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FI ELD OF THE | NVENTI ON The present invention concerns
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Many natural biol ogical nolecules and their anal ogues,
i ncl udi ng proteins and pol ynucl eoti des, foreign

waaimstiamees and drugs, which are capabl e of i nP¢T/ER20041H0534

cell function at the sub-ceé lular or nolecular |evel

f I (thin the cell in order
ﬁ%‘%ﬁf‘é&mmq@ﬁﬁ%ﬁ&ﬂ ese agents the cell
menbrane presents a selective barrier which is
i npevimabhatuta) Hidlegicallhmlenigs! aid theirpmaldgues) inélutiihg proteins

cell menbrane conprises ghosphol I pids, glycolipids,
apd dpekyspeleptiden | fagigie spbsiandent Anthsdmgan avhigh r anescapable of

RIS el Wi eh 6 oﬁ%ﬁﬂ{lﬁﬁ: Guwioferii ol gy ereferably
i Boral QIANRNRIL BTdrdeM bl e Siredt PHOIR b Seins the

celt thambtdne! mres@ity aoseldotive (HRirdée ddisic 8nEmpdhicabReto them. The
am nogl ycans and gl ycoproteins). Interactions anong

complx eomposition of theptellsmismbrasiel comupnirss phosphatigidshelycolipids,
S LR P SR b B pions s
e

ahi¥ng, ATP! Mmidtesilahdifs, HERMoMBMRS! EG8nRE; add €ITRBRAE@E proteins,
barrier can be overconme by associ ating agents in

atsonpy dhe sxtmhcdllulampglycocalym ((prrotenety canes glygosee amitdglygns and
ihe | i pi d_conmposition of natural cell nmepbranes, These

ivsoRatens b natcraghong samopg sirpsaraleand gepplasmee cgll components

o 36 soPhse' Myob o RE S RAVE i 550 s spngrble for
tﬁéh%ﬁlwwmﬁfeaﬁib%a%ﬁﬁh %ﬂd%ggyyéade%ge p&y €

delivered in to the cells. Lipid can .
v 5Pl DGRBS ARBD TR 2GR BURR SR s s
aliBShechOR R Bstigatdte 9 MRibrallahae s Q-Ellﬂe?é 'o?lg‘é%rrf%fl%}; ggsociating

formul ati ons conprise an anphipathic I1 pi suc

apéres phosonelexssdsvitf 1ggt| foremddatiorss clael; fregemmblaig ek lipid
| ayers or aggregates such as micelles or_ hollow |'ipid
co@ppeities ¢ff n reel) membrangse dheses farpaasionshway fuse with the
| i posones can be used to entrap the substance Eo be .
cpfL mSEPRRes OB 1HORUhOn VYIS TRCTe olBORe FAkaRHIR B PYBRRYtOSiS,

ehlSey #5319 aBbE fHidoHostsT 1E b FhesE PloBSses, the associated substances

are delivered in to the cells.

Lipid complexes can facilitate intracellular transfers also by overcoming
charge repulsions between the cell surface, which in most cases is negatively
charged. The lipids of the formulations comprise an amphipathic lipid, such as
the phospholipids of cell membranes, and form various layers or aggregates such
as micelles or hollow lipid vesicles (liposomes), in aqueous systems. The
liposomes can be used to entrap the substance to be delivered within the
liposomes; in other applications, the drug molecule of interest can be
incorporated into the lipid vesicle as an intrinsic membrane component, rather

than entrapped into the hollow aqueous interior, or electrostatically attached to
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incorporated into the lipid vesicle as an intrinsic

menbr ane conponent, rather than entrapped into the
whodokowiagueous interior, or electrostaticall yPEr12omamnos34

t oaggregate surface. Howeve¥, nost phospholi pids used

e L
QoY B ER Gl Tr Y (et @ positively charge

chi orady RSP 1, 3ief 1l spcellbfar elisEaiaes T dopavary that o
RN Sy B S e B SPAREPHB BRI R 2o
teigtRettiylaeh dnfure e thloflE 8 NIDEM A dinb ehien Gorbrd ksMlipdkoles! b8 small
cells either by fusion or nore probably by adsorptive

venitbesy cogldsinteresiuspontapepusly wpitle WA rtodormhkpitsAN#germaplexes
€] , l. P . . A . .Sci,, USA

which Frcapsble %ﬁ@%t?sba% i Eﬁgl.negﬂ;ran%@%%i?%@%agse upy the cells

. i . ) I . d_ @ .

GRERAS. B 8 i L Sy Sy SRR i

dxptdsaRhhyf BHETREhEDRE qm%f\f, DOTAPYt hI 158bNagt IARAIWSED USA

a phospholipid to form -conpl exi ng vesicles. The

84 P34 1h(1987) med dé.6t PaBN G ek887, K65 emEppstein, D. ef al.]. Others

Laboratories, Gaithersbur MD.), an effective. aglent
haye t feccgasiilier yussd hizghIOIMAni enpleeyewucilebbisdelsoyloxy)-3-

QBB OH HEEE P SRR, YR, Bl o
TN Sl U 0 e,
Laboestories; Gaitierstairg PMID yne0esleytivé bferie@atthy eelvery of highly

charged nucleic acids to formconpl exes, referred to
amdoni¢ pppyauddeotidas einte dbdrg tidsup oailtuire edoflscisampeiges positively

T . N
e e L

THesé AipesoraEs iéraeipeEnédisty Wl slative§ éRsedMucleic acids to
adsorptive endocytosis or fuse with thé plasma

foembeoama exdso tréfepred ctosase pdplekese r'Whem eixicessadf positively charged
ol ynucl eot | into, for exanple, tissue culture .

lipgspmes mi&?\ﬁ‘h deaiivepchargeydisausedais Bel ghgrge on the resulting

c%ﬁ{b%)?ets' 8"M10 lp'o&'tigé.' Pééijcixlfé@ c%targaeld' cozrggl%Xes' %%e%aled in this way

spontaneously attach to negatively charged cell surfaces or introduced into the

cells either by adsorptive endocytosis or fuse with the plasma membrane, both
processes deliver functional polynucleotide into, for example, tissue culture cells.
DOTMA and DOTAP are good examples for monocationic lipids. [Illis et al.
2001, ibid.]

Multivalent cations by themselves (including polyamines, inorganic salts
and complexes and dehydrating solvents) have also been shown to facilitate
delivery of macromolecules into cells. In particular, multivalent cations provoke
the collapse of oligo and polyanions (nucleic acids molecules, amino acid

molecules and the like) to compact structural forms, and facilitate the packaging
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Mul tival ent cations by thensel ves (including
pol yam nes, inorganic salts and conpl exes and

walelwdi@bé ng sol vents) have al so been shown t oPCT/IL2004/000534
facilitate delivery of macronolecules into cells. In

particular, multivalent cations prqvoke the colla
fthesei pplyarRens Bty ¥iusvss theit mcgmorafe% intadinosemes, thansfer into

Bl . EFhfg 0o o 3R e SRR RRIEEegh Thpemtles

{ I tou 206 PR P J 8pétmi
RLEROR I B BT ONA S 08t i

sBemeinenBs tattacBits IBRYdrSPRObIC1ARAPT to These smibd:lﬂss; via a lmker a
nat ur al poI ycations abl e to_conpact DNA are
ok tanskaetionneecinrs, sther pelyeatigeye almmlﬂrn@rSa has been
dg%%r OE‘EObI c anchor to these nolecules via a linker, a
ss of transfection vectors, the pol ycatl on| c
l'i popol ymars has been devel oped. ,Cationic lip
cat | &ﬁt@npro lipidsr and watenist pelymers dyerect @bﬂctryswl@ﬂbt ﬁ\e_lth the

a??ﬂ%ﬁg Iﬂ?‘? @1% @ﬁg‘%{&g 1\65 %ly%%ltﬁ}{lggﬁasc\fomo?ecufe) forming
B )

Tie) Rametion of Mcﬁnpleﬁ 3s afsotiaeed Wi’lhdhe eglegzelofseuntenions bf the
is the thermodynam c driving force for |ipoplex and

lipadsy pt gelypentveiicois the thermasiynamice deaingoriree [fopligeplex and
can _be divided ipto f.our _cl asses. uat ern
PORRISY SRORENEOYS| Eqra@u@e IR csHoRiq Lpisr et PR dedainte four

RGO TS AR T A TR DETRIA ifgfegin™) and

INOTAGY) Narahda NMBHEsPHbHANEh/AbiiafM nec cﬁetses Sl Pllf)bp!dlyammes
am di ni um guani di ni um and het eroc ic salt [i pid
(ﬁﬂmaﬁﬂﬁccﬁpldﬁﬂéeaﬂmgmmmmyj |angn0munn andpolytasnine moieties
aspects,. the present |nve8 on concernfpﬁge use of a

I

@él{i‘ﬁg‘mlé%'émy&lll IBHM and Yterepyclc sakt preparation
of a pharmaceutical conposition for nodul ating the

i mmune response of a subject. According to a preferred
SUNMMARY tOFtFH ESENVEQIT EONo| yal kyl ami ne conj ugat e
conprises a sphingoid backbone carrying, via a

carb kd@g a4 oﬁ%:1 of ﬁ@%&p&?s? ﬂ?@f}ﬁé@é&%@éﬂﬁ%ﬁ ORBLAs the use of a
yla ai n.

pol ya ne ¢
sphingoid-polyalkylamine conjugate for the preparation of a pharmaceutical

g

composition for modulating the immune response of a subject.

According to a preferred embodiment, the sphingoid-polyalkylamine
conjugate comprises a sphingoid backbone carrying, via a carbamoyl bond at

least one polyalkylamine chain polyalkylamine chain.

The term sphingoid-polyalkylamine conjugate as used herein denotes
chemical conjugation (linkage) between a sphingoid base (herein also referred to
by the term "sphingoid backbone") and at least one polyalkylamine chain. The
conjugation between the sphingoid base and the at least one polyalkylamine chain

is via a carbamoyl bond, as further detailed hereinafter.
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The term sphi ngoi d- pol yal kyl am ne conjugate as used

herei n denotes chem cal conjugation (linkage) between
w@2@phingoi d base (herein also referred to by PEEIL2004000534

"sphi ngoi d backbone"”) and at | east one pol yal kyl am ne

chain. The conjugation between the sphingojd base_ and )

t he akthe SBhingeid baselpacibongy ae used; Reredy, yinglugdes, long chain

ar bamyl. bond, . as. furthe Il ed hereinafter. . The.. .
G St ecarisdTio e Of Aty fml HOupR b8 iphitic chain
rhé;}f‘Ee CitataePdr MahirGte@NDAE SxadPRY G¥ 4H diBahiffed %;?ﬁihgéﬁl base is

hydr oxyl groups, the aliphatic chain my be saturated
that contrbing at distindfive tesnswdolubledborahinipusiion bt ed
sphi ngoid base is that containing a distinctive

tran ; Aot :
s oSa i A 48PSk hetRid denktR & NS gatory or

biociehaoalcetfece ekRibite@ by fhiettddldpycalleackive inogemall delivered by the
active material delivered by the conjugate, on a

conpjgats,’ on Rravbiest's dswainseresparies dnelydingl ¢elivdar vesppmrsesand/or

i ncl udes

d/ h I ... Modul at i.on.. .
tofpre] reepSF, MRCHIAHOR: incHidesn Ao Pk 0gn g other hand,

N ¢ t j la: r
SRR cranChhlf of iRk " ¥BES st P RARRASY 3ikn the
sbﬁin_"g@idipélzbll@ﬁnih@ Coviigagd | @ WiathisteRRido! 001 $ad | ¥ubject in
active substance. The nodul ation preferably refers to
combipatain wvithon biohegicalye activey sabstandeor Thef madulasionnpraferably
relative tﬁxﬁi})hat elicited Qy the bi o] ogi cal acti\fe,
IRESTS EQ) PP HOR | Q chaBcament §ivt @ {Rk0r VIR QF Enorgpelative to that

4 . lso. . .
RIES O, TR GO NERED R QAR RN Pl g Tt he
AR RTona s AEBH B AE o MIARALSS 4D Bnm@Rb P&?bﬁsé 1 cases when the
substantially ineffective in producing such a
hiclogivalie.actiet rhatetible admimstetedt imithoub tieecorgugathiibisubstantially
_or_suppr.ession_of the imune response of a subject,
igeffectverin preducinggueBA Te8PONBEL o- | nune di seases as wel |
as for the treatnent of allergy. Thus, the term
bi ol ogetcdfatthyr, asdduatiomé@ecets iahibiiser ohsupgiressitanof #ae immune
any substance which, when adm nistered in conbination
TOFTIONSE 196 syl avior-BpEirythe laprtmenieolcakpugmuncrdiscages as well as

ffect on the. immune system of a subject. The
@{&e&&aggplpgpefﬁlﬂ‘gye material is preferably an
antigenic protein, antigenic peptide,

us, the term biologically active molecule as used herein denotes any

substance which, when administered in combination with the sphingoid-
polyalkylamine conjugate has an effect on the immune system of a subject. The
biologically active material is preferably an antigenic protein, antigenic peptide,

antigenic polypeptide or antigenic carbohydrate.

According to another aspect, the present invention concerns a method for
modulating the immune response of a subject, the method comprises providing
said subject with a sphingoid-polyalkylamine conjugate together with a
biologically active molecule, said sphingoid-polyalkylamine conjugate comprises
a sphingoid backbone carrying, via a carbamoyl bond at least one polyalkylamine

chain.
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anti geni c pol ypeptide or antigenic carbohydrate.

According to another aspect, the present invention
w@emwaarnise a nmet hod for nodul ati ng the i nmune rRGPTI29@/000534

of a subject, the nethod conprises providing said

subj ect wj,th a sphngoi d- pol yal ky] am ne con

t og ePHEPTAINg htoy Mﬁ- olhera [aspeche td“?/ PLEHTH HJIVQ%U@%l gpncems a

PR ROTTo GRATHYESHS DAL 38Dl g 3 sbict.

the® @é{h}é@ﬁﬁoﬂ RhoyiRIrisys:a) Aeleaitedme: ﬁﬁﬁ@g&d@ﬂl yalkplfhine conjugate;

anot her aspect, the present invention coricerns a
and @i atdeast ona Iblaioglpalsky actove molecuiedisbadiated witlesdidnoomjegate.
response of a subject, the conposition conprises: (i)

at | mbrcﬁﬁg Riet BAGhEr Eﬁﬂbbéinlféﬂtaﬂienﬁvéﬁmwﬁﬁiv‘i‘desad‘ domplex
(ii) at t Oone biologically active nolecul e

coapeisingt ed) ai sphisgoid-podyglkigaméne Aonjugiiegando (ke biologically
anot her enbodi ment, the invention provides a conpl ex

aglavpmaisriey capable af modikgsEAnIBIyasesRORse Of asH Eﬁbt e

and (ii) a biologically active material capable of
modulFadllyg theninvemiiorecorespmrtheusd o subj ect. Finally,

the invention concerns the use of Finally, the

' nve‘Fﬁﬁeﬁlgl GAE %’ﬁl@ﬁtldrh RoHS&GnOith@ use of a s é:)hmgmd-polya]kylamme

sphi ngol d- pol yal kyl am ne conjugate as fined, "as a

cofjuigkte axgdefesd, apfa diptirigd agdrit yofdddlogecatylaetivt esoleeules (e.g.
antigenic nolecules). In this context, the

agpipemg anglegpleghl kxyﬂaﬁn aeatexsnfhegsphingeid-palyalkyamine copjugate

ngelpéf(fg%glggﬁp%ﬁ lag Iii’gt))l%: 8%1;5% -Sg:bgélogff}&)léeac%e moiecules preferably
ﬂg%ﬂﬁ’ $holEHhRY taig/ éﬁ‘ Wﬂﬁﬁﬁnés‘fﬁﬁiﬂ%ﬁb’ PR 765 AhRmobdlpridshnts, the
coftprising, 1 n addition to sald conjugate,

kithsérhpisihgnén fadditienietoosaid asorjgate, dapirudtiony fohaise of same for
bi ol ogi ca 1 y active nol ecul es. The conjugate in_the

clapturmgychib ba@lngmaﬂy wcties molq:qmla;sh Thh coningata inethrikit may be in a
fl whi ch 1t h

e T hiehrcar e Btoa gl Helade fendabls WriagHR S the

c%él}%gjteﬁé !n§§ed %?nﬁ) ig’(l) ggé/ toaéo ?al s ngnétnSh ?r {;Jnﬁ s?on]_%r sq(uttlon or it

rﬁ?’ alRAMS HRUDEY Aid (§@sﬁieh§1@h' afslsidrkoRieAPEte.) fohe. Kid kit may
y be Used for investigating the function of

haivé fnemendus mpsplmtmﬂmlFa:irlerxgm}ﬂﬂ dbelkitsmay beowet bi mvestigating
i mrune responses, .for isolation of active bi ol 0gi cal.
the functioa of different ipmunpadpising raelestles m modulation of immune

responses, for isolation of active biological molecules, and identification thereof.

Those versed in the art will know how to make use of such a capturing agent also

for research purposes.

The term capturing agent as used herein refers to the conjugate being
capable of associating with biologically active molecules, the latter having a
negative charge, a negative dipole or a local negaﬁve charge (an area within the
molecule catrying a net negative charge), by virtue of the conjugate's polycationic
structure. The capturing per se involves electrostatic interaction between the
molecule to be captured, carrying said negative charge, negative dipole or local

negative charge and the positively charged conjugate of the invention.
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Those versed in the art will know how to nake use of

such a capturing agent also for research purposes. The
Wo egoaitoEps uri ng agent as used herein refers toPCTBE.2004/000534

conj ugate bei ng capabl e of 7assom ating with

[ nol ecul es, e Latter, havi

negattircpnliEge obhopueRie Haotiso bE ity dihdo: vepicte
BRI %@?ﬁ%’ terblol b@%@ﬁ#&%@?}‘%&%ﬁ‘& bt site and

iR y/pddt@pIlC structure. The capturing per se involves -
el ectrostat| c interaction between the nolecule to be
capt ur ed, carryl ng said negat i ve charge, negative

ﬁﬁf’ﬁ‘" fGpRPed the positively
C argedEconJ ug g? t'he |nvent| on. The conj ugat e of
the i nvention nay al so be used as dellver{ vehi cl e,

car r yinrydersip mdmtamd@hq maertion and &) akf ke i maytheearried out

et ce

1%%'1@&?%2%@%?&% e i e e crfibeaﬁ Chay or ron-lmiting

HERPIS I WiREraBEAEL IO thedeEomBanfif f ts RS, e
de b d b f I t |
o higs 1AM SB@%%EQW% aoss il SER” stfliire cdinear”,

b]r%l&l@ds I?)?Wg? %er@éd @&Esda @cﬁ@i@)%hﬁ%Eng are encompass

near nch |p| e Ca

dddé@ihe? esmeAINASimibR h)f afiffe tB ug@ﬂéecﬁfaformula

definitron of sphingoi d po yal kyl am ne conj ugat e of
(Dprwherein(Fig, 1Ahsheisafphingoil baddmna (sghimido) kinked to a single
backbone (ceram de) |linked to_a single polyal kyl anm ne

lkylaming. chanaKig. Al and Fignbly shew” denangphigeeid backbone
HendSaga AR T W s Sy Roon

@Vﬂﬁ‘ by n%?‘éi‘a.y SIS R, Bnlifc chihE 1R P8 the Buo hydrosyl
rﬁ@i&haﬂﬁiﬁ)rmﬁi GrlicHdipiplboind dunjtgae.di stri butl on and
phar macoki netics of various fluorescently-I|abeled

I_ i pi i B8 INLA | gﬁ)&g t!l@ _318 %l'-ﬁlb%ﬁon ,anggﬁhg }@h?ﬁég SFParious

unrecovere I on

ﬂﬁﬂ?&éﬁe GadMRGLibTD gNPVf(ﬁiﬁlﬂhﬂl&lsgmlihe 610 - 2&1@'@% or spleen ---
di stribution of G HN;, Fig 2C shows

with unrecovered - ¢ -: Fig 2A shows distribution of empty DMPC:DMPG (mole
ratio 9:1); Fig. 2B shows distribution of DMPC:DMPG:HN; Fig. 2C shows
distribution of empty DOTAP:cholesterol; Fig. 2D shows distribution of
DOTAP:cholesterol:HN; Fig. 2E shows distribution of empty CCS:cholesterol;

and finally, Fig. 2F shows distribution of CCS-cholesterol:HN.

Figs. 3A-3D show bio-distribution of various '*I-HN loaded lipid
assembly formulations in the GI- & -, lungs - - or spleen - ¢~ with unrecovered
-x~-, and in particular, Fig. 3A shows bio-distribution of free 1I.HN; Fig. 3B
shows '*I-HN loaded lipid assembly composed of DOTAP:Cholesterol;
Fig. 3C shows I2T_HN loaded lipid assembly composed of DMPC:DMPG and
Fig. 3D shows 121_HN loaded lipid assembly composed of CCS:Cholesterol.
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di stribution of enpty DOTAP xhol esterol; Fig. 2D shows
di stribution of DOTAP:. chol esterol :HN, Fig. 2E shows
waele@snidaes i on of enpty CCSxhol esterol; and fi nedT/14,2004/000534
Fig. 2F shows distribution ®f CCS-chol esterol: HN.
Fi as._ 3A-3D show bi o-distribution vari ous 125l -HN
DEEALHD DESCRIERON F Rk R .G 0]
| ungs_-- or spleen - wi th unrecover

o) d -X-, .and. | .
bar t 6] BFESCRE nVeRkioBh GURCHRD. 1 BSe: Bt TRbinsidpolyalkylamine

R EoPc AP 8B A0S B pagm . i
at©OaE8dive iRifo AASRIPILYE ifANRRSREp&ise IFRGUBMG and Fi g.
3D shows 125I-HN l'oaded |i pid assenbly conposed of

The. o8 SRtTEG Bl BRlie SR eples g pphind VanIACNLLO)

cORIpoNAS, dvRiRhYidhi WeadinfgestA #MOteeldtvife RidHner. IN-substituted

agénts for carrying biologically active nol ecul es
lovig-chainrbased fre paitioaldrn Nvsuhstifiuted gphingoidsnemsphiegmdisses are
of a subject. The sphi ngoi d- pi)l yal kyl Sgn',ne c,ogg_ugat es
canpled;togethey pdth: diffsantcpelyplsylanyings on daolr wWerivalivasy tpdorm a

FURATGER BT FAOPTBLER i PRI

sphi ngoi ds _.or sphingoi d bases are coupl ed toget her .

wi t h Faptonatiem et govytableyii mrrmikylation peithe &@me%awlvéé&ylamme-
B R YR AT ARG BRS Rl sl chore
8 BB 8 R 0 bR o by detvered i
thrigt €ellsl ARl withphe ndgetad deHs. Bt gpdsndoid-pobaticdaminer conjugates

interaction with biologically active biological )
may be effeciently besodiatdd, withdhe Melogisaly acdes molegwlespy Kirtue of

bR Sh g ok bl osh, GROSL BRI gty acive
| ' I ' . ;
L8 59 ke BN IRRESHORTER T 4E Kt form complees
(ﬁb@ﬂgﬁéﬁr of the biologically active nolecules and the

pol'yal kyl ami ne noieties of the conjugate to form

| (] . . ' t .
opn HOBTeB Dol b Shbind i FolM ke ' Mngates may  form
ASTEHIRIs 1688dddORHR thabiblbdiblybictiveshdladlys.act i ve

nol ecul es.

The sphingoid-polyalkylamine conjugate may be in the form individual
lipid like molecules or in the form of an assembly. One example of a suitable
assembly includes the formation of micelles or vesicles, and in particular,
liposomes. Other examples of assemblies include the formation of micelles,
inverted phases, cubic phases and the like. Evidently, the sphingoid
polyalkylamine conjugate may be in combined vesicle/micelle form or any other

combination of assemblies.

Lipid assembly as used herein denotes an organized collection of lipid
molecules forming inter alia, micelles and liposomes. The lipid assemblies are

preferably stable lipid assemblies. Stable lipid assembly as used herein denotes an
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The sphi ngoi d- pol yal kyl am ne conjugate may be in the
formindividual lipid like nolecules or in the form of

waeoasseabdl y. One exanple of a suitabl e assenbP@I/IL2004/000534
i ncl udes the formatl on of Micelles or vesicles, and in
par t i c IIFI pos her ex les . of assenbl i es

aﬁﬁ?g}h}}ﬂ ﬁrcalér IS © PAdetr tieep r?gggglons (4°C,
“Eﬁﬁrir@?@nﬁr?ﬂﬂ%rfbﬁgz g Lo

vesi e/mcelle formor an ot er C ati on

assenhedhe ;3sparablicss arpo 1y, 9%00 8?%‘% Sd@&ﬁwsalﬁes) the
bfIBBRARF Acfife LRGLAAR Bl be BhebuleRay Wil HLVBACIIBEE of it

|p SOMES asse Ies

lpicEbah féai Yor de§8ﬂb%d|tbpﬂh@ AsHestdfi ®s. ve§roq>é3 (& hhp kzambmauon of
ssenbl y  as used herei n denotes anassenbly b€l ng

tledse nthreel Optians) Pheni thel zhg%embhbﬂ araundeslless thaa‘gmloglcally active
condrtr ons hysi ol ogi cal di um). for at
nelectHesm mpay &P\ﬁe@s@ﬂtfé{) aatoeths saphiphgles formings t%renrrmeﬁlas and/or

sbmeated Sl sctrbRRRGHET tn AR AR nE \osic 'evepart

of its lipid bllayer or adsorbed to the surface

the Vdwscassisedheraiy, thefomsa ?ﬂé@%ﬁla‘?ﬁé’%" "cofptained m" "loaded

oo S dssosigredoprly s BRBTE g sival BT RisE PRe b copneate
of e oldted ) e biipdle ??hi%‘?@%[r‘g SHAIRAGHCHRY bo cither

c@ﬁﬁﬁnﬁ@ﬁebﬂ entr bﬁtf 65 th@ hfelpsuleatvittin BSsenibtient @ig €(d'esmles
in" | oaded "associated with" indicate a

nruhglliﬁsotm othert mmtbhcs)tfemeia frotrhéledtmyu@m aoaredvaleat linkage of

bi gi.cally active_ nol ecul e. i.cal att
51 egigpk wel ecelﬁqroarh?rﬁéﬁ C%PféHE]F ORI of fE GAment of the

HICTPRTT S T

sHEH aSRYBIRA! Tt {HYIE De Alotbd ehdti RIOW AR pdEAiRE Bhargk Qriptitive

surface of such assenblies, or errbedment of the
dipalé of ﬂwﬁplnmgc&d-qio@aﬂwlhminmmmgeee under phys1olog1ca1 conditions,

sphr ngoi d- pol yal kyl am ne conj ugates formng
meés aSSpﬁlaﬁlﬁE ub@t“@en &€ e eORIHERte defd ttbe tbreloglcally active

ngzgs' t s 5 ﬁa dr\égrﬁjh%gtlﬁteg%%}@mphyy oI ogl cal

condltlons t he preferred associ ati on bet wee
conj Mvethsieadingethsi abeig dag [myvensionyghould not be 11m1ted by the

particular type of association formed between the sphingoid-polyalkylamine

ry

conjugate and the biologically active molecule. Thus, association means any
interaction between the conjugate or the assembly formed therefrom and the
biologically active material which is capable of achieving a desired therapeutic

effect.

The biologically active molecule and the conjugate may be associated by
any method known in the art. This includes, without being limited thereto, post-
or co-lyophilzation of the conjugate with the biologically active molecule, or by
mere mixing of preformed sphingoid-polyalkylamine conjugate with the

biological molecule. Method for co-lyophilization are described, infer alia, in
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material is by electrostatic, dipole or acid-base

i nteractions. Notw thstandi ng the above, the invention
wGh@uho4pot be limted by the particul ar type PET/IL2004/000534

associ ation fornmed between16he

G opBeRelphyp. L6 AT e 0tast Hhle Rirdediior post-sneaptation
ag@aegcgsggf%w SRS YRGS D0 2B 8 o A ERbrknce.

ere rom’an dgi ca Ve nma
o0 S e °F9F¥t'%3$a¢"é‘tsd ARSI L e

1SPToE 9, SolfRo! 36‘5’535?%*‘5? Sl oo ko

phaghadeutitall y@Rpodidah ifon nfduldtihgCiie] intiatife Wedpdnkd @f a subject,
bi ol ogically active nol ecule, or by nmere m xi ng of

whezéior rsai s@hmgmd@cﬂyﬂlkﬂbkmmm(vmugﬁn j woatpeises t A tshkingoid

bi ol ogi cal . nol ecul e. d for co-lyophiliz t|on are
ROCFAELY g (ViR a&arbélmQYEB org, %&%aéhp?{w d pgeteegbly 98¢ or two,
whi |l e net hods for post-encapsul atl on
pgﬁgﬂlgggxgﬁ c?héml nt er aI ia, in V\u)sl 000227 al |

i ncor por at.ed herein r fere according to
firsthpl l%agfe% 88?5 ingoidoRlya @meoﬁowygef@rwgludes a

lﬂggii?%&”e?g% g “38?4%9%%@@#??#"5%%@@#%@% chain, the

1 i kfﬁgcdrﬁ% poHMHBECABAROVISEorls, M&‘é?r@fe‘rab yhﬁfeegghmgmd-
sal d sphi ngoi -po yal kyl am ne conjugate conprises

pebhillndanthebmnjlge hasthegeneral formuda @ar banoyl bond, at

| east one, and preferably one or two, polyalkyl am ne
chains. As indicated above, the

sphi ngoi d- pol yal kyl am ne conj ggate includes a |inkage
bet ween a sphi ngoi d backbone ntl at |east one

pol yal kyl ami ne chain, the linkage is via correspondl ng
car banoyl bonds. Mre prefer H20R4

sphi ngoi dpol yal kyl am Re—cd) ugat as the general
formula (1): wherein R represents a hydrogen, a
branched or linear alkyl, aryl, 1I am ne, or a group
-C(OR5; R2 and R5 represent, independently, a
branched or |inear Cl0-C2 al kyl,

wherein

R, represents a hydrogen, a branched or linear alkyl, aryl, alkylamine, or a
group -C(O)Rs;

R, and Rjs represent, independently, a branched or linear Cy-C,4 alkyl,
alkeny! or polyenyl groups; ‘

R; and Ry are independently a group -C(O)-NRgR;, Rg and Ry being the
same or different for R; and R, and represent, independently, a hydrogen, or a
saturated or unsaturated branched or linear polyalkylamine, wherein one or more
amine units in said polyalkylamine may be a quaternary ammonium; or

R; is a hydrogen; or

R; and R4 form together with the oxygen atoms to which they are bound a
heterocyclic ring comprising —C(O)-NRy—[RgNRo],~C(O)—, Rg represents a
saturated or unsaturated C;-C; alkyl and Ry represen’és a hydrogen or a
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al kenyl or polyenyl groups; R3 and R4 are

i ndependently a group -C(O-NR6R7, R6 and R7 being the
wa20m/109¢li fferent for R3 and R4 and repr esent PCT/IL2004/000534

i ndependently, a hydrogen, 1br a saturated or

u rat.ed branghed. or i pol yal.kyl am ne, wherein

AR o R i s e o et HRte e ooyl BadBmine
; cTanegeleln b S . Qr and

%&%@?ﬁwg ft&!%g)e?te her w ét:jtg}fi ﬁgergi%y%éﬁﬂgmoﬁmggﬁl\%l ’C ﬁt?’hey

ar e hoandinparfedhdspeadently afi imeeet Frah 15619, pfefedablRS & 6:R

8-NR 9 n1-C(O -, RB represents a saturated or

unsat W &eredsedls a4grauRyselentet] Bom efPlds€ht-s -«CHy-CHERH)- or —

% a(gﬁlyal kyl am ne of the fornmula -[R -NR 9 n-,
€rerh-said RO or each al kyl anmine unit R8NROmay be

the sane or different in said polyal kyl am ne; and n
and Mien-imiting peardpleslof thesphingmds of sphimgdid bases which may be

B R, Sty oGS etet B S e e,
SHPBEs 5 RISRE o BRILAAFLE, SRGBp Rl gposine

ane dérivetivel OfercoRC NUHELmMMY RYABBRRSof such derivatives are acyl
di hydr osphi ngosi nes, phyt osphi ngosi nes,

deeivgdvesphysushphiasoscaramated @SFacyddphiremsinedr edfihydroceramides,
Non-|imting exanples of such derivatives are acyl

¥HcE § and M@Qphﬂpawe(swrwp&wly,ngbmﬂe% ceramines

HBUSBRORSLEE B BB FRLBTARS ot g drocaramine
! | : pecty .

PHSIRSHATRe 03 THO SARLBROSLBANA L A0 MM bases

pebses) frecThedioul givhups Whidh e butieded phd Rabselfefly reacted with
sphi ngoi d bases posses free hydroxyl groups which are

the polyalledaraings S0 fosguihet potyalsglamdae-sphingoideentity. Non-limiting
ol yal kyl.am.nes to formth | yal kyl.am, ne- sphi ngoj.d )
cSRPE ERGHAV Ao | 5k, iy PR oA oUcHTi G | GRPRBRR, s i

- di .carbon , - 0 .
o UBAL G608 955l L YOOI s it
tiaet iphiidoids agenhe ¥ligdile baRii REQISSa OfudcRENIMbREGSbny1,

bases yields a succini m dyl oxycarbonyl, chlorofornate

chloroforatateo be imiddzalentabamaty ecspectively, at onaerobothdiyuiroxyls.

ljﬂydr oXV.l s. . .. . . .
¢ reaction of the activated sphingoids with polyalkylamines may yield

branched, straight (unbranched) or cyclic conjugates as shown in Fig. 1.

According to one preferred embodiment the sphingoid backbone is a
ceramide linked to one (Fig. 1A) or two (Fig. 1B or 1C) polyalkylamine chains,
or linked via the two hydroxyl moieties to form a cyclic polyalkylamine moiety
(Fig. 1D).

The formed sphingoid-polyalkylamine conjugates may be further reacted
with methylation agents in order to fdrm quaternary amines. The resulting
compounds are positively charged to a different degree depending on the ratio
between the quaternary, primary and/or secondary amines within the formed
conjugates. As such, the sphingoid-polyalkylamine conjugate exists as

quaternized nitrogen salt including, but not limited to, Quatemary ammonium
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The reaction of the activated sphingoids with
pol yal kyl am nes may yield branched, straight

w@ eovbnamehed) or cyclic conjugates as shown i nPEI/TL20d4/000534
According to one preferredl2nbodi nent the sphingoid

ackbonels ceram de |ink to one (Fig. 1A).or fwo,
ﬁbﬁr@e PRI 6111@)?/ BB o 3% %?ﬂﬁ@%@%ﬂﬁ%ﬂd@ a

R, AR, SOy ot i oo o

combimgindhaebyal kyl am ne conjugates may be further
reacted with methylation agents in order to form

quat ar S ti fpo d

noei ditfol PRARAGS O IRRARS . BHEREE"H pullelibly  usgd n
cbﬁl%u[ai‘fdn%ﬁﬁtavkﬁélbgid&ﬁy Gl e siednle, prthﬁbYo%iMl’yOdctlve materlal
secondary amnes wthin the fornmed conjuga

iss an}, moleeukepivhicdo whepoddminksterdi with cthn| sphéngoid:pobtatkydamine

quat er nj zed ni trogen salt including, . but_ not

comuga@ah@ AR cfiesoBrihg niEHmBRG g¥ster %ﬁt%‘bﬁ&?ayﬁc&ﬁfﬁiﬂﬂg fh one

e o S aRRRG o SRR SR e fedfa Sy by o

f&&HP loPaloOBr hﬁ% el%fatlgz% BRhiRae] & Ag), Vor el ﬁi@ld’g?cally active

conjugate 1s prefera used in combi'Ration W tHh
nivletulgl whed providédve arumlbﬁvu indtholiheaidbconjagaizal | y act ive
material is any nol ecul e which when adm ni stered with

the %SJ@IOP@B% dfooQJnléaéﬂﬁIS#)&ﬁﬁé?ﬁ QR@JMSI%%FcaHZS a@iveethAtetial is a

on t e system of a subject cording to one
pﬁdifbﬁﬂl paippeptilest poptiday iorgcarbobydrateci Sygcéfidatlyt . thd hisiologically
effect is preferably by a factor of two or nore
acidveitnolecyle map hef peommuynorapdulaier, ineduding|asgigenic| protein or

ac:tlve nol ecul e, when i ded,,t 0o .a subject w thout
ABHRERIE o AR o TSGR e dBRIRIRIRPreStRES.  Antigenic

ppé ypgérfdah%%ufe%t ?ﬁ%m%%t:ﬁ{ﬂé%!rn S ﬁn i axﬁﬁm%?%epc essants, fre. all well

khbﬁfnbh@'tﬁ@' &l PYefofibly, ethep bﬁqaglealm?yacﬁﬁe aprotein or peptide or
i mmunonodul at or, |nclud|ng antigenic protein or

carttohyeraite hpeptd pllneysmlngm@]spﬂ reitheina setamegative dipole moment, a net
I mmynosuppressants, Antjgenic prqteins, and peptides

NERRiNfo SRR | GinEQNARY 3t AT o FrEeR Aivingp G imeggre charge
known i n thg(éart Preferably, the biologically active

nlgg% V*‘il%"la?rg ‘pti de or

According te yet another embodiment, the biologically active material is a

nucleic acid molecule, such as oligodeoxynucleotides (ODN).

A preferred weight ratio between the sphingoid-polyalkylamine conjugate

and biologically active material is 1000:1 to 1:1 weight ratio.

The sphingoid- polyalkylamine conjugate may also be combined with
other active substances known to be used in combination with antigenic
molecules. Such substances include, for example, immunostimulating agents
(also known by the term "immunostimulant" or "adjuvant"). This includes any
substance that when added to a vaccine it improves the immune response so that
less vaccine is needed to produce a greater response. The immunostimulating

agent may be provided together with the conjugate/biologically active material, or
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car bohydrate has at a physiol ogical pH either a net
negati ve di pole nonent, a net negative charge or
w@emkalmse at | east one region having a net negetT/U2004/000534
charge negatively charged. 1According to yet anot her
enbodi nent, the bi ol og| cally active material is
within & spesifier fime injewal deensasrd h%éé&x%/écbeietq fleafter the

et BE S el dtodi G gt &%ﬁ@gﬁt@f ogi cal |y

active material is 10001t011vva ratio.

sphi Rgefiesredp dmymmestimmainge @EF%fgatﬂéCIH% aYlgquebemg limited
%%Bn%gﬁ%“?tﬁgngt I s bR THE2E R (OO MR RIS E 1),
cfﬁ@c( oﬂﬂtom 1 Qﬁm%aéﬂli’é&leo &stid bi‘)NT@omns (e.g.

agent s (a the’term™i rmunostl mJI ant'

chaldjaivtaxin”' YCTYh Btaphylob(btdﬁb‘ eaiteyotonis (Rar(SER)h dteat/vﬂebel E. Coli
added to a vaccine it roves the inmune response so

enpratoxin(ElvBes vl as;amse@ 3 adblvantsdw@vlhtcgbe yseg n the art for
Th |
RRBELES Ot i B st

material, orwithin a specified tinme interval (e.
sevell¢ mambh@ss way sinsdydsy éh@rsmm&crldmﬂéyalkylamme conjugate

CRToRR A ey b SRS SR S ppines
IR 45 L 4 e H S e o

cAtTnfé flﬁﬁ@sﬂﬁké']ﬁ@P@ IDOP A DMIP Y alhalksterol, oleic acid or others at
ol i godéoxynucl eot i des (O)N), toxins (e.g. cholera

differemt (o1 ramsamyh@dqnddikeea:mnp@nmku Ghelestern) is oreapreferred
a ot h

odg LR rHoTAP 16y b 8PPV Bl (XD ENGRS BhriaREipged hctper
lﬁ%il go]:rlﬁlé'vl %ggﬁgéwi g{ ?@gmaﬁlgg gﬂ}lﬁ)ﬁﬁﬁ@ﬁ{‘ﬂfe mole ratio of

cﬁae t&gﬂ'te RPlOKA hyéidam WRhFCHUAAEE ofTROT-DED %ﬂ%l@ﬂer%ly 0.1-

ylated) as the sole lipid-liKe ingredient,
0@onb|ned with other hel per |ipid substances. Such
hel per Iipid substances may i nclude noncationic |ipids

li keTHOR Q?/Fe’tﬁo Q&ﬁid%%rﬁfaﬁbers%? kfoRal i t@h@ art, such as
others at | eren nole ratios to the lipid-lik

CaCipauhsblublegotgdlkylaines. one preferred added subst ance
for in vivo application while DOPE may be a preferred

hel P&Yther components which may be included in the lipid assembly, and |
which are known to be used in structures of the like, are steric stabilizers. One

example of a commonly used steric stabilizer is the family of lipopolymers, e.g.

polyethylene glycol derivatized lipids (PEG-lipid conjugate). This family of

compounds are know, infer alia, to increase (extend) the circulation time of

lipids.

According to one embodiment, the formed liposomes may be shaped as
unsized heterogeneous and heterolamellar vesicles (UHV) having a diameter of
about 50 — 5000 nm. The formed UHV, may be downsized and converted to large
(more homogenous) unilamellar vesicles (LUV) having a diameter of about 50-

100 nm by further processing. The structure and dimensions of the vesicles, e.g.
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lipid for in vitro applications. In this particular
enbodi nent the nole ratio of cholesterol to cationic
wO 2@isd1G486 Wi t hi n the range of 0.01-1.0 and pr ePEr/HI2084/000534
0.1- 0.4. The assenblies ndy al so i ncl ude enhancers
(as known in the art, such as CaC 2 and sol uble )
thedr phame padi siee may have d&?@&ﬁ@hﬂ@pﬁﬁt&ﬂsm their efficiency as

SR AP RTINS
deteahl étﬁgﬁﬂeﬁ%ﬁ? ke of a commonly used steric

stabilizer 1s mly of |ipopolyners. e.

g. :
pol yet hyl.ene, gl ycol. der i i zed .l ipj i Pi s
Con elncc ol AR bt b L Ep A P ppineotc-
. i o h . ti . )
R A e
cbhissionesitirdyrihelasiin pectoading e ithis cerhisddinegt rthe pelyalid/lamine
het erol anel | ar vesicles (UHV) having a dianeter of

chwost whEh- mep e thersamener differen ke cRaipeste dbipsiuied), are

oGRS B AU S PR B8 ifpion o
: | . 0"

oife' Y6Ref HeC S5 ol hC it e QBB any

poRRUsafine NhdifAt hads aocordiigy r tef bhei estabodimenthidehstss a
for delivery of the active bjological entities to the
pobmaljotiamineecompising de terlfi aninergionpsiepriefaraly from 3- to 6 and

el ] SHEAL SRl B o e
Ot B AU R SRR . ey o
esggaate e po vl yl e chaine, i ch my be |

ot keSS SORRRA oy LA o difen it

@%ﬂ%ﬂhm%ﬁﬁ,f@ﬁefaﬂy ¥ @ eliphatie Jepaatiug amit. Some non-

ot"e any pol yal Kyl am ne chain, and according to one

lienitiodicxempladerfqiotgalkylpnlines inchale spermitipe,ilSi(2gninoghyl)-1,3-
am ne groups, preferaply from3- to 6 and npre ..
p@@@@rcgmnes 3@f -inigabispropy myse, seeming agd AisefBylideivatives

0 g}%e&%ké%o@étﬁweﬂgunine.
The most preferred sphingoid-polyalkylamine conjugate according to the
invention is N-palmitoyl D-erythro sphingosyl carbamoyl-spermine (CCS). This

conjugate includes a ceramide linked via a carbamoy! bond to spermine.

The sphingoid-polyalkylamine conjugate according to the invention is

preferably used for the preparation of a vaccine.

According to one embodiment, the sphingoid-polyalkylamine conjugate,
and preferably the CCS, is used for the preparation of an influenza vaccine. In
this particular embodiment, the biologically active material is derivéd from the
influenza virus or a biologically active analog of a molecule derived from
influenza virus. Such analogs include any substance which includes an influenza

derived antigenic fragment which elicits an immune response.
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chain may be the same or different and may be a

primary, secondary, tertiary or quaternary am ne. The
wa@bkdoghi103é ety, which may be the sane or differRel/1L2004/000534

wi thin the polyal kyl am ne dhain, is preferably a G -C6

) P ARIRLL L (SRISCALLEN' B RERARIGS e
B e B ARER NI rolee RS RCEHBRENAT s it N
or of SeTeSaR FNGOTED S, PR ar HETOer oL i s g gne

venti . . . ‘o hi vl
rbGobIe TSR U, MARL Lol ke 005 it
spRihgfiddgoly i ReniMe BoRjugaichag@tér WiRRE Hi@logﬂfaﬂ_maaﬁve tfagerial.
sphi'ngoi d- pol yal kyl aimi ne conjugate according to the
i nveRkjon i s.- f I r . r afdl : f
vacor s ol EEsleK URERLET addmi i RA Ut A Uphihgoid-
3] RAShHEP 0bjabkie! add NRologithllg adctiveandtdaef @ftrbl togéther, or
, I's used for the preparation of an influenza
withini aepredefinéd stimper intenvhbr sushbadi sasiergl hhers or several days
biologically active nmaterial is der

] jved_fromthe: .
(ppHonsdlyAn Gambigatien it an agnwﬁtynata@v dlaweiesgagording to a

e e N o
t6Eth 4G R b bERMISAHGOMARAL subjegh el icits an inmune
response. A specitic I nfluenza derived antigenic

(i Adpioiraieh o BRoGRbsol bl Bing PO EEHR 083 Rer with
tﬂr;él; gﬁiler y BNENheRral SPnERAs ChRsther MR of Othe invention.

ati ng”"the 1 mune response of a subject, the
Acohdiflglyonheies és proeided ng pslairchasedtjoat tcompdsitidie comprising a
sphi ngoi d- pol yal kyl am ne conjugate together with a

phiysiolagicadlyl geceptable caeniasr ind anTeiéedbiebamennt o dhaesphingoid-
B Rl e B bR HATAA o
pheffbQ8icaiYonidshidh @ptﬁfn%ﬂffcggl?gséé ﬁFuﬁﬂhﬁﬁ‘cﬁﬂlaﬁHc

as sever evera opt I ona

nbi tion Wt [ ti l.ant). Ho o .
A o
RO BLRMI Aclive AR FBY Be! Amitisfer®i 488 dosed in accordance with

good medical practice, taking into account the clinical condition of the individual

patient, the site and method of administration, scheduling of administration,

patient age, sex, body weight and other factors known to medical practitioners.

The "effective amount" for purposes herein denotes an amount which is
effective to modulate (enhance or stimulate, as defined above) the subject's
immune response relative to the effect obtained when the biologically active
material is provide to the subject without the sphingoid- polyalkylamine
conjugate. Preferably, the amount is effective to achieve effective immuﬁization

of a subject against a specific disease or disorder.
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together prior to admnistration to the subject.

Adm ni stration of the sphingoid-pol yal kyl am ne
weoongabe together with the biol ogically actiREI/IL2004/000534

mat eri al concerns anot her aspect of the invention.

S, B, o BB BT S bR e, i
S350 G DEB PGB, LIE i e o of wetin

allirp} of he@imynelespons® eri al . The phar naceuti cal
conposition optionally conprises an i nmunosti nul ant.

The [ yalek ik am | U : ol i

com?ﬁgt rué)gh stltﬁ&{ hg)lfbit!g?ogilﬁ]lgg@?é/ﬂ a%?b@%s% erﬂl1 Ql SR%‘?g‘“d
plgalkdTHning dhRat ubsesiard with dechioticalyvadtivedagdrial may be

medi cal practice, taking into account the clinical
admind§tetedninofvations wass.vNdodimisiagi exampleh of sidnainistration routes

.nethod of administration, scheduli .of . . .
ing ey PEAy SUICOHIMCPER Lfy. BYEMIECRCBGE VrayAnoNn LY., intra-
t her .f act t A I t:1_one .
el A RpRENE: (PriE nfBbePRBEL: [PAlMifiarddR Gir) and
rRARHEHL (M C BdindniSibAtRs, | ddewlefl AD By Aifesibe 'eaMEiquey to the eye
stinul ate,” as defined above) the subject’'s imune
intespulase Peifatblye modeheoff fadatinistratiomedrevhéhe t hdranasal or
_biologically active material is provide to the subject
infraptsqular BRI HEESd- pol yal kyl ani ne conj ugat e.
Preferably, the ambunt is effective to achieve
ef f eThe physiotogiiatigtacoeptatile zamidrjaecordagpiothe invespionigenerally
di sease or disorder. Notw thstandi ng the above, the . .
refens et ingely npe-texic selidvas lignid shbeigrces ppieaally sipt geacting with
i nhi bi t.i of..the ] ne r.esponse. e.g. for,the -
tscbiglisiedly SrivkrPaly Perul B Gavefiitand veidds sequired for
AT LA The LRuEY Sl 00 HROBRICHRY AV ORojoctl;
biolggically active material. nay.be adm ni stered in
var i DRS-Ene Resminie ik bR QeI Gosp il SFef Ingh g vater
sdifLt eff)' a&lle @ﬁl?éosg)? Lik?)%t%?ﬂﬁ%%set@ﬁ - &iher Peﬁf)ﬁ@.to?rﬁgth minor
Incfuding rntravenous” (1.v.), intra arterial (i.a.),

amBUhBTUP ¢ 16%0)(0f amalcoholtsuelpes ethanslal (Lp. )’
intrarectal (i.r.) and intranasal (Ln.)

the Sygells. othe, PombBiiliof Sof i THHGHRR 16" Hyfie orklation
iRMiding Sduspénsivhs@aquédis édliticiaselin dhe form of an aerosol, all of
which are known to those versed in the art. Aerosol formulations can be placed
into pressurized acceptable propellants, such as propane, nitrogen, and the like.
They also may be formulated as pharmaceuticals for non-pressured preparations,

such as in a nebulizer or atomizersuitable carriers.

DESCRIPTION OF THE SPECIFIC EXAMPLES

INFLUENZA
Characterization of HN Antigen-loaded cationic liposomes
Efficiency of encapsulation of HN (a commercial preparation of

hemagglutinin and neuraminidase derived from influenza viruses) loaded onto
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i ntramuscul ar adm ni strations. The physiologically
acceptabl e carrier according to the invention

w@esenaldbe refers to inert, non-toxic solid orPCT/Leoe/ 000534
substances preferably not neacting with the

bi ol ogi cal.ly active material or conj, ug te and
VRIOUR CAOTiG diposemalk oy faiogs.ab iy Qf@nﬁﬁp iEpiein v Wi piatios (3/1-

I
REMD: B0 ith o, DB, ChASEO (B! WlF EREE e 1 shows the
r€alfsi o suti §h @ﬁﬁefﬁﬁéﬁr usifig khd\Eationte HSuds !D@"fAP%H@@S)
10% sucrose etc., either alone or wiith m nor anpunts

(up to 10% of an al cohol, such as et hanol .
Preferably, the conposjtion of the invention is

| i quitablerknuilhei efect; ok theli linjds(ROIAR, o6C )éltf’@é@!lsmtlo and

HRLABICRID PR b BBl ARRERR po oL 0 V"

DOTAE/AN ODOLAICRS P! 9CAN | NTO [DEESAIN | ZEESRIGEPI AR
W/VQ Q%J ant foleagh -as plﬁlﬁgﬁs'ﬁﬁmoﬂ' tWR@ﬁl@!o %Giletrgﬁ‘o | 'elﬁgapsulatmn '

al'so gy be formujgpted as prgjgfpceut{gal s o1y
pressuiﬁld prepar atons, such i()r\]l ?J:ﬂ bul i zer
zersuitable carrigrs. DESCRI EHE SPE@ FI C
%NPLES | NFLUENZA Chai cterizat| % of HN
Al gen-lo ed cationi £ 1i posongs bfici elr{gy of 1

d0dapsul at 18n of HN (a’%omerci dl preparation of
BEmaggl ut i bln and neur3ni ni dase |[derived from.influenza

Y00/lses) | b@ded ont ova9d ous cati|@B001 | i paydmal 71
fioo/mul ati ong, at diffegzant Iipi d/ oot ei n 3w rati gt
G8d/1- 300/ 4), and w thger w thoutzgphol estgpol (Chajp)

Ygg§/1t est ed4/1TabI e 1 shgys the resyyfs of ch an

EXPE] (:W -

Al'rg rfovali éﬁ%m%v {H{O? t hAPaInf1 p|trl 35 'B(d;i %E!E Eg%g §'pr otein

rati o and chol est erol (Choi) on HN encapsul ation

ef fici ency DOTAP/ HN DOTAP/ Chol %N CCS/ HN CCS/ Choi %N

W W Iiiel gero@itegd af i eadinc &rsDOAN O Way/ 75-96%0! Wsin® /pld/proteln

rati o encapsul ation 300/1 1/1 93 300/1 1/0 73 100
w/wiragio afo®)/1 ta30084 with and without Chol. At lipid/protein w/w ratios of

30/1 to 300/1, ~90% antigen loading was achieved, decreasing to 79% and 35%

at 10/1 and 3/1 w/w ratios, respectively. The addition of Chol to the formulation
did not affect loading at DOTAP/Chol mole ratios of 1/1 and 2/1, with slightly
lower encapsulation (80%) at a ratio of 4/1. For CCS, with or without Chol, the
loading efficiency was lower (64-73% at w/w ratio of 100/1-300/1).

HN association with the liposomes upon simple mixing of the soluble
antigen with preformed empty liposomes was also determined. In such cases, 40-
60% of the antigen was associated with the liposomes using a lipid/protein w/w

ratio of 100/ to 300/1, regardless of the formulation.

These finding, collectively, indicate very high loading efficiency (>60%)
using a simple and fast (5 min.) procedure in all formulations. Furthermore, even
preformed liposomes in aqueous suspension were capable of effectively

associating with the influenza virus surface antigens.
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50/1 1/1 90 30/1 1/0 38 30/1 1/1 88 10/1 1/0 1 10/1

1/1 79 3/1 1/1 35 100/1 1/0 90 300/1 3/2 7 1 100/1 1/1
w@®2002000496 3/ 2 64 100/1 2/1 89 30/1 3/2 4 1 100PAT/H/20048000534

10/1 3/2 0 A nonoval ent vadg8i ne was used for DOTAP and

a trival ent vaccine faor CCS. The, percentage of | oadijn
for Dy AmmEROZERiGHY/WOf stha qu{quSpilmdéﬁfétg@PnW\MqUé)ﬁl &Y’%l or

Wll‘ifhﬁ}lg%.a&ggsoo%l ol ol Vs Mt VgD, 1At ~90%

antigen | oadi ng was achi eved d creas to, 79% and
35% ﬁ't drrst gﬁaergnqnwwar laﬁVie@sO r%p&‘g fv@dy Igéﬁ% antibodies

PSR Pt O TR AT AR B

néhﬁﬁt%ibnh@ fca%ﬁﬁﬁoglgb%mw vx(e%é)%etéﬁmﬁed rhQeot A} The HN

or wthout Choi, the loading efficiency
atifiger] weera Hfvhovaltmatubunit vadcire dérit@Dfrbns@ed AYNewNCaledonia

association with the |iposones upaon sinple m xing of
(K13 straibl bn thetSagenexperiment.dosg wod f@ﬁ%lﬂ?VfPlS 06 %HF&GM@GZ&

s deasiBoditond IFF eI Brabised tytmigprncells, e st lsed

e r i Wwratio of 100/ to 300/1, dl
(t%b‘f%%@g%@% LW 100/ regardl ess

mutati on. These finding, collectively,
indicate very high |oading efficiency (>60% using a
sinple and fast (5 min.) procedure in all
Thble2A atSaxndevdlsiof Hdy Igﬁband\IgGZfariBﬁdmthes | i posomes in

;Q—-ﬁmﬁ)etens The |rmun6c1én| C|"tv of the varyl ous

l'ipid/antigen ww ratios (w tHi (@rcanit$dut thég@rbldl t Jgﬁnla

of1 cholpgst erol ) was al so evalated. In a firsk 0
ex eripﬁqu sera |levels of H % 1gd and | g&Rass

0
and i bogli ? pg vacgi ion of you
(2§ m)n %ﬁgb elitmlibe Wi %Z;%b)oaded 2%8 g

(Amomc)
5 Lip (DC-Chol:DOPE)-HN 18+7 (0) 0 0
6 Lip (DSTAP:Chol)-HN 28429 (40) 20 0
7 Lip (DDAB: Chol)-HN 136£32 (100) 100 0
8 Lip (DOTAP: Chol)-HN 576x128 (100) 15000 730
9 Lip (DMTAP: Chol)-HN 6724212 (100) 30000 470
10  Lip (CCS: Chol)-HN 2368+1805 (100) 30000 9000
11 F-HN+CT (1pg) 1664+572 (100) 55000 7000

F-HN, free antigen; Chol, cholesterol; CT, cholera toxin. Groups 5-10 are cationic liposomes. In

parentheses, % seroconversion - % of mice with HI titer > 40.

In particular, a comparison was made between neutral (DMPC), anionic
(DMPC/DMPG, 9/1 mole ratio) and cationic (6 formulations) assemblies (Lip)
encapsulating the HN antigens to induce local and systemic responses following
two in. administrations. For all formulations, the lipid/HN w/w ratio was 300/1,
and the cationic lipid/Chol or cationic lipid/DOPE mole ratio was 1/1. Free
antigen (F-HN) and F-HN co-administered with cholera toxin (CT, 1 pg) as an

adjuvant were tested in parallel. The vaccine was given on days 0 and 7, 3
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neutral, anionic or cationic |iposonmes were determ ned
(Table 2A). The HN antigen was a nonoval ent subunit

wo ameitngdderi ved fromthe A/ New Cal edoni a (H NPQT/IL2004/000534
strain. In the sane experinent, [ung and nasal |evels
of H, 1gd, Ig&a and |gA anti bodi es, and,|I
neidisp 41 10 axpoig). etER ToBRSES s 0 cEBincaL ek afier

2B.and 2C). Table 2A- Sera levels of H, Igd
ﬂ'gﬁﬁcpﬂ@ﬁ %?&%%?dl es Group Vaccine Serum (n=5) H I

ToHED lehe i ndfileae 1A GG T LR ArBln iR

Gi'bilﬁ (¥acib®0 -0 (Anionic) 5 LilpafgC- Chol : DOPE) Nd¥al
#35)7(0) 0 0 6 Lip (DSTAP: Chol) HN 28+29 (40) 20 0.7

G2a

|_| p (DDAB.Chol ) - AN 136+32 ( R (f\F’ I
ghol) 576128 (100) 15000 . |

72+21 00) 30000 470 10 Li [3;( -

368+1 0.9000 11 k- (I 1664+572
100) @d&%ﬁggm free antigen; Chal,

hoI esL’é’r@MP@‘DM@ﬁ}é'll'Bfa toxi VY & ps 5-1b ard

cati on(ftnlbillpbsorres I n parentheses, % seroconversion -
% of nLipgDAE-ChokDOPE)EIN > 40. O n pa(}ticule(}, a0 0
6onpar LoDl :Chokp-Hét ween nelt r al20( DMPC)Q  anifoni ¢ 80
¢7DVPC/ DMR@&DABACHSI)-BIN ati o) argl catonic (B 0 30
gor mul pfj APSCRIRENes (Li p)73encapsy! atiyg thg HN 180
Fntlgeﬂ TRPUERLN.ERR and sygt ey resp;msesw 80

| | o m ni str atdpgs- 30'(:)96 al4 15000 30
e o .

O OO

300
30

P dTHN W ot T30l6S 120
Table 2C — Spleen ]NFy levels (pg/ml)

‘Group . Vaccine . Spleen = - "
(n=5) : R RN R S
TFNy (pg/ml)

1 PBS 1800

2 F-HN 1400

3 Lip (DMPC)-HN (Neutral) 4200

4  Lip (DMPC/DMPG)-HN (Anionic) 4000

5 Lip (DC-Chol:DOPE)-HN 4900

6  Lip (DSTAP:Chol)-HN 2300

7 Lip (DDAB: Chol)-HN 3100

8  Lip (DOTAP: Chol)-HN 8000

9  Lip (DMTAP: Chol)-HN 7800

10 Lip (CCS: Chol)-HN 10200

11 F-HN+CT (lug) 5200

As shown in Tables 2A-2C, the free antigen, as well as the neutral and
anionic Lip-HN were virtually ineffective mucosal vaccines. In contrast, the
cationic Lip-HN, particularly those designated DOTAP-HN, DMTAP-HN and
CCS-HN evoked a robust systemic and mucosal humoral response, with high
levels of IgG1, IgG2a and IgA antibodies, namely a mixed Th1+Th2 response.

No IgE antibodies were defected. The cationic liposomal vaccines comprising

DOTAP-HN, DMTAP-HN and CCS-HN also induced high levels of IFNy (but 4
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and the cationic |ipid/ Chol or cationic |ipid/ DOPE

nmole ratio was 1/1. Free antigen (F-HN) and F-HN
w@eooadni4pé stered with cholera toxin (CT, 1 ng)P@EEI2004/000534

adj uvant were tested in paréllel. The vacci ne was

given on days 0 and 7, 3ng/dgse. (10 ml per nostr.il
ngrid-fhin m&war%%ula@ﬂépge@a@ﬁﬁ%n € IeSRONRSS O qeérbyzq?{és-HN

second vacci T. .
WRES BPh SRORAR AR Yhose BANGERY E-A 800 AR in 12 Baged on
tHed® Miﬂi%', oﬁlé':@e dafiGhid dmlal Aottt bKSA30O A -EINC BV A P-
OO0OO0OO0OUVZFHNOOOOCCOGO3Lip (DVWPC-HN (Neutral)
HB0afd COS-BIN werd fipthebB&l.DMPG - HN 40 0 0 0 0 O

(Anionic) 5 Lip (DC- Chol : DOPE)-HN O 0 0 0 0 0 6Lip

( DSTAP: £helchniiNethetnéhtO 8O Sffectlop K G )ratiN 8n the
80 30 0 30 0 8 Li'p (DOTAP: Chol )-HN 730 1050 170 40
ifhiBAN3Gerfecitypofl ENFRRde CroatipaieNipbsonee Ghd36F pf@ammatiliddsomes
Lip (CCS: Chol)-HN 9000 30000 1900, 15000 30 300, 11 .

Mxroixed widy thepsolubbpgotiganovas depnspedrabhe data shown in

Sim ed .

D S M RN R T A
(&:Hﬁlﬂs Rk lo%gp(elung) response, and that lowering the lipid/HN w/w ratio
below 100/1 markedly reduced the response.

Table 3A - Serum levels of HI, IgG1, IgG2a and IgA antibodies

/'No. Vaccine(@=5) =~ - Lipid/HN Serum - el L

o wiwratio IS oo - - TeGl  IgGla IgA-
1 F-HN 0 0 0 0
2 Lip DOTAP)}-HN  300/1 496+295 (100) 15000 450 0

3 100/1 196+119 (100) 5000 280 0

4 30/1 36+50 (80) 1000 200 0

5 10/1 28+18 (60) 600 30 0

6 31 0 20 0 0
7  Lip (DMTAP)-HN 300/1 3881260 (100) 2500 250 0

8 100/1 208+107 (100) 2200 600 0

9 50/1 130+118 (80) 850 150 0
10 30/1 48471 (40) 450 0 0
11 101 24435 (40) 120 0 0
12 Lip (CCS)-HN 300/1 560+480 (100) 2000 1800 200
13 100/1 7524504 (100) 6500 6000 0
14 50/1 272+156 (100) 1900 700 0
15 30/1 1124125 (80) 650 400 0
16 101 50468 (40) 275 440 0
17 F-HN+CT (lug) - 896+350 (100) 30000 8000 120
18 F-HN+Lip (DOTAP) 300/1 8641446 (100) 5000 1500 0
19 F-HN+Lip (DMTAP) 300/1 3204226 (100) 1900 400 0
20 F-HN+Lip (CCS) 300/1 704+525 (100) 30000 5000 500

In groups 18-20 preformed liposomes were mixed with the soluble antigen.



4 Lip (DWPC/ DVPG) - HN (Anionic) 4000 5 Lip

(DC- Chol : DOPE) - HN 4900 6 Lip (DSTAP: Chol)-HN 2300 7
wahe@4(1DBAB: Chol )-HN 3100 8 Lip (DOTAP: Chol ) - HNI/BQOOH®0534

Li p (DMTAP: Chol )-HN 7800 20 Li p (CCS: Chol )-HN 10200

1 HNCT (| ) 5200 As shown in Tables 2A-2C, the
'Ihblfei”ﬁngbgllW;gﬁ Qﬁeﬂl IgﬁlbﬂgGaemg%nd ani oni ¢

ety e tivepucosat —vaccimes. i
@%nt?ag?mefmé)cau oni cLESa. ;P ‘%cu Lyt € YA

rbbu tH@'ystemc and nucosal huno! al re9 onse,Owith 9
2 ghLine@¥VEABFHNyG 5 BY¥2a and 4QHA anﬁg ®odi &8, namdly
a3 m xed Thl +Th2 respon$ed/I1No | gE4tnt i bdel es vidhr e 0
def ected. The cati oni c30ilposomal 30vacci 286 corfsr i si n@
DOTAP- HN, DMTAP- HN and1@S- HN al 3o i ndgs@d high | evel s
of | FNg (but not |L-4) B antigenigti mJQ@t ed S(pl een o

cells ses p ced byCCSH en

S rong}’eﬂ Ean those mgéml/wd by F HN ad Ovvlthézoo
. Based on these fin gs, onI the

| f posomal formul ations §OTAP H 5DMTA
re further used. In 30 ond e per|

dfl 1ipid/HN wwratio é¥lthe i mm¥inogena?

HIR | b&d@ﬂS‘)aIﬂNom c |ipd8dtes and8®bf pr éZiﬂQTeoBOOO 20000
ll3posones sinply m xedl0#/h t he &bl ubl 0G(ht i &0 Wa$5000
dat ermi ned. The data sBoMn in Ta4l es 3A5@L i malidcat e 20000
tikat all three formul agpans i nduged a $5@®Ng FYSt emQc
( gerum and local (lung)/responsg, and binat Igmering)

I;},e hﬂﬁN g wratio beI ow 100 gced 3000

1 %ﬂ e 3A erum I eI s 1200

GZ 1P Vac | ne ( Llﬂ d/ HN
\‘RL 5

r u ‘rp GZa I gz 1500
20 F- HN+L1p (CCS) 35000 3000 80000

Table 3C — Spleen INFy levels (pg/ml)

F-HN+CT (1pg) -

F-HN+Lip (DOTAP)  300/1
F-HN-+Lip (DMTAP)  300/1
F-HN-+Lip (CCS) 300/1

‘No. - "Vaccme (11"5) Lipid/HN . Spleen
L o T " wiwratio | TFNyi(pg/ml)
1 F-HN 7430
2 Lip (DOTAP)-HN 300/1 9780
3 100/1 42220
4 30/1 20440
5 10/1 20400
6 3/1 27780
7 Lip (DMTAP)-HN 300/1 Not done
8 100/1
9 50/1
10 30/1
11 10/1
12 Lip (CCS)-HN 300/1
13 100/1
14 50/1
15 30/1
16 10/1
17
18
19
20
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1 F-HN O OO0 O 2 Lip (DOTAP)- HN 300/ 1 496295 (100)

15000 450 0 3 100/1 196119 (100) 5000 280 0 4 30/ 1
w@ﬁ@@n(@@e 1ooo 200 0 5 10/1 2818 (60) 600 30 BCHIRAW/D0534

20 0 0 7 Lip (DMIAP)-HN 30821 388+260 (100) 2500 250 O

s 1003 205EA0L 100} 2710, 090,0,8.89 1 00N (00
88360 B 0, 40T ORI e

R e e T

affgas withypeforaddipoBomes peocraBdredrxipbiqnt @m) (23017511 8-20)
864+446 (100) 5000 1500 0 19, F-HN+Lip ( DMTAP) 300/ 1
thatoarg 2euel 3o) lmemeacﬂmcepwtm%maﬁﬂg@cétihle@@ggests that real

hRARGRIoh Gpine miEsn AT s Dot Yan i AR abRGTER: the

catlbiﬂegisie@ﬂlﬂie%/lﬁfos&hes| gd, lg&a and IgA NO VaCC' ne
(n—5 Li pid/HN"Lung ww ratio H 1g@ Ig&a IgA 1 F-HN

500 %Ot%ﬁfhggf)g e‘zréaﬁ% gﬁg&/o]f HOI&R0P3n AR %nr%%rol(/)glenf'(gty of

the HN-loaded liposomes was tested. Tables 4A-4C show the results of this

experiment, indicating that the addition of Chol slightly reduced the systemic HI
response to DOTAP-HN at 2/1 and 4/1 mole ratios (groups 4, 5), but not at a 1/1
mole ratio (group 3), and moderately enhances the overall response to DMTAP-
HN at all ratios (groups 7-9) and the local (lung) response CCS-HN at a 1/1 ratio

(group 11).

Table 4A - Serum levels of HI, IgG1, IgG2a and IgA antibodies

" No. ‘Vaccine' - Cat lipid/Chol © Serum T
(m=5)- - e 0 wiw ratio HI ‘ IgGl IgG2 1Ig
R ” ) D LoLan A
1 F-HN - 0 0 0 0
2 Lip(DOTAP)-HN . 1/0 3200 (100) 15000 450 0
3 Lip (DOTAP:Chol)- 1/1 4964295 (100) 15000 450 0
HN
4 2/1 1684216 (100) 7000 800 0
5 4/1 195£111 (100) 15000 250 0
6 Lip (DMTAP)-HN 1/0 320£188 (100) 20000 290 0
7 Lip (DMTAP:Chol)- 1/1 6721419 (100) 30000 300 0
HN
8 2/1 576368 (100) 25000 650 0
9 4/1 608+382 (100) 30000 600 0
10 Lip (CCS)-HN 1/0 2560+1568 30000 7000 10
(100) 0
11 Lip (CCS:Chol)-HN  1/1 2368+1805(100) 30000 9000 10
0

12 F-EN+CT (1ng) - 1664572 (100) 55000 7000 20
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5 10/1 20 250 0 0 6 3/1 10 20 0 0 7 Lip (DMIAP)- HN
300/1 0 5500 200 1200 8 100/1 O 7000 350 0 9 50/1 O

WGM@/IBE@GO 10 30/1 0 1500 110 0 1 1 10/1 O 50PCOHROWA00534

p (CCS)-HN 300/1 80 1250833000 20000 13 100/1 80

00 B0 A L inodicty) 1-080‘

X500 22@@0,;;900 I8 - ANFELD rDolAP)

88‘/61}%1000

m)'l .

1200 194k u P (DMIAP);
- Hleleg 1300/1 80 80
- v vllqg e == "

ratgoIFNg 1%@

L

1506000 U0

0 }%I?o 1%%2 |

orAP) Ly 0/1 422200 30/9902044&5 5 25
fb/l 2ohuUIKf@Nﬁcimﬁso 7L p (DMIAPY0- HN 380/ 1 86t doné0
8 100/ 1HN
4 2/1 40 680 180 22
5 4/1 60 720 50 60
6 Lip (DMTAP)-HN 1/0 60 1000 40 0
7 Lip (DMTAP:Chol)- 1/1 120 3000 30 15

HN

8 2/1 160 2500 160 200
9 4/1 80 4000 100 150
10 Lip (CCS)-HN 1/0 640 30000 1500 9000
11 Lip (CCS:Chol)-HN 32 1280 30000 1900 15000
12 F-HN+CT (1pg) - 20 10000 1800 1000

Table 4C — Spleen INFy levels (pg/ml)
No. No. Vaccine - - Cat _‘Spleen.. .0 -
o (@=5) “lipid/Chol .. IFNy (pg/ml)
S k w/w ratio

1 F-HN - 7430

2 Lip (DOTAP)-HN 1/0 7480

3 Lip (DOTAP:Chol)-HN  1/1 9780

4 2/1 12870

5 4/1 9330

6 Lip (DMTAP)-HN 1/0 8520

7 Lip (DMTAP:Chol)-HN  1/1 10900

8 : 2/1 8560

9 4/1 7490

10 Lip (CCS)-HN 1/0 15550

11 Lip (CCS:Chol)-HN 3/2 13780

12 F-HN+CT (1ug) - 11110

The immunogenicity of CCS-HN vaccine was also evaluated in aged

(18 month) C57BL/6 mice following intramuscular (once on day 0) or intranasal

(twice, days 0 and 7) administration of 1ug and 2pg, respectively, of subunit
(HN) vaccine (derived from A/Panama [H3N2] virus). The lipid assemblies were
composed of CCS/cholesterol (3:2 molar ratio) and the lipid/HN w/w ratio was

200:1. As opposed to zero activity of the commercial vaccine, the CCS-HN

vaccine evoked high levels of serum HI and IgG2a antibodies (tested at 4 weeks



9 50/1 10 30/1 11 10/1 12 Lip (CCS)-HN 300/1 13 100/1

14 50/1 15 30/1 16 10/1 17 F-H\+CT (I ng) - 18
wo-20dMHLG4pe ( DOTAP) 300/ 1 19 F- HN+Li p ( DMTAP)  30B¢TI12004/000534

F-HN+Li p (CCS) 300/ 1The supériority of Lip CCS-HN

vacci ne over the other yvaccine fornmulations is in
P@%Wcﬁ@aﬁ@ﬂpaé’@t lélagbéfewé af, %gwe%w?s; Becwmation) éﬁ?gfq ang 1A

d is
apfiRalft brre AhRRAES SRS (che Pl show mean tters),

pr ef or med Ilposones generated very potent vaCC|nes
(groups 18-20) that are equal to |Iiposones
’lhb]m&&ulsmunglevbie oﬁm ggﬁl 1]@@23 ancj ggAtm a@dtmrceal

Gf‘l!%mtl city of the caSqum c.
assemsiS) es/ | i posones. 1n a¥lrther. exodgﬂﬂfenlg@rﬁﬂa
ef f eEBS dh. xhol esterol on tHe | mmnogenl(bl ty 6f the
HN- | Baiednd. ikposones was tesi ed. Tabl es 14A- 4Coshow t he
resuplipN eh. #hi s experinent,oindi cating ¢ hat phe
afdi { $,q0cH)- 18090, 81 1 ght 'y r@duced the sygt enzgy HI
lcbpunbe tO-DOTAP-HN—=at—2/ T and 4/ I nmote 1atios
(groups 4, 5), but not at a 1/1 nole ratio (group 3),
DB% @Ed%ﬁigeieveﬁ mgeqq%@za anarlgh in'RPAGARR O
APHN at ~all rati {gfoups /-8) and the | ocal
- Neé. unﬁ);c(ﬁﬁé;ponsem CCS HN at -dabdgt' ratio (group 11).
. Tabl, Serumlie of 161 1gd, 1 Jgea arIgAl gA

for

santi-bodi esw»;l\io Vaéc Cat Iipi d/ Chol
1 PBS in x2 0
2 F-HNim.xl 0
3 F-HNin.x2 0
4 CCS-HNin.x2 0

In addition, the induction of cellular responses by the various vaccine
formulations was tested. In particular, young mice were immunized in. with

10  various cationic liposomal formulations and the splenocyte cellular responses —
cytotoxicity, proliferation and IFNy production — were measured 6 weeks after
vaccination. In the experiment, the results of which are shown in Table 6, a
comparison was made between HN-loaded liposomes (groups 3-10) and free
antigen (F-HN) given alone (group 2) or admixed with preformed empty

15 liposomes (groups 11-13). The immunogenicity of Lip (DMTAP)-HN and Lip
(CCS)-HN prepared at varying lipid/HN w/w ratios (30/1-300/1) was also

determined.
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(n=5) wwratio H 1gd Ig& lgaA1lFHN- 00O0O0?2
Lip (DOTAP)-HN 1/0 320+0 (100) 15000 450 0 3 Lip

W@ DOTARMENOl ) - 1/ 1 496+295 (100) 15000 450 0 HACHII20d4/000534

168+216 (100) 7000 800 O 528/1 195+111 (100) 15000 250

I p AP) 0 320188 (,100) .2 0 290 0 7
T@bfnrfi @@Wonwﬂ% HeFpPMSRS) b mmlsgwoms @dmlylstered
76+368 (100) 25000 650 O 9 4/1 608382 (100) 30000 600
10 Lip (CCS)-HN 1/0 25601568 30000 7000 10 (-100) 0 1

N”o LvRedindS: Chol ) - HNLipid/H8 68 + 38 @ {ot$ity3 00 G&f-o BRPMikD TFNy

pU 12 F- HN+CT- (I 'Tgav/w r:}tﬁf54+5_1')%1 1-0q381 5000Ac QPO (pg/ml)
20Tab| e 4B - Lung 4eve s of ti g

I | gG2a 1 gA iw ratio 19F HN - o 1900
2( DOAB LN 1/ 0 40 900 85 25 38|_| D (éOTAP Ch7§|0 1)1 4500
3600LBdDMIAR-EN/ 1 3/ 680 180 §2 5 41131 60 7295¢0 60 3500
100/1 12870 5850
5 50/1 3 2 17670 3400
6 30/1 3 2 17920 3050
7 Lip (CCS)-HN 300/1 4 2 20370 8000
8 100/1 21 7 24870 8250
9 50/1 6 3 20980 10650
10 301 - 8 5 11510 3500
11 F-HN+ Lip (DOTAP) 300/1 17 4 19390 3400
12 F-HN + Lip (DMTAP) 300/1 17 7 11850 5700
13 F-HN+Lip(CCS)  300/1 16 8 19270 4100

Preferential cytotoxicity against the specific target cells (P815 pulsed with
the influenza peptide) was obtained only with CCS-HN at a lipid/HN w/w ratio of
100/1 (group 8) and with all the three preformed liposomes (DOTAP, DMTAP
and CCS) co-administered with free antigen. The maximum proliferative
response was observed with DMTAP-HN at lipid/HN w/w ratios of 50/1 and 30/1
and with CCS-HN at 300/1, 100/1 and 50/1 ratios. The proliferative and cytotoxic
responses elicited by the most efficacious liposomal formulations were 2-3 times

greater than those induced by free antigen.

These findings suggest that as compared with the humoral response (Table
3), where the highest levels of all types of antibodies measured were obtained at
lipid/HN w/w ratios of 100/1-300/1, lower w/w ratios (e.g. 30/1-100/1) may be
optimal for the cellular responses. Moreover, whereas DMTAP-HN elicits a
strong humoral response, this formulation is a poor inducer of cytotoxic activity,
as compared with CCS-HN. Interestingly, vaccination with mixtures of free
antigen with preformed cationic liposomes (all three formulations) in suspension
evokes good cellular responses that are similar in magnitude to those induced by

the encapsulated antigen. Thus, simple mixing of free antigen with preformed
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6 Lip (DMIAP)-HN 1/0 60 1000 40 O 7 Lip (DMIAPr Chol) -

1/1 120 3000 30 15 HN 8 2/1 160 2500 160 200 9 4/1 80
W@e®3/118% 150 10 Lip (CCS)-HN 1/0 640 30000 15001/BC00H000534

11 Lip (CCS: Chol ) - HN 3/2 1280 30000 1900 15000 12

crigC TEpermey By SRECIRNS 0 aiserkp et ogp fagporeh CEfble 3a-
353%&5)91&#@ [FRfe 8Bt Comap: cnol ) - b 1/1 5780 4"
v ?/é?%%alﬁﬁ% RperIBhe IS o SGd apershons 71@‘1@% A=

AR FEE BRSO 1 1900 4 2 o

d¥8&C o€ Wasn@vAene YN IGiRd chi@ae dllﬁéﬁ%ﬂ@”%ﬁlp%@'—lﬁ)TAP

mce follow ng intranmuscul ar (once on day 0) or
DMTAZh as dCE twith exegaialy to Gmanthogenizityi arids umhtchon aff ptotective
ng and 2ngy, r.espectivel )i of subunit
immunity to live virus challenge n this experiment, the lipid/HN w/w ratio was
300/1 and the cationic lipid/Chol ratio was 1/1 for DOTAP and DMTAP systems
and 3/2 for CCS system. Of the three routes, i.n. administration twice generates
the strongest humoral and cellular response and protective immunity. Of the 3
formulations, CCS induces the highest response, particularly with regard to
IgG2a and IgA antibodies.

Table 7A — Serum levels of HI, IgG1, IgG2a and IgA

" No. Viccine - Route L " Serum
. (n=10) L “HI IeGl = IgG2a IgA
1 PBS 0 0 0 0
2 F-HN im.x1 60+37 (70) 1000 40 0
3 oralx2 0 0 0 0
4 innx1 O 0 0 0
5 inx2 0 55 0 0
6 Lip (DOTAP/Chol)- im.x1 424+141(100) 21000 5500 0
HN
7 oralx2 O 0 0 0
8 inx1 40+28 (50) 450 80 0
9 in.x2 409+172(100) 25000 1300 60
10 Lip (DMTAP/Chol)- im.x1 768+211(100) 24000 8000 0
HN
11 ’ oralx2 0 0 0 0
12 innx1 10£10(0) 300 60 - . 0
13 in.x2 532+763(100) 10500 380 50
14 Lip (CCS/Chol)-HN im.x1 86441100 (100) 25000 10000 O
15 oralx2 0 0 ‘
16 t inx1 34450 (20) 1000 30 0
17 inx2 2289+1576 25000 20000 400
(100)

18 F-HN+CT (1pg) in.x2 756650 (100) 21000 15000 20




(HN) vaccine (derived from A/ Panama [ H3N2] virus). The
lipid assenblies were conposed of CCS/chol esterol (3:2
woredoaniwed i o) and the lipid/HN ww ratio was 2BOI/IL20048000534

opposed to zero activity of27the conmerci al vacci ne,

1|L gﬁsrﬁN vacgbn evoked high levels of serumH and
ag’j% % an °§F§st ed at 4 weekspost

TC n)and fung Rl €d aly {ryeeks post
9 'V'%nghgn) lgG2a ang"ﬁgA ant| e F ) <

rr?-ceFP@N Vacc:| nea Serhlﬁl’r{( 5) (bGZa 1 QDBS Ln
x20002FHNi.m «axd 15 03 F-HVi.n. x0¥0 00 4
L#p (CCS)-HN i.n. x2 88 x1B0 3500 Table &B - Lurfy | evel §
of 1gd, 1g&a and | gin.ix2 aged O ce No70 Vacci i LO und
(G =5} ig (QDB)TAB@ml)QA aj. . EES .40 x2 0 2 F-HNGO. m X 0
O g3 F-HNi.n. x2 0 0 4 CCS-HNi.n. x2 180 840 In
a9Id|t| on, the inducti oh cellglar regponses py the
various vacci ne fornu 1,;d)gf)ns Wa§ testegjo In 0
pgrticul ar, young m cg ze Wi t

SI;S)I eﬁﬁ%@MT@@V@mlkr r’e@péﬁses 2Q:yt ot ogaomty, 150 0
prol BMerati on and EFNg production - were nmeasured 6
videks after vaccinatiomlxBn thedexperitent, tHe 0
ri@sults of which are showh in Table 6,3% conpdal son O
vigs made between HN-Ipader |ipoxpres (Zpoogps 3/000) and200

Tf@%gﬁ(gc@@h&ﬁ}hm) 9i.peR 1al onegd groupsgh or aghm xed ¢

formed enpty ,uix2 0 0 0 0
16 in.x1 0 120 0 35
17 in x2 360 30000 5000 20000
18 F-HN+CT (Ipg) in x2 240 22000 2500 1800

Table 7C — Cellular response and protective immunity

.~ Lung g
Ny .. Virus titer
D) (log10) =
1 1641 0 7
2 im.x1 1909 0 4
3 oralx2 2253 0 ND
4 inx1 669 0 ND
5 inx2 2813 0 5
6 Lip (DOTAP/Chol)- im.x1 3452 3300 0
HN A
7 oralx2 0 1150 ND
8 inx1 482 1900 ND
9 in.x2 8391 3200 0
10 Lip (DMTAP/Chol)- im.x1 5632 0 1
HN
11 oralx2 553 0 ND
12 ‘ inx1 1277 0 ND
13 in . x2 7331 3150 0
14 Lip (CCS/Chol)-HN im.x1 6196 5750 0
15 oralx2 476 550 ND
16 inx1 1705 6250 ND
17 inx2 4912 15500 0
18 F-HN+CT (1ng) in.x2 1933 5650 0
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| i posonmes (groups 11-13). The imunogenicity of Lip
(DMTAP) - HN and Lip (CCS)-HN prepared at varying

WO pididdé w w rati os (30/1-300/1) was al so PCT/IL2004/000534

determi ned. Table 6 - Induct28on of cellular responses

by cationic |iposones adm nistered i.n. No. Vaccine

Li pid/HN % cytotoxicity Proliferation IFNg ww ratio

P815 + P815 Dcpm (pg/ m)_ peptide (rrean?) 1 PBS- 64 .
7010 doothezexperimentgiascribed insbbles Bi-p0( rommnergigl trivalent
300/1 16 13 1Pp96Q 3500 4.100/1 9 9,12870 5850.5.5
VA0Rirg e SaECE 886 o1 CmpaT A 85 8RS E%ewanglm%s-%ased

B Toiab s o 45 °F s THRGL CQIEVRY o) bull ove

valoETh8Plos3e Q21 %&uﬁhﬂ&é&g, D A2 3F7HdE 4L day GBIV between
300/ 1 17 7 11850 5700 13 F-HN + Lip (CCS) 300/1 16 8
atlopnisteations.Pr €her diniflal assgmblioxi averg apanpoesedt hef CCS/Chol

(§Rlepisig) aba “B pleciationyd i e et o Vs PRAY or all
RS 25 sHR00, L RARY M, Lol Sal BRI was
dePningiidrel HitRerdiodet bt EdrfiBindatwER Ny, Té}fblei&xﬂommcp, used as a
proliferative response was observed with DMIAP- HN at :

thugosal lfunant. rSera by hambgematds 30d haaaldwashds WES tdted 5-6

at 300/1, 100/1 and 50/1 ratios. The_ proliferative and
werkst afigrcthe dansb vaeaine dose tfer Hyantibodigss¢ Tallei Baas orall as for

anRS Qeliak AolH' 35630518 L8a TaE AntiBBaies (Table 9). In addition, 5

mice from selected groups were challenged i.n. with live virus (using the mouse

adapted reassortant X-127 virus) and protection was assessed by quantifying

lung virus titer 4 days later (Table 10).

As opposed to the poor or no immunogenicity of the commercial flu
Vacéine (HN) (groups 2-6), CCS/Chol-flu vaccine induced high titers of all
types of antibodies tested (except for IgE which was undetected), especially
against the two A virus strains (groups 8-11; Tables 8, 9). For the 2-dose
regimen, a 1-week interval appears to be the optimal (gr. 10). For the single
dose regimen, 4 ug antigen, but not 2 pg (gr. 8 vs. gr. 7), induced high titers of
serum HI, IgG1 and IgG2a antibodies and lung IgG1 antibodies. However, in
comparison with the 2-dose regimen, the 1-dose regimen did not elicit lung

IgG2a and IgA antibodies nor nasal antibodies (Table 9).

In the protection assay‘ (Table 10), the CCS-flu vaccine administered
i.n. either once (4 ng) or twice (2 pg/dose) afforded full protection against viral
infection (6 log reduction in lung virus titer) whereas the standard vaccine
reduced virus titer by only 0.5-1 log. Thus, although the single dose regimen
with the CCS-flu vaccine is inferior to the two-dose regimen for certain

antibody isotypes, the two regimens provide a similar degree of protection.



greater than those induced by free antigen. These
findi ngs suggest that as conpared with the hunoral

w0 e®ponEes (Tabl e 3), where the highest |evel s pET/HI2004/000534
types of antibodi es neasuré®l were obtained at |ipid/ HN

Sor'st S pepoetone Hit chaarehcls flongsto Gedirheteas the
%(g& 9 Vc"fl{‘nerv"%ﬁfl PMitefibd %M@%ﬁ%ﬂ{@e@ﬁ the two

onse, th ornu atron 1s a poor

fehehashe (aafal bt Yshodm t)C@(l’Qﬂh@d ﬂmﬁlhla%'lhhldiﬂcation was the
Interestingly, vaccination with m xtures of free

redhtctigarofithe isizeraffthe @GS/l dipid assepddionédiafmter 6.8 <epm) by
f or mul 2“ ons) uspensi on evokes, good cel | ul ar

ex@w@a é@m%& _%Pé HRhiARbQdY tig %eéi by thergrdgded vaccine
Wﬁrﬁ I‘éﬁgébo/f'%% t ea;ﬂf tl%ggﬁ pﬁé(ﬁ.ﬂcea% €Yo deflI TRfhe (data not

fornedcationic

hbwﬁ 3 OB rtﬁmlz%a SOk figideakehBlitf dWRE &%ﬁhéﬁﬂf Silesterol, are

unoral (Table 3A- 3C)" and cel lul’ar (Table 6)
hllgﬂponsfé'fmeﬂtn get @ fvactiner eamieri nfomt | trivedentesfilut s vaécine.
whi ch are shown in Tables 7A- 7C5 a corrpari son was
made between 1 Lm dose, 1 or 2 i.n. doses and 2 oral
doses of a nonoval ent HN-| oaded cationic |iposones
conprising DOTAP, DMIAP or CCS with regard to

i mrunogeni ci ty and induction of protective imunity
to live virus challenge. In this experinment, the
lipid/ HN ww ratio was 300/1 and the cationic

lipid/ Chol ratio was 1/1 for DOTAP and DMIAP systens
and 3/2 for CCS system O the three routes, i.n.

adm ni stration tw ce generates the strongest hunor al
and cellul ar response and protective inmunity. O the
3 fornmul ations, CCS induces the highest response,
particularly with regard to Ig&a and | gA anti bodi es.
Table 7A- Serumlevels of H, 1gd, Ig&a and | gA No.
Vacci ne Route Serum (n=10) H 1s3@ Ig&a IgA 1 PBS OO0
002 FHNi.m x 1 6037 (70) 1000 40 0 3 oral x 200
00
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8 i.n. x 1 482 1900 ND 9 Ln. x 2 8391 3200 0 10 Lip

(DMTAP/ Chol )- i.m x 1 5632 0 1 HN 11 oral x 2 553 0
WOBRD012164961. x 1 1277 0 ND 13 Ln. x 2 7331 3150PCr/m4004/(00534

(CCS/Chol)-HNi.m x 1 619625750 0 15 oral x 2 476 550

TaDI T '?Totﬁfalonﬁﬁfo quisg’ § 4P gehisEh rag ﬁéﬁ? ofdhving
itiesndsaP SdcdifatiiP Wath SrivdlentinIRISHRY Ghaling, rfrh‘@'aﬁﬂtm CCS lipid
vacci ne was tested and a conpari son was ‘made bet ween a

assemgilies CCS- based VaCCI ne dose (u3| ng 2 or 4 ny of

£
—a'ﬁf‘l_geﬁ—‘H‘N‘ YOt Cabll Trl at Dll a1 allu TWo Vabbl ne
- Vi '.f HEP K ’ S A § - ate

1|nt er Nghs bet ween adni ni st r.atl ons The i p| d 6
assenl‘grﬁﬁg wer,e conposed ofq CCS/ Choi (chol est ercg) at
2

a3/ |o and the |lipid/HN wwratio § 100/1
3for aF4HN@mK2ati ons. As cdhtlr ol s, the standard>

4trivag, CPORE-ENY u\ge}gm r(e (HN) was adm ni steged
elthe ne | mg cholera toxipn (CT),
used g%%'?ﬁggpﬁ\?% era, |ung honobgenates and
6nasal F«hﬁ&ﬁe@h@ﬁdl xed 5- (67\/\/eeks after the fi®st

* Saxcteble 8 fatesgeriirentaHietalst nlgouibes, 5(tHalidH) v/ varstiowhd 109151

® T mive tWegpainfestpd inthnasally2 dayd afER the fitsRacaine dbngusmg ~10°% egg
irffedtiotodbis€ 0% (ED 5) 8] the nousackdaritédamassdtami X-€27 vioun
(AfBeBiR62/05 PUDE | wei-81 RUHbgael /68.x0A/PRIZ/3¥)] Tungs wére tiarvested
A(ddgs 18gr, hiiRogahiaE sathilp tidwled, aabiafetiediito tKe Alihtoid sau sy 10ad1d

i ie0 Chitln cW@S A BSSBISA d71yandu8htat 490, 09 UGN Fluid was

rérhdved arftl Haksd forb Rl prekaddk By Aéhagelinsidposed to the poor
or no i nmunogenicity of tﬁe commercial flu vaccine

t( |H{\I)e rng gﬂggug;%pe%nﬁént gestrBed id | Tabl@&C AiinantindC ek hiighlent-flu
vaccine was formulated with the CCS/Chol lipid assemblies using varying
amounts of the HN antigens and the lipid. In this experiment the vaccines were
prepared with: (a) varying amounts of the antigen (0.25 - 2 pg per viral strain)
and of the lipid (0.075 - 0.6 mg), keeping the lipid/HN w/w ratio constant at
100/1; (b) graded amounts of the antigen (0.25 - 2 pg) and a constant amouﬁt of
the lipid (0.6 mg) thereby varying the lipid/HN w/w ratio from 100/1 to 800/1.
As can be seen in Table 11 (HI titer) and Table 12 (isotype titers) vaccines
prepared at a 100/1 lipid/HN w/w ratio using 2 or 1 pg antigen of each strain
and 0.6 or 0.3 mg lipid, respectively, produced high and similar levels of
antibodies against the 3 viral strains (groups 2, 3). At lower antigen (0.5, 0.25
ug/strain) and lipid (0.15, 0.075 mg) doses the response decreased maikedly
(groups 4, 5), particularly the mucosal response (lung, nasal) (Table 12). When
a constant dose of lipid was used (0.6 mg), high levels of antibodies were
obtained even with the two lower doses of antigen (0.25, 0.5 pg/strain) (groups
6-8). Thus, the amount of the CCS lipid is critical, and with the appropriate
lipid dose the antigen dose can be reduced 4-8 fold (from 1-2 ug to 0.25 - 0.5

He).
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(CCS/ Chol )-HN 8 4 mgxl 0 1200 4500 13000 0 0 0 0 0 U 9
2 ngx2 0, 3 1500 10000 15000 2500 3500 0 10 O nU 10 2
WOrgpo2/10049¢ 1500 12000 14000 2500 9000 200 30 1POT/LL20043000534
11 2 ngx2 o 14 1300 5500 32000 1800 3000 50 0 O pU 12
F-HN+CT (1 ng) 2 mgx2 0, 7 0, 15000, 20000 2500
2000130 furghejsgpesiacts phe SBE‘F f@&a@f’?lﬁ‘ﬁn@&g% egi (HN) or

a%o?gz{téecgtv\ﬂglﬁ %@ ctgéé‘g @qaﬂélﬁs%ggm?ﬁe aﬁ‘gh_pgg \?Iﬁ t{:ﬂ@d %or its

a¥ARY k& SnAR&EHI Cirfidoaied Scrbssd Riactid® wigh varidls mﬂuenza A and B

Protection of young BALB/c m ce agai nst viral
satsttalientiat fvodre awit igeliuded andlsavaczine. Tt idata stidvim i 1n Table 13
trival ent influenza vaccine, free and_in CCS lip

ingieaiaiih atelgnmassl/&blm) #ad mﬁa{a}lscmé%n gna af;agcmaﬂgnwdrwlstered
tit 1.None - 6 2, F-H

opes o, bYiss, P SHHEP ¥ cperiemisn o i VHg qUogsed iflftnza
Vﬁé&gé Cgl‘?%is "llgge tabrr? @t? s (S HT Hitfbodtst d?r-chedl a%Q?nst the

or experinental detarl

ihempang, steaihbe aki piell/ &N Ml Vﬂﬂtﬂidd@esvv&sosk%hdhn@ th several
mce were infected intranasally 42 days after

A/HANL, AEEIN2 andsB  stizénsnthat 1ose edgulaitngcin 61@53’@(15%61956%999
a0t Poh seds b TR aor . S8R P ikging i uh fer o

AT P 00 1T T EEIBBR s 4.
vt oW et ﬁla'ilaﬁleoéorﬂ&pdndmg serum titers. Thus parenteral or intranasal
vaccination with fhe CCS-based vaccine may afford protection against a wide
spectrum of A and B viral strains. Such antigenic variants may emerge during a
flu epidemic/pandemic as a result of antigenic drift. In contrast, the standard
commercial vaccine administered in. (gr. 1, 5) was totally ineffective in

inducing antibodies against both the homologous and the heterologoué strains.



fertilized chicken eggs.

4C, 0.1 nL of allantoic fluid was renoved and checked

wo e4aiued presence by hemaggl utination.
experi ment described in TaBbes 11 and 12,
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1ugxlim,
Lip HN
2 pg x2 in.

HN
Lip HN

2 ug x2 in.
Lip HN
4 pgx1 in.
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spaced 1 week apart. In bold, antibody titers against the immunizing strains. 0 denote$3HI titer <10.
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3 1 0.3 100/1 320 (100) 80 544 (100) 160 40 (100) O 4
0.5 0.15 100/ 1 416(100) 20 448 (100) 40 32 (100) 0 5

w@208/10040¢45 100/ 1 180 (100) O 100 (100) 20 O OPGI/IL20043)00534

200/ 1 672 (100) 80 736 (106) 160 104 (100) 0 7 0.5 0.6

400/ 1 560 (100) 80 608 (100 160 104 (100) O 8 0.25 0.6

800/1 512 (100) 80 512 (100) 120 48 (100) O 1See Table

8 for experinental details.Table 12 - Effect of the

anti gen dose and li-pid dose on the induction of serum -

[Rindistributiaonalof amiogén -k giationi¢ Jiposomys2 dozdad with HN and
ant i bodi es fO||OMA i ntranasal vaccination with
ministered mitra Yvaccine fornulated with CCS |ipid

assenblies, adm nistered twice (at 1 week interval) to

H , o
o0 R0 gfe h § I  asemie
WGl\lf(éﬁﬂoni/@S fDO’clTARJ’Oh@G (chﬁ@ﬁ) | @kd @@SZ’Clh@A (cationic),
lgd Ig&Ra IgAa 1 FHN2 - - 00000 2 Lip

cobsy @Impty BN 1padeds witlo/the 151fb@nza2d6N mﬁgmszsweregfadmlmstered
N
BiresSpfy 1P upIE s HbBa dE b Miduidagnie dhPartolt dssues

va%r Q- g@n@@fo&ﬂl@@@q 54%}9245@{3& PadideigRatl&d). 35 100
800/'1 15000 9000 210 2500 13000 250 25 90

?urs? bl et %[e#@ﬁ@%@lﬁ"% Tl dh ik B 2F, ptter 1 and 5

HoRss Whs 353 AR09Rt R oVl of HBe %@ﬁ’nﬁl’s@éreh' 1Rpid of all the three

assenblies (Lip HN), was tésted for its ability t

ifortickatibhs aeptéd Oiliie secovesy hoerver dopppiet sigrficanidy at 24 hours in
i nfluenza A and B substrains that were not included in

tehle formulations Trscepat H0ts Hban GGS Tﬁmnél atepn. ndibeatleC? hiermulation

SRS D SRR A EEAT e 3 e

Qﬁ'géﬂé HRsEMun S GPRAEY Witid HRRE @Vas no lipid accumulation in the brain

and no significant accumulation in the other organs tested (liver, kidneys, heart,

spleen).

Table 14: Recovery at 1, 5, and 24 hours of fluorescently labeled lipid

assemblies administered intranasal

"%‘Rec‘(‘)very (6f total lipid administered) t

Lipid assembly formulation 1 hour 5 hours ' 24 hours
DMPC/DMPG (empty) 100.2 99.3 26.9
DMPC/DMPG:HN 100.2 99.9 8.3
DOTAP/Chol (empty) - 107.0 75.1 8.1
DOTAP/Chol:HN 99.9 106.4 6.7
CCS/Chol (empty) 99.6 96.9 74.2
CCS/Chol:HN 101.1 - 101.5 94.5

When *I-labeled HN was used, its biodistribution resembled that of the

fluorescent lipid (data not shown). This long retention of the CCS vaccine
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vaccine elicits high serumtiters of H E anti bodies
di rected agai nst the inmmuni zing strains, as well as H

wa@pshoddes cross-reacting with several A/ H N PCEILZBNA00534

and B strains that were ciBgulating in the years

1986- 1999 and were not included in the vaccine.

Slightly lower H titer were found after a single i.n.

vacci ne dose (gr. 6 vs. gr. 7). Lung honobgenate Hi )
chtrgromentyr in the 8spivatary | ande Glt traets tthay espladspbngarigits superior

VREROgen G, #Y6 (AR DGRl e ey TS by @xhibited i the
E{)ﬁ(&ﬁﬁg gﬁslldg%ﬂ ﬁ]icgg%l&@ﬂ@g?l? g:g)%r@‘bﬁ]eﬁ{ oﬁ‘eﬂ?é;ga%ﬂé LAk traced HN

St SR3FE ClaBaRdeWith 5T aaﬂc?%@kﬂmﬁferé@tmﬁﬁﬁh&ll‘f}f bfther free or
n contrast, the standard commerci al vacci ne

assvciatsd enveith Lone (of. the, lipidwdermotatiohy used f act ihee flworescent
i nduci ng anti bodi es agai nst boeth he hopol ogous and

hediptitionsypesinanta badiqagivatyrof the yaripsi téisugy was determined
a S- anti bodi es fol |l ow ng

aHl gﬁgggﬁl f f’lgﬁﬁg%ul ar vaccination of young

BALB/c mce with ased nonoval ent and tr.ival ent

i nf | udigble \léé@aqln@s rthat %@@rﬁ@ 1\/he @nHaesxyas ighan fhig experiment
N2 B. New

86 Frigh Sty S giTuecAhnily My Al or e

JRMER: %ﬁa@%"%’”@%?f YETB (ERE A 2R gy gilablishing that

ég)( fiferd 1é‘"i‘i1d%/eﬂ|%w HEVMAsELiftich BefvédnOthe IINZprolein® ahd the lipid
| edoni a Lip HN serum 1280 1280 1280 240 O 00O0O

@sgemilios? and. (1B thieppralorgadunetertion 40 thzonqs@ of ¢he amlgen when

gssocigted v it s Bt 81 SFITAP 8,88 e dogity gptpmic Lipid
%sgergblgeszaﬂ@néga&MG%It ‘f)gc%klr%f of the HN proteins, since there is no HN

retention when the protein is administered by itself in soluble form.

Also this experiment may teach that there is no HN protein accumulation
in the brain when administered alone or associated with lipid-assemblies (a major
safety concern with intranasal vaccination). Since the radioactive tracing method
is much more sensitive than the fluorescent method, this result is more

confidently based.
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6 Lip HN A/ Panama, serum 320 80 120 0 320 320 120 120
60 120 4 ng x | Ln. B/Hong 7 Lip HN Kong serum 480 120

WQ20420046610 640 120 120 80 320 2 ng x2 Ln. 8 LP@I/HIN004/000534

lung 80 80 40 0.120 80 0 039 40 2 ng x2 Ln. honbgenate
9 H\N2 ng + serum 480 240 120 40 480 480 120 120 80 240
CT I ng x2 i.n. 1Pool ed sera and | ung honbgenat e

obtai ned 5 weeks after vaccination were tested for H

R pllgq?Ll co%g eﬁ%pef la'ﬁ%mdaﬁl\dﬁaﬁilﬁgt%lf%ﬁ ; agfiﬁy g@@r alone

| i'es were conpose
fity z{%séﬁhtéﬂ w&ﬂﬂll {ieadsenibliest W, % anl 24 hoass 300/ 1 i n

groups 2-4 and 100/1 in groups 6-8 Except for groups

3.and 6, the two vaccing doses wo%egg@eﬁfﬂnt%ﬁﬁmea

apart.-I.n bold, anti bod) titers agal

15Z1 N

strarns.. 0 denot es HI+ tijter <10. Biodi st ri bution pf

M?@%WYC@FWH%‘OP i-pos o;’fﬁl’é’q"o addd wothPWIig ang 24 hours

adm-nrstered— it ramasat iyt abrodtjstTbution

éfiNeri ment, 3 formul ati ons of77i pi d j[assenBBi es: 17
h’\/D(\/ DNRPG (th nnl r\\ -A.D,I G\Io! (Catl OJ.".I e) an_é

QQ?/ ﬁMPC(EMP@?‘ ei { her egpty or| | oadgg with|the 26
luenza HN antigens. were administlered intranasally

1Bl AP el El¥ent |y (T abor a1 pild was SPhen [ aced 32

I'n the honogenates of various t1ssugs over a per|od of

;_IAIPKC@&ChO Q‘INand 24 hours P88t adri ni st 7at | on) | As 41

baIl UC DCCII ;II LIIC IUIIUV“IIH |ab=c J.EF G.ITLI ]II l_lg
2A-2F, after 1 and 5 hours there was 75-100% recovery

of t hénagnatrerapietoeidst ifthel podteil 4nd hipid reaetained and/or cleared by
fornmul ati ons tested. This recovery however drop

sigint olcdxffqryntaklngucmdhg varous tisfussnanathercanal sésxs: @ﬁhe data was

E}f‘?rﬁfotg{rl]}%ﬁcc?[ rtﬁﬁlraﬁ({) ggﬁgerh flgep |/&)?8.£lgf‘,}?] ére*egﬂggs(tof the total dose
fs'té(}?d&ﬁﬁ? e Migi rbfGtidn tlﬁrtﬂgtv bH& AR s diOh var] R Qﬁne points

ere was no |I accunmul atiron I n
hﬁ@d rue@é}ﬁnﬂ@dSIWHeﬁ | h@ntkatis Ciy rrud)@tmn antd the ot hebns that both

organs tested (liver, kidneys, heart, spl een)
components were sumlarly retained in the same organ, while when this ratio is
either larger or smaller than 1 it suggests that the clearance kinetics of each

component was different, and one component was cleared faster than the other.

As can be seen in Table 16 below, the only ratio that remained constant
with time was that of CCS/Chol-HN in the nose (ratio = ~0.45). This suggests
that: (a) the high retention of the antigen in the nose with CCS and DOTAP is in
correlation with the level of association and due to ‘the binding of these
formulations to the nasal mucosa, in contrast to DMPC/DMPG; and (b) while the
other formulations' components dissociate in the body and are cleared at different
rates, the CCS-HN based formulation was stable, especially in the nose, and this
may contribute to the enhanced immunogenicity seen with the CCS-based

vaccines.




Tabl e 14: Recovery at 1, 5, and 24 hours of
fluorescently | abeled |ipid assenblies adm ni stered

wo paoranmas@l When 1251 -1 abel ed HN was used, it SPCT/IL2004/000534

bi odi stribution resenbl ed #hat of the fluorescent
l'ipid (data not shown). This long retention of the CCS
vacci neconponents in the respiratory and G tracts may
explain, in part, its superior immunogenicity over the
ot her |iposomal formulations. This is exhibited in the
followi ng study in which the antigen conponent of the

vaccime wayg tiaced., THNprgteims were trabgted—wijit h 125l
and adm nict%reciirétra,rasﬁll ly &ithgr firee or
assodi. efv\t\\{ hﬁng oS |t B @pﬁc &cr[ﬁleﬁiwsgbsed in
t he f|I-80r 85cent i odi Stjr PhuTi|of? |[eXgeF|nEHt S| <
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1, 5|a®l 24h post| instifl lation. |Taigl e |15 |t egchgs t hat
recovel)y eff Means| o wWasXi g & G leder|ment as
vel | .| .2 wanTheqde®n &) 8|gen|3&{38| Hed| s| <
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asserbiz e agd FotSansIfniger gt pr ger by J|hg HN
pr ot ai B, c8i Nge=Y h&r et|s SN o HINTY eTdnt i| o | whgn<t| he
pr._(—:i@‘is‘adrri niistered by itlsel|f ijn ol yblg farm
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adm ni stered) and % |lipid retention in the various
tissues at various tine points was determ ned. \Wen

WO b@4namdp® i s constant and | , it neans that bpEtTHIL2004/000534

conmponents were simlarly détained in the same organ,

while when this ratio is either Iarger or smaller than

1 it suggests that the clearance kinetics of each

conmponent was different, and one conponent was cl eared
faster than the other. As can be seen in Table 16
Pekliminaie safiety stualyi of thiedntranasahBly vagelxeant with tine

was that of CCS/ Chol-HN in the nose (ratio = -0.45).

Thi s qugeast slochRt sysfemic) hie Hirghjor et@nictornwith #dtk im. and in.
antigen in the nose-with CCS and DOTAP is in . L
vaccisbsit ansh theraforeha |pdlos| todiciis stedut wen sitidiedueCeonic lipid

imlatons P BT B AR bR Uil T6k iEERR amigens
S0 Rii 7 RYFRARDR (IN] 6B, SorhipisiRa) By (W, spaced 1

Wsdubpdrt)of Yase S(hablg@oulﬁﬁ red Blood tourth&taals alifferehtial), blood
this may ‘contribute to the enhanced i nmunogenicity

shemistiyt And histclogidah seaminsativinn@esd;hlang sieadensy hweyve performed 72
% etention of the tot lipid or, HN otein,

| :
hawislaisre T b IHCR SIAWRA Y ApRAE) Signs 4l 299 tPKisity. Blood counts and

Lntranasal flu vacgchn I .Gl c j IS, :
o SR8 R i€ FHERE 1 BobinhlirleR” B BY BRGE, dnifhal-mild
i @h@@rﬁr ' b&d enged Pl €0midetrbatet owith the
Hfg? or Ieg#di)%tﬁswfggt()kﬂeré&gh %{S'Jrﬁ%s CCS- based) | oaded
Watibnichforimifdtiomsz A sinmtilaye akbeliteleag prortdumiced +#inflammatory response
neur am ni dase, (HN) were adm nistered i.n. (twce, |,

syasc @dsol saerkinapame) mise nirgatedn¥athysalipy , alane o osih the non-
count S“éé}t gt a{. differential), blood chemstry and

IS ARTUYFR 418K i nati on (nose, |ung sections) were
performed 72 hours later. The m ce showed no apparent

ih%ﬁ%n%h&ﬁﬂafo‘ix fekivity (FE]i’e@@é-ﬂﬁ Wakeindig mieod

chemstry were thin“t normal range, and, as
expectiadihesd ré)%%tin{énltsj iiéd averat mjscted sipmnsdthnaarieeediposomal
in the nose and lungs of mce treated with the

datmgtitions deampassd o DMERL.DMIPC/IMEG DQAP/Chol, CCS/Chol),
T M T T
%nsleﬁlcu SHLAtath m%%g%gllaﬂe"WP?@%@E&r YnaRFSpghakt Yproliuction) 2

vaccine in
days before the injection of the liposomal formulations. Peritoneal cells were

harvested 24-48 h. after administration of the liposomes and used as such or after
4 h. adsorption at 37°C to plasﬁc dishes and removal of the non-adherent cells. In
other experiments, peritoneal cells were harvested from TG treated mice and
incubafed with the liposomal formulations for 24-48h. The cells were tested by
flow cytometery for the expression of MHC II and the co-stimulatory molecules
CD40 and B7. The supernatants were tested for the cytokines interferon y (IFN
v), tumor necrosis factor oo (TNF d) and interleukin 12 (IL-12), and for nitric
oxide (NO).

All the cationic formulations (CCS/Chol, DOTAP/Chol, DMTAP/Chol)
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In these experinments, mce were injected i.p. wth
various |iposonmal fornulations (conposed of DWVPC,

WOMBENDNRG, DOTAP/ Chol , CCS/ Choi), 0.5-1 my | i PCTIL2084000534

or without the HN antigens42The m ce were either

untreated or i.p. injected with thioglycollate (TG to

i ncrease nmacr ophage production) 2 days before the

injection of the liposomal formulations. Peritoneal
agirégulatedethioaexpetsich 24-B(B and GDdOr maderitivirs theabiten fofmulations

40Pt G, eI BN S dantoni Bisi icedhigher levels of IFN ¢
ﬁg@i E5RRaf B baff ¥ o PR BURRLR TR Rpuscfiptiye than the

Wfer DRI RFWIASIRII é1§1‘iﬁféﬁﬁi ler@Is'Bﬂ BUF D and NO were induced
24- 48h. The cells were teSted | ow cytonetery f

of gesfoemubatiolsiClhe edredhctd expmssﬂonm:ﬂ cmt-silmulatory molecules
m)I ecul es CD40 and B7. The supernatants were test
fosr antigenc preseiting cell and élmmdglczlpn KPfngL 12 @ﬁdrIFNé’cb)b thescationic

il g | SIS B b SRS or e

(e, A, SR A e s
fvalcBitledini the &eéMy[mt(FﬁgF]ZC RYRQIOMREHIA B ABB) aficridtranasal

i nduced hi gher |evels of and | L- 12 In sone
calsEsisttatio0CBagh explaby miyatGop isasusibran efficient waicokalnvaccine
t he .ot her catlonlc formul ations. No significant |evels
SRITerad{uEs- NO wer e i nduced by any of the

formul ati ons. The enhanced expressi on of

co-stinmul atory nol ecul es on antigen presenting cells

B PR TISo4 ATRAAS (HHAM)- 12 and | FNg by the cationic

fornul ati can expl ain n reate

Lo ot adiiion 16, SRchrb be ignE drRecing edintial of CCS lipid
%é@éﬂ;ﬁﬁés %%ﬁ%et%s‘egpti%r ey xpef&?mreea{ "é'é%gr(elafbgf’ ﬁ]%dntra.t&asal (in.)

u"vaccine rnthe respiratory

Zhdané nli_ﬂr&ec gﬂm@{gser i ntranasal adm nistration may
explain wh i's such an efficient nmucosal vaccine

carri eHAé/’dJ vacuie HSRATISTIFBAterRUI O HAV) (~1.5addgt pootein), was

to influenza, the inmne enhanci ng p tential of CCS
mdmmlsa%r@énNm@sath?-me@% ngegyeld apdrthesgsperse; was tested by the

aéiﬂgi’l(ﬂ“ %ec%%u?ﬁ/e § Ok Ihk %aslec&nd Qagcme dose. CpG-ODN, used as a

mucosal adjuvant, was given at 10 pg/dose. The HAV-CCS lipid assemblies were

-1

prepared as described above for the influenza vaccine (Table 1).

The data presented in Table 17 show that whereas the commercial HAV
vaccine failed to induce an IgA response in both tissues (lamina propria, Peyer's
patches) tested, and by both administration routes (in., ir.), the vaccine
formulated with either CCS or CpG-ODN generated a significant response in
most cases. The combination of HAV-CCS' lipid assemblies and CpG-ODN
resulted in a synergistic response in all cases. Thus, CCS lipid assemblies alone,
and particularly in combination with CpG-ODN, are also effective as a

carrier/adjuvant for mucosal vaccination against HAV.



and the intrarectal (i.r.) routes. HAV vaccine
(Aventis Pasteur), 10 EU (~1.5 ng protein), was

waowunibered twice at a 2-week i nterval and tPEI/IL2004/000534

10

15

response was tested by the4ELI SPOT t echni que 3 weeks

after the second vacci ne dose. CpG ODN, used as a

mucosal adjuvant, was given at 10 ny/dose. The HAV- CCS
lipid assenblies were prepared as descri bed above for
tFablenil? uenInduetion nef (fefo| antibodies cfalloveing dntyanasali gin.) or

Tt RV an B ALBACATESEAR n SRS anav
' ia,.P . ,
BRSO FUE i I G, s e Coc-

tration rou
fopMu! ated with either CCS or CpG CDN generated a
significant response in nost cases. The conhinatjon of

PReis |i pid assenbl i es and Mpanamilof dgAl AEC/10° eellsiin:
.synergisticiresponse’in allLaafiga prépri  CCS Péyertd patches -
)assenbl i es “al.one,. and paftigyarly I'§,Conmbi Nagpon W th =

h are al'so effectiveas—a—cat rpertadiavght—or—;
icdsaPacci nati on agai nst QAV. Tabl e 17 - | ndggti on
dMANg&Gant i bodi es fol | owi ng Vhtranasd (i.n.) ®br 1
iFANat-€pGIOIDN. r . ) vaccinatibh of BAZ c mice Qith 14

eAM OO+ A pGIOBN HAV) vacdBge, al orég and in 28 23

CRpRIM V '1‘6%75‘- pi d assenbl1es and/ or CpGODN
Vacci n@t'@gfﬁ%&n ?lg;éA AFC/ 106 cells in: Lam na

propria Peyer's patches Ln. Lr. Ln. Lr. HAV alone OO0
0 0 HAV-CCS 12 27 0 1 HAV + CpG ODN 16 22 0 14 HAV-CCS

A 68 28 23 AFC - antibody-form ng-cells C
BOTULINUM I n a further experinment, Mce were imunized

L0 o e B 8RR PO e P S g e o

commercial C. botulinum toxoid (as a model for bioterror agent, Uruguay, alum

free) and antibody titers were tested by ELISA 4 weeks after the second vaccine
dose.

The results of an experiment with C. botulinum toxoid are summarized in
Table 18, which shows the superiority of the CCS-toxoid formulation over the
standard vaccine following i.n. instillation, particularly with regard to the IgA
levels in the small intestine and feces. Such Abs are expected to neutralize the
toxin upon oral exposure. Mice immunized i.n. with the vaccine alone did not

produce IgA.
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free) and antibody titers were tested by ELISA 4 weeks
after the second vacci ne dose. The results of an

wexpenient with C. botulinumtoxoid are sumaPCTER0I4N00534

Tabl e 18, which shows the gd#iperiority of the
CCS-toxoid formul ati on over the standard vacci ne
followwng i.n. instillation, particularly with regard
to the IgA levels in the small intestine and feces.
Such Abs are expected to neutralize the toxin upon

bl I Hefussloniof Jeftia Bitan. a1 14 Amatiocléy’ fy BALB/e mice

I d
e Ty —
f CRetratiufi bodinai €6:83d €CBEy | di um bot ul i num t oxoi d

(CBT) Vaccine Mean antibody titer n=10 Serum Smal |
intestine Feces 1gd |1g&a lgd 1g&a IgA IgA CBT 0 0

VARin80 0 0 COReanBihtiHddy2iterl 600 ‘0 1800 1800 N}ATERI ALS !
Gheag -stry Synt B@ﬁhﬁ of LN-pal mtsmhu@nﬁﬁﬁﬁéwro " “Feces .
'sphi ngosy! - par T fC ja [cA

d| succinim dyI car bonate (1 929 7 5 rnrml) was added.

DVAP (0.81g, 7.5 mmmol) was added with stirring and the
reaction further stirred for 16 hours. The sol vent was
rMAdfIieRIAbSer reduced pressure and the residue

re- crystal lized fromn-heptane yielding 1.3g (68% of

dFREMISRY i dyl cer ani dyl carbonate as white powder m p.

7@%@@&{3‘15 df N)R‘%ﬁgﬁ{)ﬂ:ﬂ%%rtﬂré ?thg% gs_sgi' 2 gc%% sggnm"g‘g)( CCS)

di d d hi th th sti
no ) eainkadaingoside (1.61g, Smmol) whs dissolved tn dry THF (100ml)
with heating. The clear solution was brought to room temperature and N,N’-

disuccinimidyl carbonate (1.92g, 7.5 mmol) was added. DMAP (0.81g, 7.5 mmol)

was added with stirring and the reaction further stirred for 16 hours. The solvent
was removed under reduced pressure and the residue re-crystallized from n-heptane
yielding 1.3g (68%) of disuccinimidylceramidyl carbonate as white powder m.p.
73-76°C.

(ii) Spermine (0.5g, 25 mmol) and the disuccinimidylceramidyl carbonate (0.39g,
0.5 mmol) were dissolved in dry dichloromethane with stirring and then treated
with catalytic amount of 4-dimethylamino pyridine (DMAP). The solution was
stirred at room temperature for 16 hours, the solvent evaporated and the residue
treated with water, filtered and dried in vacuo, giving 0.4g (82%) of crude material
which was further purified by column chromatography on Silica gel, using
60:20:20 Butanol: AcOH:H,O eluent.

(iii) For obtaining a quaternary amine within the compound, the product of step
(ii) may be methylated with DMS or CH;l.
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wi th catal ytic anmount of 4-dinmethyl am no pyridine
(DMAP) . The solution was stirred at roomtenperature

wo o041 804b0ur s, the sol vent evaporated and t he PERIIR0&/000534

treated with water, filterdd and dried in vacuo,
giving 0.4g (82% of crude material which was further
purified by colum chromat ography on Silica gel, using

60: 20: 20 Butanol : AcOH. H20O el uent. ({ii) FQqg E g nin
a quailbe rrogtuei ofeC WSt Was Gpﬁ@ﬂ@@ﬁth’urH apfe Gy ometry

R L TR A Y0 e i

?Iﬁ@ﬁ{al’n{-} a)ferft‘étﬁgﬁceﬁ 19hown) . Detailed description of
e ana s I st tlescri bed T To-pendimg i nt er nat i onal

ent licat |(?n . Ot her synthetic procedures
M@—Qﬁ%—%@%ve procedure, the foll ow ng
procedures be applied: Synthesis, of |inear
nmonoSubdadly ta é@ abewa piecadives. e doRminggroscdy ey gy heapplied:
in Fis. LA An equivalent of a ceramde is reacted wth
Byhrirsisi oraligatlr snohodibstingéd ceiande-sparponatceniugatenes depicted in
presence of DMAP to obtain the correspondi ng
fig-bBi - O succinimdyl derivative is obtained. The
di succi ni m dyl derivative though obtained is reacted
Wi th am egyiivabentodfa seeeamide &t reacod t svitber A uequivalents of
usi ng catal ytic anmount of DMAP tq obtain the 3-

dmwsunmudsﬂmaebmwé«t almtbrepgqs@nm 6 LA R gmobtain trg gorresponding
nt hesi.s ne r di s tut ed
ée?rg %‘é‘ﬂ%ﬁ elcrb‘ﬁﬁ Sé%@é%“ piucteedin Fis. IB An

equi val ent of 1,3-di-0O succinim sphi nogi d
der i vdthev ellwcepamdb'lasdeﬁlé@tjw bﬂwlw%o\ﬁ@talﬁed etictreactgflt pvith an

sabegin ST mf% DEE i B0 Lt PEESENGE, 0 DMiAP 10
\Bidi 8- AR ALY LGS o génhﬁfé%@ggagyapﬁf et ed

ran sperm ne conj ugate epi c
Fis.

1C
Synthesis of linear disusbstituted ceramide-spermine conjugate as depicted in

Fig. IB

An equivalent of 1,3-di-O- succinimidyl sphinogid derivative prepared as
described above is reacted with 2.5 equivalents of spermine at 80° in the
presence of catalytic amounts of DMAP. The 1,3-disubstituted CCS is though

obtained.

Synthesis of linear disusbstituted ceramide - branched spermine conjugate as

depicted in Fig. 1C

An equivalent of 1,3-di-O- succinimidyl ceramide derivative prepared as
described above is reacted with 2.5 equivalents of alpha-omega di protected

spermine at 80° in the presence of catalytic amounts of DMAP.

The protection is removed and the 1,3-"branched" disubstituted ceramide-

spermine conjugate is obtained.
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An equi val ent of 1,3-di-O succinimdyl ceram de
derivative prepared as described above is reacted with

wQ2®4atp4be/al ent s of al pha-onega di protected SPEF/M20&t/000534

at 80 in the presence of cdéal ytic anbunts of DVAP.

The protection is renoved and the 1,3- "branched"

di substituted ceram desperm ne conjugate is

obt ai ned. Synt hesi s of |inear disusbstituted ceram de

Smthiesis ef dinvan edisaslistityded cerameids ot eyclian Bpgrming eenjugate as

egu-i,val ené _of 21) 3-di- O succi ni nidyl ceranmi de
igad ared as descri bed above is reacted with

0. 75 equival ents of spermne at 800C in the presence

of catfm yiivaientiuoft §,3edi-Onarcinimidyleeeramide dgavative prepared as
npnoval enf subunit antigen prepatation derived fr o :
depervansh abay s, Teagted oIt .6 GBLEYALERS | PRFRCrEYIRG & GUSC in the
ener qus ' uck and Zurbri ggen,
%5P%§%§Pt¥%§;ﬁ¥%agﬁﬁg&éﬁ®é%?and. Thi s preparation

(IeRicaR2 hatighRs € N HN) conprised of 80-90%

hemaggl uti1 nirn, 5-10 wt % neur am ni dase and trace

anmountss noénovRalent dubtinip rantigem preparatoonrdedived fitom ilwanza A/New
subuni t, vacci ne &FI uvirin(r)) for the 2003/,5%)4 sﬁeas%n
doaledominiRg/99nlike (D) retisin Waressnerausly proyidest by Drs. Gluck and

st SRRTARRSE ekt SORbelh P S SHRIR i
N T g RPPGE, ncsiitse an

RFdcer athoues cepN®! @&id 0l potehsl @ icoanhéresd drivalenti subvast vaccine
used in some experinments for in vitro stinulatjon.

|(Fhindsn®n e farh e ROOBRS seaspndreyteiningyHN derived from A/New

%EE%ZIHM %@@E&% Z%Qﬁzdddma,fmd B/ Shangdong/ 7/97 was
L 513000 S0 ), PGS A e v

A cEMPSEEOVER (@pbefiabE Cahténtraaot F501) Eppagiont AGS Hamburg,

formul ations of cationic |iposones/lipid assenblies
vi@emmany) prior to encapsulation. A whole inactivated virus was used in some

experiments for in vitro stimulation.

Lipids

The phospholipids (PL) dimyristoyl phosphatidylcholine (DMPC),
dimyristoyl phosphatidylglycerol (DMPG), and dioleoyl
phosphatidylethanolamine (DOPE) are from Lipoid GmbH, Ludwigshafen,
Germany. In addition to DMPC. (neutrél) and DMPC/DMPG (9/1 mole ratio,
anionic) liposomes, 6 formulations of cationic liposomes/lipid assemblies were
prepared. The monocationic lipids dimethylaminoethane carbamoyl cholesterol
(DC-Chol),  1,2-distearoyl-3-trimethylammonium-propane  (chloride  salt)
(DSTAP), dioleoyl-3-trimethylammonium-propane (chloride salt) (DOTAP), and
dimyristoyl-3-trimethylammonium-propane (chloride salt) (DMTAP) are from
Avanti Polar Lipids (Alabaster, AL, USA). The monocationic lipid
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prepared. The nonocationic |ipids dinmethylam noethane
car banoyl chol esterol (DC Choi),

wo 2@4di@bear oyl - 3-tri met hyl armoni um pr opane ( cPCDIL20@4/000534

salt) (DSTAP), di ol eoyl-3-#7i methyl anmoni um pr opane
(chloride salt) (DOTAP), and

di nyristoyl -3-trinmet hyl ammoni um propane (chl ori de

salt) (DMIAP) are from Avanti Pol ar Lipids (Al abaster
AimetbsAJioctadecylamoresiiuon bsomide (DDAB) and cholesterol (Chol) are

B Rl TRV, o PR ATREoRe Shppepipld Npalmitoy! D-

ot ar. y i pnie a0k D | o ]
BePflrole RSl v GE PRy EpBHing tdoblate o [echitlde; ubamort
(spefamed CCCYY hamrothsBaIlab Metd., Fephsdlemf MomeBi Wike lindicated, the
Jerusalem |I'srael. \Were indicated, the helper |ipids
(HBIRE, ligte (ORI, Chelp dvere usetli i adlinisl/peiper eaticooHf/111014/1 mole
to.4/1 nole ratio. Mce Specific pathogen-free (SPF)
ffalel e BALB/c mice, 6-8 weeks old, and C57BL/6 mi ce,
.nonth-ol d, were used (5-10 per group). Animals were
1%t ai ned under SPF conditions. METHODS Encapsul ati on
of i ”fSrPé%ﬁ?ca AhbbefTee (SHF)PREIEBALB/E miese 6l ivrekkNbld, and
anti gens (seg above) were éncapsul ated in |large (nmean
di37BLEr micd, -185 monthiudd.evogenesads (fifsipeedyronpsi Angmals were
The fol | owi ng %rocedu[e was used routinely for the
phaiptained endesSPE| qongitansne f or nul ati ons. Lipids (10-30
ng) were dissolved in 1 m tertiary butanol, then
sterilized by filtration (GF92, d asforser, Vorfilter
ETPHODE., Schleicher & Schuell, Dassel, Gernany).
The sterile |lipid solution was frozen at -700C, i,hen

| Kagansulation pHmfluenzaiantigens|iadipagpmpesdipid pysemmpliey

i gni PRGN EeBE e iR sty Snbtufteq B LgdnR Uiameter 0.1 -
;% :}gfélf Sﬁv\éltaésarﬁg%bug aﬁﬁ@iie& Wesldd) TR dollbRng i pﬁb_@'edur% as used
Ridutin

rated wth”the antigen solution (in P

fat tiee picphathtivnt 6alh vaquint domulufions. dtipalsafl 0F01lmg) were

to 800/ 1. The antigen solution was added stepw se in
i disvodveshirs | onl etigy hytareldthesrstesiieed by Sitaiden (GHPer Glasforser,
e@gr'hl?e%dﬁg,'4%'105&’?38}?13?011%} r&’23‘|Schuell, Dassel, Germany). The sterile lipid
solution was frozen at -70°C, then lyophilized for 24 h to complete dryness. The
dried lipids could be stored at 4°C for >2 years without significant (<5%) lipid
degradation or loss of "encapsulation" capability. Upon need, the lipid powder
was hydrated with the antigen solution (in PBS pH 7.2) at a lipid:antigen
(protein) w/w ratio of 3/1 to 800/1. The antigen solution was added stepwise in
increments of 20-50 ul and vortexed vigorously after each addition, up to a final
volume of 0.5-1 ml. In some experiments, the dried lipids were hydrated with

PBS and the preformed "empty" lipid assemblies were mixed with the antigen

solution. The mixture was vortexed for 1-2 min and used as is within 30-60 min.

To determine "encapsulation" efficiency, two procedures were used,

depending on the formulation, resulting in >80% separation between the free
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volunme of 0.5-1 m. In sonme experinments, the dried
lipids were hydrated with PBS and the preforned

WO eqopt1y49d i pi d assenblies were m xed with the BII/IIQe0w/000534

solution. The m xture was ¥®rtexed for 1-2 mn and

used as is within 30-60 mn. To determ ne

"“encapsul ation" efficiency, tw procedures were used,
depending on the fornulation, resulting in >80% .
sapgemtandntliselipisbassoniated aatigen.gEar aldvageine formulations, -except

R T ke e dighe i B LR upig asppmhtics (1-30 me

t.echni . i Bi - _ .
LS OHERYEE oS ieih (B0 BRbRY sl n 05
WHES aft SResriely loadéd Dvet (PBmiasH DO €990b4, ArnrttedChemical Co.,
0.5 mM of D20 (99.9% Aldrich Chemcal Co., M| waukee,

WIilwiaskge, WheUSANpTke sesplehwas thentoentrifygead far 1h at 32°C at 45,000
P e sonmbap o S0 o BB 7 SR Skl iposoman
tein-free S hes/ ki i i .
D 25 SR FRA DA S A ok gy e et

tsﬁlﬁe@%ﬁ.&l'efw&s%%/lﬂe&ﬂ%a%aﬁtﬁe Wedetnislica ARl 0s8ehel Werd disdBv@ddy adding
m - of warm 10% Triton X-100 to both the supernatant

a2l mbeofpelaret 10%@ T ritons X-Podttei bothorlee superniatamti and the pellet

both fractions was determ ned by the nodjfied Lowy )
tfeastiong.uReoteip conpenteaton iy bath £rackions tyas mm the modified

A5 ehmishs e, oSSRt dnt R SR i, Syghetided in 0.5
YHEBE PRLDLOUGCHI BBS 11 9N 9alol 9R6) en WA (HR1D.5 HiFof PBS.

gen precipitates whi e free HN remains

IThd MextaHPRRS Bieddentrifugied foi $6 ahintat @0°@rm 10j000aipm. The CCS +/-
deternination in both fractions were carried out as

ceigen bpreciitaies whildohe $kesaFBY | temaiss hini dhe ssupereatant. Lipid
overal| recqvery of the HN anti.gens S >95% .
(disooR B8 PROtein ASKIiaaiom, L ohih o HAPHONS. SYRLP carried out as

gfi'eégrg'b_@ Ey%e(?:l:ﬂgtlsc‘o&h%eégfaﬁoﬂgter 1 igg@gl tAE ro%f%ﬁ?éc%vgﬁﬂ of the HN

ose, we m’ni stered eirth

o chditvagsosoyl arly (i.m, in 30 m), once or twce
intranasally (Ln., in 5-50 m per nostril) spaced 3, 7

or 14 days apart, or twice orally (in 50 m) spaced 1
vimginumjiesition | n al |l cases, mice were lightly

anest hF%teie Z(%qHVI%)t t2111“191 %ssserlelgé/lisg/ggrgelﬂo r(]%}p-HN) vaccines, 0.25-4 pug
antigen/strain/dose and 0.075-1.2 mg lipid / dose, were administered either once
intramuscularly (i.m., in 30 pl), once or twice intranasally (in., in 5-50 pl per
nostril) spaced 3, 7 or 14 days apart, or twice orally (in 50 ul) spaced 1 week
apart. In all cases, mice were lightly anesthetized With 0.15 ml of 4% chloral
hydrate in PBS given intraperitoneally. For oral vaccination mice were treated
orally with 0.5 ml of an antacid solution (8 parts Hanks’ balanced salt solution +
2 parts 7.5% sodium bicarbonate) 30 min prior to vaccination. Cholera toxin (CT,
Sigma, USA), 1 pg/dose, was used in all experiments as a standa;rd mucosal
adjuvant for comparison. In two experiments, CpG-ODN (ODN 10138, generously

provided by Dr. E. Raz, University of California, San Diego, CA, USA), free and
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hydrate in PBS given intraperitoneally. For oral
vaccination mce were treated orally with 0.5 nm of an

wa@piaaidIsol uti on (8 parts Hanks' bal anced sal PCT/IL2004/000534

solution + 2 parts 7.5% sodPum bi carbonate) 30 min
prior to vaccination. Cholera toxin (CT, Signma, USA),
1 ngy/ dose, was used in all experinents as a standard
nmucosal adjuvant for conparison. In two experinents,
lpcsonmil, { ORY/ deswaguset aan gdjpiveni.ded by Dr. E. Raz,
University of California, San D ego, CA USA), free

andl i poso , 10 / dose, was used as an adjuvant.
M%Wﬁﬁ@%&ﬁ?qu&onses Sera, |ung honpbgenat es

and n I e LN 0 :
A
pasIRHE 406 | wédi@npodtermemlatibhh atargng i aahi /0t 4mg/20 sample dilution.
ant i bodi es were determ ned by the standard

Henmgglutiratiani dnhibitingi antihrodied ) waes adetemminedi by 4he standard

1/ 10 sanpl e diluti on. ce with H. titer, »40 o .
h@l@ﬁgglé!gl?l@@c’lallﬁﬁﬁ%n (D sy SFEH*IH& 'rPénL/)lomla ilutiap. Mice

as,;Seroconv l.gen- k£ ILCye : ,

" FRAR2EH Fop Bt ch R Ve ol Asy wefe’ defined as
Ut PNl PeBitII P T602AC B Rfan@ IBETBVEb ke measured

?ﬂg@%ﬁ]ﬁé& EAJk(Igir}gti g%'r? + nor mal grmusgg ser um’gl D <0.1)

pREIISAs i Ther kightstesafipl SAilation lydelding atsorbasse of dnd D ebove the

cel lul ar responses Spl enocytes obtai ned at 5-6, e(i<s

aontepl (easigenat nermak mouseseBen; &0 prbf) pes gangidered the ELISA

response, | FNg and |L-4 production, and cytotoxic

%?EQf&%erfol lowing in vitro stimulation with the

antigen. Cultures were carried out at 37C in enriched

R reeltlVEY | suppl enented with 5% (for

grs%/%sls eﬁhgtoi?gﬁ, cytlcl;égpgggsg)s or 10% (for cytotoxicity)

f et al Sphinbcgter uobtairEd) at \i-6hwetks afierovacdimation) veare tested for

without 5 x 10 5M 2-nercaptoethanol . Cell cultures . ..

peoliferasivicoraspongs, fIENYowad (Ly4 ppenductpny jane: qytegoxic activity,

L0 et ST ) B3V a7
I
?kbﬁﬂaym(ﬂi, R§tdi@hes) forn10Bedut ttabLickypfass edlfiserd (IRCS), with

mean counts$ per i nute s
(for cytotoxicity) or without 5 x 10°M 2-mercaptoethanol. Cell cultures were

performed as follows: (i) Proliferation: 0.5 x 10° cells per well were incubated in
U-shaped 96-well plates, in triplicate, with or without the antigen (0.5-5 pg per
well), in a final volume of 0.2 ml. After 72-96h, cultures were pulsed with 1 pCi
H-thymidine for 16 h. Results are expressed in Acpm = (mean counts per minute
of cells cultured with antigen) — (mean counts per minute of cells cultured
without antigen). (ii) Cytokines: 2.5 x 10° t6 5 x 10° cells per well were incubated
in 24-well plates, in duplicate, with or without the antigen (5-10 ug per well), in a
final volume of 1 ml. Sﬁpernatants were collected after 48-72 h and tested by
ELISA for murine IFNy and IL-4 using the Opt EIA Set (Pharmingen, USA). (iii)
Cytotoxicity: Responding splenocytes (2.5X10§) were incubated as in (ii) for 7
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of cells cultured with antigen) -(nean counts per
m nute of cells cultured wi thout antigen) (ii)

w@ydoekines: 2.5 x 106 to 5 x 106 cel Il s per wel PCTE2004/000534

i ncubated in 24-well plate$) in duplicate, with or

wi thout the antigen (5-10 ng per well), in a final

volume of 1 m. Supernatants were collected after

48-72 h and tested by ELISA for nurine |FNg and IL-4

gy gogerhheromth Enfe@u npRther of shiemlatisnBALB/C) Splenocytes that had

%{?t@ gd;%rlqhnt%@pfﬁ%ﬁgﬁlgﬂg%ﬁg%ﬁ (?ﬁ %g«?}]w%| infection,
TSR R O PR SO EsSRPRIE R 1B P eem o

bglioWhedinBi (With66t FOR) vhﬂ? 15@ |h%ﬁﬁi.‘“g‘gllftﬁla‘t‘i%ﬁGurhf@.!ﬁli}iilfﬂ)ts gflenocytes
W th occasional stirring, for 3 hat 37Cin RPM 16

rofcthe miusi folbowed 68)wadhing. 1Sbshguenll, dhé manmaﬁheffector cells were

ReshmvlglodSts Sci Ty mectp et 430 8D widugcytes at an
| at d f

R

@tbﬁ)x?él /vélas' thdalErel! GSiBBCheObtandardamh 3trrf3:|1éa58 | assay at an

otoxl City was neasured-using the standard 4
reffeetstianes ayll ahtiaofef(0¢t.t Dhid Tabelmet tacgdt| cetlatused Were unmodlﬁed
100/ 1. The | abel ed tar get cells used were unnodi f

BRIS and PRLS nuldededorr 9 mon ratn3A1C awithviibenHe 1@&2199 peptide
189- | d | YSTV. ML, 20 ng/lxl g6 cells).
éi‘?@imgp gp(l-iﬁ/g’f e\'ué) imunity Mce were

anest hetized and 25 m of live virus suspension per

ggécgeﬁnlll?atl(}lng Ek‘@te@ﬁvggﬁﬂﬁ’uﬁ ectious dose 50%, was

er ed € reassortant virus X-127

(A Be 'Mid&%@&%ﬁ:@ﬂl@:ﬂ!zéﬂ hnd 2513 bf (AeHEng: siﬁ@p@ﬂslérﬁﬁev(nostrﬂ ~10’
A PR/ 8/34), which is infectious to mce and

dEIbxs 50 r(egg—umﬁeetumst Hosw He%w).Cahse admumstemb usingythevkeagsortant virus

[?Zﬁ%\éed IP%’2§@§5( IR Ie??e-ﬁl E@iﬁ mm x A/PR/8/34),
g"?%‘ﬁ{}r ed fgg'?@%ﬁ éﬁ&lg%ed%&'% o%Q)Tx &B@gﬁgm&r pmafé?ﬁ)'ﬁ% The lungs

Ny &edlenftfved@nch dag 4 upsiRal BFks 1ﬁQid1@CPI§S1 arﬂehbﬁbgemzed in PBS

10-fold dilutions were perforned and 0.2 each

oil (3l grer Maisgs pgrembest, refersbdploi asat/d0 dlhttmnt)hﬁomogenates of each
al l antoi c sac of 11-day-old_ enbr onat ed chj cken eg%o

/group werenpaeled7aidisantriugediat A0 pom far 3§ min at 4°C and the

supernatants collected. Serial 10-fold d11ut10ns were performed and 0.2 ml of
each dilution was injected, in duplicate, into the allantoic sac of 11-day-old
embryonated chicken eggs. After 48 h at 37°C and 16 h at 4°C, 0.1 ml of
allantoic fluid was removed and checked for viral presence by hemagglutination
(30 min at rooﬁ temperature) with chicken erythrocytes (0.5 wt.%, 0.1 ml). The
lung virus titer is determined as the highest dilution of lung homogenate

producing virus in the allantoic fluid (positive hemagglutination).
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allantoic fluid was renoved and checked for viral
presence by hemagglutination (30 mn at room

wao eovpar@bare) with chicken erythrocytes (0.5 wWeCP4L20041000534

m ). The lung virus titer i8¢ determ ned as the highest

di lution of |ung honogenate producing virus in the
allantoic fluid (positive

hemaggl uti nation). Bi odi stri bution and pharmacoki netics .
Biodiatriibution lamck phaxmacokingties efivaripns fluorescentlydabeled lipid

d radj oactiyel y- 1 agel i gen. M
oo fadions asok Eadionetivelsahelod AENGRSSIG | abel ed 1 pi d

v f | 8 ' ty ; : o

71 varie SRE Pl bOSC IR, HamRSchahity hblled lipid

Abseabififormilationd eitheémBsy Hroatssciatddorithariealearsutiunitiafiuenza
and various organs were renoved. The or g}gns wer e

shocine (HIN)-i2Ca selpnne of B0gHt Aftend, ther 24hourspmicagvere sacrificed

e RRRTER A NCR TR T
f i | . . f '

ol H8EPRCapnlEn REFGEni A 7 B BPr P hC T Bpbsequent

g’i&giﬁgéﬂféfﬁfag afr ARYfeMES thO deft utRs 398 RhBCKf RoprEpanol was

uorescence was read (Em 545, Ex: 596). In a
faddédyemnd yfor 430mivgrted td ralemsk ghioréfdentipribeeinto theSsupernatant.
nL) were dial ysed against. DDW (to renpve salt) an

d
therl o6 tleepupanatenivastpradsdsonie a Jeblsckmiats andsthe {Riprescence
diluted in Q. bo e buffer (pH 8.5) to a stock
%Slf?ia@ﬁé@fgﬁé'(\)%ﬁggﬁ 15 nL. The protein was then
| abeled with | using the Bolton Hunter reagent, .
accor & adutther hesapadi asetafitevalent AN vaegine fig. 5 mlogvere dialysed

§ | ded with t 125|.1 abel ed H t .
seaival B G0 remevereld 40 bdngrnedld SiTROAT i he protein
B 650 IR LRI 5P W heUSaRRIlBRA 0 g in
new, beTHefirbREn Myast ienanpged s Ml wBingt ke Bolkde Mumhit&f reagent,
which areto be read as included within the disclosure .,
akcortdéng pe ¢hé intatufactufer'sl iMSrictiods e Mite avere provided with the ~1-

hi | d- pol yal kyl am ' te for th ti .
dabele@ REN 2 e ansh Lomgad 34 &, thsrmissbiest pigliosd, and various
P 6eS e s PSR Ao g0 RS B Rt Bedibrated for
125

L ,

The invention will now be defined by the appended claims, the contents of

which are to be read as included within the disclosure of the specification.
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conj ugate conpri ses a sphingoid backbone carrying, via
a carbanoyl bond at | east one polyal kyl am ne chain. 3.

wab@snsof Claiml or 2, wherein said nodul at PONIL2004/000534

i ncludes stinulation or enkancenent of the inmmne
response. 4. The use of any one of Clainms 1 to 3, in
conbination with a biologically active nol ecule. 5.
The use of Claim4, wherein said biologically active
?ﬂ has,- at a physiol ogical pH, a net negative

I'pol'e nonment or a net negative charge or contains at
| east _one region havjn net .negative charge. 6. Th

e oPse o & apnesid-palurly it Osugag R5 iy Bisppion of
e i B e g i e R
CRNPOYRE. use adbstditie tof Claiai M) Gvherdiar siid sptifigoid-polyalkylamine
bi ol ogically active nolecule is an antigenic protein,
aojugeiei conyEses desphingoid ba¢kbopoeloppwing, ¥e a cartaorydbané at least
or an, i nostinujant. 8. The use of Caim®6, wherein
e8¢ pokyaly @8l ecul e is an ol | godeoxynucl eot i des

( 9. Th e y Of ' . 1.0:.81.] . .
(DN o, R o2 el Bl sgulaion o
ﬁ}ﬁd& imeXetBonkel © 9, wherein the
Ep | ngm ygo 35 n;/%me% cg‘nj ugate forns |ipid
agsenfiheage dflanylbge ufeClaimCllaionB 1B, codbimitionsaith a biologically
sphi ngoi d- pol yal kyl am ne conjugate forns vesicl es,
atitet medecule. ni xt ures thereof.12. The use of any one of
L2 hyd §% o G s PB RSPl SEhEhERelfeohs, ot o
vh t.ggerayi Gerani ' r ] :
ShOGRIAL° SR Beafr TR, A 0P < A Ry chrae o
Ehalaiis'e 1cash h S idEiGehavia® BineoRédghtive cBaiger ani de. 14,
The use of any one of Clainms 1 to 13, wherein said )
6) yallhyg!wei ofeClam 4 or 5, wherein said biologically active molecule is an
pe) yallkg

o

=

immunomodulating amino acid molecule, a nucleic acid molecule or a low
molecular weight compound.

7. The use of Claim 6, wherein said biologically active molecule is an
antigenic protein, antigenic peptide, antigenic polypeptide, carbohydrate or an
immunostimulant.

8. The use of Claim 6, wherein said nucleic acid molecule is an
oligodeoxynucleotides (ODN).

9. The use of ény one of Claims 1 to 8, in combination with an
immunostimulating agent.

10.  The use of any one of Claims 1 to 9, wherein the sphingoid-polyalkylamine
conjugate forms lipid assemblies.

11.  The use of Claim 10, wherein said sphingoid- polyalkylamine conjugate

forms vesicles, micelles or mixtures thereof.
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sel ected from sperm ne, sperm dine, a polyal kyl am ne
anal og or a conbination of sane thereof. 15. The use

w@booany4ome of Clainms 4 to 14, wherein said  PCT/IL2004/000534

sphi ngoi dpol yal kyl am ne codpugate is co-|yophil zed
with the biologically active nolecule, or said
biologically active material is mxed with preforned

sphi ngoi d- pol yal kyl am ne conj ugate assenblies. 16. The
U2e ackherutieny any canyléieingsf 1 @ &l,nshareinahe Sphingeidsis selected from

sal d Sphl ggwl de' yal kya ne C%ﬁicggahﬁw' @%?c!e;neir};ud)é-rhgeramme
T ey e, 7 o o

ﬂseparﬁ{e R I D eRRareHPSAH BhingSid i ARepagidel O aim
wherein said biologically active material is

(14’[! verhe usenofrdrlyueng fvClaiias of tanl 33 neheaginokaid polyalkylamine is
nol ecul e derived frominfluenza virus. 20. The use of
cekdctad1 Fomasparaine, saeaniging egrawlkylagine gealpgiasra epmpigation of
a C%I_‘Ilzﬁl nat.i on of henmaggl utini n and neuram ni dase (HN).
e of any one of C ai rrs 1 to 20 for the
zepar of el a [l cly a -
H5er nd dReClos! by 2882 NE Taleh (FTRECH Sliherein said sphingoid
ydlRAaHin® a6tkjasmy lis S@Qidﬁhlﬂged @kh) the Qiiolbgféally active molecule, or
preparati on of "a pharmaceutical conposition fo
esafthbiologically ativemaietialgs arixedmitheprefosmped §phmfgozd-polyalkylamme
subject to influenza virus. 23. A nethod for
rROEH RS ?ﬁjeﬂb@e?mmne. response of a subject, the
g[‘gggf;fl & piraRedh: M S8 1PN 2565 14 Whebein said sphingoid-
VA1 PArA d ANORLGRBHIUDALPHO IFhiREssychibaoyl-
mdggﬁfgﬁe&’?ﬂﬁe rml%e%cul 25.124; r%l;ﬁe- rr@%hgdsyglfc d aloy Spermine
A&CSHnerei n sai d sphi ngoi d- pol yal kyl am ne conj ugate
conprlses a sphingoi d backbone carrying, via a
d&k bankdyd mnatonle@ﬁﬁlamﬁel bbl@aefpkgiieammaumpﬁa vaggine.
The od o 2 r 24, wherein said nodul ation
1l u i g1 G s RshehoR O Tar T anza VaRRTHE
rl%?ponfhe use of C1a1m 18, wherein said biologically active material is derived
from influenza virus or an analog of a molecule derived from influenza virus.
20. The use of Claim 19, wherein said biologically active material is a
combination of hemagglutinin and neuraminidase (HN).
21. The use of any one of Claims 1 to 20 for the preparation of intranasal or
intramascular vaccination.
22.  Use of N-palmitoyl D-erythro sphingosyl carbamoyl-spermine (CCS) for the
preparation of a pharmaceutical composition for enhancing or stimulating an
immune response of a subject to influenza virus.

23. A method for modulating the immune response of a subject, the method
comprises providing said subject with a therapeutically effective amount of a

sphingoid-polyalkylamine conjugate together with a biologically active molecule.



26. The nethod of any one of Clains 23 to 25, wherein
said biologically active nolecule is associated with

W@ 200d/183bé ngoi d- pol yal kyl am ne conj ugate. 27. HA¢EIL2004/000534
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met hod of C aim 26, whereid4said biologically active
nol ecul e has, at a physiol ogical pH, a net negative
di pol e nonent, a net negative charge or contains at

| east one region havi n% a net negative char? 28. . The
10 hod"fmfmaﬁhxbdmfélleﬁn@ aiwhereig sgigl sphinggdpelllsdamine conjugate

bi ol ogi cal ly, actjyv ecul e i.s an.i rmun
SomeRes: & OGO, CROTROTE S iBp obin 8 CHRABANBORE, o least one
nok e W nol ecul ar wei ght corrpound. 29. The

lll g%h%nﬁfe " wherein said biologically active

B! ecyfR 'n§etﬁ8&l eéf eClaithoBanr apd,i geldreinPrseideimodulation includes
antigeni c peptide, antigenic polypept|de or a

gnhddtjolr ot enhafCeméitefithe hnmmm:aﬂbspoﬁ& wherei n said
nucl eic acid nol ecul e |s an, ol i %xynucleo

@6]:)|\|) Thglmethgé qf@pﬁ&gled} (al,a,yn%g tg cPRergin g%lldclggl@@ically active
IBRtE 15 el SR i E R G A bl ioat ™ e

| ec tpef
2,3: ThuILeH% n%l%:ﬁﬁ%g 18*9% ﬁi %ﬁefeﬂg@gﬁb gg {catty RetiR9RMlecule has, at a
p’f?ﬁi@@@gltemﬁﬁta ﬁ& e@ative idipael mcnnsﬁt;eaeﬁt negutivei dharge or contains
Wi

of wWithin atine interval before after
ad iéast ene wgiarhaing aingt segatingshargsol yal kyl ani ne

SR S i ST B 3 52, She R A actve

B A s R e, m i

rac?@ feuld p@m%ﬁﬁﬂémel B &mibounthe met hod of any
one © Clualcr)rs 23 to 34, V\herel nrﬁﬁ% sphingoid is

20l eCtEd: fethodoClaammi28e Wlwrdsm daicleiobogicaly active molecule is selected
phyt ocer am de, di hydrophytoceram de, ceram ne,
hlyldra@c nsigenie, PEPIPityC 8REgeTHe, DEPtiRr 8phgasE ePalypRRtide, or a
(;rh gléar{et hod of C aim 35, wherein said sphingoid is
Y§EC37. The nethod of any one of Caims 23 to

3. WRLE Defdhd @iy abkY | BB | &id nucleic acid molecule is an
oligodeoxynucleotides (ODN).
31. The method of any one of Claims 23 to 30, comprising administering said
sphingoid-polyalkylamine conjugate associated with a biologically active molecule,.
together with an immunostimulating agent.
32. The method of Claim 31, wherein said immunostimulating agent is
administered concomitant with, or within a time interval before after administration
of said sphingoid-polyalkylamine conjugate.
33. The method of any one of Claims 23 to 32, wherein said sphingoid-
polyalkylamine conjugate forms a lipid assembly.
34,  The method of Claim 33, wherein said lipid assembly comprises vesicles or

micelles or combination of same.
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sel ected from sperm ne, sperm dine, a polyam ne anal og
or a conbi nation of same thereof. 38. The nethod of

waey4onmevef Cains 23 to 37, wherein said PCT/IL2004/000534

sphi ngoi dpol yal kyl am ne coldpugate is N pal mtoyl
D-erythro sphingosyl carbanoyl -sperm ne (CCS). 39. The
nmet hod of any one of Clains 23 to 38, wherein said

biologically active material is derived frominfluenza
85.r us The nasthahaf agy ofie af Gidias Bdodds Wherein thesphingoid is selected

ucena o B g s et Y BB ibERg ceramine,
| utini . AT H\eamfk.  The met hod

SRR il oAt A0 RSl 102 70000

6. | NTHRGMEREM 8f CREA 38, Silickbinaaidiphieiold Sociramades.  42.

met hod for nodul ating the inmuneé response of a oo
37bj eThetmethod lofany one oflClaimb 23 oty svhereiprsagkpolyalkylamine is
provi ding said subject with N-palnitoyl D-erythrq .
spliertied Fsgm sparmpiarosnerapdipg: ;Eolyemie fieg REA ceniinatipn of same
i nfluenza antigen. 43. A pharmaceutical conposition
flgredlodul at i ng the i mMmune response of a subject, the

npo [ [ okl ; : i hingoid-
3B né*él.‘gd?%%f‘)@g%?ﬁﬁfn"ﬁé %%2}‘1%%12?29 87y herein said sphingo
Hody ity eCtnjugate i NepatimitegiuDeerythdo spitingosyl carbamoyl-spermine
phdar maceuti cal " conposition of Calm43, wherein said
£0eXIS)goi dpol yal kyl ami ne conj ugate conprises a
sphi ngoi d backbone carryjng, via a.carbanoyl .ngond at .
3ot " e oo on praametiting 2358 S§nubenm suftiaeBisaly active
Caima4d3 or. 44,. c [.Si . :
et B e EE BB Sa R Bl bPET aBRE of e moleetle derived from
Qhfedaisof Cainms 43 to 45, wherein said nodul ation
i'ncludes stinulation or enhancenent of the inmmune )
49S POor3R. nkthodTbe Claimag,twherenf saidybiohwgicdllyCaetives nggerial is a
to 46, wherein said biologically, active nol ecul e has,

atongbinatiosi off heghagglutiun and sevranepidess E¥)pol e noment or
ﬁACietngﬁ‘;g aﬂtéqthwq%e 3’2? : Z oog%a{): gf_lgilrﬁ]ss A toI %97 tco(l?l{]peris':rineg(;’'iffi!i]anasal or

intramuscular administration of said conjugate.

42. A method for modulating the immune. response of a subject to influenza
virus, the method comprises providing said subject with N-palmitoyl D-erythro
sphingosyl carbamoyl-spermine (CCS) together with an influenza antigen.

43. A pharmaceutical composition for modulating the immune response of a
subject, the composition comprises: (i) at least one sphingoid-polyalkylamine
conjugate; and (ii) at least one biologically active molecule.

44. The pharmaceutical composition of Claim 43, wherein said sphingoid-
polyalkylamine conjugate comprises a sphingoid backbone carrying, via a
carbamoyl bond at lest one polyalkylamine chain.

45.  The composition of Claim 43 or 44, comprising at least one physiologically

acceptable carrier.
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48. The conposition of any one of Clains 43 to 47,
wherein said biologically active nolecule is an

wo povwnopdul at or sel ected froman am no aci d nPCEOLRDE,000534

a nucleic acid nolecule, os6a | ow nol ecul ar wei ght

nol ecul e. 49. The conposition of C aim 48, wherein

said biologically active nolecule is selected from
antigenic protein, antigenic peptide, antigenic . )
dét ypelhe gempesitian efrasyhgusr af %.lalsxs.43rﬁe4éomb@§qmisaxd wodulation
A aim4ag, V\@grein sai d nucl eéﬁl acid nolecule is an

onFydae SpHEPESE eabacepqt obthe SRS on of any

of i R . . . .
o ST Soldioh 58y GBI LRIAA Ao g6, whrgn sig biologial
ogivefm&ledilBthad 3att ® phisiolvafsat b, %iel negative dipole moment or a net
sphi ngoi dpol yal kyl arm ne conj ugate forns |i pi )
axgetiie charge 58 coMamsad igastond wegias havling ansbnegatize eharge.
id sphi i d-pol yal kyl ami ' il
y Im i’ﬁ]m; gtgrglgpsi glmgo y?}g&%ﬁ &?ngﬁgfom u. attgﬁé} ,%ggre\{rsgéia belglogically

gagclrﬁgg %é#eggl&olg agr%nﬁﬂﬁoﬁgdl%ﬁ'r gg{eégdt i?oé@an %1?1506 Ll@id molecule, a

ackbone 1s se from ceram de,

Hftyse QeI Anlcetle, BOY IGF MR weihyfoRRAK, ocer am de,

ceram ne, di hydroceram ne, phytocéram ne,

dfohy driphyérapesition €. Claim 48hevhersin gsidt biotogi€allyl adtiveGdolecule is
wherein said sphingoid js ceranide. 56. The .
csisted tiom aTiegnic prelciss aotigems Reptids, sEitiganisr pplypeptide, or a
sai | yal kyl am ne is sel ected from sperm ne,

& or a pol yal kyl ani ne anal og of spernine or

fsg;?gg ﬁa'ﬁg%oél}osiﬁaﬁ &pmgaﬁi kRog, eiﬁ%;@ﬁﬁcféﬁc R MRI&Re is an

erern sald sphingoldpolyal Kyl am ne conj ugate

I §li hicfotide(©DNr 0 sphi ngosyl car banoyl sper m ne
oS

8. The conposition of any one of Clains 43 to
54, f oFhesacmpasitiony of saryj ewe adaiCiaimsi 3 uendd), veomprising an
59. The conpesition of Caim58 wherein said
prBNeRestUIPng 288 nol ecul e i s '

52.  The composition of any one of Claims 43 to 51, wherein said sphingoid-
polyalkylamine conjugate forms lipid assemblies.

53. The composition of Claim 52, wherein said sphingoid-polyalkylamine
conjugate forms vesicles or micelles or combinations of same.

54.  The composition of any one of Claims 43 to 53, wherein said sphingoid
backbone is selected from ceramide, dihydroceramide, phytoceramide,
dihydrophytoceramide, ceramine, dihydroceramine, phytoceramine,
dihydrophytoceramine.

55.  The composition of Claim 54, wherein said sphingoid is ceramide.

56. The composition of any one of Claims 43 to 55, wherein said
polyalkylamine is selected from spermine, spermidine or a polyalkylamine analog

of spermine or spermidine.



derived frominfluenza virus or is an analog of a
nmol ecul e derived frominfluenza virus. 60. The

w@ovposisré on of C ai m 59, wherein said biol ogi PEI/I12004/000534
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active nolecule is a conbi dati on of hemaggl utinin and
neuram ni dase (NH). 61. The conposition of any one of
Clains 43 to 60, in a dosage formsuitable for

i ntranasal or intranuscul ar é@drri nistration.

\Weci nbhe spppPsitig of @ Ane o) Claes ¢8Hpo p‘ﬁﬁ‘%sg’%ﬁid sphingoid- -

carb | sper.mi.n . 0. { natd on_w t .
eRa RS ROWDERS I N bt TD e il dbsvl carpaumey spermine
(q'(j %'sphi ngoi d- pol yal kyl am ne conjugate and (ii) a

b oﬁ: gically active nol ecul e capabl e of nodul ati ng an
i38runeThespmpositioh of @ybpecdf (dimsT4s te SMp fexxvarci@tiagm subject
63, wherein said sphingoid is |linked, via a carbanoyl
baganshinfluspza yirgspol yal kyl ami ne chain. 65. The conpl ex

d aj,m 63 or .64, ei ai.d hiol.ogjcall. ctive .
29 cc T fawbasition aleladnoyt Sberedh Salirbibloatalff 4 molecule is
di ey . . .
4808 R oo B o BB blof P EoRENEA gl T influenza
c@py.ex of any one of Clainms 63 to 65, wherein said
bi ol ogi cally active nolecule is an i munonodul at or
o). ect Elae Eompositiomof Gdaiacd9 wikreinsaed biologichldy ectaei molecule is a

nol ecul e, or_a | ow no] ecul ar wej ght |l ecul e. 67. The
cespbiaation othemaggptmigaddieyr bcally active

a5k
;a{. ie;e eclcélggs%.lgléltl %ir{n&gorén}??(gf @g{'ulg)g Zlglt ﬁ%dg(?,oltgfe{ §C)sage form suitable
Cfif BRILAL S iRfamIbA SOMRRisudliof] al m 66, wherei n sai d
mol ecu

nucl el ¢ aci e i s an ol1 godeoxynucl eoti . de
(6DN) . A6Sacdihe conmplisngofNaaymitof dd-edthardrs sﬁﬁn%@syBScarbamoyl-
wherei n sai d sphingoi dpol yal kyl am ne_conj ugate forns
| $perminesE K ineombinationhwith beplagglubnironetramdadaseher ei n
id hi i d- pol kyl ami ' te f i cl
A R DALY (B fssmhingopolyalkylamine conjugate and (ii) a

biologically active molecule capable of modulating an immune response of a

subject.

64.  The complex of Claim 63, wherein said sphingoid is linked, via a carbamoyl
bond at lest one polyalkylamine chain.

65.  The complex of Claim 63 or 64, wherein said biologically active molecule
has at a physiological pH a net negative dipole moment or a net negative charge or
contains at least one region having a net negative charge.

66.  The complex of any one of Claims 63 to 65, wherein said biologically actiife
molecule is an immunomodulator selected from an amino acid molecule, a nucleic
acid molecule, or a low molecular weight molecule.

67. The complex of Claim 66, wherein said biologically active molecule is
selected from an antigenic protein, antigenic peptide, antigenic polypeptide, or a

carbohydrate.
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71. The conplex of any one of Claims 63 to 70, wherein
sai d sphingoid is selected from ceram de,

walrdwgdraeer am de, phyt oceram de, di hydr ophyt ocCRCH20@/000534

ceram ne, dihydroceram ne, 5phyt ocer am ne,

di hydr ophyt oceram ne. 72. The conplex of Caim?71,
wherein said sphingoid is ceramde. 73. The conpl ex of -

any one of Clains 63 to 71, wherein said | . .

68! yalllbg| eomplexi of s€laswt 66, twhaneinpsridi nucleicpagidh gralecule is an
or, a pol yam ne an of sperm ne or spermdine. 74.
W&gé . 5268?1‘1%@132%6 of Claims 63 top73, wher ei n

i i 0 y e i 1 1 . 1

B0y R CCERRfERS B S (ARG L SOFAE 6 PR phingoid
Eﬂoﬁyéﬂ%ﬂmﬁﬁ&twﬂjﬁ@t@f&hﬁ! lgﬁdﬁaédmblﬁ@.t ive nol ecule, the

i t” conprises a sphingoid-pol yal kyl am ne conj ugate as
a6f i ndtheicongplyx ofi€laim 69,avmareih said gthingoid-potyadkylamineneonjugate

for use of said conjugate, as, a capturing agent.
forms vesicles or micelles or combinations ot same.

71.  The complex of any one of Claims 63 to 70, wherein said sphingoid is
selected from ceramide, dihydroceramide, phytoceramide, dihydrophytoceramide,
ceramine, dihydroceramine, phytoceramine, dihydrophytoceramine.

72.  The complex of Claim 71, wherein said sphingoid is ceramide.

73.  The complex of any one of Claims 63 to 71, wherein said polyalkylamine is
selected from spermine, spermidine or a polyamine analog of spermine or
spermidine. '

74.  The complex of any one of Claims 63 to 73, wherein said sphingoid-
polyalkylamine conjugate is N-palmitoyl D-erythro sphingosyl carbamoyl spermine
(CCS).

75. A kit for capturing a biologically active molecule, the kit comprises a
sphingoid-polyalkylamine conjugate as defined in any one of Claims 1 to 22, and

instructions for use of said conjugate as a capturing agent.



