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20  using nucleic acids encoding particular antigens or cytokines.

While these various approaches allow the generation of an immune response against
certain types of antigens or pathogenic agents, there is still a need for better methods of
eliciting, regulating or stimulating an immune response. In particular, there is a need for
simple methods of generating efficient immune responses, such as efficient cellular and/or

25  humoral immune responses, against a variety of antigens, such as tumor antigens, viral
antigens or other antigens from pathogenic agents, most particularly, by oral administration.

Indeed, most commercial vaccines available today are delivered by injection, with
problems of safety, patient acceptability and morbidity and which makes mass immunization
more costly and less safe, particularly in resource-poor developing countries. Therefore, oral

30  delivery offers a number of significant advantages over other routes of administration and
notably compared with parenteral vaccines (simple administration and improved safety). In
addition, unlike systemic immunisation, oral delivery can induce mucosal immune responses.

Thus, orally delivered vaccines are processed and presented by the digestive tract's

immune system, often referred to as the gut-associated lymphoid tissue (GALT). The GALT
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The present invention now provides such a novel, alternative and improved method of
causing, regulating or stimulating an immune response in a subject by oral or mucosal

25  administration.
The present invention is based, more particularly, on a new concept of using a
polypeptide comprising at least one CXXC motif, wherein C represents a cysteine residue and
X any aminoacid residue, such as a Giardia parasite’s variable surface protein (VSP) or a
fragment thereof (e.g. the extracellular domain of a Giardia VSP or a fragment thereof) to
30 raise by oral or mucosal administration an immune response against selected antigen, in
particular a cellular and/or a humoral immune response, in order to treat or prevent disease

caused by such selected antigen in a subject.
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to attach to epithelial cells of the gut and a heterologous antigen.

15 In a third aspect, the present invention relates to a polypeptide comprising at least one
CXXC motif as defined above and retaining the ability to attach to epithelial cells of the gut

bound to a vector particle.

In a fourth aspect, the present invention relates to a pharmaceutical composition for
20 use in the treatment or prevention of a disease, a disorder or physiologic conditions in a

subject.

In fifth aspect, the present invention relates to the use of a polypeptide comprising at
least one CXXC motif as defined above such as a Giardia VSP or a fragment thereof as a
25 carrier for a heterologous antigen for presentation and vaccination, particularly oral or

mucosal vaccination.

DETAILED DESCRIPTION OF THE INVENTION:
The inventors demonstrate for the first time that a protein or a polypeptide comprising
30 at least one CXXC motif, wherein C represents a cysteine residue and X any aminoacid
residue, such as Giardia variable surface proteins (VSP) (e.g. the extracellular domain of a
Giardia VSP or a fragment thereof) could be used by the oral route as carrier of candidate
vaccinal antigen or to induce protective immunity. Moreover, the inventors demonstrate that

such polypeptides such as extracellular domain of VSPs, which are resistant to proteases,



vacci nal antigen or to induce protective imunity. Mreover, the inventors
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sites (Batitaody TeSpelpﬂes,opl@Ef}fahzm imepune” seppondes.c anddifieediond it angibadedlemes.ei n,
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molecules. The term "antigen", as used herein, also encompasses T-cell epitopes. An antigen
is additionally capable of being recognized by the immune system and/or being capable of
inducing a humoral immune response and/or cellular immune response leading to the
20  activation of B- and/or T-lymphocytes. This may, however, require that, at least in certain
cases, the antigen contains or is linked to a Th cell epitope and is given in adjuvant or require
that the antigen is presented in accordance with the present invention. An antigen can have
one or more epitopes or antigenic sites (B- and T- epitopes). The term "specifically bound," as
used herein, is meant to indicate that the antigen will preferably react, typically in a highly
25  selective manner, with its corresponding antibody or TCR and not with the multitude of other

antibodies or TCRs which may be evoked by other antigens.

As used herein, the term "epitope" refers to continuous or discontinuous portions of a

polypeptide or of a non-peptidic molecule having antigenic or immunogenic activity in an

30  animal, preferably a mammal, and most preferably in a human. An epitope is recognized by
an antibody or a T cell through its T cell receptor in the context of an MHC molecule. An
"Immunogenic epitope” as used herein, is defined as a portion of a polypeptide or of a non-
peptidic molecule that elicits an antibody response or induces a T-cell response in an animal,

as determined by any method known in the art. The term "antigenic epitope" as used herein, is
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contaminated water supphes or sexual activity. Flagellated Giardia trophozoites attach to
epithelial cells of the small intestine (i.e. the surface of the intestinal mucosa), where they can
25  cause disecase without triggering a pronounced inflammatory response (Rivero et al., 2010).
There are no known virulence factors or toxins, and variable expression of surface proteins
allow evasion of host immune responses and adaptation to different host environments
(Rivero et al. 2010). Their life cycle alternates between an actively swimming trophozoite and
an infective, resistant cyst. The Giardia parasite infects humans, but is also one of the most
30 common parasites infecting cats, dogs and birds. Mammalian hosts also include cows,
beavers, deer, and sheep. Thus, the term "Giardia" encompasses different species, including

Giardia lamblia and Giardia muris.
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phase synthesis, |iquid phase synthesis or genetic engineering. 5
(2009). The extracellular domain of VSP allows the parasite to survive the hostile

environment of the upper small intestine. VSPs are very resistant to variable pHs (reactivity to
25 a conformational epitope by a monoclonal antibody (mAb) directed to a particular VSP
remain unaltered between pH 2 and 12), and digestion by trypsin and several other proteases.
In addition, VSP remain attached to the enteric mucosa after the trophozoites have attached to

it (Rivero et al., 2010).

It must be further noted that polypeptide comprising at least one CXXC motif, wherein
30  C represents a cysteine residue and X any aminoacid residue, such as Giardia VSPs or VSP-
like proteins of other microorganisms may also be generated in vitro by genetic manipulation

and produced in heterologous systems. Therefore, chemically- or cell-produced polypeptides,



The VSP of the invention may optionally conprise chem cal nodifications.
Chem cal nodifications ained at obtaining proteins with increased

pr ot ect i onoab11¥12@99pr ot ei ns agai nst enzymati c degradati oRCIT/EP2INO548861d/ Or

i ncreased capacity to cross nenbrane barriers, thus increasing its

hal f-1ife and maintaining or inproving its biological activity. Any

chem cal 10 nodification known in the art can be enpl oyed according to the
pr esent inchuding thepe wohicmiap egidceriationh 1atdaendboimsthp mrx ¢ patasisgse(foronstangs t ed

TOULELTER] IR ySBE LELILARL 20dh 9o LRI DS o8 JLhBLSK o 1S

such as y ace esam nati on,
or nodi bmaduremnofhet be, @1&1 taergaallﬂaphasarmmlsls,gﬂlqmm bhise @ﬁhtl&@isder @ena@ft

al cohol gr.oup; nodi fications at the am de bond between two am no
aci ds: &BS/PeRI"8n (preferably acetylation) or alkylation (preferably

nmet hyl ation) at the nitrogen atomor the al pha carbon of the am de bond
linking two am no acids; nodifications at the al pha carbon of the am de
bond IinkingThwWS?nﬁhheaokdﬁmsumpo@ﬁmﬁ@@c@nqmbybh@h@mb@pﬁﬁbakﬁbl@hmnmal

acetyl ati ar al kyl ati eferabl nmet hyl ati on) at t ha carbon of
t he ani H&’dﬁt)b%ﬂoﬁl% it Qﬁ%aléﬁfé rHSOTSEiS ith V Tnordase @Fﬂt%%OPt tﬁﬁé’ﬁ E9S dgEiRstas
e.g. IephARIRNcePidalbe zr?rvnﬂ%ﬁd/%lﬂé?&kéd’ cHBREHY Ttd REbsAThERLARE Barriels, thus
enantionmer) withthe correspon ing D-enantioners; retro- i nversions in

whi ch omerewingoitehaédife ahd yrapgeinmg o impronogaits U@lc(gﬂ%@namy oy Phemigal
repl aced h th corr.espondi n enantiqmers,.to e her with an._.invgrsion
1§ e matiiehubr FofR AT P AEH, P e ERMlhsA ek S R IttreRint dp Pt Sieh) |
apd/or cReiREIRhb A 68atiAS e e aRk ol Hfftedkfha carbons are replaced W th
nitrogen atons. The term"protein” or its interchangeably used term

“pol ypeptide" as used herein refer 30 to a nol ecul e conposed of nononers

(am o act ds) o|JAEARLYG |4 AKSE A8 oPRUBnGal SN AIRERLIIE bPNTS)-

Post-transl ati ona 9 cations 6 e pol'ypept I for

gl ycosyNaterratial aagzleﬁ(yd @bﬂeﬁdﬂ@bly mce@pimcﬁy loat degdiinatidng drhﬂloﬂlﬂ(ﬁtl@l’[ &fahs aC-
enconpassed. The ternms "protein” or "polypeptide" also includes variants
whi &h s HETI S#EOR LEQUPIRTP Boyide ot PloeRhsfawk ng, or alternatively or

referably co f t I i
2011 b 1209%4PC‘I%?6E(%%%1?1% % §t4 élgegé(m[h% bR b Qe GE RS 1affhd UeREILARRIAA prdfably

acetylation) or alkylation (preferably methylation) at the nitrogen atom or the alpha carbon of
the amide bond linking two amino acids;
- modifications at the alpha carbon of the amide bond linking two amino acids such as
20 e.g. acylation (preferably acetylation) or alkylation (preferably methylation) at the alpha
carbon of the amide bond linking two amino acids.
- chirality changes such as e.g. replacement of one or more naturally occurring amino
acids (L enantiomer) with the corresponding D-enantiomers;
- retro-inversions in which one or more naturally-occurring amino acids (L-
25  enantiomer) are replaced with the corresponding D-enantiomers, together with an inversion of
the amino acid chain (from the C-terminal end to the N-terminal end); and/or

- azapeptides wherein one or more alpha carbons are replaced with nitrogen atoms.

The term "protein” or its interchangeably used term "polypeptide” as used herein refer

30 to a molecule composed of monomers (amino acids) linearly linked by amide bonds (also
known as peptide bonds). Post-translational modifications of the polypeptide, for example,
glycosylations, acetylations, phosphorylations, and the like are also encompassed. The terms
"protein" or "polypeptide" also includes variants which should encompass any polypeptide

comprising, or alternatively or preferably consisting of, any natural or genetically engineered



8 pol ypeptide having nore than 70% preferably nore than 80% even nore
preferably nore than 90% again nore preferably nore than 95% and npst

pr ef er ablwormorie1209%an 97% am no aci d sequence identity wprCh/EPh@188geence of

t he pol ypeptide. Preferred nethods of @enerating a variant of a pol ypeptide
is by genetic engineering, preferably by insertion substitution, 5

del etion or a conbination thereof Wien the term"variant of a protein”

appl i es polypepiilsdrayingcmorg than /A%, prefsshly matethen Ao, teyen morantdferebly Bowsh

vari ant lo C i chn e C 0
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appl i es acidRcqepos trRatE with thet equances€ e potyeptid@Prefemed hﬁ:tl@dal’oﬁ gancySgor
VSP-1i ke protein of other m croorgani sns, such variant should be capabl e of
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i Nmune response per se used herein, a fragnent of
a prot ewith thppiresest 1nvnntamc ao dhfncaetlgant bu¢mearmne$hasuld|hevc&1pable rof ihdudite theSP,

or its interchan used t gnent suc

P r agrenPRAE RO CHERaLE SHRy B PR TATSE e ndh 2 Gt B Dl o
prefer a%ﬂ%ﬂle@, 011ﬂsdc§6ﬂdﬂlgceq{/lth e r@@%’? irRentéon, o tiR Gz%rdzgtq/SEﬂ-ér VR, hk%%)rot%?n ofl4,
15, 16 20, 25, 50, 100, 150, 300, 400

cont i guotl@r uncrdomemm rﬂuolmsarmnt Hltlpué(tbd sap@bletdfeetpmm&thﬂ abl]bltﬁ tjbp@qgt:h d)ecedis,

o504 or B ERuBy "REPe EHE Mooty fReBabR N RO SRR St G o

20 prefgﬁ@hﬁMngﬁﬁgnﬁg@@rﬁﬁwbanlno aci d sequence identity thereto. \Wen the
term"fragnent of a protein” applies, in accordance with the present
invention, to the antigen, such fragment should be capable of inducing the
producti on Of ql%(? Bgrg}{l wie ns[flé at) I Jnt-g 45 rLt’eln” 1é{s in I&%?W%e wiﬁgmant
of a proteln shou coﬁprlse a eas ne [ nogen| prtope enh the
term " f dagpeRéntofnvantnottei the €PP) besits imMcratageatdn cgscii ﬁehntheﬁpgmﬁnbf a
invention, to the ardia 25 VSP or VSP-like protein of other

m cidor §alPertide” sudrragmegtehpul %%@n@awncywime@%ﬁf CORRTAING RH KGRI 9t y t o
attach ?)Pefﬁ%lgr%onﬂﬁ ifd SULAELY sTBICgab. (RN Sy, TO! &3 RAT 1.0 71| 1%, epidonsh i al
cells o ut and “eventual 'y i aduci n§ an Tnmuné response ‘pef se. As used
her ei n, 30h40,t &, M00ba&&d200; S06r 404,058 awtitiggotshart diseyntineowouminenscideofjthe by
30 chenlcally ouplin non-cpyal ent,.e.g., ionic interactions,

hydr ophBEILE; RYISPERIEF B hligg s deinebAGrSin. ab el 4ie AR YBINAS TEaREsRoret or
exanpl etha%swz, githably RIS RRACSIRT ,m@fm ﬁ@fer f;trh&@ thhﬁngzb% a‘ﬁar&@ﬁ @kl ur
bonds, carbon- ﬁosp hofus bonds, and the Tike. The termal so i ncludes the
encP@se mﬁ@rabl@rmqra thinad> % aolios aeid mcquecwe wentitysheraioe V\(h@nghe temi "egemeot Qfg ous

WO 2011/ 120,[994PCT{ EP2011/ 054866 %}; EE[& ) mh iEJ LS r oad
t han and HAEHud@E te i “SUEH GV % m\fe&ﬁg]& o thgig %%Pe&”c Sg%lﬁléged
" pseudobhqfdbe capatidé 65 Hfficing the btdﬂu@tlcﬁi bax@bodanek stﬁﬁlﬁl@ﬁ(hﬁﬂf T A8, useso.

herein, the term"fusion" refers to the conbi nati on of am no acid se uences
of 5 di ey, enfragsnengion 2 notsieshould preprrisgert denst AndimmpAnggeaivecrsiondi Waen

their codng. %ﬁ%hﬁgﬁt nﬁ@te}ﬁ?eﬁ%@%?qn abdorfHSL WOR tHQ@Fege&t%FenﬁBﬁ "tgtﬂgea? iz

nucl eoti dée se one given amno a sequence

degeher &SP of \tSRahlg@rp&ttém cfodther Hnerob@famSﬂfsusuﬂn fragmﬁhﬂ shduly benmpab)lascsfes
i nternal fusions, . insertion of sequences of dlfferentlﬁ mqthln a
pol ypepf§tafaingrhs ab: litShth%reﬁc it 5k Petticilsrlyiguconel Gotlss mere; Rargwzty eméi ia

As used '?'I?srcﬁ‘tﬂe Q‘ﬁdte%rﬁhalﬁzqﬁh %inﬁrﬁﬁr?él%eédgg% p& sor oduct of conj ugation

between (a) an ardia VSP'or a fragnent th and (b) an organic
nol ecul e (e.g. an heterol ogous anti gen which conS|sts of a non-protein

antigen), wherein e eI nents”ﬁﬁz and b% to each ther uch
el enents (a) n%e%&)er%y BeBbu or®f OaﬁE@ H’ﬁgmaﬁ’klé Sovalent, .2, %
30  chemically coupling, or non-covalent, e.g., ionic interactions, hydrophobic interactions,
hydrogen bonds, etc. Covalent bonds can be, for example, ester, ether, phosphoester, amide,
peptide, imide, carbon-sulfur bonds, carbon-phosphorus bonds, and the like. The term also

includes the enclosement, or partial enclosement, of a substance (e.g. the heterologous



15 The term "Il inking sequence” or its interchangeably used term

"I'i nker" as used herein, refer to a nolecular entity that covalently |inks
protei n ovonony/Reviei n anti gens such as a nicotine nol eParEP2@ 1854866

pol ypeptide as well as a vector particlbe to a pol ypeptide. The linker may
for instance conprise a thiol group, an al kyl group, a glycol group or a
pepti de QFOUE,¥20 Li nkers i nclude cross-1inking nolecules and sone exanples

are | i seeégony theeterm "fOﬁ@nd”ntSéwrmdter ol andainelwdesafppnp el ah"gubladshddsedihder n
Vo 2004/"9nc K1 eemg eg d"' d%’E Qfak& )ﬁ)réﬁg %Iar'héjﬁ bi ﬁ%e?r S&Featt fp.qused herein,

"vector par rcl arti ardia VSP 25
or a fragnent thereof and/or the heterologous antlgen at |ts surface.

Wthin the context of the present inyention, is intended that the term
"vector part Péluged hefeinydedern rasion getesy tofhe @?l@b@aﬂw PLATINP gl dpaRtsnereof VL)

and Slangﬁ?é’r%ﬂt(\on%‘?npﬁlo?noe g;])oé}étfe-gpﬁe Eﬁdfl{%nbg\{g 5@1\/ € @o(fﬁtﬁfatﬁﬁr&t* tﬁél? codﬁﬁ% ‘ﬂﬁagot rein

refers tot ormo I Tus n sone virus types
conpris eex]uancgaenh meuss Ube rmotidiadt prathan eneinucleapdd skquatideansy hanoee aaddi glvetnn al

structures H ., envelopes, tails . WD 2011/ 120994PCT/ 1/054866
10 it |3€19<%0 %ﬁl SEHCP&T ‘tueptP the, degAnpiRey Qgﬂt?ngeeﬂetl%/ déaﬁ%@ eIy F%b%l%ltE E?’%Pilf 10
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viral genone. term "non-replicative", as used herein, refers to being
|ncapabpeWpﬂﬁKbp%m@amumgnmméo@amun@(m@mﬁﬂssmmnu) not in the VLP.
5Phar maceutical s conpositions of the invention In a first aspect,

the present invention relates to a pharmaceutical conposition, preferably

i mrunogeni ¢, AGQIBY h&reid tht teh A8dnjugade "RefeyPRPthE Geodueidr ¢cﬁig<ﬁgnaﬁ be®ash (Pne
CXXC notif, wherein C represents a cysteine residue and any am noacid

resi due an £ridrdi@ VSThet erfeigepoi shaerfi g () an orgapigemolecplide #adbicicselogous
conposi \%};}rﬁ’%&ﬁ%m& %oﬁs“s\fseQ{ % anB %ﬂ %ﬂg&a%ﬁ&e{% thé”éleh{%ﬂts a)j Hf?d () ey atfe Pgbe 1 n

a form contarns sa ers juvants, carrier

subst aneesacioileh. Sick eti@sintsa@) end @) niagedound fdriestaict |b§>admk61f. t he
conposition. Exanples of pharmaceutically 15 materials suitable for use in
prgE%ration of pharnmaceutical conpositions are provided in nunerous sources

i ncl udi ng RE : | " Y .
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liquid f | uent, encapsu ating nateri or “formul ation auxiliary of
any26 ypélnkers 1nclmtcr chass hioking tiedeoplear aet samicc axanedepasd tlistads imefic cionghe se
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adj uvantheréih B¢ @cfefenaslvant ageous feature of the

As used herein, "vector particle” denotes any particle liable to display a Giardia VSP
25  or a fragment thereof and/or the heterologous antigen at its surface. Within the context of the
present invention, it is intended that the term "vector particle” includes viral vector particle,

virus-like particle (VLP) and nanoparticles.

The term "viral vector particle” as used herein refers to the morphological form of a
30  wvirus. In some virus types it comprises a genome surrounded by a protein capsid; others have

additional structures (e.g., envelopes, tails, etc.).

The term "Virus-Like Particle” (VLP), as used herein, refers to a structure resembling

a virus particle. A virus-like particle in accordance with the invention is non-replicative since



25 invention is the high i munogenicity of the conposition, even in the
absence of adjuvants. The absence of an adjuvant, furthernore, m nim zes

t he occurwened/wbvdanwant ed i nfl anmatory T-cell responsePCIEPREIAMSHO] a
safety concern in the vaccination. 10 The pharnmaceuti cal conpositions of
the invention are preferably fornmulated for an oral or a nucosal

adm nistration. The doses used for the oral or a nucosal admnistration can

30 be aétalﬂﬁl@dalé;@f dartyaicthe omrabenang, dhigicpy amk peferablynldcking ghrar pait af thes a

functio e n a | o o] I 1] f,,t e
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adm ni suegddttrdin, rafeys @lhehﬁghheaparblecaﬁaeplﬁaﬂng the gasbrht b@hpr@ded@rﬁ nbtnﬁltthVEPor al

(via the nucosa of the digestive systen), nasal, vaginal, WO

2011/ 120994PCT/ EP2011/ 054866 11 sublingual, ocular, rectal, urinal,

i ntrgrrarmal , pul nonal , ot phg,rm deuficaly & cﬂ%zo%” tl?é"ﬂ:vp#?o%al adm ni stration,

preferably buccal or subl rn‘guaéﬂ'g'm-m‘gréﬂ'rmn%m adm ni stration).

Upon for mul ati anfirgphaspemc chet ipoabntc onvpotsint rdatss wold pherngatrutidab toergpdsition.a
ible with.the dosage formulation and in such amount as is

manner co a,‘t) L?

t her apetB’Er'I%r lyJmBpunggeTic, Comprip gaf A3ful ations are easily administered in a

vari ety of dosage,fRiyRp tléél%hlﬁﬁfsﬁé"%t 1upeoRf Cxx@ mc;tffbjw%El%npt RHRGENtsQl 1 ds

for oral or a mucosal adm nistration; tine rel ease capsul es; and any other

form currently usetecingissidde aed X, anwaelllpfmardms:tém,lauél conposition may be in

the @orm of a spra}ét an aerosol, a mxture, a suspension, a dispersion, an
I1 ion, a gel, BS%‘}‘%gouéa%Eﬁe&?p a cream an ointnent, inplants (ear,

eye skin, nose, rect al, and vaginal), 10 intramamary preparations,

vagitories, supp05| tories, or uteritories). In certain_enbodinents, the use

of |i posomes Whengopht aé"ﬁﬁ‘?%ltlé%i compesifign ehicgAventian us adamistered so#e B1danduatn own

to thos | ] t
preferr gtdg ieyn%&él g fo“'? V&Pﬁne ﬁhélrlsnsaaclzté l}fgegﬁ @ﬁ?'r%%tg’l ﬁ%?fi %ﬁ&sshggggﬁee %)C?l or al
admi ni shfcadds@able for impivbing tharctficagl afltys cohpogitiat. Maaaipldscd] phlaanpesatitdlgn i s

aTh b i z‘pz;hgagﬁ%a&wa&emmL%gggfa'mdsmavﬁd%d .
gastroi h hat

t he pol 3%@%%83%% Fﬁc?i e able to at t ac to CKI@EU,TI%%Q%%?%IT@ ﬁg A,

epi t hel edl Madl ublfishinge Cyut (1920)) THBsrmaccwicel [ ¥nbo dphentccuticellp aleygpeghié'de i s
able to tach to epithelial, cells .of the gut and the co o tion is

For mul a6 Mol i B SOBRETLOaH R GUBRSHEORS M GOy S i esther
resi st aghtol@rE RAIRE WheARAntNSRI@ab AsanAdat bpaciofly tahﬁm&ﬁ%?%ﬁ appropriate. A
gastrointestinal tract, when necessary. I n one enbodi nent, the
pol ¥Peprhateacorsily @ccﬂptedolfp @alylpept memmﬁmﬁesﬂ foga a10n+te>agt5011vlo SBi-QRR@T
notifs the two COX
ot 1o SREASHlE B b Bt BT T ting s BT ST Y 5 20 arm o
acids, pref eFalhdtmbfQhd ﬁﬁnﬁc@ﬁc@pccﬁﬁpdiﬁlons may cdniprisiQidtifiongl apiweeltst hat

the am no acids separating the at least two CXXC notifs nay be any an no
aci d r egnpygogengs or biologically active agents. However, in one preferred ‘'embodiment, the

pharmaceutical compositions are devoid of adjuvant, since an advantageous feature of the
25 invention is the high immunogenicity of the composition, even in the absence of adjuvants.
The absence of an adjuvant, furthermore, minimizes the occurrence of unwanted
inflammatory T-cell responses representing a safety concern in the vaccination.
The pharmaceutical compositions of the invention are preferably formulated for an
oral or a mucosal administration. The doses used for the oral or a mucosal administration can
30  be adapted as a function of various parameters, and in particular as a function of the mode of
the relevant pathology, or alternatively of the desired duration of treatment.
The pharmaceutical composition may be administered to any suitable mucosa, and the

administration includes oral (via the mucosa of the digestive system), nasal, vaginal,



I n anot her one enbodi ment, the pol ypeptide conprises from1l to 10 CXXC
motifs, froml to 20 CXXC notifs, from1l to 30 CXXC notifs, from1l to 40
CXXC npt iwe,20frana9d to 50 CXXC notifs, from1l to 60 CXXECEEPRF13/054866&/m 1 t O
70 CXXC notifs, from1l to 80 CXXC notifk, from1l to 90 CXXC notifs or from
1 to 100 CXXC notifs. WO 2011/120994PCT/ EP2011/ 054866 12 Thus, the

pol ypepti de may for instance conprise 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, subjinges, oggar, p&tal gurinadSintramamayg, BdmosE, olglr (6% Vo theocaoxd rsenls s
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vari abl e sur croorgani sm or

a fragnent t [U@bﬁ(fbrrnulatlon Aﬂ@ﬁnﬁhengw cotrﬂpbsn‘loﬁg adllgien aﬁﬂ’ﬁmﬁelﬁd aghers ablhyer
selected in the group consisting . of G ardia, Tetrahynmena, Parapecium and
Ent anoebamByEts @dth the dosage ﬁOHHBIﬁBOIbra@ql & sed @ﬁﬁ%.%ﬁﬁher@w@ﬂ% Woldistivee i s

the extmag %nﬂﬁ'lfi@glg 81[05‘9%'5'1 fﬁd&nﬁt&&glnaa T sa%e fob RGO od tﬁ@ 'i;ga%fof(ég nce

sai d extracellu ist am no-term na steine ri
conpr i stabdetsrot bihel 8ol@XGr ol drsa ofucodad adinansiraokz{s&nmrr@teesm%psules andl ageed,

the extracellul ar d rraln of a Gardi,a VSP is the domai.n resistant, to the
tenﬁﬁﬂﬁatfmc éfr“é?%o‘?“iPPfdc? %Vg@gtpyaﬁnaceuﬂca ComPOS“AE’cWH%ﬁQHh

anot her oprebek! af a%m’s’@ld'ar’fﬁ&fturet@@ud%@hﬁ&?pi ngﬁer%ﬁoaﬁﬂbrﬂgls{o% hhRl, 3a5pésEB/9ant ion
conprises only the extracel | ul'ar domai n of G ardia VSP or a fragment

t her eof syrihe & rcagrsmerhr amemﬁl@glmpl@tmi fche @)ﬁ, opiha,smosetmdtalofand Grgingl).a VSP

are hustellmnated I t. (%be notedtthat tlg B t.i emg\r/\ gﬁ% a,[lso be
ed "VAITHBYE P&Hafaé‘c?éls ﬂ AGHT PHREBY OB KT Hgi) 0 Gohg apens

s ur f ace tir @k @ Mipos6atds i9Eorderhpla@HETe foRBAERH artB)sc RE hﬁb@m a@dTRMEvit f6ethose

conpl ete reﬁertm re of VSPs, which are encoded at the DNA |level in the

genonme 6f skihén ferestsite. This repertoire is conposed of about 200 honol ogous
VSP- encodi ng genes (vsps), which varies in different Gardia isolates. It
shoul d be further noted that variants of VSP nay be also used in the
conposi tion asgasvdously mentidred] imvepictfedred cabodiment, ths palegeutial comgsitidnhe

G ardia, VSPs and nore particularly the extracell ular domain of the G ardia
VSPS coffpiuitalle o qrpladmieieetiofot i fs, preferably nmultiple CXXC notifs

separ ated DYAIRUCH AP0 C! SRl tanRRigulng REHRANLTIE e
al i gnnehttsjolo@@s antigen and the polypeptide are resistant to enzymatic and chemical degradation
of the upper gastrointestinal tract, when necessary. Moreover, it should be noted that the
polypeptide should be able to attach to cells, more particularly epithelial cells of the gut.
20  Thus, in one embodiment, the polypeptide is able to attach to epithelial cells of the gut and the
composition is formulated so that the heterologous antigen and the polypeptide are resistant to

enzymatic and chemical degradation of the upper gastrointestinal tract, when necessary.

In one embodiment, the polypeptide consists of a polypeptide comprising at least two
25  CXXC motifs separated by at least 2 amino acids.
Accordingly, the two CXXC motifs are separated by an amino sequence comprising
from 3 to 20 amino acids, preferably from 5 to 8 amino acids.
It should be noted that the amino acids separating the at least two CXXC motifs may
be any amino acid residue.
30
In another one embodiment, the polypeptide comprises from 1 to 10 CXXC motifs,
from 1 to 20 CXXC motifs, from 1 to 30 CXXC motifs, from 1 to 40 CXXC motifs, from 1 to
50 CXXC motifs, from 1 to 60 CXXC motifs, from 1 to 70 CXXC motifs, from 1 to 80
CXXC motifs, from 1 to 90 CXXC motifs or from 1 to 100 CXXC motifs.



In a particular enbodiment, the G ardia parasite is Gardia |anblia.

In a preferred enbodinent, the Gardia VSP is selected fromthe group
consi sti nyoab11M3P®B10, VSP1267, VSPAG6, VSPS1, VSPS2, VSPE3/EPUBRS884866/SPS5,
VSPS6, VSPS7, WO 2011/120994PCT/ EP20112 054866 13 VSPS8, VSPAS1, VSPAS2,
VSPAS3, VSPAS4, VSPAS5, VSPAS6, VSPAS7, VSPAS8, VSPAS9, VSPAS10, VSPASll,
VSPAS12 and VSPH/ of G ardia |anblia. VSP-Ilke domain 5Accordin , the
VSP- | i ke donmdhws, dke polypcptae ey torinstepcagpmisse dhdsbrd. anbrig 8pdl Wpé t1|2dé%
derived fir r S t ring sequence honol ogy
and bi oé%e%ngg;f%sgb%?tqpe?éﬁtﬁéo’ard[i% a a‘%%%atbﬁy pol ypepti des cont ai ni ng
mul tiple CXXC notifs, preferably nultiple CXXC notifs separated by 5 to 8
am no acids. Indeed, alignment of the extracellul ar domai.n of VSP1267

sequence (quBt9ye pRtipulag ﬁ‘@POdJ@Pn‘I itheePotyPPEidr 88 denedethipahded veraklg stdage om

domai n ; anal ysi s) has

| ed %o (g§%3€gp gaggiggiggkéfgﬁﬁP§§g¥%£%§§%?nnt%?%%ﬁg%h%Fy separated by 5
to 8 am no aaéucdrsrdmgty ahatmicrtmrmﬂisnmgi; ngefembBasdoeed um thd erowph yomesising nef
Entanne%& Thus epresentative Uﬁg%nents of primary sequences of
sur f ace K/ §”6@W@Wﬂaﬁﬁ’ CU! NG YULAFTADECBY ot ei ns of Par ameci um  sp.
and Tetrahynena sp. predict a conserved domain 15 containing CXXC notifs in
a VSP-like architecture (conpared with G ardia VSP 1267, 9B10, and H7 as
responsi bl e imonermsfeslteamownemﬂ the eorlryemtdarietl@rﬁzttrpeetblttl@mldymam of ag@ézriii@n I n

one t he r nena anjsm.is Tetrahynena t Ll a
A S G e o R i Ol B s el R PR B SRR

hl st ol ykdgieh codfirivi m@[e @m@maﬁﬁtoftﬁ&@zal?@zawmmlm croorganismis

Paranecium tetraurelia. Heterol ogous anti The het erol ogous

anti gen may &ulssd.ohe extrasglulap domain) of- 306@{534% WP antheglomain resiptanbiq therpH,
thereof &SethggﬁgﬂﬁE eaothe natural | y-occurring antigen conprises
or altern SI Of"at |east one i rmunogeni ¢ epitope.

Nat ur al | y- oc@ugedrdinglygnini gmhefreplef@retmelﬁbocaﬂﬁehgethe whilgiepedd steordingnat tiee,

preferably exists in an organis uch as a_plant, an animal, a parasite, a
bacteri #VEptign gorppdses only the e&trﬁcedw%edqw ehBderriia\SP pha Trerenbihstdls

antigen T‘hé nhAGhEh QR I%QL%%E%J ﬂ&}l&&'ﬁc 9{19&% @%?fas\g $Phc Uhustlilifftkd._an

animal, a parasitic, acterla a sel tunor antigen 30 or a
chem CaI nol &shbed be noted that the peptlde 51gnal may also be removed.

Variable Surface Protein (VSP)

20 Accordingly, the variable surface protein (VSP) or a fragment thereof may be chosen
among the complete repertoire of VSPs, which are encoded at the DNA level in the genome
of the parasite. This repertoire is composed of about 200 homologous VSP-encoding genes
(vsps), which varies in different Giardia isolates. It should be further noted that variants of

VSP may be also used in the composition according to the invention.

25
As above-mentioned, the Giardia VSPs and more particularly the extracellular domain
of the Giardia VSPs comprise multiple CXXC motifs, preferably multiple CXXC motifs
separated by several amino acids, from 3 to 20 amino acids and more particularly from 5 to 8
amino acids, (as observed by multiple sequence alignments).
30

In a particular embodiment, the Giardia parasite is Giardia lamblia.
In a preferred embodiment, the Giardia VSP is selected from the group consisting of

VSP9BI10, VSP1267, VSPA6, VSPS1, VSPS2, VSPS3, VSPS4, VSPS5, VSPS6, VSPS7,



WO 2011/ 120994PCT/ EP2011/ 054866 14 Exempl ary non-self protein
antigens that are contenplated include a bacterial protein antigen, a viral
prot ei n amDi2gan20®4parasitic protein antigen, a tunor pPOTAPR0IANE{ISGEN, a
nycopl asma protein antigen and an alletjjen protein antigen. It nust be
further noted that the heterol ogous antigen may be constituted by the
vector 5 particle itself, when said garticle (e.g. a Virus-Like Particle

(VLP) aySReScMIPES bl RS, sVaRAP el SPASH ¥ SPASIs VorP AnpY $I5es/. pupPASHf a
Virus agai i 'nvyeg i i i nst ance;. where the
particl g@ er%f9\’/‘g§bﬂgcl)pﬁ a u?rgfri %@%@%%@f @farr%lgqf’&lﬁ%', said particle
may constitute the heterologous antigen. 10l n another preferred enbodi nent
of the present invention, the heterologous antigen is a self protein
antigen, a f/afr#&donding variant t her eof . | ndeed, diseases,

particul arly i QB s[ﬁﬁgn romg..c i Iﬁ&%qﬁ i niBh% be
causgd by thégg%g¥%ﬁdgﬁgsygﬁ?%§ %H. uggt?g%%gkﬂgtse %%%U%%Eﬁgﬁﬁﬁben.
Exenpl apylypeptideprdetiecd frant ngensrghinats artkercthat 6iptiat ddring ckgubace \noololopys,

i nterl eukins,, 15hor nones, growth factors, and receptors.. . A i1l
Lo her S5 BRher DR TBas s fie Sttt Bl PRt Sitsiging bl XL
ant | GEN it profera BEHPKBIYCRRT: REAEL:FurAR bISNS o 36 CARIETRIiah At

include a polysaccharide 20antigen, a lipid antigen, a nucleic aci
ant i genof 4hd epogsellylgndomaini o VAR 2@k nequedcea(pisni widh othr COR-tke undleadesa

dru Typjca ugs, i ncl udi. bot h dr abuse and therapeuytic
Grude srqusnesnlsEQe ot garadlf arehiRga el TS Y, dORET g tr e bR tms f ¢
conpoundgalydi§)day tidng obBdye Bl ébteﬁé&@ﬁm@lﬂglxe@jﬂxc REHD aLHABIy segrhtad byshbsh an
i mmune response can be raised. 25 enpl ary heterol ogous antigens

(pr ot ei AMFIO AGAS, pRAtTeicHSabRIORgaS Yo iPretueréumblietrdpaicaetanf ifesdeba eciksse

describ ' ' r i ona [ 0 4., 10, one

embodi mant RSt S AaRhr BRNER 1 RS R B S AR B by

anot her agdribodideembicitshel P@layeeinii. dp. usl Tes@dnicnatshepldiceactongausd domagen.
15  containing CXXC motifs in a VSP-like architecture (compared with Giardia VSP 1267,

9B10, and H7 as responsible for resistance to pH, temperature and proteolytic digestion.
In one embodiment, the Tetrahymena microorganism is Tetrahymena thermophila.
In another embodiment, the Entamoeba microorganism is Entamoeba histolytica.

20 In another embodiment, the Paramecium microorganism is Paramecium tetraurelia.

Heterologous antigen

The heterologous antigen may consist of one naturally-occurring antigen, or a portion
thereof, wherein the portion of the naturally-occurring antigen comprises or alternatively
25  consists of at least one immunogenic epitope. Naturally-occurring antigen refers to an antigen
which exists in nature, preferably exists in an organism, such as a plant, an animal, a parasite,
a bacteria or a virus.
In preferred embodiments, the heterologous antigen is therefore selected from the
group consisting of a plant, an animal, a parasitic, a bacterial, a viral, a self, a tumor antigen

30  ora chemical molecule.

Thus, in one preferred embodiment of the present invention, the heterologous antigen

is a non-self (or foreign) protein antigen, a fragment or a variant thereof.



In still another enbodi ment, the pol ypeptide is bound to a vector particle
contai ning the heterol ogous antigen. Accordingly, the vector particle may
be a viravoparttizad9e, a Viral -Li ke Particle (VLP) or a naaodExeailobsce WO
2011/ 120994PCT/ EP2011/ 054866 15 14 one particul ar enbodi nent, the
vector particle is a VLP displaying at its surface the polypeptide of the

i nventi on. I n anot her particul ar enbodi nent, the heterol ogous antigen
i s contai nedElxergpkaév oon-gaif pri@éeusam%?@é thestt afm@onwrnplmdpmlvciﬁ‘e@bﬂ@@%ala’é@t@mdl nz

to the I 01r8°§1‘2>‘§e1£ nh@?th %Fa% (R4 B%Zelﬁnént gﬁ' turnO{ Hroptgq;t hgt rée%

of theln ntlon re ates € co r|5|n

moti f  aegeoplhsga ptmtdlﬂenmgmemtilaﬁmllsngeﬂﬂpﬁﬁelﬁ:‘laﬂﬂigihna VSP or a fragnent thereof
bound to the_ heterol ogous antj 10 Pol vpeptides according to the
i nvention - Hetestdp ngiedit ﬁhﬁf hedergloggrotidiggs may be congfpfafedibpdhe vector

het ek ol [ s i.ge

pol ygpep 9@1‘(!% g%yé)gﬁ{%ng@tcg ?ﬁkl i@\%e%’?? gﬁﬂéskegp %l{lalggvg@vag ds.éa%i%g be&z?vzvi)r dgi a
VSP or derﬁvealgﬁrmnta \tlhsroe@bmpayesmarﬁs ws adzlmnstagalhktewlhieh dammluogamml anbugentor
15Therefore, ﬁ ect of the i nﬁentl O[_E rel tes th mf\gpr otein
compri STRETECpBNSeBE IRAECi ABRYS gt Mg THRE Fisiy

represe?gﬁlcg BY PRt @8 hedfyl s¥n@gn am noaci d resi due, and retaini ng
the ability toattach to epithelial cells of the gut, and a heterol ogous

antigen. In one enbodi nent, the poI ypept i de i s a Gardia VSP or a fragnent
t hﬁi& of sz Ogn&agrf glirletilp%gflerred n‘gg thich of thte q)?es% S 1toindﬁle hsétetr&%goeli(st arn?i?geerll %sm ar
a self protein antigen, a fragment or a variant thereof.
Indeed, diseases, particularly autoimmune diseases and chronic inflammatory diseases
may be caused by the overproduction or malfunction of a self protein antigen.

Exemplary self protein antigens that are contemplated include cytokines, interleukins,

15  hormones, growth factors, and receptors.

In still another preferred embodiment, the heterologous antigen is a non-protein
antigen.
Exemplary non-protein antigens that are contemplated include a polysaccharide
20  antigen, a lipid antigen, a nucleic acid antigen, a lipopolysaccharide antigen and a chemical
molecule such as a drug.
Typical drugs, including both drugs of abuse and therapeutic drugs, alkaloids such as
nicotine, steroids, toxins carbohydrates, aromatic compounds, including many pollutants, and

other compounds against which an immune response can be raised.

25
Exemplary heterologous antigens (protein or non protein antigens) include, but are not
limited, to those described in the international patent application N© WO 2006/02674.
In one embodiment, the polypeptide is bound to the heterologous antigen.
30 In another embodiment, the polypeptide is fused to the heterologous antigen.

In still another embodiment, the polypeptide is bound to a vector particle containing
the heterologous antigen. Accordingly, the vector particle may be a viral particle, a Viral-Like

Particle (VLP) or a nanoparticle.



VSP or a fragnent thereof. The fusion proteins of the present

i nvention may be prepared according to techniques known in the art (e.g. by
use of rewormbimanto4nucl ei c acid technologies). It nust PpPeTmEre@d/os43aé t he
present invention also relates to the pol ypeptides according to 25 the

i nvention such as the extracellular domain of Gardia VSPs or fragnments

t hereof fused wth heterol ogous protein antigens as defined above as well
as to the nuéleicpatewy eurhaskmennibeivselospajtielides VdAchisnlmgng ety surface the
Pol vpep cor the invention - heterol ogous antigen conjugates
30 V\henb?ﬁ/ggqﬁtéeogé olggﬁg%gntl gen is a non-protein antigen, the pol ypeptides
accordi ng told b]@thd?i\/[ﬁlﬁtﬁdlﬂm asbod@hémetheaarelogoidhandigesiacditanddShsik o on
fragnent thereof ma&é e covalently bound to the non-protein antigen by a

| i nki ng tSetyifa P2011/ 120994PCT/ EP2011/ 054866 16 Ther ef or e,

anot her aspect of the invention relates thus to a conjugates conprising a
pol ypeptide containing at |east one CXXC notif, wherein Crepresents a
cystei ne res|Mﬂ)eandes)fzcam:monbam‘ﬁnnmbdm toahdhetetm_gumgn_ngﬂabl lity to
attach to eplth ial cells of the and a heterol 0gous antlge 5| n one

enbodi ment ,  RENSHIERTELOT e pvetiod ilies e BPIYRCRIAS T S ige e tsRSt OnC |y
a parti @X)@C SOTHIQEE TR to ttﬁbempéﬂtib%ed%h de Gza?did"esﬁﬂr ra%%%hle‘ﬂ’c HorDOEBINY Bf a
G ardia VSP or a fragnent thereof he conjugates of the present

i nvent i ¢he hetgrologopyampigeed according to technl ques known in the art (e.g. by
tecigol ogies for coupling organic nolecules to am no acids) and for

10exanpl e as described in the international patent application published
under n WO 2004/ 0094 dnsidehh&ldrilFig kO GR iPRNLBLRILEDRI SIS BY1i s REiBNBRteins

It must be noted that the present 1nvention also relates to the

pol ypept i des Vedhel mﬁ@rql@gquﬁ@ntlmﬁtq okl eiuedn-wedf preteie jutigeaetheunodypeidesi n of
G ardia ] e

ant1 gendoBiigdle IARTRICE o PEREY oRRSHAThe hagREy SE & S R b ouna
to a veobt discparithitht Eeterologous antigen.

15 Therefore, one aspect of the invention relates thus to a fusion protein comprising a
polypeptide comprising at least one CXXC motif, wherein C represents a cysteine residue and
X any aminoacid residue, and retaining the ability to attach to epithelial cells of the gut, and a
heterologous antigen.
In one embodiment, the polypeptide is a Giardia VSP or a fragment thereof.
20 In a particular embodiment, the polypeptide is the extracellular domain of a Giardia
VSP or a fragment thereof.
The fusion proteins of the present invention may be prepared according to techniques
known in the art (e.g. by use of recombinant nucleic acid technologies).
It must be noted that the present invention also relates to the polypeptides according to
25  the invention such as the extracellular domain of Giardia VSPs or fragments thereof fused
with heterologous protein antigens as defined above as well as to the nucleic acids which

comprise sequences encoding them.

Polvpeptides according to the invention - heterologous antigen conjugates

30 When the heterologous antigen is a non-protein antigen, the polypeptides according to
the invention as defined above such as Giardia VSP or a fragment thereof may be covalently

bound to the non-protein antigen by a linking sequence.



In still another aspect, the pol ypeptides according to the invention as
defi ned above such as Gardia VSP or a fragnent thereof is bound to a
vect or paw0i2011¢12099n one enbodi nent, the pol ypeptide i s RCGERR@i1ASMEP or a
fragnent thereof 20In a particular enbtdi nent, the polypeptide is the
extracel lular domain of a Gardia VSP or a fragnment thereof. |In another
enbodi nent, the heterol ogous antigen is bound to a vector particle. In

sti |l anot helheiefnseli another asprst pbithepapentipasrelatesothts iy atcontugates SOBALLHIBA aas
defi ned - L ardia V for nt f .an .

net er of BoRpar ik PRt LR Ao ERoR s PRTEHG FAFSED efafghFosiduc and
Accor di Dgdny, aninbatsd essidue odrel rata@iin@theabjlitgad sitaah t6lesidicliblest!labove duyande
bound to the vector particle. Wthin the context of the present
i nvent i BRCTAPEOUG @RI particle may be a viral vector 30particle, a

Virus-Li ke Partic il e

20117 120994Pg§@éﬁ4fy%%8@% PPLBEHRRAS %\h(glr"gdl ‘(fy\régsof BT TAEmSal Bk are being
used, they nhyalpertipnkpanmbddacmartte pglypoptidecis nhe wesackihdandomainhd aabiardiad f or
exanpl e described in the international patent application published
under n G EPETR GROEh is i ncorporated therein by reference. In a

preferred enmpgeiBRAkatct b€ Y- BrldbsPlndwsidt nia&%esﬂfceab%@, dcB&rdRRY WPRRAAEEes
according 5 to the invention such as a VSP of a G ardia parasite or a

f r agmenknowe iredic art (c.g. by tasbnolpgies farl oppplig elgaric onrlctiuhgy to emitreadidy) @nd ifam

such,as a G.ardi a V r. a.fragnent. thereof may. be ex d.at the s ace

of “Tha ofwhiF & Re e Ling e AETBRpb ot ARsPirhdnpTeActd et 1 BR" sucn
as a G apeli/a0MIB, which if magpBAked thercpOfy fByret@. exposed through binding to 10
various structures, such as to an envel ope protein or a fragment thereof, a

synt hetic | i HKest bpnoted tlaidlhe prreant Bwentinm dpyiphies to theplypeptides #epidins§

antib Od¥he invention such as the extracellular domain of Giardia VSPs or fragments thereof

conjugate to heterologous non-protein antigens as defined above.

15
Polypeptides according to the invention bound to a vector particle
In still another aspect, the polypeptides according to the invention as defined above
such as Giardia VSP or a fragment thereof is bound to a vector particle.
In one embodiment, the polypeptide is a Giardia VSP or a fragment thereof.
20 In a particular embodiment, the polypeptide is the extracellular domain of a Giardia

VSP or a fragment thereof.

In another embodiment, the heterologous antigen is bound to a vector particle.

In still another embodiment, the polypeptides according to the invention as defined
above such as Giardia VSP or a fragment thereof and the heterologous antigen are both

25  bound to the vector particle.

Accordingly, a fusion protein or a conjugate as described above may be bound to the
vector particle.
Within the context of the present invention, the vector particle may be a viral vector

30 particle, a Virus-Like Particle (VLP) or a nanoparticle.

In a particular embodiment, the vector particle is a virus-like particle (VLP).



In one particul ar enbodi nent, the VLP conprises a nodified envel ope which
may be a synthetic (chinmeric) envel ope conprising at |east a portion of the
trans- nervoana/devai n of a retroviral envel ope fused toPChEPR@ippsps i de
according to the invention such as a @ardia 15 VSP or a fragment thereof
Accordingly, in a preferred enbodi nent, the VLP displays an envel ope
protein of a virus, such as an envelope protein froma vesicular stomatitis

virus (VSV) Etheae fVlétjn]elh@ Raibelenfarq deue usrd, ttheyn strnbe aneparadvpceasding ntoof
VSV G glteycﬁ% ! gha Sﬁ{% X.‘éfttethdt b &?ahr%@?p“ ﬂé?scﬁB&Pr;g it &fﬁiﬂ%&l” §Akd on

such as ardi a Plor " af ragnent exposed urf ce of
t he VLPapplavatiompiitdizaed tydeg eh W(D 02@!48931 evhictals 1ft¢d>$pcsmett\ntﬁelﬁe1h b r&fSéneanvel ope
protein or a fragnent there anot her preferred enbodj nment, the

VLP di spl ays¥ apreéﬁr%%b%@eﬁts HteeYthiﬂspéay\suat its sudarerthe golypertklsacegyding

t t th f
Phe Tr alb e B Ll R SHoOR L g s B B o B0 the . o
pol ypepti de 25 accordi ng to the invention such as a Gardia VSP or a

f ragment the of and ')L}the terol ous anti anot.her
particul ar offB g SShor Fag I g otmepR St Giier YT § Lagment
t her ebYt&lrédNﬁ eté&%otydnﬁ kiOsurfabe bic SUTH. @ﬁtﬁlﬁe%ﬂr\deﬂfé%lyﬂeﬁfl@@%oﬁﬂiﬁtoe nt

or non-coval ent interaction, of any sel ected nolecul e of interest
f unct i ottel insedios svel @@Gmgﬁac‘éﬂbon & &agm@0 thérekdenaybeegoscd theough biketingitol ows

(sp ific b|nd|n sel ect drml cul e |nt est As an.e Ie, t he
o 20 opeitin ErBe o 45 PRt B GTT hee RoenfyThaRIL ora PR RRS

bi ndi ngtﬁrb@gtﬁmnﬁtalar emyefaubeeacﬁb@ iREludMedg aRfiRse! Ie may be the pol ypeptide
according to the invention such as a Gardia VSP or_a fragnent thereof as

wel | as the He¢wspArBederscrabadigent, the \eLP ﬁ@fﬁplbf?ﬁ‘étaemﬂdlﬁﬁ@ epyabensi whigh magedis) .
O 20 P FERO T, R ABR 0 A OIS AR N n SPRIB IR LS ain

heterolog en i’s contal ne |de na pr

enbodi mefih Ietfdverahﬁ:ﬂwlbpblfk&dl?althd polepdpPhcaading its e iAivdn@ibh QM @&l a Gtardia
lentiviral Gag. protein (such as the nmurine | eukema virus (MV) or HYV Gag
pr ot @i ny/SPA afragmen SFROS t her eof ), even nore preferably a modified

ret roviral CRIRERELn ol floRrERSILklfn GX R\ UNGlCRAnRAOUEHT plif it on

protein conprising the heterologous antigen (i.e l uenza gglutinin
(HA) or vaus, rmglmantant treckpt I(retegt frotmea SEEcmepsuodmtlummst(WSg’)ofr apﬁqagmdm HA

111-119 e n o the fact he het e s .anti 1S cont.

e de IesSlisl (R eurEeRETYe Th) TEebneth Mt PRy rre ML on
such as 61y9e [ a%cé(@ﬁ’lg% tRe fovaaERduch A6 L el B W o5 ﬁa%héﬁt%ﬁérb(’i@ex%%efdace
(as it occurs naturally in the parasite trophozoites) at allow for the

cor 2@ct atjélmsuefaqe oftthe fyd-Pa é@rem@tlam@obtsg@ntlc gephdnmicd fukien midotba (Y gnvelope
i nt estinal ; %azg W{Th suffering degradation in the digestive track
and at Phéeggﬁ%rt " Rkt er ol ogous anti gen may be adj uvant ed by the VSP

themsel ves, {indih@ plefeetOpmBEdimban thaW LRRIRSIBKI (BB tnREIBhE BEdtME off BTVEIAS,
response. It nust be noted that the present invention also relates to

t he Vir gech fscen payalens rrofoyn fipnyasepichlay siepwiits yied(MPNg of ¢ frammenvksieefon.
(e.g. the transmembrane (TM) region of VSV G glycoprotein) fused with the polypeptide

25 according to the invention such as a Giardia VSP or a fragment thereof and (ii) the
heterologous antigen.

In another particular embodiment, the synthetic envelope may be functionalised,
thereby allowing the binding, to the synthetic envelope, through covalent or non-covalent
interaction, of any selected molecule of interest. The functionalised envelope may comprise a

30 linker wherein the linker allows (specific) binding of any selected molecule of interest. As an
example, the envelope may comprise an avidine or biotine moiety, allowing specific binding
thereto of a molecule. The bound molecule may be the polypeptide according to the invention
such as a Giardia VSP or a fragment thereof as well as the heterologous antigen (i.e. non

protein and protein antigen).



I n anot her enbodi nent, the vector particle is a nanoparticle. 20Wthin the
context of the invention, the nanoparticles are of small size, small enough
to be takwo2op/tapgel ls to allow the antigen to be presentra®2an/os4ses cel |
surface. In preferred enbodi ments, thel$hanoparticles have a core with a
mean di anmeter between 0.5 and 10 nm nore preferably between 1 and 2.5 nm
The core of the nanoparticle nay be a netallic core. Preferably, the
nmetallic core 25 conprises Au, Ag or Cu, for exanple an alloy selected from
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0015/ 100k Bea hEPAEI B AbEY 008 Tragtnd TAGRGE (i THECHEE MG SRRSO ¢ he

pol ypephbsgicat&ordiing) i@dinlao Y RRf QN Ueltrdld &lscanﬁ?@li & RRiRid idsifiE agment
t her eof "and t he heterol ogous antigen are both %ound o the surface of the

nanopar ML e. Accordingly, a fusion protein or a conjugate as

descri bed abqve be, bound to the Snanoparticle. Therapeutic.
or ophyl act | o Aeul Ty dhePiRs i ebfordR BaRp ske fomAnG AP fiuEReP a5 »
| n anot kagmagP Efekeoft MGy i MBI ippdtcétfleak@FackO(ad PALCHMCRUEIaAR! inCHIPPShIiicon of
the 10i nvention for use in the treatnment or the prevention of a disease, a
di sor defrophozeHsithitodios tonlr eerenss deliveay sfifjedioterologous anfigen ditg the paicesa t he
term "subject” . - . 10 - l.i.he, i and
a pri ot ob T AR5 " B R E Ua R0 R cisBuh bR 4P A e

time the heterologous antigen may be adjuvanted by the VSP themselves, for the development

15  of an appropriated protective immune response.
It must be noted that the present invention also relates to the Virus-Like Particle (VLP)

described above according to the invention.

In another embodiment, the vector particle is a nanoparticle.

20 Within the context of the invention, the nanoparticles are of small size, small enough
to be taken up by cells to allow the antigen to be presented on the cell surface. In preferred
embodiments, the nanoparticles have a core with a mean diameter between 0.5 and 10 nm,
more preferably between 1 and 2.5 nm.

The core of the nanoparticle may be a metallic core. Preferably, the metallic core

25  comprises Au, Ag or Cu, for example an alloy selected from Au/Ag, Au/Cu, Au/Ag/Cu,
Au/Pt, Au/Pd, Au/Ag/Cu/Pd, Au/Fe, Au/Cu, Au/Gd, Au/Fe/Cu, Au/Fe/Gd or Au/Fe/Cu/Gd.

Preferably, the nanoparticles of the invention are soluble in most organic solvents and
especially water.
Where nanoparticles are being used, they may be prepared according to techniques

30  known in the art and for example as described in the international patent application published
under n® WO 2007/122388, which is incorporated therein by reference.

In a preferred embodiment, the nanoparticle displays at its surface the polypeptide

according to the invention such as a Giardia VSP or a fragment thereof.



15 1In the context of the invention, the term"treating" or "treatnent", as
used herein, neans reversing, alleviating, inhibiting the progress of, or
prevent i ‘yotzhe/dd®ar der or condition to which such ter mpapfPR@3/054366 one or
nore synptons of such disorder or condi?ion. Wthin the neaning of the
invention, the term"preventing" or "prevention" with respect to an event
is intended to nean the decrease of a risk of occurrence of said event. 20
Accor di ngl y, Imansitkes pseferred einbeiaent, die psyrspbiloaicording i the snentonsidesad i n
the i nv?ﬂz' Vg?%r Q?ra eﬁ&{h&%of Dd t%gélgtrepoq oql?gﬁﬁlgetn' a@ngtfh toah§ & ?rél’e surface
|nnunolog|céf I seas F'Seases, “a ograft rejections, vira
dlseasesfﬂﬁumhomﬁnﬁﬂfluenza or AIDS, parasitic diseases such as mal aria or
trypanosome, bacteri al |nfect|ons such as tubercul osis, allergies. 25The

i nventi on al $6°9rdinghee fugon PSRRI et uLaic asairsershadi abRvomayths tawod e fsn f or
use as .y, gﬁkﬂg The invention further relates to a pharnaceutica
conp05|t|o of the invention, polypeptide according to the invention such
as a Gardia VSP or a fragnent t hereof bound to 30 a heterol ogous antigen

of the invention (including,fusion roteips and conjugates), a pol ypeptide
according to the inven;ion—5ﬂgﬂﬂg§¥§ﬂéﬂ3?£ﬂﬁlﬂgﬂﬁ%ﬂia fragment ther eof
bound to a vector partehfaRhadNBcdiPVRBbLADRS OF th8ihvehiibd an i mune
response and/ or enhancing an I nmune f esponse.

2011/ 120994Pﬁir/a59®6n351&548616 m@ention reldthe tp nav ehpingaecaticad qogipesitiont of the

d of t in I ventl dlsea di;sor der hysi ol ogij c.
cond s Sivehficit rafish B THRBIRT A Bl WRFETRb T OhRTsE et dRarRR L By Eico
sai d submgﬁﬁmﬁlha%ﬁ@@gutlcalIy ef fective anmount of the pharmaceutica

conposition of the invention. In one preferred enbodi nent, the
pharmaceutical conposition is adm nistrated by oral 5route In another

enbodi ment , %gﬁmgﬂﬁﬁgﬁ?% L '%ﬁ@ﬁ?@ ehbRD o fad gﬂﬁr&ﬁﬁr @ %ﬂggfor I ﬁ]ninal

route. er apéu | ca I ve anoun 1S 1IN

anmount ofiniAs tahdl @ paigent. PM’ﬂ:I@blyl aSsuroﬁmemmngmthérpﬁmudm@raamﬁwhl c benefit to
a subject. For exanple, “therapeutically 10 effective anpunt” to a .mamal
"s dtch an aWbili CHRPEIRL ﬁhaue&moamahe' 5t §8aiie” AhdiHaet o Aysessd drrein,

i mpr oveprnt eretrﬁg% PafihRkt fllbﬁiﬁ%p I&?ﬁro&géé €& CorP I%gél?[ﬁ‘%l @ Qisorder or

physi ol ogi cal condftions asSoci ate reS|sta ce to succunbing to a
di sor derondition to which such term applies, or one or more symptoms of such disorder or condition.

Within the meaning of the invention, the term "preventing” or "prevention" with

respect to an event is intended to mean the decrease of a risk of occurrence of said event.
20 Accordingly, a disease, a disorder or physiologic conditions considered in the
invention may be selected in the group consisting of cancers, immunological diseases, auto-
immune diseases, allograft rejections, viral diseases, such as influenza or AIDS, parasitic

diseases such as malaria or trypanosome, bacterial infections, such as tuberculosis, allergies.

25 The invention also relates to a pharmaceutical composition of the invention for use as

a vaccine.

The invention further relates to a pharmaceutical composition of the invention,

polypeptide according to the invention such as a Giardia VSP or a fragment thereof bound to

30 a heterologous antigen of the invention (including fusion proteins and conjugates), a
polypeptide according to the invention such as a Giardia VSP or a fragment thereof bound to

a vector particle of the invention for eliciting an immune response and/or enhancing an

Immune response.



The invention also relates to a nethod of inmunization of a subject,
wherein said 15 nethod conprises adm nistering to said subject the

phar macewoOcal/roposi ti on of the invention. ThecirmpeortLiossses ur t her
relates to the use of a polypeptide aczbrding to the invention such as a

G ardia VSP or a fragnment thereof as a carrier for a heterol ogous antigen
20presentati on and vaccination, particularly oral or nucosal vaccination.
As previ ous| Yhererenéenedso radesiolaipetbed dbtregtmgrod iy cning hdispasgehdisedesech as
a Gardi Ps. or f ts_ thereof favor [ Livery. of. -
mecer o B AT RSSOl ) O Sy R P sRlod ™8 i

degr adatutgectianhérigeuticgséffacave bracknt of tdprammassncckl rempositibeo Pt yipeptione i s
able to attach to epithelial cells of the gut and/or. is resjistant to
enzymati c an) ¢ RREHCE smbedigratdhs phrrarceuisal gammosifiga iy eminsspieddy artlact .

I n one p&{t)%i cul ar enbodi nent, the polypeptide is a variable surface protein
(VSP?, a P-1i ke protein of a mcroorganismor a fragnment thereof. 30

The i nventi om wadthertxentfodirhérey thel ghashacatiech] bympbetidols @imingtrhted byesuansal
exanpl es. However, these exanples and figures should not be interpreted in
any way '¥€S1initing the scope of the present invention. WO

2011/120994 P@&Ee?%%é%%&#@f@&ﬁ% aﬁbﬁ?ﬂRFslsi)ntended forfd GiiRalam$diPef hahe! fent

spl enocytes from CR mice (106/we were cultured with CDl11c purified
DCs (5Twhidd isaccasyary do impdrt therapediiuhensiio tea s petVBR- ¢lampie, re tompenter! lySFE

pept i de sitive control) at .the.indicated concepntrations. H stqgranms show
BTG or RS e Bt Byt o, B i Ouf il SRR o s &' RGP

usi ng aga@Bs n GAfrovamichidORAc PatholdEcad sPmpidinks, GiseAR! fBiesasH bPBRYsidIbakal
specifically recognizes the transgenic T cells). Nunbers indicate the

per cent ﬁg@lénsmsmcwé@i with psresisiagae © specumbigpoor dsemgr.(Oral i muni zat i on
with HA-VSP fusion protein). HA- 10 specific IFN-y production was

determ ned by a standard ELI SPOT assay (Mabtech, Sophia Antipolis, France).
Spl enocyt es ([he xXnvkdbor eldosreluedsl fo aveicthal bfrithaugidatiorebfi glabjeat, wheteih nakl% CO2
with 1 iLig/nL of HA protein, PBS ar concanavalin A (5 [LL/ n; ConA,

Si gha- AmEhadn porparisss yapnipicring gier svid %&%@F%d@? tnha@%wﬁaiw@mmé@aéc?ﬁ el y.
After reughatdon, spots were counted using the AlD ELISPOT reader (ELRO3,

Al D Aut ol mmunDi agnhosti ka, Strassberg, Gernmany) 15 and unspecific spots
detected in the negative controls were substracted. Synbols represent

(Ll e 00,00 2 SR PSS RS SETE L TR "
orally v@agchdat efawid VI @r VSRrabent thereof as a carrier for a heterologous antigen
20  presentation and vaccination, particularly oral or mucosal vaccination.
As previously mentioned, the polypeptide according to the invention such as a Giardia
VSPs or fragments thercof favor a correct delivery of the heterologous antigen into the

mucosa without suffering extensive degradation in the digestive track.

25 In an embodiment, the polypeptide is able to attach to epithelial cells of the gut and/or

is resistant to enzymatic and/or chemical degradation of the upper gastrointestinal tract.

In one particular embodiment, the polypeptide is a variable surface protein (VSP), a
VSP-like protein of a microorganism or a fragment thereof.
30
The invention will be further illustrated by the following figures and examples.
However, these examples and figures should not be interpreted in any way as limiting the

scope of the present invention.



20 fusion protein. Enzyne-linked i mmunosorbent assay (ELISA). 96-well
mcrotiter plates were coated with reconbi nant HA H5NL1. Serial dilutions of
sera wer evacddadi2edsd i ncubated for 2h at RT, reveal ed foPCITEPa911/834866 t h

bi oti n-|abel ed goat Goat anti nouse | g2 H+L) (Biot. Human adsor bed.

Sout hern Biotech Cat # 1010-08), and for Ih at RT with an ultrasensitive
streptavidin er oxi dase pol yner (Signma-Aldrich). Peroxidase activity was
measur ed US|E@82@UﬁKB substrate (Signma-Aldrich) and optical densities were
read at 450 i H

mount of _ant TP e S0 Ml R0k A 1o, SEREF R Y ASALIP G Rl

anti HSNithHAD(IVbusieifrdt DCk n(stIUHInZaraﬁo) Aori aph Hb Nhedianmpg@net NmPnVSPIAcIAQat #
17649- 55B. USBloI |C%M£; 30Figure 4: ELISPOT Assay (Oral inmmunization with
VLPs ps&fayise tPﬁP @ﬁéftlvgp?ntrqlwtstb%&dﬂqaéeq m?ﬂ(aﬂpn%&stpgrams ey
prodyct )

Ant 1 pol F‘é&‘e”é’?*%r%%%m‘@s?ﬁ%%%tdggﬁ%*?%f%ﬁgéﬁ o] B Pt VhER prpED

over ni ghttitatdy3in@ tha GEYadORonotyipi Ontitgdefthadl Meﬁﬁgallgamdgmam ihelthgenic T
pseudot y it HA nd NAt . Nbdlu | on concanavalin A (2 [iL/nL;

ConA; sﬁglﬁsg-%ﬂa{;?fém s e PRETDgEa PHDE6d SR EPO11/ 084866 22 used as
negative and positive controls, respectively. After revelation, spots were
counted using the AID ELI SPOT reader (ELRO3, Al D Autoi mmunDi agnosti ka,

St r assber g, EGigurady ELEHSE0INdperi(Ord im@wmmmw&msmm@ tont rol s

e 0 ULk SHRRRL SR GRS ¥ el R D RRRG L

0. 001 Antipolis, Frafcy. Sp@nbasged(s emos v¢1rsabelgaﬁérb @ﬂlﬁalamr@veﬁﬁglﬁraage@t IilVS%
transfectlon of 293T cells with expressi on vectors encodi g t he viral

conpone Wﬁ@ﬂu&#@@aﬁﬁiﬁpHMP@pRE§4¥C¢H%W@WﬁMB&S§HLAhL+¢ Zﬁggﬁeﬂﬂﬂd@
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Figure 5: Hunoral inmune response in mce orally vaCC|na ed wth the
VLPI¥/spepd Nasperidicatpgisudsieeigd Hhtherﬂﬁgsﬁwq eeNt{Ol YV eEntybetess ‘ie%ﬁ‘ﬂ??é% Eepresgpty

sanpl es; 18ua§gdéfc9|ahéf hgh&%gse %ﬂr@&'ﬂ? gfee%ogneth@ﬁle%? gf éﬁctllq%ré%ﬂ_wgﬁn@ bs, of

H5N1-pseu otyp V- Gag 15 parti In 251 ut i'ut” of a
0. 5% chi¢pen.0ér yt hrocyt e suspensi on was added to each well. H antibody
titers are expressed as the reciprocal of the highest dilution of sanples

i nhi biting agglutination. Symbols represent individual nice and horizontal

l'ines represeiurk e READEI ilnsnd B spnse 2 Bt OWRIy %Q‘%W—ﬁt@t the VSP-HQ
obtain a proof of principle and, si'nultaneously, evelog a potenti al

vacél nefiesdondpudeie, Ewaymsdmkfeﬂunnmwgrmmmsay (EWSI’@)S 98-waddalicrotist iptdds

B | o TuChiheeabt gl B R L Bt Shibant i Sof ARGyl

carri ed fe2hVER T Wevaatdastor UR beH TSeME bidkin M8l i SoaMBoahantdib Gls e H%F(HHL) (BRt.
concom tant expression of the VSP and the HA antigens. The rotein from

| nf | uenFamanHEiRabedioyythesn Bietreusainad 0U&8). 45d dowt ainRT gvith aw eliraserséive.  and
T cell- §19§3%th1%- 'p%%sé 5888{%:? ?grgnﬁgm%mﬂ’e}omdase activity was measured using

25 TMB substrate (Sigma-Aldrich) and optical densities were read at 450 nm (OD450) after
blocking the reaction by adding HCl. The amount of anti HA were calculated based in a
standard monoclonal antibody anti HSN1 HA (Mouse anti Influenza A, Avian H5NI1
hemagglutinin (HA) Cat # 17649-55B. USBiological).

30 Figure 4: ELISPOT Assay (Oral immunization with VLPs pseudotyped with HA and
VSP). HA-specific IFN-y (A) and IL-4- (B) production was determined by a standard
ELISPOT assay (Mabtech, Sophia Antipolis, France). Splenocytes (5 x 105 cells/well) were
stimulated overnight at 37°C in 5% CO2 with 20 ng of HIV-Gag based particles pseudotyped
with HA and NA+. Medium alone or concanavalin A (2 pL/mL; ConA; Sigma-Aldrich) were



Material & Methods Generation of three different VSP/HA constructions to be
used as oral vaccines: WO 2011/120994PCT/ EP2011/ 054866 23 To

det er m newotretihien9da protective and conplete (T and B) i moumP201e9psice coul d
be elicited by oral delivery of influexza hemaggl utinin (HA) antigens
carried by Gardia VSP, several constructions are made in order to permt

t he concom tant expression of the VSP and the HA antigens. The HA protein
and it sUupdenimoeativaand [SEERIVSepnigl, agspceibsty. Aftghsyelpbdbgpats wate gamecdt o

| nduce Bﬁ}ﬁgﬁl‘e ARY %LTSIB\@i" lrea%&e @[ﬂfgﬁl Aiﬁ%ﬁofrﬁrﬁﬁﬂgﬁgﬁom (%g %%Fa%gﬂ ?!%e lgermanp

These VS constructions I'n usion protein ViTus- icle
(VLP) oandvixheiecNBPspaind détéctadtin glensegriec Rontols Ware supti&tdéds ESy)mboﬂshf@eesent

di fferent VSP/ HA constructions are thus generated, nanely: 1- VSP fused to
t he SFEIBBYNdnice ape hotigentat. les repspeat fhecgqomﬁrﬁfemﬁ%% Bb ﬁ%@@sgm&l@z-pﬂis%,f used
to the exg@‘@q&liu oBeftion of HA (AHA) to nonitor B-cell and T-cell
specific 1 mune responses 3- Avirus-like particle (VLP) displaying
VSP and HA pratielVisiagfhakéd leatigicdl faotictys aterd penesated by eraasfdétam 6h29BFEells

tid de th ticl f in VLP d by MV
on pr ot PR vhr P crret SRS 0Y rBroranar MY Syetg ¢ Aa e T Gty
the sur{ged145 Af WhPSH24BRciAE CEl 1s9edistl) (RR NBYRE- TEﬁ@smnr 308 AdMen

regi on. Production of the VSP fusion proteins and bi ochem cal
charact M&AIZepretrGCorpcd‘iﬂw -Ylork, AR et eescd hal d@i@ﬁgﬂpe ¢t p 2deconfentttagions in

i nv fused to the xtr eIIu J’tl f HA (AHA). 20

or &0 pats EXFapT e g mplsRut Bl A6 mbu BB b MAOr o der | ved from
nfl uenza ng Kong nscri pt npany was hired for the
I fl A H5N1 (Ho Kong). Ge Co hired f h
production of the protein. The reconbi nant protein DNA sequence was codon

optim zed an8igureds#bmmergl immpae vesppasey; mgetom@lbcmmyedsw'é&ﬂr@%i’dﬁm
vectors . BReP rﬁén?@g%‘iut%ﬁ@?nhqgﬁlgh r‘tﬁlcli) aﬁ'ﬂﬁobi?r responses. Sera samples were serially

diluted and incubated 1h at 37°C with 4 HA units of H5N1-pseudotyped MLV-Gag based
15  particles in 25uL. PBS. Then, 50 uL of a 0.5% chicken erythrocyte suspension was added to
cach well. HI antibody titers are expressed as the reciprocal of the highest dilution of samples
inhibiting agglutination. Symbols represent individual mice and horizontal lines represent the

geometric mean of each group.
20 EXAMPLES:

To obtain a proof of principle and, simultancously, to develop a potential vaccine

candidate, we used flu hemaggluttinin (HA) as a model vaccinal antigen.
Therefore, to determine whether a protective and complete (T and B) immune
25  response could be elicited by oral delivery of HA antigens carried by VSP, we constructed
several vectors which would permit the concomitant expression of the VSP and the HA
antigens. The HA protein from Influenza A H5N1/ Hong Kong virus was used as antigen to

induce B cell- and T cell-specific immune responses.

30 Example 1:
Material & Methods

Generation of three different VSP/HA constructions to be used as oral vaccines:



25 bacteria expression systemusing E. coli BL21 (DE3) strain. For
purification of the HA protein a Q colum under denaturating conditions was
used and wbeoriemddted protein was refol ded by dial ysis &gainrsa1158436dv1
Tris-HCl, 5% dicerol, pH 8.0. F2¥ the production of the VSP fused to
the extracellular part of the HA protein, we used HA in its soluble form
-the TMregion was deleted- (AHA). Protein seglgjences wer e 30anal yzed usi ng

the online t EptﬂleEQvIWr\@tﬁt@rlamfotﬁﬁtaYef@ldrﬁopmﬂw and B) immune response could be
http://
cyst o1 nehnRRrEa P Semi TBE bnusges ok URpkit) RNl 5 BN B Pl ViRe

si gnal peptdldenstiuttoty &8 snEigln ankr tepéraiit to d:ohdftﬁmt‘eyﬂt eRpragiinCofathe Q/SSPChiﬁlS
were elimnated (VSP Ex). VSP 1267 was used in these experl nment s.

2011/ 12@@9&%@@%11%5&%‘6@%111 and  itsTHEMyBeR ARt Ehléepﬁlégu%sﬁ wét% n
was god | i

protgl nﬂ\%ltvggb?% preﬁﬁ%ﬁhg @Iag%e?]i} yjn%égle%s%t&é%%?y@ﬁf% 8pur| |cat| og usi ng
the H s tag phesevisP/HA ‘ccbtfstrua[dmxydludeefumonqirotpmstandmmﬁ likb @apictt @ IrP) on
5Pr oducti o the retroviral particles (VLP) pseudotyped with VSP and HA
at the 3 q’a@éP Q{Hé%@ﬁn%arrﬁhg g and pseudotyped with HA and NA
(neuram ni daggke Fe@fseltyhﬁlréépdlﬁgf%hpv SPIHIR chif\tidofns (A0 has dte$ GAHRNALE Vas
cloned including its 6own dormain (pXD14 vector). WIld type HAis

natural | y and- VEPyussflftd dleeSftE pendide tampoyperdl-tdl specdiovimmainegespossgdovi r al

Gao nd pseudoly bt ontvenristi RaPaRip T A (PRl ehiRy 1088

sequencgﬁecm@ﬁmrymsest he extracel lul ar domain of the VSP was fused to
t he transnenbrane domain Dz of the G protein of vesicular stomatitis

virus (VSV- G; Awtiustike @aﬁw IRy dﬂﬁé’l?é’lﬂfg ¥BRand iflﬁeszrpéﬁm%@ul&ﬂengﬂefomh%tﬁﬁs
menbr an t LQ

pseudor BERedREST HAE PafldsTngfour SRIAL K Bl RsRIRER, Pl s Mhdy
vect or) MLV Gag Ihcbftems ﬂiwd \Slﬂﬂﬂle@f@pdpﬁﬁﬁtl?orah@&gd@ﬁﬁ VP posdimat e Glufhdt was
used i nstead of to _measure response For displaying the
Gp3h2 4105&5?%\48? ﬁ@fa%-,edttﬁéhep‘éﬁfr%ﬁrénsm@faa@lTM rgidled to the car boxyl
term nus of MLV Gag (pEB1 vector).

Production of the VSP fusion proteins and biochemical characterization:
Control: AHA alone and polypeptide of the invention: VSP Ex fused to the
extracellular portion of HA (AHA).
20
More particularly, the cDNA sequences encoding the AHA were derived from
Influenza A H5NI1 (Hong Kong). Genscript Company was hired for the production of the
protein. The recombinant protein DNA sequence was codon optimized and transformed in
bacteria using the company’s expression vectors. Recombinant HA was obtained in the
25  bacteria expression system using E. coli BL21 (DE3) strain. For purification of the HA
protein a Q-column under denaturating conditions was used and the resulted protein was
refolded by dialysis against 50 mM Tris-HCI, 5% Glicerol, pH 8.0.
For the production of the VSP fused to the extracellular part of the HA protein, we
used HA in its soluble form -the TM region was deleted- (AHA). Protein sequences were

30  analyzed using the online topology prediction platform Phobius (http:/phobius.sbe.su.se/).

The full-length VSP contains a cysteine-rich extracellular region containing numerous
CXXC motifs. The signal peptide, the transmembrane region and the cytoplasmic 5 residues

were eliminated (VSP Ex). VSP 1267 was used in these experiments.



20 DNA production: Once all constructs were validated, plasm ds were
anplified and purified. The production of plasm d was done usi ng

endot oxi rwbrea/powpar ati on kits (Nucl eobond0 PC 2000 EFpChErPh@nsysshiagel |
Hoerd, France). 25VLP production: To g&herate reconbi nant retroviral
particles, 293T cells were transfected wth the generated expression
vectors (pEBl, pCP1267, pXDl5 and pXDl14). Supernatants containing particles
wer e concent Ta¢ sgquenge wirthe ifesdobpraipinr wese aoddnf apfamized fonthenhcloping infothe an

additio i fi i FPLC. h of VL Ps i dto
ool 11 o DRLRHAL T B o BBl R Bptossod b R ne el p iy SR AR, L0
by di f f asiagthctl@chay preest in thbeadburytte@iiadlipoyticif oftthepd&ith TM construct is

denonstrated by its proper expression at the surface of cells transfected
by the pCP1267 vector WD 2011/ 120994PCT/ EP2011/ 054866 25 The

effigiency o M PSS far | ' ?éu}dﬂ [ raQn t he
VLPs§vvas assggé&(;‘%ngbl (aé@te Cel‘réﬁ%mr%%] pgﬁ‘%dﬁ]f‘g%gﬂ’ ri ugyéghs‘gggr\aga% grl{ta .H'%e%tﬁl ts:
5The cothexatrfgaeeudot ypi ng of HA onto the VLPs was assessed by a

hemagl uti nat i ass Chi cken red bl ood cel R re incubated in
pr esgnce of ﬁ?’?&?“‘@%ﬁ"m’ i”céf’é’_‘(:ﬂ’}léfﬁ ‘EYI&‘F{W’VL@ é’ﬁ&%ﬁ%ﬂi"@’ﬁ’déﬁjﬂ nation in
presence of fo0aRAHAO IRl QRAHSKIA (Pfoﬁ?%cfhg) \ééq&bﬁl@éj wik R4S ML MNhe a s

positive control and VLP-Gag-G-P as negatfive control. |ncubation of "RBC
wi t h PB8wséiNMalomam @D ifatestask dV e pipatHAamns ndtwilly Byd vérysiiasttlyescadwyead 10

e S 5 o P e el e 00 L0 3 Sy v il
vitro val i dayir®g midetan WG BLa kOl idSpddOWH: VBPmd M Alahg N:ochem cal |evel:
For pseudotyping VSP sequences onto the VLPs, the extracellular domain of the VSP
was fused to the transmembrane domain (TM) of the G protein of vesicular stomatitis virus
(VSV-G), which is known to be efficiently exported at the plasma membrane in mammalian
15  cells, co-localized with Gag proteins, and be pscudotyped onto newly formed viral or
pseudoviral particles (pCP1267 vector).
Note: for some experiments a Gag-Gp33-41 fusion protein was used instead of GAG,
so as to measure the CDS§ response. For displaying the Gp33-41 peptide inside the particle,
Gp33-41 was fused to the carboxyl terminus of MLV Gag (pEB1 vector).

20
DNA production: Once all constructs were validated, plasmids were amplified and
purified. The production of plasmid was done using endotoxin-free preparation Kkits
(Nucleobond® PC 2000 EF; Macherey-Nagel, Hoerd, France).
25 VLP production: To generate recombinant retroviral particles, 293T cells were

transfected with the generated expression vectors (pEB1, pCP1267, pXD15 and pXD14).
Supernatants containing particles were concentrated and purified by ultracentrifugation, with
or without an additional purification step by FPLC.
- Each batch of VLPs was submitted to quality control analysis to validate the
30  presence of MLV-Gag, HA or VSP by different techniques:
- The functionality of the VSP-TM construct is demonstrated by its proper expression
at the surface of cells transfected by the pCP1267 vector



VSP- speci fic i munoprecipitation are nade in order to validate the VSP-AHA
and VLP constructs. |mmunoprecipitates are anal yzed by Western-blot. The
det ect i orwof20HHA209% t he detection of HA/ Gag protei ns ar @CraE®eoliLos4sneler to
val i date the construct respectively. 2D®.2- At the inmunol ogical |evel:
To determine if the HA antigens can be recogni zed by HA-specific T cells,
invitro proliferation tests are perforned wth SFE-specific CD4+T cells
(obt ai ned fr dht tchiecigRE ef thasYbRs erodusom andleraorpdsatipn af KiSPhitey ostongy the
1994), i h [ f it 1 the three

const ruﬁ%r@asglrsseeﬁ%gg&dw\%t%bgﬁ% ﬁ%ll}l%%fs%?g}é%%% S%E%@a%ﬁtot eins. 25 Results:
We confirnmed that the HA antigen present in the VLPs was correctly
processed and activated HA-specific T cells by an in vitro proliferation
test using CBSBUlfSabel ed SFEspecific CD4+T cells transgenic for a TCR that

using _ ‘ _ _
PPeCSEE T T andhecBgRLAREudRInE bEHR biip 0 PEPU WG bk Rty § W8k RGO
t r ansgenssay.c€hlckematd \nddod dellsi (RBCN wiche ipnubstedce mbscdeandfiseriel dahtions(&¥C)

| d with t VLP- VSP- HA, i ndicati. that t HA in. t i th
OLp b Sisbabent Q0 Bty FRic et BT R 00 B oettr et epot Fonpendiqnal Ba prottieq
vay.  V2014( 1A99RARGN ERAOLL 05496 oRB BRI Bag-GFP us GRAKAG! Bl 01

of the i mune response anti - and anti-VSP in mice orally imunized by the
VSP/ HA donbatranceisSRBC with PBS sefires td orvabatanddigestatim ¢inlamidynibisr testpon slesveddn

T SS02 SRR PLAL LRI MR RS TR 25l MESF R Pyl

control chigk&ERBCagkMMmtigied orally with AHA or HA-VLP (VSP-) and immuni zed
sub-cut aneously with HA-VLPs in Al (OH)3. [positive control]. 10Anal ysis:
Systemic T cell responses: Frequency of HA-specific T cells are anal yzed by
| FNy ELI SPOTE?F:&?)E i—JA-speci fic re-stimulation of the spleen cells.

Systenmic B ce esponses: the HA-specific antibody response are studied in
serum by EL| Sfaterial &Mbikode:n hemaggl uti nati on assays.

15 In vitro validation of the three constructions:

2.1- At the biochemical level:

VSP-specific immunoprecipitation are made in order to validate the VSP-AHA and
VLP constructs. Immunoprecipitates are analyzed by Western-blot. The detection of HA and
the detection of HA/Gag proteins are made in order to validate the construct respectively.

20 2.2- At the immunological level:

To determine if the HA antigens can be recognized by HA-specific T cells, in vitro
proliferation tests are performed with SFE-specific CD4+T cells (obtained from the SFE
transgenic mice as described in Kirberg ef al. 1994), in the presence of DC sensitized with
cach of the three constructions or loaded with purified recombinant proteins.

25

Results:

We confirmed that the HA antigen present in the VLPs was correctly processed and
activated HA-specific T cells by an in vitro proliferation test using CFSE labeled SFE-
specific CD4+T cells transgenic for a TCR that specifically recognizes the SFE110-119

30  peptide form HA (obtained from the SFE transgenic mice (Kirberg J.,1994). As observed in
Figure 1, the transgenic cells actively divide in the presence of dendritic cells (DC) pulsed
with the VLP-VSP-HA, indicating that the HA protein present in the VLP has been correctly

processed and presented in an MHC cll restricted way.



15 Oral immunization with the VSP-HA fusion protein: |nmunization protocol:
Femal e Bal b/c (H2d) mce, 7 weeks-old received three successive oral

adm ni st rei0i20ng12049435 [t g of the reconbi nant AHA pr ot ei RCOEPROIG/064860 DI Nnant
AHA- VSP 20 protein suspended in steril2 PBS-Tween 20, 0.01% 3 days apart.
As control, mce received vehicle only (negative control), or were once

i muni zed s.c. with 35 ug of AHA in alum (positive control). The
anti-HA T ceExamplpbnse was anal yzed in a group of mice sacrificed at day

<t udi od | 1 agSeras Pl Al mARRE ephSe AR ad B0 v PR AIRE S

i Muni z ahimmizedR8stheNVSP/ARatoiBticat the T cell response: As observed in
Figure 2, inmunization with the VSP-HA fusion protein sucgcessfully 30

i nduced an HADS fsgl gndcsypteniq immung fespadsesoRdeics areanalyredat BHeTgRi fng eeing ce,
as oppo : i mmuni zation with the HA protein al one, which
indugedgﬁ%&sr?lg‘%]aila?fg%(ﬁ{' response in 3 out of 3 vaccinated mce. WO

2011/ 120994 P8IdEP2011/ 054866 27 These results establish that fusion

of the HA antj.gen t@ the VSP.protein e e fuysi r [ wWith the

uni que capachge m'zg)e?fgrlw dygra Wltggﬁggf}%&fqrﬁ‘é%wﬁ#c@ Portlnonse
when adpifd glcin@fulYed H@1PNAh AP 8¢ @W@y@v@-gana hemBn&ed lsub-e8RARRGH The
generation of anti-HA specific Ab was anal yzed by ELISA. O al

adm ni swithtilarvIdts inked(Gi)pesiiva cortsollinabl e to i nduce anti-HA Ab, whereas

t he, YSP- HA f;§si§n. protein induced high titers of anti-HA Abs in one of the
oraI1 y i mmun %4 ce, indicati ng that in the presence of the VSP, a

system ¢ B celSksteRsPPNIR répanhs: BraséRyad aapbstic HAcd i gébealPled thOTFN-al
i mruni zati on V\nlyth t he VLPs pseudotyped with %P and HA at the surface:

| muni zAELIHPQF aftecldA-specific re-stimulation of the spleen cells.

- Systemic B cell responses: the HA-specific antibody response are studied in serum
by ELISA or inhibition hemagglutination assays.
15
Oral immunization with the VSP-HA fusion protein:
Immunization protocol:
Female Balb/c (H-2d) mice, 7 weeks-old received three successive oral
administrations of 35 pg of the recombinant AHA protein or the recombinant AHA-VSP
20  protein suspended in sterile PBS-Tween 20, 0.01% 3 days apart. As control, mice received
vehicle only (negative control), or were once immunized s.c. with 35 ug of AHA in alum
(positive control).
The anti-HA T cell response was analyzed in a group of mice sacrificed at day 17 (10
days after the last oral dose). The anti-HA B cell response was studied in another group of

25  mice at day 21 (14 days after the last immunization).

Results:
Analysis of the T cell response:
As observed in Figure 2, immunization with the VSP-HA fusion protein successfully
30  induced an HA specific IFN-y T cell response in 2 out of 2 immunized mice, as opposed to
the oral immunization with the HA protein alone, which induced no significant response in 3

out of 3 vaccinated mice.



Femal e Balb/c (H2d) mce, 7 weeks-old received three successive oral

adm nistrations of 35 [tg of the VLP-HA/ NA, VLP-VSP-HA/ NA suspended in
steril e PBB-20M5Pw®en 20, 0.01% 3 days apart. As control PCRIEPROINASSHYed
vehicle only (negative control), or wet® once imunized s.c. with 35 ug of
the VLP-VSP-HA/NA in alum (positive control). M ce were sacrificed at

day 17 (10 days after the |ast oral dose) and the T and B cell response to
HA was anal yZeese regrissastablish et fusiansofothethhe amtigen) fo theshhgetein endowspghe
observed i ' A mmunj zat i he . VELP: VSP- fusion. in
sucoessfiieh Pt Suf 5 "ot 4 babeltCans it e RO S 4RO ToNR,

i mruni zegipohseevhoasdapposed tyaht 6@l ayued. | mruni zation Wi th the VLP- HA/ NA,

whi ch i nduced no significant 25 response in 3 out of 3 vaccinated mce. No
significant HA-specific IL-4 production was detected, suggesting that the

I mruae respo fusion protein is of the Thl type. These
results estaa?’?’éﬁ’g?zg’?é’ggf@(ﬁf’%”t he VSP-HA with the VSP protein endows the

parti cl @hwigeherbtien af i+l Ac sppadid ybtwasgentizad dydil ISA. @hbli ghmnspetornt of the
system ¢ T cell respopnse when adminisiered b h ral route. 30 Anal ysis
of "t he BABCih RO RORSHRATARL Ao reibrbe STt B EEngupier diiices,
we quanhidhi glrd BE aireReLhd iif 0aPIIPREYorkBP RORRA AR BREUMMSHAEY @R in the

i nhibition hemaggl utination assay as shown in Figure 5. It can be seen that
onl y VLProsswedd ool vi systehe Brodll viSPorserrag dn eratrated pganstitbA drigiredi

ant iQodi es, WD 2011/120994PCT/ EP2011/ 054866 28 indicating that the
presence of VSP onto the VLP was necessary for the generation of a systemc

anti - HA B celQral ReRanEatioNid (eVaADPs pseudotyped with VSP and HA at the surface:
Immunization protocol:
Female Balb/c (H-2d) mice, 7 weeks-old received three successive oral
administrations of 35 pg of the VLP-HA/NA, VLP-VSP-HA/NA suspended in sterile PBS-
15  Tween 20, 0.01% 3 days apart. As control, mice received vehicle only (negative control), or
were once immunized s.c. with 35 ug of the VLP-VSP-HA/NA in alum (positive control).
Mice were sacrificed at day 17 (10 days after the last oral dose) and the T and B cell

response to HA was analyzed.

20 Results:

Analysis of the T cell response:

As observed in Figure 4, immunization with the VLP-VSP-HA/NA fusion protein
successfully induced an HA specific IFN-y T cell response in 3 out of 3 immunized mice, as
opposed to the oral immunization with the VLP-HA/NA, which induced no significant

25 response in 3 out of 3 vaccinated mice. No significant HA-specific IL-4 production was
detected, suggesting that the immune response generated by the fusion protein is of the Thl
type. These results establish that shielding the VSP-HA with the VSP protein endows the
particle with the unique capacity to generate an HA antigen specific systemic T cell response
when administered by the oral route.

30

Analysis of the B cell response:

For the analysis of the systemic B cell responses, we quantified the HA-specific antibody
response in serum using an inhibition hemagglutination assay as shown in Figure 5. It can be

seen that only VLP pseudotyped with HA and VSP can generate specific anti HA antibodies,



5We have produced the oral vaccines conposed of VSP-HA chinerical proteins
or HA- expressing VLPs covered with VSPs and HA and the correspondi ng

cont r ol s.wé@ohiane99i ochem cal ly val i dated that the VSPsPam&preéig/oF86er ot ei ns
keep their correct conformation in the2&orrespondi ng constructi ons. W have
scaled up the production to orally inmunize animals. In these experinents
we have observed that contrary to the oral adm nistration of the 10 HA

pr ot ei nlledl‘%ﬂﬁlég thtfi b ewscheot {{SPdgef@ e $bRBovdsi recTssary Broif |genesiemsé 2 t he
or al r tled by VSPs - be as a fusion protein or in a
VLP for Eﬁ&ﬁlSﬁﬁlggéfé%txﬁﬁaa%%-specific hunoral and cellul ar response. This
wor k proves the validity of our strategy. The devel opnent of this
uni versal platformfor oral delivery of vaccines should have a 15broad
appl i cati on {ONEWSIOB; ent i nfecti ous di seases. A great interest exists in

the gral admgpl ﬁatvre%tré)(ﬂf&(? {:Héto‘la*al \’a@cﬂ?@sré K& of PEPREA %Le%%&l (gq‘ot\ég}%?r %%sf or

mass vaccinati o results of e experinents t and
nor e gergpradsing YaIPg peptredewith ovipPs snchg{m anldetbst caresp@Xi(g pottrdls.a®eohaieng t o
the pre

|nv nti.o n 20. excellent carrigr to shuttle
. cand: dcheniiengeH BrakiGH hry EFgad fitvel fudiens Stmber nputdicnalrmpgem
may st ayhd @6rré’sp51'1d1§g %hﬁi"dcﬂGnJ Oy ot H‘ﬁred&\éfédo%rﬁﬁé RédiRAoh THURSEILY 3RARSR. And
not | east, the VSP nmay al so act as a nucosal adjuvant, as suggested by its

capam t ynltmﬁls ﬂrtdtl@ee experimenyeve baspabservidihat btudltaastorths pmh gdinirstratiog obwhre.

s proof pri.n le th etracellul thelnt stl
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vacci neadﬂﬁaﬁstm@ﬂ oF TFoMshti@leh eVEhe —Rpach tysié® ptdle G ian Pibeptmy@tibimune
response to the flu HA by oral vaccination. REFERENCES:. 30Throughout this

appl i cagPiateyaHAotrecirlamaielemd gedelas 1s8panie state of the art to which this
i nvention per %I\Q&r I&%Sﬂ{es\;aihaﬁfﬁggurSftra{e%?se. ref erences are hereby

i ncor por at ed by re rence in rese di scl osure. WO

2011/ 120994 PCTh¢ BR20dpi &b 48 6fs @fversal platf&ﬂﬁrfbi?&;al telpany & vadeimbasiouldvhavwar t ens
CA, Farneth GA, . Mrrison HG TE, Porcella SF, Patel R. The Gardia
| and? | abirgg gelisatinydpt diffegent clﬁgqcae% discpicss A gERENIECISHg SFBath dhe oipld
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It results of the experiments that Giardia VSPs and more generally polypeptides

comprising at least one CXXC motif according to the present invention seem to represent an

20  excellent carrier to shuttle a candidate antigen trough the digestive tube to the intestine, where

it may stay for a time allowing for the development of an immune response. And not least, the

VSP may also act as a mucosal adjuvant, as suggested by its capacity to induce an immune
response (antibodies response) by its own.

Indeed, as proof-of-principle the extracellular domain of the intestinal parasite Giardia

25  VSPs as carrier to shuttle candidate antigens for oral vaccines has been shown to have the

capacity to induce an effective immune response to the flu HA by oral vaccination.
REFERENCES:
30 Throughout this application, various references describe the state of the art to which

this invention pertains. The disclosures of these references are hereby incorporated by

reference into the present disclosure.
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2. The pharmaceutical conposition according to claim1l for oral

adm nistration. 3. The pharnmaceutical conposition according to claim1 or
2, whereiwotzhe/podoypeptide is able to attach to epithel ipall/EPedih®s54366 t he gut
and the conposition is fornmulated so that the 10heterol ogous antigen and

t he pol ypeptide are resistant to enzymati c and chem cal degradation of the
upper gastrointestinal tract, when necessary. 4. The pharnaceuti cal
conposition according to anyone of clainms 1 to 3, wherein the pol ypeptide
consists of a pol ypeptide conprising &LAEMS: two CXXC notifs separated
fromeach other by at |east 2 am no acids. 155. The pharnaceuti cal
conposition according to claim4, wherein the two COX notifs are separated
by an ami no acid sequence conprising fromb5 to 8 am no acids. 6. The
pharmaceutical conposition according to anyone of clainms 1 to 5, wherein

t he pol ypebt iAdghacoapuiisd compositidn tamp@siGxdeasdt i f s. 7. The
pharmaceutical conposition according to anyone of claims 1 to 6, wherein

t he 20po|ypept|d ariabl.e surfac ro (VSPR) ., .a VSP-Ili ke roteln
of a nlcroorganl@ﬂb@?ﬁgyf?%ﬂﬂ%%?gfﬁéfﬁ;ﬁg§ &$%gj §f%aggr d%fegﬁ %% i on
accosding to cI@@mn%,remﬂdmhﬂﬁam@@gqrrm@sgﬁd s sel ect ed in the group
consisting of G ardia, Tetrahynena, Paranecium and Entanoeba species. WO
2011/ 120994PCT/ EP2011/ 054866 31 10. The pharnaceuti cal conposition
accor di ng t o-anfy/RFi&OROES #ItigEN1 to 9, wherein the heterol ogous antigen is
selected fromthe group consisting a plant, an animal, a parasitic, a
bacteri al 2. aThE @ﬁérma@cﬁtf&gpéon%lt% Nc&rdh C{J)'I @mrﬁqlfo{‘?ﬂa?&iﬁﬁlsuatlon 11. The
pharmaceutical composition according to nyone of clalns to 10, wherein
t he 5pol ypeptide is bound to the heterol ogous antigen. 12. The

phar maceut3.cdhe @bm@éuticahcmmttwnmgcmrdi@ny eteemolf orcd, avhesein thegpalgpepiidersei n

the pol ypeptide.is f e het.ero ant i
phar maceut | cANcasRstE FalRua e Bk Bt 2R o Ehan o et oo tikdcer n
t hejgol ypept hs@rdl@gola@ Lh!ihﬁgétp afd MBE pBlypPptidd Glcresi@AhBIchG AR et erahieglous
anti gen.
J degradation of the upper gastrointestinal tract, when necessary.
4. The pharmaceutical composition according to anyone of claims 1 to 3, wherein the

polypeptide consists of a polypeptide comprising at least two CXXC motifs separated

from each other by at least 2 amino acids.

15 5. The pharmaceutical composition according to claim 4, wherein the two CXXC motifs

are separated by an amino acid sequence comprising from 5 to 8 amino acids.

6. The pharmaceutical composition according to anyone of claims 1 to 5, wherein the

polypeptide comprises from 1 to 70 CXXC motifs.

7. The pharmaceutical composition according to anyone of claims 1 to 6, wherein the
20 polypeptide is a wvariable surface protein (VSP), a VSP-like protein of a

microorganism or a fragment thereof.

8. The pharmaceutical composition according to claim 7, wherein the microorganism is
selected in the group consisting of Giardia, Tetrahymena, Paramecium and

Entamoeba species.

25 9. The pharmaceutical composition according to claim 8, wherein the polypeptide is the

extracellular domain of a Giardia VSP or a fragment thereof.



1014. The pharmaceutical conposition according to claim 13, wherein the
vector particle is a viral particle, a viral-like particle (VLP) or a
nanopar t iwbeo11112099Fhe phar maceuti cal conpositi on accor diPal/EPR01¢I05i86s 14,
wherein the vector particle is a VLP dikplaying at its surface the

pol ypepti de. 16. The pharnmaceutical conposition according to claim
14, wherein the heterol ogous 15antigen is contained inside or on the
surface oflG A&e \phprmarputicph gopheyiielt eeaordag @ erpusi ofi dpimsck &y @i mgcres dicai m

14, wh i i.cl e | icule.di i i
aur tace the BORTSRRP R f kBl Bl OB EbLE M Bl AP BO ek, o

prot ei n conppusking, fbdeedrispeplitatie tamopantiicn@r achéreRat molkeule&XXC not i f,

wherein C represents a cysteine residue and X any am noaci d resi due, and

retaining 20the ability to attach to epjthelial cells of the gut, and a

het er ol 0go _tfaﬁtp_ @@aﬁcea@a?mp?%qwca?@%ronaw@eeP_éinﬂg\_nﬁa eI 14 wibgeen fier ei n

t he pol ypept ggﬁrpé)&ﬁicfe%b&ﬁfdft@‘ﬁ% RdidrBloodNBitRePf @ G ardia VSP or a fragment
0. pol ypeptid §

t her eof . e conpriSing at”  east one CXXC notif, wherein C
represents a cysteine residue and X any am noacid residue, and retaining
t he abi | i th2. {The phamuiecuticabpdmpedificn a@dubng o afyonhef glaimbdund 0 ovhareiedteor

particle. 21, G.ardia V r fragnment .t hereof bound to a vector
particle. v@o%i%‘%éﬁ)g’ﬁﬁ‘g%ﬁﬁEﬁ%ﬂ‘?%%‘ﬁé%%geé‘z 22. The pol ypepti de accordi ng
to claim20 or the Gardia VSP according to claim?21 wherein the vector
particle fip tThephedidcaitial tarapokitian actofdh@yes adont o chiih dce 1@, hékesimtiegous
anti gen. 23. A pharnmaceutical conposition according to any one
claims 1 to Polypeptidgdeboynditpa vsetopparfglsicopiainipeiis Aeicstogius andgdease, a

di sorder or physiologic condition in a subject. 24. The use of a

pol ypept i dgy ‘i‘ﬁg@hhﬂa%gut%l &&?nﬁésit%?%c%ir{?tfoi JlaimM rvﬂie?eigtﬁefeg{cﬁgf%h%lé‘is

cysteine resid and X any am noacid residue as a carrier

het er ol ogous aamtl grenclprewetildtiparicen@ Mo amabomnticle.  25. The use accordi ng
to claim 24, wherein the polypeptide is able to attach to epitheli al
10cel | s of t and/or,is resistant to enzymatjc .and/ or chem cal , .

dogr adat | oh-afe PHEmTRRuRe) hdpP Rl EBpwie BrALET A s U BRI 1o
claim 24 or 351LP/\ATE§151@§1iﬁgtahRs fefypaRtjoidehbida variable surface protein
(VSP), a VSP-like protern of a mcroorganismor a fragnment thereof

16. The pharmaceutical composition according to claim 14, wherein the heterologous

15 antigen is contained inside or on the surface of the VLP.

17. The pharmaceutical composition according to claim 14, wherein the vector particle is

a nanoparticule displaying at its surface the polypeptide and the heterologous antigen.

18. A fusion protein comprising a polypeptide comprising at least one CXXC motif,
wherein C represents a cysteine residue and X any aminoacid residue, and retaining

20 the ability to attach to epithelial cells of the gut, and a heterologous antigen.

19. The fusion protein according to claim 18, wherein the polypeptide is the extracellular

domain of a Giardia VSP or a fragment thereof.

20. A polypeptide comprising at least one CXXC motif, wherein C represents a cysteine
residue and X any aminoacid residue, and retaining the ability to attach to epithelial

25 cells of the gut bound to a vector particle.

21. A Giardia VSP or a fragment thereof bound to a vector particle.
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22.

23.

24.

25.

26.

32

The polypeptide according to claim 20 or the Giardia VSP according to claim 21
wherein the vector particle further contains inside or displays at its surface a

heterologous antigen.

A pharmaceutical composition according to any one claims 1 to 17 for use in the

treatment or prevention of a disease, a disorder or physiologic condition in a subject.

The use of a polypeptide comprising at least one CXXC motif, wherein C represents a
cysteine residue and X any aminoacid residue as a carrier for a heterologous antigen

presentation and vaccination.

The use according to claim 24, wherein the polypeptide is able to attach to epithelial
cells of the gut and/or is resistant to enzymatic and/or chemical degradation of the

upper gastrointestinal tract.

The use according to claim 24 or 25, wherein the polypeptide is a variable surface

protein (VSP), a VSP-like protein of a microorganism or a fragment thereof.



