
Conclusions: In conclusion, emotional and cognitive deficits observed
in the early stages of EAE (and possibly MS) may be due to neurolog-
ical changes associated with altered corticosterone levels, leading to a
disbalance in M1/M2 macrophage activation in the periphery and
CNS, in absence of demyelination.
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Impaired spatial learning in mononeuropathic B7H1
knockout mice

Maria B. Nandini Colaço, Nurcan Üçeyler, Claudia Sommer

Department of Neurology, University of Würzburg, Würzburg, Germany

Objective: Chronic pain is a complex, multidimensional experience
frequently associated with deficits in cognitive functions including
memory, attention, and verbal performance. However with the practical
challenge in modelling these facets in a rodent model of chronic pain,
the underlying pathophysiological mechanisms remain unexplored.
Cytokines have an established function in the initiation andmaintenance
of pain and an emerging role in cognitive processes in several patholog-
ical disorders. B7-H1 (PD-L1, CD274), a co-inhibitory molecule, attenu-
ates T cell proliferation and cytokine production and protects from
inflammatory tissue damage. Hence, mice lacking this gene provide an
opportunity to study the role of cytokines in pain induced cognitive
impairment.
Methods: Chronic neuropathic pain was induced in B7H1−/− and
C57Bl/6 wild-type (WT) littermates by chronic constriction injury
(CCI) of the right sciatic nerve. Mechanical allodynia and thermal
hyperalgesia was assessed on days 7, 14 and 20 post CCI/sham. Forced
swim test (FST) to assess depression like behavior and the Morris
water maze (MWM) to evaluate spatial memory and learning were
performed between post-operative days 22–27. Serum, nerve and
brain tissues were harvested on 28 for PCR and ELISA analysis.
Results: Mechanical withdrawal thresholds (von Frey test) were
lowered in both B7H1−/− and WT mice beginning day 7 post CCI
with no significant intergroup difference. However, in the acquisition
task performed in theMorris watermaze, the escape latencywas signif-
icantly increased in B7H1−/− compared to WT nerve injured mice
(Trail day 1, 2: Pb0.05; trail day 3,4: Pb0.01). A significant day by geno-
type interaction was also seen in the sham operated B7H1−/−
(Pb0.05). The contribution of pro- and anti-inflammatory cytokines is
being investigated.
Conclusions: The present findings demonstrate that B7H1−/− CCI
mice are impaired in their spatial cognitive abilities. The altered
cytokine profile observed in B7-H1 knockouts following nerve inju-
ry, with an increase in the pro-inflammatory and reduction in anti-
inflammatory cytokines makes this an ideal model to elucidate the
link between cytokine dysregulation and pain induced cognitive
impairment.
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The sympathetic catecholamine norepinephrine increases Th17
responses in a β2-adrenergic receptor-dependent manner

Nicola Smith, Ines Benassou, Sonia Lai Wing Sun, Tanya Babiuk-Henry,
Alexandre Elhalwi, Jonathan Francois, Azadeh Ghassemi,
Mahdieh Tabatabaei Shafiei, Peter Darlington

Concordia University, Montreal, Canada

Objective: To determine the impact of the sympathetic catecholamine
norepinephrine (NE, noradrenaline) on human Th17 cell responses.
The sympathetic nervous system influences peripheral immune re-
sponses by triggering catecholamine release from the adrenal medul-
la, and from adrenergic nerve terminals that innervate secondary
lymphoid tissues. Th17 cells are helper T cells (Th) implicated in
pathogenesis of multiple sclerosis (MS). How catecholamines affect
Th17 responses is not known. In T cells, NE signals through the
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β2-adrenergic receptor (β2-AR), a G-protein coupled receptor that
induces the second messenger cAMP.
Methods: Purified, primary humanmemory T cells were differentiated
into Th17 cells using a cocktail of factors including anti-CD3,
anti-CD28, anti-IFNγ, anti-IL-4, and recombinant IL-23, in the absence
or presence of NE, or the specific β2-AR agonist terbutaline. As a con-
trol, forskolin was used, a drug that directly activates cAMP produc-
tion. Th17 responses were measured by intracellular cytokine
staining and enzyme-linked immunosorbent assay.
Results: The proportion of Th17 cells increased 6 fold in the presence of
terbutaline (p=0.014), as did the proportion of a hybrid subset ex-
pressing IL-17A and IFNγ (denoted Th1/17). The level of soluble
IL-17A cytokines showed a corresponding increase in the supernatants
of T cells exposed to NE or terbutaline (p=0.034). In contrast, forskolin
potently inhibited Th17 responses by over 90% (p=0.030). Th1 cells
were not significantly affected by the β2-AR agonists.
Conclusions: Surprisingly, human Th17 cell responses were increased by
the β2-AR agonists NE and terbutaline. β2-AR-signalling is generally
thought to be inhibitory towards T cells, suggesting that Th17 cells have
differences in downstream signal transduction pathways that produce
stimulatory signals. This data has implicationswhen designing rehabilita-
tion programs for patients suffering from Th17-mediated autoimmune
conditions such as MS. Stress or intense exercise can acutely elevate
catecholamine levels, thus, these situations may promote Th17-bias
responses.
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Dietary intervention with omega-3 polyunsaturated fatty acids
restores decreased dopaminergic activity in the prefrontal
cortex of cow's milk allergic mice

Caroline de Theije1, Vanja Milosevic1, Gerdien Korte-Bouws1,
Lieke van den Elsen1, Sofia Lopes da Silva2, Mechiel Korte1,
Berend Olivier1, Johan Garssen1, Aletta Kraneveld1

1Utrecht Institute for Pharmaceutical Sciences, Utrecht University,
Utrecht, Netherlands; 2Nutricia Advanced Medical Nutrition, Danone
Research- Centre for Specialised Nutrition, Wageningen, Netherlands

Objective: The dopaminergic system in the prefrontal cortex (PFC) is
known to modulate attentional skills, organization of thought and
perception and social behavior. Supporting these findings, decreased
levels of dopamine in the PFC are implicated to be involved in schizo-
phrenia, ADHD and autism. Besides an altered dopaminergic system,
disturbed levels of polyunsaturated fatty acid (PUFA) in blood have
also been observed in these psychiatric disorders. Beneficial effects
of PUFA on behavior of schizophrenia, ADHD and autism have been
described, in both human and animal studies. However, larger studies
are required to confirm these effects and little is known about the
pathway in which PUFA can modulate behavior.

We set up a mouse model for cow's milk allergy (CMA) that exerts
aberrant social behavior and altered dopaminergic activation in the
PFC. The aim of this study was to investigate whether dietary inter-
vention with PUFA can modulate altered dopamine levels in the
PFC, which are associated with behavior in these allergic mice.
Methods: Male C3H/HeOuJ mice were orally sensitized with whey
protein and cholera toxin (CT) or CT alone, once a week for 5 weeks
and subsequently orally challenged with whey protein once. Starting
two weeks before first sensitization, mice were kept on an omega-3
PUFA diet or control diet. The morning after challenge, mice were
sacrificed and brains were collected. Prefrontal cortex (PFC) was iso-
lated and dopamine levels were determined by using HPLC.
Results: Dopamine levels were significantly decreased in PFC of CMA
mice compared to controls. A dietary intervention with omega-3 PUFA
completely restored the levels to those found in control (non-allergic)
mice. Levels of three metabolites of dopamine (HVA, 3-MT and
DOPAC) were also significantly decreased in the PFC of CMA mice. The
omega-3 PUFA diet also restored these metabolites to control levels.
Conclusions: Cow's milk allergy in mice caused a significant decrease in
dopamine and itsmetabolite levels in the PFC and a dietary intervention
with omega-3 PUFA restored the levels to those found in control mice.
Therefore, PUFA possibly exerts its beneficial effect on normalizing
behavior via modulation of the dopaminergic system in the PFC and
might offer a dietary intervention in some psychiatric disorders.

This study is part of the Utrecht University ‘Focus enMassa’ program
and is financially supported by Danone Research- Centre for Specialised
Nutrition.
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Neuropsychological changes in a mouse model for cow's
milk allergy

Caroline de Theije1, Gerard Hofman1, Jonna Korkeaviita2,
Jan Veening1, Jos Dederen3, Mechiel Korte4, Berend Olivier4,
Johan Garssen4, Aletta Kraneveld4

1Utrecht Institute for Pharmaceutical Sciences, Utrecht University,
Utrecht, Netherlands; 2Faculty of Pharmacy, University of Helsinki,
Helsinki, Netherlands; 3Department of Anatomy, Radboud University
Nijmegen Medical Centre, Utrecht, Netherlands; 4Utrecht Institute for
Pharmaceutical Sciences, Utrecht Univerity, Utrecht, Netherlands

Objective: The gut-brain axis has been implicated in various psychiat-
ric disorders and a role for food allergy in autism has been suggested.
However, little is known about the effects of food allergy on behavior
and brain functioning. The aim of this study was to investigate in a
murine model whether cow's milk allergy (CMA) affects behavior
and neuronal activation in the brain.
Methods: Male C3H/HeOuJ mice were orally sensitized with whey
protein and cholera toxin (CT) or CT alone, once a week for 5 weeks
and subsequently orally challenged with whey protein once. The
morning after challenge a social behavior test was performed where-
upon mice were perfused and brains were collected. Brains were sec-
tioned into 40 μm coronal slices and stained for c-Fos to determine
neuronal activation.

A murine model for colitis was used as a control. Male C57BL/6
mice received 2% DSS in their drinking water for 5 consecutive days,
followed by 2 days of normal drinking water. At day 7 a social behav-
ior test was performed.
Results: Reduced social behavior was observed in whey-sensitized
mice compared to sham-sensitized mice. Altered social behavior
was not observed in DSS-colitis mice. Moreover, in the brain of CMA
mice, a different pattern of neuronal activation was found. Neurons
in the orbital prefrontal cortex (oPFC) were almost ten times more ac-
tivated in CMA mice compared to control mice, while regions in the
medial prefrontal cortex were unaffected. Neuronal activation in the
paraventricular nucleus (PVN) of the hypothalamus of CMA mice
was significantly decreased compared to control mice.
Conclusions: Cow's milk allergy in mice caused reduced social behavior.
Alteration in social behavior was not observed in a murine model for
DSS-induced colitis, indicating that this observation does not result
from sickness behavior induced by gastrointestinal discomfort. Further-
more, neuronal activation in the oPFC and PVN of CMAmicewas altered
compared to control mice. Behavioral alterations in CMA mice are pos-
sibly induced by aberrant neuronal activation in the oPFC and PVN.
Knowledge on how food allergy can cause neuropsychological changes
might offer possibilities for treatment of psychiatric disorders such as
autism, where the gut-brain axis potentially plays a role.
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This study is part of the Utrecht University ‘Focus en Massa’ pro-
gram and is finacially supported by Danone Research- Centre for
Specialised Nutrition.
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Serotonin reuptake inhibitors as immunomodulators:
A proof-of-concept

Veerle Gobin1, Katleen Van Steendam1, Sabine Fevery2,
Kelly Tilleman1, An Billiau2, Damiaan Denys3, Dieter Deforce1

1Laboratory of pharmaceutical biotechnology, Ghent university, Ghent,
Belgium; 2Laboratory of experimental transplantation, Leuven University,
Leuven, Belgium; 3Department of psychiatry, Academic medical centre -
university of Amsterdam, Amsterdam, Netherlands

Objective: Although serotonin reuptake inhibitors (SRIs) are generally
regarded as safe drugs with few side effects, data suggest that they may
compromise cellular immune responses. The objective of this study was
to prospectively investigate the T cell immunosuppressive effects of
SRIs in obsessive compulsive disorder (OCD) patients treated with high
doses of SRIs and to analyze in vitro whether the observed results are
due to a direct effect of SRIs on T cell proliferation and viability. In addi-
tion, we used amurinemodel of graft-versus-host disease (GvHD) to de-
termine if SRIs can inhibit in vivo allo-antigen induced T cell responses.
Methods: We took blood samples of twenty patients suffering from
OCD before and after a twelve-week treatment with high doses of
paroxetine or venlafaxine and analyzed the ex vivo proliferative re-
sponse to T cell mitogens. We analyzed the direct effects of six differ-
ent SRIs (paroxetine, fluoxetine, sertraline, citalopram, fluvoxamine
and venlafaxine) on in vitro viability and proliferative responses of
peripheral blood T cells from healthy volunteers (n=6). The effect
of fluoxetine on murine GvHD was determined in a MHC-matched,
minor HA-mismatched bone marrow transplantation (BMT) model
(n=13 from two experiments).
Results: While all patients showed normal T cell proliferative responses
before SRI treatment, we found a completely absent response after
treatment in 5 out of 20 patients. After discontinuation of the treatment,
aberrant proliferative responses returned to normal. In vitro results re-
vealed an anti-proliferative effect of all compounds tested and a
pro-apoptotic effect of paroxetine, fluoxetine, sertraline, fluvoxamine
and citalopram. Interestingly, we found that the pro-apoptotic effect
was significantly stronger in activated than in naïve T cells, indicating
a higher sensitivity of activated T cells to SRI-induced apoptosis. In the
murine BMTmodel, fluoxetine significantly reduced the clinical severity
of GvHD relative to vehicle-treated control animals.
Conclusions: These results show that SRIs can suppress T cell respon-
siveness in OCD patients and that this effect is due to a direct
anti-proliferative and pro-apoptotic effect on T cells. In addition,
this study provides evidence for a beneficial effect of SRIs on the se-
verity of murine GvHD. Given their favorable and well characterized
safety profile, we conclude that SRIs may hold therapeutic potential
as a novel class of T cell immunosuppressants.
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Prior restraint stress induced different effects on the inflammatory
response to LPS in the hippocampus and the amygdala

Zurine Miguel1, Andrew Evans1, Arantza Azpiroz2, Robert Sapolsky1

1Biology Department, Stanford University, Stanford, United States;
2Faculty of Psychology, Basque Country University, San Sebastian, Spain
Objective: Stress prior to a bacterial challenge can enhance the produc-
tion and secretion of proinflammatory cytokines in different brain areas
(e.g., hippocampus, frontal cortex). However, several studies have re-
vealed that stress effects on the brain are not homogeneous. Recent
findings on stress-induced structural plasticity in rodents have identi-
fied opposite effects between the hippocampus and amygdala. The fol-
lowing study was designed to test the hypothesis that stress effects on
pro- and anti-inflammatory cytokines are different between the amyg-
dala and hippocampus.
Methods: Male Sprague–Dawley rats were exposed to 4 sessions of re-
straint stress, 4 h each (versus homecage controls), and inoculated
with 100 mg/kg of LPS 24 h after the last stress session. Animals
were sacrificed and perfused with PBS 2 h after the LPS inoculation.
Hippocampus and amygdala were collected and assayed for relative
IL-1β, IL-6, TNFα, BDNF, IL-4, IL-1ra, IL-10 and C-fos mRNA expression
using PCR.
Results: In the hippocampus, prior restraint stress increased gene ex-
pression of the proinflammatory cytokines IL-1β and TNFα with no
changes in IL-6. The anti-inflammatory cytokine IL-1ra was decreased,
while IL-4 and IL-10 showed no change. BDNF and c-fos were reduced.
Similarly, in the amygdala, we observed a reduction in IL-1ra and c-fos
and no changes in IL-10. On the contrary, we observed in the amygdala
a decrease of the pro-inflammatory cytokines IL-1β and IL-6, and the
anti-inflammatory IL-4. As opposed to the hippocampus, TNFα and
BDNF gene expression did not change in the amygdala.
Conclusions: Prior restraint stress induced opposing effects on the
proinflammatory response to LPS in the hippocampus and the amyg-
dala but similar effects on the anti-inflammatory response in the two
areas. The neuronal activation, measured by c-fos mRNA expression,
showed no regional differences, suggesting that the neuronal activa-
tion is not altered or contributing to the stress-induced differences
in proinflammatory effects. Finally, the reduced gene expression of
BDNF in the hippocampus, but not in the amygdala following stress
points to a possible divergent role of stress-induced structural plastic-
ity when followed by infection.

These findings warrant further examination in order to determine
1) if stress alters the immune response differently in the hippocam-
pus and the amygdala and 2) if those alterations are relevant for cog-
nitive and affective symptoms associated with stress.
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Rajbangshi tribe group in Bangladesh: Their knowledge on central
nervous systems and possible role in primary health care

Md. Ariful Haque Mollik

Natural and Social Sciences, Biotech Concern, Dhaka, Bangladesh

Objective: Traditional medicines are used to treat central nervous sys-
tems, which have often been viewed as culturally specific problems,
and so these treatments have been seen as effective only in the specif-
ic context. Periodic field investigations were organized in connection
to different seasons during the year 2010–2012 in different parts of
Bangladesh.
Methods: The information were collected through the dialogue, dis-
cussion, and arranged meetings with the Rajbangshi tribe group,
who have sufficient knowledgeable of the plants. The plants were
identified with the help of floras. Information was collected through
interview with old people aged among 40–80, who had the tradition-
al knowledge of plants.

To determine the authenticity of information collected during field
work, the data were cross-checked from different informants. Thus,
only the specific and reliable information cross-checked with at least
12 informants have been incorporated. The information provided by
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the Rajbangshi tribe group has been compared with the published
literature.
Results: Information on 39 plants was obtained. These plants included
Abrus precatorius L., Achyranthes aspera L., Adenanthera pavonina L.,
Alangium salviifolium (L.f.) Wangerin, Aloe vera (L.) Burm.f.,
Amorphophallus konjac K.Koch, Argyreia nervosa (Burm.f.) Bojer,
Azadirachta indica A.Juss., Bacopa monnieri (L.) Wettst., Bixa orellana L.,
Calotropis procera (Aiton) Dryand., Camellia sinensis (L.) Kuntze, Canna-
bis sativa L., Cheilocostus speciosus (J.König) C.Specht, Crataeva tapia L.,
Datura metel L., Euphorbia royleana Boiss., Flacourtia indica (Burm. f.)
Merr., Ficus benghalensis L., Hemidesmus indicus (L.) R.Br. ex Schult.,
Ipomoea aquatica Forssk., Lawsonia inermis L., Linum usitatissimum L.,
Luffa acutangula (L.) Roxb.,Mimosa diplotricha Sauvalle,Nerium oleander
L., Nicotiana tabacum L., Nigella sativa L., Ocimum gratissimum L.,
Oroxylum indicum (L.) Kurz, Orthosiphon aristatus (Blume) Miq.,
Passiflora coccinea Aubl., Piper cubeba L.f., Pterygota alata (Roxb.) R.Br.,
Ricinus communis L., Semecarpus anacardium L.f., Solanum virginianum
L.,Wedelia chinensis (Osbeck) Merr., andWithania somnifera (L.) Dunal.
Conclusions: The investigation is newof its kindwith the aim to document
andwidespread the hidden knowledge of the Rajbangshi tribe group and
their practices towards central nervous systems of Bangladesh, is of very
much significant for the biochemists and pharmacologists for further sci-
entific research to develop new pharmaceutical preparations.
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Sleep influences the immune response: Evidence from a
skin allograft

Francieli Silva Ruiz

Psychobiology, Universidade Federal de Sao Paulo, Sao Paulo, Brazil

Objective: Sleep impacts immune parameters that are directly in-
volved in the allograft rejection process. We chose a skin allograft as
an immune challenge to assess whether the rejection process could
modulate the sleep pattern of transplanted mice because of the bidi-
rectional communication between the nervous and immune systems.
Conversely, we also investigated whether paradoxical sleep depriva-
tion (SD) or sleep restriction (SR) would affect the allograft rejection.
Methods: Adult (25–30 g) BALB/c and C57BL/6 J mice were used as do-
nors and recipients, respectively. The recipients were underwent SD for
72 h before and after the transplantation or to SR for 15 days by the
modified multiple-platform method or transplanted and maintained
in their home-cage. The SR protocol consisted of 21 hours of SD and
3 h of sleep. The skin allograft was inspected daily to determine the sur-
vival time and the sleep patternwas determined during all the rejection
process. Spleen, blood and skin grafts were harvested on the 5th day
after transplantation for cell counting and flow cytometry analysis of T
cells, IL-2 and sIL-2R (Luminex), corticosterone (Radioimmunoassay)
and skin grafts histopathological analysis and global gene expression.
A general linear model (GLM) was conducted for analysis, using the
group as the main factor.
Results: We observed a reduction in the paradoxical sleep throughout
the entire allograft rejection process. Both SD and SR prolonged allo-
graft survival compared to the non-sleep-deprived group due to re-
ductions in CD4+ and CD8+ T cells subpopulations, graft-infiltrating
CD4+ T cells, graft global gene expression, MHC class II expression
and sIL-2R levels. Moreover, there was an increase of spleen
CD4+Foxp3+ T cells in SD groups compared with TX group. No signif-
icant differences were observed regarding the corticosterone levels.
Conclusions: These evidences reinforce the existing hypothesis of the
importance of sleep in immune response integrity and development
since sleep deprivation induced significant effects on immune parame-
ters such as cellular immune response, cytokine receptor and local
inflammatory response. Sources of research support: FAPESP (#07/
55445-6), CNPq and Associação Fundo de Incentivo à Psicofarmacologia
(AFIP).
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Are anxiety behaviour and oxidative stress interrelated in the
early phase of experimental arthritis in rats?

Martina Skurlova, Andrea Stofkova, Jana Jurcovicova

Department of Normal, Pathological, and Clinical Physiology, Third Faculty
of Medicine, Charles University in Prague, Prague, Czech Republic

Objective: The impact of stress and depression in rheumatoid arthritis
(RA) has been confirmed. Yet, anxiety is a relevant area to examine in
arthritis as it increases rheumatic pain sensations, and predisposes to
stress reactions. Unpredictable disease course, chronic pain, and
movement limitations can all be a cause of anxiety in arthritis. Recent
knowledge however points at crucial role of oxidative stress. Anxious
rheumatic patients express enhanced amounts of blood free radicals
and lower activity of antioxidant systems. They also tend to develop
neuro-inflammation. The aim of this study was to examine anxiety
behaviour, and oxidative stress alterations in hippocampus on
animal model of RA, adjuvant arthritis (AA), during its early phase
what enables to avoid influence of pain, and movement impairments
on anxiety behaviour.
Methods: AA was induced to Lewis rats at 7 weeks of age by a single
subcutaneous injection of 100 μl of complete Freund´s adjuvant.
Two intervals of early arthritis were studied (day 2 and 4). Anxiety
behaviour was tested in the elevated plus maze apparatus, and in
the open field. Oxidative stress changes in the hippocampus were
evaluated by quantitative real-time PCR. A two-way ANOVA with re-
peated measures on factor day was used for statistical calculations.
Results: In arthritic rats, open arm entries, and time were lower on
both days (F(1,25)=9.14 pb0.01 F(1,25)=4.63 pb0.05). In the same
disease intervals, open arm entries and time related on their total
values decreased in arthritic rats (F(1,25)=7.14 pb0.02 F(1,25)=
5.21 pb0.05) indicating higher anxiety index in these group. Further-
more, arthritic rats spent less time in the central area of the open
field, and ambulated less in the central circle on both days (F(1,11)=
5.87 pb0.05 F(1,11)=4.05 pb0.05). Hippocampal nicotine amide ad-
enine dinucleotide phosphate (NADPH) oxidase 1 mRNA was
up-regulated on both arthritis days (AA 2, and AA 4 vs. controls:
pb0.05). Hippocampal mRNA for IL-1β showed a mild up-regulation
on day 2 with more pronounced increase on day 4 of AA (AA day 2
vs. controls: pb0.05 AA day 4 vs. controls: pb0.001).
Conclusions: In the early phase of arthritis, anxiety behaviour was ac-
companied with oxidative stress alterations in the hippocampus. In-
terestingly, mRNA expression of IL-1β and of NADPH oxidase 1
correlated what indicates that neuro-inflammation, and oxidative
stress are interrelated, and both cohere with anxiety.

Supported by: CSM/110-2012, 264706/SVV/2012.
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Parent-of-origin effects affect inheritance of multiple
sclerosis-like neuroinflammation in rats and
implicate novel risk genes

Sabrina Ruhrmann, Pernilla Stridh, Petra Bergman,
Mélanie Thessén Hedreul, Sevasti Flytzani, Amennai Daniel Beyeen,
Alan Gillett, Nina Krivosija, Johan Öckinger, Maja Jagodic
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Objective: Parent-of-origin effects in multiple sclerosis (MS) suggest
an epigenetic component in disease etiology. Epigenetic mechanisms
refer to heritable changes in gene expression that do not require
changes in the DNA sequence. We sought to establish the magnitude
of contribution of parent-of-origin effects to an MS-like disease, ex-
perimental autoimmune encephalomyelitis (EAE), and to identify
novel risk genes that are under epigenetic regulation.
Methods: We investigated the impact of parent-of-origin on EAE sus-
ceptibility using a reciprocal backcross strategy designed to identify
the parental origin of disease-predisposing alleles. Genome-wide ex-
pression in reciprocal backcross rats and allele-specific expression in
reciprocal hybrids were used to facilitate identification of genes that
mediate parent-of-origin effects. The impact of candidate genes on
the immune system and EAE development was investigated in recip-
rocal congenic rats and transgenic mice with flow cytometry and
quantitative PCR.
Results: More than 30% of all detected disease-predisposing loci
depended on parental transmission. Accounting for parental origin
enabled identification of novel risk factors and increased up to
4-fold disease variance explained by identified factors, revealing an
important source of ‘missing heritability’. The majority of loci
displayed imprinting-like pattern, whereby a gene expressed only
from the maternal or paternal copy exerts an effect. Accordingly, sev-
eral identified loci, comprise well-known clusters of imprinted genes.
Paternally inherited alleles at Eae9 conferred increased EAE risk and
lower expression of DLK1, which agrees with known paternal expres-
sion of genes in the Dlk1-Dio3 locus. TgDlk1-70 BAC mice (da Rocha et
al., 2009) suggested involvement of Dlk1 in the immune system de-
velopment and EAE severity.
Conclusion: We demonstrated a significant contribution of parent-of-
origin in the etiology of MS-like disease, suggestion involvement of
epigeneticmechanisms. Moreover, we defined locations in the genome,
including Dlk1, which are regulated by epigenetic mechanisms and
might provide molecular clues to gene-environment interactions in eti-
ology of neuroinflammation.
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High resolution genetic mapping of the cytokine response in the
rat heterogeneous stock

Sevasti Flytzani, Pernilla Stridh, Diana Ekman, Margarita Diez,
Johan Öckinger, Amennai Beyeen, Alan Gillett, Andre Ortlieb,
Nada Abdelmagid, Maja Jagodic, Tomas Olsson

Karolinska Institute, Karolinska University Hospital, Stockholm, Sweden

Objective: Inflammation is by definition orchestrated by cytokines.
Therefore, understanding their genetic regulation is important for the
understanding of diseases where cytokines are key mediators, such as
multiple sclerosis and its’ animal model experimental autoimmune en-
cephalomyelitis (EAE). We use a heterogeneous stock (HS) of rats, that
resembles a human population, in order to identify quantitative trait
loci (QTL) and genes that regulate cytokine response, and further dis-
sect the pathogenic mechanisms underlying neuroinflammation.
Methods: HS stems from a standard outbreeding scheme of eight dif-
ferent rat strains bred for more than 60 generations, which leads to a
high recombination density. We have collected, within the EURATools
consortium, phenotypic EAE information on 2000 rats that have been
SNP mapped across their genome with 500,000 SNPs. Besides the
clinical evaluation of the disease, we measured 23 pro-inflammatory
and anti-inflammatory cytokines using a multiplex assay based on
luminex technology in blood of naïve rats after stimulation with lipo-
polysaccharide (LPS). In addition, other phenotypes, such as serum
antibody levels will be determined by ELISA.
Results: Our preliminary genome-wide association scan identified
QTLs with high resolution and narrow confidence intervals, around
1-3Megabase (Mb) containing few-to-50 genes. Furthermore, the
QTLs that regulate cytokine response and overlap with QTLs for
EAE phenotypes imply shared genetic variant among phenotypes.
For example, we identified a QTL on chromosome 13 that regulates
the pro-inflammatory cytokines TNF and IL-1β, which overlaps
previously known EAE QTL. A region on chromosome 11 regulates
IL-1α and IL-1β response and overlaps with QTLs regulating inci-
dence and onset of EAE, implying that potentially there is a gene in
the QTL that confers susceptibility to the disease through IL-1α/β
regulation. In addition, by combining genomic sequence data from
the founder strains with mapping data we can further infer causative
candidate polymorphisms.
Conclusions: The rat HS is a new resource suitable for fine-mapping of
QTLs due to high recombination density, and potentiates single gene
identification and further dissection of the underlying autoimmune
neuroinflammation pathways.
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RBP-Jk SNP is associated with differential expression of RBP-JK
isoforms and induction of IL-9 in memory T cells

William Orent, Ribal Bassil, Michael Frangieh, Anna Tang,
Phillip De Jager, Samia Khoury, Elizabeth Bradshaw, Wassim Elyaman

Brigham and Women's Hospital, Harvard Medical School, Boston,
United States

Objective: RBP-Jk is the transcriptional effector of the Notch pathway
and plays a crucial role in T-cell development and differentiation.
Recently, meta-analysis of genome wide association studies of type 1
diabetes (T1D) and rheumatoid arthritis (RA) identified a susceptibility
locus, rs10517086, which implicated the RBPJ gene. Our group and
others have demonstrated that Notch/RBP-Jk plays an important role
in the differentiation of naive CD4+ T-cells into regulatory and effector
T cells (Elyaman et al., 2007; Bassil et al., 2011; and Elyaman et al.,
2012). Here we examined the biologic phenotypes of healthy subjects
selected based on being homozygous for the risk or protective allele in
order to examine the pathway from genotype to phenotype.
Methods: CD4+CD45RO+memory T-cells were isolated by MACS
from PBMCs of healthy donors using ficoll density centrifugation.
Cells were activated with anti-CD3/CD28 (1 μg/ml) for 5 days in the
presence or absence of TGF-β1 (5 ng/ml).

Cytokine expression was measured in live cells (7AAD-Negative)
by flow cytometry using antibodies against IL-9 (Biolegend) on
LSRII and analyzed using FlowJo software.

Gene expressionwas carried out on a Vii 7.0 using SybrGreen. Primers
were designed to cover exon boundaries of each isoform using Primer3.
Results: We found that healthy donors homozygous for the
rs10517086 risk allele have altered expression of RBP-Jk isoforms in
CD4+CD45RO+ memory, but not naïve T-cells relative to control
subjects homozygous for the protective allele as determined by
qPCR. Indeed, isoform specific qPCR showed a 4-fold decrease in iso-
form NM_202283 and a 5-fold increase in isoform NM_203284 in
subjects with the risk allele. As a consequence, the proliferation of
memory T-cells homozygous for the protective allele increased and
this was associated with an alteration of their cytokine profile marked
by a specific increase in IL-9 production as measured by flow cytom-
etry five days following polyclonal stimulation in the presence of
TGF-β1. These findings are in agreement with our recent study
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demonstrating high levels of IL-9 in memory T-cells from T1D sub-
jects polarized under Th17 cell conditions.
Conclusions: We have found that CD4+CD45RO+ memory T-cells
show differential expression of RBP-Jk isoforms based upon allele sta-
tus and this is also associated with a specific increase in IL-9 in risk al-
lele homozygotes. These data demonstrate that IL-9-producing CD4
cells may play a role in human autoimmune diseases.
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To investigate the functional role of ZFP36L1 in multiple sclerosis:
Possible connection between brain and stomach

Linda Ottoboni, Crystal A. Rawlings, Philip L. De Jager

Harvard Medical School, Brigham and Women Hospital, Boston,
United States

Objective: Genetic and environmental factors contribute to the onset
of multiple sclerosis (MS). The goal of this project is to explore the
functional consequences of the MS risk variant rs4902647 in the
ZFP36L1 locus (p=9.3×10−12) that was found in a recent large ge-
nome scan by the International MS Genetics Consortium. 8 different
isoforms can be transcribed from ZFP36L1, which encodes for an
RNA binding protein that controls the degradation of other tran-
scripts. Inflammatory cytokines are its predicted molecular targets
along with many oncogenes, such as FOS, MYC, BCL2 and PTGS2.
ZFP36L1 is also known as butyrate response factor 1 (BRF1) and can
be modulated by sodium butyrate (NaB), a fermentation product of
the gut flora and a known histone deacetylase inhibitor (HDACi).
Methods: Expression analysiswas conducted in pre-genotyped healthy
control and MS individuals to measure the level of different RNA
isoforms. Flow cytometry data were obtained to investigate genotypic
correlation with the proliferation of CD4+ T cells.
Results: In peripheralmononuclear cells (PBMC) fromMS subjects (n=
225) and purified monocytes from healthy individuals (n=26), the
short isoform of the gene has a greater relative expression compared
to the long isoform in the presence of the risk allele (p=1.8×10−11;
p=0.08 respectively). Further, the frequency of the risk allele correlates
with increased proliferation of CD4+ T cell (n=23, p=0.05).
Conclusions: Little is known of the role of ZFP36L1 in immune func-
tion. Our data suggest that the disease-associated variant alters the
distribution of RNA isoforms, increasing the proportion of the shorter
ZFP36L1 molecules that might lack a critical phosphorylation site in-
volved in the regulation of the zinc finger binding to the 14-3-3 pro-
tein and hence in its activity. Further studies are under way to
validate our observations in additional cell types and to investigate
direct and indirect ways in which this alteration in transcript popula-
tion could affect CD4+ T cell proliferation.
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Genome-wide association of autoimmune neuroinflammation in
the heterogeneous stock of rats
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Alan Gillett1, Andre Ortlieb1, Nada Abdelmagid1, Margarita Diez1,
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Objective: To elucidate mechanisms involved inmultiple sclerosis (MS),
we investigated inheritance of experimental autoimmune encephalo-
myelitis (EAE). With the objective to capture the complexity of
humandiseasewhile benefitting from the advantages of animalmodels,
we use the Heterogeneous Stock of rats (HS). Considerable advantages
of the HS include the genetic resolution, which enables identification
of risk genes, and the capacity to study parent-of-origin effects, epistatic
interactions and gene–environment interactions in a complex setting.
Methods: The HS is a genetic mosaic established from eight inbred
strains: ACI/N, BN/SsN, BUF/N, F344/N, M520/N, MR/N, WKY/N and
WN/N. Rats in the European HS colony have been bred for more
than 50 generations to maximize recombination density and reduce
the size of inherited haplotypes. EAE was induced by myelin oligo-
dendrocyte glycoprotein (MOG) in 2006 HS rats. Additionally, the
stress response, something that has been debated as a possible trigger
of MS, and other physiological phenotypes were measured and envi-
ronmental information collected. The 8 founder strains were se-
quenced and a targeted genotyping panel with 500,000 SNPs that
enable imputation of the sequence have been completed in 1200 HS
rats. Additionally, 200 of the breeding couples have been genotyped
to study parent-of-origin effects to identify important routes of dis-
ease transmission. The association studies in the HS involve novel an-
alytical methods and statistical packages developed specifically for
this population. A “multiple QTL model” is fitted using a model aver-
aging method, meaning that the association between phenotype and
genotype at any one locus is corrected by the pattern of associations
over the rest of the genome.
Results: We confirmed a previously identified quantitative trait loci
(QTL) on rat chromosome 10 associated to EAE incidence and reduced
the confidence interval from 60 Mb to 5 genes. Two additional previ-
ously known QTLs on rat chromosomes 10 and 18 were confirmed,
and the HS provided a short list of candidate genes. Targeted investi-
gations are ongoing to identify the causative genes/variants.
Conclusions: The mapping resolution provided by the HS enables
rapid identification of risk genes for EAE. Further, the HS provides
the unique opportunity to study genetic, epigenetic, environmental
and behavioral factors that contribute to inheritance of autoimmune
neuroinflammation, and by extrapolation to MS.

miRNA
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miRNA signature from five subsets of CD4+ T lymphocytes from
multiple sclerosis patients in the remission phase

Julio Cesar Cetrulo Lorenzi1, Dalila Luicila Zanette1,
Doralina Guimarães Brum2, Amilton Antunes Barreira3,
Antonio Carlos dos Santos3, Wilson Araújo Silva Jr1

1São Paulo University, Medical School of Ribeirão Preto-Genetics
Department, Ribeirão Preto, Brazil; 2São Paulo University, Medical
School of Ribeirão Preto - Neurology Department, Ribeirão Preto, Brazil;
3São Paulo University, Medical School of Ribeirão Preto- Neurology
Department, Ribeirão Preto, Brazil

Objective: To determinate the miRNA signature from nine T lympho-
cyte subpopulations of multiple sclerosis (MS) patients in the remis-
sion phase.
Methods: We have determined the expression level of 866 human
miRNAs, using Agilent miRNA microarray technology, of Naive, Cen-
tral memory, Effector memory, Effector RA memory and regulatory
T Cells from CD4+ lymphocyte populations, obtained from five mul-
tiple sclerosis patients in the remission phase and five healthy donors
matching for age and gender. Taqman qRT-PCR was used to validate
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miRNA expression; we also made a bioinformatics approach to infer
miRNA targets and their role in T cell biology.
Results: The analysis of miRNA expression by microarray revealed sig-
nificant changes in all five subsets of T lymphocytes in the MS pa-
tients. Moreover, qRT-PCR confirmed (pb0.05) the significant
up-regulation of six miRNAs (miR-517b, miR-519e-5p, miR-575,
miR-1225-5p, miR-326 e miR-Let7f1) and the down regulation of
four miRNAs (miR-19b, miR-24, miR-484, and miR-1295) in the MS
patients. Bioinformatics prediction of the differentially expressed
miRNA target genes revealed an enrichment of immune response re-
lated genes. The influence of these miRNAs on their predicted target
genes appears to favors the Th17 response in all analyzed cell subsets.
Conclusions: By using this strategy we obtained a molecular characteri-
zation of miRNA expression of five subsets of T lymphocytes and re-
vealed a possible role of these miRNAs in the immune response of MS.
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Role of miR-223 in multiple sclerosis and its animal model

Claudia Cantoni1, Elisa Ridolfi2, Todd Fehniger3, Anne Cross4,
Laura Piccio4
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Objective: Multiple sclerosis (MS) is a complex autoimmune disease
of unknown etiology involving central nervous system (CNS) inflam-
mation, demyelination, and axonal damage. Experimental autoim-
mune encephalomyelitis (EAE) is the prime animal model for MS;
work using this model has led to four approved therapies for MS
thus far. MicroRNAs (miRNAs) are a novel class of small, non-coding
RNAs discovered to regulate gene expression post-transcriptionally.
They represent potential therapeutic targets as they have been impli-
cated in the pathogenesis of several human diseases, including auto-
immune diseases. MiR-223 was found to be up-regulated by
microarray analysis in whole blood and active brain lesions in MS pa-
tients compared to controls. MiR-223 is expressed in myeloid cells
and it modulates the NF-Kb pathway, with effects on inflammatory
and immune responses. The present work will further characterize
the potential role of miR-223 in the EAE model and MS.
Methods: The expression levels of miR-223 were analyzed in the pe-
ripheral blood mononuclear cells (PBMCs) of two different
populations by Real Time PCR. The first cohort consisting of 20 sam-
ples from MS patients and 20 from healthy subjects and the second
of 15 sample fromMS patients and 12 from healthy subjects. In active
EAE experiment 8 male miR-223 knock out (miR-223 KO) mice and 4
littermate control mice were immunized with the myelin oligoden-
drocyte glycoprotein (MOG)35–55 peptide. In this experiment, EAE
clinical course and spleenocytes cell phenotyping were compared in
miR-223 KO vs control mice.
Results: We found an upregulation of miR-233 in the PBMC of MS sam-
ples vs controls (fold change over controls 1.64±1.25 vs. 1.20±0.95,
P=0.018). This result was confirmed in a different cohort of subjects;
miR-233 was upregulated in MS vs control subjects (fold change over
controls 0.81±0.65 vs. 0.40±0.26, P=0.010). In active EAE experi-
ment MiR-223 KO mice developed a significantly less severe disease
(Pb0.0001 by two-way ANOVA) with a significantly higher percentage
of granulocytes/neutrophils (Ly6C/Ly6G positive cells) and eosinophils
(Siglec F positive cells) compared to control mice.
Conclusions: These results demonstrate altered levels of miR 223 in
the PBMC of MS patients and suggest that miR-223 plays a role in
EAE. This may lead to the identification of new disease biomarkers
of therapeutic targets.
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The microRNAs miR-183 and miR-9-2 target Nurr1 and SOCS2
genes, establishing a negative feedback loop that inhibits
inflammation in multiple sclerosis
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Cristina Barlassina3, Maddalena Arigoni4, Raffaele A. Calogero5,
Antonio Bertolotto1
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Objective: Pregnancy provides an original model to investigate the
regulatory mechanisms of inflammation, given that during gestation
the maternal immune system strengths its anti-inflammatory compo-
nent and several autoimmune diseases, including multiple sclerosis
(MS), frequently go into remission. In a recent genome-wide tran-
scriptional analysis, we identified a gene transcription signature for
MS, mostly encoding negative regulators of inflammation, and
reverting back to normal during gestation. Among the others, tran-
scripts SOCS2, TNFAIP3 and Nurr1 were particularly interesting since
they were reported to be associated with several autoimmune dis-
eases and encode negative regulators of inflammatory responses.

Because miRNAs are believed to play an important role in gene ex-
pression regulation, we ought to understand the role of miRNAs in
this deregulated gene pathway.
Methods: We conducted a genome-wide miRNA-seq transcriptional
analysis of peripheral blood mononuclear cells (PBMCs) obtained from
5womenwithMS and 5healthy controls before and at 9thmonth of ges-
tation. Results were confirmed by real time PCR in 19 women with MS
and 8 healthy controls followed during pregnancy. After, we performed
an integrative analysis of miRNA/mRNA expression, overlaying the pres-
ent miRNA signature onto our published gene transcription signature.
Expression levels were tested in PBMCs from 45 untreated MS patients.
Results: first, we identified 15 miRNAs that were up-regulated in MS
patients respect to healthy controls and whose impaired expression
reverted to normal during gestation. Secondly, miRNA target-gene
prediction analysis revealed relationships between miR183 and
miR9-2 and Nurr1 and SOCS2 genes, both included in our previous
MS gene signature. The functional relationship of miRNA/mRNA
pairs, was confirmed by the presence of a strong anti-correlation in
clinical specimens, comparing expression levels of the mir183/Nurr1
and mir9-2/SOCS2 pairs. miRNA/mRNA target interactions for both
genes were also experimentally confirmed by luciferase assay.
Conclusions: data highlight a regulatory role of miR183 andmiR9-2 on
Nurr1 and SOCS2, two critical players in the negative feedback regula-
tion of inflammation in MS.

This specific pattern of gene/miRNA expression might be associated
to the pregnancy-related decrease in disease activity. Modulating the
miR183/Nurr1 and miR9-2/SOCS2 pairs as during pregnancy, may thus
represent a new approach to treating MS and autoimmunity overall.
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micro-RNAs and abnormal regulation of pro-inflammatory B cell
cytokines in MS patients: The novel miR-132-surtuin-1 axis

Yusei Miyazaki, Hétoum Misirliyan, Craig Moore, Rui Li, Nasr Farooqi,
Mayra Solis, Lorna Galleguillos Goiry, Omar de Faria Junior,
David Colman, Ajit Singh Dhaunchak, Amit Bar-Or

Montreal Neurological Institute, McGill University, Montreal, Canada
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Objective: B cell effector cytokine profiles are dysregulated in pa-
tients with MS and may contribute to disease propagation both in
the periphery and within the CNS. However, the mechanisms
underlying B cell effector cytokine regulation are unknown. We
considered micro (mi)RNAs as potential regulators of cytokine
production by B cells in both the healthy state and in patients
with MS.
Methods: Expression of 102 candidate miRNA was quantified
(qPCR) in circulating B cells of MS patients and age/sex matched
healthy subjects (HS) under different modes of activation. miRNA
expression was correlated with secreted levels of interleukin
(IL)-10, lymphotoxin (LT), and tumor necrotizing factor alpha
(TNFα). The functional capacity of implicated miRNAs to regulate
particular cytokines was confirmed by transfection of B cells with
miRNA mimics and by pharmacological manipulation of down-
stream molecules.
Results: miRNA expression-profiles in normal B cells were modulat-
ed under different modes of activation, in association with distinct B
cell cytokine secretion profiles. Compared with activated B cells of
HS (n=13), activated MS B cells (n=15) expressed higher levels
of miR-132 (3.71±0.82 vs 8.13±1.38; HS vs MS; pb0.01) in associ-
ation with enhanced LT and TNFα production. Transfection of
miR-132 mimic selectively enhanced LT and TNFα but not IL-10 pro-
duction from B cells. We further discovered that Sirtuin-1 (SIRT1), a
miR-132 target, was expressed at significantly lower levels in MS B
cells compared to those of HS and that pharmacological inhibition
of SIRT1 enhanced B cell production of LT and TNFα, while activa-
tion of SIRT1 suppressed production of these cytokines by MS B
cells.
Conclusions: We report expression of distinct miRNAs as a novel
mechanism underlying effector cytokine regulation by human B
cells. Levels of miR132 are abnormally increased in B cells of MS pa-
tients, resulting in suppression of SIRT1 and over expression of B
cell LT and TNFα. These discoveries establish a basis for the aberrant
pro-inflammatory B cell cytokine responses recently implicated in
MS relapses and provide novel targets for therapeutic intervention.
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miR-684 regulation of neurexophilin-1 and
alpha-neurexin expression

Kristen Drescher, Xian-Ming Chen, W. Brad Schenk,
Thomas Hendricks, Korey Leland
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Objective: Using the Theiler's murine encephalomyelitis virus (TMEV)
model of multiple sclerosis, candidate miRNAs are involved in demy-
elination and clinical deficits were identified. The studies described
herein focus on miR-684, hypothesized to have binding sites in the
3′ untranslated region (UTR) of neurexophilin-1 and the receptor
for neurexophilin-1, α-neurexin.
Methods: These studies utilized real time RT-PCR, indirect immuno-
staining, flow cytometry, in situ hybridization, and luciferase reporter
gene assays. Clinical function was assessed using the Catwalk Gait
Analysis system.
Results: We demonstrated that TMEV-infected mice treated with an
adenovirus vector expressing glial growth factor (Ad-GGF) have im-
proved clinical function compared to Ad-Ctl treatedmice as determined
by the Catwalk Gait Analysis system. Histological studies demonstrate
that mice treated with glial growth factor experienced reduced
inflammation in the brain and spinal cord compared to control-
treated mice. Ad-GGF treated mice have lower levels of miR-684 than
Ad-Ctl treated mice. In silico analysis identified α-neurexin and its
ligand, neurexophilin-1 as having potential miR-684 binding sites in
their 3′-UTRs. Examination of the effect of endogenous miR-684 as
well as precursors and antisense-miR-684 RNA on 3′-UTR constructs
validated the prediction that neurexophilin-1 is regulated by miR-684.
miR-684 binds neurexiphilin-1 and α-neurexin mRNA transcripts at
positions 136–140 and 1624–1626 of the 3′UTRs respectively. Both
α-neurexin and neurexophilin-1 are expressed in areas of lesion forma-
tion in the spinal cord white matter of mice infected with TMEV. Flow
cytometry data demonstrate that CD5+B220+ cells are positive for
α-neurexin and neurexophilin-1.
Conclusions: Together, these data demonstrate that miR-684 binding
to the 3′UTR of either neurexophilin-1 or α-neurexin decreases ex-
pression of these proteins, thereby functioning as a means of post-
transcriptional control. Because of the difference in the levels of
miR-684 between animals with differing levels of clinical function,
neurexophilin-1:α-neurexin interactions may be involved in appro-
priate functioning of the mature CNS, and provide a target for clinical
intervention in models of CNS disease.
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Modulation of inflammatory monocytes with a unique
microRNA-gene signature ameliorates ALS mice
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Objective: To determine if there are unique microRNA signatures in
peripheral Ly6CHi monocytes in SOD1 mice and whether these signa-
tures are present in ALS subjects.
Methods: Peripheral blood monocyte subsets from 18 sALS, 4 fALS,
8MS-RR, 13 AD and 33 age-matched controls were studied using quanti-
tative Nanostring profiling of 800 miRNAs and 180 inflammation-related
genes.
Results: Nanostring analysis revealed that the top 10 deregulated
miRNAs targets (including let-7b, miR-155, miR-146a, miR-223 and
miR-27a) in Ly6CHi splenic monocytes in SOD1 mice were associated
with an M1 phenotype two months prior to disease onset and during
disease progression. Treatment with anti-Ly6C mAb modulated the
Ly6CHi monocyte cytokine profile, reduced their recruitment to the
spinal cord, diminished neuronal loss and extended survival. Genetic
ablation of miR-155 in SOD1 mice attenuates recruitment of inflam-
matory monocytes into the spinal cord, polarizes M1 to M2
miRNA-genetic signature in Ly6CHi monocyte and extends survival
by 51 days. In ALS subjects, CD14+/CD16- monocytes (the human an-
alogue of Ly6CHi monocytes) exhibited a disease specific microRNA
and genetic pro-inflammatory signatures identical to that observed
in the SOD1 mouse.
Conclusions: 1) Recruitment of pro-inflammatory monocytes plays an
important amplifying role in disease progression and modulation of
these cells is a potential therapeutic approach in ALS; 2) identification
of microRNA abnormalities in peripheral inflammatory monocytes of
ALS as was found in SOD1 mice provide a direct link between the an-
imal model and the human disease; 3) this unique monocyte
microRNA profile in ALS provides the basis for the development of
miRNA-based therapeutic targets and a blood biomarker to monitor
disease progression and response to therapy.
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T cell killing of neurons is promoted by microglia

Sarah Haylock-Jacobs, Erin O'Ferral, Jade Tong, Yan Fan, Claudia Silva,
Voon Wee Yong
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of Calgary, Calgary, Canada

Objective: Multiple sclerosis (MS) is a neurodegenerative disorder in
which axonal loss has been correlated with accumulation of patho-
genic T cells and microglia/macrophages. Both T cells and microglia/
macrophages can kill neurons in culture, however no demonstration
of a co-operative role has been reported thus far. This study therefore
aims to investigate whether close contact between T cells and mi-
croglia can exacerbate neuron loss and the mechanisms behind this.
Methods: Human fetal brain samples were processed and neurons as
well as microglia were isolated. T cells from syngeneic brain donors
or from healthy adult human peripheral blood were co-cultured in
combination with neurons and/or microglia and blocking antibodies
were used to determine the mechanism of interactions between
these cell types.
Results: We observed that neurons that were subjected to culture
with both microglia and anti-CD3/anti-CD28 activated PBMCs had a
significantly lower survival percentage when compared to neurons
incubated with microglia or T cells alone. This co-culture induced a
significant increase in the level of many cytokines, of both the ‘pro-’
and ‘anti-’ inflammatory types, as well as granzyme B. When an anti-
body that blocks the CD18 (β2 integrin) receptor was introduced the
neuron killing was markedly reduced to baseline levels.
Conclusions: These findings indicate that killing of neurons at lesion
sites in the CNS is likely exacerbated when both activated T cells
and microglia are in contact with each other. Blockade of CD18 dra-
matically reduces this killing correspondent with the attenuation of
the up-regulation of cytokines and granzyme B. Thus, this study sug-
gests that therapeutic blockade of CD18 may not only reduce the
migration of encephalitogenic T cells to the CNS during MS, but may
also reduce the capacity of T cells and microglia to cooperatively
cause damage to neurons.
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Immune-mediated mechanisms in the pathogenesis of cerebral
amyloid angiopathy-related inflammation and Alzheimer's
disease: Role of anti-Aβ auto-antibodies
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Objective: Cerebral amyloid angiopathy (CAA) is characterized by the
progressive deposition of amyloid-β (Aβ) protein in the walls of
small/medium sized arteries of cerebral cortex and leptomeninges,
representing an important cause of spontaneous intracerebral
haemorrhage and cognitive impairment.

A subgroup of CAA patients develop perivascular inflammation
linked to the Aβ laden vessels, associated with vasogenic edema
(VE) and to a rapid cognitive decline, leading to a condition known
as CAA-related inflammation (CAA-ri). This syndrome has parallels
with what observed in about 10% of patients affected by Alzheimer's
disease (AD) who developed reversible VE after immunization with
the anti-Aβ antibody bapineuzumab, where postmortem examination
revealed inflammation and/or vasculitis associated with CAA,
implying the discontinuation of therapeutic protocols. Recent MRI
data have also shown that up to 17% of the treated patients have signs
of VE directly related to the drug dose, even if in the absence of clinical
correlates.
Methods: thanks to a novel technique for the ultra sensitive evalua-
tion (patent application pending), we followed the concentration of
anti-Aβ antibodies in the CSF of 10 CAA-ri patient during the acute
phase (acCAA-ri) and after the remission phase (rpCAA-ri), compared
to 8 non-inflammatory CAA, 10 AD, 10 MS and 20 healthy control
subjects.
Results: we demonstrated that the concentration of anti-Aβ antibodies
is specifically increased in the CSF of acCAA-ri patients, followed by a
progressive reduction of their concentration after steroid treatment,
accordingly to clinical-radiological improvements. Moreover, we ob-
served a spontaneous decrease of these autoantibodies in rpCAA-ri pa-
tients without any immunosuppressant treatment, finally proving that
the event is not secondary to an unspecific effect of treatment, but
strictly related to disease progression.
Conclusions: our data support the hypothesis that the pathogenesis of
CAA-ri is caused by a specific autoimmune reaction against Aβ, direct-
ly mediated by anti-Aβ autoantibodies. Since an invasive procedure
such as brain biopsy is still needed for a definite diagnosis of CAA-ri,
the outcomes implied by anti-Aβ dosage in CSF may be proposed to
support future targets for early diagnosis and follow-up, in associa-
tion with clinical and radiological features, and as a surrogate bio-
marker for clinical trials of disease modifying therapies.
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Role of CD8+ T cells in myelin-induced neuroinflammation
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Objective: The detailed role of CD8+ T cells in neuroinflammation is
yet not fully elucidated. In the animal model there are contradictory
reports concerning a beneficial or detrimental contribution to the
pathology. The aim of this study was to characterize different
CD8+ phenotypes and investigate their activity in the course of
neuroinflammation. We used two-photon laser scanning microscopy
(TPLSM) to track CD8+ T cells in the inflamed central nervous system
(CNS) and elucidate their behavior.
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Methods: Active experimental autoimmune encephalomyelitis (EAE)
was induced by immunization with myelin oligodendrocyte glyco-
protein 35–55 (MOG). For TPSLM analysis red fluorescent protein
(RFP)-expressing CD8+ T cells and enhanced green fluorescent protein
(EGFP)-expressing CD4+T cells were transferred. To transfer the results
into the human system, MBP85–99-specific CD4+ Th17 cells were
co-cultured with in vitro expanded CD8+ T cells from the same donor.
Results: After induction of active EAE in C57Bl/6 mice we were able to
detect CD8+ T cells in the CNS, although in smaller amounts com-
pared to CD4+ T cells. Visualizing their behavior by TPLSM, we
found that the presence of CD8+ T cells did not influence the behav-
ior of CD4+ T cells, as there were no specific long lasting interactions
between both cell types detectable. Furthermore, in this condition,
we could not detect any damage on the neurons subsequent to con-
tacts between CD8+ T cells and neuronal structures. Flow cytometry
analysis of CNS CD8+ T cells revealed a high production of Interferon
(IFN)-gamma, no markers so far known to characterize CD4+ T reg-
ulatory cells were detectable in the CD8+ T cell population. On the
other hand, when we isolated and in vitro expanded CD8+ T cells
from the spleens of immunized mice in remission, those CD8+ T
cells showed regulatory capacities leading to a massively reduced
proliferation of co-cultured CD4+2d2Th17 T cells and a significantly
increased cell death of CD4+ T cells. Transferring those results into
the human system, human CD8+ suppressor T cells were also
found to kill autologous myelin-specific CD4+ target cells.
Conclusions: CD8 T cells, indicated to play a role inmultiple sclerosis, are
present in the CNS in a model of myelin-induced neuroinflammation,
but do not seem to aggravate disease course. Furthermore, our findings
indicate a subgroup of CD8+ T cells which apparently exhibit suppres-
sive capacities in the murine as well as in the human system.
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Strawberry notch 2, a novel IL-6/gp130 family cytokine-regulated
target gene is differentially induced in astrocytes and microglia
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Objective: The pleiotropic cytokine Interleukin 6 (IL-6) is a key partic-
ipant in the response to injury and infection in the CNS, where astro-
cytes and microglia are its major targets. By DNA microarray analysis
we identified strawberry notch 2 (Sbno2) as a potentially novel
IL-6-stimulated gene in astrocytes and microglia. Sbno2 is a mouse
homolog of the Sno gene in Drosophila that was shown to modulate
Notch signaling. However, the function of Sbno2 in mammalian cells
is ill defined. Here we determined the regulation of the Sbno2 gene
in cultured glial cells in vitro and in the murine brain.
Methods: The regulation of Sbno2 mRNA was examined by RPA or
qPCR in: (1) primary murine and human astrocyte and murine
microglial cultures as well as in murine C8-B4 and EOC13 microglial
cell lines treated with hyper-IL-6 or different cytokines, or (2) in
brain from GFAP-IL6, GFAP-IL12 and GFAP-IFNα transgenic mice.
Results: Inmurine astrocytes andmicroglial cells, hyper-IL-6 stimulated
a dose- and time-dependent increase in Sbno2 mRNA. Sbno2 mRNA
was also increased in human astrocytes in response to hyper-IL-6. In
glial cells from mutant mice that lack one or the other of the two
main IL-6 signaling pathways, hyper-IL-6 induced up-regulation of
Sbno2wasmainly mediated via the gp130 Jak/STAT signaling pathway.
However, Sbno2 was also constitutively expressed in glial cells and this
basal expression was not altered by a lack of STAT signaling. In mouse
astrocytes, Sbno2mRNAwas highly up-regulated by OSM and to a less-
er degree by LIF and IL-11 as well as by IL-1β and TNFα, whereas in
microglia these cytokines had no effect. Finally, Sbno2mRNAwas high-
ly up-regulated in the brain of GFAP-IL6 mice, to a lesser degree in
GFAP-IL12 mice and not at all in GFAP-IFNα mice compared with wild
type mice.
Conclusions: (1) IL-6 is a potent stimulus for Sbno2 gene expression in
microglia and astrocytes via IL-6/gp130 mediated JAK/STAT signaling,
(2) the in vivo relevance of these findings was reflected by elevated
Sbno2 mRNA levels in GFAP-IL6 and -IL12 transgenic mice, and
(3) the regulation of Sbno2 gene expression by other gp130 cytokines
and by other pro-inflammatory cytokines is distinct and differs be-
tween the two glial cell types suggesting divergent roles for Sbno2
in the action of these cytokines on astrocytes and microglia.
Supported by NHMRC grant 632754 and the Austrian Science Fund
(FWF): J3081-B09.
Immunological mechanisms
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EMMPRIN, A Multi-Faceted Modulator Of Immune Cell Functions
In MS
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Objectives and background: In multiple sclerosis (MS), immune cells
transmigrate the blood–brain barrier (BBB) to invade the CNS paren-
chyma resulting in demyelination and axonal destruction. Proteases
such as matrix metalloproteinases (MMPs) are highly upregulated
in CNS regions in MS and in its animal model experimental autoim-
mune encephalomyelitis (EAE). Immune cells are shown to utilize
MMPs to cleave components of the BBB to enter the CNS. Extracellular
matrix metalloproteinase inducer (EMMPRIN, CD147, basigin) is an up-
stream inducer of the expression of several MMPs. We reported previ-
ously that EMMPRIN is upregulated in EAE and that blocking EMMPRIN
activity reduced neuroinflammation and clinical EAE severity (Agrawal
et. al., J Neurosci 2011). Here, we analysed EMMPRIN expression in
MS brain specimens and used anti-EMMPRIN function blocking anti-
bodies in several experimental models to interrogate the roles of
EMMPRIN in immune cells.
Methods: MS brain sections were stained for EMMPRIN expression.
Human T cell and monocyte cultures were used to test the effect of
anti-EMMPRIN antibody (clone 10) (Agrawal et al., J Neuroinflammation,
2012) versus isotype control.
Results: In normal human brain, EMMPRIN is localized to endothelial
cells. In MS specimens, EMMPRIN is significantly upregulated around in-
flammatory perivascular cuffs, on leukocytes and astrocytes. EMMPRIN
upregulation was not observed in non-inflammed brain areas of MS. In
culture, activated human T cells elevate their expression of EMMPRIN.
Treatment of activated T cells with anti-EMMPRIN function blocking anti-
body decreased MMP production, prevented their ability to progress
through the cell cycle without inducing apoptosis, and reduced their
adhesion to endothelial cells. Monocytes also decreased their pro-
duction of MMPs whilst elevating their levels of the physiological
MMP inhibitors, TIMPs, and were prevented from transmigrating
a model of the BBB when exposed to anti-EMMPRIN. Finally, anti-
EMMPRIN exposed T cells were attenuated in their capacity to kill
human neurons.
Conclusions:We describe EMMPRIN as a novel regulator of inflamma-
tion in MS that is significantly upregulated in inflamed lesions of MS
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brain specimens. Activities of EMMPRIN beyond the induction of
MMPs include the control of several important T cell functions such
as proliferation, activation, adhesion and cytotoxicity.
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Microglial cells during forebrain development

Benedetta Arnò1, Andrea Bergamaschi1, Giancarlo Comi2,
Gianvito Martino1, Roberto Furlan1, Luca Muzio1
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Objective: Microglial (MG) cells are the resident macrophages of the
central nervous system. Their progenitor cells develop in the yolk sac
at E7.5 and infiltrate the early forebrain at E9.5, through blood circula-
tion. The entry of MG cells into the brain just before the onset of the
neurogenesis could presume an important role of microglia in this pro-
cess and the existence of a possible functional interplay between MG
cells and embryonic neural stem cells that support the entire neurogenic
process. The aimof this project is to studyMG recycling in the developing
and the post-natal forebrain-i.e. cell proliferation/differentiation/immi-
gration- and to identify a cross-talk between MG cells and neural cells
during forebrain development.
Methods: We analyzed MG cell distributions at E14.5 and E18.5 stages,
by using specific MG cell markers. Furthermore, by using stereology,
we also reconstructed the spatial distribution of MG cells in the devel-
oping forebrain. We also evaluated MG cell proliferation in vivo by
using timidine analogs and in a transgenic mouse line that expresses
the GFP in MG cells we attempted to study the ultrastructure of MG
cell by electron microscopy. Finally, we also purified MG cells from
the forebrain by using flow cytometry-mediated cell sorting.
Results: Although the absolute MG cells number increases along
neurogenesis, MG cell density is maintained constant. MG cells are
preferentially positioned into germinal niches of the forebrain and
into the plexus, while very few of them are located into the cortical
plate. A relative small percentage of MG cells proliferate within the
developing forebrain.

MG cells collected from the developing forebrain express mem-
bers of the Delta/Notch molecular machinery. Interestingly, the over
expression of Delta, in neural stem cells of the developing forebrain,
induced a significant accumulation of MG cells into both the cortical
parenchyma and the choroid plexus. These results suggest that the
neurogenesis and the MG influx are correlated processes and the
Delta/Notch machinery might control the dynamic accumulation of
MG cells in the developing forebrain.
Conclusions: MG cells are preferentially placed within neurogenic
niches. Their relative abundance is maintained constant during fore-
brain development. MG cells express genes of the Notch/Delta molec-
ular machinery. The over-expression of Dll1 increased MG cells in
both CNS parenchyma and ventricular space.
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Cross-immunoreactivity between bacterial and human
aquaporins: A possible trigger of neuromyelitis optica
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Neuromyelitis optica (NMO) is a chronic inflammatory disease of
the central nervous system of unknown etiology. Astrocyte aquaporin
4 has been proposed as the primary autoimmune target in NMO
based upon the presence of self-reactive antibodies in patient's sera.
In this study, we examined whether an anti-Aqp4 antibody response
may arise through a mechanism of cross-immunoreactivity. We ana-
lyzed bacterial (E. coli) AqpZ and human Aqp4 proteins for structural
homology and cross-immunoreactivity using proteomics software
and a number of immune-based assays. Recombinant proteins, syn-
thetic peptides, sera from patients with NMO, immune mouse
serum raised against AqpZ, anti-Aqp4 and anti-AqpZ antibodies
were used in these experiments. Analysis of the amino acid sequence
of AqpZ and Aqp4 identified several regions of significant homology,
some of which localized within the protein domain targeted by the
self reactive anti-Aqp4 antibody in NMO. Cross-reactivity between
AqpZ and Aqp4 was observed in multiple independent assays, includ-
ing ELISA, latex agglutination, western blot, immunoprecipitation,
immunohistochemistry and antibody-mediated cytotoxicity. Finally,
immunization of mice with either AqpZ or its homologous peptides
resulted in CNS disease. Based on our experiments we concluded
that cross-immunoreactivity between bacterial AqpZ and human
Aqp4 may give rise to a self-reactive antibody response against
Aqp4. Our findings are novel and relevant to the etiology and patho-
genesis of NMO.
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Inhibitory effects of CD25 blockade on development of
pro-inflammatory innate lymphoid cells is associated with
decreased intrathecal inflammation in MS

SungPil Han, Justin S.A. Perry, Quangang Xu, Lucy B. Kennedy,
Bibiana Bielekova
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Objective: The IL-2 system is genetically linked to autoimmune
diseases such as multiple sclerosis (MS). Blockade of the IL-2Rα
chain (CD25) by the humanized monoclonal antibody daclizumab
decreases MS-associated inflammation. Although daclizumab was
designed to selectively inhibit activated T cells, investigation of its
mechanisms of action (MOA) has revealed unexpectedly broad effects
on the innate immune system. In search for full MOA of daclizumab in
MS, we compared development of immune responses associated with
yearly influenza immunization in daclizumab-treated MS patients
and controls. One of the major observations from this experiment
was decrease in the number of circulating innate lymphoid cells
(ILCs) observed in the daclizumab cohort. Thus, we investigated phe-
notype and function of ILCs in MS and the mechanisms of their mod-
ulation by daclizumab therapy.
Methods: We used combination of ex-vivo immunophenotyping of
patients enrolled in NIH clinical trials of daclizumab in MS with
extensive in-vitro functional and mechanistic studies.
Results: The number of circulating pro-inflammatory ILCs, including
c-kit+, RORgt-expressing lymphoid tissue inducer (LTi) cells is sig-
nificantly increased in untreated MS subjects as compared to
healthy controls. Daclizumab therapy decreases the number of LTi
cells and modifies their phenotype toward a natural killer (NK)
cell lineage. Although LTi cells express CD25, daclizumab inhibits
their development paradoxically in IL-2-dependent manner; by
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steering differentiation of common ILC precursor derived from
CD34+ hematopoietic stem cells towards immunoregulatory
CD56bright NK cells, via enhanced intermediate affinity IL-2 signal-
ing. Because adult LTi cells may retain their ability to induce or
sustain formation of lymphoid follicles and associated adaptive
immunity, we indirectly measured meningeal inflammation by
quantifying intrathecal CXCL13 and immunoglobulin G (IgG) index.
Both of theseMS-associated inflammatory biomarkerswere significantly
inhibited by daclizumab treatment.
Conclusions: Daclizumab therapy reveals a novel link between IL-2 and
ILCs, providing a plausible explanation for a broad genetic association
of IL-2 system to autoimmunity in humans. Future studies should inves-
tigate the role of ILCs, especially pro-inflammatory LTi cells in the initia-
tion andmaintenance of compartmentalized adaptive immune response
associated with chronic inflammation and end-organ damage.
407

Reduction of dendritic cell in the long term than in early injection
drug users

Omkar Chaudhary1, Manju Bala2, Jasbir Singh3, Anjali Hazarika4,
Rajesh Kumar5, Kalpana Luthra1

1Deptt. of Biochemistry, All India Institute of Medical Sciences, Hospital,
New Delhi, India; 2Regional STD Teaching Training & Research Centre,
Safdarjang Hospital, Hospital, New Delhi, India; 3Deptt. of Biochemistry,
Kurukshetra University, University, Kurukshetra, India; 4Blood Transfusion
Services, Cardiothoracic and Neurosciences Center, All India Institute of
Medical Sciences, Hospital, New Delhi, India; 5Society for Promotion of
Youth and Masses center, Vasant Kunj, Hospital, New Delhi, India

Objective: To quantify the dendritic cell subsets in injecting drug users
(IDUs), HIV-1 infected patients and healthy HIV-1 seronegative indi-
viduals and correlate with virological, immunological and clinical
parameters.
Methods: Blood samples from 30 IDUs, 30 healthy HIV-1 seronegative
individuals, and 30 HIV-1 positive patients were collected after
obtaining written informed consent. The distribution of the peripher-
al blood dendritic cells and its subsets was analyzed in these samples
by four color flowcytometry. The study was approved by the institu-
tional ethics committee.
Results: The frequency of DCs and its subsets were significantly lower
in HIV-1 infected patients as compared to (IDUs) and healthy individ-
uals. We also observed a positive correlation of the DCs and their sub-
sets with CD4+T cells and a negative correlation with HIV-1 viral
load. A salient of this study was the lower frequency of DCs and its
subsets in the long term IDUs (>5 years of injection drug abuse) as
compared to the early IDUs (b5 years of injection drug abuse).
Conclusions: This is the first study to determine the frequency of
dendritic cells subpopulations in IDUs who are at high risk for HIV-1
infection. The lower level of dendritic cells and it's subsets in long
term IDUs may be one of the factors plays a crucial role in resistance
or in protection from HIV-1 infection in IDUs, which needs to be fur-
ther evaluated by performing longitudinal studies.
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Modulation of Plasmacytoid Dendritic Cells by TLR9 agoinists
in EAE

James Crooks1, Davide Mantino2, Kate O'Brien1, Claudia Volpi2,
Bruno Gran1, Francesca Fallarino2

1Division of Clinical Neurology, University of Nottingham, Nottingham,
United Kingdom; 2Department of Experimental Medicine and Biochemical
Sciences, University of Perugia, Perugia, Italy;
Objective: In this study, we aim at developing a better understanding of
the effects of TLR7 and TLR9 agonists on plasmacytoid dendritic cells
(pDCs) in experimental autoimmune encephalomyelitis (EAE). Toll-like
receptors (TLRs) were initially described as stimulatory molecules that
activate early defence mechanisms against invading pathogens. Howev-
er, they can also exert regulatory functions and thus represent valuable
targets in the prevention/therapy of inflammatory diseases including
multiple sclerosis (MS). pDCs are the principal cellular targets of TLR7
and TLR9 agonists, such as viral ssDNA and microbial CpG-containing
DNA sequences, respectively.
Methods: Female C57BL/6 mice were immunized with MOG(35–55) and
scored daily for clinical signs of disease. After humane killing, spleens
were obtained and a variety of methods used to acquire relevant data
from splenocytes includingflowcytometry, RT-PCR andWesternblotting.
Results: Data compiled so far indicate that TLR9 stimulation can signifi-
cantly reduce the severity of EAE. Specificallywe found that TLR9 agonist
CpG-A and to a lesser extent CpG-B delay the onset of disease and limit
disease severity. Splenocyte IL-17 production was significantly reduced
by CpG-A as compared with PBS treated mice. In vitro experiments
showed that stimulation of spleen plasmacytoid dendritic cells by TLR9
agonists induced the expression of indoleamine dioxygenase (IDO) and
the secretion of kynurenines with distinct dose–response profiles and
that was associated with in vitro expression of FoxP3 in CD4+ T cells.
Conclusions: These results are encouraging as they suggest point to-
wards the occurrence of a potentially protective TLR9/IDO axis, prob-
ably involving pDCs, which could be exploited for the induction of
immune tolerance.
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In vivo anti-LAP monoclonal antibody treatment exacerbates
disease in the EAE model
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Objective: Regulatory T cells (Tregs) play a critical role in the mainte-
nance of immunological tolerance and the development of strategies
to manipulate these cells for the treatment of autoimmune conditions
is a major goal. Previous results from our lab have shown that oral
administration of anti-CD3 monoclonal antibody suppresses experi-
mental autoimmune encephalomyelitis (EAE) in mice and the sup-
pression induced by this treatment was mediated by the induction
of a subpopulation of Tregs that expresses latency-associated peptide
(LAP) on the cell surface. We and others have also found similar re-
sults in different disease models (lupus, diabetes, arthritis, athero-
sclerosis). In the present study, we investigated the effect of in vivo
treatment with an anti-LAP monoclonal antibody generated in our
lab on the development of EAE.
Methods: C57BL/6 or Foxp3-GFP knock in mice received i.p. injections
of anti-mouse LAP monoclonal antibody and spleen and lymph node
cells were harvested and analyzed for their immunological profile
(FACS and in vitro culture). In some experiments, mice were immu-
nized with MOG/CFA one day after last anti-LAP antibody injection
to test the effect of this treatment on EAE induction. We also studied
the effect of anti-LAP antibody treatment in anti-CD3 induced oral
tolerance in the EAE model.
Results: Treatment with anti-LAP antibody led to a marked decrease
in the number of CD4+LAP+ Tregs in spleen and lymph nodes with-
out affecting the number of CD4+Foxp3+ Tregs. Spleen and lymph
node cells from anti-mouse LAP treated mice were studied in vitro.
Spleen cells from anti-mouse LAP treated mice proliferated more vig-
orously in vitro and produced more IL-2, IL-17 and IFN-gamma. More-
over, injection of anti-mouse LAP antibody abrogated the protective
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effect afforded by oral anti-CD3. Surprisingly, in vivo anti-LAP treat-
ment before MOG immunization led to development of severe EAE
in animals not given pertussis toxin, which is usually required for
EAE induction. These mice treated with anti-LAP presented higher
Th1 and Th17 infiltrates in CNS after MOG/CFA immunization.
Conclusions: Our results demonstrate a central role for LAP+ Tregs in
the control of EAE and that suppression of EAE by the oral anti-CD3 is
dependent on LAP+ Tregs. Furthermore, LAP expression appears to be
a key marker of Th3 type Treg cells induced by oral antigen/anti-CD3.

This work was supported by the NIH (AI435801 and NS38037)
and the Susan Furbacher Conroy Fellowship to APC.
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Effects of pubertal transition on autoimmune risk in female mice
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Objective: For reasons that remain unclear, the incidence of multiple
sclerosis (MS) is higher in women than in men. Epidemiological studies
suggest that the increased disease risk in women develops post-puberty
and that earlymenarche is associatedwith an earlier age of onset and in-
cidence of MS in women. The objective of this study was to characterize
the changes that occur in the T cell adaptive immune response with pu-
bertal transition in female mice via studies in the experimental autoim-
mune encephalomyelitis (EAE) model.
Methods: Female SJL/J mice were either ovariectomized or provided a
sham surgery prior to pubertal onset. EAE was induced in these
female mice during adulthood (>8 weeks of age) via immunization of
micewith proteolipid protein (PLP) p139-151 in Complete Freund's Ad-
juvant. The recall proliferation and cytokine production by PLP
p139-151-specific cells in spleen and draining lymph nodes was exam-
ined. Adoptive transfer studies and in vitro immunological assays were
conducted to pinpoint the relevant immune populations involved in the
puberty-associated increase in autoimmune risk in female mice.
Results: Ovariectomy was associated with a reduced incidence in EAE
in female mice that correlated with a decreased expansion of PLP
p139–151-reactive T cells. Adoptive transfer studies indicated that
ovariectomy of recipients as opposed to T cell donor mice was associ-
ated with reduced autoimmunity. Further studies revealed that the
less robust immune response with ovariectomy mapped to the den-
dritic cell compartment. Splenic CD11c+ dendritic cells (DCs) isolated
from ovariectomized mice were less efficient at priming myelin-
specific TCR transgenic Th1 and Th17 responses ex vivo. Ovariectomized
DCs also exhibited reduced expression of maturation markers and
production of innate cytokines as compared to sham counterparts.
Conclusions: These data indicate that puberty is associated with an in-
crease in the maturation of DCs, thus possibly explaining why women
become more susceptible to develop autoimmunity when they enter
childbearing years.
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Objective: Central nervous system (CNS) tuberculosis is a severe com-
plication form of extrapulmonary tuberculosis, characterized by
tuberculosis meningitis (rupture of rich foci into the ventricle and
subarachnoid space) or tuberculoma (rupture of rich foci into the
brain or spinal cord). The purpose of this study was to investigate
the role of cell type-specific tumor necrosis factor (TNF) derived
from brain neuronal cells during CNS tuberculosis.
Methods: We generated a novel neuron specific TNF knockout mice
(NsTNF−/−) by breeding a synapsin-1 Cre recombinant mouse (Cre
recombinase is expressed only in the neurons of the brain and spinal
cord) with a TNF floxed mouse strain using Cre/loxP recombination
system. TNF has been found to play a crucial role in host defence
against bacterial infections. Mice from three strains (TNF floxed as
wild type, NsTNF−/− as cell type-specific, and global TNF−/−) were
intracerebrally injected with 1x105 CFU ofMycobacterium tuberculosis
(H37Rv).
Results: All mice, 6–8 weeks old, were on a C57BL/6J genetic back-
ground. Genotypes of mice were confirmed by polymerase chain
reaction (PCR) analysis. Our preliminary data show that cell type-
specific mice (NsTNF−/−) could survive for more than 18 weeks
along with the control TNF floxed mice, however the global TNF−/−

succumbed by day 21. Also the cerebral bacterial burden and inflam-
mation were, however, slightly increase in NsTNF−/− mice when
compared to the TNF floxed mice after 3 weeks post infection, but
most importantly, they did not succumb to infection in which the
global TNF−/− succumbed.
Conclusions: These findings show that NsTNF−/− mice are not suscep-
tible to Mycobacterium tuberculosis infection.
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IFN-γ limits Th9 mediated autoimmune inflammation through
dendritic cell modulation of IL-27
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Objective: IL-9 producing Th9 cells have been associated with autoim-
mune diseases, such as experimental autoimmune encephalitis. How-
ever, the factors that negatively regulate Th9 cells during autoimmune
inflammation are unclear.
Methods: A, Induction and evaluation of EAE. Mice were injected subcu-
taneously in both flankswith 100 μg ofMOG35–55 peptide dissolved in
PBS emulsified in an equal volume complete Freund's adjuvant — CFA
supplemented with 5 mg/ml Mycobacterium tuberculosis H37Ra
and injected twice intravenously with 200 ng of pertussis toxin
administered on the day of immunization and 48 h later. Clinical
assessment of EAE was performed daily after disease induction
according to the following criteria: 0, no disease; 1, tail paralysis; 2,
hindlimbweakness or partial paralysis; 3, complete hindlimb paralysis;
4, forelimb and hindlimb paralysis; 5, moribund state. B, CD4+ T Cell
culture. For in vitro Th9 cell differentiation naïve CD4+ CD62Lhi
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CD44lo T cells are sorted by flow cytometry and activated with plate
bound anti-CD3 and anti-CD28 (2 μg/ml) in the presence of TGF-β
(3 ng/ml), IL-4 (20 ng/ml) with or without IL-27 (100 ng/ml). C, Adop-
tive T cell transfer. 2D2 CD4+ T cells were stimulated under Th9 differ-
entiation condition in the presence of absence of IL-27. Restimulated
cells were collected and extensively washed with PBS. 5×106 cells
were injected i.v. into Rag-1−/− mice. Recipient mice were injected
i.p. with 200 ng of pertussis toxin (PT) (List Biological Laboratories)
on day 0 and day 2 after T cell transfer.
Results:We found that IFN-γ inhibits Th9 differentiation both in vitro and
in vivo. This suppressive activity was dependent on the transcription fac-
tor STAT-1. In addition to its direct inhibitory effect on Th9 differentiation,
IFN-γ suppressed Th9 cells through the induction of IL-27 from dendritic
cells. In vitro, treatment of naive CD4+ T cells with IL-27 suppressed the
development of Th9 cells, which was partially dependent on the tran-
scription factors STAT-1 andT-bet.Moreover, IL-27-treatment completely
abrogated the encephalitogenicity of Th9 cells in the EAE model.
Conclusions: Our results identify a previously unknownmechanism by
which IFN-γ limits Th9 mediated autoimmune inflammation through
dendritic cell modulation of IL-27.
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Objective: VAV1, a member of the family of guanine nucleotide
exchange factors (GEF) for the Rho family of GTPases, plays an impor-
tant role in T-cell and B-cell development, activation, tissue homing
and effector functions. Vav1was found within Eae4, a rat quantitative
trait locus (QTL) that regulates experimental autoimmune encephalo-
myelitis (EAE), a model for MS, and overlaps with several QTLs for in-
flammatory diseases. Analysis of a human cohort showed association
of certain haplotypes of the gene with MS, and increased levels of
VAV1 mRNA were found in peripheral blood and CSF of MS patients
as compared to controls. In this work we attempt to further charac-
terize the function of VAV1 in the development of autoimmunity.
Methods: Interval-specific congenic rat lines carrying the disease
predisposing or protective Vav1 variants were used to dissect disease
mechanisms. EAE was achieved by immunization of rats with recombi-
nant MOG in IFA. Immunopathology was analyzed by clinical scoring of
disease severity, ex-vivo analysis of cells and tissues by flow cytometry,
qPCR and ELISA, and in vitro assayswith cultured T cells, B cells andAPCs.
Results: Analysis of naïve animals showed that the strain carrying the
protective Vav1 variant, which leads to a lower level of VAV1 protein ex-
pression, presented with increased CD4+ Treg numbers. While in vitro
stimulated naïve T cells and CD4+ Treg cells of this strain performed
poorly in terms of activation, proliferation and cytokine secretion (espe-
cially IL-2) in response to TCR triggering, this defect could be compensat-
ed by the addition of exogenous IL-2. Ex-vivo analysis of lymph nodes of
immunized animals however showed only a minimal defect in all these
parameters pointing to compensatory mechanisms in vivo. Even though
Vav1 is also expressed by APCs, only B cells and macrophages but not
dendritic cells showed impaired proliferation and T cell stimulatory ca-
pacity, respectively. Analysis of peripheral lymphoid tissue as well as
CNS-infiltrating cells at later disease stages showed that inflammatory
parameters remain high in the disease susceptible strain whereas they
were promptly reduced in the disease protected strain.
Conclusions: Natural variations in Vav1 can regulate a number of
immune processes both during immune cell development as well as
during immune responses not only in T cells but also in B cells and
macrophages. These processes can jointly determine the outcome of
an immune response.
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Interferon-beta therapy-induced elevation of serum IL-7 levels is
blocked by anti-drug antibodies

Christina Hermanrud, Wangko Lundström, Virginija Karrenbauer,
Jan Hillert, Anna Fogdell-Hahn
Department of Clinical Neuroscience, Karolinska Institutet, Stockholm,
Sweden

Objective: Interferon beta (IFN-β) is the most commonly used immu-
nomodulatory drug for the treatment of multiple sclerosis (MS)
patients. However, up to one third of IFN-β-treated patients develop
neutralizing anti-drug antibodies (NAbs) against the drug. NAbs can
alter the effectiveness of the drug by interfering with both the drug
and its target receptor binding.

Studies have indicated that interleukin-7 (IL-7) could serve as a
potential biomarker of IFN responsiveness in MS, and polymorphisms
in the IL7 and IL7R genes have been associated with increased suscep-
tibility to a variety of autoimmune disorders. This study investigated
the effect of IFN-β treatment on IL-7 biology in MS patients with
and without NAbs present.
Methods: Swedish MS patients were screened for the presence of
NAbs. Patient serum was analyzed for the presence of antibody neu-
tralizing activity using the myxovirus resistance protein A (MxA)
gene expression bioassay. Human serum was incubated with cell
line A549 and the ability of patient's sera to neutralize the added
IFN-β was measured. Quantification of serum IL-7 was carried out
using commercially available human IL-7 ELISA kit (R&D Systems)
in accordance with the manufacturer's instructions.
Results: Patients receiving IFN-β treatment had significantly increased
serum IL-7 levels (Mean±95% CI: 15.9±1.9 pg/ml) compared to
natalizumab treated MS patients (5.6±1.1 pg/ml) and healthy
blood donors (7.6±2.4 pg/ml). IL-7 levels peaked at 24 hours post
IFN-β injection, but remained elevated throughout treatment.
Furthermore, patients exerting high NAb titers against IFN-β had re-
duced IL-7 levels (14.3±2 pg/ml) compared to NAb negative patients
(19.3±3.8 pg/ml), suggesting reduced IFN-β bioactivity (p=0.01).
On an individual MS patient level, a shift in treatment from IFN-β to
natalizumab resulted in significantly reduced IL-7 level for most of
the patients (21 of 23), suggesting the drug influences IL-7 levels
and not vice-versa.
Conclusions: That the NAb status has an impact on the IFN-β abilities to
modulate the IL-7 levels, indicate the disease relevant impact of
anti-drug antibodies. Since IL-7 is a non-redundant, immunostimulatory
cytokine, this may be an important biomarker for improving treatment
outcome.
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High secreted levels of EGF from immune cells of patients with
RR-MS may be related to the impaired neuronal repair

Yifat Amir-Levi1, Karin Mausner-Fainberg2, Arnon Karni2

1Department of Neurology, Tel Aviv Sourasky Medical Center, Tel Aviv,
Israel; 2Department of Neurology, Tel Aviv Sourasky Medical Center,
Sackler's Medical School, Tel Aviv University, Tel Aviv, Israel

Background: Epidermal growth factor (EGF) induces differentiation
of neuronal precursor cells (NPCs) into astrocytes. In MS, there is a
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failure of remyelination and insufficient differentiation of NPCs into
oligodendrocytes. As there is an inflammatory infiltration in MS
lesions, we studied the secretion of EGF from immune cells of RRMS
patients, and its effect on neuronal morphology.
Methods: PBMCs of 39 RRMS patients (14 untreated, 25 IFN-β-
treated) and 20 healthy controls (HC) were cultured for 24 h with
anti-CD3/CD28 mAb or with isotype controls (IC) or LPS or diverse
cytokines or without stimulation. EGF levels in the supernatants
were measured by ELISA. The effect of supernatant's EGF on PC-12
neuronal-like cells morphology was studied by addition of anti-EGF
neutralizing mAb or IC to the cultures.
Results: EGF levels were lower in HC (98.7±6.7 pg/ml) vs. untreated
patients (140.9±12.7 pg/ml, Pb0.01) and vs. IFN-β treated patients
(151. 6±10.9 pg/ml, Pb0.001). Stimulation with LPS increased the
EGF levels in HC (129.3±8.0 pg/ml vs. 98.7±6.7 pg/ml, pb0.01)
but not in untreated patients (136.5±10.2 pg/ml vs. 140.9±
12.7 pg/ml) or in IFN-β treated patients (151.4±9.9 pg/ml vs. 151.
6±10.9 pg/ml). Stimulation with anti CD3/CD28 mAb increased the
EGF levels of HC (126.5±7.4 pg/ml vs. 102.1±6.2 pg/ml, pb0.05)
but not in untreated patients (141.3±12.3 pg/ml vs. 140.1±
11.1 pg/ml) or IFN-β treated patients (151.9±8.9 pg/ ml vs.
152.1±9.9 pg/ml). Anti-inflammatory cytokines reduced the EGF
levels. In HC: IL-4 =71.1±9. 5 pg/ml and IL-10=52.2±6.7 pg/ml
vs. no cytokine=116.2±5.0 pg/ ml, pb0.005 and pb0.0001 respec-
tively. In RRMS patients: IL-4=112.2±6.5 pg/ml, and IL-10=
93.9±6.2 pg/ml vs. no cytokine=146.5±5.6 pg/ml, pb0.005,
pb0.0001, respectively). Supernatants from PBMCs of HC that were
incubated with neuronal-like PC-12 cells slightly induced neuronal
phenotype, while addition of the anti EGF neutralizing mAb dramati-
cally increased the neuronal phenotype of these cells. Supernatant of
RRMS patients induced impairment of neuronal phenotype and death
of PC-12 cells. Both were reversed by anti EGF neutralizing antibody.
Conclusion: We described an unreported aspect of the immune re-
sponse of patients with RR-MS. Our data suggest a defective immune
mediated-neuroregeneration in RRMS patients via increased EGF
secretion. Neutralization of the EGF may affect neuronal survival
and maturation.
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Increased secreted levels of bone morphogenic proteins 2, 4 and
5 by immune cells of patients with relapsing remitting
multiple sclerosis

Karin Mausner-Fainberg1, Natali Urshansky2, Arnon Karni1
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Medical School, Tel Aviv University, Tel Aviv, Israel; 2Department of
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Background: Neural stem cells (NSCs) are abundantly present in MS
lesions but they fail to mature into active neurons and oligodendro-
cytes. Bonemorphogenic proteins (BMPs) signalingwas found to be in-
volved in neuronal and oligodendroglial differentiation of NSCs. In order
to examine the potential of immune cells to affect neurogenesis/
oligodendrogenesis processes, we studied the expression and secretion
profile of BMP-2,4,5 and 7 by PBMCs of RR-MS patients.
Methods: BMP-2,4,5 and 7 basal mRNA levels were detected in PBMCs
from RR-MS patients −19 untreated and 27 treated with IFN-β and
27 matched healthy controls (HC) by real-time PCR and standardized
for the expression of GAPDH mRNA. BMPs secreted levels were
detected in 24 h PBMCs supernatants by ELISA. Cellular analysis
of BMPs expression was performed in purified CD3+ cells, CD14+

cells CD3-CD14- cells using MACS. The effect of stimulation via
CD3/CD28, and of different cytokines on BMPs mRNA expression
was studied after 2 h of incubation.
Results: Basal mRNA levels of BMP-2,4,5 were higher in PBMCs of
untreated patients (39.6±15.4, 83.1±31.7 and 17.6±4.9, respec-
tively) compared to HC (3.8±1.0, 5.4±1.7 and 1.7±0.4, p=0.03,
p=0.03 and p=0.004, respectively). Protein levels of BMP-2,4,5
were elevated in the supernatants of untreated patients (52.7±
10.6, 143.8±32.2 and 327.5±106.3 pg/ml, respectively) compared
to HC (21.39±3.5, 40.06±12.9 and 71.1±17.3 pg/ml, p=0.01,
p=0.01 and p=0.03, respectively). No differences were found
between mRNA and protein levels of untreated and IFN-β treated
patients. No induction of BMP-7 mRNA and protein levels were
observed in PBMCs of all groups. Increased levels of BMP-2,4,5 in
PBMCs of RR-MS patients were primarily derived from upregulation
of BMPs in T cells. CD3/CD28 stimulated T cells induced BMP-2,4,5
mRNA levels only in PBMCs of untreated patients and not in IFN-β
treated patients or HC. Stimulation with one of TNF-α, IFN-γ or
IL-17, significantly induced BMP-2 and 4 mRNA levels in untreated
patients but not in IFN-β treated patients or HC.
Discussion: Elevated levels of BMP-2, 4 and 5 from immune cells may
be related to the reported increased levels of BMPs in MS lesions, con-
tributing to both anti-neurogenic and anti-oligodendrogenic environ-
ment. The unregulated BMPs expression in RR-MS may be resulted
from the deviated immunity of MS patients, characterized by the
stimulated T cells via CD3/CD28 pathway, and the effect of pro-
inflammatory cytokines.
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p38 MAP kinase signaling in myeloid cells controls autoimmune
disease of the CNS in a sex-specific manner

Dimitry Krementsov1, Rajkumar Noubade2, Kinya Otsu3,
Mercedes Rincon1, Cory Teuscher1

1Department of Medicine, University of Vermont, Burlington, United
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3Graduate School of Medicine, Osaka University, Osaka, Japan

Objective: Multiple sclerosis (MS) is an autoimmune inflammatory
disease of the central nervous system (CNS). Inhibitors of p38 MAP
kinase (p38), a key inflammatory kinase, have shown promise in
treatment of select autoimmune diseases, but their potential in MS
or its models remains relatively unexplored. We have recently
shown that inhibition of p38 ameliorated experimental autoimmune
encephalomyelitis (EAE), the main preclinical model for MS. Here
we aim to delineate the cell types in which p38 signaling was re-
quired for disease pathogenesis, and to determine the downstream
effects on the autoimmune response.
Methods: p38 activity was genetically modulated in B10.BR mice by
T cell-specific expression of dominant negative or constitutively
active transgenes. p38α was deleted in T cells and myeloid cells/
macrophages in C57BL/6 (B6) mice by crossing floxed p38α mice
with Lck-Cre or LysM-Cre mice, respectively. EAE was induced in B6
or B10.BR mice by MOG immunization and, in some experiments,
mice were treated with daily injections of SB203580, a p38 inhibitor.
Immune responses in lymph nodes and CNS were evaluated by flow
cytometry, ELISA, or qRT-PCR.
Results: Unexpectedly, pharmacological inhibition of p38 only
prevented EAE in female, but not male B6 mice. However, genetic ma-
nipulation of p38 activity in T cells in B10.BR mice affected disease in
both males and females, suggesting either a strain-specific or a cell
type-specific sexual dimorphism. To address these possibilities, we
conditionally ablated p38 in T cells and myeloid cells in B6 mice. Sur-
prisingly, T cell-specific deletion of p38 had no significant effect on
EAE in either sex. In contrast, deletion of p38 in myeloid cells resulted
in reduced disease in females, but not males, suggesting that the
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sexually dimorphic response to p38 blockade in EAE originates to a
large extent within the myeloid cell compartment. Analysis of the in-
flammatory infiltrates in the CNS revealed that female, but not male
mice lacking p38 in myeloid cells exhibited reduced immune cell ac-
tivation compared with controls.
Conclusions: Our findings suggest that p38 signaling in myeloid cells
promotes CNS inflammation in a sex- and strain-specific fashion.
Sexual dimorphisms in autoimmune diseases are poorly understood.
Our studies reveal new molecular mechanisms underlying such phe-
nomena, and also suggest that the p38 MAPK pathway may present
targets for sex-specific therapies in MS.
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IL-22 confers resistance to EAE and is induced in T cells by
constitutive phosphoinositide-3-kinase activity

Daniele Ielo1, Morad Zayoud1, Khalifa EL Malki1, Sonja Reißig1,
Christopher Hackenbruch1, Katrin Frauenknecht2,
Jean-Christoph Renauld3, Klaus Rajewsky4,
Ari Waisman1, Florian Kurschus1

1Institute for Molecular Medicine, University Medical Center of the
Johannes Gutenberg-University Mainz, Mainz, Germany; 2Department
for Neuropathology, University Medical Center of the Johannes
Gutenberg-University Mainz, Mainz, Germany; 3Ludwig Institute for
Cancer Research Ltd, Universite catholique de Louvain, Brussels, Belgium;
4Immune Regulation and Cancer, Max-Delbrück-Centrum für Molekulare
Medizin (MDC), Berlin, Germany

Objective: T helper cells are major players in the initiation of the auto-
immune CNS disease model EAE. Signals during priming determine
their pathogenicity by inducing differential expression of cytokines
such as IL-17, GM-CSF, IFNγ and IL-22. We found that the strength
of costimulation by CD28 and thereby Phosphatidylinositol 3-kinase
(PI3K) signaling has major impacts on differentiation of Th1, Th17
and Tregs. We therefore aimed to analyze the effect of constitutive
PI3K activity in T cells on EAE development.
Methods: We crossed CD4cre-mice to conditional loxP-flanked
Rosa26-Stop-PI3K-p110 mice, thereby creating mice expressing a
constitutive active form of PI3K (p110) specifically in T cells of CD4/
p110 mice. These mice were tested in vitro for T cell differentiation
and in vivo for EAE development by immunization with MOG35–55

peptide. Further, we used T cells of CD4/p110 as donors in T cell trans-
fer colitis experiments in RAG1 deficient animals.
Results: T cells from CD4/p110 mice were refractory to Treg- and
Th17-differentiation in vitro but biased to Th1 differentiation.
Surprisingly, CD4/p110 mice were fully resistant to EAE induction
and furthermore naïve CD4 T cells of these mice did not induce colitis
in RAG1 knockout animals in transfer experiments. Importantly, prim-
ing of T cells was not hampered since many MOG specific T cells were
recovered in the periphery in immunized CD4/p110 mice. We found
that T cells of CD4/p110 mice were not only biased to produce IFNγ
but surprisingly also to produce high levels of IL-22. Finally, blocking
of IFNγ partially reversed EAE susceptibility of these mice but most
importantly the neutralization of IL-22 in vivo fully reconstituted sus-
ceptibility to EAE induction of CD4/p110 mice.
Conclusions: Contrary to what we expected, we found that constitu-
tive PI3K activity, renders mice resistant in T cell-mediated autoim-
mune models such as EAE and transfer colitis. T cells from these
mice were prone to produce IL-22 and IFNγ, which appear to be
major mediators of resistance in the EAE model. The finding that
IL-22 has as strong protective effects in EAE is new and this may be
connected to risk alleles of the inhibitory secreted IL-22 receptor 2
found in MS patients.
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NAD+-dependent histone deacetylase SIRT6 regulates immune
cell function and omeostasis
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of Genoa, Genoa, Italy; 3Department of Experimental Medicine, Section
of Biochemistry, University of Genoa, Genoa, Italy; 4Laboratory of
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Objective: to investigate the role of the NAD+-dependent
deacetylase SIRT6 in immune cells function. SIRT6 is a class III
NAD+-dependent deacetylase with a role in genome stability, glu-
cose homeostasis, and longevity. A SIRT6 dependent mechanism
was recently shown to enhance TNF, IFN-gamma and IL8 production
and secretion.
Methods: WT and SIRT6KO mice were immuno-characterized fo-
cusing on immune cell subset representation in thymus and
spleen. Spleen-derived CD4+ T cells were purified, cultured in
presence of anti CD3 (2, 5 μg/ml) alone or in presence of anti
CD28 (1 μg/ml) and TNF levels in supernatants assessed by ELISA.
DCs were generated from freshly isolated bone marrow cells in
presence of GM-CSF (20 ng/ml), % of CD11c+ cells asserted by
flow cytometry. ImDcs were than activated in presence of CpG
(1 μg/ml) And TNF, CXCL1 and CXCL2 expression monitored by
QPCR at different time point.

EAE was induced in 6–8 week-old female C57B6 mice by im-
munization with MOG and complete Freund's adjuvant. Clinical
score determination and histological evaluations were performed
according to established protocols. For systemic NAD+ depletion,
the nicotinamide phosphoribosyltransferase inhibitor FK866 was
administered at 10 mg/kg body weight, twice a day, five days a
week for two weeks. NAD+, NADH, NADP+, and NADPH levels
in isolated splenocytes were detected with enzymatic cycling
assays.
Results: 17 days-old SIRT6KO mice exhibit a significantly higher
percentage of double positive thymocytes (pb0.001) and a lower rep-
resentation of CD4+ or CD8+ single positive (pb0.01) thymocytes
as compared to control animals. A 30% reduction in B220+ cells in
the spleen is also typically detected thus suggesting a possible role
for SIRT6 in B cell homeostasis. SIRT6KO CD4+ T cell produced re-
duced levels of TNF. Finally, SIRT6KO DCs differentiate normally.and
shown impaired induction of Tnf, Cxcl1 and Cxcl2 mRNA in response
to CpG.

FK866 administration effectively depletes NAD+, NADH and, to
a lesser extent NADP+ and NADPH levels in vivo. FK866 deter-
mines a striking reduction in EAE severity and reduces CNS
demyelination.
Conclusions: Our preliminary results suggest a possible role for SIRT6
in immune cell homeostasis as well as a contribution for this sirtuin to
the regulation of immune cell function.

The NAD+-lowering agents FK866 reduces EAE severity,
possibly by interfering with SIRT6 activity, and appears as a
strong candidate for the treatment of neuroinflammatory
conditions.
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Defining the minimal signals necessary to generate an
encephalitogenic T cell

Priscilla Lee1, Yuhong Yang2, Amy Lovett-Racke1
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Objective: Identifying the molecular signals that generate encephali-
togenic T cells may provide novel therapeutic targets for multiple
sclerosis (MS). We had previously observed that anti-CD3/CD28 acti-
vation of myelin-specific T cell receptor (TCR) transgenic T cells was
not sufficient to generate encephalitogenic T cells, yet antigen
presenting cells (APC) plus myelin peptide activation of these
myelin-specific T cells generated highly encephalitogenic T cells, indi-
cating that the APC were providing critical signals beyond T cell re-
ceptor and costimulation to the development of an encephalitogenic
phenotype. This study was designed to determine which cytokines
produced by APCs could recapitulate the encephalitogenic phenotype
when used to activate myelin-specific T cells with anti-CD3/CD28.
Methods: Myelin-specific TCR transgenic CD4 T cells were activated
with anti-CD3/CD28 in the presence of various cytokines (IL-1β,
IL-6, IL-12 and IL-23) typically produced by APCs to determine if
any cytokine or cytokine combination could recapitulate the enceph-
alitogenic phenotype. After activation, the T cells were transferred
into mice and monitored for EAE. In addition, the ability of these
cytokines to induce expression of IL-23R, T-bet and lineage-specific
cytokines was determined by flow cytometry and ELISA.
Results: No single cytokine was sufficient to generate encephalitogenic
CD4 T cells. Contrastingly, T cells differentiated with IL-6/IL-23 or
IL-12/IL-23 combinations were able to induce EAE. Flow cytometric
analysis confirmed that IL-6 and IL-12 induced IL-23R expression on T
cells.
Conclusions:We identified that IL-6/IL-23 or IL-12/IL-23 combinations
provided critical signal to generate encephalitogenic T cells in the
presence of TCR and costimulation molecule activation. IL-6 and
IL-12 were able to induce the initial expression of IL-23R on naïve T
cells during differentiation. Newly expressed receptor was sequen-
tially engaged with IL-23, and its downstream signaling further en-
hanced the transcription of IL-23R itself. Enriched IL-23R signaling
increased encephalitogenic capacity in T cells. We have previously
shown that T-bet directly binds to the promoter region of IL-23R
and regulate its transcription. It was likely that IL-12 induces the ex-
pression of IL-23R though a T-bet-dependent manner.
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RGS10 as a regulator of classical vs. alternative activation of
microglia/macrophages

Jae-Kyung Lee, Jaegwon Chung, George Kannarkat, Malu G. Tansey
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Objective: Cellular machinery exists to halt classically activated
microglia/macrophages and restore tissue homeostasis after injury
by changing their activation state away from a pro-inflammatory
reactive state to a gene expression profile that supports repair and
tissue reconstruction. The cellular mechanisms that govern this
switching process are currently unknown, and redundant mecha-
nisms are likely to exist, thus ensuring that resolution and repair oc-
curs. Previously, our group has shown that Regulator of G protein
Signaling 10 (RGS10), a microglia-enriched GTPase accelerating
protein (GAP) for G alpha subunits, is an important regulator of mi-
croglia activation and that RGS10-null mice displayed increased
microglial burden in the CNS from birth and developed a Parkinson's
disease-like phenotype in response to chronic systemic inflammation.
These data suggested an important regulatory role in microglia acti-
vation responses and a neuroprotective role for RGS10 in the
nigrostriatal pathway during chronic neuroinflammation. The objec-
tive of this study was to investigate the role of RGS10 as regulator
of microglia/macrophage activation not only for classical but also for
alternative activation.
Methods: Previously, we have shown that Regulator of G protein
Signaling 10 (RGS10), a microglia-enriched GTPase accelerating pro-
tein (GAP) for G alpha subunits, is an important regulator of microglia
activation and that RGS10-null mice displayed increased microglia
numbers in the CNS from birth as measured by FACS analysis and im-
munohistochemistry. Moreover, repeated intraperitoneal injections
of lipopolisaccaride (LPS) (7.5×105 EU/kg for 6 weeks) induced a
Parkinson's disease-like phenotype (loss of nigral dopaminergic neu-
rons) in response to chronic systemic inflammation. Here, we evacu-
ate features of the M1 phenotype of RGS10-null macrophages (both
peritoneal and bone marrow derived) upon LPS treatments by
performing multiplex ELISA to measure proinflammatory cytokine re-
lease and target effector assays to measure cytotoxicity on MN9D do-
paminergic neuroblastoma cells. We also studied features of the M2
phenotype of RGS10-null macrophages upon IL-4 and IL-13 treatment
by performing flow cytometry, quantitative real time PCR to measure
M2 marker gene expression including YM1 and Fizz1, as well as pro-
tein expression by western blot to monitor IL-4 signaling pathway,
phospho-STAT6 and total STAT6. IL-4 receptor expression. Lastly, we
evaluated phagocytosis responses by performing Fc-receptor mediat-
ed and E. coli particle-mediated phagocytosis assays and lastly we
measured chemotaxis responses in vitro.
Results: Our results showed that RGS10-null macrophages produced
higher levels of proinflammatory cytokines including TNF, IL-1 and
IL-12p70 in response to LPS treatment and exerted higher cytotoxicity
onMN9D cells compared toWTmacrophages. RGS10-null macrophages
also displayed attenuated/blunted M2 phenotype upon IL-4 and IL-13
priming. LPS treatment after IL-4 priming lead to attenuated responses
of YM1 and Fizz1 mRNA expression although IL-4 receptor levels were
not different between RGS10-null macrophages and WT macrophages.
Importantly, phagocytic activities to both FcR-mediated and E. coli parti-
cle of RGS10-null macrophageswere blunted in response to IL-4 priming
and/or LPS treatments. However, chemotaxis assays did not reveal any
differences between RGS10-null and WT macrophages.
Conclusions: Here, we characterized the M1 vs. M2 phenotype of
primary RGS-null microglia, peritoneal macrophages and bone
marrow-derived monocytes. Our data indicate that RGS10 limits
pro-inflammatory factor production and promotes alternative activa-
tion in both microglia and macrophages. This study implicates RGS10
as an important determinant of microglia/macrophage activation
status during inflammatory responses in the CNS as well as in the
peripheral immune system.
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Objective: Multiple Sclerosis (MS) are a heterogeneous autoimmune
disease in clinical course, typically present relapsing and remitting
course (RR-MS) initially and later exhibit progression (SP-MS).

MRI is useful tools to evaluate disease activity of MS, however, it
does not always detect relapses or exacerbation of MS and magnitude
of lesions does not always correlate with therapeutic responses.

We seek an easy-to-use immunological marker in peripheral
blood that can classify type and stage of MS and possesses correlation
with disease activity and therapeutic response.
Methods:We collected PBMC fromMS and NMO patients and checked
the frequency of CD4+CD25+ T cells and fractions of CD25high and
CD25low among them.

We chose steroid pulse therapy against relapses or exacerbation at
first and extend the choice to plasmapheresis/exchange, mitoxantrone
or cyclophosphamide. We checked several markers related to Treg or
Th17 to clarify the characteristics of fractions of CD25high and CD25low

and also IL6 in CSF from some patients.
Results: 1) At steady state, CD4+CD25+ T cells were higher in MS than
in NMO or collagen diseases. 2) At relapse or exacerbation, CD25high

fraction decreased in RR-MS and NMO but not changed in SP-MS,
whereas CD25low fraction increased in SP-MS and NMO but not
changed in RR-MS. 3) The ratio of CD4+CD25high/CD4+CD25low was
correlated with therapeutic response in both RR-MS, SP-MS and
NMO and maintained high in the patients with good therapeutic re-
sponse. 4) CD4+CD25high was mostly (80–90%) Foxp3+CTLA4+

Treg with capacity to produce IL10 and LAP and also contained
Foxp3+RORgt+ subset producing both IL10 and IL17. CD4+CD25low

contained some (40%) Foxp3-CTLA4+ Treg and Foxp3− Th17
expressed high IL6R producing only IL17. 5) IL6 in CSF is high in exac-
erbation or relapse of SP-MS and NMO.
Conclusions: Foxp3 expression is not always constant in human Treg
according to activation and may coexpress RORgt. Despite hetero-
geneous population more than Treg, focusing just on the expression
level of CD25, we found that the disease activity in RR-MS involved
with CD4+CD25high, which contains Foxp3+Treg, the disease activ-
ity in SP-MS involved with CD4+CD25low, which contains patho-
genic Th17, and the disease activity in NMO involved with the
balance and transition between both fractions. Moreover, increase of
CD4+CD25low in SP-MS and NMO seems to be related to IL6 in CSF,
which suggested the responsibility to poor response to traditional
therapies.
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Objective: High-dose glucocorticoid (GC) therapy is widely used to in-
terfere with acute relapses of multiple sclerosis (MS) patients but the
exact mechanism remains unclear.
Methods: We have used experimental autoimmune encephalomyelitis
(EAE) as a model of multiple sclerosis in combination with different
mouse strains genetically modified in the locus of the glucocorticoid
receptor (GR) to obtain new insight into the modes of action used by
GC to ameliorate neuroinflammation.
Results: We have recently found that peripheral T cells are the main
target cells of GC therapy of EAE. Surprisingly, it now turned out
that induction of T cell apoptosis by GC is fully dispensable for their
beneficial effects. Moreover, even a dimerization-deficient GR that
lacks both, the capacity to induce apoptosis and the ability to activate
gene expression in general, was sufficient to reduce leukocyte infiltra-
tion of the CNS and to ameliorate EAE. In part, this can be explained
by repression of IL-17 and IFNγ but not GM-CSF production, a mode
of GC action that is retained in mice exclusively expressing a mono-
meric GR. Further, we found that GC also exert profound and some-
times opposing effects on T cell migration along various chemokine
gradients. These GC effects are also mediated by the monomeric GR,
and administration of pharmacological inhibitors in vivo indicates
that the modulation of T cell migration is indeed central to the capac-
ity of GC therapy to ameliorate EAE.
Conclusions: Our findings suggest that GC act at least in part by
redirecting T cell migration rather than by inducing T cell apoptosis.
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autoimmune-mediated demyelination

Conor Mc Guire1, Peter Wieghofer2, Lynn Elton1, David Muylaert1,
Marco Prinz2, Rudi Beyaert1, Geert Van Loo1

1Department for Molecular Biomedical Research/Department of
Biomedical Molecular Biology, VIB/Ghent University, Ghent, Belgium;
2Department of Neuropathology, University of Freiburg, Freiburg, Germany

The paracaspase mucosa-associated lymphoid tissue 1 (MALT1)
mediates signaling to the transcription factor NF-κB and is central to
lymphocyte activation and proliferation. Besides its scaffold function
in T and B cell receptor signaling, MALT1 also has proteolytic activity
and cleaves specific proteins that are believed to facilitate lymphocyte
activation. These functions suggest an important role of MALT1 in au-
toimmunity but so far its in vivo role in autoimmune disease develop-
ment has not been documented. Therefore, we studied experimental
autoimmune encephalomyelitis (EAE), an animal model of multiple
sclerosis, in mice deficient in MALT1. In contrast to wild-type and
MALT1 heterozygous mice, MALT1 knockout mice were completely
protected against the development of EAE. Lymphocyte and macro-
phage infiltration into the spinal cord parenchyma was completely
absent in MALT1 knockout mice, as was the extent of demyelination
and proinflammatory gene expression. Experiments with bone mar-
row chimeric mice showed that MALT1 deficiency in hematopoietic
cells is sufficient for EAE resistance. Adoptive transfer experiments
showed that MALT1 deficiency in splenocytes is sufficient for EAE
resistance. Moreover, autoreactive T cell activation was severely
impaired in MALT1 deficient T cells, suggesting the inability of
MALT1 deficient effector T cells to induce demyelinating inflamma-
tion in the CNS. Finally, the MALT1 substrate A20 was completely
processed in wild-type T cells during EAE, but not in MALT1 deficient
mice, suggesting a contribution of MALT1 proteolytic activity in T cell
activation and EAE development. Together, our data identify MALT1
as an essential modulator of the autoimmune process during the
early priming phase of EAE disease, suggesting that MALT1 may be
an interesting therapeutic target in the treatment of multiple
sclerosis.
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MOG-antibodies trigger pre-active lesion formation in
multiple sclerosis
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Objective: Multiple sclerosis (MS) is a complex chronic disease of the
central nervous system characterized by lesions of inflammation, ax-
onal loss, astrogliosis and demyelination. The lesions in the brain con-
tinually form and regress during disease and disease activity. Well
before any obvious myelin damage, leukocyte infiltration or blood–
brain-barrier breakdown, clusters of activated microglia are seen in
the normal appearing white matter. These so called pre-active lesions
are found during all stages of disease. The microglia clusters are asso-
ciated with stressed oligodendrocytes that express alpha B crystallin
(CRYAB), a stress-induced heat shock protein. In vitro, CRYAB induces
an immune regulatory response in human microglia indicting the
same might be true in vivo.

Here we hypothesize that antibodies against the myelin oligoden-
drocyte glycoprotein (MOG) may lead to oligodendrocyte stress and
CRYAB expression in pre-active lesions.
Methods: Experimental autoimmune encephalitis was induced with
wild-type or MOG-deficient myelin and serum applied to rat oligo-
dendrocytes. Cerebrospinal fluid from MS patients and controls was
examined for the presence of antibodies to native MOG-in-myelin.
The presence of antibodies is compared with the pathology to exam-
ine the relationship of MOG antibodies to the presence of pre-active
lesions. Cultured oligodendrocytes will be treated with CSF from con-
trol and MS patients, and serum from mice to examine the role of
MOG antibodies in induction of CRYAB.
Results: We show that serum from mice immunised with WT but not
MOG deficient myelin induce rearrangement of MOG in oligodendro-
cytes, changes in intracellular signaling and cell morphology. Analysis
of human CSF IgG reactivity against the full range of human
myelin-associated proteins and stress induction in in-vitro studies
are on-going.
Conclusion: Our data points to a strong role for MOG antibodies in
inducing oligodendrocyte stress in vitro. While it is still unclear
whether CSF from MS patients can induce CRYAB expression in vitro
we present the findings from screening CSF samples from MS and
controls to the full range of human myelin proteins present in MS
and controls.
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Analysing the functional phenotypes of the multiple
sclerosis-associated gene variants of DNAM1 (CD226)

Melanie Piedavent, Britta Eggert, Anne Willing,
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Recent genome-wide association studies identified a SNP haplo-
type in the gene of the DNAX accessory molecule 1 (DNAM-1 or
CD226), which shows an association with a variety of autoimmune
diseases, including multiple sclerosis (MS). CD226 is constitutively
expressed on the surface of NK cells, CD4+ and CD8+ T cells and is
involved in various cell functions. However, the role of CD226 in
autoimmunity has not yet been defined. Here we investigate the phe-
notype of the MS predisposing and protective CD226 SNP variants and
their functional relevance for the development of MS and its murine
model experimental autoimmune encephalomyelitis (EAE). Compar-
ison of CD226 expression levels on immune cells from peripheral
blood of healthy donors showed that carriers of the risk haplotype
possess a significantly reduced CD226 expression on the surface of
memory CD4+ T cells compared to carriers of the protective
haplotype. Moreover, this reduced expression level can also be ob-
served in MS patients carrying the protective haplotype. To under-
stand the relevance of the phenotypical difference for the
development of autoimmunity we translated these findings into the
EAE model. First, we detected elevated CD226 expression almost
exclusively on activated as well as memory T cells in the spleen and
lymph nodes. Similarly, CNS infiltrating CD4+ T cells show high
CD226 expression, suggesting an important role during the effector
phase, the extravasation of T cells into the CNS or their subsequent
control. Active immunization with the MOG35-55 peptide resulted
in an aggravated EAE disease course in Cd226-deficient mice
in comparison to wildtype littermate controls. Additionally,
passive immunization using adoptive transfer of encephalitogenic
MOG35-55-specific 2D2-transgenic CD4+ T cells into recipient wild
type mice showed an earlier disease onset when we used
Cd226-deficient 2D2 cells in a gene-dose dependent manner than
mice that receivedwild type 2D2-transgenic cells. These results suggest
that reduced expression levels of CD226may lead to a dysregulated im-
mune response culminating in enhanced autoreactivity of T cells. Cur-
rently, we are investigating the exact mechanisms of how reduced
CD226 expression levels on T cells exacerbate autoimmune responses.
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Neuroinflammation induces GABA reuptake transporter-2
in multiple sclerosis: Immune regulation by the
neurosteroid ganaxolone
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Objective: Neurosteroids modulate the actions of γ-aminobutyric acid
(GABA) including its anti-inflammatory effects. The GABA Reuptake
Transporters (GATs) regulate GABA's intra- and extra-cellular con-
centrations, although the impact of neurosteroids on GATs' expres-
sion and function are unknown. We previously reported that the
neurosteroid, allopregnanolone, was depleted in brains from persons
with multiple sclerosis (MS) and its replacement was highly
neuroprotective in MS models. Herein, we hypothesized that GATs
might participate in MS pathogenesis, which could be modulated by
the synthetic allopregnanalone analog, ganaxolone (GNX).
Methods: Protein and mRNA expression in autopsied cerebral white
matter from MS with matched control patients and cultured primary
human cells was assessed by deep sequencing and RT-PCR. GABA
levels were measured by HPLC. The MOG/PTX experimental autoim-
mune encephalomyelitis (EAE) model in mice was also used to test
the present hypothesis.
Results: GAT-2 expression was selectively increased in cerebral white
matter from patients with MS, particularly in macrophages within
demyelinating lesions. siRNA knockdown of GAT-2 in human lym-
phocytes increased extracellular GABA levels with a concordant re-
duction in immune gene transcript expression. Human macrophages
stimulated with IFN-γ exhibited increased GAT-2 together with
HLA-DR and STAT-1 expression, which was suppressed by treatment
with GNX. In EAE, treatment with GNX protected axons, preserved
myelin, reduced GAT-2, CD3, Class II, IFN-γ, STAT-1, IL12p35 expres-
sion and improved neurobehavioral outcomes. In lymphoid tissues
from EAE animals treated with GNX, the Th1 (CD3+/T-bet+) lympho-
cyte population was reduced.
Conclusions: These findings emphasized the protective effect of
the synthetic neurosteroid ganaxolone, coupled to a reduction in
neuroinflammation by targeting the GABAergic system. Targeting
GABAergic pathways is a promising strategy for treating neuro-
inflammatory diseases such as MS.
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Aiolos promotes TH17 cell differentiation by directly silencing
Il2 expression

Francisco J. Quintana, Hulin Jin, Evan J. Burns, Meghan Nadeau,
Ada Yeste, Deepak Kumar, Manu Rangachari, Chen Zhu,
Sheng Xiao, Vijay K. Kuchroo
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Medical School, Boston, United States
Objective: To study the role of the transcription factor Aiolos, encoded
by the ikzf3 gene, in the differentiation of pro-inflammatory Th17
cells.
Methods: IL-17 producing CD4+ T (TH17) cells are instrumental in
the immune response to pathogens. However, an overactive TH17
response results in tissue inflammation and autoimmunity and there-
fore it is important to identify the molecular mechanisms that control
the development of TH17 cells. We found that the transcription factor
Aiolos is upregulated during the differentiation of Th17 cells. In these
studies, we used Aiolos-deficient mice in in vitro and in vivo experi-
mental systems to investigate the role of Aiolos in Th17 cells.
Results: Interleukin 2 (IL-2) suppresses TH17 cell development, but
how IL-2 production is actively suppressed during TH7 cell differenti-
ation is not understood. We found that under TH 17-polarizing condi-
tions the transcription factors STAT3 and AhR upregulate the
expression of the Ikaros family transcription factor Aiolos. Using
Aiolos-deficient mice, we demonstrate that Aiolos controls the epige-
netic status of the Il2 locus, actively inhibiting IL-2 production and
promoting the differentiation of TH17 cells in vitro and in vivo.
Conclusions: Thus, we have identified a module in the transcriptional
program of TH17 cells that actively limits IL-2 production and pro-
motes their differentiation.

74

Effect of HLA-G gene polymorphisms in the production of sHLA-G
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Objective: Multiple sclerosis (MS) is a chronic inflammatory demyelin-
ating and neurodegenerative disease of the central nervous systemwith
an uncertain etiology that is commonly considered to be autoimmune
in nature. A growing body of evidence has indicated a possible involve-
ment of HLA (Human Leukocyte Antigen)-G antigens where this
molecule seems to exhibit anti-inflammatory properties. HLA-G is a
HLA-Ib molecule with a physiological tissue-restricted distribution,
membrane-bound and soluble isoforms and immuno-regulatory func-
tions mediated by the interaction with specific immune-inhibitory re-
ceptors (ILT-2, ILT-4, CD8, KIR2DL4). Cerebrospinal fluid (CSF) levels
of soluble HLA-G (sHLA-G) were more elevated in MS than in controls,
and inMS patients withoutmagnetic resonance imaging (MRI) evidence
of disease activity. The 3′ untranslated region of the HLA-G gene is char-
acterized by two polymorphisms, DEL/INS14bp and +3142C>G, which
control soluble HLA-G (sHLA-G) production: INS allele destabilizes
mRNA and +3142G allele interact with microRNA. We investigated
the influence of these two HLA-G variants on sHLA-G serum and CSF
levels in MS patients.
Methods: We analyzed 69 unrelated Relapsing-Remitting MS patients
(75 females, 41 males; mean age 36.5±11 years) classified following
McDonald. They were grouped in MRI inactive and active disease by
Gadolinium (Gd)-DTPA-enhancement on MRI T1-weighted scans
(GE Sigma Horizon). HLA-G polymorphisms were analysed by Real
Time PCR with specific primers. sHLA-G molecules were quantified
by ELISA and Western Blot systems with an HLA-G specific monoclo-
nal antibody (MEM-G9, Exbio, Praha).
Results: Serum and CSF sHLA-G levels were more elevated in patients
with DEL and C alleles, high sHLA-G producers and were different
among the various combined HLA-G genotypes in both MRI inactive and
active diseases. The highest and the lowest values were identified in MS
patients with C/C,DEL/DEL and G/G,INS/INS genotypes, respectively.
Conclusions: These results report that serum and CSF sHLA-G levels in
MS could be influenced by HLA-G polymorphisms irrespective of the in-
flammatory microenvironment. Taken together, these findings suggest
that HLA-G polymorphisms should be taken into account when serum
and CSF levels of sHLA-G are analyzed inMS, since, not only are they reg-
ulated by local inflammatory microenvironment, but they are also
influenced by 14bpDEL/INS and +3142C>G individual polymorphisms.
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Identification of circulating nonclassic human leukocyte antigen G
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Objective: HLA-G is a non-classical HLA class I antigen expressed as
membrane bound and soluble (sHLA-G) isoformswith a restricted tissue
distribution and anti-inflammatory functions due to binding affinity for
immune inhibitory receptors (ILT-2, ILT-4, KIR2DL4). sHLA-G levels in
cerebrospinal fluid (CSF) were demonstrated to be more elevated in
multiple sclerosis (MS) patients than in controls, and in MS patients
without magnetic resonance imaging (MRI) evidence of disease activity.
Recently, it was discovered that HLA-G can exist as a dimer with a sub-
stantially increase binding to inhibitory receptors.
Methods: The presence of HLA-G dimers and monomers was evaluat-
ed in CSF samples from 52 MS patients subdivided according to MRI
in active (N=18) and stable (N=34) disease, 50 patients with
other inflammatory (OIND) and 50 patients with non-inflammatory
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(OIND) neurological diseases. The samples were analyzed by ELISA
test and Western Blot assay in native and denaturating conditions
by means of two HLA-G specific monoclonal antibodies (ELISA and
immunoprecipitation: MEM-G9, G233; Exbio, Praha).
Results: The ELISA and Western blot results reported increased
sHLA-G CSF levels in MS patients in comparison with OIND and
NIND patients (pb0.0001) and higher CSF concentrations in stable
than in active MS patients (pb0.001). The native Western blot analy-
sis revealed both the HLA-G monomeric (39 kDa) and dimeric
(78 kDa) conformations in CSF samples from MS patients with a sta-
ble disease, in NIND and OIND patients. NIND and MS stable patients
presented a prevalence of the dimeric isoform. The Western blot
under reducing conditions showed also a faint band at 53 kDa. On
the contrary, CSF samples from MS patients with an active disease
presented only the HLA-G monomeric conformation. The different
HLA-G structures are recognized by both the anti-HLA-G antibodies
G233 and MEM-G9 in ELISA and Western blot assays.
Conclusions: These data demonstrate that HLA-G dimeric molecules are
mainly present in CSF samples from stable MS and NIND patients, while
CSF from active MS patients present only monomeric HLA-G conforma-
tion. The presence of dimeric HLA-G structure in CSF samples from stable
MSdisease status support the implication of this structure in immune and
inflammation control in central nervous system. In fact, this conformation
is characterized by an increased binding avidity than HLA-G monomers,
which translates into augmented signaling through ILT-2 receptor.
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Bowman-Birk protease inhibitor (BBI) suppresses Th17
differentiation through IL-27 signaling pathway
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Objective: To study the effect of BBI on Th-17 cell differentiation.
Background: BBI is a soybean-derived serine protease inhibitor.
We have previously shown that oral administration of BBI can dra-
matically ameliorate experimental autoimmune encephalomyelitis
through an IL-10 dependent mechanism. We and others also have
shown that IL-27 plays an important role in suppressing Th17 cells
in CNS autoimmune inflammation. We hypothesized that BBI sup-
presses Th17 cell differentiation through IL-27 signaling pathway.
Methods: Splenocytes from C57BL6 and IL-27R KO mice were collect-
ed and stimulated with Anti-CD3 and Anti-CD28 (1 μg/ml) in Th17
polarization condition with TGF-β (2 ng/ml)+IL-6 (20 ng/ml) in the
presence or absence of BBI (1st stimulation) for 72 h. To investigate
the effect of BBI on committed Th17 cells, after the 1st stimulation,
cells were rested 2 days with IL-2 and then reactivated with anti-CD3
and anti-CD28 antibodies plus IL-23 (±BBI 0.1 and 0.5 mg/ml) (2nd
stimulation) for another 3 days. In both 1st and 2nd stimulations, cells
were stimulatedwith PMA/Ionomycin/Golgi-plug for 4 h to perform in-
tracellular staining of IFN-g, IL-17 and IL-10.
Results: BBI significantly inhibited differentiation of Th17 cells in
C57BL6 mice after 72 h (21.1% vs 4.63%). Furthermore, BBI slightly
suppressed committed Th17 cells (19.5% vs 14.8%) in a dose depen-
dent manner. Although BBI suppressed Th17 differentiation in
C57BL6 mice, it did not affect differentiation of Th17 T cells in
IL-27R KO mice (22.6% vs 20.1%).
Conclusions: BBI suppresses CD4+T cell polarization towards Th17 cells.
IL-27 signaling pathway appears important in this process. BBI has the po-
tential as a safe and oral therapy in autoimmune diseases like multiple
sclerosis.
451

Potential role of CCR6+ T cells in inflammatory demyelinating
diseases of central nervous system
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Background: Recent genome-wide association studies revealed that a
polymorphism in CCR6, the gene encoding chemokine (C–C motif)
receptor 6, was associated with susceptibility of some autoimmune dis-
orders such as rheumatoid arthritis, Graves' disease, and Crohn's disease.
It has been reported that CCR6 is expressed in IL-17-producing CD4+ T
helper cells (TH17) and innate T cells (iT) such as γδ T cells, suggesting
that CCR6+ T cells are critically involved in IL-17-driven autoimmunity
in mouse models including experimentally autoimmune encephalitis.
Objective: To assess a role of CCR6+ T cells in autoimmune inflamma-
tory demyelinating diseases of central nervous system including mul-
tiple sclerosis (MS) and neuromyeltis optica (NMO).
Methods: Peripheral bloodwas obtained from22patientswithMS, 16pa-
tients with NMO spectrum disorders, and 30 healthy subjects (HS). We
analyzed the expression of several chemokine receptors on the cell sur-
face of peripheral mononuclear cells (PBMC) by flow cytometry.
Results: Within the CD4+ T cell population (CD3+CD4+), the frequency
of CCR6+CD3+CD4+ T cells did not differ between NMO, MS, and
HS. However, within the CD4neg T cell population (CD3+CD4neg),
CCR6+CD3+CD4neg T cells decreased in frequency in PBMC from NMO
patients as compared to MS patients and HS. More strikingly,
CD161highCCR6+CD3+CD4neg T cells decreased in frequency in PBMC
from NMO patients as compared to MS patients and HS. Within the
CD19+ B cell population, plasmablasts (CD19+CD27+CD38highCD20neg)
increased in frequency in PBMC from NMO patients as compared to MS
patients and HS. In this cohort, the frequency of plasmablasts was nega-
tively correlated with the frequency of CCR6+CD3+CD4neg T cells in pe-
ripheral blood.
Conclusions: The CCR6 ligand CCL20 was constitutively expressed not
only in epithelial cells of choroid plexus but also in astrocytes of
inflamed brains, and thus CCR6 and CCL20may represent an evolution-
ary conserved axis that regulates the CNS entry and dissemination of T
cells during inflammation. The iT cells including γδ T cells, Vα24iT cells,
and Vα7.2iT cells constitute a large percentage of CCR6+CD3+CD4neg T
cells. Therefore this study suggests that the CCR6+CD3+CD4neg

T cell population including iT cells might be a role contributing to
alterations in B cell subset composition in NMO pathogenesis. Further-
more our results provide evidence that compartmentalized immune
responses within CNS might not be sustained in NMO, in contrast
with MS.
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Objective: Histamine (HA) is a key regulator of experimental allergic
encephalomyelitis (EAE), the autoimmune disease model of multiple
sclerosis (MS). Histidine decarboxylase deficient mice (HDCKO),
which are unable to synthesize HA, exhibit more severe EAE. HA ex-
erts its effects through four different G protein coupled receptors
(GPCR): H1, H2, H3 and H4 (H1-4R). Each HA-receptor has been shown to
influence EAE pathogenesis. In the mammalian brain, however, there is
evidence for the existence of non-GPCR signaling by HA which is
picrotoxin-sensitive and mediated by chloride conductance. In addition,
γ-aminobutyric acid (GABAA) receptor subunits can formHA-gated chlo-
ride channels in vitro suggesting that an ionotropic HA-receptor might
contain known ligand-gated chloride channel subunits. Here our objec-
tive is to test the hypothesis that non-GPCR signaling by HA plays a role
in autoimmune responses.
Methods: H1-4RKO mice were generated. We assessed the susceptibil-
ity to EAE by immunizing H1-4RKO, WT and HDCKO mice with
MOG35–55+CFA+PTX. Changes in the immune response associated
with EAE in H1-4RKO andWTmice were analyzed both in the draining
lymph node (DLN) and the central nervous system (CNS) by ELISA
and flow cytometric analysis. Differentiation and cytokine production
of CD4+ T cells were also studied under MOG35–55 specific and poly-
clonal stimulation. We also assessed the encephalitogenic potential of
T cells by adoptively transferring T cells from WT or H1-4RKO donors
to WT recepients.
Results: H1-4RKO mice, which lack all four GPC-HRs, are remarkably
resistant to MOG35-55-induced EAE and exhibit less severe neuropa-
thology compared to WT and HDCKO mice. Splenocytes and the CNS
infiltrating CD4+ T cells from immunized H1-4RKO mice produce sig-
nificantly less IFN-γ compared to WT mice. Polyclonally activated
CD4+ T cells or in vitro differentiated Th1 effector cells from
H1-4RKO mice produce significantly less IFN-γ. Furthermore, under
adoptive transfer conditions Th1 effector cells from H1-4RKO mice
are less encephalitogenic when compared to WT mice.
Conclusions: We have studied the function of endogenous HA on EAE
susceptibility. H1-4RKO mice are highly resistant to EAE. Our findings
strongly support the idea that HA can be an endogenous ligand or an al-
losteric modulator to the GABAAR expressed on immune cells. Under-
standing the existence of this novel inhibitory signaling pathway by
HA might help in designing new therapies for EAE and possibly MS.
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Inhibitory pathway TIM-3/Galectin-9 in patients with
Multiple Sclerosis
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Objective: To define the possible role of inhibitory pathway T cell immu-
noglobulin domain andmucin domain-containingmolecule-3 (Tim-3)-
Galectin-9 in progression of Multiple sclerosis (MS).
Methods: We analysed by flow-cytometry Tim-3 expression on MBP-
stimulated CD4+ and CD8+ T lymphocytes and CD14+ cells, as well
as Annexin V expression and IFN-γ production in 50 MS patients with a
diagnosis of relapsing-remitting (RR), primary progressive (PP), second-
ary progressive (SP), or benign MS (BMS). Forty age and sex matched
healthy controls (HC) were also enrolled in study.
Results: in BMS patients MBP-stimulated: 1) Tim-3-expressing CD4+
and CD8+ T-cells; 2) CD4+AV+Tim-3+ and CD8+AV+Tim3+
(apoptotic cells); were significantly augmented compared to the
values observed in the other groups of patients; results observed in
HC were comparable to those seen in BMS patients.
Conclusions: These data suggest that the maintenance of physiologic
Tim-3 expression is associated with a benign course of MS, possibly
via the induction of apoptosis of MBP-specific lymphocytes.

Grant by Italian Ministry of Health: Ricerca Corrente 2011-12;
Fondazione CARIPLO.
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Objective: Multiple sclerosis (MS), the inflammatory demyelinating
disease of the central nervous system has a certain autoimmune back-
ground. Recently the pivotal role of Th17 association pathway has
been shown in MS immunpathogenesis.
Methods: In this study, Th17-related cytokines and cytokine receptors
were evaluated in MS patients under immunomodulatory IFN-β1
therapy. Twenty one relapsing remitting MS patients were enrolled
in the study and peripheral blood samples were collected during
2 years follow-up. IL-23, IL-26, and IL-17 levels were determined
by ELISA; IL-17R and IL-23R expression was analyzed by flow
cytometry.
Results: Before immunomodulatory treatment initiation; IL-23R expres-
sion was rarely detected on CD4+ T cells of both controls and MS
patients. CD13+myeloid cells were highly positive for IL-17R. No signif-
icant differencewas found between the expression of IL-17R and IL-23R
and the IL-23 levels of MS patients compared to controls.

Of three cytokines, IL-26 was the highest in the MS patients without
IFN-β1 treatment when compared to controls. Additionally; there was
no significant difference in sIL17 levels betweenMSpatients and controls.
Conclusions: After treatment and during follow-up, the level of
CD13+IL-17R+ myeloid cells was significantly decreased after the
3rd month of IFN-β1 treatment. Interestingly, serum IL-23 level grad-
ually increased during IFN-β1 therapy. Following a drastic drop after
the first month of treatment, a significant increase of serum IL-26
levels was observed starting from the 6th month. On the other
hand, IL-17 levels were steadily decreased during the follow-up, es-
pecially after the first year. The gradual increase in IL-23 and IL-26
during the treatment may indicate a compensatory response of
immune system to the inhibition of Th17 responses. These results
support the therapeutic effect of IFN-β1 on Th17-associated autoim-
mune background of MS. Alternatively, the increase in cytokines
such as IL-23 and IL-26 that are involved in Th17-related immune re-
sponses may constitute a salvage pathway restricting the efficacy of
immunomodulatory therapy.
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Interferon-beta up-regulates suppressor of cytokine signalling 1
in T cells of multiple sclerosis patients

Raphael Schneider1, Diane Beauseigle2, Pierre Duquette3,
Alexandre Prat2, Howard Johnson4, Nathalie Arbour2

1University of Toronto, Division of Neurology, Toronto, Canada;
2Université de Montréal, CRCHUM-Notre-Dame Hospital, Montréal,
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Objective: Suppressors of cytokine signalling (SOCS) are key regula-
tors of cytokine responses. SOCS-1 plays a beneficial role in experi-
mental autoimmune encephalitis (EAE). Although interferon-beta
(IFN-β) is commonly prescribed for the treatment of multiple sclero-
sis (MS), its mode of action is not fully understood. We postulate that
IFN-β has a positive impact through the induction of SOCS-1. Our
goals are to assess SOCS-1 expression in T cells of MS patients and
to evaluate its anti-inflammatory functions.
Methods: Using qPCR, we quantified SOCS-1 mRNA levels in CD4 and
CD8 T cells from untreated or IFN-β-treated MS patients and healthy
controls. We tested the impact of a SOCS-1 mimic, tyrosine kinase
inhibitory peptide, which protects mice from EAE, on CD4 and CD8
T cell responses to cytokines with pro-inflammatory properties
using flow cytometry-based assays.
Results: We found that SOCS-1 is significantly more expressed by both
CD4 and CD8 T cells from IFN-β-treated MS patients compared to
untreated patients and healthy controls. Mimicking the effect of
SOCS-1 in-vitro significantly reduced proliferation and production of
IFN-gamma (IFN-γ) and granzyme B in human CD4 and CD8 T cells
in response to pro-inflammatory cytokines.
Conclusions: Our results indicate that the IFN-β therapy in MS pa-
tients leads to elevated SOCS-1 levels in circulating T cells. Our
in-vitro assays show that SOCS-1 interferes with cytotoxic T cell func-
tions and the production of the Th1 signature cytokine IFN-γ. Hence,
IFN-β may indeed mediate its anti-inflammatory effects via an
upregulation of SOCS-1. In addition,mimicking SOCS-1 inMSmay over-
come previous drawbacks of IFN-β therapy such as non-responsiveness
and the formation of neutralizing antibodies.

203

Regulation of immune responses by neurons in the central
nervous system

Li Tian, Heikki Rauvala

Neuroscience Center, University of Helsinki, Finland

The central nervous system (CNS) is nowknown to actively commu-
nicate with the immune system. While studies on glial cells, especially
microglia, have highlighted the importance of this cell type in innate
immune responses of the CNS, the immune functions of other cell
types, especially neurons are largely elusive. However, recent findings
suggest that neurons also actively participate in immune responses by
controlling glial cells and infiltrated T cells. The aim of this presentation
is to address the immune function of neurons, and the roles they play in
regulating inflammatory processes and maintaining homeostasis of the
CNS. The ability of neurons to limit immune responses in the CNS de-
pends on their own integrity. Healthy neurons normally express many
molecules, for example intercellular adhesion molecule-5 (ICAM-5), to
constitutively down-regulate T-cell or microglial activation. However,
injured neurons may upregulate pro-inflammatory cytokines and neu-
rotoxic proteins, such as high mobility group box 1 (HMGB1), which
eventually exacerbate neuronal damages.
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Multiple sclerosis-associated CLEC16A has a key role in processing
and surface expression of HLA class II via late endosomes

Marvin M. van Luijn1, Karim L. Kreft2, Marlieke L. Jongsma3,
Steven W. Mes1, Annet F. Wierenga-Wolf1, Marjan van Meurs1,
Jacques Neefjes3, Jon D. Laman1, Rogier Q. Hintzen2

1Department of Immunology, Erasmus MC, University Medical Center,
MS Centre ErasMS, Rotterdam, Netherlands; 2Department of Neurology,
Erasmus MC, University Medical Center, MS Centre ErasMS, Rotterdam,
Netherlands; 3Division of Cell Biology, The Netherlands Cancer Institute,
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Objective: In previous GWA studies, genetic variation in C-type lectin
domain family 16, member A (CLEC16A) has been shown to associate
with several autoimmune diseases, including multiple sclerosis (MS).
The function of CLEC16A in humans is unknown, but studies in
Drosophila implicate a role in autophagy and endosomal maturation.
In this study, we assessed the expression patterns of CLEC16A in MS
and its biological function in immune cells.
Methods: We obtained post-mortem brain white matter (WM) tissues
of MS patients and both age- and gender-matched non-demented
controls (NDC) from the Netherlands Brain Bank. Human melanoma
cell line MelJuSo and primary DC were used to study the effect of
CLEC16A silencing on HLA class II biology. MelJuSo cells were
transfected with siRNA duplexes against CLEC16A. Monocytes from
healthy donors were transduced with CLEC16A shRNA lentivirus
prior to differentiation into dendritic cells (moDC).
Results: CLEC16A mRNA expression levels were strongly increased in
MS patients versus controls. Relative expression was 3-fold higher in
brain WM (n=16 vs 13, p=0.028) and 2-fold higher in PBMC from
peripheral blood (n=72 vs 47, p=0.006). Protein expression was
mainly observed in HLA class II+ perivascular areas of MS WM. We
also found coexpression of CLEC16A with HLA-DR, indicating pres-
ence in microglia. In PBMC from healthy controls, CLEC16A was pre-
dominantly expressed by APC, with high abundance in monocytes,
macrophages and moDC. In moDC, CLEC16A colocalized with
HLA-DR and CD63, a late endosomal marker, suggesting involvement
of CLEC16A in late endosomal processing of HLA class II. To test this,
MelJuSo cells were treated with different CLEC16A siRNA, which
caused a 70–80% reduction of target mRNA expression. As a result,
cell surface expression of HLA-DR was decreased for ~20% (n=7
experiments), as determined by flow cytometry. CLEC16A siRNA-
treated cells further showed intracellular accumulation and more dis-
persed localization of HLA-DR+ and both CD63+ and Rab7+ late
endosomal compartments. Similar effects on HLA-DR phenotype
were seen for moDC treated with CLEC16A shRNA, showing ~50% re-
duction in HLA-DR surface expression, of which validation experi-
ments are ongoing.
Conclusions: The increased expression of CLEC16A in MS and its role
in late endosomal processing of HLA class II in APC may point to
an autoimmune mechanism in which CLEC16A promotes the
function of late endosomes resulting in excessive HLA class II antigen
presentation.
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Interleukin-17A promotes accumulation of activated microglia/
macrophages in different models of inflammatory CNS diseases

Julian Zimmermann1, Michael Emrich1, Marius Krauthausen1, Markus
Hofer2, Iain Campbell3, Marcus Müller1

1Dept. of Neurology, University hospital of Bonn, Bonn, Germany; 2Dept.
of Neuropathology, University hospital of Marburg, Marburg, Germany;
3School of molecular biosciences, Univesity of Sydney, Sydney, Australia

Objective: Interleukin-17A (IL-17) is a key player in many autoim-
mune and infectious diseases and bridges the innate and adaptive im-
mune response. Though the pivotal role of this cytokine has clearly
been demonstrated for several peripheral organs, we and others dem-
onstrated only minor direct impact of IL-17 on the induction of CNS
tissue destruction or neurological symptoms. Nevertheless there is
still a convincing body of evidence for a key role of IL-17 during
neuroinflammatory responses.
Methods: To clarify its function in CNS immunity, we generated and char-
acterized a transgenic mouse with an astrocyte targeted production of
IL-17 (GF/IL17) and applied different neuroinflammatory diseasemodels.
Results: The transgenic GF/IL17 mouse does not develop neurological
deficits or cellular infiltrations. During systemic endotoxemia, in-
duced by LPS injection, GF/IL17 mice exhibited a significantly pro-
nounced accumulation of activated CD45high/CD11b+ microglia/
macrophages and an upregulation of the proinflammatory cytokines
TNF-α and IL1-β compared to controls. Histological characterization
revealed a pronounced microglial activation by morphological
criteria. Furthermore during Cuprizone-induced demyelination, CNS
production of IL-17 lead to significantly increased numbers of Iba1
positive microglia/macrophages in the corpus callosum throughout
disease course. Colocalization of Iba1 with the lysosomal marker
CD68 revealed a significantly increased microglial activation in GF/
IL17 mice during toxic demyelination, respectively.
Conclusions: These data point toward a modulating effect of IL-17A
on activation and recruitment of microglia/macrophages during
neuroinflammation and might indicate a main cellular target popu-
lation of the cytokine IL-17 in the CNS.

Genetics
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Neuinflam9/Toxo1 regulates the innate immune response after
nerve injury and susceptibility to autoimmune neuroinflammation
in rat

Nada Abdelmagid1, Faiez Al Nimer1, Johan Öckinger1, Rickard
Lindblom1, Xingmei Zhang1, Sahl K. Bedri1, Abdelhadi Saoudi2,
Gilbert Fournié2, Tomas Olsson1, Maja Jagodic1, Fredrik Piehl1,
Margarita Diez1

1Neuroimmunology Unit, Department of Clinical Neuroscience,
Karolinska University Hospital, Karolinska Institutet, Stockholm,
Sweden; 2INSERM, Centre de Physiopathologie de Toulouse Purpan,
Toulouse, France

Objective: The activation of CNS resident cells is a common theme in
different neurological disorders exhibiting innate immune responses
through activating toll-like receptors signaling pathways.
Methods: To identify the genes predisposing CNS disorders through
innate responses regulation, we performed a genome-wide linkage
scan for expression of innate immune molecules after a standardized
nerve injury in a rat F2 (BNxLEW.1N) intercross.
Results: We identified multiple expression quantitative trait loci
(eQTLs) responsible for the regulation of several toll-like receptors
(TLRs) and interferon regulatory factors (IRFs). Among these were
the previously identified Neuinflam9 QTL on rat chromosome 10,
which overlaps with Toxo1 regulating resistance to Toxoplasma
gondii, here found to also regulate the expression of Tlr2 and Irf7.
The influence of Neuinflam9, on the expression of these innate immune
molecules after nerve injury was verified in two different BN.LEWc10
congenic lines (lineages B and E). The congenic BN.LEWc10–E also dem-
onstrated resistance to experimental autoimmune encephalomyelitis
strongly suggesting that the same gene(s) that regulated expression
of innate immune molecules also regulates predisposition to autoim-
mune disease in the CNS.
Conclusions: Identification of the gene(s) underlying these QTLs may
reveal common pathways regulating innate immune activation in
the CNS and identify new therapeutic targets for neuroinflammatory
disorders.

390

Association of HLA-DRB1*14, DRB1*16 and HLA-DQ5 with
MuSK-myasthenia gravis in Turkish patients

Mahdi Alahgholi Hajibehzad1, Vuslat Yilmaz1, Yesim Gulsen Parman2,
Fikret Aysal3, PirayeOflazer2, FezaDeymeer2, Guher SaruhanDireskeneli1

1Physiology, I.U Istanbul Medical Faculty, Istanbul, Turkey; 2Neurology,
I.U Istanbul Medical Faculty, Istanbul, Turkey; 3Psychiatric and
Neurological diseases, I.U Istanbul Medical Faculty, Istanbul, Turkey

Objective: A strong association of a relatively rare group of myasthe-
nia gravis (MG), muscle-specific kinase antibody-positive (MP) has
been reported with HLA-DR14-DQ5 followed by another report
suggesting a role for HLA-DRB1*16 and DQ5. In this study, the
reported association between HLA-DRB1*14,*16 and HLA-DQ5 with
MP MG and double negative (SN) MG patient groups was investigat-
ed in a Turkish population.
Methods: The study group included 224 generalized MG patients (77
men/147 women, mean age: 42±16.8 years). Among the MG group,
116 patients had antibodies against anti-acetylcholine receptor (AP),
48 were MP and 60 were SN. Thymoma was present in 26% of the AP
patients and 20% had a disease with late onset (>50). Among the MP
patients, only 7 out of 48 had late-onset MG (14.5%). The data of 250
healthy donors (HC, 109 men/141 women, mean age: 29.8±8.6)
were evaluated as control. Polymerase chain reaction with sequence
specific primers (PCR-SSP) was used for typing of HLA-DRB1*03,
DRB1*14, DRB1*16 and HLA-DQ5 (DQB1*05) allele groups.
Results: We found a highly significant association of both DRB1*16 and
DRB1*14 with MP compared to HC (37.5 vs. 10.8%, p=1.9×10−5,
OR: 4.95 95% CI: 2.4–10.1 and 29.2 vs. 11.6%, p=0.0028, OR: 3.1,
95% CI: 1.5–6.5, respectively). DRB1*16 was also more frequent in
the SN group (23.3%, p=0.012, OR: 2.5 95% CI: 1.2–5.2). At the
DQB1 locus, DQB1*05 was also associated with MP (73 vs. 36% p=
2.5×10−6 OR: 4.8 95% CI: 2.4–9.5). When DRB1 and DQB1 results
were evaluated together, DRB1*16-DQ5 and DRB1*14-DQ5 putative
haplotypes were also associated with MP (27 vs. 11%, p=0.006,
OR: 2.9 95% CI: 1.4–6.2 and 33 vs. 10.8%, p=0.0002 OR: 4.1 95% CI:
2–8.5). On the contrary, HLA-DRB1*03was found to be negatively as-
sociated with MP patients (2.1 vs. 17.6%, p=0.006, OR: 0.09 95% CI:
0.01–0.7).
Conclusions: Due to the linkage disequilibrium of HLA-DQ5 alleles
with both DRB1*14 and DRB1*16, the presented data confirm the
strong association of both HLA-DRB1*16 and HLA-DRB1*14 with DQ5
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in MP MG and provides a replication of these results in a Turkish pop-
ulation with MP MG. However, the association of DRB1*16 also with
SN MG may implicate a specific effect of DRB1*14 and its related hap-
lotype in MP MG.

The study was supported by TÜBİTAK (109S353).
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Natural variation in the murine Y chromosome influences gene
regulation and susceptibility to experimental
allergic encephalomyelitis

Laure Case1, Emma Wall1, Julie Dragon1, Naresha Saligrama1,
Elizabeth Blankenhorn2, Sally Huber1, Cory Teuscher1

1Academic, University of Vermont, Burlington, United States; 2Academic,
Drexel University, Philadelphia, United States

Objective: Sex-specific differences affect many aspects of immune sys-
tem physiology and although these differences may arise from multi-
ple mechanisms, including differential effects of sex hormones, there
is increasing evidence that genetic differences in the Y chromosome
can influence immune-mediated diseases. In Drosophila, natural poly-
morphic variation in the Y chromosome can influence the epigenetic
regulation of autosomal and X chromosome gene expression, thereby
epigenetically regulating phenotypic differences in males. Therefore,
we hypothesized that Y chromosome-regulated differences in exper-
imental allergic encephalomyelitis (EAE) susceptibility, the animal
model of multiple sclerosis, is the result of an evolutionarily con-
served role for the regulation of autosomal and X chromosome gene
expression by the Y chromosome.
Methods: Test a panel of C57BL/6J Y chromosome (B6-ChrY) consomic
strains, in which B6 mice inherit the Y chromosome from diverse
substrains of mice, for susceptibility to EAE. Examine gene expression
differences using Affymetrix Mouse Gene 1.0 ST arrays in naive CD4 T
cells from wild-type B6 and the consomic strain exhibiting the most
dramatic difference in disease susceptibility.
Results: Natural genetic variation in the mouse Y chromosome direct-
ly impacts susceptibility to EAE and B6 mice with an SJL Y chromo-
some (B6-ChrYSJL) exhibited the greatest increase in resistance
among the consomic strains tested. Our gene expression analysis
using a binary filter of Pb0.05 and 2× fold change revealed that nat-
ural variation in the Y chromosome results in 884 differentially
expressed transcripts in B6 vs B6-ChrYSJL CD4 T cells. Clustering of
these transcripts by biological function identified an enrichment for im-
mune system, nervous system, and mitochondria/metabolism-related
genes. Interestingly, the collapsin response mediator protein 1 gene,
which is expressed by male germ cells and contributes to axonal path-
finding during neural development, had the largest fold change increase
of 16.9× in B6-ChrYSJL T cells making it our top candidate gene contrib-
uting to EAE susceptibility.
Conclusions: Natural genetic variation in the Y chromosome influ-
ences autosomal and X chromosome gene expression, which may
lead to the identification of genes and pathways that can be targeted
for mechanistic studies and therapeutic intervention using in vivo an-
imal models of multiple sclerosis.

382

Histamine H1 receptor allele-specific interactions regulate
susceptibility to CNS autoimmune disease

Sean A. Diehl1, Laure Case1, Kristiaan Finstad1, Rajkumar Noubade1,
Marion Weir2, Bryan A. Ballif2, Cory Teuscher3
1Department of Medicine, Immunobiology, University of Vermont,
Burlington, VT, United States; 2Department of Biology, University of
Vermont, Burlington, VT, United States; 3Departments of Medicine,
Immunobiology and Pathology, University of Vermont, Burlington, VT,
United States

Objective: Polymorphisms in the third intracellular loop of histamine
H1 receptor (Hrh1/H1R), a seven-transmembrane G protein-coupled
receptor (GPCR), regulate susceptibility to experimental autoimmune
encephalomyelitis, a T cell-mediated animal disease model of multi-
ple sclerosis. However, the underlying mechanism for this difference
is not clear, in part because the function of this domain of H1R is
not known.
Methods: Super high-resolution stochastic reconstructive microscopy
(STORM), Ca2+ flux assays, and mass spectrometry are used to eval-
uate allele-specific signaling and proteomics.

We also combine genotypic and phenotypic analysis of
B. pertussis- induced histamine sensitization (Bphs) in wild-derived
mouse strains to determine genes that functionally modify Hrh1.
Results: In cells expressing H1R alleles, STORM revealed a subtle dif-
ference in surface clustering in the H1R variants. Since GPCR
multimerization can influence signaling we examined allele-specific
histamine-elicited intracellular Ca2+ flux. The susceptible (H1RS)
allele promoted greater Ca2+ flux in response to histamine compared
to the resistant (H1RR) allele. To assess potential differences in protein-
protein interactions between H1RS and H1RR, we affinity purified H1R
(and its co-associated proteins) from cells overexpressing either the
H1RS or H1RR allele, followed by identification of associated proteins by
mass spectrometric/bioinformatics analysis. We have identified annexin
A1, an endogenous negative regulator of inflammation, as a novel specif-
ic partner for the H1RR protein product, correlating with this allele's role
in mediating resistance to autoimmune disease.

We have also undertaken a genetic approach to extend our under-
standing of how other factors may modify H1R function. We have fur-
ther catalogued the Hrh1 genomic sequence across several Mus
species and subspecies combined with histamine sensitization
phenotyping. Most (75%) strains are Hrh1S, but we found several
wild-derived strains harboring the Hrh1R allele, yet are sensitive
to histamine. We have identified a linkage disequilibrium domain
on Chr6 surrounding Hrh1 which we have termed Bphs-enhancer
(Bphse). Introgression of this region onto histamine-insensitive Hrh1R

backgrounds has revealed that genes in this regionmay functionally en-
hance the activity of a resistant Hrh1 allele.
Conclusions: Our data collectively suggest that H1R may engage
allele-specific pathways to control immune activation and further
our understanding of H1R function.
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Genetic variations in C-type lectin receptors are involved in the
regulation of neuropathic pain-like behavior after peripheral
nerve injury

Cecilia Dominguez, Karl Carlström, Faiez Al Nimer, Andre Ortlieb,
Fredrik Piehl

Department of Clinical Neuroscience, Unit for Neuroimmunology,
Karolinska Institutet, Stockholm, Sweden

Objective: The immune system is known to both mediate and main-
tain neuropathic pain. In this study we investigated the effect of a
small rat chromosome 4 gene fragment containing C-type lectin re-
ceptors (CLRs) for development of neuropathic pain after a peripheral
nerve lesion.
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Methods: Two congenic rat strains on DA background with a gene
fragment from the PVG strain containing seven (APLEC) and three
(R11R6), respectively, CLR genes, as well as DA male rats from the
same colony were used in this study. The rats were behaviorally test-
ed for development of mechanical hypersensitivity with a set of von
Frey monofilament applied to the hindpaws at baseline and at differ-
ent time points after spinal L5 nerve transection. One set were behav-
iorally tested, a second set were used for flow cytomety analysis and a
third set of rats were treated with the monoclonal antibody R73 that
deplete αβ T-cells or an IgG isotype matched control.
Results: There was a prominent strain difference in development of
neuropathic pain-like behavior between the strains. Thus, DA rats
started to recover after 14 days whereas APLEC and R11R6 rats
remained sensitive during the entire time of testing (35 days). How-
ever, APLEC and R11R6 rats treated with the T cell depleting antibody
started to recover already after 10 days, suggesting involvement of T
cells in development of neuropathic pain. Spinal cord tissue dissected
from DA and R11R6 rats at 14 days post injury were used for flow cy-
tometry. The pain sensitive R11R6 strain displayed increased num-
bers of activated microglia, NK- and T-cells compared to DA rats.
Conclusion: The APLEC strain harbor a small genetic chromosome 4
fragment derived from the inbred PVG strain and contains a cluster
of seven CLRs that are expressed on antigen presenting cells and lym-
phocytes. These are known to modulate and initiate an immune
response. The finding that the pain and immune phenotype is
retained in the smaller R11R6 congenic suggests that one or all of
the three CLRs (MCL, Mincle and Dcar1) regulate recruitment of im-
mune cells and inflammation in the spinal cord after nerve injury, in
turn of relevance for neuropathic pain-like behaviour. Thus, the re-
sults of this study lend strong support for the notion that naturally oc-
curring genetic variations in CLRs are involved in the regulation of
pain after nerve injury and that this involves interaction with im-
mune cells, in particular T cells.
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Mapping genome-wide expression in experimental autoimmune
encephalomyelitis highlights disease correlated gene networks
and positional candidate genes regulating autoimmunity

Melanie Thessen Hedreul1, Steffen Möller2, Pernilla Stridh1, Rasmus
Berglund1, Andre Ortlieb Guerreiro-Cacais1, Ann-Kristin Grimm3,
Yask Gupta4, Johan Öckinger1, Alan Gillett1, Amennai Daniel Beyeen1,
Margarita Diez1, Tomas Olsson*,1, Maja Jagodic*,1
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and Institute for Neuro- and Bioinformatics, University of Lübeck, Lübeck,
Germany; 3Institute for Neuro- and Bioinformatics, University of Lübeck,
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Lübeck, Germany

Objective: Multiple sclerosis (MS) and its animal model, experimental
autoimmune encephalomyelitis (EAE), are chronic inflammatory dis-
eases characterized by autoimmune destruction of myelin sheaths
and neurons. A number of genetic loci that predispose for MS have
been identified. However, knowledge of their functional outcome is
still limited. The expression quantitative trait loci (eQTL) approach
has been successfully used to characterize genes and genetically driv-
en networks important for regulation of complex diseases. We uti-
lized eQTL approach to facilitate identification of genes that
predispose for EAE, to infer their functions and to define genetically
driven networks that correlate with EAE.
Methods: We combined classical EAE QTL mapping with genome-wide
expression profiling (Gene 1.0ST arrays, Affymetrix) in spleen in an
experimental backcross between EAE-susceptible DA and EAE-resistant
PVG rat strains during the chronic stage of EAE. We first characterized
transcripts which expression is regulated in cis and trans. Then, we uti-
lized the Weighted Gene Co-Expression Network Analysis method to
construct gene networks. Moreover, the Pearson correlation coefficient
was used to determine gene networks that significantly correlated
with clinical EAE phenotypes. We performed pathway analysis using In-
genuity Pathways Analysis to identify functional properties of candidate
genes and gene networks that correlate with EAE.
Results: Among 2285 eQTLs we found 599 to be cis-regulated, of
which 60 cis-eQTLs were positional candidates for known EAE QTLs.
These positional candidates include autophagy-related genes, C-type
lectins, NK cell receptors and ligands. With gene clustering analysis
we defined several disease correlated gene networks. Themost signif-
icant disease-correlated network was enriched for T cell-mediated
immune mechanisms, also implicated in MS, and revealed both
established and novel gene interactions.
Conclusions: We detected a number of cis-regulated transcripts, both
in EAE QTLs and outside, which may play important roles in control-
ling autoimmune mechanisms. These can serve to generate novel hy-
potheses for dissecting pathogenic mechanisms that are dysregulated
during chronic inflammation. In addition, we defined several disease
correlated gene networks. Some networks were enriched for path-
ways involved in cell-mediated immune mechanisms of relevance
for EAE and MS, and also included genes or family members of
genes associated with human disease.

453

CD59 mutation is associated with chronic inflammatory
demyelinating polyradiculoneuropathy and chronic
hemolysis in North-African-Jewish infants

Dror Mevorach

Hadassah Medical Center, Hebbrew University, Jerusalem, Israel

Objective: Chronic inflammatory demyelinating polyradiculoneuropathy
(CIDP) is an acquired immune- mediated disorder of peripheral nerves.
In childhood it typically manifests by lower limb weakness; relapses are
common and are usually preceded by viral infections. The response to
immunomodulation is positive but in some patients there are significant
neurological deficits. We attempted to identify monogenic gene in four
families with childhood CIDP.
Methods: Since all the patients shared a common ethnic origin and pa-
tients 5078 and 2888 were sibs, we assumed an autosomal-recessive
mode of inheritance and searched for a founder mutation in the DNA
samples of 5078 and 2888.

We identified homozygous regions using Affymetrix GeneChip
followed by a whole exome sequencing. The DNA sample of 2888
was enriched with the SureSelect Human All Exon v.2 Kit which
targeted 44 Mb (Agilent, Santa Clara, CA, USA). Sequencing was car-
ried out on HiSeq2000 (Illumina, San Diego, CA, USA) as 100-bp
paired-end runs. Image analysis and base calling were performed
with the Genome Analyzer Pipeline version 1.5 with default parame-
ters. We performed read alignment with DNAnexus software (Palo
Alto, CA) using the default parameters with the human genome as-
sembly hg19 (GRCh37) as reference. A total of 19,564 SNPs and indels
were identified in the coding sequence.
Results: We identified homozygous missense mutation in CD59 in five
children. This gene encodes a cell surface glycoprotein, Protectin,
which inhibits the final step of the membrane attack complex
(MAC) formation following activation of the complement system.
The mutation segregated with the disease in the families and had a
carrier rate of 1:66 among Jews of North-African origin.
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Conclusions: CD59 mutation is associated with a failure of proper
localization of CD59 protein in the cell surface. This is clinically
manifested in infancy by relapsing peripheral demyelinating disease ac-
companied by chronic hemolysis. It is plausible thatMAC is amajor drive
to myelin and axonal damage in demyelinating-remyelinating diseases.

34

Molecular network analysis of ChIP-Seq-based vitamin D
target genes

Jun-ichi Satoh, Hiroko Tabunoki

Bioinformatics and Molecular Neuropathology, Meiji Pharmaceutical
University, Tokyo, Japan

Objective: Vitamin D (VD) is a liposoluble vitamin essential for calci-
um metabolism and immunomodulation, available as a dietary sup-
plement and also produced endogenously when the sunlight UVB
triggers its synthesis in the skin, followed by consecutive hydroxyl-
ation in the liver and kidney to generate the physiologically active
1alpha,25-dihydroxyvitamin D3 designated as calcitriol. It binds to
the cognate nuclear receptor (VDR) expressed on many cell types,
when heterodimerized with retinoid X receptor by interacting with
VD response elements (VDREs) to activate gene expression involved
in cell proliferation, differentiation, and apoptosis. Insufficient expo-
sure to the sunlight and VD deficiency are associated with an in-
creased risk for multiple sclerosis (MS). To study a protective role of
VD in development of MS, it is important to globally characterize
VDR target genes (VDRTGs) and their networks.
Methods: We identified VDRTGs from two different ChIP-seq datasets of
VDR binding sites derived from calcitriol-treated human B cell andmono-
cyte cell lines (SRP002673, SRP005910; IlluminaGAIIx) bymapping them
on hg19 with Bowtie, detecting peaks with MACS (fold enrichment>20,
FDRb1%), and identifying genomic locations by GenomeJack (Mitsubishi
Space Software), a genomeviewer for next-generation sequencing (NGS).
Molecular networks were studied by using KEGG, IPA, and KeyMolnet.
Results: After omitting noncoding genes, we identified 2246 and 186
VDRTGs in calcitriol-treated B cells and monocytes, and 456 and 108
VDRTGs in control cells. The corresponding microarray data
(GSE22176, GSE27270) verified greater than a 2-fold increase in the
levels of expression of 17 and 16 VDRTGs in calcitriol-treated B cells
and monocytes. MACS peaks were located chiefly in the promoter
and the intron, exhibiting variable VDRE sequences around the sum-
mits. We extracted totally 1541 VD-responsive genes by excluding
those having an overlap between calcitriol-treated and control cells.
The molecular network of those showed significant relationships with
the networks of leukocyte transendothelial migration, FcgR-mediated
phagocytosis, and transcriptional regulation by VDR.
Conclusions: The molecular network of the comprehensive set of
VDRTGs is closely linked to a wide range of immune regulation.
Therefore, a persistent perturbation in the network of VDRTGs due
to vitamin D deficiency could induce a harmful immune response
causative for MS. Supported by MEXT HRC S0801043.
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Deep replication and extensive fine mapping using the
Immunochip significantly expands the horizons in the
genetics of multiple sclerosis — For the IMSGC

Stephen Sawcer
University of Cambridge, Addenbrookes Hospital, Cambridge, United
Kingdom
Objectives: 1) To fine map confirmed multiple sclerosis susceptibility
loci by genotyping all available flanking variation. 2) To replicate po-
tentially associated Single Nucleotide Polymorphisms (SNPs) identi-
fied through GenomeWide Association Studies (GWAS) and thereby
expand the catalogue of associated variants.
Methods: More than a third of the establishedmultiple sclerosis suscep-
tibility loci are also associated with at least one other organ specific au-
toimmune disease. This remarkable overlap enabled the development
of the Immunochip, a custom built Illumina genotyping array that in-
cludes a total of 196,524 SNPs designed to allow the fine mapping of
nearly 200 loci established to be relevant in at least one autoimmune
(38 known to be relevant inmultiple sclerosis) and the deep replication
of several thousand SNPs from each of twelve primary autoimmune
diseases. We have typed the Immunochip in 17,097 cases and 20,055
controls from twelve countries.
Results: We identified genome wide significant evidence of associa-
tion in 18 of the fine mapped regions not already established as rele-
vant in multiple sclerosis, including Chr2q32 containing the STAT4
gene (p=6.08×10−9). In the replication section of the Immunochip
a further 28 independent loci outside of these fine-mapping regions
also show evidence of association with genome-wide significance.
Conclusions: The genetic architecture underlying susceptibility to
multiple sclerosis is polygenic with implicated genes being over-
whelmingly immunological. Through the Immunochip we have sub-
stantially expanded the list of associated loci and fine mapped more
than 40 of these associated regions.

miRNA
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Natalizumab therapy restores expression of miRNAs in multiple
sclerosis patients

Jens Ingwersen1, Til Menge1, Derya Kaya2, Timour Prozorovski1,
Britta Wingerath1, Andreas Keller3, Markus Beier3, Matthias
Scheffler3, Thomas Dehmel1, Bernd Kieseier1, Hans-Peter Hartung1,
Patrick Küry1, Orhan Aktas1

1Department of Neurology, Heinrich-Heine-University Düsseldorf,
Düsseldorf, Germany; 2Department of Neurology, Dokuz Eylül University,
Izmir, Turkey; 3CBC, Comprehensive Biomarker Center, Heidelberg,
Germany

Objective: The anti-α4 integrinmonoclonal antibody natalizumab exerts
its therapeutic efficacy inmultiple sclerosis (MS) by interfering with im-
mune cell infiltration into the CNS. Recent evidence implicates mecha-
nisms beyond adhesion blockade in contributing to natalizumab's
effects. The mediators that are responsible, however, have not been
fully clarified. We examined the role of microRNAs that are regulated
by natalizumab in relapsing-remitting (RR-) MS patients.
Methods: We performed a longitudinal study of 17 RR-MS patients
investigating blood miRNA expression profiles at baseline and
after 1 year of natalizumab therapy bymicroarray technique and quan-
titative PCR (qPCR) validation. We also compared the baseline expres-
sion profiles of these MS patients to those of 18 age- and sex-matched
healthy controls (HCs). The regulation of the miRNAs that were found
was then analyzed in autoimmune demyelination using an animal
model of MS, experimental autoimmune encephalomyelitis (EAE).
Results: MiR-18a, miR-20b, miR-29a and miR-103 were upregulated,
whereas miR-326 was downregulated upon natalizumab treatment
in the longitudinal analysis. All four of the upregulated targets were
found to be downregulated in RR-MS patients at baseline, compared
to HCs. It appeared that expression of these miRNAs was reverted
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by natalizumab therapy. All confirmed targets were regulated in pe-
ripheral blood leukocytes of mice suffering from EAE and showed
disease-dependent expression levels.
Conclusions: The data indicate that natalizumab restores the expres-
sion of miRNAs dysregulated in MS. These miRNAs may serve as
markers for disease response monitoring and may constitute new
therapeutic targets in RR-MS.
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Next generation sequencing identifies micro RNAs that associate
with pathogenic autoimmune activation leading to
neuroinflammation in rats

Petra Bergman1, Tojo James1, Sabrina Ruhrmann1, Anders Kvist2,
Gordana Supic1, Alan Gillett1, Andor Pivarcsi3, Maja Jagodic1

1Department of Clinical Neuroscience, Center for Molecular Medicine,
Karolinska Institutet, Stockholm, Sweden; 2Department of Oncology,
Clinical Sciences, Lund University and Skåne University Hospital, Lund,
Sweden; 3Department of Medicine, Center for Molecular Medicine,
Karolinska Institutet, Stockholm, Sweden

Objective: MicroRNAs (miRNAs) are known to regulate most biologi-
cal processes and dysregulation of their expression has been associat-
ed with a variety of diseases, including multiple sclerosis (MS). Here
we characterized miRNAs that associate with susceptibility to develop
experimental autoimmune encephalomyelitis (EAE), a well-established
animal model of MS.
Methods: We used next generation sequencing (NGS) to detect and
quantify all small RNAs in the lymph nodes of EAE-susceptible DA
and EAE-resistant PVG rats during immune activation, before signs
of clinical disease. Using TaqMan qRT-PCR differential expression
of selected miRNAs was validated and expression kinetics investi-
gated. Target genes likely regulated by differentially expressed
miRNAs were identified using computational predictions combined
with the whole-genome expression data. As miRNAs predominant-
ly exert a negative regulation of their targets, only genes with
inverse differential expression were considered targets of the
miRNAs.
Results: We detected 544 miRNAs in the lymph nodes of the two rat
strains. Forty-three of the miRNAs were differentially expressed
between DA and PVG, of which 35 miRNAs showed higher expres-
sion in the susceptible DA rats. Several of the miRNAs, including
miR-146a, miR-21, miR-181a, miR-223 and members of the let-7
miRNA family, have previously been implicated in immune system
regulation. Moreover, 74% (32/43) of miRNAs showed association
with MS and other common autoimmune diseases. In addition, we
also detected miRNAs previously not associated to autoimmunity,
such as miR-199a-3p and miR-872. Differentially expressed miRNAs
and their targets implicate functions and pathways important for
MS and EAE such as migration and homing of immune cells through
targeting CXCR3 and CCL3, regulation of cell proliferation through
PRKCD and interferon signaling by regulating STAT transcription
factors. We are currently performing functional investigation of se-
lected miRNAs and their target genes.
Conclusions: Taken together, our findings demonstrate the potential
to detect relevant and novel miRNAs that control autoimmunity.
Our study highlights the ability to dissect pathogenic autoimmune in-
flammatory mechanisms trough exploration of dysregulated miRNAs
and their targets in experimental neuroinflammation.

25

Decreased miR-219 expression in MS patients: Possible role of
miR-219 in the pathogenesis of MS
Ilona Bruinsma1, Evert-Jan Kooi2, Jeroen Geurts2, Marcel Verbeek1,
Brigit de Jong1

1Radboud University Nijmegen Medical Centre, Hospital, Nijmegen,
Netherlands; 2VU University Medical Centre, Hospital, Amsterdam,
Netherlands

Objective: Oligodendrocytes synthesize myelin membranes that
ensheath axons and play a critical role for development and function
of the central nervous system. Interestingly, although oligodendro-
cyte precursor cells (OPCs) are present in multiple sclerosis (MS) le-
sions, less mature oligodendrocytes are found. This could suggest
that OPCs in MS lesions do not mature, explaining the (gradual)
lack of recovery in patients with MS. Nowadays, it is becoming in-
creasingly clear that post-transcriptional mechanisms, such as modu-
lation of gene expression by miRNAs, play an essential role in
neurodegenerative diseases and immune responses. For example, it
has been shown recently that miR-219 is essential for normal oligo-
dendrocyte differentiation. The goal of this study is to investigate
whether the dysregulated outgrowth of OPCs, found in patients
with MS, is determined by decreased expression of miR-219.
Methods: Post mortem brain tissue was obtained from patients with
MS and controls. Using immunhistochemistry (IHC), five chronic ac-
tive lesions from patients with mainly white matter lesions, five
subpial grey matter lesions from patients with mainly grey matter le-
sions, and five white and five grey matter brain samples from controls
were selected. We used micro-array analysis to determine differences
in miRNA expression. In addition, we used in situ hybridization (ISH)
and IHC to correlate the expression of miR-219 with proteolipid pro-
tein (PLP) expression in grey and white matter lesions found in
patients.
Results: Micro-array analysis of miR-219 expression showed a
7.93-fold and 4.80-fold decrease in white and grey matter lesions, re-
spectively, compared to control tissue. In addition, using ISH we ob-
served that the decrease of miR-219 expression is correlated to the
decreased expression of proteolipid protein (PLP) in grey and white
matter lesions found in patients with MS.
Conclusions: Taken together, these results demonstrate a possible role
of miR-219 in the pathogenesis of MS. Furthermore, these findings
support the idea that deepening our understanding of miRNAs in
relation to MS contributes to a better insight in the etiology, and
might eventually have clinical implications for patients with this
disease.

Supported by the Dutch MS Research Foundation.
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MiR-126 and miR-126* play a role in flow-based leukocyte
adhesion on cytokine-activated human brain microvascular
endothelium in vitro

CAMILLA CERUTTI1, Alejandro Lopez1, Mark Hirst1, Basil Sharrack2,
David Male1, Ignacio Romero1

1The Open University, Milton Keynes, United Kingdom; 2University of
Sheffield, Royal Hallamshire Hospital, Sheffield, United Kingdom

Objective: MicroRNAs (miRs) are small non-coding regulatory RNAs
that act through repression of protein translation and/or mRNA deg-
radation at the post-transcriptional level. MiRs are critical players in
the pathogenesis of many diseases, including neuroinflammatory dis-
orders such as multiple sclerosis (MS). MS is characterized by leuko-
cyte adhesion and infiltration subsequently leading to demyelination
of nerve fibres. Leukocyte adhesion on brain endothelial cells (BECs),
the main cellular constituent of the blood brain barrier (BBB), is a
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complex multi-step process where expression of endothelial adhe-
sion molecules such as VCAM1 and ICAM1 is increased. Previous re-
sults from our group shown that the pro-inflammatory cytokines
TNFα and INFγ induced changes in the levels of at least 100 miRs in
human CECs in vitro.

Here we studied the role of specific deregulated endothelial miRs
in the adhesion of leukocytes on cultured human BECs.
Methods: Static and flow-based leukocyte adhesion to BECs was
characterised in vitro using the monocytic (THP1), T-cell (Jurkat)
and human brain endothelial (hCMEC/D3) cell lines.
Results: Increased adhesion of both leukocytic cell lines to BECs
was observed following treatment with TNFα and INFγ compared
to unstimulated cells. Increased expression of both ICAM1 and
VCAM1 by hCMEC/D3 cells was also observed following cytokine
treatment. Cytokine-induced maximal VCAM1 and ICAM1 expres-
sion coincided with the observed maximal leukocyte adhesion to
BECs at 24 h.

Following an initial screening of five cytokine-deregulated BEC
miRS using this in vitro BBB model, mir-126 appeared to have the
most significant effect on leukocyte adhesion to hCMEC/D3 cells.
Elevated miR-126 and miR-126*, the complement of miR-126, levels
significantly prevented Jurkat and THP-1 cell adhesion and VCAM1
expression to hCMEC/D3 cells both in unstimulated and cytokine-
treated conditions. However, decreased levels of miR-126*, but not
miR-126, increased THP-1 adhesion on cytokine-treated hCMEC/D3
cells whereas THP-1 and Jurkat adhesion to unstimulated BECs was
increased by both miRs.
Conclusions: These data suggest that both miR-126 and miR-126*
modulate leukocyte adhesion on human brain microvascular endo-
thelium. To our knowledge, this study is the first to report of a
role for miR126* in human brain leukocyte adhesion and the
first to confirm the regulation of VCAM1 by miR-126 in brain
endothelium.

221

The effect of IL-1β-regulated MicroRNA34a on the expression of
microtubule-associated protein tau

Carla Kruse

Harvard Institute of Medicine, Harvard University, Boston, United States

Objective: Tau is dysregulated in several neurodegenerative diseases,
including Alzheimer's disease (AD). Additionally, recent studies
have revealed altered expression of multiple microRNAs (miRs) in
brain tissue of AD patients. It is well known that the expression of
several cytokines is elevated in AD, and it has previously been
shown that pro-inflammatory cytokines, such as IL-1β, have a direct
effect on the expression of a variety of miRs. The ultimate purpose
of our work is to test the hypothesis that pro-inflammatory cytokines
regulate specific miRs that target the 3′-UTR of tau mRNA and thereby
inhibit the expression of the tau protein.
Methods: Candidate miRs predicted to target the human tau 3′-UTR
were identified using several computational algorithms. Fragments
of the human tau 3′-UTR predicted to contain the miR binding sites
were cloned into a luciferase reporter vector. Human embryonic kid-
ney (HEK) 293 cells were co-transfected with the luciferase reporter
constructs and the candidate pre-miRs. Luciferase assays were
performed 48 h after transfection.

To test the effect of a candidate miR on endogenous levels of the
tau protein, SH-SY5Y human neuroblastoma cells were transfected
with pre-miRs. Western blot analysis was performed on cell lysates
48 h after transfection. Levels of tau mRNA was quantified with
qPCR and protein levels will be further quantified using ELISA.
To determine the effects of specific cytokines on miRs thought to
affect tau expression, SH-SY5Y cells will be treated with IL-1β. Levels
of miRs, tau mRNA, and tau protein will then be measured.
Results: HEK293 cells treated withmiR-34a showed decreased lucifer-
ase activity from the luciferase reporter construct with the fragment
that contains the predicted miR-34a seed region. A similar decrease
was seen at the mRNA level using qPCR. The effect of miR-34a was
not seen when mutations were made in the predicted seed region.
Initial western blot analysis suggests a reduction in endogenous tau
protein levels in SH-SY5Y cells transfected with miR-34a compared
to negative control pre-miR. The western blot findings need to be
replicated to substantiate the conclusion.
Conclusions:Our results suggest that miR-34a can specifically bind to
the tau 3’-UTR and repress tau expression. Since other groups have
shown that miR-34a is dysregulated by altered IL-1β levels in AD,
our results prompt further investigations of the effect of cytokines
on tau expression, which are underway.

425

Differential expression of microRNAs in activated human myeloid
cells and ex vivo monocytes in multiple sclerosis patients

Craig S. Moore, Bryce A. Durafourt, Amit Bar-Or, Jack P. Antel

McGill University, Montreal Neurological Hospital and Institute, Montreal,
Canada

Objective: MicroRNAs (miRNAs) are short ribonucleic molecules and
post-transcriptional regulators of gene expression, including genes
influencing both innate and adaptive immunity. The innate immune
response in the inflamed central nervous system (CNS) of patients with
multiple sclerosis (MS) reflects contributions from both peripheral-
blood derived cells (macrophages) and endogenous long-lived microglia.
Human-derived macrophages and microglia show distinct pheno-
typic and functional responses following either classical (M1, pro-
inflammatory) or alternative (M2, anti-inflammatory) activation.
Our objectives were to define miRNA profiles of human microglia
and macrophages under M1 and M2 conditions, and compare these
profiles to monocytes derived from MS patients.
Methods: Polarization of human macrophages (derived from CD14+
monocytes) and microglia (derived from human CNS tissue), was
performed using standard protocols: GM-CSF, IFNg and LPS for M1;
M-CSF, IL-4 and IL-13 for M2. Relative expression levels of miRNAs
were compared between unpolarized, M1 and M2 conditions using
qPCR. miRNA profiles were also determined in ex-vivo CD14+ mono-
cytes obtained from healthy volunteers, untreated relapsing-remitting
MS (RRMS) patients, and fingolimod-treated RRMS patients.
Results: Human macrophages and human adult microglia expressed
distinct miRNA signatures under different activating conditions; M1-
polarizing conditions resulted in significantly increased mir-155 and
mir-146a expression in bothmacrophages andmicroglia compared toun-
polarized andM2 cells (pb0.01). Mir-124a levels were lower inM1mac-
rophages compared to M2; mir-124a was not detected in microglia.
CD14+ monocytes derived from RRMS patients expressed significantly
higher levels ofmir-155 andmir-146a compared tomonocytes of healthy
controls (pb0.05), while fingolimod treatment resulted in normalization
of monocyte miRNA expression levels (pb0.01).
Conclusions: In both human macrophages and microglia, miRNAs
were differentially expressed following different modes of activation.
We have extended these findings using CD14+ cells from both
untreated and fingolimod-treated RRMS patients; miRNA levels
were differentially expressed in untreated MS patients, however no
differences were observed between fingolimod-treated patients vs.
controls. Identification of individual miRNAs associated with myeloid
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cell activation may provide insights into molecular mechanisms re-
sponsible for immune regulation.

Neuroinflammation
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The prokineticin system in experimental autoimmune
encephalomyelitis: Possible novel targets for
immune intervention

Mohamad Abou-Hamdan1, Massimo Costanza1, Silvia Musio1,
Elena Fontana2, Gianfranco Balboni3, Rosetta Pedotti1

1Neuroimmunology and Neuromuscular Disorders Unit, IRCCS Foundation
Neurological Institute “Carlo Besta”, Milan, Italia; 2Department of Pathology,
University of Brescia, Brescia, Italy; 3Department of Toxicology, University of
Cagliari, Cagliari, Italia

Objective: Prokineticins (PK)s are newly discovered small secreted pro-
teins (8–11 kDa), widely expressed in different tissues and involved in
awide spectrumof biological and pathological functions. They comprise
two proteins, PK-1 and PK-2, signalling through two cognate G-protein
coupled receptors (PK-R1 and PK-R2). It has been recently shown that
prokineticins and their receptors can also modulate the immune re-
sponse. In particular PK-2, highly expressed in inflamed tissues associ-
ated to infiltrating cells, promotes macrophage activation and
migration, and can promote Th1 polarization by increasing the produc-
tion of pro-inflammatory cytokines such as IL-1 and IL-12, while
inhibiting that of anti-inflammatory cytokines such as IL-10 and IL-4.
However, the role of PKs and their receptors has never been investigat-
ed in multiple sclerosis (MS) nor in its animal model, experimental au-
toimmune encephalomyelitis (EAE).
Methods: Chronic EAE was induced in C57Bl/6 mice by immunization
with 100ug MOG35–55 in CFA and B. Pertussis toxin. Relapsing-remitting
EAE was induced in SJL/J mice by immunization with 100ug of
PLP139–151 in CFA. Gene expression analysis was performed by real
time PCR. Proliferative response of lymph node cells (LNC)s was
assessed by [H3] thymidine incorporation. Cytokine production was
tested in parallel cultures by Elisa.
Results: During chronic MOG35–55 induced EAE, we observed an in-
creased mRNA expression of PK-2 in LNCs and purified CD4+ T cells
during disease. We also observed a significant increase of PK-2 at a pro-
tein level in serum of EAE mice. The increase of PK-2 was accompanied
by a dramatic reduction of PK-R2mRNA expression,while PK-R1mRNA
was not significantly modulated. To explore the possible role of PKs and
PK-receptors in EAE, we treated mice with the non-peptide antagonist
for PK-Rs PC7. Daily treatment with PC-7 was effective in reducing the
severity of both chronic and relapsing-remitting EAE, when PC7 was
used either as a preventive or as a therapeutic treatment. These in
vivo observations were accompanied by in vitro results showing a dra-
matic reduction of Th1 cytokines and of IL-17, and an increase of the
suppressor cytokine IL-10 in antigen-stimulated T cells of PC-7 treated
mice compared to vehicle treated mice.
Conclusions: These results suggest that PK-2 and its receptors can play
an important role in the development of EAE, and might represent a
novel target of therapy in autoimmune demyelination of the CNS.
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CCR4 is required for experimental autoimmune encephalomyelitis
by regulating GM-CSF and IL-23 production in dendritic cells
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Dendritic cells (DCs) are pivotal for the development of experimen-
tal autoimmune encephalomyelitis (EAE). However, the mechanisms
by which they control disease remain to be determined. In this study
we investigated the role of the CC chemokine receptor 4 (CCR4) in the
pathogenesis of EAE. We demonstrate that expression of CCR4 by DCs
is required for EAE induction. CCR4−/− mice presented enhanced resis-
tance to EAE associated with a reduction in IL-23 and GM-CSF expres-
sion in the CNS. Restoring CCR4 on myeloid cells in bone-marrow
chimeras or intracerebral microinjection of CCR4 competent DCs, but
not macrophages, restored EAE in CCR4−/− mice indicating that
CCR4+DCs are cellular mediators of EAE development. Mechanistically,
CCR4−/− DCs were less efficient in GM-CSF and IL-23 production and
also TH-17 maintenance. Intraspinal IL-23 reconstitution restored EAE
in CCR4−/− mice, whereas intracerebral inoculation using IL-23−/−

DCs or GM-CSF−/−DCs failed to induce disease. These data demonstrate
that CCR4 dependent GM-CSF production inDCs is required for IL-23 re-
lease in these cells and is a major component in the development of
EAE. Our study identified a novel role for CCR4 in regulating DC function
in EAE harbouring therapeutic potential for the treatment of CNS auto-
immunity by targeting CCR4 on this specific cell type.
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Role of complement in an alpha-synuclein overexpression model
of Parkinson disease

Heather E. Allen, Caitlin B. Thomas, Ashley S. Harms,
David G. Standaert

Center for Neurodegeneration and Experimental Therapeutics, Department
of Neurology, University of Alabama at Birmingham, Birmingham, AL,
United States

Objective: Parkinson disease (PD) is a neurodegenerative disorder char-
acterized by a loss of dopaminergic neurons in the substantia nigra pars
compacta (SNpc) and intraneuronal aggregates of alpha-synuclein
(a-syn), resulting in tremor, rigidity, bradykinesia and postural instabil-
ity. In human PD and animal models of the disease, there is evidence of
chronic neuroinflammation, including microglial activation, cytokine
expression, and leukocyte infiltration. Inflammation appears to be an
important contributor to dopaminergic neurotoxicity; however, the
mechanism by which a-syn induced neuroinflammatory changes lead
to neurotoxic effects is unclear. This study investigates a possible role
for the complement system in a-syn based models of PD.
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Methods: We used a mouse model of PD in which targeted a-syn
overexpression in the substantia nigra is produced using an adeno-
associated viral vector (AAV-SYN). We assessed complement compo-
nent production via qPCR, ELISA,Western blot, and immunohistochem-
istry at 2 and 4 weeks post-injection inwildtypemice.We also assessed
IgG deposition and microglial activation 4 weeks post-injection of
AAV-SYN in wildtype and C5-deficient mice (C5−/−).
Results: In wildtype mice, at 2 and 4 weeks post-injection, we ob-
served induction of C3 mRNA which was around 3 fold over baseline.
C3 protein was present in both AAV-GFP and AAV-SYN tissue 4 weeks
and 6 months post-injection as observed by immunohistochemistry.
At four weeks the distribution of the C3 staining in the AAV-SYN an-
imals was similar to the AAV-GFP controls, while at 6 months there
appeared to be increasing concentration of C3 in association with
tyrosine-hydroxylase positive dopaminergic neurons. We observed
little evidence for the presence of C5 in our mouse model: C5 mRNA
was undetectable at 2 or 4 weeks post injection of AAV-SYN, C5 pro-
tein was not detected by western blot or immunohistochemistry, and
C5a ELISA did not detect C5 cleavage in AAV-SYN injected animals. In
C5−/− mice injected with AAV-SYN, the inflammatory response
appeared unchanged.
Conclusions: Our observations suggest that there is enhanced expres-
sion of C3 in this a-syn based mouse model of PD, with increased C3
mRNA as well as presence of the protein in association with neurons.
In contrast, we found no evidence for participation of the C5 compo-
nent in this PD model. It will be important to determine whether the
enhanced expression of C3 contributes to dopaminergic cell loss in
this model system.
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Beta-amyloid induces apoptosis of phagocytic microglia
and macrophages
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Objective: In Alzheimer's disease, microglia are thought to protect
neurons by clearing beta-amyloid (Aβ). Whether Aβ phagocytosis
regulates microglial cell responsiveness, and whether macrophages
participate, remains unclear. Here we investigated how in vivo uptake
of Aβ affects the turnover of microglia and macrophages, by changing
rates of proliferation and/or apoptosis.
Methods: Cellular responses were assessed in the neocortex of
APPswe/PS1ΔE9 Tg and wildtype control mice, as well as in post-
mortem tissue from patients with Alzheimer's disease or normal con-
trols. Aβ uptake bymicroglia/macrophageswas assessed by confocalmi-
croscopy and flow cytometry. Proliferation and apoptosis of microglial
and macrophage populations were evaluated using a combination of
flow cytometry and immunofluorescence. In vitro experiments were
carried out using microglia or macrophages prepared from adult mice.
Results: Plaque-associated microglia and CD11b+CD45high macro-
phages were found to bind and ingest endogenously-produced Aβ in
APPswe/PS1ΔE9 Tg mice. Plaque-associated microglia and CD45+

leukocyte-like cells were also observed in brains from patients
with Alzheimer's disease. Notably, we found high proportions of
Annexin V+ microglia and macrophages undergoing apoptosis in aged
APPswe/PS1ΔE9 Tgmice. Microglia andmacrophages had greater caspase
activity and increased p53 expression after in vivo uptake of Aβ, than
microglia and macrophages that did not bind/ingest Aβ. Furthermore,
microglia andmacrophages had a lower rate of proliferation after taking
up Aβ. In vitro analyses showed that caspase activation was dependent
on Aβ uptake in microglia, whereas blocking Aβ uptake triggered
apoptosis-induced cell death in macrophages.
Conclusions: Our data demonstrate that Aβ impairs microglial/
macrophage viability and responsiveness. Amyloid clearance may fail
as phagocytic microglia and macrophages succumb to Aβ-induced
apoptosis.
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Exposure of microglia to GMCSF/IL4 impairs Toll-like
receptor-induced transcription programmes without
affecting binding of NF-κB to its consensus sequence
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Objective: Microglia are immune competent resident cells of the cen-
tral nervous system (CNS). A recent study has demonstrated that mi-
croglia share ontological precursors with myeloid cells such as
monocytes, macrophages and dendritic cells (DCs) but originate
from a distinct progenitor. Microglia display remarkable plasticity
and change their physiology in response to environmental cues.
These changes affect amongst others their antigen presentation ca-
pacities and their responses to activating stimuli. Both GMCSF and
IL4 can be produced endogenously within the CNS, and there is evi-
dence that IL4/STAT6-mediated signaling plays a role in the patho-
genesis of multiple sclerosis and brain gliomas. We hypothesized
that GMCSF/IL4 (G4)-exposed microglia are different than myeloid-
derived antigen presenting cells (APC) and suppress rather than sup-
port inflammatory responses.
Methods: We exposed primary microglia from adult rhesus macaques
to G4 and analysed cell surface protein expression, APC capacities and
responses to Toll-like receptor (TLR) ligands.
Results: G4-microglia acquire a DC-like cell surface protein expression
profile. However, when used as APC in mixed lymphocyte reactions
they potently induced the proliferation of regulatory Tcells. Intrigu-
ingly, TLR-induced pro-inflammatory cytokine production was se-
verely impaired in G4-microglia, irrespective of the TLR ligand used.
TLR-induced NF-κB activation, translocalization and binding to its
DNA consensus site were intact, yet initiation of transcription was
inhibited. We will present data on heterodimerization of NF-κB/p50
with other transcription factors that might explain this phenomenon.
Conclusions: We demonstrate that microglia that are exposed to G4
are characterized by severely impaired innate immune responses
and are potent inducers of proliferation of Tcells with a regulatory
phenotype. This suggests that such microglia primarily mediate
tolerogenic responses and delineate distinctive properties of microg-
lia compared with other myeloid cells.
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Epigenetic control of cytokine-induced cell death

Jilpa Patel, Sarang Brahma, Yan Wang, Eileah Loda, David Liebenson,
Rajendra Goswami, Dusan Stefoski, Roumen Balabanov
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Objective: Inflammatory cytokines play a critical role in the pathogen-
esis of multiple sclerosis. In this study we examined the role of epige-
netic control, particularly, DNA methylation, in the mechanisms of
cytokine-induced cell death.
Methods: For the purpose of our study we employed a DNAmethylation
assay, which demonstrated that cytokine-induced cell death is associated
with differential genome-wide methylation in gene promoters.
Results: Our results demonstrated that inflammatory cytokines induce
cell death in human oligodendroglioma cells, and 5-azacytidine, a
hypomethylation agent, can provide cell protection. Thus, they suggested
that cytokinesmay cause cell injury and death bymodulating themethyl-
ation status of genomic DNA. In corroboration, we also observed expres-
sion and subcellular localization changes of DNA methyltransferases
(DNMTs) in response to cytokine treatment.
Conclusions: In conclusion, better understanding of themolecularmech-
anisms of DNAmethylation associated with cytokine-induced cell death
might have therapeutic implications in designing oligodendrocyte-
protective agents in multiple sclerosis.
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Cannabidiol reduces host immune response and prevents
cognitive impairments in Wistar rats submitted to
pneumococcal meningitis

Tatiana Barichello1, Ernesto Antonio Macongonde1, Renan Ceretta1,
Jaqueline Silva Generoso1, Ana Paula Moreira1, Clarissa Martinelli
Comim2, João Quevedo2, Marcia Carvalho Vilela3, Antono Waldo
Zuardi4, José Antonio Crippa4, Antonio Lucio Teixeira5

1Laboratory of Experimental Microbiology, University of Southern Santa
Catarina, Criciúma, Brazil; 2Laboratory of Neurosciences, University of
Southern Santa Catarina, Criciúma, Brazil; 3Derpartment do Animal
Biology, Federal University of Vicoça, Viçosa, Brazil; 4Department of
Neurosciences and Behavioral Science, University São Paulo, Ribeirão
Preto, Brazil; 5Laboratory of Immunopharmacology, Federal University
Minas Gerais, Belo Horizonte, Brazil

Objective: The aim of the present study was to evaluate the effects of
acute and extended administration of cannabidiol on the release of
TNF-α, IL-1β, IL-6, CINC-1 brain-derived neurotrophic factor and be-
havioral parameters in adult Wistar rats submitted to pneumococcal
meningitis.
Methods: Male Wistar rats underwent a cisterna magna tap and re-
ceived either 10 μL of sterile saline as a placebo or an equivalent vol-
ume of S. pneumoniae suspension. Rats subjected to meningitis were
treated by intraperitoneal injection with cannabidiol (2.5, 5, or
10 mg/kg once or daily for 9 days after meningitis induction) or a
placebo. Six hours after meningitis induction, the rats that received
one dose were killed and the hippocampus, frontal cortex and CSF
were obtained to assess cytokines/chemokine and BDNF levels. On
the 10th day, the rats were submitted to the inhibitory avoidance
task. After the task, the animals were killed and samples from the
hippocampus and frontal cortex were obtained.
Results: At 6 h after pneumococcal meningitis induction there was an
increase in the levels of TNF-α and IL-1β in cerebrospinal fluid; TNF-α
and CINC-1 in hippocampus and TNF-α, IL-1β and CINC-1 in frontal
cortex. The acute administration of cannabidiol at different doses re-
duced the TNF-α and IL-1β levels in cerebrospinal fluid; TNF-α and
CINC-1 levels in hippocampus and TNF-α, IL-1β and CINC-1 levels in
frontal cortex. In the inhibitory avoidance test, there was no differ-
ence between training session between groups. In the training and
test sessions there were not statistical differences between meningi-
tis, meningitis+cannabidiol 2.5 mg/kg and meningitis+cannabidiol
5 mg/kg, showing memory impairment in these groups. Neverthe-
less, the extended treatment with cannabidiol+10 mg/kg prevented
memory impairment when compared to meningitis group in the
training session.
Conclusions: Although descriptive, our results demonstrate that
cannabidiol plays an anti-inflammatory role in pneumococcal meningi-
tis. Furthermore, it prevents cognitive damage, possibly representing a
new pharmacological approach towards pneumococcal meningitis.
Future studies must be realized to understand the underlying
mechanisms.
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A two-signal model for the activation of the blood–CSF barrier for
immune cells trafficking

Kuti Baruch, Gilad Kunis, Neta Rosenzweig, Michal Schwartz

Weizmann Institute of Science, University, Rehovot, Israel

The healthy brain is an immune privileged site, shielded by bar-
riers from circulating immune cells. Nevertheless, numerous studies
have suggested that a continuing dialogue between the brain and cir-
culating immune cells is needed to maintain life-long brain plasticity,
including neurogenesis, cognitive ability, and resilience to stress.
Since the blood-cerebrospinal fluid barrier (BCSFB), at the brain's bor-
ders, is constantly exposed to circulating immune cells, we hypothe-
sized that at this junction, the choroid plexus (CP) epithelium can
sense signals coming from the central nervous system (CNS) paren-
chyma via the cerebrospinal fluid (CSF) and through dialogue with
circulating immune cells, translate them into a reparative or protec-
tive mechanism. Here we found that different T cell populations,
with distinct cytokine polarities, accumulate at the CP of healthy an-
imals and affect the immunomodulatory properties of the CP epithe-
lium and its ability to facilitate trafficking of leukocytes. We further
show that activation of the CP for expression of trafficking mole-
cules is tightly regulated by two signals; with the first signal coming
from the CNS parenchyma, and the second from outside the CNS.
Taken together, our findings demonstrate that the CP epithelium is
endowed with immunological plasticity allowing it to serve not
only as a filter for CSF nutrients, but also as an active interface for se-
lection of circulating immune cells, regulating immune cells traffick-
ing into the CNS.
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Monocyte-derived macrophages orchestrate repair under sterile
and immune-mediated neurodegenerative conditions

Inbal Benhar1, Anat London1, Elena Itskovich1, Vyacheslav Kalchenko2,
Matthias Mack3, Steffen Jung4, Rachel R. Caspi5, Michal Schwartz1

1Department of Neurobiology, Weizmann Institute of Science, Rehovot,
Israel; 2Department of Veterinary Resources, Weizmann Institute of
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Objective: Recent studies have revealed the functional heterogeneity of
monocyte-derived macrophages and its significance to wound healing
in peripheral tissues. In the central nervous system (CNS), we have
shown that monocyte-derivedmacrophages promote functional recov-
ery after spinal cord injury by locally exerting an immunoregulatory
phenotype. These results encouraged us to test whether these cells
are involved in different types of injurious conditions, irrespective of
their etiology. Using the retina as a relevant and convenient model
to study diverse neurodegenerative conditions, we tested whether
monocyte-derived macrophages are involved in resolution from of
both biochemically-induced and immune-mediated insults.
Methods: C57BL/6J mice were subjected to retinal insult in models of
glutamate intoxication or experimental autoimmune uveitis (EAU).
CX3CR1-GFP bone marrow chimeric mice were used to monitor the
infiltration of monocyte-derived macrophages to the eye following
the insults, and to characterize these cells. Monocyte depletion and
augmentation experiments were performed to study the effects of
monocyte-derived macrophages in the retina after insult.
Results: Glutamate intoxication and EAU induction both resulted in
infiltration of monocyte-derived macrophages from the blood into af-
fected retinas. Enhancing the monocytic population following gluta-
mate insult increased the survival of retinal ganglion cells (RGCs) and
the numbers of proliferating retinal progenitor cells (RPCs), whereas
monocyte depletion resulted in diminished RGC survival and RPC
renewal. The macrophages contributed to an anti-inflammatory and
neuroprotective milieu in the injured retina. In EAU, the infiltrating
macrophages could be divided into two subsets based on their expres-
sion levels of CX3CR1. The CX3CR1high subset appeared later along
disease and expressed higher levels of resolution-phase markers as
compared to its CX3CR1int counterpart. Inhibiting monocyte infiltration
at the induction phase prevented EAU onset, whereas monocyte deple-
tion at the resolution phase of EAU resulted in a decrease in FoxP3+ reg-
ulatory T cells.
Conclusions: Monocyte-derived macrophages display phenotypic and
functional heterogeneity upon CNS insult. Although these cells are in-
volved in the induction of an inflammatory autoimmune disease in
the eye, certain subsets of these macrophages appear to be essential
for the resolution of inflammation, regardless of whether it emerged
as an outcome of sterile or immune-mediated insult.
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Variations in autophagy related gene Atg7 expression correlate
to disease phenotypes in multiple sclerosis and experimental
autoimmune encephalomyelitis

Melanie Thessen Hedreul Berglund, Rasmus Berglund Berglund,
Jenny Link, Roham Parsa, Juliane Becher, Petra Bergman,
Mohsen Khademi, Francesco Cecconi, Jan Hillert, Ingrid Kockum,
Maja Jagodic, Tomas Olsson

Clinical neuroscience, Department of Neuroimmunology CMM, Karolinska
hospital, Stockholm, Sweden

Objective: The autophagocytic process has been linked to both innate
and adaptive immunity and is implicated in neurodegeneration and
autoimmunity, which are properties of multiple sclerosis (MS) and
its animal model experimental autoimmune encephalomyelitis
(EAE). Genome-wide expression analysis in a backcross (BC) popula-
tion of rats induced with EAE revealed a genetic regulation of
autophagy related gene 7 (Atg7) expression. Therefore, we aimed to
investigate the involvement of Atg7 in EAE and MS.
Methods: Genome-wide expression in 150 BC rats induced with EAE
was used to define candidate cis-regulated EAE genes and to infer
their functions. Cellular source and kinetics of Atg7 expression was
studied with quantitative PCR and Western blot in sorted cells from
parental strains. The impact of Atg7 on the immune system and EAE
development was investigated in mice with the conditional Atg7 de-
letion in T cells and APCs. The expression of ATG7 was investigated
in samples from MS patients and controls and the genetic association
of autophagy genes was investigated in a Swedish cohort.
Results: We identified a genetic cis-regulation of Atg7 that overlaps
with a previously demonstrated EAE locus on rat chromosome 4,
and further showed that higher Atg7 expression correlates with less
severe EAE. Atg7 expression was higher in CD4+ and CD8+ lymph
node T-cells from the EAE resistant rat strain. Furthermore, the mice
with a conditional deletion of Atg7 in T cells displayed decreased
CD8+ T cell frequencies in lymph nodes of immunized mice. ATG7
expression was increased in peripheral blood mononuclear cells
(PBMCs) of MS patients compared to controls. Interestingly, we ob-
served tendency for higher ATG7 expression in PBMCs during clinical
remission. Additionally, high ATG7 expression in cerebrospinal fluid
cells correlated with lower disability in MS patients. We observed ev-
idence for association of ATG7 and ATG16L1, the later a risk gene for
Crohn´s disease, with MS in a Swedish population.
Conclusions: In conclusion, we demonstrate a potential involvement
of Atg7 in MS and EAE. Thus, the molecule and the autophagy path-
way require further functional studies to elucidate the molecular
basis of autophagy in neuroinflammation and degeneration.
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Allergy-induced cognitive abnormalities and neuroinflammation
in an OVA-induced food allergy model are prevented by a
dietary intervention

Sander de Kivit, Mary E. Morgan, Theodora Panagaki, Aletta Kraneveld,
Johan Garssen, Ronald Oosting

Utrecht University, Utrecht, Netherlands

Objective: Allergy is a chronic inflammatory disease and a major public
health problem. Although the pathophysiology of allergic reactions has
been well characterized, little is known about its consequences on
brain function and cognition. The aims of this study were therefore
twofold: 1) to investigate whether peripheral inflammation associated
with allergy affects brain function and; 2) to examine whether dietary
supplementation with a diet containing Bifidobacterium breve M-16V in
combination with prebiotic non-digestible oligosaccharides (scGOS/
lcFOS) (synbiotics) alleviates the allergy-induced pathologies.
Methods: Balb/c mice were fed a control or synbiotic diet for 2 weeks
prior to and during a 5 week sensitization protocol to ovalbumin
(OVA) by gavage. Anxiety levels were measured 48 h following each
OVA challenge. Spatial memory was assessed using a T-maze
1 week after the first and fifth OVA challenge.
Results: The validity of the allergy model was confirmed by observing
increased OVA-specific IgE levels in serum. Allergen exposed mice
demonstrated higher anxiety levels and impaired spatial memory.
These deficits were in parallel with decreased expression of brain
derived neurotrophic factor (BDNF) messenger RNA (mRNA) and
p-glycoprotein in the hippocampi. Importantly, synbiotics normalized
OVA-induced aberrant cognitive and molecular changes. In addition,
FACS analysis of the homogenized hippocampal cells revealed eleva-
tion in OVA-induced CD11c+F4/80+CD68-macrophages, which were
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attenuated by the synbiotic treatment, whereas synbiotics elevated
CD11b+CD68+F4/80low cells.
Conclusions: The increasedmacrophage levels observed in the brains of
OVA-allergic mice are likely derived from the circulation, which, in
combination with observed decrease in brain blood barrier, implicate
periphery-drivenmonocytes as potential key players in inducing robust
decrease in brain function observed in the allergic mice. The present
data support the notion that allergy-dependent peripheral inflamma-
tion modifies the brain inflammatory status and dampens the cognitive
abilities of the animals, suggesting that allergymay play a role in the de-
velopment and/or progression of neurological disorders.
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Transgenic inhibition of astroglial NF-kappa B protects from optic
nerve demyelination and retinal ganglion cell loss in experimental
optic neuritis

Roberta Brambilla1, Galina Dvoriantchikova2, David Barakat2,
Dmitry Ivanov2, Valery I. Shestopalov2, John R. Bethea1

1University of Miami Miller School of Medicine, The Miami Project To
Cure Paralysis, Miami, United States; 2University of Miami Miller School
of Medicine, Bascom Palmer Eye Institute, Miami, United States

Objective: Optic neuritis is an acute, demyelinating neuropathy of the
optic nerve often representing the first appreciable symptom of multi-
ple sclerosis. Although the specific mechanisms responsible for trigger-
ing optic neuritis are unknown, it has been suggested that a key
pathological factor is the activation of immune–inflammatory processes
secondary to leukocyte infiltration. However, to date, there is no conclu-
sive evidence to support such a causal role for infiltrating peripheral im-
mune cells in the etiopathology of the disease. On this basis, the
objective of the present study is to dissect the contribution of the
peripheral immune-inflammatory response versus the CNS-specific in-
flammatory response in the development of optic neuritis, by analyzing
optic nerve and retinal ganglion cells pathology in wild type and
GFAP-IκBα-dn transgenic mice following induction of EAE.
Methods: We induced EAE with MOG35–55 peptide in wild type and
GFAP-IκBα-dn transgenic mice, where NF-κB is selectively inactivated
in astrocytes, and examined optic nerve and retinal ganglion cells histo-
pathology and gene expression.
Results: We found that, in wild type mice, axonal demyelination in the
optic nerve occurred as early as 8 days post induction of EAE, prior to
the earliest signs of leukocyte infiltration (20 days post induction).
On the contrary, GFAP-IκBα-dn mice were significantly protected
and showed a nearly complete prevention of axonal demyelination,
as well as a drastic attenuation in retinal ganglion cell death. This
correlated with a decrease in the expression of pro-inflammatory
cytokines, chemokines, adhesion molecules, as well as NAD(P)H oxi-
dase subunits.
Conclusions: Our results provide evidence that astrocytes, not infiltrating
immune cells, play a key role in the development of optic neuritis and
that astrocyte-mediated neurotoxicity is dependent on activation of a
transcriptional program regulated by NF-κB. Hence, interventions
targeting the NF-κB transcription factor in astrogliamay be of therapeutic
value in the treatment of optic neuritis associatedwithmultiple sclerosis.
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Deficiency of the complement anaphylatoxin receptor C3aR
on leukocytes worsens the outcome from spinal cord injury
by promoting neutrophilia

Faith H. Brennan, Linda V. Blomster, Alexander M. Costantini,
Stephen M. Taylor, Trent M. Woodruff, Marc J. Ruitenberg
The School of Biomedical Sciences, The University of Queensland,
Brisbane, Australia

Objective: Inflammation following spinal cord injury (SCI) causes the
propagation of pathology into neural tissue that was originally spared,
thereby worsening neurological outcomes. With no effective
anti-inflammatory treatments currently available, a better understand-
ing of the key cellular andmolecularmediators of post-SCI inflammatory
pathology is critical for the development of new therapies. The comple-
ment cascade is thought to be major component of the innate immune
response to SCI, but the contribution of its individual constituents re-
mains ambiguous. This study aimed to examine the role of the comple-
ment anaphylatoxin receptor C3aR as a putative therapeutic target.
Methods: C57BL6/J (WT) and C3aR−/− mice on a C57BL6/J back-
ground were used in this study. Experimental mice were subjected
to severe (70 kDyne) contusive SCI using the Infinite Horizons impac-
tor device. Open-field locomotor scoring was used to monitor func-
tional recovery for 5 weeks post-SCI. Magnetic resonance imaging,
histology and flow cytometry were used to compare pathology and
injury responses between genotypes. Bone marrow (BM) chimeric
mice were also generated to more selectively determine the effect
of C3aR deficiency on cells of myeloid ([C3aR−/−→WT] BM chi-
meras) or CNS ([WT→C3aR−/−] BM chimeras) origin compared to
controls ([WT→WT] BM chimeras).
Results: C3aR−/− mice showed significantly worsened recovery of
hindlimb function, along with greater lesion volumes, reduced white
matter content and an increased presence of Ly6b.2+ neutrophils/
inflammatory monocytes at the lesion site at 1, 10 and 35 days
post-injury compared to WT mice. Numbers of circulating Gr1+

granulocytes were found to be significantly elevated in the blood of
C3aR−/−mice compared toWTmice at 2 hours post-SCI. The functional
phenotype of C3aR−/− mice was rescued in [WT→C3aR−/−] BM
chimeras but recapitulated in [C3aR−/−→WT] BM chimeras.
Conclusions: Expression of C3aR on circulating myeloid-derived cells,
but not CNS glia, serves an important regulatory role in the inflammato-
ry response to SCI. Neutrophilia observed in C3aR−/− mice suggests
that this role involves controlling themobilization of inflammatory pre-
cursors from the BM niche to the site of SCI in response to chemotactic
signals. Based on these findings, we propose that C3aR agonism during
the acute phase of SCI may be a novel avenue to control the severity of
the innate immune response and reduce inflammatory pathology.
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Absence of IGF1R from oligodendrocytes ameliorates EAE

Giuseppe Locatelli1, Olivia Prazeres da Costa2, Barbara Ingold3,
Linda Koch4, Jens Bruening5, Burkhard Becher6, Thorsten Buch2

1Institute of Experimental Immunology, University of Zurich, Zurich,
Switzerland; 2Institute of Medical Microbiology, Immunology and
Hygiene, Technische Universität München, Munich, Germany; 3Institute
of Pathology, Charite, Berlin, Germany; 4Institut for Genetics, University
of Cologne, Cologne, Germany; 5Institute for Genetics, University of
Cologne, Cologne, Germany; 6Institute of Pathology, University of Zurich,
Zurich, Switzerland

Objective: Signaling of Insulin-like Growth Factor 1 (IGF-1) through the
insulin-like growth factor receptor 1 (IGF1R) mediates anti-apoptotic
mechanisms in several cell types and regulates differentiation and
myelination of oligodendrocyte (ODC) precursor cells (OPCs) during
development and following injury. Interestingly, IGF-1 expression is in-
creased in the CNS parenchyma during cuprizone intoxication and sur-
rounding sclerotic lesions in Multiple Sclerosis and in its inflammatory
animal model, experimental autoimmune encephalomyelitis (EAE).
However, the role of IGF1R signaling in OPCs and ODCs in the context
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of neuroinflammation remains unclear as published studies show con-
tradictory results.
Methods: We used oligodendrocyte-specific deletion of IGF1R to inves-
tigate the role of IGF-1 signalling for disease course and recovery in the
oligodendrocyte-ablating paradigms EAE and cuprizone intoxication.
Results: The use of a late-acting myelin-specific Cre strain (MOGi-cre)
resulted in efficient ablation of the IGF1R gene without any clinical
and histological abnormalities developing in the respective animals.
We observed, however, upon cuprizone-mediated oligodendrocyte
death impaired remyelination. EAE was, surprisingly, ameliorated.
We found that microglia were less activated as shown by CD44 and
MHC class II surface expression analysis
Conclusions: Taken together we show that specific deletion of IGF1R
from mature oligodendrocytes increases oligodendrocyte susceptibil-
ity to death. Yet in EAE absence of IGF1R from oligodendrocytes re-
sults in significant amelioration of disease.

No conflict of interest.
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Induced Oligodendrocyte Death Does Not Elicit
Anti-Myelin Autoimmunity

Thorsten Buch1, Simone Woertge2, Giuseppe Locatelli3,
Barbara Ingold4, Fredericke Frommer5, Bettina Sobottka3,
Monika Krueger6, Frank Heppner7, Ari Waisman8, Burkhard Becher3

1Institute for Medical Microbiology, Immunology and Hygiene, Technische
UniversitätMünchen,Munich, Germany; 2Institute forMedicalMicrobiology,
Immunology and Hygiene, Johannes-Gutenberg-University Mainz, Mainz,
Germany; 3Institute of Experimental Immunology, University of Zurich,
Zurich, Switzerland; 4Institute of Pathology, Charite, Berlin, Germany;
5Institute for Molecular Medicine, Johannes-Gutenberg University, Mainz,
Germany; 6Institute of Anatomy, University of Leipzig, Leipzig, Germany;
7Institute of Anatomy, Charite, Berlin, Germany; 8Institute for Moledular
Medicine, Johannes-Gutenberg University Mainz, Mainz, Germany

Objective: Multiple Sclerosis is widely held to be driven by an
anti-myelin immune response, yet the trigger of this autoreactivity
remains elusive. While genetic and environmental factors contribute
to the pathology, primary myelin-degeneration and oligodendrocyte
apoptosis is acutely debated for initiating MS.
Methods: To address whether such a primary degeneration triggers
autoimmunity, we used a mouse model allowing the specific and sys-
tematic induction of oligodendrocyte death.
Results: Sterile inflammation with gliosis and microglia activation
followed ODC death and myelin lipids were found in deep cervical
lymph nodes, making CNS-antigens available to lymphocytes. How-
ever, even under conditions favoring autoimmunity, like bystander
activation, removal of regulatory cells, presence of myelin-reactive
transgenic T cells, and application of demyelinating antibodies, no
anti-CNS immunity was observed. Astonishingly, this ignorance was
not mediated by tolerance towards myelin antigens.
Conclusions: We thus conclude that a lack of immunogenicity follow-
ing degenerative oligodendropathy dismisses the notion that such a
process per se could trigger any sustained inflammation as proposed
for MS pathogenesis.
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Role of trans-signaling in mediating the actions of interleukin-6
in the central nervous system
Iain Campbell1, Sue Ling Lim1, Maria Erta2, Ricardo Frausto1,
Stefan Rose-John3, Juergen Scheller4, Juan Hidalgo2
1School of Molecular Bioscience, University of Sydney, Sydney, Australia;
2Institute of Neuroscience, Autonomous University of Barcelona, Barcelona,
Spain; 3Department of Biochemistry, University of Kiel, Kiel, Germany;
4Department of Biochemistry, University of Duesseldorf, Duesseldorf,
Germany

Objective: IL-6 is a pleiotropic cytokine implicated in the pathogenesis
of many immunoinflammatory disorders of the CNS. IL-6 communi-
cates with cells via two major modes termed either classical signaling
or transsignaling. In classical signaling IL-6 binds to a membrane
bound receptor termed IL-6Rα while for transsignaling IL-6 binds to
a soluble form of IL-6Rα. These respective ligand/receptor complexes
then associate with gp130 to activate the JAK/STAT and SHP2/MAPK
signal transduction pathways, respectively. A soluble form of gp130
(sgp130) is able to block transsignaling specifically by binding to
IL-6/sIL-6R complexes. Currently, the involvement of transsignaling
in facilitating IL-6 cellular communication in the CNS is ill-defined
and was the focus of this study.
Methods: A molecular genetic approach was employed using
GFAP-IL6 and GFAP-sgp130 transgenic mice. Bigenic mice were gen-
erated with CNS-restricted, astrocyte-targeted production of murine
IL-6 and co-production of the specific inhibitor of IL-6 transsignaling,
sgp130 (termed GFAP-IL6/sgp130 mice). The brain from bigenic and
control mice was analyzed for various parameters including trans-
gene expression, gp130 coupled signal transduction pathway activa-
tion and molecular and cellular pathology.
Results: Transgene-encoded IL-6 mRNA and protein were similar in the
brain of GFAP-IL6 and GFAP-IL6/sgp130 mice. GFAP-IL6/sgp130 mice
had decreased pY-STAT3 in the brain with a marked reduction in the
number of pY-STAT3-positive cells and the absence of detectable
pY-STAT3 in specific cell types such as Bergmann glia. These changes in
pY-STAT3 in GFAP-IL6/sgp130 mice were associated with a dispropor-
tionate reduction in the expression of various inflammatory markers as
well as reduced astrocytosis, microgliosis, vascular pathology and
blood–brain barrier leakage. Hippocampal neurogenesis which was
markedly reduced in GF-IL6 mice was significantly increased in
GFAP-IL6/sgp130 mice. Degenerative changes in the cerebellum charac-
teristic of GFAP-IL6 mice were almost absent in GFAP-IL6/sgp130 mice.
Conclusions: We conclude that in the CNS: (i) sgp130-Fc is an effective
means to block IL-6 trans-signaling, (ii) IL-6 transsignaling modulates
selective cellular targets and molecular responses and, (iii) IL-6
transsignaling mediates degenerative changes in the brain, the
blocking of which, could be an effective therapeutic approach to alle-
viate the detrimental effects of IL-6.

Support: NH&MRC grant 632754.
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Glycine receptor antibodies: Clinical spectrum and pathogenic
mechanisms of the antibodies

Alexander Carvajal, Maria Isabel Leite, Linda Clover, Mark Woodhall,
Patrick Waters, Angela Vincent

Department of Clinical Neurosciences John Radcliffe Hospital, University
of Oxford, Oxford, United Kingdom

Objective: To describe the clinical features of patients with glycine re-
ceptor antibodies (GlyR) and characterize the antibodies.
Methods: Clinical data were collected using questionnaires and clini-
cal history. Sera were examined using cell-based assays and rat cen-
tral nervous system immunohistochemistry.
Results: Serum samples from 42 patients sent for routine antibody di-
agnostic testing bound the alpha 1 subunit of the glycine receptor
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(GlyRα1) with titres between 1:20 and 1:60,000. 60% were males and
ages ranged from 2–77 years. Spasms, stiffness (90%), excessive star-
tle and touch sensitive myoclonus (80%), brainstem disturbance
(65%), pain and sensory involvement (>50%), cognitive deficits
with encephalopathy/seizures (50%) and autonomic signs (50%)
were identified; only four patients had tumors (2 thymoma and 2
lymphoma). Paraclinical findings were normal (brain and spinal
cord MRI) or unspecific (EEG). Most patients responded well to
symptomatic treatments, immunotherapy (steroids with plasma ex-
change or IvIg), but relapses have occurred in a few patients after im-
munotherapy withdrawal and 3 patients died unexpectedly.

On fresh frozen rat tissue these patients’ serum IgG bound to cell
bodies and to the neuropil of the brainstem and the spinal cord, in-
cluding the pontine reticular nuclei, locus coeruleus, solitarius nuclei
in the brainstem, and ventral and dorsal horns of the spinal cord,
where they co-localized with monoclonal antibodies to GlyRα1.
However, some sera also bound to other regions particularly the cer-
ebellum, hippocampus, thalamus, hypothalamus and caudate, some-
times without co-localization with monoclonal antibodies to
GlyRα1, suggesting the presence of antibodies to other antigens
which need further characterization.

In GlyRα1 transfected HEK cells these predominantly IgG1 anti-
bodies caused internalization of the receptors which were targeted
to the late-endosomal pathway for degradation over a period of 2–
16 h. They activated complement deposition when incubated with a
fresh source of complement.
Conclusions: Patients with GlyR antibodies have a subacute or chronic
disease course with a wide clinical presentation; in addition to the
motor symptoms some patients also exhibit brainstem and encepha-
lopathic disturbance. Most patients showed a good response to im-
munotherapies. The GlyR antibodies bind to multiple regions in the
CNS, which could explain the multifocal clinical features present in
these patients. A detailed clinico-anatomical correlation is ongoing.
The antibodies show evidence of pathogenicity in vitro and future
studies will address their effects in vivo.
384
Antigen-specific therapies in myelin oligodendrocyte
glycoprotein-induced experimental autoimmune
encephalomyelitis: A model for paediatric multiple sclerosis
and acute disseminated encephalomyelitis

Katie Jean Chapple, Maren Lindner, Carl S. Goodyear,
Christopher Linington

Institute of Immunology, Immunity and Infection, University of Glasgow,
Glasgow, United Kingdom

Objective: A significant proportion of paediatric patients withmultiple
sclerosis (MS) and acute disseminated encephalomyelitis (ADEM) de-
velop potentially pathogenic autoantibody responses that recognise
the native, extracellular domain of myelin oligodendrocyte glycopro-
tein (MOG). The aim of this study was to develop an animal model of
paediatric MS/ADEM that reproduces the pathological and serological
features as a platform for the development of antigen-specific
immunotherapies.
Methods: DBA/1 mice were immunized with the extracellular
domain of myelin oligodendrocyte glycoprotein (MOG1–125) or
MOG79–96 peptide in Freund's complete adjuvant and development
of clinical signs of EAE followed up to 30 days post immunization.
Serum titers of MOG-specific antibodies were monitored by flow cy-
tometry using live MOG transfected LTK3− cells and ELISA, and
complement-dependent demyelinating activity assayed using
myelinating cultures derived from embryonic rat spinal cord. The ef-
fects of low dose soluble MOG on disease development in MOG1–125

induced EAE was studied by treating mice with 25 μg soluble MOG
(i.p.) every second day from day two post immunization. Treatment
effects on antigen-specific lymphocyte proliferation and cytokine se-
cretion in draining lymph nodes, inflammation within the CNS and
the serum antibody response were determined between 9 and
14 days post-immunization.
Results: Immunization with MOG1–125 in adjuvant induced a rapid-
ly fatal inflammatory demyelinating variant of EAE in DBA/1 mice
associated with a high titer demyelinating MOG-specific antibody
response that recognizes the extracellular domain of the protein
as demonstrated by flow cytometry. In contrast, disease induced
by MOG79–96 was far less severe and was not associated with a de-
myelinating MOG-specific antibody response. This was not due to
intrinsic lack of immunogenicity as MOG79–96 immunized mice de-
veloped high-titer responses to both the immunizing peptide and
MOG1–125 by ELISA. However these antibodies were unable to
bind to native MOG at the surface of live cells. MOG1–125 induced
EAE in DBA/1 mice therefore provides a model that reproduces
the serological as well as clinical and pathological characteristics
of pediatric MS/ADEM. In this model treatment with soluble MOG
reduced disease progression; an effect associated with a global re-
duction in recruitment of both effector and regulatory T cell sub-
sets into the CNS, as well as monocytes and B cells. However,
although the total number of B cells in the CNS was reduced, the
absolute number of a potentially regulatory CD1d+CD5+ B cell
subset was increased 4-fold. These observations are in agreement
with previous studies demonstrating treatment with soluble
autoantigen suppresses the development of T cell mediated in-
flammation in the CNS. However, in the case of MOG-induced dis-
ease these beneficial effects an abrogated by 2-fold treatment-
dependent increase in the demyelinating MOG-specific antibody
titer.
Conclusions: Immunization with MOG1-125 induces an inflammatory
demyelinating disease in DBA/1 that reproduces a specific serolog-
ical response that characterizes many cases of pediatric MS and
ADEM; namely, the presence of potentially pathogenic autoanti-
bodies recognizing conformation-dependent epitopes exposed at
the surface of the extracellular domain of MOG. Treatment with
soluble MOG reduces disease progression in this model; an effect
associated with a selective recruitment of potentially immunoregu-
latory CD1d+CD5+ B cells into the CNS. However, any beneficial ef-
fect provided by this cellular response is negated by a treatment
induced increase in the demyelinating antibody titer. These studies
demonstrate effective antigen-specific strategies for pediatric MS
and ADEM must simultaneously target both T and B cell dependent
effector mechanisms.
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Distinct subsets of interleukin-1 receptor antagonist producing
cells are neuroprotective after focal cerebral ischemia in mice
Bettina Hjelm Clausen1, Kate Lykke Lambertsen1, Alicia Babcock1,
Christian Ulrich Linstow1, Tomas Deierborg2, Bente Finsen1

1Institute for Molecular Medicine, University of Southern Denmark,
Odense, Denmark; 2Department of Experimental Medical Science,
Wallenberg Neuroscience Center, Lund University, Lund, Sweden
Objective: The cytokine interleukin-1 (IL-1) and its naturally occur-
ring receptor antagonist (IL-1Ra) play a key role in determining
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neuronal cell death and survival in focal cerebral ischemia. The objec-
tive of this study was to determine the cellular production of IL-1/
IL-1Ra, and to test the neuroprotective potential of post-surgically
injected IL-1Ra overexpressing bone marrow (BM) cells in a mouse
model of focal cerebral ischemia.
Methods: C57BL/6 mice were injected i.v. with BM cells isolated from
sIL-1Ra overexpressing mice, 30 min after permanent middle cere-
bral artery occlusion (pMCAo). Physiological parameters and behav-
iour were recorded post-surgically, infarct sizes were estimated, and
microglial-leukocyte expression of IL-1/IL-1Ra was analyzed by flow
cytometry, in situ hybridization and immunohistochemistry.
Results: We identify microglia, and not recruited leukocytes as the
major producers of IL-1Ra after pMCAo in mice, and we show by
using IL-1Ra knock out mice that microglial-produced IL-1Ra is
neuroprotective. We report that the sIL-1Ra produced by the
post-surgically injected BM cells, potentiates the neuroprotective ef-
fect of microglial-derived IL-1Ra, at both 24 h and 5 days, which is
consistent with behavioural improvement at 5 days, and detection
of recruited BM cells in the ischemic area 1.5 h after pMCAo. Interest-
ingly, we also find that the sIL-1Ra overexpressing BM cells stimulate
microglial production of IL-1Ra 6 h after pMCAo, at which time both
IL-1α and IL-1β is upregulated.
Conclusions: Our results provide proof of principle that increasing the
production of IL-1Ra by recruited BM cells can counteract the effect of
IL-1α/β, increase neuronal survival and improve motor function
alone or through induction of microglial-produced IL-1Ra after
pMCAo in mice.
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Prolactin is dispensable to the development of experimental
autoimmune encephalomyelitis

Massimo Costanza1, Silvia Musio1, Nadine Binart2,
Mhamad Abou-Hamdan1, Rosetta Pedotti1

1Neuroimmunology and Neuromuscular Disorder Unit, Neurological
Institute Foundation IRCCS C. Besta, Milan, Italy; 2INSERM U693, Univ
Paris-Sud, Faculté de Médecine Paris-Sud, Le Kremlin-Bicêtre, France

Objective: Predominance of multiple sclerosis (MS) in women, reduc-
tions of relapses during pregnancy and their increase in post-partum
period have suggested a hormonal influence on MS activity. The hor-
mone prolactin (PRL) has long been debated as a potential promoting
factor in several autoimmune diseases, including MS and the animal
model for this disease, experimental autoimmune encephalomyelitis
(EAE). However there are no available data that allow specifically as-
cribing a pathogenic role to PRL in the development of central nervous
system autoimmunity. In the present work we investigated this issue
by studying EAE in mice carrying genetic deletions for PRL-receptor
(PRL-R) or PRL.
Methods: PRL+/− (B6.129S2(Cg)-Prltm1Hmn/J) and C57BL/6 mice were
purchased from Jackson Laboratory. PRL+/− and PRL-R+/− mice were
bred in our animal facility to give homozygotes. EAE was induced by
immunization with 100 μg MOG35–55 in CFA and B. Pertussis toxin.
Proliferative response of lymph node cells (LNCs) was assessed by
[H3]thymidine incorporation. Cytokine production was tested in par-
allel cultures by ELISA. Gene expression analysis was performed by
real time PCR.
Results: In absence of PRL-R or PRL, EAE developed with a slight, signif-
icant delayed onset but with full clinical severity compared to their
wild-type littermates. In line with these clinical findings, LNCs from
PRL-R−/− mice restimulated in vitro with MOG35–55 exhibited reduced
proliferation and decreased production of pro-inflammatory cytokines
such as IFN-γ, IL-17A and IL-6 compared to those from control mice
during disease priming 7 days p.i., but not at later time points (i.e. day
10 and 34 p.i). Moreover, PRL-R−/− mice and their controls displayed
similar serum titres of anti-MOG35–55 IgG antibodies. The same findings
were obtained in PRL−/− mice. In wild type naïve C57BL/6 mice, LNCs
and CD4+ T cells expressed transcripts for PRL-R. Expression of PRL-R
was reduced in naïve LNCs stimulated in vitro with anti-CD3, as well
as in LNCs and CD4+ T cells obtained from mice 7 days p.i., suggesting
that this receptor is down-regulated in stimulated T cells. We did not
detect PRL either at the mRNA level in LNCs and CD4+ T cells in any
of the above conditions, or at the protein level in supernatants of cul-
tured LNCs.
Conclusions: These data suggest that PRL plays a redundant role in the
development of an optimal autoreactive Th1 and Th17 T cell response
against myelin and in the clinical expression of EAE.

11

SLAM (CD150) functions as an inflammatory modulator in
the brain

Derek Costello, Marina Lynch

Institute of Neuroscience, Trinity College, Dublin, Ireland

Objective: Signaling lymphocyte activationmolecule (SLAM/CD150) is
a mediator of innate and adaptive immune responses. It is expressed
in immuno-competent cells, including lymphocytes, thymocytes,
dendritic cells and macrophages. SLAM functions as a co-stimulatory
molecule, through both homotypic and heterotypic interactions, to
regulate responses to inflammatory mediators such as pathogens
and proinflammatory cytokines. Importantly, SLAM plays a role in
regulating phagocytosis, and in the bias of T cells towards a Th2 phe-
notype. In the current study we have assessed expression of SLAM
and SLAM-mediated signalling in the CNS, and investigated its poten-
tial role in modulating inflammatory responses.
Methods: We have used Western immunoblot to assess the expres-
sion of SLAM and associated signalling molecules in brain tissue
from adult C57BL6/J mice, and ELISA to evaluate cytokine release
from cultures of isolated microglia, astrocytes and neurons from neo-
natal C57BL6/J mice. Cells were treated with recombinant SLAM to in-
duce SLAM-mediated signalling, and β-amyloid (Aβ) to assess the
effects of SLAM on modulating inflammatory insult. Additionally we
carried out in vitro electrophysiological recording from mouse hippo-
campal slices to determine the effects of SLAM on the Aβ-induced im-
pairment of synaptic function.
Results:Our findings illustrate robust SLAM expression in hippocam-
pus and cortex of C57BL6/J mice. Analysis of the cellular localization
of SLAM revealed it to be highly expressed in isolatedmicroglia, relative
to astrocytes or neurons. The evidence indicates that ligation of SLAM in
microglia activates a downstream signaling pathway involving phos-
phorylation of Dok, Akt, ERK and activation of the transcription factor
NFκB, which impact the production of proinflammatory cytokines. In
light of its role in regulating peripheral immune responses, we assessed
the effects of SLAM activation on the inflammatory response induced by
the neurotoxic peptide, Aβ, the principal component of Alzheimer's dis-
ease plaques. Our data indicate that SLAM modulates Aβ-induced re-
sponses in vitro, and alleviates the Aβ–mediated impairment of
hippocampal long-term potentiation.
Conclusions: This study has identified the expression of the
immuno-regulatory protein SLAM in the brain, most abundantly in
microglia. We have elucidated a potential signaling mechanism
downstream of SLAM activation. Finally we provide evidence that
activation of SLAM can alleviate the adverse effects of Aβ on brain
function.
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Type-1 Interferon signalling plays a deleterious role in the
outcome after stroke

Catherine Downes1, Myles Minter1, Juliet Taylor1, Connie Wong1,
Moses Zhang1, Pedro Guio-Agulair1, Robert Ates1, Ashley Mansell2,
Paul Hertzog2, Peter Crack1

1The University of Melbourne, Deartment of Pharmacology, Melbourne,
Australia; 2Moansh University, Monash Medical Centre, Melbourne,
Australia

Objective: Type 1 Interferons (IFNs) are a super-family of pleiotropic
cytokines that induce pro-inflammatory gene transcription via the
classical JAK/STAT pathway. Increasingly, there has been evidence in
the literature to suggest that neuroinflammation plays a key role in
the progression of neural injury seen in stroke.
Methods: To address this IFNAR1

−/− mice underwent mid cerebral ar-
tery occlusion (MCAO) surgery and primary neuronal and glial cul-
tures were generated to assess the cell type specificity in responsed
to oxygen glucose deprivation.
Results: IFNAR−/− mice demonstrated a decreased infarct size
(24.9±7.1 mm3 n=8) compared to wild-type controls (65.1±
4.8 mm3 n=8). Western blot and immunohistochemistry showed al-
terations in the Stat-1 and 3 phosphorylation profiles in the IFNAR1

−/−.
Neuroprotection conferred by the absence of IFN signaling was con-
firmed in IFNAR-deficient primary cultures that were protected from
cell death when exposed to oxygen glucose deprivation (OGD).
Co-culture experiments using IFNAR1

−/− glia and WT neurons and
WT glia and IFNAR1

−/− neurons were carried out in the OGD model.
IFNAR1

−/− neurons in the presence of WT glia no longer displayed a
neuroprotective phenotype suggesting the glia are a major driver of
the neuroinflammatory response. In an attempt to block IFNAR signal-
ling in vivo a blocking monoclonal antibody targeting the IFNAR1 re-
ceptor was injected into WT mice via the tail vein (0.5 mg) 30 min
prior to MCAO. This resulted in a 60% decrease in infarct size when
compared to the IgG control.
Conclusions: Collectively these results indicate signalling through the
IFNAR1 subunit is deleterious in stroke. Furthermore, our findings
suggest that therapeutic agents targeting the IFNAR1 subunit may
be beneficial in reducing the severity of a neuro-inflammatory event
following stroke and in doing so limit infarct size.

20

Antagonists to toll receptor nine in neuroinflammation

Colin Crawford1, Peter Hardwicke2

1Retired, Imperial College, London, United Kingdom; 2Southern illinois
University, Dept of Biochemistry and Molecular Biology, Carbondale,
United States

It has now been confirmed that plasmacytoid dendritic cells
(pDCs) are present in the brain lesions of multiple sclerosis (MS) pa-
tients (Balakov et al. Ann Neurol 2010; 68: 899)) and are also in-
creased in the cerebrospinal fluid (CSF). pDCs produce large
amounts of type 1 interferon (IFN) which are elevated in untreated
relapsing remitting MS patients. pDCs also express toll receptor
TLR9 Antagonists to this receptor have been found to reduce the
level of interferon α in the CSF of MS patients, thus providing a ratio-
nal approach to treatment.

pDCs have not been demonstrated in experimental allergic enceph-
alomyelitis (EAE). Using human sensory peripheral nerve as antigen, as
an autoimmune model of tuberculoid leprosy, we have developed an
animal model of granulomatous hypersensitivity. Rabbits were injected
with homogenates of sural nerve or dorsal roots plus adjuvant. After
varying time periods, the injected rabbits were skin tested with dilute
concentrations of sensory nerve in saline, resulting in the production
of epithelioid granulomas. pDCs are considered to be the precursors of
epithelioid cells. Some of the cells in the nerve antigen induced granu-
loma have a ‘plasma like’ appearance and have infiltrated the dermal
nerves with associated axonal degeneration. If these ‘plasma like’ cells
were to be confirmed as pDCs, then it should be possible to develop
an in vitro animal model, in which the action of TLR antagonists can
be studied, especially their ability to decrease the levels of interferon
α. The most active fraction in producing both these cells in the
endoneurium and the axonal degeneration is a deoxycholate extracted
membrane fraction from non-myelin peripheral nerve. This is active at
concentration levels of 1 μg/ml. A similar antigen may be present in
the brain, in which case an in vitro model could be developed to study
the effect of TLR9 antagonists in preventing central nervous system ax-
onal degeneration.

477

Toll-like receptor 9 ligands modulate the inflammatory reaction
and functional outcomes in spinal cord injury

Brian David, Dan Davini, Ayomi Ratnayake, Naresh Parvathreddy,
Robert Heary, Stella Elkabes

The Spine Center of New Jersey, University of Medicine & Dentistry of
New Jersey, Newark, United States

Objective: The goals of the investigations were to determine the mod-
ulation of the inflammatory response that follows traumatic spinal
cord injury (SCI) by a synthetic toll-like receptor 9 (TLR 9) agonist
and antagonist and to define the effects of TLR9 ligands on the func-
tional outcomes of acute SCI.
Methods: Adult female C57Bl/6 mice received a severe contusion at
the T8 level using the Infinite Horizon Impactor. Mice received intra-
thecal injections of the TLR9 agonist (CpG ODN 1826), TLR9 antago-
nist (CpG ODN 2088), or vehicle (sterile, endotoxin-free water) at
1 day post-injury (dpi) and on alternate days thereafter. Mice were
euthanized at various times after injury. A 3-mm spinal cord section
containing the injury epicenter was dissociated. Cells were labeled
with fluorescently-labeled antibodies, or isotype controls, and ana-
lyzed by fluorescence activated cell sorting. In addition, cytokine ex-
pression at the injury epicenter was evaluated by quantitative
reverse transcriptase polymerase chain reaction (qPCR). Interleukin
1β (IL-1β), tumor necrosis factor-α (TNF-α), IL-10, or transforming
growth factor-β1 (TGF-β1) transcript levels were evaluated. Func-
tional testing including motor, sensory, and bladder function was
also assessed.
Results: CpG ODN 1826 enhanced and CpG ODN 2088 attenuated the
injury-induced increase in CD11b, CD45, and CD3-positive cell num-
ber at the epicenter compared to vehicle-treated injured mice. Both
CpG ODN 1826 and CpG ODN 2088 differentially modulated cytokine
expression at the injury epicenter. CpG ODN 1826 promoted IL-1β,
TNF-α, and IL-10 expression but decreased TGF-β1 transcript levels.
In contrast, CpG ODN 2088 reduced TNF-α expression and had no ef-
fect on TGF-β1 transcript levels. In addition, CpG ODN 1826 exacer-
bated and CpG ODN 2088 ameliorated the injury-induced bladder
dysfunction. CpG ODN 2088 also reduced injury associated pain hy-
persensitivity. The TLR9 ligands did not induce systemic side effects
as assessed by serum cytokine levels and spleen histology.
Conclusions: Intrathecal administration of TLR9 ligands modulates the
inflammatory response and functional outcomes of SCI. The studies
highlight the therapeutic potential of CpG ODN 2088 in bladder con-
trol and pain sensitivity in SCI. As some TLR9 ligands are evaluated in
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clinical trials of cancer and infections, encouraging findings, such as
those reported here, support the notion that inhibitory CpG ODNs
could be attractive candidates for human SCI trials.

247

Acidosis in the mouse model of multiple sclerosis and in in vitro
neuronal networks

Roberta de Ceglia1, Emilia Biffi2, Giancarlo Comi3, Gianvito Martino4,
Andrea Domenico Menegon5, Luca Muzio4
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tute of Experimental Neurology (INSPE), Ospedale San Raffaele, Milan,
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Objective: Multiple sclerosis (MS) is an inflammatory demyelinating
disease of the central nervous system (CNS) featured by severe
axonal and neuronal degenerative processes. Beside classical mecha-
nisms leading demyelination and neurodegeneration, the acidifica-
tion of the extracellular matrix and the consequent activation of
Acid sensing ion channels (ASICs) has been proposed as an emerging
cause of neuronal derangement. Acidification-mediated activation of
Asics induced overload of Na+ and Ca2+ in neurons that might in-
duce axonal swelling and neurodegeneration. Accordingly, the inhibi-
tion of Asics channels in EAE mice ameliorates the clinical severity,
counteracting neuronal damage processes. The scope of this work is
the investigation of electrophysiological effects elicited by Asics acti-
vation in primary neuronal cultures coupled with micro electrode
array (MEA) devices and the effects of Asic1 selective blockers on Ex-
perimental Autoimmune Encephalomyelitis (EAE) mouse model.
Methods. Primary neuronal cell cultures obtained from themouse em-
bryonic cerebral cortex were plated onto poly-L-lysine and laminin
coated MEAs. Long term recording were done before, during and
after acidosis and in the presence of specific Asics antagonists
(Diminazene and Psalmotoxin-1). Furthermore we tested the effects
of acidosis on cell survival by using HTS/HCS immunofluorescence
based technologies. Finally we administered, 2 days after the onset
of the pathology in EAE mice, diminazene or psalmotoxin-1 to block
selectively Asic1 channels at the peak of inflammation.
Results: Low pH elicits a substantial impairment of neuronal functioning
that includes network synchronization defects. Although, acidosis inhibits
firing activities of neurons, this phenomenon is transient and largely de-
pendent of pH levels. The administration of both Diminazene and
Psalmotoxin, partially rescued electrophysiological alterations occurring
during acidosis. Low pH also elicited apoptosis, suggesting that the acido-
sismediated activation of Asics channels participate to histo-pathogenetic
processes occurring in EAE and possibly in MS.
Conclusions: Using MEA technology and EAE mouse model we ex-
plored the contribution of Asics to the maintenance of neuronal ho-
meostasis, creating new perspectives for a comprehensive study of
the role of pH variations in MS.
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Increased responsiveness to LPS in CD200-deficient mice is
associated with increased blood brain barrier permeability and
infiltration of peripheral cells

Stephanie Denieffe, Ronan J. Kelly, Anthony Lyons, Marina A. Lynch
Trinity College Institute of Neuroscience, Trinity College Dublin, Dublin,
Ireland

Objective: The interaction between CD200, which is expressed on nu-
merous cells, and CD200 receptor, which is expressed mainly on cells
of the myeloid lineage including microglia, contributes to the mainte-
nance of microglia in a quiescent state. Therefore, predictably, lipo-
polysaccharide (LPS) has been shown to induce greater activation of
microglia prepared from CD200−/−, compared with wildtype, mice.
Here we assessed the effect of intraperitoneal (ip) injection of LPS
on activation of microglia in hippocampus of wildtype and
CD200−/− mice and investigated, using magnetic resonance imaging
(MRI), the possibility that the changes were a consequence of in-
creased blood brain barrier (BBB) permeability and the associated in-
filtration of immune cells.
Methods: Wildtype and CD200-deficient mice were injected ip
with LPS (50 μg/mouse) and, after 3 hours, anaesthetized with
isofluorane and positioned in a stereotaxic frame in a small rodent
Bruker Biospec 7 Tesla MRI. BBB permeability was evaluated by ex-
amining extravasation of gadopentate dimeglumine, and hippocam-
pal tissue, prepared from these animals, was assessed for CD11b
and CD40 mRNA. IFNγ concentration was assessed in hippocampal
tissue by ELISA. In separate experiments, a single cell suspension
was prepared from whole brain of perfused wildtype, and
CD200-deficient, mice and assessed for evidence of infiltrating cells
using flow cytometry.
Results: LPS increased expression of CD11b and CD40 mRNA to a
greater extent in cells prepared from hippocampal tissue of
CD200−/−, compared with wildtype, mice. Since IFNγ, which is a po-
tent activator of microglia, was significantly increased in tissue from
CD200−/− mice and since resident cells produce little IFNγ, we exam-
ined infiltration of IFNγ-producing peripheral cells and report a sig-
nificant increase in CD4+ cells and CD11b+ CD45high macrophages
in brain tissue from CD200−/−, compared with wildtype, mice. The
data indicate that infiltration was associated with increased BBB per-
meability in CD200−/− mice.
Conclusions: The findings demonstrate that LPS induces more profound
microglial activation in the hippocampus of CD200−/−, compared with
wildtype, mice. We propose that this is a consequence of activation by
IFNγ which is released from infiltrating T cells and macrophages and
that the increase in BBB permeability in CD200−/− mice is a significant
factor in allowing entry of these circulating cells.

The authors acknowledge grant support from HRB and SFI.
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Modulation of microglial phenotypes by CD200

Stephanie Denieffe, Marina A. Lynch

Trinity College Institute of Neuroscience, Trinity College Dublin, Dublin,
Ireland

Objective: Activated microglia, like macrophages, adopt different
phenotypes depending on the stimulus; IFNγ, the Th1 cell-
derived cytokine, induces classical activation of microglia, whereas,
Th2 cell-derived cytokines, like IL-4, induce an alternative activa-
tion state. Acquired deactivation, mediated by TGFβ and/or IL-10,
is associated with the down-regulation of the innate immune re-
sponse. In addition, a deactivation state has been described in
which the interaction between ligand–receptor pairs, e.g. CD200–
CD200R, play a key role in suppression of the immune response.
Here we investigate the modulatory effect of CD200, expressed on
neurons and astrocytes, on the response of microglia to IFNγ and
IL-4.
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Methods: Mixed glia and purified microglial were cultured from neo-
natal C57BL/6 wildtype and CD200−/− mice and incubated in the
presence or absence of IFNγ (50 ng/ml; 24 h), CD200Fc, a synthetic
soluble activator of the CD200 receptor (2.5 μg/ml; 30 min
pre-treatment) or IL-4 (200 ng/ml). Concentrations of cytokines
were assessed in supernatant samples, and cells were harvested to in-
vestigate IFNγ Receptor1 and pSTAT1 expression using Western im-
munoblotting, and markers of microglia which identify classically-
and alternatively-activated states using PCR.
Results: IFNγ increased mRNA expression of markers of classical acti-
vation, TNFα and iNOS to a greater extent in cells from CD200−/−,
compared with wildtype, mice. This may be accounted for by in-
creased expression of IFNγR1 and activation of STAT1. In contrast,
expression of mannose receptor, a marker of alternative activation,
was selectively down-regulated by IFNγ. CD200Fc suppressed IFNγ-
induced TNFα and IL-6 mRNA, and the supernatant concentration of
these cytokines, in cells prepared from wildtype mice.

IL-4 increased mRNA expression of arginase 1, mannose receptor
and chitinase 3-like 3 in cells prepared from wildtype and
CD200−/− mice, whereas iNOS and TNFα mRNA were down-
regulated by IL-4.
Conclusions: The data demonstrate that microglia from wildtype and
CD200−/− mice respond to insults by altering their phenotypic state
ranging from the characteristic pro-inflammatory profile associated
with classical activation, to an alternative activation state resulting
in tissue repair and extracellular matrix remodelling. Cells obtained
from CD200−/− mice displayed an enhanced response to IFNγ
suggesting CD200-related deactivation of microglia may specifically
modulate the classically-activated pathway.

The authors acknowledge grant support from HRB.
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S1P receptor internalisation attenuates IL17/TNFα-induced
production of IL6 in human astrocytes

Luke M. Healy1, Gaelle Elain2, Karine Jeanneau2, Anis K. Mir2,
Kumlesh K. Dev1

1Trinity College Institute of Neuroscience (TCIN), Trinity College Dublin,
Dublin, Ireland; 2Novartis Institutes for BioMedical Research, Novartis
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Objective: The family of sphingosine-1-phosphate receptors (S1PRs)
is G-protein coupled and composed subtypes S1P1R-S1P5R. These re-
ceptors are drug targets of Gilenya® (Fingolimod, pFTY720), the first
approved oral therapy for multiple sclerosis (MS). To further examine
the function of S1P1Rs in the CNS, their role in cytokine release from
human astrocytes was demonstrated. Here, focus was given to an
IL17-induced increase in levels of IL6, both of which have been impli-
cated as pro-inflammatory cytokines in MS.
Methods: Human astrocytes derived from fetal cerebral cortex or pri-
mary mouse astrocytes from day 3 postnatal C57BL/6J pups were
treated with or without IL17+/−TNFα, in the presence or absence
of S1PR compounds. The levels of IL6 protein in the culture media
and levels of IL6 mRNA in astrocyte cells were examined using
ELISA and quantitative PCR, respectively. The S1P1R internalisation
was examined by immunocytochemistry.
Results: The data showed that human astrocytes expressed IL17 re-
ceptors and in vitro treatment of human or mouse astrocytes with
IL17 increased the levels of IL6, which was greatly enhanced in the
presence TNFα. Importantly, the treatment of human astrocytes
with S1P also increased the levels of IL6. In contrast, pFTY720
inhibited the IL17/TNFα-induced increase in levels of IL6, as did the
S1P1R selective compound AUY954. Notably, both pFTY720 and
AUY954, but not S1P, internalised S1P1Rs which likely explained the
opposing effects of these S1PR ligands on regulating the levels of
IL6. The effects of IL17 did not involve the sphingosine kinase
pathway.
Conclusions: Taken together, the data suggested that pFTY720 attenu-
ates the IL17/TNFα-induced increase of IL6 in human astrocytes via a
mechanism that involves internalisation and functional antagonism
of S1P1Rs. The pFTY720-mediated inhibition of IL17/TNFα-induced
increase in IL6 signaling in astrocytes likely contributes to the ability
of this drug to reduce pro-neuroinflammatory pathways that sustain
MS.
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A comparative study of two PET radioligands for the imaging of
neuroinflammation in an animal model of multiple sclerosis

Alex M. Dickens1, Susanne Koivisto2, Päivi Marjamäki2,
Elisa Ruittala2, Olof Solin3, Juha Rinne4, Merja Haaparanta-Solin2,
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Objective: Multiple Sclerosis (MS) is the most common cause of pro-
gressive disability in the western world. The exact causes of the dis-
ease remain unknown, however, MS leads to demyelination, axon
loss and blood–brain-barrier breakdown within the CNS. Current di-
agnostic criteria relies on MRI imaging which is insensitive to disease
progression within the normal appearing white water within the CNS
which is thought to be especially important in progressive disease.
We aim to study two different PET radioligands (18F-GE180 and
11C-PK11195) in an animal model of MS. These two PET radioligands
target the peripheral benzodiazepine receptor (PBR) which is a mark-
er of activated microglia cells.
Methods: Two animal models were used to test the relative binding
characteristics of the different ligands. In both models in-vivo PET im-
aging and ex-vivo autoradiography techniques were used to assess
the binding. Lewis rats (n=12, 18F-GE180 and 12, 11C PK11195)
were injected with LPS (10 μg in 1 μL) or saline (1 μL) into the left
striatum. The animals were imaged 12 hours following this injection.
A focal delayed type hyposensitivity EAE model of MS was also used.
Lewis rats were injected intrastriatally with heat killed BCG (1 μL).
The lesions were then activated via an intradermal injection of BCG
in CFA. Animals were imaged on day 0, day 14 and day 28 (n=18)
following lesion activation. Animals were also killed for autoradiogra-
phy at each time point (n=12).
Results: ROI analysis of the autoradiography showed that there was an
increase in the binding ratio across the whole hemisphere for the LPS
injected animals (1.75±0.54 PK11195; 2.32±0.24 GE180). For the
MS-model there was an increase in binding at all-time points when
the ROIs were placed in the striatum (day 0 — PK11195, 2.44±0.22,
GE180 — 2.97±0.73; day 14 — PK11195, 3.01±0.33 GE180 — 3.31;
day 28 — PK11195, 2.04±0.03 GE180 — 2.68±0.31) and cortex
(day 0 — PK11195, 1.14±0.06, GE180 — 1.58±0.52; day 14 —

PK11195, 1.26±0.06 GE180 — 1.67; day 28 — PK11195, 1.23±0.08
GE180 — 1.38±0.14). From the in-vivo images of the DTH lesion,
there was also an increase in TSPO binding at all timepoints in a ROI
drawn around the lesion compared to the corresponding ROI on the
contralateral side. Day 0 — PK11195=1.99±0.42, GE180=1.57±
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0.29; Day 14 — PK11195=1.63±0.07 GE180=1.56±0.26; Day 28 —

PK11195 1.45, GE180=1.75±0.26.
Conclusions: GE-180 and PK11195 both reveal the presence of
neuroinflammation in two different animal models. The area ofmicrog-
lia activation in a clinically relevantmodel ofMS is greater than the area
revealed by conventional imaging techniques such asMRI. From the au-
toradiography results, GE-180 reveals a larger area of microglia activa-
tion surrounding the DTH lesion. This could be due to a number of
factors, critically GE-180 is a fluorinated tracer and therefore, has a lon-
ger half-life compared to the carbon-11 tracer of PK11195.
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Effects of polarized T cell and macrophage supernatants on
human fetal OPCs

Bryce A. Durafourt, Qiao-Ling Cui, Craig S. Moore, Nasr Farooqi,
Trina A. Johnson, Amit Bar-Or, Jack P. Antel

Montreal Neurological Institute, McGill University, Montreal, Canada

Objective: Neural-immune cell interactions are important determinants
of the central nervous system microenvironment, with the potential to
either induce injury or promote repair. Pro-inflammatory cytokines as-
sociated with Th1 polarized T cells and M1 polarized myeloid cells, in-
cluding IFN-gamma and TNF-alpha, have been implicated as
mediators of rodent oligodendrocyte progenitor cell (OPC) injury. Acti-
vated human B-cell supernatants have been shown to induce
TNF-independent injury to rodent oligodendrocytes. Previous studies
have shown that both Th2 andM2polarized cells produce neurotrophic
factors that support rodent OPC survival and differentiation. The objec-
tive of the present study was to use human fetal OPCs to compare the
capacity for Th1/Th2 T cell supernatants and M1/M2 macrophage su-
pernatants to induce injury or promote survival and differentiation.
Methods: Human fetal A2B5+ cells were isolated from brain speci-
mens (16–20 weeks gestation) obtained from the Human Tissue Re-
pository at the Albert Einstein College of Medicine. T cells and
macrophages were polarized to the Th1/Th2 or M1/M2 lineages, re-
spectively, as we have previously described. OPCs were grown on
astrocyte-matrix or ECM in DMEM/F12/N1 with growth factors
PDGF-AA and bFGF. After 4 days in culture, OPCs were treated with
either 10% of AIM-V (media only), Th1, Th2, M1, or M2 supernatants
for 2 days. Cells either were fixed and stained or changed to fresh
media and grown for another 4 days, then fixed and stained for
Olig2, O4 and GC by immunohistochemistry.
Results: Application of Th1 supernatants to human fetal OPCs reduced
the number of O4+ cells and Olig2+ cells after 2 days in culture;
after washing, O4+ cells remained lower 4 days later. Application
of Th2 supernatants reduced only the number of O4+ cells after
2 days, and this effect was reversed 4 days later after washing. Nei-
ther M1 nor M2 macrophage supernatants induced a significant
change. Both Th1 T cells and M1 macrophages produced comparable
levels of TNF-alpha. Addition of recombinant IFN-gamma, a
Th1-associated cytokine, reduced the number of O4+ cells in culture.
Conclusions: This data implicates pro-inflammatory T cells rather than
macrophages as the predominate cell type mediating OPC injury.
Whether soluble factors produced by Th2 or M2 polarized cells can
protect progenitors from such injury remains to be determined.

180

AlphaB-crystallin influences the autoimmune role of neutrophils
in experimental autoimmune encephalomyelitis

Trisha Finlay1, Marshal Wolff1, Connie Wong2, Paul Kubes2,
Shalina Ousman1
1Hotchkiss Brain Institute, University of Calgary, Calgary, Canada; 2Snyder
Institute for Chronic Diseases, University of Calgary, Calgary, Canada

Objective: Multiple sclerosis (MS) is a neurological disease in which
self-reactive immune cells target and destroy oligodendrocytes. It is
therefore imperative to control the inflammatory response in MS.
Neutrophils are the most prevalent immune cell in human blood
and contribute to inflammatory environments by eliciting recruit-
ment and activation of other immune cells, cytokine production and
effector mechanisms such as granule secretion. Due to their absence
in MS CNS tissue, a role for these cells in the disease has not been con-
sidered. It was recently discovered that neutrophils are more active in
MS patients especially during relapses1. Also, a robust infiltration of
these cells is observed in the CNS of mice with experimental autoim-
mune encephalomyelitis (EAE), a model of MS2. We are interested in
further investigating whether neutrophils play a role in the initiation,
development and/or progression of EAE. AlphaB-crystallin (alphaBC)
is the highest up-regulated gene in active MS lesions and possesses
a number of protective functions including chaperoning, anti-
neurotoxic and anti-inflammatory capabilities. Studies have shown
that alphaBC promotes the survival of astrocytes and suppresses
symptoms of EAE. We hypothesize that alphaBC plays a protective
role in EAE by, in part, down-regulating the neutrophil inflammatory
responses.
Methods and results: In MOG35–55-immunized 129S6 wild type (WT)
EAE mice, migration and extravasation of Ly6G+ neutrophils from ve-
nules into the brains of these mice was observed at peak of disease
using intravital imaging. To determine if alphaBC reduces the activa-
tion of neutrophils, these cells were isolated from 1) the spleens
and blood of naïve WT mice and stimulated with lipopolysaccharide
(LPS) and/or formyl-Met-Leu-Phe in the presence or absence of
alphaBC peptide and, 2) the spleens of EAE mice treated with 10 mi-
crograms of recombinant human (rh) alphaBC or PBS everyday from
day of immunization and restimulated in vitrowith LPS. The secretion
of pro-inflammatory cytokines, IL-1beta, IL-12p40, and TNF, as mea-
sured by ELISA, was reduced in neutrophils exposed to alphaBC.
Conclusions: Reduction of neutrophil responses may contribute to the
amelioration of EAE clinical symptoms following alphaBC treatment.
Ongoing studies are assessing neutrophil effector functions and influ-
ence on T cell activation in EAE.

Reference
1. Naegele et al. J Neuroimmunol, 2012. 242: p. 60–71.
2. Wu et al. Histochem Cell Biol, 2010. 133: p. 313–22.
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The effect of CNS inflammation on the onset of infectious and
genetic prion disease

Yael Friedman-Levi, Orli Binyamin, Haim Ovadia, Ruth Gabizon
Hadassah, University Hospital, Jerusalem, Israel

Objective: Prion diseasesmanifest as infections, genetic and sporadic dis-
orders caused by a misfolded protein denominated PrPSc. We used 2
mouse models, one which carry a mutation at codon 199 of the prion
protein and succumb to disease at the age of 5–6 months and the other
model is wt C57Bl/6J mice infected with prions, in order to investigate
the effect of CNS inflammation on the early stages of disease. In previous
work we show that in the infectious mouse model, CNS inflammation in
the form of experimental autoimmune encephalomyelitis (EAE) acceler-
ate diseasemanifestation, concomitantlywith the deposition of PrPSc ag-
gregates in inflamed white matter areas. In the present work, we asked
whether CNS inflammation accelerate disease also in the genetic
mouse model and whether the mechanism of acceleration relates to in-
filtration of activated prion infected immune cells to the CNS.
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Methods: C57Bl/6J mice were inoculated intraperitoneally with scra-
pie brain homogenates and later induced for EAE by the inoculation
of MOG35–55 in Complete Freund's adjuvant (CFA) supplemented
with pertussis toxin. Lymphoid cells from the co-induced animals
were injected into naïve mice as viable cells or as cell homogenates.
In parallel Tg mice carrying a mutation at codon 199 representing a
model of E200K genetic CJD were also induced for EAE and followed
up for EAE and prion disease clinical signs.
Results: We show here that mice infected with activated prion–EAE via-
ble cells succumb to prion disease considerably faster thanmice infected
with equivalent cell extracts or other control groups, probably due to an
accelerated form of neuroinvasion, an important factor in infectious
prion disease. Contrarily, in the genetic mouse model the pathological
process could not be manipulated by CNS inflammation and the disease
incubation period remained the same as in the untreated Tg mice.
Conclusions: We speculate that in the genetic disease PrPSc is gener-
ated spontaneously in the CNS and the prions entering the brain
throughout the immune system by an accelerated neuroinvasion
cannot interfere with the progression of disease. Whether these con-
clusions have important clinical implications as related to the risk of
genetic or infectious prion disease remain to be established.
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ADAMTSs and extracellular matrix alteration in multiple sclerosis

Gehan Gibrel1, Rowena Bunning1, Alison Cross1, Gail Haddock1,
David Buttle2

1Sheffield Hallam, University, Sheffield, United Kingdom; 2University of
Sheffield, University, Sheffield, United Kingdom

Objective: To determine a role for ADAMTS-1, -4, -5 in the pathogen-
esis of MS.
Methods: ADAMTS-1, -4 and -5 mRNA expression was studied by
qRT-PCR in human neuroblastoma SHSY-5Y cells, undifferentiated
or differentiated to a more neuronal phenotype using retinoic acid.
Modulation by proinflammatory cytokines, which are involved in
the pathogenesis of MS, was also studied. Cryostat sections of normal
and MS CNS tissue white matter, obtained from the UK Multiple Scle-
rosis Tissue Bank, were used to determine ADAMTS-1 expression by
Western blotting. Expression of neoepitopes of versican, derived by
ADAMTS cleavage, was examined by immunohistochemistry.
Results: SHSY-5Y cells expressed ADAMTS-1, -4 and -5 constitutively.
ADAMTS-1 was significantly increased on cellular differentiation with
retinoic acid. IL-1 and TNF had no effect on ADAMTS mRNA expression.
ADAMTS-1 protein was observed in SHSY-5Y cells and CNS tissue sec-
tions by Western blotting of extracted proteins. ADAMTS-mediated
versican breakdown, as determined by neoepitope expression, appears
to be increased inMS brain tissue compared to normal brain tissue. Dif-
ferential expression in normal and CNS tissue is being investigated.
Conclusions: ADAMTS-1, -4 and -5 were constitutively expressed in
the SHSY-5Y neuronal cell model, however they were not modulated
by the cytokines tested. Neuronal cells may therefore not be a major
source of ADAMTSs involved in MS pathogenesis. However ADAMTSs
from other sources may be involved in ECM breakdown in MS brain
and therefore MS pathogenesis.
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Endothelial ICAM-1 and ICAM-2 are essential for mediating
neutrophil crawling and facilitate paracellular transmigration
across the inflamed blood–brain barrier in vitro

Roser Gorina1, Ruth Lyck1, Dietmar Vestweber2, Britta Engelhardt1
1Theodor Kocher Institute, University of Bern, Bern, Switzerland;
2Department of Vascular Cell Biology, Max-Planck-Institute of Molecular
Biomedicine, Münster, Germany

Neutrophils are early cellular participants in acute cerebral
inflammation contributing to exacerbation of tissue damage and fa-
cilitation of monocyte recruitment. The entry of circulating leuko-
cytes into the central nervous system (CNS) is strictly controlled
by the blood–brain barrier (BBB) but the precise molecular mecha-
nisms mediating the multi-step neutrophil migration across the
inflamed BBB remain to be investigated. Here we studied the in-
volvement of the neutrophil β2-integrins and their endothelial li-
gands intercellular adhesion molecule-1 (ICAM-1), ICAM-2 and
junctional adhesion molecule-A (JAM-A) in neutrophil firm adhe-
sion and crawling and in diapedesis across the highly specialized
BBB under physiological flow in vitro. Employing highly purified
mouse bone marrow derived neutrophils and primary mouse brain
microvascular endothelial cells (pMBMECs) from adhesion molecule
deficient mice, we found endothelial ICAM-1 to be critically in-
volved in mediating neutrophil arrest on the BBB under flow.
Post-arrest neutrophil crawling depended on endothelial ICAM-1
and ICAM-2, as neutrophil crawling was only completely abolished
in the absence of both adhesion receptors. Neutrophil LFA-1 was
found to be the major ligand of ICAM-1 and ICAM-2 in mediating
neutrophil crawling with additional conributions by other β2-integrins.
In the absence of these ligands neutrophils displayed an atypical
adhesive behavior with the BBB characterized by a fast displacement
(>16 μm/min) on the BBB in the direction of flow designated as speed-
ing.We foundno involvement of JAM-A in neutrophil arrest, crawling or
speeding on the inflamed BBB under flow. Finally, by using pMBMECs
derived from mice expressing a C-terminal GFP fusion protein of
vascular endothelial (VE)-cadherin, endothelial ICAM-1 and ICAM-2
were found to guide neutrophils to diapedesis across the BBB via the
paracellular route.
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Interleukin 26: A Th17 cytokine which impacts on the blood
brain barrier

Lamia Naouel Hachehouche, Hania Kebir, Igal Ifergan,
Jorge Ivan Alvarez, Simone Terouz, Lyne Bourbonnière,
Alexandre Prat

Center of Excellence in Neuromics, CRCHUM, Notre-Dame Hospital,
Université de Montréal, Montréal, Canada
Objective: Multiple sclerosis (MS) is an autoimmune disease
characterised by the disruption of blood brain barrier (BBB) integrity.
Our laboratory has previously shown that Th17 lymphocytes are im-
plicated in this pathology and that IL-17 has a particular ability to af-
fect the permeability of the BBB. However, little is known about
additional Th17-related mediators and their impact on BBB integrity.
IL-26 is a pro-inflammatory cytokine, so far only known to regulate
epithelial cells functions. In this study, we aim to investigate whether
IL-26 is associated with the human Th17 phenotype and whether it
could impact on BBB functions.
Methods: We first performed a thorough characterization of IL-26 ex-
pression in human Th1, Th2 and Th17 lymphocytes using q-PCR and
flow cytometry analysis. We also evaluated IL-26 receptor (IL-26R)
expression on the BBB, using primary cultures of human brain-derived
endothelial cells (BBB-ECs) and human brain tissue sections. To test
the effect of IL-26 on BBB function we used an in vitro Boyden chamber
permeability assay.
Results: We found that IL-26 expression is linked to Th17 phenotype
and that IL-26 expression correlated with levels of IL-17, IL-22, IL-23R
and RORγ. In addition, we found that both IL-26R α (IL-20Rα) and β
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(Il-10Rβ) chains are expressed at the human BBB in situ and by BBB-ECs
in vitro, suggesting that BBB endothelial cells can respond to IL-26. In
vitro treatment of human BBB-ECs resulted in an increase in permeabil-
ity and a down regulation of the tight junction molecule occludin.
Conclusions: Therefore, the Th17-secreted cytokine IL-26 might play a
role in impacting BBB integrity and has potential implications in MS
pathology.
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Comprehensive monitoring of intrathecal immune cells in
patients with multiple sclerosis by 12-color flow
cytometric immunophenotyping

SungPil Han, Alan D. Salgado, Elena Romm, Bibiana Bielekova

NIH, NINDS/Neuroimmunology Branch, Bethesda, United States

Objective:To devise method for comprehensive monitoring of intra-
thecal immune cells in clinical trials and to investigate their role in
the pathogenesis of neuroimmunological diseases.
Methods: For immunological research of CNS inflammatory diseases,
CSF cells are valuable because of their proximity to affected tissue.
We devised 12 color flow cytometric immunophenotyping (FCI)
method to reliably quantify 20 different populations of immune
cells, including subtypes of T cells, B cells, NK cells, monocytes, mye-
loid dendritic cells (DCs), plasmacytoid DCs, granulocytes, basophils
and assess their activation status based on the surface expression of
activation markers CD25, CD80 and HLA-DR in a limited sample of
>5000 CSF cells. Fresh CSF and uncoagulated (EDTA) peripheral
blood from patients with untreated neurological diseases (N=101)
were collected and processed simultaneously. Cohort includes clini-
cally isolated syndrome (CIS, N=3), relapsing-remitting MS
(RR-MS, N=27), primary progressive MS (PP-MS, N=20), secondary
progressive MS (SP-MS, N=14), other inflammatory neurological
diseases (OIND, N=29) and non-inflammatory neurological diseases
(NIND, N=8). FCI was performed and analyzed in a blinded manner.
Results: CSF has predominance of T cells while monocytes, granulocyte
and B cells are under-represented in comparison to blood. CD56bright
NK cells are highly enriched in CSF (1.39%) compared to blood
(0.21%). CSF CD4/CD8 and plasmacytoid DC/myeloid DC ratio is signifi-
cantly elevated. Significant positive correlation between blood and CSF
monocyte, basophil, plasmacytoid DCs and myeloid DCs was observed.
CSF HLA-DR+activated CD8+ T cells significantly correlated with
blood HLA-DR+ activated CD8+ T cells and terminally differentiated
double negative T cells (pb0.0001), suggesting that the activation of cy-
totoxic T cells in periphery and CNS is closely linked.

Percentage of activated monocytes (i.e. CD25+ CD80+) is signifi-
cantly elevated in OIND compared to MS, indicating that full activation
of myeloid lineage is not typical feature of the immune response in MS.
Unsupervised hierachical clustering analysis according to cellular
subpopulation revealed that 5 distinct clusters exist in the CSF and a
cluster enriched with RR-MS patients is clearly separate from the
other clusters enriched in progressive MS or OIND.
Conclusions: 12-color FCI provides valuable information about the
phenotype of intrathecal immune responses in neuroimmunological
disorders.

261

Alpha-synuclein induces MHCII dependent CD4 T cell proliferation
and activation of microglia
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Chander Raman4, David G. Standaert1
1The University of Alabama at Birmingham, Department of Neurology, Bir-
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Objective: Parkinson disease (PD) is a progressive neurodegenera-
tive disorder characterized by a loss of dopaminergic neurons in
the substantia nigra and intracellular aggregates of the protein
alpha-synuclein (α-syn). Reactive microgliosis, production of inflam-
matory cytokines and chemokines and T cell infiltration are key media-
tors in PD pathogenesis however it is unknown how α-syn leads to
immune system activation. In these studies we examined the role of
the major histocompatibility complex-II (MHCII) in α-syn-induced
neuroinflammation and neurodegeneration.
Methods: Using an AAV2-α-syn overexpression model of PD, we
assessed MHCII expression, reactive microgliosis, and IgG deposition
4 weeks post-transduction as well as dopaminergic neuron loss at
6 months post-transduction in wildtype and MHCII deficient animals.
In an in vitro co-culture system using primary microglia and OTII
transgenic T cells we assessed the effects of α-syn on cytokine and
chemokine expression and T cell proliferation.
Results: In vivo, we found that α-syn causes induction of MHCII expres-
sion in microglia, increased microgliosis and IgG deposition, whereas
genetic knockout of MHCII prevents α-syn-induced microglial activa-
tion at 4 weeks post-transduction. In our in vitro co-culture system,
α-syn treatment of microglia increased presentation of antigen to
CD4+ T cells, expression of cytokines and chemokines, and induced
CD4+ T cell proliferation.
Conclusions: Results from these studies indicate a crucial role for
MHCII in the inflammatory and neurodegenerative processes mediat-
ed by α-syn. These studies may provide the groundwork for the de-
velopment of a completely novel class of neuroprotective therapies
targeted to inhibit MHCII in PD-specific inflammatory processes.
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Investigating T cell–Oligodendrocyte precursor cell interactions

Rachel Hassan1, Andrew Young1, Emily Baxi2, Denise Fitzgerald1
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United Kingdom; 2Department of Neurology, Johns Hopkins University,
Baltimore, United States
Objective: Although the immune system is known to be involved in
multiple sclerosis (MS) pathogenesis, immune responses are also im-
plicated in the repair of myelin (remyelination). In vivo studies have
shown T cells to be necessary for efficient remyelination; however
the mechanisms by which this occurs are poorly understood. We
hypothesise that interactions between CD4+ T cell subsets and oligo-
dendrocyte precursor cells (OPCs) may drive OPC maturation, alter T
cell phenotypes and influence remyelination. In order to investigate
this, we sought to develop an in vitro model whereby the reciprocal
effect of T cells on OPCs could be further studied.
Methods: OPCs were isolated from neonatal murine forebrains and di-
gestion, separation and culture conditions were optimised. Using
magnetic beads, OPCs were selected for NG2 expression. OPCs were
cultured in conditions which supported proliferation, and then
co-cultured with CD4+ T cell subsets which were polarised to dis-
tinct subsets. As OPCs cannot be grown in serum, a range of
co-culture conditions were tested to identify optimal OPC and T cell
culture conditions.
Results: Neural medium, supplemented with B27, was sufficient to
support growth of polarised T cells in the presence of additional cyto-
kines. Maturation of OPCs was quantified by immunofluorescence
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using Myelin Basic Protein (MBP) as a marker of differentiated oligo-
dendrocytes. T cell phenotype was characterised by flow cytometry.
After 96 hrs in co-culture conditions, Th1 cells were found to be pro-
ducing high levels of both IFNγ and IL-10, as measured by ELISA, and
were expressing T-bet, the classical Th1 transcription factor.
Conclusions: We have developed an experimental co-culture model
whereby OPCs and CD4+ T cell subsets can interact and the recipro-
cal effects of these interactions can be examined. This novel T cell–
OPC co-culture model lends itself to investigation of OPC maturation.
This is a key process in remyelination and has implications for the
treatment of demyelinating diseases such as MS.
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Acute peripheral and CNS immune responses in
hypercholesterolemic mice after mild brain ischemia

Josephine Herz, Sabine I. Hagen, Dirk M. Hermann,
Thorsten R. Doeppner

Department of Vascular Neurology, Dementia and Ageing, Neurology
Clinic, University Hospital Essen, Essen, Germany

Objective: Peripheral inflammation contributes to ischemic brain
injury, albeit underlying mechanisms are not fully understood
yet. The reason of the latter is most likely due to insufficient experi-
mental models which neglect co-morbidities such as hypertension
and hypercholesterolemia. Although hypercholesterolemia is a well-
established risk factor for stroke, its role in peripheral inflammation
and subsequent ischemic brain injury remains elusive.
Methods: Wild type and ApoE−/− mice fed with high or normal choles-
terol diet were exposed to 20-min of middle cerebral artery occlusion
(MCAO). Acute ischemia-induced systemic immunological changes
were characterized by flow cytometry in the spleen and the blood
24 h after ischemia. Infarct volumes, edema formation, cellular apopto-
sis and vascular adhesion molecule expression in the brain were deter-
mined via immunohistochemistry. Differential immune cell infiltration
into ischemic and non-ischemic brain hemispheres was quantified by
flow cytometry.
Results: We observed increased cellular frequencies of splenic CD11b+
cells and activated T cells in hypercholesterolemic mice after mild
MCAO. These increased peripheral immune responseswere strongly as-
sociated with increased infarct volumes and number of apoptotic cells
as well as intracellular adhesion molecule-1 expression. In line with
the enhanced vascular adhesionmolecule expression immune cell infil-
tration in ischemic brain hemispheres of hypercholesterolemic mice
was increased.
Conclusions: The close correlation between peripheral immunological
responses and increased neuronal damage combined with enhanced
inflammatory reactions in the brain suggest that stroke induced
acute immunological changes in hypercholesterolemia might con-
tribute to ischemia induced tissue injury. In order to develop more
specific therapies targeting these inflammatory responses a greater
understanding of the contribution of specific immune cell popula-
tions including their molecular pathways involved in these processes
is still required.
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IFNγ induced gene expression during the course of experimental
autoimmune encephalomyelitis; focus on microglia

Luke Heuer1, Athena Soulika2
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Objective: Multiple sclerosis (MS) is a complex neuroinflammatory dis-
order, characterized bymultifocal inflammation within the CNS, demy-
elination and axonal damage. Cumulative axonal damage clinically
manifests as a broad range of physical and cognitive disabilities. A usu-
ally overlooked and debilitating set of symptoms, associated with poor
prognosis in MS patients, are balance and coordination deficits. Experi-
mental autoimmune encephalomyelitis (EAE) is the most commonly
used animal model for MS. Wild type (wt) mice with EAE develop as-
cending paralysis, which has been linked to inflammatory lesions in
the spinal cord. In mice lacking interferon-gamma (IFNγ) signaling,
however, EAE induction leads to the development of deficits such as
axial rotation, circling behavior, and balance defects that are atypical
of this disease model. These atypical deficits had been linked to inflam-
matory foci within the cerebellum/ brainstem. Interestingly, we previ-
ously showed that the instance and severity of atypical defects in
IFNγR-knockout (KO) mice with EAE are not dependent upon the ex-
tent, composition, or areas of inflammatory foci formation in the CNS.
Instead, we found that the onset of deficits is strongly linked to the ab-
sence of IFNγ signaling in the CNS resident microglia. In this study, we
therefore hypothesized that IFNγ signaling in EAE would promote an
anti-inflammatory/neuroprotective transcriptional profile. We set out
to examine differences in the transcriptional regulation of IFNγ (a) in
the inflamed CNS and (b) specifically in T-cell activated-microglia.
Methods: We induced EAE in mice by immunization with myelin-
oligodendrocyte glycoprotein (MOG) peptide. CNS tissues were
harvested from adult IFNγRKO mice and wt controls, both at onset and
chronic phase of EAE and assayed by RT-PCR. Targets were categorized
as: inflammatory/anti-inflammatory, and neuroprotective/neurotoxic.

To test IFNγ signaling effects in T cell-activated microglia, we
established an ex-vivo co-culture system. Mixed glia isolated from
CNS tissues of adult IFNγRKO and wt mice were cultured in the pres-
ence of M-CSF. Microglia were then purified and co-cultured with T
cells isolated from IFNgKO or wt mice with EAE, with or without
MOG. At several time points, T cells were removed and assayed for cy-
tokine production by flow cytometry. RNA isolated from microglia
was subjected to RT-PCR analysis for gene expression of the catego-
ries mentioned above.
Results: Results from this study will be instrumental in elucidating the
mechanism by which IFNγ signaling affects the clinical course of EAE
and provide a better understanding of the disease process that con-
tributes to balance deficits in MS.
Conclusions: IFNγ signaling in microglia might prove an important
targeting pathway for therapeutic intervention in the inflamed CNS.
219

Vitamin D supplementation protects juvenile/adolescent,
but not adult or ‘in utero’ treated rats against multiple
sclerosis-like neuroinflammation

Manuel Zeitelhofer1, Sonja Hochmeister2, Tomas Olsson1,
Maja Jagodic1, Milena Z. Adzemovic1

1Center for Molecular Medicine, Neuroimmunology Unit, Department of
Clinical Neuroscience, Karolinska University Hospital, Stockholm, Sweden;
2Department of General Neurology/ Center forMolecularMedicine, Medical
University of Graz/ Karolinska University Hospital, Graz/ Stockholm,
Sweden

Objective: Lack of vitamin D has been associated with a higher preva-
lence, relapse rate and progression of multiple sclerosis (MS). The on-
togenetic timing of this association has remained unclear, as well as
any potential effects of vitamin D supplementation in established
MS. We here study the role of vitamin D during different develop-
mental stages in myelin oligodendrocyte glycoprotein (MOG)-
induced experimental autoimmune encephalomyelitis (EAE), an ani-
mal model of MS.
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Methods: Juvenile, adult and the mothers of ‘in utero’ treated rats were
split into three groups and exposed to different levels of vitamin D in
their diet: 10, 0 or 2 international units (IU) prior to subsequently in-
ducing EAE in juvenile, adult and in ‘in utero’ treated rats (the last
ones were subjected to the regular laboratory diet (2 IU vitamin D)
right after weaning until the end of the experiment).
Results: Vitamin D supplementation led to a milder disease course in
juvenile/adolescent, but not in adult rats. Protected rats displayed less
severe central nervous system (CNS) inflammation and demyelin-
ation. Moreover, juvenile rats subjected to vitamin D rich diet
displayed lower number of IFN-γ producing MOG specific T cells
and their cytokine expression pattern reflected a shift towards an
anti-inflammatory phenotype. In contrast, treatment of the mothers
with different levels of vitamin D did not significantly influence the
susceptibility to EAE in their offspring.
Conclusions: We conclude that vitamin D plays an important role
during development by affecting the susceptibility, as well as the se-
verity of MS-like neuroinflammation in rats. These positive effects on
clinical disease are predominant in juvenile/adolescent period. Our
data emphasize the importance of the right timing for vitamin D
treatment which makes an important contribution to current intense
interest in use of vitamin D as a prevention, or even as a therapy
against MS.
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Multivariate analysis of inflammatory and neuronal injury
markers in cerebrospinal fluid of multiple sclerosis:
Higher levels are associated with younger age
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Objective: The extent of neuronal injury and axonal loss determine
physical disability in MS patients and are both associated with degree
of CNS inflammation. Inflammatory mediators have crucial role in
leukocyte recruitment and subsequent CNS neuroinflammation. The
aim of the present study was to use data-driven multivariate statistics
to explore possible associations between a panel of selected CSF bio-
markers and robust clinical and demographic parameters in a large
cohort of MS patients.
Methods: Levels of some of the most validated inflammatory bio-
markers; matrix metalloproteinases-9 (MMP9), the B-cell chemokine
CXCL13, osteopontin (OPN), and a marker of nerve injury,
neurofilament-light chain (NFL) were measured by ELISA in 550 sub-
jects: relapsing-remitting MS (RRMS; n=210), secondary progres-
sive MS (SPMS; n=22), primary progressive MS (PPMS; n=12),
clinically isolated syndrome (CIS; n=87), other non-inflammatory
neurological diseases (ONDs; n=92), and inflammatory/infectious
neurological disease ONDs with signs of inflammation or viral/
bacterial infections (iOND; n=125). The association study was
performed using principal component analyses (PCA) and orthogonal
partial least squares (OPLS/O2PLS).
Results: Our main finding was that the variable age consistently segre-
gated in the opposite way to both inflammatory (CXCL13/MMP9) and
acute axonal damage (NFL) markers in younger patients, but only up
to an age of approximately 54 years. CXCL13 and MMP9 co-varied
well in the younger age groups, but less so in older patients, possibly
because the levels of both markers were lower in the latter group.
CXCL13 and MMP9 also correlated well with both NFL and OPN in
younger patients. These results were validated in several ways, both
by excluding age from the PCA models and also by using the model
to predict the scores of a test set of cases that were not included in
the construction of the original model.
Conclusions: This study indicates a clear effect of age up to the inter-
vals between 50 and 55, with a greater degree of inflammation and
axonal damage being associated with younger age. This indicates a
potential benefit from early anti-inflammatory interventions, espe-
cially in younger age groups.

372

Microglia–neutrophil interactions: A new field of application for
the phagocytosis Marker pHrodo

Rebecca König1, Monika Riek-Burchardt1, Stefanie Holze1,
Jens Neumann2, Matthias Gunzer3, Klaus Reymann4

1Leibniz Institute for Neurobiology, Leibniz Association, Magdeburg,
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Magdeburg, Magdeburg, Germany; 3Departement of Experimental
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4German Center for Neurodegenerative Diseases, Helmholtz Association,
Magdeburg, Germany

Objective: Microglia are playing an important role as the resident scav-
enger cells of the central nervous system. During ischemic episodes,
such as stroke, the blood–brain barrier is impaired and leukocytes are
able to infiltrate the tissue. Among these are neutrophil granulocytes,
the most common white blood cells, as well as T-cells and monocytes.
This results in a sterile inflammation and evokes the activation of quies-
cent microglia. Recently, we could show that neutrophil infiltration
leads to strong neurotoxic effects which are reduced by the engulfment
of living motile neutrophils by microglial cells. The underlying mecha-
nisms are not sufficiently known. Since quantification in live imaging
is time consuming and inconsistentwe developed an alternative phago-
cytosis assay based on a new flow cytometric approach.
Method: We have applied pHrodo succinimidyl ester dye as
pH-dependent amin-reactive marker for phagocytosis. Under acidic
environment particularly phagolysosomes we were able to detect
emission in the red light diapason corresponding to 585 nm wave
length. Until recently staining with pHrodo was implemented only
on prokaryonts and thymocytes (Miksa et al., 2009; Maneu et al.,
2011). To mimic the in vivo events in vitro, freshly prepared murine
neutrophils were added to cultures of murine microglia at different
set ups and time points. The phagocytosis of pHrodo labeled neutro-
phils was quantified by flow cytometry and optically verified by fluo-
rescence microscopy.
Results:We are the first to show that an amin reactive dye can be used
for neutrophils, which are very active scavenger cells with a high
membrane turnover. Our new staining protocol is highly effective
and quick, which is important, due to the fact that the half-life of neu-
trophils is estimated in about 6–12 h. It was shown that the engulf-
ment takes place rapidly after co-incubation, even though the
neutrophils are still non-apoptotic at that very moment. This con-
firms our previous findings of in-vivo 2-photon microscopy. Thus
we can determine the rate of phagocytosis in microglial cells using
different conditions.
Conclusions: The new protocol enables a simple quantification of the
process of phagocytosis. This allows answering questions about
phagocytosis enhancing conditions and underlying mechanisms of
engulfment.
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Antibodies to ion channels in limbic encephalitis

Dmitriy Labunskiy

University of Northern California, University of Northern California,
Santa Rosa, United States

Objective: Limbic encephalitis (LE) is an infectious or autoimmune CNS
damage characterized by inflammation of limbic system and other parts
of the brain. The main symptoms of LE are a severe impairment of
short-term memory deficits plus confusion, psychiatric signs, and sei-
zures. These symptoms typically develop over a few weeks or months,
but they may evolve over a few days. Early detection may improve out-
comeof LE. All types of this nosology fall into 2main categories: Infectious
encephalitis – caused by direct invasion of the brain by a virus. Autoim-
mune encephalitis – caused by immune system reacting against certain
oncogens in a case of paraneoplastic LE, or against a voltage-gated potas-
siumchannels (VGKC). The aimof our studywas to elucidate a concentra-
tion of antibodies (AB) to human herpes virus 6 (HHV-6), contactin-2
associated protein (Caspr2), and to Kv1 subunits of VGKC.
Methods: Under our observation were 31 patients with LE, 9 from
them demonstrated symptoms of LE version – Morvan's syndrome,
which included irregular contractions of long muscles, cramping,
weakness, hyperhidrosis and insomnia. 76 healthy donors comprised
control group. We used both ELISA and Western Blot for detection of
all three types of AB.
Results: It was found that AB against HHV-6 were detected in 26
(84%) patients, and AB against Caspr2 and Kv1 only in 9 (29%) pa-
tients. Concentration of all three types of AB in control group didn't
exceed 13%.
Conclusions: Our new data reveal a role of infectious AB more often
than paraneoplastic or ion channels AB in majority of LE cases.
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Anti-TNF therapy improves behavioural outcomes after focal
cerebral ischemia in mice
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Lund, Sweden; 4Nuffield Department of Obstetrics and Gynaecology, John
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Monrovia, United States; 6Department of Small Animal Clinical Sciences,
University of Copenhagen, Copenhagen, Denmark

Objective: Tumor necrosis factor (TNF) plays an important, but com-
plex role, in the pathophysiology of stroke. TNF exists in two bio-
logically active forms, soluble (solTNF) and transmembrane
(tmTNF). Anti-TNF therapy using Etanercept, which blocks both
forms, is neuroprotective in models of acute CNS injury and is clin-
ically effective in the treatment of several autoimmune diseases.
However, Etanercept also triggers several serious side effects, such
as congestive heart failure, demyelinating disease, lupus syndrome
and also infections, which represent a considerable risk for stroke
victims. solTNF-specific inhibitors, sparing tmTNF, have the
potential to inhibit deleterious inflammation without compromis-
ing the immune system's response to infections. In the present
study, we tested the effect of XPro1595, a new class of
dominant-negative TNF inhibitors that selectively inhibit solTNF
and block several of TNF's well-known functions, such as nuclear
NF-κB translocation and caspase-mediated apoptosis, in mice
subjected to focal cerebral ischemia.
Methods: Infarct volumes were compared 6 h, 1 and 5 days after per-
manent middle cerebral artery occlusion (pMCAO) in C57BL/6 mice
treated with an i.v. injection in the tail vein 30 min after surgery of
1) XPro1595 (10 mg/kg/dose), 2) Etanercept (10 mg/kg/dose), or
3) vehicle (saline). Mice were weighed, temperature monitored and
tested regarding behavior/improved recovery using the horizontal
rod, grip strength and rotarod test. Acute phase response (APR) pro-
teins and microparticle analysis was also investigated in serum sam-
ples after surgery.
Results: Comparison of the mean infarct volume for each group re-
vealed no significant difference. However, mice treated with
anti-TNF therapy performed significantly better than saline-treated
mice in the grip strength test on day 1 and 3 and the total number
of footfaults on the horizontal beam was reduced in the anti-TNF
treated group, with the Etanercept-treated animals performing
slightly better than the XPro1595-treated animals. The APR was re-
duced by the Anti-TNF, but the magnitude of the response was far
less pronouced than in other brain injury models. The number of mi-
croparticles in the circulation was also unchanged at day 1 but the
number increased significantly in XPro1595-treated mice at day 5,
and with a tendency to increased numbers in Etanercept-treated
mice compared to saline-treated mice.
Conclusions: Anti-TNF therapy did not reduce infarct volume in this
model, but the changes in behavioural outcomes were significant.
While the CNS inflammatory response, and the APR is less pro-
nounced in this model compared to others, it is still the case that
some benefit from anti-TNF therapy may be accrued.
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The effect of extracellular superoxide dismutase 1 on
microglia/macrophage phenotype in the context of
amyotrophic lateral sclerosis

Amanda Lanser1, Oleg Butovsky1, Jared Auclair2, Howard Weiner1
1Department of Neurology, Brigham and Women's Hospital, Harvard
Medical School, Boston, United States; 2Department of Chemistry,
Brandeis University, Waltham, United States

Objective: The toxic properties of mutated superoxide dismutase 1
(SOD1) contribute to disease progression in familial amyotrophic lat-
eral sclerosis (ALS). SOD1 protein can be secreted from cells and is
detected in the cerebral spinal fluid of ALS and healthy patients. It
has been shown that extracellular mutant SOD1 protein activates mi-
croglia/macrophages to become neurotoxic. Work in our laboratory
has determined that Ly6CHi inflammatory monocytes exhibit
pro-inflammatory microRNA (miRNA) and genetic profiles two
months prior to disease onset in ALS mice. Spinal cord microglia, on
the other hand, exhibit pro-inflammatory miRNA and gene profiles
only one month prior to disease onset in ALS mice. The objective of
this work is to determine whether extracellular SOD1 contributes to
the activation and role of microglia/monocytes in disease progression
of ALS mice.
Methods: Bone marrow derived macrophages (BMDM) and resident
microglia were cultured from adult mice. Adult microglia were col-
lected for culture by sorting with 4D4, a novel microglia-specific
monoclonal antibody generated in our laboratory. Cells were stimu-
lated with wild type or mutant SOD1 protein purified form yeast.
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For control, cells were stimulated with lipopolysaccharide. The effect
of extracellular SOD1 on miRNA and gene expression in microglia and
BMDMwasmeasured by Taqman qPCR analysis. Taqman analysis was
performed on selected miRNAs and genes that were found in our lab-
oratory to be dysregulated in microglia or Ly6CHi monocytes in vivo.
Results: Many pro-inflammatory miRNAs were affected in BMDM and
microglia after stimulation with mutated SOD1 protein. The time and
dose sensitivity to SOD1 protein was different in microglia and
BMDM, suggesting that the cells may express different levels of re-
ceptors or signaling molecules involved in sensing extracellular
SOD1 protein.
Conclusions: Extracellular SOD1 protein may activate microglia and
peripheral monocytes in vivo. The earlier activation of Ly6CHi mono-
cytes in ALS mice may be due to potential differences in concentration
of extracellular SOD1 in the periphery versus spinal cord and/or dif-
ferences in expression of SOD1-sensing machinery in Ly6CHi mono-
cytes versus microglia.
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MCAM is a novel adhesion molecule expressed at the BBB that
regulates inflammatory immune cell migration

Catherine Larochelle1, Jorge Ivan Alvarez2, Hania Kebir2,
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Josée Poirier3, Pierre Duquette3, Nathalie Arbour2, Alexandre Prat1
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University, Montreal, Canada; 3Clinique de sclérose en plaques du centre
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University, Montreal, Canada

Objective: Expression of adhesion molecules by blood–brain barrier
endothelial cells (BBB-ECs) and leukocytes regulates immune cell
trafficking to the CNS. In inflammatory conditions such as multiple
sclerosis (MS), CD4 T lymphocytes polarized into auto-aggressive en-
cephalitogenic TH17 and TH1 are known to transmigrate across BBB
and accumulate in central nervous system (CNS) lesions. While CD8
have been implicated in MS pathogenesis as well, the role of CD8-
Tc17 or Tc1 lymphocytes is still unclear. Identification of adhesion
molecules specifically involved in the recruitment of highly inflam-
matory immune cell populations through the BBB would provide
new therapeutic targets to impact on neuroinflammatory lesions
without impairing CNS immunosurveillance. We hypothesize that
MCAM plays a role in CNS inflammation by promoting recruitment
of IL-17-producing lymphocytes through the BBB into the CNS
parenchyma.
Methods: In a proteomic screen and analysis, we identified expression
of MCAM/CD146 on human BBB-ECs and on a subset of human effec-
tor CD4+ and CD8+ T lymphocytes. We characterized the phenotype
and the function of MCAM-expressing cells using a combination of ex
vivo, in vitro and in situ studies using human andmouse material from
healthy controls, MS subjects and Experimental Autoimmune En-
cephalomyelitis (EAE) animals.
Results: We demonstrate that MCAM is co-expressed by human effec-
tor CD161+ and CCR6+ T lymphocytes, and that both CD4 and CD8
MCAM+ lymphocytes express more IL-17, IL-22, GM-CSF and
Granzyme B than MCAMneg lymphocytes. Moreover, MCAM is strik-
ingly up-regulated in human during MS relapses on CD4+ and
CD8+ T lymphocytes, while treatment decreases MCAM expression.
In addition, MCAM blockade reduces CD8 Tc17 and CD4 TH17 lympho-
cyte transmigration across human BBB-ECs in vitro.

In vivo, depletion of MCAM+ cells fromMOG35–55-reactivated CD4
T lymphocytes decreases clinical symptoms in adoptive transfer EAE
experiments. Furthermore, expression of MCAM is strongly
up-regulated on CD8 T lymphocytes in the TCR1640 transgenic
mice, a unique model of spontaneous relapsing-remitting EAE.
Conclusions: Our data demonstrate that encephalitogenic IL-17-
producing CD8 and CD4 T lymphocytes express MCAM, and that
MCAM could serve as a biomarker for MS and a valuable target for
the treatment neuroinflammatory conditions.
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Aberrant expression of interleukin-1 by neoplastic human
astrocytes: Implications for glioma progression and therapy

Leonid Tarassishin, Jihyeon Lim, Sunhee Lee

Albert Einstein College of Medicine, Yeshiva University, Bronx, United
States

Objective: Interleukin 1 is a major proinflammatory cytokine pro-
duced by myeloid cells and is implicated in neurodegeneration. In
human brain, IL-1 is expressed by microglia and contributes to
neuroinflammation and neuronal toxicity. IL-1 is also the major acti-
vator of astrocyte innate immune responses through the MyD88
pathway. Although human astrocytes do not produce IL-1, reports in-
dicate neoplastic astrocytes might. We systematically investigated
whether human glioma cells produce IL-1 and the mechanisms that
regulate IL-1 biosynthesis in glioma.
Methods: Human glioblastoma cell lines (U251, U87, and SNB19) were
stimulated with cytokines (IL-1/IFNg) or TLR ligands (LPS or poly IC)
and the expression of IL-1a and IL-1b was studied by real-time PCR,
western blot analysis and ELISA. Functional assay was performed
using glioma-derived culture supernatants and human fetal neuronal
cultures as targets. The role of the innate transcription factor IRF3 was
tested by adenovirus-mediated gene transfer, and the inflammasome
modulator annexin A2, by siRNA. The glioma secretome has been inves-
tigated using quantitative proteomic approach.
Results: Cytokine activated glioma cultures produced IL-1 protein in
amounts comparable to activated microglia. Similar to microglia, the
bulk of IL-1b was intracellular, suggesting the involvement of
inflammasome in IL-1 processing. Glioma supernatants induced neu-
ronal killing which was reversed by IL-1 receptor antagonist. Annexin
A2, a suppressor of macrophage inflammasome, promoted glioma IL-1
production and release. In contrast, IRF3 suppressed glioma IL-1 pro-
duction, similar to macrophages. We are currently analyzing glioma
secretome which includes cytokines, chemokines, proteases, protease
inhibitors, tumor-associated proteins, growth factors, extracellular
matrix components, and matrix remodeling proteins.
Conclusions: To our knowledge, this is the first study demonstrating
the striking finding that cytokine-activated human glioma cells pro-
duce IL-1 protein (intracellular and secreted) in amounts comparable
to activated microglia. As IL-1 is a major trigger for glioma angiogen-
esis, invasion, and proliferation, our data indicate the presence of
glioma-microglia connection that promotes tumor progression.
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Comparative analysis of human and mouse astrocytes as
components of the brain innate immune system

Leonid Tarassishin, Sunhee Lee

Albert Einstein College of Medicine, Yeshiva University, Bronx, New York,
United States

Objective: Astrocyte cultures derived from neonatal rodent or human
fetal brains are readily available systems that have aided our



103Abstracts
understanding of astrocyte responses to various insults. Treatment of
cultures with toll-like receptor (TLR) ligands or cytokines has become
a popular approach to investigate astrocyte responses to innate im-
mune factors. One of the highly debated points in glial biology is the
extent to which astrocytes can participate in the innate immune re-
sponse. We compared highly purified primary murine and human as-
trocyte cultures in their responses to LPS, poly IC and cytokines
(IL-1±IFNg), as the three main immune triggers.
Methods: Primary astrocyte cultures (>99% GFAP+, Iba-1 negative)
were obtained frommouse neonatal brains and from human fetal brains
by serial passages of initialmixed cultures. Inflammatory gene expression
was examined by real-time PCR and ELISA. Primary microglia (human
and murine) as well as a microglial cell line BV2 were also analyzed in
comparison to address the potential “contaminating microglia” problem.
Results: Human astrocytes were unresponsive to LPS, but were highly
responsive to IL-1/IFNg. Mouse astrocytes were highly responsive to
LPS and much less responsive to IL-1/IFNg, but the response also
depended on specific target genes. For example, the levels of
LPS-induced astrocyte IL-1 and TNFa production were comparable
to those of LPS-stimulated microglia. However, IL-1/IFNg was a better
inducer of iNOS than LPS. Poly IC induced high levels of TNFa and
iNOS in murine astrocytes but not in human astrocytes.
Conclusions: Our side by side experiments using highly pure astrocyte
cultures demonstrate that unlike human astrocytes, murine astrocytes
are capable of responding to LPS, similar to microglia. We suggest that
the most convenient marker of murine astrocyte LPS response is TNFa
release (ELISA). Initial analyses show that mouse astrocyte LPS
response is mitigated by TLR4 siRNA suggesting that the TLR4 signaling
pathway is preserved in murine astrocytes. Poly IC induces a more
proinflammatory, toxic gene profile in murine compared to human as-
trocytes. Our study has implications for the interpretations of experi-
mental results derived from various culture systems and supports that
astrocyte innate immune responses are species-dependent.
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TGF-beta1-induced astrocytic release of interleukin-6: A possible
role in epielsptogenesis
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Objective: It is becoming increasingly evident that inflammatory
mechanisms promote neuronal hyper-synchronization and epilepto-
genesis following brain insults. Our recent studies identified serum
albumin as a key player in the inflammatory cascade leading to epi-
lepsy, at least partially through the activation of TGF-β signaling path-
way in astrocytes. In this study we set out to explore the mechanisms
by which TGF-β1 induces glial activation and epileptogenesis.
Methods: Primary cultures of microglia and astrocytes were treated
with TGF-β1 and gene expression analysis was performed by quanti-
tative PCR. Electrophysiological response to IL-6 was obtained in the
acute slice preparation (field potential recordings) and in-vivo (sub-
dural corticoencephalography in C57/BL6 mice implanted with os-
motic pumps, 1–5 μg/ml into the lateral ventricle for 7 days).
Results: In glia cultures TGF-β1 induced early and rapid up-regulation
of IL-6 at both mRNA and protein levels whereas the upregulation of
other pro-inflammatory cytokines such as IL-1β and TNF-α was
milder and at a later time point. Notably, SMAD2/3-dependent
TGF-β1 signaling induced the expression of IL-6 primarily in astro-
cytes and to a significantly lesser extent in microglia. IL-6 was suffi-
cient to induce epileptiform activity in acute brain slices 2–3 h after
exposure. Finally, a continuous intracerebroventricular injection of
IL-6 (1 and 5 μg/ml) induced recurrent seizures within 3–4 days in
more than 75% of treated animals.
Conclusions: Taking into account the robust induction of IL-6 by albu-
min, we suggest astrocytic release of IL-6 as a potential key player in
epileptogenesis.
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TNF-α regulation of corticostriatal synaptic strength:
A homeostatic response in movement disorders

Gil Lewitus, David Stellwagen

Centre for Research in Neuroscience, McGill univesity, Montreal, Canada

Objective: Neuro-inflammatory processes are considered key ele-
ments of the pathophysiology of movement disorders such as
Huntington's and Parkinson's disease. In particular, increased levels
of the proinflammatory cytokine, tumor necrosis factor (TNF)-α are
found in the brains of patients. In addition to its immune function,
TNF-α has been shown to have a neuro-regulatory function at
synapses, increasing AMPA receptor (AMPAR) trafficking to the cell
surface on hippocampal and cortical pyramidal neurons. Altered
corticostriatal synaptic function is receiving increasing attention as
an early correlate of neurodegenerative diseases associated with
movement disorders. However, whether TNF-α contributes to these
changes has not been investigated.
Methods: In the present study, we use patch-clamp recordings from
striatal medium spiny neurons in acute brain slices to examine the
contribution of TNF-α to the regulation of AMPAR trafficking.
Results: In acute slices, exogenous TNF-α treatment reduces themagni-
tude of corticostriatal AMPAR excitatory postsynaptic current (EPSC)
relative to the NMDAR EPSC, a correlate of synaptic strength. We
find that this occurs through a preferential removal of AMPAR lacking
the GluA2 subunit. In addition, we show that TNF-α is involved in a ho-
meostatic response to prolonged blockade of D2 dopamine receptors,
and is required to reduce extrapyramidal motor symptoms.
Conclusions: These data suggest that TNF-α is a regulator of
glutamatergic synaptic strength in the medium spiny neurons of the
corticostriatal pathway in a manner distinct from its regulation of
synapses on pyramidal cells, and that TNF-αmaymediate an adaptive
response during early stages of pathological conditions.
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Changes in beclin 1 associated with Alzheimer's disease negatively
regulate retromer and impair phagocytosis of amyloid-beta

Kurt Lucin1, Caitlin O'Brien1, Gregor Bieri1, Eva Czirr1, Kira Mosher1,
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Tony Wyss-Coray1
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of California at San Diego, La Jolla, United States

Objective: Phagocytosis plays an important role in maintaining brain
homeostasis and when impaired can result in the accumulation of
unwanted cellular material, dysfunctional synaptic pruning,
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inflammation and tissue damage. In Alzheimer's disease (AD), mi-
croglia (i.e., the phagocytes of the brain) surround β-amyloid (Aβ)
plaques yet seem unable to eliminate these deposits, suggesting
phagocytosis may be impaired in AD. Mechanisms that might contrib-
ute to reduced phagocytosis in AD are currently unclear.
Methods: Beclin 1 was reduced in vitro in BV2 microglia cells using
lentiviral constructs. Phagocytic efficiency was determined by live cell
imaging and flow cytometry. In vivo phagocytosis was determined his-
tologically after intracerebral injection of fibrillized Aβ or pH-sensitive
latex beads into beclin 1 deficient mice. Protein expression was deter-
mined by western blot. Retromer localization to the phagosomewas vi-
sualized by live cell imagingusing RFP-tagged constructs. CD36 receptor
recyclingwas quantified using immunocytochemistry approaches and a
well-established receptor recycling assay. Humanmicrogliawere isolat-
ed from postmortem AD brains using standard Percoll gradients.
Results: Here, we identify a novel function for the autophagy
protein beclin 1 in regulating phagocytic efficiency and phagocytic recep-
tor recycling. Specifically, we demonstrate that beclin 1, which is
dysregulated in AD, is necessary for efficient phagocytosis of latex beads
and Aβ in vitro (using BV2 microglial cells) and in vivo within mouse
brains. Using live cell imaging we observe that reducing beclin 1 also re-
sults in diminished retromer protein expression and localization to the
phagosome. We further show that beclin 1-mediated impairments in
retromer are sufficient to reduce the recycling of the phagocytic receptor
CD36, a receptor known to facilitate Aβ uptake, and diminish phagocyto-
sis. Interestingly,microglia isolated frompostmortemADbrains showsig-
nificantly reduced beclin 1 and retromer protein levels.
Conclusions: Together these findings position beclin 1 as a link be-
tween autophagy, retromer trafficking, and receptor-mediated
phagocytosis and provide insight into mechanisms by which phago-
cytosis may be impaired in AD. Therefore, strategies that enhance
beclin 1 levels may provide a novel approach for the treatment of AD.

87

Addition of cerium oxide nanoparticles reverses adverse effects
of diesel exhaust on AP-1 transcription factor activity in the
mouse brain

SHYANG LUNG1, Flemming Cassee2, Arezoo Campbell1
1Department of Pharmaceutical Sciences, Western Unicersity of Health
Sciences, Pomona, United States; 2National Institute for Public Health
and Environment, University of Utrecht, Utrecht, Netherlands

Objective: Cerium oxide (CeO2) nanoparticles are used in diesel fuel as
a catalyst to improve fuel efficiency. Studies show that CeO2 can pro-
vide neuroprotection and this may be due to its antioxidant capabili-
ty. AP-1 is a dimeric transcription factor formed by Jun and Fos family
of proteins. AP-1 is important in regulation of cellular processes and
response to stressful stimuli. Neuroinflammatory events and oxida-
tive stress are factors which can activate AP-1. We examined the ef-
fect of diesel exposure with or without CeO2 nanoparticles on AP-1
and its upstream activated proteins.
Methods: Atherosclerosis-prone apolipoprotein E knockout (ApoE−/−)
mice were exposed by inhalation to exhaust from an engine using stan-
dard diesel (DE) or diesel containing CeO2 (DCeE). Changes in brain and
cerebellumwere assessed using gel shiftmobility assay for transcription
factor activity and western blots for protein levels.
Results: AP-1 activation was significantly decreased in the brain frac-
tion of DE groups compared to control group but addition of CeO2

nanoparticles to the diesel caused recovery back to control levels.
Similar recovery was seen in c-Jun and phosphorylated-c-Jun levels
in the nuclear fractions of the brain samples. In the cytoplasmic frac-
tion, we showed de novo synthesis of c-Jun only in DCeE group.
Conclusions: The potential of CeO2 to counteract the effect of DE expo-
sure is not only by activating the signaling pathway responsible for
phosphorylation and activation of c-Jun but also by increasing de
novo production of the c-Jun protein. This may be one mechanism
by which CeO2 nanoparticles are able to provide neuroprotection dur-
ing stressful conditions.
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Unravelling the novel role of neuronal cell adhesion molecular
heparan sulfate proteoglycan N-Syndecan in
inflammatory response

Li Ma, Heikki Rauvala, Li Tian
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Objective: The crosstalk between the CNS and the immune system is
important for both systems to keep their own homeostatic functions,
as well as to control inflammations under pathological conditions. It
is therefore pivotal to understand how neurons regulate inflamma-
tion in the CNS. However, this has not been thoroughly addressed
so far. The aim of our research is to characterize how neuronal cell
surface receptor/adhesion molecules are involved in neuroimmune
crosstalk. N-Syndecan (Syndecan-3) is a major transmembrane
heparan sulfate proteoglycan abundantly expressed in the central
and peripheral nervous systems. It has been shown to regulate neuro-
nal cell adhesion, migration and axonal outgrowth. N-Syndecan defi-
ciency has been associated with impaired feeding behavior, learning
and memory formation in mice. Little is known about its association
with the CNS inflammation so far. However within this protein fami-
ly, both Syndecan-1 and -4 have been shown to participate in the pe-
ripheral inflammatory responses through regulation of leukocyte
transendothelial migration. We therefore aim to address how
N-Syndecan regulates inflammation in the CNS.
Methods: In vivo, using the LPS-induced peripheral inflammation
model (1 mg/kg, i.p. injection) to study the expression of
N-Syndecan in inflammatory responses by Western blot (WB), in
situ hybridization and qPCR, and using N-Syndecan knockout
(NSKO) mouse line to compare the CNS immune status under the
steady state and the inflammatory conditions by flow cytometry
and immunohistochemistry. In vitro, using hippocampal neurons to
study the expression of N-syndecan in response to proinflammatory
cytokine stimulation by WB etc.
Results: The expression of N-Syndecan in the mouse cerebral cortex is
upregulated in response to LPS stimulation in vivo. N-Syndecan is also
induced in rat hippocampal neurons by cytokines TNFα and IFNγ in
vitro, and the total heparan sulfate content is simultaneously
upregulated. Microglia of P8 NSKO mice are more proinflammatory,
with larger cell size, and enhanced expression of CD11b, and MHCII,
especially in noncortical segments.
Conclusions: N-Syndecan is upregulated in response to inflammation
induced by LPS and proinflammatory cytokines. The absence of it in
mouse brain results in increased microglia proliferation and en-
hanced microglial proinflammatory properties at the early postnatal
stage. These data suggest that N-Syndecan is involved in regulation
of the CNS immune responses.
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Thy1+ Sca1+ innate lymphoid cells infiltrate the CNS during
autoimmune inflammation, but do not contribute to
disease progression

Florian Mair, Burkhard Becher

Institute of Experimental Immunology, University of Zurich, Zurich,
Switzerland
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Objective: Innate lymphoid cells (ILCs) are a recently discovered fam-
ily of lymphocytes being involved in early host defense, particularly at
mucosal surfaces such as lung and gut. Several reports have suggested
a critical role for RORγt+ ILCs during intestinal autoimmunity, and
type 2 ILCs have been implicated in mouse models of allergen-
induced airway inflammation. However, it has not been tested yet
whether ILCs also participate in other autoimmune reactions. In the
current study we investigated the involvement of Thy1+ Sca1+ ILCs
in autoimmune neuroinflammation, using the mouse model of multi-
ple sclerosis, experimental autoimmune encephalomyelitis (EAE).
Methods: To investigate the role of Thy1+ Sca1+ ILCs during
neuroinflammation we used a 14-parameter flow cytometric ap-
proach. Furthermore, the functional relevance of ILCs was tested
using an adoptive transfer model and depleting antibodies.
Results: Surprisingly,we could detect a significant populationof ILCswith-
in the central nervous system (CNS) even under physiological conditions.
Their number expandedwithin the inflamed CNS tissue, accompanied by
production of IL-17 and IFN-gamma. However, functional studies using a
depleting antibody specifically targeting Thy1+ ILCs revealed that their
presence or absence does not modify disease progression.
Conclusions: Our results suggest that Thy1+ Sca1+ ILCs can be found
not only at epithelial surfaces, but also in other non-lymphoid tissues
such as the CNS. During autoimmunity, ILCs did not contribute to dis-
ease progression, but it remains unclear whether ILCs have a role in
the defense against invading pathogens.
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Elucidating mechanisms of neuroinflammation in a Parkinson's
disease model

Terina N Martinez, Collin G. Flanagan, Xiaoping Hu,
J. Timothy Greenamyre

Pittsburgh Institute for Neurodegenerative Diseases and Department of
Neurology, University of Pittsburgh, Pittsburgh, United States

Objective: Parkinson's disease (PD) is a common, age-related
neurodegenerative disorder characterized primarily by the loss of do-
paminergic (DA) neurons in the substantia nigra (SN) in the ventral
midbrain. The mechanisms that cause DA neuron death are
multi-faceted and remain incompletely understood; however,
many pathogenic processes have been implicated in both genetic
and toxin models of parkinsonism including mitochondrial dysfunc-
tion, oxidative stress, neuroinflammation, and protein aggregation.
Neuroinflammation has been observed in postmortem brain tissue
from PD patients and in several models of parkinsonism, including the
rotenone model. In this study, we sought to test the overall hypothesis
that the CD200/CD200 receptor (CD200R) system plays a key role in
regulating the local neuroinflammatory status of the substantia nigra
and the sensitivity of dopaminergic neurons to rotenone-induced neu-
rotoxicity. The CD200/CD200R system is an important regulator of in-
flammation and impaired signaling of this system has recently been
shown to enhance DA neurodegeneration. Binding of CD200, which is
localized to the neuronal membrane surface, with its cognate receptor
CD200R, which is expressed on microglia, the putative inflammatory
cell type in the central nervous system, maintains microglia in a
non-activated state, resulting in attenuated neuroinflammation.
Methods: Primary neuron/microglia mixed cultures from rat embry-
onic ventral mesencephalon (VM) were used to determine the effects
of rotenone, a mitochondrial complex I inhibitor and DA neurotoxin,
on the CD200/CD200R system and microglial activation in vitro. Im-
munocytochemistry was used to detect CD200 ligand expression
and microglial activation in primary neuron/microglia mixed cultures
and cytokine antibody arrays were used to measure and quantify cy-
tokine levels in these cultures.
Results: Our data indicate that treatment of primary neuron/microglia
mixed cultures from embryonic VM with rotenone decreases CD200
expression on DA neurons and causes concomitant microglial activa-
tion. Cytokine assays indicate that rotenone-treated primary neuron/
microglia mixed cultures exhibit increased levels of inflammatory cy-
tokines and decreased levels of pro-survival cytokines.
Conclusions: Collectively, our observations support our hypothesis
that the CD200/CD200R system contributes to regulation of the
neuroinflammatory environment of the SN and the sensitivity of DA
neurons to rotenone-induced neurotoxicity. Ongoing studies aim to
determine the specific mechanism(s) by which rotenone perturbs
CD200 expression and signaling.

[Research supported by NIH grants NS059806 (JTG), T32 NS07391
(TNM), the JPB Foundation and the Ethel Vincent Charitable Trust].
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Th17 bias renders mice susceptible to a viral model for
multiple sclerosis
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Objective: Theiler's murine encephalomyelitis virus-induced demye-
linating disease (TMEV-IDD) is a viral model for multiple sclerosis
(MS). T helper (Th) 17 cells are a new subset of Th cells that express
the transcription factor RORγt, and secrete proinflammatory cyto-
kines, such as interleukin (IL)-17. Th17 cells have been suggested to
play an effector role in immune-mediated diseases, including MS,
while the role of Th17 cells in viral infections is unclear. With our col-
laborators, we have established transgenic (Tg) mice overexpressing
RORγt on the C57BL/6 background, which is normally resistant to
TMEV-IDD. The RORγt Tg mice have significantly higher amounts of
IL-17 in the serum and higher ratios of Th17 conversion in vitro. In
TMEV-IDD, in theory, Th17 cells can function as effector cells and an-
tagonize anti-viral Th1 immune response. We hypothesized that
RORγt Tg mice on the normally resistant C57BL/6 background
would become susceptible to TMEV-IDD.
Methods: RORγt Tg and wild-type mice were infected with TMEV and
killed 2 months post infection. We harvested the sera and spleen cells
to characterize the anti-viral immune responses. Cytokines and
anti-TMEV antibodies were measured by enzyme-linked immunosor-
bent assay (ELISA). Luxol fast blue staining and anti-TMEV immunohis-
tochemistry were used to assess demyelination and viral persistence,
respectively.
Results: We detected demyelinating lesions with virus persistence in
the spinal cords of TMEV-infected RORγt Tg mice, but not in
wild-type mice. Splenocytes from TMEV-infected RORγt Tg mice
stimulated with TMEV had higher IL-17 and lower interferon-γ
(Th1 cytokine) production, compared with wild-type mice. Addition-
ally, the RORγt Tg mice had less anti-TMEV antibody in the serum
than wild-type mice. This was mainly due to significantly lower
amounts of anti-TMEV IgG2c (a Th1-induced IgG isotype) and lower
amounts of anti-TMEV IgG1 (a Th2-induced IgG isotype) in RORγt
Tg mice compared with wild-type mice, while similar amounts of
anti-TMEV IgG2b were found in RORγt Tg mice compared with
wild-type mice. The RORγt Tg mice did not have an enhancement of
anti-viral lymphoproliferation responses compared with wild-type
mice in a [3H]-thymidine incorporation assay.
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Conclusions: RORγt Tg mice became susceptible to TMEV-IDD. Since
Th17 cells can inhibit anti-viral Th1 immune responses, the suscepti-
bility may be due to enhanced Th17 proinflammatory immune re-
sponses and reduced Th1 anti-viral immune responses.
473

In vivo induction of Tr1 cells, attenuates animal model of
secondary progressive MS, via regulation of the CNS innate system

Mayo Lior, Francisco J. Quintana, Howard L. Weiner

Harvard Medical School, Brigham and Women's Hospital, Boston, United
States

Multiple sclerosis is an inflammatory disease of the central nervous
system (CNS) that begins as a relapsing-remitting disease and is
followed by a progressive phase (SPMS). The progressive phase causes
the greatest disability and has no effective therapy. It had been suggested
that the CNS innate system (microglia and astrocytes) drive SPMS pro-
gression, yet the mechanisms underlying SPMS are mostly unknown.
The mucosal immune system is unique in its ability to induce regulatory
T cells, and tolerance, following antigen activation; suggesting that it
might also have an immunotherapy potential in SPMS.

Here we demonstrate that in an autoimmune encephalomyelitis
model of SPMS, nasal treatment of mice with an anti-CD3 antibody,
resulted in an in-vivo induction of Tr1 cells, which attenuated the dis-
ease course and severity. Moreover, we showed that at least one the
mechanisms in which the Tr1 cells act, is by regulating the activation
state of the astrocytes and microglial cells in the CNS, affecting differ-
ent functions of the CNS innate cells, such as the production of
chemokines and cytokines. In line with these findings, we have fur-
ther demonstrated that the beneficial effects of the Tr1 cells can be
reverted by blocking of IL-10 signaling, the main cytokine produced
by the Tr1 cells. These findings identify a new immunologic approach
to treat SPMS, demonstrating that (1) nasal anti-CD3 treatment induce
Tr1 cells in-vivo that suppress the progressions of an encephalomyelitis
model of SPMS, (2) identify new functions of Tr1 cells in the CNS, and
(3) contributes to our growing understanding of the mechanism that
underlay the progression of SPMS.
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Increased expression of the hypoxia related genes in peripheral
blood cells of subjects with acute ischaemic stroke
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Objective: After stroke there ismodulation of the peripheral immune sys-
tem, with early immune suppression followed by increased levels of acti-
vated T cells. After an acute ischaemic stroke, some of the blood thatflows
through the brain could be subject to hypoxia. Hypoxia canmodulate leu-
kocyte function, so this study was performed to determine whether the
peripheral blood leukocytes in subjects with acute ischaemic stroke
show changes due to hypoxia at the level of gene expression.
Methods: RNA expression profiles were examined in peripheral blood
cells of subjects at day 1, week 1 and week 3 after acute ischemic
stroke, as well as healthy controls and subjects with motor neurone
disease. A human qPCR array kit containing 84 different hypoxia
pathway related genes was used in the primary screening of biologi-
cal triplicates from each time point after stroke. Twelve selected
genes were then tested in 37 stroke patients, 19 healthy controls
and 28 subjects with amyotrophic lateral sclerosis.
Results: There was upregulation of hypoxia related genes after stroke.
Themost upregulated genewas ADM, the gene encoding adrenomedullin
which showed the significant fold change in the first day of stroke onset
compare to controls. Other genes that were significantly upregulated
were HIF3A, VEGFA, NPY, BIRC5 and ECE1.
Conclusions: There is evidence that there is upregulation of hypoxia
related genes in peripheral blood cells after acute ischaemic stroke.
This could influence the function of the cells.
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Neuroinflammation in systemic parasitic diseases: Brain cytokine
profile in canine visceral leishmaniasis
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Objective: To evaluate the cytokine profile in the brain of dogs natu-
rally infected with Leishmania chagasi.
Methods: Nineteen dogs with visceral leishmaniasis (VL) and six
uninfected dogs were included in this study. The brain was collected
in buffered-formalin to obtain Hematoxylin–Eosin stained sections
and also in RNAlater to proceed with RNA isolation. The RNA was
extracted, reverse transcript to cDNA and it was submitted to qPCR
to quantify the gene expression of the pro-inflammatory cytokines
IL-1β, IL-6, IL-12, IFN-γ, TNF-α, and the anti-inflammatory IL-10 and
TGF-β, using specific primers and Taqman probes. G3PDH was used
as a housekeeping gene.
Results: The gene expression of the pro-inflammatory cytokines was
detected up-regulated in the infected dogs (IL-1β: 8.0-fold more;
IL-6: 3.5-fold more; IFN-γ: 5.9-fold more; and TNF-α: 6.3-fold
more), except IL-12, which gene expression was down-regulated
(6.8-fold less) in comparison with the uninfected dogs On the other
hand, there was noticed a down-regulation of the anti-inflammatory
cytokines gene expression in the infected dogs when compared to
the uninfected animals, with IL-10: 6.1-fold less; and TGF- β:
5.3-fold less. Regarding the histopathological analyses of the brain,
there was noticed high amount of mononuclear cells infiltrating the
leptomeninges, the periventricular area and the perivascular space
of parenchymal blood vessels.
Conclusions: IL-1β, IL-6 and TNF-α are the main cytokines related
to opening of the blood–brain barrier (BBB), especially by up-
regulating the expression of adhesion molecules, needed for leuko-
cyte migration, while IFN-γ is associated with glial activation. The re-
duction of IL-10 and TGF-β are also critic for brain inflammation since
IL-10 is related to modulate the cytokine production by microglial
cells and TGF-β maintains the integrity of the BBB tight junctions as
well as controls glial activation. The down-regulation of IL-12 may
be due to a TNF-α-mediated inhibition. Altogether these results give
support to the hypothesis that there are in course inflammatory
changes in the nervous milieu during the occurrence of VL, indicating
that there is an active immune-communication between the periph-
ery and the central nervous system.
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Spontaneous demyelinating autoimmune neuropathy in ICAM-1
deficient NOD mice

Gerd Meyer zu Horste, Anne Mausberg, Steffen Cordes,
Hans-Peter Hartung, Bernd Kieseier
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Objective: In chronic inflammatory demyelinating polyneuropathy
(CIDP) an autoimmune mediated damage to the peripheral nervous
system (PNS) causes chronic progressive pareses and sensory impair-
ments. Further studies are impeded by the lack of adequate animal
models. The autoimmune prone ‘non-obese diabetic’ (NOD) mouse
strain spontaneously develops autoimmune diabetes. NOD mice defi-
cient in ‘intercellular adhesion molecule 1’ (ICAM-1) – mediating
costimulation and endothelial cell adhesion – are protected from dia-
betes, but instead develop progressive pareses.
Methods: We examined ICAM-1−/−NOD mice by phenotype analysis,
PNS electrophysiology and histology and flow cytometry. We quanti-
fied cytokine production and performed different adoptive transfer
studies as well as thymic transplantation experiments.
Results: We surprisingly observed that ICAM-1−/−NODmice – instead
of diabetes – spontaneously developed a chronic inflammatory
demyelinating peripheral polyneuritis. T cells, B cells and macrophages
were the predominant PNS infiltrating cells. All other organs including
brain and spinal cord did not exhibit any abnormalities. Adoptive
transfer only of CD4+ T cells, but not of other lymphocyte populations,
induced an inflammatory neuropathy in immunodeficient recipients.
Peripheral myelin proteins were antigenic targets. T cells in neuropathic
ICAM-1−/−NOD mice exhibited a Th17 and Th1 bias. Adoptive transfer
of both Th1 and Th17 skewed CD4+ T cells from ICAM-1−/−NOD mice
increased the severity of recipients’ neuritis, but again did not induce
diabetes. Antibody mediated ICAM-1 inhibition generated neuritis
only in juvenile NOD mice. Transplantation of thymocyte depleted
ICAM-1−/−NOD thymi induced clinical signs of neuritis in nude mice
recipients.
Conclusions: We conclude that in mice generally prone to autoimmu-
nity, deficiency in ICAM-1 shifts autoimmunity specifically from en-
docrine pancreas to peripheral nerves possibly due to an altered
selection of neuritogenic instead of diabetogenic T cells in the thy-
mus. This introduces a potential novel animal model of human CIDP.
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Iron oxide magnetic nanoparticles highlight early involvement of
the choroid plexus in central nervous system inflammation
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Objective: Neuroinflammation during multiple sclerosis (MS) involves
infiltration of immune cells and disruption of the blood–brain barrier
(BBB). Both processes can be visualized bymagnetic resonance imaging
(MRI), in MS patients and in the animal model experimental autoim-
mune encephalomyelitis (EAE). Leakage of contrast agents into the
CNS parenchyma reveals focal BBB breakdown and permits visualiza-
tion of acute inflammatory lesions. However, discrepancies between
MRI lesions and clinical symptomatology emphasize the need for
novel MRI methods to better monitor CNS inflammation, especially
early during disease progression. We previously showed that very
small superparamagnetic iron oxide particles (VSOP) enhanced MRI
can reveal CNS lesions in EAE which are not detectable by routinely ap-
plied contrast agents, e.g. gadopentate dimeglumine. Thus, we hypoth-
esize that VSOP may help detect early or subtle inflammatory events
that would otherwise remain imperceptible.
Methods: To investigate the capacity of VSOP to reveal early events in
CNS inflammation, we induced EAE in SJL mice by adoptive transfer of
encephalitogenic T cells, and administered VSOP prior to onset of
clinical symptoms. In parallel, we administered VSOP to mice at
peak EAE severity, and to unmanipulated controls. We then examined
the dynamics and distribution of VSOP in the CNS by MRI and
histology.
Results: In EAE, VSOP accumulated in the choroid plexus prior to
disease onset and in the absence of overt inflammation. VSOP was
also present in spinal cord meninges, but was not detectable in
healthy control CNS. At peak disease VSOP was broadly distributed;
we observed VSOP in lesions with a perivascular accumulation of
immune cells but a preserved glia limitans. VSOP was prominently
present in the choroid plexus. Moreover, at peak disease VSOP
was seen as discrete puncta in elongated endothelial structures,
co-localized with phagocytes, and also diffusely disseminated in
the parenchyma, suggesting various entry mechanisms of VSOP
into the CNS.
Conclusions: Using VSOP, we demonstrate in vivo that alterations at
the choroid plexus represent a very early feature during CNS inflam-
mation preceding clinical disease onset. The observation of VSOP in
perivascular lesions with preserved glia limitans illustrates the poten-
tial for VSOP to reveal early stages in the pathological process.
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Magnetic resonance elastography reveals altered brain
viscoelasticity in experimental autoimmune encephalomyelitis
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Objective: Cerebral magnetic resonance elastography (MRE) mea-
sures the viscoelastic properties of brain tissue in vivo. Since recently,
it has been known that brain viscoelasticity is reduced in patients
with multiple sclerosis (MS), highlighting the potential of cerebral
MRE to detect tissue pathology during neuroinflammation.
Methods: To further investigate the relationship between inflamma-
tion and brain viscoelasticity, we applied MRE in the mouse model
of MS, experimental autoimmune encephalomyelitis (EAE). EAE was
induced and monitored by MRE in a 7-Tesla animal MRI scanner
over four weeks.
Results: At peak of disease (day 14 after immunization), we detected a
significant decrease in both the storage modulus (G′) and the loss
modulus (G″), indicating that both the elasticity and the viscosity of
the brain is reduced during acute inflammation. Interestingly, these
parameters normalized at a later timepoint (day 28) corresponding
to the clinical recovery phase. Consistent with this, we observed a
clear correlation between viscoelastic tissue alteration and the mag-
nitude of perivascular T cell infiltration at both the day 14 and day
28. Hence, acute neuroinflammation is associated with reduced me-
chanical cohesion of brain tissue, while the structural complexity of
the tissue remains unaffected. Moreover, the reduction of brain visco-
elasticity appears to be a reversible process, which is restored when
inflammation resolved.
Conclusions: For the first time, our study has demonstrated the
applicability of cerebral MRE in EAE, and showed that this novel im-
aging technology is highly sensitive to early tissue alterations
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resulting from the inflammatory processes. Thus, MRE may serve to
monitor early stages of perivascular immune infiltration during
neuroinflammation.
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Blood brain barrier permeability is enhanced in APP/PS1 mice and
associated with neuroinflammation

Aedin Minogue, Raasay Jones, Ronan Kelly, Marina Lynch
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Objective: Alzheimer's disease (AD) is a progressive neurodegenera-
tive disorder that is characterised not only by amyloid-β (Aβ) pathol-
ogy but evidence of neuroinflammation. It has been proposed that
inflammatory changes, consequent to persistent glial activation,
may contribute to the early pathogenic changes. We set out to assess
whether there were differential age-related changes in glia from a
transgenic mouse model of AD compared with their wildtype coun-
terparts and to investigate possible mechanisms which might explain
such differences.
Methods: Mice overexpressing amyloid precursor protein (APP) with
the Swedish mutation and exon-9-deleted presenilin (PS1) at 14
and 24 months of age were used in this study. Blood–brain barrier
permeability was assessed by magnetic resonance imaging (MRI)
and assessment of soluble and insoluble Aβ concentration was deter-
mined using 96-well multi-spot 4 G8 Aβ triple ultra-sensitive assay
kits (MesoScale Discovery, USA). Hippocampal IL-1β and TNFα
concentrations were measured by electrochemiluminescence assay
(MesoScale Discovery, USA) and phagocytosis assay was performed
in microglia isolated from brains of wildtype and APP/PS1.
Real-time PCR was used to determine mRNA expression of CD11b,
GFAP and MIP-1α.
Results: APP/PS1 mice displayed greater BBB permeability and in-
creased Aβ accumulation in the hippocampus than their wildtype
counterparts at both 14 and 24 months of age and this was associated
with infiltrating cells. These changes were accompanied by enhanced
hippocampal expression of IL-1β, TNFα, and MIP-1α. Interestingly,
CD11b and GFAP mRNA expression correlated with changes in BBB
permeability while expression of NGF and BDNF were decreased in
APP/PS1, compared with wildtype, mice.
Conclusions: APP/PS1 display enhanced BBB permeability compared
to wildtype mice — an effect that is exacerbated with age and accom-
panied by greater accumulation of Aβ. We propose that this increase
in BBB permeability and accumulation of Aβ combine to induce a shift
towards a proinflammatory phenotype.
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Protective role of astrocyte specific leptin signaling during
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Leptin, an adipokine, produced in periphery and transported
across CNS, plays a vital role in regulating food intake and energy ho-
meostasis. It is also a molecule that links metabolism to immunity.
Leptin is associated with the inflammatory response as the leptin re-
ceptor (ObR) is expressed by various leukocytes. It is thought to play
a detrimental role in exacerbating experimental autoimmune enceph-
alomyelitis (EAE), an animal model for multiple sclerosis. However, it
is not clear how leptin signaling specific to astrocytes affects the out-
come of EAE. Here, we show that during EAE reactive astrocytes in
the hippocampus and to a lesser extent in the hypothalamus had in-
creased ObR immunoreactivity as shown by colocalization with
GFAP (+) intermediate filaments. This astrocyte-specific increase of
immunofluorescence coincided with a higher level of ObR protein ex-
pression in tissue homogenates shown by western blotting. To deter-
mine the functional role of the astrocytic ObR, we induced EAE in
the astrocyte specific ObR “knockout” (ALKO) mice being bred
in our laboratory. In ALKO mice, astrocytes express a truncated
membrane-bound ObR without intracellular signaling capacity. The
ALKO mice had higher EAE behavioral scores, increased infiltration
of inflammatory cells, and more demyelination in comparison with
wildtype littermate controls. The worsening of EAE in the ALKO mice
indicates a protective role of astrocytic ObR signaling against EAE.
We conclude that cell-type specific leptin signaling in the CNS can
play an essential role in this autoimmune disorder.

153

NLRP3 inflammasome targeting nanoparticles: A potential
therapeutic for the treatment of ischemia
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Objective: Ischemic events firstly induce neuronal cell death in the is-
chemic core followed by increased activation of microglia and
neuroinflammation in the region surrounding the core, the penum-
bra. Activation of microglia is thought to lead to an inflammatory cas-
cade which may perpetuate cell loss post-ischemia in the penumbra
thus the need for an effective post-ischemic therapeutic is of great
importance. The NLRP3 inflammasome is a collection of proteins
which includes the apoptosis-associated speck-like protein (ASC),
the protease caspase 1 and the NOD receptor, NLRP3, recruitment of
which leads to the proteolytic cleavage of caspase 1 to its active
form and thereby the processing of pro-IL-1β to active IL-1β. Recent
studies have suggested that activation of this inflammasome by ATP,
released from dying neurons, plays a role in ischemic-induced injury.
Here we propose the use of NLRP3 inflammasome targeting
nanoparticles as a possible post-ischemic therapeutic.
Methods: Nanoparticles were synthesized by the aqueous route.
Cd(ClO4)2·6H2O and 1.3 molar equivalents of thio-glycolic acid
(TGA) stabilizer were added to degassed water. H2Te gas was gener-
ated from Al2Te3 via addition of a 0.5 M H2SO4 solution and was bub-
bled through the cadmium/thiol solution under a slow argon flow.
The resultant solution was heated to reflux, following which fractions
were precipitated via the addition of isopropanol and further purified
on a Sephadex G25 column. Caspase 1 inhibitors or an anti-ASC anti-
body were subsequently conjugated to these nanoparticles.

Mixed glia, microglia and astrocytes from neonatal Wistar rats
were cultured for 14 days at 37 °C and 5% CO2. Cultures were treated
with ATP and inflammasome-targeting nanoparticles, control
nanoparticles or inhibitors and antibodies alone, and IL-1β and
caspase 1 activity and cellular fluorescence were assessed.
Results: Caspase 1 inhibitor- and anti-ASC conjugated nanoparticles
were preferentially taken up by microglial cells compared with astro-
cytes or neurons. The caspase 1 inhibitors- and anti-ASC-conjugated
particles inhibited ATP-induced release of IL-1β to a greater extent
than the unconjugated compounds. NLRP3-targeting nanoparticles
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were also shown to be significantly more effective at inhibiting IL-1β
release for up to 6 h after ATP treatment compared with the
unconjugated inhibitors and antibodies.
Conclusions: NLRP3-targeting inflammasome particles are a potential-
ly novel, cell specific, therapeutic for the treatment of ischemia in-
duced chronic inflammation. Nanoparticles that were conjugated
with compounds that target the NLRP3 inflammasome more effective
at reducing the ATP induced release of IL-1β from glial cells than the
compounds alone. Their ability to also reduce IL-1β, subsequent to
ATP treatment, provides the potential for these nanoparticles to be
an effective post-ischemic therapeutic strategy.
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FTY720 has the effects of anti-inflammation and neuroprotection
on microglia
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Objective: The immunomodulator, Fingolimod (FTY720) is phosphor-
ylated in vivo by sphingosine kinase, and functions as sphingoshine-
1-phospate (S1P) receptor agonist. It has affinity with S1P1,3,4,5 recep-
tors, but not with S1P2. FTY720 suppresses lymphocytes egress from
lymphoid tissues by down-regulating S1P receptors, and suppresses
invasion of lymphocytes into the central nervous system (CNS).
FTY720 is an only oral medicine to treat multiple sclerosis (MS). Al-
though it passes through blood–brain-barrier, the effects of FTY720
on CNS cells remain to be elucidated. We, thus, examined the effects
of FTY720 on microglia, resident immune cells in the CNS.
Methods: Microglia were isolated from primary mixed glial cell cul-
tures prepared from newborn C57BL/6 mice at 14 days in vitro
using the “shaking off” method. mRNA expression of S1P receptors,
proinflammatory cytokines and neurotrophin factors was assessed
by RT-PCR, and protein expression was assessed by Flow Cytometry,
ELISA and Western blotting.
Results: Microglia expressed S1P1,2,3,4 and 5 receptor. Stimulation
with LPS down-regulated microglial expression of S1P2,4 and 5.
FTY720 down-regulated production of proinflammatory cytokines
such as TNF-α, IL-1β and IL-6, and up-regulated neurotrophin factors
such as BDNF and GDNF.
Conclusions: In addition to the immunoregulatory functions in the pe-
riphery, FTY720 exerts anti-inflammatory and neuroprotective func-
tions via microglia in the CNS. These functions of FTY720 in the CNS
may also contribute to the therapeutic effects against MS.
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Toll-like receptor 2 (TLR2) stimulation regulates the balance
between Th17 and Treg function in multiple sclerosis: A key
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Mukanthu Nyirenda1, Cris Constantinescu1, Guilio Podda1,
Amit Bar-Or2, Guang-Xiang Zhang3, Bruno Gran1

1University of Nottingham, University, Nottingham, United Kingdom;
2McGill University, Montreal Neurological Institute, Montreal, Canada;
3Jefferson University, University, Philadelphia, United States

Objectives: Reduced immunoregulatory activity of regulatory T cells
(Tregs) has been reported to increase susceptibility to autoimmune
diseases, including multiple sclerosis (MS), an inflammatory demye-
linating disease of the central nervous system. We reported that
TLR2 is highly expressed by naïve and effector Tregs and that
stimulation with Pam3Cys, an agonist for the TLR1/2 heterodimer re-
duced the suppressive functions of Tregs and skewed them into a
Th17-like phenotype (Nyirenda et al., 2011). The objective of this
study was to compare the effect of TLR2 stimulation on the suppres-
sive functions of Tregs from MS patients and healthy controls (HCs).
Basing on the observation of increased TLR2 expression by Tregs
from MS patients than HCs, we hypothesised that Tregs from MS pa-
tients may be more susceptible to TLR2-induced loss of their suppres-
sive functions and differentiation towards a Th17 lineage.
Methods: The study included 26 MS patients with clinically definite
MS and 25 HCs with no history of autoimmune diseases or recent in-
fection episodes. CD4+ T cells were enriched from PBMCs then
FACS-sorted as CD4+CD25hiCD127neg Tregs or subpopulations of
CD4+ T cells (CD4+CD45RA+CD25++, naive Tregs; CD4+CD45RA-

CD25+++, effector Tregs) and CD4+CD45RA+CD25- cells, responder
T cells, Tresp). For proliferation assays, Tresp were co-cultured with
CD4+CD25hiCD127neg Tregs, naïve Tregs or effector Tregs at 1:16,
1:8 and 1:4 Treg/Tresp ratios in the presence or absence of Pam3Cys
on plate-bound anti-CD3/CD28. Cells were stained for the expression
of IL-17, RORC, CCR6 after 96 h culture in the presence or absence of
Pam3Cys, neutralising anti-TLR2 mAb or a Th17 cocktail of antibodies
and cytokines. In separate experiments, CD4+ T cells were also
stained for the expression of pSTAT3, IL-6R and gp130.
Results: The suppressive functions of all Treg populations studied
obtained from MS patients were more susceptible to TLR2-
induced reduction of suppressive function and expression of Th17 cyto-
kines than those obtained from HCs. Stimulation of CD4+ T cells with
Pam3Cys enhanced the expression of IL-6, IL6R, gp130 and pSTAT3.
Conclusions: These data suggest that IL-6/gp130/STAT3 signalling is
involved in TLR2-mediated reduction of Treg function and Th17
skewing of Tregs, and also in the differentiation of Th17 cells. In MS,
infections could thus modulate the Treg/Th17 balance with implica-
tions for disease activity and progression. Therefore, TLR2 blockade
could be a potential target for controlling unwanted Th17-mediated
responses in autoimmune diseases such as MS.
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Interleukin-1 (IL-1) may contribute to develop classical and
alternative activation of microglia/macrophages after spinal
cord injury
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Objective: Microglia and macrophages (MG/MΦ) have a diverse range
of functions depending on unique cytokine stimuli, and contribute to
neural cell death, repair, and remodeling during central nervous
system disorders. While interleukin-1 (IL-1) is shown to enhance
acute inflammatory response, it is also reported to stimulate
neuroregeneration. At last meeting, we reported that IL-1 contributed
to inflammatory response to enhance cell death because IL-1
knock-out (KO) mice after spinal cord injury (SCI) improved the loco-
motor activity and lesion size associated with a decrease of TNFα
level. However, the contribution of IL-1 on other MG/MΦ activation
is still unclear. We determined, in the present study, that IL-1 partic-
ipated in the classical and alternative activation of MG/MΦ in SCI
model and in an adult MG primary culture system.
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Methods: SCIwas induced by transection of the spinal cord between the
T9 and T10 vertebra in wild-type and IL-1 KO mice. Locomotor activity
wasmonitored and lesion size was determined for 14 days. An alterna-
tive activating MG/MΦ marker, Ym1 levels were monitored with im-
munoblotting. Primary cultures of MG were prepared from adult mice
brain, and were exposed to IFNγ or IL-4 with and without IL-1β. The
media and cells were measured classical and alternative MG/MΦ acti-
vating markers. Moreover, cultures were exposed to IL-4 and/or IL-13
in the presence and absence of IL-1β with similar system.
Results: As shown previously, IL-1 KO mice improved SCI compared
with wild-type mice. However, Ym1, an alternative activating MG/MΦ
marker, was less in IL-1 KO mice. The Ym1 immunoreaction which
was observed peri-injury area and was merged with IGF-1 was also
less expressed in KO mice. We treated primary MG cultures with IFNγ
or IL-4 in the presence and absence of IL-1β. Increased nitric oxide
and TNFα was present in the culture media and increased inducible
NO synthase was detected in cell suspensions following co-treatment
with IFNγ and IL-1β. Expression of the alternative activation markers
Ym1 and arginase-1was increased after exposure to IL-4 and further in-
creased after co-treatment with IL-4 and IL-1β. The phenotype was not
observed after exposure of cells to IL-13.
Conclusions: We demonstrate in vivo experiments that IL-1 suppresses
SCI in a process mediated by the reduction of inflammatory responses.
Moreover, it is suggested that IL-1 participates in both the classical
and alternative activation of MG in both in vivo and in vitro systems.
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Neuroprotective potential of estrogens and estrogenic compounds
against amyloid-beta and oxidative stress
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Objective: Amyloid-beta (Abeta) peptide, which accumulates in the
brains of Alzheimer's disease patients, can induce oxidative stress by it-
self or by activatingmicroglia to oxidant release. Estrogenic compounds
may protect neurons against Abeta and oxidative stress induced cell
death. We compared the neuroprotective potential of 17beta-estradiol
(E2), estrone (E1), tamoxifen (Tam), 4-OH-tamoxifen (4-OH-Tam),
diethylstilbestrol (Des) and genistein (Gen) in cell culture models of
oxidative stress. These compounds have differences in estrogen recep-
tor alpha and beta (ER-alpha, -beta) binding affinities and their number
of –OH-groups varies.
Methods: Cell damage was induced by exposing either rat primary
hippocampal neurons, which express both ERs, or differentiated
human SH-SY5Y neuroblastomas, which express mainly ER-beta, to
H2O2 or Abeta1–42. Lactate dehydrogenase release into culture medi-
um was used as a damage indicator. Protein levels of Bcl-xL, Bcl-2,
Bag-1, Abeta precursor protein and presenilin-1 were detected with
Western blots.
Results: Treatments with 5 nM E2, Gen or 4-OH-Tam for 24 h before
and after the H2O2-insult were neuroprotective in both hippocampal
and SH-SY5Y cultures. E2 and Gen were also neuroprotective against
Abeta1-42 mediated toxicity when used 24 h prior and during the 48 h
Abeta1-42 exposure. Protein levels of anti-apoptotic Bcl-xL, Bcl-2 and
Bag-1 as well as amyloid precursor protein and presenilin-1 were
also examined in H2O2 exposed and estrogenic compound treated
neuron-like SH-SY5Y cells.
Conclusions: The deleterious effects of Abeta1-42 are, in part, likely medi-
ated via mechanisms other than an increase of oxidative stress. ER-beta
specific Gen was shown to be almost as good a neuroprotector as E2
with protective effects via the endogenous antioxidant defence systems.
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High body mass index before age 20 is associated with increased
risk for MS in both men and women
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Objective: The relationship between obesity during adolescence and
MS risk has previously been investigated using two large cohorts of
American women1 in which obese female adolescents displayed an
increased risk of developing MS. The aim of this study was to investi-
gate whether the finding could be replicated and if it applies to men
as well as to women.
Methods: The report is based on a population-based, case–control
study, with 1571 incident cases and 3371 controls matched by age,
gender and residential area. By means of logistic regression, the oc-
currence of MS in subjects belonging to different BMI groups was
compared with that of normal weight subjects with BMI between
18.5-21 kg/m2.
Results: Subjects whose BMI exceeded 27 kg/m2 at age 20 had an in-
creased risk of developing MS compared with normal weight subjects
with BMI ranging between 18.5 and 21 kg/m2 (OR 2.2 (95% CI
1.6–3.0) among those who had BMI between 27 and 29, and OR 2.2
(95% CI 1.5–3.0) among those who were obese). MS risk in subjects
with BMI between 25 and 27 kg/m2 was modestly increased
(OR 1.4, 95%, CI 1.1–1.8). The pattern of association was similar
among men and women and the observed trend of a higher BMI
resulting in a higher risk of developing MS was significant for both
groups. There was no difference in current BMI between cases and
controls.
Conclusions: Speculatively, the obesity epidemic may explain part of
the increasing MS incidence as recorded in some countries. Measures
taken against adolescent obesity may thus be a preventive strategy
against MS.

196

Reversed causality might explain the association between
reproductive history and MS
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Objective: Possible associations between childbearing patterns and
MS risk have been studied for a long time, with conflicting results.
The aim of this study was to investigate the influence of reproductive
history among women and men on the risk of developing MS.
Methods: A population-based case–control study involving incident
cases of MS (1301 cases, 2826 controls) was performed in Sweden.
We calculated odds ratios (OR) for MS comparing parents with
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childless subjects together with 95 % confidence intervals (CI) by
means of unconditional logistic regression models.
Results: Overall, there was an association between having children and
reduced MS risk among both men (OR 0.6, 95% CI 0.5–0.8) and women
(OR 0.7, 95% CI 0.6–0.9). In both sexes, subjects who had become par-
entswithin 5 years prior to index had a substantially reduced risk of de-
velopingMS (OR 0.4, 95% CI 0.3–0.6 for men, and OR 0.6, 95% CI 0.5–0.8
for women). No association between having children and MS risk was
observed when more than 10 years had passed since the birth of the
last child). We found no association between increasing offspring num-
ber and MS risk (p value for trend was 0.1 among both sexes).
Conclusions: The observed association between reproductive history
and MS risk is thus restricted to a limited time period preceding index,
with similar findings in both sexes, which contradicts biologic impact
of pregnancy on MS risk and argues in favor of reversed causality.
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IL-23 activated γδ T cells may restrain regulatory T cell
responses during autoimmune responses by limiting IL-2 in
the extracellular environment
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Objective: IL-23 receptor (IL-23R) deficient mice are resistant to the
induction of several T cell mediated autoimmune diseases including
experimental autoimmune encephalomyelitis (EAE). We have recent-
ly shown that a subset of γδ T cells express the IL-23R constitutively.
During inflammation γδ T cells respond fast and vigorously to IL-23,
accumulate early in the central nervous system (CNS) and boost, in
an IL-23 dependent manner, immune responses. More precisely,
they propagate the inflammation directly by secreting large amounts
of cytokines as IL-17 and interferon-γ, and indirectly by compromis-
ing both, induction and function of regulatory T cells (T-reg). In the
present study we further investigated the mechanism how γδ T
cells might restrain T-reg responses.
Methods: We analyzed the transcriptome and secretome of γδ T cells
that were stimulated polyclonally in the presence or absence of IL-23.
Results: Both, microarray andmass spectrometry approaches revealed
increased levels of IL-2Rα in IL-23 activated γδ T cells. Furthermore,
using IL-23R reporter mice we demonstrated that all IL-23R-positive
γδ T cells express IL-2Rα chain on their surface, which allows them
to shed the soluble form of the IL-2R in the environment. Therefore,
we propose that a γδ T cells might modulate the availability and bio-
activity of IL-2 at sites of inflammation and thus restrain the develop-
ment and function of Tregs.
Conclusions: In conclusion, IL-23-activated γδ T cells accumulate in the
target organ during autoimmune tissue inflammation and secrete the
soluble IL-2Rα. It remains to be determinedwhether this is the potential
mechanism how IL-23R+ γδ T cells decrease the availability of IL-2 and
restrain Treg responses. We propose that the crucial role of IL-23 during
chronic inflammatory processes might be partially explained by its im-
pact on the availability of IL-2 at sites of inflammation where effector
and regulatory T cells differ in their sensitivity to IL-2 deprivation.
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Objective: To verify possible similarities between the immunopatho-
genesis of Amyotrophic Lateral Sclerosis (ALS) and Primary Progres-
sive Multiple Sclerosis (PP-MS).
Methods: Immunophenotypic and functional analysis were performed in
peripheralmonocytes andT lymphocytesof 24ALSand25PP-MSpatients,
25 age- and sex-matched healthy controls (HC) were enrolled as well.
Results: Compared to HC: 1) IL-17- (pb0.001), IFNγ-(pb0.01), and
T-bet-expressing (TH1)(pb0.05) CD4+ T lymphocytes, as well as
IL-6-expressing CD14+ cells, were increased in ALS and PP-MS; 2)
IL-21-expressing CD4+ T cells were augmented in ALS and PP-MS,
whereas IL-22-expressing T cells were increased in PP-MS
alone (pb0.05); and 3) Treg cells (CD4+/CD25high/Foxp3+) were de-
creased in both patients (pb0.05). An attempt to counteract this
neuroinflammatory scenario was suggested by the observations that
GATA3- (TH2) aswell as BDNF-expressing T lymphocyteswere increased
in ALS andMS patients compared to HC (pb0.05). These results, showing
that a similar degree of neuroinflammation is shared between ALS and
PP-MS, patients were confirmed by analysis of cytokine production.
Conclusion: A profound, TH1-, TH17-, and IL-6-driven inflammation
characterizes both ALS and PP-MS; this process is unsuccessfully ham-
pered by TH2 activation and BDNF secretion. These results shed light
on the pathogenic similarities shared by ALS and PP-MS and could
help the design of novel diagnostic and therapeutic approaches to ALS.
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Investigating the role of prostaglandin E2 mediated
neuroinflammation in models of Parkinsonism
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Objective: Recent studies have identified non cell-autonomous mecha-
nisms such as inflammation as major contributors to Parkinson's
disease (PD) pathology. Neuroinflammation in PD is primarilymediated
by significant increases in reactive microglia, which secrete
pro-inflammatory cytokines and chemokines, and reactive oxygen and
nitrogen species (ROS/RNS). The prostaglandin E2 (PGE2) receptors
EP2 and EP4 can respectively amplify or dampen microglial inflamma-
tion in a disease setting. The objective of this study is to investigate
the role of microglial EP2 and EP4 in the pathogenesis of PD.
Methods: Conditional microglial knockouts of EP2 and EP4 were
generated by crossing Cd11b-Cre transgenics with floxed EP2
and EP4 mice. To induce dopaminergic (DA) neuron loss and
microglial activation we used the acute 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) neurotoxin model of Parkinsonism. Brief-
ly, mice were injected with MPTP 4 times at 2 h intervals on Day 1,
and tissues were harvested 3 or 7 days following MPTP treatment
and analyzed using immunohistochemistry, HPLC, and qRT-PCR. To
activate the EP4 receptor mice were injected with an EP4 agonist
once daily. In vitro experiments including ELISAs, Greiss assay, and
qRT-PCR were carried out using the BV2 murine microglial cell line
or primary peritoneal macrophages isolated from wt mice.
Results: MPTP induced loss of DA neurons and striatal dopamine
levels is correlated with a significant increase in activated microglia
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in the substantia nigra pars compacta and striatum. Modulating EP2
and EP4 signaling can regulate microglial activation in a diametrically
opposing fashion in the MPTP model. Furthermore, our data shows
that microglial EP2 and EP4 signaling regulates DA neuron survival,
loss of striatal DA neuron projections, and levels of striatal dopamine.
Lastly, we show that PGE2 signaling regulates microglial oxidative
stress and cytokine production in vitro.
Conclusions: Our data indicates that EP2 and EP4 receptors may influ-
ence mechanisms of secondary neurotoxicity in a Parkinsonian
model by regulating multiple inflammatory pathways in microglia.
Microglial EP2 and EP4 may play a critical role in the progression of
PD associated neurodegeneration. Targeting PGE2 signaling may be
a potential therapeutic avenue for PD and other neurodegenerative
disorders with a neuroinflammatory component.
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Immune adaptation in the central nervous system in response to
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Objective: Systemic bacterial infections are a common cause for
morbidity and mortality in the elderly, and in particular those with a
neurodegenerative disease, but themechanismunderlying these obser-
vations remain unclear. Experimental models of neurodegeneration
have shown that LPS-induced systemic inflammation increases neuro-
nal damage, a process that is believed to be mediated by activation of
primedmicroglia. The effects of a systemic bacterial infection on the in-
nate immune cells of healthy and diseased brain are less well described,
and therefore, in this study we investigate the acute and long term ef-
fects on microglia and brain vascular endothelial cells in response to
an experimentally induced bacterial infection.
Methods: Mice with or without a pre-existing neurodegenerative dis-
ease, were given a single systemic injection of live Salmonella
typhimurium. Inflammatory cytokines were measured in serum,
spleen and brain, and microglia and endothelial cell phenotypes stud-
ied by immunohistochemistry.
Results: Serum cytokine levels (i.e. IFN-γ, IL-1β, IL-6) peaked at day 7
after infection with S. typhimurium and were significantly reduced
three weeks post- infection. In contrast, brain cytokine levels (IL-1β,
IL-12) in S. typhimurium infected mice increased over three weeks,
following high circulating IFN-γ levels. Intracerebral injection of LPS
resulted in an exaggerated inflammatory response when compared
to non-infected mice, suggesting priming of innate immune cells in
the CNS in response to a systemic bacterial infection. Infection of
mice with a pre-existing neurodegenerative disorder showed in-
creased phenotype changes of microglial cells and a significant in-
crease of infiltrating CD3+ T cells into the brain parenchyma.
Conclusions: These studies reveal that the innate immune cells in the
brain are activated by systemic infections, which may lead to
prolonged and damaging cytokine production. This exacerbation of
the inflammation and the priming of the brain innate immune cells
may have a profound effect on the progression of pre-existing neuro-
degenerative disease.
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Taking neutrophils out of play in developing secondary neuronal
damage after stroke by anti-VLA-4 treatment
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Objective: Ischemic stroke is accompanied by a marked early infiltra-
tion of neutrophil granulocytes into the injured parenchyma. We as-
sume this event as neurotoxic and their contribution to the
secondary neuronal damage after ischemia.
Methods: We investigated the association of neutrophil granulocytes
and inflamed vessels within the penumbra 24 h after permanent oc-
clusion of the middle cerebral artery by using Lys-M-eGFP-mice and
intracranial two-photon microscopy.
Results: We found within the penumbra in close proximity to the is-
chemic core especially strongly elevated slow rolling of neutrophil
granulocytes on the endothelium. After setting a vessel lesion (irrita-
tion, thrombus, bleeding) we found a shift to firm adhesion and later
an infiltration into the brain parenchyma. In the penumbra, more
close to the healthy parenchyma just a few neutrophil granulocytes
had been detected on the endothelium, but there was a dramatic re-
cruitment to the vessel wall after setting distinct pathological events
(see above) in contrast to healthy conditions where recruitment had
not been observed. This indicates the highly alertness of the interplay
between inflamed vessels and neutrophil granulocytes and in turn
potentially contribution to secondary neuronal damage. Using an ap-
proach of intravenously application of VLA-4-antibody 24 h after is-
chemia during two-photon microscopy imaging, we showed for the
first time the effectiveness of shifting adhesion and slow rolling of
neutrophil granulocytes to fast rolling or detachment from the endo-
thelium by this treatment, and thus potentially avoiding infiltration.
Conclusions: This approach would be suitable for a potential clinical
application as add on therapy after stroke to reduce the development
of secondary neuronal damage by taking neutrophil granulocytes out
of play.
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Interleukin-17 inhibits oligodendrocyte progenitor cell
proliferation and maturation
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Inflammatory cytokines such as interferon-gamma (IFN-g) and
interleukin-17 (IL-17) are produced by T cells within and around le-
sions in the central nervous system (CNS) during multiple sclerosis
(MS). Oligodendrocyte progenitor cells (OPCs) migrate to lesions in
order to differentiate into mature oligodendrocytes (OLs) and
remyelinate denuded axons. This complicated endogenous process
of remyelination is rarely complete, as OPCs are often found sur-
rounding lesions, while there are low levels of remyelination within
the lesion. Due to evidence that remyelination in a lesion often occurs
simultaneously with T cell mediated inflammation, it is important to
understand how OPCs respond to inflammatory signals. IFNg is
known to inhibit OPC proliferation at high concentrations but protect
mature OLs at low concentrations. It is unknown how IL-17 affects
OPCs, and whether or not it enhances or inhibits remyelination.
OPCs and mature OLs express the IL-17 receptor, IL17RA, and this ex-
pression increases during peak experimental autoimmune encepha-
lomyelitis (EAE), a mouse model of MS. To determine how
vulnerable OPCs are affected by IL-17 signaling, primary murine
OPCs were isolated and cultured in the presence or absence of IL-17
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during proliferation and maturation states. Proliferation, quantified
by Ki67 expression, decreased in a dose dependant manner over
48 h. This decrease in proliferation was not due to apoptosis or mat-
uration. Maturation, quantified by myelin basic protein (MBP expres-
sion), was delayed in maturing OPCs in response to IL-17. IL-17 is
inhibitory to OPC proliferation and maturation, suggesting that it
has a detrimental effect on remyelination.
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Objective: In animal model of multiple sclerosis (MS), experimental au-
toimmune encephalomyelitis, IFN-γ and IL-17A double knockout T
helper cells (Th) were proven to be encephalitogenic due to GM-CSF
production. GM-CSF expression in Th depends on IL-23 signaling and
RoRγt. Although IFN-β, first line therapy in relapsing-remitting (RR)
MS, changes the expression of over a hundred genes, there is no data
on how it acts on GM-CSF mRNA levels yet. Thus we assessed IL-23/
GM-CSF axis in IFN-β-treated RRMS patients.
Methods: We followed the group of 45 RRMS patients starting
IFN-β1b therapy, naïve for previous immunomodulatory treatment
for 2 years. Patients without relapses or progression on Expanded
Disability Status Scale during 2 years were considered responders
(R, n=20) and the rest as non-responders (NR, n=25). Gene expres-
sion relative to GAPDH was determined by TaqMan qPCR for MX1
(marker of IFN-β biological response), IL-23 subunits p40 and p19,
IL-23R, RoRγt and GM-CSF in peripheral blood mononuclear cells be-
fore start and at 6, 12 and 24 months of IFN-β therapy.
Results: R and NR had similar MX1 mRNA levels. In both groups IL-23
subunits mRNA levels were decreased at 6 months. After a year of
IFN-β treatment, p19 expression remained significantly decreased
and reached baseline levels at 24 months while p40 expression
reverted to baseline values at 12 months. By contrast, IL-23R mRNA
levels significantly increased during the first year of follow-up in R
and NR, but significantly decreased after this peak only in R. Also,
after statistically significant increase at 6 and 12 months RoRγt
mRNA levels returned to start values at 24 months in both clinical
groups. Conversely, GM-CSF expression significantly decreased in R
and NR at 6 months, yet reverting to baseline at 12 months in R. Sim-
ilar to IL-23R, GM-CSF expression had a tendency of higher values in
NR than in R at 24 months.
Conclusions: Different gene expression in R and NRwas not due to dif-
ference in IFN-β biological response, at least according to MX1 levels.
Similar pattern of gene expression was observed in R and NR for all
examined genes except IL-23R, which retained up-regulated in NR,
but notably decreased in R at 24 months. For the first time we exam-
ined the effect of IFN-β therapy on GM-CSF expression, but the rele-
vance of a trend towards higher GM-CSF and IL-23R mRNA levels in
NR has to be further evaluated.
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TNF-alpha induced upregulation of T-type calcium channels via
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Objective: Neuroinflammation plays an important role in a number of
neurological disorders such as epilepsy, Alzheimer's disease and mul-
tiple sclerosis. In all these disorders, profound changes in neuronal
excitability occur, and are proposed to contribute strongly to the clin-
ical symptomatology of these disorders. Neuroinflammation and the
release of inflammatory mediators such as TNF-alpha by microglia
are thought to constitute a key mechanism that contributes to altered
neuronal excitability. Low voltage activated T-type Ca2+ channels
play a crucial role in the modulation of the excitability of neuronal
membranes. Here, we have studied a potential role of TNF-alpha to
induce upregulation of T-type Ca2+ channels underlying substantially
altered excitability of neurons.
Methods: We recorded from hippocampal primary cultured neurons
or NG 108–15 cells using patch-clamp technique. Ca2+ currents
were elicited with voltage steps in the presence of Na+ and K+ chan-
nel blockers TTX and TEA/4-AP, respectively. The contribution of
T-Type Ca2+ channels was quantified by subtracting the sustained
current in the plateau phase from the peak current to isolate the tran-
sient component. Miniature EPSPs were recorded in the presence of
50 μM D-APV, 100 nM TTX and 20 μM bicuculline.
Results: Incubation of cultured neurons with TNF-alpha led to an
up-regulation of T-type Ca2+ currents. We further observed a tran-
scriptional induction of the T-type Ca2+ channel subunit Cav3.2.
Our analyses revealed that raising intracellular Zn2+ is necessary
and sufficient for molecular and functional up-regulation of T-type
Ca2+ currents. A potential route of entry for Zn2+ into cells are
GluR2 lacking AMPA receptors. Indeed TNF-alpha induced inward
rectification of AMPA receptors indicated increased formation of
GluR2 lacking receptors. By application of the AMPA receptor blocker
CNQX and the selective antagonist of GluR2-lacking AMPA receptors,
IEM 1460, the TNF-alpha-induced increases in ICaT were prevented.
Conclusions: Taken together, these experiments suggest a new mech-
anism of altered neuronal excitability on a cellular level induced by
the neuroinflammatory mediator TNF-alpha.
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Laquinimod's effects on innate immunity directs adaptive T
cell modulation
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Objective: Laquinimod is a novel oral agent with immunomodulatory
properties for the treatment of relapsing–remitting (RR) multiple
sclerosis (MS) and other autoimmune diseases. In two-phase three
clinical trials laquinimod has shown to be efficacious in reducing dis-
ease activity and disease progression. In this study, we investigated
laquinimod's mechanism of action for immune modulation.
Methods: To evaluate laquinimod's capacity for immunemodulationwe
investigated the effect of laquinimod in experimental autoimmune en-
cephalomyelitis (EAE) using C57Bl/6 (H-2^b), DBA/1 (H-2^q)mice, and
a transgenicmodel of spontaneous “opticospinal” EAE. Micewere treat-
ed with laquinimod (25 mg/kg) by daily oral gavage.
Results: In vivo laquinimod treatment by daily oral gavage prevented
chronic EAE in C57Bl/6 (H-2^b) and in DBA/1 (H-2^q) mice, respectively
immunized with MOG35-55 and recombinant MOG1-125. Ex vivo FACS
analyses revealed that the beneficial effects of laquinimod are associated
with reduced CNS infiltration and decreased Th1/Th17 responses. Rather
than a direct influence on T cells, we observed that Laquinimod exerts its
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effect bymodulatingmyeloid APC function. In addition to an induction of
type II myeloid cells, we observed a profound reduction of a specific DC
population (CD11c+CD4+) in spleen and lymph node of mice treated
with laquinimod. CD11c+CD4+ cells are potent immunogenic DCs that
participate in the generation of BCL-6 expressing T follicular helper cells
(TFH). Laquinimod treatment was associated with decrease frequencies
of TFH as compared to vehicle treated controls. TFH are highly activated
T helper cells that are needed to regulate antigen-specific B cell immunity
and antibody class switch. To further investigate laquinimod's effect on B
cell function, laquinimod was administered in a model of spontaneous
“opticospinal” EAE with ectopic lymphoid structures in the CNS, which
was obtained by crossing MOG T cell receptor transgenic mice (2D2)
with MOG-specific B cell receptor knock-in (Th) mice.
Conclusions: Laquinimod prevents chronic EAE by its direct function
on innate immune cells. Laquinimod also affects frequency of an
immunogenic DC population, which may affect TFH cells and B cell
immunity.
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Objective: The aim of this study was to verify the levels of cytokines/
chemokine, myeloperoxidase activity and oxidative stress and disrup-
tion of BBB in hippocampus and cortex of the neonate Wistar rats
after meningitis by Streptococcus agalactiae.
Methods: Neonate male Wistar rats (15–20 g body weight), postnatal
day 3–4. Rats underwent a cisterna magna tap with a 23-gauge nee-
dle. The animals received either 10 μL of sterile saline as a placebo
or an equivalent volume of S. agalactiae suspension at a concentration
of 1×106 cfu/mL and were subsequently returned to their cages. For
assessment of TNF-α, IL-1β, IL-6, IL-10 and CINC-1 concentrations
and myeloperoxidase activity the animals were killed by decapitation
at different times from meningitis induction: at 0, 6, 12, 24, 48 and
96 h. The integrity of the BBB was investigated using Evan's blue
dye extravasation, the animals were killed at different times: at 3, 6,
12, 18, 24 and 30 h after induction; for oxidative damage and enzy-
matic defense activity the animals were killed by decapitation at dif-
ferent times from meningitis induction: 6, 12, 24, 48, 72 and 96 h.
Results: In the hippocampus the levels were increased of CINC-1 at
6 h and 12 h, IL-1β at 6, 12 and 24 h, IL-6 at 6, 24 and 96 h, IL-10 at
24, 48 and 96 h and TNF-α at 24 h and 96 h. In the cortex the
CINC-1 and IL-1β levels were found increased at 6 h. TheMPO activity
was significantly elevated at 24, 48 and 98 h in hippocampus and at 6,
12, 24, 48 and 96 h in the cortex. The breakdown of BBB started at
12 h. TBARS levels were elevated in the hippocampus at 6, 12, 24,
48, 72 and 96 h and cortex at 72 and 96 h. Protein carbonyls were el-
evated in the hippocampus and cortex at 6, 24, 48, 72 and 96 h. There
was a decrease of SOD activity in hippocampus and in cortex. Catalase
activity was elevated in hippocampus at 6 h and in the cortex at 12
and 96 h.
Conclusions: Neonatal bacterial infections of the CNS are severe, the
interference with the complex network of cytokines/chemokine,
other inflammatory mediators and oxidants tend to aggravate the ill-
ness and can be involved in the breakdown of the BBB.
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IL-17 signaling in the brain versus spinal cord during
CNS autoimmunity
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Objective: Multiple sclerosis (MS) has been studied for decades using
an animal model referred to as Experimental Autoimmune Encepha-
lomyelitis (EAE). Our lab has developed an atypical EAE model in
which parenchymal inflammation occurs extensively in the brain
and the spinal cord. By varying the ratio of myelin-specific TH1 and
TH17 cells adoptively transferred into mice, we were able to control
whether inflammation occurred in the brain or not. The spinal cord
was susceptible to inflammation over a range of TH17:TH1 ratios,
while a high TH17:TH1 ratio was required for inflammation in the
brain. Therefore, we hypothesize that the brain and spinal cord func-
tion as distinct microenvironments that differ in their response to
TH1 and TH17 cells, and that this contributes to the varying patterns
of inflammation seen in EAE.
Methods: To test this hypothesis, we adoptively transferred wild-type
(WT) TH17-skewed cells into either WT or IL-17receptorA-deficient
(IL-17RA−/−) recipients. Brain and spinal cord tissue was taken
from sick mice; half was analyzed for inflammatory cell infiltration
in the brain and spinal cord using flow cytometry, while the other
half was frozen down for RT-PCR analysis of mRNA.
Results: We found that the incidence of atypical EAE (reflecting brain
inflammation) was decreased in IL-17RA−/− compared to WT recip-
ients. Interestingly, IL-17RA−/− mice that developed EAE had over-
all similar severity of inflammation in the spinal cord as WT mice.
Although inflammatory monocytes and CD4+ T cells were not signif-
icantly different in the brains of IL-17RA−/− and WT mice, neutro-
phil numbers were significantly lower in the brain of IL-17RA−/−
mice compared to WT mice. Intriguingly, neutrophil numbers were
similar in the spinal cords of WT and IL-17RA−/− mice. Accordingly,
we found that CXCL1, CXCL2, CXCL5, IL-1b, and GM-CSF were de-
creased in the brains of IL-17RA−/− mice, while levels of CXCL2,
CXCL5, IL-1b, and GM-CSF were still produced the spinal cords of
IL-17RA−/− mice in amounts comparable to WT spinal cords.
Conclusions: My work suggests that IL-17RA signaling preferentially
enhances brain inflammation, but is not required for spinal cord in-
flammation. Thus, the brain and spinal cord function as distinct mi-
croenvironments in their response to inflammatory mediators,
which may have implications for devising treatment strategies
which target inflammation in these locations in the CNS.
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Objective: Human leukocyte antigen (HLA) is widely used as an indica-
tor of glial activation. HLA expression is up-regulated inmany neurolog-
ical disease states, although the functional outcomes of this are not
clear. Althoughmost research on neuroinflammatory disorders uses ro-
dent models, there are important differences between rodent glia and
their adult human counterparts. This study investigates the effects of
cytokines IFNγ, TGFβ and M-CSF on adult human glial inflammatory
mechanisms, namely the inducible expression of HLA and production
of cytokines by microglia, astrocytes and leptomeningeal fibroblasts.
Methods: Mixed glial cultures were isolated from biopsy tissue
obtained with informed consent from patients undergoing temporal
lobectomy for intractable epilepsy. HLA-DP, DQ, DR and IP-10 expres-
sion were assessed immunocytochemically and quantified using
Discovery-1 automated fluorescence microscopy and MetaMorph
image analysis software. IP-10 secretion was measured by Cytometric
Bead Array.
Results: Human microglial expression of HLA is inducible and highly
variable between cases. Expression of HLA on human microglia was
increased by exposure to IFNγ (1 ng/ml for 96 h), regardless of the
level of basal HLA protein expression. Contrary to data in rodents,
the anti-inflammatory cytokine TGFβ (10 ng/ml) did not affect this
increase in HLA, nor did TGFβ affect basal microglial HLA expression.
However, M-CSF (25 ng/ml) decreased both IFNγ-induced and basal
microglial HLA expression.

Leptomeningeal fibroblasts do not basally express HLA but have a
marked induction on exposure to IFNγ. Despite TGFβ having no effect
on microglial HLA expression, TGFβ blocked the IFNγ-induced ex-
pression of HLA by leptomeningeal fibroblasts. Conversely, M-CSF
had no effect. Astrocytic expression of HLA was also increased by
IFNγ, but was not modulated by TGFβ or M-CSF.

IFNγ also increased adult human glial expression of pro-
inflammatory cytokines, particularly IP-10. TGFβ did not block this
IFNγ-induced increase in IP-10 as it did for HLA induction in
leptomeningeal fibroblasts.
Conclusions: This study highlights species differences, cell type
specificity and differential regulation in response to pro- and
anti-inflammatory cytokines with major impact on their role in
neuroinflammation in the adult human brain. Basal glial expression
of HLA is heterogeneous between cases andmay be related to variable
susceptibility and severity of a range of neurological diseases.
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In a prior study, we identified a new cerebrospinal autoantibody
target for multiple sclerosis (MS): sperm-associated antigen 16
(SPAG16). SPAG16 exists in multiple isoforms (>10), of which
isoforms 1 and 2 are experimentally confirmed. Initial literature
showed that isoform 1 is exclusively expressed in the axoneme of
sperm cells. Yet, more recent data reveals that it is expressed in
most tissues including the brain and bone marrow. Protein expres-
sion and functional data on isoform 2 are limited; on RNA level it is
expressed in multiple healthy tissues, with higher expression in the
testis and brain (Pennarun et al., 2002).

Since the function and disease-contributing role of SPAG16 in MS
are unknown, we aimed to further characterize SPAG16 as a novel
candidate MS autoantigen.

To analyze the humoral anti-SPAG16 response in serum, a recom-
binant protein ELISA was used to test sera from MS patients (n=
120), patients with non-inflammatory and other inflammatory neu-
rological diseases (NIND: N=37; OIND: N=17) and healthy controls
(N=169). Tissue expression of SPAG16 in MS and control brain was
analyzed by immunohistochemistry (IHC). Passive transfer experi-
ments with anti-SPAG16 antibodies (Abs) in experimental autoim-
mune encephalomyelitis (EAE) were performed to investigate their
role in vivo.

Significantly elevated serum Abs against SPAG16 was detected in
MS-patients (21%) compared to healthy controls (Pb0.01) with a
95% specificity for the disease. IHC analysis of SPAG16 in MS and con-
trol brain tissue demonstrated an increased expression in MS lesions
(n=5); more specifically in astrocytes. Less intensive staining was
seen in the normal appearing white matter of MS and control brain
tissue (n=5) and in neurons. Three independent EAE experiments
revealed that anti-SPAG16 Abs induced disease-exacerbating effects
compared to animals injected with isotype control Abs. We are
currently investigating how anti-SPAG16 Abs exert their pathogenic
effects. We hypothesize that astrocytes in the lesion upregulate
SPAG16 as a protective mechanism. We are currently performing in
vitro experiments on U373 astrocytoma cells to investigate the effect
of different stress conditions on SPAG16 expression.

These findings indicate that SPAG16 constitutes a novel and inter-
esting autoantigenic target in MS. Future experiments are aimed at
elucidating the protein's function in MS lesions and the role of the au-
toantibody reactivity in MS.
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Objective: Multiple sclerosis (MS) is the most common autoimmune
disease of the central nervous system (CNS), with over 2.1 million in-
dividuals affected worldwide. MS is characterized by demyelination
of neuronal axons that is believed to be mediated by CD4+ T cells
via secretion of proinflammatory cytokines. Most MS patients prog-
ress to chronic disease despite successful treatment of acute episodes,
indicating our lack of understanding of the complex contribution of
immune cells to pathogenesis and/or protection against tissue dam-
age. In particular, the central role of the Th1 cell-derived cytokine,
IFN-γ, as a primary mediator of CNS pathology during experimental
autoimmune encephalomyelitis (EAE), a mouse model of MS, has
been challenged by the recent characterization of “Th17” cells pro-
ducing IL-17. Additionally, mice deficient in IFN- develop more se-
vere disease, implicating its role in EAE and MS is protective. In this
study, we have compared the CNS of wild-type (Wt) and IFN −/−

C57BL/6 mice during EAE to evaluate this potential protective role.
Methods: We have developed a novel quantitative immunofluores-
cence (qIF) technique enabling us to accurately and reproducibly
quantify the amount of three different myelin antigens (Ag), in the
CNS. Using the qIF technique, we have modeled EAE lesions in the
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CNS of wild-type (Wt) and IFN −/− C57BL/6 mice and analyzed
changes in myelin Ag abundance as related to their association with
antigen-presenting cells (APCs) or as extracellular debris. Additional-
ly, we have used flow cytometry and qIF on the brain and spinal cords
of EAE mice to examine changes in functional cellular phenotype as-
sociated with a presence or lack of IFN signaling.
Results: We have observed significantly reduced myelin debris clear-
ance in animals deficient in IFN- as compared to Wt EAE mice. Addi-
tionally, APCs deficient in IFN- signaling have lower expression of the
phagocyte markers CD172a and CD68, as compared to Wt APCs dur-
ing the course of EAE.
Conclusions: These results indicate that IFN- plays a role in the activa-
tion of myelin debris-clearing phagocytes in EAE.
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Objective: During autoimmune neuro-inflammation, self-reactive
helper T cells (TH cells) initiate tissue damage and neurological im-
pairment. However, the encephalitogenic factor produced by these
cells is still a matter of debate. Recent data by our lab and others,
using the animal model experimental autoimmune encephalomyeli-
tis (EAE), suggest T cell-derived GM-CSF as a crucial pathogenic cyto-
kine during CNS autoimmunity.
Methods: The aim of this project is to utilize transgenic mice to reveal
the detailed mechanism of GM-CSF in the pathogenesis of autoim-
mune diseases. Therefore, we recently generated a GM-CSF reporter
mouse line, which allows tracing of GM-CSF producing cells by
using a fluorescent reporter.
Results: This system simplifies the handling and analysis of GM-CSF
expressing cells in vivo and in vitro and will ultimately be used to
examine the function of these cells in autoimmune neuro-
inflammation. In addition to the usage as a direct reporter, this novel
mouse strain allows to perform fate-mapping studies by the use of a
GM-CSF specific Cre-recombinase in combination with a floxed-stop
ROSA26-YFP allele. This aspect is of particular interest, since the stabil-
ity of the currently known TH cell lineages (TH1, TH2, TH17) is a matter
of intense debate. The use of this fate-mapping mouse would allow
verifying the extent to which GM-CSF producing T cells depict a com-
mitted T cell lineage or simply respond to specific stimuli by the local
microenvironment.
Conclusions: In summary, this mouse line will clearly broaden our un-
derstanding of how GM-CSF can modulate the immune system, in
particular during autoimmunity.
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Objective: Galectins are β-galactoside binding lectins, capable of mod-
ulating immune responses. While several galectins, including
galectin-9 (Gal-9) have been shown to be up-regulated in MS lesions,
their role in the pathogenesis of MS has yet to be determined. The aim
of this study was to characterize the mechanism whereby Gal-9 is
increased in astrocytes as well as the functional role of astrocyte-
derived Gal-9 during neuroinflammation.
Methods: Primary astrocyte cultures were stimulated with either
anti-inflammatory (IL-6, IL-10, IL-13) or pro-inflammatory (IL-1β,
TNF, IFN-γ) cytokines and Gal-9 transcription examined by
qRT-PCR. C57BL/6 or TNFR1−/− mice were used to determine the re-
ceptor needed for TNF-induced Gal-9 expression. Pharmacological in-
hibitors and siRNA-mediated knockdown experiments were used to
elucidate the pathway required for TNF-induced upregulation of
Gal-9. Conditioned media were used to investigate the effect of
astroglial-derived Gal-9 on MBP-specific Tim-3+ encephalitogenic
T-cells. Cell death was measured by flow cytometry. Finally, the role
of Gal-9 during T-cell mediated demyelination was examined using
the MOG-induced EAE model of MS.
Results:While anti-inflammatory cytokines IL-6, IL-10 or IL-13 did not
induce Gal-9 expression in astrocytes, proinflammatory cytokines
IL-1β, IFN-γ, and especially TNF markedly up-regulated Gal-9.
TNF-induced Gal-9 expression was dependent on TNF receptor 1
(TNFR1) as TNF failed to induce Gal-9 in TNFR1−/− astrocytes.
Pretreatment of astrocytes with the JNK inhibitor SP600125 abolished
TNF-induced Gal-9, whereas p38 and MEK inhibitors had minimal ef-
fects. Consistently, siRNA mediated knockdown of c-Jun in astrocytes
prior to TNF treatment suppressed Gal-9 transcription, suggesting
that TNF induces astroglial Gal-9 through the TNF/TNFR1/JNK/cJun
signaling pathway. In addition, we found that astrocyte conditioned
medium from TNF-stimulated Gal-9+/+ but not Gal-9−/− cultures in-
creased the percentage of Tim-3+Annexin-V+ apoptotic cells after
72 h of culture. Finally, Gal-9−/− mice were more susceptible to
MOG-induced EAE compared to Gal-9+/+ mice.
Conclusions: These results demonstrate that gal-9 is potently induced
in astrocytes by TNF via the JNK/c-jun pathway and suggest that
astrocyte-derived Gal-9 may function as an immunoregulatory pro-
tein that has the potential to restrain the number/type of T-cells
that have access to the CNS parenchyma.
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Objective: Interleukin (IL)-17 is a potent pro-inflammatory cytokine
that may exhibit relevant effects during inflammation in the periph-
eral nervous system (PNS). Therefore, we analysed the role of IL-17
on Schwann cells (SCs), glial cells of the peripheral nerve, focusing
on SC's ability to form myelin layers and on putative immunological
responses.
Methods: Dorsal root ganglia (DRGs) co-cultures from BL/6 mice as a
model for the myelination in the PNS were used. Pure rat SCs were
analysed for gene expression on RNA and protein level after IL-17 treat-
ment. In addition, sural nerve biopsy samples of patients with chronic
inflammatory demyelinating polyneuropathy (CIDP) and Guillain–
Barré syndrome (GBS) were studied immunohistochemically for IL-17
positive cells.
Results: SCs were found to express the IL-17 receptor A and B. In the
DRG model, stimulation with IL-17 resulted in reduced myelin syn-
thesis as well as a decrease in length of the internodal segments,
while neuronal dendrite growth remained unaffected. In pure SC
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cultures, cell viability was not significantly compromised under IL-17
influence, while in SC/DRG co-cultures MMP-2 activity (as an induc-
tor of myelin synthesis) was decreased, and pro-inflammatory
MMP-9 activity was mounted. Further immunological markers
showed an inflammatory alignment of SCs. In human nerve biopsies
IL-17 positive cell populations were detected.
Conclusions: IL-17 may act as an myelin destructive inflammatory me-
diator in the inflamed peripheral nervous system by directly propa-
gating SC-mediated demyelination.

246
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Objective: Tissue macrophages including brain microglia are crucial
cell types in the pathogenesis of a number of neuroinflammatory
and neurodegenerative diseases including HIV-associated neuro-
cognitive disorders (HAND). Recently, it has been suggested that
macrophages and activated microglia are heterogeneous with respect
to their capacity to mediate tissue damage and repair (M1 versus
M2). In this study, we examined the role of microglia in the produc-
tion of neuronal growth factors, insulin-like growth factor 1 (IGF1)
and progranulin (PGRN), in vivo in human brain sections and
in vitro in primary human microglial cultures.
Methods: We examined the expression of IGF1 and PGRN in the
human brain (HIV encephalitis and controls) by immunohistochemis-
try. In microglial cultures, IGF1 and PGRN expression was examined
by Q-PCR and ELISA following stimulation with Th1 (IL-1, IFNγ) or
Th2 (IL-4, IL-13) cytokines or the TLR ligands (LPS or poly IC). The
role of IGF1 and PGRN in neuronal survival and differentiation was
examined in primary human fetal neuronal cultures employing vital
dye exclusion and MAP2 immunocytochemistry.
Results: Microglia were immunoreactive for IGF1 and PGRN in both
control and HIV-infected human brains. In microglial cultures, TLR li-
gands and Th1 cytokines potently suppressed IGF1 and PGRN produc-
tion, whereas Th2 cytokines increased PGRN. Furthermore, cAMP
analogues uniquely increased microglial IGF1 production. Recombi-
nant IGF1 rescued neurons from cytokine-induced killing, whereas
rPGRN increased neuronal survival in longer term (weeks) cultures.
Conclusions: Microglia appear to be the primary source of neuronal
growth factors in the brain. Microglial expression of neuronal growth
factors is suppressed by proinflammatory factors, indicating that local
depletion of growth factor might be an underlying mechanism by
which neuroinflammation leads to neurodegeneration. In support of
this hypothesis, preliminary findings suggest that plasma and cere-
brospinal fluid (CSF) IGF1 and PGRN are reduced in individuals with
HIV-associated neurocognitive disorder.
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Objective: Alzheimer's disease (AD) brain has signs of chronic inflam-
mation and oxidative stress, sustained by inflammatory cytokines, in
addition to classic Amyloid-beta plaques (Abeta) and neurofibrillary
tangles. According to our previous findings, expression of pro-
inflammatory Interleukin-18 (IL-18) is increased in the AD brain
and it affects also Abeta precursor protein cleaving enzymes. There-
fore we studied the effects of IL-18 more broadly in differentiated
SH-SY5Y cells and found in two-dimensional difference-in-gel-
electrophoresis and mass spectrometry analyses that expression of
Peroxiredoxins (PRXs) 2, 3, and 6 and Biliverdin reductase A
(BLVRA) were altered after the IL-18 treatments. PRXs are a family
of multifunctional antioxidant thioredoxin-dependent peroxidases,
which comprise cellular protection against oxidative stress. At least
PRX3 levels have been shown to be decreased in the AD brain. Anoth-
er important enzyme is BLVRA which converts biliverdin to potent
antioxidant bilirubin. BLVRA levels have been shown to be increased
in the hippocampus of AD patients and it may also play a role in
amyloidogenesis.
Methods: Differentiated SH-SY5Y cells were treated with IL-18 for
varied times and the cell lysates were analysed with Western blots.
The protein expression of anti-apoptotic bcl-xL and the activity of
lactate dehydrogenase (LDH) were also analyzed.
Results:We found that protein levels of cytosolic PRX2 and mitochon-
drial PRX3 decrease in 72 h IL-18 treated SH-SY5Y cells compared to
untreated controls (mean −23.5%, SEM+/−7.96; n5, p=.005) and
(−26.8+/−7.48; 15; .020), respectively. Cytosolic PRX6 decreased
at 24 h (−14.5+/−6.24; 15; .003) and at 48 h (−23.2+/−7.28;
15; .003). BLVRA levels decreased at 48 h (−21.6+/−5.9; 16; .010)
and at 72 h (−24; +/−5.8; 16; b .001). Bcl-xL levels reduced during
the 6 h IL-18 treatment, but increased at 72 h time-point (23.5+/−
23.5; 14; .039). LDH activity was not affected significantly after the
IL-18 treatments.
Conclusions: As conclusion, IL-18 can reduce antioxidative PRXs and
BLVRA levels in SH-SY5Y neuron-like cells in a coordinated manner,
suggesting increased oxidative stress in the cells caused by IL-18
treatment. This may be counteracted by neuroprotective and by oxi-
dative stress regulated bcl-xL. However, IL-18 did not trigger apopto-
sis, observed also in our earlier studies. Further studies are needed to
clarify our findings.
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Objective: Anti-NMDA receptor autoantibodies (NMDAR-Abs) are
thought to relate closely to the pathogenesis of NMDAR encephalitis.
The NMDARs have roles on memory, learning, or cognition and the
patients with this disease frequently show impairment of these abili-
ties as their major symptom. It has not been shown clearly that the
NMDAR-Abs directly relate to these symptoms. We had reported
that the NMDAR-Abs-positive patient's CSF could reduce the size of
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long-term potentiation, a model for memory and learning, using
mouse hippocampal slices. To understand the variable features of
this disease, we examined these antibody-effects on neuronal fate.
Methods: Primary culture of mouse hippocampal neurons were prepared
and incubated with the patients’ CSF or other controls with or without
complement under incubation microscope to see their morphological
changes and their network formations for 48 to 72 hour-period. Also the
NMDAR-expressed HEK 293 cells co-transfected with NMDAR NR1 and
NR2B cDNAs were treated with the same protocol and compared the
antibody-effects with or without complement on the fate of these cells.
Results: The NMDAR-expressing HEK 293 cells did not lose their num-
bers but showed internalization of NMDAR clusters inside the cells
when incubated with the patient's CSF at 37 °C but not at 4 °C. When
these cells were incubated with the NMDAR-antibody containing CSF
with human complement, some cells were disrupted and the cell num-
ber was decreased. The hippocampal neurons incubated with
NMDAR-Ab-positive CSF showed that the neurons form thicker den-
drites and connected with nearby neurons extensively than those incu-
bated with antibody-absorbed CSF or antibody-negative control CSF.
Conclusions: The CSF from NMDAR encephalitis affected the
cell-surface NMDARs with internalization of receptor clusters that
might protect the cells expressing NMDARs from overactivate their
receptor functions by calcium influx through the NMDARs.
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Objective: Neuroinflammation has been implicated in the dopaminer-
gic (DA) cell death observed in Parkinson's disease (PD). Key players
in the neuroinflammatory cascade are the type-I interferons (IFNs),
however the role these cytokines play in PD has not been explored.
We propose that type-I IFNs contribute to the progression and exac-
erbation of neuronal cell death in PD.
Methods: Human post-mortem PD and control brains were obtained
from the Australian Brain Bank (n=10) and type-I IFN levels were
determined by QPCR analysis. mRNA expression of type-I IFNs,
TNFα, IL-6 and IL1-β in brains of wildtype mice exposed to MPTP
(4x10mg/kg) was also measured. Co-localisation studies with tyro-
sine hydroxylase (TH), glial fibrillary acidic protein (GFAP) and
phospho-Stat3, a marker of type-I IFN signalling were performed on
mouse brain sections from MPTP-treated mice. BE(2)M17 neuroblas-
toma cells lacking the type-I IFN receptor (IFNAR1) were generated
(M17IFNAR1KD) and were exposed to the neurotoxin rotenone for
up to 72 h. Cell viability was measured by MTT assay, activation of
type-I IFN signaling confirmed by western blot analysis and the
pro-inflammatory cytokine profiles compared by QPCR analysis.
Results: This study confirmed a 3-fold up-regulation in IFNα in human
post mortem PD brains (pb0.05). Brains from wildtype mice exposed
to MPTP displayed elevated IFNβ levels at day-3 post-MPTP compared
to sham control mice with increased immunohistochemical expres-
sion of phospho-Stat3 identified in DA neurons of the substantia
nigra. Other pro-inflammatory cytokines IL-1β and TNFα were not
upregulated until day-7 (n=6, pb0.001). In vitro, rotenone induced
increased Stat-3 phosphorylation and elevated IFNα and IFNβ expres-
sion in BE(2)M17 neuroblastoma cells. A protective effect of reduced
type-I IFN signalling in response to rotenone (500 nM) was con-
firmed in vitro with M17IFNAR1KD cells displaying increased cell
viability by MTT assay compared to cells expressing a negative control
shRNA construct (83.73±4.20% versus 66.19±2.91% (n=5,
pb0.05)). This protection against cell death induced by rotenone cor-
related with reduced mRNA expression of type-I IFNs and IL1-β.
Conclusions: These results have implicated the type-I IFNs in mediat-
ing the pro-inflammatory response in both animal and cellular
models of PD and in human patients. The type-I IFN pathway may
be a novel target in reducing neuroinflammation and thus limiting
the neuronal cell damage in PD.
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Upregulation of TNF, TNFRSF1A, TNFRSF1B and NFKB1 genes in
temporal lobe epilepsy patients
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Objective: Several animal seizure models have demonstrated
that neuroinflammation andneurodegeneration are apreponderant char-
acteristic in epilepsy. Among a number of activated cytokines, TNF
emerges as a prominent effector/mediator of both events. Through its
two receptors, TNF can play a dichotomous role in animal seizures:
programmed cell death activation (via TNFRSF1A) or cell survival actua-
tion (via TNFRSF1B), through the nuclear factor Kappa B activation. Con-
sidering the lack of clinical studies, our aim is to analyze the TNF pathway
in temporal lobe epilepsy with hippocampal sclerosis [TLE(HS)] patients.
Methods: We evaluated TNF, TNFRSF1A, TNFRSF1B and NFKB1 relative
mRNA expression levels by reverse transcription quantitative PCR in
resected hippocampal tissue samples from 14 TLE(HS) and compared
them to four post mortem controls. Four reference genes were used:
GAPDH, HPRT1, ENO2 and TBP.
Results: Our results showed that TNF was markedly upregulated in
TLE(HS) patients (p=0.0035). TNF expression was at least 29.6 times
higher in patients than in controls. Similarly, TNFRSF1A, TNFRSF1B and
NFKB1 were also upregulated in patients (pb0.02, pb0.04, and pb0.03
respectively). Only when using TBP as the reference gene, TNFRSF1A
and TNFRSF1B expression in patients was not statistically significant.
Conclusions: Our data clearly suggest that the over activation of TNF is
associated with the inflammatory component of TLE(HS). Further-
more, since TNF, TNFRSF1A and NFKB1 are key genes in the death re-
ceptor signaling canonical pathway, we infer that this via plays a
crucial role in TLE hippocampal neurodegeneration. There is still
some controversy on TNFRSF1B role. We believe that its augmenta-
tion is related to a survival mechanism because the concomitant
NFKB1 upregulation; however, some studies indicate that TNFRSF1B
may reinforce TNFRSF1A action. Our evidence points the TNF path-
way as an important target for pharmacological studies regarding
the benefits of an anti-inflammatory therapy in these patients.
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Fractalkine signaling modulates the inflammatory response to
alpha-synuclein in models of Parkinson disease

Aaron Thome, Ashley Harms, David Standaert

University of Alabama at Birmingham, University of Alabama at
Birmingham, Department of Neurology, Birmingham, AL, United States

Objective: Parkinson disease (PD) is a neurodegenerative disorder char-
acterized by loss of dopamine neurons in the substantia nigra (SN) and
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aggregates of the protein alpha-synuclein (a-syn). Increasing evidence
points to inflammation as a chief mediator, however the role of a-syn in
triggering and sustaining inflammation remains unknown. In models of
Alzheimer's disease (AD), multiple sclerosis and neurotoxin models of
PD, CX3CL1 (fractalkine) and its receptor CX3CR1 have important roles
in modulating neuroinflammation. Here, we have examined the role of
fractalkine signaling in a-syn-induced neuroinflammation.
Methods: Using an in vivo mouse model in which human a-syn is
expressed by an AAV2 viral vector, we assessed fractalkine protein
concentrations, reactive microgliosis, IgG deposition, and MHCII ex-
pression 4 weeks post-transduction in both wild type (WT) and
CX3CR1 knockout animals. Additional in vitro studies were performed
utilizing cultured microglia treated with aggregated a-syn and
fractalkine ligand in which phagocytosis was assessed using a fluores-
cent microsphere assay.
Results: With AAV-induced a-syn expression inWTmice, there was a re-
duction in SN fractalkine ligand concentrations. Using CX3CR1−/−mice,
we observed a reduction in the inflammatory response to AAV-SYN, with
reduced IgG deposition, microglial activation, and MHCII expression at
4 weeks post-transduction. In vitro analysis revealed that fractalkine
could block the phagocytic activities microglia, but in the presence of ex-
ogenous aggregated a-syn, fractalkine was no longer able to inhibit
phagocytosis. Using microglia derived from WT and CX3CR1−/− mice,
we found that the receptor knockout mice showed reduced uptake of
fluorescent beads, and that exogenous aggregated a-syn did not alter
phagocytosis in cells from the CX3CR1−/−mice.
Conclusions: In WT mice, overexpression of a-syn leads to a loss of
fractalkine protein expression which likely contributes to the robust
microglial activation observed. In CX3CR1−/− mice, loss of this re-
ceptor attenuates neuro-inflammation, an effect similar to that seen
in AD models. The in vitro data suggests that aggregated a-syn can di-
rectly modulate microglial phagocytosis, overriding the inhibitory ef-
fect of fractakine ligand but not the effect of deletion of the CX3CR1
receptor. Together, these data implicate fractalkine signaling as a po-
tent therapeutic target for regulating inflammatory response in
synucleinopathies including Parkinson disease.
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Central nervous system responses to systemic inflammation
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Objective: Patients with chronic inflammatory diseases such as rheuma-
toid arthritis, inflammatory bowel disease or psoriasis are often further
burdened with neuropsychiatric symptoms such as depression, anxiety
and fatigue. Despite the recent advances in our understanding of
neuroimmune communication pathways, the molecular mechanisms
behind these co-morbidities remain unclear. Utilising transcriptomics
in a well-characterised animal model of systemic inflammation, we
have started to investigate themolecularmechanisms bywhich inflam-
mation originating in the periphery can induce neurological transcrip-
tional modulation and resulting behavioural changes.
Methods: Systemic inflammation was induced in male C57BL6 mice
via intraperitoneal injection of lipopolysaccharide (LPS). After 48 h,
the transcriptional profiles of the brains of these mice were compared
to vehicle-injected controls using Affymetrix GeneChip®microarrays.
Data was validated independently using QPCR.
Results: Microarray analysis of whole brains collected 48 h after chal-
lenge revealed increased transcription of a range of interferon-
response genes in the central nervous system (CNS). Unlike peripher-
al blood leukocytes, the response in the brain included a significant
upregulation of interferon regulatory factor 7 and the classic
interferon-inducible chemokine, CXCL10.
Conclusions: This transcriptional response is indicative of peripherally
triggered, interferon-mediated CNS inflammation and the induction
of CXCL10 suggests that the brain may be being primed for T cell in-
filtration. As considerable evidence links type I interferons to psychi-
atric disorders, interferon production in the brain may represent a
crucial mechanism linking systemic LPS-induced inflammation with
behavioural changes.
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Increased severity of EAE disease in MK2-deficient mice
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Objective: In models for Parkinson's disease and cerebral ischemia
mitogen-activated protein kinase-activated protein kinase 2 (MK2)-
deficient mice showed reduced neurotoxicity and neuroinflamma-
tion. Moreover, after spinal cord injury reduced neuronal cell loss
and myelin loss was seen in MK2 knockout mice. The findings in
these models suggest that a lack of MK2 reduces inflammation
and protects against destruction of the brain and other tissues. The
aim of the present study was to investigate the role of MK2 in
MOG35–55-induced experimental autoimmune encephalomyelitis (EAE).
Methods: After induction of EAE by MOG35–55, MK2 knockout (−/−)
and wildtype (WT) mice were studied over a period of 24 days. Infil-
trated leukocytes were isolated from the CNS and counted at different
stages of the disease (day 8, day 16 and day 24). mRNA expression of
the CD95/Fas receptor was analyzed by real-time PCR in these cells. In
addition, serum level of TNFαwasmeasured using the Luminex® sys-
tem at day 8, day 16 and day 24 after EAE induction.
Results: MK2−/− mice showed more severe disease parameters than
control mice. Although there were no differences in both the onset
of the disease and the maximum clinical score between MK2-
deficient mice and controls, MK2-deficient mice had a significant
more severe disease course starting at day 18. While WT mice went
into remission, the MK2−/− mice showed prolonged disease activity.
The severe course in MK2−/− was associated with an increased num-
ber of leukocytes at day 24 (pb0.05), while there was no difference in
the number of cerebral leukocyte at day 16. Moreover, the expression
of CD95/Fas receptor was decreased at day 16 in MK2−/− mice com-
pared to WT controls (pb0.01). In addition, the serum level of TNFα
was upregulated in WT controls at day 16 but not in MK2−/− mice.
Conclusions: In contrast to our hypothesis, MK2−/− mice display a
more severe disease course in MOG35–55-induced EAE, in particular
they did not go into remission. The lack of remission was associated
by a consistently high number of leukocytes in the CNS suggesting
that a lack of apoptosis in these cells may be the underlying course.
The prevention of an upregulation in CD95/Fas death receptor may
be associated with the lack of TNFα expression and may cause the
lack in apoptosis of cerebral leukocytes and therefore persistent dis-
ease signs in MK2−/− mice.
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CCL2 in the hippocampus of multiple sclerosis patients and its
cuprizone model
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Objective: Impaired cognition is present in 40–65 % of Multiple Sclero-
sis (MS) patients, at least partly reflecting hippocampal dysfunction.
Histopathological studies indicate a profound hippocampal demyelin-
ation together with microglial activation, which were more often
found in cases with cognitive decline. We hypothesize that in MS
glial-derived factors can directly or indirectly determine hippocampal
neuronal functioning and fate. The chemokine CCL2 (MCP-1), pro-
duced by glial cells in the brain, is known to play a role in leukocyte
infiltration, and has recently been described to be associated with in-
creased cognitive decline in early Alzheimer's disease (Westing et al.,
PLoS One, 2012). We question whether CCL2 is present in the hippo-
campus of MS patients and in its cuprizone animal model.
Methods: First, we had to validate our cuprizone animal model with
respect to hippocampus-related behavioural changes as can be ob-
served in MS patients. Hippocampus-related behaviour was assessed
using the modified Barnes Maze (mBM; Youn et al., Brain Behav. Res.,
2012). Semi-quantitative RT-PCR was performed on cDNA tran-
scribed from RNA isolated from hippocampi of MS patients and con-
trol subjects and from hippocampi of cuprizone or vehicle-treated
mice. Moreover, immunohistochemical CCL2 analysis was performed
on post-mortem hippocampi from MS patients and control subjects.
Results: Already after 1 week of cuprizone treatment the mice showed
poorer performance on the mBM. From 3 weeks of treatment onwards
this effect became evenmore pronounced. CCL2mRNAwas significantly
enhanced in demyelinatedMShippocampi compared to non-myelinated
and control hippocampi. Also in cuprizone-treated mice an increase in
CCL2 expression was found compared to control hippocampi.

Finally, CCL2 immunoreactivity was present in both control and
MS hippocampi, but was clearly enhanced in MS hippocampal lesions.
Fluorescent double-labeling indicated that CCL2 is mostly present in
astrocytes.
Conclusions: The cuprizone model mimics the demyelinating aspects
of MS, and is of particular interest to be used for testing hippocampal
cognitive function. The chemokine CCL2 is enhanced in hippocampal
MS lesions and in the cuprizone model. All together we propose that
CCL2 is a promising glial-derived factor upregulated in the MS hippo-
campus that may contribute to cognitive dysfunction as seen in MS
patients. Future studies will elaborate on this hypothesis.
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Aquaporin-4-specific T cells in neuromyelitis optica exhibit a Th17
bias and recognize Clostridium ABC transporter
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Objective: Aquaporin-4 (AQP4)-specific autoantibodies in neuromy-
elitis optica (NMO) are IgG1, a T cell-dependent Ig subclass, indicating
AQP4-specific T cells participate in NMO pathogenesis. Our goal was
to identify and characterize AQP4-specific T cells in NMO patients
and healthy controls (HC).
Methods: Peripheral blood T cells from NMO patients and HC were ex-
amined for recognition of AQP4 and production of proinflammatory
cytokines. Monocytes were evaluated for production of T
cell-polarizing cytokines and expression of costimulatory molecules.
Results: T cells from NMO patients and HC proliferated to intact AQP4
or AQP4 peptides (p11–30, p21–40, p61–80, p131–150, p156–170,
p211–230 and p261–280). T cells from NMO patients demonstrated
greater proliferation to AQP4 than HC, and responded most vigorous-
ly to p61–80, a naturally processed immunodominant determinant of
intact AQP4. T cells were CD4+, and corresponding to association of
NMO with HLA-DRB1*0301 and DRB3, AQP4 p61–80-specific T cells
were HLA-DR-restricted. The T cell epitope within AQP4 p61–80
was mapped to 63–76, which contains ten residues with 90% homol-
ogy to a sequence within Clostridium perfringens ABC transporter per-
mease. T cells from NMO patients proliferated to this homologous
bacterial sequence and cross-reactivity between it and self-AQP4
was observed, supporting molecular mimicry. In NMO, AQP4 p61–
80-specific T cells exhibited Th17 polarization, and furthermore,
monocytes produced more IL-6, a Th17-polarizing cytokine, and
expressed elevated CD40 and CD80 costimulatory molecules,
suggesting innate immunologic dysfunction.
Conclusions: AQP4-specific T cell responses are amplified in NMO,
exhibit a Th17 bias and display cross-reactivity to a protein of an in-
digenous intestinal bacterium, providing new perspectives for inves-
tigating NMO pathogenesis.
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Astrocyte elevated gene-1, a novel modulator of
neuroinflammation: Implications for HIV-1
associated neurodegeneration
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Objective: Astrocyte Elevated Gene-1 (AEG-1), a novel human immu-
nodeficiency virus (HIV-1)- and tumor necrosis factor (TNF)-α-
inducible transcript, has engendered tremendous interest in the
field of cancer research as a therapeutic target for many metastatic
aggressive tumors. However, little is known of its role in astrocytes
during HIV-1 infection in the human brain, and whether it contrib-
utes towards the development of HIV-1-associated neurocognitive
disorders (HAND). Astrocyte inflammatory responses are crucial reg-
ulators of central nervous system pathologies and neurodegenera-
tion. Therefore, in this study, we investigate AEG-1 expression in
the context of neuroinflammation and elucidate the mechanism
of AEG-1 regulation of astrocyte inflammatory responses during
HIV-1-associated neuroinflammation.
Methods: AEG-1 expression in HIV+ human brain tissues was quanti-
fied by real time-PCR and colocalization analysis was performed by
immunohistochemistry. Change in AEG-1 expression in cultured
human astrocytes following treatment with HAND-relevant stimuli
was further assayed using RT-PCR and immunoblotting. AEG-1
intra-cellular localization was monitored by immunoblotting and im-
munocytochemistry. Interaction of AEG-1 with Nuclear factor κB
(NFκΒ) was analyzed using immunoprecipitation.
Results: Elevated AEG-1 mRNA levels were detected in HIV+ human
brain tissues, which positively co-localized with astrocytes in
HIV-1-infected brain tissue specimens. Our preliminary in vitro studies
demonstrated that HAND-relevant stimuli, tumor necrosis factor
(TNF)-α, interleukin (IL)-1β and HIV-1, significantly induced AEG-1 ex-
pression at both mRNA and protein levels. A dramatic change in
intra-cellular localization of AEG-1 in human astrocyteswas detected fol-
lowing treatment with HAND-relevant stimuli. Inflammation-induced
phosphorylation of AEG-1 at serine 568 was detected following treat-
ment with HAND-relevant inflammatory stimuli. Also, AEG-1 showed
enhanced physical interactionwith NFκB, a crucial mediator of astrocyte
inflammatory responses, in response to IL-1β and TNF-α treatment.



121Abstracts
AEG-1 over-expression in cultured human astrocytes lead to elevated
levels of CXCL8 and suppressed levels of EAAT2 at both mRNA and pro-
tein level, a hallmark feature of HAND and neuroinflammation.
Conclusions: In conclusion, this study implicates AEG-1 in HAND
neuroinflammation and identifies a novel mechanism of AEG-1-
mediated regulation of astrocyte inflammatory responses.
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Upregulation of substance P and its receptor in human NT2
neurons via functional IL-17 receptor
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Introduction: There is some suggestion that IL-17 pleiotropic
effects may include direct effects on neurons in neuroinflammatory
conditions such as multiple sclerosis. In this study we investigated
the effects of IL-17A (IL-17) on the expression of pro-inflammatory
neuropeptide substance P (SP) and its NK1 receptor (NK1R) in
human NT2 neurons (NT2N).
Objective: To investigate the expression of SP and NK1R in human
NT2N in response to IL-17 and IFNγ, as part of Th17 and Th1 path-
ways respectively.
Methods: Terminally differentiated NT2N were cultured with Th17
and Th1 cytokines and the effects on SP and NK1R expression was in-
vestigated by real-time-PCR. Western blotting and nuclear fraction-
ation were additionally used to study IL-17 receptor subtype A
(IL-17RA) expression and signaling.
Results: IL-17 had direct effects on neurons via its functionally
expressed IL-17RA. Neuronal NK1R mRNA-level expression was sub-
ject to regulation by IL-17, whereas SP precursor was considerably
less upregulated by IL-17. As an established stimulus in NT2N, the ef-
fects of IFN-γ were comparable with the effects of IL-17. IL-17 effects
were prevalent earlier at 24 h as compared to IFN-γ effects prevailing
at 48 h. NFκB does not signal IL-17RA response in neurons; other
pathways may be involved, e.g. Erk1/2.
Conclusions: IL-17RA is functionally expressed on NT2N with IL-17 di-
rect effects on NT2N. The findings support neuronal involvement in
immune interactions involving Th17 pathway and SP. The above
effects may have important implications in neuroinflammatory
conditions.
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Interleukin-10 (IL-10) is a cytokine that plays a crucial role in
counteracting the inflammatory response and immune reactions.
In the central nervous system (CNS), IL-10 is mainly produced by
astrocytes and microglia and its upregulation has been widely dem-
onstrated after several insults, such as experimental autoimmune
encephalomyelitis, middle cerebral artery occlusion, excitotoxicity
and traumatic brain injury. The objective of the present study was
to investigate the effects of local astrocyte-targeted IL-10 produc-
tion on glial reactivity and neuronal degeneration after experimen-
tal axotomy. To accomplish that, facial nerve transection was
performed on GFAP-IL10 transgenic (Tg) mice and their corre-
sponding wild-type (WT) littermates. After 3, 7, 14, 21 and
28 days post injury (dpi), animals were perfused intracardially
with 4% paraformaldehyde, coronal sections of brainstem containing
the facial nucleus (FN) were obtained using a cryostat and free-
floating sections were processed for immunohistochemical analysis.
In order to analyze neuronal survival in the FN, additional WT and
GFAP-IL10Tg axotomized animals were examined at 21 dpi and seri-
al cryostat cut sections were counterstained with toluidine blue.
Our results showed that motoneuron survival was higher in
GFAP-IL10Tg animals at this time-point, suggesting a putative role
of this IL-10 in the rescue of motoneurons from neuronal death. Mi-
croglia in axotomized GFAP-IL10Tg animals also had decreased Iba1
expression suggestive of lower microglial activation in the FN at 3
and 21 dpi. Surprisingly at 14 dpi, there was a significant increase
in MHC-II in cells with a ramified morphology in GFAP-IL10Tg ani-
mals. In conclusion, our findings indicate that, in this paradigm,
astrocyte-targeted IL-10 has a direct impact on short-term neuronal
survival and the pattern of microglial activation. Further studies are
however necessary to elucidate the impact of IL-10 over immune
cell populations, especially T cells, the third key player involved on
motoneuron survival in this model.

Supported by Ministerio de Ciencia e Innovación (BFU2008-
04407/BFI) (BFU2011-27400).
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The effect of classical or alternative activation on macrophage
motility in the CNS
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Objective: Multiple sclerosis (MS) is a demyelinating and neurode-
generative disease in which inflammation plays an important role.
Characteristic of MS pathology is the activation of microglia and
infiltration of macrophages. The role of macrophages in MS can
be detrimental, causing tissue damage, or beneficial, promoting
regeneration and repair. The effects of macrophages in the CNS
depend on their activation. The polar ends of these activation
states are classically activated, pro-inflammatory macrophages
(M1), and alternatively activated, anti-inflammatory macrophages
(M2). We investigate the functional properties of human macro-
phage subsets in the CNS. Here we focus on their migratory
properties.

The aim of this study is to investigate if human M1 and M2
macrophages differ in terms of morphology, motility, adhesion to
extra cellular matrix and migration towards chemokines (CCL2,
CCL5, CXCL10 and CXCL12) and complement factors (C1q and
C5a) present in the CNS, known to be highly expressed in MS
lesions.
Methods: Peripheral blood derived monocytes were isolated from
buffy coats and cultured for seven days. Macrophages were then
skewed either into M1 by classical activation with interferon
gamma and lipopolysaccharide or into M2 by alternative activation
with interleukin-4. To assess the morphology, the cytoskeleton was
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stained with rhodamine phalloidin. Adhesion to extra cellular matrix
molecules was assessed using plates precoated with fibronectin and
collagen. After culturing for two hours the percentage of adherent
cells was measured using a fluorimeter. The migration towards differ-
ent chemokines was determined using a TaxiScan migration chamber.
The chemokine receptor expression of the subsets was measured
using FACS analysis.
Results: The cytoskeleton of M1 macrophages is elongated in con-
trast to the more spherical M2 cells. The adherence assays reveals
that there is no difference in adhering capacity between the sub-
sets. M2 macrophages migrate faster towards C1q, C5a, CCL2,
CCL5, CXCL10 and CXCL12 than M1 macrophages. No differences
were found in M1and M2 chemokine receptor expression com-
pared to M0.
Conclusions: Marked differences were observed between M1 and M2
macrophages in migration towards CNS associated chemokines.
Further studies are required to investgate if this is due to an effect of
the activation method on cytoskeletal rearrangement.
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Objective: The CNS immune response involves activation of mononu-
clear phagocytes (brain resident microglia, peripheral macrophages),
classified into classical (M1) and alternative (M2) phenotypes.
Tau-tubulin kinase 1 (TTBK1) directly phosphorylates tau at known
sites. JNPL3 mice expressing mutant human P30IL tau, and TTBK1/
JNPL3 double transgenic mice show neuroinflammatory pathology in-
cluding forebrain and spinal cord accumulation of tau and spinal cord
reduction of motoneurons (MNs). However, the role of neuroin-
flammation in this degeneration is unknown. We characterized
mononuclear phagocyte activation in JNPL3, TTBK1, TTBK1/JNPL3,
and non-Tg spinal cord, and investigated involvement of TTBK1 in
the induction of MN degeneration in vivo and in vitro.
Methods: TTBK1-Tg mice (line 141) harboring human TTBK1 DNA
were crossed with JNPL3 mice expressing P301L mutant tau
(4R0N20) to generate TTBK1, JNPL3, TTBK1/JNPL3, and non-Tg mice.
Animals were assessed with rotarod and grip strength tests and MN
counts. Immunohistochemistry (IHC) was performed using IBA1,
CD169, NOS2, YM1, CD11c, and CD206 antibodies. E13 mouse prima-
ry cultured MNs were treated with mouse primary microglia condi-
tioned media (MCM; with LPS (M1), IL-4 (M2a), or PBS), shRNA
against TTBK1, and DNA plasmids expressing TTBK1 and/or human
2 N/4R WT tau.
Results: In accord with motor deficits, all Tg mice showed reduced spi-
nal cord MNs, with JNPL3 least severe and TTBK1/JNPL3 most severe,
suggesting that TTBK1 expression causes motor deficits and MN
death. IHC revealed mainly M2 microglia in JNPL3 mice as evidenced
by ramified IBA1+, CD11c+, YM1+, CD206+ cells, and in contrast, M1
macrophages in TTBK1 and TTBK1/JNPL3 mice shown by amoeboid
IBA1+ cells with increased NOS2+ and decreased/absent YM1+,
CD206+ and CD11c+ cells. MNs treated with M1-skewed MCM
showed reduced neurite density and neuronal death, which was par-
tially reversed by silencing of endogenous TTBK1. TTBK1 and/or tau
expression resulted in axonal collapse.
Conclusions: Our study reveals that TTBK1 prominently alters mono-
nuclear phagocyte population and activation phenotype from
neuroprotective M2 microglia in JNPL3 mice to M1 macrophages in
TTBK1 and TTBK1/JNPL3 mice, leading to enhanced MN degeneration.
These data suggest that TTBK1 plays a pivotal role in accelerating
neurodegeneration through mononuclear phagocyte activation
switching, and highlight the value of these mice as models of M1/
M2 skewing in neurodegeneration.
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Objective: During the last decade it has been reported, that treatment
of animals suffering from EAE, the prototypical animal model for MS,
with antagonists of both the NMDA as well as the AMPA/Kainate fam-
ily of glutamate receptors significantly ameliorates the clinical signs
of EAE and results in reduced inflammatory infiltrates and less
blood brain barrier disruption. Microglia are the innate immune cell
population within the CNS. They have been shown to be highly acti-
vated once EAE is induced, leading to upregulation of MHCII and se-
cretion of inflammatory mediators. By MHC II expression and
cytokine secretion they are thought to contribute as local APCs in
the reactivation of the CNS-infiltrating lymphocytes and an overall
proinflammatory microenvironment.
Methods: For the In vitro analysis of microglia activation and the role
of NMDA receptors in this process we used the microglia cell line
BV2 and cortical slice cultures.

The in vivo analysis was performed in the oDTR mice that express
the diphtheria toxin receptor specifically in oligodendrocytes (ODCs)
and by that allow induced death of ODCs and in wild type mice that
have been immunized with MOG/CFA to induce EAE.
Results: We could show that in vitro microglia activation could be
achieved by the proinflammatory cytokine IL-17A, which plays a piv-
otal role in the pathogenesis of MS and its animal model EAE. There-
fore we treated the microglia cell line BV2 and cortical slice cultures
with IL-17A to achieve activation and subsequently treated the cul-
tures with the NMDA receptor antagonists MK801 and AP5 to block
NMDA receptor signaling. By that we have been able to inhibit
IL-17Amediated activation of microglia and in particular ROS produc-
tion, proliferation and migration of the BV2 cells. Additionally we
could detect increased secretion of IL-6 and G-CSF. Furthermore,
IL-17A leads to a higher activation of the NMDA receptor through
phosphorylation and in consequence to higher influx of calcium
after ligand binding.

To further analyze the NMDA receptor depended microglia activa-
tion we made use of two different mouse models that provoke differ-
ent mechanisms of microglia activation. Whereas in EAE a strong
inflammatory process activates microglia, in the oDTR mice, activa-
tion occurs due to induced ODC death (Locatelli et al., 2012). Interest-
ingly it revealed that in the context of EAE microglia/macrophage
activation was clearly diminished when mice were treated with
MK801 whereas inhibition of the NMDA receptor had no effect on mi-
croglia activation in the oDTR mice. In line with the in vivo data we
show that inhibition of microglia activation takes place only when
the cells were stimulated with IL-17A and not upon stimulation
with LPS.
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Conclusions: Taken together these findings indicate that NMDA recep-
tors are not involved in general microglia activation but rather play a
role in microglia activation in an inflammatory context.
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Effects of daily in vitro FTY720 exposures on human astrocytes
signaling and neuroinflammation-relevant functional responses

Celina L. Wu1, Soo Yuen Leong1, Louis Philippe Bernier1,
Craig S. Moore1, Trina A. Johnson2, Philippe Séguéla1,
Amit Bar-Or1, Jack P. Antel1
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Objective: to define the neuroinflammatory-relevant influences of
daily FTY720 exposures on primary human astrocytes. FTY720
(Fingolimod, Gilenya™), a daily oral therapy for Multiple Sclerosis
(MS), readily accesses the central nervous system (CNS). FTY720 acti-
vates sphingosine-1-phosphate (S1P) receptors and induces extracel-
lular signal-regulated kinases phosphorylation (pERK) in astrocytes.
S1P receptors engaged by FTY720 are internalized, resulting in func-
tional antagonism, but these internalized receptors can have a
persisted effect on astrocytes and influence their cellular responses
to inflammatory activations.
Methods: We exposed astrocytes isolated from the fetal human CNS to
a single or repeated daily (3–5 days) doses of FTY720, and measured
astrocyte signaling via ERK phosphorylation. Furthermore, we studied
functional responses relevant to neuroinflammation such as cell pro-
liferation (by Ki67 labeling) and IL-1β-evoked calcium (Ca2+) efflux.
Results: a single FTY720 exposure (without wash-out) desensitized
pERK signaling for >24 hours, and this response correlated with the
loss of S1P-induced proliferation. Signal recovery was observed by
72 h and repeated (3–5 days) FTY720 treatments maintained recep-
tor desensitization. Daily FTY720 inhibited IL-1β-evoked intracellular
Ca2+ release but did not inhibit serum-induced pERK activation, or
IL-6 and CXCL10 secretions in response to IL-1β.
Conclusions: Our in vitro studies indicate that daily FY720 exposures
can regulate neuro-inflammation relevant responses in astrocytes
by acting as a functional antagonist for external stimuli (natural li-
gand S1P) while sustaining internalized receptor-dependent func-
tions (inhibit IL-1β evoked Ca2+ mobilzation).
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Characterization of the neuroprotective aspects of the immune
response after peripheral nerve injury
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Vincent Timmerman1, Sophie Janssens2
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Objective: The activation of the immune system in neurodegeneration
has been shown to have both detrimental as well as beneficial effects.
However, which aspects of the immune response determine the pro-
tective versus degenerative balance in neurodegenerative diseases re-
mains an open question. Injury to the peripheral nervous system
(PNS) has been shown to induce a permissive environment for neuro-
nal regrowth and functional improvement. To unravel the neuro-
protective aspects of the immune system we focused on Wallerian
neurodegeneration, in which the immune system has been shown
to be protective.
Methods: To determine which type of immune response is triggered
after peripheral nerve injury, we evaluated markers representing
the two extremes of a type I and type II immune response (classical
versus alternative) using RT-qPCR, western blot and immunohisto-
chemistry. To characterize the cellular response in more depth, the
injured nerves were analyzed using FACS.
Results:We found that, after injury to the PNS, a transient immune re-
sponse is induced, accompanied by the induction of several negative
regulators. Limiting tissue damage mediated by inflammatory com-
ponents, could be essential in restricting immune mediated damage
to the nerve by turning off the immune system. Furthermore, periph-
eral nerve injury sets off an anti-inflammatory, immunosuppressive
type II immune response, as reflected by the strong induction of
type II markers like arginase-1 and IL-10. On the other hand,
proinflammatory type I markers like iNOS or IL12p40 were complete-
ly absent. As type II immune responses are generally associated with
tissue repair and tissue protection, we suggest that PNS injury elicits
an inherent protective environment by inducing the M2 phenotype
of macrophages and arginase-1 expression. To fully understand the
neuroprotective capacity of the immune response in the PNS, the
phenotype of the macrophage was characterized in detail. Additional-
ly, a complete temporal profile of immune cell infiltration in the in-
jured peripheral nerves was analyzed to determine the interplay
between immune cells. The neuroinflammatory role of Schwann
cells was also addressed.
Conclusions: In conclusion, these data lead to a more complete view of
the neuroprotective function of the immune response in the PNS and
will allow us to reorient the immune system in such a way that the
protective aspect is accentuated and tissue damage is limited.

156

Th17 cells are a neuritogenic T helper cell subset in
Guillain-Barré syndrome

Hongliang Zhang1, Xu Wang1, Shujuan Li2, Jie Zhu1
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Introduction: The role of T helper (Th)17 cells, a newly found Th cell sub-
set, has been scarcely studied in human Guillain–Barré syndrome (GBS)
and its animal model experimental autoimmune neuritis (EAN). Emerg-
ing evidence points to a pathogenetic role of Th17 cells in GBS and EAN.
Methods: The EAN model was induced on IFN-γ knockout (KO) mice
and its wild type (WT) counterparts, C57BL/6 mice by immunizing an-
imals with P0 protein peptide 180–199 together with complete
Freund's adjuvant and pertussis toxin. Flow cytometry and ELISA were
used to detect Th17 cells and interleukin (IL)-17 in GBS and EAN.
RORgammaT, a critical transcription factor responsible for the produc-
tion of Th17 cells, was inhibited to corroborate the pathogenetic role
of Th17 cells and to explore the therapeutic potential of Th17 blockade.
Results: The clinical signs of IFN-γ KO mice were significantly more se-
vere than those ofWT controls, alongwith higher proliferation of splen-
ic mononuclear cells in KO mice. At the peak of EAN, the proportion of
IL-17A-expressing cells in cauda equina (CE) infiltrating cells, and the
levels of IL-17A in sera were elevated in IFN-γ KOmice; the proportions
of MHC II, ED1, and IL-12/IL-23p40 expressing cells, relative to total CE
infiltrating cells were correspondingly increased. However, IFN-γ defi-
ciency reduced the production of nitric oxide (NO) by cultured macro-
phages in response to proinflammatory stimuli and induced a
systemic Th2-oriented immune response. We further investigated
Th17 cells and IL-17A in 29 GBS patients, 15 relapsing-remitting multi-
ple sclerosis (RRMS), 17 viral encephalitis or meningitis (VEM) and 20
healthy controls (HC). Circulating Th1 (CD4+IFN-γ+), Th17
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(CD4+IL-17A+) and Th22 (CD4+IL-22+) cells were significantly in-
creased in GBS patients during the acute phase compared with HC.
Moreover, CSF and plasma levels of IL-17A and IL-22were also elevated
in GBS patients. Furthermore, IL-17 and IL-22 levels in CSF, respectively,
were correlated with GBS disability scale scores. Interestingly, intrave-
nous immunoglobulin not only down-regulated circulating Th1, Th17
and Th22 cells, but also reduced concentrations of IL-17 and IL-22 in
the plasma of GBS patients during the plateau phase Further dynamic
detection of Th17 cells in CE infiltrating cells and splenocytes from
micewith EAN revealed that Th17 cells were increasedwith the disease
progression and their dynamic changes roughly paralleled the clinical
course of EAN. GSK-1, a synthetic compound that can specifically
block the production of Th17 cells, suppressed the severity of EAN
symptomswhen it was administered from the immunization day. How-
ever, GSK-1 was incapable of obviously affecting the clinical signs of
EAN when administered after the onset of EAN.
Conclusion: Th17 cells are a neuritogenic T helper cell subset in GBS
and EAN

Key words: Interferon gamma; Guillain–Barré syndrome;
experimental autoimmune neuritis; T helper 17 cell; interleukin 17;
RORgammaT
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A Forebrain Immune Cellular Pathway for the Prevention of
CNS Autoimmunity
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Objective: The parenchymal tissue of the CNS is known to be “immune
privileged”. While it was thought that physical exclusion of systemic
immune cells maintained this situation, subsequent data showing im-
mune cell access to this CNS site suggests active mechanisms main-
tain immune tolerance. However, unlike most, if not all, organs, the
CNS has no well-recognized cellular immune pathway that directly
modulates anti-CNS immunity in the secondary lymphoid organs
(lymph nodes) to restrain organ specific immune activation. We
wished to see if this type of pathway was present in the brain.
Methods: Using IHC, CNS injury, CFSE labeling and Fingolimod admin-
istration, combined with quantitative CNS FACS, we determine if im-
mune cells were present and exit the CNS. We then interrupt this
putative cell traffic with CNS directed Fingolimod treatment in 2D2
TCR transgenic mice and assess T-regulatory function in their cervical
lymph nodes. Finally, we use delayed type hypersensitivity to assess
the role of dendritic cells in regulating anti-CNS immunity in the cer-
vical lymph nodes
Results: We identify dendritic cell traffic from the brain to the cervical
lymph nodes, via the rostral migratory stream, a neuronal stem cell
pathway. This pathway may be interrupted by systemic Fingolimod
treatment. Localized CNS Fingolimod treatment of 2D2 mice leads to a
significant increased in EAE disease incidence from 0 to 60%. EAE induc-
tion is associated with reduced T-regulatory function in the cervical
lymph nodes. Dendritic cells isolated from the cervical lymph nodes of
mice undergoing CNS Fingolimod treatment can induce similar
T-regulatory defects in the cervical lymph nodes of recipient animals.
Conclusions: Dendritic cell traffic from the CNS to the cervical lymph
nodes regulates anti-CNS immunity by modulating T-regulatory function
in the peripheral immune system. The cervical lymph node represents an
attractive site for topical therapy to modulate anti-CNS immunity.
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Mitochondrial fragmentation and loss of function at the onset of
neurological deficit in a neuroinflammatory model of multiple
sclerosis (MS) studied by in vivo imaging
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Reversible neurological deficits in MS have traditionally been at-
tributed to demyelination, but increasing clinical, imaging and biopsy
evidence implicates inflammation as playing a major role, although
the mechanisms remain unknown.
Objective: To assess the potential role of mitochondria in causing tem-
porary loss of function in an animal model of MS.
Methods: Experimental autoimmune encephalomyelitis (EAE) was in-
duced using MOG35-55 in complete Freund's adjuvant followed by
pertussis toxin, in adult female mice transgenic for expression of
cyan fluorescent protein (CFP) in axonal mitochondria. Mice were
assessed daily for neurological deficits and time-matched pairs with
EAE were anesthetized for spinal imaging such that symptomatic
and asymptomatic animals were examined at the onset of neurologi-
cal deficit, or at 6 weeks post-immunization (p.i.). Fluorescent poten-
tiometric dye (TMRM) was applied to the exposed spinal cord to
reveal mitochondrial function, and the issue imaged confocally prior
to fixation and blind image analysis.
Results: At the onset of neurological deficits, symptomatic animals were
distinguished from time-matched asymptomatic and naive controls by
fragmentation and loss of function of spinal cord axonal mitochondria.
The number of small mitochondria (1.5–3 μm) increased by ~54% (p=
b0.01), and longer mitochondria (6–9 μm) decreased by ~49% (p=
b0.01) compared with asymptomatic and naive animals. Approx. 40% of
the total mitochondrial mass was non-functional (i.e. TMRM–) in symp-
tomatic animals, vs. only ~28% of mass in asymptomatic (p=b0.01).
Symptomatic animals also showed greater inflammation (perivascular
CD3+ T cells and CD45+ and iNOS+ microglia/macrophages), and dam-
age to astrocytes (loss of GFAP and aquaporin 4 labelling) specifically in
the vicinity of axons with damaged mitochondria. Activated astrocytes
became positive for phosphofructokinase 2.3, indicating increased glycol-
ysis. Inmore chronic animals (6 weeks p.i.) the deficitsweremore severe,
and ~51% of themitochondrialmasswas non-functional, although the in-
flammationhad subsided: function remained unchanged in asymptomat-
ic animals. No demyelination was observed.
Conclusions: Mitochondrial bioenergetic failure is implicated as a
cause of neurological deficits at the onset of EAE expression, in asso-
ciation with increased glycolysis in astrocytes consistent with a mito-
chondrial energy insufficiency. Mitochondrial dysfunction persists
despite the resolution of inflammation.

Neurodegeneration
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Molecular mechanisms of immune-mediated
neurodegeneration — An in vivo two-photon imaging approach

René Gollan, Magdalena Paterka, Jerome Birkenstock, Frauke Zipp
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Objective: Neuronal damage in autoimmune neuroinflammation is
the correlate for long-term disability in patients suffering from multi-
ple sclerosis (MS). Here we investigated the role of immune cells in
early neuronal damage processes by intravital imaging of damage
mechanisms. Our recent findings revealed that long-lasting contacts
of Th17 cells led to severe, localized and partially reversible fluctua-
tion in neuronal intracellular Ca2+ concentrations in living animals
and that CD4+ T cells were capable of inducing cell death in cultured
neurons in an antigen unspecific manner.
Methods: We now analyzed relevant mechanisms for T cell-neuronal
interaction to understand the relevant mechanisms, which underlie
(i) the establishment of T cell neuronal contact formation, (ii) the mo-
lecular interaction partners and (iii) the downstream events in the neu-
ron upon T cell interaction. We employed murine T cell-neuronal
co-culture systems for identification of cell death by Annexin-V-7AAD
by flow cytometry. In vivo imaging relied on semi-quantitative mea-
surement of neuronal Ca2+ fluxes in EAE lesions of living anaesthetized
transgenic mice, which carry a Ca2+ sensor protein (TN-XXL mice).
Results: The mode of cell death (necrosis vs. apoptosis) was clarified
in this work by morphologic analysis and detection of Caspase-3 as
a downstream mediator of Th17 induced neuronal cell death under
these conditions. Furthermore – on the T cells' side – a direct contri-
bution of the effector cytokines IL-17A and IL-17 F (further IFN-γ)
to the cytotoxic properties of Th17 could be ruled out stressing
other components of the Th17 phenotype to be crucial. In addition –

on the neurons' side – the role of NMDA receptors for the observed
Ca2+-associated neuronal dysfunctions after Th17 cell contact has
been analyzed.
Conclusions: Here we investigated in depth the mode of
immune-mediated neuroinflammation in acute neuroinflammation
in vivo. We identified the mode of cell death and characterized the
T cells’ properties and propensity to induce neurodegeneration in a
reductionist in vitro co-culture model.

Distinct glutamate receptor blockers have been found to be par-
tially effective in rescuing neurons.
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TRPM4 cation channel mediates neuro-axonal degeneration in
central nervous system inflammation
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Objective: In multiple sclerosis (MS), an inflammatory disease of the
central nervous system (CNS), axonal and neuronal loss is the major
cause for irreversible neurological disability. However, which CNS
molecules contribute to neuro-axonal injury under inflammatory in-
sults remains largely unknown. Here, we investigated the contribu-
tion of the transient receptor potential melastatin 4 (TRPM4) cation
channel to the pathogenesis of CNS autoimmune disease.
Methods: After induction of experimental autoimmune encephalomy-
elitis (EAE) in Trpm4−/− and wild-type mice we analyzed in addition
to the disease course the axonal and neuronal injury and degenera-
tion as well as T cell proliferation, cytokine production and CNS
immune cell infiltration. Furthermore we created bone marrow chi-
meras to separate immune cell and neuronal effects of the TRPM4
depletion. We performed expression analysis of TRPM4 mRNA
and protein in healthy and diseased mice (EAE) and humans (MS).
Additionally, patch clamp recordings, calcium imaging, immunocyto-
chemistry and cytotoxicity assays were used to investigate the role of
neuronal TRPM4 in response to an inflammation mimicking environ-
ment in vitro. Finally we confirmed our results collected from
Trpm4−/− mice by pharmacological inhibition of the ion channel.
Results: We now report that the TRPM4 cation channel is critically in-
volved in the process of inflammation induced axonal and neuronal
injury. We show for the first time that the calcium-activated
nonselective cation channel TRPM4 is expressed in mouse and
human neuronal somata, but also in axons in inflammatory CNS le-
sions in EAE and human MS tissue. TRPM4 deficiency or pharmaco-
logical inhibition resulted in reduced neuro-axonal degeneration
and ameliorated clinical disease course in EAE, yet without altering
immune cell functions. Furthermore, Trpm4−/− neurons were
protected against inflammatory effector mechanisms, such as
excitotoxic stress and energy deficiency in vitro. Electrophysiological
recordings revealed TRPM4-dependent neuronal ion influx and
oncotic cell swelling upon excitotoxic stimulation.
Conclusions: Therefore, interference with TRPM4 could translate into
a novel neuroprotective treatment strategy.
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Kif21b and kif5a expression is associated with accelerated
neurodegeneration in multiple sclerosis and Alzheimer's disease
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Objective: Kif21b is one of the few multiple sclerosis (MS) risk genes
with a presumed function within the CNS. Kif21b belongs to the fam-
ily of kinesins, proteins which are involved in intracellular transport
of proteins and organelles. Currently, very little is known about the
function of kif21b. We hypothesised that kif21b might be involved
in the neurodegenerative component of MS pathology.
Methods: Postmortem expression of kinesins was assessed in 54 MS
patients, 59 age and gender matched non-demented controls (NDC)
and 50 Alzheimer's patients (AD). Kif21b expression was correlated
to clinical progression from disease onset to EDSS 6. Moreover, it
was correlated with clinical pathology (Braak score for AD and grey
matter demyelination in MS). Kif21b rs12122721 genotype was de-
termined using Taqman technology.
Results: Kif21b expression was five-fold increased in AD compared to
MS and NDC aged below 62 years (pb0.001), three-fold between 62
and 72 years of age (pb0.01) and similar above 72 years of age. No
significant differences were observed between MS and NDC. Next
we assessed whether kif21b expression correlated with neuronal
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pathology. In AD, kif21b expression did not correlate with the amount
of amyloid-beta deposition. However, the expression was two-fold in-
creased in Braak stage 6 (scoring for density of neurofibrillary tangles)
compared with stage 5 (p=0.003). In MS patients, kif21b correlated
with the extensiveness of grey matter demyelination (Spearman's
rho=0.41, p=0.005). Next, we determined whether rapid develop-
ment of neurological disability in MS patients (defined as time to
EDSS 6.0) correlated with kif21b. High expression of kif21b was associ-
ated with a two-fold accelerated development of EDSS 6 (median time
to EDSS 6 in low kif21b group 16 year vs high kif21b 7.5 year, log-rank
test p=0.02). Given the genetic association of kif21b in MS, we strati-
fied our results according to the kif21b rs12122721 [A] SNP and found
no association between kif21b expression or with the time to develop
EDSS 6 in kif21b risk carriers compared to non-risk carriers. To assess
whether the observed differences are kinesin specific or that the find-
ings reflects a general pathological mechanism, we also assessed six
other kinesins. Interestingly, only kif5a gave similar results, indicating
that the observed findings are kinesin specific. Kif5a has previously
been associated with MS in a candidate gene study.
Conclusions: We showed that abundant kif21b and kif5a expression is
associated with more severe pathology in MS and AD and with a more
accelerated neurodegeneration independent of the kif21b risk SNP.
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Objective: The serine-protease granzyme B (GrB) is the main weapon
used by cytotoxic T cells to induce target cell death. We have previously
shown that GrB is expressed within active lesions of multiple sclerosis
(MS), and activated T cells release GrB and induce neurodegeneration.
However, the mechanisms of GrB-mediated neuronal injury/death are
still unclear. Here, we report the detailed mechanisms of GrB-mediated
neuronal killing and a potential neuroprotective strategy blocking this
pathway of neuronal death.
Methods: Human fetal neurons (HFNs) were cultured alone or
co-cultured with unactivated or activated T cells or treated with puri-
fied human GrB. Neuronal viability was assessed by immunocytochem-
istry for MAP-2. Expression and cleavage of alpha-tubulin and caspases
were evaluated by western blotting. GrB was labeled with
Alexafluor488 and its colocalizationwith early endosomeswas evaluat-
ed. An animal model of MS, experimental autoimmune encephalomy-
elitis (EAE) was induced and the mice were treated with GrB-inhibitor
serpina3n before and/or at the onset as well as at the peak of the dis-
ease. Clinical score and motor coordination of the mice were assessed.
Results: Our in vitro results show that the 27 kDa purified
granule-derived humanGrB, but not the 32 kDa constitutively secreted,
induces severe neuronal death to the same extent of activated T cells.
Our data further show that unlike the constitutively secreted GrB,
granule-derived GrB enters neuronal cells via mannose-6-phosphate
receptor. Within 15 minutes, it is taken up by the early endosomes,
and within half an hour it diffuses out of the endosomes possibly
through a perforin-independent mechanism. When free in the cyto-
plasm, GrB induces activation of caspases, cleavage of α-tubulin and
subsequent neuronal apoptosis. Inhibition of caspase-3, a well-known
substrate for GrB, significantly reduces GrB-mediated neurotoxicity.
Furthermore, we demonstrate that treatment of neurons with
mannose-6-phosphate prevents GrB entry and inhibits GrB-mediated
neuronal death, suggesting mannose-6-phosphate receptor-dependent
endocytosis. In addition, pretreatment of activated T cells with the
GrB-inhibitor serpina3n significantly reduces the cell-cell contact medi-
ated neurotoxcicty. In vivo, treatment of EAEmice with serpina3n signif-
icantly decreases the severity of the disease.
Conclusions: Altogether, our data unveil a novel mechanism by which
granule derived GrB induces selective neuronal injury and suggest
GrB as a potential new target for the treatment of inflammatory-
mediated neurodegenerative diseases such as MS.

Stem cells
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Ablation of endogenous neural precursor cells of the
periventricular zone worsens acute cerebral ischemia
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Objective: Experimental studies show that focal cerebral ischemia
promotes neurogenesis in the subventricular zone (SVZ) leading to
migration of neural progenitor cells (NPCs) from the SVZ to the
peri-ischemic area. However, until now, it has not been possible to
clearly identify the functional role attributed to endogenous NPCs in
stroke. Aim of this project is to study the specific role of NPCs after
acute stroke by using a transgenic mouse in which NPCs of the SVZ
can be selectively killed by administration of ganciclovir (GCV).
Methods: We used a transgenic mouse that expresses the herpes sim-
plex virus thymidine kinase (TK) under control of the 2nd intron en-
hancer of Nestin (2ndI-Nestin-Tk). Transient, 45 min long, middle
cerebral artery occlusion was induced in 2ndI-Nestin-Tk and control
mice after 28 days of subcutaneous gancyclovir (GCV) or saline treat-
ment. Neurological disability, ischemic volume as well as alterations
of the blood brain barrier were assessed.
Results: Post-ischemic functional deficits, measured using the modified
neurological severity score were greater in the GCV-treated
2ndI-Nestin-Tk than in saline treated 2ndI-Nestin-Tk or saline or
GCV-treated WT mice. GCV treatment of 2ndI-Nestin-Tk determined
an increased infarct lesion volume and an increased number of hemor-
rhages compared with that observed after saline treatment of
2ndI-Nestin-Tk or saline or GCV treatment of WT mice. Survival of
GCV treated 2ndI-Nestin-Tk mice at seven days was found to be signif-
icantly inferior to the other treatment groups. No difference regarding
brain edemawas found, but a reduced blood brain barrier permeability
to medium and high molecular weight compounds was noted.
Conclusions: Ablation of neural precursor cells in acute stroke results in
increased lesion volume, worsening of neurological disability, and de-
creased overall survival. Current experiments are ongoing to unravel the
protective mechanisms exerted by endogenous neural progenitor cells.
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Neural stem cells derived from iPSCs represent a safe and
effective source for stem cell therapy in experimental
autoimmune encephalomyelitis
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Objective: Neural stem cell (NSCs) transplantation is a promising
therapy for Multiple Sclerosis (MS). The clinical translation of such
approach is limited by the lack of expandable autologous precursors.
Induced pluripotent stem cells (iPSCs) may overcome this limitation.
In our work we investigated whether the transplantation of NSCs de-
rived from iPSCs (NS iPSCs) could represent a safe and effective ther-
apeutic strategy in a mouse model of MS, namely experimental
autoimmune encephalomyelitis (EAE).
Methods: NS iPSCs were derived from iPSCs obtained by lentiviral
reprogramming of mouse fibroblasts. EAE was induced in C57/BL6
mice by subcutaneous immunization with myelin oligodendrocyte
glycoprotein (MOG)35-55. At 25 days post immunization (dpi), EAE
mice were intrathecally transplanted with GFP-labelled NS iPSCs.
Neuropathology was assessed at 40 and 80 dpi while the influence
of NS iPSCs on remyelination was further evaluated in vitro on prima-
ry oligodendrocyte precursor cell (OPC) cultures.
Results: Upon transplantation in EAE mice, NS iPSCs did not induce any
tumour formation and significantly reduced clinical severity, demyelin-
ation, axonal loss andneuroinflammationwhen compared to sham treat-
ment. Since transplanted NS iPSCs remained undifferentiated in close
contact with perivascular inflammatory infiltrates, we investigated
whether the inflammatory environment could induce NS iPSCs to pro-
mote endogenous repair mechanisms. Indeed we observed that, in
vitro, the conditioned medium of NS iPSCs – challenged with inflamma-
tory cytokines (IFNγ andTNFα) –markedly increased survival anddiffer-
entiation of OPC primary cultures. This effect was not dependent on IFNγ
or TNFα, as these cytokines alone were not able to sustain OPC survival.
Conclusions: Our work provides the first evidence of the safety and ef-
ficacy of NS iPSCs in EAE. We showed that transplanted NS iPSCs exert
their therapeutic bystander effect by persisting undifferentiated near
the perivascular infiltrate. In vitro experiments suggest that the in-
flammatory environment could induce NS iPSC to secrete a variety
of molecules that might promote endogenous remyelination.
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Neural stem cells sort protein and RNA cargoes for export with
exosomes in response to inflammation
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Objective: Accumulating evidences shown that transplanted neural
stem/precursor cells (NPCs) are able to protect the damaged CNS
through mechanisms other than the anticipated cell replacement.
This therapeutic plasticity of NPC may be the result of sophisticated
programmes of intercellular communication at the level of the micro-
environment including the transfer of secreted extracellular mem-
brane vesicles (EMVs) from donor to recipient cells.

The overall objective of this work was to assess whether horizon-
tal communication through EMVs exists for NPCs and if this may play
a role in NPCs therapeutic plasticity.
Methods: NPCs derived EMVs have been characterized by several dif-
ferent techniques spanning from electron microscopy, flow cytome-
try, nanoparticle tracking analysis and western blot. Here we report
on the quantitative study of proteins from NPCs derived EMVs using
stable-isotope labeled amino acids in cell culture (SILAC) combined
with mass spectrometry and the application of next generation
deep sequencing of small and long RNAs to understand the profile
and expression of RNAs in EMVs and donor NPC.
Results: NPCs secrete large numbers of EMVs comprising a mixed popu-
lation of exosomes and larger particles, similar to previously described
shedding vesicles. EMVs derived from NPC possess a unique repertoire
of molecules that are preferentially enriched in EMVs respect to the
donor cells. We identified ~900 proteins that are specifically associated
with exosomes, of which 11–14% were differentially expressed in re-
sponse to pro-inflammatory and anti-inflammatory cytokines, with a
suppression of proteins involved in RNA translation and processing.
Deep RNA sequencing revealed 35 miRs that were highly enriched
within exosomes, compared to NPCs, including mmu-miR-9 and
mmu-miR-181a that have well characterized pro-neurogenic and
immune-regulatory potential, respectively. We have shown that EMVs
contents can be transferred to recipient fibroblasts, with consequent
RNA and protein expression changes in recipient cell, and effects on cell
cycle regulation, induction of stress response and MHC-class I dependent
antigen presentation pathways.
Conclusions: NPCs secrete EMVs containing RNAs and proteins dy-
namically regulated by cytokines. These molecules may be trafficked
regulators to be employed for the treatment of neuroinflammatory
diseases as new classes of cell-derived therapeutics.
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Subventricular zone neural progenitors protect striatal neurons
from glutamatergic excitotoxicity
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Objective: Adult neurogenesis occurs mainly in two regions of the
brain: the subventricular zone (SVZ) of the lateral ventricles and the
subgranular zone (SGZ) of the dentate gyrus in the hippocampus.
aNPCs in the SVZ are known to migrate to the olfactory bulb, but it
is less clear if they exert other processes in physiological and in path-
ological conditions. Aim of this study was to investigate whether
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endogenous aNPCs of the SVZ exert an homeostatic regulatory func-
tion in response to glutamatergic excitoxicity as in induced experi-
mental epilepsy.
Methods: We generated a NestfloxGFPfloxTK-IRES-LacZ transgenic
mouse line in which aNPCs can be selectively ablated upon ganciclo-
vir (GCV) administration. These mice have the green fluorescent pro-
tein (GFP) and thymidine kinase (TK) gene expression controlled by
the 2nd intron enhancer of the nestin gene. In these transgenic mice
we induced, using a potassium channel blocker (4-aminopyridine), ex-
perimental epilepsy and evaluated the functional outcome as well
as histological and gene expression alterations. Moreover by whole
cell ex-vivo patch clampwe evaluated the excitability of striatal neurons.
Results: GCV treatment of our Nestin-TKmice (NestinTK-GCV+) selec-
tively ablated aNPCs in the SVZ but not in the hippocampus. Neuro-
physiological analysis revealed that SVZ aNPCs ablation induces an
increase of frequency and duration of spontaneous excitatory post
synaptic currents of nearby striatal medium spiny neurons. Moreover
we found that induction of experimental epilepsy in NestinTK-GCV+

resulted in an increased number and severity of epileptic seizures and
in a significant reduced survival compared to control mice. Interest-
ingly LC-ESI-MS analysis revealed that NestinTK-GCV+ had reduced
levels of the endogenous cannabinoid anandamide (AEA) in the stri-
atum, as SVZ aNPCs are able to produce AEA. Thus intrastriatal admin-
istration of CB1 receptor agonists or of the inhibitor (URB597) of the
principal catabolic enzyme fatty acid amide hydrolase of cannabi-
noids was able, in NestinTK-GCV+ mice to revert the increased epi-
lepsy related morbidity and mortality.
Conclusions: Our data show that SVZ aNPCs contribute to protect neu-
rons from glutamate-mediated excitotoxicity occurring mainly during
CNS-compartmentalized inflammatory events via cannabinoid secretion.
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of autoimmune-mediated demyelination

Courtney McDonald1, Natalie Payne1, Guizhi Sun1, Leon Moussa1,
Christopher Siatskas1, Euan Wallace2,
Graham Jenkin2, Claude C.A. Bernard1

1Monash Immunology and Stem Cell Laboratories, Monash University,
Clayton/Melbourne, Australia; 2The Ritchie Centre, MIMR, Monash
University, Clayton/Melbourne, Australia

Objective: Multiple sclerosis (MS) is an autoimmune inflammatory
disease of the central nervous system (CNS). The cause of MS is as
yet unknown, but is believed to involve both cell-mediated and hu-
moral immune responses directed against components of the CNS.
Current treatments available for MS patients are predominantly
non-specific immuno-modulators, which are only effective in 30% of
RR-MS patients, have no long-term beneficial effects and are often as-
sociated with significant side effects. In recent years it has been found
that stem cells, such as mesenchymal stem cells (MSC), and more re-
cently human amnion epithelial cells (hAEC), have the ability to sup-
press immune responses in vitro and in vivo and can differentiate into
many cell lineages in vitro. These properties make them very attrac-
tive potential therapies for MS in that they may dampen CNS inflam-
mation, reduce damage and may have neuro-regenerative potential.
Accordingly, we have investigated the potential immuno-regulatory
effects of hAECs as a possible therapy for an MS-like disease, EAE (Ex-
perimental Autoimmune Encephalomyelitis) in mice.
Methods: The immunosuppressive properties of freshly isolated hAECs
were assessed in in vitro proliferation assays with PMA and Ionomycin
stimulation of naïve spleen cells and MOG stimulated 2D2 spleen
cells. Immunological profiling of hAECs was also performed using
FACS and the markers assessed included MHC class I and II antigens,
co-stimulatory markers and HLA-G. RR-EAE was induced in 10-week
old female NOD/Lt mice with 75 μg rMOG and 350 ng pertusis was
given on day 0 and 2. Either 1 million or 5 million hAECs were injected
on days 8, 10 and 12 and mice were monitored daily for their clinical
signs of disease. CNSwas collected for histopathological analysis. Prolif-
eration and cytokine assays were performed with spleens from these
animals. T-regulatory and T-helper cell phenotyping was performed
on spleens, lymph nodes and CNS.
Results: We found that in vitro hAECs can suppress both specific and
non-specific T-cell proliferation and decrease the amount of pro-
inflammatory cytokines produced by T-cells. In vivo studies have also re-
vealed that hAECs not only suppress the development of RR-EAE but also
prevent relapse in these mice. Mice protected from EAE by hAEC admin-
istration had reduced MOG-specific T-cell responses and produced less
pro-inflammatory cytokines upon antigen specific and non-specific
stimulation. Further investigations also revealed that hAEC treated
mice had increased percentages of Th2 cells in the peripheral lymphoid
organs and, most importantly, within the CNS.
Conclusion: These results imply that hAECs produce their immuno-
regulatory effect in part by initiating an anti-inflammatory response
directly within the CNS. Collectively this work suggests that hAECs
hold promise for the treatment of autoimmune diseases, like MS.
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oligodendrocyte progenitors from cuprizone-induced
demyelination and promotes remyelination
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Objective: In this study, we investigated the role of cryab in oligoden-
drocyte and oligodendrocyte progenitor cell (OPC) fate in in vivo de-
and remyelination.
Methods: Demyelination was induced in 129/SV wild type (wt) and
cryab−/− mice by feeding 0.2% cuprizone in chow for up to 8 weeks,
after which remyelination was induced by returning mice to a normal
diet for 2–3 weeks. Disease outcome was assessed by rotarod motor
skill testing. Size and cellular composition of demyelinating lesions
was assessed by immunohistochemistry. In addition, the role of cryab
in oligodendrocyte progenitor cell (OPC) survival was studied using
the oligodendrocyte progenitor cell line mOP and siRNA technology to
transiently knock down cryab expression.
Results: In a parallel study, we found that cuprizone-induced lesions
are significantly larger and more severe in the presence of cryab.
We hypothesize that this severe pathology is mainly due to increased
reactive astrogliosis, facilitated by cryab, which has been shown to be
anti-apoptotic in astrocytes.

Conversely however, althoughmore severe, demyelinated areas in
wildtype mice contain more PDGF-R alpha positive OPCs than in
cryab−/− mice. In addition, our data suggest that remyelination is
more efficient in wildtype controls than in cryab−/− mice. More-
over, remyelinated areas in wildtype mice contain more CC1 positive
oligodendrocytes than remyelinated areas in cryab−/− mice. Addi-
tional in vitro experiments using the mOP oligodendrocyte progenitor
cell line suggest that cryab protects OPC and oligodendrocytes from
cytokine-induced apoptosis.
Conclusions: Together, we hypothesize that cryab, similar to its func-
tion in astrocytes, mediates protection of OPCs and oligodendrocytes
from apoptosis, facilitating remyelination in vivo. This notion sup-
ports the role of cryab as a possible target in a regenerative therapeu-
tic approach for MS. However, considering its contrary role in reactive
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astrogliosis and the subsequent consequences for demyelination,
the possible benefit of cryab as a treatment target needs further
investigation.

T cells
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Bridging effector and regulatory T cells via resolving macrophages:
The beneficial cross-talk of the innate and adaptive immune system
following spinal cord injury
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Objective: Trauma to the central nervous system (CNS) results in im-
mune activation/entrance into the injured tissue, assumed to be neuro-
toxic and contributing to secondary tissue damage. Recent studies have
shown that certain immune responses can be beneficial and stimulate
axonal regeneration. A subset of monocyte-derived macrophages was
shown to be endowed with a unique anti-inflammatory phenotype es-
sential for repair. The recruitment of such critical macrophages is limited
but was found to be improved using T cell-based vaccination. It remains
unclear how T cells contribute to macrophage recruitment to the trau-
matized CNS and whether T cells support a neuroprotective role by
other ways beyond facilitation of the macrophage recruitment.

Methods: Knockout mice, adoptive transfer as well as depletion of im-
mune cell populations were used to determine the role of specific im-
mune cell subsets. Functional recovery of the hind limbs after contusion
was assessed using the Basso Mouse Scale.

Results: Here, we found that both effector T cells and regulatory T
(Treg) cells are important in the wound healing response following
the insult, and are part of a network that involves the beneficial resolv-
ing macrophages. The early effector response, characterized here as T
helper (Th) 1, is beneficial to recovery by promoting the recruitment
of resolving macrophages to the injured parenchyma. In turn, such
monocyte-derivedmacrophages recruit Treg cells via specific signalling
molecules. These Treg cells are endowed with a specific phenotype
allowing them to efficiently regulate the immune cell effector response,
when it is no longer needed and potentially detrimental for recovery.
Conclusions: These results demonstrate the intricate cross-talk be-
tween infiltrating macrophages and Treg cells, a feedback loop that
is compromized in the absence of Th1 cells. In this crosstalk, where
the infiltrating monocyte-derived macrophages are central players,
the effector T cells, although critical in the early phase following the
insult, later must be counterbalanced by Treg cells , which can prop-
erly limit the type 1 inflammation associated with tissue destruction
and immunopathology. Altogether, this network of immune cells
warrants an appropriate immune response following the insult
that favors wound healing and regeneration of the tissue. This physi-
ological response can be fine-tuned to improve recovery, thereby
having important therapeutic implications for CNS trauma.
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Interferon gamma signaling in T cells attenuates autoimmunity,
but is not essential for Th17 plasticity in vivo
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Objective: Th17 cells have been shown to play a major role in the pa-
thology of MS and EAE and recently a population of IFNγ expressing
Th17 cells has been identified in humans and mice. However, little is
known about the function and exact development of this population.
We have previously shown that in vivo generated Th17 cells switch to-
wards IFNγ expressionwhen transferred into naïvemice. Additionally it
was additionally shown that IFNγ synergizeswith IL-12 to induce effec-
tive IFNγ expression from in vivo generated Th17 cells, after in vitro
reactivation. These findings led us to investigate the role of IFNγ signal-
ing in CD4+ T cells in regard to Th17 plasticity and EAEdevelopment, by
using an IFNγ receptor knock-out model.
Methods: We crossed mice with a floxed Ifngr2 gene to CD4-Cre mice
(CD4/IFNγR2 KO). CD4+ T cells were analyzed in vitro for Th1 differ-
entiation, as well as Th17 plasticity and we performed an adoptive
transfer of in vivo generated Th17 cells into RAG1 KO mice to check
for passive EAE and Th17 plasticity.
Results: We found that in vitro differentiated Th17 cells from CD4/
IFNγR2 KO mice could not be shifted as effectively as control T cells,
when reactivated with IFNγ and IL-12. Additionally CD4+ T cells
were less potent in Th1 differentiation under these conditions. We
found IL-27 to be a strong inducer of Th1 differentiation in both con-
trol and CD4/IFNγR2 KO T cells, especially when combinedwith IL-12.
This combination additionally shifted differentiated Th17 cells to-
wards IFNγ expression almost as effectively as IFNγwith IL-12. Trans-
fer of in vivo generated Th17 cells from CD4/IFNγR2 KO mice led to a
more severe outcome of EAE, with significantly more IL-17A+,
RORγt+ as well as IL-17A+ IFNγ+ T cells in the CNS of these mice.
Conclusions: Our adoptive transfer experiments demonstrate, that
loss of IFNγ signaling in CD4+ T cells leads to severe disease outcome
and high accumulation of Th17 cells in the CNS. However, IFNγ sig-
naling seems not to be essential for effective Th17 plasticity in vivo,
as proposed by the high number of IL-17A+ IFNγ+ T cells in the
CNS of mice which received Th17 cells from CD4/IFNγR2 KO animals.
We therefore suggest IL-27 to be involved in Th17 plasticity and to act
independent of IFNγ, as supported by our in vitro data.
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Inhibition of CD4+ T cell-mediated tissue inflammation
by Podoplanin
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CD4+ T cells orchestrate the activation and recruitment of a coor-
dinated immune response, largely due to their ability to differentiate
into subsets that produce distinct sets of effector cytokines. Th17 cells
are a recently identified subset of CD4+ T cells that promote acute
and chronic tissue inflammation and have been implicated in the
pathogenesis of a variety of human chronic autoimmune and inflam-
matory diseases. Understanding the cellular and molecular mecha-
nisms that regulate Th17-mediated inflammation is therefore an
important area of investigation. Podoplanin (Pdp) is a transmem-
brane sialomucin-like glycoprotein that we have previously shown
to be preferentially expressed by Th17 cells. In order to investigate
the role of Pdp in T cell biology in vivo, we studied the immunologic
phenotype of Pdp-deficient mice. While most Pdp-deficient mice die
perinatally due to respiratory failure, we found that Pdp-deficient mice
that survive to adulthood suffer from multi-organ tissue inflammation
with lymphocytic infiltrates in multiple non-lymphoid tissues. CD4+ T
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cells isolated from Pdp-deficient mice produce increased amounts of ef-
fector cytokines ex vivo and are hyperproliferative in vitro. Furthermore,
Pdp-deficient mice that also express the myelin oligodendrocyte glyco-
protein (MOG)-specific 2D2 transgenic T cell receptor rapidly develop
spontaneous experimental autoimmune encephalomyelitis (EAE). We
also generated mice that transgenically overexpress Pdp under the
control of the CD2 promoter. In contrast to Pdp-deficient mice, the
transgenicmice exhibit a profound reduction in peripheral T cells, despite
normal numbers of major thymocyte subsets. Moreover, the remaining
Pdp-transgenic CD4+ T cells are hypoproliferative in vitro and following
immunization with MOG peptide Pdp-transgenic mice exhibit more
rapid resolution of EAE. Taken together, these data suggest that Pdp acts
as a negative regulator of CD4+ T cell-mediated tissue inflammation.
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Role of ATF3/Id1 axis in the resistance of memory CD4 T cells to
suppression in autoimmune encephalomyelitis
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Objective: T cell-mediated autoimmune diseases are thought to be
driven by persisting memory CD4+ T-cells. Emerging approaches
for the treatment of autoimmune diseases involve induction of
CD4+FOXP3+CD25+ regulatory T cells (Tregs). We investigated
whether memory CD4+ T-cells can be tolerized by Treg cells in ex-
perimental autoimmune encephalomyelitis (EAE), a mouse model of
multiple sclerosis.
Methods: C57BL/6 WT mice and ATF3−/− and Id1−/− mice were
used. Cytokine production was measured by intracellular FACS
staining and by Luminex. T cell proliferation was analyzed by
3H-thymidine incorporation.
Results: We show that EAE induced by transfer of myelin-specific
memory CD4+ T-cells generated is resistant to suppression by
CD4+FoxP3 Tregs (isolated from Foxp3-GFP reporter mice) while
EAE induced by primed CD4+ T cells was suppressed by Tregs.
Using gene microarray, we identified two key regulators of memory
T-cell resistance to suppression: (i) Activating transcription factor 3
(ATF3), a transcriptional repressor and member of the mammalian
activation transcription factor/cAMP responsive element-binding
(CREB) protein family of transcription factors, and (ii) inhibitor of
DNA-binding (Id1), a helix-loop-helix protein that plays a role in
the progression of a variety of cancers and is negatively regulated
by ATF3. ATF3 was downregulated in memory T-cells compared to
their effector counterparts (10.6 fold) while Id1 was induced in
memory T-cells (15.5 fold). This was confirmed by Taqman PCR
and by Western blot.

Furthermore, we found that ATF3−/− CD4+ T-cells cultured with
titrated doses of recombinant TGF-beta1, are resistant to suppression,
while Id1−/− CD4+ T cells were more susceptible. Mechanistically,
we demonstrate that ATF3 interacts physically with Smad3, a molecule
that mediates the immunosuppressive properties of TGF-beta, and that
ectopic expression of ATF3 leads to increased Smad3 protein stability
as shown by [35S]-methionine-mediated pulse chase assay.

We confirmed these findings in human cells, where CD4+
CD45RO+ memory T-cells isolated from PBMCs of healthy subjects
express low ATF3 and high Id1 compared to naive T-cells and are re-
sistant to TGF-beta1-mediated suppression. This resistance was re-
versed by ectopic expression of ATF3.
Conclusions: Our investigations elucidate the mechanism of memory
T-cells resistance to Tregs. These findings have implications for the thera-
peutic use of Tregs in multiple sclerosis and other autoimmune diseases.
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Polyclonal autoreactive T cells that co-recognize a myelin and a
neuronal antigen: A natural component of the T-cell compartment
of C57BL6 mice
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Objective: Pathogenic T cells in autoimmunity might recognize multi-
ple self-antigens. We observed that in mice expressing an
I-Ab-restricted transgenic TcR specific for the myelin oligodendrocyte
glycoprotein (MOG)-derived peptide MOG35-55, CD4 T cells also rec-
ognize an epitope within the axonal protein Neurofilament medium
(NF-M). This feature enhanced the pathogenicity of bi-specific T
cells. Here we assess the frequency of these highly pathogenic T
cells in the polyclonal T-cell compartment of C57BL/6 mice, and the
molecular origin of the bi-specificity.
Methods: 18 MOG35–55-specific T-cell hybridomas generated from
MOG35–55 immunized BL/6 and expressing distinct TcRs were select-
ed for this study. T-cell clones were classified based on their response
to MOG38–50 and NF-M18–30, the minimal epitopes that share partial
sequence homology. To establish the molecular nature of
bispecificity, we performed an alanine scan of the NF-M18–30 epitope
so as to identify the contribution of each amino acid in I-Ab binding
and TcR engagement.
Results: The analysis of 18 independent I-Ab restricted T-cell hybrid-
omas revealed 6 bispecific T cell clones that reacted to both MOG38–50

and NF-M18–30. This proves that multiple T cell clones in the polyclonal
T cell compartment recognize both MOG35–55 and NF-M18–30. To ana-
lyze if this is a public feature we assessed the antigen recall responses
of individualMOG35–55-immunizedmice: CD4 T cells from each individ-
ual mouse responded to bothMOG35–55 and NF-M15–35. The presence of
T cells that co-recognize MOG and NF-M is therefore a public property
of BL/6 mice. Previous studies have identified the TcR contact residues
of MOG38–50 when presented in the context of I-Ab. These residues
are conserved in the NF-M18–30 epitope, and mutating these residues
in an alanine scan of NF-M18–30 showed that such linear homology un-
derlies the observed bispecificity.
Conclusions: We show that the CD4 T cell compartment of BL/6 mice
comprises multiple T cell clones specific for both MOG and NF-M.
Bispecificity for myelin and neuronal antigens is a public feature of
the CD4 T cell compartment of BL/6 mice and results from the preser-
vation of the TcR contact residues in the minimal epitopes MOG38–50

and NF-M18–30. These observations indicate that bispecific CD4 T cells
that recognize multiple self-antigens are a natural component of the T
cell compartment. The pathogenic contribution of these polyclonal
bispecific T cells is being investigated.
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T cell invasion of the CNS: the lung paths the way
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A crucial question in CNS autoimmune diseases such as MS is how
autoreactive T cells transmigrate through an intact blood–brain barrier
and build up inflammation in the CNS. According to the current view,
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myelin-reactive T cell blasts are thought to perform this initial step and
to create a pro-inflammatory milieu in the CNS, thereby opening the
way for a second autoimmune attack. By combining two-photon imag-
ing and functional characterization in a Lewis rat model of EAE we
could demonstrate that T cell blasts do not efficiently enter the CNS
and are not required for priming the CNS milieu. Instead, after being
injected intravenously, these cells home into the lung. Here they use
the airways as roads to move to bronchus-associated lymphoid tissues
and lung-draining mediastinal lymph nodes before entering the blood
circulation, from where they then reach the CNS. During this sojourn
in the periphery the autoreactive T cells undergo a global change in
their motility and functional profile by down-regulating their activation
and proliferation program and up-regulating their cellular locomotion
molecules and their chemokine and adhesion receptors. The latter in-
clude ninjurin-1 which plays a role in T cell intravascular crawling on ce-
rebral blood vessels. This migratory phenotype is different from the blast
phenotype in that it allows the effector T cells to enter the CNS and in-
duce disease there very efficiently. Interestingly the general re-
programming is not limited to effector T cells: resting myelin-reactive
memory T cells could also be stimulated in the lung, and after strong pro-
liferation they assumed a migratory phenotype which enabled them to
enter the CNS. We therefore propose that the lung plays a major role in
the activation of potentially autoaggressive T cells and their transition
to a migratory mode prerequisite to entering the intact blood–brain bar-
rier and inducing autoimmune disease.
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Objective: Multiple sclerosis is initiated when brain-reactive T cells
enter the CNS and become locally reactivated upon encountering
their cognate antigen. When and where the disease-relevant activa-
tion processes occur in the target tissue and which cells present the
antigens to the invading effector T cells is currently unclear. Here
we developed a fluorescent sensor for real-time imaging of T cell
activation. We used this tool to analyze the interactions between an-
tigen presenting cells and encephalitogenic T cells during experimen-
tal autoimmune encephalomyelitis (EAE) of Lewis rats.
Methods: A fluorescently labeled nuclear factor of activated T cells
(NFAT) and histone H2B were used in combination as molecular sen-
sors to visualize antigen-driven T cell activation. Using intravital
2-photon microscopy the activation state of T cells specific for myelin
basic protein retrovirally engineered to express the NFAT-H2B sen-
sors was tracked within incipient EAE lesions. These imaging studies
were complemented with functional pharmacological and genetic in-
tervention, making it possible to evaluate the relevance of the ob-
served T cell activation events for the clinical outcome.
Results: Nuclear translocation of the NFAT/H2B reporter upon stimu-
lation of T cell receptors was fast, reversible and antigen-dependent
and it closely correlated with expression of pro-inflammatory cyto-
kines and surface activation markers. The utility of the NFAT/H2B
reporter was validated by intravital imaging of T cell activation after
antigen encounter within lymph nodes. In EAE, myelin-specific effec-
tor T cells entering the CNS during the preclinical phase became
activated after short and transient contacts with leptomeningeal
phagocytes. During established disease, the T cell activation process
was extended to the depth of the CNS parenchyma. There, the T
cells formed contacts with resident microglia and recruited phago-
cytes. The later activation processes included long-lasting interac-
tions with antigen-presenting cells. Inhibition of T cell activation
significantly ameliorated EAE when applied early in the preclinical
phase but failed to do so in the acute phase.
Conclusions: The established NFAT/H2B reporter allows sensitive and
reliable detection of T cell activation in vivo. Our data indicate that it
is the activation processes during the preclinical phase rather than
during the established disease that are essential for the intensity
and duration of the subsequent disease bout.

Brain tumors and parneoplastic
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Characterization of Yo antibodies

Tilo Wolf Eichler1, Cecilie Totland1, Mette Haugen2, Tor H. Qvale1,
Kibret Mazengia1, Anette Storstein2,
Bjørn Ivar Haukanes3, Christian A. Vedeler1

1Department of Clinical Medicine, University of Bergen, Bergen, Norway;
2Neurology Department, Haukeland Universityhospital, Bergen, Norway;
3Centre for Medical Genetics and Molecular Medicine, Haukeland
Universityhospital, Bergen, Norway

Objective: Yo antibodies are associated with paraneoplastic cerebellar
degeneration (PCD) and ovarian or breast cancer. Yo antibodies are
mainly referred to as CDR2 antibodies. The objective was to charac-
terize Yo antibodies by determining both CDR2 and CDR2L antibodies
and their structural localization.
Methods: 335 patient sera were screened for CDR2 and CDR2L by
radioimmune assay (RIA). The sera included 42 Yo positive sera from
our routine laboratory, 179 sera from ovarian cancer patients and 114
sera from breast cancer patients. Hospital records were reviewed retro-
spectively. We also used HeLa cells transfected with CDR2 or CDR2L
fused to GFP and co-stained the cells with patient serum. Absorption
experiments were done to determine which of the CDR antibodies
that stained Purkinje cells. We also used confocal microscopy to deter-
mine the subcellular localization of the CDR2 and CDR2L proteins.
Results: We found using RIA that 36 of the 42 sera from the patients
with PNS contained both CDR2 and CDR2L antibodies, whereas only
CDR2 antibodies were present in the remaining 6 sera. Of the 179
ovarian cancer sera, 5 were positive for only CDR2L antibodies. Of
the 114 breast cancer sera, 2 were positive for CDR2 antibodies and
2 for CDR2L antibodies. Only patients with both CDR2 and CDR2L an-
tibodies had PCD. We found no CDR2 or CDR2L antibodies in 100
healthy blood donor sera used as control. The CDR2 or CDR2L anti-
bodies could also be determined in the GFP transfected cells. Absorp-
tion experiments of Yo positive sera showed that CDR2L antibodies
mediate the primary staining of rat Purkinje cells. We found by confo-
cal microscopy that CDR2 and CDR2L are localized to the cytoplasm,
whereas CDR2L is also present in the cell membrane.
Conclusions: We found that Yo antibodies usually harbor both CDR2
and CDR2L antibodies. However, Yo sera can also contain only one
of these antibodies. The presence of both CDR2 and CDR2L antibodies
seem to be necessary for the development of PCD. CDR2 and CDR2L
are both localized to the cytoplasm, whereas CDR2L is also
membrane-bound. CDR2L and CDR2 antibodies may be of pathogenic
importance for the development of PCD.
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On the role of nucleolin in glioma progression

Murat Yilmaz, Oguzkan Sürücü, Karl Frei

Department of Neurosurgery, University Hospital Zurich,
Zurich, Switzerland

Objective: Gliomas are intrinsic brain tumors and its most malignant
form, glioblastoma, has a dismal prognosis despite multimodality treat-
ment approaches. This is based on invasive growth, relative resistance
to radiotherapy and chemotherapy, and tumor-associated immunosup-
pression. Thus, it is imperative to develop new treatment modalities.

Nucleolin is a major nucleolar protein involved in ribosome biogene-
sis, regulation of cell proliferation and growth, but is also expressed on
the cell surface where it serves as a binding protein for a variety of
ligands implicated in tumorigenesis and angiogenesis. In this project
we focused on the role of nucleolin during the progression of gliomas.
Methods: We investigated the expression and localization of nucleolin
in a tissue microarray (TMA) of low and high grade gliomas by immu-
nohistochemistry and performed statistical correlation analysis.
Freshly isolated glioblastoma tumor and cancer stem cells were cul-
tured and the impact of nucleolin silencing by siRNA was evaluated
on their proliferation potential. In addition the ability of AS1411, a
GC-rich oligonucleotide which interacts with nucleolin, to inhibit pro-
liferation and induce cytotoxicity was assessed.
Results:Western blot analysis demonstrated a different nucleolin pattern
in glioblastoma tumor and cancer stem cells. In vitro experiments
have shown that small interfering RNA (siRNA)-mediated silencing of
nucleolin inhibited the growth of glioblastoma cells. In addition, AS1411
inhibited the proliferation and induced apoptosis of glioblastoma tumor
and cancer stem cells. TMA data revealed an increase in nucleolin expres-
sion in glioma progression and a negative correlation with survival.
Conclusions: Our findings suggest strategies to target nucleolin (e.g.
by AS1411) as a new therapeutic treatment for gliobastomas.

293

Modulation of innate immunity in glioblastoma

Galina Gabriely, Howard Weiner

Center for Neurologic Diseases, Brigham and Women's Hospital/Harvard
Medical School, Boston, United States

Objective: Glioblastoma (GBM) remains an aggressive and incurable
brain tumor despite the well-characterized molecular biology of cancer
cells that comprise this malignancy. The immune system is increasingly
being recognized as a key factor in carcinogenesis and immunemodula-
tion is being actively investigated to ameliorate tumor growth. We
aimed to identify alterations in gene profile of tumor-associated mye-
loid cells in order to reveal targets for their future modulation.
Methods: We used an intracranial GBM mouse model to study the in-
volvement of innate immunity in gliomagenesis. By flow cytometry
we analyzed different populations of myeloid cells from brain and
spleen of GBM-bearing mice. To reveal tumor-specific profiles, we
sorted various subsets of myeloid cells from brain and spleen and
performed mRNA and miRNA expression analysis.
Results: We identified profound changes in the immune profile of mye-
loid cells in GBM-bearing mice, both in brain and the periphery. A popu-
lation of monocytic myeloid-derived suppressor cells (MDSCs) was
reduced while granulocytic MDSCs subset was expanded. Together with
changes in immune cell composition, we found an anti-inflammatory
and pro-tumorigenic gene profile in glioma-infiltrating myeloid (GIMs)
cells. These alterations were accompanied by changes in the expression
of several microRNAs (miRNAs), which may simultaneously regulate
number of biological pathways.
Conclusions: Given the high plasticity of myeloid cells, we propose
that directed modulation of miRNA levels in monocytes of GBM-
bearing mice and ultimately humans reprogram these cells and shift
their phenotype to pro-inflammatory/tumoricidal phenotype.
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A set of target antigens of autoantibodies associated with
paraneoplastic neurological syndromes is expressed in
small-cell lung cancer cell lines

Ramona Bahtz, Stephan Tiede, Christian Probst, Wolfgang Meyer,
Winfried Stöcker, Lars Komorowski

Immunobiochemical research, Institute of Experimental Immunology,
Lübeck, Germany

Objective: Autoantibodies against neuronal antigens are markers of
small-cell lung cancer (SCLC) in a proportion of patients with
paraneoplastic neurological syndromes (PNS). The trigger mechanism
leading to their induction remains elusive. SCLC cells often show char-
acteristics of neuronal cells, e.g. they express neuropeptides as well
their receptors. Possibly they erroneously present these antigens to
the immune system. We have analyzed, if different defined
PNS-associated autoantigens are expressed in three SCLC cell lines.
Methods: Total lysates of NCI-H69, NCI-H146, and NCI-H209 cells,
established from three individual Caucasian male SCLC patients, and
HEp2 cells as well as porcine cerebellum and liver tissue were ana-
lyzed by Western blots. Selected sera from human patients with
PNS as well as polyclonal sera from rabbits immunized with bacteri-
ally over-expressed PNS-associated autoantigens or mitochondrial
protein PDC-E2 (control) were used as probes. Specificities of the in-
dividual reactions were controlled by using sera from healthy con-
trols, rabbit sera prior to immunization, and neutralization of
antibody reactivities with purified recombinant proteins.
Results: Expression of neuronal antigens Ma1 (40 kDa), Ma2/Ta
(42 kDa), HuD (42 kDa), Ri (52 kDa), CV2/CRMP5 (61 kDa), and
amphiphysin (76 kDa) could be demonstrated unequivocally in all
three SCLC cell lines and cerebellum but not in HEp2 cells and liver
whereas a band corresponding to PDC-E2 was obtained in each lysate.
An 38 kDa band was exclusively obtained with the three SCLC cell
lines and cerebellum after incubation with sera containing anti-
recoverin (25 kDa). A 62 kDa band was produced with all substrates
but liver tissue by sera containing anti-Yo.
Conclusions: Although the three cell lines, NCI-H69, NCI-H146, and
NCI-H209, originated from different patients, they express the same
set of PNS-associated autoantigens. Expression analyses, including
mRNA, of further SCLC cell lines, non-SCLC cell lines, primary tumor
cells, and alveolar lavage fluid might therefore define them as
markers for the early diagnosis of SCLC. Such experiments might
also help to understand the pathomechanism of PNS and how
anti-neuronal autoantibodies are induced.
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Paraneoplastic neurological manifestations in patients with lung
cancer without onconeural antibodies

Margrethe Raspotnig1, Mette Haugen2,
Christian Vedeler1, Anette Storstein1

1Department of Neurology, Haukeland University Hospital, Bergen,
Norway; 2Department of Clinical Medicine, University of Bergen,
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Objective: Paraneoplastic neurological syndromes (PNS) are immune-
mediated neurological disorders that occur in less than 1% of patients
with cancer. PNS may affect the central and/or peripheral nervous sys-
tem. About 50% of the patients with PNS have onconeural antibodies.
Small-cell lung cancer (SCLC) is the far most common cancer associated
with PNS and the relationship between SCLC, PNS and onconeural anti-
bodies is well known. The aim of this studywas to analyse a group of pa-
tientswith PNS and lung cancer, seronegative for onconeural antibodies.
Previous data on the clinical spectrum of seronegative PNS are sparse.
Methods: We reviewed the medical records of 68 patients with con-
firmed lung cancer and neurological symptoms that were referred
for analysis of onconeural antibodies in the period 1995–2005. All pa-
tients were seronegative for the well-characterized onconeural anti-
bodies. Data from the Norwegian Cancer Registry and follow-up
medical data were analysed. We used well-established diagnostic
criteria for PNS to diagnose the patients retrospectively.
Results: 14 of the 68 patients with lung cancer had a PNS. 9 of these
patients had SCLC, 4 non-small cell lung cancer (NSCLC) and 1 a poorly
differentiated carcinoma. 3 patients had paraneoplastic encephalo-
myelitis, 1 paraneoplastic limbic encephalitis, 1 paraneoplastic cere-
bellar degeneration, 3 subacute sensory neuronopathy, 2 Lambert-
Eaton myasthenic syndrome, 1 multiple sensory mononeuropathy,
1 lower motor neuron disease, 1 myelopathy and 1 unilateral chorea.
Among the patients with SCLC, 6 out of 9 had PNS affecting the cen-
tral nervous system. 3 out of 4 patients with NSCLC had PNS affecting
the peripheral nervous system. Median survival time after debut of
neurological symptoms was 8 months. In 5 of the patients there
was a clear association between recurrence of lung cancer and
debut/worsening of PNS. The most common causes of neurological
symptoms in the remaining 54 patients were metastases to the ner-
vous system and local tumour infiltration.

Conclusions: About 1/5 of our patients with lung cancer and no de-
tectable onconeural antibodies had PNS. CNS manifestations were
most associated with SCLC, whereas NSCLC was associated with pe-
ripheral neuropathy. The absence of detectable onconeural antibodies
does not exclude PNS in patients with lung cancer.
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Antibody repertoire in paraneoplastic cerebellar degeneration
associated with small cell lung cancer

Lidia Sabater1, Romana Höftberger2, Anna Boronat3, Albert Saiz4,
Josep Dalmau5, Francesc Graus4
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Spain; 4Neurology, Hospital Clinic, Barcelona, Spain; 5Department of
Neurology, University of Pennsylvania, Philadelphia, United States

Background: Patients with paraneoplastic cerebellar degeneration (PCD)
often have small cell lung cancer (SCLC) and about 50% of them develop
antibodies against voltage-gated calcium channels (VGCC-ab). VGCC-ab
are the cause of Lambert Eaton myasthenic syndrome (LEMS). When
LEMS associates with SCLC, 70% of patients also have SOX1-ab, a surro-
gate marker of SCLC. It is unknown whether a similar antibody associa-
tion occurs in patients with PCD and SCLC. It is also unknown whether
patientswith PCDdevelop relevant antibodies against cell surface or syn-
aptic antigens as recently demonstrated in limbic encephalitis.
Aims of the work: To determine the association between SOX1-ab and
VGCC-ab in patients with PCD and to investigate whether these pa-
tients also develop antibodies against several known cerebellar anti-
gens or unknown neuronal cell surface proteins.
Patients and methods: Serum and CSF of 34 patients with PCD and
SCLC were examined by immunohistochemistry on rat brain and
cultures of live hippocampal neurons. Ten sera were used to probe
cDNA expression libraries of human fetal brain and cerebellum.
VGCC-ab were measured by RIA, and SOX1-ab, ZIC-ab, and ELKS1 by
immunoblot. Antibodies against β4 and γ2 subunits of VGCC, highly
expressed in cerebellum, were examined by a cell-based assay.
Results: SOX1-ab were detected in 50% and VGCC-ab in 47% of the pa-
tients. Only 23% of patients were Hu-ab-positive. At least one of these
three antibodies was positive in 73% of patients. SOX1-ab occurred
more frequently in patients who had VGCC-ab (75% vs 28%, p=
0.014). No antibodies were detected against β4 and γ2 subunits of
VGCC. Screening of cDNA libraries identified known onconeuronal an-
tigens (ZIC1, ZIC2, ZIC4), and a novel autoantigen, ELSK1, which is
expressed in cerebellum and coprecipitates with the β4 subunit of
VGCC. Frequency of ZIC1/ZIC2/ZIC4-ab was 11.8%, 14.7%,14.7% respec-
tively and 2.9% for ELSK1-ab. Five patients (14.3%) had antibodies
against cell surface antigens. Three of these 5 cases also had
VGCC-ab; none of them improved with immunotherapy.
Conclusion: At least one of the following antibodies: Hu, VGCC, and SOX1
are detected in 73.5% of patients with PCD and SCLC. There is a significant
association betweenVGCC-ab and SOX1-ab; detectionof these antibodies
indicates an underlying SCLC in patients with cerebellar ataxia of un-
known etiology. Antibodies to cell surface antigens are rare in PCD,
suggesting that neuronal damage may be T-cell mediated.

Infections
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Impaired influenza immunity in spinal cord injured mice

Valerie Bracchi-Ricard1, Ji Zha1, Samita Andreansky2, John R. Bethea1

1The Miami Project to Cure Paralysis, University of Miami Miller School
of Medicine, Miami, United States; 2Department of Pediatric Hematology,
University of Miami Miller School of Medicine, Miami, United States

Objective: Individuals suffering from spinal cord injury (SCI) are at
higher risk for infection. Our objective is to better understand the
mechanisms of spinal cord injury induced immune-depression with
the goal of developing more effective therapies and reduce mortality
due to complications from influenza and other infections.
Methods: To study how the immune system is affected by SCI we used a
well established influenza virus model. Briefly, spinal cord injured
(6–7 weeks post-SCI) and control mice were infected intra-nasally
with H3N2 influenza-A virus (1×104 PFU) and analyzed at different
times post-infection for virus titer in the lungs, cytokine/chemokine pro-
duction, virus-specific CD8+ T cell response in the lung and lymphoid or-
gans, and production of neutralizing antibodies against the virus.
Results: While all the control mice cleared the virus from the lungs
10 days post-infection, a significant number of SCI mice did not clear
the virus. In addition, these SCImicewhich did not clear the virus showed
a significant lower number of virus-specific CD8+ T cells in both the
spleen and the BAL. Furthermore the sera isolated from those mice were
not able to neutralize the virus suggesting an impaired adaptive immune
response. We are currently investigating whether the innate immune re-
sponse in the lungs of SCI mice is deficient compared to control mice.
Conclusions: Taken together our data demonstrate that the immune
system of chronically spinal cord injured mice is compromised.

171

Herpes simplex encephalitis leads to acute lateral ventricular
enlargement in mice and man

Chrisopher Conrady1, Douglas Drevets2,
Anthony Alleman3, Daniel Carr4
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Objective: To compare the neuropathology associated with herpes
simplex virus-induced encephalitis (HSE) in mice and humans and
determine the contributing factors associated with controlling infec-
tion and inducing disease.
Methods: MRI T2-weighted images were obtained using a Bruker
Biospec 5.0 imaging system fromwild type, type I IFN receptor deficient
mice (CD118−/−), and mouse chimeras. Human patient records (19
each of control and HSE patients) were retrieved and examined in
masked fashion by a neuroradiologist. Inflammation and virus spread/
replication (HSV-1 strain McKrae) in the brain in vivo or in organotypic
slice cultures were evaluated using CD118−/− mouse chimeras and
wild type mice or mice deficient in the TLR adaptor proteins, MyD88
and TRIF. Confocal microscopy, flow cytometry, ELISAs/suspension ar-
rays, Western blot analysis, and real time RT-PCR were employed to
measure various parameters. Data was analyzed for significance
(pb .05) using ANOVA and post-hoc Tukey's t-test for comparison of
more than two groups whereas Student's t-test was used to compare
two variables.
Results: CD118−/− mice were highly susceptible to encephalitis with
observable features of encephalitis (motor dysfunction) as early as
day 4 post infection (pi). MRI analysis revealed ventricular enlarge-
ment restricted to the lateral ventricles by day 5 pi. By comparison,
MRI scans of HSE patients identified a gross dilatation of the lateral
ventricles of which 26% of patients had a CT Evan's index>0.3. The
virus was found to localize to the ependymal region of the brain
with RBCs and significantly elevated CXCL10 protein in the CSF and
loss of cilia by ependymal cells in the encephalitic mice. CD118−/−

bone marrow (BM) chimeras revealed a CNS resident population
was responsible for viral surveillance. Organotypic brain slice cultures
revealed microglia as the primary resident cell responsible for control
of viral replication through a TRIF-dependent pathway.
Conclusions: We have found herpes simplex virus type 1 infection of the
CNS displays specific tropism for the ependymal region resulting in later-
al ventricle enlargement consistent with human encephalitic findings.
Once lytic infection is established, a potent TRIF-dependent, anti-viral,
microglial-centric, BM-independent immune response is activated to
contain further viral spread.
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Non-redundant in vivo functions of IFN-beta protect against virus
infections within the central nervous system

Claudia N. Detje1, Stefan Lienenklaus2, Claudia Soldner1,
Michael Tovey3, Julia Heinrich1, Siegfried Weiss2, Ulrich Kalinke1
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Previous studies showed that type I interferon receptor (IFNAR)
triggering is critically required to control many different virus infec-
tions. In mice one IFN-β and 14 different IFN-α isotypes interact
with IFNAR. Infection experiments with peripherally challenged
IFN-β−/− mice did not reveal any overt phenotype suggesting that
IFN-α and IFN-β play a redundant role under such conditions. Here
we readdressed IFN-β function under conditions of intranasal (i.n.)
virus infection. Under such conditions IFN-β−/− mice showed a sig-
nificantly enhanced vulnerability to lethal vesicular stomatitis virus
(VSV) infection. A detailed analysis revealed that upon i.n. VSV instil-
lation of C57BL/6 mice the virus readily infected olfactory sensory
neurons, moved along axons into the glomerular layer of the olfactory
bulb, where it was arrested in an IFNAR-dependent manner. After i.v.
as well as i.n. VSV infection IFN-α, but no IFN-β, was detected in the
serum. Analysis of IFN-β reporter mice revealed that within the
central nervous system protective IFN-β was induced primarily
in the olfactory bulb, presumably by neuroectodermal cells. Inter-
estingly, locally produced IFN-β was active also in distal brain
areas as evidenced by induction of GFP expression in the cerebrum
of i.n. infected ISRE-eGFP reporter mice. Of note ISRE-eGFP mice
intercrossed with IFN-β−/− did not show local IFNAR signaling
within the CNS. In conclusion our experiments are in accordance
with the model that upon virus infection of the CNS IFN-β
responses are selectively induced within the olfactory bulb that
stimulate also distal brain areas, whereas IFN-α subtypes are pri-
marily induced in the periphery and there account for protection
of peripheral tissues.
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Dynamics of memory T cells clearing a persistent CNS infection in
the absence of severe tissue Injury

Jasmin Herz1, Dorian B. McGavern2

1National Institute of Neurological Disorders and Stroke, National
Institutes of Health, Bethesda, United States; 2National Institute of
Neurological Disorders and Stroke, National Institutes of Health, Bethesda,
MD 20892, United States

Objective: Many viruses can infect the mammalian central nervous
system (CNS), some with devastating consequences, and others
with little or no overt pathology. Immunotherapy is a successful ap-
proach to treat persistent infections that has shown promise in
humans. Our laboratory studies a murine model of persistent lym-
phocytic choriomeningitis virus (LCMV) infection to understand the
mechanism(s) by which therapeutically administered virus-specific
memory T cells cleanse the infected CNS without causing cellular
damage or blood brain barrier breakdown.
Methods: In this study, advanced imaging techniques, such as
intra-vital two photon microscopy, were used in combination
with cellular and molecular approaches to provide a comprehen-
sive understanding of how innate and adaptive immune cells coor-
dinate a response with the CNS to locate and engage virally infected
cells.
Results: Using two-photon microscopy, we observed that therapeu-
tic memory T cells invade the meninges and brain parenchyma,
scanning both areas systemically for viral antigen. Interestingly,
T cell surveillance of the persistently infected brain was not associated
with massive recruitment of peripheral myelomonocytic cells —

innate cells known to cause severe vascular pathology during
LCMV meningitis. Instead, we revealed using CD11c-YFP reporter
mice that immunotherapeutic T cells directly engaged brain resident
microglia and transformed them into a cell population resembling
dendritic cells. Interestingly, CD11c+microglia were protected
from T cell mediated apoptosis following engagement and also
directly participated in the immunotherapeutic process by releasing
chemokines such as CCL5.
Conclusions: We propose that successful clearance of a persistently
infected brain can be achieved without induction of severe tissue
injury by tailoring chemokine release to limit myelomonocytic cell
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recruitment and by converting microglia into local antigen presenting
cells.

12

A NK complex-linked locus restricts the spread of herpes simplex
virus type 1 (HSV-1) in the central nervous system (CNS)

Lorne Kastrukoff1, Allen Lau1, Fumio Takei2,
Anthony Scalzo3, Francis Carbone4
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Objective: Natural resistance to mortality in mice infected with HSV-1
is mouse strain dependent and an autosomal dominant trait. In mice
infected with virus via the oral mucosa, HSV-1 spreads throughout
the CNS of susceptible strains but is restricted to the brainstem of re-
sistant mice. In resistant BL/6 mice, viral restriction is mediated by NK
and CD8+ T-lymphocytes. The objective of this study is to further de-
fine the role of NK cells.
Methods: We combined Mendelian analysis, studies of congenic and
intra-NKC recombinantmice, alongwith antibody depletedmice to fur-
ther examine the restriction of viral spread in the brains of BL/6 mice.
Results:We report a NK complex-linked genetic locus, Hrl2, whose al-
leles determine the restriction of viral spread in the CNS. Mendelian
analysis determined that restriction of viral spread is a dominant
trait and consistent with a single gene effect. Studies with congenic
mice determined that the locus maps to the NKC on chromosome 6
but is separate from previously defined loci: Hrl1 and Rhs1. Studies
with intra-NKC recombinants determined that the locus maps to a
segment between Cd69 and D6Wum16. Studies with antibody de-
pleted mice determined the effect of this locus is mediated by
NK1.1+ expressing cells.
Conclusions: A NK complex-linked locus (Hrl2) restricts the spread of
HSV-1 in the CNS of BL/6 mice however the precise mode of action of
the locus remains unknown.
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The role of IL-10 in modulating fatal Alphavirus encephalomyelitis

Kirsten Kulcsar1, Diane Griffin2
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Objective: Neuroadapted Sindbis virus (NSV) infects neurons and in-
duces fatal, paralytic disease in C57Bl/6 mice as a consequence of in-
flammation. Tight regulation of the immune response to promote
efficient viral clearancewhile limiting immunopathology is critical, par-
ticularly in the central nervous system (CNS). The mechanisms of im-
munoregulation and immunopathology during NSV infection are
poorly understood. IL-10 is a key regulator of immune responses, thus
we wanted to determine its role during NSV-induced encepalomyelitis.
Methods: To determine the effect of IL-10 on the course of NSV infection,
we compared wild-type B6 and IL-10−/− mice infected with NSV.
Morbidity and mortality as well as various parameters of viral replica-
tion and clearance including infectious virus titers, viral RNA, and viral
antigen distribution in the CNS were assessed. We used qRT-PCR on
brain and spinal cord tissue to determine the effects IL-10 deficiency
on pro-inflammatory cytokine and chemokine mRNA expression.
Results: IL-10−/− mice died earlier with a mean day of death of
8 days compared to 10 days for WT mice (pb0.0001). Viral RNA
levels from whole brain and spinal cord were similar between both
groups. Infectious virus titers reached similar levels in whole brain;
however clearance was delayed in the absence of IL-10. In the spinal
cord, peak virus titers were higher in IL-10−/− mice compared to
WT animals. Viral antigen distribution at 5dpi was also different
with more viral protein in the cerebellum, brain stem, and spinal
cord of IL-10−/− mice than WT mice; however, antigen staining
was similar in the cortex, hippocampus, and thalamus. Baseline levels
of pro-inflammatory cytokine and chemokine mRNAs were signifi-
cantly higher (pb0.001) in the spinal cords of IL-10−/− mice rela-
tive to WT mice, whereas baseline levels in the brain were similar.
Production of inflammatory cytokine and chemokine mRNAs reached
similar levels in IL-10−/− and WT mice in both the brain and spinal
cord during the course of infection.
Conclusions: These data suggest that IL-10 is important in
maintaining a neuroprotective and/or anti-inflammatory environ-
ment, particularly in the spinal cord. The data also suggest that
IL-10 influences viral clearance and has a region-specific role in
inhibiting viral replication in some populations of neurons. In the ab-
sence of IL-10, NSV-induced encephalomyelitis is exacerbated and/
or accelerated.
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Absence of a robust innate immune response in rat neurons
facilitates persistent infection of Borna Disease Virus in the
central nervous system
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Objective: Borna disease virus (BDV) is a negative-stranded RNA virus
preferentially infecting neurons of the limbic system. BDV is known to
be an IFN sensitive virus, however,microarray analysis of rat organotypic
hippocampal cultures revealed a pronounced up-regulation of IFN-
induced genes (ISGs) upon BDV infection. The objective of this work is
to determine the strategy BDV utilizes to overcome the IFN response
during establishment of a persistent infection.
Methods: Rat ormouse hippocampal slice cultures or dissociated prima-
ry neuron cultures were prepared for BDV infection in the presence or
absence IFN. Viral load or IFN responses were determined by western
blotting, staining of Mx, a specific marker for the induction of
IFN-inducing genes (ISGs) or by using recombinant vesicular stomatitis
virus (VSV), harboring a green fluorescent protein (VSV-GFP).
Results: In hippocampal slice cultures BDV replicates and spreads al-
most exclusively in neurons, however, IFN-induced Mx proteins
could only be identified in microglia and astrocytes. Treatment of
uninfected cultures with IFN revealed similar results, suggesting
that neurons are not able to mount a robust immune response and
thus represent a preferential site for BDV replication. In support of
this assumption, we found that continuous IFN treatment of
BDV-infected rat hippocampal cultures or dissociated neuronal cell
cultures did not affect BDV persistence. However, a delay of viral dis-
semination was observed. This could be related to a weak IFN re-
sponse in neurons as judged by the clearance of VSV-GFP from
neuronal tissues. A BDV mutant virus (BDV-LL), which is known to
replicate efficiently within a cell but only inefficiently spreads from
cell to cell, revealed a significantly increased IFN-sensitivity
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compared to wild type BDV. In contrast to rat neurons, neurons of
mice responded to IFN treatment and inhibited BDV dissemination ef-
ficiently, indicating species-specific differences in the IFN response.
Infection of hippocampal cultures of wild type and type I/III IFN re-
ceptor knock-out mice with BDV-LL confirmed the pronounced
IFN-sensitivity of this mutant virus.
Conclusions: Compared to the mouse model, which has more robust
IFN responses upon infection, rat neurons can only mount weak
antiviral responses and thus represent an ideal cell type for
establishing a persistent infection. Moreover, the IFN-mediated
antiviral response affects viral dissemination rather the intracellular
replication.
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Treatment of Helicobacter pylori infection and risk of Parkinson's
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Objective: Parkinson's disease (PD) is characterized by a progressive
loss of dopaminergic substantia nigra cells leading to a broad spec-
trum of motor and non-motor features like gastrointestinal dysfunc-
tion, which may precede the motor symptoms.

Helicobacter pylori (HP), the well-known causative agent for
chronic gastritis, peptic ulcer disease, and gastric cancer, has been
suggested to play a role in the development of PD, due to similar ep-
idemiological features, such as familial aggregation and association
with water sources. Antibodies against HP have also been found to
be elevated in PD patients and in patients with parkinsonian features.
Eradication of HP-infections has even been shown to ameliorate
symptoms of PD.

Peripheral HP infection can trigger microglia activation through the
humeral pathway when circulating proinflammatory or monocytes
cross the blood–brain barrier or noxious chemicals produced by HP
can be transmitted through vagal afferent pathways and affects neurons
in the brainstem. HP may also access the brain via oral-nasal-olfactory
pathways or by infected monocytes leading to neurodegeneration
by inducing apoptosis through mitochondrial apoptotic pathways or
through inducible nitric oxide.

In the present study, we linked unique databases, i.e., the Danish
National Patient Register (DNPR) and the National Prescription Regis-
try (NPR), as part of a large population-based case control study to
explore whether HP contributes to development of PD.
Methods: We identified 4484 patients with a first time PD diagnosis
between 2001 and 2008 from the DNPR and 22,416 population con-
trols from the Danish CRS. Information on drug use was obtained
from the NPR. We used logistic regression to compute odds ratios
for the association between treatment for HP and risk of PD.
Results: Prescriptions for HP eradication drugs and proton pump inhib-
itorsfive ormore years prior to the diagnosis of PDwere associatedwith
a 45% and 23% increase in PD risk, respectively. Hospitalizations and
outpatient visits for gastritis and peptic/duodenal ulcers, however,
were not associated with PD.
Conclusions: Our population-based study suggests that chronic HP-
infections may increase the risk of PD. Whether this association is the re-
sult of a chronic infection leading to aggravated inflammatory pathophys-
iological insults or merely related to the disease due to degeneration of
the autonomous and enteric nervous systems remains to be determined.
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Lipocalin 2 expression and function in the central nervous system
host immune response to West Nile Virus infection

Aline L. Noçon1, Jacque Ip1, Sue Ling Lim1, Rachael Terry2,
Daniel Getts2, Marcus Müller1, Markus J. Hofer1,
Nicholas J.C. King2, Iain L. Campbell1
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Objective: Lipocalin 2 (Lcn2) is an iron-siderophore binding bacterio-
static factor produced during the host innate immune response to
bacterial infection. Further, Lcn2 may also regulate cellular iron
metabolism and apoptosis. Whether Lcn2 has a function in the host
response to viral infection is unknown. Here, we investigated the
regulation and function of Lcn2 in the central nervous system (CNS)
of mice during West Nile Virus (WNV) encephalitis.
Methods: Wild type (WT) and Lcn2 knockout (KO) mice (8–10 weeks
old) were inoculated intranasally with 6×102–104 PFU WNV in sterile
PBS or PBS alone as control. Animals were 1) either monitored for sur-
vival rates, or 2) euthanized on different days post-infection and brains
collected. From brain lysates plaque assay, RNase protection assay, or
immunoblot were performed to analyze viral titers, expression of host
immune response genes, as well as glial and iron markers, respectively.
Results: Both Lcn2 mRNA and protein levels were highly induced in the
brain by day 5 following WNV infection. Lcn2 mRNA and protein were
found at high levels in the choroid plexus, vascular endothelium and as-
trocytes. Neuronal subsets contained Lcn2 protein but no detectable
mRNA suggesting uptake and accumulation of Lcn2 in these cells. The ki-
netics of Lcn2 gene expression in the brain following WNV infection
overlapped with the expression of a number of genes involved in the
antiviral response including IFN-beta, TLR3, MDA5 and RIG-I. With the
exception of CXCL5, which was significantly downregulated in Lcn2 KO
mice compared with WT mice on day 7 post-infection, expression of
host immune genes was not significantly different between the different
genotypes. Examination of the susceptibility of Lcn2 KO versus WT
mice to infectionwith different doses ofWNV revealed no significant dif-
ference in survival. Furthermore, viral loads based on NS-1 RNA levels
were similar in WT and Lcn2 KO mice at day 7 post-infection.
Conclusions: We conclude that Lcn2 is induced to high levels in the CNS
duringWNV infection.Whereasmicroglia are known as strong immune-
mediating cells in the CNS, Lcn2 producing astrocytes may play a more
dominant role in WNV-encephalitis. Further, Lcn2 protein distribution
after viral infection suggests that neurons, which are the dominantly
infected cells in WNV encephalitis, may be a key target for Lcn2 action.
Finally, the function of Lcn2 in the host response to WNV infection
remains largely unknown. Supported by NNMRC grant 512408.
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Characterization of Epstein-Barr virus genotypes in
multiple sclerosis

Claudia Policano

Dipartimento di Neuroscienze, Salute Mentale e Organi di Senso, Centro
Neurologico Terapie Sperimentali (CENTERS), Sapienza Università di
Rome, Rome, Italy

Objective: Converging epidemiological, clinical and laboratory studies
support an etiologic role for Epstein Barr virus (EBV) in MS. Nonethe-
less, it is difficult to understand how a virus that ubiquitously infects
humans can be associated with a disease of relative limited
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prevalence. The possibility that only a particular viral genotype asso-
ciates with the disease has been proposed and investigated by many
groups, with conflicting results.

With the aim to shed light on this controversial scenery we carried
out a study aimed at characterizing of Epstein-Barr virus genotypes in
MS patients and matched controls from continental Italy.
Methods: Genomic DNAwas extracted fromCD19+B cells or peripheral
blood mononuclear cells (PBMCs). All samples were analyzed by nested
PCR approach using EBNA2 type specific primers and PCR products
were assayed by a standard sequence analysis. We addressed to high-
throughput sequencing by the Roche 454 platform the PCR amplicons
obtained from two large genomic regions of OriP and EBNA1.
Results: We characterized 39 MS patients and 33 HD for EBNA2 geno-
types in a region of about 500 bp length. A significant bias in the dis-
tribution of EBV subtypes was observed.

In 4 MS and 4 HD we performed experiments in which we attempted
to sequence longer stretches (about 1000 bp) of the viral genome within
theOriP andEBNA1 regions. The shotgun sequencing of the twoamplicons
generated a total of about 800,000 reads of high quality, most of them
having a length consistent with the expected one of about 400 bases.
Conclusions: We detected several variants with respect to the known
EBV genomes and will present data on their differential representa-
tion in MS and normal samples.
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alpha-Proteobacteria predominate in the human brain
microbiome independent of host immune status
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Objective: Brain infections often occur during diseases such as HIV/
AIDS without apparent neurological disease. However, the composi-
tion of the human brain's microbial population(s) during systemic
diseases together with the associated neuroimmune responses is
unknown. Herein, we investigated the profile of infectious agents
with accompanying host responses in human brains.
Methods: The profile of infectious agents and associated host re-
sponses in brain tissues from persons with HIV/AIDS (HIV; n=10),
other disease controls (ODC; n=10) and surgical cerebral resections
for epilepsy (n=6) were investigated by massively parallel (deep)
sequencing of cerebral white matter-derived RNA, which were con-
firmed by RT-PCR, in situ hybridization, immunocytochemistry and
in animal models. Human brain homogenates were stereotactically
implanted into the striatum of RAG1−/− mice and bacterial genome
in brain was subsequently analysed.
Results: Deep sequencing of human cerebral whitematter-derived RNA
revealed bacterially-encoded RNA sequences in brain specimens from
all clinical groups with α-proteobacteria representing over 70% of
detected bacterial sequences. Bacteriophage-encoded RNA sequences
associated with proteobacteria-tropic phage also predominated in
human brain tissues. Bacterial rRNA was detected by in situ hybridiza-
tion in astrocytes and microglia in brains from both HIV and ODC
groups. The bacterial wall molecule, peptidoglycan, was also evident
by immunocytochemistry in brains from each clinical group. Analyses
of conventionally amplified and sequenced bacterial 16s rRNA
sequences verified that the Proteobacteria was the principal bacterial
phylum in human brain samples from all clinical groups with similar
levels of bacteria rRNA detection in both the HIV and ODC groups.
Host immune responses in the brain were increased in the HIV group,
defined by elevated levels of MHC-class II, CD3, IL-23, IL-12 and other
immune gene transcripts although anti-bacterial host genes did not dif-
fer between groups. Bacterial burden in human brainwas inversely cor-
related with the expression of host gene transcripts implicated in cell
division, morphology and maintenance but were not associated with
antibacterial gene regulation. Bacterial sequences were not detected in
brains from RAG1−/− mice but brains from SIV- and SHIV-infected ma-
caques displayed a profile of bacterial phyla similar to that observed in
the human brains. Implantation of human brain homogenates into
RAG1−/− mice by intracerebral injection revealed a preponderance of
α-proteobacteria 16s RNA sequences in the brains of recipient mice at
7 weeks post-implantation, which was abrogated by heat-treatment of
the homogenate prior to implantation.
Conclusions: α-proteobacteria represented the major component of
the primate brain's microbiome. Bacterial abundance and type in
the human brain were independent of systemic immune status and
failed to elicit a specific a neuroimmune response, perhaps permitting
bacterial persistence in an immune-privileged organ. The capacity for
certain bacteria to produce essential neurotransmitters might under-
lie the presence of microbes in the human brain.
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Th17 cells mediate protection against acute viral infection of
the CNS
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1Department of Neurology, Technical University, Munich, Germany;
2Institute of Virology, Technial University, Munich, Germany; 3Institute
of Virology, Heinrich Heine Universitaet, Duesseldorf, Germany

Objective: Immunosurveillance and protective immunity in solid
organs like the CNS are mediated by different T cell subsets. However,
the role of Th1 and Th17 cells during viral infections remains unclear.
We have shown that Th1 cells depend on α4 integrins in order to
cross the blood brain barrier whereas Th17 cells are able to enter
the CNS independently of α4 integrins. Here, we describe a novel T
helper cell dependent model of vaccinia virus (VV) induced encepha-
litis suitable to study the differential contribution of Th1 and Th17
cells to virus clearance in the CNS.
Methods: Wild type C57BL/6 mice were immunized with a replication
deficient strain of Vaccinia Virus (MVA) in complete Freund's adjuvant
and subsequently challenged by intrathecal injection of a replication
competent strain of VV. Starting one day before infection, animals
were treated with intraperitoneal injections of a blocking antibody
to α4 integrin or isotype control every other day.
Results: Whereas mock immunized mice displayed clinical signs of
encephalitis and finally died on day 6 after infection, MVA immunized
mice exhibited an initial weight loss but recovered completely within
6 days after infection irrespective of anti-α4 integrin antibody treat-
ment. Consistent with the clinical outcome, a massive infiltrate of
VV specific CD4+ T cells was detected in the CNS of immunized
mice. In the IgG control treated subgroup, infiltrating CD4+ T cells
produced IL-17, IFN-γ or both. In animals treated with blocking
anti-α4 antibodies, the number of IFN-γ producing T helper cell in
the CNS was significantly reduced. In contrast, the number of IL-17
producers was unchanged suggesting that the Th17 phenotype
prevailed in VV specific T helper cells under α4 blockade.
Conclusions: We have generated a novel model of T helper cell de-
pendent immunoprotection against acute viral infection of the CNS
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involving both Th1 and Th17 cells. α4 blockade did not affect the
clinical recovery of infected mice but led to a relative enrichment
of Th17 cells in the CNS. Therefore, in acute viral infection of the
CNS, blockade of α4 integrins does not impair virus clearance and
both Th1 and Th17 cells are capable of mediating protective
immunity. We will further exploit this model to better understand
the conditions of T helper cell driven immunity vs immunopathology
in viral infections of the CNS in order to prevent the break-down of
immunosurveillance when therapeutically targeting immunopa-
thology in chronic inflammation and autoimmunity of the CNS.
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Antiviral priming during differentiation of neurons restricts
alphavirus replication

Kimberly Schultz, Patty Vernon, Diane Griffin

Bloomberg School of Public Health, Johns Hopkins University, Baltimore,
United States

Objective: The neurotropic nature of many encephalitic arboviruses
poses a unique challenge to virus clearance. Due to the nonrenewable
nature of neurons, preservation of neuronal function following infection
is paramount for survival. Susceptibility to alphavirus infection is
age-dependent and host maturation is associated with decreased virus
replication and less severe encephalitis. Our studies aim to identify inher-
ent host maturation traits of neurons.
Methods: We have compared the rate of virus replication and host
antiviral gene expression during alphavirus infection of cycling and
differentiated rat olfactory bulb neurons (AP-7 neurons) using molec-
ular techniques.
Results: Neuronal differentiation is associated with decreased replica-
tion of both Old (Sindbis) and New (Venezuelan equine encephalitis)
World alphaviruses by 150 to 1000-fold. Restriction affects virus repli-
cation, but not the susceptibility of neurons to infection, as both
dsRNA (replication complexes) and viral glycoprotein synthesis are
present in similar numbers of differentiated and undifferentiated neu-
rons. Virus-induced shutoff of host protein synthesis and cell death is
decreasedwith differentiation. This suggests that amature neuron is in-
trinsically less amenable to virus replication compared to an immature
neuron. Transcriptional profiling showed increased levels of mRNAs for
several interferon (IFN)-regulated genes with differentiation.
Uninfected, differentiated neurons produce low, but detectable levels
of IFN. However, differentiated, but not undifferentiated, neurons pro-
duce IFN rapidly after infection. Expression of interferon regulatory
factor-7 (Irf-7), a critical transcriptional regulator of IFN synthesis, in-
creased with differentiation and only differentiated neurons produced
the full-length isoform.
Conclusions: We propose that neuronal differentiation confers antiviral
“priming” to neurons by up-regulating important antiviral factors, thus
reducing virus replication in mature neurons.
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Varicella zoster virus IgG titers correlate with multiple sclerosis
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Objective: Potential links between multiple sclerosis (MS) and com-
mon viral infections have been extensively studied. To date,
Epstein-Barr virus, EBV, is the most established infectious risk factor
for MS. Our aim was to analyse the association between varicella zos-
ter virus (VZV) specific IgG antibody titers and MS, while adjusting
for HLA-DRB1*15, A*02, and EBNA1 IgG, an EBV-related antigen.
Methods: The Epidemiological Investigations of MS (EIMS) consists of
incident MS cases and population based controls matched for age,
gender and area of residence, recruited from over 40 clinics in
Sweden, and blood samples are collected. Anti-VZV antibody titers
and anti-EBNA IgG titers were measured with ELISA in 870 individ-
uals, 410 MS and 460 controls. We used imputed HLA genotypes
from the recent IMSGC/WTCCC2 MS-GWAS. 5 MS cases (1.2%) and 5
controls (1.1%) were VZV IgG negative according to ELISA. The study
includes 805 VZV IgG positive MS cases and 855 controls. VZV IgG
and EBNA1 IgG titers were normalized using rank based transforma-
tion (GenABEL package for R).We used logistic regression to assess as-
sociation to MS, and adjusted for index age and gender in all analyses.
Results: MS cases had a higher median than controls, 2.14, and 1.67,
respectively. First we tested the association of VZV IgG to MS as a di-
chotomized variable, based on the median among controls, p=
8×10−5, OR=1.8 (1.3–2.3 95% CI), and p=3×10−4, OR=1.8 (1.3–
2.4 95% CI) when we adjusted for DRB1*15, A*02 and EBNA1 IgG.
We also analysed VZV IgG as a continuous variable after transforma-
tion and it was associated with MS, p=7×10−9, beta=0.432. Ad-
justed for the other risk factors, the p-value was 2×10−8, beta
0.459. Women (n=644) had lower titer levels than men (n=216),
median 1.78 and 2.16, respectively, p=2×10−4, after adjusting for
MS status and age at sampling.
Conclusions: MS cases have higher titers of anti-VZV IgG antibodies,
seen by both analyzing titers as a transformed continuous and as a di-
chotomized variable. The association remains after adjustment for the
strongest genetic MS risk factors, HLA-DRB1*15 and A*02, as well as
adjusted for antibodies directed towards an EBV-related antigen, and
we observed a gender difference. EBV and VZV antibody titers seem
to correlate positively with MS, while others, such as CMV, show a
negative correlation with MS. The role of antibodies against common
viruses in MS pathogenesis is unknown, and needs to be studied
further.
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IFN-g response against measles virus peptides in subacute
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Objective: Subacute sclerosing panencephalitis (SSPE) is a rare, persis-
tent slow virus infection of the central nervous system caused by
measles virus (MV). Impaired immune response to measles infection
may play a role in MV persistence and reactivation of the virus. To
investigate antigen specific T cell response, we analyzed the IFN-γ
secretion of peripheral bloodmononuclear cells (PBMC) against selected
MV peptides restricted to HLA-A2.
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Methods: Patients with SSPE had clinical and laboratory findings
supporting the diagnosis. IFN-γ secreting cells of 22 SSPE patients
(11 girls and 11 boys, mean age: 12.0±5.3 years) and 14 controls
(CON) (5 girls and 9 boys, mean age: 11.4±4.8 years) were counted
against MV peptides in ELISPOT. HLA-A2 was present in 6/19 patients
and 6/14 CON. PBMCs were stimulated with MV peptides from hem-
agglutinin (H30-38), matrix (M211-219), core (C84-92), nucleopro-
tein (N1 210–218 and N2 340–348) and with the pool of these
peptides (MVp). A peptide pool (CEF) for HLA class I response and
PHA were used as controls. The numbers of IFN-γ secreting cells be-
tween stimulated and un-stimulated cultures per 2x105 were evalu-
ated by non-parametric statistics.
Results: IFN-γ secreting cell numbers after stimulation with H and N1
peptides were significantly higher in SSPE patients than in CON (4 vs.
0, p=0.034 and 2 vs. 0, p=0.028, respectively). MVp has also stimu-
lated higher number of IFN-γ secreting cells in SSPE patients without
reaching statistical significance (111 vs. 92). However, IFN-γ re-
sponse of SSPE patients to CEF peptides was lower than CON (12 vs.
48), these differences being not statistically significant either. The
SSPE patients had similar numbers of CD4+ cells in the PBMC, where-
as CD8+ T cells were lower than CON (28.3 vs. 40.5), but the differ-
ence was not significant.
Conclusions:Given the importance of CD8+T cells in clearing the virus, a
difference in the immune response againstMV peptides in patientsmay
help to understand the pathogenesis of SSPE. The higher IFN-γ re-
sponses against H and N1MV peptides in SSPE suggest that virus specif-
ic response is not impaired as the non-specific response to CEF peptides
in SSPE. As the MV specific response was measured only by some HLA
class I restricted peptides of the virus, these findings in individuals
with different genetic backgrounds may only account for the part of
the immune response in these children.

This study is supported by Istanbul University Research Fund.
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Role of oligodendrocytes in excitotoxic axonal injury
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Background: Glutamate receptor overactivation (excitotoxicity) plays
an important role inwhitematter injury in awide range of neurological
diseases, includingmultiple sclerosis. White matter elements, in partic-
ular oligodendrocytes are highly vulnerable to excitotoxicity, mediated
through the activation of oligodendroglial AMPA/Kainate receptors.
Axons are also vulnerable to glutamate toxicity, but the mechanisms
leading to excitotoxic damage in axons are poorly understood. Recent
studies suggest that glutamate receptors are functionally expressed on
axons and that their activationmay play a role in axonal injury. Interest-
ingly, isolated axons in culture are resistant to glutamate toxicity and
become vulnerable only when co-cultured with oligodendrocytes,
suggesting that excitotoxic injury to axons may require interaction
with oligodendrocytes.
Objectives:We examined the hypothesis, that excitotoxic axonal dam-
age is transmitted through white matter oligodendrocytes.
Methods: In an in vivo approach,wemade use of transgenicmice that ex-
press diphtheria toxin receptors under the control of theMOG promoter
(MOGi-Cre/iDTR), also expressing yellow fluorescent protein (YFP)
under control of the thy1 promoter. Treatment with diphtheria toxin
(0.4 μg/ml–1.1 μl) via intraspinal injections resulted in the local ablation
of circa 95% of mature oligodendrocytes. After 9 days we injected a glu-
tamate receptor agonist, AMPA (30 mM, 0.07 μl) into lumbar dorsal col-
umns in DT- and vehicle-treated MOGi-Cre/iDTR mice. Axonal and
neuronal morphology were examined in both groups after 24 h.
Results:We found that injection of AMPA into the lumbar dorsal columns
induced similar axonal and neuronal degeneration in oligodendrocyte-
depleted and the control mice.
Conclusıons: In our in vivomodel, axons are damaged by excitotoxicity
independent of presence or absence of oligodendrocytes. This sug-
gests that different mechanisms may apply to excitotoxic axonal
damage in vitro and in vivo, e.g. axons in vivo but not in vitro may be
directly susceptible to excitotoxicity. Elucidating the mechanisms
for glutamate-mediated axonal injury may reveal new targets for
neuroprotective therapy.
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Anti-CD20 therapy reduces microglial activation and lesion volume
in focal models of pattern I and pattern II multiple sclerosis
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Objective: An important conceptual challenge concerning CD20 and
MS is to discover whether CD20 targeting is effective in treating
both pattern I and pattern II type MS-lesions. Pattern II lesions are as-
sociated with deposition of antibody and complement, but pattern I
lesions are thought to be mediated principally by CD4+ myelin-
reactive Th1/Th17 cells and macrophages in a B-cell independent
fashion. However, there is growing evidence to suggest that B cells
play a role in antigen presentation in an antibody independent fash-
ion. The aim of the present study was to determine whether
anti-CD20 would inhibit lesion development and microglial activa-
tion in the focal (pattern I) Th1-type delayed type hypersensitivity
(BCG-DTH) model and in an antibody-mediated focal (pattern II)
fMOG-EAE of MS.
Methods: To induce pattern I MS lesions, Lewis rats were injected ste-
reotaxically into the left striatum with heat-killed BCG (1 μl volume).
Four weeks after the intrastriatal injection, the focal DTH lesion was
initiated by an intradermal injection of BCG in CFA. To induce pattern
II lesion, Lewis rats were injected subcutaneously at the base of the
tail with 100 μl of MOG (35–55) peptide (25 μg) emulsified in IFA.
To target the lesions animals were stereotaxically injected with a
mixture of 1.45 μg TNF and 1 μg IFNg into the corpus callosum
21 days after MOG in a modification of our focal spinal EAE model.
Animals (n=6) received anti-CD20 (clone 5D2) at 5 mg/kg/iv on
d1 and d7, and another set received vehicle (n=9) or FTY720. The
animals were killed on d12. Microglial activation as assessed by the
binding of the TSPO ligand [125I]-DPA-713.
Results: The anti-CD20-treated rats displayed significantly reduced le-
sion volume relative to the vehicle-treated rats in both the pattern I
(65.7%, p≤0.001) and pattern II (56.8%, p≤0.013) models. In vivo
SPECT imaging with [125I]-DPA-713 revealed that binding was signif-
icantly reduced in the anti-CD20 treated rats. The anti-CD20 therapy
reduced 68-IB3+ve B cell in the spleen by 55% at day 12. Our results
show that the anti-CD20 treatment was able to block the develop-
ment of both an aggressive Th1 pattern I-type MS lesion, and the pat-
tern II fMOG-EAE lesion.
Conclusions: The suppression B cell function by anti-CD20 in pattern I
MS-like lesions, which hitherto would not have been considered
B-cell dependent, suggests that B cells play an important role in lesion
development that is independent of local CNS antibody production.
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Oligodendrocyte cell death in progressive multifocal
leukoencephalopathy: Virus-induced rather than
cytotoxic-T cell mediated
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Objective: Progressive multifocal leukoencephalopathy (PML) is a de-
myelinating and often fatal disease caused by infection of oligodendro-
cytes and astrocytes in human brain. Despite the severity of the disease,
surprisingly little is known about the cause of oligodendrocyte cell
death. Generally it is assumed that the infected oligodendrocytes are
eliminated by cytotoxic T Cells. Nevertheless, at present there is no
clear evidence that these cytotoxic T cells are actively engaged in elim-
ination of infected cells. Here we analysed cytotoxic T cells and mecha-
nisms of cell death in AIDS-associated PML.
Methods: This study was performed on paraffin-embedded, formalin-
fixed AIDS-associated material. The samples consisted of 8 PML, 5
HSVE and 7 CMVE cases. We quantified CD3+, CD8+ and GrB+T
cells and analysed the presence of single or multiple appositions of
these cytotoxic T cells to infected brain cells. Furthermore we
analysed caspase-dependent and independent cell death mechanisms
of infected cells with immunohistochemical staining for caspase-3, or
apoptosis inducing factor (AIF) and poly(ADP-ribose) (PAR).
Results: CD8+ and GrB+cytotoxic T cells were present in all enceph-
alitides and we found no statistical difference in the absolute num-
bers of these cells. However in PML we found only 0,5% of all
virus-infected cells in apposition to single GrB+T cells and, even
less, only 0.02% of infected cells in apposition to multiple (2 or
more) GrB+T cells. In HSVE we found 3,2% in apposition to single
GrB+cells and 0,45% of the infected cells in apposition to multiple
cytotoxic T cells. In CMV these percentages were 1,65% and 0,15% re-
spectively. Also the death mechanisms differed between PML and
the other encephalitides. In JC-infected cells we found that AIF
translocated from the cytosol to the nucleus whereas PAR was seen
to translocate to the cytoplasm. JC-infected cells did not show
upregulation of activated caspase-3 in the cytoplasm. Activated
caspase-3 however could be found in HSV and CMV-infected cells.
Conclusions: Our data suggest differences in cell death between
PML and HSVE or CMVE. In the latter two, infected cells are seen to be
attacked by GrB+T cells which induce capsase-3 mediated apoptosis.
In PML however such T cell cytotoxicity was not detected. Instead,
infected cells harbored nuclear presence of AIF and cytoplasmic locali-
zation of PAR suggestive of a cell death called parthanatos.
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The MAO inhibitor phenelzine improves motor and non-motor
outcomes in experimental autoimmune encephalomyletis (EAE)
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Objective: Many multiple sclerosis (MS) symptoms can be related to
changes in the levels of key neurotransmitters. These neurotransmitters
have a direct role in the maintenance of healthy neurons and have im-
mune modulatory properties. Previously we have shown daily treat-
ment with the monoamine oxidase (MAO) inhibitor phenelzine (PLZ)
caused substantial behavioural improvements, using the animal
model experimental autoimmune encephalomyelitis (EAE). However,
not all of the improvements were sustained. To determine whether
modifying the treatment schedule of PLZ could better limit immune in-
filtration and sustain behavioural outcomes, PLZ treatment was given
on alternating days.
Methods: EAE was induced in female C57/BL6 using of 50 μg of MOG35–

55. PLZ treatment (15 mg/kg) was started at the onset of symptoms and
given either daily or on alternating days for 14 days. EAEmicewere test-
ed using the rotorod, an open field test and the novel object recognition
assay (NOR). Spinal cord sections were analyzed with rat anti-CD4 and
rat anti-Iba1. Human PBMCs activated in-vitro with anti-CD3 and PMA
differentiated U937 cells were treated with PLZ and analyzed for
IFN-γ and TNF-α. Brain and spinal cord homogenates were assayed
for neurotransmitter levels using HPLC and assayed with 14C
radio-labeling MAO to determine MAO activity.
Results: Alternating PLZ treatment reduced the severity of EAE clinical
signs, improved exploratory behaviours and reversed EAE-induced
deficits in an assay of learning and memory, the novel object recogni-
tion test. In contrast to daily PLZ treatment providing PLZ, on alternat-
ing days lead to higher levels of GABA upon completion of the
experiment. MAO enzyme activity showed that with alternating
treatment there was less inhibition of MAO compared to mice treated
with daily PLZ, accounting for the difference in GABA levels. To deter-
mine whether the PLZ had any direct influence on inflammation,
human peripheral blood mononuclear cells (PBMCs) and U937 cells
were treated in-vitro with PLZ. PBMCs treated with PLZ produced sig-
nificantly less IFN-γ, which is not accounted for by increased cell
death due to PLZ treatment.
Conclusions: These results indicate that providing alternating PLZ
treatment is able to sustain GABA increases and better maintain
positive behavioral outcomes compared to daily PLZ treatment.
Furthermore, PLZ is able to directly modulate immune cell activity
and demonstrates another possible mechanism for the action of PLZ
in EAE.

404

Reduced hippocampal NOS activity and behavioral changes in
restraint stressed rats

Berenice Burdet, Damian G Maur, Andrea De Laurentiis,
Valeria Rettori, Maria A Zorrilla Zubilete

School of Medicine, CEFYBO-CONICET, University of Buenos Aires, Buenos
Aires, Argentina

Chronic stress leads to activation of the hypothalamo–pituitary–
adrenal axis (HPA) and changes in different parameters in limbic
areas associated with stress. The hippocampus is one of the limbic
brain structures implicated in the pathophysiology of mood disorders
and it has been demonstrated that nitric oxide (NO), a free radical
produced by nitric oxide syntase (NOS), participates in these processes.

The aim of the present work was to study the effects of chronic re-
straint stress on behavior and the participation of hippocampal NO.
Restraint stress was applied to adult Sprague–Dawley male rats 2 h
daily for 7 consecutive days. Inhibitory avoidance and elevated plus
maze tests, oxytocin and corticosterone plasma levels, constitutive
NOS isoforms (eNOS and nNOS) mRNA expression and total NOS
activity in hippocampus were evaluated.

A significant decrease (pb0.001) in the activity of hippocampal total
NOS was found in stressed animals during 7 days respect to control
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animals. The expressionof eNOSmRNAwas significantly reduced (pb0.05)
after 7 days of stress however no changes on nNOS mRNA were found.
Oxytocin and corticosterone plasma levels were significantly increased
(pb0.01 and pb0.05 respectively) in stressed rats. Moreover, we found a
significant decrease (pb0.05) in the latency to enter into the dark compart-
ment in the inhibitory avoidance test and a significant increase (pb0.05) in
the percentage of time spent in the open arms in the elevated plus maze
test after 7 days of chronic restraint stress respect to control animals.

In conclusion, in our model of stress the increase in corticosterone
levels could account for the decrease inNOS activity and eNOSmRNA ex-
pression in hippocampus. Also, the increase in oxytocin levels elicited by
stress could be related to the deficit in associative memory and an
anxiolytic-like behavior observed in this stress model. (PICT-06-0258;
PIP 02546 CONICET).
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Nkx2.2 transcription factor promotes expression of genes
involved in myelin production in murine central nervous system

Bente Finsen1, Mads Thomassen2, Ben Emery3, Tanja Kuhlmann4,
Thomas Blicher5, Torben Kruse2, Christina Fenger1
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Objective: Previous studies suggest that remyelination of demyelinated
lesions in patients with multiple sclerosis (MS) frequently fails in the
process of oligodendrocyte progenitor cell (OPC) differentiation. The
OPC differentiation and the formation of myelin by mature oligoden-
drocytes are orchestrated by transcription factors. The essential role of
the Nkx2.2 transcription factor in OPC differentiation has been
clearly demonstrated in perinatal Nkx2.2 deficient mice suffering from
severely impaired oligodendrocyte formation. However, only three
Nkx2.2 target genes, Ermn, Mbp, and Plp1, have so far been identified
in oligodendrocyte-lineage cells.
Methods: To further elucidate the function of Nkx2.2 during oligoden-
drocyte formation, we have investigated the mRNA profile in the
brainstem and rostral spinal cord of postnatal Nkx2.2−/− and wild type
mice by mRNA expression microarray. The oligodendrocyte expression
of the differently expressed, putative Nkx2.2 target genes, were con-
firmed by in situ mRNA detection combined with MBP-immunostaining
on in vivomaterial.
Results: The mRNA profiling discovered 29 genes, including the
known Nkx2.2 target genes Mbp, Plp1, and Sirt2, which were signifi-
cantly differently expressed in Nkx2.2−/− and wild typemice. Most of
them contained a predicted Nkx2.2 binding site in their cis-regulatory
element, and we considered them as potential Nkx2.2 target genes.
All the potential Nkx2.2 target genes were down-regulated in
Nkx2.2−/− mice, and 22 of them encoded for proteins expressed by
oligodendrocyte-lineage cells and most with known or possible
roles in myelination indicating that Nkx2.2 activates the expression of
several genes involved in the myelination of developing CNS. Higher
NG2 and PDGFαR mRNA levels and an apparently higher number of
NG2+ and PDGFαR+ OPC in Nkx2.2−/− mice suggested that Nkx2.2 is
important for the terminal oligodendrocyte differentiation and not for
cell fate specification of progenitor cells in developing murine CNS. We
also found that several of the potential Nkx2.2 target genes were
up-regulated in MBP+ oligodendrocytes in the corpus callosum of adult
mice during cuprizone-induced remyelination, thereby suggesting that
Nkx2.2 may have similar role during remyelination.
Conclusions: We currently investigate whether the identified genes
are real Nkx2.2 target genes by performing immunoprecipitation
and subsequent sequencing of the Nkx2.2 binding chromatin from
OPC and in vitro differentiated oligodendrocytes. Identification of
the Nkx2.2 target genes may be relevant to develop new ways to
promote remyelination in MS.
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Consistent patterns of clinical and laboratory findings in patients
with co-existent autoimmune thyroid disease and autoimmune
demyelinating disease in the central nervous system

Judith Greer1, Michael Pender2

1UQ Centre for Clinical Research, The University of Queensland, Brisbane,
Australia; 2School of Medicine, The University of Queensland,
Brisbane, Australia

Objective: Preliminary observations suggested that there were many
common features relating to disease symptoms and signs among pa-
tients who had a combination of autoimmune thyroid disease (AITD)
and autoimmune demyelination in the CNS, either multiple sclerosis
(MS) or neuromyelitis optica (NMO). The aim of the current study
was to systematically compare the clinical and laboratory features
of patients with co-existent AITD and MS/NMO with those of patients
with MS alone.
Methods: Thirty-five patients with co-existent autoimmune CNS de-
myelinating disease (either MS (n=31) or NMO (n=4)) and AITD
were identified and their clinical and radiological features were
recorded. Only individuals who had developed AITD prior to the use
of IFN-β were included in this study. Blood and DNA were collected
and tested for HLA type, specificity of T cells and antibodies, and poly-
morphisms in CTLA-4 genes. Patients with MS alone, healthy individ-
uals, and individuals with AITD alone were included as controls.
Results: Patients with co-existent AITD and MS/NMO are almost exclu-
sively female (34/35) and have prominent spinal cord involvement.
They are also more likely to carry HLA molecules DQB1*0501
and DPB1*0401 and to show elevated levels of reactivity to peptides of
LGR4, a homologue of the thyroid-stimulating hormone receptor that is
found in the spinal cord, compared to the other groups of individuals.
Conclusions: The consistent patterns in the subgroup of patients with
co-existent AITD and MS/NMO suggests that combinations of autoim-
mune diseases may arise from common pathogenic mechanisms.
Cross reactivity of autoreactive immune cells in these patients with
antigens present in both the thyroid and the spinal cord might be a
possible mechanism underlying the pattern of demyelinating lesions
in the CNS.
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Interleukin-6 class cytokines regulate the development of
inflammatory CNS lesions

Kris Janssens1, Helena Slaets1, Jerome JA Hendriks1, Helga de Vries2,
Bart Vanwijmeersch1, Bert Eijnde1, Chris Van den Haute3,
Veerle Baekelandt3, Piet Stinissen1, Niels Hellings1

1Biomedical Research Institute, Hasselt University, Diepenbeek, Belgium;
2VUMedical Center, VU Amsterdam, Amsterdam, Netherlands; 3Laboratory
of neurobiology and gene therapy, KULeuven, Leuven, Belgium

Objective: The interleukin-6 class cytokines leukemia inhibitory factor
(LIF) and oncostatin M (OSM) are upregulated in multiple sclerosis
(MS) lesions, but their effects on CNS lesion development are far
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from understood. LIF and OSM potentially influence immune re-
sponses as well as CNS resident cells during neuroinflammatory con-
ditions. Importantly, since they activate different receptors, LIF and
OSM can influence these parameters to different extents. This study
was designed to elucidate the role of OSM and LIF in MS lesion
development.
Methods: Stereotactic application of lentiviral vectors was performed
to achieve a stable expression and secretion of LIF or OSM in the CNS
of adult mice. Experimental autoimmune encephalomyelitis (EAE)
was induced in C57BL6J mice with MOG-peptide. Receptor expression
on human immune cell subsets was determined by flow cytometry.
Primary cultures of oligodendrocytes and macrophages were used
to study direct effects on these cell types. Immunohistochemistry
and real time PCR were applied to elucidate the in vivo effects of
local cytokine expression.
Results: Our previous study showed that gene therapeutic ex-
pression of LIF in the CNS significantly reduced immune-mediated
demyelination. Our in vitro studies show that LIF protects oligoden-
drocytes from inflammatory insults. Now, we demonstrated that
even treatment after disease onset ameliorates EAE symptoms. To
define which immune cells play a crucial role in the immunomod-
ulatory actions of LIF, expression of the LIF receptor was deter-
mined on human immune cells. Monocytes express the LIF
receptor subunits at high levels, while there is only a limited pop-
ulation of T cells and B cells that express the receptor. LIF reduces
production of toxic mediators by macrophages. In contrast to LIF,
local expression of OSM did not simply alleviate symptoms but
suppressed the incidence of EAE. While we did find a local inflam-
matory response at the site of OSM expression, infiltration of typi-
cal EAE-related immune cells in the CNS was blocked. CNS-targeted
OSM production was necessary, since systemic administration of
the cytokine did not affect development of autoimmune induced
CNS lesions.
Conclusions: Our study demonstrates that OSM and LIF play an impor-
tant but distinct role in lesion development in neuroinflammatory
disease. These cytokines and their downstream signalling molecules
are potential candidates for therapy.
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Expressional regulation of Na+, K+-ATPases in the mouse brain
and the association to neurological disorders

Thomas H Holm, Karin Lykke-Hartmann

Department of Biomedicine, University, Århus, Denmark

Objective: The Na+, K+-ATPases drive the electrochemical gradient
across the plasma membrane that is essential for all mammalian
cells and use approximately ¾ of the energy available to the CNS.
Consequently, dysregulated pump activity is associated with a num-
ber of CNS diseases. Mutations in specific Na+, K+-ATPase alpha
isoforms are associated with Familial Hemiplegic Migraine type 2
(FHM2) and Rapid onset of Dystonia Parkinson (RDP). Furthermore,
reduced activity has been shown in the CNS of patients with
Alzheimer's disease as well as in several rodent stress and depression
models.

The core ATPase heterodimer consists of an alpha (α) and a beta
(β) subunit. The α subunit contains catalytic activity and the β
subunit is mainly responsible for chaperoning the heterodimer to
the plasma membrane. A third type of subunit may interact with
the αβ subunits, in a cell- and development-specific manner. This
influences the enzyme kinetics by modifying e.g. affinities towards
K+, Na+ and ATP.

Mammals express 4 alpha isoforms (α1–4) of which α1–3 have
been identified in the CNS. Despite structural similarity, each α
isoform has distinct properties and display different kinetic proper-
ties towards Na+ and K+, the substrate ATP, and the inhibitors
Ca2+ and ouabain. In the CNS, the α1 isoform is expressed in most
cell types whereas the α2 isoform is expressed mainly in astrocytes
and is important for e.g. neurotransmitter clearance. The α3 isoform
has an important role in action potential formation and is expressed
in neurons. These subtle differences mean that a reduction in the
functionality of one isoform may not be rescued by increased activity
of another isoform. Consequently, homozygous α1–3 knockout mice
are nonviable.
Methods: In order to understand the interplay between the Na+,
K+-ATPase subunits in more details, we are mapping the expression
levels of Na+, K+-ATPase subunits in various brain regions of
C57BL/6J mice using qPCR at different stages in development.
Results: Preliminary results show that the expression of Na+,
K+-ATPase subunits is regulated during development.
Conclusions: The correlation between dysregulated pump activity and
CNS diseases suggest that a better knowledge of the regulation of the
ATPase subunits will provide the basis for a better understanding of
the etiology and progression of CNS diseases.
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Changes and functions of chondroitin sulfate proteoglycans
following focal demyelination and remyelination

Michael Keough, Lorraine Lau, Laura Craig,
Axinia Doering, V. Wee Yong

Hotchkiss Brain Institute, University of Calgary, Calgary, Canada

Objective: Central nervous system demyelination results in marked
changes in the composition of lesion associated extracellular matrix
components. We recently reported that chondroitin sulfate proteo-
glycans (CSPGs) are upregulated in the murine lysolecithin demyelin-
ation model (Lau et al., Annals Neurol, in press). In vitro, CSPGs
reduce the adherence and process outgrowth of cultured oligoden-
drocyte precursor cells (OPCs), the requisite cells for myelin repair.
The current study is aimed at understanding the contribution of indi-
vidual CSPG members in demyelinating conditions.
Methods: Lysolecithin was injected into the T3/T4 spinal cord dorsal
column of C57BL/6 mice, producing a demyelinated lesion that
undergoes endogenous repair over several weeks. Injured and control
mice were tested for functional deficits though beam walking. In
vitro, primary OPC cultures were seeded onto various CSPG sub-
strates. Cell adhesion and process outgrowth, necessary steps for my-
elin regeneration, were quantified.
Results: Animals showed a persistent functional deficit following lyso-
lecithin injection with partial recovery over 4 weeks. The CSPGs
aggrecan and neurocan were unaltered from controls in the dorsal
column. Interestingly, there were opposite expression patterns of
two splice variants of the CSPG versican, with V2 predominating in
early “demyelinating” time points, and V1 predominating in later
“remyelinating” time points. Iba1+ macrophages/microglia were
present at early and late time points, and associate with areas of
versican staining. In culture, a CSPG mixture purified from biological
sources consisting of aggrecan, versicans, neurocan and phosphacan
collectively inhibited OPC adherence and process extension. Despite
playing a minor role in the dorsal column, aggrecan and neurocan
show antagonistic effects on OPCs, with neurocan surprisingly acting
as a permissive substrate for adherence and process extension while
aggrecan is inhibitory. We are currently purifying V1 and V2 isoforms
from bovine CNS to determine how these variants will interact with
OPCs in culture.
Conclusions: A complicated relationship of versican isoform expres-
sion takes place following lysolecithin injury. The nature of CSPGs
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that accumulates in demyelinating injury affects remyelination; un-
derstanding their dynamics may allow the shift of the extracellular
matrix to a composition that is more conducive for myelin repair.
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Interleukin-1 beta: A driver of the lesion formation in
neuromyelitis optica?
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Objective: Neuromyelitis optica (NMO) is a severe demyelinating, in-
flammatory disease of the central nervous system (CNS). Since the
presence of NMO-specific antibodies (NMO-IgG) in the serum is not
sufficient to trigger astrocyte-destructive lesions, we investigated in-
flammatory mechanisms potentially involved in this process. More
specifically, we analyzed the role of pro-inflammatory cytokines in
the formation of NMO-like lesions in the CNS of Lewis rats.
Methods: Cytokines were injected into the striatum of wild-type
Lewis rats, along with i.p injections of patient-derived NMO-IgG or
control human IgG. The animals were then sacrificed, and the brain
tissue was further processed for immunohistochemical analysis. The
effects of those cytokines in vitro on the rat brain endothelial cells
(a crucial point for recruitment of immune cells and serum compo-
nents into the CNS parenchyma) were tested at RNA level by
semi-quantitative PCR analyses, and at protein level by immunocyto-
chemical and antibody array analyses. Additionally, human CNS tissue
of various pathology was tested for the presence of interleukin-1
(IL-1β) by immunohistochemistry.
Results: Among the different cytokines tested, only IL-1β induced the
formation of perivascular lesions with aquaporin 4 (AQP4) loss and
varying degree of astrocyte destruction and complement deposition,
when NMO-IgG was present in the peripheral circulation. Those
NMO-like lesions were also rich in granulocytic infiltrates and activat-
ed microglia/macrophages. Furthermore, when endothelial cells were
challenged with IL-1β, profound up-regulation of expression of mole-
cules involved in granulocyte differentiation, survival and recruit-
ment was observed. Finally, immunohistochemical analysis revealed
the presence of IL-1β reactivity in granulocyte-rich lesions of NMO
patients.
Conclusions: IL-1β, which is in the CNS produced mainly by activated
microglia cells, is able to provide inflammatory conditions that lead to
breakdown of the blood–brain barrier and to granulocyte-mediated
formation of NMO lesions in the CNS.
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Cerebrospinal fluid cytokine levels in narcolepsy with cataplexy
patients close to onset
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Objective: Narcolepsy with cataplexy (NC) is caused by a loss of hypo-
thalamic hypocretin producing neurons. Autoimmunity due to envi-
ronmental triggers e.g. infections is considered the most likely
pathogenesis, recently highlighted by increased numbers of NC
cases after H1N1-vaccination/infection.

We here report an analysis of cerebrospinal fluid (CSF) cytokine
levels in NC patients close to onset.
Methods: CSF samples were collected in a clinical setting when the pa-
tient had the first sleep examination. CSF cytokine levels from 9 pa-
tients and 9 controls were analyzed using a 51-plex Luminex
platform. The dataset was tested using SAxCyB (Significance Analysis
of xMap Cytokine Beads) statistics. Relevant hits were then tested
using ELISA in a larger independent cohort (30 patients, and 15 age
matched controls). The patients were all within 9 months of cata-
plexy onset, 100% were DQB1*06:02 positive, and all had CSF
hypocretin b110 pg/ml. The controls were matched for age, 53%
were DQB1*06:02 positive, and all had CSF hypocretin >110 pg/ml.
Results: Our Luminex data showed a significant increase in CSF IL-1B,
CCL2/MCP-1, CCL4/MIP-1B, leptin, LIF, and PAI-1 in NC patients close
to disease onset. No tested cytokines were significantly decreased.
We further saw that CCL5/RANTES was significantly increased in the
NC patients closest to onset of the disease. We confirmed the finding
of increased CCL4 in CSF from patients close to onset, but while CCL5
was indeed high in a subgroup of patients, there was no significant
difference from the control group.
Conclusions: Here we show that CCL4 is significantly increased in
CSF from NC patients close to onset. CCL4/MIP-1B is a strong
chemotaxic factor for lymphocytes, and so is CCL2 and CCL5. This
suggests an immune mediated pathogenesis in NC patients. We
further show that the general marker of inflammation IL-1B is
higher. Leptin, LIF, and PAI-1 are all involved in metabolism and
obesity, and levels of all three correlate with body mass index. Lep-
tin has previously been shown to be increased in CSF from NC pa-
tients. We suggest that the changes in these are secondary to the
metabolic disturbances in NC. Overall our finding shows an in-
crease in inflammatory markers in CSF close to narcolepsy with
cataplexy onset.
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Role of microglial/macrophage IKKbeta in experimental
autoimmune encephalomyelitis

Vasiliki Kyrargyri, Mary Emmanouil, Maria Evangelidou,
Maria Karamita, Lesley Probert

Laboratory of Molecular Genetics, Hellenic Pasteur Institute,
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Multiple sclerosis (MS) is the most common inflammatory demye-
linating disease in the Central Nervous System (CNS). Studies of
gene-targeted deficient and transgenic mice have unraveled the func-
tion of peripheral immune system and of multiple chemokines and cy-
tokines in pathology of Experimental Autoimmune Encephalomyelits
(EAE)1,3, a well established experimental model for autoimmune
demyelination in CNS. Nuclear factor (NF-) kappaB (NF-κB) is a
ubiquitously expressed transcription factor that is involved in
many inflammatory processes. NF-κB activation induces the ex-
pression of many cytokines, chemokines and adhesion molecules
that mediate the recruitment and activation of immune cells, but also
protects cells from cytokine-induced death by inducing the expression
of antiapoptotic proteins4. Upon stimulation, NF-κB is activated by IkB
kinase (IKK) complex, in a manner dependent mainly on the IKKβ
subunit. It was previously documented that besides T-cell proliferation
and activation, NF-κBplays a crucial role in coordinating the expression of
a wide variety of genes involved in monocyte/macrophage activation. In



144 Abstracts
particular, the macrophage-derived pro-inflammatory cytokines IL-1β
and TNF-α are potent activators of NF-κB, which in turn controls their ex-
pression resulting in a positive feedback loop. Hence, NF-κB signaling
pathways may play a pivotal role in activating myeloid cell function dur-
ing autoimmune inflammation. In our study, we investigate the role of
NF-κB in myeloid cells during myelin-oligodendrocyte-glycoprotein
induced experimental autoimmune encephalomyelitis (MOG-EAE).
For that reason, we use conditional knockout mice for IKKβ in myeloid
cells (Mac1CreIKKβF/F mice)5,6,7. These mice display a constitutive
deletion of NF-κB proteins in cells of myeloid origin including macro-
phages and microglia. Our results demonstrate that NF-κB-dependent
pro-inflammatory gene expression in myeloid cells is important for CNS
pathology in MOG-EAE. Furthermore, the Mac1CreIKKβF/F mice are
being examined for their response to an in vivo model of excitotoxic
brain injury induced by kainic acid in order to study specifically the role
of the microglial IKKβ in excitotoxin-induced neuronal cell death.

References:
1. M. Ferron et al., 2005. Genesis 41:138–145.
2. Ethel J. Gordon et al., 1995. Journal ofNeuroimmunology 62:153–160.
3. Karin M et al., 2002. Nature Immunology 3:221–227.
4. Zhi-Wei Li et al., 2003. Journal of Immunology 170: 4630–4637.
5. Minichiello et al., 1999: Neuron 24: 401–414.
6. Severine Boillee et al., 2006. Science 312:1389–1392.
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The influence of interleukin-22 receptor alpha 2 on experimental
autoimmune encephalomyelitis
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Objective: The Interleukin-22 receptor alpha 2 (IL22RA2) gene has
been strongly implicated as a multiple sclerosis (MS) risk gene. The
primary objective of this study is to experimentally confirm the
involvement of this gene in MS-like pathogenesis and secondly
to gain more knowledge about the nature of its influence on
neuroinflammation.
Methods: Myelin oliogodendrocyte glycoprotein (MOG) induced exper-
imental autoimmune encephalomyelitis (EAE), in both mice and rats,
was used as a disease model for MS. IL22ra2−/−-mice were used in
the study as well as a congenic rat strain with a chromosomal fragment
that includes a protective natural variant of IL22ra2 bred onto a suscep-
tible genetic background. IL22ra2 gene expressionwas studied by qPCR.
The immunopathology was characterized by flow cytometry, histology,
qPCR and ELISA. Furthermore, gene expression inMS patient peripheral
bloodmononuclear cells has been correlated to presence of IL22RA2 risk
allele.
Results:We show that IL22ra2 gene expression in rodents is primarily
confined to secondary lymphoid tissue, the intestines and skin.
IL22ra2 gene expression in draining lymph nodes is highest in the
naïve state and quickly is reduced upon immunization with MOG.

In studies of secondary lymphoid tissue from the knockout mice
we show a significantly higher level of proliferation in several im-
mune cell types compared to wild type controls.

The EAE disease course is distinctly different in IL22ra2−/−mice com-
pared to controls. The knockout mice consistently get a slightly earlier
disease peak but then recover significantly faster than control mice.
Conclusions: IL22ra2 is involved in the pathogenesis of EAE. A possible
mechanism relies on the modulation of proliferation and activation of
different cell types.
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Dynamics and roles of monocytoid cells in an animal model of MS
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Monocytoid cells (monocytes, macrophages and microglia) are im-
portant in the pathogenesis of multiple sclerosis (MS) and its animal
model experimental autoimmune encephalomyelitis (EAE). The exces-
sive accumulation of monocytoid cells in the CNS is thought to contrib-
ute to the neuropathology of MS. Despite this, much remains unknown
about when pro-inflammatorymonocytes are generated during disease
course, the dynamics of their accumulation in the circulation, and the
mechanisms bywhich they penetrate the CNS to becomemacrophages.
We have used the EAE model to address these issues. In mice immu-
nized for EAE with a peptide of myelin oligodendrocyte glycoprotein
(MOG), CD11b+CCR2+Ly6Chigh pro-inflammatory monocytes in-
crease and accumulate in blood prior to the development of clinical
signs. Indeed, their accumulation in blood occurred by the second day
of MOG immunization, and was not observed in mice with control im-
munizations. At onset of clinical signs, these cells enter into the CNS cor-
respondent with a drop of counts in blood. Immunohistochemistry for
Iba1 and flow cytometry (CD45hi/lowCD11b+) indicated the elevation of
activated macrophage/microglia in EAE spinal cord. The transmigration
of pro-inflammatory monocytes is correspondent with their increased
levels of matrix metalloproteinase (MMP)-9, their increased capacity to
traverse a fibronectin-coated barrier, and is correlated with CD62L
expression. Of interest, the emerging MS medication, laquinimod,
reduced the migration of pro-inflammatory monocytes into the
CNS (Mishra et al., Am J Pathol, in press). To address the impact of
pro-inflammatory monocytes on neuronal health when they enter
the CNS, we have resorted to tissue culture studies by polarizing
bone marrow derived macrophages to pro-inflammatory M1 or
regulatory/anti-inflammatory M2 phenotypes. M1 cells expressed
iNOS, TNF-α and IL-12, while M2 cells were characterized by
ariginase-1, YM-1, IL-5 and IL10. Ongoing experiments seek to de-
termine the capacity of these subtypes to differentially regulate
neuronal survival.
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Purpose: Chemokines play an important role in immune regulation
by controlling leukocyte migration and tissue infiltration. Thus,
chemokine receptors (CCRs) have been identified as therapeutic
targets. Further, treatment for T-cell leukemia/lymphoma in adults,
using anti-CCR4 antibody has been initiated. Th17 and Th1 cells
play important roles in the pathogenesis of experimental autoim-
mune encephalomyelitis (EAE), an animal model of multiple
sclerosis. CCR6 is expressed only on Th17 cells, whereas CCR4 is
expressed on both Th17 and Th2 cells. Together, these CCRs have
modified the pathogenesis of EAE by disruption of the blood–
brain barrier, which promotes immigration of pathogenic T cells
and cytokine balance. Here, we analyzed the roles of CCR6 and
CCR4 in EAE, using knockout mice.
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Method: CCR6 and CCR4 double-deficient mice (DKO) were created by
crossing CCR6-deficient mice (CCR6-KO) and CCR4-deficient mice
(CCR4-KO). These mice were backcrossed to C57BL/6 mice for more
than eight generations. After creating the required mice models,
EAE was induced by active immunization of DKO (n=18), CCR6-KO
(n=17), CCR4-KO (n=22), and wild-type mice (Wt; n=27) with
MOG (35–55). The disease severity was evaluated by clinical symp-
toms (EAE score) and pathological findings. Recall response of
MOG-reactive T cells was evaluated by cell proliferation (uptake of
[3H]) and cytokine production in the culture supernatant. Cell surface
marker of infiltrated lymphocytes in the brain was analyzed using
fluorescence-activated cell sorting (FACS).
Results: There were no significant changes in the appearance and
growth of DKO and Wt. EAE score in DKO was significantly lower than
that in Wt. Furthermore, EAE score was milder in DKO than that in
CCR6-KO and CCR4-KO. The EAE cumulative scores were DKO:
CCR6-KO:CCR4-KO:Wt=23.0:29.9:34.1:43.5 (Pb0.05). There was no
difference in the incidence rate and date of onset. In the pathological
findings, inflammatory cell infiltration in DKO was the mildest. The re-
call responsewith higher IL-17 productionwas observed inDKO than in
Wt. No significant differences were observed in the production of other
cytokines, including IL-2, IL-4, IL-6, IFN-γ, TNF-α, and IL-10 among the
groups. The number of infiltrated CD4+ lymphocytes in the central
nervous system in DKO was lower than that in Wt.
Conclusion: CCR4 and CCR6 play important roles in disease aggrava-
tion in EAE, and these CCRs could be considered as new therapeutic
targets.
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Acute mechanisms underlying antibody effects in anti-NMDA
receptor encephalitis

Emilia Moscato1, Xiaoyu Peng1, Thomas parsons1,
Josep Dalmau2, Rita Balice-Gordon1

1University of Pennsylvania, Philadelphia, United States; 2University
of Barcelona, Barcelona, Spain

Objective: Patients with anti-NMDAR encephalitis, characterized by au-
toantibodies against the NR1 subunit of the NMDA receptor in
cerebrospinal fluid (CSF), present with severe neurological and psychi-
atric symptoms that often improve as antibody titer is reduced. Previous
studies showed that treatment of cultured hippocampal neurons with
patient CSF causes a specific decrease in the synaptic localization and
function of NMDA receptors (Hughes et al., 2010). We have now ex-
tended these studies to further understand the detailed mechanisms
and time course of antibody-mediated pathogenesis, and to develop
an animalmodel of the disease to further our understanding of the func-
tional effects of patient antibodies in vivo.
Methods: Dissociated hippocampal neuron cultures were used for im-
munocytochemical, physiological, and molecular studies of the effects
of patient antibodies. In addition, we have developed an animal
model of anti-NMDAR encephalitis by infusing patient antibodies
into mice hippocampi. We are currently performing behavioral anal-
yses and electrophysiological recordings from hippocampal slices
from these animals to monitor the effects of patient antibodies on
plasticity and excitatory-inhibitory balance.
Results: Patient antibodies rapidly increase the internalization rate of
surface NMDAR clusters, independent of the activity of the NMDARs
themselves. NMDAR internalization accounts for the decrease in
NMDAR-mediated currents, as we could detect no evidence of acute
functional NMDAR blockade. Internalized, antibody-bound NMDAR
clusters traffic through early and recycling endosomes, as well as ly-
sosomes. Depletion of IgG from patient CSF eliminates staining of
surface NMDAR clusters and abrogates their loss. Interestingly, we
find that anti-NMDAR antibodies do not induce measurable homeo-
static plasticity, either at the level of NMDAR insertion into synapses
or receptor gene transcription.
Conclusions: Together, these data suggest an antibody-mediated
mechanism of disease pathogenesis in this form of autoimmune
synaptopathy. Antibody-mediated down-regulation of surface NMDARs is
time-dependent andactivity-independent, andengagesmultiple trafficking
pathways. This NMDAR downregulation does not stimulate homeostatic
synaptic plasticity mechanisms, which may further contribute to disease
pathogenesis and influence the time course of patient recovery.
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Fetal microchimerism and the response to ischemic injury in the
maternal mouse brain
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Objective: Clinical and experimental data have shown that stroke is a
sexually dimorphic disease. Females, in particular, have a varying
degree of ischemic sensitivity across the lifespan. The inflammatory re-
sponse to stroke has been recognized as a major contributor to
tissue injury. A growing body of work suggests that fetal progenitor
cells persist in the blood of parous females for years and aggregate at
sites of tissue injury, conferring protection in models of myocardial is-
chemia.Whether this occurs in the injured brain or contributes to stroke
sensitivity is unknown. We hypothesize that fetal progenitors are ac-
tively recruited to the maternal brain as part of the inflammatory re-
sponse to ischemic stroke.
Methods: Wildtype C57Bl/6 female mice were bred with GFP+/+

transgenic male mice to yield GFP+/− offspring. Parous females
(10–12 weeks old) were subject to 90 min right middle cerebral artery
occlusion 4 weeks after delivery followed by either 24- or 72 h of reperfu-
sion. The blood and brain of eachmousewas examinedusing immunohis-
tochemistry and flow cytometry and compared to GFP-negative controls.
Results: Preliminary data revealed the presence of GFP+ cells in the
blood and brain of parous mice, increasing significantly in number at
24- and 72 h post-reperfusion, respectively. Further characterization
of GFP+ cells after stroke using flow analysis revealed a subpopulation
of CD45hiCD3−CD19−CD11b+ cells of myeloid origin in the blood and
ischemic brain compared to sham. The ischemic hemisphere contained
clusters of GFP+ cells located adjacent to blood vessels and more
sparsely within the parenchyma. Immunohistochemical analysis at var-
ious locations along anterior-posterior axis within the brain showGFP+

cells increasing with larger areas of infarct tissue damage as evidenced
by cresyl violet staining.
Conclusions: Fetal progenitor cells are highly responsive to ischemic
brain injury in parous females. At 72 h post-reperfusion, the number
of GFP+ cells of fetal origin in the maternal brain correlates with
infarct size and is comprised of CD11b+ peripheral myeloid cells
suggesting direct involvement in mediating the cascade of inflammato-
ry events following stroke injury. Although the precise contribution of
these cells is unknown, further studies in this area may enhance our
understanding of the variant female response to stroke with age.
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Dopamine receptor D5 expressed on dendritic cells promotes
CD4+ T-cell-mediated autoimmunity

Carolina Prado1, Francisco Contreras1,
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Objective: Dendritic cells (DCs) are responsible for priming T-cells and
for promoting their differentiation from naïve T-cells into appropriate
effector cells. Emerging evidence points toward neurotransmitters
not only mediating interactions into the nervous system, but also
contributing to the modulation of immunity. Accordingly, we have
analyzed the role of dopamine in the regulation of DCs function in
the development of an autoimmune disease.
Methods: Bone marrow-derived DCs were obtained from wild-type or
D5RKO C57BL/6mice. Dopamine receptors (DARs) expressionwas ana-
lyzed by FACS. DCswere co-culturedwith purified CD4+ T-cells to eval-
uate activation and proliferation. Experimental Autoimmune
Encephalomyelitis (EAE) was used as autoimmunity model. Clinical
score was measure daily and phenotype of CD4+ T-cell that infiltrate
CNS was evaluated by flow cytometry. Animal work was performed
according to institutional guidelines. Results shown are from three in-
dependent experiments and statistical significance was determined by
unpaired Student's t-test or Mann–Whitney U-test.
Results: Our results show that DCs express the machinery necessary to
synthesize and to store dopamine. They also express dopamine recep-
tors D1 (D1R), D2R, D3R and D5R, but only D5R is significantly
down-regulated after LPS-induced maturation. In vitro experiments
indicate that lack of D5R in DCs impairs LPS-induced IL-12 secretion and
consequently attenuates activation and proliferation of antigen-specific
CD4+ T-cells in co-culture experiments. To determine the relevance of
D5R expressed on DCs in vivo, we studied the role of this receptor in
the modulation of a CD4+ T-cell-driven autoimmunity. Importantly,
D5R-deficient DCs prophylactically transferred to a WT recipient were
able to reduce the severity of Experimental Autoimmune Encephalomy-
elitis (EAE). Furthermore, we examined the phenotype of the CD4+

T-cells infiltrated into the central nervous system during the peak of the
disease.Mice transferredwith D5R-deficient DCs showed a significant re-
duction in the percentage of infiltrating Th17 cells without differences in
the percentage of Th1 cells when compared to animals transferred with
wild-type DCs.
Conclusions: Our findings demonstrate that D5R expressed on DCs, by
contributing to CD4+ T-cell activation and differentiation to Th17
phenotype, is able to modulate the development of an autoimmune
response in vivo.
376

Preconditioning of microglia with Parkinson-linked
alpha-synuclein affects the response induced by Toll-like
receptor (TLR) stimulation
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Objective: Parkinson's Disease (PD) is characterized by the
intraneuronal accumulation of aggregated α-synuclein in the Lewy
Bodies. However, aberrant extracellular α-synuclein species have also
been found in PD brains. In the last few years, the ability of mutant
α-synuclein (found in familiar PD) to trigger microglia-mediated
neuroinflammation has been recognized and linked to the robust in-
flammation observed in affected areas of the brain of PD patients.
However, the molecular mechanisms that initiate and drive the de-
velopment of sporadic PD remain to be elucidated. Intriguingly, sev-
eral epidemiological and animal model studies have revealed an
association between certain microbial infection events and the trig-
gering or progression of sporadic PD. In this work, we sought to
study the effect on the innate immunity of TLR stimulation on
wild-type (Wt) α-synuclein-preconditioned microglia, modelling
an underlying non-familiar PD-prone scenario.
Methods: Primary murine microglial cultures that had been
preconditioned with extracellular Wt α-synuclein, were stimulated
with a variety of TLR agonists. After incubation, several key interleu-
kin and chemokine protein secretion levels were assayed. In addition,
the change in the TLR expression levels was assayed by qRT-PCR and
the impact of the different treatments on the phagocytic capacity of
treated microglial cells, were performed. Finally, apoptosis/necrosis
signalling pathway markers were measured by ELISA and analysed
by immunofluorescence (IF).
Results: We herein report that certain stimuli can largely affect the
TLR-mediated responses in the case of α-synuclein-preconditioning of
microglia, either by altering certain chemokine secretion, or by substan-
tially increasing or reducing pro-inflammatory or anti-inflammatory in-
terleukins secretion levels, respectively. Furthermore, we show that a
key apoptosis/necrosis signalling pathway protein is significantly aug-
mented in α-synuclein-preconditioned microglia upon stimulation
with particular ligands.
Conclusions:Weconclude that certain TLR stimulation events can largely
and differentially affect the innate immune response, as well as down-
stream cellular events, in microglia that had been previously exposed
to Wt α-synuclein. Overall, we pose that our results might shed light
onto the elusive link between bacterial infections and the initiation of
sporadic PD and possibly of other related neurodegenerative disorders.
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Objective: Amino acid (aa) residues 35–55 within the extracellular
domain 1–125 of the autoantigen myelin oligodendrocyte glycopro-
tein (MOG) contain its only known encephalitogenic T cell determi-
nant in C57BL/6 (H-2b) mice. MOG 35–55 is also recognized by T
cells in multiple sclerosis (MS) patients. In this study we examined
T cell recognition of full length MOG 1–218, which includes its trans-
membrane and cytoplasmic domains.
Methods: Overlapping peptides encompassing the entire sequence of
full-length MOG were tested for their capability to elicit proliferative
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T cell responses and induce EAE in C57BL/6 (H-2b) mice. Peripheral
blood mononuclear cells from MS patients and healthy control (HC)
were examined for the recognition of MOG peptides.
Results: Three novel T cell epitopes were identified in mice, an en-
cephalitogenic determinant within transmembrane domain residues
119–132, and two nonencephalitogenic determinants, aa's 181–195
and 186–200, within the cytoplasmic domain. Clinical EAE, CNS in-
flammation and demyelination induced by p119–132 were as potent
in severity as with p35–55. MOG 119–132-specific T cells were re-
stricted by MHC II (I-Ab) molecules, produced Th1 and Th17 cyto-
kines, and transferred EAE to naïve recipient mice. MOG p119–132
induced EAE in other H-2b mouse strains, but not in mice of different
haplotypes. Novel determinants, MOG 181–195 and 186–200, did not
induce EAE by immunization or T cell adoptive transfer. Frequency of
T cells that responded to p119-132 after immunization with full-length
MOG was greater than to p35–55 or the non-encephalitogenic
determinants, demonstrating that p119–132, not p35–55, is the
immunodominant determinant of MOG. T cells from MS patients
exhibited robust responses to 119–130 and 181–195, demonstrating
that MS patients recognize epitopes in the transmembrane and cy-
toplasmic domains.
Conclusions: (1) Native MOG is a multideterminant T cell autoantigen
in C57BL/6 mice that contains two nonencephalitogenic and two en-
cephalitogenic determinants. (2) MOG 119–132, but not 35–55, is
the immunodominant encephalitogenic T cell epitope. (3) Like mice,
MS patients recognize epitopes in the transmembrane and cytoplas-
mic domains of MOG, which may be relevant to MS pathogenesis
and development of myelin-specific therapeutics.
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Microglia/macrophage polarization to M2 phenotype is influenced
by CD200R expression in the developing C57BL/6 mice brain
following hypoxia/ischemia
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Recent works demonstrate that microglia are kept in a quiescent
state in the intact central nervous system (CNS) by local interactions
between the microglia receptor CD200 and its ligand, which is
expressed on neurons. Injury to neurons stimulates nearby microglia
whose activation is the first step in the protection and repair of dam-
aged CNS tissues. However, the developing brain exhibits distinct
morphological as well as physiological characteristics determining a
peculiar response to injury showing an aggravated susceptibility to
excitotoxicity and pro-inflammatory cytokines, along with an exacer-
bated inflammatory response. Hence, the aim of this study was to
characterize the expression pattern of CD200-CD200R in the develop-
ing mice brain following Hypoxic/Ischemic (H/I) injury by immuno-
fluorescence. Wild-type C57/BL6 mice postnatal day 7 was used for
H/I injury induced by unilateral occlusion and hypoxia (55 min, 8%
O2) and samples were collected 3 h, 12 h, 24 h, 48 h, 72 h and
7 days after hypoxia. After H/I, CD200 immunolabeling was increased
in the hippocampal fissure until 7 days post-lesion. CD200R+ cells
were a subpopulation of Iba1+ reactive microglia/macrophages,
showing ameboid/pseudopodic morphologies, and located in the
damaged hippocampus and white matter tracts, persisting until
7 days post-lesion. Characterization of CD200R+ cells by triple im-
munofluorescence showed that most CD200R+ microglia expressed
the mannose receptor CD206, characteristic of alternatively activated
phenotype M2. In addition, some CD200R+ microglial cells showed
markers of antigen presentation such as MHCII and CD86, and in spe-
cific survival times also expression of scavenger receptor 1 (CD204).
We conclude that CD200R expression influences the microglia/mac-
rophage polarization towards the alternatively activated phenotype
in neonatal mice brain after H/I.
Acknowledgement: Supported by BFU2009-08805 from the Spanish
Ministry of Science and Innovation and Fundación La Marató de TV3
2011–110531.
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IRF8 regulates the microglial response to neuronal injury
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Objective: The transcription factor interferon regulatory factor (IRF)
8 has a key role in the cellular response to IFN-γ and is involved in
myeloid cell differentiation. We have identified IRF8 to be a constitu-
tive and IFN-γ-stimulated nuclear factor in microglia — the brain-
resident myeloid cells of the CNS. The objective of this study was
to determine the role of IRF8 in the microglial response to sterile
neuronal injury induced by axotomy.
Methods: Facial nerve axotomy (FNA) was performed in wild type
(WT) and IRF8 KO mice and the brain removed at different times
post-lesion. A subset of mice was injected with bromodeoxyuridine
(BrdU) every 2 h during the 24 h prior to retrieval of the brain.
Changes in the facial nucleus were examined by immunohistochem-
istry and histochemistry.
Results: In brains from IRF8 KO mice, NDPase histochemistry revealed
gross alterations in the morphology of microglia, which were stunted
andhypertrophied.Microglia from IRF8KOmice also exhibited significant
alterations in a number of key myeloid and immune markers including
reduced levels of Iba1 and the chemokine receptors CCR2 and CCR5 but
increased levels of F4/80, CD45 and tomato lectin (TL) binding. After
FNA in WT mice, a progressive increase in microglial activation was ob-
served in the lesioned facial nucleus that peaked at day 7 andwas accom-
panied by dense staining for Iba-1, TL, CD11b, CD16/32 and NDPase. By
contrast, in IRF8 KOmice, the microglial response was markedly atten-
uated and delayed with little staining for Iba-1 and CD16/32, while the
density of staining for TL, CD11b and NDPase was significantly reduced.
The attenuated microglial response to FNA in IRF8 KO mice was
paralleled by a significant decrease (at day 3 post-FNA) in proliferation
as monitored by BrdU and phosphohistone 3. The wrapping of individ-
ual motor neuron cell bodies bymicroglia involved in synaptic stripping
and phagocytosis was incomplete in the absence of IRF8. Quantitative
analysis showed that in IRF8 KO mice, the eneurodegeneration of
axotomized motor neurons was slightly increased.
Conclusions: These studies suggest that IRF8: (1) is a key homeostatic
transcriptional regulator of microglial cell function in the healthy
brain, and (2) has a crucial role in the functional response of microglia
to neuronal injury. Supported by NHMRC grant APP1007757.

Neurodegeneration
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CCL17 deficiency promotes beneficial neuroinflammatory
responses and protects from cognitive decline in a mouse
model of Alzheimer's disease
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Chemokines control microglia function and mononuclear phagocyte
infiltration in inflammatory CNS conditions and therefore have been impli-
cated in Alzheimer's disease (AD). The CC chemokine CCL17 is a key regu-
lator of leukocyte trafficking during inflammation, but its role in the
pathogenesis of AD is yet unresolved. This study demonstrates that CCL17
controls amyloid deposition, neuroinflammation and cognitive decline in
an AD mouse model. CCL17 deficient mice (CCL17E/E) crossed with
APPswe/PS1dE9 (APP/PS1-CCL17E/E)micewere fully protectedagainst cog-
nitive deficits associated with a reduction in oligomeric Amyloid β (Aβ)
peptides, Aβ42 levels and a diminished neuronal loss in the brain. Neuro-
inflammatory responses were even enhanced in these animals with in-
creased microgliosis and higher numbers of brain immigrating Ly6C+

CCR2+ macrophages/monocytes which expressed the mannose recep-
tor. The findings that the anti-inflammatory cytokine IL-10 was higher
expressed in the APP/PS1x CCL17E/E brain further suggested beneficial
neuroinflammatory responses in the absence of CCL17. In addition we
found that CCL17 deficient microglia released enhanced levels of IL-10
under inflammatory conditions and exhibited a superior capacity to
phagocytose Aβ. While expression of the receptor for advanced
glycation end products (RAGE) was reduced in the APP/PS1x CCL17E/E

brain, the major Aβ degrading enzyme neprilysin was upregulated
indicating that CCL17 modulated Aβ uptake as well as its degradation.
Our study identified a unique role for CCL17 in regulating memory
loss and microglia/macrophage function during neurodegeneration
harboring therapeutic potential for the treatment of AD.
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Background: Neuromyelitis optica spectrum disorder (NMOsd) is an
inflammatory and demyelinating syndrome characterized by optic
neuritis and myelitis. Several recent magnetization transfer MRI stud-
ies have revealed abnormalities in normal-appearing gray matter, and
a French cohort study demonstrated the possibility of cognitive im-
pairment in NMO. However, the characteristic features and pathogen-
esis of neurodegeneration in NMO brain remain elusive.
Objective: To confirm characteristic features of inflammatory demye-
lination and neurodegeneration in NMO.
Methods: The study was performed on brain materials from six patients
with NMOsd and four controls with non-CNS inflammatory neurologi-
cal diseases (one each with Lambert-Eaton syndrome, congenital my-
opathy, rhabdomyolysis, and abdominal hemorrhage) at autopsy.
Results: All cases with NMOsd had typical pathological findings of NMO
in the spinal cord or optic nerves: pattern-specific loss of aquaporin-4
(AQP4) immunoreactivity and immunoglobulin deposits colocalizing
with products of complement activation in a vasculocentric pattern
around thickened hyalinized vessels in inflammatory demyelinating le-
sions. Neuropathological assessments in brains demonstrated that neu-
ronal loss in cortical layers II, III, and IV was significantly prominent in
NMO brains. All NMO cases showed preservation of myelin basic pro-
tein immunoreactivity within the cerebral cortex and no evidence of
cortical demyelination and complement activation in a vasculocentric
pattern. Meningeal inflammation was abundant in NMO brain, but
B-cell follicle-like structures, which are a prominent feature in MS
brains, were not detected in NMO meninges.
Conclusions: We demonstrate the inflammatory demyelination in
spinal cord and optic nerves and the cortical neuronal loss in brain
of NMOsd. These data indicate a pathological process consisting
not only of inflammatory demyelinating events characterized by
pattern-specific loss of AQP4 immunoreactivity but also cortical
neurodegeneration in NMO brain.
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Objective: Microglia derived frommonocyte and macrophage lineages
residing within the central nervous system (CNS) already during de-
velopment once the vasculature is formed. The cells integrate within
the neural tissue exhibiting a unique ramified morphology which al-
lows them to constantly scan their territory and contribute to neuro-
nal network function and repair. Since microglia cells are long-lived
they are subjected to senescence processes. Although studies have
shown that microglia senescence can be reflected by morphological
changes, detailed quantification of such changes are not sufficiently
established.
Methods: We developed a digitized tool that allowed us to quantita-
tively characterize the fine microglia structure in the brain's cortex
of adult mice and the morphological changes the cells undergo with
aging and the progression of Alzheimer's-like disease. In addition
we established quantitative methods to evaluate the coverage of the
neural tissue by resident microglia.
Results: We found that compared with microglia in young mice, mi-
croglia in mice aged 21 months labeled either by GFP expression
under the CX3CR1 promoter or immunostained with anti-Iba-1, are
less ramified, have decreased amount of branches and lower amount
of fine processes. Notably, the morphological aberrations of microglia
appeared in a mouse model of AD already at 9 months of age associ-
ated with the deposition of amyloid plaques. Overall, we demonstrate
a significant reduction of the volume coverage by individual microglia
with age, a process that is expedited in a mouse model of AD.
Conclusions: Our results indicate that microglia are subjected to age-
and disease-related changes that may indicate their state of activation
along with a compromised ability to support neuronal function and
repair.
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Immune priming of microglia in a DNA repair deficient model of
accelerated aging
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Ageing of brain tissue has been associatedwith enhanced activity and
immune priming of microglia in mice, rats and primates. It is, however,
not clear yet whether this age-related microglia activation is due to the
intrinsic process ofmicroglia aging or is an adapted response ofmicroglia
to the aging neural environment. Since age-related microglia immune
priming forms a likely background for the development of neurodegen-
erative diseases, we decided to address its mechanism.We have investi-
gated age-related microglia priming in Ercc1Δ/− mice, a progeroid, DNA
repair deficient mouse model that has been associated with accelerated
senescence and neurodegeneration.

Upon aging, ERCC1 mice showed increased microglial prolifera-
tion and immune activation, suggesting a healthy and vigilant mi-
croglia phenotype. Furthermore, in mice where the ERCC1-related
DNA repair deficit was targeted to forebrain neurons, immune-
primed microglia were found specifically in forebrain areas. We sug-
gest that the immune primed microglia phenotype in DNA-repair de-
ficient, senescence accelerated mice represents an adequate response
to the aging neural environment.
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after TrkB engagement: Implications for multiple sclerosis
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Objective: The neurotrophins are growth factors produced by neurons
and glial cells that regulate neuronal survival, growth and differenti-
ation. Astrocytes, the most abundant glial cells of the central nervous
system, are essential for neuronal homeostasis and function, and till
now the outcome of neurotrophin signalling in this cell type is un-
known. Here we investigated the role of the neurotrophin receptor
TrkB on astrocytes in neuroinflammation and neurodegeneration.
Methods: We checked the expression of TrkB in human normal brain,
in multiple sclerosis (MS) lesions and in its animal model, the
experimental autoimmune encephalomyelitis (EAE); moreover we
performed EAE experiments in transgenic mice deficient for TrkB
on astrocytes. Quantitative PCR, immunohistochemistry and immu-
nofluorescence were used. In vitro study on human astrocytes and
rat neuronal cultures were set up to analyze the effects of astrocytic
activation on neuronal survival.
Results: We found that TrkB was strongly upregulated on astrocytes in
MS and EAE lesions; furthermore the most abundant TrkB isoform in
white matter lesions was the truncated isoforms TrkB-T1. EAE experi-
ments performed in transgenic mice showed that these animals were
protected from neurodegeneration and immune cells infiltration, indicat-
ing a fundamental role for astrocyte-TrkB in supporting experimental
neuroinflammation. In vitro examinationof the effects of astrocytic activa-
tion via the TrkB ligands BDNF, NT3 and NT4 on neuronal morphology
and survival showed that this neurotrophin triggered a neurodegenera-
tive process amplified by astrocytes. These detrimental effects were me-
diated by nitric oxide (NO) synthesized and released by astrocytes, and
sustained byNOproduced byneurons. NO synthesis during EAEwas de-
pendent on astrocyte TrkB, as transgenicmice showed decreased induc-
ible NO synthase and nitrotyrosine immunoreactivity.
Conclusions: We identified a novel NO-mediated neurodegenerative
pathway triggered by astrocyte TrkB Targeting this pathway repre-
sents a goal for novel neuroprotective therapies for MS.

This study was funded by Fondazione Italiana Sclerosi Multipla
(FISM cod. 2007/R/5 to CF).
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Regulatory T cells modulate disease progression in a murine
model of Alzheimer's disease
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Objective: Alzheimer's disease (AD) is a neurodegenerative disorder char-
acterized by progressive loss of memory and cognitive functions. Accu-
mulation of Abeta peptide is considered the initiating cause of
pathogenic lesions. Vaccination against Abeta provided encouraging re-
sults in experimental mouse models and, to a lesser extent, in a subse-
quent clinical trial (AN1792). Although the AN1792 trial had to be
interrupted, due to meningoencephalitis attributed to pro-inflammatory
T cell responses in 6% of the patients, preclinical murine models did not
show evidence of T cell-related side effects. In addition, several reports
suggest that Abeta-specific CD4+ T cells may be implicated in the natural
course of AD and could have a strong therapeutic potential as well. Our
previous data indicate that regulatory T cells (Tregs) critically control
themagnitude of Abeta-specific CD4+ T cell responses in both physiolog-
ical and pathological settings in response to Abeta vaccination. However,
the actual role of Tregs in the pathophysiology of AD remains unknown.
We analyzed the impact of Tregs on disease progression in a murine
model of AD.
Methods: APPPS1 mice were depleted of Treg cells by using anti-CD25
antibodies (clone PC61), and the impact of Treg depletion on neuro-
pathological features of the disease and cognitive proficiency of
mice was evaluated.
Results: Depletion of Treg cells accelerated the onset of cognitive deficits
in APPPS1mice. Alteration in spatial memory was detectable as soon as
7 months in PC61-treated animals, while PBS-treated APPPS1 mice
were not yet cognitively impaired as compared to wt animals. Early
cognitive impairment in Treg-depleted APPPS1 mice was associated
with alterations in neuropathological features of the disease.
Conclusions: Treg cells play a beneficial role in thepathophysiology of AD
and delay disease progression in a murine model of the disease. These
data open new perspectives in the development of Treg-based innova-
tive immunotherapy approaches for the treatment of AD.

9

Beneficial effects of fumarates in axon growth and regeneration:
Crosstalk of immune and degenerative mechanisms
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Objective: The fumaric acid ester dimethylfumarate (DMF) is a new
disease modifying therapy. Several studies have shown convincing
data after DMF therapy in patients not only in autoimmune inflam-
matory diseases like relapsing–remitting multiple sclerosis but also
in neurodegenerative disorders like Huntington's disease (HD). DMF
potentially exerts neuroprotective effects via induction of the tran-
scription factor “nuclear factor E2-related factor 2” (Nrf2) and detox-
ification pathways.

Although the exact mechanisms that lead to neurodegeneration
are not fully understood some line of evidence speaks for the con-
tribution of oxidative stress to neuronal tissue damage inducing
neurodegeneration.
Methods: First, we thus investigated the therapeutic efficacy of DMF
in R6/2 and YAC128 HD transgenic mice, which mimic many aspects
of HD and are characterized by an enhanced generation of free radi-
cals in neurons. Treatment with DMF significantly prevented weight
loss, attenuated motor impairment and resulted in a significant pres-
ervation of morphologically intact neurons in histological analysis.
DMF treatment resulted in an increased Nrf2 immunoreactivity in
neuronal subpopulations, but not in astrocytes.

Second, analysing the underlying mechanisms, we use in vitro
techniques for studying effects of DMF on axon growth and regen-
eration. Using dorsal root ganglia as tools for outgrowth assay and
in vitro regeneration, we look at the effects of a sublethal dose of
reactive oxygen species on regeneration and at the protective role
for DMF. Furthermore we study the effect of DMF on ingrowing
axons.

Third, getting an idea of downstream mechanisms of DMF, we
quantified expression of affected genes by qPCR under different con-
centrations of DMF and with various durations of DMF-incubation.
Results: DMF exerts beneficial effects in axon growth and regeneration
being effective not only in inflammatory but also in neurodegenerative
diseases.
Conclusions: Given its excellent side effect profile, further studies with
DMF and its downstream pathways are ongoing that hopefully lead to
treatment of patients suffering frommultiple sclerosis and neurodegen-
erative diseases like Huntington's and perhaps also Parkinson's disease.
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TNFR2-induced secretion of LIF in astrocytes promotes
oligodendrocyte differentiation

Roman Fischer1, Olaf Maier1, Harald Wajant2, Peter Scheurich1,
Klaus Pfizenmaier1
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Objective: Despite promising results in mouse models of multiple
sclerosis (MS), clinical trials with TNF neutralizing reagents in MS pa-
tients failed to ameliorate the disease and in some cases even led to
disease exacerbation. One possible explanation for this failure is the
dual role of TNF in the CNS. Whereas TNFR1 signaling mediates nerve
demyelination, TNFR2 appears to be responsible for remyelination.
However, the molecular mechanism or the cells involved in the regen-
erative properties of TNFR2 are not known yet.
Methods: To investigate the role of TNFR2 responses by astrocytes during
myelination, we established an astrocyte–oligodendrocyte co-culture
model, composed of primary astrocytes from huTNFR2-transgenic mice
(TgE1335) and oligodendrocyte progenitor cells isolated from wildtype
mice, which are capable of differentiating into mature myelinating oligo-
dendrocytes. Using a TNFmutein, which is selective for the human TNFR2
(huTNFR2), it is possible to specifically activate huTNFR2 on astrocytes,
without influencing mouse TNFR2 on oligodendrocytes.
Results: Activation of TNFR2 in primary astrocytes from wildtype or
TgE1335 mice lead to upregulation of neurotrophic factors, including
leukemia inhibitory factor (LIF). Using our astrocyte-oligodendrocyte
co-culture model, we were able to show that specific activation of
TNFR2 on astrocytes leads to an increased number of differentiated
MBP-positive oligodendrocytes. After targeting LIF by adding a neu-
tralizing antibody to the medium, the increased oligodendrocyte dif-
ferentiation was abrogated, pointing towards an important role of
astrocyte-secreted LIF during oligodendrocyte maturation.
Conclusions: Activation of TNFR2 in primary astrocytes evokes
production of neurotrophic factors, including LIF, which are able to
stimulate differentiation of neighboring oligodendrocyte progenitor
cells. Our data underline the important role of TNFR2 during oligo-
dendrocyte differentiation, identifying astrocytes as an important
cell type for TNFR2-dependent myelination and show a possible
mechanism of TNFR2 mediated remyelination.
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High levels of interleukin-17 in the cerebrospinal fluid of patients
with Creutzfeldt-Jakob disease
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Objective: To investigate immune responses in the cerebrospinal fluid
(CSF) in patients with Creutzfeldt-Jakob disease (CJD).
Methods: We conducted a case–control study. We enrolled 15 cases
with CJD and 14 age-matched controls with non-inflammatory neu-
rological disorders. The diagnoses of controls were normal pressure
hydrocephalus (8), parkinsonian syndrome (3), myalgia/neuralgia
(2), and headache (1). The concentrations of 27 CSF cytokines and
chemokines were evaluated using the Bio-Plex suspention array sys-
tem (Bio-Rad, San Francisco, CA). The concentrations were compared
between the two groups using Mann–Whitney test. P values b0.05
were considered statistically significant.
Results: The values of following cytokines and chemokines were sig-
nificantly elevated in the CJD group: interleukin (IL)-1 receptor an-
tagonist (mean, 19.39 vs 0 pg/ml; pb0.0001), IL-12 (p70) (1.32 vs
0.42; p=0.0353), IL-17 (34.31 vs 3.45; p=0.0001), and platelet-
derived growth factor BB (3.40 vs 1.20; p=0.0072). On the other
hand, the values of IL-13 (1.65 vs 3.20; p=0.0289), granulocyte
macrophage colony-stimulating factor (139.3 vs 339.6; pb0.0001),
macrophage inflammatory protein-1α(MIP-1α)/CCL3 (0.09 vs 0.76;
pb0.0001), and vascular endothelial growth factor (7.09 vs 12.88;
pb0.0001) were significantly lower in the CJD group.
Conclusions: The high values of IL-17 indicated T cell-associated im-
mune responses in patients with CJD. Furthermore, the production
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of IL-1 receptor antagonist and IL-12 suggested coexistent anti-
inflammatory reaction in CJD.
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Study of the effect of neuronal IKKβ upon the expression of
inflammatory, myelin and neuronal genes during
cuprizone-induced CNS demyelination
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The transcription factor NF-κB mediates the initiation of immune
and inflammatory responses and protection of neurons against
excitotoxic and ischemic injuries. In experimental autoimmune en-
cephalomyelitis (EAE), an animal model for multiple sclerosis (MS),
we have shown that the neuroprotective properties of NF-κB are
sufficient for ameliorating clinical disease. Thus, mice conditionally de-
ficient in IKKβ in Ca(2+)/calmodulin-dependent kinase II alpha-
expressing neurons (nIKKβKO)1,2 which are deficient in NF-kB activa-
tion, showed more severe neurological deficits, enhanced axon
damage, as well as increased inflammation and Th1 lymphocyte infil-
tration in the spinal cord compared to controls3. Here, we further
investigated the effects of neuronal NF-κB in a model of compartmen-
talized CNS inflammation, representative of pattern III of MS, which is
induced by the neurotoxin cuprizone and develops independently of T
and B cells. nIKKβKO and IKKβF/F control mice were fed ad libitum
with cuprizone-supplemented diet and sacrificed at the onset and
peak of demyelination and at the onset of remyelination after cuprizone
withdrawal4. The expression of selected gene markers, relative to that
of the Gusb gene, was measured in total brain mRNA by quantitative
RT-PCR. Similar to EAE, the expression of inflammatory genes (Cxcl16
and Tlr2)was increasedwhile that ofmyelin (MBP, Olig2) and neuronal
(Nrg1) genes was reduced in nIKKβKO brain during the demyelination
phase. Neuropathological analysis of brains taken at the same disease
time-points confirmed an increase in the number of activated astro-
cytes and microglia, a decrease in the amount of myelin and extensive
neurodegeneration in the nIKKβKObrains. These results show that neu-
rons contribute to CNS pathology during cuprizone-induced demyelin-
ation and that neuronal NF-κB is critical for suppressing inflammation
and axonal damage. Interestingly, expression of the synaptic marker
Snap25, was higher in nIKKβKO during remyelination suggesting
there might be improved neurite outgrowth in these animals during
the repair phase. Our results provide further evidence for an immu-
nosuppressive role of neurons and neuronal NF-κB and further
stress the importance of neuroprotective therapies for the treat-
ment of CNS inflammatory diseases.

1. Park et al. (2002). Science Vol.297:2048–2051.
2. Minichiello et al. (1999). Neuron Vol.24:401–414
3. Emmanouil et al. (2009). J. Immunol. Vol.12 : 7877–7889.
4. Matshushima et al. (2001). Brain Pathol. Vol.11: 107–16.
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Immune responses in rapid dementia — A comparative study on
neuroinflammatory markers in CJD, AD, rpAD and MS patients
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Objective: Immunological responses in neurodegenerative disease
pathogenesis such as in Alzheimer's disease (AD) and prion disease
have become of increasing scientific interest in the past years. A main
neuropathological hallmark of both neurodegenerative diseases consti-
tutes the extracellular deposition of amyloid fibrils of A-beta (Aβ) for
AD and PrPSc for Creutzfeldt-Jakob disease (CJD), leading to subsequent
neurodegeneration. In these aggregational or conformational disorders
it was shown that amyloid depositions co-localize with a broad
variety of inflammation-related proteins (complement factors, acute
phase proteins, proinflammatory cytokines) and activated microglia,
suggesting a major influence of the brain's innate immune system and
a chronic inflammatory process in disease pathogenesis.
Methods: Using a cytokine multiplex array we studied 17 pro- and
anti-inflammatory cytokines with candidate cytokines of a TH 1,
TH2 and TH17 immune answer as well as candidate chemokines for
the innate immune answer in cerebrospinal fluid (CSF) and serum
samples in patients with Creutzfeldt-Jakob disease (CJD, n=10) and
Alzheimer's disease (AD, n=10) including a subgroup of rapid
progressive AD (rpAD n=6). As controls we included patients with
multiple sclerosis (MS, n=10) as the most frequent chronic inflam-
matory disease of the central nervous system causing neurode-
generation and controls (n=10). CSF and serum samples were
collected in our prospective Alzheimer's disease surveillance study
as well as in the framework of the German CJD Surveillance study
and from the Neurology clinics.
Results: As major findings we found significantly elevated concentra-
tions of proinflammatory cytokines (IL-6, IL-7, IL-13, TNF-α and
G-CSF) in serum of patients with rpAD when compared to AD, CJD,
MS and controls. G-CSF was significantly elevated in serum both of
rpAD und AD patients. The immune response profile was reflected
predominantly by TH2-associated cytokines (IL-6, IL-13 and G-CSF). In
CSF we revealed significantly elevated levels of IL-8 und MCP in CJD
(IL-8, MCP-1) und AD (MCP-1) patients. Both cytokines are potent
proinflammatory chemokines related to an innate immune response.
Conclusions: Elevated levels of proinflammatory cytokines in serum of
rpAD patients represent a novel finding. In the context of rapid de-
mentia, rpAD was recently identified representing an aggressive
subtype of AD. Our findings might reflect a systemic immune re-
sponse in this group that was not presented in the same way in MS,
AD or CJD as disease controls. Elevation of the chemokines IL-8 and
MCP-1 in CSF in CJD and AD were partially reported before. As these
markers are mostly involved in mechanism of the innate immune an-
swer they might represent an atypical neuroinflammatory response as
reflected by microglia activation and astrogliosis in the neurodegenera-
tive process. Our findings show in two different ways an activation of
the immune system in rapid dementia that was distinguishable from
MS and controls. An understanding of the neuroinflammatory process
in neurodegenerative dementias becomes more and more important
as it might reveal new insights in the pathogenesis especially in rapid
progressive forms (rpAD, CJD).
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Telomere dysfunction leads to changes in microglial numbers and
morphology in a mouse model of premature aging
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Objective: The susceptibility of the aging brain to neurodegenerative dis-
eases may in part be attributed to the intrinsic senescence of the
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microglia. Cellular aging or senescence is linked to telomere shortening/
dysfunction. Evidence is accumulating that aging microglia show mor-
phological changes, referred to as microglial dystrophy characterized by
accumulation of iron-binding protein, ferritin. Furthermore, microglia
from Alzheimer's brains have been reported to have shorter telomeres.
Here, we investigated the effect of telomere shortening on microglial
morphology, numbers, and activation state in telomerase deficient
(Terc−/−)mice, amodel of premature aging due to shortened telomeres.
Methods: Male Terc+/+ mice and 3rd generation Terc−/− mice, which
show a clear aging phenotype, were perfusion-fixed with 4% parafor-
maldehyde. Brains were processed into 60 μm thick horizontal sec-
tions. Every fourth sections was used for stereological estimation of
Mac-1+ microglia in the molecular layer of the dentate gyrus by
using the optical fractionator method. Sections were also stained for
the microglial markers Iba-1 to monitor microglial morphology and
CD45 to study microglial activation. Further sections were stained
for the apoptosis marker Poly (ADP-ribose) polymerase (PARP).
Results: Unlike resting microglia in littermate wild type (WT) Terc+/+

mice, which display thin, finely branched processes, microglia in
Terc−/−mice exhibited partial retraction and hypertrophy of processes.
Microglial CD45 immunoreactivity was similar in Terc+/+ and Terc−/−

mice. Absolute numbers of Mac-1+ microglia was significantly reduced
in young and old Terc−/− versus Terc+/+mice. An increased microglial
density in old Terc−/− versus Terc+/+mice could be attributed to a vol-
ume reduction of the dentate gyrus. We also observed an increased
number of PARP+ cells in old Terc−/− versus Terc+/+ mice. This in-
crease was most prominent in the sub-granular zone, an active site of
neurogenesis, but also occurred in the molecular layer of the dentate
gyrus and might reflect microglial apoptosis.
Conclusions: Our findings suggest that telomere shortening impairs
microglial capacity for self-renewal. Surprisingly the change in the
microglial morphology in the Terc−/− mice was observed with no
upregulation in CD45. Ongoing studies will show if microglia in the
Terc−/− mice show additional signs of cellular senescence and dys-
trophy, including accumulation of ferritin.
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Objective: The extracellular matrix (ECM) has been shown to signifi-
cantly influence neural cells. Chondroitin sulfate proteoglycans
(CSPGs) are a family of ECM molecules that impede regenerating
axons following traumatic CNS injury. Recently, we determined that
CSPGs are highly upregulated in a mouse model of demyelination and
that reduction of CSPG biosynthesis improved remyelination (Lau et
al., Annals Neurol, in press). These findings led us to postulate that en-
zymatic degradation of CSPGs or targeting downstream signaling path-
ways would promote OPC and oligodendrocyte maturation and
remyelination following a demyelinating insult.
Methods: We isolated oligodendrocyte precursor cells (OPCs) from
adult human or neonatal mouse brains. We examined the impact of en-
zymatic degradation of CSPGs using ADAMTS-4 and chondroitinase ABC
(ChABC) on OPCs and oligodendrocytes. Downstream signaling inhibi-
tors of several pathways including ROCK, EGFR, and MAPK were also
tested. Lastly, the impact of in vivo infusion of ADAMTS-4 was tested
on adult female mice subjected to lysolecithin demyelination.
Results: To investigate the selective effect of CSPGs, human oligo-
dendrocytes were plated onto molds that alternated between al-
bumin and CSPG stripes. Few oligodendrocytes and processes
were found on CSPG compared to albumin stripes. The inhibitory
effect of CSPGs on human OPC adhesion was overcome with the
protease ADAMTS-4, which degrades the core protein of CSPGs,
but not by ChABC, which removes only the glycosaminoglycan
side chains. Both enzymes relieved CSPG inhibition of oligoden-
drocyte process outgrowth. These findings implicate the protein
core of CSPGs as the inhibitory components for oligodendrocyte
adhesion, and the glycosaminoglycan moieties as impediments of
morphological maturation. The results of application of various
signaling inhibitors in culture along with the effect of ADAMTS-4
on remyelination in vivo on the demyelinated spinal cords of
mice are being tabulated.
Conclusions: Our results identify CSPGs as novel impediments to
human oligodendrocytes and suggest that future remyelinating
therapies may include reducing levels of CSPGs or targeting their
signaling mechanisms.
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Objective: Milk fat globule-EGF factor 8 (MFG-E8) expressed on mi-
croglia is a phosphatidylserine receptor that mediates the phagocyto-
sis of apoptotic cells. The mechanisms by which microglia produce
MFG-E8 and the precise functions of MFG-E8 are unknown. Soluble
oligomeric amyloid β (oAβ) contributes to neurotoxicity such as syn-
aptic dysfunction in Alzheimer's disease (AD). Microglia accumulate
at senile plaques in AD, and have both neurotoxic and neuro-
protective properties. We examined the role of microglia treated
with MFG-E8 against oAβ toxicity.
Methods: The release of MFG-E8 from microglia treated with condi-
tioned medium from neurons exposed to oAβ was measured
by ELISA. The neuroprotective effects of MFG-E8 and MFG-E8−
induced microglial phagocytosis of oAβ were assessed by immuno-
cytochemistry. The effects of MFG-E8 on the production of the
anti-oxidative enzyme hemeoxygenase-1 (HO-1) and the inhibi-
tion of inflammatory molecules were determined by ELISA and
immunocytochemisty.
Results: MFG-E8 was induced in microglia treated with conditioned
medium from neurons that had been exposed to oAβ. MFG-E8 signifi-
cantly attenuated oAβ-induced neuronal cell death in a primary neu-
ron−microglia coculture system. Microglial phagocytosis of oAβ was
accelerated by MFG-E8 treatment due to increased CD47 expression.
MFG-E8 induced anti-oxidant enzyme HO-1 in microglia. Moreover,
MFG-E8 suppressed the production of TNF-α, IL-1β, IL-6, glutamate,
nitric oxide and reactive oxygen species bymicroglia activatedwith LPS.
Conclusions: MFG-E8 may have novel roles as a neuroprotectant that
is produced from microglia in AD.
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Dimethyl fumarate protects the central nervous system
against excitotoxicity
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Objective: Dimethyl fumarate (DMF), a novel oral treatment for Mul-
tiple Sclerosis (MS), has been shown to significantly reduce
gadolinium-enhancing lesions and disease progression in relapsing-
remitting MS (RRMS) in two Phase III clinical trials. However, the
possible neuroprotective function of DMF has not been fully investi-
gated. Our preliminary data suggest that DMF upregulates heme
oxygenase-1 (HO-1), an anti-oxidative and anti-inflammatory en-
zyme in the central nervous system (CNS). Interestingly, previous
studies showed that overexpression of HO-1 in neurons protects neu-
rons against toxicity caused by H2O2 and MPP. Based on these find-
ings, our hypothesis is that DMF exerts its neuroprotective effects in
MS through HO-1 induction.
Methods: In the current study, an excitotoxic animal model was
induced by AMPA microinjection into the spinal cord at lumbar sec-
tion. To evaluate DMF's neuroprotective effect, DMF was fed to naïve
mice for 3 days followed by AMPAmicroinjection. Neuronal loss and
behavior performance were evaluated 24 h after injection. To deter-
mine if HO-1 expression is altered, DMF was fed to naïve mice for
3 days, and then HO-1 mRNA and protein expression in the brain
and spinal cord were respectively determined by PCR and ELISA.
Results: Our results demonstrate that DMF pre-treatment reduces neu-
ronal damage by 30% and improves behavioral outcomes as compared
to vehicle-treated mice, indicating the neuroprotective effects of DMF.
Additionally, both HO-1mRNA and protein expressionwere significantly
upregulated in the spinal cord in the DMF feeding mice compared to
vehicle-treated mice, suggesting HO-1 as a potential target of DMF.
Conclusions: Our data demonstrate that DMF protects the spinal cord
against excitotoxicity possibly through upregulation of HO-1in the CNS.
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Objective: Parkinson's disease (PD) is a neurodegenerative disease
secondary to the loss of dopaminergic neurons in the substantia
nigra. 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) pro-
duces in mice and primates histopathological changes similar to
PD in humans. A common feature of PD and MPTP models is neu-
ronal death and dopamine depletion. At present the treatment of
PD is principally based on the replacement of dopamine levels by
administration of levodopa, however, modulation of neuronal death is
important in order tomodify disease progression. Silymarin is a polyphe-
nolic flavonoid derived from the seeds and fruits of the plant Silybum
marianum and hasmainly antioxidant, anti-inflammatory, cytoprotective
and neuroprotective effects.

In this work we evaluated the neuroprotective effect of silymarin
in a mouse model of PD. and determined the concentration of
dopamine in the striatum of MPTP-intoxicated mice and MPTP-
intoxicated mice treated with silymarin.
Methods: In order to explorewhether silymarin has a neuroprotective ef-
fects in PDwe determined the concentration of striatal dopamine by high
resolution liquid chromatography with electrochemical detection, the
number of apoptotic cells with in situ detection of fragmented DNA
(TUNEL assay) and the number of tyrosine hydroxylase positive neurons
(TH+) in substantia nigra by immunohistochemistry of vehicle-treated,
silymarin-treated, MPTP-intoxicated and MPTP-silymarin treated mice.
Results: Silymarin treatment partially recovered dopamine deple-
tion by MPTP treatment (48%, 62%, 69%, 55%, 43%, 33% and 29%
compared to control group at 25, 50, 100, 200, 250, 300 and
400 mg/kg, respectively), the most effective dose was 100 mg/kg.
In addition, silymarin treatment significantly reduced the number
of apoptotic cells induced by MPTP intoxication. These results are
directly related to the number of TH+neurons observed in the
sustantia nigra of mice from the different experimental groups.
MPTP treatment reduced significantly the TH+neurons, while
silymarin treatment in MPTP-intoxicated mice preserved signifi-
cantly the TH+neurons.
Conclusions: The current study shows evidence of the protective prop-
erties of silymarin in a MPTP-induced PD model. Silymarin preserved
striatal dopamine levels by diminishing apoptosis in the substantia
nigra and preserving the TH+neurons. These results may be of inter-
est in the treatment of PD.
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Objective: Oxidative stress, mitochondrial dysfunction and neuroin-
flammation are pathological processes involved in amyotrophic
lateral sclerosis (ALS), a neurodegenerative disorder characterized
by a loss of upper and lower motor neurons. In animal models of
neurodegeneration several experiments using Thiazolidinediones
(TZD), synthetic PPARγ agonists, suggest a regulatory role of
PPARγ in inflammatory pathways. However, clinical trials in ALS
patients treated with agonists for PPARγ have failed. These find-
ings, together with the regulation of PPARγ activity mediated by
post-translational modifications, brought us to study the specific
inactivating phosphorylation site (Ser112/Ser82) of PPARγ in
human ALS tissue and in G93A SOD1 mice, an animal model of
ALS.
Methods: G93A SOD1 mice from Jackson Laboratory were sacrificed at
30, 60, 100 and 120 days of age. Cortex and spinal cord were analyzed
in a total of 6 females and 3–6 males per age group. ALS and control
human spinal cord tissue was supplied by the Neurological Tissue
Bank-University of Barcelona-Hospital Clínic-IDIBAPS.

The phospho-PPARγ protein content was studied by western blot,
quantified by Quantity One Analysis software (BioRad) and analyzed
by GraphPad PrismR.
Results: We found an age-dependent effect on phosphorylation of
PPARγ in the spinal cord of mice, statistically significant in 100- and
120-day-old G93A SOD1 mice.

In human samples an increasing tendency of phosphorylated
PPARγ protein was observed between ALS and control cases.
That tendency was clearer when tissue sample were sorted in
those from pure ALS and ALS with some other pathology
(fronto-temporal lobar degeneration or Alzheimer's disease related
pathology).
Conclusions: The increment of inactive phosphorylated PPARγ levels in
the spinal cord of the clinically affected mice (100- and 120-day-old
G93A SOD1), prompt a possible explanation for the inflammatory pro-
cesses in the brain, one of the hallmarks of ALS and other neurodegen-
erative disorders.

The failure of clinical trials with PPARγ agonist in ALS patients
could be explained by the increased levels of phosphorylated PPARγ
found in the human samples.
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The levels of active/inactive PPARγ seem to be important not
only with regard to the clinical presentation of the disease, but
also regarding to treatment efficiency. Understanding of the
PPARγ activation/inactivation mechanisms will help in the devel-
opment of new treatment regimens for ALS and other neurodegen-
erative diseases.

8

a-Synuclein vaccination prevents pathological inclusions
accumulation in striatum via Treg recruitment

Vanesa Sanchez-Guajardo

Department of Biomedicine, Institute of Health Science, Aarhus University,
Aarhus, Denmark

Objective: It is becoming evident that the peripheral immune system
takes an active role in Parkinson's Disease (PD) progression, as
supported/suggested by the induction of the antigen presenting protein
HLA-DR (human homolog to MHC II) in diseased brain and the infiltra-
tion of lymphocytes; as well as the presence in serum of
alpha-synuclein specific antibodies.We designed a vaccination strategy
to attempt to harness these processes and mediate protection against
disease progression in a rat model of PD.
Methods: Using recombinant adeno-associated viral vector (rAAV) we
unilaterally over-expressed human alpha-synuclein in the rat
substantia nigra (SN) to induce progressive neuropathology. Prior to
stereotactical delivery of rAAV-alpha-synuclein, animals were vacci-
nated in order to induce a memory T cell population against the
protein.
Results: This therapeutic approach resulted in the accumulation of
CD4+ MHC II+ ramified microglia in the SN, long lasting infiltration
of CD4+Foxp3+ cells throughout the nigrostratial system, and 66%
fewer pathological aggregates in the striatum compared to control
animals that received a mock vaccine. These events were correlated
with the long-term increase in GDNF levels in the striatum
(8 weeks post-virus injection).
Conclusions: Together, these results show that a protective vaccina-
tion strategy requires the induction of regulatory T cells and dis-
tinctly activated microglia (CD4+ MHC II+) that induce immune
tolerance against alpha-synuclein.
103

Brain markers of neurodegeneration in sepsis survivor rats

Francieli Silva Vuolo1, Matheus Pasquali2, Samantha Pereira Miguel3,
Daniel Pens Gelain2, Fabricia Petronilho3, João Quevedo1,
José Cláudio Fonseca Moreira2, Felipe Dal Pizzol1

1UNESC, University of the Extreme-South Catarinense, Criciúma, Brazil;
2UFRGS, University of the Rio Grande do Sul, Porto Alegre, Brazil;
3UNISUL, University of Southern Santa Catarina, Tubarão, Brazil

Objective: Survivors from sepsis presented cognitive deficits associated
with decreased quality of life and increased long-term morbidity.
Some of these alterations resembled the pathophysiological mecha-
nisms of neurodegenerative diseases. The receptor for advanced
glycation (RAGE) has been increasingly implicated in the progression
of neuronal death in many neurodegenerative diseases, such as
Alzheimer's disease (AD), and is also an important pro-inflammatory
mediator. For this reason, we analyzed biochemical parameters related
to neurodegeneration in rats that survived sepsis, and their relation to
cognitive dysfunction.
Methods: Rats were subjected to sepsis by cecal ligation and punc-
ture (CLP), and thirty days after surgery the hippocampus and
pre-frontal cortex have been isolated just after cognitive evaluation
by the inhibitory avoidance test. The immunocontent of β-amyloid
peptide (Aβ), RAGE and synaptophysin were analyzed by western
blot.
Results: Aβ was increased in septic animals the hippocampus, but not
in the pre-frontal cortex. RAGE was upregulated in both structures
after sepsis, and the immunocontent of synaptophysin was decreased
only in the pre-cortex, and inversely correlated to Aβ levels.
Pre-frontal levels of synaptophysin correlated with performance in
the inhibitory avoidance, as well as hippocampus levels of Aβ.
Conclusions: In conclusion, brain from sepsis survivor animals
presented several markers of neurodegeneration and RAGE and this
was related to cognitive performance suggesting that this altera-
tions could be responsible to long-term cognitive deficits in sepsis
survivors.
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The PARK18 SNP is associated with altered expression and
regulation of major histocompatibility complex II genes
in Parkinson's disease patients

George Kannarkat, Nancy Choi, Jae-Kyung Lee, Jeremy Boss,
Malu Tansey

Emory University, School of Medicine, Atlanta, United States

Objective: Microglia are the myeloid-derived antigen presenting cells
(APCs) of the brain involved in immune surveillance. Yet chronic activa-
tion of microglia can lead to overproduction of pro-inflammatory cyto-
kines and chemokines and recruitment of peripheral immune cells to
the CNS all of which can hasten degeneration of vulnerable neurons.
A single nucleotide polymorphism (SNP) in the first intron of the
HLA-DRA gene termed PARK18 was recently shown to be associated
with a higher risk of Parkinson's disease (PD) in a genome-wide associ-
ation study (GWAS). Individuals homozygous for the rs3120882 G SNP
(PARK18GG) have a 1.7 fold higher risk (p=5×10−8) for PD than indi-
viduals homozygous for the A allele (PARK18AA). HLA-DRA is a located
in the major histocompatibility complex II (MHCII) locus on chromo-
some 6 and encodes proteins that present antigens on the surface
of APCs to activate the adaptive immune system. Implication of this ge-
netic locus in PD provides a direct link to explain how adaptive im-
munity can exacerbate neuroinflammation in the context of this
neurodegenerative disease.
Methods: We used flow cytometry and real-time PCR to investigate
whether peripheral monocytes from PD patients with the PARK18
GG allele display differences in HLA-DR and HLA-DQ expression com-
pared to control subjects with the PARK18 AA allele under resting or
stimulated conditions. We also used luciferase reporter assays to in-
vestigate whether the GG allele is associated with regulatory activity
at the PARK18 locus.
Results: Our examination of MHCII gene and protein expression in
APCs, specifically B cells and monocytes, from the peripheral blood
of PARK18GG PD patients compared to PARK18AA healthy age-
matched controls revealed interesting differences in the levels of
HLA-DR and HLA-DQ expression. Monocytes from these patients
also responded differently to interferon-γ stimulation with respect
to MHCII expression. Preliminary results using human monocyte cell
lines suggested the existence of regulatory activity at the PARK18
locus.
Conclusions: Our initial findings indicate that PARK18GG is clearly
linked to altered expression of MHC II genes in PD patients and
provide evidence to implicate the role of adaptive immunity in the
pathophysiology of this neurodegenerative disease.
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Neuronal specific T cells are pathogenic in Biozzi
mice — Implications for MS

Baukje van der Star1, Fabiola Puentes2, Wouter Gerritsen1,
Ruth Huizinga3, Arie Reijerkerk1, Paul van der Valk1, David Baker2,
Sandra Amor1

1VU Medical Center, VU Medical Center, Amsterdam, Netherlands;
2Blizard Institute, Barts and the London School of Medicine and Dentistry,
Queen Mary University of London, London, United Kingdom; 3Erasmus
MC, University Medical Center Rotterdam, Rotterdam, Netherlands

Objective: Multiple sclerosis (MS) is a demyelinating and neurodegen-
erative disease of the central nervous system (CNS) characterized by in-
flammation, oligodendrocyte damage, axonal damage and astrogliosis.
Despite a link between neuronal damage and clinical disability the
mechanism of neurodegeneration is unknown. Similar to aberrant im-
mune responses that damage myelin, immune responses to neuronal
proteins may be pathogenic in MS. InMS, T cell responses to the neuro-
nal cytoskeleton protein neurofilament light (NF-L) are observed while
antibody levels to NF-L are associated with disease progression.

Our objective is to examine how axonal-reactive T cells arise and
the mechanisms involved in immune mediated neuronal damage.
Methods: We have developed a model of neurodegeneration and
spasticity following immunization of ABHmice with the NF-L protein.
Previous studies show that the pathology is a direct effect of an im-
mune attack on neurons/axons. Detailed analysis of the pathology
was investigated by confocal microscopy. The pathogenicity and
specificity of the NF-L reactive T cells was investigated by epitope
mapping and adoptive transfer of NF-L reactive T cells in mice. The
mechanisms of T cell activation in the CNS was examined using
phagocytosis assays and by pathology studies of MS lesions.
Results: Inmice T cell responses to NF-L peptides reveal pathogenic epi-
topes that induce spasticity following T cell transfer. In diseased mice
CD4+ cells dominate the CNS lesions and colocalize with damaged
axons. Neurons do not express MHC class I and CD8+ cells are rarely
observed suggesting a role for cytotoxic CD4+ cells. In MS lesions,
phagocytosis of damaged neurons is observed as evidenced by NF-L in
HLA-DR+ cells. NF-L was observed in cerebrospinal fluid cells from
MS patients, suggesting neuronal debris is drained by this route.
Conclusions: We show that NF-L reactive T cells induce neurologi-
cal disease in mice. Since CD4+ T cell dominate the lesions in the
absence of MHC class I we suggest that cytotoxic CD4+ T cells
play the dominant role in disease. In MS neuroaxonal debris is
engulfed, phagocytosed and degraded by HLA-DR+ cells. Al-
though uptake is essential for clearing neuronal debris, phagocyt-
ic cells could also play a role in augmenting autoimmunity to
neuronal antigens.
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AAV2/1-mediated hippocampal gene delivery of neuronal
anti-inflammatory molecule CD200 enhances neurogenesis and
amyloid clearance in Alzheimer's disease mouse model

Megan M Varnum1, Tomomi Kiyota2, Kaitlin Ingraham1, Seiko Ikezu1,
Tsuneya Ikezu3

1Department of Pharmacology and Experimental Therapeutics, Boston
University School of Medicine, Boston, United States; 2Department of
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Medical Center, Omaha, United States; 3Department of Pharmacology
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Objective: Alzheimer's disease (AD) is a neurodegenerative disease
characterized by progressive decline of cognitive function and memory
formation. It is distinguished by the build-up of β-amyloid protein (Aβ)
into plaques and intracellular tau accumulation. There is currently no
therapy that can halt or reverse its progression. It has been shown
that, even in healthy brains, there is an age-dependent increase in
neuroinflammation and in the AD brain specifically, there is significant
up-regulation of pro-inflammatory cytokines and increased activation
of microglial cells. This suggests that dysregulated inflammation in
the aged brain may result in the neuronal damage seen in AD.
Up-regulation of specific pro-inflammatory cytokines andmicroglial ac-
tivation, as well as toxic Aβ, negatively affect the capability of neural
stem cells to mature and survive. Patients with AD exhibit an increase
in cellular proliferation in the hippocampus that is trounced by a reduc-
tion in neuronal maturation. We hypothesize that the chronic
neuroinflammation seen in AD is a major contributor to overall sup-
pression of neurogenesis in the subgranular zone of the hippocampus.
CD200 is an anti-inflammatory glycoprotein expressed in many cell
types, including neurons, and its receptor is expressed in cells of the
myeloid lineage, such as microglia. It has already been shown in both
human AD patients and animal models of AD that an age-related in-
crease in microglial activation is accompanied by an age-related or
Aβ-induced decrease in CD200 expression.
Methods: In this study, the AD transgenic mouse model
expressing APP mutant (Tg2576) was intracranially injected with
adeno-associated virus expressing CD200 into the hippocampus
at the pre-symptomatic disease stage. Following treatment with
CD200, neurogenesis was measured in the brain by using both
proliferation (BrdU) and differentiation markers (Dcx). Mice were
also assessed for Aβ loads. Neurogenesis was also examined in
vitro by co-culture of neural stem cells with microglia stimulated
by CD200 with or without Aβ.
Results: CD200 expression in transgenic mice enhanced both prolifer-
ation and differentiation of neural stem cells in the dentate gyrus of
the hippocampus and significantly reducedAβ load in the hippocampus
and cortex.
Conclusions: These data indicate that CD200 may be able to delay
the onset of AD-like pathology and subsequent decrease in
neurogenesis, thus giving it high potential as a therapeutic against
neurodegeneration.

94

Reducing Alzheimer's disease β-amyloid pathology by
manipulating IL-12/IL-23 signaling

Johannes vom Berg

Experimental Immunology, University of Zurich, Zurich, Switzerland

Objective: Alzheimer's disease (AD) pathology displays an inflamma-
tory component characterized by the presence of pro-inflammatory
cytokines particularly in response to β-amyloid. Cytokines such as
IL-1β and TNFα, reactive oxygen species and other signs of inflamma-
tion have been described as the local cellular response to Aβ plaques.
However, despite descriptive evidence, functional studies on
proinflammatory mediators in AD are relatively scarce.
Methods: Using transgenic APPPS1 mice serving as a model of AD we
first assessed the expression of proinflammatory cytokines in microg-
lia. We crossed APPPS1 mice with animals harboring targeted dele-
tions of cytokine subunits and analyzed cerebral plaque load.
Additionally, we studied bone-marrow chimeric mice to dissect the
functional impact of cytokine deletion in the radiation resistant vs
non-resistant cellular compartment. Moreover, we analyzed the im-
pact of antibody-mediated neutralization of IL-12/23 signaling on
plaque load and behavioral performance.
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Results: We observed the production of the common interleukin
(IL)-12 and IL-23 subunit p40 by microglia. Genetic ablation of p40
and two other IL-12/IL-23 subunits, namely p35 and p19, resulted in
a drastic decrease in cerebral amyloid plaque load. Although deletion
of IL-12/IL-23 signaling from the radiation-resistant glial compart-
ment of the brain either by removing p40 or its respective receptors
was most efficient in mitigating cerebral amyloidosis, peripheral ad-
ministration of a neutralizing anti-p40 antibody likewise resulted in
a significant reduction of cerebral β-amyloid in APPPS1mice. Further-
more, intracerebroventricular delivery of anti-p40 antibodies re-
versed cognitive deficits in aged APPPS1 mice.
Conclusions: IL-12/IL-23 signaling seems to be crucially involved in con-
trolling not only the amount of a central component of AD pathology,
namely Aβ plaques, but also cognitive impairment. Our results suggest
that blockade of IL-12/IL-23 signaling ameliorates cerebral amyloidosis
and poses a novel potential pharmacological approach to combat AD.

Stem cells

392

Can MSCs use the cholinergic system to carry out their
immunomodulatory functions?
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Objective: Mesenchymal stem cells (MSC) are adult stromal progen-
itor cells displaying immunomodulatory activities including inhibi-
tion of proliferation of T cells, B cells and also dendritic cells (DC)
maturation in vitro. In mice, MSCs intravenous injection leads to
rapid entrapment in the lungs where they interact with resident
macrophages. The lungs, like other viscera, are innervated by
vagal endings. Vagal signaling has been shown to downregulate
inflammation, and the mechanism is thought to involve acetylcho-
line binding to the alpha-7 subunit of the nicotinic acetylcholine
receptor on macrophages and dendritic cells. In a recent study we
demonstrated how intravenous administration of MSC blocks,
almost instantaneously, the migration of subcutaneously adminis-
tered ovalbumin-pulsed DC to the draining lymph nodes. Since
the effect of MSC on migration of DC is extremely rapid we hypoth-
esize that this effect can be mediated, at least in part, by the vagus
nerve.
Methods: To determine whether vagus is activated in response to MSC
administration, we investigated heart rate variability (HRV) by ECG
in previously anesthetized mice. Moreover, administration of MSC
inhibited the increase in serum TNFa concentration and resulted in
down-regulation of pro-inflammatory genes in lungs and spleen.
We used Mecamylamine (1 mg/Kg i.p), an antagonist of the nicotinic
acetylcholine receptor to inhibit the functional of vagus nerve.
Results: In MSC treated mice we observed evident bradycardia, early
arrhythmias (ventricular extrasystoles), episodes of gasp and, within
1–2 min, atrio-ventricular (AV) block of second grade. In mice treated
with fibroblasts, as controls, we noticed a trend to tachycardia, few
sporadic extrasystoles (b5) and a first grade block. We repeated the
same experiments described above with MSC pretreated with nico-
tine, a nicotinic agonist, and we observed no effect of these cells on
HRV, suggesting that MSCs are able to influence the vagus nerve
only if their acethylcholine receptor is available. The production of
TNFa in CD4+T cells and the proliferation assay from mecamylamine
treated mice is more severe compare to controls mice with or without
stimulation with anti CD3 antibody. Interestingly, when we intrave-
nously injected MSC, in these mice, we could not observe inhibition
of the increase in serum TNFa concentration and down-regulation of
pro-inflammatory genes in lungs and spleen.
Conclusions: These finding suggest that MSC requires a functional
cholinergic innervation to carry out their immunomodulatory function.
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Herpes simplex virus type 1 alters neuronal precursor
differentiation from neural stem cells

Ana Chucair-Elliott1, Tom Lane2, Daniel Carr3
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Objective: Herpes simplex virus type 1 (HSV-1) is one of the most
widespread human infections that accounts for more than 90% of
the cases of herpes simplex encephalitis (HSE), causing severe and
permanent neurological sequelae among the treated cases, such as
anterograde memory loss, anosmia (loss of smell), and dysphasia
(loss of language). While our previous results in an animal model of
HSV-1 encephalitis revealed HSV-1 infects cells in the subventricular
zone (SVZ) where neural stem cells (NSCs) reside, the link between
HSV-1 infection and lifelong severely impaired neurological functions
experienced by HSE survivors is presently not understood. We hy-
pothesize the neurological sequelae observed in encephalitic patients
following HSV-1 infection are the consequence of HSV-1 infection of
NSCs.
Methods: A GFP-expressing mouse NSC line was used in this study.
NSCs were seeded in plates containing growth medium and infected
them with different concentrations of HSV-1 (McKrae strain). Super-
natants were collected at different time points and assayed for viral
content (by plaque assay) and expression of select chemokines in-
cluding CXCL1, CXCL5, CXCL9, and CXCL10. Viral antigen expression
by NSCs was also conducted using immunocytochemistry (ICC). In
other experiments, NSCs were added onto Matrigel matrix covered
plates and evaluated for differentiation potential using markers selec-
tive for neurons (β-III tubulin and doublecortin), astrocytes (GFAP),
and oligodendrocytes (GALC and Ng2) using ICC labeling for confocal
microscopy and western blot techniques in infected and uninfected
NSC cultures.
Results: NSCs are susceptible to HSV-1 evident by the recovery of co-
pious amounts of virus in the supernatant and HSV-1 antigen expres-
sion by the cells following infection. Of the chemokines evaluated,
only CXCL10 levels were altered (reduced) in NSC cultures infected
with HSV-1. Analysis of differentiation patterns in NSC cultures re-
vealed a dramatic and specific loss of the neuronal phenotype with
no significant changes in the percentage of astrocytes or oligodendro-
cytes following viral infection.
Conclusions: NSCs are highly susceptible to HSV-1 which impacts on
the differentiation process with a specific loss of neuronal precursors.
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Intrathecal transplantation of adult neural stem/precursor cells
dampens CNS-restricted inflammation of experimental
autoimmune encephalomyelitis

Donatella De Feo1, Cecilia Laterza1, Arianna Merlini1,
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Objective: Transplantation of neural stem/progenitor cells (NPCs) in
rodent and non-human primate models of multiple sclerosis (MS)
have consistently shown that NPCs promote neuroprotection through
pleiotropic mechanisms, including immunomodulation, neurotrophic
support and stimulation of endogenous repair processes. To foster the
efficacy of NPC transplantation avoiding unwanted side effects caused
by their multifaceted way of action, it is still mandatory to dissect the
cellular and molecular mechanisms underlying their therapeutic
effect.

Our work investigated the cellular and molecular interactions un-
derlying the therapeutic efficacy of NPCs on CNS-confined inflamma-
tory processes of the experimental autoimmune encephalomyelitis
(EAE), the animal model of MS.
Methods: EAE was induced in C57 Bl/6 mice by immunization with
the MOG35–55 peptide. At the peak of inflammation (20 days post-
immunization, dpi) EAE mice were intrathecally transplanted with
GFP-labeled syngenic adult SVZ-derived NPCs or vehicle. Neuropa-
thology was assessed at 40 and 80 dpi, whereas ex vivo flow cytome-
try analysis of CNS inflammatory infiltrate was performed at 30 dpi.
The direct interference of NPCs with inflammatory cells was investi-
gated in vitro by co-culture of NPCs with dendritic cells (DCs) and
helper T (Th) cells, followed by flow cytometry, protein and gene ex-
pression analyses.
Results: Intrathecal transplantation of NPCs significantly reduced clinical
disability, demyelination and axonal loss of EAE when compared to
sham treatment. At 40 dpi, transplanted NSCs persisted undifferentiated,
localizing preferentially in subarachnoid and perivascular spaces
close to the inflammatory infiltrate. Analysis of CNS inflammatory
infiltrate revealed that NPCs significantly reduced blood-born
myeloid DCs, macrophages as well as of encephalitogenic Th17 and
Th1 cells. In vitro experiments demonstrated that NPCs – through
secreted mediators – restrain antigen-presenting properties of DCs
impairing maturation and re-activation of myelin antigen-specific T
cells.
Conclusions: This work confirms the efficacy of the intrathecally
transplanted NPCs in ameliorating disease severity of experimental
MS and suggested that NPCs drive neuroprotection by interfering in
the subarachnoid and perivascular spaces with antigen re-call and
maturation of encephalitogenic T cells. By dampening this process,
NPCs prevent CNS accumulation of blood-born inflammatory cells re-
sponsible for disease progression in MS.
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Three chemokines, SDF1α, MCP-1 and hepatocyte growth factor
attract transplanted neural stem cells during neuroinflammation
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Objective: Multiple sclerosis (MS) is a multifocal disease, and precur-
sor cells need to migrate into the multiple lesions in order to exert
their therapeutic effects. Therefore, cell migration is a crucial element
in regenerative processes in MS, dictating the route of delivery, when
cell transplantation is considered. We have previously shown that
inflammation triggers migration of multipotential neural pre-
cursor cells (NPCs) into white matter of experimental autoimmune
encephalomyelitis (EAE) rodents, a widely used model of MS. Here
we investigated the molecular basis of this attraction.
Methods: Neurospheres were grown from E13 embryonic brains of
wild type, GFP transgenic or CCR2 knock-out mice. Neurospheres
were studied in-vitro for cell motility, receptor expression and
cell differentiation, using inverted and fluorescent microscopy and
PCR. To investigate the role of chemokine signaling in cell migra-
tion in EAE, chemokine receptors were blocked on neurosphere
cells. BrdU-labelled treated spheres and non-treated GFP spheres
(as controls) were transplanted to the lateral cerebral ventricles
of PLP-EAE SJL mice or of MOG-EAE C57Bl/6 mice. Fluorescent
microscopy was used to compare migration of treated versus non-
treated cells.
Results: Inflammation-triggered NPC migration into white matter
tracts was dependent on a motile NPC phenotype and tissue-
derived chemokines. Specifically, growing NPCs with epidermal
growth factor (EGF) induced a motile phenotype, enabling their
response to inflammation. Stromal Cell-Derived Factor-1α, Mono-
cyte Chemoattractant Protein-1 and Hepatocyte Growth Factor
were expressed in the EAE brain and specifically in microglia
and astrocytes. Their cognate receptors, CXCR4, CCR2 or c-Met
were constitutively expressed on NPCs. Selective blockage of
CXCR4, CCR2 or c-Met partially inhibited NPC migration in EAE
brains. Blocking all 3 receptors resulted in profound inhibition
of NPC migration, as compared to extensive migration of control
NPCs.
Conclusions: NPC migration depends on a motile phenotype induced
by EGF. Signaling via three chemokine systems accounts for most of
the inflammation-induced, tissue-derived attraction of transplanted
NPCs into white matter tracts during EAE.
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Time associated decline in neurotrophic properties of neural stem
cell grafts render them dependent on brain region-specific
environmental support

Nina Fainstein, Mikhal E. Cohen, Tamir Ben Hur
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Jerusalem, Israel

Objective: NPCs therapeutic value in neurodegenerative diseases is
critically dependent on their long term survival independent of any
exogenous growth factor and enduring functional neurotrophic prop-
erties. Here, we examined whether NPCs survive and maintain their
properties for extended periods of time, or become dependent on en-
vironmental support.
Methods: Fetal GFP(+) NPC spheres were grafted into the naïve/irra-
diated hippocampus, ventricles and naïve/6-OH DA lesioned striatum.
Their survival and fate were determined by computerized image anal-
ysis, including immunofluorescent stainings. We characterized tissue
elements that support graft survival and blocked their signaling by



158 Abstracts
continuous infusion of blocking antibodies. Time associated changes
in NPC spheres in-vitro were examined using immuno-fluorescent
stainings and two functional assays.
Results: Two months following transplantation to naïve brains, large
grafts were detected in the ventricles and hippocampus (70±16%),
but only little survival was evident in the striatum (17±3.7%). To
point at possible regional characteristics which underlie the differen-
tial survival of NPC grafts we performed several manipulations of the
brain environment. Brain irradiation, which totally eliminated hippo-
campal neurogenesis resulted in 90% reduction of hippocampal graft
survival. Acute neurotoxic injury with 6-hydroxydopamine induced
a 3-fold increase (52.4±6%) in striatal graft survival, associated
with induction of nestin, CD31, β1-integrin, GFAP and cycling cells,
all established components of the stem cell niche. Disruption of the
extracellular matrix structure of this reactive niche by continuous
blockage of host striatum β1-integrin caused 73% reduction in graft
survival. In correlation with in vivo findings, long term cultured neu-
ral precursors exhibited an increase in apoptotic cells and dramatic
decline in neurotrophic effects, as indicated by their decreased effect
on neurite outgrowth in PC12 cells and reduced induction of OPCs
proliferation, two in vitro functional assays.
Conclusions: We conclude that long-term changes in transplanted NPC
properties render them dependent on region specific environmental
support. We suggest that proximity to functional neurogenic/stem
cell niches enables improved NPC graft survival. Furthermore, the
neurotrophic effects of NPCs transplantation are limited in time and
represent an important shortcoming for clinical translation.
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Time limited immunomodulatory functions of transplanted
neural precursor cells
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Objective: A major issue in developing neural stem/precursor cell
(NPC) therapy for chronic neurological disorders is whether cells
maintain their immune-regulatory properties for a prolonged period
of time. This is crucial to allow allogeneic NPC grafts to evade
rejection from the host brain and to continue down-regulating
neuroinflammation. Fetal NPCs possess powerful immunomodulatory
properties which enable them to protect the brain from immune-
mediated injury. We examined here whether intracerebrally-
transplanted NPCs are able to inhibit early versus delayed induction
of autoimmune brain inflammation and to inhibit an allogeneic rejec-
tion reaction against the graft.
Methods: Fetal GFP(+) NPC spheres were grafted into the 6-OH DA
lesioned striatum or the ventricles of experimental autoimmune
encephalomyelitis (EAE) mice. Their fate was determined by com-
puterized image analysis of immunofluorescent stained sections.
Fetal and long term spheres effects on Concanavalin A -stimulated
lymph node cells were examined in-vitro by RT-PCR and 3H-thymidine
incorporation.
Results: Allogeneic fetal NPC grafts elicited a strong immune reaction
of T cell and microglial infiltration and were rejected from the host
brain. Singeneic intraventricular fetal NPC grafts survived in the
ventricles and entered a quiescent, non-proliferative and non-
differentiated state. These transplants attenuated clinically and path-
ologically brain inflammation during early EAE relapse but failed to
inhibit delayed relapse. In correlation, long term cultured neural
precursors that survived in a non-proliferative state lost their capaci-
ty to inhibit immune cell proliferation in vitro.
Conclusions: Long-term functional changes in transplanted neural
precursor cells lead to loss of their therapeutic immune-regulatory
properties, resulting in lack of EAE attenuation. Moreover, these
changes render allogeneic grafts vulnerable to immunologic rejection.
Thus, the immunomodulatory effects of neural precursor cell trans-
plantation are limited in time.
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The inflammatory fingerprint of Neural Stem Cells
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Objective: Neural stem progenitor cells (NPCs) reside in specialized
areas of the adult mammalian brain where they undergo self-
renewal and differentiation. This concept supports the idea that the
adult CNS has the intrinsic potential to undergo repair/regeneration
upon injuries. In contrast with this, others and we have shown that
inflammation halts the proliferation and differentiation capacities of
the endogenous brain stem cell compartment, thus restraining its in-
trinsic potential to contribute to tissue repair and/or regeneration.
The mechanisms that characterize this response of brain stem cells
to inflammation are still far to be identified. In this work we want
to obtain a comprehensive, molecular profile of the changes induced
in vitro by inflammation on the biology of neural stem cells.
Methods: We have developed an integrated ‘omic’ approach that draws
a comprehensive picture of the NPCs’ molecular response to
inflammation. Mouse sub ventricular zone (SVZ)-derived NPCs were
cultured in vitro with serum-free media in the presence or not of
either Th1 pro-inflammatory or Th2 anti-inflammatory cytokines
mixes thatmimic a putative inflammatorymicroenvironment and char-
acterized their transcriptome using small RNA-Seq and long RNA-Seq.
Results: Only Th1 cytokines induced a strong up-regulation of the Jak/
Stat signalling pathway and interferon responsive genes, together
with regulating cell cycle genes towards a block in G0/G1. Exposure
to Th1 cytokines also induces several genes involved in antigen
presentation, such as MHC-I and MHC-II subunits and immuno-
proteasome. In addition, we found 5 miRNAs that were differentially
expressed after Th1 cytokines and using an integrative approach com-
bining the long RNA-Seqwith themiRNAs expression data we identified
miR-155 as a candidate master regulator of the NPCs’ inflammatory re-
sponse. Th2 cytokines did not evoke any detectable effect on NPCs.
Conclusions: Identifying the inflammatory fingerprint of NPCs, and
understanding its impact on neural stem cell biology, will help to
understand the dysfunction of the endogenous brain stem cell com-
partment in experimental inflammatory disorders of the CNS. We en-
visage that such an integrated approach will have realistic chances to
help us towards the development of novel reparative therapeutic ap-
proaches aimed at restoring the function of the endogenous brain
stem cell compartment.
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Comparative study on human mesenchymal cells treatment in a
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Multiple sclerosis (MS) is a chronic neurological disorder charac-
terized by focal lesions with inflammation, demyelination and
neurodegeneration of the central nervous system (CNS). The current
treatments for MS are only partially effective and this results in
chronic disability and irreversible axonal and neuronal damage. A pri-
mordial interest in the MS treatments would be to provide mecha-
nisms for remyelination and regeneration.

Human mesenchymal stem cells (hMSCs) are an attractive ap-
proach for future treatments of MS due to their immunomodulatory
and neuroprotective properties. Several studies have demonstrated
the usefulness of these cells (syngeneic and xenogeneic MSCs) in
experimental autoimmune encephalomyelitis (EAE). Therapeutic pro-
tocols considerably differ and comparative studies about these proto-
cols are limited.

The use of hMSCs may offer multiple theoretical advantages,
however, several experimental questions might be considered related
to cell size, number of cells, day and route of administration.

In this study, we used hMSCs to treat myelin oligodendrocyte gly-
coprotein MOG35-55 induced EAE in C57BL/6 mice. We compared
three routes of administration (intravenous, intraperitoneal and in-
tracardiac), different numbers of cells (from 0, 5 to 2^6 cells) and
transfer in different days of the disease course: 2, 7 and 14 days
after EAE induction. Bone marrow was used as a source of hMSCs,
and cells were cultured and expanded up to passage 5 and 6.All
mice were evaluated daily for EAE signs and weight loss.

All untreated EAEmice developed full blownEAEwith severity scores
ranging from 2 to 4, in a scale of 0–6. The clinical course of EAE mice
treated with 0.5-1.0^6 cells was similar to the one of untreated EAE
animals, independently of the route used. However, intravenous delivery
of 2×10^6 hMSCs up to day 14 post induction achieved a marked
reduction of the clinical severity in EAE mice, and compared to the
other routes proved to be the safest and most reliable route for cell
administration.

hMSCs should be expanded and criopreserved due to the large
numbers of cells used in the treatment of this EAE model.
These cells have previously been reported to be susceptible to
cryopreservation and they can undergo a limited number of pas-
sages before their potential is compromised. In this study, we have
repeatedly observed the differences using “fresh” and freeze-
thawed cells.

These results suggest the preferential use of the intravenous
route with not less than 2x10^6 cells avoiding repeated freezing
and thawing for maintenance of their anti-inflammatory and im-
munomodulatory characteristics when using hMSCs to this EAE
model.
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β2-microglobulin regulates the age-related decline in adult
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Objective: The discovery of neural stem cells (NPCs) in the adult brain
has incited possibilities for regenerative therapeutics aimed at restor-
ing cellular and associated cognitive functions in the aging nervous
system. However, advancements must first be made in understanding
how normal environmental changes during aging alter the regenera-
tive capacity of NPCs. Previously, using a proteomic approach to pro-
file changes in aging blood, together with heterochronic parabiosis –
in which the circulatory systems of young and old animals are
connected – we identified β2-microglobulin (B2M) as a potential
age-related regulator of neurogenesis. The goal of this study was
therefore to investigate the role of B2M in mediating the decline in
adult neurogenesis, and impairments in learning andmemory, observed
during aging.
Methods: Here we use primary NPC models to investigate whether
direct exposure to recombinant B2M is sufficient to inhibit NPC prolif-
eration and neural differentiation in vitro. We combine a pharmaco-
logical approach with stereotaxic injections into the dentate gyrus
of the hippocampus to examine whether direct exposure to B2M in-
hibits adult neurogenesis in vivo. Subsequently, using the radial arm
water maze and fear conditioning paradigms we examine the effect
direct exposure to B2M has on hippocampal-dependent learning and
memory. Finally, we make use of a genetic mouse model lacking
expression of B2M to investigate whether the absence of B2M can mit-
igate the age-dependent decrease in adult neurogenesis and improve
associated cognitive functions.
Results: We observed that exposure to recombinant B2M in vitro is
sufficient to inhibit NPC proliferation and neural differentiation in
an MHC I dependent manner. Additionally, we detected a decrease
in neurogenesis in the adult hippocampus after local administration
of exogenous B2M, which could be mitigated in the absence of
MHC I expression in vivo. Furthermore, local exposure to B2M
resulted in impairments in hippocampal dependent learning and
memory. Lastly, we observed an age-dependent enhancement in
hippocampal neurogenesis, and associated cognitive processes, in
old mice lack B2M expression.
Conclusions: Cumulatively, our data indicate that B2M negatively
regulates adult hippocampal neurogenesis and associated cognitive
process during aging.

T cells
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Objective: HTLV-1 primarily infects primarily CD4+CD25+ T cells
leading to proliferation and activation. A subset of these cells are reg-
ulatory (typically CD4+CD25+hi -Tregs), and have been shown to
have decreased suppressive capacity in HAM/TSP patients as com-
pared to normal donors (NDs). Due to the inflammatory component
of HAM/TSP, markers normally used to characterize Tregs, such as
CD25, CTLA4 and GITR are limiting in identifying T regulatory cells. To
more precisely characterize Treg cells, we used a novel method that an-
alyzes the methylation status of specific CpGs in the FoxP3 locus in
CD4+CD25+ T cells that stably express FoxP3. Tregs stably express
FoxP3 which is associated with a completely demethylated locus.
Methods: CD4+CD25+ cells were enriched as the most likely subset
to contain these cells and then the DNA of these cells were analyzed
by qPCR with primers directed against the Treg cells specific demeth-
ylation region (TSDR).
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Results: We show that there is decreased demethylation in this
population from HAM/TSP patients as compared to NDs, despite the
increased CD4+CD25+ population size in HAM/TSP. Further we
show that this correlates with an overall expanded population of
CD4+CD25lo cells with no change in the CD4+CD25hi group be-
tween NDs and HAM/TSP patients.
Conclusions: Despite having a similar percentage of Tregs (as defined
by CD4+CD25hi) compared to NDs, HAM/TSP patients have a lower
number of functional Tregs, as noted by a lower %unmethylated in the
FoxP3 locus. It may be that in HAM/TSP patients, Tregs are unable to
suppress the overwhelming number of inflammatory cells present
in the disease.
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Objective: Multiple sclerosis (MS) is an autoimmune disease that is
caused by myelin loss in the central nervous system and results in se-
vere disability. Recent genetics studies have confirmed an association
between a non-synonymous SNP in the interleukin 7 receptor alpha
chain (IL7Rα) gene, rs6897932 (C/T), and the risk of developing MS.
IL7Rα encodes a transmembrane protein that is expressed in several
immune cell subpopulations. Signaling via the IL7 pathway plays a
crucial role in the maintenance of immune system homeostasis. The
associated SNP occurs within exon 6 of IL7Rα which encodes the
transmembrane domain of the receptor. The non-synonymous risk al-
lele causes a T244I amino acid change that results in increased skip-
ping of exon 6 and elevated levels of the soluble isoform of the
protein. Based on the autoimmune characteristics of MS and the
important role of IL7Rα in the immune system homeostasis, the aim
of our study is to investigate the functional role of the associated
SNP to MS pathogenesis in T cell subpopulations.
Methods: To verify the impact of rs6897932 on IL7/IL7Rα signaling we
investigated the levels of phosphorylated STAT5 by flow cytometry in
primary T cell cultures after IL7 stimulation. Naïve and memory
CD4+ and CD8+ T cells were isolated from peripheral blood of
relapsing-remitting MS patients and controls homozygous for the
alternative rs6897932 alleles.
Results: Our preliminary analyses in naïve CD4+ T cells show that
STAT5 phosphorylation is increased about 2-fold in subjects carrying
the risk allele C. Focusing specifically on individuals with the same ge-
notype, we have observed a 1.5 fold decrease of phosphorylated
STAT5 in homozygous ‘TT’ patients compared to controls; whereas,
no differences are seen among patients and controls homozygous
‘CC’. A similar trend was also detected in naïve CD8+ and memory
CD4+ T cells.
Conclusions: Based on our observations we speculate that the IL7Rα
activity is affected by the two alternative alleles of rs6897932. Specif-
ically, the presence of the T allele causes the change of the threonine
(polar) with isoleucine (nonpolar) within the transmembrane do-
main. This modification might affect the protein folding resulting in
a decrease of the receptor activity that can be explained as less acces-
sibility of the intracellular domain to STAT5; and/or decrease the sta-
bility of the receptor on the cell membrane. However, further
analyses are being carried out to verify and confirm our preliminary
results.
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Interleukin-15 amplifies the pathogenic activity of CD4+CD28− T
cells in multiple sclerosis patients
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Objective: Ageing of the immune system, or immunosenescence, con-
tributes to the increased morbidity and mortality seen in the elderly.
Premature immunosenescence is shown to occur in patients with au-
toimmune diseases including multiple sclerosis (MS). The main char-
acteristic of immunosenescence is the expansion of CD4+CD28- T
cells in the peripheral blood. We demonstrated that these cells accu-
mulate in brain lesions of MS patients. CD4+CD28- T cells have a cy-
totoxic profile and share many properties with natural killer (NK)
cells. These features include intracellular stores of the cytotoxic mol-
ecules perforin and granzyme B, and the expression of NKG2D, an ac-
tivating NK cell receptor. For NK cells, it is known that NKG2D
expression and cytotoxicity are increased in response to interleukin
(IL)-15. Moreover, IL-15 is upregulated in the serum and cerebrospi-
nal fluid of MS patients. The aim of our study is to investigate whether
IL-15 enhances cytotoxicity of CD4+CD28- T cells as seen for NK cells.
Methods: Flow cytometric analysis was performed to investigate
proliferation, expression of cytotoxic molecules and degranulation
of CD4+CD28- T cells in response to IL-15. Coculture with the
NKG2D ligand expressing cell line U251 assessed the contribution
of NKG2D ligation to degranulation of CD4+CD28− T cells. To
identify IL-15 producing cells in the brain, immunohistochemistry
was performed on MS lesion tissue and normal brain tissue of
non-demented controls.
Results: Our in vitro results show that IL-15 preferentially induces prolif-
eration of CD4+CD28− T cells as compared to their CD28+ counterparts.
Phenotypically, IL-15 significantly increases expression of NKG2D,
perforin and granzyme B by CD4+CD28- T cells. Also, the production of
interferon-gamma is increased, and this increase is significantly higher
inMS patients.When IL-15 is presented to CD4+CD28- T cells, the release
of cytotoxic granules from the cells is significantly enhanced. This degran-
ulation is not dependent on NKG2D ligation, but blocking of NKG2D
diminished this process. In MS lesions, we found that microglia/macro-
phages are the main IL-15 producing cells, and that CD4+ T cells
are found in close proximity to them, suggesting in vivo stimulation.
Conclusions: In summary, our findings indicate that CD4+CD28- T cells,
which accumulate in brain lesions of MS patients, are functionally
boosted by IL-15 producing cells. This process amplifies their cyto-
toxicity, contributing to local damage.
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Objective: In this study we evaluated the percentages of the different
subsets of CD8+ T effector and memory cells expressing T-bet and
Eomesodermin (Eomes) during the course of relapsing-onset Multi-
ple Sclerosis (MS). Then we correlated the percentages of these
CD8+ T cell subsets with age, gender, disease duration and disability
score.
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Methods: We analyzed by flow cytometry the percentages of cir-
culating CD8+CCR7-CD127low, (Short Lived Effector Cells,SLEC),
CD8+CCR7-CD127high (Memory Precursor Effector Cells,MPEC) and
CD8+CCR7+CD127+ (Central Memory,CM) T cells in 71 patients af-
fected by relapsing–remitting MS (RRMS) in different phases of dis-
ease, 25 patients with secondary progressive MS (SPMS) and in 54
age and sex-matched healthy subjects (HS). In a subgroup of RRMS
and SPMS patients we evaluated the expression of T-bet and Eomes
in the different subsets of CD8+ T cells.
Results: We found higher percentages of circulating CD8+ SLEC in MS
patientswith RRMSand SPMS compared toHS. CD8+CMwere increased
in MS patients compared to HS. The percentages of CD8+ CM were
higher in RRMS in both phases of disease compared to SPMS patients
and HS. The percentages of CD8+ MPEC and CM positively correlated
with age in controls but not in relapsing–onsetMS patients. The percent-
age of circulating CD8+ CM correlated negatively with EDSS score in
RRMS and SPMS patients in stable phase of the disease. Circulating
T-bet+ SLEC were increased in relapsing RRMS patients and SPMS pa-
tients. T-bet+ MPEC were also increased in relapsing RRMS patients.
The percentages of circulating CD8+MPEC and Eomes+ CMwere higher
in RRMS in both phases of the disease compared to SPMS patients.
Conclusions: We found higher percentages of circulating CD8+ SLEC in
MS patients with RRMS and SPMS compared to HS. CD8+ CM were in-
creased in MS patients compared to HS. The percentages of CD8+ CM
were higher in RRMS in both phases of disease compared to SPMS
patients and HS. The percentages of CD8+MPEC and CMpositively corre-
latedwith age in controls but not in relapsing–onsetMSpatients. The per-
centage of circulating CD8+ CM correlated negatively with EDSS score in
RRMSand SPMSpatients in stable phase of the disease. Circulating T-bet+

SLEC were increased in relapsing RRMS patients and SPMS patients.
T-bet+ MPEC were also increased in relapsing RRMS patients. The
percentages of circulating CD8+ MPEC and Eomes+ CM were higher in
RRMS in both phases of the disease compared to SPMS patients.
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Objective: To determine whether telmisartan (TLM) inhibits human
Th17 differentiation.
Background: T helper cells secreting interleukin (IL)-17 (Th17) play a
crucial role in the pathogenesis of autoimmune diseases such as mul-
tiple sclerosis. In addition, Th17 is associated with secondary inflam-
mation induced by cranial infarction. TLM can be pharmacologically
categorised as an angiotensin II type 1 receptor blocker (ARB) as
well as a peroxisome proliferator-activated receptor gamma (PPER
gamma), commonly used as antihypertensive medication. Previous
studies demonstrated that PPER gamma agonists (pioglitazone) and
other ARBs inhibit Th17 differentiation. However, the effect of
telmisartan on Th17 differentiation remains unknown.
Methods: Naïve T cells were isolated from five healthy volunteers
using magnetic beads kit. For Th17 differentiation, the naïve T cells
were stimulated by anti-CD3, anti-CD28, IL-1beta, IL-6, IL-21, IL-23,
and tumour growth factor beta 1, with/without TLM.

The Th17 population was measured by flow cytometry using
anti-IL-17 antibodies.
The activated form of phospho-nuclear factor (NF)-κB in the cell
lysate was measured using enzyme immunoassay.

Total RNA was isolated from stimulated cells, and mRNA expression
of IL-17 and RAR-related orphan receptor (ROR) gamma t was mea-
sured using a quantitative real-time polymerase chain reactionmethod.
Results: Following stimulation with cytokines with/without TLM for
1 week, IL-17+ cell populations were measured using flow cytome-
try. The number of IL-17+ cell populations was lower when TLM
was used for stimulation compared with that when TLM was not
used. To analyse the mechanism by which TLM inhibits Th17 differen-
tiation, phospho-NF-κB level was measured after a 30-minute TLM
simulation, and it was found to be significantly higher after TLM
stimulation. Relative mRNA expression of IL-17 was significantly
decreased by TLM stimulation, and this effect was blocked by
BAY-11-7085 (NF-κB inhibitor).
Conclusions: These findings suggest that TLM inhibits Th17 differenti-
ation via the NF-κB pathway, and it may regulate harmful secondary
inflammation induced by cranial infarction in patients with ischemic
stroke.
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Objective: Multiple sclerosis (MS) is an inflammatory, demyelinating dis-
ease of the CNS that is mediated by autoreactive, myelin-specific CD4+
and CD8+ T cells. Tim-3 is a cell-surface molecule expressed on Th1
cells, activated CD8+ T cells, microglia, and DCs. Tim-3 signaling has
been shown to induce Th1 cell death and ameliorates Th1-mediated ex-
perimental autoimmune encephalomyelitis (EAE), an animal model for
MS. However, the function of Tim-3 in other cell types is not known.
We study the function of Tim-3 in myelin-specific CD8+ T cells, DCs,
andmicroglia using both CD4+ and CD8+ T cell-mediated EAEmodels.
Methods: CD8+ T cell mediated EAE can be actively induced with
vaccinia virus infection in MBP-specific transgenic mice. CD4+ T
cell-mediated EAE can be actively induced with rMOG/CFA immuni-
zation and pertussis toxin. Two types of EAE can be induced with
this method: classic EAE is characterized by spinal cord inflammation
and Th17:Th1 cell ratio close to 1; atypical EAE is characterized by in-
flammation localized both in the brain and spinal cord with Th17:Th1
cell ratio higher than 1 in the brain.
Results: Tim-3 signaling induces cell death in activated MBP-specific
TCR transgenic CD8+ (8.8) T cell. Upon CD8+ T cell-mediated EAE
induction, Tim-3 KO 8.8 mice had an earlier disease onset compared
to WT mice due to an increased accumulation of MBP-specific
CD8+ T cell in the CNS. Furthermore, Tim-3 blocking antibody treat-
ment in vivo exacerbates CD8+ T cell-mediated EAE. In CD4+ T
cell-mediated EAE induction, Tim-3 KO mice exhibit a lower inci-
dence of atypical disease compared to WT mice. An increased num-
bers of Th1 cells were found in the brains of Tim-3 KO mice
compared to WT mice but the numbers of Th17 cells were not differ-
ent. Our data suggest that the lack of Tim-3 signaling in Tim-3 KO
mice allows Th1 cells to accumulate and lower the Th17 to Th1 cell
ratio in the brains, resulting in a lower incidence of atypical EAE in
Tim-3 KO mice compared to WT mice.
Conclusions: Tim-3 signaling negatively regulates autoreactive, myelin-
specific CD8+ T cells in CNS autoimmunity. Furthermore, this is the
first time Tim-3 signaling in CD4+ T cells has been shown to affect
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the localization of inflammatory lesions in CNS autoimmunity.
Our results in both CD4+ T cell- and CD8+ T cell-mediated EAE
models have implications for therapeutic strategies targeting Tim-3 in
MS.
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Immune regulatory functions of neuronal adhesion molecule
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Objective: The nervous and immune systems are communicating with
each other constantly and delicately tomaintain their ownhomeostasis.
So far, many molecules have been identified to be expressed and uti-
lized by both systems. In this research, we aim to elucidate the roles
played by neuronal adhesion molecules in neuroimmune cross-talk, in
order to provide a novel and global understanding of the interaction be-
tween these two systems, especially how neurons control immunity.
AMIGO2 belongs to the amphoterin-induced gene and ORF (AMIGO)
protein family, which was originally found to be induced by the
high mobility group box-1 in rat hippocampal neurons. AMIGO2
is expressed mostly by endothelial, neuronal and immune cells.
It has been shown to inhibit apoptosis and promote neuronal
survival and its de novo deletion may lead to mental retardation,
while little is known about its immune regulatory function.
Methods: To study the functions of AMIGO2, we generated a conven-
tional AMIGO2 knockout (KO) mouse line by replacing the Amigo2
gene with alkaline phosphatase reporter gene. To investigate AMI-
GO2's role in T cell development, we immunophenotyped the
splenocytes and thymocytes from AMG2KO mice by flow cytometry.
To address its role in T cell activation and proliferation, we stimulated
the splenocytes with CD3 ligation or ConA and checked the percent-
age of activated or proliferated T cells. We also tested the survival
rate of AMG2KO T cells in vitro. To further check whether AMIGO2
has any immune function in vivo, we used the acute experimental au-
toimmune encephalomyelitis (EAE) model by immunizing mice with
MOG35–55 peptide emulsion.
Results: T cells were slightly increased in AMG2KO mice. AMG2KO T
cells were significantly more activated and proliferative in response
to CD3 ligation or ConA stimulation. In addition, AMG2KO T cells sur-
vived better under mild stimulation. Interestingly, AMG2KO mice had
delayed onset of the autoimmune disease development. Currently, we
are studying AMIGO2's role in regulating T cell differentiation and
characterizing the molecular mechanisms of its immune regulatory
functions, which may help us interpret the in vitro and in vivo results.
Conclusions: Our preliminary results suggest that the absence of
Amigo2 leads to enhanced T cell survival, activation, and proliferation
in vitro, and increased amount of T cells and more resistance to EAE
autoimmune disease in vivo.
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Objective: Chronic inflammatory demyelinating polyneuropathy
(CIDP) is an autoimmune disorder of the peripheral nervous system
(PNS) with pronounced heterogeneity of disease severity and treat-
ment response. The pathogenic role of T cells remains controversial.
Intravenous immunoglobulins (IVIg) are effective in CIDP but their
effect on antigen specificity of PNS autoreactive T cells is unknown.
Methods: The T cell receptor (TCR) repertoire of CD4+ and CD8+ T
cells in the peripheral blood was analyzed using CDR3 spectratyping.
CIDP patients were included without and with IVIg treatment. To sim-
plify the spectratyping analysis, we introduced a new classification
system of alterations in the TCR length distribution and correlated
this with the statistical values skewness and kurtosis.
Results: While the TCR length distribution of CIDP patients was only
moderately altered for most of the Vbeta elements of CD4+ T cells,
the CD8+ population displayed extensive oligoclonal expansions in
all analyzed 24 Vbeta elements. Treatment with IVIg reduced the
oligoclonal expansions within both the CD4+ and CD8+ population.
The evaluation of the simplified analysis of spectratyping data corre-
lated with the degree of alterations.
Conclusions: Our data demonstrate that cytotoxic CD8+ T cells exhibit a
much broader activation than CD4+ T cells indicating a potentially cru-
cial role of CD8+ T cells in the immunopathogenesis of CIDP. The pro-
found oligoclonal response in T cell activation suggests that multiple
peptides may induce and propagate this autoimmune driven disease.
The observed reduction of highly activated T cells may contribute
to the therapeutic effects of IVIg. The validation of the classification sys-
tem integrated in a reduction the of time consuming analysis of
spectratyping data.

164

Posttranslational modifications of myelin antigens and their role
in MS pathology

Patrick Merky1, Mohsen Khademi1, Sabrina Haag2, Tomas Olsson1

1Karolinska Institute, Karolinska University Hospital, Dept. of Clinical
Neuroscience, Neuroimmunology Unit, Stockholm, Sweden; 2Karolinska
Institute, Karolinska Institute, Dept. of Molecular Biochemistry and
Biophysics, Medical Inflammation Research, Stockholm, Sweden

Objective: Our study aims at characterizing the adaptive immune
response towards citrullinated myelin proteins in multiple sclerosis
(MS). More precisely, specific T cell responses towards modified pep-
tideswere assessed for a pathophysiological role in disease progression.
Autoimmune diseases, such as MS, might appear from breakdown of
immunological self-tolerance, induced by recognition of self-proteins
that have undergone posttranslational modifications (PTM) under in-
flammatory conditions. Citrullination is such a PTM, a process catalyzed
by peptidylarginyl deiminase enzymes, whereby arginine is deiminated
to citrulline. In MS, disease severity seems to follow the citrullination
degree of myelin basic protein (MBP), T cell responses to citrullinated
MBP are detected in MS patients, and citrullination of MBP epitopes
elicit stronger Th1 responses in vitro. Hence, given the high level of
citrullinated MBP protein in brain tissue of MS patients, a predominant
response to de novo formed citrullinated MBP-peptides may be present
and could promote disease.
Methods: A set of immunodominant peptides of MBP and myelin oli-
godendrocyte glycoprotein (MOG) where generated in a non-
modified and citrullinated version. Cytokine production and T cell
phenotype was subsequently assessed by cytometric bead array in
peptide-stimulated peripheral blood mononuclear cells (PBMCs) of
MS patients and healthy controls.
Results: Preliminary results revealed a set of peptide pairs that signif-
icantly modulated cytokine responses in MS patients compared to
healthy controls. Patients stratified according to HLA types and
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disease progression will be further screened with a newly developed
technique based on flow cytometry, which allows for detection of ac-
tivated T cells present at very low frequencies.
Conclusions: Taken together, using such modified myelin peptides as
antigens, we are able to study MHC class II peptide interactions and
T-cell immunity, and we are provided with leads to study fine speci-
ficity and regulation of T- and B-cell responses in different stages of
disease development in humans.
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Objective: CCL2 is a chemokine that induces the recruitment of immune
cells to tissues during inflammation. CCL2 is implicated in experimental
autoimmune encephalomyelitis (EAE), a mousemodel of multiple scle-
rosis. Mice lacking CCL2 or its receptor CCR2 are resistant to EAE.

Dendritic cells (DC) are involved in autoreactive T cell deletion in the
thymus. Subpopulations of DC express CCR2 and canmigrate to thymus.

We studied transgenic mice that ectopically express CCL2 in thymus
(MBP/CCL2). Our goal was to investigate whether thymic expression of
CCL2 induced recruitment of DC and tolerized autoreactive T cells.
Methods: We immunized C57Bl/6 and transgenic mice with
MOGp35-55 (myelin oligodendrocyte glycoprotein) to induce EAE
and analyzed CD4 T cell response using flow cytometry and CFSE di-
lution. Thymic cell populations were separated by Percoll gradient
centrifugation and transcripts were measured by quantitative PCR.
Results: Transgenic MBP/CCL2 mice were resistant to EAE. MBP/CCL2
crossed with 2D2 mice, whose T cells express a T cell receptor (TCR)
specific for MOGp35-55, were also resistant to EAE. Lymph node
cells from MOG-immunized mice that ectopically expressed CCL2 in
thymus proliferated poorly in response to MOGp35-55 in vitro.

We showed that MOG-specific CD4+ T cell development was
severely impaired in 2D2xCCL2 mice. We also showed that CCL2 tran-
scripts were expressed in thymic stromal cells that include thymic
epithelial cells, DC, macrophages, fibroblasts. To confirm that CCL2
was specifically involved in regulation of autoreactive T cell develop-
ment, we crossed MBP/CCL2 with OT2 mice, whose T cells express a
TCR specific for the non-self-antigen ovalbumin (OVA). CCL2 tran-
scripts were not expressed in thymus and OVA-specific CD4+ T cells
were relatively unaffected.
Conclusions: We conclude that in CCL2 transgenic mice, interaction
between autoreactive thymocytes and thymic stromal cells induces
ectopic expression of CCL2, which is involved in impairment of
autoreactive T cell development and leads to protection against EAE.
This identifies a novel role for CCL2. Our goal now is to investigate
which thymic stromal cell(s) are involved, in order to determine
how autoreactive T cell development is impaired, which could lead
towards new therapeutic targets for multiple sclerosis.
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MAIT cells display proinflammatory characteristics in
multiple sclerosis
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Objective: Multiple sclerosis (MS) is an autoimmune disease that
affects the central nervous system. We have previously shown that
in MS patients a specific subset of CD8+ T cells expressing high
levels of CD161 is significantly more frequent than in healthy
donors. These consists of a population of T cells, mostly present in
the gut, that display a semi-invariant T cell receptor (Vα7.2),
named Mucosal-associated invariant T (MAIT) cells, that recognize
bacterial products loaded on the evolutionarily conserved MHC-
related molecule 1 (MR1).
Methods: In this study we show that MAIT cells in MS patients are
stronger producers of proinflammatory cytokines compared to
healthy donors. For this purpose, we studied this cell subset from pe-
ripheral blood of MS patients and healthy donors. We observed differ-
ent patterns of cytokine production from these cells, ex-vivo and/or
in-vitro, through flow cytometric analysis of samples obtained from
homozygotic twins discordant for MS.
Results: In homozygotic twins discordant for MS, the affected twin con-
sistently shows a higher frequency of proinflammatoryMAIT cells in the
peripheral blood. This expansion could be due to stimulation of this cell
subset by bacterial strains with prominent pro-inflammatory inducing
abilities. The “hygiene hypothesis” states that the modification in the
lifestyle of western countries, with improved sanitation, may have al-
tered the colonization of intestinal microorganisms, leading to an imbal-
ance between tolerogenic and inflammatorymembers of themicrobiota.
Thus, it is possible to hypothesize that in MS patients such an imbalance
favours the generation and amplification of proinflammatory effector
cells whose effects reach way beyond the intestinal mucosa. The result
of such stimulation may thus be represented by the expanded popula-
tion of IL-17+MAIT cells, which are a unique “handle” to haul research
efforts in this direction. The functional studies performed ex vivo also
suggest that in the affected twin MAIT cells produce higher levels of
proinflammatory cytokines, further adding strength and vigour to the
immune response.
Conclusions: These results are in agreement with the hypothesis that
dysbiosis of the gut microbiota may determine a dysfunction of mu-
cosal responses and consequently may favour the development of
systemic inflammatory and autoimmune diseases.

462

Th17-mediated autoimmunity involves separate phases of
inflammation driven by distinct populations of IL-17-producing
T cells

Ben Raveney, Shinji Oki, Takashi Yamamura

National Institute of Neuroscience, National Center of Neurology and
Psychiatry, Kodaira, Tokyo, Japan

Objective: We have previously shown that NR4A2 (Nurr1) is among
the most highly upregulated genes in peripheral blood T cells from
patients withmultiple sclerosis (MS). In themurinemodel of MS, ex-
perimental autoimmune encephalomyelitis (EAE), pathogenic T cells
infiltrating the central nervous system (CNS) express NR4A2. In this
study, we examined the role of NR4A2 in controlling pathogenic T
cell differentiation that causes autoimmune inflammation of the
CNS.
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Methods: We generated C57BL/6 mice that have a CD4-specific dele-
tion of NR4A2. We immunised these mice with MOG peptide to in-
duce EAE then monitored clinical disease and examined the
responses made by T cells infiltrating the CNS. Using in vitro cell cul-
ture, we tested a requirement for NR4A2 in different types of T cell
differentiation, to produce IL-17-secreting T cells (Th17 cells).
Results: When EAE was induced in CD4-specific NR4A2 conditional
knock-out mice, large numbers of T cells infiltrated into the CNS,
but such cells produced reduced levels of IL-17. Critically, despite
such infiltration, these NR4A2−/− mice were protected from acute
clinical EAE. However, such mice instead developed a late onset
chronic EAE, with clinical symptoms commencing several weeks
after the conventional peak EAE and establishment of IL-17 produc-
tion by CNS-infiltrating T cells. Additionally, NR4A2 appears to be
required for conventional Th17 differentiation that results from
activation of naïve T cells in the presence of IL-6 and TGF-β. However,
alternative Th17 differentiation, where IL-1β, IL-6, and IL-23 is added
to T cell cultures, is unaffected by NR4A2 deficiency.
Conclusions: We have demonstrated that NR4A2 is required for both
early/acute autoimmune inflammation and conventional TGF-β-driven
Th17 differentiation, but not for late/chronic disease or for the develop-
ment of alternative IL-23-driven Th17 responses. Taken together, our
data indicate that MOG-induced EAEmight result from different phases
of inflammatory responses that are generated by distinct populations of
IL-17-producing T cells. Thus, NR4A2 might prove an effective target to
manipulate early/acute inflammation during autoimmune disease.
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Multiparametric analysis of Th17 and Th22 cells discloses their
pathogenicity in human multiple sclerosis

Simona Rolla1, Valentina Bardina1, Marinella Clerico2, Luca Durelli2,
Francesco Novelli1

1Center for Experimental Research and Medical Studies, University of
Turin, Turin, Italy; 2Division of Neurology, San Luigi Gonzaga Hospital,
Orbassano, Turin, Italy

Objective: Immunological evaluation of multiple sclerosis (MS) pa-
tients suggested that several T helper (Th) subsets were involved
during MS. We have already shown that Th17 and Th22 cells in-
creased in the peripheral blood (PB) of patients with clinical
signs of an MS exacerbation. However, most of the data regarding
the pathogenic potential of these subsets comes from MS murine
models. The aim of this study was to evaluate several molecules
that identify encephalitogenic cells in human Th17 and Th22
cells.
Methods: PBMC and cerebro-spinal fluid (CSF) from Relapsing Remit-
ting MS patient and healthy subjects (HS) were collected and ana-
lyzed for cytokine production, for self-reactivity, for the expression
of chemokine and cytokine receptors and transcriptional factors,
and for the response to Interferons. Th cell clones were generated
from active MS patient and HS peripheral blood and evaluated for
the same parameters.
Results: Th17 and Th22 cells expanded in MS were specific for the
auto-antigen myelin basic protein (MBP), enlarge in the CSF, and
expressed higher amount of Tβet and CCR6 compared to Th17 and
Th22 cells from HS. Moreover, in MS patients, Th17 and Th22 cells
co-secrete IFNγ and GM-CSF but not IL-10. Conversely to Th17 cells,
Th22 cells and clones displayed lower level of IFNAR1 and were less
sensitive to the inhibition exerted by IFNβ, whereas both subset
expanded in MS acquire the expression of IFNγR2 that render them
sensitive to IFNγ.
Conclusions: The increase in cell number, the co-expression of CCR6,
Tβet, IFNγ, and GM-CSF as well as the ability to respond to MBP, all
indicate the common pathogenic properties of Th17 and Th22 cells
in human MS. However, whereas Th17 cell can be inhibited by IFNβ,
the expansion of Th22 cells could be one of the factors that critically
influence the resistance to IFNβ therapy.
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TCR-mediated cell death is differentially regulated in T helper 1
versus T helper 17 cells

Gabriella Ruocco

Santa Lucia Foundation, Neuroimmunology Unit, Rome, Italy

Objective: T cell immune response results from activation of naive
CD4 T cells in functionally distinct T helper (Th) subsets. The control
of the homeostasis of the inflammatory Th cells, and in particular of
the Th17 cells, is crucial to avoid autoimmune inflammation.

Limited information is available on the homeostatic signals that
regulate survival and cell death of Th cell subsets to control their
expansion.

We studied the mechanisms regulating cell death sensitivity of
distinct human Th subsets.
Methods: We have developed a novel strategy to obtain large
numbers of clones of all Th subsets, which we expand in vitro.
We analysed apoptosis induced by T cell receptor (TCR) stimula-
tion of different Th clones. In order to investigate the mechanisms
regulating cell death sensitivity, we analysed the cell death
pathway and the mechanisms potentially involved, in each Th
profile.
Results: We found that human Th17 clones are more resistant to apo-
ptosis compared to other Th subsets. Th1 clones are particularly sen-
sitive to apoptosis and they express high levels of cleaved Caspase-8
and Caspase-3, which correlates with the cleavage of its substrate,
poly(ADP-ribose) polymerase-1. We found that FAS is the receptor
mostly expressed by all Th profiles. Interestingly, Th1 cells upon
TCR stimulation specifically express FAS ligand. We found that this
process is affected in human Th17 cells. Moreover, we found that
the anti-apoptotic protein caspase-8 (FLICE)-like inhibitory protein
(FLIP) contribute to conferring resistance to cell death in human
Th17 cells.
Conclusions: We found that human Th17 clones are more resistant to
apoptosis compared to other Th subsets. Th1 clones are particularly
sensitive to apoptosis and they express high levels of cleaved
Caspase-8 and Caspase-3, which correlates with the cleavage of its
substrate, poly(ADP-ribose) polymerase-1. We found that FAS is the
receptor mostly expressed by all Th profiles. Interestingly, Th1 cells
upon TCR stimulation specifically express FAS ligand. We found that
this process is affected in human Th17 cells. Moreover, we found
that the anti-apoptotic protein caspase-8 (FLICE)-like inhibitory pro-
tein (FLIP) contribute to conferring resistance to cell death in human
Th17 cells.
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The IDH1 mutation as a potential target for immunotherapy of
malignant glioma
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Objective: Gliomas are incurable brain tumors which inevitably develop
resistance towards radiochemotherapy. About 80% of low-grade
and anaplastic gliomas carry a mutation in the isocitrate dehydrogenase
1 (IDH1) gene (IDH1R132H). With the aim of IDH1R132H-targeted
vaccination therapy, we evaluated the immunogenic potential of
IDH1R132H and characterized the IDH1R132H-specific cellular and
humoral response.
Methods: IDH1R132H MHC-specific epitopes were identified from a
peptide library in vitro and A2.DR1 mice expressing human MHCI
and II were vaccinated with IDH1R132H peptide. T cell cytokine re-
sponses were assessed by IFNγ ELISpot, cytokine ELISA and intracellu-
lar flow cytometry. IgG production was detected in serum by peptide
ELISA. IDH1R132H+ glioma patients were screened for humoral and
cellular IDH1R132H-specific responses.
Results: IDH1R132H 10mer peptides did not bind to MHCI nor stimu-
lated IFNγ production in PBMC from IDH1R132H+ glioma patients,
but 15mer IDH1R132H MHCII – DR1 – epitopes were identified by
class II binding assays. One glioma patient had a CD4+ T cell-
mediated IDH1R132H-specific IFNγ response. In A2.DR1 mice,
CFA-peptide vaccination with an IDH1R132H 20 mer induced a
mutation-specific IFNγ response to DR1-binding peptides but not
10 mer peptides. Flow cytometric and ELISA analyses revealed a T
helper response, specifically Th1, Th2, and Th17, but no induction of
regulatory T cells (Treg). Using the clinical adjuvant Montanide
ISA51 with TLR7 agonist Imiquimod and rmGM-CSF, IDH1R132H
20mer peptide vaccination induced CD4+ T cell IFNγ responses of
the same IDH1R132H specificity. Neither Treg nor Th17 nor Th2
responses, but IDH1R132H-specific cytotoxic T cells were detected.
From splenocytes of vaccinated mice, CD4+ T cell lines, containing Th1
and Th17, and one T cell clone maintaining IDH1R132H-specificity,
were generated. Anti-IDH1R132H serum IgG1 was induced by vaccina-
tion. In line, IDH1R132H-specific serum IgG could be detected in
IDH1R132H+ glioma patients but not in patients with histologically
identical IDH1 wild-type tumors.
Conclusions:We foundmutation-specific T helper and humoral responses
against IDH1R132H in IDH1R132H-vaccinated MHC-humanized mice
and IDH1R132H+ glioma patients. Therapeutic efficacy of peptide
vaccination will be assessed in IDH1R132H+ tumor-bearing
A2.DR1 mice. Detection of IDH1R132H-specific IgG in patients
implies development of a serum test for diagnostics and monitoring
during IDH1R132H immunotherapy.
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Immune-regulation of CD39 on Regulatory T cells

Shafiuddin Siddiqui, Andre Pires Da Cunha and Howard L. Weiner
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Objective: CD39 is a membrane bound adenosine triphosphate (ATP)
degrading enzyme present on various immune cells. Relatively, it is
expressed in high amount on conventional regulatory T cells where in
concert with CD73 produces immunosuppressive adenosine from in-
flammatory ATPmolecule. It has been shown in various studies that reg-
ulatory T cells mediate partially their suppressive effect on target cells
through CD39. However, It has not been shown whether CD39 is
expressed on other regulatory T cells and how its expression is regulated.
In present studywe investigatedCD39 expression regulation in regulato-
ry T cells and its roles in experimental allergic encephalomyelitis (EAE).
Methods: We induced in-vitro Foxp3+ T cells and Tr-1 (IL-10 producing
cells) from naive T cells isolated frommice expressing GFP under FoxP3
or under IL-10 promoter (Tr-1). Real-time PCRwas used to assess CD39
expression.We also tested CD39 expression on naturally occurring Treg
(FoxP3-GFP positive cells). We crossed FoxP3-GFP knock-in mice to
CD39 knockout to assess how lack of CD39 exclusively on FoxP3 posi-
tive cells will change its suppressive function on target cells. We isolat-
ed FoxP3-GFP positive T cells from CD39 knockout mice and performed
suppressive assay and compared it to WT isolated FoxP3-GFP cells. To
assess how CD39 expression is regulated on Treg cells, we isolated
naïve T cells from interferon-gamma (IFN-ϒ) knockout mice and
in-vitro induced them to Treg phenotype and later assessed CD39 ex-
pression level using flow cytometry. We also induced EAE in CD39
knockout, CD39 heterozygous and WT mice and followed the disease
progression for 40 days for clinical score.
Results:We found that CD39 gene is expressed in high amount in both
naturally occurring and in-vitro induced FoxP3 positive cells and sur-
prisingly also expressed by Tr-1 regulatory T cells. We also found lack
of CD39 exclusively on FoxP3 cells makes them less suppressive to-
ward target T cells. Lack of IFN-ϒ decreases expression of CD39 on
Treg cells. CD39 knockout and heterozygous mice shows heightened
susceptibilities to EAE.
Conclusions: CD39 is a predictable marker for suppressive function of
Treg cells (both FoxP3 and Tr-1 cells). It is also found to be important
for their suppressive function as lack of CD39 on pure population of
FoxP3 cells makes them less suppressive. It is interesting to find
that IFN-ϒ regulate expression of CD39 on regulatory T cells. Lack of
CD39 in whole or partially makes mice more susceptible to EAE.
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Differential expression of chemokine receptors and T cell
localization in the CNS in EAE
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Objective: T cell mediated autoimmune responses are involved in the
pathogenesis of multiple sclerosis, and its animal model experimental
autoimmune encephalomyelitis (EAE). CD4+ T cells producing IFNγ
(Th1), IL17 (Th17), or CD8+ T cells can mediate the pathogenic re-
sponses. The differential expression of chemokine receptors by T
cell subsets might be relevant for their localization within the CNS.
CD4+ T cells in EAE are organized as perivascular clusters whereas
CD8+ T cells are scattered throughout the parenchyma. CD4+ T
cells were more diffusely distributed in CXCR3 KO mice, whereas
CD8+ T cell distribution was unaffected (Müller et al., J Immunol.
2007). The chemokine receptors expressed by CD8+ T cells in EAE
are not known. Our aim was to study the expression of chemokine re-
ceptors CXCR3 and CCR6 by CD4+ and CD8+ T cells and to deter-
mine their IFNγ and IL17 production and localization in the CNS.
Methods: EAE was induced in C57BL/6 mice by immunization with
p35-55 peptide of myelin oligodendrocyte glycoprotein. Flow cytom-
etry was used to detect the expression of CCR6, CXCR3, IFNγ and IL17
by CD4+ and CD8+ T cells in the spinal cord. Immunohistochemistry
was used to study the localization of CD4+ and CD8+ T cells and
double immunofluorescence staining was used to study the localiza-
tion of CCR6+ and CD4+ T cells.
Results: IFNγ- and IL17-producing CD4+ T cells were detected in
both CXCR3+ and CCR6+, and also in chemokine receptor negative
fractions. A great majority of the CD8+ T cells expressed CXCR3
and many of them produced IFNγ. CD8+ T cells from EAE spinal
cord did not express CCR6 or produce IL17. CD4+ T cells were clus-
tered as subpial perivascular infiltrates and were also scattered in
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the parenchyma. CD8+ T cells did not cluster as infiltrates, but were
scattered in the parenchyma. Double immunostaining showed
colocalization of CCR6 with CD4+ T cells within the infiltrates and
in the parenchyma.
Conclusions: Our results add to previous findings to suggest that
CXCR3 and CCR6 play a complex role in directing T cell distribution
in spinal cord, which differs between CD4+ and CD8+ T cells.
Whether T cell subsets identified by cytokine production localize
differently and how that reflects chemokine receptor expression
remains to be determined.
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T-cell responses to distinct AQP4 peptides in neuromyelitis
optica (NMO)
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Objective: To evaluate the T-cell responses to specific AQP4 epitopes
in patients with NMO and multiple sclerosis (MS).
Methods: Peripheral blood mononuclear cells (PBMCs) were obtained
from 14 patients fulfilling the criteria for definite NMO and the
proliferation responses to one of 15 distinct pentadecapeptides of
AQP4, spanning the whole protein except of its transmembrane
parts) were tested by a standard [H3]-thymidine uptake assay and
compared with those of 9 healthy controls and 7 MS patients. A
cytometric bead array assay (CBA) and flow cytometry were used to
evaluate cytokine (IFNγ, IL17, IL2, IL4, IL5, IL10 and TNFα) and
chemokine (CXCL8, CCL5, CXCL10, CXCL9, CCL2) secretion by PHA-
stimulated PBMCs and AQP4-specific T-cell lines.
Results: Four main immunodominant epitopes of the AQP4 protein
(p137–151, p222–236, p217–231 and the p269–283) were identified,
in the NMO group. The first two epitopes (assigned as peptides 3 and
9) showed the highest sensitivity (~60% positivity), whereas the later
two (assigned as peptides 8 and 11), the higher specificity. T-cell lines
specific for the AQP4 epitopes, produced from NMO patients (but not
healthy donors) secreted mainly IL-17 and IL-10 and less IFNγ.
Conclusions: Our findings indicate that T-cells bearing characteristics
of both TH1 and Th17 T-cells and targeting specific immunodominant
epitopes of the AQP4 protein might be involved in the pathogenesis of
NMO. These findings may contribute to a better understanding of the
diverse immune mechanisms involved in NMO.
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A dynamics analysis of antigen specific T cells during brain
autoimmunity supports the role of regulatory T cells in
disease outcome
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Objective: Multiple sclerosis (MS) is considered a T-cell-mediated
autoimmune disease with a prototypical oscillatory behaviour,
evidenced by the presence of clinical relapses. However, the mecha-
nisms governing such oscillatory behavior are not understood.
Our aim was to analyze the dynamics of antigen specific T cells
during the course of brain autoimmunity and its implications for
immunotherapy.
Methods: We analyzed by flow cytometry the time behaviour of Mye-
lin Oligodendrocyte Glycoprotein (MOG) specific effector (Teff) and
regulatory (Treg) T cells from the spleen and CNS as well as microglia
in mice (C57B6) suffering Experimental Autoimmune Encephalomy-
elitis (EAE). MOG specific T cells were labeled using a mouse HLA
class II tetramer containing the immunodominant MOG peptide. We
compared the observations with simulations from a mathematical
model of the cross-regulation of T-cell dynamics in autoimmune dis-
ease. In order to model the role of T cell dynamics in immunotherapy
we analyzed the effect of anti-CD20 therapy in T cell dynamics during
EAE.
Results: We found that Teff and Treg cells specific to MOG developed
coupled oscillatory dynamics with a 4 to 5-day period and irregular
amplitude that is higher for the Teff populations, in agreement
with the mathematical model. Microglia activation followed the
oscillations of MOG-specific Teff cells but with slower dynamics.
Interestingly, microglia activation followed MOG T cell activation
in the spleen but precedes infiltration of MOG specific T cells
into the CNS. Moreover, we observed that B-cell depletion by
anti-CD20 therapy decreases Teff and Treg cells expansion, although
its oscillatory behaviour persists. The C57B6 mice immunized with
MOG35-55 and treated with anti-CD20 suffer a worsening of the
disease. We observed that such worsening was associated with a
more important effect of B cell depletion on Treg cells infiltration to
the CNS.
Conclusions: In summary, the oscillatory dynamics of T cells has
an intrinsic origin in the regulation of the adaptive immune response,
which influences disease phenotype and response to immunotherapy.
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Characterizing IL-17-producing CD8+ T cells in
multiple sclerosis
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Recent findings indicate an involvement of CD8+ T cells in the
pathogenesis of multiple sclerosis (MS). Particularly, IL-17+CD8+ T
cells are significantly enriched in acute compared to inactive MS
lesions. IL-17 production by CD8+ T cells is associated with a high
expression of the surface marker CD161. In addition, it has been
reported that CD161highCD8+ T cells belong to the mucosal-
associated invariant T (MAIT) cells carrying a semi-invariant
Vα7.2 T cell receptor. Here, we first analysed the frequency of
CD161highCD8+ T cells in the peripheral blood and cerebrospinal
fluid (CSF) of MS patients, patients with other neurological diseases
(OND) and healthy individuals (HI). We show that there is a signifi-
cant decrease in the frequency of CD161highCD8+ T cells in the pe-
ripheral blood of MS patients compared with HI, while the
frequencies of CD161intCD8+ T cells and CD161+CD4+ T cells are
not different. In the CSF of MS and OND patients, CD161highCD8+ T
cells are greatly reduced in comparison to the peripheral blood,
while CD161+CD4+ T cells are significantly enriched in the CSF. By
simultaneous analysis of CD161 and Vα7.2 expression on peripheral
blood CD8+ T cells we can confirm that most, if not all,
CD161highCD8+ T cells express the invariant Vα7.2 chain. In contrast
to CD161highVα7.2+ MAIT cells, peripheral blood CMV-, EBV- and
Flu-specific CD8+ T cells, identified by HLA-A2 tetramer staining, of
which a fraction express CD161, do not secrete IL-17. Taking our anal-
ysis into account, CNS-infiltrating IL-17-producing CD8+ T cells in MS
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likely belong to MAIT cells. The presence of the MAIT T cell receptor in
MS lesions has been proven by RT-PCR analysis of autopsy samples.
However, the expression of CD161 and IL-17 by tissue infiltrating
MAIT cells and their enrichment in acute MS lesions need further in
situ characterization.
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Cytokine levels in peripheral cell culture without B cell in
myasthenia gravis patients
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Objective: In acquired myasthenia gravis (MG), the differential anti-
body production in disease subgroups is regulated by T cells and by
related cytokine activity. In this study, T cell activity mediated by cy-
tokine secretion is compared in patients with autoantibodies (Abs) to
acetylcholine receptor (AP), to muscle-specific kinase (MP) and with-
out detectable antibodies (SN) in an in vitro cell culture with specific
and non-specific T cell stimulation.
Methods: The study group of 59 MG patients (18 AP, 19 MP and 22 SN)
with generalized disease (W/M: 42/17) were included. Fifty-six % of the
patients were on immunosuppressives. In addition, 10 healthy controls
(HC) (W/M: 6/4) were evaluated. Peripheral blood mononuclear cells
without B cells were stimulated with t-AChR, recombinant-MuSK or
anti-CD3 antibody. IFN-γ, IL-10, IL-2, IL-13, IL-17A and IL-21 were mea-
sured in supernatants using a microbead array system (Milliplex). Re-
sults were compared with non-parametric tests.
Results: Spontaneous IFN-γ, IL-13 and IL-2 secretion was lower in the
MG group than HC (p=0.004, 0.004 and 0.028). However, when the
patients with or without treatment were compared, a suppression of
only IFN-γ was shown in steroid-treated patients (p=0.02) whereas
lower IL-13 and IL-2 were not related to ongoing treatment. Sponta-
neous IL-10 production was not depressed in the MG group. In all
groups, in vitro antigen specific stimulation with AChR or MuSK did
not alter the cytokines compared to non-stimulated cells, whereas
anti-CD3 stimulation induced effective secretion of all measured cy-
tokines except IL-2. When all cytokines were compared, anti-CD3
stimulated lower levels of IL-10, IL-13, IL-17A, IL-2, IL-21 in MG com-
pared to HC (p=0.019, 0.022, 0.021, 0.002, 0.027), also in patients
not-on-treatment (p=0.02, 0.05, 0.03 and 0.04). CD3 stimulation
was also less effective for IFN-γ in MG patients without treatment
compared to HC (p=0.01). The differences were also evident in all
subgroup comparisons.
Conclusions: In MG, even in patients not on treatment, disease specific
(AChR and MuSK) stimulations induced no cytokine secretion and
non-specific (CD3) T cell stimulation induced only lower levels of cy-
tokines in vitro. The decrease of cytokine induction in immunosup-
pressive naïve patients emphasizes the disease related changes in
the immune response of MG patients on T cell cytokine activity.

This study is supported by TUBITAK (109S353).
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Glatiramer acetate promotes myelin development in the spinal
cord of new born mice
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Objective: The aim of this study was to test whether Glatiramer ace-
tate (GA, Copaxone), an immunomodulatory treatment that has
been shown to induce neuroprotection in the inflamed CNS in multi-
ple sclerosis (MS) and experimental autoimmune encephalomyelitis
(EAE), can promote myelination in the developing CNS of healthy
new born mice, in the absence of inflammation.
Methods: Newbornmicewere injected dailywith GA at days 7–21 after
birth. Spinal cord were harvested at days 7, 14 and 21, and stained by
antibodies to myelin basic protein (MBP) and neurofilament medium
protein (NF), for myelin and axonal detection, respectively. The per-
centage of myelinated axons from the total number of axons was quan-
tified in multiple ventral lumbar sections of each mouse and compared
to PBS-treated siblings from the same litter. Quantification of oligoden-
drocyte was performed by staining for the ologodendrocyte progenitor
marker NG2 in combination with proliferation markers.
Results: Three families analyzed, (2 mice per treatment group in each
family for each time point) yielded similar results. On the average, in
PBS-treated controls, only 41% of the axons were myelinated 7 days
after birth, whereas 77% myelinated axons were found at day 14. In
GA-treatedmice 89% of the axonsweremyelinated at day 14, thus indi-
cating that at this time point GA treatment induced 15% elevation in ax-
onal myelination. It should be noted that at day 21, the extent of
myelinated axons (97%) and their morphological appearance were
identical in both the GA-treated and the PBS-treated mice, indicating
that GA enhances myelin development without inducing an excessive
or aberrant myelination. The amount of oligodendrocytes in spinal
cords of the GA-treated mice was higher than in the PBS controls,
suggesting that the enhancedmyelination after GA treatment can be at-
tributed to its effect on the oligodendrocyte population.
Conclusions: GA treatment affects myelin development even in non
inflammatory conditions. The described axcelerated myelin devel-
opment induced by GA treatment in new born mice coroborates its
beneficial effect in promoting remyelination in EAE and MS.
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Targeting of peripheral monocytes by nasal proteasome based
vaccine, to induce Amyloid beta clearance in an animal model of
Alzheimer's disease

Ron Cialic, Oleg Butovsky, Howard Weiner

Brigham and Women's Hospital, Harvard Medical School, Boston,
United States

Objective: 1) To determine the effect of nasal treatment with
proteasome-based adjuvants on activation of peripheral monocytes
and their ability to clear amyloid aggregates in APP-tg mice.

2) To characterize the origin of the CD11b+ cells present in the
brain of Protollin-vaccinated APP-Tg mice (resident microglia versus
recruited monocytes).
Methods: We generated chimeric mice by reconstitution of the BM of
20-month-old APP-Tg-mice with wild-type BM cells expressing
GFP under the CX3CR1 promoter. Two months after this BM-
transplantation, AD-chimera mice (age 22 mos) were treated intrana-
sally with Protollin (1 μg/mouse) for 2 or 6 weeks. We used our novel
microglia-unique antibodies to distinguish and characterize the pheno-
type of resident microglia versus recruited monocytes in control and
Protollin-treated APP-tg mice. We used Nanostring quantitative tech-
nology for 179 inflammation-related genes to profile residentmicroglia
and splenic monocytes.
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Results: We found that nasal treatment of the AD-chimera mice with
Protollin: 1) significantly reduced Aβ plaque levels accompanied by an
increase in the numbers of recruited CD11b-GFP BM-derived mono-
cytes having intracellular immunoreactivity for endogenous Aβ.
CD11bwas expressed by all GFP+ cells adjacent to residual Aβ plaques,
but by hardly any of the non-GFP+ resident microglia; 2) activated
splenic Ly6CHi monocytes acquired a M1 inflammation-related pheno-
type. Resident microglia were not affected by Protollin treatment
Conclusions: Nasal treatment with proteasome-based adjuvants
targets peripheral monocytes, modulate their pro-inflammatory M1
phenotype and induces their recruitment to Aβ-plaques in the brain
of APP-tg mice to facilitate in Aβ -plaque clearance.
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Low immunogenicity but reduced bioavailability of an
interferon beta-1a biosimilar: Results of MATRIX,
a cross-sectional, multicenter phase 4 study
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Objective: Neutralizing antibody (NAb) formation reduces the clini-
cal activity and efficacy of interferon beta (IFNβ) therapies.
Avonex® (Biogen Idec, Weston, MA, United States), an intramus-
cular (IM) IFNβ-1a formulation, has low immunogenicity, affecting
2%–5% of patients, while the immunogenicity of the biosimilar
drug Jumtab® (Probiomed, Miguel Hidalgo, Mexico) has not been
reported. The primary objective of the present study was to com-
pare the NAb frequency in multiple sclerosis (MS) patients treated
weekly with either Avonex or Jumtab.
Methods: MATRIX was a retrospective, cross-sectional phase 4 study
conducted in Mexico and Colombia to determine NAb levels in MS pa-
tients with no prior disease-modifying therapy exposure who were
treated with either Avonex or Jumtab (expected enrollment of n=
90 per drug) for 1–3 years prior to study enrollment. NAb levels
>100 IU as measured with a luciferase assay were considered posi-
tive. Neopterin induction, a pharmacodynamic measure of IFN re-
sponse, was taken as the change in serum levels from pre-dose to
48 h post-dose. Possible relationships between patient NAb status
and drug tolerability/safety were also evaluated. Data are presented
as the mean±standard deviation.
Results: Study enrollment was limited due to pharmacy substitution
of branded medications with locally produced biosimilars and a lack
of availability of study medications in local pharmacy markets. The
Avonex (n=36) and Jumtab (n=29) groups differed in age (37.1
vs 44.6 years; Pb0.01); there were no other significant baseline dif-
ferences. The mean duration of IFNβ-1a therapy was 24.5±
7.5 months for Avonex and 22.1±8.1 months for Jumtab. No patients
developed NAb levels >100 IU during the study period. Avonex pa-
tients had higher levels of neopterin induction (2.4±2.2 ng/ml vs
0.7±1.2 ng/ml; Pb0.01) and flu-like symptom (FLS) incidence
(80.6% vs 31.0%) than Jumtab patients. The groups did not differ sig-
nificantly in either relapse rate or incidence of unexpected adverse
events.
Conclusions: Both Avonex and Jumtab exhibited minimal immunogenici-
ty. Neopterin activation and FLS were lower with Jumtab, suggesting
that Jumtab has lower IFN activity than Avonex. These results underline
the importance of performing a multimodal assessment to
establish a biosimilar drug's immunogenicity, pharmacokinetics, and
pharmacodynamics. A prospective study with a larger sample size is
needed to evaluate the relative safety and efficacy of these drugs.

Supported by Biogen Idec Inc.
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Tregitope Peptides Enhance Regulatory T Cell Development and
Attenuate the Autoimmune Responses in a murine model of
multiple sclerosis

Wassim Elyaman1, Ribal Bassil1, Timothy Messit2,
Elizabeth McClaine2, Leslie Cousens2, Anne De Groot2, Samia Khoury1

1Brigham and Women's Hospital, Harvard Medical School, Boston, United
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Objective: The potential for harnessing the tolerance-inducing power
of regulatory CD4+FoxP3+ T cells (Tregs) as a treatment for multiple
sclerosis (MS) is gaining momentum. De Groot et al. have identified T
regulatory T-cell epitopes (Tregitopes) derived from human immuno-
globulins that activate Treg cells (Blood, 2008). The aim of this study
is to test the ability of Tregitope peptides to regulate autoimmune re-
sponses in experimental autoimmune encephalomyelitis (EAE), the
animal model of MS.
Methods: Human Tregitopes 167 and 289 (hTregitopes; 10 μg/ml)
were added to primary mouse CD4+ T cell cultures from wild-type
or FoxP3-GFP reporter mice. Treg cell frequency and phenotype
were measured by flow cytometry; cytokine production was mea-
sured by intracellular staining and Luminex.

In vivo, hTregitope peptides were administered i.p. in C57BL/6
mice (6 injections×200 μg/mouse) every second day starting from
the day of immunization with MOG35-55/CFA. Control mice received
PBS or ova peptides. Mice were monitored for EAE development. A
subgroup of mice was sacrificed 10 days after the initiation of treat-
ment to analyze Treg development and the cytokine profile.
Results: We demonstrate that hTregitopes modulate autoimmune re-
sponses in vitro and in EAE. In vitro, hTregitope peptides (10 μg/ml)
enhance the conversion of naïve CD4+FoxP3-isolated from FoxP3-
GFP reporter mice, into inducible Tregs (iTregs) in the presence
of titrated concentrations of recombinant TGF-β1. Addition of
hTregitopes to in vitro differentiated T helper (Th) 1, 2, 9 and 17
cells reduces IFNγ, but increases IL-13 and IL-9 production as mea-
sured by Luminex under Th1, Th2 and Th9 polarization conditions, re-
spectively. In vivo administration of hTregitopes (6×200 μg/mouse)
every second day to MOG35-55/CFA-immunized EAE mice signifi-
cantly ameliorate the clinical outcome and promote the expansion
of Treg cells in the peripheral compartment. This was associated
with a decrease in MOG35-55-specific IFNγ+T cells and an increase
in IL-9+ T cells in the peripheral lymphoid organs. Interestingly, we
found increased frequency of IL-10+ CD11b+CD11c+dendritic
cells and decreased frequency of IFNγ+CD11b+CD11c+ in the
hTregitope-treated mice compared to control mice.
Conclusions: Altogether, our findings demonstrate a protective role
of Tregitopes in EAE. Understanding the mechanisms of action of
Tregitopes is important as a novel approach to suppress aberrant
immune activation in multiple sclerosis.
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A gene panel for screening CNS pathologies during MOG35-55-EAE
in mice for use in monitoring the effectiveness of novel
MS therapies

Maria Evangelidou, Sotiris-Spyros Vamvakas, Maria Karamita,
Lesley Probert
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Multiple sclerosis (MS) is a chronic, complex neurological disease
in which several pathophysiological mechanisms such as axonal/
neuronal damage, demyelination, and inflammation participate. Ex-
perimental autoimmune encephalomyelitis (EAE) is a mouse model
that is widely used to study the mechanisms and immune-
pathogenesis of MS and also to test new therapeutic approaches for
their efficacy. Recent work in our laboratory has focused on identify-
ing key molecules involved in mediating neurodegeneration and
neuroprotection with the aim of finding novel neuroprotective strat-
egies for the treatment of MS. In this study we monitored the differ-
ential expression of selected genes in spinal cord samples isolated
from mice at different stages of EAE compared to naïve control
mice, using quantitative RT-PCR, with the aim of finding gene
markers that would sensitively monitor pathology. We chose genes
that are known to be involved in major pathological processes in
MS and EAE, demyelination, inflammation and neuron damage, as
well as genes involved in tissue repair processes. From more than
40 original gene candidates we have defined a mini-gene panel of
around 10 genes that sensitively mark individual pathological events
in the spinal cord during EAE. We hypothesized that this gene panel
would be useful for gaining further insight into the timing and
interrelationships of distinct pathological processes during the
development of disease as well as for predicting the efficacy of new
therapeutics for MS. Proof of principle that this gene panel has
drug screening potential was obtained using a well-established MS
therapeutic, glatiramer acetate (GA). The administration of GA to
mice in a prophylactic protocol in mice before the onset of EAE
normalized the expression of a significant number of the gene
markers compared to those in non-treated mice and this correlated
with the amelioration of clinical symptoms. These results sug-
gest that the analysis of disease marker gene expression in pre-
clinical models will be a useful approach for predicting the effective-
ness and penetration of novel therapeutics aimed for the treatment of
MS.
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Improving efficacy of antigen-specific therapeutic agents in an
animal model of multiple sclerosis

Judith Greer1, Nancy Moxey1, Wissam Beaino2, Elisabeth Trifilieff2
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Objective: Our long-term aim is to develop safe and effective immuno-
modulatory peptides that can be used as therapeutic vaccines to spe-
cifically inhibit autoimmune responses in people with multiple
sclerosis (MS); however, peptides typically do not make great vac-
cines. The aim of the current study was to develop ways to improve
the in vivo efficacy of therapeutic peptides and to investigate the
mechanisms responsible for their increased therapeutic efficacy.
Methods: We used the experimental autoimmune encephalomyelitis
(EAE) model of MS in SJL/J mice. Two peptides (Q144 and A188) which
are derived from encephalitogenic epitopes of myelin proteolipid protein
(PLP) and which are known to have some in vivo immunoprotective ef-
fects in EAE were used as the starting point for this study. Q144/A188
and their corresponding thiopalmitoylated (S-palm) peptides were
used therapeutically to treat mice with EAE induced with the rele-
vant encephalitogenic peptides. Cells from thesemice were analyzed
at various time points to determine their specificity, encephalitogen-
ic potential, and phenotype. In addition, the stability of the S-palm
peptides in serum was compared with that of non-modified
peptides.
Results: We found that S-palm-Q144 and S-palm-A188 had greatly
improved protective effects in vivo, compared to Q144 and A188
alone, as evidenced by decreased incidence and severity of EAE and
increased mean day of onset when peptides were administered at
the time of disease induction, and by increased speed of disease reso-
lution when peptides were administered therapeutically. The serum
half-life of S-palm peptides was increased 20-fold compared to pep-
tide alone. S-palm peptides were taken up much more rapidly than
peptide alone into antigen-presenting cells and preferentially entered
the MHC class II presentation pathway. S-palm peptides induced
stronger immune responses, including greater numbers of regulatory
T cells, and a 10-fold increase in the production of IL10, compared to
peptide alone. The lipid moiety was found to be cleaved from the
S-palm peptides by naturally occurring thioesterases in the endo-
somes of antigen-presenting cells, and thus did not interfere with
the specificity of the response.
Conclusions: Thiopalmitoylation of therapeutic peptides is a simple
and effective way to increase their beneficial effects. We are currently
developing a series of thiopalmitoylated immunomodulatory pep-
tides for use in MS patients.
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Efficacy of low dose, single administration of tacrolimus for ocular
myasthenia gravis, a retrospective study of 8 cases
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Satoshi Kuwabara
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Objective: To evaluate the efficacy of singly administrated low dose
tacrolimus for ocular myasthenia gravis in a retrospective way, to
relieve the ptosis and diplopia. The drug's safety and considerable
side effects are also evaluated.
Methods: 8 ocular myasthenia gravis (MG) patients without systemic
myasthenic symptoms were treated with low dose tacrolimus admin-
istration (3 mg/day). None of them had a previous immunological
therapy, except for thymectomy. Their ptosis and diplopia are evalu-
ated with the MG activities of daily living (MGADL) scores at follow-
ing 1 month, 3 months, 12 months. At the same time, the drug's
safety and existence of MG progression were evaluated.
Results: 5 out of 8 patients (63%) improved diplopia, and 5 out of 7
patients (71%) improved ptosis in a month, and it's notable that 4
out of 8 patients (50%) subjectively improved their diplopia and 5
out of 7 patients (71%) improved their ptosis in a week. The num-
ber of improved patients was gradually larger toward 12 months,
but 2 patients were refractory. There are no complete remission of
diplopia, but 3 out of 7 ptosis had a complete remission. As to the
side effects, 2 patients with preceding type 2 diabetes had mild
worsening and one patient acquired renal tubular disorder, but no
other serious side effects appeared. No patients had a progression
to systemic MG.
Conclusions: Single administration of low dose tacrolimus is a good
option for the ocular myasthenia gravis. Ptosis was more treatable
than diplopia. And more than half of patients had immediate re-
sponses subjectively, it's hard to explain only for the immuno-
modulation since generally it takes at least several weeks.
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Targeting B-cell survival molecules in the common marmoset EAE
with anti-BLyS and anti-APRIL
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Objective: For a long time multiple sclerosis (MS) has been regarded
as a mainly T-cell driven autoimmune disease with only supportive
role of B-cells as producer of autoantibodies. However, using anti-
bodies that deplete CD20+ B-cells, such as Rituximab and
Ofatumumab, it was shown that B-cells have a much more prominent
pathogenic role than anticipated. Remarkably, serum antibody levels
were not changed in the CD20+ treated patients even though B
cells had been depleted, leaving the beneficial effect of treatment
without mechanistic explanation.

In the current study an alternative approach was taken to see
whether a similar clinical effect could be reached by neutralization
of cytokines that are needed for B cell survival and activation,
e.g. BLyS/BAFF and APRIL.
Methods: To assess this, experimental autoimmune encephalomyelitis
(EAE) was induced with recombinant human myelin/oligodendrocyte
glycoprotein (rhMOG) with complete Freund's adjuvant (CFA) in the
common marmoset (Callithrix jacchus). This animal model is used as a
valid preclinical model for MS that can be applied for translational re-
search into pathogenic mechanisms and therapy development. The
study was performed in 18 animals, which were equally divided over
3 groups. Treatmentwith anti-BLyS, anti-APRIL or placebo was initiated
after EAE induction, but prior to the expression of neurological signs
(day 21 after immunization). During the study and after necropsy
several immunological parameters were determined, including T-cell
proliferation, antibody and cytokine profile. CNS pathology was assessed
also by histology and magnetic resonance imaging (MRI).
Results: All animals in the control group developed clinical EAE
around 37±8.6 days after immunization. The anti-BLyS and anti-
APRIL treated group showed a significant delay in progression to clin-
ically evident EAE compared to control animals, respectively 60±
15.9 and 59±23.8 days after immunization. Flow cytometry analysis
showed a marked decrease of CD20+ B-cells only in the anti-BlyS
group.
Conclusions: The anti-BLyS and anti-APRIL treatment had a striking
effect on the onset of the clinical EAE, and anti-BLyS was asso-
ciated with a significant suppression of demyelination in the spinal
cord.

310

Characterization of protective vitamin D effects in multiple
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Objective: Lack of vitamin D has been associated with higher preva-
lence, relapse rate and progression of multiple sclerosis (MS). We
therefore sought to study the influence of vitamin D modulation on
experimental autoimmune encephalomyelitis (EAE), an animal
model of MS. We aimed to further characterize the effect of vitamin
D on CD4 T cells during EAE induction and to define more permanent
changes that can mediate therapeutic effects of vitamin D.
Methods: We modulated vitamin D levels in susceptible rats by feed-
ing them with either vitamin D deprived food, normal food or food
with fivefold higher levels of vitamin D, at in-utero, juvenile/adolescent
and adult stage. We then assessed the impact of vitamin D intake on
clinical EAE parameters, inflammation and demyelination in the central
nervous system (CNS). We also investigated the impact of vitamin D
intake on immune activation using flow cytometry, quantitative
PCR and Elispot. Genome-wide expression and DNA methylation
analyses were performed on CD4 T cells sorted from lymph nodes
after EAE induction using Gene 1.0ST arrays (Affymetrix) and
Comprehensive High-throughput Arrays for Relative Methylation
(CHARM), respectively.
Results: Vitamin D supplementation in juvenile/adolescent rats led
to a milder EAE, less severe inflammation and demyelination in the
CNS, lower number of IFN-γ producing autoreactive T cells and their
cytokine expression pattern reflected a shift towards an anti-
inflammatory phenotype. In contrast, treatment of rats in-utero and
during adulthood did not significantly influence EAE development.
Genome-wide expression in lymph nodes after EAE induction impli-
cated gradual change in T cell and APC functions with an increased in-
take of vitamin D. Preliminary data from genome-wide expression
analysis in CD4 T cells indicated dramatic down-regulation of T cell
activation markers upon vitamin D supplementation. Changes in
expression of several genes were accompanied by more permanent
changes in DNA methylation.
Conclusions: Vitamin D supplementation significantly ameliorates
MS-like neuroinflammation in rats, in part through modulation of
CD4 T cell activity. These positive effects on clinical disease are pre-
dominant in juvenile/adolescent period, which has important impli-
cations for vitamin D supplementation therapy.
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Objectives: Multiple sclerosis is debilitating autoimmune neurode-
generative disease in young adults. Anti-inflammatory treatments
have been used to control the exacerbation and/or stabilizing the
course of a disease. Opioids have regulatory effects on inflammatory
cytokines production and expression of adhesion molecules.
Methods: EAE was induced in female C57BL/6 mice and methadone
was administered subcutaneously at 10 μg/kg/mouse daily from 3rd
day postimmunization in half of animals. Signs of the disease was
evaluated and compared between methadone and control groups
from 7th day postimmunization to the end. At 21st day postim-
munization, mice were sacrificed and antigen-dependent prolifera-
tion and cytokine production by splenocytes were evaluated. Mice
were sacrificed at 35th day post immunization and pathological fea-
tures were evaluated in spinal cord.
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Results: Methadone suppressed clinical signs of EAE significantly. It
also regulates inflammatory cytokines production and proliferation
of splenocytes. Moreover, histopathological features, inflammatory
cells infiltration and demyelination, was decreased in methadone
treated group.
Conclusion: Methadone has inhibitory effects on EAE with suppress-
ing proliferation and inflammatory function of immune cells which
are responsible for EAE pathogenesis. This may indicate the regulato-
ry effect of methadone on MS pathogenesis.
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Epidermal growth factor blockade ameliorate the severity of
relapsing experimental autoimmune encephalomyelitis
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Background: Despite their abundance near MS lesions, the ability of
neuronal precursor cells to differentiate into functional mature
oligodendrocyte is very poor. Consider the predominant role of
epidermal growth factor (EGF) in astrocytes development, and the im-
portance of EGF inhibition in promoting oligodendroglial maturation.
We studied the therapeutic effect of EGF blockade in relapsing experi-
mental autoimmune encephalomyelitis (R-EAE) mice model.
Methods: standard R-EAE was induced in 6–8 weeks old female SJL
mice (n=36) by immunization with PLP139-151 peptide and adju-
vant. On day 9 post immunization mice were intravenously treated
by either: 60 μg/100 μl/mice of anti-EGF neutralizing monoclonal an-
tibody (mAb) (n=12), or 60 μg/100 μl/mice of appropriate isotype
control (IC, n=12) or with 100 μl/mice of PBS. EAE clinical scores
scale was between 0–5. Statistical differences between the groups
were calculated by student t-test.
Results: treatment of R-EAE mice with anti EGF neutralizing mAb
reduced the clinical scores of EAE as compared tomice thatwere treated
with IC or PBS. Themaximal average score in the PBS treated group dur-
ing the first attack was 1.47±0.24 and during the second attack was
1.39±0.2. In the IC treated group 1.54±0.26 and 1.65±0.24, respec-
tively. Whereas in the anti-EGF mAb treated group the scores much
were lower: 0.88±0.31 and 0.95±0.29, respectively. Significant reduc-
tions in the clinical scores were found in day 11 (the first attack) and
mainly in the second attack (days 25–36), in the anti-EGF mAb treated
group as compared to IC or PBS treated groups (pb0.05). Moreover,
while the first attack occurs simultaneously in all 3 groups, the second
attack onset was delayed in the anti-EGF mAb treated mice (day 31)
vs. day 23 in both IC and PBS treated groups. Similarly the maximal av-
erage score of the second attackwas delayed anti-EGFmAb treatedmice
(day 41) vs. IC treated mice (day 36) and PBS treated mice (day 34).
Conclusion: Therapywith anti-EGF neutralizingmAbwas found to ame-
liorate R-EAE and to postpone its activity, suggesting that EGF signaling
blockagemay have a therapeutic potential for diseases such asmultiple
sclerosis. We assume that the beneficial effect of anti EGF mAb therapy
is via induction of oligodendrocyts diffrentialtion.
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Melatonin regulates lung associated immunity of a tropical bird
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Objective: LAIS has been compartmentalized into bronchus associated
lymphoid tissue (BALT) and non-BALT nodules, free lymphocytes and
macrophages. Localization of Mel1a, Mel1b, AR, GR and RORα recep-
tors suggested hormonal regulation of LAIS in Perdicula asiatica. Role
of melatonin and photoperiod in regulation of LAIS has very less
been taken into consideration.
Methods: We accessed the effects of melatonin (25 μg/100 g.B.wt./day)
and different photoperiodic regimes i.e. long (LP; 20L:4D) and short
(SP; 4L:20D) during reproductively inactive (RIP) and reproductively ac-
tive phase (RAP) on LAIS as well as free radical load of lungs of P. asiatica.

We noted effect of melatonin and photoperiod on size of BALT/
non-BALT nodules, proliferation of isolated lung lymphocytes in
terms of % stimulation ratio, total leukocytes count (TLC) and lym-
phocyte count (LC). Oxidative stress of lung tissue was noted in
terms of antioxidant enzymes (superoxide dismutase and catalase),
lipid peroxidation in terms of malondialdehyde level and total antiox-
idant status (ABTS). Circulatory level of melatonin, testosterone and
corticosterone was noted. Expression of Mel1a, Mel1b, AR, GR and
RORα receptor was checked under different experimental conditions.
Results:Melatonin and SP increased nodular size, TLC, LC, plasmamela-
tonin level, percent stimulation ratio of lymphocytes and decreased tes-
ticular activity. Steroid and LP decreased the above-mentioned immune
parameters. SP and melatonin upregulated the expression of Mel1a
and Mel1b receptor and downregulated AR/GR expression. Exogenous
steroid and LP condition downregulated Mel1a and Mel1b receptor and
upregulated AR/GR. Exogenous melatonin and SP increased circulatory
melatonin and decreased steroid level whereas steroid injection and LP
showed inverse effect on respective hormones.

The melatonin and SP decreased malondialdehyde level and
downregulated the expression of RORα during both reproductive
phases. There was higher activity of SOD and catalase as well as
higher percentage of inhibition of ABTS radical cation. LP in-
creased malondialdehyde level and upregulated the expression
of RORα. There was decreased activity of SOD and catalase as
well as lower percentage of inhibition of ABTS radical cation in
lung tissue.
Conclusions: Results obtained reflected a parallel relationship of mel-
atonin, photoperiod, melatonin receptors and all the immune pa-
rameters suggesting that melatonin might be immunostimulatory
for LAIS. Melatonin and SP reduced free radical load of lungs which
is of great adaptive significance for survival of any avian species.
Thus, SP responsible for inducing melatonin secretion can be used
as a mode of therapy to increase LAIS adaptability of avian species
under immunosuppressed condition.
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Laquinimod reduces astrocytic NFκB activation in vitro and in vivo

Nadine Kramann, Ramona Pförtner, Wolfgang Brück,
Christiane Wegner

Department of Neuropathology, University Medical Center, Göttingen,
Germany

Objective: Laquinimod (LAQ) is a small, orally active and well-
tolerated molecule that has been shown to reduce brain atrophy,
disability progression and relapse rate in patients with relapsing-
remitting multiple sclerosis. LAQ minimizes demyelination, inflam-
mation and axonal damage in mice with cuprizone challenge and
with experimental autoimmune encephalomyelitis. LAQ is known
to reduce inflammation in the periphery, but clinical findings and
the experimental cuprizone data suggest additional effects within
the central nervous system (CNS). Since astrocytic NFκB activation
plays a crucial role for cuprizone-induced demyelination, we
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investigated the effects of LAQ on astrocytic NFκB activation in
vitro and in vivo.
Methods: Primary mouse astrocytes pre-treated with 0, 0.25 and
2.5 μM LAQ were stimulated by pro-inflammatory cytokines in-
cluding tumor necrosis factor α (TNFα) or the combination of
interleukin-1β (IL-1β) and interferon-γ (IFNγ). A dual-luciferase re-
porter assay was used to measure NFκB activity. For in vivo experi-
ments 10-week-old male C57BL/6 J mice were challenged with
0.25% cuprizone and treated daily with LAQ (25 mg/kg) or water.
The total number of GFAP-positive astrocytes with and without p65
translocation was determined by double immunofluorescence.
Results: In vitro, both cytokine treatments significantly increased NF B
activation compared to unstimulated controls in the absence of LAQ.
Pre-treatment with 0.25 and 2.5 μM LAQ significantly reduced the in-
duced NF B activity after TNFα stimulation compared to stimulated
controls. Pre-treatment with 2.5 μM LAQ also significantly reduced
NF B activation after stimulation with the combination of IL-1β
and IFNγ compared to untreated stimulated controls. To confirm
the in vivo relevance of these findings, we also examined astrocytic
p65 translocation in mice with and without LAQ treatment after
cuprizone challenge. The proportion of astrocytes with nuclear
p65 immunoreactivity was significantly reduced in LAQ-treated
mice (14.0%±0.9%) compared to untreated controls (25.8%±
1.1%).
Conclusions: In vitro, LAQ reduced the astrocytic NFκB activation by
up to 46% as evidenced by NFκB reporter assay. Similar quantita-
tive findings were obtained in vivo where LAQ treatment also led
to a 46% reduction of astrocytes with NFκB activation evidenced
by nuclear translocation of p65. These findings indicate that
targeting the astrocytic NFκB pathway might have therapeutic ef-
fects in demyelinating CNS disorders.

498

Human gut-derived commensal bacteria as therapy for
autoimmune diseases
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Ashutosh Mangalam1
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Objective: Multiple sclerosis (MS) is a chronic inflammatory, demye-
linating disease of central nervous system that affects approximately
2.5 million people worldwide. MS costs the U.S. economy billions of
dollars per year in medical care and indirect expenses, including lost
wages and productivity. Although several therapies are in use, none
of them cure the disease and many of these agents have less than op-
timal tolerance. Thus, there is an urgent need for new treatment(s)
to cure MS. Recently, we have identified a new strain of human
commensal-organism Prevotella histicola (P histciola) that appear to
have potent systemic immunomodulatory effects. Understanding
the mechanism by which common human commensal can provide
systemic immunomodulation in the context of a severe demyelinat-
ing disease has great potential for therapeutic impact in MS.
Methods: To test therapeutic ability of human commensal to mod-
ulate disease, we used experimental autoimmune encephalomy-
elitis (EAE) as an experimental model of human MS. Previously
we showed that PLP91–110 can induce EAE in humanized
HLA-DR3DQ8 transgenic mice. EAE was induced in HLA-DR3DQ8
transgenic mice and day 7 post-immunization, animals were oral-
ly gavaged with P histicola or control bacteria on alternate day for
total 7 doses and monitored for 4 weeks for disease and weight
loss. Immunological and pathological parameters were compared
between treated and control group to understand the mechanism
of immune-modulatory action of P histicola.
Results: P histicola treated group showed lower disease incidence as
well as severity compared to untreated or group treated with control
bacteria. Pathological analysis of brain and spinal cord also showed
decreased inflammation and demyelination in P histicola treated
group compared to control or media treated group. P histicola sup-
presses disease through modulation of systemic immune response
as P histicola treated group showed increased levels of CD4+FoxP3+
regulatory T cells (Tergs) as well as tolerogenic dendritic cells (DCs)
and macrophage.
Conclusions: Our study shows that human commensal bacteria can be
used as a novel therapeutic option, whichmight be relevant to human
inflammatory and demyelination diseases such as MS. Our study also
highlights importance of human gut microbiome in regulating sys-
temic immune response and its possible role in modulation of the au-
toimmune diseases.
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Amelioration of Experimental Autoimmune Encephalomyelitis
with Oral Administration of Traditional Japanese Herbal Medicine

Makoto Matsui, Shin-ichi Araya, Fukoko Hoashi, Megumi Nakanishi,
Shigemi Nagayama

Department of Neurology, Kanazawa Medical University, Uchinada,
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Objective: Multiple sclerosis (MS) is a chronic demyelinating disease of
the central nervous system (CNS), with related neurological impairment
attributed to demyelination and a neurodegenerative process as a conse-
quence of inflammation in the CNS. Presently, immuno-modulatory
and suppressive drugs remain the primary choices for MS treatment,
though they provide only a modest impact on patient prognosis, while
anti-inflammatory approaches may be efficacious as add-on thera-
py. We investigated the usefulness of Japanese traditional herbal
preparations known to have anti-inflammatory effects in an ani-
mal model of MS experimental autoimmune encephalomyelitis
(EAE).
Methods: C57Bl/6 J mice were immunized with 200 microgram of
MOG 35–55 peptide emulsified in complete Freund's adjuvant,
which was followed by intraperitoneal injections of 200 ng of Pertus-
sis toxin on days 0 and 2. From day 13 after MOG injection, adminis-
trations of the Japanese herbal medicine Keishito, Saireito, or
Saikokeishito were performed 3 times a week using gastric intuba-
tion. Each as an extract was diluted with distilled water (dH2O) to
make final 300-microliter preparations containing 30-, 90-, and
300-mg doses. Control mice were treated with the same amount of
dH2O. Each group consisted of 5 mice.
Results: Keishito extract was administered between days 13 and 64
(total 22 times). However, it did not show any effect on the
course of EAE. In the parallel experiment with Saireito extract,
administered between days 13 and 66 (total 23 times), mice in the
3 dose groups showed no symptoms or a slight decrease in tail to-
nicity, while control mice showed hind limbs paralysis. Moreover,
Saireito-treated mice did not develop paralytic symptoms more
than 3 weeks after discontinuation of treatment. Based on those
results, the second experimental arm was performed using
Saikokeishito extract. The drug was partially effective, as treated
groups showed tail weakness and control mice displayed hind
limb paralysis.
Conclusions: The composition of Saireito extract is partially shared by
Keishito and Saikokeishito extracts. Our results suggest that the
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materials used to produce Saireito extract but not those used for
Keishito extract have a pivotal role in largely abrogating EAE. If small-
er doses of oral Saireito extract are able to suppress EAE similarly to
the doses used in the present experiment, it may be a candidate fu-
ture treatment option for MS.
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Prevention and treatment of toxicity in the holistic approach:
Population-based observations among the residents of Barguna
district in Bangladesh

Md. Ariful Haque Mollik

Biological Sciences, Peoples Integrated Alliance, Dhaka, Bangladesh

Objective: Plants are in great demand in both developed and develop-
ing countries in primary health care because of their great efficacy
and no side effect. The observations were conducted among the
Barguna district of Bangladesh during May 2008 to April 2012,
which area because of its proximity to the Sunderbans forest region
contains a diversity of plants.
Methods: First-hand information was collected from old and expe-
rienced medicine men and women of Magh ethnic group and rural
people. The information regarding the dosage of crude drug,
purpose of usage, mode of preparation, and administration was
carefully recorded in audiotapes as well as field notebooks. The
voucher specimens for each plants was collected in quadrupli-
cates, which were carefully tagged with field numbers after
making a critical observation on the habit, habitat, color and
odor of flowers, phyto-association, occurrence and other relevant
ecological features, which cannot be discerned from dried herbar-
ium specimens.
Results: The observations consist 33 plants are used for wide range
of venomous insects, arthropod, reptiles, and mammals. 13 plants
are used against scorpion sting, 12 plants are used against dog
bite, 09 plants are used against snake bite, 05 plants are used
against honey bee sting, 03 plants are used against rat bite, 02
plants are used against lizard, and 01 plant is used for centipede
poisoning. Of these, 21 uses of 15 plants (asterisked in enumera-
tion) form new reports of Bangladesh after comparing with the
classical literature and recent research papers on the subject mat-
ter. This report lime lights the secret folklore of the people of
Barguna district. These represent unexplored potential. They are
administered in various forms e.g. infusion, juice, extract, powder,
paste, latex, and oil.

They are supplemented by other botanicals or domestic sub-
stances such as honey, common salt, and cow milk. Thus sole drug
or mixed with other resources are in vogue.
Conclusions: On account of poor financial position of these people,
they prefer for low cast holistic treatment offered by medicine
men. Further studies for their chemical contents and toxicity, if
any, may help to increase efficacy vis-à-vis authenticity of the
claims.
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Methylthioadenosine promotes neuroprotection for
inflammatory and excitotoxic brain diseases
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1IDIBAPS, Hospital Clinic, Barcelona, Spain; 2Neurogenomiks, University
of Basque Country, Bilbao, Spain; 3IDIBAPS, Hospital clinic, Barcelona,
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Objective: Methylthioadenosine (MTA) is a metabolite of the poly-
amine pathway with anti-oxidant, anti-proliferative and immuno-
modulatory properties. Here, we report that MTA displays a wide
array of neuroprotective activities against different insults.
Results: As such, MTA is able to protect neurons and myelin-forming
cells from toxicity and inflammation in vitro, promoting neuronal dif-
ferentiation and remyelination. In vivo, MTA reduced axonal loss and
also protected neurons from death in animal models of brain ische-
mia, Parkinson disease and epilepsy. In addition, MTA is elevated in
the brain of patients with multiple sclerosis with active inflammation.
MTA prevents microglia activation through modulation of different
pathways. Specifically, it increased the expression of transcription
factors (STAT3, ATF2 and NR4A) and promoted the release of a
trophic factor (CNTF), all of which are pathways associated with
neuroprotection.
Conclusions: Our findings point to the polyamine pathway as part of
the natural response to cell damage and suggest MTA as a new
neuroprotective therapy.
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Preventive treatment with laquinimod reduces myeloid dendritic
cells and shifts pro-inflammatory to regulatory T cells in
experimental autoimmune encephalomyelitis

Martina Ott, Christiane Wegner, Stefan Nessler, Wolfgang Brück

Department of Neuropathology, University Medical Center Goettingen,
Goettingen, Germany

Objective: Laquinimod (LAQ) is a new orally active, well tolerated
drug which significantly reduces the annualized relapse rate, brain
volume loss and disability progression in multiple sclerosis (MS). In
animals LAQ inhibits acute experimental autoimmune encephalomy-
elitis (EAE) and suppresses relapses in chronic EAE. Central inflam-
mation is reduced and the cytokine balance is shifted in favor of
Th2/Th3 cytokines.

The aim of this study was to examine the effects of LAQ on antigen
presenting cells and T subpopulations during the priming phase of
EAE.
Methods: C57BL/6 mice with MOG35–55-induced EAE were treated
daily with 0 or 25 mg/kg LAQ. To investigate effects on the priming
phase, LAQ was administered from the day of immunization until
day eleven. Single cell suspensions from lymph nodes and spleen
were obtained and analyzed by flow cytometry and ELISA.
Results: Antigen presenting cells were affected by preventive LAQ
treatment. FACS data revealed a significant decrease of CD11chigh

dendritic cells (DC) (p=0.0013) in the spleen of LAQ treated ani-
mals. Within the DC population CD11b myeloid DC were signifi-
cantly reduced (p=0.0001). In contrast, the frequency of CD8α
DEC205 DC, previously described as regulatory subtype, remained
unaltered.

Treatment with LAQ significantly reduced the percentage of Th17
(p=0.0022) and Th1 T cells (p=0.026) among the CD4 T cell
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population. The absolute number of CD4 T cells producing IL-17 or
IFN-γ in response to PMA/Ionomycin was also reduced after therapy.
Spleen and lymph node cells of treated animals produced less of these
cytokines in a recall assay with MOG35–55 compared to controls.
Moreover, the percentage of FoxP3 regulatory T cells increased after
LAQ treatment in the spleen (p=0.0022).
Conclusions: In conclusion, preventive treatment with LAQ inhibits
the pro-inflammatory autoimmune T cell response after immuniza-
tion with MOG35–55. These findings indicate that LAQ interferes with
the early phase of priming and activation of immune cells and may
therefore be beneficial in future treatment of MS.
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Dimethyl fumarate inhibits dendritic cell maturation via NF-kB
and ERK1/2-MSK1 signaling
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Background: Dimethyl fumarate (DMF) is an effective novel treatment
for multiple sclerosis (MS) in clinical trials. A reduction of
IFN-γ-producing CD4+ T cells is observed in DMF-treated patients
and may contribute to its clinical efficacy. However, the cellular and
molecular mechanisms behind this clinical observation are unclear.
In this study, we investigated the effects of DMF on dendritic cell
(DC) maturation and subsequent DC-mediated T cell responses.
Methods: To determine if DMF affects the maturation of DCs, in vivo
generated DCs were purified and stimulated by LPS (100 ng/ml) in
the presence or absence of DMF (70 μΜ) for 24 h. Proinflammatory
cytokine production and expression of maturation markers were
analyzed by ELISA and flow cytometry. To further determine if
DMF-DCs have impaired capacity for driving T cell responses, a
co-culture system was utilized. Purified DCs were stimulated by LPS
in the presence or absence of DMF for 24 h, then supernatants
were removed and cells were washed with warm PBS for twice.
MOG35–55 specific T cells were then added to the conditioned DC
culture with the addition of MOG35–55 (2 μg/ml). T cell activation
and cytokine production were evaluated at 48 h and 72 h. To en-
hance our understanding of the effect of DMF on DCs, the molecular
mechanisms were also explored. Bone marrow derived DCs were
stimulated with LPS in the presence or absence of DMF (70 μΜ). To
determine the distribution of p65, cells were then fixed by 2% PFA
and stained by p65 antibody. In addition, whole cell protein was
extracted in each condition for analyzing the activation of p65 and
MAPKs.
Results: DMF inhibits DC maturation by reducing cytokine production
(IL-6 and IL-12) and the expression of MHC II, CD80 and CD86. Impor-
tantly, this immature DC phenotype generated less activated T cells
that were characterized by decreased IFN-γ and IL-17 production. Fur-
ther molecular studies demonstrated that DMF impaired NF-кB signal-
ing via reduced p65 nuclear localization and phosphorylation. NF-кB
signaling was further decreased by DMF-mediated suppression of Ex-
tracellular signal-Regulated Kinase 1 and 2 (ERK1/2) and its down-
stream kinase Mitogen Stress activated Kinase 1 (MSK1). MSK1
suppression resulted in decreased p65 phosphorylation at serine 276
and reduced histone phosphorylation at serine 10. As a consequence,
p65 transcriptional activity and p65 transcriptional-prone chromatin
environment at gene promoters are impaired. Finally, treatment of DC
with the MSK1 inhibitor H89, partially mimics the effects of DMF on
the DC signaling pathway and impaired DC maturation.
Conclusion: By suppression of both NF-кB and ERK1/2-MSK1 signaling,
DMF inhibits maturation of DCs and subsequently impairs IFN-γ and
IL-17 producing CD4+ T cells differentiation.
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Improved drugability of vasoactive intestinal peptide (VIP) by
nanotechnology for therapeutic selective targeting
and immunomodulation

David Pozo, Soledad Lopez-Enriquez, Rebecca Klippstein

CABIMER-Andalusian Center for Molecular Biology & Regenerative
Medicine, University of Seville, Seville, Spain

Nanotechnology can address key bottlenecks hindering successful
bench to bedside translation of recent research in the development of
neuropeptide-based drugs. This is the case for vasoactive intestinal
peptide (VIP), where sustained interest in its therapeutic applications
needs to devise new methodologies to improve its drugability or to
convey innovation to diagnostics to identify cells that result from
conditions such as carcinoid metastasis in which VPAC receptors are
involved. Here we present our results covering the chemical synthesis
and functional characterisation of VIP Au/Ag nanoparticles, the pro-
tective effects on protease-based degradation, and the specific target
to tumor cells or dendritic cells as an approach to cell therapy by
using VIP-nanoliposomes.
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Cannabinoids affect mitochondrial targets in BV-2 microglial cells
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Objective: Cannabidiol (CBD) is a non psychoactive plant cannabinoid
that is clinically used (as Sativex) in a 1:1mixturewith the psychoactive
cannabinoid Δ9- tetrahydrocannabinol (THC) for the treatment of neu-
ropathic pain and spasticity in multiple sclerosis. In animal models of
multiple sclerosis such as the experimental autoimmune encephalomy-
elitis model, CBD ameliorates the pathological symptoms and signifi-
cantly reduces the disease-induced immune cell infiltration and
microglial activation. The mechanisms by which CBD acts to reduce in-
flammation remain unclear. Among other cellular pathways, CBD may
affect mitochondrial molecular targets in immune cells including
microglia.
Methods: Here, we studied the effects of CBD and THC on various mi-
tochondrial functions. These included: formation of reactive oxygen
species (ROS), mitochondrial permeability transition pore opening,
mitochondrial membrane potential (tested using live cell imaging
flow cytometry), changes in mitochondrial morphology (studied
using electron microscopy), and interaction with mitochondrial pro-
teins (studied using density gradients and Western blotting).
Results: We found that CBD treatment led to significant changes in mito-
chondrial morphology (mainly swelling). In addition, density gradient
analysis of detergent-free BV-2 microglial membrane fractions showed
co-localization of CBD with markers of mitochondrial proteins.
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Furthermore, CBD increased ROS production and affected mitochondrial
membrane potential in a dose dependent manner. Finally, CBD interacted
with the outer-mitochondrial membrane protein, the voltage-dependent
anion channel (VDAC1) and decreased its channel conductance.
Conclusions: To conclude, CBD shows affinity to BV-2 mitochondrial
membrane fractions and affects mitochondrial function and morphol-
ogy. The functions of CBD at specific targets compared with THC will
be discussed.
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Characterizing the role of CD200R1-expressing leukocyte
populations in the inflammatory response to stroke: Defining a
cellular target for immune inhibitory-based therapies
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Objective: Cell-surface receptors (e.g. CD200R1) on microglia and
other myeloid-derived cells directly interact with specific endoge-
nous ligands (e.g. CD200) expressed on neurons and act to suppress
pro-inflammatory signaling by maintaining microglia in an “inactive
state”. We have previously shown that total CD200 expression levels
decrease, while CD200R1 levels increase in the brain at 72 h
post-reperfusion after experimental stroke. To determine whether
stroke-enhanced expression of CD200R1 is associated with the en-
dogenous microglial response or the influx of peripheral myeloid
cells, we characterized CD200R1+ immune cell populations at two
timepoints afters stroke using flow cytometry.
Methods: Youngmale C57Bl/6 mice (N=5/group) were subject to sham
surgery or 90 min rightmiddle cerebral artery occlusion and sacrificed 8-
and 72 h post-reperfusion. Following perfusion with PBS, the stroke-side
brain hemisphere, spleen, and blood were harvested for each mouse and
processed into single cell suspensions for analysis by flow cytometry.
Results: At 8 hrs post-reperfusion, there is a robust increase in the
number of CD45hiCD11b+Ly6ChiCD200R1+ cells in the spleen com-
pared to sham. There is a concurrent increase in the number and
mean fluorescence intensity of CD45hiCD11b+Ly6ChiCD200R1+ cells
in the blood. At 72 h, 95% of CD45hiCD11b+CD11c+ cells in the ische-
mic brain expressed CD200R1 (compared to 85% of CD45intCD11b+

microglia), and have a relative 2-fold increased shift in CD200R1 fluo-
rescence intensity compared to microglia.
Conclusions: We hypothesize that the early increase in circulating
CD200R1+ cells results from an activated splenic response characterized
by an enhanced production and release of CD11b+Ly6Chi inflammatory
monocytes. These subsequently migrate to ischemic regions of the brain
and give rise to a subset of CD11b+CD11c+CD200R1+ dendritic cells.
The presence of CD200R1+ inflammatory monocytes in the blood 8 h
after stroke suggests that this populationmay represent an important cel-
lular target for CD200-antibody-based therapies that could downregulate
the activation state of immune cells that contribute to ischemic injury.
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Deficiency of natural killer cells in patients with multiple sclerosis
is associated with aberrance of interleukin-7
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An aberrance of the immune system to discriminate self fromnon-self
is believed to contribute to the emergence of autoimmune diseases such
as multiple sclerosis (MS), a condition-derived from the immune-
mediated damage to myelin and other components of the brain and spi-
nal cord. Natural killer (NK) cells are significant players in the immune
system; expansions of NK cells via engagement of common⋎-chain cyto-
kine IL-2 receptor reduce disease activities ofMS and in the animalmodel
experimental autoimmune encephalomyelitis. These observations
prompted us to explore the immune phenotypes and functions of NK
cells in MS. Here, we demonstrated that the numbers of NK cells are re-
duced and their cytolytic activities are compromised in patients with
MS. This deficient phenotype of NK cells is not due to their intrinsic
features, because these cells isolated from patients with MS can
proliferate equally well as NK cells from normal subjects in NK-cell defi-
cientmice upon cell transfer. Furthermore,we found thatNK cells express
the IL-7 receptor CD127 and a reduction of NK cells appears to correlate
with a low level of IL-7 and in patients with MS, whereas other NK cell
growth factors IL-2, IL-15 and IL-21 were elevated. Therefore, this study
reveals the aberrance of NK cell inMS and its potential underlyingmech-
anisms and further establishes that NK cells serve as an important disease
player as well as a therapeutic target in MS and other autoimmune
disorders.
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Human monocytes promote recovery from an animal model of
spinal cord injury
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Objective: Increasing evidence shows that peripheral blood leuko-
cytes, specifically monocyte-derived macrophages, are required for
the healing process of injured tissue. These cells play a critical role
in the innate immune response and in the regulation of local inflam-
mation. Here, we investigated the potential therapeutic role of human
monocytes administered by intracerebral-ventricular (ICV) trans-
plantation in a murine model of severe spinal cord injury (SCI).
Methods: Human monocytes were isolated from peripheral blood and
injected stereotactically ICV into immunodeficient mice, to avoid their
rejection by the host, after contusive thoracic SCI. The functional motor
recovery was determined following administration of increasing doses
of monocytes; cell distribution throughout the central nervous system
(CNS) was assessed using flow cytometry and histopathological tech-
niques. Finally, specific gene expression was investigated by RT-PCR to
gain insights into the mechanism of functional recovery after SCI.
Results: The transplantation of humanmonocyte-derivedmacrophages en-
hanced the recovery of locomotor functions in injured mice. These cells,
injected in the lateral ventricle, homed to the site of injury but did not
home to uninjured parts of the CNS parenchyma. At 7 days post-injury,
the transplanted monocytes significantly down-regulated the expression
levels of major inflammatory cytokines such as IL-6 and IL-1β, in the le-
sioned spinal cord. Moreover, these cells could locally release human IL-10.
Conclusion: The sub-acute administration of human blood-derived
monocytes into the cerebrospinal fluid of injured immunodeficient
mice promotes functional motor recovery in a dose-dependent man-
ner. Monocytes migrate to the injury site and modulate the local
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environment, by decreasing the level of pro-inflammatory cytokines
and promoting the release of anti-inflammatory cytokines, such as
IL-10. The model developed here for testing human monocytes in ro-
dents provides an in vivo system for translation of a monocyte-based
treatment protocol from bench to bed-side.
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Immunotherapy of experimental autoimmune encephalomyelitis
using APC-targeted myelin peptides in prophylactic and
therapeutic vaccines

Vivian Tseveleki
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Objective: Antigen-presenting cells (APC), particularly dendritic cells
(DC), are essential for priming T cell responses to antigen and also im-
portant for the maintenance of peripheral T cell tolerance. We tested
mannan-peptide conjugation as a method for directly targeting myelin
peptides to APCwith the aim of inducing peripheral T cell tolerance and
resistance to experimental autoimmune encephalomyelitis (EAE).
Methods: We performed repeated vaccinations of mice withmyelin con-
jugated peptides in soluble form prior to induction of MOG35–55-EAE.
Clinical scores of mice were recorded and histopathological analysis of
CNS tissues for demeylination and inflammationwere performed. Various
aspects of T lymphocytematuration and effector functionswere analyzed
and dendritic cell function was assessed.
Results: Myelin peptides (MOG35-55, PLP139-151) synthesized with a
(Lys-Gly)5 linker and conjugated to mannan in its oxidized (OM) or re-
duced (RM) forms, but not unconjugated peptides or mannan, strongly
protectedmice against EAE symptoms and neuropathologywhen admin-
istered in prophylactic or therapeutic protocols,withOM-conjugatedpep-
tides giving best results. Protection was peptide-specific and associated
with impaired antigen-specific T cell proliferation and cytokine responses
but not with depletion of CD4+ T cells. Based on results from previous
studies of APC-directed autoantigenswe investigated severalmechanisms
of peripheral T cell tolerance for their possible contribution to the effects of
OM-MOG. Reduced secretion of encephalitogenic T cell cytokines (IFN-g,
TNF, IL-17) and normal secretion of immunodulatory cytokines (IL-4,
IL-5) were seen in lymph node cells isolated from OM-MOG-, RM-MOG-
and MOG- compared to PBS-vaccinated mice before and after the devel-
opment of EAE. The proportions of CD4+FoxP3+ lymph node cells were
equivalent in all groups of vaccinated mice during EAE development,
while CD4+IL-10+ lymph node cells were reduced by therapeutic admin-
istration of OM and OM-MOG. Further, the proportions of CD4+ lymph
node cells expressing CD5, a co-receptor that regulates T cell tolerance,
were increased by therapeutic administration of either OM or OM-MOG.
Conclusions: These results show that APC-targeting of peptide antigens
by mannan conjugation is an efficient method for inducing peripheral T
cell tolerance and reducing sensitivity to EAE in prophylactic and
therapeutic protocols. They also show that tolerance mechanisms
involving as Th1/Th2 shift in effector T cell responses, regulatory T cells
and tolerogenic CD4+CD5+ T cells are not specifically induced by
OM-MOG and suggest that a novel mechanism of tolerance is involved.
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Therapeutic treatment with an anti-mouse CD52 antibody
reverses disease symptoms in a murine EAE model of
multiple sclerosis
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Objective: Alemtuzumab is an anti-human CD52 humanizedmonoclonal
antibody that alters the circulating lymphocyte pool. Alemtuzumab has
demonstrated superior clinical efficacy compared to interferon-beta in
relapsing-remitting multiple sclerosis patients. The goal of these studies
was to characterize the effects of anti-mouse CD52 (muCD52) treatment
in an experimental autoimmune encephalomyelitis (EAE) mouse model
of multiple sclerosis.
Methods: A depleting antibody against muCD52 was generated for ex-
ploratory studies in an EAE model. C57BL/6 mice were immunized
with MOG35-55 peptide to induce EAE and treated therapeutically with
anti-muCD52 antibody. Cohorts were evaluated for the development
and severity of disease symptoms and polychromatic flow cytometric
analysis was used to determine the impact of anti-muCD52 therapy
on various lymphocyte populations in both the spleen and central ner-
vous system (CNS). Histological readouts were used to evaluate the
level of cellular infiltrate and myelination within the CNS.
Results: Administration of the anti-muCD52 antibody to C57BL/6 mice
resulted in lymphocyte depletion and subsequent repopulation with
blood counts returning to baseline approximately 40 days post dos-
ing. Therapeutic administration in an EAE model reversed existing
paralytic symptoms and inhibited disease progression. Longitudinal
flow cytometric evaluation showed a decrease in both the total num-
ber of circulating CD4 T cells as well as MOG35–55 specific CD4 T cells
as measured by intracellular cytokine staining for IFN-gamma
and IL-17. Histological evaluation showed a reduction in the level of
lymphocytic infiltrate in the CNS of anti-muCD52 treated animals
compared to control animals treated with vehicle.
Conclusions: Treatment with a depleting anti-muCD52 antibody in
the MOG induced EAE model was effective in reversing paralytic
disease. The effect was associated with a reduction in autoreactive
MOG-specific T cells and diminished lymphocyte infiltration into the
CNS.
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Suppression of experimental autoimmune encephalomyelitis with
nanoparticles carrying a central nervous system antigen and a
non-toxic aryl hydrocarbon receptor ligand

Ada Yeste, Meghan Nadeau, Evan Burns, Howard Weiner,
Francisco J. Quintana

1Center for Neurologic Diseases, Brigham and Women's Hospital,
Harvard Medical School, Boston, United States

Objective: To study the use of nanoparticles for the induction of anti-
gen specific tolerance and the arrest of central nervous system (CNS)
inflammation.
Methods: Multiple sclerosis (MS) is caused by an autoimmune re-
sponse against the central nervous system (CNS). The immune re-
sponse is normally controlled by regulatory T cells (Tregs), but Treg
deficits characterize autoimmune diseases like MS. Thus the induc-
tion of antigen-specific Tregs is a potential therapeutic approach
for autoimmune disorders. We found that the ligand activated
transcription factor aryl hydrocarbon receptor (AHR) controls
the differentiation of Treg and pro-inflammatory IL-17-producing
Th17 cells. AHR activation by its mucosal ligand 2-(1′H-
indole-3′-carbonyl)-thiazole-4-carboxylic acid methyl ester (ITE)
triggers dendritic cells to promote the differentiation of Tregs that
suppress experimental autoimmune encephalomyelitis (EAE), a mu-
rine model of MS. Here we report the use of nanoparticles to
co-administer ITE and a peptide containing the encephalitogenic
epitope MOG35–55, to induce tolerogenic DCs and generate
CNS-specific Tregs that suppress EAE. We constructed Pegylated
gold nanoparticles containing the non-toxic AHR ligand ITE and a
peptide coding for the encephalytogenic peptide MOG35–55. We
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studied the effects of the nanoparticles on DCs in culture, and also on
the recall response and the development of EAE in mice immunized
with MOG35-55.
Results: Nanoparticles containing ITE and MOG35-55 induced
tolerogenic DCs that showed a reduced ability to drive the polariza-
tion of Th1 and Th17 cells, while they promoted the development of
FoxP3+ Tregs. In vivo, nanoparticles containing ITE and MOG35–55

suppressed the recall response to MOG35–55, interfering with the dif-
ferentiation of Th1 and Th17 cells and promoting the differentiation
of FoxP3+ Tregs. Moreover, the administration of nanoparticles
containing ITE and MOG35–55 suppressed the development of EAE.
Conclusions: Nanoparticles are a new tool to reestablish antigen-
specific tolerance in MS and other autoimmune disorders.
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Stat6 and RARβ signaling synergistically induces tolerogenicity in
inflammatory dendritic cells

Bing Zhu, Thomas Buttrick, Ribal Bassil, Chen Zhu, Chuan Wu,
Sheng Xiao, Marta Olah, Wassim Elyaman, Samia J. Khoury

Center for Neurologic Diseases, Brigham and Women's Hospital, Harvard
Medical School, Boston, United States

Objective: While activated Ly-6Chi inflammatory monocytes (IMCs) and
dendritic cells (IDCs) are potent T cell suppressors producing nitric oxide,
non-activated IMCs and IDCs promote T cell activation and Th1/Th17
differentiation, and thus play a pathogenic function in EAE and other auto-
immune disease models. In this study, we have explored a novel strategy
that converts pro-inflammatory IDCs to tolerogenic dendritic cells.
Methods: C57BL/6 mice were immunized with complete Freund's ad-
juvant and pertussis toxin, and CD11b+Ly-6Chi IMCs were purified
from the spleens on day 11. IMCs were treated with GM-CSF for
24 h, and then IL-4 and retinoic acid for another 24 h. Gene expres-
sion was monitored by real time PCR and Western blot, and cell phe-
notype was analyzed by flow cytometry. The immune functions of
treated IMCs were studied by co-culture with CD4 T cells isolated
from MOG TCR transgenic 2D2 mice in vitro, and by adoptive transfer
in vivo. Signaling events were studied by luciferase assay and chro-
matin immunoprecipitation.
Results: We show that IL-4 and retinoic acid (RA) treatment of IDCs
synergistically induces the expression of aldehyde dehydrogenase
1a2 (Aldh1a2), a rate-limiting enzyme in RA synthesis in DCs. IL-4/
RA treated IDCs upregulate CD103 expression and have a mature DC
phenotype. They are functional in antigen presentation, but strongly
induce Treg expansion and the conversion from non-Treg cells,
while reducing Th1 and Th17 differentiation. These effects are depen-
dent on RA production by treated IDCs. Mechanistically, Aldh1a2 in-
duction by IL-4/RA treatment is dependent on Stat6 activation, and
Stat6 binds directly to the Aldh1a2 promoter. In addition, this treat-
ment synergistically induces RARβ expression. Using a luciferase
assay, we show that Stat6 and RARβ overexpression drives Aldh1a2
promoter activity. Furthermore, our preliminary data show that
adoptive transfer of IL-4/RA treated IDCs increases Treg frequency in
vivo, and transfering at EAE peak promotes disease recovery.
Conclusions: Our data demonstrate the critical role of Stat6 and RARβ
signaling in inducing a tolerogenic phenotype in IDCs, providing a po-
tential treatment strategy for various autoimmune diseases including
multiple sclerosis.
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Human IgG but not liposomal prednisolone improves the early
clinical course of mdx mice as model for Duchenne
muscular dystrophy
Jana Zschuentzsch1, Charlotte Weller1, Yaxin Zhang2,
Florian Klinker3, Gregor Makosch4, Lars Klinge5, Josbert M. Metselaar6,
David Liebetanz3, Heinrich Brinkmeier2, Jens Schmidt1

1Dept. of Neurology, University Medical Centre Goettingen, Goettingen,
Germany; 2Institute of Pathophysiology, University of Greifswald, Greifswald,
Germany; 3Dept. of Clinical Neurophysiology, University Medical Centre
Goettingen, Goettingen, Germany; 4Dept. of Neuroimmunology and Hertie
Institute, University Medical Centre Goettingen, Goettingen, Germany;
5Dept. of Pediatrics, University Medical Centre Goettingen, Goettingen,
Germany; 6Enceladus Pharmaceuticals, Amsterdam, Netherlands

Objective: In Duchenne muscular dystrophy (DMD), a gene replace-
ment therapy is not yet available and the current standard treatment
with oral prednisolone (PRED) is associated with considerable
side-effects. Drug targeting by liposomal encapsulation of predniso-
lone (PL) or immunomodulation by immunoglobulin G (IgG) could
be suitable alternatives for treatment.
Methods/results: 1. Using a computerized 24-hour detection system of
voluntary wheel-running with separated cages for each mouse, a
significantly impaired running performance was detected in mdx
mice compared with C57black/10 controls aged 6 weeks.

2. In three week old mdx mice, intraperitoneal (i.p.) PL was
tested at a dose of 1 mg/kg every other day and compared with
i.p. PRED at a dose of 1 mg/kg every day or i.p. sham injections
with saline or empty liposomes for 3 weeks (n=12 each group).
PL or PRED failed to improve the running performance of mdx
mice and the muscle histopathology and real-time PCR of relevant
inflammatory mediators such as TGF-beta and CCL-2 remained
unaltered although the bioactivity in skeletal muscle of PL and
free prednisolone was demonstrated by elevated mRNA expression
of muscle ring finger protein 1 (MuRF1), and its forkheadbox tran-
scription factors (Foxo1/3).

3. Three week oldmdxmice received i.p. human IgG (Sandoglobulin
Liquid) at a dose of 2 g/kg or an equal amount of human albumin or sa-
line as controls every four weeks (total of two injections over 8 weeks;
n=10 each group). IgG compared to sham treatment significantly ame-
liorated the running parameters such as maximum velocity, distance
and number of runs. In an ex vivo muscle contraction test, IgG signifi-
cantly improved fatigability. The mRNA levels of TGF-beta, CCL-2 and
secreted phosphoprotein 1 (osteopontin) were reduced in the dia-
phragm and skeletal muscle. Upon IgG, myopathic changes including
the number of fibers with central nuclei were significantly reduced in
lower limb muscles. Serum-CK, bodyweight and grip-strength of the
forelimbs remained unchanged.
Conclusions: Our results support the validity of the computerized run-
ning wheel system for evaluation of treatment studies in mdx mice.
Whereas conventional PRED as well as PL did not produce significant
changes during the early disease course of mdx mice, IgG treatment
profoundly improved the running performance and reduced myo-
pathic changes as well as muscle inflammation. Thus, IgG may serve
as a promising therapeutic agent for DMD.
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