VACCINE COMPOSITION BASED ON STICHOLYSIN ENCAPSULATED INTO LIPOSOMES.
TECHNICAL FIELD: 5The present invention relates to the field of biotechnology applied to human health.
Particularly, the present invention relates to a vaccine vehicle for use in both subcutanequs and

intramuscular b48s& I(')\WIi;?o%'gﬁ%@gg{\faiﬁm%@icﬁ)&ygwgﬁg 'eﬁﬁ%cﬁll\bcﬁﬁt?&éﬁgggm%ﬁ%mune cellular

responses, useflPiSEINESr immunotherapy and treatment of diseases caused by intracellular pathogens.
10 PRIOR ART: The immunoadjuvant capacity of the liposomal vesicles has long been known. Rationality
that exists in thg ME%&O&@T&S iIn immunization and vaccine design is based on their ability to release
antigenic molecule on antigen presenting cells (ARC) 15 and stimulate an immune response. The most

important atlvaritfyBEef BRI LLirmiRibRdRI HhBIdRS NN aRRRE N RamBiRTto mimic
pathogens carryagdalegly, athountseaitaimigetivto RREs (It thevpassdilibhiolecdeencapsulatittg antigens with
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of more effective, and. (iv) the fact of being biode radatil? 20 and nontoxic (Leserman in Journal of
Liposome Reseesm?’ﬂ 4,?[%'?5”&%3?%95-%&” ct8l %ﬁfqe BRGESIE! oﬁ/ea{ﬂlcinglog%?'i??ﬁe
enhancement offelitdticinmvane respiri@irdisdrsrscpysantyanragricific RatEsis. T lymphocytes CD8+
(CTL), withgelevance for the prevention and treatment of diseases induced by intracellular pathogens and
tumor cells. Lipgﬁqaﬁ\kﬁqs_icles can enhance a CTL response but not always effectively. 25 Different
strategies based on liposomal vesicles have been designed with the intention of streamlining this function;

examples are abiic'HRWIREIHYVRiIpEEERIYs O HiEnIPRIBEIMESIdRE iRRfuisr dtEpAnttii¥hodulators such
as CpG and porafonaiitygtieximndsfoimtbacterial Ppespitedhe ivanetizafopuiitatiorise stexignas these

strategies haveagHigNRASHERESS RIMRINGHEHAR AIRIISRIVE GRIHLATREHAR GSRQRRS OF are
30disadvantaged and therefore require a better design before implementation, The integration of viral
ombrand oIS T OB AR AT Hhe T (5 BRSRE ROIRATS 2 HESRS ERdRr conditions of

acid pH or protéiyticoaciidasisng errvnesiednottie tkdtebiiative fomih ealectdop asiingf egscine vehicles.
ghese velsi_cleg dﬁﬂ@umsal&vgm@éme_s haoe Nt elydeeeipitigest a@@?@pﬁaladﬁgsafﬁgﬁmewhyt have also 35
een exploite vehi [ vaccine antigens, hou encaps to Viros rhriggen en
Vaccine, 2003 ﬁmﬁ%é'ﬁg%%q .6\'ﬁ?§§§m3"'§aﬁ‘%q£§ f?rtlgblﬁkf_n %vpit#gg%?egfat%ﬁ/ %)%%Hn'rc%hnopotentiating
reconstituted inAPERZL/IYEMBLIPESCAITIG FiRftTRs HNdpids frsioiheBEVERsSE BFdIfuenza virus,
are the bezd exampherobithié stategy iadduorhothdpbssiedidbmpate0Daf thddv@agingmagamst hepatitis A

(United States Ratiellirgd RARRkidiPy Suetntiizy RAPREFRBFAIRRMBR.ARSiaReT iR gRAgpce neutralizing
antibody response ag%ést het[)atltls A. Binding of hepatitis A virus 5 inactivated %Id hlghlfyrpure in the
Rl D 8,

virosome membrSH8 BRSSO BreSumandes Sragrife i Py B9 He Yassical
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of streamlining this function; examples are acidic pH-sensitive liposomes, cationic
liposomes, the inclusion of immunomodulators such as CpG and pore-forming toxins
form bacteria. Despite the variety of publications, some of these strategies have had
limited success in the induction of effective cellular immune responses or are

30 disadvantaged and therefore require a better design before implementation.
The integration of viral membrane proteins in the liposomal membrane in order to
promote membrane fusion under conditions of acid pH or proteolytic processing, has
been another alternative for the development of vaccine vehicles. These vesicles
known as virosomes have not only been used as parental virus vaccines, but have also
35 been exploited as vehicles for vaccine antigens, bound or encapsulated to virosome
(Zurbriggen en Vaccine, 2003 14; 21(9-10):921-4). Virosome particles known with

abbreviation IRIV (immunopotentiating reconstituted influenza virosomes), containing



Schumacher et at, in Vaccine 22:714-723, 2004, reported that IRIVs are able to enhance cellular
mediated immune response. Particularly, Schumacher et at demonstrated its adjuvant activity in the

induction of CTL in vitro. This abijlity depended 15 majnly on the stimulation of the reactivity of CD4 + T
ls specitio to U T E R SRR Thir D Vi L% AEE G My
advantages sucitfaisdpendxiity adasshdhiheupaigentdithe omecifarraprebleanatiiis duftdmtedirosomal
technolg%y is L@@%@ﬁf@]pﬁwggﬁjur@w&vﬁmﬁiefﬁgéemtem@p&aumtk@asqie@ju&m@%h@wrotgeinsa (
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phase is entapb@eeiafitif tHehbirBeEnie NS YHBRITE: REMBM NG, {BYESMER LSS a7g2 | 1993),
These features sigreificéonlyof etvcedtipe midesencyhof dacsmnestioae IMEEE antigerssat geres to cells. One

strategy to overgeRe dSUEYATRN AA% I HRGUBMUROSREIS BESRHBEANERIKRS WAk T cells,

recently published in the U.S. patent application number 20100015214, is based on a combination of

empty virosom&eWimobé%ﬁﬂg, %Q%?eﬂaggﬁ%%g&rﬁgg Wﬁji%rﬁc%rﬂ%ﬁgmgté %ﬁteﬁ?t 3899100015214
discloses a trangegfjinearittusicet asspriegomsdmarHatigh the demertetivamd4neligessbaiés.do not exhibit

any physiaal interagtion biptwees. theop, 30tn)te1artickeabiek-anig., & alt prilisbedlootha Ad)jposome
Res.,2008,18(1%315-_178§25 described, for rhEGF, higher encapsulation-retention efficiency of liposome
obtained by the dehydration-rehydration procedure (DRVs) and comprised of phosphatidylcholine (PC)

saturated (dipaSREPHHEE fHafidyiRnGRT N D PP EY eitd cRBEstERA TEh 81ah 'RIYRAFatiP e 11 ompared with
those containingnhaseduretidalP Gredcht€dhoinimimet, tbep3erodenitcelddy, olstainimar BHR Vet yelds

multi-bilayer vegigles Witk high fRcARSHATIRNh e MiRes iRy iflif R YBligM&eraliple solutes.
Lanio et aégemon_siirated the immunoa vant?gr_o_ lerties of these vesicles to enhance an antibody

response anmgﬁ\)éﬁpatﬂa aﬂHH{%We Jéuepé? g a?ﬁscf[r)ﬁELGT:.C“aflﬁespg\(/\lg\:/vt%dﬁﬁgﬁéodeﬁ?mvarez et al. in
Toxicon, 2009, Ba\@)drl 38ha7gks tiarisei2E SitprRosEes Gt Al EaatfuRrsi o1eal cRIGPOES titS ToRswWO proteins

produced by a pariggibitinvedehigicinthre{ogahnbgarnie anemprpIStishpdacida hatssihins, and named

by the authors SHGHSSITS (AN (RUMH. Fhse Aroieinaata int

. Eaﬁ%@&gté%?‘siﬂ (PFTs)
belonging to the protein-family Actinoporins, unique classes o aryotic origin found exclusively

on sea anemon&sPSigiNEr RABIRE A ARSI A RIS FAMRTP BieCare R OPFEEIHLCNRA W isolelectric
point (>9.2) witlrosolees!lare meassiafdl(Q aypdrokimidtelyp2ekiniees y)e wat ahsigsidipatsedictnesrin their amino

acid sequences.aidexbibiing fREeiRIENER Tor MeMIensS FRANAINNGERNNBRITYEIRHSNY- Sts are
produced in soluble form n%l%hcan easily associate with different cellular 8:bnd model r?embrane systems

forming pores WIFRSSBFEn2EEPEt S'rith; BPobabRP B v interctivn drte NASHIRAIS helices from
four monomerssiBajflsanigrigsutrethe gfiriarieh vinspoee forielasivm ackgeea o astirs ipwsisochemical

properties of membraagsyy fotbeerticle BIsblishambinah@Xc 08 TmAdnbgeRit, Iptiagsmabal. reports the

25 CDS8 + T cells, recently published in the U.S. patent application number 20100015214,
is based on a combination of empty virosomes with vehicles, preferably liposomes,
which encapsulate antigens. U.S. 20100015214 discloses a trans-adjuvant effect of
virosomes, although these particles and the liposomes do not exhibit any physical
interaction between them.

30 In the article by Lanio. et al. published in the J Liposome Res.,2008,18(1),1-19 is
described, for rhEGF, higher encapsulation-retention efficiency of liposome obtained by
the dehydration-rehydration procedure (DRVS) and comprised of phosphatidylcholine
(PC) saturated (dipalmitoylphosphatidylcholine, DPPC) and cholesterol (Cho) in molar
ratio 1:1 compared with those containing unsaturated PC and Cho. In fact, the

35 procedure for obtaining DRVs yields multi-bilayer vesicles with high encapsulation/

retention efficiency for a wide variety of soluble solutes. Lanio et al. demonstrated the



relevance of the presence of SM and Cho for the association and pore-formation in the membranes by
Stn. The phase state of the membrane influences the Stll association 20 with these structures. As
reported by Martinez et al., in the jourpal Bjology, 2002, 16,2: 85-93, this toxin is associated reversibly to
membranes of BEBEoAARER), HIRFSL Gary lol1SSEnSER0161 far LR o ARBGH IIBRY reported the
immunomodulattAptipdpelitirig GtipipsvRIVRINgrexaasifsiB@atteria for the induction of antigen-specific
CTL response, using @ife replisieategias Zainetuding thricscapsubiigminge-iposanesias summarized in

' by Dietrich ol i [ i Vval 9 . 23-28 and
TRENDS i imainen Al ARER cRaB b R e By o MRl e
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compositions containing bacterial toxins. BRIEF DESCRIPTION OF THE INVENTION: 35Surprisingly, the
authors of the per'éléaé}ﬁ?q%\ﬁ’é'ﬁ‘[r?ofﬁ YRR ESTRE R We?’?grﬁOﬁﬁﬁggﬁ”f@%ﬁ’rﬁfﬁ%tg}%abseﬂ%f‘fm@ﬁeousIy (sc) or
intramuscularlyféimily eRisagrelasedoioteies vatic nghfismeldelrio i 639 mevdh Witlecusy ofagseolariants of
toxins desmibiddp@mdia@VMeﬁ)m@bd@gw@ﬂ @&E}Mé PesRUesIIfg:Prabitifo aeity By qieHEss Righer _
percentages of lysis.of targ el t ery ositive contrgl group using
Polyinosinic:pol%./xcﬁ)}%ﬁi c %gé&if)#g%gé:é&P%%h@%ig %ﬁ%éfh:g?re?%ﬁnﬁ%éb &é%e%ogfﬁ\{ﬁe gt% afgsl,letghe
quintessential EARHES Bf THPIFePBNRY. ERThi5Tie8SIRTBAY IBVETELEAY thlkkd B PhAT1SE8S response
induced by the tirosoemal aydigen. fohisnndicate svtie patentedobtiosom erEliaystdne tw gbnerate both

cellular and humQIal fRAPENSAAIAIBHAPLEIMAREGSHLW TGN IhERGVEL BJfe LreQT s formulation

for vaccination purpgses. The object of this invention is a vaccine vehicle based on liposomal
reparationd of BEPE TR R R S REN S i e B SR L ISP B Fantigen. 10

Liposomal prepaemigiasasf DPPC and Cho in which are encapsulated mutants of toxins known as Sts (eg
StIW111C and mthnel bifeiergiuirgether withdortetnanigenam algarthesebjact @pthie present invention.

relevance of the presence of SM and Cho for the association and pore-formation in the
membranes by Stll. The phase state of the membrane influences the Stll association
20  with these structures. As reported by Martinez et al., in the journal Biology, 2002, 16, 2:
85-93, this toxin is associated reversibly to membranes of DPPC and SM, with a very
low capacity of permeabilization.
Although widely reported the immunomodulatory properties of pore-forming toxins from
bacteria for the induction of antigen-specific CTL response, using different strategies
25 including their encapsulation into liposomes, as summarized in reviews by Dietrich et
al. and Moron et al., in TRENDS in Microbiology, 2001, Vol.9 No.l, 23-28 and
TRENDS in Immunology, 2004, Vol.25 No.2, 92-97, respectively; nothing has been
referred to the functionally homologous toxins from marine eukaryotic organisms.
From the point of view of their applications in immune therapy of tumor diseases, it is
30 desirable to have new vaccine formulations able of inducing specific cellular immune
response to antigens and are less aggressive than those compositions containing

bacterial toxins.

BRIEF DESCRIPTION OF THE INVENTION:

35  Surprisingly, the authors of the present invention have found that when an antigen is
administered subcutaneously (sc) or intramuscularly (im) encapsulated in the vaccine
formulation Liposome-St, with any of the variants of toxins described including those



In another aspect, the vaccine compositions based on this vaccinal vehicle containing the toxins together
with an antigen administered sc or im for induction of a strong 15antigen-specific CTL response are also

the subject of the present invention. Another object of this inventjon is the use of th V&CCI al
compositions dg&f) ﬂ?e'ao b%{g@d F B ERILTUL e ?vgh"f‘&g '%nfﬁﬂgfﬂ& % 8% ﬁ%"fSﬂ‘:e?hirW?nogn antigen and
administered sdasgemcrils serentpthisathdhentiieorambsrsvesporise opaitiyatieentslfierdng fr9ng a disease

selected from the gkismicpasisiting iRl aanganand, infestigish saaseerrdcausediy ditiaealiular
pathogens. In a&oﬁbeeﬁ&%!%%érﬁ ﬁ SHRIREL A5 Bs PESRRLINVERIANLS AR SuNE {g?%daﬁ%r%é'”g patients

who require a str Fq ening of their immune response, wherein the atlent suffers from a disease
selected from tHEYfGEp ‘?:?H%‘EﬁlH&B‘F%Hﬁép%\r’fﬂ%ﬁgﬂﬁ@%ge%@s RAERIEY B\ iRASEENUPAr pathogens
and wherein thépo=tihecScomEnses GnadmihsbecHiglsicamdihubthe alacspoake aypositonstbased on this

vaccine vehicle £aptainipgthe {9siRs: RS Sl LRNSLIRRIRS" %g%gt,(e{%\ﬁ%gs@gtlgen for the disease.

Additionally, the present invention also relates to the protection (Erow ded Fﬁ/@ii’éh vaccine compositions to

the challenge Wil tORSE Gl %%B’r%g?ﬂéstﬁevﬁﬂi\@% R0 ERTE QQH@%SQ %Dé‘@f '%8ts and
increasing survh@Pef erubj(o:b@sqmﬁmwm@h@muﬁemﬂ@wp@ﬁfﬁa@ﬂamthcﬁj ripigsenidddiiness related to
the antigemas aL%Q@wQ@j@@b@ifa‘ﬂHﬁsi@ngmaW%llrﬁ@n@Ea’i@BlEéBb@lb’téalﬁwﬂdﬁsl NMEMEION 35The

vaccine vehicle, gf (e J0uen éoqr@@v@f‘ffé’a% P4 S \B%%&ng%t[h)'ﬁ otéf?qogrﬂr?i;: oL BEPC:Cho:in a

f
1:1 molar ratio t‘?wat encapsu t together wit antlgen and eventually can contain other co-solvents
miscible with wHte sS4t éh%BW?rﬁ“EdﬂY@‘“élﬂd do not cause destabilization of the vesicles, such as those
commonly usednranogbetadsigept) sveneceirticedropnspiostibass danakampleisal garsclpayetiyilene glycol, etc.

Liposomal prepaeatigiss abyaser %WBW‘&%F@W AlsipRiaiaed by tha ‘?&WQ[@HSW@“X@%W procedure

and consti ted b DPPC and Cho in a 1:1 molar ratio and co- 5 encagpsulat an antigen with some of

the Sts va nts 8 %’%l?pr%?/fécrgglyrﬁ?%ﬂ@% %%?éﬁ%h%ﬁ%‘&%‘ihoééﬁa RDEEM AW Positions are able to
promote an antiyethspebifict OT Lthigh mvantivedp dhe s @fpiere@pmnalgedntiasitianenggsetiitRctumor cells. In
one embodimepksédheninMeniigitifee Waggie RN tHeNteantatogeaseANige arthajeteith@ VA, but

wherein the ant&%%rfn?sqgrg& s%nc}f Rﬁ%‘?'&r%'ﬁB&lgrﬂﬁ& %9%9?%%%ﬁ£e%§80ﬁse of a patient suffering
from a disease selected from the group consisting of cancer and infectious diseases
20  caused by intracellular pathogens.
In another aspect the subject of the present invention is also a method for treating
patients who require a strengthening of their immune response, wherein the patient
suffers from a disease selected from the group consisting of cancer and infectious
diseases caused by intracellular pathogens and wherein the method comprises
25 administering sc or im the vaccinal compositions based on this vaccine vehicle
containing the toxins Sts or their mutants together with a relevant antigen for the
disease.
Additionally, the present invention also relates to the protection provided by such
vaccine compositions to the challenge with tumor cells expressing the antigen,
30 reducing the percentage of tumors and increasing survival of subjects with tumors.
Therefore, a prophylactic method of onset of illness related to the antigen is also an

object of this invention.

DETAILED DESCRIPTION OF THE INVENTION

35 The vaccine vehicle of the invention is based on aqueous dispersions of DRV
liposomes of DPPC:Cho: in a 1:1 molar ratio that encapsulate St together with antigen,
and eventually can contain other co-solvents miscible with water, no toxic, non-irritating



10 disease for which, from a therapeutic standpoint, is relevant induce a specific CTL immune response
against this protein antigen. For example, the antigen may be a protein or polypeptide associated with

, tei | tid jated with AIDS tei | tid iated with
twberctiosis. TRSSSBEE S AEREEUNN ¥ BB RREIF by HEhyBrANER AV BPOHE hology 15
reported by Kirlijestahls pbgoniagsidticriBionnsisiionsg jorexsmpe 9ruegwlyadyiers @lvedidtes with an internal
aqueous phaser gigsomadpebpararyerallipisl pikryarsichatastenzeshRinbighefficianty@bencapsulation and
retention of 'ab'.lgh%?%‘ﬁSH'S%S'é‘éiﬂea&n%né&%gﬁg&’ 8 a%gé"gi‘?@@ﬁ&% %r?Z.I?'H@éar?%%‘%ﬂH‘%oﬁo'““0”5 of

DPPC and Cho in‘a 1.1 molar ratio are evaporate kept under vacuum minutes. The lipids

were 20 hydrat€85RRT @EMNFEdierar Wit semp SattfeSkbaodatie PhARrravRitiBY BasH%ature (Tc) of
DPPC (T> 45 G@utsatspehsienssaidnatitianhebarpossichesare sateng (Mévhais )aarartigastgrenidid in SUV or

LUV (Small UniggpeiiaiuMesiclesandhbarortodametar MarIAlRSwHRSRGEHYERY) Dy ultrasound and rest

cycles or extrusion throu hgﬁ)l}qcarbonate membranes of pore size 100 nm. The vesicles obtained were

mixed with 25 pPof&ih FBRATTAE 8 A0 8 AR YRS BRI PPORTR TS BS. B4 RS8N S fipids: 1.8 -7
nmol of antigenP&etdin BVA? hwnwhereBitherrligepieriz 86 40y RORIN 196 npd/ Redvporasinirigd $oprformed with

deionized yf)atea@elg)sétir@ingrﬁ@n,Smomiaummtte@@ﬁaaﬁw@ |e&§|&vaﬁtb4@@e Hﬂ@?mterian (
unencapsulated in |ipos IS ved. shing.wi 0 ered saline (PBS) pH 7.4 (NacCl
136 mmol/L, KE@%E@% {gﬁgrisnglo%%?%b ﬁ.é’zy?_l}%@ﬁ %%@ébnrﬁgilggg %ﬁ:ﬁ% erﬁ?r}lﬂgﬁ%)r?o 0\9%@ by
centrifugation af"PEFCY BERPEPIGRiRSSSERIF B MBLFaltHs d PHURIR AERAPYORRTER BtficrENeY Y the different

variants of Sts rsiDgitg apoueid 6086Iywithtickt entioraefdAGY @ftercolnsisnonth of storage at 4 C suspended in

PBS. Stl and Bl tydasnae iriaied aadiputiieshispmthy sefangmengyiishpdachigidghelianthus,
using the procedure dqe cn%gﬁp/gg Lanio et al. in Toxicon, 187-94. The re%omblnant Sticholysin |
k) I )

| 01,39
(rSt1) andrStl TPRAGH nzgreGB‘Eﬁ%riﬁgﬁ chbc}@ﬂﬁ]? Ple %?%%eauﬁe@ JEcriBeE b%fePazos et al.in
Toxicon, 2006, YSicle83vithoanaritiePahtdia«doal imiPRrstefEndods Sels@@tal, ad 48588, respectively.
The concentratighaRt@tsatspdrnhheivrecine vabipkRfitheriesentisnveniiar indribrdange of 0.25t0 1
RM co-encapulgted with anti In ntration r f1-355RM ' uspension with a
range of total Iip%%aggéégr%?éﬁﬁﬁ% Oﬁ%gtgg] éﬁ)rr[ré&q Bfé@gﬁgﬁ/otgﬁ]eség’gmrﬁsé \Bébkﬁglkg%agtlr%ﬁéﬁésgent invention

contains an ambdiPIRSRIBEAFFYGRPARMBNEECEhEATRIXRSHURIH 13 MHRS! HFafrigeMEEa liposomal
suspensio?0of 2@ dRareal withateibhels watarsola e edfra@eeRhbove thEphateseanaiige esgedfanthe vaccines

referred to in ther preseRFRVEBLANT By S6.G5dMRickAIS iuRiIAMalASR:00s e Ri-BNHASRY) Arkey feature of

the vaccine comr%(?'tions of the invention is(é%tl hey. lack immun.(%lggical adjuvants other than those
t

described. As alf BRI 4b8le s PR plio? ﬂdbél&lfg?ialljﬂi 8% ming toxins
encapsulated inesigessorirapestvelrs dre alifeioiedhande LS TICYEeponse eliStons RABIVN that use of

vaccine composiipfgaasechtunbagiesial forinsZ8ave aslverse efieetsdminemasichawayainthe authors of
the presenj_invention have found unexpectedly that.ngn-bacterial tgxing are able to have the same
il e s i Sl R T e EE A

pore-forming adtiviycbRHEE6:aA8 f-&m TS ihdlafsd TR ZSHTHE E0rR4r88pEnSEMHRIR™0 offers great
advantages for whgipalfoiaeetnwithncRisitedhiseaceinstvemicle. Jhmiresedtatebiameaaisingess the vaccine

vehicle of the piegentinyenyon Jﬁ?eﬂé?'ﬁﬁéﬂéé%%ﬂf%& ﬁtlhé\éjsrg:ﬂw@% i RRALNAE A SN

co-encapsulated with antigen into liposomes, demonstrate that there is no abSolute dependence between

the enhancemetoSPEH RGNS e c CFP) it (e MBS oS BY e SHtibAS S1TiBBsome-St and

the 30 Na2HPO4 9.55 mmol/L, KCI 2.68 mmol/L) followed by centrifugation at 10 000 g for 15
min. Such preparations reach encapsulation efficiency for the different variants of Sts
ranging around 50% with retention of 70% after one month of storage at 4 ° C
suspended in PBS.
Stl and Stll toxins are isolated and purified from the sea anemone Stichodactyla
35 helianthus, using the procedure described by Lanio et al. in Toxicon. 2001, 39, 187-94.
The recombinant Sticholysin | (rStl) and rStl mutant, Stl W111C, are obtained



25 ability of these proteins to form pores in membranes. The test of maturation of dendritic cells (DCs)
isolated from bone marrow of C57BL/6 mice and exposed to Sill in vitro, shows the ability of this protein
not only in its acti\égr(%arian , but alsp in that hea }glactivated, o induce the activation of CDs, similar to

t-
that seen with 13 BEitR DT BIRTSHHRALESSIRAA %gﬁaﬂf’o‘?{s"’}ﬁéﬁfﬂé'cé‘rgili%)?%(f &ts {881%'&%960res in
membranes wadndditdedtis) testinginarpRer SRtiRMland AEPrARALRRPesHYAVS loaded with
carboxyfluorescgia {eifckAgatles erilsed Jay Martiaesa &l . uentaxiiane 2bnBRwipddnlib69HE was shown
that Sts do not exhibit abilizing activit nalyzing permeability of liposomal vesigles of
DPPC-Cho (117 A TR e A L e e B 8 vone
35phosphadidyleNolirfelinpeP S M (UsRgnposivite omeelpf thtelieid epifredtrabenies HteHdBMW111C forms an
inactive dimer stelidizel b adishtidabrns By fiesbrmobhitaetMibingssAhIAtSPSISRAGE in the
presence and absence of 2-mercaptoethanql (2-ME reducing agent, just as described by Pent6n et al.
I Protein £ng oL ST B GtT AP RECIY Tho s S S B el
erythrocytes, as'Rd@eidaliPideds realiisiatLPdrlassociation with membrane. A procedure to obtain an
irreversible dimeric §&R0iengh SEM 1drlbe (BWAEL IEl RV tbas ek preteatrpdeeion ©f StV 1C by

incubationm/ith 2-ME EQP%I 3@81/1@0 ﬂ@@gﬂg&m reducing agent by filtration on column PD-10, and
1

immediate mcul)ation 0 StiIW11ICmonomer with the homobifunctional reagent bis (maleimide)

hexane (BMH) fh 50ol87H48i0°5tH9 1 YAERDTHMEPBIANE 101 Be fayeripiurls dhat @1adé&stablished.
StIW111 Cirreeiwasrplagited dojugahtiltihtothahforeatgp@ibhy. on column Superdex 75 HR 10/300 in the

presence of a radugiBgaasplailde HRAINING RALIR iﬁr&mﬁ%i?Jﬁoﬂwn%angaﬂ@mwgﬁgﬁ%ﬁwere verified

by SDS-PAGE inder reducing condiions, The 3o Jneversible dimer was tained with 947 purty and
only 6% contaminant o AR A S PR VR A AR S UALIISE actlvi{y WaSVenfied by hemolytic

activity assay. Sillinese 8| eSa A INRNGHE PPTHBRtiirsatRrRsGEPashseitTAMBYIRE bOMEiRg ter$Re procedure
described by Mafrtiez @ aluifahOxie@@y &0 0the 391t < - b 6D anstdbentolaletilas snaléheoahdity to form

pores in the me%?%g@&é@@%ﬁﬂ?ﬁ B RamalricACtlY t%sﬁ?r)’g tTﬁEeQHF[F)@%%R I roperties of the

different molecular species Sts in the system liposome-St related to its ability to enhance an

antigen-specifi@gﬁfétmﬁeﬁﬁ?ﬁuWG authors of this invention have managed to decouple the pore-
forming activity of the toxins from their stimulator effects of the CTL response, which

20 offers great advantages for clinical use in humans to this vaccine vehicle. The results
obtained using in the vaccine vehicle of the present invention the molecular entities
StIW111C;., Or heat-inactivated Stll co-encapsulated with antigen into liposomes,
demonstrate that there is no absolute dependence between the enhancement of an
antigen-specific CTL immune response by the formulations of liposome-St and the

25  ability of these proteins to form pores in membranes. The test of maturation of dendritic
cells (DCs) isolated from bone marrow of C57BL/6 mice and exposed to Stll in vitro,
shows the ability of this protein not only in its active variant, but also in that heat-
inactivated, to induce the activation of CDs, similar to that seen with LPS (positive
control) under similar conditions.

30 The ability of Sts to form pores in membranes was assessed by testing hemolytic
activity and permeability of LUVs loaded with carboxyfluorescein (CF) as described by
Martinez et al. in Toxicon, 2001, 39,1547-1560. It was shown that Sts do not exhibit
permeabilizing activity by analyzing permeability of liposomal vesicles of DPPC:Cho
(1:1) encapsulating CF, compared with that observed in vesicles composed of egg yolk

35 phosphatidylcholine and SM (1:1) (positive control).



response in vivo and antitumor immunity in a preventive scenary, can be measured in 25 the
experimental model of the mice strain C57BL/6 using the antigen OVA and the tumor cell line E.G7, a
subclone of murine EL-4H_fh moma (Kusmartsev y Gabrilovich, in J Leukoc Biol., 2&%;38 74: 186-96),
transfected with RpFEHIEH AR DA BY G0 A TAEALS-ASUR (MoBRSTE TR P Lk PEA 77785) and
obtained from "AipyéideaboTy iy elithea islieetiohy’ IXSRT NI/ ARBOARE Autthersrepenesppadent invention
have also foundigbakddreventive apeeatonavisizthe mateinglaghicledipesaes st wontaiaing antigen
induces antitumor protection, @98%&?%@?%&3? /?,r%%%g. '%%S%%?ﬁfBPMHQ Q&éﬁfe fJiese results
demonstrate that fhe system liposome-St is effective to induce an antitumor response functionally robust

and protective, R PUSH 2 HYEIORY 6t GEnMEERitFRISt MRS nEstIt S JthICARBRRERECINYIN, the use of
this preparatiomiercinani@ning therapies may further enhance its antitumor effect. In the following

examples it is inclyget GRmPAsAYS AxRS R Ahisialshalbriaw verdiagsheimmunalggical efficacy of

inducing an antigen-specific cytotoxic immune response in vivo and antitumor im_munii[gﬁlin preventive
-l

scenary of the v cgfﬁarle&'%'ﬁ sﬂfiosr‘%v%lt}]%%t i fﬂguf?ﬁ%’ﬂtigﬁr\/\ﬁt#%é%ﬂd Bthd StHEPH osomal
formulations 5aieduthaoeaenitaly SHEraEOAMPLEBINFx aiihld).1 . andsassradinteofiaguoaivititpfand CTL
response of thesviecinal, yehickngiagsradvesilisHabldhgad KAV asipreésineraiiggmipithe vaccinal
veicle based qpJjgosgiies s preparcgsfis preiousyJestibed. In,DRYS yesides, prised of DPPC
and Cho (molar ratiol: ? as modér anti e'n_ang' ts (Stl or §i|f5 were ¢o-encapsulated in a 10 pmol
of total lipids: 1@'%H%@Mﬁﬁﬂ%‘.@ﬁHibwff%%%%ﬁétﬂgrﬁ%\éﬁﬂé@m%%{ A& (PBB) pH 7.4.
Following this pro@edumehévpoesactealf corpasitiauemwereeaiitainiad: d MéacevmsiQonipesitian A: DRVs

liposomes of fo?&iﬁ P 80 qlE tQfakiRids) eapansMsENgAS NRRKIRY RO)RESYAri@accinal
Composition B: DRVs liposomes of DPPC:Chao (60 pmol of total lipids) co-encapsulating 6.6 nmol (50 pg)

0
of OVA arie? 1.8 ARSI SHSF & OPGRA N7 RFEMANS ik Jitn 8 B3EYNEight*anging from
18-20 g were setversbio0imer sEh alEsdAtoSunchenharidhonas e tlaf s hanaisie S et

assay.
Stll irreversible inactivation by heat treatment was performed according to the
procedure described by Martinez et al. in Toxicon, 2001, 39,1547-1560 and the total

20 loss of the ability to form pores in the membrane was checked by hemolytic activity
assay.

The immunomodulator properties of the different molecular species Sts in the system
liposome-St related to its ability to enhance an antigen-specific cytotoxic immune
response in vivo and antitumor immunity in a preventive scenary, can be measured in

25 the experimental model of the mice strain C57BL/6 using the antigen OVA and the
tumor cell line E.G7, a subclone of murine EL-4 thymoma (Kusmartsev y Gabrilovich, in
J Leukoc Biol., 2003, 74: 186-96), transfected with complementary DNA of OVA pAc-
neo-OVA (Moore, et al. in Cell, 1988, 54: 777-85) and obtained from “American Type
Cultures Collection” (ATCC, VA).

30 The authors of the present invention have also found that preventive inoculation with
the vaccinal vehicle liposomes-St containing antigen induces antitumor protection
higher than that generated by liposomes containing no Stll.

These results demonstrate that the system liposome-St is effective to induce an
antitumor response functionally robust and protective, when using a protein antigen,

35 without the need for other adjuvants. In turn, the use of this preparation in combining

therapies may further enhance its antitumor effect.



Group 1 (negative control) was inoculate by sc route on days 0, 12, 13 and 14, with 0.2 mL phosphate
buffered saline (PBS). Group 2 (positive control) was inoculated by sc route, on day 12, with 22.2 nmol (1

mg) of OVA and mixtyred with 100 pg of polyinosinoic- polycitidilic acid (PIC), a TLR3 25 synthetic ligand
i  classical Ml TGPE EXRRHRcE T AFHER, AL S, P S0 SORATE4. 1150-60)
on days 13 andvedfivig disiramrunetedizat eitaey 100ngycaToPaC a@igripsBasis Aytioxitddrynsc route on days
0 and 12, with Qe2pbhsefiMageiahaoanaasHie Nrin@dyivalenpievantive Nivsiey 29 pe ofdeiA). 30Group 4
was inoculated e Wi . I jtion B
(equivalent to 19%1%%%%&%5%%?0&) évﬁ%ﬁ%ﬁ@ﬁ%@%ﬁ gf‘g@ér%@g%gf@’ r%ﬁhp%%lo\?v%@%ﬁ:gulated by sc
route on days (PARGAROLERAIEMSIL of vaccinal composition B (equivalent to 1.1 nmol or 50 pg of OVA

and 0.3 nmol or 6,25 pg of Sill). 35 On day 20 of the experiment, spleen cells from C57BL/6
non-immunizedgRjgapyere incubated with two concentrations of carboxy-fluorescein diacetate

succinimidyl ester (CFSE) (0.33 y 5 pmol/L, respectively); the labeled cells with the highest fluorescence
tensity were a8 TUGHA(AEFGTATE OB SRR (U2 BT ey TR AERGBRRARE poptide i the
context of the W@ 9 hajetypdeofortCBTB O micereteiihamifaamvards, both populations of labeled cells

were mixegh1: 1awad s06rRXPEriBneRiabg LD Josuaissi prReldtesshy el aigivath 30 x106 cells of the

5 mixture in 0.2 |yl ' if - and\ysis. (%),of th t cell
S etermiad i tﬁ@]#ﬁ?&%g‘%%fé@%ﬁ%%?e‘ﬂﬁ?%ﬁ%' '8&%@5‘&&9%%1‘3‘8&3 R (Bha IR, graet cells was

ymp e closer to the Immunization site ow cytometry (FAGS). Figure 1

shows the cytof¥ciy prddicatim oS BeirpRtAERSibntot PiieWatHAiRd & Res EHBAcEANSulating OVA
and Sts. The inremdini2ednahihatsnwidh igtiosSomiespioatd O et apiudaiep Sis (G4 GoBll)rshibived a CD8+ T

cytotoxic lymphgevieirsRABSadkal LdmBESHindueY susiastically higher than the positive control group.
Additionally, liposomes that only contained OVA also induced a CTL response tatisti(ﬁalla/ similar to the

classical positivEeEARoHIPRR 'ggsé'y Hﬁ\éc).@gﬁg@?ﬁp?é 2%8&@%@& HARu otPat\?lp -8 Btion of the
vaccinel vehicleengabsu@i\ng pfoteial (k8 de). of ke/Ability of the liposome-based vaccines to induce

antitumoral proteginameshpbsliod. B:00kisapdssidy GoBRREdRM@E fIRice witha ndy) weight ranging
between 18-20 X\\%\‘ffs%lgﬁrl] Sﬁg%dn@%@ @Se@%%ﬂté)gﬁ E%gg}?]%%i%lfl%\ﬁtﬁ; §@.ammals each. 20Group 1

(negative control) was Inoculate Imroute, on days ( A mL
Fifteen C57BL/6 female mice with a body weight ranging from 18-20 g were selected

20 and separated into 5 experimental groups of three animales each.
Group 1 (negative control) was inoculate by sc route on days 0, 12, 13 and
14, with 0.2 mL phosphate buffered saline (PBS).
Group 2 (positive control) was inoculated by sc route, on day 12, with 22.2 nmol (1 mg)
of OVA and mixtured with 100 pg of polyinosinoic- polycitidilic acid (PIC), a TLR3
25  synthetic ligand and a classical inductor of CTL response (Hamilton-Williams et al. in J.
Immunol., 2005, 174: 1159-63), on days 13 and 14 the animals received again 100 ug
of PIC.
Group 3 was inoculated by sc route on days 0 and 12, with 0.2 mL of vaccinal
composition A (equivalent to a 1.1 nmol or 50 ug of OVA).
30 Group 4 was inoculated by subcutaneous route on days 0 and 12, with 0.2 mL of
vaccinal composition B (equivalent to 1.1 nmol or 50 ug of OVA and 0.3 nmol or 6.25
Mg of Stl).
Group 5 was inoculated by sc route on days 0 and 12, with 0.2 mL of vaccinal
composition B (equivalent to 1.1 nmol or 50 ug of OVA and 0.3 nmol or 6,25 ug of Stll).
35 On day 20 of the experiment, spleen cells from C57BL/6 non-immunized mice were
incubated with two concentrations of carboxy-fluorescein diacetate succinimidyl ester
(CFSE) (0.33 y 5 umol/L, respectively); the labeled cells with the highest fluorescence



of phosphate buffer saline (PBS). Group 2 was inoculated by im route, on days 0 and 12, with 0.2 mL of
the vaccinal composition A described in example 1 (equivalent to 1.1 nmol or 50 pg of OVA). Group 3 was

inoculated by im route, on days 0 an%é%évgi h 0.2 mL of th? vaci{nal 2500§osition B described in
f

example 1 (eqdR}SPéHY t0"£' nAfd of M o525 Z)'Isgwﬁgﬁh'ﬁ?él)Groups 1to3
were challengenomaedominaiithPSRIBE inele frontetiecfuhfoMitie Elaridiypsutsc ftarnBbigsmingte (0.2 mL).

Animals were irglyiglualizegaiemn sy Qapadivniolipwing paradsteisveraxdatermingd 3@khrice per week:

tumor volume, téQl}lg%r‘i%Qﬁ%Q ¢ r%ﬁ?sn ARG RUVINGLLLRS Lﬁgﬁ% %*ﬂt@iﬁ?ﬁ%ﬂﬁfs%es?fé@b%&gg)ﬂﬁéTime 0
!

progression The time to progression is a parameter t aracterizes the time e or each 35

animal fron?thé*?%ﬁ?e‘ﬁtgﬁé%ltﬁ@r' e uMIESHGrRIFRSHPRLAIENLE R SANFIESA! AE¥S 0t developed
a tumor at the eagafdéis eqsefareninat wathe ingiter goniitabdde tinsertomphegressiorativasstO days. The
impact on the e&qmj%%g@ fimedg progression is a highly desirable parameter for a vaccine against
cancer. As it can be obseéve ig};i&ure 2A, animals from r_ouER;B vaccinated Wi¥h the for.rgulation

i

vaccinal compo':s'ﬁfgﬁ B %% @ng‘hcb% Rr%lif%%j@ct of iﬁwg}%&%t'gﬂo%e@'ﬁ’?e% st outstanding
results 5SurvivdPT$(R) g raraptapitnes 0y thand Sility Gievatokmarshaimaty edbdipescimee that immunized
3nimalsolli\h4© Up@Hcﬁb@ﬂﬁﬂﬁ@@t@lwltbﬁéﬂhf@ﬁ@%%@%iuﬂrtlgfoﬁﬁlﬁ |%E16bympalﬁ§@’@ﬂ|[)is meaasured in
ays and has a_relative t ince it red with surviv on-treat o] . In order to
prove the statis%i%%‘?@&l/gr%é}ﬁg%e%g?%ﬁce% %0(5] %ﬁ?&%gg f%qL\JéI{l(? ?%'ltlé\ﬁervia’\%)aﬁl)t rrc?as ﬁgsu%m%‘o%n%%%ﬁ )s the Log-Rank
test was used. HRGEPE1SBIEIAY SPIRBEHAVANTRAISIHSRT Grodp BSParesitdalisatl 8RIvatinal
composition B desclibsicairpesitia planttohfud thisjessayf (P present invention are those that survive longer
after tumor inoculation. 15Example 3: Hemolytic Activity of Sts mutants. Pore-formation in erythrocyte

b d lloi tic shock that brings about cell lysis. Pore-forming ability of th
Calod porih cart BB NG BH ) T RO, S EER)SUAEH CEr 4 (SNEArba R Aetermined by

measuring the lg3edf apstalent absorbance (A = 600 nm) of an erythrocyte suspension due to cell lysis.
The ability of the liposome-based vaccines to induce antitumoral protection was

studied. To this end, sixty C57BL/6 female mice with a body weight ranging between
18-20 g were selected and separated into 3 assay groups of 20 animals each.
20  Group 1 (negative control) was inoculated by im route, on days 0 and 12, with 0.2 mL
of phosphate buffer saline (PBS).
Group 2 was inoculated by im route, on days 0 and 12, with 0.2 mL of the vaccinal
composition A described in example 1 (equivalent to 1.1 nmol or 50 ug of OVA).
Group 3 was inoculated by im route, on days 0 and 12, with 0.2 mL of the vacinal
25  composition B described in example 1 (equivalent to 1.1 nmol or 50 ug of OVA and 0.3
nmol or 6.25 ug of Stll).
All the Groups 1 to 3 were challenges on day 19 with 3x10° cells from the tumor line
E.G7 by subcutaneous route (0.2 mL).
Animals were individualized from day 0 and the following parameters were determined

30 thrice per week: tumor volume, time to progression and survival.

The results obtained are described below:

Time to progression

The time to progression is a parameter that characterizes the time elapsed for each
35 animal from the moment the tumor is inoculated until its appearance. As for mice that

had not developed a tumor at the end of the experiment, it was considered that the

time to progression was 60 days. The impact on the extension of the time to



20 In the assay, the HA of the StIW111C irreversibly inactive dimer (Stl W111Cirrev) was compared with
that of the reversible dimer StIW111C, in reducing (2-ME 0.1 mo1/1) and non-reducing conditions, at a

latively high protein ¢ tratjon in th 0.15 1/1), if ith the HA of Stl/Stll ted
oy Aarez 1 ab BORGSIGD : SOU LA PR Rl T ECUPE OB TR AN I Figure s

indicate that 25088sAved ITHGewAs ABEEeandgonp (- rehsiing Eotfitlithen'oruralénreaiediah conditions,

StIW111Cirrev shapsdidass astidibethaneREMplel 1 GrritbeesosmpietelyertidHcesbaeaan:reddced. Example
4: Assessment %I %@%&%rer'%’r@ng ability of inactivated Stn. 30 The loss of the ability to form pores in
membranes by |ﬁ Irreversi K/ inactivated by heating at 80 C for two hours was registered using the
hemolytic a'?:tiviﬁ}‘ﬁ%ﬁ' Figure 4 shows the lack of hemolytic activity for the thermal-inactivated Sill when
compared to therachaeaprateiasssEoshpibiby offeat didtien va dotrelsechicteneniaCs matuedtion.

Maturation of DG induged BysRilbias RRsesaRd inCeNmabiaingshiamine LageEarowt C57BL/6 mice

exposed to active Sill (0.1 nmol or 2. or inactivated by thermal trea_tment_é4 éin the.presence or not
of 20 pg of polRATIEE! (5 EES oV AN &7 B Eo B RSt SIBER b SATRET S Wilting to lipid A
fraction of LPSyuaival dfois-te870 aimaissdo QOer dhaprityer thes saisitical staniiopnesvasthsed LPS (2 pg)
and the negativgreeattekwamdRii Minmedissn srlks rigrsnxSine el -exstiresed e mseaice bone marrow were

cultured in a nug 0 precu RPMI per well usi wells.plates. Bovine fetal
serum (BFS) at@???/é ?5%%%19&‘ éﬁ%@ssl[ﬁénéﬁﬁﬁk%}\;\%ﬁe%gj e ’t(\)/acgglrrr{l}lg egfewgﬁjﬁﬁée‘ir%v%%ﬁg‘:igure 5 shows
the increase (3RPMARFEH EISESRIPRTIKEXSTEIB 8o aehEBeG CDUE) AR IS BICY S iRAfion as a result
of the expositiothafdhese teleiaftdtrotobiottléibe active and the heat-inactivated Sill variants, results

comparable to those obtained with the positive control. Example 6. Assessment of cytotoxicity and CTL
reponse oéléhe vaccinel vehicle us_in% St mutants and OVA, as antigen protein. 15The Stl dimeric variants
[

of reversi (SEWﬂpi?:?:o'??FP@\If’étf‘g ﬁ}'(’gﬁ ﬁtiﬂﬂg\r/‘)t?ow pore-forming activity and the thermal
inactivated Sill Varkafirivetiendo endapeyifateembien©NAdiies|iposimdessaoiPsPekaha prings in a ratio 10

pmol total lipid: dbdubieeml GNA:FDR-nsnaingf Sl 1ok like SH\BEIRA Birmey eirhpatrinawtivasgdiSill, in PBS pH

/.4 and the ab"ﬁé(moélé*g{?éscmﬁﬂﬂiﬁﬁﬁﬁf IPDS S9.DANEE A0 é%}é‘r\na?rﬂ’e%cbi@@cmcé’atg’&ﬂ%‘{gﬁ‘%‘%@y In Vivo was
20 assessed. In these assays, essentia gt e same vaccinal compositios were used as those described in
Example 1, in tREAPREEBF 51918 BOMRSTHFIRMEVANARIE SHERENRIPE BrRpRSRYS'S:

20 In the assay, the HA of the StIW111C irreversibly inactive dimer (Stl W111Cirrev) was
compared with that of the reversible dimer StiIW111C, in reducing (2-ME 0.1 mol/l) and
non-reducing conditions, at a relatively high protein concentration in the assay (0.15
umol/l), if compare with the HA of Stl/Stll reported by Alvarez et al. in Toxicon, 2009,
54(8):1135-47. The time-courses of hemolysis shown in Figure 3 indicate that

25  StlW111Ci., was inactive under non-reducing conditions. Under reducing conditions,
StIW111Cy,., showed less activity than StlIW111C either completely reduced or non-
reduced.

Example 4: Assessment of the pore-forming ability of inactivated Stll.

30 The loss of the ability to form pores in membranes by Stll irreversibly inactivated by
heating at 80 ° C for two hours was registered using the hemolytic activity test. Figure 4
shows the lack of hemolytic activity for the thermal-inactivated Stll when compared to

the active protein.
35 Example 5. Effect of the vaccinal vehicle on DCs maturation.

Maturation of DCs induced by Stll was assessed in cells obtained from the bone
marrow of C57BL/6 mice exposed to active Stll (0.1 nmol or 2 pg) or inactivated by

10



Vaccine composition A: DRVs liposomes of DPPC:Cho (60 pmol of total lipids) encapsulating 6.6 nmol of
OVA. 25Vaccine composition B: DRVs liposomes of DPPC:Cho (60 pmol of total lipids) co-encapsulating
6.6 nmol of OVA and 1.875 nmol of t.és IW111C, StIW111Cirrev, native St 11 or heat-inactivated St11)
In a first assay,tmréﬂ% Vgﬁ“%%n}n%é‘éé é‘ﬂ?Gp\WéFémsee%c?é’H i dBR fﬁ%\wrbgt WxP18-20 g, and

separated into HeKiéringeraaigicRsioeKiIh ActicdatisnhRcBEbY3DGIBY L ik §ApediaueftkdPwas inoculated
by subcutaneous:rauteuaday? O inndiLcwitthamoail of PBS. Group 2 (positive control) was inoculated
by subcutaneoygs.r , 0 . ith Q. he vacci Iti lvalentto 1.1
ol or 50.pg oY A A e L B B e e ocutaneovs
route, on days 0'Y5130 Witk S BRI Al RPESTHICE ReiBifieRAd 2N HR ?T50 pg of OVA
and 0.3 nmol 0660280pPalsSiteelkisS)onGreu dewaslinsingatedely siatecutanao setauserwon days 0 and

12, with 0.2 mL gEg)e,VasginAloGampeiliosB A @R Rak!adda inelhsiet? #e9iPYéy and 0.3 nmol or

6.25 pg of StIW111 Glu ura 6A shows that animals immunized with liposomes containing St

ey) Fi f nt
e o LS 21t R S R o BT T AG BBy PR st AR b eytotoxic
response statisticitBigstnafl &G aqtitatiotpsedl \gstht Sflthenexpesitien ¢ tedatedlwithV OV R ipeth liposomes

(LP/OVA+£111) e athes assde Rineifemaaanise Coibldoruditsacbagyrwmiolthetwepnindd20 g were
selected and separgted into 3 g rLgps of 3 animals each. 10Group 1 (negative control) was inoculated by
subcutaneous route, o éays and 12, with 0.2 mL of saline phosphate buffer (PBS).

Example 6. Assessment of cytotoxicity and CTL reponse of the vaccinal vehicle
using St mutants and OVA, as antigen protein.

15 The Stl dimeric variants of reversibly (StiwW111C) or irreversibly (StlW111Cie,) low
pore-forming activity and the thermal inactivated Stll variant were co encapsulated with
OVA into liposomes of DPPC:Cho (1:1), in a ratio 10 ymol total lipid: 1.1 nmol OVA: 0.3
nmol of StiIw111C, StIW111C;,., or heat-inactivated Stll, in PBS pH 7.4 and the ability
of these vaccine preparations to induce an OVA-specific cytotoxic activity in vivo was

20 assessed. In these assays, essentially the same vaccinal compositios were used as
those described in Example 1, in the case of composition B, the different variants of St
were employed.
Vaccine composition A: DRVs liposomes of DPPC:Cho (60 umol of total lipids)
encapsulating 6.6 nmol of OVA.

25  Vaccine composition B: DRVs liposomes of DPPC:Cho (60 umol of total lipids)
co-encapsulating 6.6 nmol of OVA and 1.875 nmol of St (StIW111C, StIW111Ciye.,
native St Il or heat-inactivated Stll)
In a first assay, twelve female mice C57BL/6 were selected with a body weight
between 18-20 g, and separated into 4 experimental groups of three animals each.

30 Groupl (negative control) was inoculated by subcutaneous route, on days 0 and 12,
with 0.2 mL of PBS.
Group 2 (positive control) was inoculated by subcutaneous route, on days 0 and 12,
with 0.2 mL of the vaccinal composition B (equivalent to 1.1 nmol or 50 ug of OVA and
0.3 nmol or 6.25 ug of native Stll).

35 Group 3 was inoculated by subcutaneous route, on days 0 y 12, with 0.2 mL of the
vaccinal composition B (equivalent to 1.1 nmol or 50 ug of OVA and 0.3 nmol or 6.25
Mg of Stiw111C).

11



Group 2 was inoculated by subcutaneous route, on days 0 and 12, with 0.2 mL of vaccinal composition A
(equivalent to 1.1 nmol or 50 pg of OVA). Group 3 was inoculated by subcutaneous route, on days 0

and 12, with 0.2 mL of 15vaccin Ige%gég%%tlon B equwalent(ts%l.l nmol or 5 and 0.3 nmol or

pg of OV
6.25 pg of inactﬁf@@ilf).‘“ﬁ%lﬂoec SESPHARRUIS 2R Xf/i?haﬁgo]szoﬁﬁﬁé %%renr"rc%lfpt ﬁlating OVA the
completely heataagiotileeapSiiarnRdat¢liaiest tard O ymat e &fic @ piotydceadtiysightfice?ftly higher than
that induced by Jipersunes coptaining only the antigen and 20similar to that observed with the liposomal

formulation contynings RafiYG, SHiet IE%&%B%‘QQ&‘%M@W SR %@?Qﬁﬁﬁg@?&%ﬁ@%ﬁ%&ﬁomm vaccine

object of this invention co-encapsu atméq an anté&(in wit %DSUC olysin variant, even with those that do
not display Dor@IFHmY ectRFHY It dbESa A potdht 1HiGhudt dftf RYAdRINA S tigen-spEfie @TL response,
even larger thanythaixelicitpdrisy thetistastycsimiesitieas abtedted Sv{tR 16Y)| wgeoh icoaaméapsviat&iTL assay. The

formulation lipogRRevAlifl ABEBMRRMYE/BReNAE Significantly increased the time-course of tumor
implantation and si&%ificant)lly increase survival in the %r_ uge%(evaluat d.in relation to those that only
eSSt

received PBS. A § rn?ﬁ?ﬁ, VvRLEEBlE Wifs Ifb507§30L|[r§ PSS BEREMRELAE 0% Wi%e observed
with liposomal vekieles anglyeranaiadiintheranpgeins 30rBIIEFCDESCRIPTION OF THE DRAWINGS

Figure 1: repressotp a graphice shawingdysisopaktentagsupt ke dangeberlsloggecvii 12,

OVA-immunodgvrlr&;r@E Rﬁ_p(t*ds%li%l 'Mégéﬁ%?e%(?f é@@%@? with CFSE in e>_<perimenta| animals subjected to
0 cytotocity assay. Each 35 point corresponds to data from a

different vaccine treatments in an'in vi

single animal afdOHe fiféto tReURIES PV AURCBRAE RaSTONIR RIHEREhEeMtbXpeliieAts. Wiffdrent letters
indicate significeanicgtaltisticpdsiiiiers tapsvamang immunized@uowbOssEording to Dunnett T3 test (p<

0.05). Figure Zéicﬁﬁp@%%@tﬁmg%‘él&EBCSQtQQﬁ&EﬁéHU@%J{é?%Hfdg&EQf ihthige grAURS RiLeyperimental

animals SLi jected to different vaccine treatments and challenged with OVA- expressing tumor cells.
Figure 2B: eprggcé%?glaf%]?gﬁﬁ'fbofhgt(gﬂﬁ %%Waﬁﬁﬁ@%@ rsiﬂ\Hgélfp%Yérﬁafie?'ﬁwW@Itﬂrr%ezﬁ]entioned

groups after inadufitiastyethbOVA-expressing tumor cells. Different letters indicate significant statistical
differences accpigling &8 tbaidedgeRBank: tesin(Piz&i0®)with liposomes co-encapsulating OVA the

completely heat-inactivated Stll variant elicited an OVA-specific cytotoxic activity
significantly higher than that induced by liposomes containing only the antigen and
20  similar to that observed with the liposomal formulation containing native Stl/Stll.
The experimental results demonstrated that the liposomal vaccine object of this
invention co-encapsulating an antigen with any sticholysin variant, even with those that
do not display pore-forming activity, induced a potent, robust and functional antigen-
specific CTL response, even larger than that elicited by the classical positive control
25 (PIC) used in an in vivo CTL assay. The formulation liposome-St on a preventive
scenario significantly increased the time-course of tumor implantation and significantly
increase survival in the groups evaluated in relation to those that only received PBS. In
summary, vaccination with liposomes-St exhibited better results than those observed
with liposomal vesicles only containing the antigen.
30
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1: represents a graphics showing lysis percentage of the target cells loaded
with OVA-immunodominat peptide (SIINFEKL) and labeled with CFSE in experimental
animals subjected to different vaccine treatments in an in vivo cytotocity assay. Each
35 point corresponds to data from a single animal and the line to the mean value of at
least two independent experiments. Different letters indicate significant statistical
differences among immunized groups according to Dunnett T3 test (p< 0.05).
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Figure 3: shows variation in turbidity of an erythrocyte suspension due to the action of dimeric variants of
Stl (StiIwW111C o StIwW111 Cirrev) under reducing- (in the presence of 2-ME) and no reducing conditions.
15Figure 4: represents loss of turbidity of an erythrocyte suspension due to the activity of native Sill
(active protein) or inactivated by thermal treatment. Figure 5: shows changes in the expression of
molecular markeigief déndabeesils (DY dariaoatirpikpisifion of vithetdrstreparPkpithctive and
thermal-inactivaiga2QvaEaahin dResnrpssacecodineienl ancendateximéeytiatizingiRaesd (MAxB). Graphic
A: Percentage gﬁp@%gigiﬁlgi&rﬁéﬁ%@gntage of CD86 Graphic C: Percentage of CD40 25Figure 6:
represents two graphics showing lysis percentage of target cells loaded with OVA-immunodominant

peptide (SIﬁ\IFEKL) and labeled with CFSE in experimental animals subjected to different vaccine
treatments in afiguvivRECytetcderty asgayphleabht pdovcomespogdbdcadateainmramsingle tanimal and the

line the mean value. DIfRSRL GEEEE DHICHS SNiChs BURICA ilRre NGRS RIRNBHffIMMunized
groups 30accord|n%5;0 the Tukeitest (p< 0.05 .&(?Hr%%hlc A: Res&zonse gbtained urfon immunizacién with

liposomes co-elf§ ﬁﬂgﬁﬁ&é@ if'??gﬁ\féa‘g?ﬁc EGRRSRREBIOSTY rg\?el’é’l%ﬁ? §ﬂW1&°fC) or

irreversibly (StIMa3)1Cirrev) inactive. Graphic B: Response obtained upon immunizacién with
liposomesigo-encapsulating 350VA and Sill inactivated by thermal treatment. VACCINE

COMPOS! ORI ook %ﬁé%%%ﬁdﬂé‘.ﬁ%#%ﬁ%&h%'nﬁ%&@%L’@&%&l%&?est%@c%o%#\"s1 o1 - A

vaccinal vehicle to induce cell immune response comprising co-encapsulation into liposomal vesicles of
proteins obtaindEmVaa YR EMThE ARG HL SHNB&lSnth 1% d e Ardig&hthe presence of

2-ME) and no reducing conditions.

15 Figure 4: represents loss of turbidity of an erythrocyte suspension due to the activity of

native Stll (active protein) or inactivated by thermal treatment.

Figure 5: shows changes in the expression of molecular markers of dendritic cells

(DCs) due to their exposition in vitro to St Il both in its active and thermal-inactivated
20 variant in the presence or not of an endotoxin neutralizing agent (pmxB).

Graphic A: Percentage of CD80

Graphic B: Percentage of CD86

Graphic C: Percentage of CD40

25  Figure 6: represents two graphics showing lysis percentage of target cells loaded with
OVA-immunodominant peptide (SIINFEKL) and labeled with CFSE in experimental
animals subjected to different vaccine treatments in an in vivo cytotoxicity assay. Each
point corresponds to data from a single animal and the line the mean value. Different
letters indicate significant statistical differences among the immunized groups

30 according to the Tukey test (p< 0.05).

Graphic A: Response obtained upon immunizacion with liposomes co-encapsulating
OVA, native Stll or dimeric variants of Stl reversibly- (StIW111C) or irreversibly
(Stiw111Cirrev) inactive.

Graphic B: Response obtained upon immunizacién with liposomes co-encapsulating

35 OVA and Stll inactivated by thermal treatment.

13



2. - The vaccinal vehicle according to claim 1 wherein the lipid vesicle contains DPPC and Cho in an
equimolar ratio. 103. - The vaccinal vehicle according to claim 1 wherein the proteins from the anemone
Stichodactyla helianthus are selected from thseﬁgér?é@ comgrisingt Sill, Stl and their variants. 4. - The

vaccinal vehicle’ é&%%‘?n& QSR 32N iaRte ot St touind e Satstebrom e group

comprising StIWIPREDMERV111Cirrev or heat-inactivated Stn. 15 5.- The vaccinal vehicle according to
claim 1 wherein the antigen is a protein or a polypeptide associated to a pathology selected from the
group comprisir&gﬂ\%:er and infectious diseased caused by intracellular pathogens. 6. - The vaccinal
vehicle according to claim 5 wherein the antigen is a protein or a polypeptide associated with cancer. 207.

- The vacciRal Vehiéle’8eLorbNGIEE dRiRABCR 18I eRMNBSAFRRPEASR SPPIRStEINY SOLPEAPPERtRE associated
with AIDS. 8. -iiftedinaooiablesticd @fqromidingpteircdiffod Wheremdbhe antigendyla priEeimer a polypeptide
associated with,fybgreigsis. 9. - A vaccinal composition comprising any of the vaccinal vehicle
according to claims_1 25- 9 and lacking immunological adjuvants. 10.- The use of the vaccinal
composition acBorctAg 1B°CIAn'8 e AHFFAP EAHR Y 1A RiAUE IR 3SAEE SPAATEN Suffering from a
disease selectethfr&fptiteagslINiANHTSing cancer and infectious diseases caused by intracellular
pathogenso 3. - The vaccinal vehicle according to claim 1 wherein the proteins from the anemone

Stichodactyla helianthus are selected from the group comprising Stll, Stl and their
variants.
4. - The vaccinal vehicle according to claim 3 wherein the variants of St toxins are
selected from the group comprising StiIW111C, StiIW111Cirrev or heat-inactivated Stll.
15 5.- The vaccinal vehicle according to claim 1 wherein the antigen is a protein or a
polypeptide associated to a pathology selected from the group comprising cancer and
infectious diseased caused by intracellular pathogens.
6. - The vaccinal vehicle according to claim 5 wherein the antigen is a protein or a
polypeptide associated with cancer.
20 7. - The vaccinal vehicle according to claim 5 wherein the antigen is a protein or a
polypeptide associated with AIDS.
8. - The vaccinal vehicle according to claim 5 wherein the antigen is a protein or a
polypeptide associated with tuberculosis.
9. - A vaccinal composition comprising any of the vaccinal vehicle according to claims 1
25 -9 and lacking immunological adjuvants.
10.- The use of the vaccinal composition according to claim 9 useful for enhancing the
immune response of a patient suffering from a disease selected from the group

comprising cancer and infectious diseases caused by intracellular pathogens.

14



