Accepted Manuscript

Multifunctional liposomes interact with Abeta in human biological fluids: Therapeutic

NEUROCHEMISTRY

implications for Alzheimer's disease A INTERNATIONAL

Elisa Conti, PhD, Maria Gregori, Isabella Radice, Fulvio Da Re, Denise Grana,
Francesca Re, Elisa Salvati, Massimo Masserini, Carlo Ferrarese, Chiara Paola Zoia,
Lucio Tremolizzo

PII: S0197-0186(16)30345-X
DOI: 10.1016/j.neuint.2017.02.012
Reference: NCI 4015

To appearin:  Neurochemistry International

Received Date: 28 September 2016
Revised Date: 17 February 2017
Accepted Date: 21 February 2017

Please cite this article as: Conti, E., Gregori, M., Radice, |., Da Re, F., Grana, D., Re, F., Salvati, E.,
Masserini, M., Ferrarese, C., Zoia, C.P., Tremolizzo, L., Multifunctional liposomes interact with Abeta in
human biological fluids: Therapeutic implications for Alzheimer's disease, Neurochemistry International
(2017), doi: 10.1016/j.neuint.2017.02.012.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.neuint.2017.02.012

MULTIFUNCTIONAL LIPOSOMES INTERACT WITH ABETA IN HUMAN BIOLOGICAL

FLUIDS: THERAPEUTIC IMPLICATIONS FOR ALZHEIMER'’S DSEASE

Elisa Contt’, Maria Gregofi, Isabella Radice Fulvio Da Ré*® Denise Grana Francesca Re

Elisa Salvatf* Massimo Masserifj Carlo Ferraresé, Chiara Paola Zot, Lucio Tremolizzd>*

! Laboratory of Neurobiology, School of Medicine a@drgery and Milan Center for Neuroscience,
University of Milano-Bicocca, Monz&, School of Medicine and Surgery, University of Mita
Bicocca, Monza and Nanomedicine Center NANOM{BNeurology, San Gerardo Hospital,
Monza;* present address: IFOM, the FIRC Institute for Malar Oncology Foundation, Milano;

Italy

* # These authors contributed equally to the work.

Word count: 3647 Abstract: 256

Figures: 5

Running header: peripheral sink effect as nanotherapeutic strategplzheimer’s disease

Keywords. Alzheimer’s disease, beta amyloid, liposomes, siifict.

Please send correspondence to:

Elisa Conti, PhD

Laboratory of Neurobiology,

School of Medicine and Surgery, UNIMIB
U8 building, via Cadore, 48

20900 Monza (MB)

Phone: +39 02 64488128

Fax: +39 02 64488108



e-mail: elisa.conti@unimib.it
Abstract

The accumulation of extracellular amyloid beta (f4Q) both in brain and in cerebral vessels
characterizes Alzheimer’'s disease (AD) pathogend®eently, the possibility to functionalize
nanoparticles (NPs) surface with Abeta42 bindingletudes, making them suitable tools for
reducing Abeta42 burden has been shown effectineodels of AD.

Aim of this work consisted in proving that NPs mtighe effective in sequestering Abeta42 in
biological fluids, such as CSF and plasma. This aestration is extremely important considering
that these Abeta42 pools are in continuum withbiteen parenchyma with drainage of Abeta from
interstitial brain tissue to blood vessel and plasm

In this work, liposomes (LIP) were functionalizesl previously shown in order to promote high-
affinity Abeta binding,i.e., either with, phosphatidic acid (PA), or a modifi@polipoprotein E-
derived peptide (mApo), or with a curcumine deliwai{ TREG); Abeta42 levels were determined
by ELISA in CSF and plasma samples.

mApo-PA-LIP (25 and 250 uM) mildly albeit significtly sequestered Abeta42 proteins in CSF
samples obtained from healthy subjects (p<0.0laldgously a significant binding (~20%) of
Abeta42 (p<0.001) was demonstrated following exposol all functionalized liposomes in plasma
samples obtained from selected AD or Down’s syndropatients expressing high levels of
Abeta42. The same results were obtained by quargifiAbetad2 content after removal of
liposome-bound Abeta by using gel filtration chraaggaphy or ultracentrifugation on a
discontinuous sucrose density gradient.

In conclusion, we demonstrate that functionalizg@domes significantly sequester Abeta42 in
human biological fluids. These data may be critfoalfuture in vivo administration tests using NPs

for promoting sink effect.



1. Introduction

Alzheimer’s disease (AD) represents the most frajuause of dementia in the elderly population.
Key event in AD pathogenesis is the deposition @wimulation both in brain and in microvessels
of beta amyloid (Abeta) at the extracellular levEhis deposition eventually leads to synaptic
failure and consequent neurodegeneration. Accumolaf the most fibrillogenic isoform, Abeta
1-42, may start in normal subjects at about 40s/edage and raises with advancing age, possibly
due to a disequilibrium between the production eathbolism of this peptide. Abeta oligomers,
more than fibrils, seem to be the direct causeynfptic dysfunction (Walsh & Selkoe 2007). In
fact, only a weak correlation between severity edntia and Abeta fibrils density was shown in
AD patients. On the other hand, recent studies samtrong correlation between soluble Abeta
oligomer levels and the extent of synaptic loss el severity of cognitive decline (Sakono &
Zako 2010). Currently available therapies do nanseo be able to modify this pathogenic
mechanism but are largely considered as symptordaigs. The possibility to reduce the amount
of cerebral Abeta burden represents a potentiahpieeitic strategy under investigation. Brain and
peripheral soluble Abeta are in equilibrium acrttes blood brain barrier (BBB); several clearance
systems are responsible for the removal of Abaienfthe brain. Receptors as LDLEZM and
RAGE are involved in Abeta bidirectional passag®euigh the BBB. Moreover, also perivascular
drainage pathways represent clearance mechanismaspfaConwayet al. 2015). It has been
proposed that a reduction in peripheral Abeta nesylt in decreased soluble levels in the brain,
thereby reducing the formation of plaques (Matsuslah. 2003).

In recent years, many efforts to halt or reversealke progression by immunomodulation strategies
have been employed. Both active and passive immatioiz against Abeta has been tried first on
animal model than in clinical trials on AD patiemsth alternating results (Wisniewski & Goii
2015). De Mattos and colleagues (DeMatioal. 2001) suggested that only a small number of anti-
Abeta antibodies administered via passive immuignain a mouse model of AD entered the

central nervous system (CNS) and the degradatiohcéearance of central Abeta is plausibly
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reached by “peripheral sink” effect. Despite imnaation of animal models gave promising results,
clinical trial on human subject have not yet shaavreal clinical benefit on disease progression,
revealing immune toxic effects in some cases (Wiseki & Goii 2015). In particular, during
immunotherapies, the risk to develop transient detrimental effects as vasogenic edema and
microhemorrhages, known as amyloid related imageignormalities (ARIA), has been
demonstrated. Moreover, this risk is associatetiegresence of ApoE4 genotype (Sallovebsl.
2009).

More recent strategies rely on the use of nanapest{NPs) as innovative vehicles able to localize
and directly interact with Abeta. The possibilieyfuinctionalize NPs surface with molecules able to
bind Abeta allows, in fact, in prospective, to haaeailable tools of enormous potential for
attempting Abeta burden reduction via the sinkctffe

Studies on animal models of AD demonstrated tipaisibmes functionalized for Abeta binding and
BBB crossing were able to reduce both total brasoluble and oligomeric Abeta42, resulting in
amelioration of impaired cognition (Balduaatial. 2014). Moreover, liposomes functionalized only
for Abeta binding induced a reduction in brain grldsma Abeta via peripheral sink effect in
APP/PS1 transgenic mice (Ordéfez-Gutiéretzal. 2015). Lastly, bifunctionalized liposomes
induced an efflux of Abeta oligomers from the “lbraside to the blood compartment in an in vitro
model of BBB (Mancinkt al. 2016).

In this work we tested the capacity of liposomescfionalized with different molecules to
sequester Abeta42 in human biological fluids, both plasma and cerebrospinal fluid (CSF). This
proof of concept, in fact, is critical for thinking future therapeutic applications of NPs in AD

patients.

2. Materials and methods

2.1 Recruited subjects



Following approval by the ethical committee of t8e Gerardo Hospital (Monza, ltaly), 20 AD
patients were recruited (mean age + SD: 75.5 +4e%;, 10M/10F, MMSE mean £ SD 18 + 5.1).
AD specialists diagnosed probable AD accordindieoNINCDS-ADRDA criteria (McKhanset al.
1984). Brain imaging and an extensive neuropsychodd test battery excluded alternative
diagnoses. Blood samples (5 ml) were collected JBOKTA tubes (4.08 mM final concentration),
after overnight (ON) fasting. Plasma was obtaingddntrifugation (370@, 20 min) and stored at -
80°C until assay. Five Down’s syndrome (DS) patienere included in the study as well: they
were recruited from the "Eugenio Medea" Institudssociazione La Nostra Famiglia" Bosisio
Parini (Lecco, Italy) and characterized by triso®ilychromosomal analyses.

Cerebrospinal fluid (CSF) was obtained from 10 ominsubjects, using a 21-gauge needle and
collected in 10-mL polypropylene tubes. Part of @8F was used for routine analysis (including
leukocyte and erythrocyte count, glucose and fmtaiein concentration). The remaining CSF was
aliquoted into new polypropylene tubes, and sta@ee?0°C for 24 hours and then at -80°C until

analysis.

2.2 Preparation and characterization of liposomes and Abeta42

Liposomes (Lipo) composed of sphingomyelin fromibewrain (Sm, Sigma-Aldrich), cholesterol
(Chol, Sigma-Aldrich), (1:1 molar ratio) and furartalized with dimyristoylphosphatidic acid (PA,
Sigma-Aldrich) or bi-functionalized with PA and theeptide CWGLRKLRKRLLR-NH (MW
1698.18 g/mol, mApo) derived from the receptor-bagddomain (a.a. residues 141-150) of human
Apolipoprotein E, were prepared and characterizegraviously described (Gobkt al. 2010,
Banaet al. 2014).

Briefly, lipids were resuspended in chloroform/naetbl (2:1, v:v) and dried under gentle stream of
nitrogen followed by a vacuum pump for 3 h to remdraces of organic solvent. The resulting
lipidic film was resuspended with 10 mM phosphaiéfdred saline (PBS), pH 7.4, and extruded 10

times at 40 °C through a 100-nm pore size polyazatm filter (Millipore Corp., Bedford, MA)
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under 20 bar nitrogen pressure with an extrudgrgkiBiomembranes, Vancouver, Canada). Lipid
recovery after extrusion was assessed by phosph@ssay using the method of Stewart (Stewart
1980). mApo was added to maleimide containing ljposs in PBS to give a final peptide-to-
maleimide molar ratio of 1.2:1. The mixture wasubated overnight at 25°C. Peptide-bound NL
was separated from the unbound peptide using alP&iLimn (GE Healthcare, Uppsala, Sweden).
The vyield of coupling and the amount of coupledtigepwas assessed by tryptophan fluorescence
intensity measurements, as reported éRe. 2011).

TREG liposomes were prepared and characterizedeasopsly described (Sanciet al. 2013).
They were composed of a matrix of Sm/Chol (1:1 moktio) mixed with 10 molar% of a
PEGylated lipid containing an azido terminus (3>ded, 2-dipalmitoyl-3-(4 -methyl(O-(2-
azidoethyl)- heptaethylenglycol-2-yl)-ethylcarbarimgthoxy ethylcarbamoyl-1H- 1°,2°,3 -triazol-
1°-yl)-sn-glycerol) (Mourtagt al. 2011),for the coupling with TREG, a curcumin-dative with a
terminal alkyne group (N-propargyl 2-(3’, 5’-di(4/iroxy-3-metoxystyryl)-1H-pyrazol-1-yl)-
acetamide) synthesized as previously describeal@iiet al. 2011). For the coupling of TREG to
liposomes, CuSO4 (8 mM), sodium ascorbate (145 mM) TREG (100 mM in DMSO) were
added to liposomes prepared as described abovehaneaction was stirred for 6 h, pH 6.5, at
25°C. The resulting mixture was purified by gelréition through a Sepharose 4B-CL column
(Sigma-Aldrich, Milano, Italy).

All liposomes were characterized in terms of siad polydispersity using a ZetaPlus particle sizer
(Brookhaven Instruments Corporation, Holtsville, N¥.S.A.) at 25 °C and 0.25 mM total lipid
concentration. Standard deviations were calcultted at least three measurements.

Liposomes functionalized with TREG were also predaand characterized as previously described
(Sancini et al. 2013).

Lyophilized human Abeta42 peptide (Phoenix Pharm@cas) was solubilized in cold Tris—Buffer
(pH 9) to obtain a 1 mg/ml solution of non-fibrifaAbeta42, as previously shown (Zatal.

2011).



Biocompatibility of different liposomes used in tipeesent work has already been tested on

different cell lines (Sancini et al. 2013, Orlare@l. 2013, Bana et al. 2014).

Moreover, biocompatibility of PA-LIP, TREG-LIP anthApo-PA-LIP liposomes was also
preliminarily tested on fibroblasts cultures in ml@&concentration range (10, 100, 250, 500 uM) for
2 and 24 hours. At any concentration used liposonere not able to affect cell viability (data not
shown). Then, liposomes were added to CSF or plasrmaconcentration range of 25-250 uM for
10 minutes, vehicle treated plasma represents lwasalition and the vehicle is saline solution,
while 0.5 pM Abeta42 (Phoenix) was added to plagmaltracentrifugation on a discontinuous

sucrose density gradient.

2.3 Ex vivo Abetad2 sequestration

CSF and plasma Abeta42 levels were measured witdwseh enzyme-linked immunosorbent
(ELISA) assay according to the manufacturer’s indtons (Millipore).

CSF samples from each subject were incubated withitbout 25 pM, 250 uM mApoE-PA-LIP or
250 uM control LIP at 37°C for 15 minutes before tBLISA assay. Abeta42 content in treated
samples was expressed as percentage of the cord@sgeehicle-treated samples (controls).

Five selected AD patients that showed Abeta conéoive 500 pg/ml and 5 DS patients were
treated with PA-LIP (25 and 100 puM), TREG-LIP (23dal00 uM) and mApo-PA-LIP (100 and

250 uM) at 37°C for 15 minutes prior to ELISA.

2.3.1 Binding of liposomes to Abeta4?2 investigated by Molecular Exclusion Chromatography

Samples treated with mApo-PA-LIP 250 puM were alsdnsitted to Molecular Exclusion
Chromatography (18 cm x1 cm column, packed withh@egpse CL-4B resin, Sigma Aldrich, eluted
with saline solution) prior to ELISA in order tostinguish fractions containing liposomes bound to

Abeta42 and fractions with residual Abeta42. Eadlstion eluted from the column was tested for



both liposome content and protein content by uSliggamic Light Scattering and Bradford Assay.
(Figure 1), For Bradford Assay, 5 uL of each fraction wasted for protein content by adding 200
pL of Bradford reagent (BioRad, Munich, Germanyuigid 1: 5 in water, and the absorbance at
595 nm was measured by Victor3 1420 multilabel teu(Perkin Elmer). Liposomes containing
fractions and protein containing fractions were caatrated to 200 pL each, and the amount of
Abetad42 in the two samples (Abeta42 bound to lipes® or free Abeta42) was quantified by

ELISA.

2.3.2 Binding of liposomes to Abeta42 investigated by ultracentrifugation on a discontinuous
sucrose density gradient.

Plasma added with 0.5 uM Abeta42 was incubated mvAipo-PA liposomes (250 uM) at 37°C for
15 minutes. After incubation, liposomes-bound AB8tavas separated from free peptide by
flotation in a discontinuous sucrose density gnaid{€0% sucrose on the bottom, 50% sucrose in
the middle, sucrose-free buffer on the top) permnas described in Gobbi et al. (Gobbi et al.
2010) The samples were centrifuged in a Beckman MLS &oOrrat 140,000 g for 2 h in
polycarbonate tubes; 10 fractions of 450 pL eachlewellected from the top of the gradient and
assayed for Abeta42 content by ELISA assay. Asrohnplasma added with 0.5 uM Abeta42
without liposomes was subjected to the same praeedihe experiment was performed on plasma
from 4 subjects and repeated three times. The ammfuAbeta42 in the fractions samples was

quantified by ELISA.

2.4 Satistical Analyses
Data are reported as mean = standard error (SERistcal analysis was performed with
GraphPad Prism, version 4.00 program. Either, wagaample, or repeated measures analysis of

variance (ANOVA) tests were used as appropriatefalimved by the opportune post hoc tests.



3. Results

Liposomes functionalized with PA or TREG, or bi-tionalized with PA and mApo were
prepared and characterized by using different ghoes already optimized by the authors (Bana et
al. 2014, Sancini et al. 2013). Final preparatiese monodispersed, with size of 120 + 4 nm, 179
+5nm, 123 + 3 nm, respectively for PA liposomBEREG liposomes and PA-mApo liposomes.
Preliminary experiments on plasma samples from Allepts were not able to demonstrate the
capacity of PA or TREG liposomes to sequester Atietzecause the plasma levels of this peptide
were close to the lower determination capacity wf BLISA curve (mean value £ SD: 34 £ 19
pg/ml; data not shown). For this reason, we teBpE$omes in plasma from specifically selected
AD patients (n=5) and DS patients (Coettal. 2010) (n=5) that naturally expressed high Abeta42
levels (concentration >500 pg/ml; Abeta42 basalceotrations 1221 + 646.9 pg/ml mean = SD,
597.5- 2,556 pg/ml, range). A significant sequegtneof Abeta42 (p<0.001) in plasma treated with
PA or TREG (25 uM or 100 pM/15 min at 37°C) or mARA (100 uM or 250 pM/15 min at
37°C) functionalized liposomes was demonstrated Fsgure 2) (PA 25uM: -17 + 3.6%, PA 100
UM: -15 + 2.3%; TREG 25 uM: -19 + 6.6%, TREG 100 p0 + 5.4%; mApo-PA 100 pM: -16 +
2.6%, mApo-PA 250 pM: -12 + 7.8%). These resultsenabtained without separating liposome-
bound Abeta from free Abeta, hypothesizing thatftist, hindered by liposomes, would not been
recognized by ELISA antibodies. To verify this hyipesis, we performed ELISA experiments also
after removing liposome-bound Abeta, to evaluateréml content of residual Abeta42. To reach
this aim we treated plasma, after liposomes inéabatvith Molecular Exclusion Chromatography
(MEC) in order to obtain two fractions, one coniagn liposomes bound to Abeta (liposome
fractions) and one constituted by plasma contaimesgdual Abeta (plasma fractions). After this
procedure, we assessed Abetad2 levels and we deatedsthat mApo-PA-LIP were able to
significantly reduce the peptide level (-20 + 8.7840.05; se&igure 3).

A confirmation of such binding comes from an expemt in which we investigated the binding of

mApo-PA 250 uM liposomes to Abeta42, by using gkrsrifugation on a discontinuous sucrose
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density gradient. Plasma added with exogenous ABeteas incubated or not with mApo-PA
liposomes. After incubation, the mixtures were siited to ultracentrifugation on discontinuous
sucrose density gradient, and 10 fractions werkeceld from the top of the gradient and assayed
for Abeta42 content by ELISA assay. As already sh¢@obbi et al. 2010), when loaded alone on
the gradient, liposomes are recovered within thpeuplow density, fractions; Abeta42, when
loaded alone, remained in the bottom fractions. @sults showed that after incubation with
mApo-PA liposomes, the amount of Abeta42 recovémethe bottom fractions decreased of about
20% (range 8-30%) (fractions from 7 to 10 p<0.0le#@b42 in plasma+mApo-PA liposomes 250
mM with respect to Abeta 42 in plasma; $egure 4). Finally, we also evaluated the capacity of
functionalized liposomes to sequester Abeta42 ik @Btained from control subjects (n=10;
Abetad42 basal concentrations 724.0 + 505.6, 1281801 pg/ml, mean + SD, rangEjgure 5),
showing a significant binding of Abeta42 contenmApo-PA-LIP (25 puM: -16.7 + 6.7%; 250 uM:
-10.6 + 2.6%) treated samples respect to controlpges (p<0.01) and samples treated with

unfunctionalized Lipo (p<0.05).

4. Discussion

The Abeta peptide plays a key role in AD and regmés one major target of therapies that are
currently under investigation. Abeta oligomers @iy has been demonstrated in several studies
(Cerasoliet al. 2015). An innovative and promising therapeutiatetgy under investigation is
based on NPs directly targeting Abeta. Our stugdyetkthe capacity of liposomes functionalized
with different molecules to sequester Abeta42 iman biological fluids, both plasma and CSF,
including samples obtained from AD patients. T® fhurpose, we have previously synthetized and
characterized liposomes functionalized with PA OREIG able to bind Abeta42, and bi-
functionalized with PA and mApo-PA able both to diwith high affinity Abeta42 and to cross
BBB (Gobbi et al. 2010, Bana et al. 2014). MorepvaApo-PA liposomes have already been

shown to bind Abeta42 in an in vitro BBB cellulaodel (Mancini et al. 2016).
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Here, we demonstrated that Abeta-binding liposoaresable to sequester Abeta42 also in human
biological fluids, both plasma and CSF. One majmbfem consisted in the fact that Abeta42
largely binds to plasma protein, (Bohrmaatral. 1999) so that the measurement of plasma Abeta42
is plausibly underestimated, resulting at the lowarel of the ELISA curve sensitivity with
consequent difficulties for correct quantificatioho overcome this problem we selected those
plasma samples from AD and DS patients that nayudasplayed Abeta42 content above 500
pg/ml. In plasma, the amount of the bound peptids wmdependent from the dose and kind of
liposomes used. To explain this issue we have tsider that, during systemic administration,
liposomes are covered by plasma protein leadirtgedormation of the so called “protein corona”
that could lead to opsonization and activation bagocyte system, which in turn lead to the
removal of liposome from the bloodstream (Palchettél. 2016). To achieve stealth properties and
to avoid the protein corona formation, our lipossnumderwent to PEGylation. NPs used in this
study have both stealth properties and the capagityind Abeta, but the high plasma protein
content might potentially interfere, at least imtpwaith the PEG covering and undo eventual Abeta-
binding properties related to concentration of NBsd. Moreover, in blood only a portion of Abeta
is free, and thus available to be linked and sdquexs by our liposomes. In future experiments we
can think to change the density of Abeta ligandslippsomes surface, to see if in this way
liposomes can bind more Abetad42, due to multivgle@e do not think as surprising that
liposomes functionalized with PA, TREG, or mApoE-RAve the same ability to bind Abeta. In
fact, in previous experiments, we showed a sintilading affinity of the three kind of liposomes
towards Abeta4?2 fibrils (k=0.8 uM, 0.6 uM and 0.6 uM, respectively, as asxbsy Surface
Plasmon Resonance) (Bana et al. 2014).

Further experiments on CSF samples clearly confirthe capacity of functionalized liposomes to
sequester Abeta42 from these fluids.

Our results seems to suggest that the ELISA anjibedognizes a portion of Abeta peptide that is

involved in the binding of the peptide to the ligicsurface. Thus, when Abeta is bound to the
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liposomes, this portion of the peptide is hindex@dnsidering that Abeta interacts extensively with
lipidic membranes and apolipoproteins in vivo (Mmilg & Garvey 2015, Nambet al. 1991,
D'Errico et al. 2008), our results is of particular interest t@idwunderestimation of the amount of
Abeta in ex vivo experiments. Finally, it has belmonstrated that cholesterol acts as a promoter
for Abeta-membrane interactions, which would faatk Abeta aggregation and membrane
insertion (Yu & Zheng 2012). Since cholesterol isanstituent of our liposomes this further
strengthen the concept that plasma lipid conceatramight contribute to underestimate the
guantified amount of Abeta. Further experimentscareently ongoing to confirm this suggestion.
The literature concerning the ability of NP to sesper Abeta in human biological fluids is scanty,
and only few works report the use of magnetic NPdetection of AD biomarkers (Warg al.
2015, de la Escosura-Muig al. 2015) and not for potential therapeutic stratéddgreover, it has

to be taken into account that commonly used anmwdels of AD carry mutations in AD-related
genes that better reproduce the familial formshef disease, characterized by higher Abeta levels
than the sporadic and more diffuse forms of AD (®iet al. 2015).

Our data report the capacity of functionalized $ipmes to sequester Abeta42 in human biological
fluids, including samples obtained from sporadic,Addiggesting the possibility that they may
exploit the “sink effect” to reduce Abeta toxicigs a potentially useful therapeutic strategy.
Consistently, a reduction in brain and plasma Abata peripheral sink effect was already
demonstrated with PA functionalized liposomes irPAPS1 transgenic mice (Ordéfiez-Gutiérrez et
al. 2015). In this scenario, we conclude reportthg first demonstration of the ability of
functionalized nanoliposomes to bind Abeta42 in haonbiological fluids, including those from
sporadic AD patients. This proof of concept paves way for further and more comprehensive

studies on NP therapeutics in AD.
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Figurelegends

Figurel

The elution of liposomes from molecular exclusidiramatography was checked by Dinamyc
Light Scattering (solid line), while the elution pfasma protein (included Abeta42) was followed

by Bradford Assay (broken line).

Figure2

Abetad2 plasma levels were significantly reducedamples treated with PA, TREG or mApo-PA
functionalized liposomes. n=5 AD and 5 DS sampleth vAbeta42 basal levels >500pg/ml.
p<0.0001 at Repeated Measures ANOVA, followed bynfBooni's Multiple Comparison Test
(**p<0.001 vs. CTRL); plasma Abeta4?2 levels areregged as percentage of the cognate vehicle-

treated plasma samples considered as control (CTRL)

Figure3

Plasma samples from 5 AD and 5 DS subjects, treatdd mApo-PA functionalized liposomes
(250 uM), underwent to Molecular Exclusion Chrongaphy. “Plasma fractions” bar represents
fractions of plasma containing residual Abeta,d8pme fractions” represents fractions containing
Abeta-bound liposomes. Abeta42 plasma levels, ssprk as percentage of the cognate control
plasma samples, were reduced in samples treatdd mApo-PA functionalized liposomes.
P=0.0004 at Repeated Measures ANOVA, followed byfBaoni's Multiple Comparison Test

(*p<0.05 vs. CTRL).

Figure4
Plasma samples from 4 control subjects added wBhpM Abeta 1-42 and with mApo-PA
functionalized liposomes (250 uM), ultracentrifugaton a discontinuous sucrose density gradient

. Incubation mixtures of Abeta42 with liposomes evepurified by ultracentrifugation on a

14



discontinuous sucrose density gradient and 10idrastwvere collected from the top of the gradient.
Distribution of Abeta42 in the gradient fractionk-X0) of plasma loaded alone on the gradient
(black line) or after incubation with mApo-PA lipmees (grey line) were reported P<0.0001 at
Two-way RM ANOVA, followed by Bonferroni post-tes{¥p<0.01 and **p<0.001 Abeta 42 in

plasma+ mApo-PA liposomes 250mM vs. Abeta 42 isipia)

Figure5

CSF Abeta42 percentage levels were significanttiuced in CTRL samples (n=10) treated with
mApo-PA functionalized liposomes (25 and 250 uMypext to control CSF considered as basal.
p<0.0001 at Repeated Measures ANOVA, followed bynfBooni's Multiple Comparison Test
(*p<0.01 mApo-PA-LIP 25 and 250 puM vs. CTRL, $p<®.0mApo-PA-LIP 25 pM vs.

unfunctionalized LIP).
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¢ The use of high affinity Abeta binding liposomes is proposed in human biological fluids
e Functionalized liposomes significantly interact with Abeta in plasma and CSF from AD patients
¢ Liposomes may exploit the Abeta “sink effect” as a potential therapeutic strategy



