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COMPOSITION TO INDUCE SPECIFIC IMMUNE TOLERANCE

The present invehtion relales to a2 composition which induces, in a
host, an immuneg folerance 1o a peplidic or profeic aclive :pi'iﬂﬁipie, in
particular a therapeutic peptide, polypeptide or protein, 2 peptﬁ:ﬁc ot proteic
autoantigen, 8 peplide, polypeptide or profein inducing an allergic reaction or
a transplantation peptidic or proteic antigen. The invention also relates t0 a
method of reatment of a mammal, including human,

The fiver is known fo favour the induction of immune tolerance. Thisis
exemglified by tolerization of food anligens in *;haf liver and acceptance of
liver allografts. There has been also some demonsiration of antigen-specific
tolerance {0 some foreign antigens delivered into the liver. £, Breous et al,
Hepatology, August 2008, pp812-821 report thal hepatic regulatory T cells
and Kupffer cells are crucial mediators of systemic T cell tolerance fo
antigens targeting murine liver. They report that in a model of fver-direcltad
gene transfer, cytotoxic T lymphocyle responses o non-self antigens are
controlled by hepatic regulatory T celis that secrete the immunoguppresaive
cytoking interlsukin iL~10 in response fo the antigen. In addition, the Kupffer
cells are rendered tolerogenic rather than generaling an immune response
in this context,

The tolerogenic role of Kupffer cells has also been reported by C. Ju
st al,, Chem. Res. Toxicel. 2003, 16:1514-1519. See also AH. Lau ot al,
Gut 2003, 52:1075-1078.

The present invention aims al providing compositions that can be
used for the induction of an irmmune lolerance against a variely of peplidic or
proteic active grinciples. it aims in particuar at providing a specific immune
olerance with respect 1o one or several peplidic or proteic active principies.

An object of the invention is therefore a composition which induces, in
a host, an Immune iolerance {0 a peptidic or proteic active principle, said
composition comprising red blood cells containing said active principle. This
aclive principle may be a therapeutic peplide, polypeptide or protein, a
peplidic or proteic autoantigen, a peptide, polypeptide or protein inducing an
aflergic reaction or a ransplantation peplidic or proteic antigen, and mixtures

theraof,
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The active principle may be of nalural, synthstic or recombinant
origiy. By “containing” molecule, it is infended I encompass molecules that
cortain the peplids, polypeplide or protein of interest and another malety
that may be of any origin and is not delrimental {o the sction of said peptide,
polypeptide or protein. For example, such moiety includes haptens.

Without being bound 10 theory, the composition sccording to the
invention is deamed to induce antigen(shspecific reguiatory T cells {Tregs)
and to produce immunosuppressive cylokings or interleukins, in particular
iL-10.

Biclogical andfor bivtechnology-derived peplides, polypeptides or
proteing are increasingly used as therapsulic agents. it has been however
racognised that these agenis may induce humoral and/or cefivlar immune
responses. The consequences of an immune reaclion o such therapeutic
agent rangs from transient appearance of antibodies without any clinical
significance to severe life thvealening conditions. Polential clinical
consequences are severe hypersensitivity-type reactions, decrease in
efficacy and inducticn of awlo-mmunily, including antibodies o the
endogenous form of the peptide, polypeptide or protein (Cumpesan
Medicings Agency, Committee for Medicinal products for human use
{CHMP), Guidelines on immunogenicity assessment of biotechnoiogy-
derived therapeutic proteins, Drafl, London, 24 January 2007},

A therapeutic peptide, polypeptide or protein is by definition g peptide,
polypeptide or protsin or a peplide, polypeplide or prolsin containing
molecute that is efficlent in trealing a patholugy, especially a pathology due
to a deficiency that can be corrected by administration of this molecule.

In an embodimert, the therapeutic peplide, polypeptide or prolein is
an antibody. This encompassas any fragmeni thereof,

In ancther embodiment, the therapeutic peplide, polvpeplide or
grotein is a clofting factor, This encompasses any fragment thereof,

In another embodiment the therapeutic peptide, polypeplide or
protein is an enzyme. This encompasses any fragment thereof.

i ancther sembodiment, the therapeutic peplide, polypeptide or
protein is a growth factor. This encompasses aay fragment theraof,
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The term fragment & used fo encompass any fragment of ths
paptide, polypeptide or protein that is known to be efficient in Wealing the
assosiated pathology in replacement {0 the whole molecuia.

The glycosylated forms ara also sncompassed by these definitions.

fn an embodiment, the active principle is a lysosomal enzyme. The
iysosomal enzyme may be one used {0 treat or correst a lysosomal storage
disease by enzvime replacement therapy (ERT), including pompe disease
(Glycogen  storage  disease type H), Fabry disease and
Miicopolysaccharidoses disorders MPS |, As exampies, ons may mention:

- alphagiucosidase enzyme, e.4. E‘»’Eyozyme@ to real pompe

diseass;

- laronidase, e.q. Alduraryme® to treat MPS §;

- glphagalaciosidase A or agalsidase aiphs, e.g. Fabrazyme® and

Replagal® fo freat the Fabry disease.

iy another embodiment, the active principle is a dlotting factor useful
in freating Haemophilia. The clotting factor may be Factor Vil in partioular
for treating Haemophilia A. The clotiing factor may be Factor X, in particular
for treating Haemophiila B. The clotting factor may be Factor VH for treating
both Hasmophtlias.

A peplidic or proteic autoantigen is by definifion an antigen that is a
pnormat lissue constituent and is in a patient the target of a defrimental
humoral or cellbmediated immune response, as in aufoimmune disease,

in an embodiment, the active principle is against Rheumailoid Arthritis
{Ra).

in another embodiment, the active principle s against Multiple
Sclerosis (MS). For example the active principle is myelin basic protein.

in ancther embodiment, the active principle is against Juvenile
diabete, such as diabate type 1 and LADA {(Latent Auloimmung Diabetles of
Aduits). As sxamples, one may cite the Belz-cell antigen, in particulsr
glutamic acid decarboxylase (GAD), the pra-insuline and the insuline-ike
growth factor-2 ({GF2), and mixtures thereol

In another embodiment, the active principle s sgainst Lhveilis. One

may cife the retinal-S antigen,
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In another embodiment, the active principle is against an
inflammatory bowel disease (IBD), such as Crohn's disease and ulcerative
colitis, )

In another embodiment, the active principle is against s?%tamic fupus
erythematosus,

in another embodiment, the aclive principle 18 against psoriasgis,

in another embodiment, the active principle is against acquired
myasthenia gravis. As example, one may cite the acety! choline receptor.

A peptide, polypeptide or protein inducing an affergic reaction is by
definition a peptide, polypeptide or protein which is responsible for an
allergic regction in 3 host which reaction may include anaphylactic chock,

in an ambodiment, this peptide, polypeptide or protein inducing an
altergic reaction is a therapeutic active peplide, polypeptide or protein as
merdionsd above, whersin the present invention allows avoiding some o
any allergic reaction against it and neuiralization thereof.

i another embodiment, the peptide, polypeptide or proteln inducing
an aliergic reaction is of foed origin or any other protelc or peptidic molecule
thal may enter the bload circudation and create allsrgic reaction, e.g. after
oral ingestion. ,

A transplantation peptidic or proteic antigen is by definition an antigen
that is presented by the transplanted Yissue and is involved in the patient in
the grafl rejection, say Graft Versus Host Disease {GVHD).

In an embodiment, the transplantation antigen is ong involved in
kidney graft rejaction.

i an smbodiment, the transplantation antigen is ong involved in heart
grafi rejection.

In an embodiment, the transplantation antigen is ane involved in liver
graft relection.

The tenm “host” refers preferably o humans, but also o animals, In
particular pets (especially dogs or cats) and animals for sport {especially
horsesh

According to the invention, the red blood cells contaln, le.
encapsulate, the active principle (AP), which means that the AP is or is
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essentially inside the red blood cails.

in an embodiment, the composifion targeis the antigen-presenting
oefis (APCs) of the reticuloendothelial system. Acearding to a festure, the
red blood cells are designed, selected or modified so as o promoie
targeting of the antigen-presenting cells (APCs) of the reticuloendothelial
systam.

in 2 preferred embodiment, the composition targets the liver and
aspecially the Kuoffer cslis, According to a feature, the red blood cells are
designed, selected or modified 80 as to promote fargeting of the liver
Delivering the AP o the liver results in the induction of AP folerance and
especially AP-gpecific tolerance. The liver's olerogenic APCs are implicaled
in the induction of this lerance. These cells are essentially Kupfier calls
{XCs), non matwre hepatic dendritic celis and Hver sinusoidal endaothelial
cells.

In a preferred embodiment, the composition is used o repress the
proinflammatory response of APCs. According to a Teature, the red biood
cells are prefersbly designed or modified so0 as {o repress the
proinflammalory response of APCs.

in & preferred embodiment, the compositions according o the
invention comprise red blood cells which contain the AP and target the liver,
The composition promotes phagocylosis of these red bloed cells by the
fiver's APCs, sspecially the KCs,

According to a first embodiment, the red blood cells contain the AP
and ars in the form of an mmune complex with an immunogliobutin which
recognizes an epilope al the swigce of said red blood celis, so as to
promote the phagocytosts of ssid red blood cells by the lfivers APCs,
gspecially the XC.

The composition sisv makes it possibie o promate phagooyiosis by
macrophages.

Preferably, the immunogiobulin is an immunoglobulin G,

As antibody that may be used {o make adequate opsonisation, one
may mention anti-Rhesus anttbodies, anti-glycophorine A antibodies and
anti-CR1 {CR1 = {ype 1 complement receptor} antibodies. Anti-Rhesus
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antibodies are praferrad.

According to another embodiment, the fiver targeting andfor the
inhibition of the proinflammatory response isfare dons by an, appropriate
chemical treatment using agents which modify the surface of re’é biood cells,
and  in pavticular  bridging  or  crosslinking  agents  such  as
bis{sulphosuccinimidy!) suberate {(BS3 or 883), glutaraldehyde  or
neuraminidase,

According to another embodiment, the liver targsting andlor the
inhibition of the proinflammatory response isfare dons by using & lonophore.
By ivnophors, # s meant as # is well known from the person skilled in the ar
a fipid-soluble molecule that alfows the transport of lons scross the fipid
bilaver of the cell membrane. lonophoras may be in padicular lipid-soluble
molecides as synthesized by microorganisms o franspost ions acress the
fipid bilayer of the cell membrane. Genesrally, the ionophore is able to form a
complax with a ion and serves as ion-carrier.

In an embodiment, the ionophore is one forming a2 complex with &
divaient cation such as calclum. According fo the invention, the bnophore
may be used with calcium, which induces an increase of the calclum
intracelivlar concentralion and an exposition of the phosphatidylserine,
leading o an sarly aging of the red blood cells.

As an exampls, one may use the csiclum jonophore AZ3187
{calcimycin). i is deemed that the lonophore such as AZ3187 induces a
raise In infracefiular calclum concentrations of the RBCs, leading to the
senescence of the oells and that the' phagocyiosis of aged red blood cells
represses the proinflammatory response. This i in accordance with
Romerg P.J., Romerc E.A, Blood Cells Mol Dis. 25 (1888} 18 and
Bratosin D, et al,, Cell Death Differ. 8 {(2001) 1143~ 1156,

in a particular embodiment, al least two methods of targeting ave combined,
and, for example, the composition then comprises AP-containing red blood celis
which are iny the form of an immune complex and arg chemically treated so as o
promote thelr uptake in the liver, and phagocytosis by AFCs, in particular by the
K{s.

tn an ambodiment the red blood cells originate from the patient itself,
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in another embodiment, ths réd blood ceils originate from a blnod-yping
compatible denor.

The composifion according to the invention may comprise one or mare APg
in the same rad blood cells or each one in different red blood ceils. '

Techrigues for sncapsulating active ingredisnts iy red biocd cells are
known and the basic technique by lysis-resealing, which is preferred hevsin, is

gscribed in patents ER-A-101 341 and EP-A-673 101, to which those skifled in the
art may refer. According o this fechhique, the primary compariment of a dialysis
plement (for exampie, a dialysis tubing or a dialysis cariridge) is continuously fed
with a suspension of red bloud cells, while the secondary compariment contains an
agueous solution which s hypotonic with respect o the suspension of red blood
cells, in order to lyse the red blood celis) next, in & resealing unit, the resealing of
he red blood cells is induced in the presence of the AP by increasing the osmotic
andfor encotic pressure, and then a suspension of red bloed oolls containing the
AP is collected.

Among the variants describad up untll now, preference is given o the
method described in WOZ008/016247, which makes it possible io efficiently,
seproducibly, safely and slably encepsuiate the AP. This method comprises the
following steps:

1« suspension of a red biood cell pellet in an isolonic solution at a
hagmatocrit fevel greater than or equal to 85%, cooling between + 1 and + 8°C,

2 — measurement of the osmotic fragility using a sample of red blood ceils
from said red blood celf peliet,
¢ being possible for steps 1 and 2 1o be caried out in any order {including in
parailel),

3 - lysis and internalization process of the AP, inside the same chamber, at
a temperature constantly maintained between + 1 and + 8°C, comprising passing
the suspension of red biood cells at 2 haematocrit level greater than or equal to
88%, and a hypotonic lysis solution cooled o betwesn + 1 and 8°C, through a
diatysis carlridge; and the lysis parameters being adjustad accarding o the camotic
fragiiity previously measured; and

4 ~ mesealing proosss carried oul In & second chamber, inside which the
fernperature is belwesn + 30 and + 40°C, and in he presence of a hyperionic
solution.

The "internalization” is intendsd 10 mean penstration of the AP mside the

red blood ceils.
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In particular, for the diaiysis, the red blood cell pelist is suspended in an
isolonic solulion at g high hasmatocrit level, greater than or equal {0 65%, and
preferably greater thah of equal 1o 70%, and this suspension is co'eie;i o belwean
+ 1 and + 8°C, preferably between ¥ Z and §°C, typically in the reg‘%en of + 4°C,
According to a specific embodiment, the hasmatocrit level is belween 85% and
80%, preferably betwesn 70% and 80%.

The osmictic fragiiity is advaniageously measured on the red blood cells just
before the lvsis siep. The red blood cells or the suspension containing them are {is)
advantageously &l & tempsrature close {0 or identical to the temperature ssleclad
for the lysis, According fo another advantageous feaiure of the invention, the
oamotic fragifity measuremaent is expioifed rapidly, {8, the {ysis mrocess s carried
out shorlly after the sampie has been laken, Freferably, this period of time between
taking the sample and beginning the lysis is less than or equal {6 30 minutes, more
preferably still less than or equal o 28, and even less than or sgual to 20 minutes.

As regards the mannsr in which the lysis-resealing process is carded out,
with the osmotic fragifity being measured and {aken info account, those skilled in
the art may refer to WO2008/016247 for further detalls.

. ‘

According to one featurs of the invention, the composition according to the
¢ P g

Invention comprises, at the end, a suspension of red blood cells at a hasmatooril

level of between about 40% and about 70%, preferably between about 45% and
about 58%, belter stiil about 50%, H is preferably packaged in a volume of about 1
o about 250 mi. The packaging is preferably in a blood bag. syringe and the Bke, of
& type sultable for blood transfusion or administration. The amount of encapsulated
AP corresponding to the medical prescription is preferably enfirely contained in the

bicod bag, syringe and the like.

An object of the invention is alse a method for indweing, in & host, an
immune tolerance to @ peptidic or proteic active principle, said composition
comprising red blood cells containing an active principle sefscied from the group
consisting of a therapeutic peplide, polypeplide or profein, a peptidic or profeis
autoantigen, a peplide, polypeptide or protelry inducing an allergic reaction and a
vansplantalion peplidic or proteic antigen, This method comprises the
administration © the host of an effective amount of a composition according o the
iventicn, In particidar intravenously, by injection or infusion, preferably by infusion.

According to one feature of the invention, about 1 to aboul 250 mi,
especially about 10 {o about 250 mi, typically about 10 and about 200 mi of a

suspension of red biood cells is administered. The suspension is al an appropriate
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haematuert level, generally of belween about 40% and about 70%, preferably
betwssn about 45% and about 55%, beller stili about 50%. are administered. The
red blood cells may have thelr own tolerogenic effect with respect o the active
arinciple that is presented at the same time (the encapsulated active principle).
High amounts of red blocd cells may thus favour the lolerogenic effect. On the
other hand, targeting the liver as recited above may alfow o use low dosss of red
biood cells. The person skilled in the art may thus selegt the aplimal amount of
active principle and of red biood celis used in a patient, and may take inlo account
whether or not the red biood cells have been irealed to {arget the liver,

An object of the invention is agiso the use of a compesition according lo the
invention, for the induction of an mmune tolerance specific to the active principle or
the active principles that are present in the administered red dlood ceils,

Another object of the invertion is a composition according o the invention,
for use as a medicament © dute an mmune tolerance specific fo the active
principle or ihe active principles that are present in the adminisiered red bipod cells.

The present invention will now be described in grester delall by means of
embodiments taken by way of noniimiting examples, and which refer {o the
attached drawings whereil

Figure 1 is g graph representing the percentage of CO4 T celis expressing
FOXP3

Figure 2 is a graph representing the percentage of requlatory CD4" CDIZ5° T
ceils producing H~10,

Figure 3 is 3 graph representing the percentage of CD4 T cells expressing
FOXP3 in the spisen,

Figure 4 is g graph representing the perceniage of CD4 71 cells exprassing
FOX P3 in the liver.

Figurs § is a graeph representing the perceniage of OVA-specific CO8 T

Example 1 Encapsuiation of FITC-dextran in muring red bload gells

FiTC-dextran fluorochrome (70 kDa} has been encapsulated in red blood
cells of murine origin (OF1 mice) using the column hypolonic dialysis. Bload is
centrifuged and then washed 3 imss with PBS. Heamatocrit is adjusted © 70 % in
the presence of FITC-dextran added to a final concentration of 8 mg/mi before
dialysis. The red blcod cells are diaiysed at a rafe of 2 mifmin against a ivsis
tampon having a low osmolarity {counter-flux at 15 miimin), The lysed red blond
celis feaving the column are rescelled using a high csmolarily solution and
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incubation 30 min al 37 °C, After several washings with PBS containing glucose,

the celis are brought to heamatocrit 56 %.

Example 2. Chemical treatment with bis{sulphosuccinimidyi} suberate ( BE%Y

1 i on the red blood ceils containing FITC-dexdran

The suspension of red bicod cells encapsulating FITC-dextran is washed
sevéral Ymes before being brought to 1.7 x 10° celiful with PBS and mixed with one
voiurne of a buffer solution of 2 mM BS3 {the BS3 solution contains glucose 0.08 %
and phosphate buffer, pH 7.4), so as o obtain a final BS3 concentration of 1 mM.
The cells sre incubated for 3¢ minutes at room temperatsrs. The reaction is
quenched by adding one volume of 20mM Trs-HCL NaCl 140 mM. After
incubation at room termperature for 5 minutes, the mixture s centrifuged at 800 ¢
for Smin, 4°C. The celis are then washed iwice with PBS containing glucose
{centrifugation at 800 g) and once with SAG-BSA 6 % (centrifugation at 1000 ¢) for
10 min, before adjustement to heamatoerit 50 % to constitule the final producis.

Example 3. Chemical reatmant with bis{suiphosuecinimidyl) suberate (883)

5 mM on the red blood cells containing FITG dextran

The suspension of red blood cells sncapsuiating FITC-dextran is washed
several times before being brought o 1.7 x 107 caliul with PBS and mixed with ons
volume of a buffer soluticn of 18 mi BS3 (the B&3 solution conigins glucose 0.08
% and phosphate buffer, pH 7.4), so as to obtan a final BS3 concentration of §
mM. The cells are incubated for 30 minutes al room temperature, The reaction is
guenched by adding one volume of 20 mM Tris-HGL NaCl 140 mM. After
incubation at room temperature for § minudes, the mixture is centrifuged at 800 g
for 8 min, 4°C. The cells are then washed twice with PBS containing glucose
{cenirifugation at 800 g) and once with SAG-BSA & % {centrifugation al 1000 g) for
10 min, before adjustement {o heamatocrit 50 % {o constitute the final products.

Example 4, Trestinent of the red blood celis contgining FITC-dextran by the
AZ3187 ionophore

The suspension of rad blood celis containing FITC-dexiran is washed once
with & tampon A containing Hepss 10 mb, NaCi 140 mM, BBA 0.1%, Call, 2.8

mM, and then the suspension is dilted to 1.10° cellsimicroliter using tfampon A
ionophore concentraled in DMSO s diluted with tampon & and then added to the
cell suspension in arder 10 gt a final concentration of 0,15, 0.2 or 0.3 uM. The cells
are incubated 30 min al 37 °C, The mixiure is centrifuged at 800 g during 8 min, 4
°C. Then the cells are washed 2 imes with PBS confaining giucose {centrifugation
800 g} and once with SAG-BSA 6% {cenirifugation 1000 g} and the final products
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ars oblained.
Exampie 5. Biodistrbution of FITC-dextran afier injection of the red blood

cells in mice )

§ batches of red blood cells from mice OF 1 containing FiTénc!extraaw. as
ohiaingd in sxample 1 and wested or not with BS3 or ionophors (based on
examples 2-4} as follows were prepared:

Batch 1 no reatment
Baich 2; BS3 { m
Baich 3 882 5 mM

aich 4: ionophore 0.2 uM
Baich & ionophore 0.3 uM

Each batch is injected IV at Jt into OF1 mice. The mice are sacrificed 1h3D
after injection, and bloed, spleen, fiver and bone marrow are recaverad: aliquots of
50 pi of blood and for spleen, lver and bone marrow aliquots of 50 ¢ atter grinding
and humogeneisation of the whole cells of each organ. The aliquots are congslated
for at iwast 20 min at -20 °C, then thawn slowly at room femperaturg. The allquots
from the control mice are used to prepare a FiTC-dextran standard range of
conceniration: the aliquots are then lysed with 125 (4 of different concentrations of
FITG-dexiran to constitute the standard range of concentration.

The aliquots of the sample to be analysed are lysed using 125 i of distifed
water. Then 175 yl of TCA 12 % are added {o the aliquols. The mixtures are then

centrifuged at 15,000 g, 10 min, 4 °C. 200 ¢ of acid supernatant are taken and 500
ut of triethanolamine 0.4 M are added before fluorimetry detection {excitation at 484
nm, emission 521 nm). The FITC-dextran concentration of each sample can be
determined using the slanderd range of concentration and the proportion of FITC-
dexiran present in the corresponding organ can then be deduced.

Biodishibution of FITC-dextran 1h30 after injection of the red bicod cells in
OF 1 mice (Table 1)

Balches Riood Liver Soisen
1 57% 198476% | 77+1,8%
2 3520% | 02:A8% | 22.8%14%
3 11% 20,6% 13.30%
4 19.9£128% | 5411,3% 72212%
S 147:13% | 3B57%72% | 92:08%
1 mb BS3 treatment induces erythrocyrie largeting of e liver and the

spigen whereas ionophore ireatment induces erythrooyrie targeting of the liver only.
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ncreasing dose of jonophore enhances targeting.
Example 8, Phagooviosis measuremernd in mice of FITC-dextran containing

red blopd calls ‘
5 patches of red blood cells from mice OF1 condaining FITC-dexiran as

o

obtained i example 1 and treated or not with BS3 o ionophore {based on
gxamples 2-4) were prapared:
Batch 1 no treatment
Batch 2. BS3 T mM
Batch 3: BY3 5 mM
10 Baich 4 onophore 0.2 4
Batch & ionophore 0.3 oM
Each balch is injected 1V at 31 inlo OF1 mice, The mice are sacrificed thal
affer injection, and livers are recoverad. Fluorescence incorporated in the liver

macrophages expressing F4/80 marker, the fiver cells expressing CD11b marker

15 and the liver dendnilic cells sxpressing the CD11c marker ware measurss using
How cytometry.

Percentage of fiver cells having phagocyted the FITC-dextran conlaining red

biood cells 1h3Q after injection infa mice (Table 23
‘ ‘Macrophages
Batches 40 CD 11b cefis Dendritic cells

1 7.8% 1.7% 3.4%

z: 7.2% 6.4% 7.1%

3 13.0% 7.8% 10.2%

4 10.7% 6.4% 11.4%

5 7.4% 3.3% 7.2%

20 883 and ionophors freatments induce erythrophagocytesis by macrophages
{F4/80 and CD 11b) and dendritic cells. For BSA trealmeant, the percentage of celis
that phagoeyts trested red bivod celis is dose dependant of the amount of BS3
used for treatment.

Exarnple 7. Method for encapsuisting ovelbumin in_muddng and human red

25 bigod cells

Qvatbumin {protein of 45 kDs, hen egy ovalbumin} was encapsulated in
murine red blood cells (OF1 mice or CBTBIS mice) by the method of hypotonic

diztysis in dialysis tubing. The red tlood cell suspension was washed several imes
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before being brought to & haematocrit of 70% for the dialysis. The dialysis was
carried cuf in dialysis tubing in a lysis buffer of low osmolarity for about 1 hour or 30
nin when the dialysis occured after & heal treatment. The red blood cells were then
resealed by means of a solution of high osmolarity for 30 minutes. Afler a few
washes, the final product was taken up in a buffer, Sag-mannitol, and hasmalocni
was brought o 50%.

Yariant 2 ¢

Cvathumin was herein encapsufated in the murine red blood cells by the
method of hypotonic dialysis in 3 dialysis column. The red blood cell suspension
was washed several tirses before being brought 1o & haematocrit of 70% for the
dialysis. The dialysis was carried oul in a dialysis column in & lysis buffer of low
osmolarily for about 10 min. &y soon as they left the column, the red bicod celis
were resealed by means of a solution of lugh osmolsrity for 30 minudes at 37°C.
After z few washes, the final product was faken up in a NaCi glucose buffer
conlaining glucose SAG mannitol, or decomplemented plasma, and hasmatoorit

v

was brought back to 50%.

Example 8: Method for encapsulating ovaibumin in mouse red blood celis
Ovatbumin {Worthington  Biochemical Corperation, Lakewood, NJ} was

encapsulated into mouse red blood cells by hypotonic dialysis. Red bicod cells
suspensions weare prepared from CEYBL/AE mouse blood collected on lithium
heparin. Briefly, the red blood celis were washed three times with saline soiution
and the haematocrit {Het) of the blood was adjusted o 70% hefore dialysis. QVA
were added o the red blood celis suspension at a final conceniration of 5, ar 0.8
mgfvl, Diatysis was performed {cell flow rale of 2mifrain} against & cell lysis bulfer
{osmolality of 50 mQsmclikg} circulating al counter-current {18 mifmin) into an 80
hollow-fiber dialyser {Gambro, Lyon, France). Red blood cells were resesled “on-
fine” by adding (10% final volums} an hypertonic salution (1808 mQsmolkg)
coriaining 0.4 gft adenine {(Sigma-Aldrich, Saint-Louis, M), 158 git inosine
(Sigma-~Aldrich), 8.4 gft sodium pyruvale {Sigma-~Aldrich), 4.8 ¢/l monoesodium
phosphale dshydrate {Sigma-Aldrich), 10.2 g/ disodium phosphate dodecahydrale
(Sigma~Aldrich), 11.5 g# glucoss monohydrate {Sigma-Aldricht and 80 g/t Nali
{Sigma~Aldijch}. Red blood cells were incubsted 30 min at 37 =C with the
hypertonic solution, Following several washings with 0.9% NaCi 8.2% glucoss
{Bicluz, Baint-Jean-de-Luz, France), the product was washed oncg with the ampon
A conlaining Hepes 10 mi, Nali 140 mM, 8SA 0.1%, CaCi? 2.5 mM, diluted with
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tampon A to 1.10° celissul anid treated with 0.15uM of Calclum ionophore A23187
{Sigma) for 30 min at 37°C as described in the example 18, ARer 3 washes with
8% Nalll 0.2% giucose, the final product was resuspended and ils haemalocrit

was adiusted o 50% with decomplemented CEH7BL/G mouse vlasemna (18% final
volume). The product thus obtained was stored at 2-8 -G

Example 8; Method for sncapsilating gvalbumin in mouse red hiood celis

Cvaibumin {Worthington Biochemical Carporation, Lakewood, NJ) was
encagsulated into rmouse red blond cells by hypolonic dialysis. Red blood cells
suspensions weve prepared fromy CS7BL/G mouse blood collected on fithium
heparin. Briefly, the red bicod cells were washed three times with saline solulion
and the haematocrit (Het) of the blood was adjusied to 70% before dialysis. OVA
were added to the red binod cells suspension &l a final concentration of 5, or 0.5
mgfmi. Diglysis was performed {ceil flow rate of 2mmin) against a cel! lysis buffer
{osmolality of 50 mUsmolikg) circulating at oounter-current (18 mifmin} info dialysis
tubing. After dialysis, red blood cslls were resealed by adding {10% finat volume)
an hypertonic solution {1200 mOsmaolikg) containing C.4 g# adening (Sigma-
Aldrich, Saini-Louis, Mi3, 15.8 g/t inbsine (Sigma-Aldrich), 8.4 g/ sodium pyruvate
{Sigma~Aldrich}, 4.2 o/l monoesodium phosphatle dehydrate (Sigma-Aldrich), 10.8
g# disodium phosphate dodecahydrate (Sigma-Aldrich), 11.5 gf glucose
monohydrate {Sigma-Aldrich) and 80 g/ NaCi (Sigma~Aldrich). Red bload cells
were incubated 30 min at 37 «C with the hyperionic solution and then chemically
freated with BS3 as described in the example 14,

Following several washings with 0.9% NaCl 6.2% glucose (Ricluz, Saini-dean-de-
Luz, France), the final product was resuspended and its haematocrit was sdiusted
o 50% with decomplementad CHYRLE mousé plasma (15% final volume). The
product thus oblained was stored al 2-8 «C

Examole 10, Antibody treaiment o the red blood cells containing ovalbumin

The suspension of red bood cells encapsulating ovalbbumin 8 washed
several imes befors being brought 10° colleimi for the in vivo jest and 10° celimi
for the in vifro test. i is incubaled with the ant-TER118 antibody {10 pgiml for the
in vifro test and 23 ugimi or & pofnd for the in vivo test) for 30 minutes at 4°C. After

a few washes, the final product is faken up in a buffer with injectable qualities, and

hraematocrit is brought to 50%.
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Examnle 11, Measurement of the phagogviosis of ovalburin-cenfaining red
blood cedls by dendritic gells i vitro

The effect of the antibady treatment on the phagoeylosis efficiency of the
red bipod cells obtained according to example 9, by dendritic cells, i4 measured in
#ro, The red Glood ocells are lahelled with a fluorescent label, CFSE

{carboxyflunresceln succinimidyl ester), for 20 min at 4°C. CFSE is a non-
fluorascent dye which diffuses through the cell membrane. Once inside the cell, the
molscule becomes fiuorescent subsequent fo Hs cleavage by intraceliuler
asierases,

Dendritic celis arg isolaied from the spleen of C57BYS mice using magnetic
beads, These beads carry antibodies which recognize the CD11e merker, thersby
making it possible to isolate the CD11¢” dendritic cefl fraction.

The CFSE-abelied or unlabelied red blood cells are then incubated with the
dendritic celis {10 x 18° celifm) at a ratio of 20:1 in a final volume of 200 uiwell of
round-bottomed 868-well culture plates for 4 hours at 37°C and 5% CO,. After
cuituring for 4 hours, the red blood calis not ingesied by the dendritic cefis are lysed
with NHCl, and several washes are carred oul The capture of the CFSE
fluorochroms by the dendritic cells is then measurad by fiow cylometry (R Seguwra
et al, J. Immunol, January 2006, 178{1}. 441-50),

Three populations of red blood celis were fested:

{A) red blood cells toaded with ovalbumin and not labelled with the CFSE
fluorachrome,

{8} red blood celis loaded with ovalbumin and labelled with CFSE,

{C) red tlood celis foaded with ovalbumin, treated wilh the anti-TER 119 antibody
and labelled with CFSE,

Resuits

Table 3: Percentage of dendntic cells having phagocylosed fluorescent red

bioad cells:

Red biood celf population % of dendritic celis
(A} 4%
{B) 27%
{9 36%

The muring red biood ceils loaded with ovatbumin and treated with ihe anti-
TER 119 antibody wers more sificiently phagoeytosed by the dendrilic celis lsclated
from the spleen than the unireated red blood cells i viro, after 4 howrs of
eocullire. 36% of the derdritic celis phagocyiosed the red blood cells carrying the

antibcdy, against only 27% in the absence of antibody.
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Example 12. Measurement of the phagocyiosis of red biood cells containing

ovatbumin, by macrophades and dendritic cells of the spleen and fver jn vive on

Thiz study is an allogenic study since OF1 mice red blood cells containing
ovalbumin are injectad 1o not consanguineous CH7TRIB mice.

Three baiches of 74 x 107 red blood cells, from OF1 mice, loaded with
ovalbuniin (example 8} trsated with the anti-TER 119 antibody (as described in
exampie 10) or not veated are prepared. These balches are divided up in the
following way:

Baich 1: no antibody freatment
Baich Z: regted with the anti-TER 118 antibody.

Fach bateh is fabelled with CFSE and injected intravenously into C57BIE
mice. Three hours afier the injection, the bload, the spleen and the Hver of the mice
are akenn. The perceniage of fluorescent red hlood cells circudaling in the blood of
the mice is measured by flow cytometry. The fluorescence incorporated info the

spleen macrophages expressing the F4/80 marker, inlo the liver macrophages

expressing $he F4/80 marker and into the spleen dendrilic cells expressing the
CD11e marker is measured by flow cytometry.

Results

Table 4: Percentage of macrophages or dendritic csils from the spleen,

having phagooytosed flucrescent red blood cells 3 hours after injection inle the

mMouse:
Batches Magrophages Dendsitic cells

4 28% 5%

2 81% 22%

3 hpurs afler injection, the murine red biood celis Ioaded with ovalbunin and
reated with the ant-TER 118 antibody are almost no longsr present in the bivod of
the mouse {1%), whereas there are slifi untreated, ovalbumin-doadsd red blood
cells in the blocd of the mouse (4.6%).

The red bleod cells that have been treated with the anti-TER 119 aniibody
ate phagocylosed by the F4/80 macrophages and CO¥ie dendritic celis of the
spleen.

The red bivod cells treated with the anti-TER 11¢ aniibody were more
sfficiently phagocviosed by the F4/80 macrophages of the spleen than the
untreated red blood cells. 81% of the spieen macrophages phagocyicsed the
antibody-treated red blood cells, against only 28% in the unireated batch {Table 4},
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The antibody-treated red blood cells were aiso morg  efficiently
phagooyiosed by the CO11c dendritic cells from the spleen than the unireated red
bioad cells, Respectively 2% of dendritic cells phagocytosed the antibody-treated
red blood cells against only §% in the case of the untreated retd blood celis
{Table 4).

Table 5. Percentage of liver macrophages having phagocylosed fiuorescent

red blood cells 3 hours after iniection into the mouse,

Batches Macrophages
1 24%
2 50%

The red Dlood celis irealed with the anttTER 118 aniibody are
phagocylosed by the F4/80 macrophages of the liver,

The red biood cells treated with the ant-TER 118 antibody were more
afficiently phegooviosed by the F4/80 macrophages of the liver than the untreated
red blood cells. 50% of the liver macrophages phagooytosed the antibody-treated
rext blood cells, against only 24% in the untreated batch (fable §).

1 conclusion, the binding of the antibody to the red blood cells allowed
agtficient targeting of the red blocd cells in the spleen and the iiver, and a significani
increase in the percentage of dendritic cells and of macrophages capable of

phagocylizing these red biood cells.

Exemple 13. Measure of sercentage of requlatory T ceills and their
praduction of anti-infiammatory interleukin-10 {(3.-10) afler one inlection of Peolv(LG}
and antibody-ireated or untrsated ogvalbumin-loaded sryvihiocyigs in mice

The purposse of this study was o measure e percentage of reguiatory T
cells in C57BYS mice after injection of Poly(IC) and antibedy-freated {anii-TER

118} or unireated ovalbumin-icaded sryihrocyles.

Twe batches of 30x107 antibody-treated or unireated ovalbumin-loaded
arythrocytes from OF1 mice were prepared according to example 8. Iy this study,
an equivalert amount of entrapped ovalbumin was injected freg and the negativg
conirol was the preservative solution of entirocyles {NaCl glucosed containing
33% »f decomplementad mice plasma). The amount of free or entrapped QVA
injected fo mice was 2pg. The amount of free Poly(1:C) injected to mice was 28ug.

Batch 1: ovalbumin-loadsd erythrocyies and Poly(i:C)

Batch Z: antibody-ireated ovaibumin-loaded erythrocytes and Poly(tC}
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The batches were injected intravenously to CB7BIB mice (4 mice per
group). Seven days after balch injection, mice wers killed and thelr spleens
collesied. To measurs the percentage of FOXPS expressing OD4 T cells by flow
cytometry (Figure 1, Table 8), 2.5x10° of spleen calls wers used. Brie'f:éy, after REC
lysis using NHOE solution (StemCell Technologiss, cataiogue number 7850).
spleen celly were firel stained with PCS-anti-CD4 (Biolegend, catalogue number
BLE100514) and FiITC-anti-C25 monoclonal antibodies {Biclegend, catslogue
aumber BLE1T10868), and then incubated with fixation and permeabilisation buffers
{Biolegend, calalogue number 421303} before being incubated with PE-anii-FOXP3
mAb (Biolegend, catalogue number 320008) or isotype conirel.

To measure the percentage of regulatory T cells {C04+ QD25+ producing
iL-10 by flow eytomelry {Figure 2, spleen cells (5 x 10° cells /i) were culfured with
0.1 pgfml of OVA323-339 peplide {Genscript, catalogue number 41007-1) for 4
haurs at 27°C in 5% COq-air on 24-well culture plates. One hotyr after the beginning
of the culture, Brefeldin & (Ebioscience, catalogue number 420601} were added fo
biock cytokine secretion. At the end of the cullure, cells wers first stained with FCS-
anti-CD4 and FITC-anti-CD25 monocional antibodies, and then incubated with
fixation buffer {Biolegend, catalogue number 420801), and permeabilisation buifer
{Blolegend, catalogue number 421002) before being incubated with PE-anti-iL-10
mAb (Biolegend, catalogus number 508008) or isolype control.

The perceriage of regulatory CD4 T cells expressing the transcription factor
FQXP3 had significantly Increased after injection of Poly(1:C) and antibody-trealed
OVA-vaded ervthmcoyies or free OVA compared to control mice injested with the
preservative solution {Figure 1, Table 9, studsnt test, p < 0.007 and p < 0.08

respectively).
Tabie 6: Percentage of CD4 T celis exprassing FOXPS
TEMS % of C4 T ceils axpressing FOXP3
{+ standard deviation}
Batch 1 8.3 11
Batch 2 : 11.6 0.8
Free QYA and Poly(1:C} 88218
Preservative solution 70217

Nevertheless, only regulatory T cells induced by antibody-treated QVA-
foaded eryihrocyte and Poly(EC) infection can groduce fhe anti-inflammatory
ovtokine ({L.-10) afier in vitro restimuiation with QVA peptide (Figure 2 {abis 7).
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Table 7: Percentage of reguiaiory CD4™ CD28" T cells producing iL-10

ITEMS % of CD4 CDES cells praducing 10
{% standard deviation)

Batch 1 1.8+05

Batch 2 BS+2

Free OVA and Poly(1:C} 172095

Presevalive solution 1.6 +0.4

In summary, inection of antibody-treated OVA-oaded erythrocyte and
Poly(t:C) induned the generalion of regulatory T cells able o produce 1L-10 after
restimulation with antigen.

5 in Figure 1, the percentage of FOXP3+ CD4" T cells in the spleen was
determined by flow cytometry 7 days after infravenous injection into CH7BL/E mice
of antibody-treated (black bars) or unftreated {dark grey bars} OVA-oaded
eryinvocytes and Poly(L.C) or free OVA and Poly(kC} (fight grey bars), or control
medium {(white bars}). The amount of free or entrapped OVA injected to mice was 2

3,
[09-]

ug and the amount of and Poly(:C} was 25ug.

in figure 2, the production of IL-10 by regulatory CD4™ CD25+ T cells was

detsrmined by flow cvtomaetry after in vitro restimutation with OVA pepiids 0.1 pg/mi

of spleen celis iscisied from CS7BL/S mice injecied 7 days with antibody-treated

{black bars) or untreated {dark grey bars} OVA-joaded erythracytes and Poly(l.C)

18 or free QVA {light grey bars) and Foly{E:C), or control medium {white bars}. The

amount of free or enfrapped OVA injscled to mice was 2 ug and the amount of and
Poly(hG) was 28ug.

Example 14, BS2 reatment on the red blood cells conlaining evalbumin

TSNS~ P44

20 The suspension of red blood celis encapsulaling OVA (example 3) was
washed several times before being brought fo 1.7x10° cellsiid with PBS and mixed
with one volume of a buffer solution of 2mM BS3 {the BS3 solution contained
glucose $.089% and phosphate buffer, pH7.4Y, s0 as to obisin a final BG83
concentration of 1mM. The cells were incubated for 30 minufes at room

nY
oy

lemperature. The reaction was quenched by adding one volume of 20mM Tris-HC,
NaCl 140mb. After inoubation at room femperature for 5 minutes, the mixiure was
centrifugated at 800 g for 5 min, 4°C. The celis were then washed thrice with NaCi
giucose {centrifugaiion at 800 g) for 10 min, before adjusiment o hematoorit 30%




WO 2011/051346 PCT/EP2010/066269

10

sar
N

et
n

20

with decomplamentad plasma.

Example 15, lonophore treatment or the réd blood celis containing wgi‘rmmin

The suspension of red bivod celis encapsulating OVA {example 8) was
washed once with a fampon A containing Mepes 10 md, NaCl 140 mM, BSA 0.1%,
CaliZ 2.5 mi, and then the suspension was difuted fo 1.10° colieddd using tampon
A lonophore concentrated in DMSO was diiuted with tampon A and then added o
the cell suspension in order 1o get a final concentration of 0.15uM. The cells were
incubated 30 rain at 37°C. The mixiure was centrifugated af 800 g during & min,
A°C. The cells wers then washed thrice with NaCl glucose {centrifugation at 800 g}
for 10 min, before adjustment 1 hamatoornit 50%. with decomplamented plasma,

Exarple 16, Measure of percentage of regulaiory T cells in the lver and in the

DA AVEA RS

spieen after one injection of ovalbumin-loaded erythrocvies in mice lrealed 1o largst

the liver andfor 1o repress APC proinflammation resnonse

The plrpose of this sfudy was to demonstrate that the use of RBC, treated
o farget the liver and fo repress APC proinflammation response, as antigen

delivery system induced an increase in the percentage of regulstory T cells in mice.

Batches of 126x10° antibody-ireated, BS3-treated or ionophore-reated
ovalbumin-ioaded erythrocytes from CETBLIE mice were prepared according o
example 8. The amournt of entrapped OVA injectsd {o mics was 8 ug.

Baich 1. ienophore-treated ovalbumin-loaded eryihrocylas
Batch 2: BS3-ireated ovalbumin-loaded endbrocytes
Balch 3: antibody-treated ovalbumin-oaded ervihrocyles

Baich 4: anlibody-treated ovalbumir-inaded ervthrooytes amd Poiy(LC)

The batches were injested intravenocusly to CETBYS mice {3 mice per
group}. Seven days affer bateh injection, mice were killed and their spisers and
fiver collected. To measure the percentage of FOXP3 expressing Ch4™ T celis by
flow cylomelry in the spleen (Figure 3, Table 8) and in the liver (Figure 4, Table 8},
1 x10% and 2.5x10° of liver colls and spizen cells were ussd. Briefly, after RBC lysig
using NH4CH soluion {StemCeli Technologies, cat nb 78580}, cefis were first slained
with PCS-anti-CD4  (Bidlegend, cat nb BLE100614} and Fi¥C-ant-CD2Z8
monocional antibodies (Biclegend, cat nb BLE110569), and then incubated with
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fixation and permeshilisation buffers (Biolegend, cal nb 421303} before being
incubated with FE-ani-FOXP3 mAb (Biolegend, cat nb 320008) or isclype control.

In figure 3, the percentage of FOXP3+ CD4+ T cells in the spleen was
determined by flow cytometry 7 days affer infravenous injection inia_-éﬁ?Bi./G ming
of ionophore-trested {dark grey bar), BS3-ireated {(grey bar} or andibody-treated
(Bight grey bar) OVA-oaded srythrdcyles ov antibody-frealed OVA-loaded
srythrocvtes and Poly(E:C) {black bar} or control medium {white bar). The amount of
OVA enfrapped injscled to mice was 8ug.

In figure 4, the percsntage of FOXP3+ CR4+ T ceils in the liver was
determined by flow cytometry 7 days after intravenous injection infe T57BL/AS mice
of ionophore-ireated {(dark grey bar), BS3-ireated {grey bar) or antibody-lreated
{light grey bar) OVA-loaded engthrocytes or antibody-treated OVA-vaded
srvthrocyles and Poly(h0) {black bar) or control medium {white bar). The amount of
OVA entrapped injected 10 mice was Sug.

To measure the percantage of OVA-specific CD8 T calis by flow cytornatry
{Figure 5, Table 9), spleen celis were stained with PC7-anti-CD8 (Biolegend, cat nb
BLE100722), FITC-anti-CD3 {Biclegand, cat nb BLE100203) and PCS-anti-CDS2L
monocional antbodies {Biolegend, cat nb BLE104410) and PE-GVA-etramer
{Beckman Coulter, cat nb T20076)

in figure 5, the percentage of OVA-specific CD8+ T cealls in the splesn was
determined by flow ovlomely 7 days afler intravenous injection inlo C5TBL/AS mice
of ionophore-treated {dark grey bar), BS3-treated (grey bar) or aniibody-treated
{ight grey bar) OVA-vaded erythrocytes or antibody-freated OVA-loadsd
erythrocytes and Poly(hC) (biack bar) or control medium {white bar). The amount of
OVA entrapped injecled to mice was Sug.

To measurg the percentage of regulatory T cells (CD4+ CDZE+} producing
-10 By flow oylometry {Table 10), spleen cells {5 x 10° cells /mi) were culfured
with 0.1 pg/mi of OVA323-338 peptide {Genscript, cat nub 41007-1) or wilhout
peptide for 4 hours at 37°C iy §% CO2-alr on 24-well culture plates. One hour after
the beginning of the culture, Brefeldin A {Ebioscience, cat nb 420801} were added
o blonk oytoking sscration, Al the end of the culture, cells were first slained with
PCE-arti-CD4 and FITC-and-CH2E monoclonal antibodies, and then incubated with
fixation buffer (Bivlegend, cal nb 420801), and permeabiliisation buffer (Biolegend,
cat nh 421002} before being incubated with PE-anii-iL-10 mAb (Biolegend, cal nb

805008) or isotype control.

The ionophore treaiment was the only freatment abls {o induce a significant
Y
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increase of regulatory CD4 T cells expressing FOXP3 in both the spleen and the liver
(Table 8 and, Figures 3 and 4, p < 0.05). The antibody treatment was able to induce a
significant increase of regulatory CD4 T cells expressing FOXP3 in the spleen only (Table
8, Figure 3, p < 0.05).

Table 8: Percentage of regulatory FOXP3 CD4" T cells in the spleen and the liver

% of CD4 expressing FOXP3 % of CD4 expressing FOXP3
ITEMS in the spleen in the tliver
) (£ standard deviation) (x standard deviation)

Batch 1 203 5+ 1

Batch 2 1713 2+ 1

Batch 3 210 31

Baich 4 14£2 2+1
Preservative

solution 122 2%0

Only the co-injection of Ab-treated OVA-lcaded RBC and Poly(l:C) induced an
increase in the percentage of OVA-specific CD8 T cells (Table 9, Figure 5).
Table 9: Percentage of OVA-specific CD8' T cells in the spleen

% of OVA-specific CD8 T cells
ITEMS o
(x standard deviation)
Batch 1 2%0
Batch 2 2+0
Batch 3 3z1
Batch 4 1627
Preservative
. 2+0
solution

Only the co-injection of Ab-treated OVA-loaded RBC and Poly(l:C) induced an
increase in the percentage of CD4" CD25" T producing IL-10 in the spleen and this
production was not specific to OVA (Table 10).

Table 10: Percentage of regulatory CD4™ CD25™ T producing JL-10 in the spleen

ITEMS Restimulation with OVA peptide | Restimulation without OVA peptide
(+ standard deviation) (z standard deviation)

SUBSTITUTE SHEET (RULE 26)
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Batch 1 5t1 6+1
Batch 2 40 7+7
Batch 3 7%6 91
Batch 4 16+5 21+ 7
Preservative
solution 41 e

Example 17. Measure of immune tolerance to OVA after three injections_of ovalbumin-

loaded erythrocytes in mice treated to target the liver and repress APC proinflammation
response

The purpose of this study was to demonstrate that injections of OVA-loaded RBC,
treated to target the liver and repress APC proinflammation response, inhibited the OVA T
and B cell responses induced by OVA and Poly(l:C).

Before treatment, samples of biood (200ul) from the C57BL/6 mice were collected by
retro-orbital puncture on serum gel separator tube (Becton Dickinson, Microtainer TM SST,
ref 365951) to obtain the pre-immun sera. Mice were then injected intravenously thrice at
days -7, -3 and -1 with control medium, free OVA or batch of ionophore-treated ovalbumin-
loaded erythrocytes prepared with blood from C57BL/6 mice and according to example 8 (3
to 4 mice per group). The amount of free and entrapped OVA injected to mice was 120 and
90 ug, respectively. At day 0 and 21, the mice were challenged with OVA and Poly(l:C)
(100pg and 50ug/mice, respectively). Some mice received the control medium only. Six
days after the last injection, samples of blood (200ul) from the mice were collected to
obtain the post-immun sera and a suspension of CFSE-labelled C57BL/6 splenocytes
presenting or not the OVA257-264 peptide at a 1:1 ratio were injected to the mice to
evaluate the capacity of cytotoxic CD8 T cells to lyse SIINFEKL cells. 16 hours after the
injection of OVA257-264 cells, the mice were killed and their spleens collected.

To measure the percentage of activated and OVA-specific CD8 T cells by flow
cytometry (Table 11), spleen cells were stained with PC7-anti-CD8 (Biolegend, cat nb
BLE100722), FITC-anti-CD3 (Biolegend, cat nb BLE100203) and PC5-anti-CD62L
monoclonal antibodies (Biolegend, cat nb BLE104410) and PE-OVA-tetramer (Beckman
Coulter, cat nb T20076).

To measure the percentage of OVA-specific in vivo lysis (Table 12), the

SUBSTITUTE SHEET (RULE 26)
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percentage of CFSElow and CFSEhigh cells were measured by flow cytometry and
determined by the following formula:

% =01~ (ratib of treated mice /ratio of untreated mice)] x 100, with ratio = percentage
of CFSEhigh/percentage of CFSElow

To measure the anti-OVA IgG1 and IgG2a titer in the sera (Table 13), various
dilutions of the pre- and post-immun sera (from 1/50 to 1/36450) were incubated in a 96-
well MaxiSorp plates (Nunc, cat nb 442404) pre-coated with OVA (Serlabo, cat nb WQ-
LS003054, 5ug/ml). The presence of anti-OVA 1gG1 and IgG2a was revealed by incubation
of HorseRadishPeroxidase (HRP)-conjugated to anti-mouse IgG1 (Thermo Scientific, cat
nb cat PA1-86031, dilution 1/4000) or anti-mouse 1gG2a (Thermo Scientific, cat nb cat
PA1-86039, dilution 1/4000) followed by the tetramethylbenzidine (TMB) sushtrat
(Biolegend, cat nb 421101) incubation. The reaction was stopped by a solution of 2N
H2S04 and optical density was measured at 450nm and 630nm using a plate reader
(Biotek, cat nb ELx808). Data obtained at 630 nm were subtracted to the data obtained at
450 nm and the antibody titer was determined as the dilution for which the optical density is
higher than 3 times the O.D. obtained for the pre-immun sera diluted at 1/50.

The injections of ionophore-treated OVA-loaded RBC were able to significantly
reduce the proliferation and activation of OVA-specific CD8 T cells induced by OVA and
Poly(l:C) compared to the injections of OVA (Table 11; p < 0.05).

Table 11: Percentage of activated and OVA-specific CD8" T cells in the spleen

% of OVA-specific CD8 T | % of activated OVA-specific
Mice treatment cells CDB T cells
(* standard deviation) (x standard deviation)

3x Batch

1.5+ 0.1 199
+ 2xOVA and Poly(l :C)
3x OVA

21109 45 + 15
+ 2xOVA and Poly(l :C)
2 x OVA and Poly(l :C) 48+13 767
Preservative solution 1.1+0.1 6+3

The injections of ionophore-treated OVA-loaded RBC were able to
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significantly reduce the OVA-specific cellular lysis induced by OVA and Poly(l:C) (Table 12;
p <0.01).

Table 12: Percentage of OVA-specific in vivo lysis

i % of OVA-specific in vivo lysis
Mice treatment -
(x standard deviation)
3x Batch + 2xOVA and Poly(l :C) 61+ 15
3x OVA + 2xOVA and Poly(l :C) 73+19
2 x OVA and Poly(l :C) 98 + 1
Preservative solution 1+2

Mice pretreated with ionophore-treated OVA-loaded RBC had very low and/or no anti-
OVA 1gG1 and 1gG2a antibody titers compared to mice pretreated with OVA (Table 13).

Table 13: Anti-OVA IgG1 and IgG2a antibody titer in the sera

Results for each mice
i ; Anti-OVA [gG2a titer
Mice treatment Anti-OVA IgG1 titer g
0 0
3x Batch + 2xOVA and Poly(l :C) fgg 8
100 0
12150 2700
3x OVA + 2xOVA and Poly(l :C) 24002555 ggg
300 0
12150 8100
2 x OVA and Poly(l :C) 1350 0
150 150
0 0
. . 0 0
Preservative solution 0 0
0 0

Example 18. Measure of immune tolerance to OVA after injections of various
guantities of ovalbumin-loaded erythrocytes in mice

The experiment was performed as described in example 17, except that 2 different

batches of ionophore-treated ovalbumin-loaded erythrocytes were prepared with 2 different
concentrations of OVA, leading to one batch, batch 1, with 53250 + 6800 OVA molecules
per RBC as in

example 17 and another batch, batch
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2, with 8250 & 840 moleculss per RBC.

C578H0 mice were injected infravenously thrice at days -7, -3 and ~1 with
110ul or 30wl of batch 1, 110d of batch 2, 1104l of free G‘JA“ or 1o of
preservative solution. The amount of OVA and RBC injected fo misef'a:re presanted
in Table 14, At day 0 and day 21, the mice were challenged with OVA and Poly(1:C})
{100ug and S0pgimics, respectively). Six days sfter the last injection, the wice
were killed, the spleen collected and the guantity of IgG1, 1gG2zb and IgG2c was
measured in the sera as described in example 17 ushyg HRP-conjugated o ant-
mouse 1gG2b (Scuthern Biotech, 1090-08) and antmouse 1gG2s (Scuthem
Biolech, 1078-05). To measure IFNy production. spleen celis (T x 10° cells fmit)
were first cullured with 0.1 ugfml of QVAS23-339 peplide {Genscript, cst nub
41007-1) or without peptide for 48 hours at 37°C in 5% COp-alr on 24-well culture
plates. Then, FNy was measured in the supernatan! by flow cylomelry using
Cylomestric Bead Array (BD Biostisnce, 558286 and 558288). To measure ths
percemtage of oylotoxic Telymphooyle Antigan & (CTLA4} expressing CD4+
CD28+ T cells by fiow oylomairy, spleen cells were first slained with POS-anii-CD4
{Biclegend, cal nb BLE100S14} and FiITC-ant-CD2Z5 monuccional antibodies
{Biolegend, cat nb BLE1T10S89), and then fixed with PBS 1% paraformaldéhyde
{Sigma Aldrich, F1635-25mi} and permeabiized with saponin D.3% (Sigma Aldrich,
84510) before being incubated with PE-ant-CTLA-4 mAb (BD Pharminghen, cat nb_
883720} or isotype conirol,

Tableg 14: Quantitiss of OVA and RBC injected to mice al each infection

OVA-lsaded RBC

dice treatment OVA {ug/mice) o )
(X107 RBC/mice)

tnjection number 1 2 3 1 2 3

Batch 1 High dose
{110ulfmice)

P
Yy

o 24

56 1.7 1.

<
Lon]
o]
[o2]

Baich 1 Low dose {30ulimice) 24 23 23 0.4 0.4 0.4

1.6

L&y ]
ey
353

Baich 2 {(110plmice) ek 8 14 1.8

OVA (110ulimice) 190 | 110 113

Mice prefreated with Batch 1 High dose, high quantity of OVA and RBC, had
significantly lower anti-QVA 1gG1, {gG2b and 1gG2c antibody tilers than mice
prefreated with OVA (Table 15, 1gG1: p <0.002, gG2b and 1igB2¢ p 20.08)
Moreover, mice pretreated with Batch 2. same number of RBC butl fower dose of
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OVA (8 to 11ugimics), had also significantly lower antb-OVA igG1 and gB2¢
anfibody fers than mice pretreated with OVA {Table 15, oGt p <0.008, and
g2 p $0.05). However, mice prefreated with Batch 1 Low dose, small quantily of
OVA and RBC, had significant antibody fiters. Thus, the quantity of OVA and RBC
injected per mice plays g key role in immune iclerance induction,

Table 15 Ant-OVA igG1, 1gG2b and igG2c entibady titer in the sera

tgG titer for each mice

Ant-OVA IgB1 | Anti-CVA IgG2b | Ant-OVA {gG2c
Mice lreatmen )
titer titer fier
200 8160 2700
3x Batch1 High dose . .
4080 450 2700
+ 2xOVA and 50 300 500
Poly(t :C) ) e
12150 806G 1380
3x Bafeht Low Jose 36480 2760 24300
+ 2ROWVA and 12150 121580 24300
Foly(l :C} 12150 2700 36450
3% Baich?2 & 0 300
+ 2x0VA and 2700 24300 8140
Paiy{l :C) 8100 4050 900
38480 36450 38450
3x OVA o
) 38450 2700 2700
+ IxOVA and 25450 450
3845 38 36450
Poiy(} :C) ’ 7 ’
36480 368450 38453
36450 2700 4050
2 x OVA and 12480 8400 12150
Poby(l :C) 135G 12150 12180
8100 243030 38450
0 0 G
N 0 g
Preservalive solution
4] 0 4
G 0 0

The chalienge OVA and Poly(1:C} induced an increass of {FNy production in

response o OVA stimulation. This increase was observed in the mice prefreaied
with free OVA but not with mice prefreated with lonophore-ireated OVA-badsd
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RBC Table 18, {p < 0.008).
Table 16; iFNy production by splenccyites stimulated with OVA dlass 2+
restricted peplide {average 2 standand deviation]

Mice freatment FNyipgimb)
3x Bateht High dose
e 4356
+ 2xQVA and Poly(! (G}
3x Batchi Low dose
) 3Bx8
+ ZxQOVA and Poly{l ()
3x Baich2
xR _ 4% £ 40
+ IOVA and Poly(t :C}
e
O 82 %8
+ 2xCNVA and Poiy(l :C)
2 % QVA and Poly{i :C) 80 %38
Pragsrvative solution 47 £ 25

As CTLA-4 is a protein which plays an important regulatory role i immuns
system by transmission of an inhibiory signal to T cells, Hs expression was
measured on CD4 CD28 regulalory T cells by flow cylometry. Mice prefreated with
Bateh 1 High dose and Batch 2 had significantly higher psroentage of CTiLA4
expression in CD4 QD25 regulatory T cells than mice prelrealed with OVA and
mice which have received the OVA + Polv(:C} challenge only (Table 17, Bakth 1. p
32 0.03 and p < 0,02, respactively and Batch 2: pg 0.05). Morsover, mice prefreaied
with Batch 1 High dose had alse significantly higher mean fluorescence inlensily
(MF1) of CTLA4 expression in G4 CD28 requiatory T oelis (Table 17, p s 0.03)
Finally, mice pratreated with Baich 1 Low dose had significantly higher percentage
of CTLAG expression in CD4 CD28 vegulatory T cells than mice which have
received the OVA + Poly(1:C) challenge only {Table 17, p £ (.04).

Tahlg 17: Percentage and mean fluorssecence intensity {MFI) of CTLA4 in

. , % of CYLA-4+ celis M of CTLA4
Mice treatmernt . e .
iy G4 CDE5 T celis in G4 CD25 ¥ cells
3 Batcht High dose
_ ) 383 3BT x12
+ 2xOVA and Polylt &}
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Jx Batch? Low dose
o IB& 3 36313
+ 2xQVA and Poly{l .G}
3« Batch2
37 x2 35T 10
+ 2xQVA and Poly(! () !
Ix OVA
32%3 341 £ 15
+ 2xOVA and Poly(} :1C)
2 x OVA and Poly{l :C) 313 341186
Praservative solution 34x8 248 + 28

in conclusion, trealment with ionophore-ireated antigen-ivaded RBC aliows
praventing or reducing antigen-specific T and B cell response in a preventive
modal, Not only the quaniity of antigen, but alze the quantity of RBC injectsd per

mice plays a key rolg in this therapy.
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CLAIMS:

1. Use of 2 composition comprising red blood ¢ells containing a peptidic or proteic active
principle for the preparation of a medicament for inducing, in @ host, an immune tolerance to
said peplidic or proteic active principle.

2. Use according to claim 1, wherein the red blood cells have been treated with BS3.

3. Use accerding to claim 1 or 2, wherein the active principls is a therapeutic peptide,
polypeplide or proteln that is efficient in treating a pathology, sald active principle being
cantained in the red blood cells to induce the immune tolerance, ‘

4, Use according to claim 3, wherein the therapeutic peplide, polypeptide or protein is
an antibody or a fragment thareof, a clotling factor or a fragment thereof, an enzyme or a
fragment thereof or a growih factér or a fragment thereof,

5. Use according to claim 3, wherein the active principle is an enzyme for use in

“Enzyme Replacement Therapy (ERT).

B. Use according to claim 5, wherein the active principle is a lysosomal enzyme.

7. Use according lo claim 6, wherein the lysgsomal enzyme is an enzyme for
replacement therapy (ERT) in pompe disease {Glycogen storage disease type li), Fabry
disease or Mucopolysaccharidoses disorders MPS I.

8. Use according to claim €, wherein the lysosomal enzyme is selected from the group
consisting of alphaglucosidase enzyme, laronidase and alphagalactesidase A and
agalsidase alpha,

9. Use accerding to claim 3, wherein the active principle is a clotting factor to treat
Haemophilia.

10. Use according to claim 9, wherein the clotling factor is Factor Vi, Factor Vili or
Factor IX.

11. Use according to claim 1 or 2, wherein the active principle is a peptidic or proteic
autoantigen and the composition of the red blood cells containing said autoantigen is for use
in treating an autoimmune disease.

12. Use according to claim 11, wherein the active principle is against Rheumatoid
Arthritis (RA), Multiple Scierosis {(MS), Juvenile diabetes, Uveitis, an inflammatory bowel
disesse, Crohn's disease, ulcerative colilis, systemic lupus erythematosus, psoriasis, or
acquired myasthenia gravis.

13. Use according to claim 11, wherein the active principle is myelin basic protein
against Multiple Sclerosis (MS), Beta-cell antigen, pro-insuline, insulin-lke growth factor-2
(IGF2) ¢r mixtures thereof against Juvenile diabetes, retinal-S antigen against Uveitis, or
acetyl choline receptor against acquired myastheniza gravis,
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14. Use according to claim 1 or 2, wherein the active principle is a
transplantation pepfidic or proteic antigen, and the composition of red blood cells
containing said antigen is for use against graft rejection.

18. Use according to claim 14, wherein the graft rejection is kidney, heart or
liver graR rejection.

16. Use according to claim 1 or 2, wherein the peplide, polypeptide or proteln
inducing an allergic reaction is of food origin,

17. Use according to any one of the preceding claims, wherein the red blood
cells (1) contain the active principle and {2) are in the form of an immune complex with
an immunoglobufin, which recognizes an epitope at the surface of the red blood cells,
50 as to promota liver targeting. ’

18. Use according ta claim 17, wherein the immunoglobulin is an IgG
immunaglobulin,

18. Use according to claim 17 or 18, wherein the red blood cells form an
immune complex with an anti-rthesus or anti-glycophorin A or anti-CR1 antibody.

20. Use according to any one of the preceding claims, wherein the red blood
celis are chemically treated o target the liver.



