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Some are based on manipulating the dendritic cells in vitro, and others are



vector for the presentation of antigens to APCs of the
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t he conpositions according to the invention conprise red blood cells
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the form of amddaseNo06P M ef¥): WablbeathEHTHRE iRheAted tNEY £ BerkAl AARDERS
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In a particular enbodi ment, the conposition conprises at |east two

WO 2009/ 0193 LaRfh6HF2008/ 060492 7 popul ations of red blm%hgﬁgmgz

each encapsulating a different antigen. 4 The nost nown
antigens that can be used herein are indicated in the tabl es bel ow,
where they are classified by category. 5Uni que antigens: Gene/protein
Tumour al pha-actinin-4 Lung carci noma ARTC1 Mel anonma BCR- ABL fusion
prot ei n (b3a2)withMahipoteyre! b deheniticaeailsa dBriiRAd- fideh dnomen GABRCHtes, was

Squanpus cel | SR emeBobs. BALEN Ao ACCRLR LS MerePer
Mel anoma CDKNzAa VR tRyposedcHdritid cells in the presence of interferon gamma promoted
the type | immune response (Corinti S. et al., Leukoc. Biol. 2002, 71(4): 652-

5 8).

Boberg et al. injected mice intraperitoneally with a vaccine constituted
of peptides derived from the HIV-1 protease anchored at the surface of
mouse red blood cells by means of the avidin/biotin system. They
chemically modified red blood cells with the aim of promoting their

10  recognition by APCs, but a weak immune reaction was obtained. They
concluded that the small amount of antigens delivered, due to the limited
loading of red blood cells with antigenic peptides and blood volume injected
was not compensated for by the chemical modification of the carriers
supposed to promote antigen recognition by APCs (Boberg A. et al., Infect.

15  Agents Cancer. , 2007, 182: 9).

The present invention aims to provide compositions and vaccines
that can be used in the treatment of cancers, according to an
immunotherapy approach.

An object of the invention is therefore a composition which induces,

20 in a host, a cytotoxic cellular response directed against tumour cells, and
which comprises red blood cells containing a tumour antigen.

The term “host” refers preferably to humans, but also to animals, in
particular pets (especially dogs or cats) and animals for sport (especially
horses).

25 According to the invention, the red blood cells contain, i.e.
encapsulate, the antigen, which means that the antigen is or is essentially
inside the red blood cell.

Said red blood cells are preferably designed, selected or modified so
as to promote phagocytosis thereof by APCs, and most particularly by

30 dendritic cells. In particular, said red blood cells are designed, selected or
modified so as to promote phagocytosis thereof in the spleen and the liver,
the essential objective being to target APCs of the spleen.



Col orectal carcinoma dek-can fusion protein Myeloid | eukaem a EFTUD2
Mel anoma El gngati on factor 2 Squanous cell carcinoma of the Iun%a
ETV6- AML1 W9§ﬁ@ﬁ"?ﬁ‘6t ein Acute |ynphobl agtic |eukaen a RERHERGAIS AR R
GPNMB Mel anoma LDLR- f ucosyl t ransf eraseAS*f usi on protein Ml anona H
LA- A2d Renal cell carcinoma HLA-Al |d Mel anoma hsp70-2 Renal cell
carci noma Kl AA0205 Bl adder tunour MART2 Mel anoma ME1 "Non small cel "

l'ung carci noma MIMplfy NebanRRR MBGEmbE aReMompositions according to the
invention comprise red blood cells which contain the antigen and target the
spleen. The composition promotes phagocytosis of these red blood cells by
the APCs, in particular the dendritic cells, in the spleen.

5 According to a first embodiment, the red blood cells contain a tumour
antigen and are in the form of an immune complex with an immunoglobulin
which recognizes an epitope at the surface of said red blood cells, so as to
promote the phagocytosis of said red blood cells, in particular by dendritic
cells. The composition also makes it possible to promote phagocytosis by

10 macrophages. Preferably, the immunoglobulin is an immunoglobulin G.

The formation of the immune complex involves red blood cells and at
least one antibody, preferably of IgG subtype. Dendritic cells have, at their
surface, receptors for the constant Fc¢ region of immunoglobulins G (IgGs).
These receptors are capable of triggering phagocytosis or internalization of

15  the antigen-lgG immune complexes thus formed and of promoting antigen
presentation by MHC class | and 1l molecules, resulting in the generation of
CD4" helper lymphocytes and especially CD8" cytotoxic lymphocytes (A.
Regnault et al., J. Exp. Med., Janvier 1999, 189(2): 371-80).

As antibodies which are suitable, mention may be made of anti-

20 rhesus antibodies, anti-glycophorin A antibodies and anti-CR1 antibodies
(CR1 = complement receptor type 1). Anti-glycophorin A antibodies (A.
Bigbee et al., Mol. Immunol., December 1983, 20(12): 1353-62) are a
preferred modality.

Preferably, the red blood cells of human origin that are used to form

25 an immune complex are heterologous red blood cells originating from a
donor.

According to a second embodiment, the red blood cells contain a
tumour antigen and are heat or chemically modified, so as to promote
phagocytosis of said red blood cells, in particular by dendritic cells. The

30 composition also makes it possible to promote phagocytosis by
macrophages.

The heat treatment is in particular carried out under the following



MUM 3 Mel anorma neo- PAP Mel anoma Myosin class | Mel anonma NFYC Squanous
cel l carciﬁgﬁnﬁlgglpe l ung OGT Col orectal carcinoma 0S- Q- Vel asRiiBo2
a-

pm - RARal p

usion protein Promyel ocyti g | eukaema WO

2009/ 019317PCT/ EP2008/ 060- 192 8 PRDX5 Mel anona PTPRK Mel anonma K-ras
Pancreati ¢ adenocarci noma N-ras Ml anoma RBAF600 Mel anoma S| RT2
Mel anoma SNRPD1 Mel anoma SYT- SSX1 or -SSX2 fusion protein
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conditions: heating of red blood cells for about 15 minutes to about
90 minutes, preferably from about 25 to about 50 minutes, at a temperature
of between about 42 and about 55°C, preferably between about 47 and
about 51°C. Typically, red blood cells are heated for about 30 minutes at
between about 48 and about 50°C, for example at about 48°C.

The chemical treatment is carried out using agents which modify the
surface of red blood cells, and in particular bridging or crosslinking agents
such as bis(sulphosuccinimidyl) suberate (BS3 or BS®), glutaraldehyde or
neuraminidase.

In a particular embodiment, at least two methods of targeting are
combined, and, for example, the composition then comprises antigen-
containing red blood cells which are in the form of an immune complex and
are heat or chemically treated so as to promote their uptake in the spleen
and/or the liver, preferably the spleen, and phagocytosis by APCs, in
particular by dendritic cells.

In a third embodiment, the antigen-contaning red blood cells are
xenogenic. Injection of xenogenic red blood cells into humans results in the
binding of the patient's natural antibodies to the injected red blood cells.
The immune complex thus formed promotes phagocytosis by APCs, in
particular by dendritic cells. Preferably, said red blood cells are of porcine
origin.

In a particular embodiment, the xenogenic red blood cells are heat or
chemically modified so as to promote phagocytosis thereof.

The composition according to the invention may comprise one or
more tumour antigens. When there are several tumour antigens, said
tumour antigens are preferably selected so as to induce an immune
response against one type of tumour or of tumour cells.

The composition preferably comprises at least two tumour antigens
representative of the tumour to be treated. The objective is to generate
several clones of cytotoxic T lymphocytes which each recognizes a specific
antigenic peptide so as to develop a more effective immune response.

In a particular embodiment, the composition comprises at least two



Sar coma Tri osephosphate |sonerase Mel anonma FLT3-1TD Acute nyel oid

| eukaem a p53 Head and neck squanous carci nonma Antigens conmon to
several tulfOF®MBN Tunour - speci fic antigens Genes BAGERCI/RERME040492 g
GAGE-3,4,5,6,7 GhTVf HERV-K- MEL KK-LC-1 KM HN-1 LAGE-1 MAGE- Al

MAGE- A2 MAGE- A3 MAGE- A4 MAGE- A6 MAGE- A9 MAGE- A10 MAGE- Al 2 MAGE- C2
mucin k NA-88 NY-ESO-1 / LAGE-2 SACGE

populations of red blood cells, each encapsulating a different antigen.

The most well known antigens that can be used herein are indicated

in the tables below, where they are classified by category.

Unique antigens:

Gene/protein

Tumour

alpha-actinin-4

l.ung carcinoma

ARTC1 Melanoma
BCR-ABL fusion protein (b3a2) Chronic myeloid leukaemia
B-RAF Melanoma
CASP-5 Colorectal, gastric and endometrial
carcinoma
CASP-8 Head and neck squamous cell
carcinoma
beta-catenin Melanoma
Cdc27 Melanoma
CDK4 Melanoma
CDKN2A Melanoma
COA-1 Colorectal carcinoma
dek-can fusion protein Myeloid leukaemia
EFTUD2 Melanoma

Elongation factor 2

Sguamous cell carcinoma of the lung

ETV6-AML1 fusion protein

Acute lymphoblastic leukaemia

FN1 Melanoma
GPNMB Melanoma
LDLR-fucosyltransferaseAS fusion M
. elanoma
protein
HLA-A2d Renal cell carcinoma
HLA-A11d Melanoma
hsp70-2 Renal cell carcinoma
KIAAQ205 Bladder tumour
MART?2 Melanoma
ME1 “‘Non small cell” lung carcinoma
MUM-1f Melanoma
MUM-2 Melanoma
MUM-3 Melanoma
neo-PAP Melanoma
Myosin class | Melanoma
NFYC Squamous cell carcinoma of the lung
OGT Colorectal carcinoma
0S-8 Melanoma

pml-RARalpha-fusion protein

Promyelocytic leukaemia




Spl 7 SSX-2 SSX-4 TRAG 3 TRP2-1 NT2g WO 2009/ 019317PCT/ EP2008/ 060492
9 b) D ff%ﬁ%(gﬁibs‘?‘i‘ antigens Gene / protein Tunmour CEA,dT%]%(;srﬂp@L)z
carci noma gpl0 /1 Pmel17 Mel anonma Kal | i kgein 4 Prostate manmag
Breast cancer Melan-A / MART-1 Mel anona NY-BR-1 Breast cancer 0Al
Mel anoma PSA Prostate carci nona RAB38 / NY-MEL-1 Mel anonma TRP-1 /
gp75 Mel anoma_TRP- 2

obi n- A

PRDX5 Melanoma
PTPRK Melanoma
K-ras Pancreatic adenocarcinoma
N-ras Melanoma
RBAF600 Melanoma
SIRT2 Melanoma
SNRPD1 Melanoma
SYT-8SX1 or -SSX2 fusion protein Sarcoma
Triosephosphate [somerase Melanoma
FLT3-ITD Acute myeloid leukaemia
p53 Head and neck squamous carcinoma

Antigens common to several tumours:

a) Tumour-specific antigens

Genes

BAGE-1
GAGE-1,2,8
GAGE-3,4,5,6,7
GnTvi
HERV-K-MEL
KK-1.C-1
KM-HN-1
LAGE-1
MAGE-A1
MAGE-A2
MAGE-A3
MAGE-A4
MAGE-A6
MAGE-A9
MAGE-A10
MAGE-A12
MAGE-C2
mucin kK
NA-88
NY-ESO-1/ LAGE-2
SAGE
Spi7
S6X-2
SSX-4
TRAG-3
TRP2-INT2g




Mel anoma tyrosi nase Mel anona

expressi o
| evel ) BI

cyclin Di Ubiquitous (low |level) Ep-CAM

Nuner ous

car boxyl

c) Overexpressed antigens Cene Tissue
macr ophages Al M 2 Ubi quitous (I ow

n_adi %fﬂphl | i n adi pocyt es,
NEOZOWIANT t ous (I ow | evel ) CPSE Ubi qui t ous (I% "?Pé\’/@{“?“”z

pithelial cells EphA3

FGF5 Brain, kidneys &50 / MN/ CAl X Stonmach, liver,
pancreas HER-2 / neu Ubiquitous (low level) IL13Ral pha2 Intestinal
esterase liver, Int@spifi@entdiRSiigens
Gene / protein Tumour
CEA Intestinal carcinoma
gp100/Pmel17 Melanoma
Kallikrein 4 Prostate
mammaglobin-A Breast cancer
Melan-A / MART-1 Melanoma
NY-BR-1 Breast cancer
OA1 Melanoma
PSA Prostate carcinoma
RAB38 / NY-MEL-1 Melanoma
TRP-1/gp75 Melanoma
TRP-2 Melanoma
tyrosinase Melanoma

c) Overexpressed antigens

Gene Tissue expression
adipophilin adipocytes, macrophages
AlM-2 Ubiquitous (low level)
BING-4 Ubiquitous (low level)
CPSF Ubiqguitous (low level)
cyclin D1 Ubiquitous (low level)

Ep-CAM Epithelial cells
EphA3 Numerous
FGF5 Brain, kidneys
G250 / MN / CAIX Stomach, liver, pancreas
HER-2 / neu Ubiguitous (low level)
IL13Ralpha2
Intestinal carboxyl liver, intestine, kidneys
esterase
alpha-foetoprotein Liver
M-CSF liver, kidneys
mdm-2 ubiquitous (brain, muscle, lungs)
MMP-2 Ubiguitous
MUC1 Glandular epithelium
P53 Ubiquitous (low level)
PBF ovaries, pancreas, spleen, liver
PRAME Testes, ovaries, endometrium, adrenal glands
PSMA prostate, CNS, liver
RAGE-1 Retina

RNF43




al pha-foetoprotein Liver
S) MWP-2 Ubi qui tous MJUCL @ andul ar ' ' 53
2@33/«1155]9 W&%&d@o?
ovari es,
RAGE-1 Retina RNF43

(brain, mu
Ubi qui t ous
Test es,
liver
t estes, kidne
| evel ) STEAP1

10

15

20

M CSF liver, kidneys nmdm 2 ubi quitous

evel ) PBF ovaries, pancygas,
endonetri um adrenal

spl een, |iver
gl ands PSMA prostate, CNS,
WO 2009/ 019317PCT/ EP2008/ 060492 10 RU2AS

s, bl adder secernin 1 Ubiquitous SOX10 Ubi quitous (I ow
RU2AS testes, kidneys, bladder
secernin 1 Ubiquitous
SOX10 Ubiquitous (low level)
STEAP1 Prostate
survivin Ubiguitous
Telomerase testes, thymus, bone marrow, lymph nodes
WTH1 testes, ovaries, bone marrow, spleen
BCLX (L) Ubiquitous (low level)
DKK1 Testes, prostate, mesenchymatous stem cells

ENAH (hMena)

Breast, prostate, colon-rectum stroma and
epithelium, pancreas, endometrium

MCSP Endothelial cells, chondrocytes, nonstriated muscle
cells
RGS5 Heart, skeletal muscle, pericytes

Van der Bruggen et al. have produced a database referencing all
human tumour antigens recognized by T lymphocytes and usable in cancer
immunotherapy approaches according to the invention:

hitp://www.cancerimmunity.org/peptidedatabase/Tcellepitopes.htm.

Other antigens may be used in the invention such as: Gastrin 17,
Human Chorionic Gonadotropin, EGFRvVIlIl, HER2, HER2/neu, P501,
Guanylyl Cyclase C, PAP.

The word antigen encompasses antigens of natural or synthetic or
artificial origin, antigens originating from the patient to be treated, antigenic
fragments, derivatives or variants, so long as the antigen is able to inititiate
the appropriate immune response. The antigens may be for example
extracted, chemically synthesized or produced via genetic engeneering.

In order to generate an effective immune response, dendritic cells
have to be active and mature, they have to produce cytokines and
chemokines and to express costimulation molecules that are necessary for
the recruitment and activation of T lymphocytes.

Various types of adjuvants can be used to stimulate APCs, and in
particular dendritic cells. Bacterial or viral RNA or DNA, heat shock proteins
(HSPs), sugars, immune complexes and cytokines are various factors which
induce APC maturation, and in particular dendritic cell maturation mediated

by the stimulation of specific receptors (Toll-like receptor TLR, mannose




Prostate survivin Ubiquitous Tel onerase testes, thynus, bone marrow,
| ynph nodes WI1 testes, ovaries, bone marrow, spleen BCLX Lg

Ubi qui t ousWOIBWI2VE] ) DKKL Testes, prostate, nesenchyRETGFR008(eHp2
cells ENAH (hMena) Breast, prostate, colon-rectum strona and

epi t helium pancreas, endonetrium MCSP Endot helial cells,
chondrocytes, nonstriated nuscle cells RGS5 Heart, skeletal nuscle,

pericytes r?c%p\t’&*). fiRicrdpiagas Lkt déhdritt@&@llsoﬁgdr‘éﬁje I I%§/( ﬁé%@bﬁ’ﬁéesame

ref erenci ng al uman tunour “anti gens recogni ze ocytes and
usabl e i n canceseptonsAaidhéie sapyce piireosiudies ohtheoad)uvant ttberefeiralatas tcoa:

5 http://ww. ca cerli mrun'bltv.Pr%/%ef)t i dedatt ﬁ)base/ Tcel | epi tr%lpes. tm
Cther anti gend" NBY'DEHERT PhOTHEIN &hPY'BIPELENTHES BRI, 1M Pumans
Human Chor i onigd GenafRhriARir8cedt&iBViblhd atiE2surtfR2AMAl celfs @dking up the
GQuanyl yl Cyclase C, PAP. The word antigen enconpasses antlkgens 0

nat ural or 5syréhblaod Gsils o the nventemlaner thgreforeantnagucidaroat he rearfeag of
fromthe pati Bhalit: p%q treated, antigenic fragnents, derivatives or
variants, so I'onhg as lﬁ'e antigen is able to inititiate the

appropriate i muneAcesgogseo Tme ashbgédinentBythbe ddpuvaakampl £ molecule
extracted, chenica synt hesi zed or produced vi enetic

[ 1
engeneering. PRCRR ted @%@%P@PQW%FP@(&“@Q@W ?ﬁrﬂ]?esh”'é%cﬁo‘ﬁsr@,d blood
dendritic cel bayslgnBayerd Bré?@raﬁﬁ}thé‘?e@ﬁﬂno%e%%fmfafﬂﬁﬁ(g hﬁaﬁvﬁnt npr oduce

cyt oki nes and chenoki nes and to ‘express costinulation’ nol ecules that
are necesdary for Aheneteelyi theeadjuyadt i tancapsdatedf inT dryafdabegt &s the
Various types _of adjuvants c be used t timul ate APCs, I n
particul ar defidf?58 tﬂ” |?fsﬁed_aB’Q8?§ﬁe§? (gl@,a?qﬁ%%qar@%iy.oﬁlwe%ﬂgggd SRbRK
proteins 20 (H3ysdiso dEgAédified BRYEIBCIRENTY £X RS pAhts Yhakb&RSsid tifereof by
various factors which induce APC maturation, and in part’icul ar

dendritic cel APfRg: R Rarbeiae 8y Aesdrip ealls. Jhiesumay i tbus die, sAse révieusly
receptors (Tollsl ], FP#RPIHM &FBn MRANES Gomplex, or thermally or chemically
15 modified, or else be xenogenic.

According to another embodiment, the adjuvant is a separate
adjuvant composition, that can be administered simultaneously with or
separately from the red blood cells containing the antigen.

It goes without saying that, as long as the adjuvant can be in a

20 separate composition (red blood cell composition or adjuvant composition),
the adjuvant can be administered concomitantly with the red blood cells
containing the antigen, as a separate administration or in the form of a
mixture, or administered separately, for example after the administration of
the red blood cells comprising the antigen, in particular a few hours or days

25 apart.

Among the adjuvants that can be used, mention may first and
foremost be made of the preferred adjuvants below

- TLRs (Toll-like receptors) ligands, in particular imidazoguinolones,
such as preferably: imidazoquinoline, e.g. imidazoquinoline CLO097,

30  imigquimod, resiquimod; CpG oligodeoxynucleotides; LPSs
(lipopolysaccharides); poly(inosinic acid)-(polycytidylic acid poly(l:C));

- cytokines, in particular: interferon alpha, IL-2 (interleukin 2), IFNy



WO 2009/ 019317PCT/ EP2008/ 060492 11 receptor). Macrophages and
dendritic ot all express the sane receptors ;

surf ace. ﬁ@' ﬂﬂ%e?of t he adjuvant thergjore relates f‘%cféﬁﬁzg(?sgé%%
capabl e of generating a cytotoxic i Mmune response in humans and for
which the receptor is found at the surface of the cells taking up the
5red blood cells of the invention, and therefore in particular at the
surface of der(mﬁrtérfdronc@mma) GM-CSFA¢Gaoardiloyte d\/lomm:ydaerﬁ‘mlhnyeﬁtir,nutﬁihg

adjuvant is a ecyl e, _en |, at red,bl ood cells or

attached to tH& Cﬁ‘liﬁ’aég(éfﬁ "P)I1§ga]%ﬂ§ e ﬁp@f@ﬁ%‘ﬁ by the
red blood cells copp@dy @lﬁlet&ﬁelarﬁdglﬂ%ﬂts that can%éeué@i'M%hM@ntr’ﬂQy in
adj uvant is encapsulatéd in, or attached to the surface of, other red

bl ood cel | s t wesficetbrdepardeoly. These red bl ood cells may al so be

1129, 0,20, <0 AR el R RSP 08 b6 80 Bl A

described, inmbp f@urdhylan dupmpuxa@) compMeX, (Treh4lbee mabinyyoefate), LPS
chem cally 15nodified, or else xen According to

anot her enbodi(iRapolysaseharige) ML (W@Pgm@lp&ﬁf\hvant conposi ti on,

t hat can be adm ni st S e h I r

red bl ood cells cgntrﬁ{nﬁlgar%gémé@%t ?‘;Eh%cma}'ggggmI@mﬁﬁﬁgﬁpﬁsﬂdé ném}nﬁ{h@n

gls Igng i’:lls th@h@dphmanpoteeslabmhmpaa%rsbq:ﬁmlameplmsr;]nbam tion (red ]
ood cell conposition. or uvant 0 t he an

adni ni st er'@d (r:rgncomtf%tﬁrﬁl ‘Wg"'t‘?h IR H@ﬁﬁcg@ b(lgté‘g‘%%ral tQX'E ﬁ'l%%ra

antigen, as a@fﬁé’fé fra%gﬂhﬁfo?ﬁ Wﬁ&&h&éré)npfmﬁeﬁ@ﬁ% Rixuriifraﬂnxwl’d%ten@r

admi ni stered separa for exanple after the admnistration of the
red bl ood cel Iperigesipy L‘é|(umgrmhleb&¢1tw’rgm®tommfrpmE$Qh@r|ahlaac0ﬂléaw hours or

days 25apart. ad] s th can be used, nention may
first and forenpst -5@%@%@{% Weel{é %HQFY%IﬁBadJ uvant s beI ow TLRs
(Tol I -1i ke recept omaghhigges e, enb@pﬁﬂéﬂmglsld:t% ihgedastos b reel HOss celkums
as preferably: imdazoquinoline, e.g. imdazoquinoline CLO97,

30i mi qui N0, r &BPYDiaRsdheesiq tgsa@as@ﬁudywea?@émpﬁawh is preferred herein,
(1) PoPoysacchaliedeied RPRUI-ROEPIACIACS bRAEBANE ST 1§ Gfieh those
poly(l1:Q)); cyto I nes par |cuI ar: erteron al pha, - :

(i nterl eukin ZkiletdFNy thd@&ﬂ@ﬂﬂ&%l?ﬁﬁtﬁﬁhﬁﬁ@mm@mmmae( itime: eprirearyn

gama), GV CSF Granul ,an,oc te- Ion JStimul.atin

"L 12 (it er | SakIRR e Of Recie T AiIne B iy hEg o o dialysis
Among the ot h%gtﬁ Jt;é’)Vlé‘%%uﬁMsl;P% N e berbmswou%en@rm.reuﬂher
be nmade of: acTerial constituents, in particular BCG (Bacil

Cal mette Qoer isepondaDp c(qmnmntdthm@ns ) aqUEMIS Folatien avuch is hypotonlc

di nycol ate), LP | | ysa osp i

m neral adj uva¥l FesPﬁggg’ h g %%n& %&é@%&ﬁ@&%ﬁg @ ‘%Sﬂ%“’r?% ﬂepped
phosphat e, potukssd belsphesthateereaadirmplioi, e phossingt of; thé Ged bmdcecelw is
toxins, in particular: CT (cholera toxin from Vibrio cholera CTB

(chol era t oxi rhnd'-l% i thei presapge Phthe timpwepptigen By tewrAsing dhe osmotic
Bordetel | a pe;?wﬁﬁ bile e@r@ﬁélﬁ@' ahid %émhg Perid Y Fei?rﬁéb:fhééhs
eyhol e F

coli); KLH, nbcyani n. Tec ues for encapsul ating
active |ngarsedloentasnmgtmemnincbwcmhtngehIlsc@leetetﬁ known and t he basic

techni que by lysis-resealing,. which L referred her is described
b at ants EP A 10AND ag-dEeNR depstibel BBl FPw PeTRsehod R danl (e

the art may r?ﬁé’thod%%@ﬁ@éd‘gw F%Hch'@atéﬁ@ﬂﬁbl%ﬁontmﬁmmﬁ@? yWhICh makes
conpartment of a dialysis elenment (for exanple, dialysis tubing or a

di al ysi s cart ril ggegiblesta effcieniyusegrotiedbly, tsafely aanshsiabo gnoeap e the
bl ood cells, ile the 20_secondary t an aqueous
sol ution whi Cﬁhmgumrb&egn 'S\/\TF% p@?ﬁ??@%%%ﬁ%eﬁiog&@ %%Q?on of red

bl ood cel lf, in order stigpdnsich bhe re@biddPedl pelldtsih amexbionidis@ution at a

resealing unit, the resealing of the red blood cells is induced in
haematocrit level greater than or equal to 65%, cooling between + 1 and +

8°C,



25cont ai ning the tunmour antigen is collected. Anong t he
variants described up until now, preference is given to the nethod
descri bed VR 2P4HEH7 Pat ent Appli cation Ngq 0408667, whi R/ HRR8E6042
possible to efficiently, reproducibly, safely and stably encapsul at e
t he tunour antigen. This method conprises the follow ng steps: 301 -
suspension of a red blood cell pellet in an isotonic solution at a
haematocrit |evel gre |S%‘?r§§ I

mnd e ae o 3000f 01 BsESuERL O uRANERaiOREGiHY SRR MRS B Hlood
of the osnoti cefls figin saiy recsblogd @e8 pajpdte of red bl ood cells from said

red bl ood cell, pellet, .it bein oss| for ste 1 and be. .
carried out il HNg BPeRiple fomgt ﬁ% i: GRrrigp 0%%558'"'31 9@?52'%'&]8'”9 in
internalizati @ardlePcess of t he tum)ur antigen, inside the same
chanber, at a tenperature constantly maintained between + 1 and + 8C,
conpri si ng5passi ng3th&ysia@nskintsroalizstion groesssad the ureoustantighacinaidedhe t

cooted’t o bet Red ot ke rRectuR ri g S eMleined PhigeRfh e
| ysi s par amet 6, d@bpnrmgg adbsing elde sassurdiorgot dtbieod oM ica haaaiatddry

previ ously n%‘é/ur ed; - resealing process carried out in
a second chant¥el 9[@?§¢rd amr&ﬂuﬁh@@ 8na AUNPOteNi isifeeriutiors polad ta

4OC and int £ t
Hnt ernal i pat PouPREPITa ) (RBR P olyRitariddR: and fne vpis pardbrers
15ant i gen 10 ns bdgtduiusted abd:cﬁrdnilgdeltfhsosmotlc fragitity graviouslyInegasufet; ande
dialysis, the red blood cell pellet is suspended i n_i,sot.oni.c

sol ution at a high ha@ﬁﬁ?lﬂeﬁq PII%CFIEQ/E?W'GQ qé‘it"éta ?E}?Qﬁgc?%amél ingige guich
and preferabl Yh@l@ﬁé@r‘étdr@@@ tsgmeawaﬂ 30 @nd0% 4ared 4y | %Se%%he@ dfSa
cooled to between + 1 and + 8C, preferably between + 2 and 6C,

typi cal | y 20i hypereoniegelofiomf + 4C. According to a specific

betwoen 70% ana sojhe  Mesiicefifo i BRI REmER Ao Eidh B byt

nmeasured a8 t betigedinbidedte ced bB)onwetlsbef ore the Iysi s step. The red
bl ood cells or the suspensian containing themare (is) advantageously

at a tenperature cigdtgdapfor ths diglysie,; Pg red Hlagebcslopgiiet i shspended in
sel ected for EHQﬁétﬁﬁfcssol 8l HighOn AdHRA 108 it %@%P'@'@%ﬂﬁar{ SRtusl 8

the invention e osnotic fTragl |ty nmeasur enent expl
rapidly, i.e. 65%¢ angspreferably egssates tuar or edualub &6y ahy tialfstwspemmon is

e See ooy R ot eBEhb DRl TR S, KL
m nutes, pprejnpthefregihl of 38, 'Adco‘rcﬁﬁ@ té Baelbe@rﬂceéwédlﬁn@n?%e ABEMBKRAL
| ess than or equal to 20 m nutes. regards the nmanner in

which the | ys|eé!e‘r'é@@éﬂ?%ﬁé%cﬂf@s%o%sp@%rﬁbléd)%men W%Iﬁﬁdﬁo%s notic

fragility being

b008/ 01051 7 peveroon BamsRE AT RlAGEAN P?égrgrgﬁe%r o dhe rad Mgtk
Pat ent Appl i ceellsofusN(bef@zéO&%szfS)rsteprrTH'i@rredetblaodj scells or the Aagedrid
to one feature of the inventiogn, the conposition according to the

i nvention conpPhtaedg derphareahig) 3<9V§D%3|S€H§$|Mnabﬁ fABPHRBEE €ese f0afr o
h f f
> haematoss i Lideguel & u u%ﬁ@%%ﬁﬁg%lé@e/ﬂ 301 1R Wi, 7RO BHET & Aotk er

bet ween a out 45% an etter still
preferably paadi\eagmgeqmsa‘eatmremétha‘lnaamm 1= bsmabo tragRisOmebsuréheent is

ackaging is preferably . in a_ bl ood ba of, the.type ui abJ e for bl ood
ranafuston. SHRSTHOHRAAN (<1 SR RIPSRrs i Ui T OIS 458 SREPIR
to the medi cahad bber Qé!é‘erri Fﬁrbféﬂabl? tﬁrseﬁ@\wobf/nﬁx@tbétﬁrb&n ARG ItRE daple
t he bl ood bag. ect present invention is also a

t her apeutic a@ind beglnﬂmlg thadyﬂlw Ieawrarswn@qtaaﬂ@ﬁﬂenmutee e prefefabbne

may compr 16 SIbRE B el Rt AR TSRS Plian Rl o AEmteee. "
As regards the manner in which the lysis-resealing process is carried

out, with the osmotic fragility being measured and taken into account, those



cytotoxic cellular response against tunour cells or a tumour. This
met hod CO”Woiz?;f?ﬁmBﬁ?. adm nistration to this patient of an. 2‘?}&%54\6?
amount of a conmposition according to theqianvention, in particular

i ntravenously, by injection or infusion, preferably by infusion. This
method is ainmed in 25 particular at inducing activation of the
patient's dendritic cells and a CD84 cytotoxic cellular response. As
descri bed abowkjled inp@el it angDigfehéd Feencn @atdl-Amyicatiox iND. 066388 or
is obtained. An object of the invention is also an anticancer

treat ment met HedN®'Heidiiuci ng, in a patient, a cytotoxic cellular
response as descri ﬁﬁ@/ i AN o :
Thi s met hod conpri ?ggot g’d%‘lg’érzlf%tg@lg%n%?o t tllog’ t)HaQtS?@ﬁ?g%g&g%wordmg
ef f ecti ve anouatthefnvaentiamtcompusesratvbe endea astucpensioy of ced bleod cells at a

oy 8 DRSS e Pia S ERE Smolt AhoBht Bl Db Perably
According to qrevéanbHbEt MLt %Mrﬁé"/@ﬁbe@é}%ﬂl dbut Boapatils plferaibly

of a suspension of red blood cells at a haematocrit |evel of between

about 40% and palskaged’ 02 poBinee aH| §oAst Weda almiit 25w -ahle AokegBE%s
PeLLer S BraRRith 0L oBk BTGB 8¢ syitatip for APl o Hhe

i nvention, foranidigtnahwhagpsuigtedl tuandureanfigan icoreBpondibgoier they anedios!.

An object of the invention is also the use of, a conposition according
to the i nvi@nt iREesCriphpnisargterally sniirely gegtained isvihedigadbage) | ul ar

response 10medi at eﬁ\nbabjgﬁn%%tbih&eﬁgﬁ% ﬁv&%{ﬂisf gsbedl 1agabdilc ég’tm}ﬂﬁour

cells or a tunour. er object of the Invention Is

conposi ti on aseocidengormprising ambafesstivenambont vfeores on oes aqpengasitions
anti-tunour vacci nge. . The _.present i nvention will now be ..
described i n GEEAIG 1Reihg VB JRUS ofee VARG BIAVECHBRE? By OmRpSEiPn

nonlimting exRERldRTy t e baibnl StseRf@htdifing e papliathe of s BidedSeells
Figure 1. Measurenment of the phagocytosis of "antigen-|oaded" red

bl ood cel 1§ t esgaRSHIBinchond O AMIE tqBRUM adtigans; Fothe, piegeres eeabsence of

dendritic cell i Ltro Ei e 2: S f .
Dhagocyt osi o snoBsdfatelor ponencapsulgtdtEREant Ml FRRE WG cnflbsitons
anti-TER 119 amtofndy torthbeavehticntmgith differem pepulaiersphagdsblood cells

dendritic cells in viva Figure 3. Graph illustrating the
proliferationARAPHHALING PR BF BIPEE blAAUK patigans. ain thec diresensey Kfs
after injecti i HGE. LM Sl i nduces a reduction in
t he intensi ty%@{;é%{%%@beﬁgpégﬁﬁ%@!dte&%@ggg@?fi c CD4 T cells lose
hal f of tieeir fl uoAasabent ofrtttecinivetioons @dsrha dietihaed fon.indlving, éak patient, a

observed for ba%(ih 4 represents _undi vig d cells, havi nt% a |l e CF@IE
content. All Shande GelRr FeshonsP HRRNSt AimeHT PRIS,AT EntHIRVE HRSTGERd
1, 2, 3, 4, Scofpked the! Adrilinstationsto # Yaesant Be ahebifsctitavamein ged

more than 8 tines, the CFSE content of the cells is practically zero.
WD 2009/ 01931 TPTROERRO08LoBCNg2 ta dheBinepatiorseln Recticuart indravenpkdy, by

oo SR R POl S et Bl
and hunman 2ed pattivadhrest ihdueing dctivatrconther patidnt'e atbreleitit £ells and a CD8’
cytotoxic cellular response. As described above, a specific CD4" helper and
CD8" cytotoxic response is obtained.
An object of the invention is also an anticancer treatment method for
inducing, in a patient, a cytotoxic cellular response as described above,
30 against tumour cells or a tumour. This method comprises the administration
to this patient of an effective amount of an anti-tumour vaccine according to

the invention, in particular intravenously, by injection or infusion, preferably



Vari ant 1: Oval bum n (protein of 45 kDa, hen egg ovalbunin)
is encapsulated in nurine red blood cells (OF1 mce or C57Bl 16 m C

by the met WOFB1O 437 hypotoni c dialysis 1g|d|aly5|s tuﬂwﬁamn$ﬁ@“Pgﬁ
bl ood cell suspension is washed several tines before being brought to
a haematocrit of 70%for the dialysis. The dialysis is carried out in
dialysis tubing in a lysis buffer of |ow osmolarity for about 1 hour
or 30 m n whempytih@sidhal ysis occurs after a heat treatment. The red

bl ood cells are then reseal ed by neans of a solution of 15hig
osnol arity for 30 fAreerding toamedeature efhgaByrion: Aleoyt hio qhowaée !l of

50% vari ant 2 FePeiangl eob Sets B IBARIAF bt arbety 8P Lol 0%

encapsul at ed iandtdm@ulTOM refeaatily etver hisolryaoh endeitved 5805, et et c
dialysis in a dlal sis colunn, The red bl ood cell 20 suspension is

washed sevér a@bpy /Ob%'ﬁﬁ(@mﬁlﬁ@fﬁ brought to a haematocrit of 70% for
the dialysis. The Y,

| ysis buffer of | ovﬂvh(;%ls %tz)rf :trfe @%ﬁﬁﬁﬂ O#E%Bﬁb Aeélofta c%'nﬁ;d\sﬂlo‘rﬂt%dol%

| eave the col torthe mbmtmdfdlrltb@mamfdcturercé artbsmleetlc bpti-raos:, uéccane

sol ution of high osnol ari t for 30,.m nutes,at 37C, After fe \
vashes, the Tinal Bh GRS Of eBVERIGHR AISY he,usef a sopmastiog agearding

contai ning gl ycape [%tiﬂiﬂ%? Ghdudg, dﬁP%nﬂbwtc‘?@oteklésﬂabulé}nFlasponse
haematocrit is br ou&ht back to 50% anple 2. Héat treatnent on the
red bl ood 18el medigten bygengriiapells and direqtgd awnstztamwcceliajmrr@tumpur

il yai s procese. denon bl peoRTPERTLE B, BEbkERn M50, ko

2 of exanpl e hbveetdn tiveaaant therapeaid aattuaidweivattinedi al ysi s and
reseal i ng process and bef ore washi ng .steps and addition of NaCl
gl ucose buffer. WI'@JUSFEoRYFRESH DM Geodescribed in greatemgdefad gby

bl ood cells a 0

haemat ocri t opﬁfﬁgﬁh eg&gﬁ%ﬁt kﬂgﬁ%apﬁ%9formg%ﬂﬁmﬂigg%ﬂgb% §@g\NmCh
Exanpl e 3.15 Antefeoytherabtath@chtdrasvingsie red bl ood ceIIs contalnlng 5
oval bum n e suspgpsion of od cells in

oval bu 1 i s vashehOUE o EEBSIREEN o dPS AIG0AGY BF BUTnENT Goagdet” red
cel I's/m for blgddalI¥inatddwih adaAREre! 19 ahtulfo gb?%plébnvdiérfa?lt[b%éﬂs
It is incubated with the anti-TERL19 antibody ( for the in
vitro test an@w@opg/m or 5 pg/m for the in vivo 10 test) for 30

m nutes at 4C Aft a
buffer with inject Bl %ﬁ!’??@ﬁ%@“&ﬁﬁ%@%b%@{t%g. 8%@%&%8 i
Exanpl e 420 Chelsodatelisr eabtehivitv tHe inE{FER phigs watbodyriodyhgatsteaesdht iy
(BS3) on the red blood cells contai ning oval bum n 15The suspensi on of
red bl ood cel PRIEERAMAEPIAGISHANIENGIHE Relisinidiéhed several tines
before being brought to 1.7 x 106 cell/pl with PBS and m xed with one
vol une of a buffer solution of 2 MM BS3 (the BS3 sol ution contains

gl ucose and phosphlérgerebLGf@rappHiIIletﬁatmgsdhes pradifedatian naad f eotalatiBb 3 of
concentration of 1 e, ibncubated for 30 m nutes at room
50 s emperat ur @Vl RO il HaE B dar D BRI une of 20
MM Tris-Hgh. Aftercayncubat Gamsion |ﬁ@w@st ﬁ%u@hé’fﬁ ant@u”e ﬁntéﬂd”'t‘}t@fsCFtEi’Ee
mxture is centrlfuged at 800 g fo mn, 4C. The cells aré then

washed tw ce WQf‘ﬁSmecon@‘dﬁrﬂmlflgl @wsa (ceuaentlwe Uit PO riheit famesg:)ent

and once with noitaol., (gentrif n,a 1
bef ore consti Pﬁ@ﬁ% Qr},]ee%'cp §'Vg%'§b %ak 3bse9\9 dES%n%’%kh Q represents
Measur ement onn@mﬂeah@@@cmmags:;n ofr ﬁ?/@iﬁsaﬂdmmﬁtal RN ftigsl dh@OBeaks
cells by dendritic cells in vitro e effect of the various

treatments (hERresd G@HsiWuah)hays unseramehagodyodi & ef 7icalledivigians.
the red b%G’Od})\ﬁ?énl heCBLR ﬁ'ﬁ\ga B RRNBE: %tﬁa V?tfnﬂ%{ the QfF ;%Hme‘ﬁt b vy

dendritic cel I S neasur In Vvitro. ’ood are
cells is practically zero.



Dendritic cells are isolated fromthe spleen of C57BI/6 mce using 5

magneti c bgatmesibfse beads carry antibodi es whi ch recogrig@obdiRoio2
CD11c marker, thereby nmaking it possibleigo isolate the CDl1c4

dendritic cell fraction. The CFSE-1abelled or unlabelled red
bl ood cells are then incubated with the dendritic cells (10 x 106
cell/m) at a ratio of 20:1 in a final volunme of 10 200 pl/well of
round- bott oned 96-B) | EWM4tued)l pritationt marker expressian 37 Gredemes GER a

Genari tic cel nendn AyBEHRoe SRa Bped ERErES or ol “washes are carri e

out. The capture of the CFSE fluorochronme by the dendritic cells is
then neasured by flow cytonetry (R Segura et al., J. |munol,
January 2066, 15176&xampleadiMstpd Ton eancpppuibting ooallpdminedn bhasitec einds

wer e tested: A)_red bl ells lo W oval bum n and not
bel | g v i n Rl EdSoed e ﬂ@ﬁﬁgﬁg(%}%& t'80d cell's I oaded
wi th oval bum n andvgzabgt {-ed with CFSE, 20(C) red bl ood cells | oaded

with oval bunin, treated with the anti-TER 119 anti body and | abel | ed
with CFSE. Results Ovalbumin (protelihpt 48 kDae heargasyevalbuain ds iencepedated

havi h ;

Dopul ot L on or 4 M red BRSPEEIY (O BN E5rbfe R BY NG Hithog, of

nuri ne redotg)l (bly{iptgmlciid slid!psisleid wbtyfs}spmnb%xlmTheﬁmdi bl‘ct&ﬁt egll\l/)dl,tstbﬁhﬁen is
ti1-TER 119 anti were nore efficglen agocyt osed,

dendritic cel MESheR|SeVERRl firsm Ratareding Aredath ' Acasmmategritd 70% fof e

lIsin WO 01 : - : ' Akt
Coculture (Fi g P dEored e dhh i ddngls fRindin # ysfs Bittrcortow
cel I s phagocytosgwdanitidon gabub 1ooalir ol Ismiawhenribe irtysis Detwd g ftea gain eatt
ly 27%in th f ,anti ._P tosis.of th :
ot ) bady. t reatBaTRas Bnadad BACORl arenBRl et pSimed ata salytoner
CDl1lc dendsi t inggHbosreblaritieok80 miBisted! AferclEef Washds! thdfihal oradict isltakeh-

Exanpl e 6. Measurenent of the phagocytosis of red blood cells
cont ai ni ng ov&Pdu g phfferySagataspiielg aad Aaamaardit is breuglsl tpHOGE. t he

spleen and liver i V%ﬁigﬂgfﬁ?%ﬁ@@?m s study is an allogenic study
since OF1 mce red ai ning oval bumn are injected to
not consangui neousQORAEBHIG isiheesin encapsUibtegeinbectmasinefred olood @élls &
bl ood cells, from OF1 m_ce, | oaded with oval pum n (variant of
exanpl o 1) *hedi® Mbpea! THPelhEc RSP (8 SRbSETE TR0 TR eBdg0d s8!
descri bedzpn ay3paEisksh 3 #Bshed sé@‘?é’l%éé’%bf@re‘?feir{q%ro%éhf LA URR A SCrit
prepared . These batches are divided up in the followng way: Batc
1: no heat or chdDMplaythe dislysienthg Hiadusiseis2carded odt ) a Bhalysis Zolumain a
treated (F gurlfsiszbu#eragploﬁ) osmolarity for about 10 min. As soon as they leave the
column, the red blood cells are resealed by means of a solution of high
osmolarity for 30 minutes at 37°C. After a few washes, the final product is
25 taken up in a NaCl glucose buffer containing glucose SAG mannitol, or

decomplemented plasma, and haematocrit is brought back to 50%.

Example 2. Heat treatment on the red blood cells
When the encapsulation is realized according to variant 1 of example
30 1, heat treatment is realized before dialysis process. When encapsulation is
realized according to variant 2 of example 1, heat treatment is realized after
the dialysis and resealing process and before washing steps and addition of
NaCl glucose buffer.



Batch 3: treated with the anti-TER 119 anti body (Figure 2, C and F).

Each batch_ji.s |led with CFSE and injected intraven i 0
Co7BI /6 m QZOAF%'F%éJI hours after the injepgtion, the bl o%ﬁ#ﬁéﬂg@&é@n

and the liver of the mce are taken. The percentage of fluorescent
red blood cells circulating in the blood of the mce is neasured by
flow cytonetry. The fluorescence incorporated into the spleen

nmacr ophages expr esshaged bRob4bhs armivkshied & \@ibletires Befoke b@hﬁ Brotghttibe
| i ver macrophages express the 25 F4/80 marker _and into the spleen

in
dendritic cel R e@apﬁt@@rﬂmgogfhéf hepere thaly heateq forgiminptegat 48°Cr) i s
measured by flow cytonetry. Results Tabl e 2: Percentage of
macr ophages or dendritic cells fromthe spl een, having phagocytosed
fluorescent red bl Bramplel 3.sABtittmly sreafrhent 301 thperdd dioddntelld hentanisg:
Bat ches Macrophages .Dendritic cells 1 28% 5% WO
2009/01931?PCW%%EW33/ 060492 20 2 68% 19% 3 81% 22% 3 hours

after injection, tiigeMiddedsiond opl Red pid %ehé’aé#?d!ag‘éma‘ﬂngvélr Bifnth agd
heat-treated or treated th the anti-TER 119 ant i ody afe al nost no
| onger pr esenwashed kevédrbbibres betone baimgdeo(ghtdestan delisyn) fostine éngivo test

5there are still treat val bum_n-| ed.re | 00 [I1s i h
ol bodor the ARt GTEHN Tor B Y esh bR slrtBafaC it e A PER DS
heat -treat ed @ntibsat19dighnt tortihe jiraitb tddtRnd B il lbpg Bfor the in vi
phagocyt osed bylth%4¢§gnmgro hgﬁers andnCDl1lggﬂlel1endriMthi’)‘rE:1 (?él I?smo:‘”vo

the spl ee0 ( Figiier 39 minGiefat Aeh. 8d fevé mashes.dae daalwroduthi taken up
o onbnass o' RGBT BKE L oAl aBaRER gratklo e, T4/ 20
the untreated red blood cells (Figure 2, A, B, C. 81%of the spleen
206 1ot Q6% of - mackuARAE UnHIFY TRIgBe)BUs O R AR ar Ry subeiate
red bl ood cel k|§8@‘)”tﬂ1 PRl rd HR36d éblkh%n%ﬁ?ﬁih@%\:ﬁ@uﬁﬁﬁcr‘ (Table 2).

15 The suspension of red blood cells encapsulating ovalbumin is
washed several times before being brought to 1.7 x 10° cell/ul with PBS and
mixed with one volume of a buffer solution of 2 mM BS3 (the BS3 solution
contains glucose and phosphate buffer, pH 7.4), so as to obtain a final BS3
concentration of 1 mM. The cells are incubated for 30 minutes at room

20 temperature. The reaction is quenched by adding one volume of 20 mM
Tris-HCI. After incubation at room temperature for 5 minutes, the mixture is
centrifuged at 800 g for 5 min, 4°C. The cells are then washed twice with
PBS containing glucose (cenfrifugation at 800 g) and once with SAG-
mannitol (centrifugation at 1000 g) for 10 min, before constituting the final

25 products.

Example 5. Measurement of the phagocytosis of ovalbumin-
containing red blood cells by dendritic cells in vitro
The effect of the various freatments (heat and antibody) on the
30 phagocytosis efficiency of the red blood cells obtained according to variant
1 of example 1, by dendritic cells, is measured in vitro. The red blood cells

are labelled with a fluorescent label, CFSE (carboxyfluorescein succinimidyl



The heat-treated or antibody-treated red blood cells were al so nore
ef ficientlwoolaagneytosed by the CDllc dendritic cells fpOmilecpseen
than the untreated red blood cells (Figutg 2). Respectively 22% and
19% of dendritic cells phagocytosed the anti body-treated red bl ood
cells and the 20heat-treated red blood cells, against only 5%in the
case of the untreated red blood cells (Table 2 Phagocyt osi s

of the anti bodpien.e®r e mi abl456d Q@Egswnanﬁﬁ'pmsaenbﬁyerwm iffuses
| t ' t LLi.c.cel k =
mecr ophage maroropeL 8, MighiaiEathbh 958 the TRI5GHe Bobile H¥cthes

25Tabl e 3: Perflaerdsageat siibseguent tousroghagebyhiaracgiuhagmysased

fluorescent red blood cells 3 hours after injection into the nouse,
Bat ches Macr ophagefendiliecollsgig dsalpiad fgsn the spleen of C57BI/6 mice using

2009/ 01931§P%§é3r@@%§%g949@egelbeads car&‘ﬁnlﬁ(ﬁ}iéé Wﬁﬁ:hré%c?@gz@lﬂ@@)m 1c

cells or the red bl oo ells treated w tI e anti - ant 1 body
are phagocyt osearkby theeetyangkingdr ppssiesicofsddte thievED11Thalenddtit| asdid
cells treated Wici'h the anti-TER 119 anti body were nore 5 efficiently
phagocyt osed B\ Fa/ 80 macrophages of the liver than the

heat-treated red blraedCEstlshdedidrainliabgicdretenbsd ceps aRd arth pelibsted
50% of the |iver macrophages phago%t osed the anti body-treated red
op

El ood cel l s,d agth thgtdegdvjﬁi?lcellﬁe(dg Gg@l/rhﬁ@tﬁgimgb%;lrtirmegtﬂlstWUme of
- 2404 |
(tabi e 3. 010 G0N T Eui T pREmAR B et P BEued s i ls dfa? e anc

bl ood cel | s amd, 0. et cliteigien duroved red folcddbéllst setdagestad By thee
red blood cells in the spleen and the liver, and a significant

increase in t Kengalicealagees osedentin iNhlEl cand sexpral srashae rasprragied out.
capabl e of ph%%%&b:ﬁké‘%ftth%%# fRJo‘?&?hrSr‘?w%' Eh@}% de ?riﬁca&é{fg:i&t?‘en

Measur enent of the phagocytosis of nbuSe re s con ni ng
fl uorescent owedasurachbyloboogomeiny qi. rBeguop leages Jahdmdeok rdahuaryc2006&
in vivo 20This1 gmdé 15 )an aut ol ogous study, since OF1 nouse red

bl ood cel I'8 ar'd ] t8B)into OF1 mice. Four batches of 132 x 107 OF1

nmouse red bl ood ceirhgd iofsof réd BROETERS vefey fdshddm N (Serl abo
Technol ogi es, ref WO LS003054) prepared using variant 2 of exanple 1

and treated widhracthblogdtgellsEraderbwihtavadaymin2adinetlaheled withvihe CIBSE

(as descri bedg es 3, 2 and 4, respectively) or not treated
are prepared. ﬂl‘éﬁ@ﬁﬁgdﬁ%h of red blood cells is injected intravenously

into two m ce(BOwd ool seltalbhdédwith cvbibeimih Bedildhetet iviih CESE,
20 (C) red blood cells loaded with ovalbumin, treated with the anti-TER 119
antibody and labelled with CFSE.

Results
Table 1: Percentage of dendritic cells having phagocytosed

25 fluorescent red blood cells:

Red biood cell population % of dendritic cells
(A) 4%
(B) 27%
(C) 36%

The murine red blood cells loaded with ovalbumin and treated with
the anti-TER 119 antibody were more efficiently phagocytosed by the

dendritic cells isolated from the spleen than the untreated red blood cells in



mce are sacrificed and the femurs of the mce are renoved. The
fluorescence incorporated into the macrophages expressing the F4/80
30 marker BPAPRMEDIL b marker, the granJrJé ocytes exprespsqq‘ﬂajz?%@mw:f
mar ker, the nyeloid dendritic cells expressing the CDllc and CD11 b
markers and into the plasmacytoid dendritic cells expressing the
CDl1lc and CD8 WD 2009/019317PCVEP2008/ 060492 22 markers is neasured

b}’ fl ow cyt omgirgy -aft&aflfhhuﬂs' oOxcIURUFE (Fiélﬂ@dﬁ(ﬂeép%éti@éwf@aﬁ@'Ei).S%%rcﬁ&héd
with BS3 Batch 2: oval bum n-1 oaded red bl ood cells, heat-treated

Batch 3: oval Wenfifitc sede dhagecyiosed tbel e bloodacells wRHinghtea antibadsR

119 5 anti bod : 0 . I ; :
NaCl gl ucose égg@%fgn@(? 7%@1 21%2% %@?ggﬁg Qg@sidc}? #@%ﬁg&ﬁé#lgg\%%é:gnﬁoody-
macr ophages, @geated eeyblesd eelisiepdr pdpulaie! hst égresging ey ODytesdhdritic
fluorescent ovalbumin 1 hour 30 min after the injection: Batches
F4180 macr 8ph&8b8&aseNWasaler ShRaryed (H-3ruIFddyeds el oi d dendritic
Pl asmacytoid dendritic 1 2.5 0.05 12.5 2.7 2.4 2 3.3 0 15.5

Example 6. Measurement of the phagocytosis of red blood cells
containing ovalbumin, by macrophages and dendritic cells of the spleen and
liver in vivo on mice

10 This study is an allogenic study since OF1 mice red blood cells
containing ovalbumin are injected to not consanguineous C57BI/6 mice.

Three batches of 74 x 107 red blood cells, from OF1 mice, loaded
with ovalbumin (variant 1 of example 1) heat treated, treated with the anti-
TER 119 antibody (as described in examples 2 and 3, respectively) or not

15 treated are prepared . These batches are divided up in the following way:
Batch 1: no heat or antibody treatment (Figure 2, A and D)
Batch 2: heat treated (Figure 2, B and E)
Batch 3: treated with the anti-TER 119 antibody (Figure 2, C and F).
Each batch is labelled with CFSE and injected intravenously into
20 C57Bl/6 mice. Three hours after the injection, the blood, the spleen and the
liver of the mice are taken. The percentage of fluorescent red blood cells
circulating in the blood of the mice is measured by flow cytometry. The
fluorescence incorporated into the spleen macrophages expressing the
F4/80 marker (Figure 2, A, B, C), into the liver macrophages expressing the
25 F4/80 marker and into the spleen dendritic cells expressing the CD11c
marker (Figure 2, D, E, F) is measured by flow cytometry.

Results

Table 2: Percentage of macrophages or dendritic cells from the
spleen, having phagocytosed fluorescent red blood cells 3 hours after

30 injection into the mouse:

Batches Macrophages Dendritic cells
1 28% 5%




2.2 3.4317.7 1.75 21 15.3 6 42.40131.6 2.450.50.11.30.8
1.5 15 WO 2009/019317 One and a half hours after inj ECf)(tﬂﬂpzobmg_wz
oval bum n-| oaded red blood cells treated2@d th the anti-TER 119

anti body were efficiently phagocytosed by the F4/80 nacrophages, the
granul ocytes and the dendritic cells of the bone marrow. The nyel oid

dendritic cells of the bone 20 narrow are the cells nonst involved in
t he phagocytdsis of tl#% oval buni nl oaded68%d bl ood ¢ells tré8%ed with
the anti-TER|119 anti lBody. 81% n concl ysi on, tBB%use of

red blood cells treated wth the anti-TER 119 anti body al | ows the

best targeting and _phagocytosis of the red blood cells by inmu
cells in the bone ﬁmaf% injectiongxiggp Nuirige Wbs@?‘éﬁire@ﬁ"soioqw with

oval buni n-spe .Vfé‘ibr%e N t-t a‘?écp%?sf WltFath%)é}m ?ERni@CE(}@bO"}fare

oval bum-n-| oade bl 0o s and o adj uvant
2009/ 019317PC‘E(IrEB§tOﬁBVoﬁQ@Aﬁ%séBt in the blobleoféve moase ¢h. 665 ahdd % Ahereas

(oval bum n) speC|f|c T cell response consists i,n

ber cent age fof Te& arpatl Hnkietias, ovaBumyr-opRed s bibegital Shitsroioesotine
cells, the 'e‘{'ﬁ?uég(@é%) vation of these cells and the 5 production of
IFNg (g =

The red blood cells that have been heat-treated or treated with the
anti-TER 119 antibody are phagocytosed by the F4/80 macrophages and
CD11¢ dendritic cells of the spleen (Figure 2).

10 The red blood cells treated with the anti-TER 119 antibody were more
efficiently phagocytosed by the F4/80 macrophages of the spleen than the
heat-treated red blood cells or the untreated red blood cells (Figure 2, A, B,
C). 81% of the spleen macrophages phagocytosed the antibody-treated red
blood cells, against 68% of macrophages having phagocytosed the heat-

15 treated red blood cells and only 28% in the untreated batch (Table 2).

The heat-freated or antibody-treated red blood cells were alsc more
efficiently phagocytosed by the CD11c dendritic cells from the spleen than
the untreated red blood cells (Figure 2). Respectively 22% and 19% of
dendritic cells phagocytosed the antibody-treated red blood cells and the

20 heat-treated red blood cells, against only 5% in the case of the untreated
red blood cells (Table 2).

Phagocytosis of the antibody-treated red blood cells by a popuiation
from the spleen not expressing the CD11c¢ dendritic cell marker or the F4/80
macrophage marker was also observed (11.9% and 12.8%, Figure 2).

25 Table 3: Percentage of liver macrophages having phagocytosed

fluorescent red blood cells 3 hours after injection into the mouse.

Batches Macrophages
1 24%
2 40%
3 50%




The evaluation of the C04 T cell response is realized using an
adaptation_of the nmethods described in Russo V. et al. The Journal of
Cinical |IWPYYRITon, 2007, 117 : 308753096 ; Stoitz &/ BB0GE060Hp2
The Journal of | munol ogy 2008, 180 : 1 -1998. The CD4 T cells of
Or-11 10 transgenic mce (Charles River, ref

C57BL/ 6-Tg( TcraTcrb425Con/ Crl1)) are used to nmeasure the OVA-specific

CD4 T cell responsghe Heat-Haldd FEECBIOBH AN G BEREEITOAY cBIN Yre&tH With
cell s which recogni ze the oval bum n peptide 323-339 assocliated with

maj or hi st ocoripaantiliER §12 anjibedy arleaghadocyiosed byl tbe .F4&rhacoaphayes of
transgenic CDdl,té:I' ceIIs are isolated fromthe spleen of OI-1l mce and
| abel led with @f? before being injected intravenously into Ly5.1

mce. OT-11 nice ampekydblbolliceds rauRdiwith BRMENITRRI10 driblsgy Mgl mdpelt
the cells of both tP/pes of mce can be identified by neans of the
y

CD45 erkep. Bficienty phagacyiesendydia §460 orciaphages @xipedierthan the
CD45. 2 mar ker heéﬁtr&‘&%&% BI8& k¥§sn6r WA X RS sed 1ed g’éo%r%e!@%%

20 hours after ein ec ion o e transgeni c nouse
Ly5.1 mice redtws Weramacnaiphagwpbagmc}gtmdi tie orfititiddg-tfeatéd e @lduat cd;ﬂss

Th the batch t d bl ood
and two 1 oo ABEPPNPOA Gl HAHPLHE S APLHBPRIRCHIOREAGE A GPAIGH et
control. 23 THRoAARRahd QiniylByn Wm%@&%ﬁ:mﬁdn%gf C57BI /6 mice

| oaded wi th oval bum n (Serlabo Technol ogi es, ref 003054)
prepared u8i ng var Inagancusidn,dkaiiding chite enkzndydioothermed biwad celleand

anti-TER 119 ant bod as de CI’I | e 3),.are pre .The
adj uvant, Pol }-' % r@&’@&ﬂfe egpmgnt %‘f@'”gl t:5‘(%" 5’ ?]888 ﬂ% in the
bat ches, as V\@b]'eeﬁsalﬁ@ thbelnﬁ@t ehd39 @@mfi&laﬁt wicrésee |@Vmbbpé}dénta'§ée of
anount of Poly (1:C) injected per nouse is 25 pg. The anmpunt of OVA

i njected int odﬁﬂ@r[tlﬁ @@"fi andnef macseprhagesaparable of hagosytisna itessefed
study since (C):WJ Eg%l ge | oaded C57BI 16 mice WO

2009/ 019317PCITE 8 /060492 24 red blood cells are injected to Ly5.1
mce. C57B§/6, Ly5.1 and Or-11 mce have the sarre geneti c background.
Batch 1. Poly (1:0 gl bum n- Ioad dceIIs treatggﬁw('aéh
the anti -TER 119 ant3d 8& HF?rEe”PB e(lp ?Pl%\i%ﬁl 'BEHFS PR AR
red bl ood cel béllsBé‘ér‘&Qm% ﬁ’%rléséént@va%lﬁmﬁ”ﬁﬁb@ﬂ@'n%v@ rﬁ%’éréﬁhé’% s and

Pl asma hr ee ays after the injection of the batches e mce
are sacrifi cedewdlqceéss@weens of the mice are renoved. The

per cent age of OVA-specific 10 CD4 T cells in the spleen of the mce
is neasured by flow cytometry using the 004 and CD45.2 markers (Table
5). The nggber of TMé-strBCisidrca@iotbgbusaltlicy, ishoeadFiinmde’ fadasibblieells
percent age of OVA-s PeCIfI c 004 T cells and the number of total

| ynphocyt es caninieged ke ©Fymaikebl ue (Invitrogen, ref 15250061)
(pable o1 stomne, pegl haKAkd 8F 1834 {00RALKALS 9 Hlodd 8o R,5RAT) A ©
CD4 T cells in the Spleéeen he 'S measu torret

using the 004ﬂu@@ééeramﬂamm#fﬁnZSamb@Trecmmogiss,n@f @F@Ef.smséﬁpﬁepam‘b
7). At each cel| divijsign, the amount of CFSE cont ai ned in

OVA- speci fi c &BAgTVagignt $ ‘?fse’@lm\m%édaB? teeated vgin 1Be anti-hiRRcH %‘R@dm
possible 0 dﬁﬁtﬁrh@%g'ﬁr Wi mrﬁﬁrdegér[t%ffﬂ éxa%;}dé% E’\g%ggydf frbQYbctively) or

cytometry (Figure e production he 'mce
spl enocyt es i sotmi@atacedarenpteparedil Eack batsbr ohtradt bloafit eells3 islaynfeotdd

in vitro stinmulation iin.th resen 0 abum |de
503 550" ( NeonPLaveaRysy jiaduRLPEE. Lheandse Bl Rou’s sRECHTE MideRro s

Per cent age anghideUrdrer saériff¥- aRECHd Gefbfs TofC @dd Smichr %?e d@ﬁov%ﬁt eThe
injection of the batches (nmean standard deviation):

2009/ 019317PCiUEPSCIRL0 BograedBiite hine mammhagesoemnea?legt b 480
the mce gé)q) marker or the CD11b marker, the granulocytes expressing the Gr1 marker,

the myeloid dendritic cells expressing the CD11¢c and CD11b markers and
into the plasmacytoid dendritic cells expressing the CD11c and CD8



Y%0f OVA-specific CD4 T cells Nunber of OVA-specific CD4 T cells

(mllions @joﬁﬁzj,d@gﬂl 160 6.6 1.4* 8 2* 2 129 3.6 O. & efhodsidesdz
150 0.8 0.31.3 0.7400.12 0.10.2 921 Three days after
i nj ection of the bat ches, the mce injected with Poly (I:C) and

oval buni n-1oaded red blood cells treated or not with the anti- 5 TER
119 anti body have a significantly higher percentage and nunber of
OVA- speci fi ¢ Cmerk@rsdelmaasuhethby flewgytoanétnj.ect ed with free OVA and
Poly (1:C) (St nt test *p= 0.0 * hermore, the
bat oh cont ai By AR BAHed reebHoB S50 Misetes v B Wi th ¢ he
anti-TER 119 ateodyvdiuriPLieagéd Rsd bved icBlls, Médetragtean 10 increase in
the nunber of OVA-specific CD4 T cells than the batch contai mg&ﬁ{ﬂg

untreat ed, ovddehBrovadaasim-padedireddleed (cells.streatedt witlk dhe rdi-
Tabl e 6: P%r cea%ttlagg%of OVA-specific CO4 T cells which have divided 0,
1, 2, 153, "4 , r 7 times three days after injection of the

batches: V. cfat€Va: cpdoirhindo68¥d fedBlbbs calls each di vi si on cycl e (nean

1: standard deviation) Batches r) 1 2 3
Batch 5: N%Cl glucose )

Results
10 Table 4: Percentage of bone marrow macrophages, granulocytes or
dendritic cells having phagocytosed fluorescent ovalbumin 1 hour 30 min

after the injection:

Myeloid Plasmacytoid

Batches

F4/80 macrophages

€D11b macrophages

1

2.5

Granulocytes

dendritic

dendritic

0.05

125

2.7

24

33

0

15.5

2.2

34

17.7

1.75

21

15.3

8

24

0

13

16

24

R B [0 | N

0.5

0.1

13

0.8

1.5

15

Cne and a half hours after injection, the ovalbumin-loaded
red blood cells treated with the anti-TER 119 antibody were efficiently
phagocytosed by the F4/80 macrophages, the granulocytes and the
dendritic cells of the bone marrow. The myeloid dendritic cells of the bone

20 marrow are the cells most involved in the phagocytosis of the ovalbumin-
loaded red blood cells treated with the anti-TER 119 antibody.

In conclusion, the use of red blood cells treated with the
anti-TER 119 antibody allows the best targeting and phagocytosis of the red
blood cells by immune cells in the bone marrow.

25
Example 8. Measurement of the ovalbumin-specific CD4 T cell
response after a single injection of ovalbumin-loaded red blood cells and of

Poly(l:C) adjuvant
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The evaluation of the OVA (ovalbumin)-specific CD4 T cell response
consists in measuring the percentage of OVA-specific CD4 T cells, the
proliferation of these cells, the level of activation of these cells and the

5 production of IFNg (g = gamma).

The evaluation of the CD4 T cell response is realized using an
adaptation of the methods described in Russo V. et al. The Journal of
Clinical Investigation, 2007, 117 : 3087-3096 ; Stoitzner P. et al., The
Journal of Immunology 2008, 180 : 1991-1998. The CD4 T cells of OT-Il

10  transgenic mice (Charles River, ref C57BL/6-Tg(TcraTerb425Cbn/Crl)) are
used to measure the OVA-specific CD4 T cell response. The OT-Il mice are
mice expressing only CD4 T cells which recognize the ovalbumin peptide
323-339 associated with major histocompatibility complex class |l
molecules.

15 The OT-ll transgenic CD4 T cells are isclated from the spleen of
OT-Ii mice and labelled with CFSE, before being injected intravenously into
Ly5.1 mice. OT-Il mice and Ly5.1 mice have the same genetic background,
but the cells of both types of mice can be identified by means of the CD45
marker. Thig is because the cells of OT-Il mice express the CD45.2 marker,

20 whereas the Ly5.1 mice express the CD45.1 marker.

20 hours after the injection of the transgenic mouse CD4 T cells, the
Ly5.1 mice receive an intravenous injection of the following batches. Three
mice are injected with the batches containing red blood cells and two mice
are injected with the batches containing free OVA or the control.

25 Two batches of 183 x 10" red blood cells of C57BI/6 mice loaded with
ovalbumin (Serlabo Technologies, ref WO-LS003054) prepared using
variant 2 of example 1 and freated or not with the anti-TER 119 antibody
(as described in example 3) are prepared. The adjuvant, Poly (l:C)
(Invivogen, ref tlrl-pic), is added to these batches, as well as to the batch

30 containing free ovalbumin. The amount of Poly (I:C) injected per mouse is
25 pg. The amount of OVA injected into the mice is indicated in Table 5.

This is an autogenic study since ovalbumine-loaded C57BI/6 mice



69.7 4.9 1.3 10.10.20.3 045.6 3.73.7 1.153 2.813.6 2.5
These obse,gv\()azt()j]%ngz,lqre confirmed by the in vivo cell pr%f/ﬁl%t?st/dﬁﬁ’ﬁ%zo

results (Table and Figure 3). Cell divpsgion induces a decrease o
the CFSE fluorescence intensity: disparition of half of the
fluorescent material at each division (Figure 3A). The OVA-specific
CD4 T cells divide nore rapidly WD 2009/019317PCT/ EP2008/ 060492 26
(Table 6 and FeduiecdBAdlld are injexted de Liyhjlexticad GhABI/ERdlys. 1 andC)OBHdmice
oval bum nl oaded rgd bl ood ceL.I %ét reated with the anti-TER 119

antibody (6 t0'2Yedi%FEMGHS IR PEBEY i Son with the nice injected with
free OVA and Ralih §! Pely (If‘tj and RbufiPsededRedt BRI RSs tFé”é?%d;Q\Fil%hthe

cont ai ni ng oval bum n-10aded red 5 blood cells treated wth

anti-TER 119 anfirbodyl 19@nébedyto be nore effective in inducing cell

ed bl ood del 1R 2" POy 1ELEAn SRR ERA4RERbRSY BBoUa speci 1 e
CD4 T cells tBReh dapslydf.Ceand Gediwaibuaiinof the batches: Batche Mean
of OVA-specific CD4 T cells activation fluorescence (nmean + standard

devi ation) 1 Bateh4pPlesmaz7 6 3.5 3 34.6 3.9 4 11.4 0.5
Three days after the injection of the batches, the mice are sacrificed

and the spleens of the mice are removed. The percentage of OVA-specific

10 CD4 T cells in the spleen of the mice is measured by flow cytometry using
the CD4 and CD45.2 markers (Table 5). The number of OVA-specific CD4 T
cells is calculated from the percentage of OVA-specific CD4 T cells and the
number of total lymphocytes counted with trypan blue (Invitrogen, ref
15250061) (Table 5).

15 The proliferation and the activation of the OVA-specific CD4 T cells in
the spleen of the mice is measured by flow cytometry using the CD4, CD44
and CD45.2 markers and using CFSE (Tables6 and 7). At each cell
division, the amount of CFSE contained in the OVA-specific CD4 T cells is
divided by a factor of 2, which makes it possible to determine the number of

20 cell divisions by flow cytometry (Figure 3).

The production of IFNg by the mice splenocytes is measured in the
culture supernatants after 3 days of in vitro stimulation in the presence of
10 pg/ml of ovalbumin peptide 323-339 (Neomps, ref) by means of an
ELISA assay.

25 Results
Table 5. Percentage and number of OVA-specific CD4 T cells three days

after injection of the batches (mean + standard deviation):
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% of OVA-specific CD4 T cells at each division eycle (mean * standard deviation})
Batches 0 1 2 3 4 5 [ 7
1 0+0 0+0 0.1+0 0.3+0 1.7+0 9401 | 35903 ] 525+0.2
2 010 01+0 02+0 0.8 +0.1 42+08 | 182432 | 43722 | 315+86.3
3 18314 69+52 | 156+85 | 187+56 | 19.7404 | 164453 ] 139+10.1{ 68159
4 69.7+498 13+1 0.1+0.2 03+04 56+37 3.7+1.1 53+£28 | 13625

These observations are confirmed by the in vivo cell proliferation
20 results (Table 6 and Figure 3). Cell division induces a decrease of the
CFSE fluorescence intensity: disparition of half of the fluorescent material at

each division (Figure 3A). The OVA-specific CD4 T cells divide more rapidly
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The results of the cell activation leve! (characterized by the level of

15 expression of the CD44 marker) show that all the dividing OVA-specific CD4
T cells have a high cell activation level (Table 7 and Figure 3). In addition,

the activation level of the OVA specific CD4 T cells can be correlated to the
number of divisions of these cells: the more the cells have divided and have

lost their CFSE marker content, the more they express a high level of

20  activation marker (Figure 3B).

Table 8: Production of IFNg by splenocytes stimulated in vitro with 10 pg/ml
of ovalbumin peptide 323-339 for 3 days:

Production of IFNg by splenocytes in ng/mil
Batches (mean * standard deviation)

1 56.3




(mean standard deviation) 1 95 14 3.2 2.4 0.2 2 91 12.5 5. 2**
1.2 0.5 3 12 0.11.2 0.14025 0.4* 0.9 0.15 4 1
02 6 0 01 Wg?ﬂ“f’”%?l Mce injected with Poly(l :"@9":;{’31'21’%’"“’]“92
oval bum n-charged red bl ood cells which had either been treated or
had not been treated with anti-TER119 anti body have a significantly
hi gher percentage of OVA-specific CD8 T cells 113 than mce injected
with free OVAl and Poly(1:C) or mce irg",ected with Poly(l:C and BOVAp
(Student's test: *p = 0001 and 6“0‘%25 01)  Tahle 10: Production pf

| FNg by CD8 T|gells stimulated [giyuifg0 With 0.1 pg/m of oval bum
pepti de 257- 264 for—4tHhours—15 —
4 6.7%1

The results of IFNg production by splenocytes show a strong
production of IFNg by the splenocytes of mice injected with Poly (I:C) and
ovalbumin-loaded red blood cells treated or not treated with the

5 anti-TER119 antibody.

[n conclusion, these results demonstrate the superiority of the
ovaibumin-loaded red blood cells treated or not with the anti-TER 119
antibody, on the activation and proliferation of OVA-specific CD4 T cells

capable of producing IFNg.

10
Example 8. Measurement of the ovalbumin-specific CD8 T cell
response after a single injection of ovalbumin-loaded red blood cells and of
Poly (I:C) adjuvant
15 The evaluation of the OVA-specific CD8 T cell response consists in

measuring the percentage of OVA-specific CD8 T cells, the production of
IFNg and the cell lysis, in vivo, of the cells presenting the ovalbumin peptide
257-264 associated with major histocompatibility complex class | molecuies.
This study is an allogenic study, since ovalbumin-loaded red blood cells
20 from OF1 mice are injected into not consanguineous C57BI/6 mice.
Two batches of 167 x 10° ovalbumin-loaded OF1 mouse red blood
cells prepared using variant 2 of example 1 and treated or not with the anti-
TER 119 antibody (as described in example 3) are prepared. The adjuvant,
Poly (1:C), is added to these batches, and also to the batch containing free
25 ovalbumin. The amount of Poly (I:C) injected per mouse is 25 ug. The
amount of OVA injected into the mice is indicated in Table 9.
The batches are injected intravenously into C57BI/6 mice. A minimum
of 4 mice are injected with a given batch. In vivo cell lysis is measured using

an adaptation of the method described by Hervas-Stubbs S. et al., Blood



Batch % CD8 T cells producing IFNg % of CD8 T cells producing | FNg
and expresgigngods?df7 marker 1 8.7 1.8* 71 4* 2 6.6 lpcErrbosiddiod
1.40.1 33 4.54 2.8 0.557 5.551.828.546 76 0.7 0.118 2
The CD8 T cells generated are effective and cytotoxic since they
produce | FNg and express the CD107 marker in response to stinulation
wi th the oval bumi n pepti dﬁe)%%Tabl e 10). The percentage of CD8 T cells
WO 2009/ 0193120087/ BPR008AH%0480. Sellpmseraiting thengyalpkimiax peplids R§7-264

o 1 Lon AR Slr BEobREReESL B B Y ChafhyPgre
had not been tifjeeteddint the mmhunEERIHReaBriehpdyixtdms dfter thiedajectipecthed
L oy O e resen s Piechon of 151 3 Glcnonen prosening i cvalmin
p < 0.008). J p yies p g
5 257-264 peptide (Neomps, ref SC1302) and labelled with a moderate
concentration of CFSE, and of 0.5 x 10° splenocytes not presenting the
peptide and labelled with high concentrations of CFSE (cell lysis control).
Latex beads coupled to ovalbumine peptide 257-264 (BOVAp) and
poly(l:C) are used as positive control to induce a CD8 T immune response
10  against ovalbumine. It has been shown that the injection of BOVAp and of
poly(1:C) induces an incease of the percentage of ovalbumine-specific CD8
T cells and the destruction of cells presenting the OVA257-264 peptide in
vivo (Herva-Stubbs).
Batch 1: Poly (I:C) and ovalbumin-loaded red blood cells treated with the
15 anti-TER 119 antibody
Batch 2: Poly (I:C) and ovalbumin-loaded red blood cells
Batch 3: Latex beads coupled to the ovalbumin peptide 257-264
Batch 4: Poly (I:C) and latex beads coupled to the ovalbumin peptide 257-
264
20 Batch 5: Poly (I:C) and free ovalbumin
Batch 6: NaCl glucose + plasma
16 hours after injection of the splenocytes, the mice are sacrificed by
euthanasia and the spleens of the mice are removed. The percentage of
OVA-specific CD8 T cells in the spleen of the mice is measured by flow
25 cytometry using tetramer and the CD8 marker (Table 9). IFNg production
and expression of the marker associated with degranulation (CD107) by
CD8 T cells was measured by flow cytometry after in vitro stimuiation for 4
hours in the presence of 0.1 pg/ml of ovalbumin peptide 257-264 (Table 10).
In vivo cell lysis was measured by flow cytometry using CFSE (Table 11).

30
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Exanpl e 3). The adjuvant, Pol y(I was added to these batches, and
al so to the batch contai n| n e bu oV The n
of Poly(1:C) injecdt&§ Ppiset M@% ﬁ%’gk/%ls) ?J'E;g éUdeAltg?"deﬁed Oé celis

I njected intoywhhks I‘%&%lthér BB@H‘ﬂréa'?edT%Wr%leot géth Rabiesithedti-TER119

injected intravenously into C57BI/6 mce. Three
antibody have a significantly higher percentage of OVA-specific CD8 T cells

10 than mice injected with free OVA and Poly(l:C) or mice injected with
Poly(l:C) and BOVAp (Student’s test: *p = 0.001 and **p = 0.01).
Table 10: Production of IFNg by CD8 T cells stimulated in vitro with
0.1 pg/ml of ovalbumin peptide 257-264 for 4 hours:
15
Batch % CD8 T cells % of CD8 T cells
producing IFNg producing IFNg and
expressing CD107
marker
1 8.7 +1.8" 714"
2 6.6 £1.7° 71+ 4*
3 1.4 0.1 3345
4 28+0.5 5755
5 1.8205 46 £7
6 0.7 £0.1 182

The CD8 T cells generated are effective and cytotoxic since they
produce IFNg and express the CD107 marker in response to stimulation

with the ovalbumin peptide (Table 10). The percentage of CD8 T cells



15 mice were injected with a given batch. To nmeasure cell lysis in
vivo, cellgqdhsieybng oval bum n peptide 257-264 associgt@ghWhsiddosoz
nol ecul es ofo the maj or histoconpatibilitygconplex of class | were
injected into i Mmunized mce. 33 days after injection, the mce
received an injection of 0.5 x 106 spl enocytes di spl ayi ng oval bum n
pepti de 257-264 (NeoMPS, reference 20 SC1302) and labelled with a
nmoder at e concemnodidingriFbfy eFGEqdssiig 0CB187 1i66signifieardlyy highendfor mice
di spl ayi ng the peptid abelled with.a high,co ntration af E
(ool Ty auBRy' wh Hpwl-Boranc Sestbiumit otada e iafod S vufen Mg
cell's, treat eqdimbf BedirbattERF BN RV reme Bt ard-FORY (9 aRlibédfthan
oval bum n-charged red blood cells Batch 3:Latex beads coupled wi'th
oval buni n peptforigmios injeeied BOVApeBLD A andedioy(l-Cr)oraRelyd N@aBENAP
5:Poly(l:C)L and, f val bumg 0 Batch 6: NaCl gl ucosated + plasma

16 hours a teRgf“rﬁeﬁg??%g’Q%?'@enocyt es, the mce were euthanized
and their spleens were renoved. The percentage of OVA-specific CD8 T
WO 2009/ 019317PCT/ EP2008/ 060492 32 cells in the spleens of the mce
was neasured Dygbla o\d: cheseetagg @diingvivet eIV ArSRedis Gall [ksis ((MEFNe *
12). In vivo LY SLS; .measured by flow cytonetry using CFSE
(Tabl e 13). 5$§éndd§r%§!a§lag@®ént age of OVA-specific CD8 T cells 34 days
after injection of batches (mean standard deviation) Batch Quantity
of OVA i nj ect pd—i-ntomce (pg—Y-of—OWA-speciHc-COB—TFT—-ceHs—{rean

LI =4 LA A %1}

standard devihtion) 1 170838’ 0.2 2 138 1.7 0.% oglldysis, in vivo'
(mean * standard deviation)
1 82+7
2 83+4
5 53+8
6 0

10
The cell lysis results correlate with expression of the marker

associated with degranulation (Tables 10 and 11). Injection of Poly(l:C) and
ovalbumin-charged red blood cells which had either been treated or had not
been treated with anti-TER119 antibody induced lysis of cells displaying

15  ovalbumin peptide 257-264 in a manner which was more effective than
injection of Poly(l:C) and free ovalbumin (Table 10).

In conclusion, these results demonstrate the superiority of ovalbumin-
charged red blood cells which have either been treated or have not been
treated with anti-TER119 antibody in the activation and proliferation of

20 cytotoxic CD8 T cells capable of producing IFNg, degranulating and lysing
cells displaying ovalbumin peptide 257-264.

Example 10. Measuring the maintenance of the ovalbumin-specific
CD8 T cell response 30 days after a single injection of ovalbumin-charged
25 red blood cells and adjuvant Poly(l:.C)



1.6 0.1401.4 0.1515022 0.2601.8 0.06 34 days after

i njection, the percentage of OVA-specific CD8 T cells 10 was

equi val ent WO gr oup (Tabl e 12). Thﬁs result is ndiCTSRIZHIS06HAY
given that the peak CD8 T cell proliferation was at about day 7 and
it was foll owed by a contraction phase (Hervas-Stubbs S et al, Bl ood,
2007, 109: 5318- 5326). 15Table 13: Percentage of anti-OVA-specific

cell lysis in vivo | Aty PA gD%le IS
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g}l\/'sb\piszg;lclngl gv%ﬁ@%@%ﬁ%ﬁ%gﬁﬁ lﬁ{'@ﬂfe( K5H8M-13) . “ 201 nj ecti on of
Poly(1:C) and oval pH@EiladREISA dBdeRicapsht 8lrdce rbd dRcaMstdharged with
5 OF1 mouse ovalbumin were injected into non-consanguineous C57BI/6
mice.
Two batches were prepared of 150 x 107 of ovalbumin-charged OF1
mouse red blood cells obtained in accordance with variant 2 of Example 1
which had or had not been treated with anti-TER119 antibody (as described
10  in Example 3). The adjuvant, Poly(l:C), was added to these batches, and
also to the batch containing free ovalbumin or BOVAps. The quantity of
Poly(1:C) injected per mouse was 25 pg. The quantity of OVA injected into
the mice is shown in Table 12.
The batches were injected intravenously into C57BI/6 mice. Three
15 mice were injected with a given batch. To measure cell lysis in vivo, cells
displaying ovalbumin peptide 257-264 associated with molecules of the
major histocompatibility complex of class | were injected into immunized
mice. 33 days after injection, the mice received an injection of 0.5x 10°
splenocytes displaying ovalbumin peptide 257-264 (NeoMPS, reference
20 SC1302) and labelled with a moderate concentration of CFSE and of
0.5 x 10° splenocytes not displaying the peptide and labelled with a high
concentration of CFSE (cell lysis assay).

Batch 1: Poly(1:C) and ovalbumin-charged red blood cells, treated with
anti-TER119 antibody
25 Batch 2: Poly(l:C) and ovalbumin-charged red blood cells
Batch 3. Latex beads coupled with ovalbumin peptide 257-264:
BOVAp

Batch 4: Poly(l:C) and BOVAp
Batch 5: Poly(l:C) and free ovalbumin
30 Batch 6: NaCl glucosated + plasma
16 hours after injecting the splenocytes, the mice were euthanized

and their spleens were removed. The percentage of OVA-specific CD8 T
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was equivalent for each group (Table 12). This result is not surprising given

that the peak CD8 T cell proliferation was at about day 7 and it was followed
by a contraction phase (Hervas-Stubbs S et al, Blood, 2007, 109: 5318-

5326).

Table 13: Percentage of anti-OVA-specific cell lysis in vivo (mean

standard deviation):

+

Batch

% cell lysis in vivo
(mean + standard deviation)

49 + 9¥

54 + 28

12+54

21.6+12

204 £19

D (AN —

0.9x09

34 days after injection, the OVA-specific CD8 T cells were still

capable of lysing cells displaying ovalbumin peptide 257-264 (Table 13).

Injection of Poly(l:C) and ovalbumin-charged red blood cells treated with
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i nj ecti on, ﬁgﬁgﬁ:pr ocre-lc i Onérfe ﬁ@ﬁte@’]ﬁ oAl c%ﬁ %ﬁd_&ﬁnéﬁus%@?é%crﬁ

removed. The € sp enocyt e mce 1njec WI th
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of oval bum n
to this batch, and to the batch containing free ovalbumin. The amount of

Poly ([:C) injected per mouse is 25 pg. The amount of OVA injected into the
20  mice is indicated in Table 14.
Batch 1: Poly (1:C) and ovalbumin-loaded red blood cells treated with 1mM
BS3
Batch 2: Poly (I.C) and free ovalbumin
Batch 3: Poly (1:C)
25 Batch 4: NaCl containing glucose
The batches are injected intravenously into C57BI/6 mice. A minimum
of 3 mice are injected with a given batch. Seven days after the injection, the
mice are sacrificed and the spleens of the mice are removed. The
percentage of OVA-specific CD8 T cells in the spleen of the mice is
30 measured by flow cytometry using tetramer and the CD8 marker (Table 14).

Results
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The mice injected with Poly (I:C) and ovalbumin-loaded red blood
cells treated with BS3 have a higher percentage of OVA-specific CD8 T
cells than the mice injected with free OVA and Poly (I:C) or than the mice
injected with Poly (I:C). These results are not statistically different, but it
10 should be noted that the amount of free OVA injected is more than three
times greater than the amount of OVA injected in the batch containing the
OVA-loaded red blood cells.
[n conclusion, these results show that the ovalbumin-loaded red
blood cells treated with BS3 are also capable of generating OVA-specific
15 CD8 T cells.

Example 12. Measurement of the ovalbumin-specific CD8 T cell
response after a single injection of ovalbumin-loaded red blood cells and of
CL-097 adjuvant

20

This study is an allogenic study, since ovalbumin-loaded red blood
cells from OF1 mice are injected into not consanguineous C57Bl/6 mice.

Batches of 119 x 107 ovalbumin-loaded OF1 mouse red blood cells
prepared using variant 1 of example 1 and freated or not with the anti-

25 TER 119 antibody (as described in example 3) are prepared . The adjuvant,
CL097 (Invivogen, ref tIrl-c97), is or is not added to these batches. The
amount of CLO97 injected per mouse is 0.15 pg. The amount of OVA



Two batches of 165x107 anti body-treated or untreated oval bum n- 15

| oaded erythrocytes from OF1 mce are prepared according to variant 2
of exanpl eWP.Z"”l%ég%Elj uvant, Poly (I: ©),.i1s added to tHASEBUBEHE2
25 pg of Poly (1: C is injected per mce. The negative control is a
suspensi on of unl oaded erythrocytes. OVA ambunts injected to mce are
Indicated in table 16. 20Batch 1: Poly (I: C) and antibody-treated
oval bum n-1 oa ¢ eS ; g : O and

oval bum n- | oaﬂggcggﬁtﬁrﬁgﬁ@%ISEB@?'E%G@:m E%Fboéa{ ed erythrocytes

The bat ches aBatimj eCLeel and oaaknousioaded réd Hibddb celiscieedted withcthepnti-

group). Seven fter batch injection, 2.2x106 EG 7 cells per mce
are 25 inject ﬁiﬂ)@@f‘%‘g@usly. Mce are followed for tunor grow h.

Tunor growt h iBxt@s2e8e4Bumh-BEsH el hIbBE (A3 TPiEd it R BHADIER 119
centineters (recorded as the average of two perpendi cul ar di aneter

measur emenfs) antipedy size is neasured 3 times per week at 2 days

i amet or are BT CUOB Sty dh o B LBt 0BRhEs®2 57 Tabl e L6
OVA anount i njBatdrest paibumindoaddal caasgodd/éeliguantity injected to mce

(pg) 1 134 2 134 3 0 Table 17: Tunor growth Batch es Tunmor growth
(mB) the day&ad) P NRAFNRHBINIGHIOSENj ection 035 7 10 12 14

The batches are injected intravenousily into C57BI/6 mice. Four days
10  after the injection, the mice are sacrificed and the spleens of the mice are
removed. The [FNg production by the splenocytes of mice injected with the
various batches is measured in the culture supernatants after three days of
in vitro stimulation in the presence of 0.1 ug/ml of ovalbumin peptide 257-

264 by means of ELISA assay.

15
Results
Table 15: IFNg production by splenocytes stimulated in vitro with 0.1 pg/ml
of ovalbumin peptide 257-264 for 3 days:
Amount of OVA injected IFNg production by splenocytes
Batche into the mice (ug) in ng/ml
1 83 15.
2 83 5.7
3 103 11.
4 103 7.4
20 5 0 0.4

The results of IFNg production by the splenocytes show a greater
IFNg production when the mice received an injection of both the CL0S97
adjuvant and ovalbumin-loaded red blood cells treated or not with the anti-

25 TER 119 antibody.

In conclusion the CLO97 adjuvant also potentiates the IFNg response
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This study is a xenogenic study, since pig red blood cells are

I nj ected 28into C57BI/ 6 mice. The pig red blood cells are

washed three tinestha seCOMhRI SMidPis3b Wectstre BRS @hforRpows dfael &l
with CFSE as descri bed above. The red bl ood cells are washed a

ain

three tines i MNRACCBHBANEAGeyiniedivs ofgnginglgiose of Poly (1:C) and treated
2009/ 019317P%}%%%gﬁe]cog&é}gl%n%%oaded erythrocytes. EG.7 tumor cells are obtained
from ATCC (ATCC-CRL-2113). EG.7 cells originate from the EL.4 cell line,

10 which synthesize and secrete OVA constitutively.

This is an allogenic study since ovalbumin-loaded erythrocytes from
OF1 mice are injected into C57BI/6 mice. The model in this experiment is a

prophylactic model.

Two batches of 165x10° antibody-treated or untreated ovalbumin-
15 loaded erythrocytes from OF1 mice are prepared according to variant 2 of
example 1. The adjuvant, Poly (I: C), is added to those batches. 25 pg of
Poly (I: C) is injected per mice. The negative control is a suspension of
unloaded erythrocytes. OVA amounts injected to mice are indicated in table

16.

20 Batch 1: Poly (I: C) and antibody-treated ovalbumin-loaded erythrocytes
Batch 2: Poly (I: C) and ovalbumin-loaded erythrocytes

Batch 3: unloaded erythrocytes
The batches are injected intravenously to C57BI/6 mice (10 mice per
group). Seven days after batch injection, 2.2x1 0° EG.7 cells per mice are
25 injected subcutaneously. Mice are followed for tumor growth. Tumor growth
is assessed by measuring the diameter of the tumor in centimeters
(recorded as the average of two perpendicular diameter measurements).
Tumor size is measured 3 times per week at 2 days interval during 14 days.
Mice with tumors of more than 2.0 cm of diameter are killed.

30
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Table 17: Tumor growth

Batch

Tumor growth (mm®) the days following tumor cell injection

es

]

3

5

7

10

12

14

1

0

0

0

0

2

0

0

0

0

3

0
0
0

0
0
0

0
0
0

363 £200

756 £ 462

1009 + 445

1198 + 541

10

15

20

7 days after EG.7 injection, the size of the tumors is measurable on
the flank of the mice previously injected with unloaded erythrocytes and the
tumors continue to growth until the end of the study. Whereas no tumors are
observed on the flank of the mice injected with Poly (I:C) and ovalbumin-
loaded red blood cells treated or not with the anti-TER 119 antibody.
Observation of the mice is still ongeing.

In conclusion, these results demonstrate that ovalbumin-loaded red
blood cells treated or not with the anti-TER 119 antibody are efficient to

prevent the growth of OVA expressing tumor cells.

Example 14. Measurement of the phagocytosis of pig red blood ceils
by macrophages and dendritic cells in vivo

This study is a xenogenic study, since pig red blood cells are injected
into C57BI/6 mice.

The pig red blood cells are washed three times in NaCl containing
glucose, before being labelled with CFSE as described above. The red

blood cells are washed again three times in NaCl containing glucose, and
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rracrophageﬁ,o%%djfﬁggr,i tic cells having phagocytosed fl uo%%@]%sé%ﬁgi
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39 Batche CD1lb macrophages Myel oid dendritic cells Plasmacytoid
dendritic cells 1 1.1 1.1 3 1.2 2 1.7 3.40.7 One hour after
I njection, the pig red blood cells were efficiently phagocytosed by
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178: 1534- 154deloid dendritic cells expressing the CD11¢ and CD11b markers and into
the plasmacytoid dendritic cells expressing the CD11¢ and CD8 markers is
measured by flow cytometry.
Batch 1: pig red blood cells

10  Batch 2: NaCl containing glucose

Results
Table 18: Percentage of spleen macrophages or dendritic celis having

phagocytosed fluorescent red blood cells 1 hour after injection:

15
Plasmacytoid dendritic
Batches F4/80 macrophages CD11b macrophages | Myeloid dendritic cells cells
1 27%6 4£2 2155 456
2 0 1 4 3
Table 19: Percentage of bone marrow macrophages or dendritic cells
having phagocytosed fluorescent red blood cells 1 hour after injection:
20

Plasmacytoid dendritic

Batches

F4/80 macrophages

CD11b macrophages

Myeloid dendritic cells

cells

1

5375
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53

57

2

6.3

0

&

12.9

Table 20: Percentage of liver macrophages or dendritic cells having

phagocytosed fluorescent red blood cells 1 hour after injection:

25




Exanpl e 15. Characteristics of pig red blood cells conprising

oval bum n. 15Two batches were prepared of pig red blood cells which
had ei t herWPRe8/i¢Haf ged wi t h oval bum n (obt ai ned i n acdWTHRS/064Ph
variant 2 of Exanple 1) or had not been Q,Qnarged therewith. Batch 1:
Pig red blood cells charged with OVA Batch 2: Pig red blood cells not
charged with OVA. 20Batches fromthe starting material were
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concentration of ombbummaﬁéﬂ |ﬁjb@t|di‘ﬁathe9b@btécafbldﬁda@bllé Yweére efficiently
oval bum n were determ ned using an ELI SA test.
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bone marrow and the liver, the macrophages and the dendritic cells did not
phagocytize fluorescent red blood cells (Tables 19 and 20).
In conclusion, the use of pig red blood cells allows targeting and

10  phagocytosis of the red blood cells by the spleen cells involved in the
generation of immune responses (Lou Y., 2007, J of Immunol, 178: 1534—
1541).

Example 15. Characteristics of pig red blood cells comprising
ovalbumin.

15 Two batches were prepared of pig red blood cells which had either
been charged with ovalbumin (obtained in accordance with variant 2 of
Example 1) or had not been charged therewith.

Batch 1: Pig red blood cells charged with OVA
Batch 2: Pig red blood cells not charged with OVA.

20 Batches from the starting material were characterized at the end of
production and 18 hours after production. The mean globular volume, the
mean corpuscular haemoglobin and the concentration of red blood cells was
measured using an ABX cell counter. The osmotic fragility, which
corresponds to the concentration of NaCl inducing 50% haemolysis of red

25 blood cells, was measured using an Osmocells instrument (SD Medical).
The extracellular haemoglobin was measured by spectrophotometry. The
corpuscular concentration of ovalbumin, the extracellular concentration of
ovalbumin and the mean globular quantity of ovalbumin were determined

using an ELISA test.



58 Mean cor puscul ar
Csnotic fr
3.98 2.51

48

FRighigh

ofgalinity inducing 50% haenol ysis in
ématocrit of suspensiong§% 36.8 48.2

haenmogl obin (g/dl) 31.9 27.7 25.9 31.4 28.9 25.8

el

Table 21: Characteristics of pig red blood cells comprising ovalbumin:

Day of production

18 hours after production

Characteristic
s

Starting
material

Batch 1

Batch 2

Starting
material

Batch 1

Batch 2

Mean globular
volume (um°)

65

55

57

65

56.0

58

Mean
corpuscular
haemoglobin

(g/dl)

31.9

27.7

25.9

31.4

28.9

25.8

Osmotic
fragility
(salinity
inducing 50%
haemolysis in
g/l of NaCl)

3.98

2.51

3.33

Haematocrit of
suspension
(%)

36.8

48.2

50

36.5

46.3

48

Congcentration
of red blood
cells
(10%mm°)

2.64

9.1

8.1

59

8.4

Extracellular
haemoglobulin

{g/dl)

0.04

0.27

0.196

0.05

0.79

0.56

Corpuscular
ovalbumin
concentration
(mg/ml of red
blood cells)

0.66

0.71

Extraceltular
ovalbumin
concentration
(mg/ml of end
product)

0.02

0.02

Mean globular

quantity
(mg/10° GR)

0.03

0.04

As expected, the dialysis procedure caused a reduction in the

globular volume and the corpuscular haemoglobin.

Furthermore, the

osmotic fragility of the batches was lower than that of the red blood cells of
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the initial blood (Table 21). No major differences were observed between
the batch comprising the ovalbumin (batch 1) and that which did not
comprise it (batch 2).

For batch 1, the quantity of extracellular ovalbumin was relatively low
compared with the quantity of encapsulated ovalbumin and had not
increased 18 hours after production, thereby demonstrating the stability of
the red blood cells encapsulating the ovalbumin.

Thus, it is possible to encapsulate ovalbumin in pig red blood cells.
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4. A vaccine according to Claim 2 or 3, wherein the immunoglobulin is an
IgG.

5. A vaccine according to Claim 1, wherein the red blood cells (1) contain an
antigen and (2) are heat-treated or chemically treated so as to promote
phagocytosis of said red blood cells by dendritic cells,

6. A vaccine according to Claim 2 wherein the red blood cells in the form of
an immune complex are heat-treated or chemically treated.

7. A vaccine according to any one of Claims 1, 2, § or 8, wherein the red
blood cells are xenogenic red blood cells.

8. A vaccine according to any one of Claims 1 to 7, which further comprises
an adjuvant for activating dendritic cell maturation.

8, A vaccine according to Claim 8, wherein the adjuvant is present in the red

" blood cells, at their surface and/or outside the red blood cells.

10. A vaccine according to Claim 9, wherein the adjuvant is a TLR (Toll-like
receptor) ligand or a cytokine,

11. A vaccine according to Claim 10, wherein the TLR ligand is selected from
imidazoquinolines belonging to the g'roup‘ consisting of imidazoquinoline,
imiquimeod, resiquimod, CpG oligodeoxynucieotides, LPSs (lipopolysaccharides) or
poly(inosinic acid)-poly(cytidylic acid).

12. A vaccine according to Claim 10, wherein the cytokine is selected from the
group consisting of interferon alpha, IL-2 (interleukin 2), IFNy (interferon gamma),
GM-CSF (Granulocyte Monocyte-Colony Stimulating Factor), IL-12 (interleukin 12)



4. A vaccine according to aim2 or 3, wherein the i munoglobulin is
an |1 gG 5. 'A vaccine according to Caim1l1, wherein the red bl ood
cells (1) contain an antigen and (2) are heat-treated or chemcally
treated so as to pronote phagocytosis of said red blood cells by

dendritic cells. 6. A vaccine according to Claim2 wherein the
red blood cells in the formof an i nm#48 conplex are heat-treated or
chem cally treated. 7. A vaccine according to any one of C ains

1, 2, | 5 Ororg'NF%] umd?ﬂéaeoglsep%&hg%hg)el |'s are xenogenic red bl ood

cells accl ne accor o‘any one of Clains 1 to 7, which
further conpf3.sésvazninedicoumling focanyaone eflaings ddmdR2j coroprising at least two

maturati o accin cc a wherein the

adj uvant ﬁgmgpggriqqenﬁﬁeqrﬁgerﬁgﬁt%&f}ﬂaptﬂmqrg&g r surface ancitor

\%t side t Ee MédAb\lrawﬁreC@édo_?_cll_lR & aftlﬂr clapkkwamam ﬁﬂﬁd?ﬂuﬁg&éﬁ@ﬂﬁ &rmodr
erein the .adjyvant s 0 i ke rec or and .or

Cytol dne. Entiget 15 Slegkes iR e, SRayPrEPSBHS 47 1 JOIHER NIGerS dhe-

ligand is gahiad; CARTCIMBOR-ABLORILIG prdtein (32N UBIRAF; ocwse St CASP-8;

consi sting of im dazoqw noline, im UI nod, resiqui no

ol i godeox ralening 64c27;P8BKd Ws@@&h‘brd%@ﬂ ﬁb‘ﬁloﬂcﬂrﬂfﬁfﬁﬁwl@z
aci o) pol WG] G0 9). ETve A1 AUMIGF! BRrdhc SERTSGPANE DR

wherein th ine Is Sel gf oup ‘consi ‘st

i nt er f er orfucdsyliransferaseAS fusion prdtein; HLA- AZWyHK.MPt‘HIdt é\sl;%'ﬂ-%adﬁbh&czos
GMt CSF (G,

(interl ((au )MESIBR@W%%F@U@??T@U% éﬁiﬁ ? ﬁ%[a)sﬁ hFJ{% E’,GT
vacci ne a@SlB;i!phﬂ-RkRalplya dosion fpréled; ][BRIDXG PIPRt@riﬁ*r%SI Ngaszt RSAEEGO
two tunour | ve O ur 0 e ea .

14. A vaccﬁ'ﬁgﬁagg@m Eﬁrn ﬁgka Prof g}%nt cprgtgm,wﬁlrépggﬁlqsggate
tu {mur antlécﬁﬁé‘rabétsﬁdsEC‘ﬁGhGEqim BE%%%% afsze 'FSGﬁTIW?-IERVI}@MEYLQKKq_\Eﬂg
antl gens J&aac I Nl nNn- usl.on pro ﬁl Q;E\-A aﬁ!

B RAE: cAdpieV-HNPLAGEd: M&%E’é’rﬁ rMA@Ecéé‘f MAGEAS -AB;
k- f

e oo O A oG T MAGE B ACERA i &, 1, ANl 1

HLA- A2d:  HAGEAZ] BAGRpB017; S8 ﬁﬁx-ﬂvmﬁﬁ VAR ; CRénvgp100 /

M 3 el BB € iR MR TR WERRRY PR AD
or -SSX2 RAB3I®YV NY-MEL-; TRP»bsmmgmmamyrmaseaadjpoﬂﬁﬁEMM-Z BING—

UACE | MEBSEA cvcfx@i@%&&ﬁa@m VRBES 20 M5 G2 / neu

MAGE- AL0; IM3FaIpNaZ, [Mestindl2carbugylnestorabidy GihhaMdefopfetéin/ M-GSF; 2mdBAEE;

| kfi.xafmpm RS b Kb ks SRR R AU sceiy 1

RAB38 / Néd)ﬁolsTERﬁl éurgﬁﬁ T’e'laﬁre%asé YWF1 nﬂ%—ﬁ@ chnxLNn DKK1
Al M 2: BI NG 4: CPSF; :

HER-2 / nENAH(Mepa);| QXQQP |R|$§§t |ﬁﬁﬂ"ﬁd%boklymaﬁs@'\°§§@° Gonadotropin,
| pha- f BF; PRAME, PSMA;
Tk o T g A
Wl FLT3- | T, Boscecing: ammﬁngmwnnamﬁplamsbto fsashereisthei rad brood |
H Ch |

@ugﬁ3| ylgﬁblﬁgé'go%n%gﬁé H%D{ngo'ﬁ%: rﬁééﬁ |aFlee ll“:}a cordi s{%féasre]gﬁ'&l]@ %rfier to
d ai ns | t endapsuldie the anttgea red bl ood cells encapsul ating the tunour

ti d. I ' t

anti gen. ° BERGRNE aesctuBar @AY pOY A PBIE oo SRR the R
conpri si nﬂlobh%dledtbha@maﬁﬂd%vatofaadnﬁ@émmehﬂvo%vel of between 40

and 70% 17. A vacci ne accor d| aim 1§, i.n d
B oon ool 1s T & Wi Gereinguin: Clain B aeBRisio JhE ed5p06k oafis B

vacci ne aggématdtst feel@rdietvddh 45gﬁau55§g_ng the red bI ood cells at a
18. A vaccine according to Claim 16, comprising the red blood cells at a
haematocrit level of 50%.
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19. A vaccine according to any one of Claims 1 to 18, packaged in a volume
of 10 to 250 mil.



