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WD 2004/ 110496 PCT/ |1 L2004/ 000534 1 SPMNGO D
POLYALKYLAM NE CONJUGATES FOR VACCI NATION 5 FIELD OF
THE | NVENTI ON The present invention concerns

vacci nati on meki ng use of sphingoli pids’

VLU ani ne conj ugates for effective del iIPEEAL2084/000534

bi ol ogical ly active materidls, in particular,
antigenic nol ecules. LIST OF PRIOR ART 10 The

following is a list of prior art which is considered
to be pSPHINGOIDPOIASKE KN IhAMMNE CONIGGATES FOR
in the field of the invention. US 5 334,761: "Cationic
lipids"; US 2001/0489§3$CK35HﬂﬂﬁE§reagents of
transfection' US 5,659, 011: "Agents having high
nitrogen content and high cationic charge 15 based on
di cyani m de di cyandi am de or guani di ne and i norganic

i 74,908: - "Hi ghly packed
3’3@'@%@%@ g‘mﬁsul foni um and phosphoni um

lipids! ; US 6,281, 371: "Lipopol yam nes, and the
pr epartie iDEserini@verton ¢pacems vaccimgionsnaking 8s0aPsphingolipids®

'R S. A ntr [ 1l livery,.of . . .
PR Tot R Bhde 6 ot Bl biBlogically. s e,
4® parttictilal) @ne@EdidindRcles.Sper m di ne cationic group for
intracel lul ar delivery of therapeutic nol ecul es"; Mrc
Antoniu flies & Al exandra T. Bal aban, Expert Qpin.

TIST ORERIOR ARTL(11): 1729-1752 (2001); 2s MIler AD.
Chem Int. Ed. Eng. 37:1768-1785 (1998); Nakanichi T.

et al Thd followitg &3 a el eBsorGite RBizh 3¢ Bor(siR9&D to beBheHifént for

F. et .al. Vaccine 17:2192-2193 (1999); Guy B. et al.
Wisscribirg the steteof theaet i thedigld of the iryerfioet al . Vacci ne

45 JAARIE a0 2004 11046 P11 20041000504
W8 2001/@48930 ' Ctiehic raf@hnemfesnsfotidntdi ng proteins -
US 5,659,011: "Agents having high nitrogen content and high cationic charge
based on dicyanimide dicyandiamide or guanidine and inorganic ammonium
salts”;

US 5,674,908:- "Highly packed polycationic ammonium, sulfonium and
phosphonium lipids";

US 6,281,371: "Lipopolyamines, and the preparation and use thereof";

US 6,075,012: "Reagents for intracellular delivery of macromolecules";

US 5,783,565: "Cationic amphiphiles containing spermine or spermidine cationic
group for intracellular delivery of therapeutic molecules";

Marc Antonin Ilies & Alexandro T. Balaban, Expert Opin. Ther. Patents.
11(11):1729-1752 (2001);

Milier AD. Chem. Int. Ed. Eng. 37:1768-1785 (1998);

Nakanichi T. et al. J. Control Release 61:233-240 (1999);

Brunel F. et al. Vaccine 17:2 192-2193 (1999);

Guy B. et al. Vaccine 19:1794-1805 (2001);

Lima KM et al. Vaccine 19:3518-3525 (2001).
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and pol ynucl eoti des, foreign substances and drugs,

whi ch are capable of influencing cell function at the
sub-cel lular or nol ecular |level are preferably 5

i ncorporated within the cell in order to produce their
‘@9?@&3!"4%r these agents the cell menbrane PEEHEHMG00534
sel ective barrier which is fnperneable to them The

¥ PAEIN VR Tae)y menbrane conpri ses

ROUNDPSO
phosphol i pi ds, glycolipids, and cholesterol, as well
as i ntrinsic . extrinsi,.c proteins, and its functions,
are i nﬁﬁ%‘%%gglg;o%% G'b?l ! 'Scangiéﬁ%ﬂ%ﬂq?@%fp@ﬂ&“g proteins
iandl pBmleleatidksOtiiRig BiuBitahRE Sandl UrAsY g&n.} .C&A%?bf%g}ﬂne of

m crofilaments, mcrotubul es, enzynes, g
prBeecing celhferrction athieenubregtinlar uiranolgtylan bkl are preferably

PRGBS RER o f AR GrBE Pl B Bl For thgpnpeents e

CllaREMBANG predchtsCO BEHIORRR! Barri@ i hichah imbeSRABR o Bem. The
external signals nmake up transport processes

reeggIseapposition ofithe cetbmsmbnaneseimprisésphogpletipidsi gleeblipids,
i tshi d ;anong,cel.l . types.. 15 . Successful deliyery of

gt QiR Y TRyl i Sy o a9 15 es e

dhfigerieed Bg'c?@ﬁshﬂ@é&ﬁpoﬂ%% WRIH iA61Les a6l oﬁfétp ﬁ{%‘f‘al ions,

over come by aSsociating agents in conpl exes W
|anging, ABP rmiceefilaments] meebibules conizyineg anlieCd'T-pinding proteins,

_ I f tural cell nenbranes.  (These .
FhEY s Sreaseitiiar ebBogslyr, (proioeErRS. byie Aminaglycans and
GAVopEdteinsy. IHRActibSs ARbRg %E‘H&Eﬁ:][ anl oY cell components

pynocytosi's, 20 endocytoSis and/or phadocytosis.
theieregpense de sxtemial sigpalasmbre upttadsuiyatesssasespansble for

livered in to the cells.. Lipid conplexes can
fe Membrme seleeiry e’i}‘gﬁlgﬁdwglfl F"é“’@%‘gfwe%vercom ng
charg repu]‘%Il l,ons begfween the cel| surface, which in
oSt - SHEREss Edﬂw&f? agopts gt aagely taken wp by gellsgntorqells has

TRt i : ' ' LcLipi such_as .2
O o ReTiE L The Bn AT BubRk Guf ok, Refgpit Gli3tiate
|aggnets sino conplpxeg awith  Hpidh foramlatione! EeselpretRhBlRY HiePipid
vesi cl.es (Ll osongéj)e, I n agqueous systens. The

ICPBOBHER oL 4Ry ebraesr Bpese Hormulpenssay fieseissith the
i e : .
gg%f’;{eg{é?‘?%‘}f?s‘?’b tb ﬁ%t%(}? B%Wrtrlgﬁéc u: € cg#‘rﬂ? érﬁ’ 2‘%& gtupcl% Pyppcytosts,
iendanypusisedrelfori phtagodylesid. [ alll thess pedcessas thdassdiated Silktances
menbr.ane Qo%&nen , rather 30 than entrapped into the
N1 %Welﬁﬁ‘d% Ci%Bt®rior, or electrostatically attached

to WO 2004/110496 PCT11L2004/ 000534 3 aggregate
sur f abpid qomplaxes cam facilitatssiptratallplad dransfers als@ byiovereoming

i ferioni. neutr of negatively.charged. An .
ShlisE a6 ibp, kO ot B PR Wi ieheed Grips i soestively
@heged.eThe Lipids off 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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positively charged synthetic cationic |ipid,
N-[1-(2,3-dioleyloxy)propyl]-N, NN 5
trimethyl ani roni um chl oride (DOTMA), in the form of

| i posones, or small vesicles, could interact
WO EPMEOUSI y with DNA to form i pi d- DNA coRPTENQe8t/000534
whi ch are capabl e of adsorbing to cell nmenbranes and

%@%@a’cl& altPfacs POBWeV O hisk L%l%og@%& s B¥ed 4R S’ 2R Bnic

probably by adsorptive en srs, resulting 1n

xquitrabor oegativelyhshatgednsgene [ Feigner, P. L. et al.
Proc. Natl. Acad. Sci., USA io 84:7413-7417 (1987) and

U.S. Ratadvhiice i, 89 are3SSf in@a&iibdr &leliver. wat thaldidcovery that a
her s (cgave successfully used a DOTMA anal ogue,

a

Positiyely chinged synbsticscationiq Hpidn N-Hn@striinleyloniprepyl]-N,N,N-
MASEUNAR L ) h lintd to f

B oA (DO TS, ROBRORP BF Gippimes” of small

fBdtlbs sdaldRaseart Ghonthadvak Bt With TNA G ifhihe HHRUDNA Minplexes

an_effective agent for the delivery of highly 15

&fh@rﬂre Cﬂ?ﬁlblﬁﬁiqué@i’% el membrgnes gnd beingdakenlupthyehe celis

_ ! e d 1 S

SRty SAEDE 5L IR oy SORLART: LLAEEAIRS sruting n

eaptbesidn of thi Sathgehe Yiel@hesPhB! &Ml Peid)a0M. AHdINSci., USA

%DCPE%_ referred to as helper |ipids. These |iposones
Pid ¢ 5po8ahaed b5 Rat.1No.b§. 3 betoyEppistein dd. atwi |.cDihers

id I f d.t j I .
5 RO SR, 4 pRUR SR SRR E G52

- DhifctgiairmugioRtap@eSIFOEALS 86l coldbtafeh WHR' D ﬁhngsﬁ}u)l/l&iﬁﬁd to

resulting conplexes is also posi t|ve. Positiv

HOA-complessngsvasiclesailbe Linofeplin \wepgent (BothastaoRedegrch

e Lvel arged.cel | surfaces or. .
FRbGRbs CRABIBAR, MO bl o8 50508 flivery of nighty
anidicy pelgims:letidbei setoMilingt Hgul! AR TBIDT RrisBOtdositively
processes deliver functional polynucleotide’into, ?or

kpospmes gemposed pfepasitively. chagzeddipith ROTIMECHAP: aeatral

SR b TGS B0 bt Rerahh e .
Thae! lidsagedkatadbpiRtanchisdy GaMi ﬁ‘c{gﬁﬂizély% chﬁgéd ROFBICSERR to

nd dehydrati@%g sol vents) have al'so been shown to
oy somplexes, miemed g ap flipoplekesroVheubessss of positively . chiarged

' I L t Kk 0 th .
Rk DI BKEKE 881 AR R AL RKP 0L 1 e resuting
cmhple dsels alp AR PasitiOBl 23 BRHIEAS phidRdd iPthis way
conpact structural forns, and tacilitate the packagi ng

spogranepushiatiashytantegativaly changed weld surfadesior introduced into the
GRS B a8t oSS e IR 5 alsisd mEbrage, bott
£rb98833 deliVBefunbRbal pblynfiié AR intBCfor %ﬁ%@g@?gﬁgb Bulhe cells.

act DNA are the polyam nes sperm

cO
B rfed BRTAR archgaegd examyplesofsi ahémocatiatio lipids. {His et al.
ﬁﬁdle&lil&fs via a linker, a

Multivalent cations by themselves {including polyamines, inorganic salts

and complexes and dehydrating solvents) have also been shown to facilitate
delivery of macromolecuies 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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5 new class of transfection vectors, the polycationic

i popol ymers, has been devel oped. Cationic lipids and
cationic polymers interact electrostatically with the

ani oni c groups of DNA (or of any other polyanionic
macronol ecul e) formng DNA-lipid conpl exes

(I'i popl exes) or DNA-pol ycat‘l'on conpl exes (pol ypl exes).

[ irdsee

R e b
vibeills fetd. {Thtbma& hdr ﬁbdyBamthushy ¥48: a&zr—wﬁb(]ﬁ)@m]t i 'ﬁhqokraallest

T e
QYRERLEABY 4 hoblid? thes fp%%ules via a linker, a

(L| pof ectl n) an AP) .and osp oni uni ar soni um
cmvgmi@ssof (ainyfebliquo pek-boasyi thes polyBatidnid Jipopolyorers has been
n%’}o %p@@earl ng both quaternary anmoni um and pol yan ne
and (iv) am dinium guanidi ni um and
heterocyclic_salt l|ipids, SUMVARY OF THE | NVENTI ON In
the f.G adionies lipids arlﬂh@ﬂ]@m%p@mﬁd g&em'ﬁreelegtéoséancaﬂy with the
gg%fyﬁw k&%ﬁﬁn BE @{g‘ﬁlp oRl o n%olecule) forming

pr epar ar nac
MDA Hpid n:@niﬂl@:es 10 ?mnmg of €302y ction c&ﬂifﬂ@&b (polyplexes).

Accordl ng to preferred enbodi nent, the

% Wgﬂpl#ﬁ ip @ssogigtd ik gheslepsa @%@lﬁltenons of the

e TS ATED, EA4hot, E TRC A wo
&@ﬁldﬁﬁﬁ |f6HMﬂoYla|'I%)é| @fiofiR hipids LaatiR dﬁn&lﬁieﬂlto four
herel n enotes 25 chemi cal conjugation (Iinkage)

Irdasarse (D) alugqgmamg @rrmnqmg@ S(alfehpeldm (2Bs DORY¥I4r (legofestinb}) and

JBTARRy! e Bfuen *@&?ﬂ CoSatineci; v Bonysmines;
S caaonid hacharie thten aiorth Al 0K A oictcs

ain is Vi a a car bam)y bon as fiuther "detail
rasddiv) amidiniung guh@dmwnmgdhatemeh@sedﬂdnndﬁe as used
herein, includes, |long chain aliphatic am nes,
cont ai ni ng two or three hydroxyl groups, the aliphatic

FEMMARY O TER INSENIEONunsat ur at ed. One exanpl e of

" an unsaturated sphingoid base is that containing a

di sti ratthey Arsk begtet, dRetbliepenitdithe Pashitd Shidgoid pdhelkylamine
term nodul ati ng as used Eerel n denotes any neasurabl e

rcegmga&%fpy therpreparalégiesd & pharafaceticabgompesiéen fy rﬂﬁ@latmg the
qh]%l&gl g% hyeﬁcééu‘égecmt erial delivered by the

conj uga €ct's inmmune response, including

cel I uI ar response and/ or Inmmoral response. Mddul ation

i ncl udesonding e t 3 drefortedo ambpdimsnt e then gphingoid-polyalkylamine
conjugate comprises a sphingoid backbone carrying, via a carbamoyl bond at

~ least one polyalkylamine chain polyalkylamine chain.

The term sphingoid-polyalkplamine 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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stimul ati on or enhancenent of either or both types of
responses when the to sphingoid-pol yal kyl am ne

conjugate is admnistered to said subject in

conmbination with a biologically active substance. The
nodul ation preferably refers to stinulation or
enhancenment by a factor of Ywo or nore, relative to

that TE| GiniREDIRY bhseR ARk BHRY) é‘salus@cftﬂfﬁfﬁn,n%ﬁﬁ&g € long chain
adm ni stered w thout the conjugate. e i hventi on
aliphaticomuimes, scantmningdiradi dree thydroxyingrngpsy épaliphetic rchain

i 1 SRR eh Ot PERGE R G0g rniE oban Snated aobinepi baso i
ai@ﬁm%%e%ayﬁfboﬁd&@gm&éﬂ. The

R Chmainingea

di scl osed nodul ati on concerns 1 nhibition or

suppr ' i Qf. a subj.ect ..g.
For t R [ fibdifing o THOAERRANGE Bhy BSHRE somlufiy or
bichérnival effedi erhibitefl b3l the bogidfllyl Betbee hbRrihEddlivered by the

biqlggically active nol ecul e as used herein denotes
SORIUEHEHAM nTRIGHS dRmUmsisSRanse.ninstuging celinlarordsponsei and/or

; _ L NQQL gl VA Lne..conj-ugat e ;has_an
o PO Mo R P THRB AL I R hana,
Sirehlagos alrl yntaatérientnaf @ithédl or Sbdth alpsabE re@dnses when the
antigenic protein, antjgenic peptide, antigenic

srhingnidrpplyalkylamine | geniugatearip omglministered2 5toD) ssid oswhject in

i N, i t f | at i t hei 4
S S Sl Bl
fafbs @6 ktimulabioR of Rhhagehildnt BRhYRBLMY bR er ﬁ%?&,%ﬁﬁige to that

together with a biologically active nol ecul e,” sai

elifiied byitke biologinak g¢tive meleown pdgéinisteradrpitiont theaconjugate. The
I.ngoi-d backbo car,ryi.ng, .via a carbanoyl bond at

PREATH B3RSHR I SRCRIAiERof th TS Medfran sgsegvhen e

Bioligicily eF08 iniRerial A dsihREREH RATHRLD theScéhj gle is substantially

pharmaceutical conposition for nodul ati ngru% e | nune

wetpelivedn producingisjuck & resporseconposi ti on  conprises: (i)

at | east one sphingoi d- pol yal kyl am ne conj ugat e; - and

(i) dhel éaslbsedomeoduldiongicoddetns agHibiion "8t &&pPpRssion of the
associated with s%i,d conj ugate. According to yet

~ URBYHereRARSE A fettbjech eg-elof shefreaingaidohaweripmune diseases as

WO Fod isrexftink RjRgoi d- pol yal kyl ami ne conj ugate
and (i1) aT%i ol %18?1?2‘1 *@gact ive material capable of

nodul.gtin n i e.response of a . subjec In

seco _“ﬁsg’si‘{@%@g‘c ﬂFfW‘f gitleciic aﬁé’ée‘i)%‘erem 3epotcs any
sSMopighet) tetth. Dvie! BliiniSteAkD &0 S BIBARAIWith SHE" Pilifigoid-
(CCS) for the preparation of a pharnaceutical _
polyal?(ylamme 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.

‘ Disclosed herein is 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.



conposition for enhancing or stinmulating an immune
response of a subject to influenza virus. In a third
aspect, there is provided a vaccine conprising

sphi ngoi d- pol yal kyl am ne conj ugate as defi ned above,
and an anmount of a bioIogicany active nolecule, the
anount of said biologically active nol ecul e bei ng
effective to nodulate the i mune response of a
subjAwprding ta ahothet lemdepmodnt disvbrsed i erdin G¥ iadgithrRaceutical

vaccl. ne.conpri.si.ng N-palmtoyl D erythro sphingosyl.
O T L KR TN PP T
cotBp@4e@9(i¥ Al lidast 8kd ls‘!/fﬁngmh-‘fo@;lrjlaﬁ{)ﬂjﬁﬁin‘é o8 'aﬁ'@ e R Rast

virus or is an anal og of a nol'ecul e derived rom

ong biplagigaHy agiiyqmolecnleassoiciated wishewtl conjugate. i s provi ded
a vaccine conprising N-palmtoyl D erythro sphingosyl

car : - r gi.n Lhy.conpi pati on W t.

normeaPiiag N8 S fnddtepbBafRlh! BRl B othlifst e ewmplex
compriging \(i)desbhingoid-polgaiRylasiingcdhj @i AED(ITa biolo %ically active

o] yal k 4 ami ne, conj ugate as defined above, an _

maenat fapaPIeE Sy ating A0 SMEE Jespept ¢goiudliesbl yal kyl ani ne

conjugate in conmbination with a biologically active

ol ¢ 4 bidedf NV S alndi _

b1 ol oy STy R R TP Red I WS oo -erytirg
sphirgogylecarbapoylsspeimina (€141)efor .thé prefanativns e/ @ Harmsatital

ol RS TR OB b f i

inflaBka(ditys. @ biologically active nolecule capabl e of
nodul ati ng an i mune response of a subject. Disclosed
herein is the use of a sphingoid-polyal kyl am ne
conjltygatlirhaspessf fheerl is asovidedhppt wacoing sgwptisiog sphingoid-
pol élFiélg%IHtge:éd.nﬁf%&% (J?]s:/d;eﬁgg(?] ?@%e?%%%ﬁ ghoﬁanqtolf g%?(l)lggcally active
mobphiendiod drpahy aff kyaldabiolegicOl] H@atee nivhtulcO bempakitectioé 18
it Egr_cagturlng bi ol ogically active nol ecules,
modplatethe mpung respense of asRkiesH es  and/ or
i mrunosti nul ants, and/or i munosuppressants, the kit
CoONMpg . ) : ] ]
o oyt aigler, MIAG s Oiaad SCeiGe BpBRl e N:paimitoy! D

erythiro bplgigal] garhamnoylespeohiae (CES) il bembinnfiorgaith a bioldaeally

R R N RN EN O A

fromSnflWBn%e i i or to use to form a suspension or
emul sion or solution, or it nay already be in a fluid

(suspension, enulsion, solution, etc.) form The kit
may Thaith asnesk dhere ap pravidedi @ mMeccirroeoneprisimg ¥-palimétold D-

eryﬁli?é’ sﬁﬁnéﬁ%?fjcgrggméﬁysgéﬁﬁﬁg Eé@g) fnhc%mbination with hemagglutinin

neuraminidase.

In a sixth aspect there is provided a kit comprising a sphingoid-
polyalkylamine conjugate as defined above, and instructions for use of said
sphingoid-polyalkylamine conjugate in combination with a biologically active
molecqle for the preparation of a vaccine, the biologically active molecule capable

of modulating an immune response in a subject.



function of different imunonodul ating nol ecules in
nmodul ati on of i mune responses, for isolation of
active biological nolecules, and identification
thereof. Those versed in the art will know how to
make use of such a capturing gRgent also for research
pur poses. The term capturing agent as used herein
refers to the conjugate being capable of associating
wi t Hnba o$aygntbahspgctacthinee inpredded s, cbh@ldxabbmpnhagi Mg a

charge, .a ne at [ ocC
spiffagid Bolyalign Iginige Fegniugats, S datied; Beveranecav e g@.lqufqlﬂq
activelfélef\@E hpabR: &lfﬁ’(ﬁ(ﬁﬂz)tm b ik ddGeQfonbd'SF &Qﬁ%éé gate's
pol ycationic structure.” The capturlng per I'nvol ves
el ectrostatic interaction between the nvolecule to be
captitisdasedchereipi inghe ase ofieg @Rhmﬁolé-ﬂ?alyg&ylamgatcpmgate as
ol nd t tivel
AelthRD o8 bl ol 5P MO ANTRRT soliral Lo utpenic
motham}eup & ﬁnmteﬂtsthe bphmgcﬁd-p@i;ya&kﬁﬁhin\é Q0Mj u\g@ta ingdyeform part
%rl nag by .capt uri n& theretq, biologically actlve
Bt S faptoring biolpgicglhy adiveanelgenles prslerablyragiigenie glolecules

ancﬁt'):fj ﬁﬁnﬁﬁ%ﬁlﬁt@“a@o H%ngjn gyﬁgﬁeséaﬂt ﬁ{ed?ﬁ éo?n;bnsmg, in

understand the I nvention see
additaenr jtedsadt conjugapar, amstiredions ofve esd ofi supit SfOIWIclabtuﬁﬁgV the
esc non-limtin exanp| es onIy, Wi th

biof 03518 r?&g“’? Sy &Bﬁﬁgwgﬂa m.tﬁﬁ kikamay b jiha Qg @y
which-chE, SHOWit SEMPRBS iRISR! Dh&itdbile ﬁhﬁiaévltgttfkﬁﬁl‘g Hfé::csmbul%ate is

"l inear branched"” or "cyclic” |1pi
mv(eéuu:)or ) mt@rv‘bgnmuepﬂname oerwmi:pas or sdlGtiamdeit miyealready

efinit f | yal k
o 351 U0 dShptiio R sGBh8; 4R3 Kim A kticmay nave
nuS @b gpplicabionk R xbiPla thel &t h‘;'a? Hfédustee Br %hxnﬁhgating the

polyalklamnechaln Flg.IBan Fig. 1C show
p‘ﬁ tlerset dopuerBedulating nrelgcules imonedilatinkgf amimvae

o e B B S TR

Thdsevieesdd i ehet drewilendty @bamlmalaesllsawmwﬁ& cﬁﬁuﬁﬁ%ﬁ%&t also
cycli ¢ pol yal kyl am ne conjugate. Figs. 2A-2F show t he

for fisgargh P08 i on and phar macoki netics of vari ous
fluorescently-labeled lipid formulations in the d-M,

l un e - Fi .
Shows JFim PlapRplrCcyr ol st YORFE BYBECH B¢ conflhiBeing
capgble)of m§sgciathimy sht}m&ncdogtallyb attivan nuﬂeoDMBC‘t}EélVEK&eHl‘ﬁaingga

2C shows 20 distri buaﬁj npty. AP: chol estero] ;
negiye e AONRERHS (OILPT BrowH MeBfSARbaRes| @8 peRowithin, the

moletélc cafey B et Aesdtive RUAIER]) LY ViRIPLY the OnftldAeS SofcQlionic

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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and finally, Fig. 2F shows distribution of

CCS-chol esterol : HN. Figs. 3A-3D show bio-distribution

of various ' |I-HN |oaded |ipid assenbly formul ations
inthe G- ! -, lungs -+ or spleen -G- wth

unrecovered 25 =x-, and in particular, Fig. 3A shows

bi o-distribution of free' ITHN, Fig. 3B shows 125I-HN

| oaded |ipid assenbly conposed of DOTAP: Chol esterol; . -
Fig. 3CThs Idm,k)sadzmnj&mtb oxgedsd bpuskdosssedtdivery odpckeedarrying,

3D .sho S |-HN | oaded | pid

TR BB Bif b LR TS aieh © Ay esbail bl taret
Rel/ 1L.2004/ 000534 8 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON The present invention concerns the use of

' [0 1.0 ates as capturing
mi*‘%‘@@iﬁwﬁaﬁ v ugﬁéﬁ&%ot i ve nol ecul es
which are effective in nodulating the i Mmune response
of a dulopdertio uadélfblandnim ngehmb:paﬂ@ml dey haw M enay be carried out

c:on ugates are d Like catl (LL conpounds .
SopRe ExplpHioasnis il mo, be qrmica rfefy non-limiting

0 SUE&E lohH! #4th rbRRGCE bR R &é&ﬁﬁaﬂaﬁhmgsgesﬂg% h:

stituted sphlngO|ds or S

| t h . | k .
Cherr T PREUITT bl sfucenl SRRY ehRmiotl ekt o inere
Gidrichyd” wtogBlid Slipld emte R8tibiic (QLCB Bérh ﬁlmb@h&%c&ﬁpass

Protonatlon at a suitable pHor alkylation of the

prethe wﬂw«l Hsfinitipn @f sphisenigoipelyelkylanyina conjuggsteay foomula

?@r it K 1 SR B BBl B on P i R a single
1yﬁﬂdj'l£ﬁm§ ‘éh?ﬁ1 PRl i e ned Fip e sg i yaﬁéy F%ﬁ%%d‘ﬂat:ﬁbone

e targeted The spht ngoi
dioked tmtws polyalkyhimmf: fchajmnFig( 13> staxvisodgndh el $nnkdBackbone,
|oIo i cal actlv Ies by virtue of 15

Yo lt Hhick 3 sing aRﬁ a@&w@m ﬁﬂ@l@ﬁ.%r@ two laydroxyl
?‘h%&?%ﬁ%?fﬁfya?@ BBt bpffipit clonf“Jng: to form
o nIEEG 24 8RR HHE Bl ahiR{RR: wd Timbeiinetios of various

. BacRIEINH9SablRD B Al RnD iR 1RO L Y ek 1€ or spleen -

nol ecul es. 20 The sphi ngoi d- pol yal kyl @am n& conj ugat

wath weedaverede 4-oFig 2Adhowd distributiopiof einplyeDMP@DMES (@iole

o s R it sBvE s Buaian 08 DI CIPMIG B8 Fig. 2T shows
dRsRithtion: of%sgtgngﬁ’h&f%a{est ik 5 1 nasth%eﬁ%smbunon of

exanples o [Tes inc etheTor 'on o
DAPRAP eholesterol SN £High RESeowsCBbuRGRE LEmPRACTRcholdstarol;

.Ewdentlyii‘ t he sphingoi d
12-

and finaliy, 2F shows d1stnbut10n of CCS-cholesterol:HN.

Figs. 3A-3D show bio-distribution of various I-HN loaded lipid
assembly formulations in the GI- B -, lungs - +- or spleen - ¢- with nnrecovered
“%-, and in particular, Fig. 3A shows bio-distribution of free '>T-HN; Fig. 3B
shows I-HN loaded lipid assembly composed of DOTAP:Cholesterol;
Fig. 3C shows 'I-HN loaded lipid assembly composed of DMPC:DMPG and
Fig. 3D shows '“I-HN loaded lipid assembly composed of CCS:Cholesterol.
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15

20

25 pol yal kyl am ne conjugate may be in conbi ned
vesicle/mcelle formor any other conbination of
assenblies. Lipid assenbly as used herein denotes an
organi zed collection of lipid nolecules formng inter
WQ%%gf’llPﬁgéel les and |iposones. The |ipid assd@ANL084/eppss
preferably stable |ipid asdenblies. Stable lipid '
PEEANLEDIESCRIPTION DTNt BRVENMOR 004/ 110496

PCT/ 1 L2004/ 000534 9 assenbly being chemcally and

physi Tiid Iptesehn iheentioflecorfkeaisag e @it s’ph&ﬁgo%ﬁovl\%alkﬂamine
physi ol ogi cal medium for at_| east one nonth. en the
ceryRsARs Escapfuinghagenes fosrqenging iglogically getivg. molecules which

eRIROT e oSl RS Ploe reBabdel TGRS ¢ "2 7
ooy B Rl BRI BAnBu bR R LBt et 620
BSHFAHNdE SHhRhSmAY B8 dyfthesizB® i Rﬂfo@nv%k% nﬁﬁlﬁéﬂ. 2 substituted

mol 'ecul es may be insérted into the a philes form ng
- lang-ohpinebases im partisnlarabissbistinted sphingoids or sphingoid bases are

el ectyostaticall in.,a staple way. ys, as .used
Foipled, Bepfr i e el Gt or et eciagiies ta-formn 2
DORAMPHmid s M id Bitity SHARAIARH ahd. Br ke ARY G
physi tal attachhent between the conjugate and the

bi ol ogi : [ I ' .
oy D oEfeltn 8 b GHfaHTB cREWE Sty L B, RBped e
spllingoid entidytaviributes sontid liphl-lilee comfounds aldesired posidld dfarge
%;3‘ ot her, assenplies) formed fromthe conjugate;

AnteEetpR Fith bwm@@ﬂafacﬂvlﬁ diolegird gxl@@@ulwmo&mq]}féivﬁ@d into
0 S 85 RSP I 162 AR e L0

aplibegdicienidy ysbokiutednivite teobipligidally abtdrainblcules ®h virtue of
assenbl jes. It  should be noted that due to the

plestrestatic intemcgiony peipisen the aniogicshpracist of e biologically active
L AR I ' i ol ogi cal
SRS AR YOl SIGAIRE HARIUAR e HOHERP R TnR] RiERies

- Qiorpiegag)e and the biologically active material is by
el ectrostatic, dipole or acid-base interactions. 20

Not Wi Ahsativilylg thBe sphiRgBid-golfalkylifite! Qonfidaksd mal Rem
limted by the particul’ar type of association forned
pesemblies lopdedspith thediidogishllnpétpeandlegulesconj ugat e and

the biologically active nol ecul e. Thus, association

me ansThmyphingoidpabyaikytaniat vweanighteemay bi g dhe form tifdividual

assenbl oryed therefromand the  biologically actiyve
M%%%Pgﬁ o i g, 9P 0 ARy fgoe Sxpaple f a suitable
Eﬁgﬁﬂg‘e idhdes 2the Sidrfiation 0¥ ol CQ%I'C%SIiéiBSaC}%IIdVﬁJ particular,
nol ecul e and the conjugate may be associ ated by
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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any nmethod known in the art. This includes, wthout

being limted thereto, post- or co-lyophilzation of

the conjugate with the biologically active nol ecul e,
nere m xi ng of preforned

or

W&W?‘ﬁ‘d&‘ff’&- pol yal kyl ami ne cgnj ugate with the P§E/IL2004/000534

3
bi ol ogi cal nol ecule. Method for co-lyophilization are

 geembiydding ichémicaRy land ﬁhgsimy%&ﬂﬂé &ﬂé&%%r%%e conditions (g"c,

PCT/ | 120047000534 ~ 10 U.S. patent Nos. 6,156, 337 an

& pysiokpical wmedinwmder bigsstove mewsdt. - encapsul ation are
described, inter alia, in WO03/000227, all

i ncor Phenttbd dssemblicsbareriaf the doom. of Tdsitdes éeg oliphsomet)othe

Pintosily et SpdlFie vy i PRV HULer e FRIcE: BB of T

lip BHRRA G ddRBrR 18 the s&?ﬁe@ﬁ#tﬁggﬂ%ﬁggﬁ%&%ﬁ&t{oﬁrd

nmodul ating the 1nmune response o su ere
thesel thephioptons). Bdienahk ydssemiblies aenjmicpdles, the ripologieallyaactive

RBIEchRS bay R sl i e Siehinbiles, min . xignler sbor
adipbinRd vifh i eﬁh&aéta%aﬁg,% S stablEway,

sphi ngoi d- pol yal kyl am he conj ugate i ncludes a 10

|| kgDl WA Nhl RO eRaE A0 PR Rk A5, Wb

pol y anm ne chai’m,

BRlo" ©F PAROLMELdORIN BRIt RO PSS caVERhRERT Bit#BLY the conjugate
t he. sphi ngoi d- pol yal kyl am ne conjugate has the

aiech Eren biolegieallya agtive: Wm@hymﬂwmcnu Hayhes either
R..r.epresents.a hydrogen, a,branched or |jnear alkyl.,
b SRS OF SRt SR ot B s oepbliiile (Naicis

iRgdlies 8Nbthet ALEBBREY forméd ffonP HRNOARGAR! ndr-BoAH et lilkSet/or
al kyl , _al kenyl e&:)dgol yenyl groups; 20 R3 and R4 are

theddplegivahmojecyl p sufyep) oimER2sseRbligs br Rintedineyt ofithe

L
suthodseérables. b sHyulPBe Qbtedi thfidduePR)! thalpoyiRei &Srge%&iﬂ‘fe
one or nore amne units in said polyal kyl am ne be

| dipglenfdhosphingoidonlyealoylaminRaonjegate tyddr plysiological2®ndisions,
ﬁggl}regeffggdg rg%)]ﬁ%ﬁgce)rtl rbee:rtvm\'iwent ttllet anjgé%g %nd? %ngiotlggic\:lz\{ﬁlyc Qctive

material is by electrostatic, dipole or acid-base interactions.

Notwithstanding the above, the invention should not be limited by the
particular type of association formed between the sphingoid-polyalkylamine
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, inter alia, in
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heterocyclic ring conprising -C(O -NR9-[ R$- NR9], ;

C(O-, Rs represents a saturated or unsaturated C-C4

al kyl and R9 represents a hydrogen or a WD 2004/ 110496

PCT/ R, 2004/ 000534 11 pol yal kyl am ne of the formula

WO PB04/ARRE6n | wherein said RO or each al kyl anPCRIL200m040534
RSNRO may be the same or different -in said

hatd gasga - t .
LB, Sseo 97 EPBGCy B SlfBHRARAH} s Wempuaion
grodgscabdd dttedala, nWQbS/M0227; AHacbipotdidd heréin by reference.
CH2-CHz . Non-limting exanples of the sphingoids or
sphi nghis] abacdigdi ChcstBYitdBpedts Ihe BSQT FBibR cénd®RisShe
speci fic enhodiment of the invention, include,

36 AHosi pRiineaiftppliedaimming o serjugate phrt dbphpregastioesof a

h : ' d i,vat th f. .
R SSBRRESh 16 R P YRR LSR8 o p oot
deficraiat isxids sphtigbidagolgakdmnie (chhﬁ:gxigs RBfpRRSE! Ne) sphingoid

di hydroceram des, phytoceram des and.
da SAYYIBECYiam caeemayb bk at least ppesand/preferabdy one or two,
] -a] kyl sphi nogsi ne) and the correspondi ng

EJS’W\?%%E%%%. di hydrocerani ne, phytoceram ne

etc.)., The. spi.t abl substi tuted hi ngoi ds or |

sphi ngBi 1(5'8%?3@ s&%s%ssmlmyﬁ%% GoRjugdte drcludes a
, t . . o, i

e ede AR ke AT 68 Ut BobvEfifhin cha, the

dinkageyis mgmﬁbmmﬂhgdcw bondif l\gqﬂei pmfdr&hiy,&gﬁ.@plﬁngoid-

ar -.di succi ni carbonate, di- or tri- phosgene

é’PE’.ﬂhI‘iYgﬂB‘F EORYBEALG g]ﬁﬁ %‘ﬁﬁﬂefﬂé"méﬂ)bn of these

activation agents with the sphingoids or the

sphi ngoi d bases yi el ds a succini m dyl oxycar bonyl ,

chl orof ormate or im dazole cdfsamate, respectively, at

one or both hydroxyls. 20 Thel reaction of the

activated sphingoids with po &, My yield

branched, straight (ugbra cyclic conjugates

as shown in Fig. 1. According tp one preferred

enbodi ment the sphingoid backbong is a ceram de |inked

to one (Fig. 1A) or two (Fig. IBor' 10 polyal kyl ani ne

chains, or linked via the two hydroxyl noieties to

form swhenerl i ¢ pol yal kyl am ne noiety 25 (Fig. ID). The

- formed sphi ngoi d- pol yal kgl ani ne conj ugates may be

f ur t hBa TenEEReRSR hydredenye brapchad; asding ryl, i, or a

f K rnary am nes. The resulting conpounds are
Egédlyt i@"\;g?%’char ged to a different degree dependi ng on

the rR;isad Retepeernt htdepeRiefad Yrankhd R YindRAEHLC,, alkyl,
secondary am nes within the forned
alkenyl or polyenyl groups;

R; and R4 are independently a group -C(O)-NR4R;, Rg and Ry being the
same or different for R; and R4 and represent, independently, a hydrogen, or a
saturated or unsaturated branched or linear polyalkylamine, wherein one or more
amine vnits in said polyafkylamine may be a quaternary ammonium; or

R; is a hydrogen; or

R; and Ry form together with the oxygen atoms to which they are bound a
heterocyclic ring comprising —C(0)-NRg—{Rg-NRg},-C(0)-, Ry represents a
saturated or unsaturated C)-C; alkyl and Ry rgpresenés a hydrogen or a
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30 conjugates. As such, the sphingoid-polyal kyl am ne
conjugate exists as quaternized nitrogen salt
i ncluding, but not limted to, quaternary amoni um WD
2004/ 110496 PCT/1L2004/000534 12 chloride, a

HOEV{y anmoni um i odi de, a quaternary anmRSiTH;04/000534

e
fluoride, a quaternary anHDni um brom de, a quaternary
otyalicylamiog \ofthe foraith AR LCRRY], N 31e28n shar e .
sphingoi d- pol yal kyl am ne conjugate is prelggeéraﬁ%%{ﬁleg ©
Y1t KeNRoweayrhs the pamg ondiffersing iosiid polystkylatrine and] ecul e.
The bi ' J tLive nateri IS y | ecul e
i cn " S5 R A Rerfom T T8 prefecdbiy %o
sphi n¥Wi @pReéialakylonf SRR ctegORbMIAEB=08E . aAle] Nor —
the i rmulﬁg systemgiloffna subj ect, accordi hg-ltt%%%gb}ﬂ— o
nt, a stinulating or enhancing effect. The

effect is preferably by a factor of two or nore
r el at Nee-limitingexahples of thefsphingoideor bftendii@ bk $idhnay be

ac%d"]ve ég“ mgl ecul e, whey, proyided-to a subject

WP Th SGEOTE e ' Gt SPec phnang ofnéhee ipvsationninclude,

& ko ¥ A . o

S R b B obing i, EsRloRonytgeptynosine

ahé dstivhtiyiscthiciepf. Nohilimiting| eirlplesTdy sbeh @erivatives are acyl
ormdulﬁg%;)r, i ncluding antigenic protein or

SRATHRAc BEDL | 4%, GerAMGR: | (Nrexisehingseing).  dibydroceramides,
. SUIV e g _
kpjgjg??éges,_ i :farihah ogtclﬁﬂ% aér']dt s alrdl ’ir%#fg%%gﬁ:o%?ggﬂé‘ﬁtc?%es
Ntallgdsphindgsima) and thé1eomedpondingf divblives (elfe dibydroceramine,
bj ol ogi cal | ctjve protein or peptide or

RAPBEHT e S sha The, sultabiy, N pufitptedh sphypeails eisphingaid bases

! . ; . ; b '

OGS NS 1URRY L SR Wit il Wi BB BhY R0 oo with
8reapajpalkyleméries te | fprm the pelyalkatiiae eplthicid dnfiity/ q‘lon—limiting

anot her enbodi pent, the biol ggically active materi al

Framples, of) qtivatien pegps oatg) BN sdispecizimidylcarbonate, di- or tri-
- | dec. d weight ratio,
A 0RO I WLV o el R HEIEEE pBafln apflls Wi
Hicospljingaills yormdhe vephirgort i takes 3/idi890: lsucBinimilly Ry &bonyl,

rati . The sphipgoj d- pol yal kyl am ne conjugatée nay
SO rmats, op IO Frbammite Tespechvelyy at SRt Anfebydroxyls.

o g DTS HOOL ¢ :
10 Rk BB L haR AT it bRl may v
branchedsstiaighit fuitnagnchgd)drcychiobaPudabaws showh REFie| M

“imunostinulant” or "adjuvant®). This includes any
substAcsrdihfab e pr efnBo@mERE thd SphihgblIPbAXESHd A a
| mupe response so that

ceramide linked to one (Fig. 1A) or two (F ig. 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 form quaternary amines. The resulting

(C (@]

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, éuatemary ammonium
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| ess vaccine is needed to produce a greater response.
The i nmunostinmul ating 30 agent may be provi ded
together with the conjugate/biologically active
V%F%ﬁ#L%l or WD 2004/110496 PCT/1L2004/000534 13

A% hecified time in grval (e.g. severBT/IR}#/400534
or days before or after th adm ni stration of the
chiopidgah efbteeh@9i aahbninaC fddid, raoh@&ahﬁ%r mﬁﬁlsﬁlﬁﬁf @oride, a
I munost i1 nul at1 ng agents i ncl udé out being
AP#HPeY  AREPBIE 9{8 gmisle, e squakWRATY agmmensw) exyhmion and a

gf)ﬁplﬁﬁlahgn{ﬂe?eofl Lr12, 1L-15, 1L-18), 5 interferon (IFN

gamma), ol i godeoxynucl eoti des (CDN),
t oxin o] era tqgxin (CT),, staphylocogcc
ent erip%xrq‘g’ %‘ymhaﬁ?’meabg Hjpgates, ‘%l ‘?fé?ag{yoxwd in

Eﬁhﬁiﬁﬁoﬂ@ﬂl @51 calYy 'ﬁ@ﬁv@ﬂial@éﬁl&t %ﬁy BEti ¢S Rterial

|nt he art ennanci ng or st mu atln e | nmune
isepy rm@emle avhleln wiga mchnmltemu iveith tﬂe&smmpmlyzﬂkylhmne

CRGREREI 2 B om0 ey ”ﬁa‘:%l&%eét??%c%remg. fecone

bﬁﬁbﬁ%@ﬁ!} a sBmMUMRINGOSPEMRHcin g‘éﬂ‘eof’tﬁfer efIELRE Cf?ihgreby a

subst ances. Such heI per- 1 pid substances may
fastor obitwo mranbrepreﬁﬁwb ith ethé)@llépt, DORG;, dIMRE, blologmally active

Ch t er,ol hers, at different nole
Fé??‘? ’t"@lePIPEOY’aEﬁ? aISquJé’Cfc o 3eid copiyeESt erol i s one
preferred added substance for in vivo_application

whi | eApespding, jo tféleaerala%d@eﬂbdthﬁeb@mgmﬁ@w agtive meferiph is a

d th
it SR eA, OBty of NaodiBl SRleatRIRA TS BigidEey
abtiver avjeculd ntiyOie an Glrmﬂioﬂfdﬂﬁht@b Eﬂbl&ilﬂg afltigenicl Pfotein or
assenblles may .al so |nclude enhancers (as known in the

gnéigendg cpeplide, dumonostinulagls| gpdler pmlqusypmssmtg Agfigenic

| ud the |
Ghig OTRAGILE kRN ool Sl W et
khownt imr dee aft. tHefetdblse, ﬂlerlﬂoliigﬁfa,uy #4i90 pro’®! or de or
%gﬁl e of a commonly used steric stabilizer is

ydrgfe has gbp physalogical by elthep amytemagyu@mélpgle;mmlent, anet
e RS bt Gl el B 50 PR oFL a0 ke

tepdtivell) chatpedci rcul ation ti ms of . 25 l'i pids. According
to one enbodi nent, the forned |iposones may be shaped

as uamgnaty@fweﬁmaﬁgenﬁ%@w@&h %E;We?ﬁhﬁhﬁﬁs a

havi nlg a diameter of about 50 -7 50 nm T
ﬂmlmctdrmoenal;z weh apoligsideoxynanitotides (ODN) to | arge

(rmore honmogenous) unilanellar vesicles (LUV) having a
di anet%anefs&redbwght&ﬁ\‘.lo between the sphingoid-polyatkylamine conjugate

and biologlcally active material i 15 1000:1 1o 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 inchudes any
substance that when added to a vaccine it improves the immune response so that
less vaccine is needed to produce a greafer response. The immunostimulating

agent may be provided together with the conjugate/biologically active material, or
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30 100 nm by further processing. The structure and
di nensi ons of the vesicles, e.g. WO 2004/ 110496
PCT/ 1 L2004/ 000534 14 their shape and size may have
i mportant inplications on their efficiency as

WL

U185t or del i very of the active bi ol ogi F&T/I.2004/000534
entities to the target, i ¥ these determine their

T %rsg;veﬁﬁéﬁq{i% Z"?ﬁ‘s"é% gér%f KNERS h8iRWE @fys before or after the

pol'yal'kyl am ne ¢ ng part of thé sphingoid- s
adinymastrafioandfiize compjgatpdbiologiaby betéve moleadeur al | y

defi ned herei nabove in connection with formula (n.
Accor Bigfgréd ibltinmostiinabiting nhgenth einplabiy,alvhighoatri begng  limited
chai ns, which nmay be the sane or different in_the

dsmptag sywokigess shchuiag migrlevking kel Bt He-dds Tbddnilhel 8),

e T

¢heldrd oxde N, anphylocqehly attksotain e SEB)N heantibel E. Coli

- according_to one enbodi nent denotes a g)gl yal kyl am ne

~ eosretaxin HiFLDasovdbasamhethgr elipeantykevar

_ pé usedimthe agt for
S BBl hg R ionipOheoforR My S el

a1, SIS0 A0 O R s
M GhctiRtdior MBS RIRT) @k tRY §die 'lﬁ'illi-lilﬁé ir8dibMe or be combined

ib
pol yal kyl am ne chain, "is preferably a -C6 aliphatic
withegher ginenilipid Sbeaneesn Suth helpemlipid subrmfiness wiy include non-

oL R TR PP O FAREE, Eifsrol. ol acid or oters a
ditferedt ThORPI3RE A8 he Mpitiike RehHoRAd A0 HoR SR i ¥k preferred
derivatives of spermne, polyéthyleneimne. 20 The

adkt spbsthece &t in phive goplibation welileyDEWEnmay bajauprefasred helper

ccordi.ng.fo th i nvepti.on is. ahni toyl Dserythro,.
BB Tog 48 itE ArBsiAme < BL T Reticuljetbagbent i g Btio of
ERALHEIBE tA cHEIAREER sl WHERE (HE RarfreCol ROTDND 2R MefeRbly 0.1-
sperm ne. The sphi ngoi d- pol yal kyl am ne conj ugat e

Bdcording to the invention is preferably used for the
preparation of a vaccine. 25 According to one

embodiheeadsemblies shiahgoindiude leyhideptafas kaowarih uya b, such as
and preferably t CCS, is used for the preparation of
Qﬁcier‘FiG‘*@{ﬁ’PieD@E §%- this particular enbodi nent,

the biologically active material is derived fromthe

i nf | uéiher oempenicats whishomeyibeainojudedt invibedliid gis@pbly, and
R it W BT 0 Y, 8501585, ome
dbmpRIoN bbEiBIONE hscd GRRRstabliR ietHeGhinily DT lipdptipters, e.g.
rp%?ye%]ysleeﬁe glycol derivatized lipids (PEG-lipid conjugate). This family of
.compounds are kndw, inter 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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WO 2004/ 110496 PCT/1L2004/ 000534 15 A specific

i nfl uenza derived antigenic material is the

hemaggl utinin (HA) and neuranini dase (NA) ol ecul es,
t he conbi nation is referred to as HN. The presen

WALEHI al so concerns a thod for modul atfGGLEE000s34

i Mune response of a subj t he nmet hod conpri ses

Ak Gayid lications on their efficiency as
sphi ngoi d- ?ué%lghfamvne onj uglart'?pe1 t oget hrer ?/\Inrt h a il
yeloklegi ﬁ)aldeyva'gt mﬁ/ themattivei biologidab cobititsi tre thet tasgatrbet these
| ncI udes eg%qn ni stratl n _of the sphingoid-

e R and bi ol ogi cal ly active
materl aI ei t her toget her, Wi t hi predef | ned t.i ne
| nt er delreiezed grem SalyalkyiBineShams Sy patief e sphingoid-

RONRUSRRLY CONEEHD, RS Mot SadliallVTHRREd Tirdfitbye in

compd¢tioh evithnfbriniut (Igut@dolrddngw thie embbdiment, the polyrlkgkimine
together grlor to adm ni sﬁ&ratlon to the subj ﬁg
%ngtm @b they saEmes phdiffighing i ey caniggatenphiormula (D), are

}étglgao c ncernégpé#gﬁcﬁgf%g% ec I&?HQ%ELI}S %%Itcgﬁbmamn{)f

/émer thonglfy , Theetefini polyatkylagidde aarpiey nigc esrtd aal denote any
conposrtlon conprising a 15 physrologlc accept abl e
vllolamsing  shais; f @ad i AECEABENt toof ONeh ee1y "ﬁ’ﬁ%‘i ddenotes  a

E)% Wgﬁgcgihgfﬁﬂguﬂ % qO.tagrl%ﬁE %ﬁ ﬁ%##g@ - to 6 and

GRYR PBefbiably ot 4 eﬂﬁhd %’oﬁ@l’@’abls e&ylammermmhﬁﬂhe pulyamrylamme

The sphi ngoi d- pol yal kyl am ne conjugated in

chaiimax be thesams ethdfferm pad ez beye BENRYe SSRAPEATY olertipey or
red and dosed in accordance with 20 good

%@ﬁ%%‘?‘%@t. ce, taking into account the clinical

oy TR BB b S b o
Ak ichiin, iSplef@aBly %%‘I-C§ @Xphafie d¥peiting hfmt?_ B6me non-

other factors known to nedical practitioners

he
'linfiting ekareplasrofpolyalkplanying spmgblsle Bpgrotidinegldid2-emingethyl)-1,3-
S A g g sFpeiimiaviahiie el 6d SR0SEY feriveves

s Q_ﬁﬁﬁe?g fhyk@elfinkhe ef fect obtained when the
bi ofogically aCtive material is provr de to the

o) e S Sl G

dmentive ieN-paliniteg!l Draryithira aphmgosybéarhamujdj-@ennmg QCES) ‘This
speci fic di sease or d| sor er %4 110496 .
senyugatepgiudes rsmymide honde spemRiBe- { he

anount may be effective to achl eve
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 derived from the
influenza virus.or a biologically active amalog 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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suppression or inhibition of the immune response, e.g.
for the purpose of treating allergy or autoinmune
responses. The conposition of the invention conprising
t he sphi ngoi d- s pol yal kyl am ne conj ugate associ at ed

QR /1S bi ol ogical |y active material may b&CT/IL2004/000534

adm nistered in various ways.- Non-linmting exanpl es

of adgifi, ' kg
(s. o LoBbbl MRl MRS bt Aol ls e HUUEANGRTTIA)
amd nevraminidase NA]) modechlesj the cambimatidbrais réfermed Yo as HN.
intraperitoneal (i.p.)' intrarectal (i.r.) and

i nt r aTilas plesdt imvention Also icehdenis Dimethad foembdalatify the immune
i nfusion_ techniques to the eye 1o intraocular.. .
FesRORseaof ¢ SHbiRet te meHiodi suhprises rresting t séd isHbieenwith the

Pt BA RS oo BOTAUE IS0 o BIR Rl

generally refers to inect on-t oxi olid.or liquid., -
Juot Mt ceonipgl sl inudll ! idriigiaion g the ' sphitsoia.
poehiglafidhd Yomfukhty CaliP bRl a0tivh NuhBal eh&+IREShaN br
which’ is requiréd for 1s the effective delivery of the

withji gapeedefined ttime bintsireai sudh ys agsvierad hmirecar eeveral days
Non-limtin X | es, of .physi ol ogj cally acceptabl.e
itonel) i ST, Bt SnglibnoStuBflonl ibwBESE BrbuSeyo o
%&%ﬁéﬂcéﬂﬁ&ﬁ&%ﬁt theCbdlp@Eat@ bR BioRigi ?%ﬂw BlaterBI B nfked
up to 109 of an al cohol, such as ethanol.
Rrgsther pitidnyip atinénistortivado theomrbistt. t he i nvention is a
liquid fornmulation, 20 including suspensi ons, agqueous
sol ut Adménistration d¢fhéhe fsphitgoid-puly-ligiasive, conjugatf togedhecvith
ﬁi&? known to those versed in the art. Aerosol . )
Rinlegicylys achye Jeatpiialc gencems: anqihers agpact f the invention.

- | s 3
PRESRIRE, CHRICRE rARbaY o YiBEaffcaP Wpolibh BfifbristY o
physiclagieaity aedeptdbler caier pnd st effebtive epacaiti ehthe sphitgioid-
as, in a nebulizer. or atonvzersuitable carrjers.

e\ CORTugHiE 9 lpmgﬁhé@nkie’esicaﬂmm@mznatc%gl- The
??%%%%%@é@%%%ﬁ?%ﬁi%&@ﬁﬂ%ﬁ%ﬁ%ﬂ%@%&fﬂ@t
nour anih b eSE PalyBhyne SPRAGA 6 PodBopcon ity e

bitieri¥y 2404 ¢ A4 rRTHe hdBRdQ00 234 doded MPsidcokiance with

cationic |iposomal formulations, at different

eped meg\calthnrlaetiqm takingtintosaccamt theadipica) porahfgkl)mmf the (ri]ndividual
et el 559 Sacthoe S ity Sieanfige: o rodeRiRren

Iphtidndl 8pd)s8:4Body WefghPand 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 immumization

~ of a subject against a specific disease or disorder.
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5 Table 1- The effect of the |ipid (DOTAP,
CCS)/protein ratio and cholesterol (Choi) on HN
encapsul ation efficiency DOTA?) , WJP1661 %N .:' c%M

N CCS/ Chol %M R w wafio noleraho enca sul atmm

WP 110490t hdl erati o : enca ul ahdu 300/ 1 1/ 1POBII0%/090534
1/0 73 100/1 1/1 90 100/14/0 64 50/1 1/1 90 30/1 1/0

38  3¥otwikthdaritfing Ghed abofl, lihe Lathdurd/ ﬂﬂag%e?‘/eﬁeéﬁae £ achieve
100/1 1/0 90 30071 3/2 71 100/1 1/1 92 100/ 1 3/2 64

soppressign ogmbildion G the immune oysponse] e gofor the piapse®f trgating
noval eni?ﬂ.ﬁ/]%:gg ne was used for DOTAP and a trival ent
e e 4P CISPRASSRr cent age of | oading for DOTAP

was 75-90% usi ngjr?a li ig{ﬁprptein to ww_ratipo of 50/1
to 300P¢, CAURRPSHieR wPk Bl iEvERtiony cPmpYisng, dhei sphngpid-

R ey hing Opibeht? sl i i Bl RaDy pENS Betcigay be
wiliministeregls in varigusCcwayse Non-Hinitingdetiahiphes of a@hiriisttatiot reutes

f.ormyl ation, did not affect |oadjng at DOTAP/ Cho) e
iaglpess opH. fybeuiaRgous 6:c-iparenigralgmeiuding fayenous v, e

eped [ aﬁn%&o@ at: r agd . _Ror; i

or nglts 6%1’ %Ew}m , ot Y El'|Hg')’| %ygp %Ig&lé‘%l ﬂ(épg n cny}ﬁ%gtawgfi@r and

(ififanaS " &b 6|tn_.)/vbmnnm1:r‘ idttationf ale&ﬂllas’sma@/ i_hfusich;L iébhhﬁﬁp' eeT:itekiJiltthca Rye

with the paosones upgn sinmpl.e m xi ng of the soluble

el wi’w%%?‘g?orrﬁ%@se&&mm Wes the sytranasal or
' dﬁuﬂﬂ'ﬁiﬁ' ases, 40- 60% of the antigen was

g%%éﬁgacp'g%aw t t(ﬁg i posones using a lipid/protein

w w tig of, 1004 to 300/1 reqardles f the..

For S Solog g bEbepl g B85 graRo Ble v fiign sperely

\efeys B Biert, Baslidige ediid 64 BQEY shB$RNGes prsieBlyenst reidtiRig with

and fast (5 mn.) procedure in all fornulations.

Rbe bindegieally, active nnaterialfogsrwith thei euydegaies and whigheis required for

SRR SR LB it
O R OTTp  ERURAGP  a,

saline, 5% dextrose (glucose), 10% sucrose etc., either alone or with minor

amounts (up to 10%) of an alcohol, such as ethanol.

Preferably, the composition of the invention is a liquid formulation,

including suspensions, aqueous solutions or in the form of an aerosol, all of

- which are known to those versed in the art. Aerosol fonnulaﬂons 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

hemagghtinin and neuraminidase derived from influenza viruses) loaded onto
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wi thout the addition of cholesterol) was al so
evaluated. In a first experinent sera |levels of H,

lg@ and I gQ&a antibodies following i.n. vaccination
of young (2-nonth-old) BALB/c mce with H\N-|oaded 5
WPV HPM% ani onic or cationic |iposones wer e PEE{IEI0NA/000%54
(Tabl e 2A). The HN anti gemtwas a nonoval ent subunit

| .
YRt B Bl i B B BN g 01
800/H),, ankig@ith drg@EBoutashdldstpfolafCliobotiae sestal) TabMFY shows the
Iev Is pr duced by spleen_ cells, were_al so tested

ush a3 caperesient Nsingibe eationio bpids LIGIAY andeCHy
IgG and IgG2a anti bodi es Group. Vaccine Et s Sergi
"~ fn=5) d 't u: ~r fi H (rrean SD) IgG’ lg&XRa 1

PBS OTable 1-2TheHdffétt T the Bpid % N@Mﬁf #htio afd

(0). 150 0__4 Lip DI\/PC/ f HN 613 (20) _

ek?#‘ﬁﬁr@)(cbwloa \ fficjnep7 (0) 0 o 6 Lip
FTAYP; Ep49 (4 :,.-,! oy y s D =0 N

44 10 Li (CCS Chol -HN 2368
1&’1él HN+CTﬁﬁ1 1g) 1664572 (100) 5600
gen,; ]1 chol estgrol ; CT, l era xin. @
Earec?onlchpomes In rentr}é es, %
convergﬂon - %of mice wwthiH titer 2:40. 15 In

rade_between neutral

(Bi%o), anilbhi c (DI\/P(?JODI\/PCS 9/ 139} e r 34 0) and’l
c]éﬂor’]onl c (8 ormul ati $Bs) assenplQ¥k (L3 64
eH¥bsul at Pflg the NN &fti gens to30/hduce3 cal andl
W/l n. 32 0

Adwrnpvalepi vaeaing yas usebior BPTAR andmiivalentonsinefir€0Si pi d/ HN
wwratio was 300/1, and the cationic |ipid/Chol or
cationic lipid/ DOPE nole ratio-was 1/1. Free 20

?2;: g C#Erc&ﬁﬂ): @gglogﬁiﬂﬁl 60 DA b2k /56809 hisihe R/ fotein
wiw ratm of 50/1 to 300/ 1, 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 ﬁe 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 wsing a lipid/protein w/w
ratio of 100/ to 300/1, regardiess 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 inﬂuenzai virus surface antigens.
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adj uvant were tested in parallel. The vacci ne was

gi ven on days 0 and 7, 3 WD 2004/ 110496

PCT/ 1 L2004/ 000534 19 gg/ dose (10 pl per nostril), and
t he responses were determ ned 4-6 weeks after the
VEQ2UHYI0®cci ne dose. Table 2B - |ung and naPAIT/H84000534
| evels of 1gG, Ig&Ra and F A anti bodies Goup :

Y2551 s gl SA! o 18 AR it E R o
tiithoGiDkPagditidh 6RNehdlestdrpl) s @lsO efaklad4 Li p
(DVPC DVPG-HN 40 0 0 0 0 O (Anionic) 5 Lip

( DC- Ginla: B¥PExpbiitnent s€alleVeld of6 HIj PG PShAPISEM hntiddiks
2ooosoo 7 Lip (DDAB: Chol)-HN 0 80 30 030 0 _8
vaccialion ehyomg (20801 M)M%bmemmlﬂ]ﬁ-loaded

&%@Pm%% ot i e gt R0 THG v

£ 1R000 AsilVarat simdOvacsintatrived @'om #rl A}ENbv& iWa¥edonia
I eveI s (pof.m G oup ' VaCCI ne Spl ee

$ain.)In thesmne gxperinent lupg ambuﬁsaldeﬁl ot Bmﬁs}lﬂg&a

S 0 AR T e )
gd%?eiszl'_IBNéﬂSdS%(C AB: Chol ) - HN 3100 8 Li p (DOTAP:

Table 2A Sera levels of Hi, IgGl and IgGZa antibodies

'''''''

-Groiip:-. Vaccme"‘:l?

B (n""s)%‘h i 'f:.-‘:' i A e
HI (mean +SD) 1gG1 1gG2a

1 PBS 0 0 0

2 F-HN 0 55 0

3 Lip (DMPC)-HN (Neutral) 347 (0) 150 0

4 Lip (OMPC/DMPG)-EN 613 (20) 500 0

(Anionic)

5 Lip (DC-Chol:DOPE)-HN 1817 (0) 0 0

6 Lip (DSTAP:Chol)-HN 28429 (40) 20 0

7 Lip (DDAB: Chol)-HN 136132 (100) 100 0

8 Lip (DOTAP: Chol)-HN 576+128 (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) 16641572 (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
(ODMPC/DMPG, 9/1 mole ratio) and cationic (6 formulations) assemblies (Lip)
encapsulating the HN antigens to induce local and systemic responses following
two i.n. 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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5 E_o'iﬂ A ﬂ'ﬂfl gen st'i rrul-at ed sFE%n 'Cé.‘llfi's-f. The a‘sé

9 Lip (DMFAP: Chol )-HN 7800 10 Lip (CCS: Chol)-HN
10200 11 F-HN+CT (1g) 5200 As shown in Tabl es 2A-2C,
the free antigen, as well as the neutral and anionic
Li p-HN were virtually ineffective nucosal vaccines. In

WORAv896 the cationic Lip-HN particul arl yCricses /000534

desi gnat ed DOTAP- HN DMTAPYHN and i o CCS- HN evoked a

oRQust .Syst em ¢ sal In oral r.e o.ns

WG BV s e R esnf e HFERDO 20 Vit §er
e Ftocd vEbdind Hasel esponse. No | gE anti bodi es were
defected. The cationic |iposomal vacci nes conpri sing

'D(WAQH—Nun@MMFmHRI Hnsh IB@SS Hlﬁllgﬂ'}idgGﬁ-’almﬁdgm igmlmdml s

nneae pr nrlllr\nrl h\l CCS-. I—II\I \l\ rn-f v

T uuluu

t hose induced by F- HN adj uva

L.

these £BYdi ngs, only the cati®nic ¢iposoffal 0 0
for mul & ¥ns: DOTAP- HN, DMIAPO HNtind CC8- HN ere O
fair t he LindRdPCEHNNgutsady ond ﬁz%erl(]“rent, Phe effect of
|4 pi d/ Lip (WMPERANMBGHHN he | nodenecit§ of ®N-1 odded
cat i oni(4nipnicbsones and of prefornmed |iposones sinply
ny xed \kip PE-KEokIBOBB}-HNant i gefh, wds det efm ne@. Thd
dat a shdoyfDSTAP:Thdl)-HN 3A- 3C i @di catde t hat al [0t hreg0
for mul dfp @BABNCudpHNa st rongdsystgdni ¢ g8er ud) ando
Ipcal Uip@)TARCRNSEN and t hzgo | oMsoi ngivthe 40 pi d/1BON
V8 W r alliiOMTABeCER)-UB80/ 1 nar krydl y3opeduced t hes 80 -
responggp (GEHICRBAIN Ser um | eygrjos 3bod , 19@G 15000G2d

and | gA-gRLCReHigS No. Vacci ngoo( NFBdo Zi @s@UHMSerqm)
\M\NratlnI?I Lith | 2a 1 > G EA:: 1 E-HN.Q

o= e e

30
70
300
30

000 2 Lip (DOTAP)-HN 300/ 1 496295 (100) 15000 450 O

3 10041 19611 4 30/1 3650 (80) 1000

200 o'fl@ 2831‘1%‘% %%’Eb?v&?%%é’ 63/102000 7
a T00);; 7500 2591.,9.1

IFN'Y (Pg/ml)

1 PBS 1800
2 F-HN 1400
3 Lip (ODMPC)-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 (OMTAP: Chol)-HN 7800
10  Lip (CCS: Chol}-HN 10200
11 F-HN+CT (1pg) 5200

As shown in Tables 2A-2C, the free antigen, as well as the neutral and
anjonic Lip-HN were virtually ineffective mucosal vaccines. In contrast, the
cationic Lip-HN, particulatly those designated DOTAP-HN, DMTAP-HN and
‘CCS-HN evoked a robust systemic and mucosal humoral response, with high
levels of IgGl, 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 -
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8 100/1 208107(100) 2200 600 O 9 50/1 130118(80) 850

150 0 10 30/1 4871 (40) 450 0 O 11 10/1 2435(40) 120
00 12 Lip (CCS)-HN 300/1 560480 (100) 2000 1800 200
13 100/ 1 752504(100) 6500 6000 0 14 50/1

W0 204188$6100) 1900 700 0 15 30/1 112125 (soi-cﬁﬁaeo%éhsu
0 16 10/1 5268(40) 275 4400 17 F- HN+CT

89% 00). 30000 Eg’g é ]}% MMLI DO;} @g%%sl-:HN

3492 26dnl 8fn 9%4@9%0111&%&:1% g@@efd g:ﬁﬂ%&%%n
(100) 30000 5000 500 |In groups 18 20 preforne

i1} @éﬁ%ﬁﬂgﬁmaﬂythnﬁdnmmwtqmﬂMHalﬁuhuwﬂEmahDCEEﬂ’HWKIHMI?&L
%@Q i&% CT/ %04/0 0534 21 Table 313 - Lung
and IgA No. Vacci ne (n=5)

B4 (L B i) Bl b & o
3*99%*3#% 74 96 1 st Labord pnoriph B bSO s

y 18ixed0with Othd Galubkd Anfiger) void1dettrmdinbd Thd data #Hdwn in

0 00.170 0 11 10/1 0. 500 Q O _12 Lip (CCS)-HN
%ﬁ% 3£Q G%Gbatzdll)dhree formyatiansgimdnersh aswwog 3gowic
%sAénﬁQf Ind QOéﬁ%m%QQe%%%gg 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 IsA antibodies

No 'Vaccme (n--Sj - . Lipid/HN- Serum . - iU B
B L .'.:i::.:'WfW ratio . HI i'<h o0 oo IgGl : IgGZa 7 IgA
1 F—I—IN 0 0 0
2 Lip (DOTAP)-HN 300/1 4961295 (100) 15000 450 0
3 100/1 196+119 (100) 5000 280 0
4 30/1 - 36150 (80) 1000 200 0
5 10/1 2818 (60) 600 30 0
6 3/1 0 20 0 0
7  Lip (DMTAP)-HN 300/1 388+£260 (100) 2506 250 0
8 100/1 208+107 (100) 2200 600 0
9 50/1 130+118 (80) 850 150 0
10 30/1 48171 (40) 450 0 0
i1 10/1 24135 (40) 120 0 0
12 Lip (CCS)-HN 300/1 5601480 (100y 2000 1800 200
13 100/1 7524504 (100) 6500 6000 0
14 50/1 272x156 (100) 1900 700 0
15 30/1 112+125(80) 650 400 0
16 - 101 52468 (40) 275 440 0
17  F-HN+CT {1pg) - 8961350 (100) 30000 8000 120
18 F-HN+Lip (DOTAP) 300/1 8644446 (100) 5000 1500 0
19 F-HN+Lip (DMTAP) 300/1 3204226 (100) 1900 400 0
20 F-HN+Lip (CCS) 300/1 704525 (100). 30000 5000 500

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



15 30/1 0 1500 200 O 16 10/1 O 500 200 O 17 F-HN+CT
(1g) - 8045000 2250 3000 18 F-HN+Lip (DOTAP) 300/1 O
6000 500 1200 19 F-HN+Lip (DMIAP) 300/1 0 3750 225
1500 20 F-HN+Lip (CCS) 300/1 80 35000 3000 80000
WO2946118€5 - Spl een INF 1 levels (pg/m) Noy PCT/IL2004/000534
Vaccxne. (nn~S~ Lipid/IIN ;8Bpleen wi,iv rafio

BT Bl il %@QZ%OHNSS?T%SS_

Nol.i Wz(c%@ﬁ)HN 300/ Iipd/Adoner; 100/ 1 950/1 "10
.30/1 11 10/1* 12 Lip ﬁ,ﬁ(g}%ﬂoHN Aavo 3 10Qica 14sA
) I8yF-HNFlgi P
(@OT&F’%@@@M)}&@ F- Higoip (DVTAP) 3086l 285 F- HNgi p
WD 2004/ 11{336 PCT14420044§00534, 22 '5he
sulperl ority of Lip CCgN vaccigg ovessq he ok her
vaccine fornulations jg5; agai n gpen agsy efl gcted kby

t%e hi gh | evel s- of sefim and | e 20 0 0
7 Lip (DMTAP)-HN 300/1 0 5500 200 1200
8 100/1 0 7000 350 0
9 50/1 0 4500 250 0
10 30/1 0 1500 110 0
11 10/1 0 500 0 0
12 Lip (CCS)-HN 30011 80 12500 3000 20000
13 100/1 80 7000 5500 65000
14 50/1 40 5500 900 20000
15 3011 0 1500 200 0
16 1011 0 500 200 0
17 F-HN+CT (1pg) - 80 45000 2250 3000
18 F-HN+Lip (DOTAP) 300/1 0 6000 500 1200
19 F-HN+Lip (DMTAP) 300/1 0 3750 225 1500
20 F-HN+Lip (CCS) 300/1 80 35000 3000 80000

Table 3C — Spleen ]NFy levels (pg/ml)

- iFNHpgf;nl)

1 7430
2 Lip (DOTAP)-EN 300/1 9780
3 ' 100/1 42220
4 30/1 20440
5 10/1 20400
6 3/1 27780
7  Lip (OMTAP)-HN 300/1 Not done
8 100/1

9 50/1

10 30/1

11 10/

12 Lip (CCS)}-HN 300/1

13 100/1

14 5071

15 30/1

16 10/1

17  F-HN+CT (1pg) -

18 F-HN+Lip (DOTAP)  300/1
19 F-HN+Lip (DMTAP)  300/1
20 F-HN+Lip (CCS) 300/1
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| g&a and | gA anti bodi es (groups 12-16).

Interestingly, sinple mxing of soluble antigen with
preformed |iposones generated very potent vacci nes
(groups 18-20) 5 that are equal to |iposones

VEQ AWt i ng the antigen. This suggests t harCTIBN4/000534
encapsul ation of the anti g&h may not be necessary for

the a e C%'Q‘fmo .
assenb%gegﬁl po onesLtl#]nCa furthruér:l%cne]ﬁpgﬁrnghet qﬂﬁ% vaccine
dbfoadbtiafs ishagabs benods ofletied byenbighreedld bf @brunt Bd lung

oa i posomes was tested. Tahles 4A-4C show t he
F'g@é e fgA pRioaics depe L i Tntersatinela smplormatha dfgolble

res %dngghﬁg kf%@msg%t% g?él&%ﬁtg %%Wfﬂ) ?ﬂﬂ% é&&%@ dhps 18-20)
(tatcarpeqial ) liphsomes aincagsubatihg lthe motiged. ki sﬁ@‘e@ﬂd [that) peal
and rmdera:ogttﬁ%enhances the overall response to DMIAP-

Reapsulgfipn antiganoay not by ngeessamifor geandinyantigyy of the
e&ﬁ;ﬁ 1/1 ratio roup 11 15 Tabl e
f%ﬁm%er um eveﬁl) B{DF@H I gGL, | géga agd I Z;A

o P2 b Bt YcpatRS &eeifegc?a%‘ﬁolestemf’oq e Hiinoe e of

FEheININ-16ud8d Qlﬁbsmﬁeé-was (B I Phapl JAU3 %99w( Ok
450 0 3 Lip (DOTAP: Chol)- 1/1 496295 (100) 15000 4

Gxpeamentindicaag that theoeiditik@os Gl stightly wdtcetioha memﬁ)m

3988 BOTAFTINAR 20 VA e e oo )obbom Sow /1
100 B0 500 0. oty Ceae ey e g R PRTAP-

00) 30
%ﬁﬂ@oaﬂr o0®s (@roupP) and the lQﬂ:q& (laﬁ@ﬁce@m;s¢ OAS-HNlat a 1/1 ratio
2%8132)5(100) 30000 9000 10 0 12 F- H\N+CT (1g) -
(100) 55000 7000 20

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

No Vaccme - Catlipid/Chol - Serum IR
o @=5)- S dse 7 wiw ratio CHI c IgG1  IgG2 g .
D RGeS A
1 F-HN - 0 0 0 0
2 Lip(DOTAP-HN = 1/0 32010 (100) 15000 450 - 0O
3 %(DOTAP:ChoI)— 11 4964295 (100) 15000 450 0
4 2/1 1684216 (160) 7000 800 0
5 4/1 195111 (100) 15000 250° 0O
6 Lip (DMTAP)-HN 1/0 3204188 (100) 20000 290 0
7 Lip (DMTAP:Chol)- 1/1 6724419 (100) 30000 300 0
BN :
8 2/1 576368 (100) 25000 650 0O
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-HN+CT (Ipg) - 16641572 (100) 55000 7000 20
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WD 2004/ 110496 PCT/ EL2004/ 000534 23 Table 4B - Lung
levels of H, 1g@, Ig&a and IgA antibodies No 1~To:
Vaccine Cat ":Lung (n=lipid/Chol. ffi ¢ Igd !gQRa
lgo railof | FFHNO O O O 2. Lip (DOTAP)-HN 1/0 40
WhWogH048 3 Lip (DOTAP: Chol )- 1/1 40 600 8®CBUL2004K0¢534
2/1 40 680 180 22 5 4/1 68 720 50 60 6 Lip

- 1/1

e b Ay Brabaf XA, Beads phP Tes¥hfho &) Y
RO NDOVeic§ime 0L i p {OES- HN 1/ 0" B 3000§ 1500 9000+, -
11 Lijp’ (@D €ho|) HN 3/ 2ipidf€Bol300 0B 1,900, eGH0ORG242  TgA !
LE-HNECT o 14):. - 2010000 5/@0@4a 000 Tabt=e AG - Spleen i
ML | eveIESHNpg/ n1) No. Ne: Vaccine g.:cag SpI e(yea 0 -

.2.:.'. Lif (36TABHNA/ Chafo | FNy. ( why rabh -:gs; | o5

F3HN - T4R(DATAPTROROTAR)E HN 1/0 7480  3odi P gp 30
(DOTAP: Giol )-HN 1/1°9780 4 2/1. 12870 5 4/1 9330 6

Ligp (DMTAP) - HN 1/ 0 852097 Li p ( DMpAP: Cggd) - Hipl/ 1 oo

18900 8 2/1 8560 9 4/ ;7490 6 70 50 60

6 Lip OMTAP}-HN  1/0 60 1000 40 0

7 Lip (DMTAP:Chol)}- ~ 1/1 120 3000 30 15

HN

8 21 160 2500 160 200
9 41 80 4000 100 150
10 Lip (CCS)-HN 1/0 640 30000 1500 9000
11 Lip (CCS:Chol)-HN  3/2 1280 30000 1900 15000
12 F-EIN+CT (1pg) - 20 10000 1800 1000

Table 4C — Spleen ]NF'y levels (pg/ml)

No No Vaccine - v oCat o i-Spleem.. .
e @8 o ipid/Chiel o IFNy (pglml)
fi:-:-f e R SR whwpatie |- :
1 F-HN - 7430
2 Lip (DOTAP)-HN 1/0 7480
3 Lip (DOTAP:Chol}-HN  1/1 9780
4 271 12870
5 4/1 9330
6 Lip (DMTAP)-HN 1/0 8520
7 Lip (DMTAP:Chol}-BN 1/1 10900
8 : 2/1 8560
9 4/1 7490
10 Lip (CCS)-HN 1w 15550
11 Lip (CCS:Chol)-HN 32 13780
12 F-HN+CT (Ipg) - 11110

The immunogenicity of CCS-HN viccine 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 lﬁg and 2pg, respectively, of subumnit
(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 seram HI and IgG2a antibodies (tested at 4 weeks



10 Lip (CCS)-HN 1/0 15550 11 Lip (CCS:Chol)-HN 3/2
13780 12 F-HN\HCT (1g) - 11110 The i munogenicity of
CCS- HN vacci ne was al so evaluated in aged 5 (18

nont h) C57BL/6 mice follow ng intranuscul ar (once on
winyo0j1oee i ntranasal (twi ce, days 0 and 7) PCT/ML2004/000534
admnistration of 1g and 2%, respectively, of subunit

e T G EEBAT Mt s
éxﬁx‘t%di'@?. la@ar Bé sch i TEbIESSA bhd58/(T0 AWt Wh bR inhn REs).

200:1. As oppdsed to zero. activity of the commerci al
vacci ne, the CCS-HN 1o vacci ne evoked hi gh | evel s of

ie%;gﬁ an%b‘ﬁ%f%ﬂﬁ%ﬂ#ﬁ%gg 5‘2’2 53&3@%&%%$§t(fox?and

Ing v@c@ﬁ@ed at” 6-Wweeks pOgfrhiiCCi Naf1.on) TgZa and
-1'gA - @h: bOdI es as can be men 1n TabII 51 54,

fns H

IgGZa and IgAgl n aged m 0%

gGl I gGZa

of IgG IgGZa and IgA in aged m ce No VaCCI ne Lung
{9R1e5B< Lung jevkBGHIgG1, GAUT Tghdf oed bhide PBS |1, "x2
000 "”"gHeV gL Jes g BR2 00 04
: QG- | HMcnmn @ 1&&_840 rhungidl tiop, ~t'he i:ndggtion of
€ "L(has) Jes onsr,es he q' g@@_ IgA 2
'f;ﬁfgrffml at i df‘t,nfsfvvas Vestal: | mpart T el Shyelingni ce
- wer e EBgiuikZed i.n. with @o various @atiomngc

| igpogopmli.ph.aeinul ati ons andgt he spl enogyte cgl | ul ar

I' &S PEERS.n. x2 . ] 0 0

4 CCS-HNin. x2 0 180 840

In addition, the induction of cellular responses by the various vaccine
formulations was tested. In particular, young mice were immunized in. with
various cationic liposomal formulations and the splenocyte cellular responses —
cytotoxicity, proliferation and IFNy production — were measured 6 weeks afier
vaccination. In the experiment, the results of which are shown in Table 6, a
comparisor was made between HN-loaded liposomes (groups 3-10) and free
antigen (F-HN) given alone (group 2) or admixed with preformed empty
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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cytotoxicity, proliferation and | FNy production - were
nmeasured 6 weeks after vaccination. In the
experinent, the results of which are shown in Table 6,
a conparison was nade between HN-| oaded |i posones

woooeiae493- 10) and free antigen (FEN) gi ven palt@D®04/060534

(group 2) or adnmi xed with mweformed enpty 15 |iposones

15 e o BRABASE 3 e s s

atios (30/1 300/1) was also determ ned. WO
2004/ 110496 PCT/1L2004/ 000534 25 Table 6 -_1nduction

. Nb. Céickinear T:espondeipidfINeat i ‘Mmytotbmﬁtysorﬂ;’mhferahnn IFNy
~adnmini'stered "in. New Mdioci nePRIBRT HSHBY ; pm '

- (pg/ml)
cytotoxicitg'. :Proliferation fpawae vv/w;rat (.ﬁea?gjlss. F7 .

: :I:é)em fic targe_t cel (P815 |E§JI sed oM th
%}1

lay

1P8IEBSAcpm (pg/ nd) - peptide "¢!'F (rnean)  %fBS - 61400
FO1GHRO0 2 F-HK -- 8 5 7700 ¢500 B Lip GRMTAP) - HM500
§00/1Ji APLO860 3peA 4 100/¢l 9 93128701880 S 384

70 3400 6 3oh 3 2 17920 3Gp0 7 khgyy( CC) -5§I_N)
§00/1 4 2 20370 800§, 8 100/ 13 21 7 24870 § 9 5@
3 20980 10650 1%()?10/1 8 5 31_1510 3500
/\g’i @@Qﬁ 17 4 90 3400, 12 By HNtLI
0o/ 1 C7 850 . 0 13 F HN+L|7p (CCSE
9270 4100 Pr efere 1aI cyt Oté)XI Ci t3y agalg

obtalnlag onl4y wth

100/ 1 rou%
P,

proli ferative response was observed wit h DMTAP- HN at

L1 Pt dp LMoY h8lok Rty YealtY the %Bgcﬁg{a}get celis (P815 pulsed with

the influenza peptide) was obtained only with CCS-HN at a lipid/HN w/w ratio of

i

©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 fiee

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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and with CCS-HN. at 300/1, 100/1 and 50/1 ratios. The
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winms4€11b498di ngs suggest that as conpared w t IpCir/iEz004/000534
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L1100 Sk iher SARANER, 1 A WA 4@ dndyin B ROHes 74~

i nducer Ivity, as conpared W

UCSaHsmperiter eas Ini@ﬂe)hetWéﬁml Rat.idoge,W b 2nin tdes@sarell 2 oral
free f?ntl gen with_prefaqorned cati onl c liposones (all
o5c8 ok gr mongyal @ﬁs;'& -loaderd ratignie nlipesopies scoggtsing DOTAR,

PR R i, AT, 0, A
Bmmphity mmf chiallexggealt ihgeexpatiinent) ties BpidEON Ww ratio was

4/1 0496 PCT/ 1L 004 000534 26 catl onl ¢ | i posones
ﬁ&g/ & sy qatigniedipid/g: ‘ﬂ@@éﬂf@dt /h far PORA Prand P MITAPsyiems

I I s I}
?‘ﬁﬂr?her expeéigjtrfétle-‘!rr]!t ) %h%éﬁl%g?u‘?t%:s 1%f alP{e11 t%ﬁcevﬁnerates :
Eﬁkﬂtﬁm&sﬁhuﬂﬁraj cangogaiatsr &e?oms atith ﬁﬂ)tétﬁm/ﬁﬁlmulmy Of the 3
dose or 2.i.n doses and 2 oral 5 doses of

fﬁf%lﬂ&lpeﬁat CER mgaeédﬂ@ahgbﬁﬁtcmquyé@omc@m wih mggard to
f%?% Q%ﬁ%ﬁ Wth regard to i mmunogenicity and
atn'd pro éctive imunity to live virus

Thble| 7A0gSerub Idveisof FRPBS G IHBG2alad Heiapi d/ HN W w rati o

- ~was 300/1 and the cationic |ipid/Chol ratiowas 1/1

N D@Fﬂpeand "}%ﬁ%&{é&enﬁ and 3/2 t'8fruecs syt em
1‘1. e R ".'- Iﬁ ‘ i' A d | WL, IW_Eza

qelnerfﬁlses to the stronqestOI nmor al andOcel | U ar 0

réspdhEN and prot ectimve I nBAs37(y0) O t AGOB 40 0
f& nmul ations, CCS i nttlees @he hi ghest pesponge, 0
particularly with régatd to |gG&a andol gA amti bodiges.
Tagbl e 7A- Serum | evehsxof 8, 1gG@, I1g&Ra angl 1gA ¢

Sey Ug};}E(D(D:DAP/mmgmlhggl Aned Ay Qopr 21006B> 9900 000

2 F- m x 1 6037 (70) 1000 4 3oral x 200
7 oralx2 0 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 O 0 0 0
12 in.x1 10£10(0) 300 60 - . 0
i3 inx2 532+763(100) 10500 380 50
14 Lip(CCS/Chol}HN im.x1 864+1100(100) 25000 10000 O
15 oralx2 O 0 ’
16 . inx1 34+50 (20) 100¢ 30 0
17 inx2 2289+1576 25000 20000 400
(100)

18 F-HN+CT (1pg) in.x2 7561650 (100) 21000 15000 20




4i.n. x1 0000 5i.n.x205500 6 Lip

(DOTAP/ Chol )- i.m x 1 424141(100) 21000 5500 0 HN 7
oralx 20000 8i.n x 1 4028(50) 450 80 0 9 i.n.

X 2 409172 (100) 25000 1300 60 10 Lip (DMIAP/ Chol)-
W0 20047210406 768211 (100) 24000 8000 0 HN 11 opek/mudoddossss
00 12 i.n. x 1.1010-(0) 5800 60 0 13 i.n. X 2

76 0 380 50 14 Lip (CCS/Chol)-HNi.m x

: ?@6%%’8%& 5?8 9l8H0 10000 0 15 oral X 20016 i.n
ZN,,l Hnbined) L0007 30 3fpiitd 121 ¢ NLutig 2 2289157b 250007 7
- 2000Q,480 (100) 18 F?—HN+CT(1m . NYels12 7S5RRBACIDGEA

: oI
800030°rf%11|">izo

x20702dn0x6L|p
. 1, X O

o
7 oralx 2 0 0 0 0
-8 inxl 0 50 20 0
9 in.x2 120 10000 1000 350
10 Lip OMTAP/Chol)» im.x1 20 900 150 0
HN
11 oral x 2 0 0 0 0
12 inxl 0 35 20 0
13 inx2 240 20000 700 2200
14 Lip (CCS/Chol)-HN imx1 = 60 3500 9200 0
15 oralx 2 0 0 0 0
16 inxl 0 120 0 35
17 inx2 360 30000 5000 20000
18  F-HN4CT (1pg) inx2 240 22000 2500 1800

Table 7C — Cellular response and protective immunity

1 7
2 4
3 ND
4 ND
5 5
6 Lip (DOTAP/Chol)- im.x1 3300 0
HN .
7 oralx2 0 1150 ND
8 inxl 482 1900 ND
9 inx?2 8391 3200 0
10 Lip (DMTAP/Chol}- im.x1 5632 0 1
HN
11 oralx2 553 0 ND
12 _ inxl 1277 0 ND
13 inx2 7331 3150 0
14 Lip (CCS/Chol)-HN im.x1 6196 5750 0
15 oralx2 476 550 ND
16 inxl 1705 6250 ND
17 : in. x?2 4912 15500 O
18 P-HN+CT (1pg) inx?2 1933 5650 0
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10 Lip (DMIAP/ Chol)- i.imx 1 20 900 150 O HN 11

oralx2 0000 12 i.n. x 1 03520 0 13in. x 2 240
20000 700 2200 14 Lip (CCS/Chol)-HNim x 1 60 3500
900 0 15 oral x 2 0000 16 i.n. x 1 0 120 0 35 17

W(1200411949860 30000 5000 20000 18 F- HNFCT ( 1gPCTITLI004/000534

240 22000 2500 1800 Tabl e2$7C - Cel lul ar response and
protective immunity No accne Rute " "Spleeny t' Lung n
:, Acpm= IFN7 Virus titer r t *Jt; ui g> (nean)

/ ni | P, 641. Otev 2 oF7HN I . 1. 190
0P 5 I e Qe Hmch "Rl in Thbled 8710 cgigteidt frivalgnt
302648 vl tood d GOGRAPOR s nat bk 45n BT Chased

HN 7 oral x 2 0 1150 8 i.n. x 1 482 1900 ND 9
ivageing dos@uing 200 4 Lg10f antigepRADNPOpasth) virdl strainy and two

g abscst8 hytailadsef igen B 2,7, 5 o Byl bliwggen
%dhiGdR4ions50Tle  Ipidr akseablied 76vé280 ddRipod&l | off- OCSKChol

1705 6250 ND 17 i.n. x 2 4912 15500 0O
(cholesterol) at a 3/2 mole ratio, and the lipid/HN w/w ratio was 100/1 for all

formuiations. As controls, the standard trivalent commercial vaccine (HN) was
administered either alone or combined with 1pg cholera toxin (CT), used as a
mucosal adjuvant. Sera, lung homogenates and nasal washes were tested 5-6
weeks after the first vaccine dose for HI antibodies (Table 8), as well as for
antigen-specific IgG1, IgG2a, IgA and IgE antibodies (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 pg 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‘ (Tabie 10), the CCS-flu vaccine administered
i.n. either once (4 pg) 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.
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protection was assessed by quantifying 1s lung virus
titer 4 days later (Table 10). As, opposed to the poor
or no imrunogenicity of the comercial flu vaccine
(HN) (groups 2-6), CCS/ Chol-flu vaccine induced high
titers of all types of antibodies tested (except for

| gE whi ch was undetected), especially against the two
A virus strains (groups 8-11; Tables 8, 9). For the
2-dose 20 reginen, a 1l-week interval appears to be the
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antigen, but not 2 jig (gr. 8 vs. gr. 7), induced high
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| g&a and | gA anti bodi es nor nasal antibodies (Table
9). 25 In the protection assay (Table 10), the CCS-flu
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infection (6 log reduction in lung virus titer)
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regi mens provide a sinilar degree of protection. WO
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intgdhsilivaccinatiok with @fvalent influenza vaccine, free and in CCS lipid

assemblies

‘No. - Vagcine® (w=5)" . &+ . * Dosingdays - ‘Lung virnstiter fog 1)/
1 None - 6
2. F-HN 4 pg x1 0 . 5.5
3 F-HN 2 pg x2 0,7 5
4 Eip (CCS/Cho)-HN4 pgxl 0 0
5 Lip (CCS/Chol)-HN 2 pgx2 0,7 - 0
6 F-HN 2 pg + CT (1 pg) x2 0,7 0

? See table 8 for experimental details. In groups 4, 5 the lipid/HN w/w ratio was 100/1.

* The mice were infected intranasally 42 days after the first vaccine dose, using ~10° egg
infectious dose 50% (EID 50) of the mouse-adapted reassortant X-127 virus
(A/Beijing/262/95 [HIN1] x X-31 {A/Hong Kong/1/68 x A/PR/8/34). Lungs were harvested
4 days later, homogenized, serially diluted, and injected into the allantoic sac of 10 d.
fertilized 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.

In the experiment described in Tables 11 and 12, the trivalent-flu
vaccine was formulated with the CCS/Chol lipid assemblies using varying
amounis 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
pg/strain) and lipid (0.15, 0.075 mg) doses the response decreased mai'kedly
{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 pg to 0.25 - 0.5

pg).
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trivalent influenza vaccine formulated with CCS lipid assemblies, a'dministgg

Table 11 — Effect of the antigen dose and lipid dose on the induction of HI

Wy vy
N 2NN

CPCo Col 4

g

-

=

& :

3 k|

= 5

o g

: 18 ;

- {+]

L] " L1

g bz Q o

2] oy 2

— e ra)

R e =

) ' =

: N

2 3

] ..

pilem O3 €N T GO I~ 00



amounts of the HN antigens and the lipid. In this
experinment the vaccines were prepared with: (a)

varyi ng amounts of the antigen (0.25 - 2 g per viral
strain) 15 and of the lipid (0.075 - 0.6 ng), keeping
widmodapieel/ BN W w rati o constant at 100/ 1; eormopoexhecsss
anounts of the antigen (0.5 - 2 jig) and a constant
amoud Qf the lipid (0.6 ng) thereby varying the
lipi B H8 ww ratio from100/1 to 800/1. As can be
seengpnglrable 11 (H titer) and Table 12 (isotype
tite(s) avaccines, prepared at a 100/1 |ipid/ FIN ww

rati wu% ng 2 or':;i: -g-antigen of each gtrain 20 and 0.6
or 08 my Iipidfiresecld BEyo arg®edd high and
si m |gar gevel s c';f -armt i-podi es agai A3t |the 3 viral
stralths (groups iZ,: 3)¢ At lower antiggn (0.5, 0.25
pg/ stgkalh) and I|' pi dgfOf 15, 0.075 ng) |doses the
respgps® decr eac.g@F_:n@r kkRlISy © Egrdfpa @, . 5)
partl%u@rly t hes m@cbqnsa response (lung, nasal) (Table
‘a/\h@ a conﬁtr Af:z:dpse of lipid was used (0.6 ng),
h| gh Fe®kls of anti dggg\@g &%@@I ned even wth
t he twvo‘a ower dcseé.&ﬁ‘ o gen ( N0, 5 gg/ strain)
(grofs= 6-8). Thus, the anmount of the CCS lipidis
crltl--:s:alE and wift rﬁ‘g!;g:gg AP epel ate Igpi d dose the
ant i &n&lose carl. besibdlre QI NBABID I rom 1-2 g to
0.25% ®5 Ng) @b 2664) 170508 PET/1r004/ 000534 33 ~
-~ X® B000¢CEQHGO~_ ~Ir' fnU>a~y 00
00 % @00 C0 00 BB LSS IEFBoNC 1 C 1= :;
CONDbyO. N %-:JggH 1p HY SR a° w. 0000000
di{ 0POGHO0 b ~ay:E & :~.d Ot't 0o [OCQOON in -,t e
a0@0oHoo | . Em'l 83829888
© = L ED o088 38S
= o Sk | TS e
g = M i :
T = HEE
; [ = L
] Rt - .
w £ = ia: By QoY RIS
£ o B |8 T
= = 2 S T
8 ¥ 8 |g8z'| s888888
@ o é B R OO
2 8 = h nIZSRLR
s .": m FH -
v o= il
== - E .
& g 3 S| ITIVLXD
= 8§ 8 |[B¥gi)-3388888
- s ég‘iz h-’:rhﬁig — = — — ) < 60
g = 8 A
: @ — P -
8 B E - cn 2l owvw
® & 8 S cSo'c;g.o'c::o
?n E = .
. ep 24 wy wni o=
- a-gd-sg §
Q _2 - E
£ 5 % z
o S 8 Z g
°S 8 g : 2
8 g & =) 5
& 2 £ 8 5
R E 3 2 o
H o q")‘ . 8 o5
=5 2 &5 3
o & 8 e 5 =
=~ 53 ) :é-wmmﬂ-m\ahoo- z




10

15

W'~ C~a O00 00 NWOO OO Omri COD alU p0O0O0OO
000 COuwvvvv ..., i ONON en'"'.0 d a
a. .. ... O0..00O0O0OO0OO0d TI) 1.. %O
0000.000 mra; QOgg;: Nvnknn pNN.-+ON.. O
wo fdodx1d406 WWC a. Uv o) i+ UV-4 Umd werm200d000534

NNVKkn~oNOC WO 2004/ 110496 #CT/ 1 L2004/ 000534 34 N Ce

- N;_OIl;.. ;... .. O0O-00 00. 04 .

’ In a further expernﬁen%yﬁae subunit flu vaccine, either free (HN) or
associated with the CCS/Chol lipid assemblies (Lip HN), was tested for its

ability to induce HI antibodies cross-reacting with various influenza A and B

" substrains that were not included in the vaccine. The data shown in Table 13

indicate that intranasal (in.) and inframuscular (i.m.) vaccination, administered
once or twice, with either a monovalent or trivalent CCS-based influenza
vaccine elicits high serum titers of HI antibodies directed against the
immunizing strains, as well as HI antibodies cross-reacting with several
A/HlNl, A/H3N2 and B strains that were circulating in the years 1986-1999
and were not included in the vaccine. Sﬁgﬁtly lower HI titer were found after a
single i.n. vaccine dose-(gr. 6 vs. gr. 7). Lung homogenate HI titers (gr. 4, 8)

were lower than the corresponding serum titers. Thus, parenteral or intranasal

~ vaccination with the 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 drifi. 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.
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cross-reacting with various influenza A and B
substrains that were not included in the vaccine. The
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as ar t I t
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Foutashérotwdd ¥5i10094 esdovesy of thé radumumgreﬁnhplldodf aH the three
agalnst bot h t he honol ogous and the heter o] ogous

s nyppystedo Ahis megenstphevgyendropped signifisently ef 24 dowss in
QP ﬁn%ﬂ\éuw extef? GoP e P rdblation. The CCS formulation

containing the HN antigens displayed the longest retention (>24h.) in the 3 target
organs (nose, lungs, GI tract) while there was 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

L L g % Recovery (of total lipid admlmstered)
Lipid assembly formulation :|° -1 hour - ‘Shours | . 24.hours °
DMPC/DMPG (empty) 100.2 99.3 269 -
DMPC/DMPG:HN 100.2 99.9 3.3
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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components in the respiratory and GI tracts m%tly explam in part, its superior

immunogenicity over the other liposomal formulations. This is exhibited in the

following study in which the antigen component of the vaccine was traced. HN

proteins were labeled with ®I and administered intranasally either free or

associated with one of the lipid formulations used in the fluorescent

biodistribution experiments. Radioactivity of the various tissues was determined .
at 1, 5 and 24h post instillation.

Table 15 teaches that recovery of the antigen was high in this experiment
as well. As can be seen in Fig. 3A-3D, the biodistribution pattern of the I
labeled HN is similar to that of the lipid (Fig. 2A-2F), further establishing that:
(a) there is indeed an in vivo association between the HN-proteins and the lipid
assemblies, and (b) the prolonged retention in the nose of the antigen when
ass‘;ociated with the cationic lipid assemblies may be due to the cationic lipid
assemblies and not an inherent property of the HN proteins, since there is no HN
retention when the protein is administered by itself in solubie 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 mote sensitive than the fluorescent method, this result is mote
confidently based.
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performed, Where the ratio between the % antigen retention (of the total dose

administered) and % lipid retention in the various tissues at various time points
was determined. When the ratio is constant and =1, it means that both
components were similarly 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 coniribute to the enhanced immunogenicity seen with the CCS-based

vaccines.
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Immunomodulatory activity of CCS-flu vaccine in mice

In these experiments, mice were injected i.p. with various liposomal
formulations (composed of DMPC, DMPC/DMPG, DOTAP/Chol, CCS/Chol),
0.5-1 mg lipid, with or without the FIN antigens. The mice were either untreated
or i.p. injected with thioglycollate (TG, to increase macrophage production) 2
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 -
incubaéed 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 o (TNF d) and interleukin 12 (JL-12), and for nitric
oxide (NO).

All the cationic formulations (CCS/Chol, DOTAP/Chol, DMTAP/Chol)
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other cationic formulations. No significant levels of TNF « and NO were induced
by any of the formulations. The enhanced expression of co-stimulatory molecules
on antigen presenting cells and the induction of IL-12 and IFNy by the cationic
formulations can éﬁ{plain, in part, the greater adjuvant activity of these
formulations. These findings combined with the long retention of the CCS-flu
vaccine in the respiratory tract (Fig. 2C and 2F and Fig. 3A-3D) after intranasal
administration may explain why CCS is such an efficient mucosal vaccine

carrier/adjuvant.

HEPATITIS A VIRUS (HAYV)

In addition to inﬂuenza, the immune enhancing potential of CCS lipid
assemblies was also tested for HAV vaccine administered by the intranasal (i.n.)
and the intrarectal (i.r.) routes.

HAV vaccine (Aventis Pasteur), 10 EU (~1.5 pg prétein), was
administered twice at a 2-week interval and the response was tested by the
ELISPOT technique 3 weeks after the second vaccine dose. CpG-ODN, used as a
mucosal adjuvant, was given at 10 pg/dose. The HAV-CCS lipid assemblies were
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
paiches) tested, and by both administration routes (i.p., ir.), the vacciqe
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 aloné,
and particularly iri combination with CpG-ODN, are also cffective as a

carrier/adjuvant for mucosal vaccination against HAV.
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p aWasrremo'{red underredneed pressuse andi the residbe re-erystajliagd from ntheptane
15 yleldmg %g ?489/5 of dlsuccmmgylceramldyl carbonate as white powder m.p.
- 73-76°C.
(i) Spermine (0.5g, 2.5 mmol) and the disuccinimidylceramidyl carbonate (0.39g,
0.5 mmol) were dissolved in dry dichloromethane with stirring and then treated
with catatytic amount of 4-dimethylamino pyridine (DMAP). The solution was
20  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.
(i) For obtaining a quaternary amine within the compound, the product of step
25  (ii) may be methylated with DMS or CHsl.
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car boritee disegmmid] dsiiye ugh Bt (li?a%tfgywﬁh an

‘kcﬁﬁglé}&l of spermine at room temperature using catalytic amount of DMAP to

obtain the 3- monosubstituted ceramide-spermine conjugate of Fig. 1B.

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.

Svnthesis 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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was added with stirring and the reaction further
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11(3&1%2 ?ﬁ%i’ S0 @hedpsM8A5n. dA SKRAE tlh&éﬁt/%féd virus was. used in some
ceram perm ne conjugate as depicted in 15 Figl

Arexperimentsdfot inofitrd sGedlatiGa. succi ni m dyl  sphi nogi d
derivative prepared as described above is reacted
]é? .5 equivalents of spermne at 80 in the
e of catalytic anounts of DMAP. The

, 3- di gpestiiodblefiptdsS (PL)! pmgHstoyl phosphatidylcholine (DMPC),
diniyristoyl phosphatidylglycerol OMPG), and dioleoyl
phosphatidylethanolamine (DOPE) are from Lipoid GmbH, Ludwigshafen,
Germany. In addition to DMPC-(neutral) 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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B/ Sh%r%l%;jong/ 7/ 97 was obtained from Evans Vacci nes
LMETHORE pool , UK. This vaccine was 15 concentrat ed
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f Stoxfilten horA21861 coehlecipher &ifrbweleBnssehiGermsnphihe sterile lipid

Wsbfiition was frozen at ~70°C, then Iyophilized 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 hydfated 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 p! and vortexed vigorously after each addition, up to a final
volume of 0.5-1 ml. In some cxperiments, 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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adgishimiration to a final volunme of 0.5-1 nl. In sone
experinents, the dried |ipids were hydrated with 25
PBS andraeh&HHEk @ se@?&d@mqsm&ab gy vasemgsy 9-25-4 ug

2 TS BUNPAIE B DRS PR ol LR it o

intramuscularly (i.m., in 30 pl), once or twice intranasally (i.n., in 5-50 pl per

nostril) spaced 3, 7 or 14 days apart, or twice orally (in 50 ul) spaced 1 week
apart. Tn all cases, mice were lightly anesthetized with 0.15 ml of 4% chioral
hydrate in PBS given intraperitoneally. For oral vaccination mice were treated
orally with 0.5 mi of an antacid solution (8 parts Hanks’ balanced salt solution +
2 parts 7.5% sodium bicarbonate) 30 min prior to vaccination. Cholerq toxin (CT,
Sigma, USA), 1 pg/dose, was used in all experiments as a standard mucosal
adjuvant for comparison. In two experiments, CpG-ODN (ODN 1018, generously
provided by Dr. E. Raz, University of California, San Diego, CA, USA), free and
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To determ ne "encapsul ati on" efficiency, two
procedures were used, depending on the fornul ation,
resulting in >80% separati on between the free WO
2004/ 110496 PCT/1L2004/ 000534 48 antigen and the
[N TiHa B oci ated antigen. For all vaccine
w?é?dﬁﬂrtgﬁons, -except CCQy the foll ow ng Sfei%ggl,az{u{e;g}gosu
techni que was used. The lipid assenblies (1-30 ngy
i pid) containing the HN antiigen (50-100 g protein)
were suspended in 0.5 M PBS and carefully | oaded
%@Soxﬂaﬁl(ﬂrhgm&)smﬁhs(lﬁsdﬁ%nﬂﬂjdwmh Chemical Co., s
| waukee, W, USA). The sanple was then centrifuged
for | h at ﬁgc at 45 000 rpm The free,
fissessment of humoyal RESBPUSES i t at es whil e the assenbl ed
(i pPS@fE?'lﬁ?]g hoho@Baktey ahe i shl QRsiRE SRR tegfd] indisdaRly or
remain i n the supernatant. The entire supernatant was,
qobleds tedl verelts triost-sacnindtione sfariizg ab ek we rlé2Qisampley ddution.

s ShAAE |y oA BP0 o
%g:&ggfuﬁaaﬁ&{l idHAb#Beh N(HTY %@@dﬁ REariiRS atl Q7 HY B dilitiohe Mice
nodi T ed o

Lowry techni que. r the CCS fornul ation,

toiigh. CTStitd s (consislenalled prote@fiSe titer ¢f hepenpp overe dgbped as
PBS X10 + 9 val D20 .Lh ' j t.h 0, b. f PBS.
s AR 2 L sE b o R mgasured

BOR A Pife tﬁgﬁ‘es_ b-diRRbh $81 iRk 365 dtbhicasT 0 OB abbe the
free HN remaifs in the supernatant. Lipid 15
ctiontrol (dntigen andoymad trepwsecseremiOTat<ilon) Was ponsidered the ELISA
fralgti ons were carried out as described above. In
otiRodefilr-at i on techni ques, the overall recovery of
the HN antigens was >95% | muni zation Free (F-EN)

ARebe TG eelihlaP PeqipRbed Li p- HN) vacci nes, 0.25-4 g
20 antigen/strain/dose and 0.075-1.2 ng |ipid / dose

- ]

wer e &plinocyges rabiaingd rér S-6navwekn aflempeoinatey ‘(’?r?rﬁQSfed for
e, S5, P TS, S0 Lo i

Ofoflblving i7Vif9 stilnubRameditd tealtigeAPBiltured Weid barfied 66t at 37°C
mce were lightly anesthetized with 0.15 nil of 4%

cinl enzichedhRPME el64 PBDYIEMN mertinmpevnplemented ywithop% (for

SE TR LE A e
i cﬁB{dﬁéig'ﬁl of wAh®RM$ % 7030 S96brbaptdtERdROCel Rultdfes were

n prior to vaccination. Cholera foxin (CT, Sigma, .
UssAformbd g dolbesys: (BProlifwation: 13 x dRpesilsmentvelbwerg incubated in

SRR Lo Rl Rin G BMAIR, abfihiRong ve per
&e%&?ﬁnﬁ?ﬁgﬂaﬁ%ﬁﬁé k1Y A®er $old6hOmtiRes Were Ril@Owith 1 uCi
3ﬁ-thymid§ne for 16 h. Results are expressed in Acpm = (mean counts per minute

of cells cultured with antigen) — (mean counts per mimute of cells cultured
without antigen). (ii) Cyfokines: 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), ina
final volume of 1 ml. S;lpematants 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 (2.5x106.) were incubated as in (ii) for 7
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WO 2004/ 110496 PCT/1L2004/ 000534 49 |iposonmal, 10

g/ dose, was used as an adjuvant. Assessnent of

| moral responses Sera, |ung honbgenates and nasa
washes were tested, individually or pooled, 4-6 weeks

ination, starting at 1/10 or 1/20 §
wg‘}ﬁ&:ﬂﬂoﬁ?ﬁc é‘[gﬁgﬁo@oosu

ution 5 Hermggl ut i natspon inhibiting ant
were determ ned by the standard hemaggl uti nati on
inhibition (H) assay, starting at 1/10 sanple
dilution. Mce wth H titer > 40 (considered a
Pdayt esgdtive with an dqna}rmnnhm)of\sanmla:t&fgl BAHB&s splenocytes that had -

f@éﬁﬁé%éteeéf&%haﬁ%& @gl%elgyml@g i ég%@g@?%gﬂﬁfegtm,

ol R I S gl SOt v
CoeDi lediath (withduit [FEAS) with 150 drﬁmaggmnnammﬂﬂ slﬁlenocytes

cel L ul ar resg}onses Spl enocyt es obt ai d at (g &@ Sl
aof@p msc follgpresh by iehings psonusatiy, e prued pfipgor cells were

{
53R K5 9 i, L iy A s o on
aéﬁ‘écﬁrﬁfbﬁnﬁlhﬁ)ﬂrc&ﬁl vetioe ofa‘[Mlmdﬂ:(eupreaencB?ﬁ’ i10 Himlco® dhll-2.

RPM 1640 or DMEM nedi um suppl nted with 5% (for
p@moiwlﬁft VES, megsusRd 1sing Bie %%‘? fby%‘g't 693?%‘51% gspay at an

f r
ORI R e
VBRES af@IPerspdised f0@|9(D\it$in 4t 379 okttt ehaHAD: 199- B% peptide
106 cells per well were incubated in 20 U shaped
9€Y\S§NA$>$]2%520 P-B/Itxrlﬂ eellshte, with or without the

antigen (0.5-5 g per mell) ina final volunme of 0.2

H]E!ﬁ re pulsed with 1 pGi
3 efeﬁ&ﬁﬁ%tn&?o gpmf%é s are expressed in Acpm =
(mean Mﬁhﬂ:ﬁirérepﬂl‘esﬂ’[bﬂitwdeand@fs idedfiliveoituls sngunsion pper nostril, ~10’
anti %e - .(mean counts er m ute of cells cultured

Gt

ammfgemus dase)50 migterpd, usigg the,ragsspripghvirus

d?ﬁ ?70 g&aéﬂ%@gfrﬁﬁ ﬁg{??;{te%é S ge# FE)‘D%{%@XGMMIM)

Weshkch, is limfedtiods mahlioeaiﬂdrmossf-reéctMe witl peNowt Galedonise 'Ehe fungs
collected after, 48-72 h (ﬁnd teste %;/B ELI.SA for S
nifereneemeg emday B, vashe 38, gagd homogenized in PB

(g?eno Cﬂl:?ggn st 13i181§§ e i'egferrga’{o soi(/'l '(ﬁﬁﬁﬁoﬁﬁe?ﬁﬁ? éilgtes of each

wer e |ncu ated as In
Oﬁéﬂelﬁé%dpﬁﬂl&é@;ﬁﬂﬂg’eﬂOQSﬁmo i dipy SOt ngntdhefPC and the

}Mg&?erf%@ﬁg L oo Ehil 16 fold Hifutions were pecfonned 294 0.5 ml of
each dilution was injected, in duplicate, into the allanioic 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 room 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).



10

15

20

reassortant "virus 1s X-127 (

been infected with the X/ 127(HLN1) influenza virus
(see below). For infection, the splenocytes were
i ncubated, with occasional stirring, for 3 h at 37Cin
RPM 1640 medi um (without FCS) with 150

baski nation units/1x106 spl enocytes S5 @eriBoan00534
virus, followed by washi ngsy Subsequently, the prined
effector cells were restinmulated for 5 days with
infected, irradiated (3,000 rad) splenocytes at an
effector/stinmulator cell ratio of 1/4 in the presence
oBiolistributioncmd phirngacokaties ok varioys fluereseenily-lapeled lipid -

usi ng .t he stapdard 4.h,5 r se.assay at an
e?"l" Eg{l%‘??‘fsa? Fa‘i'gil?“‘?egf'i’ge@ﬁdeé@g?ﬁt.‘g%e | abel ed
tar getyvg! hpertS 9abctRi@l WHER divkthe fisé B8 khodinsin®8lhbeled lipid

pul sed for 90 mn at 37C with the HA2 189-199 peptide
( asyembiIBIvlatipos pither exip ot essbeiptedDeith tuivalentisgbundf influenza

i (D e pehaiest SRl At 5 of Gl iy Fere Sadliiced
(ﬁﬁg?ﬁgﬁ%wwg%nﬁga’%%§§tg%%ég? dg ](-)tfﬁ%lght,
Xaridl theVrdah gnétming hos®geniaedrn slysis) bui%m‘. ch2iml the subsequent

infectious to mce and cross-re ive W th AlLNew
Chpraggmaie i e mﬂsp?véf?ﬁf_?@fi’eap od i Ot dhrapenol was
t Q&delﬁg and sfaf] for 1BSniRd 15 8RERMidREsceht ]51%56 intth -the Sdpernatant.
per ngs per nouse, referred to as 1/10 dilution).
Hoormf.eofathe supdrnatantwag loaded vatoe Pbbladk piade end thei fiuagesgence
at 2000 rpmfaor_30_mn at 4C and the 20 supernatants
cmaﬁ&a@e,@méégigTC S_Lg)f old dilutions were perfornmed and
0.2 mM of each dilution was injected, ,in duplicate,

i nto t Inea furthen ﬂ?ﬁa& 4¥kng ol trvalesy B yaccintiy orab-biyere dialysed
| A 0. -
IR HhbFGs R Lot et onh G e

DS SheredilMed S0AM Wotat@ biffer (pfB8.5itd aatodkawibation of 450 pg in
temperature) with chicken erythrocytes (0.5 wt.% 0.1

mil$ .uIFHheoprotain gvasi thes latielesy witls "qbising the Bolton Hunter reagent,

hi ghes. iluti f .l . ' e
o g o e sR PP BB TRAGE" Mics MOE R A Wittoyp, 1
204 {ehHINOG ROTAdd £004 SRD3B4Ars, tHe Bicweid dabtificet) add drarious

phar macoki netics of various fluorescently-I|abeled |

| orgads ($esrifigl Dtwonsemaved atn vialstandaegd im b atcoynigr calibrated for
apsi gen M ce were vacci nated once with

| i ssam ne-rhodam ne | abeled lipid assenbly .

for mul ghé aRendbh Kel n@ﬂp&é/déﬂneﬁl%?%é absehdedl chairhs, idyebeménts of
subunit influenza 5 vaccine (F i'n a volune_of 20

| whight @ve td be feadras uchidsd vthimtheeli eseidhe spestiiration
various organs were renoved. The organs were stored at
-20 deg overni ght,
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- sipwlatipnsorgmhapggraent

and the next norning honogenized in lysis buffer. 0.2
m the subsequent honbgenate was transferred to
eppendorf tubes, 0.8 nL of iBgopropanol was added, and
spun for 15 mnutes to release fluorescent probe into

t he supernatant. 10 50 uL of the supernatant was

| oaded onto a 384 bl ack plate and the fluorescence
(lAIMEd (Em 545, Ex: 596). In a further assay, 450 g
of trivalent HN vaccine (in 5 nL) were dialysed

lagai i&e OPW (sphirgeidpelyaidylamiied cbﬂij@%at@oﬁﬁeﬂid ph@hration of a
X1000 to 5 L. The protein was then diluted in Q1M
pbarmacsubadlieompgsitia Ky meldatmgithe imshund respaise 950 sybject.

4 S L L S A A R
usi n , : e ent’ 1eIC [
Bretiseerupioes rppfoid ek byl in ¥ SRYIRGR pope o last

ohe palyale1Zthidy ¢haid.he i ce were sacrificed, and various
orgarns (see Fig 3) were renoved into vials and read in

3a y- dhentse asaddfimedt mdCQlaim 118612, ®Reréhe saidvmotlulabion includes
will pow be_defi nedé}k%y t he appended cl ai ns, the
dhe BnmpEng E§PORSE.i ncl uded wi t hi n

t he di,scl osur f the specifi i on. ,5 CLAIMS,1. lUse .
Aot o RGBS Hefiord AR Beiie o achi e B Poft chEpbinaon with a
b%l@%@ﬁg%{,'he@v ofeculthar maceut i cal conposition for

nodul at

ng the 1 mMmune response of a subject. 2. The

Suse dteoiigd Agdéfindd &i Oldim WD eftRIréinSRid biologically active molecule
5 conj ugate conprises a

sphi ngoi d- pol yal kyl am ne & _ )
hepat ﬁgﬂiymgﬁgik-‘ﬂmlé acegt megatgve dipaleamomentiony hetymgdtine charge or

| east |iﬁr;e ol yal.ky] ami ne chain..3. .The use as defined

cpRtas At Ieast Bhe 2o bRans anel AepAiEi GBATEh | ncl udes
ti mghat i Qr G i Of I i [LeSPONSE. ;. .
G351, T L0 8 QBNANGE PMlyo §1% | R, P ARGty active
VG SEETR L iﬂﬁﬁlﬁl@md@@tbigohﬂ_ﬂb&ﬂé | Deife tanV 8mid @61l fholecule, a
5. The use as defined in Claim4, wherein said
nbcleioagiid avdlgcde or e dowohaleabler wesght campaupthy si ol ogi cal
ol e nonent, or_a net _negatiyve

-PH, net negatjve di .or_a | ) \ .
Tehar @e&se Bl eflgn a4 Wh%?ﬂfégi bw_lcrgmlﬁrga@méﬂolecule I
RN, ORGPl Pebths, bRyl el heidsC ko ligye or am
i

HOSHRWmt | Ng nol ecul e being an am no acid

nol ecul'e, a nucleic acid nolecule or a | ow nol ecul ar

8wei gfithecuseparidafingd idI(Hains &, ashdatein sidd riucleid acid Molecule is an
wherein said _biologically active nolecule is
oligodeoxynucleotides (O]%N). |

9. The use as defined in any one of Claims 1 to 8, further in combination with

an immunostimulating agent.

10.  The use as defined in any one of Claims 1 to 9, for the preparation of lipid
assemblies comprising said sphingoid-polyatkylamine conjugate.

11.  The use as defined in Claim 10, for the preparation of vesicles, micelles or
mixtures thereof.

12. Theuse as defined in any one of Claims 1 to 11, wherein the sphingoid is
selected from ceramide, dihydroceramide, phytoceramide, dihydrophytoceramide,

.-Ceramine, dihydroceramine, phytoceraming or dihydrophytoceramine.
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an antigenic protein, antigenic peptide, antigenic

pol ypepti de, carbohydrate or an inmunostimulant. 20
8. The use as defined in C &3m 6, wherein said nucleic
acid nmol ecule is an ol godeoxynucl eotides (CDN). 9.
The use as defined in any one of Clains 1 to 8,

urt her i I nat i 0. W an .i ostimulatin .
L3genit Be H® o R Cil 2] s e o BhneGy & 4 fefamide.
180 9ThEOdse! e ARl CHlnff 1! P19, ARrdiASeAP ddiFatlytamine is
conpri sing sai d sphingoid-polyal kyl am ne conj udgat e.
seécted Heomspeasindefparadding, &lpplyali@amiy adddeg or a combination of
preparation of vesicles, mcelles or mxtures
sapetheseof. 12, The use as defined in any one of Claims 1

o 11, wherein,the hinooid is, selected from .
1%‘e r an e USg ialﬁy‘A‘?PHFéif g’m(gg]m ghngﬁ’&l% 57l Sphingoid-polyalkylamine

b ‘%ﬁ@‘mé ? er am ne, di hydrocer ani ne,
C%H%%%g]rg‘g%ﬁne 8r E%’/lg?%gf@fmeranune. 53 13. The use

as defined in Caim12, wherein said sphingoid is a
ceram de. 14. The use as defi in Clains 1 to 13,
wherei n sai d pol yal kyl am ne i sel ected from

spermi ne, spermidine, a polyallkyl ami e,8Ra1 0g or a
conbi nation of sanme 4 hergef” 5 he ‘use as defi ned
in Claim1l, wherein sdid sphi ngoi ¢d- pol yal kyl am ne
conjugate has the following formula (1): OR3 CH2OR4
-----y RR-WNHR1L wherein R reprddBnts a hydrogen, a
branched or linear alkyl, aryl; alkylamne, or a io
group.-C(O R5; R2 -and Rs represent, independently, a
br an®HEEEBr |inear G o-C24 alkyl, alkenyl or polyenyl

gr ougs; 4 are i ndependent|y. a group . ‘ .

T O e e e, AL BRERGL bt linBar G et cplispfamine, o o
R - R4 and represent, independently, a
%ygr?ggzggor a 15 saturated or unsaturated branched

or | Raeard Wyl yepirdsehs nindepevdenile] a braecksd BTmeati@®g-Cys alkyl,
units in said polyal kylam ne may be a quaternary :
alkepdrpalysw! gups; a |

R; and Ry are independently a group -C(O)-NRsR7, Rs and Ry being the
same or different for R; and R4 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 ti)gemer with the oxygen atoms to which. they are bound a
heterocyclic ring  comprising —C(0O)-NR¢—[RgNRg]n-C(O)—, Rs represents a |
saturated or unsaturated C;-C; alkyl and Re represents a hydrogen or a
polyalkylamine of the formula {Rs—NRo].-, wherein said Ry or each alkylamine
miit RsNRo may be the same or different in said polyalkylamine; and

n and m, represent independently an integer from I to 10;

W represents a group selected from -CH=CH-, -CHCH(OH)— or -CH,—
CH,-.
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hydrogen; or R3 and R4 formtogether with the oxygen

~atons to which. they are bound a heterocyclic ring

conprising -C(O-NRO-[RT-NRH4, C(O) -, Rs represents a
20 saturated or unsaturated Cl1-C4 al kyl and RO
represents a hydrogen or a pol yal kyl am ne of the

fq)kyl am ne #%ﬂéﬁ%%;}g th%glng Blresﬂtatfflep&?t)RF group, Rs

vetgad@iidkyl am ne; and n and m. represent
I ndependently an integer froml to 10; Wrepresents a

lgr. ouplzeset &d defined -iHCTihm 1 Hhefdif Qdld Ry andHRs 2dpresent,
-. 54 16. The use as defined in Caim15, wherein

lmleneé pratlse ﬁtlgleardowr@;lmcb@mc@m atiyl m\?hﬂfe@yhsrw@sr ned.
é@lﬂﬂi%%@ SBAnS itk boRarsin W EPRSSHS of Hrtbianed

0 e .
. S ey 150 R SR, o
ré]bl%sétﬁ@ a8, B s 1iREAr bR brhusdhed latkylVAedIRERY RV rEpe8&Rs LEH=CH-;
-C(OR5 group; R5 represents a Cl2-Cl18 |inear or :
Rnr epeesedisad 10i4-Cag lintdreorybrantied pikyb entatkenGhFRHan&R 4 represent,
presents a Cl2-Cl8 linear or branched al kyl or.
frr@ﬁglrﬂ 3 ﬂaumﬁﬂb?%&t and; Ra apayicadsn (rppresenfr auhydrogen,

Wi Roreic, My Feproeinle CilkDendeiddn en utiosbt. o fy bpBgliyiamine

{rn% R . havi ng the general formula (11):
by tlFllg‘°ﬂéﬁ‘lﬂ§%{ere| nﬁF represent a Cl-c4 alkyl; 15 R9

. represents a hydrogen or a Rgay_anglf ne branch of
formula (I1), said R8 and b I-P‘Ihe same or

different for each al kylatnine unit, -R8NR9-, in the

pol yavhertiani ne of formula (H); and n represents an

inte er from3 to 6. 20. The use as defined in Caim
rasend3 C5Ca alkpdr ogen atom 20 21. The use as

?ﬁé‘ Ko RshE v esin 50 alaline hemeiya fortufs (0, said R
I d
aﬁgeﬂagﬁ%} Pbmned [ nle#a e? ﬂ gﬁerd&ﬁn aﬂéﬁ%&%ﬁt RgﬂRg , in the

pog(amﬁﬁngr@ﬂfonﬁﬁla@pments a Cl2-C18 linear or
branched al kyl or al kenyl Wrepresents - CH=CH-;
n represents an integer from 3to 6.

20. | The use as defined in Claim 15, wherein R; is a hydrogen atom.

21. The the as defined in Claim 15, wherein both R3 and R4 represent the same
or a different polyalkylamine, the polyalkylamine being as defined in Claim 22.
22.  The use as defined in Claim 15, wherein Ry represents a -C(O)Rs group; Rs
represents a Ciy2-Cig linear or branched alkyl or alkenyl; W. represents ~CH=CH-;
R; represents a Cllz-_-C]g lineat or branched alkyl or alkenyl; R; and Ry represent

/independently a group C(O)-NRgRy, wherein R¢ and Ry represent, independently,

an atkylamine or a polyalkylamine having the general formula (I0):

TR

wherein
Rg represent a C-Cq alkyl;



10

15

20

25

30

R2 represents a Cl12-C18 |inear or branched al kyl or
al kenyl; R3 and R4 represent 25 independently a group
C(O - NR6R7, Wierein R6 and g represent,

i ndependently, an al kyl am ne or a pol yal kyl am ne
havi ng the general formula (H): [ R8-NR9 1 nH

vvhernR8re esent a Cl-C&4. al k 55 R9 repres
a hy b@@ﬁessn élfpssﬂg)awm akpha %m%ﬁ h;anqbo%ﬁar@ ] If) said Rg

Ly Tiof 9 e B AR S ALBLERE T KR in e

.ﬂde?dlléidanﬁﬂéaffoaﬂﬂ;g]g[)eaﬁgsents an integer from3 to 6.

23.”" The use as defi'ned in daim15, wherein R

represmpreseats@@@atﬁegﬁm3 tRG. represents a Cie-Cl8
I|near or branched al kyl or_al kenyl Wrepresents
@he usw éua 161 wheren| Rnecpressntsn £(OMRsigroup; Rs

6!'%{% e o PR A o B W isPissil - CH=CE-

-“ref%%ese o Gl e o LR or eyt R, PRFRG Bfogothr

wittlh tthéd @y h%s f® Wﬂi&iﬂ théy-afdBbondedi 4 h%ré@h(:h@ qﬁ@ €omprising

same or different; and n represents an intedger from3
-CQOG—[NH&Rs]EHﬁHb@@)as defined in daim15, wherein said
R8 is a C3-C4 alkyl. is 25. The use as defined in any
one OVDGTRiR precedl ng claims, wherein said

oL or YRR A U e YHsyHE e M it having the

fORBuAS NIAR esfaid‘gg mdy @é‘ﬁle%é’ é@hénd fl rglg&esélﬂé an integer

t he preparat’i on vacci ne. " e use
fﬁﬁflﬁﬂb(ﬁln C|a|m26 for the preparatlon of influenza
vacci ne. The use as defined in Caim?27, wherein

Zsia. d Thmm@sdafmydmﬂlmm b whercim Sasd Reéga Coelfalkyh
za viru n analo of rived
uﬁ?ﬁ U5 75 adedgedian eof 4k eﬁgllﬁ%égalm Avhgrgin said

_Si’ﬁln‘!& REpSAGR "é%;?gﬁ%%%*a# isna ] &0 g, Spfingosy

cafbanidyd-spegniag (d€fS)ned in any one of Cains | to 29

for the preparation of a
26.  The use as defined in any one of Claims 4 to 25, for the preparation of a -

vaccine.

27.  The use as defined in Claim 26, for the preparation of influenza vaccine.

~28.  The use as defined in Claim 27, wherein said biologically active molecule is

derived from influenza virus or an analog of a molecule derived from influenza
VIIus. | o
29. Theuse as defined in Claim 28, Wﬁerein said biologically active molecule is
a combination of hemagglutinin and neuraminidase (HN).

30. The use as defined in any one of Claims 1 to 29 for the preparation of a
vaccine for intranasal or intramascular administration.

31.  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.
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vacci ne for intranasal or intramascul ar
admnistration. 31. Use of N-palmtoyl D-erythro
sphi ngosyl carbanoyl - sper ni ne Y(CCS) for the
preparati on of a pharmaceutical conposition for
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N-palmitoyl D-erythro sphingosyl carbamoyl spermine (CCS).
39. A complex comprising: (i) a sphingoid-polyalkylamine conjugate as defined

in any one of Claims 1 to 22; and (ii) a biologically active molecule capable of

- modulating an immune response of a subject.



