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Chapter 1

General Introduction






1. History of TNEF: discovering its role in Immune
System

Tumor Necrosis Factor (TNF) was identified in 1975 by Old and
coworkers, as a macrophages cell product responsible for LPS-
induced apoptosis of different cell types, including tumor cells (1). It
was independently described as “cachectin”, a factor that caused fever
and death in mouse models during parasitic infection (2). When TNF
cDNA was cloned (3) and the TNF protein was purified (4) it became
clear that it was similar to lymphotoxin (LT-o). TNF and LT-o were
the first-identified members of a large and growing gene superfamily
(5) collectively known as TNF- and TNFR-related superfamily. The
evidences of the effect of TNF-o on tumor cells (6) led to the
hypothesis that it could be used as an anti-tumor agent, but its high
systemic toxicity unattended these expectations. In parallel, further
studies enlightened the crucial role of TNF on inflammatory processes
and demonstrated that TNF was implicated in the pathogenesis of
human chronic inflammatory diseases, including psoriasis, rheumatoid

arthritis and Crohn’s disease (7).

2. TNF/TNFR superfamily

Currently more than 40 members of the TNF/TNFR superfamily have
been identified.
Most of the TNF/TNFR family members are expressed by immune

cells and are directly coupled to signaling pathways, crucial for



proliferation, survival, differentiation and other protective functions of

immunocompetent cells.

2.1 TNF

TNF-a is a type Il transmembrane proteins biologically active as a
self assembling, non covalent bound, trimer (8).

Several immunocompetent cells and to a lower level other cell types,
produce TNF protein. The main source of TNF are monocytes and
macrophages, Thl and Th17 T cells, cytotoxic T cells, NK, mast cells
and neutrophils. Among non-immune cells, TNF is produced by
astrocytes, microglia cells, keratinocytes, smooth muscle and
endothelial cells.

TNF-a is a 233 amino acid and 23 kDa protein (Figure 1) synthesized
in a transmembrane form that is biologically active and can bind and
cross-link both the TNFR-I and —II receptors. The trimeric tertiary
structure is assembled by the interaction of aromatic residues at
hydrophobic interfaces between the 3 individual compact “jellyroll”
chains (9). The soluble form of TNF-a is a 157 amino acid protein
derived from the transmembrane precursor through proteolytic
cleavage that keeps untouched the transmembrane and intracellular
portions. The catalytic enzyme responsible of this cleavage is a
membrane-bound metalloproteinase called TNF-o converting enzyme
(TACE, ADAM17) (10).

The human TNF-a gene is located within the class III region of the

major histocompatibility complex (MHC) on chromosome 6 (position

6p21.3) (11-13).
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Figure 1: A) TNF bound to TNFRI1 ; B) TNF bound to TNFR2; C) TNF crystal
structure; D) TNFR crystal structure.

TNF-a gene is flanked by the genes encoding LT-o and LT-f and
they closely resemble each other in genomic organization, consisting
on 4 exones and 3 introns arranged over approximately 3 kb of DNA,
probably deriving from a common ancestral gene (Figure 2A and 2B).
Analysis of the transcriptional regulatory elements within the 5’-
flanking region of the TNF-a gene has led to the identification of
several elements that are important in the regulation of TNF-o gene
expression, including a conserved kappa B element located

downstream of the gene or the AU-reach elements (ARE) responsible

for the stability of 7TNF mRNA (14-16).
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Figure 2: A) TNF-a gene sequence; B) TNF-a genomic context.

In addition to the regulation at transcriptional level, TNF-a synthesis
is also controlled at the level of mRNA elongation, mRNA
processing, and at the level of translation (17).

Another regulatory site is at the level of proteolytic cleavage of
transmembrane TNF-a protein that results in the release of the soluble
TNF-a.. The location of the TNF-o gene within the highly
polymorphic MHC gene cluster arise the possibility that
polymorphisms within the locus, including microsatellites and single
nucleotide polymorphisms may play a role as genetic determinants of
susceptibility to autoimmune and infectious diseases that are known to
be MHC-linked (18). Both transmembrane and soluble form of TNF-
o aggregate as homotrimers to efficiently cross-link the receptors
(19). Even if with some differences, it has been shown that TNF
membrane-bound form has more affinity for TNFR-II, compared with

the soluble form (20).
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2.2 TNFR

TNF-a can bind to two homotrimeric receptors: TNFR-I (p55) and
TNFR-II (p75). These two receptors are type I transmembrane
proteins characterized by cysteine-rich domains (CRD) that are the
hallmark of the TNFR superfamily. 40 amino acid pseudorepeats are
responsible for the formation of typical three intrachain disulphide
bonds (21) (Figure 1D). Both TNF receptors are broadly expressed on
different tissues, and most cell types, but in particular TNFR-I is the
most frequently expressed in non-hematopietic cells, whereas TNFR-
IT is mainly expressed on T and B lymphocytes, NK cells, dendritic
cells, monocytes and macrophages (22). Early studies using agonist
antibodies have demonstrated that the two receptors signal distinct
TNF activities (23). The majority of inflammatory responses
classically attributed to TNF are mediated by the p55 TNFR.

Indeed, p55 was shown to be responsible for mediating cytotoxic
signals and plays a critical role in mediating endotoxic shock, whereas
p75 was shown to be capable of mediating proliferation signals in
primary thymocytes and cytotoxic T cell lines (24). As compared to
pS5, p75 was found to be functionally predominant on activated T
cells (25).

TNFR-I signaling is required for the host survival to infections with
intracellular bacteria or parasites, such as Mycobacterium tuberculosis
or Leishmania major (26-28), whereas TNFRII signaling is required
for efficient response to extracellular fungal pathogen and is
implicated in the development of experimental cerebral malaria (29).
The members of the TNFR superfamily can be classified into three

major groups based on their intracellular sequences.
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TNFR-I belongs to the first group, including FAS, TRAIL-R1, -R2, -
R4, containing a region, called death domain (DD), of 80 amino acids
in its cytoplasmic domain. Activation of these receptors leads to
recruitment of intracellular death domain containing adaptors, such as
TNFR-associated death domain (TRADD) (30, 31). These molecules

activate the caspase cascade and subsequently induce apoptosis.
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Figure 3: TNFR-I (left panel) and TNFR-II (right panel) signaling pathways.

Moreover, the activation of TNFR-I induces the activation and
transcription of inflammatory genes through TRADD association with
TNFR-associated factors (TRAF1 and TRAF2) and with receptor
interacting protein (RIP), which leads to the activation of the nuclear
factor-kB (NF-kB) and Jun N-terminal kinase (JNK) pathways (32-
35) (Figure 3).

TNFR-II belongs to the second group of TNF-related receptors, that
also includes CD27, CD40, LTBR, OX40, 4-1BB, RANK and that
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contains TNF-receptor associated factor (TRAF)-interacting motifs
(TIMs) in their cytoplasmic domain. Activation of TIM containing
TNFR family members leads to the recruitment of TRAF and the
subsequent activation of signal transduction pathways like those of
NF-«B, PI3K, JNK, p38 and ERK (36). Upon stimulation TNFR-II
can be cleaved from the cell surface or directly expressed as soluble
isoform (Figure 3).

The third group of TNFR superfamily members including TRAIL-R3,
and osteoprotegerin (OPG) do not contain signaling motifs but instead
compete with the other two groups of receptors for their

corresponding ligands.

3. Role of TNF in inflammation

TNF is one of the most important pro-inflammatory mediators with a
central role in the inflammatory reactions mediated by the innate
immune system. It is involved in the coordination of innate and
adaptive immunity, as well as in the pathogenesis of the septic shock
syndrome.

TNF production is triggered by different biological and physical
inflammatory stimuli, including phorbol esters, ultraviolet light and
bacterial or viral products. However, the major inducers of TNF are
other cytokines including TNF itself, as well as IL-1, IL-2, IL-17,
IFN-y, TGF-B, GM-CSF. During the inflammatory processes, TNF
signaling cascades leads to a range of cellular responses, which
include cell death, survival, differentiation, proliferation and

migration (37).
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It is to note that the inflammatory effects of TNF are mediated mainly
by the activation of the transcription factors NF-kB, AP-1 and
mitogen-activated protein kinases (MAPKSs), through the ligation of
TNFR-I and/or TNFR-II receptors.

During inflammation, vascular endothelial cells respond to TNF by
undergoing a number of pro-inflammatory changes which increase
leukocyte adhesion, diapedesis and transendothelial migrantion (37).
These include expression of P-selectins, ICAM-1 and VCAM-1
integrins. Mice lacking TNFR-I or TNF gene succumbed to very small
doses of pathogens, such as L. monocytogenes, mycobacteria, T.
gondii (38). Indeed, T cell-derived TNF induces the efficient NO
production by activated macrophages and enhances their microbial
killing. TNF is also a key factor for triggering the cross-talk between
NK cells and dendritic cells (DC), a process that links innate and
adaptive immunity: Conversely, TNF inhibition is mainly mediated by
endogenous signals, such as IL-4, IL-6, anti-inflammatory cytokines,
corticosteroids and prostaglandins. However, cellular responses to
TNF vary depending on the cell types and microenvironment and are
controlled by the balance among the activation of various pathways
(39). Indeed, the protective effect of TNF in the course of infections is
due to the action of strictly regulated small amounts of cytokine. On
the contrary, when TNF is present in the systemic circulation, it
produces toxicity in susceptible organs and could lead to several
adverse effects. In the case of sepsis, the presence of infection in the
blood is accompanied by release of TNF by macrophages in the liver,

spleen and other sites leading to increased vascular permeability, loss
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of plasma volume, increased blood pressure and intravascular

coagulation (40).

4. TNF: role in the pathogenesis of chronic
inflammatory diseases and anti-TNF immunotherapy.

The central role of TNF-a in the pathogenesis of several immuno-
mediated and inflammatory disorders has been described. The
pathogenetic role of TNF in chronic inflammatory diseases has been
initially suggested by the finding that high levels of TNF were present
in the synovium of joints in rheumatoid arthritis (41), where TNF-a
mediates both inflammatory synovitis and articular matrix degradation
(42). The level of TNF-a has also been found to be enhanced in
psoriatic lesions as compared to the normal skin of psoriatic patients
and it has multiple potential effects in the pathogenesis of this disease.
TNF-a-directed biologic immunotherapy is a successful tool for the
treatment of many inflammatory diseases (43). In particular, among
the best studied are rheumatoid arthritis, Crohn’s disease, and

psoriasis/psoriatic arthritis.

4.1 Psoriasis

Psoriasis is a chronic inflammatory disease that affects the skin and
joints of approximately 2% of the world’s population. It commonly
causes red, scaly patches to appear in the skin. The scaly patches
caused by psoriasis, called psoriatic plaques, are areas of

inflammation and keratinocyte hyperproliferation. Keratinocytes
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rapidly accumulates at these sites and takes on a silvery-white
appearance. Plaques frequently occur in the skin of the elbows and
knees, but can affect any area including the scalp and genitals. In
contrast to eczema, psoriasis is more likely to be found on the
extensor aspect of the joint. The disorder is a chronic recurring
condition that varies in severity from minor localized patches to
complete body coverage. Psoriasis can also cause inflammation of the
joints, which is known as psoriatic arthritis. 10-15% of people with
psoriasis develop psoriatic arthritis. The genetic basis of psoriasis are
known to be complex, with ten or more susceptibility loci, that are
likely to be influenced by various environmental factors that act in the
skin and/or immune system (44). Homozygous twins did not develop
psoriasis together and factors that may augment the risk for disease
development include stress, excessive alcohol consumption, and
smoking (45). So far, 10-20 chromosome regions have been proposed
to contain psoriasis genes, but very few genes have been identified
(46). For example, the identity of the psoriasis susceptibility 1 locus
(PSORS1) remains controversial One PSORSI-harbouring locus
identified is the class I region of the major histocompatibility locus
antigen cluster (MHC) HLA-Cw®6, but whether the PSORS1 locus is a
classical MHC allele or a regulatory region is still unclear (47).
Moreover, its low penetrance (about 10%) indicates that other
important genetic and environmental factors are involved.

Gene expression studies revealed a molecular circuitry of
inflammation in this disease and indicated that several (about 1300)
genes are differentially expressed in psoriatic lesions as compared to

non-psoriatic skin. The most of them are known to be regulated by
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STAT and NF-kB transcription factors (44). In turn, key factors that
can activate these transcription factors include TNF, LT, IL-1, IL-17,
IL-20, IL-22 and IFNy[cytokines] (Figure 4).
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Figure 4: Cytokine network in psoriasis (Modified from Lowes et al., Nat. Rev.
Immunol. 2007).

Activated DCs may contribute to the inflammation producing IFN-a,
IL-12 and IL-23 and leading to the activation of T cells (blue arrow,
Figure 4) that, in turn, synthesized T-cell-derived inflammatory
cytokines (TNF, IFN-y, IL-17). This cross-talk between DC and T
cells develop in a self-sufficient circle that does not need any other
stimuli to maintain the inflammation. Other cytokines synthesized by

keratinocytes or stromal cells probably cross-regulate the epithelial—
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stromal hyperplasia and fibroplasias: TGF-B, IL-1, IL-6 may act as
keratinocyte autocrine and/or paracrine growth factors. However, TNF
is one of the major cytokines produced in the psoriasic inflamed skin
and is made by multiple cell types, including keratinocytes,
Langerhans’ cells and dermal mast cells (43). It induces the
maturation of Langerhans’ cells and is capable of promoting
Langerhans’ cell migration from the skin to the lymph nodes, where
the process of T cell activation is initiated by antigen presentation.
TNF may also influence cellular infiltration in the skin by inducing
the expression of adhesion molecules on endothelial cells and
keratinocytes. Finally, it may have a direct positive effect on

keratinocyte proliferation and maturation (48).

4.2 Crohn’s disease

Crohn’s disease (CD) and ulcerative colitis are Inflammatory Bowel
Diseases (IBD) characterized by strong cytokine-driven inflammation
of the gut (49). Crohn's disease may affect any part of the
gastrointestinal tract, causing a wide variety of symptoms. It primarily
causes abdominal pain, diarrhea, vomiting, or weight loss, but may
also cause complications outside of the gastrointestinal tract such as
skin rashes and arthritis (50). Males and females are equally affected.
Smokers are three times more likely to develop Crohn's disease (51).

It has been recently reported the association with more than 30
susceptibility loci (52), including those containing CCR6 chemokine
receptor, STAT3 and JAK?2 transcription factors genes. Similarly, it
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has been found a large environmental component, evidenced by the
higher number of cases in western industrialized nations.

Although this pathology involves multiple genes and environmental
conditions, about 10-20 % of patients with Crohn’s disease present a
mutant form of gene encoding NOD2 (53). NOD (nucleotide-binding
oligomerization domain) proteins are intracellular pattern-recognition
molecules implicated in the detection of bacterial peptidoglycans. It is
associated with receptor interacting proteins (RIP2) that leads to NF-
kB activation, through which it is involved in the regulation of pro-
inflammatory response. Mutations found are gene frameshift
mutations that alters the ability of the protein to sense the natural
ligand and if it produces an increased or impared signaling is still
unclear.

TNF-a expression in human macrophages was discovered in the
colonic tissue and macrophages in both patients with CD and UC and
serum levels of TNF-a correlate with clinical and laboratory indexes
of intestinal disease activity (55-57). It is known, by early ex-vivo
studies, that TNF could drive the overproduction of
metalloproteinases (MMP) by mesenchiamal cells subsequent to T
cell activation in the intestinal mucosa (54). MMPs overexpression by
both mesenchiamal and activated T cells led to tissue injury and
mucosal distruction.

Crohn’s disease is associated with high Thl and Thl7 cytokine
production (58, 59) that causes discontinuous ulceration and full
thickness bowel wall inflammation, often including granulomas, in the

small bowel and colon. Crohn’s disease defects arise from a mucosal
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immune system that overreacts to normal constituents of the mucosal

microflora (Figure 5) (60, 61).
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Figure 5: Key features of IBD. (Modified from Cho et al., Nat. Rev. Immunol.
2008).

Soluble TNFR-I and TNFR-II levels correlate with disease activity in
IBD patients. More specifically, soluble TNFR-I is up-regulated in the
serum of IBD patients as compared with healthy controls and could be
used as a marker for disease activity (62). Soluble TNFR-II levels are
significantly more elevated in serum from active CD patients as
compared to UC and could be used as an additional parameter to
discriminate the two diseases (63). Recently TNF receptor type 1-
dependent activation of innate responses was shown to reduce

intestinal damage-associated mortality (64).
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Within this context, existing conventional treatments such as
corticosteroids, and immunosuppressants aim broadly to block
downstream inflammatory events such as the secretion of cytokines
and the activation of neutrophils, regardless of the nature of the
underlying T cell response that generated these events. These agents
have sustained treatment of CD for many years despite their high
toxicities. Conversely, antibodies against TNF-a have shown to target
the mechanisms of inflammation more narrowly by eliminating a
specific major inflammatory cytokine or by disrupting accumulation

of cells at areas of inflammation (65).

4.3 Rationale for the use of TNF-blocking agents

TNF was not an obvious therapeutic target for the treatment of chronic
inflammatory disorders, even if it was present in the inflamed tissues.
Indeed, several other pro-inflammatory cytokines, such as IL-1, IL-6,
GM-CSF, IL-8 and IL-17 were present as well.

The first indication that TNF could be a good target was provided by a
study showing that pro-inflammatory cytokine production by
dissociated rheumatoid synovial membrane cultures was dependent on
the presence of TNF, but not on the presence of the closely related
LTa (66). Other evidences in the same direction, were provided by
the observation that mouse models developing erosive arthritis or
strong colitis upregulated TNF-a and TNFR (67). Finally, the
observation that the administration of TNF-a-specific mAb in these
models was beneficial in vivo and could prevent experimental

rheumatoid arthritis induced by type II collagen (68), (69)
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conclusively defined the rationale for the use of TNF-blocking
therapy.

Three anti-TNF-a agents are currently available for clinical use:
etanercept, infliximab and adalimumab.

Chimeric monoclonal anti-TNF®, Infliximab (Remicade™) antibody
comprises the mouse variable region Fv and the human constant Fc
portion of the IgGl immunoglobulins with high affinity and
neutralizing capacity for TNF and poor toxicity (70).

Adalimumab is a recombinant fully human IgG1 monoclonal antibody
specific for human TNF-a and shows very low toxicity.

Etanercept (Enbrel™) is a engineered p75 TNFR-II dimers linked to
Fc portion of IgG immunoglobulin. Dimeric TNF-R-based TNF-
blocking agents were found to be more effective in competing with
the binding of TNF to the membrane receptors than a mononomer.
Etanercept is an effective inhibitor, as demonstrated by studies in

animal models (71) and subsequently by clinical trials.

There are evidences from studies on animal models and from clinical
trials indicating that neutralization of TNF differentially modulates
disease activity in chronic inflammatory diseases.

The effect of TNF-blockade is therapeutic in disorders in which TNF
is overexpressed by monocytes and macrophages, and so it allows for
the amelioration of the clinical features of the pathology (72). Indeed,
the blockade of TNF activity in patients with rheumatoid arthritis
(RA) by anti-TNF or soluble TNFR antagonists results in a dramatic
decrease in disease activity and in some cases a complete remission

although disease recurs after cessation of the therapy (73).
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The blockade of TNF on RA patients showed to be able to inhibit
other downstream cytokines. IL-6 is present at elevated levels in
serum of RA patient and normalizes within few days after TNF-
blocking. Reduced IL-8, MCP-1, IL-1, VEGF (and associated
angiogenesis) serum levels, have been reported in RA patients
undergoing anti-TNF therapy (74-76). In addition, a reduction of E-
selectin, ICAM-1 and VCAM-1 adhesion molecules in the synovium
of anti-TNF treated RA patients was also observed (77, 78).

In the treatment of psoriasis, the progressive changes in inflammatory
cytokines and chemokines induced by TNF-blocking agents suggests
that TNF strongly regulates some proximal cytokines, such as IL-1
and IL-8 and has more complex interactions to support inflammation
driven by IFN-y and STAT pathways (79). In addition, several DC
products, such as iNOS and IL-23 are likely to be regulated by this
cytokine and were found to be inhibited by anti-TNF therapy (80).
However, the therapeutic actions of TNF inhibitors might not be as
simple as blockade of the soluble cytokine, because Infliximab and
Adalimumab could bind and block also the membrane-bound form of
TNF, therefore modifying the biology of TNF expressing cells
through ligation of surface complexes or even induction of apoptosis
(81).

In Crohn’s disease (CD), anti-TNF therapy results in a dramatic
decrease in symptoms in up to 80% of the patients (82). Clinical
studies have reported a dramatic improvement in CD patients treated
with anti-TNF-a therapy such as infliximab and adalimumab (63).

Reductions in the number of IFN-y producing, lamina propria
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mononuclear cells (LPMC) in colonic biopsies results from anti-TNF-
a treated patients (83).

In the case of psoriasis, treatment of patients with anti-TNF leads to
the clearing of skin lesions and a decrease in associated arthritis
incidents. Patients receiving an anti-TNF-alpha agent as monotherapy
experienced a high degree of clinical benefit and a rapid time of
response to the treatment of moderate to severe plaque psoriasis
compared with patients who received placebo (84).

In contrast, there are indications of increased of clinical severity of
some disorders when treated with TNF-blocking agents. Multiple
sclerosis (MS) and patients treated with anti-TNF mAb or soluble
TNFR, had showed enhanced CNS lesions and disease activity in
some cases (85-87). This was further supported by studies on mouse
models, indicating that TNF-deficiency leads to exacerbation of
autoimmune pathologies, such as experimental autoimmune
encephalomyelitis (EAE) and murine lupus, with earlier disease onset
and increased severity (88, 89).

This controversy in the effect of TNF therapy in different immune-
mediated pathologies, points out the increasing need to clarify the
impact of TNF blockade on systemic immunological homeostasis and

on T cell mediated immune responses.

5. Introduction to T cell function

T lymphocytes can be distinguished in two compartments: the
cytotoxic CD8+ T subset and the helper CD4+ T subset.
CD8+ T cells mediate effector functions and killing of viral infected

cell, whereas CD4+ T cells play a central role in orchestrating a wide
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range of immune responses. CD4+ T cells posses the ability to induce
B cells to produce antibodies, macrophages to increase microbicidal
activities and also the capacity to recruit cells of the adaptive and
innate immunity to the sites of infection or inflammation.

Naive CD4+ T cells can differentiate into at least 4 distinct groups
determined by the pattern of signals they receive during their initial

interaction with antigen: Th1, Th2, Th17 and iTreg (Figure 6).
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Figure 6: Summary of naive-deriving CD4+ T lymphocyte subsets: cytokines and

transcription factors critical for the differentiation and main functions are displayed.

Thl cells mediate immune responses against intracellular pathogens
(90, 91) and are particularly important for the resistance to
mycobacterial infections. Pathogen-derived antigens induces the
production of IL-12, mainly from dendritic cells, that plays the major
inductive role for Thl cells. Indeed, IL-12 appears to induce some

IFN-y production which then acts to up-regulate the key transcription
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factor T-bet (92, 93) and leads to much more IFN-y production,
showing a positive feedback loop for Th1 cells as well.

Thl principal cytokine products are IFN-y, lymphotoxin a (LT-o),
and IL-2. IFN-y produced by Thl cells is important in activating
macrophages (94). LT-a has been identified as a marker for the
disease progression in multiple sclerosis patients (95). IL-2 cytokine is
essential for proliferation and long-term survival of lymphocytes (96).
Th2 cells mediate host defense against extracellular parasites
including helminthes (90, 91). Naive CD4 T cells could be induced to
produce in vitro IL-4 if they were stimulated both with T-cell receptor
ligands and IL-4 (97, 98). This in vitro differentiation requires a
signaling pathway that includes the IL-4 receptor, the signal
transducer and activator of transcription (Stat) 6 and the DNA-binding
factor GATA-3 (99, 100). Th2 cells produce IL-4, IL-5, IL-9, IL-10,
IL-13 and IL-25 (IL-17e). IL-4 is the positive feedback cytokine for
Th2 cell differentiation and is the major mediator of IgE class
switching in B cells (101), It leads to the production of several other
cytokines, including IL-5, IL-13 and TNF-a. IL-5 and IL-9 play a
critical role in recruiting eosinophils (102) and induce mucin
production in epithelial cells during allergic reactions (103). IL-13 is
the effector cytokine in the defence against of helminths and in the

induction of airway hypersensitivity (104, 105).

Th17 cells were very recently identified and showed to play an
important role in mediating immune response against fungi and
extracellular bacteria (106). Th17 differentiation from naive CD4 T

cells requires TcR stimulation in the presence of IL-6, IL-1 and TGF-
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B (107, 108). They produce IL-17a, IL-17f, IL-21, and IL-22. RORyt
transcription factor has been identified as the master regulator of Th17
differentiation, but it is to note that IL-6, IL-21 and IL-23 use Stat3 for
signal transduction (109). IL-21 is a stimulatory factor for Thl7
differentiation and serves as positive feedback amplifier (110, 111).
IL-17a and IL-17f can induce many inflammatory cytokines including
IL-6 and chemokines such as IL-8, therefore playing a key role in

promoting inflammatory responses (112).

Regulatory T cells (Treg) play a critical role in maintaining self-
tolerance as well as in regulating immune responses (113). They are
distinguished in natural occurring nTreg that directly differentiates in
the thymus and inducible iTreg that differentiate in the peripheral
compartment through the action of specific signals. In 2003, Foxp3
was reported as the master transcriptional regulator for natural
occurring Treg cells (114), but high doses of TGF-3 may also result in
the induction of Foxp3+ iTreg cells from naive CD4+ Foxp3- T cells
(115). The association of NF-AT transcription factor with Foxp3 is
required for the differentiation of regulatory T cells (Treg) (116, 117).
Both nTreg and iTreg cells exert their suppressive functions through
mechanisms requiring cell-cell contact (118) and through their
production of cytokines, including TGF-f, IL-10, and IL-35.

IL-10 is cytokine with a potent immunosuppressive and anti-
inflammatory activity. Its key function is to inhibit the production of
pro-inflammatory cytokines, such as TNF, IFN-y, IL-6, IL-12 (119).
I1I-10 was initially described as Th2-produced cytokine with the
capacity to suppress Thl cell proliferation (120), but IL-10 is also

27



produced by Thl, NKT cells, B cells, macrophages, Treg cells and
keratinocytes. IL-10 production is also critical to suppress dendritic
cell function (119) and for Treg-mediated prevention and cure of
inflammatory bowel disease (121). Overall, the effect of IL-10 is to
limit inflammatory reactions, prevent host damage and maintain self-

tolerance.

5.1 T cell activation and TcR signaling pathway

T cell receptor (TcR) recognizes antigen-derived peptides bound to
major histocompatibility complex (MHC) proteins on antigen
presenting cells (APC). The interaction between the specific peptide-
MHC complex and the TcR lead to TcR stimulation, which, in turn,
leads to T cell cytokine secretion and promote proliferation and
differentiation. This processes is collectively referred as T cell
activation (Figure 7).

Initial evidences for the comprehension of the crucial events of TcR
signaling pathway came from the observation that TcR-deficient
Jurkat T cells could be stimulated with phorbol esters, which activates
protein kinase C (PKC), and with Ca"" ionophores (122). These
observations suggested that paradigm that TcR ligation transduces
signals through PLC-y to produce IP; and DAG, so activating PKC
and inducing Ca"" mobilization. Protein tyrosin kinases (PTKs) could
activate PLC-y and cytosolic PTKs of the Src family (in particular
Lck and Fyn) were being described in T cells. The recruitment of
cytosolic PTK is due to the presence of motifs, designated
immunoreceptor tyrosine-based activation motifs (ITAMs), which are

phosphorilated by the PTKs (123). They serve as docking sites for the
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recruitment of other kineses, such as the 70-kDa phosphoprotein Syk
kinase family member ZAP-70 ({-associated protein of 70 kDa) (124).
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Figure 7: T cell activation and TcR signaling pathways. Modified from Cell

Signaling technology® www.cellsignal.com.

Among the most important of the ZAP-70 targets are the
transmembrane adapter protein LAT and the cytosolic adapter protein
SLP-76 (124, 125). Both LAT and SLP-76 bind PLC-y. Activated
PLCyl hydrolyzes the membrane lipid PI(4,5)P,, producing the
second messengers IP; and DAG.

IP; stimulates IP3R ion channel receptors on the endoplasmic

29



reticulum membrane, so inducing the release of Ca' stores into the
cytoplasm. This results in the activation of Ca' -dependent
transcription factors and to the dephosphorilation of the nuclear factor
NFAT, thereby allowing its translocation to the nucleus. NFAT is a
transcription factor family present in most cells of immune system and
integrates several signaling pathways, including thymocyte
development, T-cell differentiation, self-tolerance and tissue specific
gene expression during development.

Production of DAG results in the activation of two major pathways
involving Ras and PKC6. Ras is a guanine nucleotide-binding protein
required for the mitogen-associated protein kinase (MAPK)
phosphorylation and activation cascade leading to the phosphorylation
and activation of the extracellular signal-regulated kinase Erkl and
Erk2 (126). PKCH is also recruited to plasma membrane by DAG and
activated by Lck. PKCO signals results in the activation of a very
important transcription factor complex for T cell activation: NF-kB
(127). PKCO promotes the formation of a complex (128, 129) to
induce the degradation of the regulatory subunit IKKy of the IxB
kinase (IKK) complex. Then, the -catalytic IKK subunits
phosphorylate the inhibitors of NF-xB, the IkB proteins (130, 131),
which retain NF-xkB dimers in the cytoplasm. Degradation of IkBa
releases the NF-kB heterodimers, which then migrate to the nucleus
and regulate gene expression. Activation of NF-kB signaling can be
triggered also by TNF-a cytokine binding to TNFRs, especially to
TNFR-I. Ligation of TNFR-I results in TRADD-dependent TRAF2
adapter recruitment (132-134) and TRAF2-mediated degradation
IKKy (132, 135, 136).
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5.2 Positive and negative regulation of TcR signaling

T cell activation solely through the TcR results in a nonresponsive
state (anergy) and in the enhanced apoptosis. Coligation of other cell
surface receptors provides additional signals required for anergy
avoidance and productive T cell activation. However, activation of
these signaling pathways is regulated to ensure that T cells respond to
appropriate ligands and for the proper duration. The most important
costimulatory molecule of T cell is CD28, the binding of which
provides the second signal necessary to promote T cell priming and to
inhibit the activation-induced cell death (137). Following binding of
CD28 to its ligands CD80 or CD86 on APCs, the PI3K kinase
associates with the cytoplasmic tail of CD28 (138) and converts
phosphatidylinositol PIP, into PIPs;. This latter is a docking site for
PDKI kinase and Akt. Through the activation of Akt, CD28 enhances
the nuclear translocation of NF-kB, which has positive effects also on
the expression of prosurvival genes, including Bcl-xl, and NFAT-
regulated genes, such as IL-2.

CD28 engagement, as well as the engagement of other costimulatory
molecules (CD2, CDS5, CD30, 4-1BB, 0X40, ICOS, LFA-1) results
primarily in a quantitative rather than a qualitative change in T cell
activation parameters (137).

As with positive regulation of T cell signaling, negative regulation is
mediated through both TcR-generated signals and those induced by
other cell surface receptors. Cytotoxic T lymphocyte antigen-4
(CTLA-4) and programmed death-1 (PD-1) are two examples of such
receptors that limit the expansion and activation of TcR-triggered T

cells and are important of for maintaining self-tolerance. CTLA-4
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inhibitory receptor binds (like CD28) CD80 and CD86 on APC, so
competing for the sequestration of ligands of the costimulatory
pathways. Both CTLA-4 and PD-1 recruit SHP1 phosphatase that
dephosphorylates and inhibits Lck and Zap-70 (139-143).

5.3 Current evidences of the role of TNF in T cell
activation

Controversial findings have been reported about the effect of TNF on
T cell activation. One study conducted on a hemagglutinin-specific
TcR-transgenic mouse model has suggested that chronic exposure (3
weeks) to TNF attenuates broad range of T cell responses, including T
cell proliferation and cytokine production in vivo (144). TNF long-
term in vitro exposure also attenuates TcR signaling analyzed by
measuring intracellular Ca™ mobilization, it suppress both Thl and
Th2 responses in a time and dose dependent manner and these effects
could be reversed by neutralizing antibodies. Other studies have
indicated TNF as a negative regulator of Thl T cell responses. In a
mouse model of mycobacterial infection where TNF”~ deficient mice
succumbed to lung infection because of tissue destruction resulting
from uncontrolled type 1 immune syndrome. This syndrome was
characterized by expansion of activated CD4+ and CD8+ T cells and
overproduction of Thl cytokines (145). In support of this hypothesis,
a very recent report has evidenced expanded Thl and Thl17 cell
populations in a model of collagen-induced arthritis upon treatment
with TNFR-Fc fusion protein or anti-TNF monoclonal antibody (146).

Moreover, similar effect was found in collagen-immunized TNFR
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p55-/- but not p75-/- mice, indicating a broader role of TNFR-I-
mediated signaling in this model.

In contrast with this hypothesis, another group has demonstrated in a
TNFR-II (p75) deficient mouse models, that signaling through TNFR-
IT lowers the T cell activation threshold since that p75'/' CD8+
requires about 5-fold TcR agonists for undergo to proliferation.
Furthermore, the hypo-proliferative response displayed by p75” mice
was associated with delayed kinetics of induction of acute activation
markers and decreased production of IL-2 and IFN-y cytokines. These
effects could be only partially rescued by CD28 signaling, underlining
the importance of TNF costimulatory activity (147, 148). An
independent study on TNF”~ TcR-transgenic mice highlighted also the
importance of TNF in the modulation of Ag-induced T cell apoptosis,
showing the effect of TNF on the modulation of several aspects of
homeostasis of peripheral CD8+ T cells. In this model, T cells
developed in the absence of endogenous TNF exhibited an impaired
response to TcR stimulation. In particular, TNF” CD8+ T cells
showed a quantitatively reduced survival and homeostatic
proliferation, impaired peptide-induced activation accompanied by
decreased binding activity of NFkB and NF-AT transcription factors.
Moreover, the recognition of self-antigens by these cells, in the
absence of TNF, led to expansion of autoreactive T cells. Thus, from
these evidences emerges that TNF is required for optimal survival and
maximal antigenic responses as well as tolerance induction (149).
Although these two latter studies indicate a positive regulatory effect

of TNF on T cells activation, it cannot be excluded that a defect due to
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the absence of TNF at early stages of T cell development is
responsible for increased T cell responses.
The qualitative and quantitative analysis on T cell activation in

humans upon blockade of TNF has not been provided so far.
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Scope of the thesis

The aim of my PhD thesis project has been to study the T cell
mediated immune responses in patients with chronic inflammatory
diseases upon therapy with TNF-blocking agents.

In particular, we have studied the T cell responses in the peripheral
circulation in parallel with the evaluation of T cell associated gene
expression in the inflamed tissues, in order to find a correlation with
clinical parameter of disease regression.

This would finally provide a thorough overview of the immunological
changes occurring in T cell functions at level of both peripheral
circulation and target organ upon TNF-blockade in correlation with
the clinical outcome of the therapy. This information could also lead
to the identification of key therapeutic events that associates with

amelioration of chronic inflammatory diseases.

The project has developed as follows:

e In the first part of the project we wanted to characterize in
psoriasis patients the impact of anti-TNF therapy on T cell
responses and cytokine homeostasis in the peripheral circulation
and in the in psoriatic plaques in correlation with the clinical
amelioration of the disease (Chapter 1: submitted manuscript:
Anti-TNF therapy increases peripheral T cell responses and IL-

10 expression in psoriasis patients.)

e The second part is still ongoing and has the purpose to define

the immunological and cellular mechanisms underlying the
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enhancing effect of TNF-blockade on T cell responses to TcR
stimulation. In particular the effector functions, the
proliferative response and the activation of TcR-signaling
molecules in T cells will be evaluated at baseline and after
TNF-blockade, with the aim to investigate the possible
negative regulatory role of TNF on T cell functions (Chapter 2,
Ongoing Work).

The last subproject wants to extend the analysis of differential
gene expression to the intestinal mucosa of patients with
inflammatory bowel diseases. The analysis will include
cytokine, chemokine and adhesion molecule-related genes, as
well as genes encoding transcription factors and lineage
associated markers. This part of the study is in an early phase
and will describe the modulation of the cellular and cytokine
network in the inflamed intestinal mucosa during TNF-
blocking therapy. The study will be completed by statistical
analysis to evaluate the correlation between the modulation of
single gene expression and the disease activity and by
immunofluorescence microscopy on intestinal biopsies from
individual patients. The final aim is to identify key
immunological events that associated with the clinical
response in different type of chronic inflammatory diseases

(Chapter 3, Ongoing work).

36



References

1. Carswell, E.A,, L.]. Old, R.L. Kassel, S. Green, N. Fiore, and B. Williamson.
1975. An endotoxin-induced serum factor that causes necrosis of

tumors. Proc Natl Acad Sci US A 72:3666-3670.

2. Beutler, B., D. Greenwald, ].D. Hulmes, M. Chang, Y.C. Pan, ]. Mathison, R.
Ulevitch, and A. Cerami. 1985. Identity of tumour necrosis factor and

the macrophage-secreted factor cachectin. Nature 316:552-554.

3. Pennica, D., G.E. Nedwin, ].S. Hayflick, P.H. Seeburg, R. Derynck, M.A.
Palladino, W.J. Kohr, B.B. Aggarwal, and D.V. Goeddel. 1984. Human
tumour necrosis factor: precursor structure, expression and homology

to lymphotoxin. Nature 312:724-729.

4. Aggarwal, B.B., W.]. Kohr, P.E. Hass, B. Moffat, S.A. Spencer, W.]. Henzel,
T.S. Bringman, G.E. Nedwin, D.V. Goeddel, and R.N. Harkins. 1985.
Human tumor necrosis factor. Production, purification, and

characterization. / Biol Chem 260:2345-2354.

5. Bazzoni, F.,, and B. Beutler. 1996. The tumor necrosis factor ligand and

receptor families. N Engl ] Med 334:1717-1725.

6. Beutler, B., and A. Cerami. 1986. Cachectin and tumour necrosis factor

as two sides of the same biological coin. Nature 320:584-588.

7. Maini, R.N, and P.C. Taylor. 2000. Anti-cytokine therapy for
rheumatoid arthritis. Annu Rev Med 51:207-229.

8. Peschon, ].J., ].L. Slack, P. Reddy, K.L. Stocking, S.W. Sunnarborg, D.C.
Lee, W.E. Russell, B.]. Castner, R.S. Johnson, ].N. Fitzner, R.W. Boyce, N.
Nelson, C.J. Kozlosky, M.F. Wolfson, C.T. Rauch, D.P. Cerretti, R.]. Paxton,
C.J. March, and R.A. Black. 1998. An essential role for ectodomain

shedding in mammalian development. Science 282:1281-1284.



10.

11.

12.

13.

14.

15.

Fesik, S.W. 2000. Insights into programmed cell death through
structural biology. Cell 103:273-282.

Moss, M.L., S.L. Jin, ].D. Becherer, D.M. Bickett, W. Burkhart, W.]. Chen,
D. Hassler, M.T. Leesnitzer, G. McGeehan, M. Milla, M. Moyer, W.
Rocque, T. Seaton, F. Schoenen, ]. Warner, and D. Willard. 1997.
Structural features and biochemical properties of TNF-alpha

converting enzyme (TACE). ] Neuroimmunol 72:127-129.

Browning, J.L.,, A. Ngam-ek, P. Lawton, ]. DeMarinis, R. Tizard, E.P.
Chow, C. Hession, B. O'Brine-Greco, S.F. Foley, and C.F. Ware. 1993.
Lymphotoxin beta, a novel member of the TNF family that forms a
heteromeric complex with lymphotoxin on the cell surface. Cell

72:847-856.

Nedwin, G.E., S.L. Naylor, A.Y. Sakaguchi, D. Smith, ]. Jarrett-Nedwin, D.
Pennica, D.V. Goeddel, and P.W. Gray. 1985. Human lymphotoxin and
tumor necrosis factor genes: structure, homology and chromosomal

localization. Nucleic Acids Res 13:6361-6373.

Spies, T., C.C. Morton, S.A. Nedospasov, W. Fiers, D. Pious, and ].L.
Strominger. 1986. Genes for the tumor necrosis factors alpha and beta
are linked to the human major histocompatibility complex. Proc Natl

Acad Sci US A 83:8699-8702.

Shakhov, AN, D.V. Kuprash, M.M. Azizov, C.V. Jongeneel, and S.A.
Nedospasov. 1990. Structural analysis of the rabbit TNF locus,
containing the genes encoding TNF-beta (lymphotoxin) and TNF-alpha

(tumor necrosis factor). Gene 95:215-221.

Kuprash, D.V,, LA. Udalova, R.L. Turetskaya, N.R. Rice, and S.A.

Nedospasov. 1995. Conserved kappa B element located downstream of

38



16.

17.

18.

19.

20.

21.

22.

the tumor necrosis factor alpha gene: distinct NF-kappa B binding
pattern and enhancer activity in LPS activated murine macrophages.

Oncogene 11:97-106.

Kontoyiannis, D., M. Pasparakis, T.T. Pizarro, F. Cominelli, and G.
Kollias. 1999. Impaired on/off regulation of TNF biosynthesis in mice
lacking TNF AU-rich elements: implications for joint and gut-associated

immunopathologies. Immunity 10:387-398.

Han, ]J., and B. Beutler. 1990. The essential role of the UA-rich sequence
in endotoxin-induced cachectin/TNF synthesis. Eur Cytokine Netw
1:71-75.

Hajeer, A.H., and L.V. Hutchinson. 2001. Influence of TNFalpha gene
polymorphisms on TNFalpha production and disease. Hum Immunol

62:1191-1199.

Smith, R.A,, and C. Baglioni. 1987. The active form of tumor necrosis

factor is a trimer. J Biol Chem 262:6951-6954.

Grell, M., E. Douni, H. Wajant, M. Lohden, M. Clauss, B. Maxeiner, S.
Georgopoulos, W. Lesslauer, G. Kollias, K. Pfizenmaier, and P.
Scheurich. 1995. The transmembrane form of tumor necrosis factor is
the prime activating ligand of the 80 kDa tumor necrosis factor

receptor. Cell 83:793-802.

Smith, C.A., T. Farrah, and R.G. Goodwin. 1994. The TNF receptor
superfamily of cellular and viral proteins: activation, costimulation,

and death. Cell 76:959-962.

Baker, S.J., and E.P. Reddy. 1996. Transducers of life and death: TNF

receptor superfamily and associated proteins. Oncogene 12:1-9.

39



23.

24.

25.

26.

27.

28.

29.

Tartaglia, L.A., R.F. Weber, LS. Figari, C. Reynolds, M.A. Palladino, Jr.,
and D.V. Goeddel. 1991. The two different receptors for tumor necrosis
factor mediate distinct cellular responses. Proc Natl Acad Sci U S A

88:9292-9296.

Shalaby, M.R., A. Sundan, H. Loetscher, M. Brockhaus, W. Lesslauer, and
T. Espevik. 1990. Binding and regulation of cellular functions by
monoclonal antibodies against human tumor necrosis factor receptors.

] Exp Med 172:1517-1520.

Ware, C.F.,, P.D. Crowe, T.L. Vanarsdale, ]J.L. Andrews, M.H. Grayson, R.
Jerzy, C.A. Smith, and R.G. Goodwin. 1991. Tumor necrosis factor (TNF)
receptor expression in T lymphocytes. Differential regulation of the
type 1 TNF receptor during activation of resting and effector T cells. J

Immunol 147:4229-4238.

Castanos-Velez, E., S. Maerlan, L.M. Osorio, F. Aberg, P. Biberfeld, A.
Orn, and M.E. Rottenberg. 1998. Trypanosoma cruzi infection in tumor
necrosis factor receptor p55-deficient mice. Infect Immun 66:2960-

2968.

Nashleanas, M., S. Kanaly, and P. Scott. 1998. Control of Leishmania
major infection in mice lacking TNF receptors. /] Immunol 160:5506-

5513.

Serbina, N.V. T.P. Salazar-Mather, C.A. Biron, W.A. Kuziel, and E.G.
Pamer. 2003. TNF/iNOS-producing dendritic cells mediate innate

immune defense against bacterial infection. Immunity 19:59-70.

Wright, T.W., G.S. Pryhuber, P.R. Chess, Z. Wang, R.H. Notter, and F.
Gigliotti. 2004. TNF receptor signaling contributes to chemokine
secretion, inflammation, and respiratory deficits during Pneumocystis

pneumonia. ] Immunol 172:2511-2521.

40



30.

31

32.

33.

34.

35.

36.

37.

Chinnaiyan, A.M., C.G. Tepper, M.F. Seldin, K. O'Rourke, F.C. Kischkel, S.
Hellbardt, P.H. Krammer, M.E. Peter, and V.M. Dixit. 1996.
FADD/MORT1 is a common mediator of CD95 (Fas/APO-1) and tumor
necrosis factor receptor-induced apoptosis. /] Biol Chem 271:4961-

4965.

Kischkel, F.C., D.A. Lawrence, A. Chuntharapai, P. Schow, K.J. Kim, and
A. Ashkenazi. 2000. Apo2L/TRAIL-dependent recruitment of
endogenous FADD and caspase-8 to death receptors 4 and 5. Immunity

12:611-620.

Micheau, 0., and ]J. Tschopp. 2003. Induction of TNF receptor I-
mediated apoptosis via two sequential signaling complexes. Cell

114:181-190.

Legler, D.F., O. Micheau, M.A. Doucey, ]J. Tschopp, and C. Bron. 2003.
Recruitment of TNF receptor 1 to lipid rafts is essential for TNFalpha-
mediated NF-kappaB activation. Immunity 18:655-664.

Hsu, H,, ]. Huang, H.B. Shu, V. Baichwal, and D.V. Goeddel. 1996. TNF-
dependent recruitment of the protein kinase RIP to the TNF receptor-1

signaling complex. Immunity 4:387-396.

Stanger, B.Z., P. Leder, T.H. Lee, E. Kim, and B. Seed. 1995. RIP: a novel
protein containing a death domain that interacts with Fas/APO-1

(CD95) in yeast and causes cell death. Cell 81:513-523.

Dempsey, P.W., S.E. Doyle, ].Q. He, and G. Cheng. 2003. The signaling
adaptors and pathways activated by TNF superfamily. Cytokine Growth
Factor Rev 14:193-2009.

Bradley, J.R. 2008. TNF-mediated inflammatory disease. J Pathol
214:149-160.

41



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Deckert-Schluter, M., H. Bluethmann, A. Rang, H. Hof, and D. Schluter.
1998. Crucial role of TNF receptor type 1 (p55), but not of TNF
receptor type 2 (p75), in murine toxoplasmosis. J] Immunol 160:3427-
3436.

Palladino, M.A., F.R. Bahjat, E.A. Theodorakis, and L.L. Moldawer. 2003.
Anti-TNF-alpha therapies: the next generation. Nat Rev Drug Discov
2:736-746.

Sharma, V.K,, and R.P. Dellinger. 2003. Recent developments in the

treatment of sepsis. Expert Opin Investig Drugs 12:139-152.

Feldmann, M. 2008. Many cytokines are very useful therapeutic targets

in disease. J Clin Invest 118:3533-3536.

Choy, E.H, and G.S. Panayi. 2001. Cytokine pathways and joint
inflammation in rheumatoid arthritis. N Engl ] Med 344:907-916.

LaDuca, J.R,, and A.A. Gaspari. 2001. Targeting tumor necrosis factor
alpha. New drugs used to modulate inflammatory diseases. Dermatol

Clin 19:617-635.

Lowes, M.A., A.M. Bowcock, and ].G. Krueger. 2007. Pathogenesis and
therapy of psoriasis. Nature 445:866-873.

Nestle, F.0., D.H. Kaplan, and ]. Barker. 2009. Psoriasis. N Engl ] Med
361:496-509.

Liu, Y. J.G. Krueger, and A.M. Bowcock. 2007. Psoriasis: genetic

associations and immune system changes. Genes Immun 8:1-12.

Bowcock, A.M., and ].G. Krueger. 2005. Getting under the skin: the

immunogenetics of psoriasis. Nat Rev Immunol 5:699-711.

42



48.

49,

50.

51.

52.

53.

Gottlieb, A.B. 2003. Infliximab for psoriasis. | Am Acad Dermatol
49:5112-117.

Podolsky, D.K. 2002. Inflammatory bowel disease. N Engl | Med
347:417-429.

Baumgart, D.C.,, and W.]. Sandborn. 2007. Inflammatory bowel disease:
clinical aspects and established and evolving therapies. Lancet

369:1641-1657.

Cosnes, J. 2004. Tobacco and IBD: relevance in the understanding of
disease mechanisms and clinical practice. Best Pract Res Clin

Gastroenterol 18:481-496.

Barrett, J.C., S. Hansoul, D.L. Nicolae, J.H. Cho, R.H. Duerr, ].D. Rioux, S.R.
Brant, M.S. Silverberg, K.D. Taylor, M.M. Barmada, A. Bitton, T.
Dassopoulos, L.W. Datta, T. Green, A.M. Griffiths, E.O. Kistner, M.T.
Murtha, M.D. Regueiro, J.I. Rotter, L.P. Schumm, A.H. Steinhart, S.R.
Targan, R.J. Xavier, C. Libioulle, C. Sandor, M. Lathrop, ]. Belaiche, O.
Dewit, I. Gut, S. Heath, D. Laukens, M. Mni, P. Rutgeerts, A. Van Gossum,
D. Zelenika, D. Franchimont, ].P. Hugot, M. de Vos, S. Vermeire, E. Louis,
L.R. Cardon, C.A. Anderson, H. Drummond, E. Nimmo, T. Ahmad, N.J.
Prescott, C.M. Onnie, S.A. Fisher, ]. Marchini, J. Ghori, S. Bumpstead, R.
Gwilliam, M. Tremelling, P. Deloukas, ]. Mansfield, D. Jewell, ]. Satsangi,
C.G. Mathew, M. Parkes, M. Georges, and M.]. Daly. 2008. Genome-wide
association defines more than 30 distinct susceptibility loci for Crohn's

disease. Nat Genet 40:955-962.

Ogura, Y., D.K. Bonen, N. Inohara, D.L. Nicolae, F.F. Chen, R. Ramos, H.
Britton, T. Moran, R. Karaliuskas, R.H. Duerr, J.P. Achkar, S.R. Brant,
T.M. Bayless, B.S. Kirschner, S.B. Hanauer, G. Nunez, and J.H. Cho. 2001.

43



54.

55.

56.

57.

58.

59.

A frameshift mutation in NOD2 associated with susceptibility to

Crohn's disease. Nature 411:603-606.

Pender, S.L., S.P. Tickle, A.J. Docherty, D. Howie, N.C. Wathen, and T.T.
MacDonald. 1997. A major role for matrix metalloproteinases in T cell

injury in the gut. ] Immunol 158:1582-1590.

Stucchi, A., K. Reed, M. O'Brien, S. Cerda, C. Andrews, A. Gower, K.
Bushell, S. Amar, S. Leeman, and ]. Becker. 2006. A new transcription
factor that regulates TNF-alpha gene expression, LITAF, is increased in
intestinal tissues from patients with CD and UC. Inflamm Bowel Dis

12:581-587.

Reimund, ].M., C. Wittersheim, S. Dumont, C.D. Muller, ].S. Kenney, R.
Baumann, P. Poindron, and B. Duclos. 1996. Increased production of
tumour necrosis factor-alpha interleukin-1 beta, and interleukin-6 by
morphologically normal intestinal biopsies from patients with Crohn's

disease. Gut 39:684-689.

Reimund, J.M., C. Wittersheim, S. Dumont, C.D. Muller, R. Baumann, P.
Poindron, and B. Duclos. 1996. Mucosal inflammatory cytokine
production by intestinal biopsies in patients with ulcerative colitis and

Crohn's disease. J Clin Immunol 16:144-150.

Yen, D., J. Cheung, H. Scheerens, F. Poulet, T. McClanahan, B. McKenzie,
M.A. Kleinschek, A. Owyang, J. Mattson, W. Blumenschein, E. Murphy,
M. Sathe, D.J. Cua, R.A. Kastelein, and D. Rennick. 2006. IL-23 is
essential for T cell-mediated colitis and promotes inflammation via IL-

17 and IL-6. ] Clin Invest 116:1310-1316.

Fuss, 1], C. Becker, Z. Yang, C. Groden, R.L. Hornung, F. Heller, M.F.
Neurath, W. Strober, and P.J. Mannon. 2006. Both IL-12p70 and IL-23

are synthesized during active Crohn's disease and are down-regulated

44



60.

61.

62.

63.

64.

65.

66.

67.

by treatment with anti-IL-12 p40 monoclonal antibody. Inflamm Bowel
Dis 12:9-15.

Duchmann, R,, I. Kaiser, E. Hermann, W. Mayet, K. Ewe, and K.H. Meyer
zum Buschenfelde. 1995. Tolerance exists towards resident intestinal
flora but is broken in active inflammatory bowel disease (IBD). Clin Exp

Immunol 102:448-455.

Cho, J.H. 2008. The genetics and immunopathogenesis of inflammatory
bowel disease. Nat Rev Immunol 8:458-466.

Spoettl, T., M. Hausmann, F. Klebl, A. Dirmeier, B. Klump, ]. Hoffmann,
H. Herfarth, A. Timmer, and G. Rogler. 2007. Serum soluble TNF
receptor I and Il levels correlate with disease activity in IBD patients.

Inflamm Bowel Dis 13:727-732.

Yamamoto-Furusho, J.K. 2007. Innovative therapeutics for

inflammatory bowel disease. World ] Gastroenterol 13:1893-1896.

Mizoguchi, E. Y. Hachiya, M. Kawada, K. Nagatani, A. Ogawa, K
Sugimoto, A. Mizoguchi, and D.K. Podolsky. 2008. TNF receptor type I-
dependent activation of innate responses to reduce intestinal damage-

associated mortality. Gastroenterology 134:470-480.

Targan, S.R. 2006. Current limitations of IBD treatment: where do we

go from here? Ann N Y Acad Sci 1072:1-8.

Brennan, F.M,, D. Chantry, A. Jackson, R. Maini, and M. Feldmann. 1989.
Inhibitory effect of TNF alpha antibodies on synovial cell interleukin-1

production in rheumatoid arthritis. Lancet 2:244-247.

Chu, C.Q., M. Field, M. Feldmann, and R.N. Maini. 1991. Localization of

tumor necrosis factor alpha in synovial tissues and at the cartilage-

45



68.

69.

70.

71.

72.

73.

74.

pannus junction in patients with rheumatoid arthritis. Arthritis Rheum

34:1125-1132.

Williams, R.0., M. Feldmann, and R.N. Maini. 1992. Anti-tumor necrosis
factor ameliorates joint disease in murine collagen-induced arthritis.

Proc Natl Acad Sci U S A 89:9784-9788.

Korganow, A.S., H. Ji, S. Mangialaio, V. Duchatelle, R. Pelanda, T. Martin,
C. Degott, H. Kikutani, K. Rajewsky, ]J.L. Pasquali, C. Benoist, and D.
Mathis. 1999. From systemic T cell self-reactivity to organ-specific

autoimmune disease via immunoglobulins. Immunity 10:451-461.

Knight, D.M., H. Trinh, ]. Le, S. Siegel, D. Shealy, M. McDonough, B.
Scallon, M.A. Moore, ]. Vilcek, P. Daddona, and et al. 1993. Construction
and initial characterization of a mouse-human chimeric anti-TNF

antibody. Mol Immunol 30:1443-1453.

Mohler, K.M., D.S. Torrance, C.A. Smith, R.G. Goodwin, K.E. Stremler, V.P.
Fung, H. Madani, and M.B. Widmer. 1993. Soluble tumor necrosis factor
(TNF) receptors are effective therapeutic agents in lethal endotoxemia
and function simultaneously as both TNF carriers and TNF antagonists.

JImmunol 151:1548-1561.

McDevitt, H., S. Munson, R. Ettinger, and A. Wu. 2002. Multiple roles for
tumor necrosis factor-alpha and lymphotoxin alpha/beta in immunity

and autoimmunity. Arthritis Res 4 Suppl 3:5141-152.

Feldmann, M. 2001. Gene therapy for rheumatoid arthritis? J Clin Invest
107:1353.

Paleolog, E.M,, S. Young, A.C. Stark, R.V. McCloskey, M. Feldmann, and

R.N. Maini. 1998. Modulation of angiogenic vascular endothelial

46



75.

76.

77.

78.

79.

80.

growth factor by tumor necrosis factor alpha and interleukin-1 in

rheumatoid arthritis. Arthritis Rheum 41:1258-1265.

Taylor, P.C., A.M. Peters, E. Paleolog, P.T. Chapman, M.J. Elliott, R.
McCloskey, M. Feldmann, and R.N. Maini. 2000. Reduction of
chemokine levels and leukocyte traffic to joints by tumor necrosis
factor alpha blockade in patients with rheumatoid arthritis. Arthritis

Rheum 43:38-47.

Lorenz, H.M.,, C. Antoni, T. Valerius, R. Repp, M. Grunke, N. Schwerdtner,
H. Nusslein, J. Woody, ]J.R. Kalden, and B. Manger. 1996. In vivo
blockade of TNF-alpha by intravenous infusion of a chimeric
monoclonal TNF-alpha antibody in patients with rheumatoid arthritis.
Short term cellular and molecular effects. ] Immunol 156:1646-1653.

Paleolog, E.M., M. Hunt, M.]. Elliott, M. Feldmann, R.N. Maini, and J.N.
Woody. 1996. Deactivation of vascular endothelium by monoclonal
anti-tumor necrosis factor alpha antibody in rheumatoid arthritis.

Arthritis Rheum 39:1082-1091.

Tak, P.P., P.C. Taylor, F.C. Breedveld, T.]. Smeets, M.R. Daha, P.M. Kluin,
A.E. Meinders, and R.N. Maini. 1996. Decrease in cellularity and
expression of adhesion molecules by anti-tumor necrosis factor alpha
monoclonal antibody treatment in patients with rheumatoid arthritis.

Arthritis Rheum 39:1077-1081.

Gottlieb, A.B., F. Chamian, S. Masud, I. Cardinale, M.V. Abello, M.A.
Lowes, F. Chen, M. Magliocco, and ].G. Krueger. 2005. TNF inhibition
rapidly down-regulates multiple proinflammatory pathways in

psoriasis plaques. ] Immunol 175:2721-2729.

Lowes, M.A,, F. Chamian, M.V. Abello, J. Fuentes-Duculan, S.L. Lin, R.

Nussbaum, I. Novitskaya, H. Carbonaro, 1. Cardinale, T. Kikuchi, P.

47



81.

82.

83.

84.

85.

86.

87.

Gilleaudeau, M. Sullivan-Whalen, K.M. Wittkowski, K. Papp, M. Garovoy,
W. Dummer, R.M. Steinman, and J.G. Krueger. 2005. Increase in TNF-
alpha and inducible nitric oxide synthase-expressing dendritic cells in
psoriasis and reduction with efalizumab (anti-CD11a). Proc Natl Acad

SciUSA102:19057-19062.

Papp, K.A. 2006. The long-term efficacy and safety of new biological

therapies for psoriasis. Arch Dermatol Res 298:7-15.

Sandborn, W.J. 1999. Severe Ulcerative Colitis. Curr Treat Options
Gastroenterol 2:113-118.

Baert, F.J., G.R. D'Haens, M. Peeters, M.I. Hiele, T.F. Schaible, D. Shealy,
K. Geboes, and P.J. Rutgeerts. 1999. Tumor necrosis factor alpha
antibody (infliximab) therapy profoundly down-regulates the
inflammation in Crohn's ileocolitis. Gastroenterology 116:22-28.
Chaudhari, U., P. Romano, L.D. Mulcahy, L.T. Dooley, D.G. Baker, and
A.B. Gottlieb. 2001. Efficacy and safety of infliximab monotherapy for
plaque-type psoriasis: a randomised trial. Lancet 357:1842-1847.

van Oosten, B.W., F. Barkhof, L. Truyen, ].B. Boringa, F.W. Bertelsmann,
B.M. von Blomberg, ].N. Woody, H.P. Hartung, and C.H. Polman. 1996.
Increased MRI activity and immune activation in two multiple sclerosis
patients treated with the monoclonal anti-tumor necrosis factor

antibody cA2. Neurology 47:1531-1534.

Sicotte, N.L., and R.R. Voskuhl. 2001. Onset of multiple sclerosis
associated with anti-TNF therapy. Neurology 57:1885-1888.

Selmaj, KW, and C.S. Raine. 1995. Experimental autoimmune
encephalomyelitis: immunotherapy with anti-tumor necrosis factor
antibodies and soluble tumor necrosis factor receptors. Neurology

45:544-49.

48



88.

89.

90.

91.

92.

93.

94.

95.

Kassiotis, G., and G. Kollias. 2001. TNF and receptors in organ-specific
autoimmune disease: multi-layered functioning mirrored in animal

models. J Clin Invest 107:1507-1508.

Ishida, H., T. Muchamuel, S. Sakaguchi, S. Andrade, S. Menon, and M.
Howard. 1994. Continuous administration of anti-interleukin 10
antibodies delays onset of autoimmunity in NZB/W F1 mice. ] Exp Med
179:305-310.

Mosmann, T.R., H. Cherwinski, M.\W. Bond, M.A. Giedlin, and R.L.
Coffman. 1986. Two types of murine helper T cell clone. I. Definition

according to profiles of lymphokine activities and secreted proteins. J

Immunol 136:2348-2357.

Paul, W.E,, and R.A. Seder. 1994. Lymphocyte responses and cytokines.
Cell 76:241-251.

Szabo, S.J., S.T. Kim, G.L. Costa, X. Zhang, C.G. Fathman, and L.H.
Glimcher. 2000. A novel transcription factor, T-bet, directs Th1 lineage
commitment. Cell 100:655-669.

Lighvani, A.A,, D.M. Frucht, D. Jankovic, H. Yamane, ]. Aliberti, B.D.
Hissong, B.V. Nguyen, M. Gadina, A. Sher, W.E. Paul, and ].J. O'Shea.
2001. T-bet is rapidly induced by interferon-gamma in lymphoid and
myeloid cells. Proc Natl Acad Sci US A 98:15137-15142.

Suzuki, Y., M.A. Orellana, R.D. Schreiber, and ].S. Remington. 1988.
Interferon-gamma: the major mediator of resistance against

Toxoplasma gondii. Science 240:516-518.

Selmaj, K., C.S. Raine, B. Cannella, and C.F. Brosnan. 1991. Identification
of lymphotoxin and tumor necrosis factor in multiple sclerosis lesions.

J Clin Invest 87:949-954.

49



96.

97.

98.

99,

100.

101.

102.

Darrah, P.A., D.T. Patel, P.M. De Luca, RW. Lindsay, D.F. Davey, B.].
Flynn, S.T. Hoff, P. Andersen, S.G. Reed, S.L. Morris, M. Roederer, and
R.A. Seder. 2007. Multifunctional TH1 cells define a correlate of
vaccine-mediated protection against Leishmania major. Nat Med

13:843-850.

Swain, S.L., A.D. Weinberg, M. English, and G. Huston. 1990. IL-4 directs
the development of Th2-like helper effectors. ] Immunol 145:3796-
3806.

Le Gros, G., S.Z. Ben-Sasson, R. Seder, F.D. Finkelman, and W.E. Paul.
1990. Generation of interleukin 4 (IL-4)-producing cells in vivo and in
vitro: IL-2 and IL-4 are required for in vitro generation of IL-4-

producing cells. ] Exp Med 172:921-929.

Zhang, D.H., L. Cohn, P. Ray, K. Bottomly, and A. Ray. 1997.
Transcription factor GATA-3 is differentially expressed in murine Th1l
and Th2 cells and controls Th2-specific expression of the interleukin-5

gene. | Biol Chem 272:21597-21603.

Zheng, W,, and R.A. Flavell. 1997. The transcription factor GATA-3 is
necessary and sufficient for Th2 cytokine gene expression in CD4 T

cells. Cell 89:587-596.

Kopf, M., G. Le Gros, M. Bachmann, M.C. Lamers, H. Bluethmann, and G.
Kohler. 1993. Disruption of the murine IL-4 gene blocks Th2 cytokine
responses. Nature 362:245-248.

Coffman, R.L., B.W. Seymour, S. Hudak, J. Jackson, and D. Rennick. 1989.
Antibody to interleukin-5 inhibits helminth-induced eosinophilia in

mice. Science 245:308-310.

50



103.

104.

105.

106.

107.

108.

109.

Longphre, M., D. Li, M. Gallup, E. Drori, C.L. Ordonez, T. Redman, S.
Wenzel, D.E. Bice, ].V. Fahy, and C. Basbaum. 1999. Allergen-induced IL-
9 directly stimulates mucin transcription in respiratory epithelial cells.

J Clin Invest 104:1375-1382.

Wynn, T.A. 2003. IL-13 effector functions. Annu Rev Immunol 21:425-
456.

Urban, ].F., Jr., N. Noben-Trauth, D.D. Donaldson, K.B. Madden, S.C.
Morris, M. Collins, and F.D. Finkelman. 1998. IL-13, IL-4Ralpha, and
Stat6 are required for the expulsion of the gastrointestinal nematode

parasite Nippostrongylus brasiliensis. Immunity 8:255-264.

Weaver, C.T., L.E. Harrington, P.R. Mangan, M. Gavrieli, and K.M.
Murphy. 2006. Th17: an effector CD4 T cell lineage with regulatory T
cell ties. Immunity 24:677-688.

Mangan, P.R,, L.E. Harrington, D.B. 0'Quinn, W.S. Helms, D.C. Bullard,
C.O. Elson, R.D. Hatton, S.M. Wahl, T.R. Schoeb, and C.T. Weaver. 2006.
Transforming growth factor-beta induces development of the T(H)17

lineage. Nature 441:231-234.

Veldhoen, M., R.J. Hocking, C.J. Atkins, R.M. Locksley, and B. Stockinger.
2006. TGFbeta in the context of an inflammatory cytokine milieu
supports de novo differentiation of IL-17-producing T cells. Immunity

24:179-189.

Ivanov, 1], B.S. McKenzie, L. Zhou, C.E. Tadokoro, A. Lepelley, ].J. Lafaille,
DJ. Cua, and D.R. Littman. 2006. The orphan nuclear receptor
RORgammat directs the differentiation program of proinflammatory

[L-17+ T helper cells. Cell 126:1121-1133.

51



110.

111.

112.

113.

114.

115.

116.

117.

Korn, T., E. Bettelli, W. Gao, A. Awasthi, A. Jager, T.B. Strom, M. Oukka,
and V.K. Kuchroo. 2007. IL-21 initiates an alternative pathway to
induce proinflammatory T(H)17 cells. Nature 448:484-487.

Zhou, L., Ivanov, 1], R. Spolski, R. Min, K. Shenderov, T. Egawa, D.E. Levy,
WJ]. Leonard, and D.R. Littman. 2007. IL-6 programs T(H)-17 cell
differentiation by promoting sequential engagement of the IL-21 and

IL-23 pathways. Nat Immunol 8:967-974.

Yao, Z., W.C. Fanslow, M.F. Seldin, A.M. Rousseau, S.L. Painter, M.R.
Comeau, J.I. Cohen, and M.K. Spriggs. 1995. Herpesvirus Saimiri
encodes a new cytokine, IL-17, which binds to a novel cytokine

receptor. Immunity 3:811-821.

Sakaguchi, S. 2004. Naturally arising CD4+ regulatory t cells for
immunologic self-tolerance and negative control of immune responses.

Annu Rev Immunol 22:531-562.

Fontenot, ].D., M.A. Gavin, and A.Y. Rudensky. 2003. Foxp3 programs
the development and function of CD4+CD25+ regulatory T cells. Nat
Immunol 4:330-336.

Chen, W., W. Jin, N. Hardegen, K. Lei, L. Li, N. Marinos, G. McGrady, and
S.M. Wahl. 2003. Conversion of peripheral CD4+CD25- naive T cells to
CD4+CD25+ regulatory T cells by TGF-beta induction of transcription
factor Foxp3. ] Exp Med 198:1875-1886.

Macian, F., F. Garcia-Cozar, S.H. Im, H.F. Horton, M.C. Byrne, and A. Rao.
2002. Transcriptional mechanisms underlying lymphocyte tolerance.

Cell 109:719-731.

Wuy, Y., M. Borde, V. Heissmeyer, M. Feuerer, A.D. Lapan, ].C. Stroud, D.L.
Bates, L. Guo, A. Han, S.F. Ziegler, D. Mathis, C. Benoist, L. Chen, and A.

52



118.

119.

120.

121.

122.

123.
124.

125.

126.

Rao. 2006. FOXP3 controls regulatory T cell function through
cooperation with NFAT. Cell 126:375-387.

Shevach, E.M. 2006. From vanilla to 28 flavors: multiple varieties of T

regulatory cells. Immunity 25:195-201.

Moore, KW., R. de Waal Malefyt, R.L. Coffman, and A. O'Garra. 2001.
Interleukin-10 and the interleukin-10 receptor. Annu Rev Immunol

19:683-765.

Fiorentino, D.F., M.W. Bond, and T.R. Mosmann. 1989. Two types of
mouse T helper cell. IV. Th2 clones secrete a factor that inhibits

cytokine production by Th1 clones. J Exp Med 170:2081-2095.

Asseman, C. S. Read, and F. Powrie. 2003. Colitogenic Thl cells are
present in the antigen-experienced T cell pool in normal mice: control

by CD4+ regulatory T cells and IL-10. ] Immunol 171:971-978.

Weiss, A., and ].B. Imboden. 1987. Cell surface molecules and early
events involved in human T lymphocyte activation. Adv Immunol 41:1-

38.

Reth, M. 1989. Antigen receptor tail clue. Nature 338:383-384.
Chan, A.C,, M. Iwashima, C.W. Turck, and A. Weiss. 1992. ZAP-70: a 70
kd protein-tyrosine kinase that associates with the TCR zeta chain. Cell

71:649-662.

Bubeck Wardenburg, J., C. Fu, J.K. Jackman, H. Flotow, S.E. Wilkinson,
D.H. Williams, R. Johnson, G. Kong, A.C. Chan, and P.R. Findell. 1996.
Phosphorylation of SLP-76 by the ZAP-70 protein-tyrosine kinase is
required for T-cell receptor function. / Biol Chem 271:19641-19644.

Genot, E, and D.A. Cantrell. 2000. Ras regulation and function in

lymphocytes. Curr Opin Immunol 12:289-294.

53



127.

128.

129.

130.

131.

132.

133.

134.

135.

Schulze-Luehrmann, J., and S. Ghosh. 2006. Antigen-receptor signaling

to nuclear factor kappa B. Immunity 25:701-715.

Matsumoto, R., D. Wang, M. Blonska, H. Li, M. Kobayashi, B. Pappu, Y.
Chen, and X. Lin. 2005. Phosphorylation of CARMA1 plays a critical role
in T Cell receptor-mediated NF-kappaB activation. Immunity 23:575-
585.

Sommer, K., B. Guo, J.L. Pomerantz, A.D. Bandaranayake, M.E. Moreno-
Garcia, Y.L. Ovechkina, and D.J. Rawlings. 2005. Phosphorylation of the
CARMAL1 linker controls NF-kappaB activation. Immunity 23:561-574.

Karin, M., and Y. Ben-Neriah. 2000. Phosphorylation meets
ubiquitination: the control of NF-[kappa]B activity. Annu Rev Immunol

18:621-663.

Hayden, M.S., and S. Ghosh. 2008. Shared principles in NF-kappaB
signaling. Cell 132:344-362.

Hacker, H., and M. Karin. 2006. Regulation and function of IKK and IKK-
related kinases. Sci STKE 2006:re13.

Chen, G., and D.V. Goeddel. 2002. TNF-R1 signaling: a beautiful
pathway. Science 296:1634-1635.

Lin, Y., A. Devin, A. Cook, M.M. Keane, M. Kelliher, S. Lipkowitz, and Z.G.
Liu. 2000. The death domain kinase RIP is essential for TRAIL (Apo2L)-
induced activation of IkappaB kinase and c-Jun N-terminal kinase. Mol

Cell Biol 20:6638-6645.

Wu, CJ.,, D.B. Conze, T. Li, S.M. Srinivasula, and ].D. Ashwell. 2006.
Sensing of Lys 63-linked polyubiquitination by NEMO is a key event in
NF-kappaB activation [corrected]. Nat Cell Biol 8:398-406.

54



136.

137.

138.

139.

140.

141.

142.

143.

Ea, C.K, L. Deng, Z.P. Xia, G. Pineda, and Z.J. Chen. 2006. Activation of
IKK by TNFalpha requires site-specific ubiquitination of RIP1 and
polyubiquitin binding by NEMO. Mol Cell 22:245-257.

Acuto, 0., and F. Michel. 2003. CD28-mediated co-stimulation: a

quantitative support for TCR signalling. Nat Rev Immunol 3:939-951.

Pages, F., M. Ragueneau, R. Rottapel, A. Truneh, ]. Nunes, J. Imbert, and
D. Olive. 1994. Binding of phosphatidylinositol-3-OH kinase to CD28 is
required for T-cell signalling. Nature 369:327-329.

Waterhouse, P., ].M. Penninger, E. Timms, A. Wakeham, A. Shahinian,
K.P. Lee, C.B. Thompson, H. Griesser, and T.W. Mak. 1995.
Lymphoproliferative disorders with early lethality in mice deficient in

Ctla-4. Science 270:985-988.

Nishimura, H. T. Okazaki, Y. Tanaka, K. Nakatani, M. Hara, A.
Matsumori, S. Sasayama, A. Mizoguchi, H. Hiai, N. Minato, and T. Honjo.
2001. Autoimmune dilated cardiomyopathy in PD-1 receptor-deficient
mice. Science 291:319-322.

Parry, R.V,, ].M. Chemnitz, K.A. Frauwirth, A.R. Lanfranco, [. Braunstein,
S.V. Kobayashi, P.S. Linsley, C.B. Thompson, and J.L. Riley. 2005. CTLA-4
and PD-1 receptors inhibit T-cell activation by distinct mechanisms.
Mol Cell Biol 25:9543-9553.

Chemnitz, .M., R.V. Parry, K.E. Nichols, C.H. June, and ].L. Riley. 2004.
SHP-1 and SHP-2 associate with immunoreceptor tyrosine-based
switch motif of programmed death 1 upon primary human T cell
stimulation, but only receptor ligation prevents T cell activation. J

Immunol 173:945-954,

Teft, W.A, M.G. Kirchhof, and ]. Madrenas. 2006. A molecular

perspective of CTLA-4 function. Annu Rev Immunol 24:65-97.

55



144.

145.

146.

147.

148.

149.

Cope, A.P,, R.S. Liblau, X.D. Yang, M. Congia, C. Laudanna, R.D. Schreiber,
L. Probert, G. Kollias, and H.O. McDevitt. 1997. Chronic tumor necrosis
factor alters T cell responses by attenuating T cell receptor signaling. J

Exp Med 185:1573-1584.

Zganiacz, A., M. Santosuosso, ]. Wang, T. Yang, L. Chen, M. Anzulovic, S.
Alexander, B. Gicquel, Y. Wan, ]. Bramson, M. Inman, and Z. Xing. 2004.
TNF-alpha is a critical negative regulator of type 1 immune activation

during intracellular bacterial infection. J Clin Invest 113:401-413.

Notley, C.A,, ].J. Inglis, S. Alzabin, F.E. McCann, K.E. McNamee, and R.O.
Williams. 2008. Blockade of tumor necrosis factor in collagen-induced
arthritis reveals a novel immunoregulatory pathway for Th1 and Th17

cells. ] Exp Med 205:2491-2497.

Kim, E.Y., and H.S. Teh. 2001. TNF type 2 receptor (p75) lowers the
threshold of T cell activation. ] Immunol 167:6812-6820.

Kim, E.Y., and H.S. Teh. 2004. Critical role of TNF receptor type-2 (p75)
as a costimulator for IL-2 induction and T cell survival: a functional

link to CD28.J Immunol 173:4500-4509.

Chatzidakis, I., G. Fousteri, D. Tsoukatou, G. Kollias, and C. Mamalaki.
2007. An essential role for TNF in modulating thresholds for survival,

activation, and tolerance of CD8+ T cells. ] Immunol 178:6735-6745.

56



57

Chapter 2




Anti-TNF therapy increases peripheral T
cell responses and IL-10 expression in

psoriasis patients.

Submitted paper

58



Anti-TNF therapy increases peripheral T

cell responses and IL-10 expression in psoriasis
%)atients

59



Francesca Bosé*, "Lorenzo Raeli*, Cecilia Garutti’, Elena Frigerio#,

Alessandra Cozzi#, Marco Crimi®, Flavio Caprioli**, Rossana

Scavelli§, Gianfranco Altomare#, Sergio Abrignani*§, and Eva Reali*.

* Department of Immunology, INGM-National Institute of Molecular
Genetics, Milan, Italy.

* Department of Dermatology, IRCCS Istituto Ortopedico Galeazzi,
Milan, Italy

¥ Department of Genomics and Molecular Biology, INGM-

National Institute of Molecular Genetics, Milan, Italy.

** Unit of Gastroenterology II, IRCCS Ospedale Maggiore

Policlinico, Mangiagalli e Regina Elena, Milan, Italy
Y The authors equally contributed to this work

Abstract

TNF-blocking therapy is successfully used in the treatment of
immune-mediated and inflammatory diseases. Although the inhibition
of inflammatory pathways in target tissues by anti-TNF therapy has
been clearly described, the impact of TNF-blockade on peripheral T
cell responses in humans is still unclear. Here we studied T cell
effector functions in psoriasis patients before and after treatment with
anti-TNF by measuring a wide panel of cytokines as well as cell
division upon in vitro stimulation. In parallel, the modulation of T cell
cytokine gene expression was evaluated in psoriatic skin lesions.
Results clearly evidenced that TNF-blockade increases T cell cytokine
responses, mainly Thl and Thl7, in peripheral lymphocytes upon
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stimulation. Importantly, TNF-blockade also induced a potent
enhancement of IL-10 expression by different subsets of circulating
leukocytes that was found to correlate with the clinical outcome of the
therapy.

Despite the enhanced T cell cytokine responses in the peripheral
circulation, in psoriatic skin lesions the overall effect of TNF-
blockade was a diminished expression of Thl and Thl7 cytokine
genes, paralleled by augmented expression of 7/10.

These evidences indicate a negative regulatory role of TNF on T cell
activation and effector functions and enlighten a new role for TNF-
blockade in the up-regulation of IL-10 that may participate to the shut

down of the inflammatory reaction.

Introduction

Anti-TNF therapy has been successfully applied to the treatment of
several autoimmune and inflammatory diseases, such as rheumatoid
arthritis, psoriasis and Crohn’s disease (1, 2). Tumor necrosis factor is
a pleiotropic cytokine critical for inflammation, neogenesis of
lymphoid tissues, and host defence against various pathogens. As a
pro-inflammatory molecule, TNFa possesses multiple activities
including the induction of cytokines IL-1, IL-6 and IL-8, macrophage
and neutrophil activation and is a key mediator of tissue damage in
psoriasis and other types of inflammatory diseases (1, 3).

Psoriasis is chronic inflammatory skin disease, characterized by skin
infiltration of activated T cells and myeloid and plasmacytoid DC (4,

5). At dermal level, T cells and dendritic cells aggregate in organized
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lymphoid tissues that trigger and perpetuate T cell responses, which in
turn mediate the immunological damage through the secretion of Thl
and Th17 type cytokines (4, 6). TNF-blockade has been shown to
down regulate Th17 cytokine expression and other downstream pro-
inflammatory molecules such as IL-8 and MCP-1 in psoriatic skin
lesions (3, 6). Despite the evidences provided regarding the regulation
of inflammatory pathways in inflamed skin, the impact of TNF-
blockade on systemic immunological homeostasis and on T cell
mediated immune responses in humans is still unclear.

Evidences on mouse models and in vitro studies have suggested a
negative regulatory role of TNF on helper T cell responses, but the
effect of a functional knockdown of TNF on T cell activation and
effector functions in autoimmune patients has not been completely
characterized. A previous study has indicated TNF as a negative
regulator of Th1l T cell responses in a mouse model of mycobacterial
infection (7). In support of this hypothesis, a very recent report has
evidenced expanded Thl and Th17 cell populations in a model of
collagen-induced arthritis upon treatment with TNF-blocking agents
(8).

More controversial findings have been reported on the effect of TNF
on T cell activation. One study in a TcR-transgenic mouse model has
suggested that chronic exposure to TNF attenuates TcR signaling and
T cell proliferative responses (9, 10). Conversely, another group has
demonstrated in a TNFR(p75)-deficient mouse models, that signalling
through TNFRp75 lowers the T cell activation threshold (11-13).

In addition, TNF-deficiency leads to exacerbation of certain

autoimmune pathologies such as experimental autoimmune
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encephalomyelitis (EAE) and murine lupus (14, 15). This controversy
points out the increasing need to clarify the impact of TNF depletion
on immunological homeostasis in a clinical situation.

A more extensive characterization has been provided on regulatory T
cell function in autoimmune patients upon TNF-blockade. Studies in
patients with rheumatoid arthritis have reported that anti-TNF
treatment was able to reverse the functional defect of regulatory T
cells by increasing their suppressive capacity and upregulating FoxP3
mRNA and protein expression (16, 17). Increase of immune
suppression in anti-TNF treated patients through the induction of
regulatory T cells producing TGF- and IL-10 has also been described
(18). IL-10 is another key mechanism for maintaining immunological
homeostasis and preventing tissue damage (19-22). It exerts its anti-
inflammatory activity by inhibiting secretion of pro-inflammatory
cytokines by T cells as well as by impairing dendritic cells functions
(23, 24). Recent studies have demonstrated that IL-10 production can
represent a normal stage in the Th1 differentiation programme (19, 20,
22). Moreover, a very recent report has described IL-10/IFNy-
producing T cells as an effector-like cell subpopulation with
regulatory function (25). So far, there are no clear indications of the
effect of TNF-blockade on IL-10 expression by different subsets of T
cells and leukocytes.

Here we studied, in psoriasis patients treated with anti-TNF, the
peripheral T cell responses in terms of phenotype, cytokine expression
and T cell proliferation in parallel with the modulation of cytokine

gene expression in psoriatic skin lesions.
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We demonstrated that TNF-blockade induced an enhanced T cell
responses in circulating lymphocytes and a potent enhancement of IL-
10 expression that was found to correlate with the clinical outcome of
the therapy. In psoriatic skin lesions the overall effect of TNF-
blockade was a diminished expression of Thl and Thl7 cytokine

genes and increased expression of //10.

Material and methods

Patient population

26 healthy donors (HD) from IRCCS Ospedale Maggiore Foundation
(Milan, Italy) and 29 patients from IRCCS Istituto Ortopedico
Galeazzi (Milan, Italy) with a diagnosis of cutaneous psoriasis with
PASI (Psoriasis Area and Severity Index) > 10, ranging in age from
18 to 70 were enrolled in this study. Criteria for patient selection
included the absence of comorbidities such as diabetes mellitus,
genetic diseases, HCV or HIV infection. Patients undergoing
treatment with either CSA, methotrexate or systemic corticosteroids
during anti-TNF therapy or within 3 weeks before the beginning of the
therapy were excluded from the study. Patients were treated with
TNF-blocking agents Infliximab (5 mg/kg i.v. at weeks 0, 2, 6 and
every 8 weeks), Etanercept (25 mg s.c. twice a week) or Adalimumab
(80 mg s.c. twice in the first infusion, 40 mg after 1 week and then 40
mg every 15 days). Blood samples were collected before therapy and
1, 3 and 6 months after treatment. Punch biopsies were collected from
lesional skin under untreated conditions and after one month therapy

in the same lesional area. The study was approved by the ethical
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commission and written informed consent was obtained from all

patients and donors before they entered the study.

Isolation and culture of cells

Peripheral blood mononuclear cells (PBMC) were prepared from
buffy coats obtained from healthy volunteers or whole blood from
patients by Ficoll gradient centrifugation (Lympholyte®, Cedarlane®
Hornby, Ontario, Canada). Isolation kit for CD14+ monocytes,
CD19+ B cells, CD8+, CD4+CD25— and CD4+CD25+ lymphocytes
were isolated using Miltenyi Biotec isolation kit (Bergisch Gladbach,
Germany) according to the manufacturer’s instructions. PBMC and
purified leukocyte subpopulations were cultured at a density of 1 x10°
cells/ml for 24-48 hours in RMPI 1640 + GlutaMAX™-I medium 10%
FCS (Gibco®, Invitrogen™, Carlsbad, CA), Sodium Pyruvate 1mM
and non essential amino acid 0.ImM (Gibco®) in 96-well flat-plates
(Nunc, Roskilde, Denmark). Total PBMC, CD4+CD25- T cells were
cultured in the presence of 0.05 - 0.5 pg/ml plastic-bound anti-CD3
antibody (eBioscience, San Diego, CA; OKT3). CD14+ monocytes
were cultured in the presence of 1 pg/ml LPS (Sigma-Aldrich, St.
Louis, MO, USA). CD19+ cell population was cultured in the
presence of 5 pug/ml CpG (Primm srl, Milan, Italy;
TCGTCGTTTTGTCGTTTTGTCGTT). Controls were performed in

the absence of stimulation. Supernatants were collected after 24-48h
and tested for cytokine quantification. Purity of cells was detected by
FACS analysis and percentage of dead cells was determined by

adding 7AAD fluorescent dye (BD Biosciences).
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For the intracellular detection of cytokines, PBMC at a density of 1 x
10° were cultured in flat-bottom plates in the presence or absence of
10 pg/ml TSST-1 superantigen, 1 pg/ml anti-CD28 and 1 pg/ml
CD49d (BD Biosciences). After the first 2 hours, Brefeldin A
(GolgiPlug, BD Biosciences) was added overnight. For stimulation
with HIN1 influenza-derived protein, PBMC were cultured as
described above in the presence of 10 pg/ml HIN1. After 12 hours,
brefeldin A was added overnight.

Cytokine assay

For soluble IL-2, IL-4, IL-5, IL-10, IFN-y, TNF-a detection in the
culture supernatants, the human cytometric bead array (CBA) kit for
Th1/Th2 cytokines (BD Biosciences) was used, according to the
manufacturer's instructions. Data analysis was performed using FCAP
software (Soft Flow Inc., New Brighton, MN). For soluble IL-17
detection, human IL-17 duo-set® ELISA kit was used (R&D Systems,
Minneapolis, MN).

CFSE dilution assay.

To asses proliferation, 1 x 10° PBMC from patients, were labelled
with 0,5 uM CFSE obtained from Invitrogen (Eugene, Oregon). Cells
were cultured in the presence of 0.05 pg/ml plastic-bound anti-CD3
mAb (eBioscience) or in uncoated wells. After 3 to 6 days of culture 5
x 10° cells were collected and stained for flow cytometric analysis.
The exclusion of dead cells was performed by adding 7AAD

fluorescent dye (BD Biosciences).
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Monoclonal antibodies and flow cytometric analysis

For immunostaining the following monoclonal antibodies (BD
Biosciences): mouse anti-human CD3-FITC, CD4-PerCP, CD4-APC,
CD8-APC, CD8-PE, CD25-PE, CD69-PE-CyS5, IFN-y-APC; rat anti-
human IL-2-APC, IL-10-PE were used.

Freshly isolated peripheral blood mononuclear cells (PBMC) were
stained with conjugated monoclonal antibodies at 4 °C for 10 min and
fixed using CytoFix or, for intracellular staining, CitoFix&Perm
solution (BD Biosciences).

For intracellular IFNy detection on CD4+ T lymphocytes, 2 x 10°
PBMC were stained with anti-CD4-PerCP and Live/Dead fluorescent
dye (Live/Dead Fixable dead cell stain kit, Invitrogen). Lymphocytes
were then permeabilized wusing CitoFix&Perm solution (BD
Biosciences) and stained for APC-conjugated anti-IFNy. Samples
were acquired using FACSCalibur (BD Biosciences) flow cytometer
and data were analyzed with the FlowJo software (Tree Star, Ashland,

OR).

RNA extraction and Real Time PCR

Total RNA from PBMC and lymphocyte subpopulations was isolated
using RNeasy Mini kit (QIAGEN Gmbh, Hilden, Germany) under
RNase-free conditions according to the instructions of the
manufacturer. RNA from skin biopsies was extracted from tissues
frozen in liquid nitrogen using the RNeasy fibrous tissue Mini Kit
(QIAGEN).

cDNA was synthesized from a constant amount of total mRNA using

Superscript Il first-strand synthesis supermix  (Invitrogen) as
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described by the manufacturer. Gene expression was evaluated using
TagMan Gene Expression Mastermix and commercially available
TagMan Gene Expression Assays (Applied Biosystems, Foster City,
CA). For each sample, PCR reaction was performed in triplicate. Data
were normalized to GAPDH housekeeping gene expression. RNA
samples that were analyzed by TagMan Low Density array Human
Immune Panel (Applied Biosystems) were retrotranscribed by High
Capacity cDNA Reverse Transcription kit (Applied Biosystems)

according to the instructions of the manufacturer.

Statistical analysis

For cytokine quantification, expression of surface marker and for real
time PCR experiments, significance levels were calculated by
Student’s t-test and Wilcoxon rank test. Correlation between the
cytokine increase and the decrease of PASI score was calculated by
linear regression analysis and expressed as R-squared value. Data
were analyzed by Prism 5 software (GraphPad Software Inc., La Jolla,
CA). P values of less than 0.05 were considered statistically

significant.

Results

Anti-TNF therapy up-regulates cytokine expression in aCD3

stimulated PBMC from psoriasis patients.
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In order to study the effect of TNF-blocking therapies on T cell-
mediated immune responses, we first measured Th1/Th2/Th17 and IL-
10 cytokine secretion by PBMC from psoriasis patients in response to
polyclonal stimulation with aCD3 antibody, before and during anti-
TNF therapy. We analysed 29 patients treated either with soluble-
TNFRII-Fc fusion protein (Etanercept, n=16) or with anti-TNF
antibodies, such as the chimeric antibody Infliximab (n=8) and the
recombinant humanized antibody Adalimumab (n=5).

Figure 1A shows the cytokine production by individual patients before
therapy, after 1 month anti-TNF therapy and by healthy donors.
Enhancement of cytokine production was observed in PBMC from
patients undergoing anti-TNF therapy as compared to the untreated
group upon stimulation with aCD3 antibody. In particular IL-10 was
enhanced to the highest level, but a significant enhancement was also
observed for IL-2, IL-17 and IFNy[]expression.

IL-4 and IL-5 Th2 cytokines were only moderately increased and
significance levels were not reached. In contrast, no differences were
observed in cytokine secretion by PBMC from untreated patients as
compared to the healthy control group. The data are referred primarily
to 1 month anti-TNF therapy, but for several patients experiments
were performed also at 3 and 6 months after therapy with similar
results (data not shown). At each time point clinical conditions were
evaluated and disease severity was quantified by PASI (Psoriasis Area

and Severity Index) score.
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Figure 1: Increased cytokine expression in PBMC from anti-TNF-treated patients.
PBMC from healthy donors and from psoriasis patients at baseline and after 1 month
anti-TNF therapy (Infliximab, Etanercept, Adalimumab) were collected and
activated with plastic-bound oCD3 antibody. (A) Thl, Th2, IL-10 and IL-17
cytokine production was measured in the supernatants after 24h. IL-10, IFN-g, IL-2,
IL-4, IL-5, TNF-a and IL-17 cytokine levels secreted by PBMC from individual
patients at baseline, after anti-TNF therapy (Infliximab, Etanercept or Adalimumab)
and by healthy donor PBMC are shown in the figure. Significance levels were
calculated by Student’s t test and are indicated by horizontal bars. (B-C) IL-10
production in individual patients treated with different TNF-blocking agents. PBMC
from patients before and after anti-TNF therapy were cultured in the presence of
plastic-bound[] aCD3 for 24h and supernatants were collected for CBA analysis.
IL-10 levels were measured in individual patients treated with Etanercept (n=12;
filled circles) or monoclonal antibodies Infliximab and Adalimumab (n=7; filled
square Infliximab, open square Adalimumab). Number of samples, cytokine average

increase and significance levels, calculated by Student's t test, are reported below

each diagram.

70



Similar data were obtained on PBMC from patients with Crohn’s
disease treated with TNF-blocking agents indicating that the
phenomenon is attributable to the blockade of TNF function
independently of the pathology (data not shown).

Longitudinal data analysis on PBMC from psoriasis patients
evidenced that IL-10 enhancement occurred in 18 out of 19 individual
patients with an average increase of 4.43 fold (Figure 1B). TNF-
blockade significantly upregulated IL-10 production either with
TNFR-based or with antibody-based treatment in individual patients
as compared to their untreated counterparts (Etanercept, n=12
patients; Infliximab or Adalimumab, n=7 patients) (Figure 1C).
Similarly to IL-10, other cytokines such as IL-2, IL-17, IFNy[J [ TNF-
a and IL-4 were significantly upregulated to similar level in the two
treatment groups (supplemental Figure 1).

Control experiments were performed by culturing in vitro aCD3-
stimulated PBMC from patients before and after TNF-blockade, in the
presence of soluble TNFR-Fc (Etanercept), showing no alteration in
the increase of cytokine production induced by anti-TNF therapy
(supplemental Figure 2).

Cytokine levels were also measured in the serum from patients before
and after treatment, showing no detectable variations in IL-10, IL-2 or
IFNy induced by anti-TNF therapy (supplemental Figure 3).

The up-regulation of cytokine expression by anti-TNF was studied
also by gene expression analysis on aCD3-stimulated PBMC by real-
time RT PCR.

We analyzed the expression of a panel of T cell-derived cytokine

genes as well as IL-10. Results in Figure 2 show that consistently
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with cytokine secretion, mRNA for IL-10, IFNyJand[l IL[12 was
significantly enhanced after anti-TNF therapy.
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Figure 2: Multiple gene expression analysis in psoriasis patient PBMC. PBMC
from psoriasis patients before (white bars) and after anti- TNF therapy (black bars)
were cultured with plastic-bound aCD3 antibody for Sh and RNA was extracted and
analyzed by quantitative real time PCR The mean + SE of 10 experiments from
different patients are presented relative to the expression of transcript encoding
GAPDH. Each experiment was performed in triplicate. Significance levels,

calculated by Wilcoxon Rank test, are shown in figure.

mRNA for Th2 cytokine IL-4 was also enhanced whereas //5 and 1/13
expression were not significantly altered.

Consistently, the expression of mRNA for IL-17, IL-21 and IL-22,
Th17 cytokines was significantly increased after anti-TNF therapy. In
parallel with the up-regulation of Thl, Th2 and Thl7 cytokine
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expression we also found in unstimulated PBMC an enhanced
expression of /L12B gene encoding the common p40 subunit of IL-12
and IL-23 cytokines. A similar enhancement was observed in mRNA
expression for the cytokine IL-27 which induces IL-10 and Thl
differentiation (22, 26) (supplemental Figure 4).

Increased IFNy production by CD4 T cells in response to TSST-1
superantigen and antigen-specific stimulation in anti-TNF treated
patients.

To determine whether upregulation of cytokine expression by anti-
TNF corresponded to increased cytokine response to antigenic
stimulation, we next evaluated the IFNy response of CD4 T cells to in
vitro activation with the staphylococcal superantigen TSST-1. Data in
Figure 3A show that increased IFNy production after TNF-blockade
was observed in 3 out of 4 individual patients as determined by
intracellular cytokine staining on CD4 T cells.

Similar results were obtained on CD4 T cells following in vitro
stimulation with HIN1 influenza-derived protein (Figure 3B). This
indicates that CD4 T cells have an increased cytokine response to
antigen-specific stimulation following therapy with anti-TNF.

To define whether the effect of TNF-blockade on cytokine secretion
corresponded to increased T cell activation in response to stimuli, we
also evaluated the surface induction of the early T cell activation
marker CD69, as well as CD4 and CD8 T cell proliferation, upon
polyclonal activation of total PBMC. The surface induction of CD69
was evaluated in individual patients upon anti-TNF treatment and in

untreated conditions. Data in Figure 3C show that CD3+ T
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lymphocytes from treated patients displayed moderate but
significantly increased expression of CD69 as compared to untreated

counterparts.
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Figure 3: Increased IFN-g production by CD4+ T cells in response to TSST-1 and
Influenza-derived antigen. (A) Intracellular cytokine staining for IFN-g on CD4+
gated T cells. PBMC were cultured for 12h in the presence of 10 pg/ml TSST-1
superantigen, 1 pg/ml aCD28 and 1 pg/ml aCD49d antibodies. Brefeldin A was
added after the first 2h of stimulation. Shown are FACS analysis of CD4+ gated T
cells from individual patients at baseline and after anti-TNF therapy (Ptl, Pt18=
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Etanercept; Pt6, Pt16= Infliximab). (B) Costaining of IFN-g with CD40L on CD4+
gated cells. PBMC were cultured for 24h with 10 pg/ml HINI influenza-derived
protein, 1 pg/ml anti-CD28 and 1 pg/ml CD49d. Brefeldin A was added in the last
12h. Shown are FACS analysis of CD4+ gated T cells from 2 individual patients
before and during anti-TNF therapy (pt7= Etanercept; ptl6= Infliximab). (C)
Evaluation of the surface induction of CD69. PBMC were cultured for 6h in the
presence of plastic-bound aCD3 antibody and CD69 surface expression was
detected by flow cytometry. Percentages of CD69+ on CD3+ T cells in individual
patients (n=6) analyzed before and after anti-TNF treatment are represented in the
figure. (D) CD4+ and CD8+ T cell proliferation. PBMC from patients before and
after 1 mo. anti-TNF therapy were labeled with 0.5 uM CFSE and cultured in
presence of 0.05 pg/ml plastic-bound aCD3 for 6 days. Shown are FACS data on
7AAD gated cells. Numbers indicate the percentage of dividing CD4+ (left panels)
and CD8+ (right panels) lymphocytes.

Proliferation of CD4 and CD8 T cells in response to aCD3
stimulation of total PBMC was not considerably altered in 4 out of 6
patients, after anti-TNF treatment as compared to baseline. Indeed no
variation in the percentage of proliferating cells or in the number of
cell divisions was observed (Figure 3D). However, in two patients that
strongly up-regulated cytokine expression following anti-TNF
therapy, both CD4+ and CD8+ T cell proliferation was augmented.

Finally, phenotype analysis on peripheral lymphocytes isolated from
patients before and after anti-TNF therapy indicated that no increase
either in the percentage of individual T and B cell lineage markers or
in the percentage of peripheral T and B cells expressing activation
markers (CD69, CD25, CD71 and HLA-DR) were induced by TNF-
blockade (supplemental Table I). Together these data suggest that, in

most of the patients, anti-TNF did not induce substantial increase in
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the T cell activation state of circulating lymphocytes but rather

increased the reactivity of T cells upon stimulation.

TNF-blockade upregulates gene expression of lineage-specific
transcription factors T-bet and RORyt in CD4+CD25- T cells.

To further investigate the upregulation of cytokine expression in the T
helper cell compartment, T cell derived cytokine analysis was
performed on purified CD4+CD25- T cells stimulated with aCD3
showing increased production of IL-10, IFN-g, IL-2 and IL-17
cytokines (Figure 4A). Th2 cytokine IL-4 was also increased with a
similar trend, however differences were not significant. Conversely, a
moderate but significant increase was observed for IL-5. Data were
confirmed by gene expression analysis on purified CD4+CD25- T

cells (data not shown).
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Figure 4: Increased cytokine secretion and 7hx21, Gata3, Rorc gene expression on
CD4+CD25- T cells. (A) Cytokine secretion by aCD3-stimulated CD4+CD25- T
cells from patients at baseline (white bars) and after therapy (black bars). Data
represent the mean + SE of § separate experiments performed on cells from different
patients. Significance levels were calculated by Wilcoxon rank data analysis. (B)
Gene expression analysis of lineage-specific transcription factors on CD4+25- cells.
CD4+25- T cells isolated from individual patients before (white bars) and after
TNF- blockade (black bars) were cultured for 5h in unstimulated or aCD3-
stimulated conditions. RNA was extracted and analyzed by quantitative real time
PCR for the expression of Thx21, Gata3 and RORC genes, encoding the lineage-
specific transcription factors T-bet, GATA3 and RORyt respectively. Data represent
the mean + SE of 5 separated experiments performed on different patients relative to
expression of GAPDH housekeeping gene. Each experiment was performed in

triplicate.

To further investigate the Th1, Th2 and Th17 cytokine expression, we
analyzed the level of mRNA for genes encoding the lineage-specific
transcription factors T-bet, GATA3 and RORyt, in both unstimulated
and aCD3 stimulated CD4+CD25- T cells from individual patients
before and after anti-TNF therapy (Figure 4B). Consistently with
cytokine production, we found that in CD4+CD25- T cells, tbx21 was
enhanced to significant levels in both unstimulated and oCD3-
stimulated conditions (Figure 4B), whereas RORC expression was
significantly enhanced only in oCD3-stimulated CD4+25- cells.
GATA3 expression was not considerably altered upon anti-TNF

treatment (Figure 4 B).
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Upregulation of IL-10 expression occurs in all IL-10-producing
cell subsets and positively correlates with the clinical outcome of
the therapy.

To understand whether the modulation of pro-inflammatory and anti-
inflammatory cytokines induced by anti-TNF could correlate with the
clinical response to the treatment, a linear regression analysis was
performed to calculate the relationship between the percentage of
decrease of the psoriasis score (PASI) and the fold increase of
cytokine secreted by PBMC after treatment.

Results in Figure 5A demonstrate that the enhancement of IL-10
production induced by anti-TNF therapy positively correlated (R*=
0.33) with the clinical amelioration of psoriasis disease (significance
level p=0.009). In contrast, no significant correlation was found for
the up-regulation of other cytokines, (IFNy[] IL-17 or IL-2) and the
disease response to the therapy, suggesting that among the cytokines
up-regulated by anti-TNF, IL-10 may play a role in the clinical
amelioration of the disease.

This was further confirmed by the analysis of cytokine up-regulation
in patients divided on the basis of their response after 1 month
treatment: highly responsive to anti-TNF therapy (>50% PASI
decrease, n=8) and normally-low responding to the therapy (<50%
PASI decrease, n=10). The analysis shows that the average fold-
increase of IL-10 was significantly higher in the highly responding
group as compared to the normally-low responders (Figure 5B). A
similar trend was observed for IL-2 and IL-17 increase but differences

were not significant.
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Figure 5: Up-regulation of IL-10 correlates with the clinical outcome of the therapy.
(A) Correlation between the fold increase of cytokine production by aCD3-
stimulated PBMC and the percentage of decrease of the PASI score was calculated
by linear regression analysis in 19 individual patients after 1 month anti-TNF
therapy. The correlation for single cytokine was expressed as R-squared values. (B)
Fold-increase of cytokine secretion was compared in patients divided in two groups:
highly responding (>50% of PASI decrease within 1 month anti-TNF therapy, n=8)
and normally-low responding (<50% PASI decrease within 1 month anti-TNF

therapy, n=10). Significance levels were calculated by Student's t test.

To further characterize the up-regulation of IL-10 expression by anti-
TNF, we evaluated IL-10 protein secretion and mRNA expression in
different immune cell subsets under both stimulated and unstimulated
conditions.

CD4+CD25- and CD4+CD25+ cells were isolated from individual
patient PBMC at different time-points during anti-TNF therapy and
IL-10 modulation was investigated. Data in Figure 6A shows that in
individual patients, the expression of IL-10 is up-regulated to higher

level in CD4+CD25- T cells as compared to oCD3-stimulated
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CD4+CD25+ cells, as evidenced by cytokine quantification in the

supernatant.
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Figure 6

Expression of IL-10 is up-regulated in different IL-10-producing cell subsets.

(A and C) Different leukocyte cell subsets (CD4+25-, CD4+25+, CD14+ and
CD19+) were separated from individual patient PBMC at baseline (white bars) and
after therapy (black bars) and cultured in stimulated conditions (0.1 pg/ml plastic-
bound aCD3 stimulation for T cell subsets, 1 pg/ml LPS stimulation for CD14+ and
5 ng/ml CpG for CD19+ cells). Supernatants were collected after 48h for cytokine
detection and RNA was extracted after Sh for real time PCR experiments. IL-10
secretion and gene expression by different leukocyte cell subsets are shown in the
figure (A. Pt 51; B. Pt 49) and are representative of at least 4 experiments. For real
time PCR experiments, data were normalized to GAPDH housekeeping gene. (B)
Intracellular cytokine staining for IL-10 and IFN-g on CD4+CD25- T cells. Cells
were stimulated with aCD3/aCD28-coated beads for 30 h and Brefeldin A was
added in the last 12 h. Shown are FACS profile of CD25+-gated T cells of 2
representative experiments out of 4 performed on different patients undergoing

treatment with TNF-blocking agents.
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CD4+CD25+ cells secreted lower amount of IL-10 that was
moderately increased by anti-TNF, indicating that regulatory T cells
are not the only source of IL-10 after anti-TNF therapy.

To investigate whether IL-10 increase occurs in activated Thl cells
producing IFNy, we performed intracellular cytokine staining
experiments for IL-10 and IFNy[][ldetection on CD4+CD25- T cells
isolated from patients before and after TNF-blockade. From this
experiments it was shown that upon anti-TNF treatment, both IL-10+
cells and IFNy+IL-10+ double positive cells were augmented to
similar levels (Figure 6B). This observation evidences that increased
production of IL-10 occurs also in the potentially pathogenic subset of
[FNyproducing Thl cells and this may have implications in the
therapeutic effect of the treatment.

Results also exclude that a single expanded cell subset may be
responsible for enhanced expression of IL-10. Indeed, up-regulation
of IL-10 was observed also in the other IL-10-producing cell subsets,
such as CD14+ cells and CD19+ B cell fraction (Figure 6C).
Analogously, IL-10 enhancement was also observed in CD8+ T cell
fraction (supplemental Figure 5). Up-regulation of IL-10 was evident
on the constitutive mRNA expression in the absence of activating

stimuli in all cell subsets (data not shown).

Cytokine gene expression in skin lesion after anti-TNF therapy

To evaluate the modulation of cytokine expression in the target tissue
as compared to circulating lymphocytes we analyzed, in individual
patients, cytokine expression in inflamed lesional skin before and after

anti-TNF therapy. Gene expression analysis was performed for T cell
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derived cytokines, inflammatory cytokines, chemokines and lineage
associated markers. Figure 7A and B show two representative
experiments of gene expression on regressing skin lesions from
individual patients. The results clearly evidenced that the expression
of T cell derived proinflammatory cytokine genes such as ///7 and
Ifny was strongly downregulated during remission of psoriatic plaque,
despite in the same patients, TNF-blockade induced the up-regulation
of Thl and Thl7 cytokines in peripheral lymphocytes (data not
shown). Noticeably, the expression of chemokine genes such as cc/3,
cxcll0 and cxclll was considerably downregulated in lesional skin
upon TNF- blockade (Figure 7), suggesting that the inhibition of T
cell migration in the target organ may plays a crucial role in the
regression of inflammation.

Confirming previous observation from other groups, the downstream
inflammatory cytokines ///b and /8 were potently downregulated in
psoriatic plaques upon anti-TNF treatment (3, 27).

The shut down of the inflammatory pathways in the skin corresponded
to a decrease in the expression of T cell lineage marker genes such as

cd3, cd4, cd8 in 2 out of 4 biopsies (Figure 7A and data not shown).
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Figure 7: Down-regulation of pro-inflammatory gene expression and up-regulation
of 1I-10 in skin lesions after anti-TNF therapy. Punch-biopsies from 4 individual
patients were collected before (white bars) and after TNF- blockade (black bars) in

the same lesional area. RNA was extracted and gene expression was analyzed by
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real time PCR and by TagMan Low Density array Human Immune Panel (Applied
Biosystem). Values shown are the mean * SD of triplicate samples. Data are
normalized to GAPDH housekeeping gene. Figure shows two representative

experiments (A. Pt 38; B. Pt 36) out of 4.

In the other 2 biopsies decreased expression of proinflammatory genes
occurred without decrease of T cell lineage marker gene expression
after 1 mo. therapy (Figure 7B and data not shown).

Despite the reduction of other cytokines and T cell associated genes,
1110 mRNA was enhanced in psoriatic skin lesions after anti-TNF
therapy (Figure 7), suggesting that other cell sources than T cells may

account for this phenomenon.

Discussion

This study provides new insights on the impact of TNF-blockade on T
cell responses and immunological homeostasis in patients with
chronic inflammatory disease. In particular, it highlights the role of
TNF-blockade in enhancing T cell effector functions in response to
activating stimuli without altering the activation state of circulating
lymphocytes. Moreover, it is enlightened a new role for TNF-
blockade in the upregulation of IL-10 expression that was found to
positively correlate with the clinical outcome of the therapy. Finally, it
is clearly demonstrated the divergent effect of anti-TNF in up-
regulating Thl and Thl7 pro-inflammatory cytokine responses in
peripheral blood lymphocytes while inhibiting pro-inflammatory
pathways in inflamed lesional skin. The up-regulation of Thl and

Th17 cytokines and, with a similar trend, also Th2 cytokines was
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observed in PBMC and purified CD4+CD25- cells at both level of
protein secretion and mRNA expression and was paralleled with the
up-regulation of the expression of 7hx21 and RORC encoding the Thl
and Thl7 lineage-specific transcription factors T-bet and RORyt
respectively.

These findings importantly demonstrate in humans a very recent
evidence obtained in a mouse experimental model of collagen-induced
autoimmune arthritis. The results of this study showed that anti-TNF
therapy expanded Thl and Th17 T cell populations, suggesting that
TNFa, through TNFRpS5, may be part of a negative feedback loop
that limits Th17 and Thl responses (8). A similar hypothesis came
from a previous study on a mouse model of infection with
Mycobacterium, showing that TNF-/- mice succumbed to Ilung
infection because of tissue destruction caused by hyperactivation of
Thl responses. These evidences together with earlier studies
indicating that TNF could act by attenuating TcR signaling, have lead
to the hypothesis of a negative regulatory role of TNF on T cell
responses (7, 9, 10).

Our data obtained on patients with a functional knock-down of TNF
strongly support the role of TNF as a negative regulator of T cell
effector functions. Nevertheless, we found that the proliferation of
CD4+ and CD8+ T cells in response to aCD3 stimulation of total
PBMC was not altered in 4 out of 6 patients. This could be due to the
concomitant induction of immunosuppressor mechanisms such as IL-
10 and the suppressor function of regulatory T cells that may limit T

cell activation and expansion (17, 18).
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The enhancing effect of TNF-blockade on T cell cytokine responses
was observed also upon stimulation with superantigen and influenza-
derived antigen. This may indicate an increased T cell reactivity to
recall antigens or microbial pathogens that may account for the lack of
evidence of increased susceptibility to infection that was expected to
occur in patients after TNF depletion (28).

Increased reactivity of T cells, mostly Th1/Th17, could explain some
of the controversial effect of TNF-blockade in autoimmune conditions
(29). In fact, TNF-blockade was shown to increase both the rate and
the frequency of relapse in patients with existing multiple sclerosis
(30). Similarly, in murine models of lupus TNF-deficiency has been
linked to exacerbation of the disease and increased anti-nuclear
antibody production (15). In addition, a number of cases of
development of psoriatic lesions has been reported in patients with
different inflammatory diseases after anti-TNF treatment (31, 32).

As concerns the down regulation of T cell pro-inflammatory cytokines
in the inflamed tissues, it has been hypothesized in the murine model
of collagen-induced arthritis, that the mechanisms by which TNF-
blockade is able to reduce disease activity while expanding population
of Thl and Th17 cells is preventing the migration of pathogenic T
cells to the inflamed tissues (8). Consistently with this hypothesis, we
observed decreased expression of chemokine genes including cxcl0
and cxcll1 mediating the recruitment of activated T lymphocytes and
DC to the inflamed tissues. These results are in agreement with
previous observation by other groups on the modulation of chemokine

expression by anti-TNF in different types of pathologies (3, 27) and
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support the hypothesis that inhibition of T cell migration to inflamed
site may represents a key event in disease remission (8).

Reduced expression of T cell marker genes such as Cd3, Cd4 and Cd$
was observed in two out of 4 patients after one month TNF-blockade.
It has been reported that suppression of inflammatory genes in
psoriatic plaques during TNF-blocking therapy occurs more quickly
and to a larger extent than overall reductions in associated leukocyte
subsets leading to the hypothesis that reduced T cell inflammatory
genes may be due to a reduction of DC mediated T cell activation (3).
In addition, it was postulated that the early decrease in chemokine
mRNA including CXCL-10 and CXCL-11 could account for
subsequent decrease in the infiltration of activated T cells. Our data
strongly support this hypothesis and also suggest that other
mechanisms may contribute to the early inhibition of T cell
inflammatory cytokine expression in psoriatic plaques. This includes
the upregulation of IL-10 expression.

On the basis of our data on circulating leukocytes, possible source of
IL-10 could be the potentially pathogenic IFNy-producing Thl cells
as well as other cell sources, including CD14+ cells.

In fact we demonstrated that up-regulation of IL-10 expression by
anti-TNF occurred in all IL-10-producing cell subsets and the highest
level of IL-10 up-regulation was observed in CDI14+ cells.
Collectively these data demonstrate a dual effect of TNF-blockade in
increasing pro-inflammatory T cell reactivity in the peripheral
circulation while blocking the downstream inflammatory cascade in

psoriatic lesions.
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At the same time, TNF-blockade up-regulates /10 expression both in
peripheral lymphocytes and in the inflamed tissue suggesting a role
for IL-10 in regulating the cytokine network during the shut down of
the inflammatory reaction.

The dichotomy in the effect of TNF-blockade will help to distinguish
the immunological mechanisms that are beneficial for clinical
regression of autoimmune pathologies from thus that are potentially
harmful, and may open new perspectives for the designing of selective

immonotherapeutic approaches.
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Supplemental Figure 1: Enhancement of cytokine production in individual patients

treated with different TNF-blocking agents. PBMC from patients at baseline and

after TNF-blocking therapy were stimulated with plastic-bound aCD3 antibody and

supernatants were

collected after 24h. Cytokine levels were evaluated by CBA analysis and ELISA

assay. Cytokines were measured in individual patients before and after treatment

with Etanercept (n=12; filled circle) and monoclonal antibodies Infliximab (n=3;

filled square) and Adalimumab (n=4; open square). Number of samples, cytokine

average increase and significance levels, calculated by Student's t test, are reported

below each diagram.
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Supplemental Figure 2: Cytokine production by aCD3-stimulated PBMC in the
presence of soluble Etanercept. PBMC from patients at baseline and after TNF-
blocking therapy stimulated with 0.1 pg/ml plastic-bound aCD3 antibody were

cultured in the presence or absence of 0.5 pg/ml Etanercept. Cytokines were

measured in the 24 h supernatants by CBA analysis.
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Supplemental Figure 3: Cytokine levels in serum of psoriasis patients. Serum from
psoriasis patients at baseline and after anti-TNF therapy, and serum from healthy

donors were collected. Cytokine levels were measured by ELISA (IL-17) and CBA

analysis.
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Supplemental Figure 4: Cytokine gene expression analysis in PBMC from anti-
TNF treated patients. PBMC from psoriasis patients before and after anti- TNF
therapy were cultered in the presence or absence of aCD3 for 5 hours. RNA was
extracted and analyzed by quantitative real time PCR and by TagMan Low Density
array Human Immune Panel (Applied Biosystem). I112A and I1112B expression was
measured on unstimulated PBMC, 1127 expression was measured on stimulated
PBMC. The mean + SE of n=5 (I127) and n=4 (Il112A and Il112B) patients are
presented relative to the expression of transcript encoding GAPDH. Each
experiment was performed in triplicate. Significance levels, calculated by Wilcoxon

Rank test, are shown in figure.
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Supplemental Figure 5: IL-10 expression in CD8+ T cell fraction. CD8+ cell
subset was separated from individual patient PBMC before and after anti-TNF
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therapy and cultured in the presence of 0.1 pug/ml plastic-bound aCD3. Supernatants
were collected after 48h for IL-10 detection. For real time PCR experiment, mRNA
was extracted after Sh of aCD3 stimulation and data were normalized to GAPDH
housekeeping gene. One representative experiment (pt 43) out of 4 performed on

different patients is shown in the figure.

T Cells
CD3 CD3-CD69 _ CD3-CD25 CD3-HLA-DR CD3-CD71
Healthy Control Donors ( n=31) 7213 +6,78 040+050 264+220 315+199 032+0,37
Psoriasis Patients (n=11) 72,81 +1225 068+047* 395+254* 327250 1,31+161"

Psoriasis Patients 1 month after TNF therapy ( n=10) 77,28 +6,97 0,66+ 0,55 32+1,40 484+458 079+£116"*
Psoriasis Patients 3 months after TNF therapy (n=5) 77,20+6,28 0,41+043 208+095 149+084 014+012*"

On total lymphocytes

CD4 CD8
Healthy Control Donors ( n=31) 35,51 £10,16 26,89 + 7,24
Psoriasis Patients (n=11) 3583+9,14 29,88 +8723

Psoriasis Patients 1 month after TNF therapy ( n=10) 37,54 +7,74 30,50 +7,71
Psoriasis Patients 3 months after TNF therapy (n=5) 42,44 +8,87 2836 +4,37

NKcells B cells
CD56 CD19 CD19-CD71
Healthy Control Donors ( n=31) 11,18+ 451 11,94+482 423+267
Psoriasis Patients (n=11) 13,98 +7,37 1065+402 417+172
Psoriasis Patients 1 month after TNF therapy ( n=10) 11,16 +682 11,45+524 402+2,15
Psoriasis Patients 3 months after TNF therapy ( n=5) 1462+6,15 9,08+ 269 n.d.

% CD4+CD25hi % FoxP3+

Healthy Control Donors ( n=9) 0,67 £0,37 83,85 +4,85
Psoriasis Patients (n=9) 1,08 +0,48 88,60 + 6,70 * significant vs HD
Psoriasis Patients after anti-TNF therapy ( n=18) 1,22 +0,59 88,44 +6,01 ** significant vs untreated psoriasis patients

Table I: Lineage and activation marker expression by circulating PBMC. Freshly
isolated PBMC from healthy volunteers (n=31), untreated psoriasis patients (n=11)
and patients undergoing anti-TNF therapy (1 mo.-treated n=10; 3 mo.-treated n=5)
were analyzed by flow cytometry for the expression of T, B and NK cell lineage
(CD3, CD4, CD8, CD19, CD56) and activation markers (CD69, CD25, HLA-DR
and CD71). Numbers represent the percentage of positive cells on total lymphocyte

gate. Significance level was calculated by Student’s t-test.
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CHAPTER 3

TNF-blockade enhances T cell response

to TcR stimulation

Ongoing work






TNF-blockade enhances T cell response to TcR
stimulation

Our previous studies have evidenced an increased cytokine production
in aCD3-stimulated PBMC as well as in CD4+ CD25- T cells from
anti-TNF treated patients. However, from these data we could not
establish whether the increased responses in the peripheral circulation
was due to expanded T helper cell subsets, as hypothesized by recent
studies on a mouse model of rheumatoid arthritis (1), or whether it
was due to a hyper-responsiveness of T cells to TcR stimulation,
according to the negative regulatory role of TNF suggested by Cope et

coworkers (2, 3).

In order to specifically investigate these two possibilities, we
evaluated the following parameters:
- the cytokine profile in single patients before and after anti-
TNF treatment
- the circulating level of polarized T helper subsets during TNF-
blockade
- the proliferative response of CD4+CD25- T cells in patients
following TNF-blocking therapy
- the induction of T cell activation markers before and after
TNF-depletion
- the phosphorylation of signaling molecules of the TcR signal

transduction pathway
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Figure 1: A) aCD3 dose-dependent cytokine profile in PBMC from individual
patient after TNF-blockade. B) Basal level of cytokine production by PBMC before
and after anti-TNF treatment. PBMC were collected and activated with different
doses of plastic-bound aCD3 antibody. CBA analysis was performed for IL-10,
IFN-y, IL-2, IL-4, IL-5, TNF-o cytokine levels secreted in the supernatants after
24h. IL-17 cytokine production was evaluated by ELISA test. Data from one
representative patient (Pt 2) out of 19, at baseline and after anti-TNF therapy are

shown in figure 1.
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Figure 1 refers to the evaluation of cytokine production in individual
patients before and after 1 - 3 months of anti-TNF therapy in response
to different doses of aCD3 antibody.

The data showed that enhanced cytokine production by TNF-blocking
could be observed for all cytokines tested, showing that no substantial
variation in the cytokine profile was induced.

Figure 1B represents the basal level of cytokine production by PBMC
in the absence of stimuli, indicating that no variation in the cytokine
secretion was induced and that the enhancement was strictly

dependent on TcR stimulation.

We next extended the analysis to the IFN-y production in response to
oCD3 stimulation by intracellular cytokine staining on both CD4 and
CDS8 T cell subsets, before and after TNF-blocking therapy.

Figure 2 shows the FACS analysis of CD4+ gated and CD8+ gated T
cells from a psoriasis patient (Pt 23) at baseline and after 1 month and
3 months of anti-TNF therapy (etanercept).

As shown in figure 2, an increase of IFN-y-producing cells was
observed both in CD4+ and CD8+ T cells. Notably, data also
evidenced a moderate increase of the Mean Fluorescence Intensity
(MFI), suggesting an increased production of IFN-y by single cells.
We next analyzed the expression of Thl-associated trafficking
receptor CXCR3 and of Th2-associated trafficking receptor CCR4 in
circulating CD4 T cells to evaluate whether variation of these T helper

subsets was induced by TNF-blockade.
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Figure 2: TNF-blockade enhances IFN-y-productionIby both CD4+ and CD8+ T
lymphocytes in response to aCD3 stimulation. PBMC from an individual patient
were cultured for 12h in the presence of aCD3/aCD28-coated beads. Brefeldin A
was added after the first 2 hours of stimulation. Numbers refer to the frequency
(bold) of IFN-y+ cells and to Mean Fluorescence Intensity (MFI) value in the

indicated gates.

The data shown in Figure 3 referred to preliminary results indicating
no substantial variation in the CXCR3+ or CCR4+ expression upon
TNF depletion.

This first set of data does not support the hypothesis of a selective
expansion of Thl cells in the circulating compartment.

However, experiments are in progress to evaluate the frequency of
circulating T cells expressing the Th17-associated markers CCR®6.

We also wanted to determine whether variation occurs in the
circulating memory T cell subsets, including central memory
CCR7+CD45RA-, effector memory CCR7-CD45RA- and effector
Temra CCR7-CD45RA+.
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Figure 3: CXCR3 and CCR4 expression evaluation on CD4+ T cell from anti-TNF
treated patients. FACS analysis of the expression of CXCR3 and CCR4 on CD4+ T

cells from 4 patients at baseline and after 1 - 3 months of anti-TNF treatment.

The percentage of these subsets on CD4+ and CD8+ gated PBMC
before and after anti-TNF treatment are represented in Figure 4.
No variation in the frequency of these subsets was observed in CD4+

or in CD8+ T cell compartment during anti-TNF treatment.
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Figure 4: Central and Effector memory T cell subset analysis. PBMC from
individual patients (n=3) was analyzed by flow cytometry to discriminate the
frequency of CCR7+CD45RA+ naive, CCR7+CD45RA- central memory, CCR7-
CD45RA- effector memory, and CD45RA+CCR7- effector memory expressing
CD45RA (Tgmra) cell subsets before and after anti-TNF treatment.

TNFRs expression on PBMC during TNF-blockade.
To further investigate the effect of TNF-blockade on T cells, we
evaluated the expression of TNFR-I (p55) and/or TNFR-II (p75).

In particular, we analyzed by flow cytometry the percentage of
TNFRs+ cells on CD3+ T cells and CD14+ monocytes from patients
before and during anti-TNF therapy.

As shown in figure 5, CD3+ T cells expressed mainly TNFR-II,
whereas CD14+ monocytes were mainly double positive for TNFR-I
and TNFR-IL
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Figure 5: TNFR-I (p55) and TNFR-II (p75) detection on CD3+ T lymphocytes,
CDI19+ B cell and CD14+ monocytes from anti-TNF treated patients. FACS
analysis of the percentage of TNFRs+ cells on CD3+ T cells and CD14+ monocytes
from total PBMC from one (Pt 43) representative patient out of 3, at baseline and
after 1 month of TNF-blockade.

The results from these experiments did not evidence any variation in
the expression of TNFRs on circulating T cells and monocytes after

anti-TNF treatment as compared with the untreated controls.

TNF-blockade enhances CD4+CD25- T cell proliferation and
induction of activation markers in response to aCD3 stimulation.

In order to investigate the modulation of T cell activation by TNF-
blockade, we evaluated whether T cells from anti-TNF-treated
patients also increased their proliferative capacity in response to TcR
stimulation. Our previous data on total PBMC indicated that the cell
proliferation was altered by anti-TNF treatment only in 2 out of 6

patients. However, the effect of TNF-blockade on proliferation of
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responder CD4 T helper cells might be masked by the increased
suppressive activity of regulatory T cells that has been reported to
occur during TNF-blockade. Thus, we evaluated the effect of TNF-
blockade on proliferative response of purified CD4+CD25- T cells to
oCD3 stimulation.

As shown in the Figure 6, our preliminary data indicated an increased
proliferation of activated T cells after TNF-blocking treatment as

compared with the untreated counterpart.
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Figure 6: CD4+CD25- purified cell proliferation. CFSE-labeled CD4+CD25-
responder T cells freshly purified from a representative individual patient out of 3,
before and after TNF-blocking therapy, were cultured in the presence of 0,05 pg/ml
aCD3 for 8 days. Shown are FACS data on activated and living CD25+7AAD-gated
T cells. Numbers indicate the percentage of proliferating lymphocytes for all cell

divisions.

The average number of cell divisions (proliferative index) changed

from a value of 1,42 at the baseline to 2,63 upon TNF-blockade,
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indicating increased number of cell divisions. This was also evidenced

by a higher percentage of cells in the last generations.

Then, in order to investigate T cell activation in response to TcR
stimulation upon TNF-blockade, we analyzed the surface induction of
CD69 early activation marker, CD25 intermediate and CD71 late
activation markers in individual patients.

As shown in Figure 7, our results evidenced a considerable
enhancement of the induction of CD25 (IL-2Ra) and CD71
(transferrin  receptor) upon TNF-blockade after 24h of TcR
stimulation. Similar results were obtained, at lower level, for CD69
induction after 3h (data not shown) and 24h of aCD3 stimulation.

We found an enhanced level of expression of these markers on both
naive (CD45RA+) and memory (CD45RA-) T cells in individual
patients after treatment with anti-TNF.

The evidence that TNF-blocking treatment increased the surface
induction of activation markers also in the naive compartment
supports the hypothesis that TNF-blockade induces an increased T cell
response to TcR stimulation, rather than a selective expansion of
polarized T helper cells.

This will be confirmed by the future evaluation of induction of surface

activation markers on sorted naive T cells.
Experiments are in progress to investigate the phosphorylation state of

signaling molecules and transcription factors of the TcR signaling

pathway.
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Figure 7: Activation marker induction on CD4+CD25- T cells. Purified
CD4+CD25- T lymphocytes were cultured in the presence of plastic-bound aCD3
for 24h and stained for CD69+, CD25 and CD71. Shown in the figure are the
expressions of CD69, CD25, CD71, in the memory and in the naive T cell

compartments in one representative patient out of 4, before and after TNF-blockade.

In a preliminary experiment we measured phospho-SLP-76 and
phospho-c-Jun on protein extracts obtained from CD4+CD25- T cell
from one individual patient before and after TNF-blocking treatment

and stimulated at different time point with aCD3.
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The results from this preliminary experiment suggested that TNF-
blockade induced an enhancement of the activation state of these

molecules and, in particular for c-Jun a possible longer kinetic.
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Figure 8: Modulation of phosphorylation state of molecules of TcR signaling
pathway by TNF-blockade. CD4+CD25- T cells isolated from patient before and
after TNF-blockade were stimulated with 0,05 pg/ml plastic-bound aCD3 for 10, 20
and 30 min. and the proteins were extracted. The extracts were processed and
quantified for the subsequent CBA flex set analysis of different phosphoproteins,
according to manufacturer’s instructions. Data refers to one representative patient

(Pt 61).

Other samples are required to establish the effect of TNF-blocking
treatment on the phosphorylation of ERKI1, ERK2 and p38 MAP
kinases.

These observations, if has confirmed by higher number of samples,
could provide a molecular explanation for the increased CD4+CD25-

T cell response to TcR stimulation induced by TNF-blockade.
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Chapter 4

Modulation of cytokine gene expression
by TNF-therapy in intestinal mucosa of
patients with Inflammatory Bowel

Disease

Ongoing work

114






Modulation of cytokine gene expression by TNF-
blocking therapy in intestinal mucosa of patients with
Inflammatory Bowel Disease.

In this part of the study we extended the gene expression analysis,
which we initially performed on psoriasis plaques, to the inflamed
intestinal mucosa of patients with inflammatory bowel diseases (IBD).
While modulation of pro-inflammatory gene expression by TNF-
blockade in psoriasis and rheumatoid arthritis has been described by
other studies (1-3), no information about the modulation of cytokine
and chemokine network have been reported on intestine of IBD
patients upon anti-TNF immunotherapy. Therefore, we analyzed the
expression of 96 genes, including a wide panel of cytokine,
chemokine and adhesion molecule-related genes, as well as
transcription factor, lineage associated markers and activation
markers.

The analysis was performed by real-time PCR on RNA extracted from
intestinal biopsies from patients with Crohn’s disease and ulcerative
colitis at baseline and after 6 weeks of infliximab treatment, as well as
biopsies from patients with irritable bowel syndrome (IBS) that

represented the control group.
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Figure 1: Modulation of cytokine and chemokine gene expression in intestinal
mucosa of IBD patients following anti-TNF therapy. Analysis was performed by
real-time PCR on RNA extracted from intestinal biopsies from patients with Crohn’s
disease and ulcerative colitis at baseline and after 6 weeks of infliximab treatment,
as well as from patients with irritable bowel syndrome (IBS) that represented the
control group. Data were normalized with a mean of three different housekeeping

genes. The upper part of each panel of the figure shows the expression of these

118



genes in individual patients from Crohn’s disease (CD) or ulcerative colitis (UC)
before and during anti-TNF therapy. The lower part of each panel shows the
expression of the same genes in intestinal mucosa of IBD patients in comparison

with patients with irritable bowel syndrome (IBS).

We focused our attention on genes encoding relevant pro-
inflammatory and anti-inflammatory cytokines, as well as lineage
associated marker genes, and chemokine genes (Figure 1).

Figure 1 A refers to genes involved in Thl and Th17 cell mediated
responses and innate immunity. The results showed that /17 pro-
inflammatory cytokine is strongly downregulated in IBD patients after
therapy. Similarly, /I8 expression was considerably decreased in IBD
patients after anti-TNF therapy. In this case, increased level of /8§
expression was also found in IBD patient as compared with IBS
controls. These data are in agreement with our previous results on skin
lesion. Higher number of samples is required to reach statistical
significance.

Figure 1 B refers to genes involved in the Th2 cell mediated response
and to the anti-inflammatory cytokine IL-10 gene. We observed also a
decreased expression of [/5 that could correlate with disease
amelioration. If confirmed on a larger number of samples from
Crohn’s disease and ulcerative colitis patients, these evidence would
be in accordance with the involvement of Th-2 cytokine mediated
responses in the pathogenesis of ulcerative colitis (4, 5).

Figure 1 C showed the gene expression of the inducible nitric oxide
synthase (iNOS) Nos2a, and of the Cxcl11 chemokine.

Nos2a gene expression is activated by inflammatory stimuli in a

NF«kB-dependent manner. It is involved in dendritic cell function and
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is part of anti-microbial mechanisms of activated macrophages. A
decrease of iNOS expressing TipDC has been described in regressing
skin lesions of psoriasis patient undergoing anti-TNF therapy (1-2).
The results in figure 1 D indicated Nos2a expression downregulation
also in IBD patients treated with anti-TNF. This, in turn, could be
associated with a decreased DC-mediated activation of T cells.

Very importantly, we found that Cxc//] expression was considerably
downregulated by TNF-blocking therapy. Moreover, higher level of
Cxcll]l mRNA was observed in IBD patients in comparison with the
IBS control group.

Cxcll1 is a chemokine induced by IFN-y and represents the cognate
ligand of CXCR3 chemokine receptor. Through the high affinity
binding to CXCR3 it can recruit activated memory T cells to the
inflammation sites. One study on a mouse model of collagen-induced
arthritis (CIA) has hypothesized that inhibition of cell migration was
responsible for the downregulation of T cell mediated response in the
inflamed tissue induced by TNF-blockade (6). Our data of gene
expression on psoriatic plaques strongly support this idea (Chapter 1)
that is further confirmed by these data o IBD patients. In parallel to
Cxcll1 downregulation, we detect a decrease in the gene expression of
T cell lineage associated markers, in particular CD3 and CD4 (Figure
1 D).

Collectively, our data on skin lesions from psoriasis patients and
intestinal mucosa from IBD patients could definitively demonstrate
that the downregulation of chemokine expression by TNF-blockade
and the consequent diminished T cell recruitment to inflamed tissue

represents the key events in the inhibition of T cell-mediated pro-
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inflammatory response in patients with chronic inflammatory diseases

upon TNF-blocking treatment, despite the enhancement of the

peripheral T cell reactivity induced by TNF-blockade itself.
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Summary, conclusions and future

perspectives
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Summary

TNF blocking agents have been applied to the treatment of different
autoimmune and inflammatory disorders, including rheumatoid
arthritis, psoriasis and Crohn’s disease. Although the inhibition of
inflammatory pathways in target tissues by anti-TNF therapy has
been described in psoriasis and rheumatoid arthritis, the impact
of TNF-blockade on peripheral T cell responses in humans is still
unclear. Studies on patients and on mouse models have reported very
conflicting findings on the effect of anti-TNF treatment on peripheral
T cells.

This controversy points out the increasing need to clarify in a clinical
situation the role of TNF-blockade on T cell activation and effector
functions.

In this study, we wanted to investigate:

e Effect of anti-TNF immunotherapy on cytokine homeostasis
and T cell response and, in parallel, the modulation of cytokine
gene expression in the target organ.

e Effect of TNF-blockade on peripheral T cell activation in
response to TcR stimulation.

e Modulation of cytokine and chemokine gene expression in the
intestinal mucosa of patients with inflammatory bowel

diseases undergoing anti-TNF immunotherapy.
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The first part of the study clearly demonstrated in psoriasis patients
that anti-TNF therapy enhanced, in the peripheral circulation, the T
cell cytokine production in response to activating stimuli. Increased
expression of Thl, Th17, IL-10 and with similar trend also Th2
cytokines was observed both at level of protein secretion and mRNA
expression and in response to different stimuli. Consistently with
cytokine production, we found that the expression of Th1l and
Th17 master regulator transcription factors, Thx21 and RORC
genes, was enhanced to significant level in aCD3-stimulated
CD4+25- cells. Similar data were obtained on T cells from patients
with Crohn’s disease and ulcerative colitis, indicating that this
effect was dependent on the anti-TNF therapy, rather than on the
disease.

IL-10 expression was also enhanced on different circulating
leukocytes subsets and in skin biopsies. Importantly, increased
production of IL-10 by stimulated PBMC from patients treated with
anti-TNF was also found to positively correlate with the clinical
outcome of the therapy.

Despite the enhanced T cell cytokine responses in the peripheral
circulation, in psoriatic skin lesions the overall effect of TNF-
blockade was a diminished expression of pro-inflammatory Th1l
and Th17 cytokine genes, paralleled by the downregulation of
ccl3, cxcll0 and cxclll chemokine genes, involved in the recruitment
of activated leukocytes to the inflamed tissue.

Data from this first part of the project clearly evidence a dual role of

TNF-blockade that increases the T cell response to stimulation in the
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circulating compartment, while downregulates T cell cytokine
expression in the inflamed tissue. It also enlightens a new role of
TNF-blockade in enhancing IL-10 expression that may have
implications in the shut down of the inflammatory reaction in
regressing skin lesions.

It also suggests that the inhibition of cell migration in the target organ
caused by downregulation of the chemokine expression may represent
the crucial event in inhibition of T cell mediated inflammatory

response in psoriatic plaques upon TNF-blocking therapy.

These evidences opened the question of whether the increased
response of T cells to stimulation that was induced by TNF-blockade,
was due to an increased responsiveness of T cells to TcR stimulation,
as suggested by Cope and coworkers in studies on transgenic mice (1,
2), or whether it could be due to a selective expansion of polarized T
cells in the peripheral circulation, as suggested by other studies (3).
Thus, to specifically investigate these two possibilities, in the second
part of the study we have examined both cellular and molecular events
of T cell activation in individual patients upon TNF-blockade.

In parallel, we evaluated in patients before and after TNF-blockade:
the cytokine profile of activated T cells, the circulating percentage of
T cells expressing the Thl-associated receptor CXCR3 and the Th2-
associated receptor CCR4, as well as the proliferative response and
surface induction of activation markers in aCD3-stimulated
CD4+CD25- T cells. Preliminary experiments to evaluate the
phosphorylation of signaling molecules of TcR pathaway are in

progress.
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The results showed no substantial variation in the Th1, Th17 and Th2
cytokine profile during 1-3 months of TNF-blocking treatment.
Lymphocytes from individual patients exhibited enhanced cytokine
production in response to stimulation and unchanged basal level in
unstimulated conditions, indicating that the increase of cytokine
expression is strictly dependent on TcR stimulation.

The expression of CXCR3 and CCR4 in circulating CD4+ T cells was
found unaltered upon TNF-blockade and experiments are in progress
to assess the variation of Th17-associated receptor CCR6 expression.
These results did not provide evidences supporting the hypothesis of a
selective expansion of polarized T cell subpopulations after TNF
depletion.

Conversely, we found an increased proliferation of purified
CD4+CD25- T cells after TNF-blockade, evidenced by a higher
frequency of dividing cells and by an enhanced average number of
cell divisions. In parallel, we observed a considerably augmented
surface induction of intermediate and late activation markers, such as
IL-2 receptor alpha (CD25) and transferrin receptor (CD71), in
response to aCD3 stimulation. This effect was evidenced on both
naive (CD45RA+) and memory (CD45RA-) CD4+CD25- T cells.
Additional comprehension of the mechanisms underlying this
phenomenon could derive from the analysis of the phosphorylation
state of molecules of the TcR signaling pathway. A pilot experiment
has indicated an increased level of phosphorylated SLP-76 adapter
protein and phosphorylated c-Jun transcription factor in aCD3-

stimulated CD4+CD25- T cell from patients after TNF-blockade.
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These data suggest that TNF-blockade increases T cell activation in
response to TcR stimulation and support the hypothesis of a negative

regulatory role of TNF on T cell function.

The last part of the project had focused on the analysis of the
modulation, induced by anti-TNF therapy, of cytokine and chemokine
gene expression in intestinal mucosa of patients with inflammatory
bowel diseases.

We will confirm the gene expression data by confocal microscopy
imaging of specific molecule in the inflamed tissue and by statistical
correlation of differential expression of single genes with the clinical
response to the treatment.

Our data indicate that /I8 cytokine as well as /17 cytokine gene
expression was considerably downregulated upon TNF-blockade. //8
gene expression was also found upregulated in the IBD patient as
compared with irritable bowel disease (IBS) controls.

Very importantly, we found also that Cxc//1 chemokine expression
was strongly downregulated in intestinal mucosa of IBD patients upon
anti-TNF treatment. This was paralleled by a decrease of the T cell
lineage-associated markers genes Cd3 and Cd4.

These results strongly support the hypothesis that decreased migration
of T cells to the inflamed tissue, as consequence of the
downregulation of chemokine molecules, is the key event of the
inhibition of T cell mediated inflammatory reaction during anti-TNF
treatment. This may explain the clinical benefit of anti-TNF therapy in
chronic inflammatory diseases, despite the enhancement of T cell

response to stimulation induced in the peripheral circulation.
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Together, these data definitively demonstrate in humans the dual role
of TNF-blockade on T cell mediated response and will help to
distinguish the immunological mechanisms that are beneficial for
clinical regression of chronic inflammatory diseases from thus that are
potentially harmful, and may open new perspectives for the designing

of selective immonotherapeutic approaches.

129



Conclusions and future perspectives

In this study we definitively demonstrate in patients, a dual role of
TNF-blockade in modulating T cell-mediated cytokine responses.
Indeed, anti-TNF therapy enhances the pro-inflammatory T cell
cytokine responses to stimuli in the peripheral circulation, while it
inhibits T cell-mediated inflammatory reaction in the inflamed tissue.
In particular, we demonstrated that TNF-blocking therapy
considerably increased the Thl, Th17 and, with the same trend, also
Th2 cytokine response to stimulation in both total PBMC and purified
CD4+CD24- T cells. Increased T cell response in the peripheral
circulation induced by anti-TNF therapy was observed in both
psoriasis and inflammatory bowel disease patients.

Upregulation of Thl and Th17 cells was observed both as protein
secretion and mRNA expression and was further confirmed by the
upregulation of expression of the master regulator transcription factor
genes responsible for the Thl and Th17 cell differentiation, 7hx2/ and
RORC. A recent report has evidenced expanded Th1 and Th17 cell
populations in a mouse model of collagen-induced arthritis upon
treatment with TNFR-Fc fusion protein or anti-TNF monoclonal
antibody (3). Notley and coworkers also described a Th1/Th17
increased T cell response in TNFR p55-/-, but not p75-/- mouse,
so indicating a broader role of TNFR-I-mediated signaling in this
effect (3). Another study reported that TNF negatively regulates
Th1 T cell responses in a mouse model of mycobacterial infection.

TNF-/- deficient mice, in this case, succumbed to lung infection
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because of tissue destruction resulting from uncontrolled type 1
immune syndrome. This syndrome was characterized by
expansion of activated T cells and overproduction of Thl
cytokines (4). These data were in accordance with results of studies
on hemagglutinin-specific TcR-transgenic mice, suggesting that
chronic exposure to TNF attenuates broad range of T cell
responses, including T cell proliferation and cytokine production
in vivo (1). Our data demonstrate in humans the hypothesis
emerged from these describe them in a clinical situation.

The enhancement of T cell response to stimulatory signals, that
we observed in the peripheral circulation, could also explain some
of the controversial clinical effect of TNF-blockade in the
treatment of autoimmune diseases (5). Indeed, TNF-blockade was
shown to increase both the rate and the frequency of relapse in
patients with existing multiple sclerosis (6). Similarly, in murine
models of lupus TNF-deficiency has been linked to exacerbation of
the disease and increased anti-nuclear antibody production (7). In
addition, a number of cases of development of psoriatic lesions
has been reported in patients with different inflammatory
diseases after anti-TNF treatment (8, 9).

The enhancing effect of TNF-blockade on T cell responses was
observed also upon stimulation with TSST-1 superantigen and
influenza-derived antigen. This may indicate an increased T cell

reactivity to recall antigens or microbial pathogens that may
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justify the lack of evidence of increased susceptibility to infection
that was expected to occur in patients after TNF depletion (10).
Noticeably, our data show for the first time that TNF-blockade
induces upregulation of IL-10 production in peripheral leukocytes
upon stimulation and this positively correlates with clinical response.
Moreover, increased IL-10 mRNA expression was also found in skin
lesions after treatment.

In contrast to the increase of cytokine production in response to
stimulation, the proliferation of CD4+ and CD8+ T cells in aCD3-
stimulated PBMC was not altered in 4 out of 6 patients. This could
be due to the concomitant induction of immunosuppressive
mechanisms, such as regulatory T cell activity that has been
shown to be increased in patients upon treatment with TNF
antagonists (11, 12).

In skin lesions, we found a marked decrease of Thl and Thl7
cytokine gene expression, as well as in the expression of genes
encoding chemokines, such as Cxc//0 and Cxclll that mediate the
recruitment of activated T cells to the inflamed tissue. In parallel, we
also found a reduced expression of T cell lineage-associated marker
genes, including Cd3, Cd4 and Cd8. Thus, our data suggest that TNF
blockade inhibits proinflammatory T cell mediated responses in
psoriatic plaques, despite of the increased responsiveness of
proinflammatory T cells in the peripheral circulation, because of the
inhibition of chemokine molecules that prevents the recruitment of T

cells to the inflamed tissue.
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These findings also opened the question of whether the increased
response of T cells to stimulation that was induced by TNF-
blockade, was due to an increased responsiveness of T cells to TcR
stimulation, or whether it could be due to a selective expansion of
polarized T cells in the peripheral circulation. In favor of the first
hypothesis, Cope and coworkers showed that TNF long-term in
vitro exposure also attenuates TcR signaling analyzed by
measuring intracellular Ca** mobilization and it suppresses both
Th1 and Th2 responses in a time and dose dependent manner and
that these effects could be reversed by neutralizing antibodies (1,
2).

Our data showed in patients with chronic inflammatory diseases
undergoing anti-TNF therapy, an enhanced Thl, Th17 and also
Th2 cytokines production, without qualitative variations in the
cytokine profile or in the basal level of cytokine production in
unstimulated conditions. This indicated that the effect is strictly
dependent on TcR stimulation.

Phenotypic analysis in the circulating CD4 T cell compartment
indicated no variation in the percentage of T helper cells
expressing the CXCR3 or CCR4 receptors was induced by TNF
blockade. These data are not in favor of the hypothesis of the
selective expansion of Th1 and Th17 cell subsets.

In addition, the surface expression of TNFR-I and -II on T cells
and monocytes during anti-TNF therapy was not altered.

Similarly, we did not find any variation in the circulating
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percentage of CD4 and CD8 T cell memory subsets. Conversely, a
recent study indicated that anti-TNF therapy causes a reduction of
CD8* Tgmra cells with antimicrobial activity against M. tuberculosis
(13). However, in this study the decreased frequency of
circulating CD8* Temra was evidenced only after 2 weeks of anti-

TNF treatment and returned to normal level after 1 month.

This first set of data indicates that no variation in circulating level
of polarized T cell is induced by TNF-blockade, but rather an
increase in the response of T cells to TcR stimulation. Therefore,
we focused on the evaluation of the modulation of T cell activation
induced by TNF-blockade.

Preliminary results indicated in patients an enhanced
proliferative response to stimulation of the activated CD4+CD25-
T cells after TNF-blocking. Interestingly, we also found a strong
increase of surface induction of intermediate and late T cell activation
markers CD25 and CD71 in naive and memory CD4+CD25- T cells
subsets in response to polyclonal stimulation.

The evidence that TNF-blockade increased the activation markers
induction also in the naive compartment supports the hypothesis
that TNF-blockade qualitatively modulates T cell activation in
response to TcR triggering, possibly by regulating TcR and/or
TNFR signaling molecules.

Preliminary experiments showed enhanced phosphorylation of
SLP-76 adapter protein and c-Jun transcription factor on

oCD3.stimulated CD4+CD25- T cell from one individual patient
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before and after TNF-blockade. Future investigation of the
mechanisms underlying the effect of TNF on T cell activation will
be focused on the analysis of signaling molecules of TcR and TNFR
pathways, with particular attention to common signals that
represent the intersection between these two pathways.
Experiments are in progress to evaluate the phosphorylation of
Erk and p38 MAP kinases. In addition, we will evaluate by
immunostaining the kinetics of apoptosis induced by anti-CD3
(AICD, activation induced cell death), distinguishing between the
early (AnnexinV+ cells), intermediate (AnnexinV+7AAD+ double

positive cells) and late apoptosis (7JAAD+ cells).

In the last part of the study, we evaluated the modulation induced
by TNF-blocking therapy on cytokine and chemokine network by
gene expression analysis, in the intestinal mucosa of patients with
inflammatory bowel diseases. A considerable downregulation of
the 1117, 118 and, with similar trend, also Ifng gene expression was
found. Interestingly, we observed a decrease in the II5 gene
expression in the intestinal mucosa of patients after anti TNF
therapy. This is in accordance with an involvement of Th2
cytokines in the pathogenesis of ulcerative colitis that has been
shown by Strober and coworkers (14, 15).

Remarkably, we found Cxcl11 chemokine expression strongly
downregulated in intestinal mucosa of IBD patients upon anti-TNF
treatment and it was associated with a decrease of the T cell

lineage-associated markers genes Cd3 and Cd4. Thus, we found
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that anti-TNF therapy induced downregulation of T cell
recruitment signals, and that this may represents the crucial
events to the inhibition of T cell mediated inflammatory response

in the intestinal mucosa of IBD patients.

Conclusively, this study provides an overview of the
immunological changes in psoriasis and IBD patients undergoing
anti-TNF therapy. It highlights the dual role of TNF-blockade that
induces an upregulation of T cell activation and effector functions
in response to TcR stimulation in the peripheral compartment,
while it inhibits proinflammatory T cell-mediated responses in the
inflamed tissue.

These data suggest a negative regulatory role of TNF on the T cell
activation and importantly indicate that the downregulation of
chemokine molecules by TNF-blocking therapy represents the
essential event for the inhibition of proinflammatory T cell-

mediated processes in the target tissue.

In future, we will investigate more specifically the modulation of
signaling pathways underlying the effect of TNF-blockade on T
cell functions. We will confirm by imaging in confocal microscopy
the variation of chemokine and cytokine molecules in psoriatic
skin lesions and inflamed intestinal mucosa of patients
undergoing ant-TNF therapy, also distinguishing the specific role

of cells responsible of their production. Moreover, we are
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planning to explore the molecular mechanisms underlying the

regulation of IL-10 cytokine expression by TNF.
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