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COMPOSITION T INDUCE SPECIFIC IMMUNE TOLERANCE

The present invention relates o a composition which induces, it a
nost, an immung olerance 1o 8 peplidic or profeie aclive g}fsm‘zg}i in
particular a tharapeutic peptide, polypeptide or protein, 3 papt dsb or proteic
autoantigen, 8 pepiids, polypeptide or pratein inducing an sllergic reaction or
a transplantation peptidic or proteic antigen. The nvention also relates o &
mathod of reatment of a mammal, iIncluding human.

The fiver is known to favour the induction of immune tderance. This is
examplified by tolerization of food anligens in the liver and acceptance of
Hver allografis. There has bean also some demonstration of antigen-specific
tolerance to some foreign antigens delivered into the ver. E. Breous st al,
Hapatology, August 2008, pp812-821 report thal hepatic regulatory T cells
and Kupffer cells are crucial mediators of systemic T cell tolerance 1o
antigens {argeting muring liver. They report that in 3 model of liver-directad
geng transfer, oylotoxic T lymphooyte responsss fo non-sell anligens are
controlied by hepatic regulatory T celis that secrele the Immunosuppressiv

cytoking interleukin L-10 In response {o the antigen. in addition, tha K\;pi‘fw
celis are rendered {olermgenic rather than genersling an immuneg response
in this context,

The tolerogenic role of Kupffer cells has also bean reported by €. Ju
st al., Chem. Res. Toxicol 2003, 1815141518, See alse AH. Lau st al,
Gut 2003, 52110751078,

The present invention agims at providing compositions that can be
used for the induction of an immune {olerance against a variely of paplidic or
proteic active grinciples. it aims in particular at providing a specific immune
inlerance with respect 1o ong or several peptidic or protaic active principies.

An object of the inverdion is therefore a composition which induces, in
a host, an immune tolerance o a peplidic or profeic active principle, said
composition comprising red blowd cells containing said active principda, This
aclive principle may be a therapeutic peplide, polypeplide or protein, a
peptidic or proteic autoantigen, a peptide, polypeptide or protein inducing an
altergic reaction or g ransplantation peptidic or proteic antigen, and mixtures

tharsof.
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Tha active principle may be of natural, synthelic or recombinant
origin. By “condaining” molecule, # s infendad v encompass molecules that
cortain the pepltids, polvpeplide or protein of interest and another molety
that may be of any origin and is not detrimenial {o the action of said peptide,
polypeptide or protein. For example, such molely includes haptens.

Without being bound o theory, the composition according v the
invantion is deemed o induce antigen{s)-specific reguiatory T cells {(Tregs)
and o produce immunosuppressive cyiokines or intedeukins, iy particudar
10,

Biclogical andior bintechnology-derived peptlides, polypeptides oy
proteing are increasingly used as therapsulic agents. it has been however
racogised that these agents may induce humoral and/or celivlar immune
responses. The conseguences of an immune reaction 1 such therapeutic
agent range from transient appearance of antibodies withowt any cliniea
significance 1o severe life thveatening conditions. Potential  clinical
CONSEqUBnCRs are severe hypersansitivity-lype reactions, decraase in
efficacy and induction of auto-immunity, including antibodies v tha
endegenous form of the peptide, polvpeplide or protein (Ruropsan
Medicines Agency, Committee for Medicing! products for human use
(CHMP), Guidelines on immunogenicity assessment of bintechnniogy-
derived therapeutic proleing, Drafl, London, 24 January 2007}

& therapautic peptids, polypeptide or protein is by definition g peptide,
polypeplide or prolsin or a peplide, polypeplide or protein containing
molenule that is efficlent in trealing a pathology, especially a pathology due
to & deficlency that can be correctad by administration of this molscule.

in an embodimernt, the therapsutic peptide, polypeptide or protein is
an antibody. This ancompassas any fragment thereof.

in ancther embodiment, the therapeutic peplide, polypeptide or
grotein is a clotting factor. This encompasses any fragment thersol,

in ancther embodiment, the therapeulic peptide, polypeplide o
protein is an enzyme. This encompasses any fragment thereot.

i ancther smbodiment, the therapsulic peplide, polypeptide or

protein is a growth factor. This encompassss any fragment thereof,
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The term fragment 5 used o sncompass any fragment of the
paptide, polypeptide or protein that is known o be efficient in treating the
assosigted pathology in replacemaeant {0 the whole molecule.

The giycosylated forms are also encompassed by thess uei fons.

in an embodiment, the active inciple is 3 lysosomal enzyme, The
lysosomal erzyms may be one used fo treat or correct a lysosomal storage
disease by enzyme replacement therapy (ERT), including pompe disesse
{Glycogen  storage  diseass  ftype H}, Fabry  disease  and
Mucopolysaccharidoses disorders MPS 1 As examplas, ong may mention:

- alphagiucosidase enzyme, &.4. E‘giyazgrme@ to ireat pompe

diseass;

- laronidase, e.g Aldurazyme” o treat MPS |;

- glphagalactosidase & or agalsidase alphs, e.g. ?abrazyme and

Repiagaé‘@ {o freat the Fabry diseass.

in another embodiment, the active principle s a dolling factor usaful
i1t freating Haemophilia, The clotiing factor may be Factor VI, In narticudar
for freating Haamophilia A. The coting factor may be Factor B, in particular
for treating Haemophiila B. The clolling factor may be Factor Vi & freatfing
both Haemophilias.

A paplidic or proteic autoantigen is by definition an antigen that is 3
normal tissue constituent and is in a8 patient the targst of a delrimental
humnorat or call-mediated immune response, as in auloimmune diseass,

in an embodiment, the active principie is against Rheumailold Arthyitis
{RA).

in another embodiment, the active principle is agsinst Multipls
Sclerosis (MS). For example the aotive principle is myeldin basgic protein.

in ancther embodiment, the active principle is against Juvenile
diabety, such as diabate fype 1 and LADA {Latent Autoimmung Diabetes of
Aduits). As sxamples, one may cile the Bela-cell antigen, in parficulsr
ghitamic acid decarboxviase {(GAD), the pro-insuline and the insuline-ike
growth factor-2 ({GF2}, and mixtures thergol

in another smbodiment, the active principle is against Uvellis. One

may cite the reltinal-S antigen
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In another embodiment, the active principle is  against an
inflammatory bowe! dissase {IBD), such as Crohn's disease and ulcarative
oolitis.

in another embodiment, the active principle is against systemic fupus

(913

arythematosus,
in another embodiment, the active principle s agains! psorasis.
in anocther embodiment, the active principle is against acguired
myasthenia gravis. As example, one may cite the acelyl choline raceplor.
A paptide, polypeptide or prolein inducing an allergic reaction is by
10 definition a peplide, polypeptide or protein which is responsible for an
aliergic reaction it a host which reaction may include anaphylactic chock.
in an smbodimant, this peplide, polypeptide or protein inducing an
allergic reaction is a therapsutlc actve peplide, polvpeplide or protein as
mentioned above, whersin the present invention allows avoiding some or
15 any allergic reaction against #t and neutralization thereol
in another embodiment, the peptide, polypeptide or protein inducing
an allergic reaction is of food origin or any other proteic or paptidic molscule
af

thal may enter the bload circulation and create allsrgic reaction, e.g. after

oral ingestion,

20 A transplantation peptidic or proteic antinen is by definition an antigen
that is presenied by the transplanted tissue and iz involved in the patient in
the grafl rejection, say Graft Versus Host Disesase {GVMD

In an embodiment, the transplantation antigan is oneg involved in

kidney graft rajection.

25 in an smbodiment, the transplantation antigen is one involved In heart
graft rejection.

In an embadiment, the transplantation anligen is one involved in liver
graft rejection.

The term “host” refers preferably to humans, but also {0 animals, in

30 particular pels (especially dogs or cals) and animals for sport {especiatly

horses).
According to the invention, the red bleod cells contain, le.

gncapsulate, the active principle (AP}, which means that the AP & or is
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assantially inside the red blood cells.

in an embodiment, the composition targels the anligen-presenting
cafls {APCs) of the raticulosndothelial system. According to a featurs, the
red bloud cells are designed, selected or modified so as {0 promafe
targeting of the antigen-presenting cells {APCs) of the reliculvendothalial
aystant.

in 2 preferred embodiment, the composition targsts the Hver and
sspecially the Kupffer cefis. According to a fealure, the red bleod cells are
designed, selected or modified 80 as o promole largeling of the liver
Delivering the AP io the Hver results in the Induclion of AP tolerance and
aspocially AP-specific olerance. The fver's folerogenic APCs ars implicalsd
in the induction of this tnlerance. These cells are sssentially Kupfier cells
{KCs), non mature hepatic dendritic celis and liver sinusocidal endathelial
cells.

In a preferred embodiment, the composition is used 1o repress the
proinflammatory response of APCs. According to a Teaturg, the red binod
cells  are preferably designed or modified so as o repress the
proinflammalory response of APCs.

In a preferred embodiment, the compostions according 1 the
invention comprise red biood cells which contain the AP and targst the liver,
The composition promotes phagoeoyiosis of these red blood oslls by the
ver's APCs, sspeciglly the KCs,

According fo a first embodiment, the red blood cells conlain the AP
and arg in the form of an immune complax with an immunoglebulin which
racognizes an epHope al the swisce of said red blood cells, so as o
promote the phagooyiosis of said red biood cells by the livers APCs,
gspecially the KO,

The composition aiso makes it possible o promote phagooyiosis by
masrophages.

Praferably, the pomunogiobulin is an immunogiobudin G

As antibody that may be used o make adequaie opsonisation, one
may mention ant-Rhesus antibodies, anti-glyoophorine A antibodies and

anttCRT (CR1 = type 1 complement receptory antibodies. Ant-Rhesus
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According to another embodiment, the lver targeling andior the
inhibition of the proinflammalory response isfare done by an appropriate
chemical treatment using agents which modify the surface of red blood cells,
rosslinking  sgents such  as

and  in particular  bridging o ©
E o3
3 o BST,  glutarsidehyde or

bis{sulphosuccinimidvl)  suberate  {BS
neurarminidase.

According o another embuodiment, the lver targsting andior the
inhibition of the proinfammatory respenss isfare donsg by using a ienophore.
Ry ionophare, i is meant as # is well known from the person skilled in the art
a lpid-soluble molecule that allows the transport of fons across the lipid
bilayer of the cell mambrane. onophores may be in padticular lipid-soluble
molecules as synthasized by microorganisms o fransport ions across the
Hpid bilayer of the cefl membrane. Generally, the lonophore is able to form a
complax with a lon and serves as ion-carrier.

In an embodiment, the lonophore is one forming a complex with a
divalent cation such as caloium. According o the hvention, the bnophore
may be used with calcium, which Induces an increase of the caldlum
intracelivlar concentralion and an sexposition of the phosphatidyiserine,
leading to an early aging of the red blood calls.

As an example, ons may use the calcium ionuphore AZ3187
{calcimyvein). It is deemed that the lonophore such as AZ3187 induces a

raise in infracellular calclum concenirations of the RBCs, leading to the

£

senascenne of the cells and that the phagooviosis of aged red blood calls
represses the proinflammatory response. This i v accordance  with
Romere P.L, Romers EA, Blood Cells Mol Dis. 25 (1888} 8418 and
Bratosin B2, et al,, Cell Death Differ. 8 {2001) 1143~ 1156,

in a particular embodimant, al least wo methods of targeting are combined,
and, for example, the composition then comprises AP-containing red blood cells
which arg in the form of an immune complex and are chemically treated 30 as io
promote their uptake in the liver, and phagocoyiosis by ARCs, i parficular by the
Ks.

fryan embodiment the red blood oslis onjginate from the patient itsel,
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in anocther embodiment, the red blood cells originale rom a bloodyyping
cornpatible donor,

The composition according to the invantion may comprise ong of more APFs
in the same rad blood cells or each ong in different red blood cells |

Technigues for sncapsulating active Ingredisnts iy red blood cells are
known and the basic fechniqus by hysis-resealing, which s preferred hergin, i
described in patents EF-A-10T 341 and EP-A-879 101, {o which those skifled in the
art may refer. According o this technique, the primary compardment of a dialysis
slernent {for example, a dialysis ubing or 3 dislysis carlridge) s continuously fed
with a suspension of red bloed celis, while the secondary compartment containg an
aqueous solution which is hypolonic with respect © the suspension of red blood
calls, in order o yse the red blood cells; nexd, in 8 resealing unit, the resealing of
the red blood cells s induced in the presence of the AP by increasing the osmolic
andfor oncolic pressure, and then & suspension of rad blood calls containing the
AR is collected.

Among the variants descoribed up untl now, preference is given fo the
method described in WQORODE/A16247, which makes it possible o efficiently,
reproducibly, safely and slably encepsulale the AP, This method comprises the
following steps

1 ~ suspension of a red biood osll pellst in an isolonic solution &t a
hagmaloori level grealer than or squal o 85%, cooling bebween + 1 and + 8°C,

2 -~ measurement of the osmaotic fragility using a sample of red blood cells
from said red blood cali paliat,

{ being possible for steps 1 and 2 fo be camied out Iy any order {including In

S

pardﬁiei \
- jysis and intermnalization progess of the AP, inside the same chamber, al
2 temperature constantly maintained between + 1 and + 8°C, comgprising passing
the suspension of red biood cells at a haematocrit levet greater than or equal ©
88%, and s hypolonic ysis solution cocled o between + 1 and 8°C, through a
dialysis carlridge; and the tysis paramsiers being adjusted according 1o the csmotic
fragifity praviously measursd; and
4 ~ rasealing process carrled oul in a sscond chamber, inside which the
termperature & betwesn + 30 and + 40°C, and in the presence of & hypsrionic
solution.
The “internalization’ is intended to mean penstration of the AP inside the

red blood cails,



WO 2011/051346 PCT/EP2010/066269

]
(o3

£i3
<

in particular, for the digivsis, the red tood cell peliet i suspended i an
iolonic solufion at a high hasmatoorl svel, greater than or egual o 85%, and
preferably grester than or sgual to 70%, and this suspension ig cocsied o betweean

+ 1 and + 3°C, preferably between + 2 and 8°C, typically in the region of + 4°C,

According 1o a specific embodimant, the hasmatocrit evel is belwesn 85% and
80%, preferably betwesn 70% and 80%.

The osmictic fragiiity Is advantageously maasured on the red blood cells just
before the lysis slep. The red bload cells or the suspension contalning them are (is)
advantagecusiy al a lamperaturs ciese fo or identical o the temperature seleclsd
for the lysis. According fo ancther advaniagecus feature of the invention, the
csmotic fragiity measurement is expicited rapidly, Lo, the lysis mrocess s carried
autl shortly after the sample has been laken, Freferably, this period of fime between
taking the sample and beginning the lysis is less than or squal fo 30 minutes, more
preferably still less than or equal to 28, and even less than or egual fo 20 minutes.

As regards the mannst iy which the lysis-resealing process is carried out,
with the osmotic fragifity being measured and taken into account, those skiled in
the art may refer o WOZG08/018247 for further detfalls.

According to one featurs of the invention, the composition according o the
mvgntion comprises, at the end, g suspension of red blood cells al & hasmatooril
fevel of between about 40% and abouwl 70%, preferably between about 45% and
about 55%, better shill about 50%. # is preferably packaged in a volume of about 1
o sboul 250 mi The packaging is preferably in a blood bag. syringe and the ke, of
a fype suitable for blood fransfusion or administration. The amount of sncapsulated
AP corresponding 1o the medical prescription is preferably entirely contained in the
blood bag, syringe and the like.

An object of the lnvention is alse a method for indweing, In & host, an
mmune tolerance fo a peplidic or proteic active principle, sald composition
gomprising red blood cells containing an active principle selected from the group
gonsisling of a therapeulic peptide, polypeptide or prolein, a paptidic or proteis

autoantigen, a peplide, polypeptide or protewy inducing an allergic reaction and a
ransplardation  peplidic o proteic antigen. This msthod  comprises  the
administration o the host of an effective amount of a composition according o the
mvention, i parboudar intravenously, by injection or infusion, preferably by infusion.

According to one feature of the inveniion, about 1 1 sbout 2350 mi,
especially aboul 10 {0 aboul 350 mi, typically about 10 and about 200 miof &

suspension of red bloed ceils is administersd. The suspension is al an approprials
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haematoorit level, generally of between about 40% and aboud T0%, preferably
betwssn about 48% and about 55%, hetler still 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 principlel.
High amounts of red blood cells may thus favour the lolerogenic effect On the
other hand, targeting the Bver as recited above may allow o use low doses of red
biood nells. The person skilled in the art may thus select the aplimal amount of
active principle and of red biood cells used in g patlent, and may lake inlo account
whether or not the red blood cells have been freated to target the Hver,

An objact of the invention is also the use of a2 compaosition according to the
invention, for the induction of en immune tierance specific tov the active principle or

g

the aclive principles thal are present in the administered red blood cedls,

Anpther object of the invention s a8 composiiion according fo the invention,
for use as a medicament o induce an immune {olerance specific o the active
principle or ihe active principles that are present in the adminisiered red biood celis.

The present invention will now be describad in grester delall by means of
embodiments taken by way of nonlimiting examples, and which refer o the
attached drawings whersin

Figure 1 is a graph representing the percentage of CDA T cells expressing
FORP3

Figure 2is a gfaph regresenting the percentage of requilatory CDA™ CD2E™ T

cedls producing 1

Figure 2 is & graph representing the percentage of CD4 T cnlls exprassing
FOXP2 in the spleen

f““’ig;ue 4 is & graph representing the percentags of CB4 T cells exprassing
FOX B3 in the liver,

Figure 5 iz @ greph representing the percentage of OVh-speciic CO8 T

Exarmple 1 Encapauiation of FITC-daxiran in muning red blood cells

FiTC-dextran fluorochrome (70 kDa) has been encapsulsted in red blood

ceils of murine orgin {OF1 mice) using the column hypolonic dislysis, Biloed s
cenirifuged and then washed 3 imes with PBES. Heamatoort 18 adjusted o 70 % in
the presence of FITC-dextran addsd o g final concentration of 8 mg/mi before
dialysis. The red blood colls are dislysed at a rale of 2 mimin against a ysis
tampon having 2 low osmolarity {counter-flux gt 15 miimin), The lysad red blond

cells fsaving the column are rescelied using & high osmolarfly sclution and
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incubiation 30 min al 37 °C. After several washings with PBE containing ghucose,
the celis are brought o heamatoont 50 %

Example 2. Chemical freatment with bis(sulphosuccinimidyll 3u=‘&em’w (853}

1 mM on the red blood cells containing FITC-dexdran

“.zi

The suspension of red blood cells encapsulating FITC-dextran s washed
several tmes before belng brought to 1.7 » 107 celiul with PRS and mixed with one
volurne of a buffer solution of 2 mM BS3 {the BS3 solution conlains glucose .08 %
and phosphate buffer, pH 7.4), so as {o oblain a final B33 concentration of T mM,
The cells are incubated for 30 minutes at room temperature. The reaction is
quanched by adding ons volume of 20 mdt Tns-HOL Nall 140 mb After
incubation at room temperature for 5 minutes, the mixture s centrifuged at 800 g
for Bwin, 470 The cells are then washed twice with PBS containing glucose
{centrfugation al 800 g) and once with SAG-B8A 8 % {centrifugation at 1000 g) for
10 min, befors adjustement {o heamaloorit 50 % {0 constitule the final producis.

Example 3. Chemical frealmant with bis{sulphesuccinimidyl} suberale (B53)

8 mM on the red blood cells containing FITC-dexdran

The suspsnsion of red blood cells encapsuiating FITC-dextran s washad
several times befors being brought to 1.7 x 10° caliipl with PRS and mixed with ang
volume of & buffer solution of 10 mM BEJ {the BSS solution contalns glucose .43
% and phosphate buffer, pH 7.4}, s as o obian a final BE3 concentration of 5
MM, The cells are incubated for 30 minutes at room temperaturs, The reaction s
guenched by adding one volums of 20mM Tris-HCL NaCl 140 mM. After
incubation st room lemperature for 5 minutes, the mixture is centrifuged at 800 g
for Smin, 4°C, The oslls are ithen washed fwice with PRS conlaining glucose
{cenirifugation al 800 ¢} and once with BAB-BEA 6 % {centrifugation al 1000 g} for
0 min, befors adiustermant {o heamatoorit 50 % o constitide the final products.

Exanmple 4 Treatment of the red blood cells containing FlTC-dextran by the
AZ3187 jonophore

The suspension of red bood cells containing FITC dexiran s washed ongce

with & fampon A containing Mepss 10 md, NaCi 140 md, BBA 0.1%, Call; 2.5
mi, and then the suspension is dilited to 1.10% celis/micraliter using tampon &
fonophore concenirated in DMSO is diluted with lampon A and then added to the
cell suspension In order 1 got a final concentration of 0,15, 0.2 or 0.3 uM. The cells
are incubated 30 min al 37 “C. The mbdure is centrifuged at 800 g during 8 min, 4
°C. Then the cells are washed 2 times with PBS containing glucose {centrifugation

800 g} and once with SAG-BSA 8% {centrifugation 1000 g}, and the final products
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Exampie 5. Bindistrbution of FITC-dextran after indsclion of the red biood

cells in mice )
§ baitches of red blood cells from mice OF1 containing F"?"C‘ﬁeztrar\ as
5 oblained v example 1 and trested or not with BS3 or ionophors (bazed on
examples 2-4} as follows wers prepared:
Batch 1. no treatment
Baich 2: 883 1 mM
Balch 3 883 BmM

10 Balch 4 lonophore 0.3 ulM

Baich 5 lonophore 0.3 uM

Each baloh is injected IV at 31 inlo OF 1 mice. The mice are sacrificed 1h3D
affer iniection, and blood, spleen, fiver and bone marrow are recovered: aliqucts of
5C pt of blood and for spleen, fver and bone marrow aliguots of 50 ¢ after grinding

15 and homogeneisation of the whole cells of each organ. The aliquots are congslaled
for at past 20 min at <20 °C, then thawn slowly al room temperature. The aliquots
from the control mice are used to prepare a FiTC-dexiran standard range of
concentration: the aliguots are then lysed with 125 @ of different concentrations of
FiTC-dexdran to constitute the standard range of concentration.

20 The aligucts of the sample 1o be anslvssd are lysed using 125 (8 of distiliad
water. Then 175 @ of TCA 12 % are added 1o the aliquots. The mixtures are then
cerdrifuged at 15,000 g, 10 min, 4 °C. 200 i of acid supernatant are taken and 500
ut of triethanolamine 0.4 M are added before fluorimetry detection {excitation at 484
nm, amission 521 nm). The FiTC-dextran concentration of each sample can be

determined using the slandard range of concentration and the proportion of FITC-

g
o3

daxtran present in the corresponding organ can then be deducaed.
Bigdistribution of FiTC-dextran th30 after injection of the rad bigod oelis in
OF T mics {Table 1)

Ratches Riood Liver Spisen
1 57% 108+TH% | TTE10%
2 365+ 8 % WEA6% | 228:14%
3 11% 20,6% 13.30%
4 199£126% | 24x213% | T2212%
| 8 147513% | 38T7£72% | 02208%
1 mM QSB reatmeant induces emihmcyrt& fargsting of the fiver and the

3¢ spisen whereas ionophore freatment induces ervihrogyris targeting of the liver only.
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increasing doge of onephors enhanoces largeling.

Example & Phagoovinsis measuremernd in mice of FITC-dextran containing

red blood cells ,

g batches of red biood cells from mics OF1 comtaining FITC-dextran as
obiained in example 1 and trealed or not with B33 or ionophore (based on
sxamples 2-4) werg apared:

Baich 1 no treatment
Baich 2: BE3 1 mM

Balch 3 BS3 & mM

Batch 4 lonpphore (.2 uild
Ratch & ionophore 0.3 uM

Each balch is injected IV at J1 inlo OF 1 mice. The mice are sacrificed 1h3b
after infection, and Hvers are recoversd. Fluorascence incorporatad in the liver
macrophages expressing F4/80 marker, the liver cells axpressing COMML marker
and the liver dendiitic cells sxpressing the CD11c marker were measures using
Hlow oytometry.

Percentage of iver celis having phagooyied the FITC-dextran containing rad

‘ Macrophages
Batches 480 T 116 oslis Dendritic cells
3 78% 17% 3.4%
2 7.2% 6.4% 7 1%
3 13.0% 7.8% 10.2%
4 10.7% 6.4% 11.4% |
5 7.4% 33% 7.2%

BE3 and ionophors reatments induce ervihrophagooyiosis by macrophages
{FAB0 and COD 11k} and dendritic cells. For BS3 treatment, the percentage of cells
that phagooyts treated red blood cells s dose depsndant of the amount of BE3
used for freatment,

Example 7. Method for ensapsulating ovalbumin in muning and hwman red

blood celly

Ovalbumin {protein of 45 kDa, hen egg ovalbumin} was encapsulsted in

murine rad blood cells (OF1 mice or CBTBHS mice) by the method of hypotonic
L} S 3

diglysis in dialysis tubing. The red tlood cell suspension was washed several imes
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before being brought 1o & hasmatocnt of 70% for the diglysis. The diglysis was
carried out in dialvsis tubing in a lysis buffer of low vsmolarily for about 1 hour or 30
min when the dialysis ocourad after 2 heat treatment, The rad blood c&%ig weare then
resealed by means of 2 solution of high osmolarity for 30 minutes. Afler a few
washes, the final product was taken up in a buffer, Sag-mannitol, and hasmaloorit
was brought to 80%.

Variart 2¢

Cvatbumin was hersin encapsulated in the murine rad blood cells by the
mathod of hypotonic dialysis in & dislysls column. The red blood cell suspension
was washed several fimes before being broughi o a haemalocrit of 70% for the
dialysis. The dialysis was carried oul In a dialysis column i a lysis buffer of low
csmolanily for about 10 min. As soon gs they left the column, the red biood celis
were resaaled by means of a solution of high osmolarity for 30 minutes at 37°C
After a3 few washes, the final product was feken up in a NaCl glucose buller
containing glucose SAG mannifad, or decomplemented plasma, and hasmatooril

was brought back o 50%.

Examole 8 Method for encapsulating ovalbumin in mnuse red biood cells

Ovatbumin (Worthington  Biochemica! Corporation, Lakewood, NJ} was
encapsulated into mouse red blood cells by hypotonic dialysis. Red blood cells
suspensions ware prepared from CHYBLAE mouse blood coliected on lithium
heparin. Briefly, the red blood cells wers washed three tmes with saline solution
and the haematocrit (Het) of the blood was adiusted {o 70% defore dialysis. OVA
were added o the red blood cells suspension at a final concentration of §, or 0.5
mgimd. Dislvals was performed {cell flow rale of 2miiming againet a cell lysis buffer
{osmolality of 50 msmolkg} circulating at counter-current {18 mifmin} inlo an 8¢
holiow-fiber dialyser {Gambrg, Lyon, France). Red blood cells were resesled "o
fine” by adding (10% final volums) an hypertonic solution (1808 mOsmolky)
cordaining 0.4 gf adenine (Sigma-Aldrich, Saint-louls, M), 188 gd inosing
{Sigma-aldrichk), 6.4 g sodium pyruvate {Sigma-aldrich), 4.8 gff monesodium
phosphate dehydrate (Sigma-Aldrich), 10.8 g/l disodium phosphate dodecahydrate
{Sigma-Aldrich), 11.5 g glucoss monohydrate {Sigma-Aldrich} and 80 gl Nall
(Sigma~Aldrich). Red blond cells were incubsated 30 min at 37 »C with the
hypertonic sciution. Following several washings with 0.8% NaCl $.2% glucose
{Bioluz, Saint-dean<de-Luz, France), the product was washed oncs with the lampon
A confaining Hepes 10 mbd, Nali 140 mM, BSA 0.1%, CaCiz 2.5 mM, diluted with
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tampon A to 1.10° celis/ul and treated with 0.15ubM of Calclum onophore AZSIBT
{Sigma) for 30 min at 37°C as desoribed i the exampls 18, Afler 3 washes with
8% Nall 0.2% gluconse, the final product was resuspended and s haematoorit
was adiusted o 50% with decomplemented CE7BLIC mouss p%ass'ﬁa {(18% final

valume). The product thus oblained was storsd at 28 =C

Example & Method for encapsulsting pvabumin in mouse red binod cells

Ovalbumin (Wo thmg?m Biochemical Corporation, Lakewood, NJj was
encapsulatad info mouses red blond calls by hypotonic dialysis, Red blood cells
suspensions were prapared from CE7BLS mouse blood coliected on lithium
heparin, Briefly, the red blood cells wers washed three times with saline solution
and the haematocrit (Het) of the biped was adjusted to 70% before dialysis. OVA
wera added o the red biood cells suspension at a final concentration of & or 0.5
mg/mi. Diglysis was performed {cell flow rate of 2miimin) against a cell hysis buffer
{osmolality of 80 mOsmolkg) circulating at counter-current {18 mibfmin} into dialysis
fubing. After dialysis, red bipod oalls were resealed Dy adding (10% final volume)
an hypertonic sofution (1800 mOsmaol/kg) containing 0.4 g/ adenine {Sigma-
Aldrich, Saint-Louts, M3, 15.8 g/l inosine (Sigma-Aldrich}, 8.4 g/t sodium pyruvate
{Sigma--Aldrich), 4.9 g monoesodium phosphate dehydrate (Sigma-~Aldrich), 10.¢
gt disodium phosphate dodecahydrate {(Bigma-Aldrich], 11.5 gil glucose
monchydrate {Sigma-Aldrich} and 50 g/ Nali (Sigma-Aldrich). Red bload cells
were incubated 30 min al 37 «C with the hyperionic solution and then chemically
ireated with BS3 gs described in the example 14

Following several washings with 0.8% NaQl 0.2% glucose (Bickhuz, Saini-dean-de-
Luz, France), the final product was resuspended and ils haematoorl was adjusted
o 50% with decomplementad CHYRBLUE mouse plasma {158% final volume). The

product thus oblained was slored at 28 «C

The 3u3;3<—3nsic»n of red bood celis @mﬁpﬂu%ﬁiiﬂg ovalbumin is washed
several imes before being brought to 10° colia/mt for the i vivo test and 107 celiimd
for the in vitro test, s incubsted with the anti-TER11E antibody (10 yghml for the
in vitro fest and 23 ugfmi or B pyfmit for the in vive test) for 30 minutes at 4°C. Aftey
& few washes, the final product is faken up in a bulfer with injeciable gualities, and

hagmatocrit i brought to 50%.
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bloond calls by dendritic calls invitro

The effect of the antibody treatment on the phagooeytosis efficiency of the
red biond cells obtained according to example 9, by dendritic cells, I8 measured in
fluorescent CFEE
CFSE s a non-

Huorescent dys which diffusaes through the cell membrane. Once inside the cell, the

vitro, The red blood oells are labslied with @ fabel,

{carboxylfiuprescelnn suncinimidy sester), for ZO0min st 4°C.

molecule becomes Huorsscent subsequent to #s cdeavage by intraceliudar
aslerases.

Dendritic cells arg isolaled from the spleen of CETBYE mice using magnatic
beads. These beads carry antibodies which recognize the CRVic marker, thereby
making it possible o isolate the CD11e” dendritic osll fraction.

The CFSE-abelied or uniabelled red blood cells are then incubated with the
dendritic celis {10 x 10° celmi) at a ratio of 20:1 in & final volume of 200 piwell of
round-hotiomed  86-well culture plates for 4 hours &t 37°C and 8% OO, Afler
culturing for 4 hours, ths red blood celis not ingested by the dendritic cells are lysed
with NHLOL and several washes are carried oul. The capturs of the CFSE
fluorochrome by the dendrilic cells is then measured by flow cylometry {R. Segura
et al, J. Iimmunol, danuary 2006, 178{1) 44150},

Three populations of red bload cells wers tested:

{A) red blood cells loaded with ovalbumin and not labslled with the CFSE
fluorachrome,

{2} red blood cells lpaded with ovalbumin and labelled with OFSE,

{C} rad tlood cells loaded with ovalbumin, treated with the anti-TER 118 antibody
and labelled with CFSE.

Results

Table 3 Percentage of dendnific celis having phagoeylosed fluorescent red

bicad calls:

Red blood cefl population % of dendritic oalfs
(A 4%
{8} 27%
() 36%

The murine red biood cells Inaded with ovalbumin and treatad with e ant-
TER 118 antibody were more efficiently phagooytosed by the dendrilic celis lscialad
from the spleen than the undrealed red blood cells i vilro, after 4 hows of
coculture. 36% of the dendritic celis phagooyivsad the red blood gells carrying the

aniibody, against only 37% in the absence of antibady.




WO 2011/051346 PCT/EP2010/066269

5

1G

N
o

30

s
831

Exampls 12, Measurement of the phaogogviosis of red Hood cells conlaining

ovatbumin, by rescrophages and dendritic cells ¢f the spleen and is«er ¥ on
mice '

Thiz study is an allogenic study since OF1 mice red blood cells containing

vatbumin are injected o not consanguineous CHTBIE mice.

Three batches of 74 x 107 rad blood cells, from OF1 mice, loaded with
ovalbumin {example 8 treated with the anti-TER 119 anttbody {as described in
example 10} or not reated are prepared. These batches are divided up in the
following way:

Baich 1. no antibody reatment
Baich & tregled with the anti-TER 119 antibody.

Fach batoh iz labelled with CFSE andd injected intravenously into CB7BVE
mice. Three hours affer the injection, the blood, the spleen and the liver of the mice
arg {aken. The perceniage of Huorescent red hlood oells circidatling in the blood of
the mice is measured by fow cyiomelry. The fluorescence incorporaled info the
spleen macrophages expressing the F4/80 marker, info the lver macrophagss
expressing the F4/80 marker and into the spleen dendrific cells exprassing the
CB11e marker is measurad by flow cytomelry.

Resulls

Table 4. Percentage of macrophages or dendedtic cefls from the spleen,

having phagooyiosed Huorescent red biood cells 3 hours afler injection into the

Mouse:
Batches Macrophages Dendntic cells
1 ' 28% 5%
2 ‘ _B1% 22%

3 hours afler ingection, the murine red blood celis lnaded with ovalumin and
ireated with the anth-TER 119 antibody are almost no longer present in the binod of
the mouse {1%), whereas there are sl untreated, ovabumin-loaded red blond
cells In the blood of the mouse (4.8%).

The rad blood cells that have been treated with the anti-TER 119 antibody
are phagocyiosad by the F4/80 macrophages and Cl¥iie dendritic cells of the
splasn,

The red binod cells treated with the ani-TER 119 antibody werg more
sfficiently phagooviosed by the F4/80 macrophages of the spleen than the
untreated red blood cells. 81% of the spleen macrophagss phagocyiosad the

antibody-traated red blood cells, against only 28% in the unireated batch {Tabie 43
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The anlibody-treated red biood cells were also more  efficlently
phagooyiosed by the COic dendrnific cedis from the spleen than the unirealed red
bicad celis. Respectively 22% of dendritic cells phagoeylosed the and ibody-treated
red blood cells against only 5% in the case of the unirealed fed bood cells
{Table 4}.

Table & Farcentage of ver macrophages having phagooylosed fuorescent

rad blood cells 3 hours after inlschion into the mouse,

Ratches Macrophages
1 24%
2 80%

The red blood celis ireated with the ant-TER 110 eniinody are
phagocylosed by the F4/80 macrophages of the liver,

The red biood cells treated wilh the anti-TER 119 antibody wers more
sfliciently phagooyiosed by the F4/80 macrophages of the liver than the untreated
rad blood cails, B0% of the lver macrophages phagooyiosed the antibody-treated
red blood calls, against only 24% in the untreated baich {lable &)

iy conclusion, the binding of the antibody o the red blood oells allowsd
sfficient targeting of the rad bipod cells in the spleen and the liver, and a significant
inoreass in the perceniage of dendritic cells and of macrophages capable of

phagocylizing these red biood cella.

Example 13, Messure of percentage of reoulslory T cells and their

production of anti-inflammatory interleukin=10 (L-10) afler one inlection of Pol(i:48

and antibodw-treated or untreated ovalbumin-loaded srvibrooyies in mice

The purposse of this study was o measure the percentags of regulatory T
cells it CE7BYS mice after injection of Pol{lC} and antibody-freated {anl-TER

118} or unireated ovalbumin-loaded srythrooyies.

Twe batches of 30x10° anthody-reated or unireated ovalbumindloadsd
erythrocytas from OF1 mice were prepared according to example 8. iy this study,
an equivalent amount of sntrapped ovalbumin was hjected freg and the negative
contral was the preservative solution of erythrocyles (Nall glucosed containing
A% of decomplemented mice plasma), The amount of free or entrapped VA

injected {o mice was 2ug. The amournt of free Poly(l0) injscted o mios was 28ug.
Batch 1 ovalbuminoaded ervthrooytes and Poly(iC)

Bateh 20 antibody-ireated ovalbumirdloaded ervthrocytes and Folwb G
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The batches were injected intravencusly o CETBEFE mice (4 mice per
group). Ssven days after batch injection, mice were kiled and thelr splesns
cofiested. To measure the percentage of FOXPS expressing CD4 T cells by flow
cylometry (Figurs 1, Table &), 2.5x10° of spleen cells were used. Briefly, afler REC
fysis using NHOD solufion (StemCell Technologies, catalogue number Y80}
spleen celly were firsl stained with POS-anti-Co4 (Biolegend, calplogue number
BLE1ODS14) and FiTC.anti-CD2S monocional antibodies {(Biclegend, calslogue
number BLE1TH568), and then incubated with fixation and permeabilisation buffers
{Biclegend, calalogue number 421303} before being incubated with PE-anti-FUOKP3
miAb {(Biolegend, catalogue number 320008} or isotyps control.

To measure the percentage of regulatory T celis {CD4+ D25+ producing
L-10 by flow eytomstry (Figure 2), spleen ceills {5 x 10° cells /ml) wers cultured with
3.1 pgfml of OVA323-330 peptide {Genscript, catalogue number 41007-1) for 4
hours at 37°C in 5% CO,-air on 24-well culture plates. Ons howr after the beginning
of the cultwrs, Brefeldin A (Eblosclence, catalogue number 420001} were added {o
block cytokine secretion. At the end of the culturs, cells wers first stained with POS-
ant-Cl4 and FITC-ami-C025 monocional antibodies, and then incubaled with
fixation buffer {Biolegend, catalogue number 420801}, and permeabliisation bulfer
{Binlegend, catalogue number 421002) beforg being incubated with PE-anti-il-10

mab (Biolegend, catalogue number 508008} or isotyps condrol.

The percemags of regulstory CD4 T cells expressing the transcription factor
FQXP3 had significantly increased after injection of Poly(1:C) and antibody-treated
OVa-oaded ervthrocyies or free OVA compared o control mice injected with the

preservative solution {Figurs 1, Table &, student fesl, p < 0.007 and p < 0.05

respechvelyl.

Table 6 Percentage of CU4 T celis evprassing FOXPS
TEMS % of CO4 T cells expressing FOXP3

F {x standard deviation)

Batch 3 RS I
Batch 2 11.6%0.8 k
Fres OVA and Poly(hC) 88215
Preservative solution ' 7017

Nevartheless, only regulaiory T cells induced by antibody-tregted QVA-
loaded ervihrocvie and Poly(hC) inlection can produce the anti-inflaromatory

oyiokine {1L-14} affer In vitro restimulation with OVA peptide (Figure 2, tabls 7).
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Table 7: Percentage of regulaiory CD4™ CD2B" T cells producing 1-10

TEMS % of CD4 CDES cells producing 10
{x standard deviation)
‘Batch 1 1805
| Batch 2 552

Free OVA and Poly(1.C) 17288

Prezervative solulion 1.6+0.4

it summary, injection of antibody-treated OVA-oaded erythrooyte and
Poly(ECY induced the generation of regulstory T oells able fo produce {-10 afler

rastimulation with antigen.

in Figure 1, the porcentage of FOXP3+ CDE T cells in the splesn was
determined by How cytomelry 7 days affer intravenous injection inlo CH7BL/G mics
of antibody-treated (black bars} or untreated {dark grey bars) OVA-loaded
eryiwornyies and RPob(LC) or fres OVA and Poly(hC) (ight grey bars), or control
medium {white bars})., The amount of free or entrapped VA injected o mice was 2

ug and the amount of and Poly(B0) was 28ug.

In figure 2, the production of .10 by reguiatory 4 CDES+ T ceils was
detsrminad by flow cylometry after in vitro restimulation with OVA peplids 01 pg/mi
of spleen cells isciated from CETRLE mice injected 7 days with antibody-lreated
{black bars) or untreated {dark grey bars) OVA-loaded erythrocyles and Poly(1.C)
or free OVA {light grey bars) and Foly{LC), or control medium {white bars}. The
amount of free or entrapped OVA injecled to mice was 2 ug and the amount of and

Foly(hC) was 28ug.

Example 14, BS2 treatment on the red biood cells nonlgining ovaibumin

The suspension of red blood cells encapsulaling OVA (example 8) was
washed severa! imes before being brought to 1.7x10° calls/id with PBS and mixed
with one volume of & buffer solution of 2mM BS3 {the BS3 solution contsined
glucose 0.09% and phosphate buffer, pH7.4), 30 as to obisin a fingl BE3
concentration of TmM. The cells were incubated for 30 minutes af foom
iemperature. The reaction was gquenched by adding one volume of 20mM Tris-H,
NaCl 140mbd. After incubation at room temperature for 5 minutes, the mixture was
centrifugated at 800 g for 8 min, 4°C. The cells were then washed thrics with NaCl

giucose {cenirifugaiion at 800 g} for 10 min, before adjustment 1o hematocrit 50%
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with decomplemeniad plasma.

Example 15, lonophore freatment on the red blood cells containing cws.e%b AVHED

The suspension of red blood celis encapsulating OVA (exampie 8) was
washed once with a tampon A coraining Hepes 10 wibd, NaCl 140 mM, BSA Q.1%,
Caliz 2.5 mM, and then the suspension was difuled fo 1 10° catis fad using tampon
A lonophore concentrated in DMB0 was diluted with tampon A and then added
the oell suspension in order o get a final concentration of 0.108ub. The cells were
incubsted 30 min a1 37°C. The mikiure was centrifugated at 800 g during € min,

-~

4°C. The celis ware then washed thrice with Nall glucose {centrifugation at 801} g}

for 10 min, before adjiustment 1 hematoorit B0% with decomplementad plasma,

Example 18, Measure of percentaae of requiatory T calls in the liver and in the

splean after one injsction of pvalbumindeaded srythrocytes in mice lreatad 1o larget

the Mver andfor 1o repress AFC proinflarmmation response

The purpose of this study was fo demonstrate thatl the use of RBC, treated
0 targel the liver and 1o repress APC proinflammation response, as antigen

delivery system induced an increase in the percentags of reguilatory T cells in mice.

Batches of 126x10° antibody-treated, BS3-reated or ionophore-treated
ovaibumin-oaded ervthrooytes from GB7BL/ES mice were preparsd gocording to

example 8. The amount of entrappad OVA injected fo mics was 8 ug.
Baich 1) ionophore-treated ovalbumin-doaded srythrooytes

Batch 2) BS3-treated ovabbumindoaded envthrooytes

Balch 31 antibody-treated ovalburmin-inaded envthrooyles

Baich 4: antibody-treated ovalbumindoaded srythrocytes and Poiy{lC)

The baiches were injecled intravenously o CEYBYS mice (3 mice per
group}. Seven days after balch injection, mice were killed and their spiesns and
fver collected. To measure the percentage of FOXPS expressing CO4™ T oells by
fiow cytomelry in the spleen {Figure 3, Table 8§) and in the liver {Figure 4, Table 8},
1 x10° and 2.5%310° of tiver calls and spleen cells wers ussd. Briefly, after RBC lysis
using NH4C! solution {StemCell Technologles, cat nb 7850}, vells were first stained
with  PCS-anti-Cl4  (Bidlegend, cat nb BLE1O0S14) and FiITC-anti-CDH2S

monocional antivodies (Bivlegend, cat nbh BLE110868), and then ncubated wilh
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fination and permeshilisstion buffers {Biolegend, oal nb 421303} before being
incubated with FE-anii-FOXP3 mAb (Biolegend, cal nb 320008} or isolype control

In figure 3, the percentage of FOXF3+ C4d+ T calls in i?*e spleen was
determined by flow cyfomstry 7 days after infravenous injection into CETBLS mice
of onophore-treated {dark grey bar), BS3<reated {(grey bar} or antibody-freated
(ight grey bar) OVA-loaded ewthz‘mﬂ% gt antibody-treated  OVA-loaded
srythrocytes and Pob{EC) {black bar} or control medium {white bar). The amount of
OVA enfrapped injected © mice was Jug.

in figure 4, the percentage of FOXPI+ C4ds T cells in the lver was
determined by flow cytomelry 7 days after intravencus injection inte CETBL/S mice
of onophore-treated {dark grey bar), BS3-frealed {grey bar} or antibody-treated
{light grey bary OVA-lvaded ervthrocyles or antibodw-irested OVA-baded
srythrocyles and Pobe(hC) (black bar) or control medium {white bar). The amount of
QOVA entrapped injectad lo mice was Sug.

To measure the percantage of OVA-specific COB T celis by flow oyvlomatry
{Figure 5, Table 8), spleen cells were stained with PLY-anti-Ch8 {Biolegend, cat nb
BLE100722), FiTCanti-LD3 (Biolegend, cat nb BLE1OG20E) and RPCE-ant-CLG2L
monocional antibodies (Biclegend, cat nb BLE104410) and PE-OVA-telramer
{Beckman Couller, cat nb T20078).

in figure §, the percentage of OVA-spacific CD8+ T calls in the splesn was
determined by flow oylomelry 7 days aftsr intravenocus injection inlo C578L/AS mice
of onophore-freated {dark grey bar), B83-treated (grey bar} or antibody-trsated
{ight grey bar} OVA-oaded envthrocytes o antbody-treated OVAJoadsd

erythrocyies and Poly(hC) (black bar} or control medium {while bar). The amount of
OVA entrapped injected to mice was Sug.

To measure the percentage of regulatory T cells {OD4+ CD2E+} producing
110 by flow cytometry {Table 10), spleen cells (5 x 10° celis /mi} were culured
with 0.1 pg/imi of CVA323-338 peptide {Genscripl, cat nub S1007-1) or without
peptide for 4 hours at 37°C Iy 8% CO2-air on 24-wail culture plates. One hour after
the beginning of the culture, Brefeldin A {Ebioscience, cat nb 420801} were addad
o block oviokine sscretion, Al the end of the cullure, cells were first stained with
POS-anti-Cl4 and FITC-anti-CO25 monocional antibodies, and then incubatad with
fixaton buffer (Bivlegend, cal nb 420801}, and permeabiiisation buffer {Biolegend,
cal nb 421002} before being incubaled with PE-anti-iL-10 mAb {Bislegend, cal nb

SO5008) or isotyps control,

The tonophore treatment was the anly frealment able o induce » significant
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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 liver
' ( standard deviation) (x standard deviation)

Batch 1 20+ 3 5+1

Batch 2 1713 2+1

Batch 3 21z 0 3+1

Batch 4 14+ 2 2+1
Presgrvative 12492 240

solution

Only the co-injection of Ab-treated OVA-loaded 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 I
(x standard deviation)
Batch 1 20
Batch 2 2+0
Batch 3 31
Batch 4 167
Preservative
. 20
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 IL-10 in the spleen

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

SUBSTITUTE SHEET (RULE 26)
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Batch 1 5+1 6+ 1
Batch 2 40 77
Batch 3 76 9+1
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 blood (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 pg, 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:

% =[1- (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 IgG1 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 IgG2a (Thermo Scientific, cat nb cat
PA1-86039, dilution 1/4000) followed by the tetramethylbenzidine (TMB) susbtrat
(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 CD8 T cells
(x 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+1.3 76 +7
Preservative solution 11201 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

) % of OVA-specific in vivo lysis
Mice treatment
(£ 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 IgG2a antibody titers compared to mice pretreated with OVA (Table 13).

Table 13: Anti-OVA I1gG1 and IgG2a antibody titer in the sera

Results for each mice
. Anti-OVA IgG1 titer | Anti-OVA IgG2a titer
Mice treatment

0 0
3x Batch + 2xOVA and Poly(l :C) ‘1388 8
100 0

12150 2700

3x OVA + 2xOVA and Poly(l :C) 240025500 ‘9‘88
300 0

12150 8100
2 x OVA and Poly(l :C) 1350 0

150 150
0 0
Preservative solution 8 8
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 mnleculss per RBC,

CHTRIS mice were injected infravenously thrice at days -7, -3 and -1 with
110pt or 30 of balch 1, 1104 of batch 2, 1104 of free OVA or 1104 of
preservative solution. The amuount of OVA and RBC injscled o mis&‘ér& presented
in Table 14, At day 0 and day 21, the mice werg challenged wilh OVA and Poly(EC)
{(100ug and SQugfmice, respectively). Six days afler the last injechon, the mice
were killed, the suleen collected and the guantity of IgG1, gG2b and 1gGZc was
measured in the sera as desorbed in example 17 using HRP-conjugated o ant-
mouss g8k {Scuthern Biotesh, 1080-08) and antimouse gmzu {Bouthem
Biotech, 1078-08). To measurs PNy production, spleen celis {§ « 107 celis imi}
wore first oultured with 8.1 ygfml of QVA323-330 peplide (Genscripl, cat nub
410071} or without peptide for 48 hours at 37°C in 5% COx-alr on 24-well culturs
plates Then, FNy was measured in the supemafant by flow cylomelry using
Cytometric Bead Away (BD Bloscisnce, 553286 and 558288). To measure lhe
percemiags of oviotoxic T-Lymphoovie Antigen 4 (OTLA4) expressing CD4+
CDE8+ T celis by fow cylomairy, spleen cells were first stained with PUS-anti-Cl4
{Bivlegend, cat nb BLETROS14) and FiTC-ant-CD25 monocional antibodies
{Biolegend, cal nb BLE110888), and then fixed with PBS 1% pargformaldéhyde
{Sigma Aldrich, F1835-258mi) and permesabilzed with saponin 0.3% (Sigma Aldrich,
8451@} before being incubaled with PE-ant-CTLA-4 mAL (BD Pharminghen, cat nb

553720} or isolype sontrol,

Tabla 14: Quantifies of OVA and RBC injectad {o mice &l each injfection
L W Adsaded RBC

Mice treatment VA {ug/mice)} e ,
{(X10" RBC/mice}

infection number 1 2 3 1 2 3

‘Bateh 1 High dose

) ag 86 88 1.7 1.5 R

{110l mice)

Batch 1 Low dose {30plimice)} 24 23 1 23 0.4 1 04 {.4

Batch 2 (110ulimice) 1o 8 11 L 18 | 18 | 18

OVA {11 0ulimice) 110 110 113

Mice pretreated with Batch 1 High dose, high quantily of OVA and RBC, had
significantly lower anti-OVA IgG1, IgG2h and igGZc antibody tters than mice
pravreated with QWA (Table 15, 1gG1 p <0.002, g8l and igGac p =0.05)

Moreover, mice preftreated with Baich 2, sams number of RBC but lower doss of




WO 2011/051346 PCT/EP2010/066269

OVA (8 to Tiuglmics), had also significantly lower anth-OVA igG1 and igB2c
antibody tilers than mice pretreated with OVA {Table 15, gt p <0.008, and
63207 p <0.05). However, mice pretreated with Bateh 1 Low dosse, smg&ii quantity of
OVA and RBO, had significant antibody titers. Thus, the quantity of OVA and RBC

(o3

mjected per mice plays 3 Key role in immune {olerance induction.

Table 15 Ant-OVA IgG1, IgB82b and igGc antibody titer in the serg

""" igQ titer for each mice
) Anb-OVA IgG1 Ant-OVA IgG2h | Anti-OVA 1IgGc
Mice realmeant _ , _
tiler titer Her
Q04 8100 2700
3x Batch1 High dose ‘
4050 454 2700
4+ 2xTOVA ang
) 58 300 1600
Fole(t 10
12150 800G 1350
3x Batcht Low dose 38450 270G 24300
+ 2ROVA and 121580 12180 243080
Foly(l :C} 12180 2706 36480
3x Bailch? { O 300
+ 2xiA and R 24300 &1a0
Boiy(l 10} 8100 0K 800
A 38450 30450 38458
Ix OVA o
) 36450 2700 270¢
+ 2xOVA ang
o 3845840 38450 38450
Poly(1 .C)
36450 36450 38450
28450 2740 43540
23 OVA and 12150 8100 121540
RPoly(l O 1350 12150 12180
8104 24360 38450
0 { G
' { 3] &
Froservative sclution
O & G
& 0 £

The challengs OVA and Poly(1:C) induced an incregss of IFNy production in
response o OVA stimulation. This increase was observed in the mice pretrealed

with free OVA bul not with mice prefreated with lonophore-ireated OVA-baded
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RBC Table 16, {p < 6.0058}1
Table 18; IFNy production by splencovies stimulated with OVA dlass 2-

restriclad paplide {average + standard deviation)

Mice treatment FNyipg/imi)

3x Baicht High dose

4318
+ 2x OV A gnd Foly(l (0}
3x Batchi Low dose
3828
+ 2xOVA and Paly{t 1C}
3x Batoh? ,
. . 41 2 10
+ 2xOVA and Poly(i .0}
3 QVA

+ 2xONVA and Poly(l :C}

&
Lor]
2
(3]
5

2% VA and Poly(l :C)

E-
-4
4+
%

Fressrvative solution

As CTLA-4 iz a profein which plays an important ragulatory role in immune
system by transmission of an inhibdory signal to T cslls, s expression was
measurad on OD4 CHES requlatory T oells by flow cylomelry. Mice pretreated wilh
Batch 1 High dose and Bsich 2 had significantly highsr percentage of CTLAM4
exprassion In QD4 CO25 regulatory T cells than mice prelrealed with OVA and
mice which have recefved the OVA + Pol{l:C) challenge only {Tabie 17, Batch 1. p
5 0.03 and p 5 0.02, respectively and Batch 2 ps 0.08). Morsover, mice prefreated
with Batch 1 High dose had alse significantly higher mean fluorescence inlensity
(MFT) of CTLA4 expression in C04 CD28 reguiatory T oells (Table 17, p s D.03)
Finally, mice prefreated with Batch 1 Low dose had significantly higher percentage
of CTLA-4 exprassion in CD4 CD2S regulatery T cells than mice which have
raceived the OVA + Poly(l:C) challenge only {Table 17, p < 4.04).

Table 17 Percentags and mean fluorsscence infensily (MF1) of CTLA4 in

CD4 CD28 regulatory T celis {average ¢ slandard deviation)

i % of CTLA-4+ cells ‘ MF] of CTLA-S
Mice treatment . 1 , ,
i QD4 CRES T cells in CD4 G025 T colls
3x Batcht High dose )
‘ , 3B+3 381 ¢ 12
+ 2xOV& and Poly{l ()
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3x Batcht Low dose )

S Bxd 363+ 13
+ 2x0VA and Poiyll 1T
3x Batohd |

. 372 357 & 10

+ 2xOVA and Paby{l ({0 '
Iy QVA
3243 341 £18

+ 2x0OVA and Poly(1 G

2 x OVA and Poly(t (.} 33 34118
Praservative solution 3x8 348 £ 28

In conclusion, reatment with iohophore-treated antigen-ioaded RBC allows
preventing or reducing anligenvspecific T and B cell regsponse in g preventive
model, Not only the quaniily of antigen, but also the quantity of RBC injectsd per

mice plays a key rols in this therapy.
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OLAIMS

1. Composition to induce, in & host, an immung tolerance to a peplidit of
proteic active principie, sald composition comprising red blood celis rff;rata%{zing the
peptidic or profeic active principle.

2. Composition sccording t©o claim 1, wharsln the active principle s a
therapsutic peptide, polypspltide or protein, a peplidic or proteic aulpantigen, a
paplide, polypeptide or profein inducing an allergic reaction or g transpiantation
paplidic or proteic antigsn,

3. Composition according o daim 1, wherein the therapeutic peplide,
polvpeptide or protein s an antibody or a fragment thereof.

y

4. Composition aceording o clam 1, wheren the therapeulic peplide,

polyvpaptide or protein is a clotting faclor or g fragment thereof.

5 Composition according to claim 1, wharein the thevapeulic peplide,
polypeptide or protein is an enzyme or @ fragment thereof,

8. Compositien according to claim 1, whereln ihe therapsutic peplide,
polypeptide or proteln is a growth facior or a fragment thersof.

7. Composition aocording o olaim 5, for uss in Enzyme Replacement Therapy
{(ERTY.

§. Composition according o claim 7, wherein the acltive principle is a3
iysosomal enzyme.

g, Composition accarding {o claim 8, wherain the lysosomal enzyme s an
enzyme for replacement therapy {(ERT) in pompe disease {Glycogen storags
disease type i), Fabry disease or Mucopolysaccharidoses disorders MFS L

10 Composition according to claim 8, wherein the iysosomal enzyme is
sefected from the group consisting of alphagiucosidase enzyme, laronidass and
alphagalaciosidass A or agalsidass alpha,

11, Composition according {o claim 4, for use 10 {reat Hasmophiia,

12, Composition according o caim 11, wherain the clotling factor is Faotor Vi,
Factor Vil or Faclor IX

13, Compostlion gecording o olaim 1, wherein the active principds s a peplidic
or profeio autogntigen for uss iIn realing an autoimmiune diseass.

4. Composilion according 1o olain 13, wherein the active principle s against
Rhaeumalold Arthritis (RA).

18, Composition according to clalm 13, wherein the aclive principle is against

Multiple Sclerosis (MG}
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18, Composition acsording o caim 185, whersin the active principle s mysiin
basic profein.

17. Composition aceording 1o claim 13, wherein the aclive pring pEe 1S against
Juvenile diabete. '

18, Composition accarding to claim 17, whereln the aclive pwingiple i3 selecled
from the group consisting of the Beta-cell antigen, the pro-insuling, the insuline-like
growth factor-2 {{3FZ) and mbdures therast,

18. Compasition according o olaim 13, whersin the active principle is against
Uveilis,

20. Composition according fo claim 18, whersin the active principle is the
retinal-8 anfigen.

21, Composition according o claim 13, wherain the active principle is againgt an
inflammatory bowel diseass.

22. Composition according to claim 13, wherein the active principle i3 against
Crohin's dissase.
against

@

23, Composition according o claim 13, whersin the active principle |
Weerative colitis,

24 Compasition accerding o claim 13, whereln the active principls is against
systemic lupus erythemalos

25 Composition according lo clelm 13, whersin the active principle is against

psoriasis.

26. Composition according io claim 13, whergin the gotive principle is against
acquired myasthenia gravis.

27. Composition according fo claim 26, wherein the aclive principle 18 acety
chaline racepior

28 Composition sccording to claim 1, whersin the aclive principle s a
transpiantation peptidic or profeic antigsn for use against graft rejection.

29, Compesition according to claim 28, wharein the fransplaniation anligen is
nvaivaed in kidney graft rejection.

30 Composilion according o claim 28, wherein the bansplantation antigen is
nvobved in heart graft rgjection.

31, Composifion according o claim 28, wherein the fransplantation anligen is
involved in hver graft rejection.

32, Composition according to claim 1, whersin the peptide, polypeplide or
profein inducing an allergic reaction is of food origin,

33, Composition according to any ong of the preceding claims, wherein the red
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biood cells (1) contain the aclive principle and {2) are in the form of an immune
complex with an immunogiobulin which recognizes an spitope at ihe surface of the
red bload cells, 5o as to promots liver targsting,

34. Compasition acoording o Claim 33, whersin the red bicod oslis form an
immune complex with an anti-rhesus or anti-glycophorin A or anii-CR1 antibody.

38, Composition acoording to Clam 33 or 34, wherein the immunoglobulin s an
s,

38. Composition acoording (o any one of the preceding claims, wherein the red
tiood cefls are chemically freatsd o target the lver,

37. Composition according fo any one of caims 1 to 35 to repress the
proinflammatory response of APCs.

38, Method for inducing, iy g host, an immune lerancs 1o a peptidic or rotsis
active principle, comprising the administration {o the host of an effective amount of

& composition according to any one of the preceding claims,



