10

15

20

25

30

LYOPHI LI ZATI ON OF VI ROSOVES Fi el d of the invention The

present invention relates to conpositions and nethods
wofee/tebmoef f ecti ve | yophilization and reconst iPCatEPRoD50f 3829

vi rosones. Background of the invention Lyophilization

or "freeze-drying" is a technical process for the

renoval of water. Therein, the aqueous solution is

cool ed down undeLYOPEIBULRTIOR QOBI WIROCLOMES it is

conpletely frozen. Then the baronetric pressure is

reduced up to a vacuum so that the water sublinmes and

is wthdrawn from tfhesplast iteye iFRersalawbi | i sed agent

remai ns as a porous solid, which can Tater be resolved

in water again. The freeze-drying generates solids
Th&”FQe@eg%g%.%%ﬁﬁ¥§aEﬁé%ﬁté§sygtlBR bgi@gghswgﬁa'methods for

sofubility yop I zatton 1s w de ? used I n
thphaffaceivecalopppl icationsandsraoshsphanimaceud f cal sosomes.

have a |limted storage life in solution. Their shelf

life can be significantly increased by production of

| yophi i sates, whheRqabEn8ObYehe SDRTELYi LT Or e usage,

in an adequate solvent. Although TyophiTization has

been proven to be a superior preservation technique
Ly%ﬁHEYEEXtygﬁd 1pda¥re h@?yiﬁ r%QtzglﬁggMSEEQQe%mocess for

ese are nostl coup ed to'the freez I ng an

théememswaﬂuwﬂanuimessbsremm;chharequkbeﬂ aellettardrnouiss cooled

for bloactlve agents. or co osit reserve
Gop iR RRat Y, STkt PESTEG: PRET ottt b St Erozen.

TheMOlntRd, b@§8ﬁét§h&yﬁﬂ&§d&% of s CrRIIECHBNt® a vacuum, so
i ncluding for exanple sugars |ike sucrose or

thateffdlcoseater pesdrEaean R r dSorres-irav s upEPRorthe  solution.
Th?r%%%gﬂf¥ﬁ§EEdEHgnga éﬁ%ﬁhyeQEC| Sgo@%%re%iﬂld which can

oSonmes are spherica pi dvesi cl eS,” Vi rosones are
laEevebep&&sﬁlmedmeswabércagaann|m@e freeze-drying generates

solids with a huge surface area, resulting in high water

solubility.

Lyophilization is widely used in pharmaceutical applications,
as most pharmaceuticals have a 1limited storage 1life in
solution. Their shelf life can be significantly increased by
production of lyophilisates, which are solved, shortly before
usage, in an adequate solvent. Although 1lyophilization has
been proven to be a superior preservation technique commonly
used today, it has inherent disadvantages. These are mostly
coupled to the freezing and reconstitution processes, which
are often deleterious for biocactive agents or compositions. To
preserve functionality and activity, different techniques have
evolVed, especially the use of cryoprotectants including for

example sugars like sucrose or trehalose.

Liposomes and virosomes have superior properties as drug

delivery vehicles. Whereas liposomes are spherical 1lipid

CONFIRMATION COPY
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the infectious genetic material of the original virus.
The difference of |iposones and virosones is that
wozee@mes contai n additi onal proteins on theirCBErRERIE3S29
maki ng them fusion-active particles, whereas |iposones
are inactive carriers . Thus, virosonmes are highly
effective adjuvant/carrier systens in nodern
veyacTénat ivdmosuaesessrag esugerdmas ppéperiieseas natt | gemtaining

deljivery vehicles and a strong i nogeni ¢ potenti al,
thip e  BRREFYCmIR TSIy Cite FYSk GRS virus. The
dietEeshise Tordatepvibpsanesnbave iheppmesed f f egidvel ¥irosomes
in a variety of vaccines. For exanple, commercially
comvaihabtddyhteiaks RHAFALES hepat | theln apdr fa¢e uenzlaing them
se _Vviros S adj,uvant s fe ant| el i,yery . :
fu%le ?c%ég%\?ﬁt ip%gra:llgdsl%eﬁ’i Ci Yggggégt helallq;ndosgju aﬁdi oﬁr\%i t hlnaICtlve
caphiégens reconstituted in virosones have shown a high
affinity for the antigens agai nst which they are
rai sed. Freeze-drying of |iposonmes can prevent

Th@ygr9H¥§E§m@EtJFéF%@§EDf|E@EQ§t§QQ RRYIGRIt /carrier systems
degradation of the veSicles during storage. In ‘
inaddpdeon, vecrapaiabp,st deslsiessinge SWpstraroe thwapdrties  as

I hcor porated in e. |4 pos s._ F - dr.yin ;
an#%%%%oﬁfﬂﬁg%§ﬁlé%?%%é%gguggg i*h é€g§§gcéé%?gﬁﬁ%%ﬁiéa%Otentlal
whbest ecomnssdmni tikedl Wi hhh imSetiogdshé or Dbk abH 4 hée o f D cias .

di spersion, that is, if the appropriate excipients are

used and if suitable freezedrying conditions are

Toaeak}efedfir@“s&m othes Babd thed r@ﬁm~h'én9, P{RCESSrariety of

itse may induce physical changes of the I'i posones, _
vaggtheas Fosseshmpieapsommesdiaddm awed labtler atdamisnds against

heéé‘&%’;‘?é! g! %nb' 281 £ 1115, OC YL ?999%8{>méé‘°QFd%'&%%%a'n%snoatnd safe
urprising, ecause I nteracti on petween he

anbygéophiddlcivery vehicles. Antibodies elicited by the
inoculation with antigens reconstituted in virosomes have
shown a high affinity for the antigens against which they are

raised.

Freeze-drying of liposomes can prevent hydrolysis of the
phospholipids and physical degradation of the vesicles during
storage. In addition, it may help stabilize the substance that
is incorporated in the liposomes. Freeze-drying of a liposome
formulation results in a dry cake, which can be reconstituted
within seconds to obtain the original dispersion, that is, 1if
the appropriate excipients are used and if suitable freeze-
drying conditions are applied. On the other hand the freeze-
drying process itself may 1induce physical changes of the
liposomes, such as loss of encapsulated agent and alterations
in the vesicle size. The occurrence of such damage 1is not
surprising, because interaction between the hydrophilic
phospholipid head groups and water molecules plays a key role

in the formation of liposomal bilayers. Thus, removing water
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phosphol i pid head groups and water nolecul es plays a
key role in the formation of |iposomal bilayers. Thus,
woreomosdTig wat erfrom the |i posones by freeze- dPgTEP2005/013829
represents an exciting chaBl enge. Moreover,
freeze-drying is a tinme- and energyconsum ng process,
which certainly requires sone expertise in order to
frawvoi thet sl gpexirie T Ppivt f AkkszeFdryungt efgprex@ips ertrs, exciting
as di saccharides__have been identified.that

h
chB1IPBEE -t nEOFFRBSbest HRTT PGt Fb¥ 1 cb3i fy pridfassand energy-

cohkyBphet xlidsy), antidheckreeznl dr vieh@iteghnidiue dasertise in
been extensively described in literature (Pikal et o
orger, tpogyoichtity spembbhe metfalby; Pogtuppkaly, 1980ipients,
pophar . ig al 9 : i Lization”
o e ee ek o P sg e otngr—FY PR, Pl ftbtect the
lipesnimeg, di99%g "tiheophiddzZatg qroded s odlgdpont @ridabiasj cand the
rinciples", |Interpharm Press, Engl ewod,  CO . , _
£rB5aRr dedetant SOEPBLACE | PosoRES by F Y B EvLKt | Agecribed in

litushenref (dipesores,af?) poeventidg the pHRbWIE Rfi. 60, 203;
bil ayers bé ice crystals, and (3) maintaining the
Pikategri1990f tHelailhanfers 10n t héBabsdheeidf wdter alte 1993,

W 2 .Lyopr ot eG. rman a
R T and o e T szomes o e ds geprbhecnate,
Stbetueen theldrnyoipraopt ed088t, ahdyditel phosphat i pilththeathction and

roups.is.consijdered especially inmpagrtant for
o2 8 BRi bR s PEB Rk g b HEF PG oRGHP S | BROLPYPPos6bs
that have a liquidcrystalline bilayer in the hydrated
state at anbient tenperatures . It is possible to '
LygpsptAghrBRSdiFIdestt +ipesomes| Pposbke PseHanatpensusion of

;W spegh, t -drying. ( ty Idp .
g BRE0rt) L p L I oL o PIMErs by sco
crgetpdandatnd Hé)emadpsaliatied, th?) ilrtpesdms dDaded bl idyers in

th%i%g%%%gﬁgﬁ%P?%?£§r§t&gnghy g§§ogkgti%agf%Qe%Q%nts must form
an amorphous glassy matrix in and around the liposomes.
Interaction between the Jlyoprotectant and the phospholipid
head groups is considered especially important for preventing
leakage during rehydration of liposomes that have a liquid-
crystalline Dbilayer in the hydrated state at ambient

temperatures.

It 1is possible to distinguish different types of liposome
formulations with respect to freeze-drying: (1) empty
liposomes, which are reconstituted with a solution of the
compound to be encapsulated, (2) liposomes loaded with a
compound that is strongly associated with the bilayer, and (3)
liposomes that contain a water-soluble compound that does not
interact with the bilayer. The third one represents the
greatest challenge, as both prevention of leakage of
encapsulated solutes and preservation of liposome size are

required. The bilayer composition is a highly significant
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| i posonmes that contain a water-sol uble conpound that
does not interact with the bilayer. The third one
WO Bps/e®e s t he greatest chall enge, as both prEVERRI0GI013829
of | eakage of encapsul at ed 4sol utes and preservation of
| i posone size are required. The bilayer conposition is
a highly significantfactor when determ ning the

fa&€st sipegedet ekinpasAEES heo relsaezedicy RY Stiessomdiittd ofreeze-
date it has been difficult to extract general rules

dryjegn skeessy ertittur BOaslatgnyl bt Rap hadhetefsignet to extract

geh YOl Veds L neLufll Recl YORRILIEAL! AL RGPS AN BdidiSeers are
choice of Tyoprotectants, and vesicle Size. As
indepved ed iakbdveinbe 1waghilizetion pfoteposomesiitdons, choice
fb en Froven to be qsnandin at. best, but the
oL | YHPRTPTZAt 700 of 2N r beohes® i 3t ¥%ci ng even greater
problenms. This is, in conparison to |iposones, due to
the additional proteins in the envel ope, responsible
Asf slerisd SusPBAVECt FRA t Y YOPNHHE 2@itigPonel AsHssiasshas been
e hi.gh tifl e fr - dnyd ng.l : ;
P e g o “PaS o et ity Y phag Tration of
vitbeomess heedfhoingonpesit i grsaged m@pideddsentshat This is, in
overcone the.problens cqupled tg the effective . .
CORBERRTIT 2501 BAPRAGTF BeoRLEI L0t IOl GRS B i Qs in the
ent®l 864 e8esPOABLYIYI FOSOMBS. FAHTHRAI YadHi Wity igverd onirosome.
The present invention provides biologically active ,
As coppeseiPonstaed neFRodeiglty t nduprepaiate ontof hrepFs drying
- Ly L O S ' b | omal
O T e e R R R o el Yo Sty T T
According to the invention, biologically active

conpositions refer to inmunogeni ¢ co si t.i.ons. or
Th'ﬁ)ﬁayﬁﬁfijéﬁt !léalneggirr&%i t5GHS gcr}ﬁ ssianqpéP vi ertohsoodrsrs\estha‘-’lntd Qrercone
théat beghLeths Pi dofiprcf festi vige | yophétt sadi ony@piti lization and

reconstitution of the virosone, and, in ,
reconstitution of fusion-active molecules, namely virosomes.

Summary of the invention

The present invention provides biologically active
compositions and methods for the preparation of highly
lyophilization-stress resistant, hydratable virosomal
lyophilisates and methods for their reconstitution. According
to the invention, biologically active compositions refer to
immunogenic compositions or pharmaceutical compositions
comprising virosomes and a cationic lipid for effective
lyophilisation and reconstitution of the virosome, and, in
particular, to an immunogenic composition or a pharmaceutical
composition, wherein a cationic lipid for effective
lyophilisation and reconstitution of the virosome is present

in the membrane of the virosome.
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particular, to an i mfmunogeni ¢ conposition or a
phar maceuti cal conposition, wherein a cationic lipid
w0 me/essrect i ve | yophilisation and reconstitut i BruT/pP20031@3829
virosone is present in the smenbrane of the
vi rosome. Usi ng the teaching of the invention,
vi rosones are obtai nabl e whi ch have superi or
usi¥®pbhki zakicen nand  egast hveht 0onpr epedkors sandavhbistainable
are particularly useful to deliver antigens, drugs and, ,
whighher e macRREERPT act } ¥RPRUbEI AN | mididi nefepstitution
I RNAyi nt,R;6g! ! Af ter. .l idyizatj th ;
pr£$€k§{?$l capab gl?§ déffve?%ggﬁﬁgggggggnéggﬂ?g' Wo  deliver
antigénsct amlds tdwdbuglthert aphetinagesystem abithe substances

. _recogniz surface mar of . speci.fic | types.. ... .
G0 iy BNAr o RBecIH TENRTD SUBET CO 1P diHSH ke lization,
thgflhyer%t&qhi@aﬁabﬂé1@bpﬁ@iEVégdsambo@b%%mbndéyeto distinct
utilized cationic |lipids are cationic cholesteryl
celbsi Atk Pn hafarthed enbudienthdfcht hEeFAYBAEPSN Surface
1d.c e .der i [ re re d t e
e f R S uity TBCRIE L Ve ol fURoCE. so Bkt aa 1T of bhe PootTTeaTly
sugé plpr consosthé ngkdwiR deRive C-@hijcRs- 0 (CO-; R
'-NH (GO - ; R-O0 (GO -R'- (CO - ; R-
NH (C=O-R '"-(CO-, wherein R' is G-C -al kyl being
TnSWPSHEL B £EebY cbdashtgnec Roshitiiveledchesgesh 9¢ ouppids ar
preferably a N-containing group of the fornula RLR2R3 :
caplonjpdchpbepespett d¢B1EdURTR@F-ion is X ; wherein Ri,
R2 and R3 are independently fromeach other sel ected
fromthe group consisting of hydrogen and G -C -al kyl;
Inwheferthri smiselienéetd 6f onné¢ hengenuponorsidtcmglesterol
hal ogen, hydrogen sul phate, sulfo di hydr ogen_ .
depREephRte. S5t ot aRES T ALl kb B by bygHiLe:
carbonate; and wherein R' is G -C 6-al kyl ene
According to the invention, Ryg, being G -C -alkylene
stands for CH:“

RO

H

wherein R is selected from the group consisting of R'; R’-

(C=0)-; R -0-(C=0)-; R"-NH-(C=0)-; R'-0-(C=0)-R""-(C=0)-; R'~
NH- (C=0)~R" "= (C=0) -,
wherein R° is C;-C¢—alkyl being substituted by at least one
positively charged group, preferably a N-containing group of
the formula R;R;R; N'- and the respective counter ion is X7;
wherein R;, R, and R3 are independently from each other

selected from the group consisting of hydrogen and Ci-Cs-alkyl;
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a saturated G -C 6 al kylene noiety which may b e -CH
2- , - (CH2)2-, etc which may also b e present as
wdoroasiedeerd chain such a s - CH (CH3)-(CH 2) 2- etCI/ER20052013829
further enbodi nent, the chel esterol derivatives are
represented by the formula Il: I1l1) wherein R, R and
R3 are independently fromeach other selected fromthe
Or PHEr 8 ORSK Stil NG el e dudirfagen tand dGioup -dneilstiand of
wherein X~ is a hal ogen anion. In another enbodi nent,
haﬂﬁ@eﬁathbﬁregﬁﬂpﬁﬂlPQaF%pr%%éﬁ?%@t%fy $RydEPgen phosphate,
i n t [ n Xis
2R sh AT S5e Er e Bl Y aRr 8o a2 FyoRR0gp e
[hhhékehh-RdrnE$h®fdmﬁaﬁkgéEhane) - car banmoyl ]
chol esterol chloride (DCChol) . In another nost
preferred enbodi nent the cationic lipid is represented
AcBoydifngmibathé, i RkenR2oANARR3 BEenget Nl -anttyXen® 8tands for
hal ogen ani on, preferably chloride, i.e. 3b [N (N
a spturptedt €iThe Rylkatens detkineyhickr BayoPe) ~CHe=, - (CHz)2-,
ecENOheshenol CiLorbdepkdCiholds. pIhoNLiosRaRS Ohchhgs -
nven I on usion-active vehicles delivering a
CHbCBL ogi@al)ky attive substance selected froma
phar maceuti cal agent and an antigenic nolecule to a
cell. In particular, the virosones of the invention
Inarg aptigradel ExeeMiMeNt ¢l esheCapnbl eseéreli chiétngatiives are
I mune resgonse agai nst a target antigen, or
rephafFaatedt PEarb8efpyBryavéhicl es, delivering a
phar maceutical to a cell, and, because of their
menbr ane conposition, suitable for | yophilization. In
a highly preferred enbodinent the VIHﬁEpﬁE. ‘

(IRIVs) . The virosomal nenbrane
present invention

R R o}
NS |
Ry "~ ~N-C-0"}
X H _g_
A

wherein R;, R, and Rz are independently from each other
selected from the group consisting of hydrogen and C;-Cg-alkyl,

and wherein X  is a halogen anion.

In another embodiment, the cationic 1lipid is represented by
formula II, wherein R; and R, are methyl, Rs; is hydrogen and X~
is a halogen anion, preferably chloride, i.e. 3B[N-(N’,N’-
dimethylammonioethane)-carbamoyl]cholesterol chloride (DC-
Chol). In another most preferred embodiment the cationic lipid

is represented by formula II, R;, R, and R; are methyl and X 1is

a halogen anion, preferably chloride, 1i.e. 3B[N-(N’,N’, N’-
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conprise preferably between 1.9 and 37 nol % DC- Choi or
TCChol , relating to the total Iipid content of the

wormeserTed nenbrane. In a highly preferred enbedi/rEIo05/013829
the content of DCChol or TG Chol in the nmenbrane is

between 1.9 and 16 nmol %.of the total lipid content of
the virosomal nenbrane. The residual |ipid content of
trf*gi

L 1 K K1 aspdol | pitdsorid TC-
nost Pprefera (?y phos)z_hatl dyl@*)i]?kl: ne and ride (

Chehosphati dyl et hanolamine in a ratio of 4:1.
Addi tionally, the virosomal nenbrane may contain an
anount of henmagglutinin, sufficient to guarantee

Thé US) Db aGtd &1 toF ofchieheiviveasdpr. hneonfusidiothoeitve ofvehicles
the invention, the COHEOSItIOﬂ can addi ti onal

debbrR BRIt e BESLPEACBIlONogRCRI TS iiversihoriggted from a
ph§§+§§%§{1 ééP{“ﬁgeHEafa%C%l gﬁ‘:l?gﬁmk aRd e 1Nt geni Gell. In

In solution prior fo lyophilization. In
paandthkar enbobe nert rosheepharfacélis calnvagdrtoror are  antigen-

nti gen of choi ce can added t il
de ?Y% yt6"¥H§5F§%0n59PF§ﬁlon gr06§§§n%fhgd§% &?ﬁ&ﬁe response
aghY@phi hi zathen bﬁtﬁ@%nre@mﬁﬁhdﬁmadﬁuﬂxnzﬁﬁﬁeknvery vehicles,
conbination with the fluid sol vent bilized

de{REFBIRG P BRAIIRSS Krtsoh rent &, Ao rooibsi PRERYSEY OF their

me%gﬁﬁﬁgvggﬁ 8§1E§anuébg%5bqgnﬁ%&SQ§ NnatzeGliamt.s,In a highly
such as sutrose, of an adjuvant or adjuvant system

praﬁerradenembndamsotco¢p6|se@Jwﬁﬁﬁﬁﬁ% ofre yophnynoRetomtiating
and eco stitu of the ab ed virosonal

recom %FF %ﬂslﬂﬁ%u?ﬂ%alyﬁﬁ% ﬁ%gtg?%%Ygrned t her ewi t h.
In addition, the use of the conpositlons of the

i nvention for the manufacture of a ph ceutica
The he hrasomadt | BATERENT mRGIPSSEEGATS! bl Bet figSing, Lavention

co{nﬁ&fgge%féjféleaﬂ%}'tbgf:wégﬁ I nvenkihgn. 3Mogb1Rr edber@dy or TC-

e subj'ect 1s a human bei ng.
Chol, relating to the total 1lipid content of the virosomal

membrane. In a highly preferred embodiment, the content of DC-
Chol or TC-Chol in the membrane is between 1.9 and 16 mol % of
the total 1lipid content of the virosomal membrane. The
residual lipid content of the membrane consists preferably of
phospholipids, most preferably phosphatidylcholine and
phosphatidylethanolamine in a ratio of 4:1. Additionally, the

virosomal membrane may contain an amount of hemagglutinin,

sufficient to guarantee fusion activity of the virosome.

In one embodiment of the invention, the composition can
additionally contain the desired biologically active substance
selected from a pharmaceutical agent and an antigenic molecule
in the solution prior to lyophilization. In another
embodiment, the pharmaceutical agent or antigen of choice can
be added to the lyophilisate prior to the reconstitution

process or added after lyophilization in the reconstitution
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Addi tionally, the present invention also conprises a
kit containing the |yophilisates obtainable by using
wa teehapaphi | i zati on met hod of the present i nverti/prR005/013829
Furthernore, the kit can additionally conprise a
reconstitution solvent and said biologically active
subst ance sel ected froma pharmaceutical agent and an
préfiigenig, mlegyliaatpoavi dedek hateisai d thivaldogi eghbynt, i.e.
active substance is not already part of the
sobwnpbsied obhereiyophilisate. In one enbodi ment, the
phar maceuti cal agent or antigenic nolecule is to be
di ssolved in the reconstitution solvent prior to
Inr €Q@RREIrt winbodliaknttlse whreosompdydphdhs safe thEheindention can
provi des neans to_easi | prepare an [ nogeni c
fugbhpbsi CPBREASEh 4YPRFBEECARLIGen GFClnorde, BGOr ©F
adY@c&hhabt 0fg @pshat sy deekame tine provides a prol onged
shel flife and superior storage and handling
properties.In addition, the use of a cationic lipid as
descr.i hed above _to he, d Ao gerH ci - :
Th%if%ggﬁgnfgpaﬁsgopagggépggﬁé ﬁﬁ%entlon?ﬁngg¥pH§l§2atlon and
redesstipht don ofoff i gueesadorHmeerit ishrowds tvheobosiadn compositions

activity of IRIVs with different nmenbrane conpositions
an%e?%?el%ﬂﬂhh}%é?t?yﬁﬁﬁ???§%t?%%r%%hg%red by a FRET

assay (see Exanple 9 ) . Conpared are IRIVs w thout an
additional lipid (A, with DG Choi (B), DOTAP (C) and .
InDRABiEDPN, Rkhgurese ahoWse aROPRPSAtLgBE Pfarpice IMergfion for
mce s [ nize - Choi n ni -
onfl R ATR T E o AR PRSP SR A A s ana
1AM z 8t 1 &8h V-IIC- Chiofjebef drse dyophiinitzatdedn, tAMRME: part of the
. 9-1Rl V- DC- Chol af%g; Iiophiliz tion_ and reconsti%ution
LnkpRhiQRt MOSTRPUEERIRRLY GPPe? PYBphi 17 2at T g= Peing:

Additionally, the present invention also comprises a kit
containing the lyophilisates obtainable by using the
lyophilization method of the present invention. Furthermore,
the kit can additionally comprise a reconstitution solvent and
said bioclogically active substance selected from a
pharmaceutical agent and an antigenic molecule, provided that
said biologically active substance is not already part of the
composition or lyophilisate. In one embodiment, the
pharmaceutical agent or antigenic molecule is to be dissolved
in the reconstitution solvent prior to reconstitution of the

virosome lyophilisate.

The kit provides means to easily prepare an immunogenic
composition with a target antigen of <choice, e.g. for
vaccination, and at the same time provides a prolonged shelf-

life and superior storage and handling properties.
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and reconstitution wth AVAA 9- CPE peptide and AVA4

9-1RIV control serum Figure 3 shows a CTL assay (see
WOEaansb®920) of mice i muni zed with | Rl V- DC- ClraiT/EP2005/013829

cont ai ni ng HLA- bi ndi ng pep?ide within the virosone.

Conpared are DC-Chol -1 RIVs reconstituted with water,

200 ng/ M and 650 ng/ mM HLA-bi nding peptide. Detailed
Indestyiitptdnon ©fe t heei ferd | oat ddel pr ésphtl anvetddanbed above

di scl oses bjolqgically active c osi.tions and nethods
tor SRS yglﬁ‘ﬁi |1?‘9‘ iog)r%n&ﬁdtﬁ’ec%ﬁs i (AP LS 2189 part of
thei LeseAeson]o achi eve preservation of the

fusion-activity of the virosomes of the present

i nvention, special nmenbrane conpositions are disclosed

herein. These coypQst td 8 dhtgaral 4 of the

i nvention and conprrseé%%%bi%réh—ﬁﬁoégﬁ%E%%Tds and the

viral protein hemagglutinin cationic lipids, to

.provi de superior freeze-drying, Stressresjistance for .
riBige, i SHREE of "t nd o FONLTERE: oif cLf1 BF derifife different
meRb88Bt coRpeRt keBnkelRifRT et RN 4 MANOPEHbEilization measured

conposi tion conprising virosomes and a cationic lipid
byf or FéEfecsispy | (EeghiBiamlicor? JandCoermied iaxe i BRIG$ whehout an

ks , and., i articul ary-_ n i n [

adfytiofdy: ofﬁlfplv%e?é\i@h Wit e g?lloi%pigﬂbr?g) It{Gh and DHAB
(Dhyophilisation and reconstitution of the virosone is

present in the nmenbrane of the virosone. In a

preferred enbodi nent of the present invention the

FigakbonpC khpiwds Hsedeasshnt ggeal ARERHAAE SONPOBENtSice sera
. are DOTMA, DOTAP, DPPES, DOGS, DOSPA, DOSPER, THDOB, .

lmD@A?emVRUD(E_@FVD@(B:CWC,COD@aE%M PrR 49 aBFY peptide on
thgh‘?z!ier%ts%%'l dﬁfﬁ’?&é."eéomgé%ﬁr%%% FSIBIQAL pe-chol before

erivatives are represent y the follow'ng fornula:

lyophilization, AMA49-IRIV-DC-Chol after 1lyophilization and
reconstitution with water, IRIV-DC-Chol after lyophilization
and réconstitution with AMA49-CPE peptide and AMA49-IRIV

control serum.

Figure 3 shows a CTL assay (see Example 20) of mice immunized
with IRIV-DC-Chol containing HLA-binding peptide within the
virosome. Compared are DC-Chol~-IRIVs reconstituted with water,

200 pg/ml and 650 pg/ml HLA-binding peptide.

Detailed description of the invention

The present invention discloses biologically active
compositions and methods for the lyophilization and
reconstitution of virosomes. To achieve preservation of the
fusion-activity of the virosomes of the present invention,
special membrane compositions are disclosed herein. These

compositions are integral part of the invention and comprise



10

15

20

25

30

(i; wherein Ris selected fromthe group consisting of
R; R- (CO-; R'-0- (CCO-; R'-NH+ (CO - ; R
WO 2006/09090) -R'- (C=O - ; R'- NH(CO-R ' -K@AD2005/013829
wherein R' is C -C -al kyl 1bei ng substituted by at
| east one positively charged group, preferably a
N-contai ning group of the fornmula RILRZR3 N+- and the
a1bB8§PEALHHY E K OPR T 1 p Dl | Sng~;tier i Ra Rl priRtasich R3eigglutinin
i ndependent |y from each other selected fromthe group
catbpsist i higpiols hy drog®F caidlec sereairyl ; ThReFerArXings stress-
se| e e NSk st 0Ng; en,
refTarahen Shfphiter LT ee S SRy bgen Bhosphat e
acetate, trihal oacetate and hydrogen carbonate; and
wherein. R' is C-C -alkylene . According to the
CakfigRh¢ bPi&S' ' being G -C -al kyl ene stands for a
Thé%}#@ééﬁi ClnGenak kyl ens i et ¥ oWhd € h ifayinegen@d -composition
( )2-, etc which may al so be present as branched ,
comhalaisachvasosompls( CHBY- ( @H2)ALIGdC | nligh dvefPforeffective
referred. enbodi t, : l,est erol I vat.i re :
1y BR e L by e PSR A T | ) wher el 1V RC Rong " 17
paRBiatnkatrpdeperdenityuficganeachompheit sehectvbe reioma heationic
.group_consisting of hydrqgen and C -C -al kyl, and,_.
Ligher 9T S ELPST B RaldgERIanraN A oPn THb ABSPIBFAFaFigR of the
vigBhedEmeny , ptheehdt i PRI GHd phémbsahepresenhed Pyrosome. In a
formula I, RL and R are nethyl, Ris hydrogen and X o
pregearpd| oerrdinon; rief EPabl §refeet i délvard jare| §hgp cationic
TN (NN - dj j a - ]
P eI T D RRE ) [ aTRaGChee st DOTUR, DOTAE,
DPPES{ erpask enipodipagnt DOS PER catlifids;, | DpPd,i sDOTP, DOSC, DOTB,

Doéﬁgrﬁgggtggdbgrégggggfyléhof%étg&9Tddg%§vg£§vg§Fhyl
Preferred cholesterol derivatives are represented Dby the

following formula:

H3C/[/I/'
CH; |

RO

=

(I)

wherein R is selected from the group consisting of R’; R’'-
(C=0)-; R’ -0-(C=0)-; R"-NH-(C=0)-; R"-0-(C=0)-R""-(C=0)-; R'-
NH-(C=0) -R" "= (C=0) -,

wherein R’ is C;-Cg—alkyl being substituted by at least one
positively charged group, preferably a N-containing group of

the formula Ri;R;R; N'- and the respective counter ion is X7;
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hal ogen ani on, preferably chloride, to yield 3b [N

(N ,N'" ,N"'- trinethylamoni oet hane) -carbanoyl ]
wahobé/edrer ol chl oride (TCChoi) . Both, DC ChoiPr@mEP2005/013829

TC-Chol, were found to provide superior properties in

preserving virosomal fusion-activity after

| yophilizati on and reconstitution. Virosones Virosones

argn&ryeh opes rof aMhr Hgesre KL &0 MNPt Bk dhn tdiech other

i nfectious genetic material of the original virus.
sele¢keed i posonele 9FewRoresstahime ebdiydergrn iarg Ci—Ce—alkyl;

th eut i¢ subst Wi varl et f..cel.l

1 RGBS LS T et SaRet  MAS R b e S
ha Belyant aged pbgeh f s el it t ent syl fohat ¢ hedcleydsofah | pvesbhate,

by the intracellular release of the virosonal content
ac?%?@%er%ﬁl%?l?%%eQ??%la? PR QIR eF AT PRBT v e due

t hend pCok pRr at{ oncofc agtkyeeyiral fusion proteins into

their menbranes, virosones release their contents into

the cytoplasminmmedi ately after being taken up by the

cell,, there prevent | the. i_on_
AC?%@?%%%U??CP%%b% %%@%l$%'t%e g%%%ﬁgq% 3%r§2#g2§n8fsfﬁgds tor
a santossved Vi-msankylear futther whéchoadgdbe -CHp~, - (CHz)a-,

sinul taneously with several different g-cell and
etq. ¢RIFh gBRY 0PSO (DB PFSEFRNKA Bt PERNCReGgehaty | Fuclkgs -
CH%@ﬁ%noth;}Z:égéi Moreno et al., 1993, J . Inmunol.

51 489) including universal T-helper cell epitopes

(Kumar et al., 1992, J . Immunol. 148: 1499-1505) and
InoFgg{s g&g&“ h%r%ho (gefﬁgdl E@bgafméﬁE; TQ% cholesterocl

vi rosones are highl effective a Jjuvants i n nodern
devfest hatbonre possesseéngesupertioe poopetsi B: as anti gen

delivery vehicles and a strong i mmunogeni c potentia

whil st concomtantly mnimzing the risk of side

ef fects. HCu,
CH,

CHs

CHs

A

(IT)

wherein R;, R; and R; are independently from each other
selected from the group consisting of hydrogen and C;-Cg-alkyl,

and wherein X  is a halogen anion.

In the most preferred embodiment, the «cationic 1lipid is
represented by formula II, R; and R; are methyl, R3 is hydrogen
and X~ is a halogen anion, preferably chloride, to yield 3B[N-
(N’ ,N’ ~dimethylammonioethane) -carbamoyl]cholesterol chloride

(DC-Chol).
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In the present invention, biologically active

conpositions are disclosed that conprise a
whemboep7eal | y active substancesel ected from a PCT/EP2005/013829

phar maceuti cal agent and an2anti genic nol ecul e

i ncorporated in synthetic spherical virosones terned

| mmunopot enti ati ng Reconstituted Influenza Virosones

(LRLVRLy ! terspheni Galboditidnel LtRe vesiidBT 1lipid is
Dﬂm%ﬁ%tggﬁegﬁk%faﬁeter of 150 ﬁh1and conprise a double ?__
repigi echtairisaneo rrowhesi 517 ngeskednidalAsy agle methyl and X 1s a

phosphol i pi ds, preferably Phosphatidylcholines (PO ., ., ., _
halaaePhasphat | dweefterraﬁw%miﬁégr(-gﬁ) ©q nYeshtr aasé[l\ko(N N7 N

| 1P9s, Hsorl Santal dhe Jundid enale M al anealione  (Tc-
trlgwe)?tgloyglrao e?r!nl?ﬁ\%lrraggl utal&ni n (JHX) and neur ani ni dase _
chdINA) iBdar calmt-ethaln tdrel pHsspEHotl pi dvepid ayfeqund  to provide

nmenbrane. The hiologically active . doe t VA -
SR SRS SLib| PFESe ke Ronbhener 1gL1 L don-activity
a £Vl F opuEeH 1 ¥ D5 AH Y 1 08 hdborad it sd g f i cant |y

contributes to the i mmunol ogi cal properties by

mai ntai ning the fusion activity of a virus. According
Vi}ggé&géinventions, said biologically active

conpositions are capable of delivering biologically .
ViB6sones sahet anceslopen od | uiansesnpardede dgfotancontain the
~organism Said biologjically active, subst S -
inkefet?ed fgﬁﬂ?Eﬁ%rnﬂgtﬁf?éil & en?gean§€§§¥ﬁi%ﬂ(ylrus' Like

1ipDsER4L es, vihabohss pPrehar abey seleect aw f ramdiveer griduprapeutic
consisting of DNA, RNA,  siRNA proteins, peptides, 1ik
substaocesi e, adiige -t artl bRafhicddSisegs, but unlike

liaCtiovgssquSitr%r%%?nsésorogféi:var_lﬂeveﬁdt\ﬁgﬁ‘cgeg- &¥ eberrabh¥nt entry
Phe %lofoglca y active substance is a pharnmaceuti cal
intle ugheancant $ g€p laowadmibyg utbet hartesfce IBd@s esetoprse of the

s DeoBTE TRSSULLE BRI S € T BGL o (L L hes U rovein.
MoBEBGe Pl eparat i ae adoRpdeigior, apti bicatives anidal fusion
proteins into their membranes, virosomes release their
contents into the cytoplasm immediately after being taken up
by the cell, thereby preventing the degradation of the
therapeutic substance in the acidic environment of the
endosome. Virosomes can further be loaded simultaneously with
several different B-cell and T-cell epitopes (Poltl-Frank et
al., 1999, cClin. Exp. Immunol. 117:496; Moreno et al., 1993,
J. TImmunol. 151: 489) including universal T-helper cell
epitopes (Kumar et al., 1992, J. Immunol. 148: 1499-1505) and
others known to those of skill in the art. Thus, virosomes are
highly effective adjuvants in modern vaccination, possessing
superior properties as antigen delivery vehicles and a strong
immunogenic potential whilst concomitantly minimizing the risk

of side effects.

In the present invention, biologically active compositions are

disclosed that comprise a biologically active substance
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chenot herapeutics for topical use, antihistam nes,

antiinflamuatory/antiinfective, antineoplastic agents,
woanbd/gens, antiprotozoals, antirheumatics, antPCTiEPab05/013829

vacci nes, antivirals, anti®apoptotics, bacterial

vacci nes, chenot herapeutics, cytostatics,

I Mmmunosuppr essi ve agents, | axatives and psychol eptics .
seReefredr éd cex anplesrriaredthicgihargmceudndabndangigenic molecule

I muno- actlve Substance are doxorubicin, vinblastine,

ingPSPPARIRd metiifot r RATDISTCHRI osHRATI-Ghtl i bipFepeRes  termed
Imﬁﬂ%ob%ft%éeft'la%m%é@%% Wed eTgESUEAZE NPl &M Kes (TIRIVS).

agai nst ich an i mune response is desired- This
IRAWIse cwrlee sgdre tiecaslel evtiddnfaldmra \ger@uplemcwm ng, mpah diameter
£no imte 0, tldes pr.ot ei i ds, .nmono- :
15%- andg%%lﬁéaégﬁgﬁ desc{ngtopep gdiémbrane,’ consisting

es@ahb@b)‘ldfyatcﬂs phbpgppept pdes, Qﬂ.&tﬂﬁaﬂilpr PMbrsphatldylcholmes
pat hogens and toxins,_ other small |nnuno eni c

(Pl ec@l%s %%ﬂsﬁﬁﬁﬁ¥$¥9%%@?%@1?%%D%%ch FBl ecullds, contrast to

11pb§%@999n' Rivef eegnteihhe @l | ynefi8ng9! e%ﬁlt O envelope
elicit an i mmune response in an or ganit sm i nocul at ed

glykhepenitehnsEx dmphes Forimimn i gérhllAd mhedul esureeninidase  (NA)
1nE @tlQe bgsed T- c%hl antl er}1 r%glcglhggnt"ﬁ:rgens rane. The

erre exarrpl es t1or an |gen|

bibasgdciicel | amtiivgensya t uabesassoti ated ant tgensx structural
pertussis toxin, cholera toxoid and nmal aria, RSV a
Stﬂpillfé ?'ferar’(q nh%PE?E%F’éY e ‘Bjelf%s%%ﬂr oﬁ&fmﬁéﬁttﬂﬁ’és but also

sigAtkgenar1Forc Sancaiuddier apeutis %ﬁhhe%zﬁeglofpﬁctb%rmes by
present invention, any chenotherapeutic dfug woul d

masntﬁabnegfbheeﬁcapsulaptgnlby pheaviivsenes. The

met hods and conpositions of the present invention are

further adaptable to any therapeutically rel evant
Acappdiiegt i ofo t hathdbenehiveatioan) t hesdad getad 1defiiceany active

of substances to specific cells and tissues. _Such ,
COQEB?FE%PP@nSare capable of delivering biologically active
substances to a cellular compartment of an organism. Said
biologically active substance is selected from pharmaceutical
agents and antigenic molecules, that 1is preferably selected
from the group consisting of DNA, RNA, siRNA, proteins,
peptides, amino acids, drugs, pro-drugs and pharmaceutical
active substances or derivatives thereof. Preferably the
biologically active substance 1is a pharmaceutical drug, an

antigen or a mixture thereof.

Examples for the pharmaceutical agents are selected from the
group comprising anaesthetics, angiogenesis inhibitors, anti-
acne preparations, anti-allergica, antibiotics and
chemotherapeutics for topical use, antihistamines,
antiinflammatory/antiinfective, antineoplastic agents,
antigens, antiprotozoals, antirheumatics, antiviral vaccines,
antivirals, anti-apoptotics, bacterial vaccines,

chemotherapeutics, cytostatics, immunosuppressive agents,



10

15

20

25

30

may include the targeted delivery of anticancer drugs
to cancer cells, antiviral drugs to infected cells and
wa 10860m319 antim crobial and anti-infl ammat or y PIMACER0650013829
affected tissue, as well astthe delivery of
therapeutics to only those organs and tissues that are
affected by the particul ar di sease, thereby increasing
lakheitber apadt i pdyaeN frilde t herepetied desgmplds for the
avoi ding system c toxicity. For exanple, in tunor
phafeaapytiddkor ubiidich, afrant iV WRHAR3HRIH ot | Supptance  are

do%gfﬁﬂigiﬁcygkhﬂgagk§ﬁéy %ﬁ%pﬁ%tq%hiYﬁgﬁﬁbgBéQJE%, cyclosporin
net hod np

§ ahd conpositions of the present invention.
andnibupeyfénnes have a wi de spectrum of anti-tunor

activity and exert pleiotropic effects on the cell.

Al t hough they are classic DNA intercal ati ng agents,

Théheidrnechani geanet GxéDéOXI&T t refertshotghta t achecule against
related to interaction with the enzyne topoi sonerase
which moddemuss ofcdRoBfe- st afged rPNA bFleaks MgH@cule can be

el h er.ati of i | ar. .
soBESFLE Yobl LS, O8PA N A, ISR B (580, pepices,
probajngat edlypidspnes moaw-hbe | cdderb-wi t lrrdbxorpbl gsac¢marides,

der t l ecti fficiently.inhibit t .
TP ORPRELTER of “EECRURFanEE" r Ot OBTEFeShrestiang Brgdscr Viral

patHABESs EhdlatexYhEpsumse havpabeen isethedd eet imsgkeyules and
in a variety of vaccines. For exanple, comercjall
DN&%&NBa@pélvacépﬁe§U§@mmﬂﬁeqﬂ%ﬁﬁ4t.%ﬁM&qgﬁfq%ﬁ|lkﬁéﬁfs to the

hEUs. Miragso g n 3r;Qven beuxsce! ety AR
abggFg§a J%vght¥§2???gr gggtéﬁgg:Ant%godles é?icitéh by wnoan
orthpibmocuiadtobhaneth anhégewstheconsxampies i nfor  antigenic

I rosones have shown, a qg h aff nity.for _the antigen _
moiﬁﬁ?i%? whi-Eh ﬁﬁ%?”ék%.r ?%% . ?ﬁf%%%edagﬁ&ﬁgnﬁosgnm§ B-cell
anPegthde aNdAeNeELXEkHhdlas I €bat iamed JgdOM molecules are HCV

I mmunogenicity . But in a conbined formof antigen and ,
based T-cell antigens, ftumor associated antigens, pertussis
toxin, cholera toxoid and malaria, RSV and Alzheimer (in

particular the beta-amyloid) peptide antigens.

For cancer therapeutic applications of the present invention,
any chemotherapeutic drug would be suitable for encapsulation
by the virosomes. The methods and compositions of the present
invention are further adaptable to any therapeutically
relevant application that benefits from the targeted delivery
of substances to specific cells and tissues. Such applications
may include the targeted delivery of anticancer drugs to
cancer cells, antiviral drugs to infected cells and tissues,
antimicrobial and anti-inflammatory drugs to affected tissue,
as well as the delivery of therapeutics to only those organs
and tissues that are affected by the particular disease,
thereby increasing the therapeutic index of the therapeutic
drug and avoiding systemic toxicity. For example, in tumor

therapy, doxorubicin, an anti-tumor antibiotic of the
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virosone, neasurable titers of highly specific

anti bodi es agai nst the antigen can be produced.
WRiobQeITiT peptides can be delivered via viroSPUEEP2005/013829

either on the virosomal sun$ace or encapsulated in the

virosone. The difference lies in the type of immune

response. \Wen the virosones fuse with the endosones

fter endocytgsis, their santgpiivepehudbig @ik
T CE‘Ljﬁys’cz(‘}lar{eedC;"i%tsi%de“, ?é releaseévinto thg ceIILngﬁthOdS and

conpiias® on the pykesphasmnveaitdwont ehnthsapyetergadhave a
and presented in conplex w

_ th MHC.cl ass I -
Wldcenesé’@lclt_rélﬂ‘rfage,arﬁ}r—gtg‘ﬂ??]ﬁg at%&gcm ulag!rj, ”%gﬁy Pletdtropic
o 5&ld g nedhat egy o CYtQNIOXi C AMBHBEghespanse. kmecontlassic  DNA
~ to that nmechanism a surface antigen is recognizedand . .
lntesrmﬁ:llﬁt@sw byg®tead | sthdbE pRESBARLPR | RicompiteraRinty 1S

class Il _nol and, t. i:cit t u |
th$¢§éﬁe ?8sp5ﬁ§e_§%%£$%% p?gduéﬁ%§$%§ﬂé$ici??%m "eh&  enzyme
toputdhesiiese TD, i peodaseioncofpdpabilenstagadefl DNA breaks and
bi ol ogi cal active substancgs.into Vi.Losone
r

PoFEHRIY e ahBet GSBEFBYWAPBnGér 1OL5P554 15 %Fo gé%?%gdicals that

ar%rﬁﬁﬁﬂﬁyim@%@&&%&@jSQBQ§§Sﬂﬁﬁh@dﬁja@dtédmw&ﬁdédMEs can be
or the effective |yophilization of the virosones of
loadwed i nwarfth ondowrarbieying 1o d&kd9p akOef f 8tpybively and

i roso | yophi .l j.sat [ g of ¢ h i
oSBT APRTLLL ™ e, SRS, Ot T et e
ovEeash fes elhg | rédss tambext "l yophilisate" refers to
the | yophilized conposition before reconstitution with
a solvent of choice. "Reconstitution"” refers to the

7o PHAEES 7100 3RldiPi hd 7 ngebhe uspaphidisaderatiy himna variety of
appropriate solvent. Therefore, the present invention ,
vaexpees nefbal byaagdees soamere 1afdiveiddiddyl bl &di & difts against

ne ane.,composi ti oguri.si NG ;Gatd Qi t
h gbg ACQIROS hleh Q25 ,GOMRNISi NG GRS h SNRUE A t
®Rfarged and unc argegzglpléé o preserve wWrosomal T oron t°
beSi @gc@nedtincdriddnaladfiey atijevahydphiricizat i opsaems - Antibodies
reconstitution. As a Eesult, th . : -
elicited by the 1inoculation w1§% antigens reconstituted 1in
virosomes have shown a high affinity for the antigens against

which they are raised.

Injected alone most peptide antigens exhibit a relatively low
immunogenicity. But in a combined form of antigen and
virosome, measurable titers of highly specific antibodies
against the antigen can be produced. Antigenic peptides can be
delivered via virosomes either on the virosomal surface or
encapsulated in the virosome. The difference lies in the type
of immune response. When the virosomes fuse with the endosomes
after endocytosis, their content, including an encapsulated
antigen, is released into the cellular cytoplasm. In the
cytoplasm, said content is processed and presented in complex
with MHC class I molecules on the cell surface, triggering the
cellular, CD8+ cell-mediated, cytotoxic immune response. In

contrast to that mechanism, a surface antigen is recognized
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present invention provides virosomal nenbrane
conpositions that allow I yophilization and

WO emmensy7id ut i on of virosones without |oss of fRODEPDNS/013829
Based on these experinentaliéresults, the present
i nvention provides highly freeze-drying
stress-resistant, hydratable virosonal |yophilisates,

UL S tionc.chpl eshof yhrdsehvattves, c -
R R e T o
claanpdientsleOutliesnal bydsuchhvsr oseohaf 1t yopks | idderal immune

addi ti onal | conprjses. a bi.ol oqgi calll t.i,ve,. st ance
reg et édt Féﬁ?ﬁ%thﬁbéﬂF}éh S géﬁtéiﬁﬁgﬁggxgﬁ%%genic

nol ecul es. These biologically active substances are

attached to the virosomal surface or are encl gosed
To t free et as el BERIPYHRRI PR zERFBNOFn b&ﬁé@ﬁévcaﬁrnﬁ&&'ilﬁ%tsubstances
. dhe pharmaceuti ¢gl, agenty13nd/ ohnant genk €1 5Pl ecahgerdt S st
lntaoddégl% o%%‘feﬁsg{r Wl%teh t he rec%nst 't utjicon %gI%nt to(fet he o oon
peMiddsomaltHeyophideiseatte. Thesatphar madéscieagsagemthods  and

oMt 9% cLofmENEUPT A6 Pref aPRORy LA Lon o e vizasomes
of PHRE MRS et €8h. agRBh ardiag &bt idgerilopmireciffecriere virosome

cpnjugated to lipids in order to %et attached to the .
lyapirobbdwml e neie arfOmHSoddPT i ﬁﬁd. RR aﬁéiﬁ¥?r is a crucial

£a GO0 TROL, B Preseit saveiion dbchasesqrethods @dontext
conpositions tor efficiently encl ose pharmaceutica
1 a@eint Bi saneké 0r rarfidrgento notecdlyephidtigechecpupeaibion before

the newlly, forned virosones . In a.prefe d e i S
re%@%%ﬁ%%%?i?%n %%t?heapr%%gﬁ n?nv%%?i%ﬁ?%éﬁ%orFgggg%ﬂgpgtutlon
ref@r§7t80k%@0%ﬁbﬁés%0b&|édﬂﬁhiﬂﬂﬂﬂngﬂthﬁ Iyhephvi ricssarealwith an

menbrane DC-Choi or TC-Chol. In a most preferred , _
apprbpdiakat tAelTENThoi BREATITHY com®nt rREFHEs 1nvention

exg§£¥§ggt&l§yaggd}@sg%h(%Hg éPFiéPéﬁéylb@iQUfferent membrane

compositions comprising cationic, neutral charged and
unchérged lipids to preserve virosomal size and functionality
after 1lyophilization and reconstitution. As a result, the
present invention provides virosomal membrane compositions
that allow lyophilization and reconstitution of wviroscmes

without loss of function.

Based on these experimental results, the present invention
provides highly freeze-drying stress-resistant, hydratable
virosomal lyophilisates, comprising cationic cholesteryl
derivatives, in particular DC-Chol or TC-Chol as integral

membrane components.

Optionally such virosomal lyophilisate additionally comprises
a biologically active substance selected from pharmaceutical
agents and/or antigenic molecules. These biologically active
substances are attached to the virosomal surface or are

enclosed therein before lyophilization.
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content of the virosomal nenbrane. The residual |ipid
content of the virosomal nenbrane consists of
w@bwmspbwohe pi ds, preferably phosphati dyl chol i nep@mn@EP2005/013829
phosphati dyl et hanol amine . 1¥n a highly preferred
enbodi nent the ratio of phosphati dyl choline and
phosphati dyl et hanol am ne contained in the virosonal
menbrane is 4:1. Al above described conpositions
conprise a functional amount viral hemagglutinin. In
Int hasiotartrext etibodiménnal tdrounpharepersticadn ampeme and/or
sufficient_to guar.antee. fusion- Lve Mi.ro - :
anﬁ%ﬁqq%?eQQlﬂFHg?idé%i%gﬁ%#egﬁpg%g%rcﬁgfgg gg%eﬁgcon5tltutlon
soBidhier +di regt! wiaddaghdo agepaf 1t BateonpDisésé osharmaceutical
descri bed above in an amountsufficient to elicit an
agénﬂnn&@dﬂ@gpoﬁQ@}g@ﬂ}CsdeE%C?hetHE“%e@Gﬁ?F%@QtiBH the newly

solpdd el rgggﬁglt%u&%%ckxowméfé¥§51fﬁt@@epﬁﬁrhﬁ%eutipal agent
%%ove-%escrl ed conpositions during the reconstitution

and@fOcesst iJénse mbkepubseatei nosntgenedl o ddiwpdissdg order to
conpositions suitable for |yophilization Ltional]y. .

GeEOMPNATHRS  ar GOE aitFGERTGR cRErEe ot robgR Lpid. 1o

andNRd Fregeyb b £abn €0fREURE c@Enehangentdnnbeligidiates methods and
directl yadded to one of the conpositions described
compovet inan Eemurkl SLFTPRI At YFKIRAY IO catical  agents

tivit sql iR ot re t1 hopfbuhkemewly formed

onGfibe bl R BB 3oL e it o0 bty

vipbeyeeslescri bed conpositions during the reconstitution
process. Thus, the present invention also conprises
conpositions suitable for |yophilization additionally

TnCOHPr b$kRErachar gaboantiegen of omipesithieem of the present
conposi tions of the present_invention can further, . tent
incenpisechePpéperngr&diténts] MRt thoSuppsr CAtRd L1ipid conten

lyophil [2aLi O RLAGESSe PESSRohelpefcimgsedi ents
. e (¢} C .
ot; %@gu‘éé%%{i‘%‘gare no%e ﬁl mied to,

In a most preferred embodiment the DC-Chol or TC-Chol
concentration is between 1.9 and 16 mol % of the total lipid

content of the virosomal membrane.

The residual lipid content of the virosomal membrane consists
of phospholipids, preferably phosphatidylcholine and
phosphatidylethanolamine. In a highly preferred embodiment the
ratio of phosphatidylcholine and phosphatidylethanolamine

contained in the virosomal membrane is 4:1.

All above described compositions comprise a functional amount
viral hemagglutinin. In this context “functional amount”
refers to an amount sufficient to guarantee fusion-active

virosome particles.

A antigenic molecule of choice can be either directly added to

one of the compositions described above in an amount
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| yoprotectants as sucrose, trehal ose, dextrose,
| act ose, mannose, xylose and mannitol. Such sugar
woeh@asnenpounds are particularly useful in aPCaEPR006/H13829
0.1 to 5%in the solution®rior to Iyophilization. The
term"lyoprotectants"” refers to a class of conpounds
useful as hel per ingredients during the |yophilization
sSYhfoEent hap #lel Tdpabhe Wiminrgiuciengonie f reezesdiyienly in the
£S5 : Vi 0 YO0 resent
rei%n({/ent |e:)ugcrlloérpt ueffrre1=,\or§"honélgdcclﬁ‘ﬁk Ié;%pﬁlﬁ%i g{'ﬂéﬁgl,c%a BsPfi pe of the
algfve-fte sanddrdd on daspesd t yorbaseddonitde stBpS Ofreconstitution
freezing, primary drying and secondary drying and the _
PHSI9%6%i ng onst i%Gt | oRPP6Cess WVE A 198 verlls§r  comprises
coupfdsar itdwat M ghttopidonaldoy Coniﬁbﬁhlbfz§€§éﬁed_additionally
target antigen. The use of the disclosed conpositions
CoERL 1SHE Imen (Hed el @ ndfl ggnpledr whedgei-cal f or
vacci nating or inoculating a subject therewith is also
part of the present invention. Preferably said subject
Thies phduwmareutAl sl padhpotnthefi vesi¢®Onchd dkKidither directly

cont3%£i$ vi rosones of the present invention that are

adgedy phf | FR&8d CosrPs tkilPneanie SoF ikdd takAVe oik han amount

SUMifli @S @R |Y_@ph§}llc'bv$atk%ol‘cdgitchﬂr %9'@95&%?,& or,. solved in the
reconstitution solvent. Provided that the antigenic
regenstartatienndutdlereadyddsar tt ofthhel Yyyphiisaee of one of the

VAN Xo) .sal.d Ki .qddi tjonally. conprise a target . .

2 anfigggg§ﬁ%%gne éﬁgﬁggﬁgh(n%ﬁ thél¥HV%nt|%§? th@eEgPStltutlon

prooetsai.ns ahuanti gehiec npleeghe t hahveatienbe dissol vedmprises
.reconstitution solvent prior to utiljizing said

in th
COPRESAELPESL | orf SR 1 of 580l UBINTRA g adfeion - additionally

cohp@BrBiihigzad t¥i-EeSOQRS 1 gAHALEI Rk LY, the present
i nvention discloses thé use of the above descri bed
cationic lipid to further enhance the imunogenicity

ThgchESO%EEQ%ggebflQﬂgﬂﬁ%é§§%¥ﬂgn$gg%igwggggr%urther comprise
helper ingredients, which support the lyophilization process.
These helper ingredients include, but are not limited to,
lyoprotectants as sucrose, trehalose, dextrose, lactose,
mannose, Xxylose and mannitol. Such sugar class compounds are
particularly useful in a ratio of 0.1 to 5% in the solution
prior to lyophilization. The term “lyoprotectants” refers to a
class of compounds useful as helper ingredients during the
lyophilization process that are capable of reducing the

freeze-drying stress for the virosome.

Also part of the present invention is the method of
lyophilizing a composition of the invention basically based on
the steps of freezing, primary drying and secondary drying and
the following reconstitution process with a solvent or buffer

that might optionally contain the desired target antigen.
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found that the irmmunogenic properties of the IRV
itself can be further enhanced by the use of a
w@ a0060687¢9 | | pi d, preferabl yone of the descri berPlCT/EP2005/013829
chol esterol derivatives, ag9a virosomal nenbrane
conponent. In this context the term"i munogenicity"
refers to the ability to elicit an immne response.
Thé“%é‘ééa@§ StHbeq¢enPasthi e8spekit enpr esent henv@ntifeeture of a
can be further supplenented by conbining any of the _
phabeeeutentd bonefotonyescinafdngi t 1P fUpPRetdFHpfined subject
response.potenti ati o d. :
th?ﬁﬁéﬁéhaﬁ néi:%%p%ﬁg scgﬁgeg aé?% i e agﬁzgﬁﬁzgn' Preferably
sa 2] ¥ St of' s cytialiares. Additional adj uvants may
further enhance the inmmunol ogical response by
providing a reservoir of antigen (extracellularly or
Al§§FE%Ftnﬁ§goPH§g§%kent§%h|Vﬁi'QgHﬁﬂ”éﬁﬁ@@ﬁﬁi@@dvirosomes of
sti ating specificsets of |ynphocytes. Adjuvants of ,
therapyekints jareentdldn kilowh pret el kgady speeppitized. Said kit
exanpl es i nhcl ude Freund._, s ( a [Mole: lete) ,
oy cobhot A Sdth A8 BOESM T VBCOnE, o B pd A ey furERer
col®F Yeebacteebdpt panviion guilkeaapormiroviidedurtds ts udte asntigenic

-21 (Sm thKline Beecham) , M59 (.Chiron). d, '
noleeibesiei PPhater 8yl ??gaiso(fe < f@hﬁg;zﬁ‘ﬂ@rosoms saild
e

ki?djHgﬁntﬁdﬂ@kﬁgng§¥ybecgﬁ§gib€9|@demaﬁﬁ%tar%ﬂmﬂgen. In on
imted to: mneral "salts or mneral gels such as
emlad;]dliuhﬁmtjmdﬁ/dtb%i denventuipmi urhghokbhat@n teid cafli iRtigenic
osphatg;, LPS derivates, i.ns, r Vi€ :

mo %%‘éf%\n{égétsﬁcszh%gslbleyso%esgﬁ?%"%,qu)ltuk?ééngl%&%%) yotlfas/t,elon solvent
prp@£yantans,umepahdag or spriat ei nrefacagtarte,ideyhag®lvent for

| i mpet henDc%anins, and di ni trophenol ;
solwahostPaut ?o%¥°ﬂ%+%%ﬁ?%sYl§%§W“%§'saponins, mur any!

di peptides and tripeptide derivatives, CG

di nucl eoti des, CpG ol i gonucl eoti des, nonophosphoryl
AdHipidnal lyandheol yytesphazerest ipar dic@lgsesanghe " use of the

abg%gro%%ggf¥g§ge cationic lipid to further enhance the
immunogenicity of the virosome. In this respect the inventors
found that the immunogenic properties of the IRIV itself can
pe further enhanced by the use of a cationic lipid, preferably
one of the described cholesterol derivatives, as a virosomal

membrane component. In this context the term “immunogenicity”

refers to the ability to elicit an immune response.

Adjuvants

The compositions of the present invention can be further
supplemented by combining any of the above-mentioned
compositions with a further immune response potentiating
compound. Immune response potentiating compounds are
classified as either adjuvants or cytokines. Additional
adjuvants may further enhance the immunological response by
providing a reservoir of antigen (extracellularly or within

macrophages), activating macrophages and stimulating specific
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adj uvants, such as emul sions, |iposones, Virosones,
cochl eates; or inmmune stinulating conplex nucosa
wonpav@antss. Cyt oki nes are al so useful in vaccirG@AyER05/013829
protocols as a result of |%nphocyte stimnulatory
properties. Many cytoki nes useful for such purposes
will be known to one of ordinary skill in the art,
setacbfidiggphotetesukipa2vants2pf mant?2 ki@#sCSFande angnown in
others. Adm njstration en adm.ni stered, the
the heF Bheut TRE Tonosi $1 0 o tﬁ%glﬁpése FERdert i dfegpiete and
indgipNe st el edyicBrpbaeragewiictaldy Beeegpmablveccae, or Lipid A,
preparations. Such preparations may routinely contain
OrpRArHRERACtEAL ] ReCEPilablR idove@Riay i wiesajuch as 0S-21
(SHELARTLAG BGEOLSamPY CIRFIAL I (¢85, FQTPALLR €y GREDLET Soi1 /water
suppl enentary i nmune potentiating agents such as
ematlf uvant S(eard cYDBE+AES. adthept | ad@htvgnos hethich may be used
._therapeuytic_agents. .The preparati.ons aof the inventjon
ing EO8 AP SpERedortn 1fTERn 08 ambdRial Gl Miteral gels
sudRses QfL uMIUNRQERNsdF&ROAOg ALORL A1 0ANRURPHEILIQIraM calcium
to 100 m |l ligrams/kilogram depending upon the node

Phgﬁﬁﬂﬁiﬁis@ﬁﬁiQﬁfl%ﬁR?%©n§@@%¥é@Sefﬁ@éﬁﬁ@@.aﬁﬁive substances
suBﬁeEE!rf sé%%gggg§ belf@gaﬁfé)é@k??i@ee%§%%%§ions, peptides

nanogr ans a mc ogranms pe ogra
or abguotattesi ranodimt gwiehit sdepekelyhipba a Manpedt y bdbmbaghoiss, and
d.including £he.conpositiog %electe for. adm nis rationé .
et ARPCFRE’ adMHPSEFAMIGA TS Yi ATt &% tiFfi g% Saponins,
mud@ees, and ddptiidgiial pabi entr pagapEties s | gelrddaRgves, CpG
.age, physical condition, size, weight, and the stage
digpcipet Hleeas €POThedéIPREESRSE AfeSwemonGRMSRRP THbs&ipid A,

an8f %9&9?&&5&%5%&@% he ant ;04 ,¢an b%(r?djdr eRBEMoMA i culate
no re an routl ne experinentati on. arrpl es

adjuvants, such as emulsions, liposomes, virosomes,

cochleates; or immune stimulating complex mucosal adjuvants.

Cytokines are also useful in vaccination protocols as a result

of lymphocyte stimulatory properties. Many cytokines useful

for such purposes will be known to one of ordinary skill in

the art, including interleukin-2 (IL-2), 1IL-12, GM-CSF and

many others.

Administration

When administered, the therapeutic compositions of the present
invention are administered in pharmaceutically acceptable
preparations. Such preparations may routinely contain
pharmaceutically acceptable concentrations of salt, buffering
agents, preservatives, compatible carriers, supplementary
immune potentiating agents such as adjuvants and cytokines and
optionally other therapeutic agents. The preparations of the
invention are administered in effective amounts. Generally,
doses of immunogens ranging from 1 nanogram/kilogram to 100

milligrams/kilogram, depending upon the mode of
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The present invention is illustrated by the foll ow ng

exanpl es, which are not to be construed in any way as
WO p@ednty | i mitati ons upon the scope thereof. FOT/EIS05/013829

contrary, it is to be cleaely understood that resort

may be nmade to various other enbodi nents,

nodi fi cati ons and equi val ents thereof, which after
admeatisngat hendesce ptoron deereai nef frayt SuggeThet hensd mesd range
. to those skllked in the rt but still fall 61de,r t he
lSsESE)ée?Sth h8 ﬁvé’ﬁt‘%‘”&ﬁn Ce MR T4 Wt micrograms per
klﬂaogﬂhﬁal giheOct 1988 hyt €negloyee! -yono- déBeQ@dQﬁydr) gthelriety of

G Ci Es) , trif luoroacetic acid (TFA)
fadthéiadecylldpﬂrétihyllgammmh@m br sIHMPFeIDHAR) , selected for
P I dy er i S).,. 1_.

ockiALEREPNAR! indeier | 16T QIBAYLEELDLANT (P Toingie o
muiDPE& dlose'rbDl laauir oyhdsmghgberg&t&qahnspbmeh@ftieﬁe including

(DLPC), chalesterol froml anolin,
age. rrypﬁysgtlz?fil sPRYYEEPRe 3 S&ﬁ&spﬁb%%*ﬁ'nea(lﬁys‘ﬁ‘e pgfage of the
dipaksit oyipdde cappibir-ae Sl onkde anthhokesteryse Nof ordinary

(trimethyl anmoni oet hyl ) carbamate chl oride (TC Chol)
skwkte ¥ ol ukatorasi gmer Bhehsadgupezed| and)h . reggmore than
ro‘?]éﬁgghat |g| 1m8h9aja gn(PC) was obtai ned from Li poid

a ZerT af

1, 2-Di pal mtoyl -sn- gI ycer o- S- phospho-rac- (1-glycerol)

sodiumsalt (DPPG , 3b- [N (N

, N - Di net hyl am noet hane) - carbanoyl] Chol esterol

Hydrochl oride (DG Choi), Exdmples
Di pal mi toyl -sn-d ycero- 3- Ph__Eh_osp ate Monosodi um Sal t
(DPPA) and 1 ,2-Dipal mtoyl Ethylene dycol (DPEG

hased ant.i Polar Lipids; ( baster, .
Th%f %6%%)% Eﬁéﬁ%ﬁé¥_330|eo]ﬁu%ﬁéﬁé&d A%? T following
exghyresp- ﬁhphhspher y;lotettlaaarhxé amrrse:r(d%B) wasaroptwdyneds imposing
fromR . Berchtold (Bi ochenical Laboratory, University
ll‘BftBE%ﬁ“SSHPPE‘ertlhé’no%COPesu‘H‘%%%Fd% B 5RhE BPotEarYa it is to

be- &dARVRGEeLHHAPSBLEY %ﬁgtLQQ%B%EOHd%5Héaﬁg&énﬂwgvarlous other
SwitzerfTand) . Lissam ne(tm
embodiments, modifications and equivalents thereof, which

after reading the description herein, may suggest themselves
to those skilled in the art, but still fall under the scope of

the invention.

Materials and Methods

Chemicals: Octaethyleneglycol-mono- (n-dodecyl)ether (OEG,
Ci2Eg), trifluorocacetic acid (TFA), dihexadecyldimethylammonium
bromide (DHAB), L-A-Phosphatidyl-L-Serine from bovine brain
(PS), 1,2-Dipalmitoyl-sn-glycero-3-phosphoethanolamine (DPPE),
1,2-Dilauroyl-sn-glycero-3-phosphocholine (DLPC), cholesterol
from lanolin, 1l-myristoyl-sn-glycero-3-phosphocholine (Lyso-
PC), palmitoyl-DL-carnitine chloride and Cholesteryl N-
(trimethylammonioethyl)carbamate chloride (TC-Chol) were from
Fluka or Sigma (Buchs, Switzerland). Egg phosphatidyl choline
(PC) was obtained from Lipoid (Cham, Switzerland). 1,2-
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rhodam ne B 1 2-di hexadecanoyl - sn-gl ycer o- 3-

phosphoet hanol am ne, triethyl anmoni um salt ( Rh- DHPE)
WON004/de94 di f | uoro-5, 7-di phenyl -4-bora-3a, PCI/EP2005/013829

4a- di aza- s-i ndacene-3- propdonyl) -1,

2- di hexadecanoyl - sn- gl ycer o- 3- phosphoet hanol am ne

(Bodi py 530/550-DHPE) were from Mol ecul ar Probes
DipaloptoflesdenlyFheoNsthbpkahdsyachN{1fdiy¢@rol) sodium salt

OB 50 2ol B2 o b S TR noare -

caBbhRBGe ) CRoLkEEHZo1 SW tzﬁghﬂﬁdhlorméor ubi ¢bo-tikb1h § 1,2-
.avaiLabIe from Fl uka %Buc s, Switzerl and V'ruses
DipatluERy4-oPTHSESSEP-EnBhRSBRake MQ@O&*&&;%% Ap&tngl DPPA)  and

6/
 EEORasapecoLo)BE) ohigh ) popacacy nhe SlgBisea  ccon

Ava4ﬂ198$d¥¥i ]Emﬁmdsmeﬂélabhateed fm@nleﬁﬂ@ Bi oleehlmitoyl-3
Wit ze .. Peptides: The HLA- ,
Oleiy E) ﬁa. n&ﬁfﬁ’gﬁéﬂ‘?u §¢ S\Pihro&é’tl( ﬁ%@?“ﬂ ABRai ﬁsp%ep‘f?%leomal“ed
frbﬁLNENBBE%ht@QdlgélbgnédﬂgﬂﬂﬂLéﬁoﬁﬂtory] Ufdddksity of Bern,
[nvest. 95 (2) :521-30, 1995) as well as an HLA-A2.1-

SwhERBEFhREbAt |o-|5>@etd18de‘5%%daflﬁe Bigl~%eila %h@mweﬁxmirom Bio-

Rag Cp%aﬁg}atorles tzerl Lissamine™
m t oyl glycero 6ﬁ%ethano am noj SUC-

rh@ﬂENKDEIKKEIERESKH KLNDNDDEG%M%Q+@Eﬁé£&&§£¥ﬁﬁ&k§£ﬁ glycero-3-

b BT T o001} Ger & O AP TP BatR b AGR-DHPE), N- (4, 4~

di€Bubepdsy f- dl@ol\éﬁ?_el’-halﬂgia bh cea-dnapal saih@fcene-3-
experinments were perforned two tinmes in independent
PrPab%?é%brie% ﬁihhﬂ%i%?%léoﬂaﬁ%g‘é%%ﬁ@ﬂﬂk@@%@hoqthanolamlne

(B649201) 5@@0@%%&9 atfp 'two%éaia& MY 88UL  Europe
ne

and deficient for
LbzdﬁmcrogTbbul|Metﬁesb@m@sbt aIN [D (2 BBpDidkebyl8by) propyl] -

43-5 997 ro ate
L AR SR SRR MRS, e PRSBERELE oo
Rothé enppliienalscgendel i nass kxapl ewiltzerland). Doxorubicin'HC1

is available from Fluka (Buchs, Switzerland).

Viruses: Influenza viruses of the X-31 strain and the A/Sing
(A/Singapore/6/86) strain, propagated in the allantoic cavity
of embryonated eggs (Gerhard, J. Exp. Med. 144:985-995, 1976),

were obtained from Berna Biotech AG (Bern, Switzerland).

Peptides: The HLA-A2.1-binding hepatitis C wvirus (HCV) HLA-
binding peptide (DLMGYIPLV, aa 132-140) (Cerny et al., J.
Clin. Invest. 95(2):521-30, 1995) as well as an HLA-A2.1-
binding control peptide and the malaria mimetic AMA49-CPE
((1,3-Dipalmitoyl-glycero-2-phosphoethanolamino)-Suc-

GGCYKDEIKKEIERESKRIKLNDNDDEGNKKIIAPRIFISDDKDSLKCG (Disulfide
bond)) (Moreno et al., Chembiochem 2:838-43, 2001) were

obtained from Bachem AG (Bubendorf, Switzerland).
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Preparation of immnopotentiating reconstituted

i nfl uenza virosones (IRIV) : Virosones were prepared
wd3006/b@719et hod descri bed previously (Bron et aCT/EP2005/013829

Met hods Enzynol . 220: 313- 381, 1993; Zurbriggen et

al., Prog Lipid Res 39(1):3-18, 2000). Briefly, 32 ny

(41.7 mmol) egg PC and 8 ng (11.1 nmmol ) PE were
Midessolmmegniseion cxpRBImMelO® nVeCEG KPBSPOEG) .twb ngimes in

. HA of influenza virus was_c ri fuged,at 100, 000
inglgpSadris, THBE AR Wi iR | BOCl At S SOPpsaST A Sy HLA-R2.1
(A0D0PBS/ fbfocithendehesgenbmpat ubiLizgd phasphori phdsecule and
and viruses were m xed and sonicated for 1 min. This
defiigiapt i@y dettihi HudBd ard100.ré06 g Mirragipkitl p ¢Pascolo
etaQQJRhQI§UE§Fnat .V@@S?i?L!é@4§l$1?f§Q7ﬂp'%%c@nQere housed
Virosones were then forned by detergent renoval using
inl18ppmypofianet aBiRaBi caBeadsadidritiids atnd domdled according to
: &Fnﬁegatur? mﬁtaﬁfhaking and three tines for 30 mn
AP HAB8°HG of USNB BI'6% - Beads each. The fina
concentrations of lipids were 8 ng/m (10.4 mmol /)
PCand 2 ng/m (2.7 mmol/m ) PE. The

ExpsRagglut i ni n/ phosphol i pid rati o was determni ned by
| pi et ] j dt t t.cher.
e BISERPObIPT L ShILIBEL 09, L4 B R A i uen

viHAsquaat i f(IREHD i on VafrbermSBS- RAGE widdedared by the method

Coonpssi e-ext.ract.i on t hod .after Bagl al 1, Anal..
A EROUREh Prenisy oty (ORE) Bfarbte SUPFBRRRadRAIG . 220:313-
33LNMUNYPR} entu &bt Nggdecanst idut,ed prdlg ugApadvi RESONBY (1) : 3-18,
contalnyng DC- Choi ([XFH\% . Virosones were prepared
208Q) t nBriethgd des@d bl pr d¥obis| §99BFEn28d & mg (11.1 pmol)

dsy; 2205 313- 331, 93; nZurbr hgge
PEE/E’%S.Q Elpi %’3 %’é(%) ﬂ% %g Pz%%o%o%rlfugf P%% g(zE%tﬁc’g/%EG)‘ 4 mg
HA( 4I. Armminlenzeggr Qs 8way CEhtrifoged BE ad 0@ -x5gngor 1 h

atggaghiﬂolégtp{\%zg_g%%%l _wv% S@glﬁé\ggslfggdilnn I{Hl o%f g:)B%S/OEG. The
detergent solubilized phospholipids and viruses were mixed and
sonicated for 1 min. This mixture was centrifuged at 100,000 x
g for 1 h at 20°C and the supernatant was sterile filtered
(0.22 pm). Virosomes were then formed by detergent removal
using 180 mg of wet SM2 Bio-Beads for 1 h at room temperature
with shaking and three times for 30 min with 90 mg of SM2 Bio-
Beads each. The final concentrations of lipids were 8 mg/ml

(10.4 pmol/ml) PC and 2 mg/ml (2.7 pmol/ml) PE.

The hemagglutinin/phospholipid ratio was determined by
phospholipid determination after Bottcher (Bottcher et al.,
Anal. Chim. Acta 24:202-203, 1961) and HA-quantification after
SDS-PAGE with the Coomassie-extraction method after Ball
(Ball, Anal. Biochem. 155:23-27, 1986).
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i nfluenza virus was centrifuged at 100,000 x g for 1 h
at 40C and the pellet was dissolved in 1 m of

WOPBB6OEG19 The detergent sol ubilized phosphol i ppCEERIN05/013829
viruses and 1 m| of 20% (wdv) sucrose were mxed to a
final volume of 4 m and sonicated for 1 min. This
m xture was centrifuged at 100,000 x g for 1 h at 200C

Ex%ﬂgﬁéh@ supernatant was sterile filtered (0.22 nm)

Irosones were then fornmed by detergent renmpval HSi ng
Premurafgi gt wet SNEVBIRRIERAI Fagring h 4fCpPBgmituted  influenza

- t i [ b shajd_pg cand g hres i Tesokone30
Vl%/\ﬁ%%% %ﬁg%ﬁé%ﬁa&@gﬂ- gglgds (each.ﬁp)The f?%al&ﬁeg WEe prepared
by carteentreaticahs defsdriipieds weegiguagyni (B1on4 ahol##i) Methods

PC, . - L
enggah. 52t AT o ik P il 5047 254, M prog.  Lipid

reflemaggh ut 5ni p/ phrosphal igx ik 71at,i o3nasgdetsr.m natoby egg PC, 8
phosphol i pid determ nation after Bttcher (B dttcher et

mg al(11. Anamolohi fF Aefa 24 2022201, 14671 GndmRAl qldmGhel were
L SR t o i t b heCaorms sbecesBEact io £

dlérr%?%%éé@agﬁerej Brglpl o(f'ég\%%é,,\tI Aggl. Bi ochemqblgS?%g?ZZ fmg HA o

inflDB&6) za Exanph ewdsPreparatfiugedofa tANEID-M (RI¥/: g MBpkod & at 4°C

onstructing DIRIV.with [ipi.d hound t. o Ah

an‘gr'@iﬁ%rﬁ?uﬁgof’a@i Adssred@néfein Tt eoafgn%E?éaenEsG'a?Tehe detergent

soBlbachesdt ghbkenviigsare sulf aceusker dre preparafi a0s  (w/v)
of PEEmnetic-IRIV, a solution_of purified Influenza

SUPY S AGEPEF emhEREgEPURI ALRAL4 VRPN Ofhds Phatd buiererfed tor

1 {?\%‘h'.”%pﬁEB@ix .ecewf}{s“éélrgieﬁif B0 i N0@t 0800x0Q0FRd 1 h at

e pelTet was dissolved in PBS (1.33 nl) containi ng

20100 aémm/l otteetdudeamegiardol masodetsgicétiser L PBSTEEG) (0.22  um) .
. AMAA9- PE conjygates_(4 ing phasphat i.dy] | he. (.3

VIRgSOTT POl r oL rbsffgﬁ%?fi éé'r %egcye;)rgaer?& VEERSIADCubThg 180 ng

ofPhasphkabi dyletfann afdmnel (R &8) reere whngsdlatatd wiath shaking
total volume of 2.66 ml o f PBS-OEG The

and three times for 30 min with 90 mg of SM2 Bio-Beads each.

The final concentrations of lipids were 8 mg/ml (10.4 upmol/ml)

PC, 2 mg/ml (2.7 pmol/ml) PE and 0.075-1.25 mg/ml (0.12-2.5

pmol/ml) DC-Chol.

The hemagglutinin/phospholipid ratio was determined by
phospholipid determination after Bottcher (Bottcher et al.,
Anal. Chim. Acta 24:202-203, 1961) and HA-quantification after
SDS-PAGE with the Coomassie-extraction method after Ball
(Ball, Anal. Biochem. 155:23-27, 1986).

Example 3
Preparation of AMA49-DIRIV: Method of constructing DIRIV with

lipid bound antigen: The preparation of virosomes wherein the
antigens are attached to the virosome surface. For the
preparation of PE-mimetic-IRIV, a solution of ©purified
Influenza A/Singapore hemagglutinin (4 mg) in phosphate
puffered saline (PBS) was centrifuged for 30 min at 100 000g
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phosphol i pid and the hemaggl utinin sol utions were

m xed and sonicated for 1 mn. This solution was then
waeensnesuged for 1 hour at 100 000g and t he super/BEi08sIt13829

was filtered (0.22 nmm) und®&r sterile conditions.

Virosones were then formed by detergent renoval using

Bi oRad SM Bi oBeads (Bi oRad, d attbrugg, Sw tzerl and)

and BhY wRneest arad aﬂsﬁbiﬂ@@tSna@BS'NHIKBbﬁﬁoreontaiﬂing 100
| yophi I'i zati on. Exanple 4 Method of constructing D RV

mM i t fpataeganilegedlysnd taR@ospadetheThi s KARpPEGT . AMA4O-PE
de ates the site-ditected coBhHaREON Ofp t hagFab'yipo;

Co??%%%%%{ tg thg%%$bxi ﬁe Egggeggarn?dengnegiio ggép Lipoid,

Ludihbgamd fgen bieuthargy si tandvaphedrle f oty bg eyl arvindhe (6 mg)

target cell. I.n order to place the_Fab'  noleculLes jn
W%%s%tlﬁéﬁfmficﬁ“al?o&@tf"ﬁei"roalﬁi”\‘?a| eht 3bi6r?o|i”fhlg %%t EBsigEc. The
phdSpRETBb 4 avdid abhe, Heathgglfutagient soaneicns) ugatedmtiged and

the flexible spacer armby site-directed conjugation.
sondOaheq 66r NUSTREG NHLL ¢obe bt o)y Wes ohfepolcpatmifeged for 1
| ycol c r P a i djn 3
oG58 R BiRd B ol SERdL e i el (022 om
und®&en, s#5rngeof cdhdli eaphsphoyphatiotplset wanel ariheen  formed by

di ssolved in 4 | of c¢chlorofor nd t hanol . (1 = 3; .
deyPyyeRte atifBu’o t heS5ofut | h?g%%e r%gct?%ho%éadg (BioRad,
c1l&fbE84g oubHRder 18k QoaT Iy 38rat steewd eiesatyunets at -

RT) . thanol /chlorof ormis renoved under
70dechedsragl yerisshiea®h@nt he products are redissol ved
in chloroform The solution is extracted with 1% NaC

to renmove unreacted materi al and wat er-sol ubl e
Ex8yppeoducts. The PE-PEGVAL is further purified by

silic acid chromato r%ﬁgﬁ as .described .b Martin e
Meghod (2855pn St tag vE e s d 1Y aan%e?*d Spacer:
ThEQ! UHANPRE QefbARRL-Ekc@f thed LM devdeendashidatlion of the
silica gel (Kieselgel 60, Fluka 60752) . Elution is
Fab’ fragment to the flexible spacer arm designed to keep the
antigen binding site available for binding to the target cell.
In order to place the Fab’ molecules in a position which
allows their bivalent binding potential to remain available,
Fab'-fragments are conjugated to the flexible spacer arm by

site-directed conjugation. 100 mg of NHS-PEG-MAL containing a
long polyethylene glycol spacer arm (PEG) are dissolved in 3
ml of anhydrous methanol containing 10 pl of triethylamine.
Then, 45 mg of dioleoyl phosphatidylethanolamine dissolved in
4 ml of chloroform and methanol (1:3;v/v) are added to the
solution. The reaction is carried out under nitrogen for 3h
at room temperature (RT). Methanol/chloroform 1is removed
under decreasing pressure and the products are redissolved in
chloroform. The solution is extracted with 1% NaCl to remove
unreacted material and water-soluble by-products. The PE-PEG-
MAL is further purified by silic acid chromatography as
described by Martin et al. (1982), with some modifications:

the silica gel column has a diameter of 1.5 cm and is loaded
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performed with the follow ng gradient: Chloroform
nmet hanol 29:1, 28:2, 27:3, 26:4 (nm) etc. 6 ml
wd 10a€0d9019s are col |l ected. PEG PEG MAL i s obt airGadER2005/013829
fractions 13-31. Fractions2and purity of PE-PEG MAL
are analyzed by TLC on silicon with chl orof
or m net hanol -wat er 65:25:4. PE-PEG MAL is dissolved in
withi 9-4HGh i biifd ege10@M sqld &l 650 ¢oftlaikai ng0T1Chy/ 15EIdtion is

of octaet hyl en col - ododecyl ether (Ci 2Ee) . To
pePhpEREaT L b ChESRabo L Pr S Ronp o enhfuag hyF 9l pgps methanol
29k PE- PEEGMAL rati:g,of 2k:40. (Fhe seldd.ion i stirreda@tions are

RT for 2 hr under nitrogen. Further Ci E is_added to
copbeatnda | % GESECEGSHPG | drF arPihidg%bactt onf FikEipes 13-31.

. . " ah PE. L
erbSrShAS SPOEA 8 Spptanred PERERML AP nic on
siThicopr epyh SepbadeemtBe tAfaner] -awad-erofrS [idfcubat | PR PEG-MAL is

.the_gel is renoved centrjfugatjon. PE-PEG Fap 1 .
dl-s§8llgﬁjonl(13. é?rms)‘fﬁ%ﬁ ssbéﬁﬁq%gd}]b%ﬁj SS tﬁrghghcﬁntammg
fiilt . j t
B e e T S L
thTbi scxanplre desrofFabr afeagthketpr epar atdded ot a Fab'/PE-PEG-

conj ugat ed _vi rqosones targeted to specific cells.
MAHen‘IE?gtg‘l%tPﬁi () %P‘c’)m A8} ngapditerd %Er &t bpr 2 br
unbBE! UBRZR QLT US irsritsekat@drasideselddeed noWaakhi ands-c,Eq-

G ueck, Int. J . Cancer 77. 728-733, 1998. Super natant 0
sotphtanneng $dleuBidactd@rHatHiyRg 2. sthpred) ovarpiehm at 4°C.

C i 2E8 deter olution is ysed fqr th roducti.o
UG aGEFdshed L OPMERpri | APTERGH B¢ (Jruf ot b Cof oPbr GO ML of
wakBedddedotigra mOURBSRLLAM fdeitlarngd thes chl orpfsm a 3-hour
~evaporated by a rotary evaporator to obtain a thin PC
ingphesphati dpPchGli Ao Hanaiash Rhecepasstu@dtiomne PE-PEG-Fab'
_S%EBEEB%t%@{ ‘%dqligogk%fyf¥%ég)g@ E@%sage through a 0.2-pum

filter and stored as a 0.01 M C;;Eg detergent solution.

Example 5
Method of Producing FAB’ DIRIV: This example demonstrates the

preparation of conjugated virosomes targeted to specific
cells. Hemagglutinin (HA) from the A/Singapore/6/86 strain of
influenza virus is isolated as described in Waelti and Glueck,
Int. J. Cancer 77: 728-733, 1998. Supernatant containing
solubilized HA trimer (2.5 mg/ml) in 0.01M C;;Eg detergent
solution is used for the production of virosomes.
Phosphatidylcholine (38mg) in chloroform is added to a round-
bottom flask and the chloroform evaporated by a rotary
evaporator to obtain a thin PC (phosphatidylcholine) £film on
the glass wall. The supernatant (4 ml containing 10 mg HA)
and 3.6 ml of PE-PEG-Fab' (containing 4 mg Fab'-fragments)
from Example 3 are added to this flask. Under gentle shaking,
the PC film covering the glass wall of the flask 1is
solubilized by the Cl2E8 detergent containing mixture. The
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and 3.6 m| of PE-PEG Fab 1 (containing 4 ng Fab
"-fragnents) from Exanple 3 are added to this flask.
whnmencygent | e shaking, the PC fil mcovering theCchOEP®85/013829
wal | of the flask is solubi2fized by the Cl2E8
detergent containing m xture. Thedetergent of the
resulting solution is renpved by extraction with
de@%ﬁ%&ﬁ@ Birohgads, SM Pt indheotantianners i sefbakenbforesdt raction
~hr by a REAX2 shaker (Heli dolﬁ]h, Kel hejm GCer many?( . To
witkenoVerihe Beckegdft SHorpl et®1S, CHi &L R bckBuFBaKgn for 1 hr
rep t ti hih O of B S,
oy B 2SI BREFy FERAebar et Cabr ol o of “Fap o demove the
detiﬁ@émsorffempustemyai nedis Quantedatreve sanadysised evbgls times
s gt o Byohtnte R, 1 SR cunsparent
sofRneent pat Faps-0f rFabmear esdebeiinked by)whtitative analysis
I mmunoassay of the fractions collected fromthe gel
revéals athah dbnninhefHEgh ' CYagosapesdern2edcdl-dnit%aet HA, 5 mg
describ i I hadi v ﬂ-a"%ﬁrg ry r
Ofp?(écea&?regof%rﬁ%e%gro uctﬁfon 0 r\%‘fsf'oso%ge\%hfﬁggt%ggbpf Fab
aré s dehe radre dexeeptant hatmuroo 285 PEGoEabt he s faddédons collected
Preparati on of_ i nmmunopotentiating.reconstitute
£roRf Fhénﬂﬁlvifb]s‘b?ﬁe%l%gn?ai %;hﬁ)g B o DF&P%{QSﬁdZOO column
as PeakikRg i BEaPEGnFalint iD4diespesa wer.gbprepaeed byinube . The
met hod descri bed previously (Bron et al., Mthods ,
pr&pegune . 1220 t3e3-3PLuUCOgst T i FggeRest wakhoupy §gb' is the
Li pid : L 35a8pr20P0) « [ Yq.32 ng (41.7
Samm%%s“gﬁé H%,?‘%A?rg}? 2aed rﬁ%%l) Fdada 52 (4 g
(0.6-10 mol ) DC- Choi and the previously forned
PE- PEG: Fab' were dissolved in 2. ml of PBS, .100 nM CE
Preppre bRy | o4 nglmu%‘?p?ﬁ?rliﬁjeﬁgjangli rlfsec\ﬁélsst&étﬁlt%reidf uglertlzlc%luenza
viBbsdfs 000X a4 nfigy Ibdr@oAC(pnRIVNe apel Ieiamasy PE-PEG-Fab’:
_d| ssolved in 1 m "of PBS/ OEG The detergent , _
Vigobobebi 2edr phogsmaltiosi dsyarhwi msdhndescaibsr Jpygviously
(Bgﬁlvéﬁﬁréggngggﬁ%dg‘&%&§ﬁbf;be@k3Y§L§g?,oﬁ95§p|Zurbriggen
et al., Prog. Lipid Res. 39(1):3-18, 2000). Briefly, 32 mg

(41.7 pmol) egg PC, 8 mg (11.1 pmol) PE and 0.3 - 5 mg (0.0-10
pmol) DC-Chol and the previously formed PE-PEG-Fab’ were
dissolved in 2 ml of PBS, 100 mM OEG (OEG-PBS). 4 mg HA of
influenza virus was centrifuged at 100,000 x g for 1 h at 4°C
and the pellet was dissolved in 1 ml of PBS/OEG. The detergent
solubilized phospholipids and viruses and 1 ml of 20% (w/v)
sucrose were mixed to a final volume of 4 ml and sonicated for
1 min. This mixture was centrifuged at 100,000 x g for 1 h at
20°C and the supernatant was sterile filtered (0.22 yum).
Virosomes were then formed by detergent removal using 180 mg
of wet SM2 Bio-Beads for 1 h at room temperature with shaking
and three times for 30 min with 90 mg of SM2 Bio-Beads each.
The final concentrations of lipids were 8 mg/ml (10.4 pmol/ml)
PC, 2 mg/ml (2.7 pmol/ml) PE and 0.075-1.25 mg/ml (0.12-2.5
pmol/ml) DC-Chol.
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1 mn. This mxture was centrifuged at 100,000 x g for
1 h at 20 0C and the supernatant was sterile filtered
W B02B69Tna ) . Virosonmes were then formed by depEr/Benns/013829
renoval using 180 ng of we8SM2 Bi o-Beads for 1 h at
roomtenperature with shaking and three tines for 30
mn with 90 ng of SM2 Bi o- Beads each. The fina
concentrations of lipids were 8 ng/m (10.4 mol /nl)
PC, 2 mg/m (2.7 mmol/m) PE and 0.075-1.25 ng/ m
Thq(l;hémaq@hunﬂﬁﬂﬂ@pﬂg@gﬁgﬁipﬁﬁe ratio was determined by

he | uti nin/ phosphol.i pid j.O I ik
on SRS AR RARLPR S Lo A e ety ox ol
an®l . athin AnAkta Chiurp0Aca3241262263d W6 uaardfication after

HA-quantif ication after SDS-PAGE with th
SDTRAeS o1 61 Bk 1 BEEI ORORBRRSACAPHEF2BAFPT( BARENOfha @ fter  Ball

(Bﬁ?chﬂg]ﬁlﬁi‘ggﬁé{, 1L986)3- Exam@s 6. Loading DRIV
wth a pharmaceutical conposition of interest:
Doxorubicin is | oaded into virosones through a proton

Exgrggiegt generated by virosone-entrapped amoni um

as described by Gabizon et al., J . Natl.

Lo&@D6&r DIIRSY. Bilth 1484hk4G8,cel@8%allocoopds vt tosomds interest:
W th ammoni um sul fate, an ammoni um sul fate sol uti.on ,

Doxarulyi gitd 35| $0ad@8d1fgOt e TOPRMG Ss FNFAUGR (@7 BF g gradient

geégpég e%yf%ﬁt%égﬂ%igﬂiﬁy seshdSweghr aiPeatd. ks described

I ot ec spoDi al yzers, r 15 ' 000, Spectrum

by Msdbtabn| reustlr.i,es]. Hoast onCamxer USAptagdilistl 48414488, 1989.
of PBS cont ai ni ng 5% of_ gl e 4 hoyys : .

TOAﬂ-PéE 2v14rchsociﬁe.ss tﬁét%i 3 ySOilIllg. uf%lgf%tse ,Chgﬁgga'ﬁnaond.%ﬁhesulfate

soYit 0sRNMB4S0hulyi/an ) diial yzddikd oto athar DAGIV24disurisn To/ .5 ml),

prepare the doxorubicin |adin olution, 1 f .
sodbsateBi diaf i $ dTSBolARe P‘haéyg?g‘of<u Ce‘?raa&o"@ 2.1, Biotech
Dié@SBi%i§§Qrébf0Mﬁ@o? Ol@'@@@f"ﬁ%@cti@ﬁn M&Qigh1 of Industries,

sterile" 5X concentrated PBS and 5% gl ucose are added.
Houston, TX, USA) against 1 1liter of PBS containing 5% of
glucose for 24 hours at 4 °C. After 24 hours the dialysis
puffer is changed and the virosome solution dialyzed for a

further 24 hours. To prepare the doxorubicin loading

solution, 10 mg of doxorubicin is dissolved in 3 ml of water

and sterilized through a 0.2-um filter, then 750 pl of sterile

5X concentrated PBS and 5% glucose are added.

The virosome solution and doxorubicin loading solution are
warmed to 33° C, and then 2 volumes of virosome solution are
mixed with 1 volume of doxorubicin loading solution. The
mixture is incubated for 10 h at 33°C and further incubated
overnight at 28°C. Non-encapsulated doxorubicin is separated
from the virosomes by gel filtration on a High Load Superdex
200 column (Pharmacia, Uppsala, Sweden), equilibrated with
sterile PBS, 5% glucose. The void volume fractions containing
Fab'-virosomes with encapsulated doxorubicin are eluted with

5% glucose in PBS and collected.
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The virosone sol ution and doxorubicin | oadi ng sol ution
are warnmed to 33 C, and then 2 vol unes of virosone
wGe o00ah6wom are m xed with 1 vol unme of doxor ubi CP@I/EP2005/013829
| oadi ng solution. The m xtage is incubated for 10 h at
33C and further incubated overnight at 28 0C .
Non- encapsul ated doxorubicin is separated fromthe
virosones by gel filtration on a H gh Load Superdex
200 colum (Pharnacia, Uppsala, Sweden) , equilibrated
Examgle sterile PBS, 5% glucose. The void vol une

fractions, containj -ab = Vi r S W encap _
Ly T aPb el vPERY o DS o gl e MSEs at
700o! | 18st &6 Exapqbrel 4 4t | | Zagopini lofzaiRIV: WAl \Mone  in a
were stored in aliquots at - 70 0C before

savamphi IAERY G h. LSRFIATIZat iBiFUS Hone T a &R antSupplier’s
iné%%%é%f%é@?egyfgda%&ﬁﬁﬁé?@w&?etngeauﬁﬁh%@ﬁét%ly or stored at

Instructions. Dried sanples were used inmediately or
-76tor etfoat =& i tFpron eodnstyeritiloieesdt PyBpHi| izeyolume of

DRIV, a.vqlu of t [t VO] . bef
wa TS PRt s "R IBH CF NS aH G LTV LHF 48 added o
th&egensd i hired. emgrion Nl RV oerenst pretRE Wk . s tomaaplat 4°C.

8 Preparation of HLA-binding Peptide-DIRIV: DRIV were
stored in aliquots at -70 OC before |yophilization.

Exé-r}{]gfgiéi zation was done in a Savant AESI O O speedvac

ng to the supplier' s instructions. Dried _
Prepaphesomert HAdbinmedpaPebyide-9IBAdd HIRTY wrge stored in

For reconstitution of |yophjliz LRV, a T ; :
al?‘—fﬁ'ﬁ\g{)?noﬁqng ng#:i 3%?%?%%0{1 é)(ﬁ)hﬁ%qv\%telr(%équgygkgﬁﬁggtlon s
doN®! uae befursnd ympdidizasbeadwas addeddiogt e drieedsupplier’s
~ DIRI'V. Reconstituted HLA-bindi ng Pept.i de-cgl R Vs were
ingtorediabs 400r 1ePefFaFR Aat M6R SofSETC PSR aet(f\{é’ep‘ﬁ derored at
_769RCcenty.at o Nes; oY ofP- Hbfhilized DIRIV, a volume of
HLA-binding peptide dissolved in water equal to the volume
before lyophilization was added to the dried DIRIV.
Reconstituted HLA-binding Peptide-DIRIVs were stored at 4°C.
Determination of encapsulated peptide concentration was done

by RP-HPLC.

Example 9
DIRIV were stored in aliquots at -70°C before lyophilization.

Lyophilization was done in a Savant AES1010 speedvac according
to the supplier’s instructions. Dried samples were used
immediately or stored at -70°C. For reconstitution of
lyophilized DIRIV, a volume of AMA49-CPE dissolved in water
equal to the volume before lyophilization was added to the
dried DIRIV. Reconstituted AMA49-DIRIVs were stored at 4°C.
Determination of incorporated peptide concentration was done

by RP-HPLC.
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Exanple 9 DIRIV were stored in aliquots at -70 0OC

before |yophilization. Lyophilization was done in a
weanans97AES| A O speedvac according to the suppPCEEPH05/013829

instructions. Dried sanplesowere used i medi ately or

stored at -70 0C . For reconstitution of Iyophilized

DRIV, a volunme of AMA49- CPE di ssol ved in water equal
Eexdh i€ ol ume before Iyophilization was added to the
‘—é'nI?El)—ed—Dr RIV. Reconstituted AMM 9-DI R VS were stored
Pregia G .Qn Debér miERURT GG TRIGDor at BERpEpt iwfge  stored  in

concentratio S y 1 RP- HPLC. | e _— .
al]ﬂ%%%?’ atai%on 2? m%%%éJ NI]—_'§ BPE&%?Z%?%%'\AB%%%?%%E?F%On nas
dof%'Qﬁp%sS@Wanloﬁﬂéﬂnﬁanspégmﬂﬁﬁlhzaot@hmg to the supplier’s
~ Lyophilization was done in a Savant, AES|I 4.0 speedvac
ingferRerih ors t PTHRA stPP T ¥SFRstPGEt pReTigrRlg O Scored at
_759P! 83 Saysed HdmedikatebYcoh baugdqatsclit n, T0 mg of

prepare the doxorubicin | oading solution, 10 ng of
dosloxapubini g sddissedvedd in 33 mnl oPfwarafesndind sterilized

sterilized through, a 0.2- mmfilter. F%r . .
thy@eghstd t Or PoHMof T ybphi | B8 BERPDS 4 "WoiGRe of Lyopnilized
pTRRXRUBI CLNE ggual s t 9@ pteliwre bghare dyopfiel i #aliee before

was added to the dried DIRIV. Reconstituted
1y ©OXRUBE Ot NER DIwRIsVs added stor edaat dFcedExBRBIE- 11Reconstituted

1.nat i f incor dDOXRUBI CI NE:  The anount
Doﬁééﬁ@%guﬁ)ggje\gs d"?%rge, %)t%g]?%?sa case, doxorubicin, is
deterni ned by absorbance at 480 nm DI RV preparations
contain on average 150 ng/m doxorubicin. The nean
Exgmphet bt of the virosomes is deternined by

Deﬁg PHéEQ%ﬁeléki0@n§@§§5&9§89pyIﬁfﬁﬁ@BP@INE:a @oid t edmount of
us Sub-M cron-Particle Size Analyzer (Mam,

FL, .
entSpyulafhe groper iaxphessicaseof daxciutigsdgenic determined by

actj vi . .
absggﬁghég %E 480 nm. DIRIV preparations contain on average
150 pg/ml doxorubicin. The mean diameter of the virosomes is

determined by photon-correlation spectroscopy (PCS) with a
Coulter N4Plus Sub-Micron-Particle Size Analyzer (Miami, FL,
USA) . The proper expression of wviral fusogenic activity of
the virosomes is measured as previously described by Hoekstra
et al., Biochemistry 23: 5675-5681, 1984, by an assay based on

octadecylrhodamine (R18) fluorescence dequenching.

Example 12

Preparation of immunopotentiating reconstituted influenza
virosomes containing other lipids: Virosomes were prepared as
described in example 3 with the only difference that DC-Chol
was replaced by one of the following substances: DHAB, DOTAP,
PS, cholesterol, DPPE, DLPC, Lyso-PC, palmitoyl-DL-carnitine,
DPEG or TC-Chol. The final concentrations of 1lipids were 8
mg/ml (10.4 pmol/ml) PC, 2 mg/ml (2.7 umol/ml) PE and 0.125
mg/ml (0.22 pmol/ml) DHAB, or 0.125 mg/ml (0.18 pmol/ml)
DOTAP, or 2-8 mg/ml (2.8-11.3 pmol/ml) PS, or 0.125 mg/ml
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the virosones is neasured as previously described by

Hoekstra et al., Biochem stry 23: 5675-5681, 1984, by
w@moasedy based on oct adecyl rhodam ne (R18) PCT/EP2005/013829

fl uorescence dequenchi ng. Bxanple 12 Preparation of

i mmunopot enti ating reconstituted influenza virosones

containing other lipids: Virosones were prepared as

og%ﬁcmr#&d/rﬁl n examle 3wt h bhe onhysdihfenenceoth@t pmol/ml)
ol was repl aced bﬁgone of th

e foll ow
DPRipseanees25 DepBnl DOTAPY PBOLERG) eSLEFol OfD%’Pé%DLWml (0.27

”m‘ﬁﬁg}wpg{ixgglﬁ tafl%lohs ;) #mfmere g%m%c}m?}mpamewyl ~bLh-

caﬂmpttim) PE, 02109/ ndg /G2 7 Onﬁﬂ/mhc)ma)anapaslz@mgy M25 mg/ml
(0.22 nmol /M ) DHAB, or 2% m (0.18 mmol/m)

(0 DT ApRobfmbl g W?ﬁl(zr%spﬁc im) PS, or 0.125
nmg/ M (0.32 nmmol/m ) cholesterol, or 0.125 ng/m (0.18
mrol /) DPPE, or 0.125 ng/m (O 19 mmol /m ) DLPC or

Modi A2&d ngIRIV( 027 enmoiyaned Lyso- P€ll@\d09512§tng/ M0°C before

1y§%h12§ %rmg Ral i 1‘132'5\&%%2"@5% rh%(rb F;E%H‘t AES1010

spd&d&hel , aéespaﬁshdjveltys i fls@xﬂa;ﬂ]ﬁle\t wer elr&ttmeztmqns Dried
aliquots at -70 OC before |yaphilization.

Safll@b%% | F2&EEi o SREs ddmeed Jna%/? avadt ABSPEFD sﬁécedv_z;co c. For

re@&ﬁgfgtﬂgléﬁ bhe splier < i pstoyshépne. E¥i@k of water or
sanples were used i medi ately or stored at -70 0C

HLFelpinetogs Flepitiden BBS | yophidiskedednpdsdife, thevalodwgme before

t LA-b
lY?ﬂ%mgbgéEgg%eyoreu#g%gﬁ'ﬁ??% ?ggpﬁggFa gﬁ%ﬁ{é§?ﬁ§éc$ﬁ%tltuted

videkedeyi wosenstoRegoast 4tat ed virosones were stored at
40C . Exanple 13 HLA-binding peptide quantification:
Pepti de quantification was done by HPLC on an Agil ent

Ex;,qqgges%i es (Agilent Technol ogi es,

HLA-binding peptide quantification: Peptide guantification was

done by HPLC on an Agilent 1100 Series (Agilent Technologies,
Switzerland) using a CC 125/4.6 Nucleosil 100-5 C8 reversed-
phase column (Macherey-Nagel, Switzerland) (RP-HPLC). The
following eluents were used: buffer A, 10 mM TEAP in water;
buffer B, 100 % acetonitrile. HPLC program: flow rate 1.3
ml/min; buffer and column temperature 25°C; buffer starting
concentration: 25% B; 0-7 min: increase of buffer B to 38%; 7-
12.4 min: increase of buffer B to 100%; 12.4-16.4 min: 100%
puffer B. For quantification of encapsulated peptide, a
fraction (5-30 pl) of virosomes were loaded on freshly
prepared, PBS-equilibrated 1 ml Sephadex G50 Coarse gel-
filtration spin columns. Vesicles with encapsulated peptide
only were obtained after centrifugation of the spin column at
300 x g for 2 min, as the non-encapsulated peptide was -

retarded in the column.
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Switzerland) using a CC 125/4.6 Nucleosil 100-5 C8
rever sedphase col unmm (Macherey-Nagel, Sw tzerl and)
W@ Rieeo20® . The followi ng eluents were used: BU/EEI007013829
, 10 MM TEAP in water; bufBzr B, 100 % acetonitrile.
HPLC program flowrate 1.3 m/mn; buffer and col um
tenperature 25C, buffer starting concentration: 25% B
Examrd 19 N increase of buffer B to 38% 7- 12.4 mn:
S ciease of buffer B to 100% 12.4-16.4 mn: 100%
AM G fERE BpepEadequamif i Ehedolonf &Sepigsid atlednpépifgbion was

a fract]i 5- 30 ), of, Vi 0 JWer e ol .
oy (T HRER, G Mhadi Bl /000 TER 08T RAANSE Megrpotoics,
swioad sea el fihdimd i o SPORBAO| (BuisipsdesiXDRCEM tieversed-phase

encapsul ated peptide only were gbtained after
cokam ri thgaitoh of SERBOSAPRSE0l UM 1&Pe3087) g G HFLC) . The
fojﬁfﬁﬂi&f i %E)rl:lq;%_ encapsyladed peptrede was getarded i dn water;

e ‘cof um. Exanpl e 14 AMAA9- CPE pepti de
pufifant Bf i datisonTFRepn deetthamm] f i BRECoPnegr aonef byw rate 1.0

HPLC on Agil ent 1100 Seri I.l.ent.Jech Les, ;
ml@\?f’f"ZeH%&(‘f)r udi g caojlf(lﬁfiB %é?%ég\él:%@ééoég& "8L29LES starting
cotkh EVEF 586+ phaseogobyum-(1Aginient ectwwse®gbesbuffer B to 100%;

Switzerland) (RP-HPLC) . The follow ng el uents were
15'u%(éd.mlﬁaff 0% bupfey, PrA ¥ V\gflélﬁ'glsgf}?g}o% ’ofo_e_l_ré;gapsulated
pe%’gft?én net kanak ; JHPLG ps@anam Hkow { adSorded RIdl Nloaded on

uffer and col'umm tenperature 60 OC ; buffer startin
fresntentrabeored,60988-eq0i 1tbrahedi dor BdsSaThanidF e55% Coarse

0.100% 15-20 m.n: 100% buffer . ifi '
gei)ffbﬁE’é%)gh?%t edHéht i 88@%‘1“% act\f%osnl{%%guﬁﬁtt;“ g?@ﬁ&%ulated
peMtQ80MRS yWekeré oOated iord restey preeparidhgation of the spin

BS-equilibrated 1 m Sephadex G50 Coarse .
cogemnf ptt 30 oh SpitRrcd UMR:, 98sitefedIqt iHcapsulated peptide

waS”?????&é&egnpgp%l?ﬁlgﬁgy were obtained after

cen ugation o e spin colum at 300 x g for 2
mn, as the non-encapsul ated peptide

Example 15

FRET Assay: For in vitro fusion measurements by fluorescence
resonance energy transfer (FRET) (Struck et al., Biochemistry
20(14):4093-99, 1981; Loyter et al., Methods Biochem. Anal.
33:129-64, 1988), the following assay was developed: 0.75 mol%
of Bodipy 530/550-DHPE and 0.25 mol% of N-Rh-DHPE were
incorporated into liposomes consisting of PC/DPPG (70:30).
Fluorescence measurements were carried out at discrete
temperatures between 4°C and 42°C in 5 mM sodium phosphate
puffer pH 7.5, 100 mM NaCl, in a final volume of 0.8 ml in 2.5
ml PMMA micro-cuvettes (VWR, Switzerland) wunder continuous
stirring. Typically, 1 pl of labelled liposomes (0.3 nmol
phospholipid) were mixed with 5-20 ul of virosomes (0.1-0.4
nmol phospholipid) and fusion was triggered by addition of
3.75-7 ul of 1 M HCl, resulting in a pH of 4.5. The increase
in fluorescence was recorded every 5 seconds at excitation and

emission wavelengths of 538 nm and 558 nm, respectively, with



10

15

20

25

30

was retarded in the colum. Exanple 15 FRET Assay: For
in vitro fusion neasurenents by fluorescence resonance
wenwsgy 7ty ansfer (FRET) (Struck et al ., Bi ocheai/EP1095/013829
20 (14) :4093-99, 1981; Loyser et al., Methods
Bi ochem Anal. 33:129-64, 1988), the foll ow ng assay
was devel oped: 0.75 nol % of Bodi py 530/ 550- DHPE and
an Oegéi{@ii"/és&fsi\thbPHBEfsv\%W ANEOIPOLAL 861 bAt 811t of 15.0 nm.
| i'/posones consisting of PC DPPG (70:30). Fluorescence
Me dERasHEENt Svawer e ceanriedd out awldhscalt el$ enper dtultigescence

bet ween 40C and, 42 inb5 sod] ph at -
P35t 7ore o0 ARF KACY EHI i FIRa U6t Ib orr0. o RrLyRed Wit o
the&rmodiatMACver8eCveldes GYMR a Stidgrertiandytipdéng device.
continuous stirring. Typically, 1.m of |abelled. .
The¢ | posoiesl (0T BuARBFCPRBSphBFi praf TRelE niPXedewi Hlggen  was
regghé% Yéf@éP”E%d&Qt%aQ:40@”U&r9heﬁthLu@bd)(@ﬂ@%fuahﬂﬁ final
was“triggered by addition of 3.75-7 m of 1 MHCO,
com@st tatnipnn. aFpH ohldbFatibe iafcreasefinoreaeraseescale the

. _Was recorded 5 d itati
1n%ﬁﬁ%%iBﬁé%gg%fgﬁ£¥ﬂ§e%$g§g%sﬁﬁ:gﬁécggggéﬁﬁegn%as set to zero
andi BSRECET Y&t s comddadt exef it Orpsdhd dbi Fut2idn nm anab an

eni ssi on slit of 15.0 ran. Measurenents were carried
out with an L S 5 5 Lum nescence spectroneter (Perkin

Ex§%£§§ igstrunents, USA) equi pped with a thernostated

_ hol der and a magnetic stirring device. The
pafexéhal sfkeodeseenceattonnfvansi tongr dlve ldidhift i pratdearing using

hed aft it foTr ) 0 _
a %g%gpﬁgggcéﬁ#%ﬁ%?g%#ggrgg?ng;h%%g¥é4§31é%%{#ﬁgﬁ?@, UK) in 2

m1f| pamgscenser s6al e(thestsiti ahcy eshwllrateflamipscehez0 0 nL  of
f the liposomes was set t o zero and the f| uorescence
vigosonesi art & 1pPEBEEEY | BESHS S 1§e100%" Eea I3iteg 1n filtered

(OF?ﬁtPék?PﬁgzgngehgﬁghQ@HiQﬂr@@stqg%% BN ld@Ntsec at 25°C and

Scat I Ng usli ng
633 nm according to the supplier’s instructions.

Example 17

Preparation of liposomes containing DC-Chol (DC-liposomes): 32
mg (41.7 umol) PC, 8 mg (11.1 pmol) PE and 0.8-5 mg (1.6-10
pmol) DC-Chol were dissolved in 4 ml of PBS, 100 mM OEG, 5%
(w/v) sucrose (OEG-PBS), then mixed and sonicated for 1 min.
This mixture was sterile filtered (0.22 pm) and liposomes were
then formed by detergent removal using 180 mg of wet SM2 Bio-
Beads for 1 h at room temperature with shaking and three times
for 30 min with 90 mg of SM2 Bio-Beads each. The final
concentrations of lipids were 8 mg/ml PC (10.4 pmol/ml), 2
mg/ml PE (2.7 pmol/ml) and 0.2-1.25 mg/ml DC-Chol (0.4-2.5
pmol/ml) . Liposomes were stored in aliquots at -70°C before
lyophilization. Lyophilization was done in a Savant AES1010
speedvac according to the supplier’s instructions. Dried
samples were used immediately or stored at -70°C. For

reconstitution of 1lyophilized DC-liposomes, water Or HLA-
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a Zetasizer 1 000HS instrument (Mlvern Instruments,
UK) in 2 ml PMVA cuvettes (Sarstedt AG Switzerland)
WO 2d6B070d. 0 f virosones o r |iposones, respeckCWEP0)5/013829
were diluted in filtered (8422 nm) PBS and neasured
three tinmes for 300 sec at 2 5 C and 633 nm according
t o the supplier's instructions. Exanple 17
blrtc[jép géoé@{heo éléé@w&&m&mg&?ﬂ%l )@ggg@c@meély, was added to
thefjmﬂkleB’E Dﬁﬂdl@o&oﬁlem g F(accﬁasﬂoltmmq @@A(‘Zﬁépg\)\ége Peptide-DC-
issolved in 4 ml , 100 rti M CEG 5% (W V)
llEﬂRﬂWﬁiaYQﬁﬁ}%ﬁﬁﬁedtﬁﬁﬁl xed and sonicated for 1 nin.
This mxture was sterile filtered (0.22 nm) and
| i posonmes were then fornmed b y detergent renoval using
__jiﬁgL_;gio f wet SM2 Bio- Beads for 1 h at room
rat,yr fWIl akikng sand, 4 hi e té Mesof pr P8 Qdliskolved
nﬁ X 8 gggﬁg égo Bgadéiegch TEE olga AdBistolved in
meth&ﬁéﬂMra&m@ns3® 68I|mgds (A8 668 myor) POPPLO. A(difsiolved  in

and 1 /
e ehl B B bt T U s one- v & CriTed fare e
to{é’&ﬂé’f’tsa@dt t}YeQ %&\Qﬁf@raﬂéyommdﬁéﬁlm using a rotary
ophlllzatlon was done in a Savant AESI O O speedva
cvaRoDH b g (ROSAVREOSUTPIAS SBRABL r 4EEPGHE PBifad SVLtzerland)
at gﬁp&eét"@r Q%ﬁgl' %?%‘uﬂxt eley 301 s4@ed Thd ¢riQP Gpid £ilm
F Feconst tion o l'yophil'ized DC-|i posones, water
wa® rréhﬁbrmﬂe@g péphi dé. di ssdl véd |NWWWtersucrose in water.

respectlvel was_added to, the dried DCliposome
LlP%%%ﬁ%?ltuY HLABP T ng Pépt i det %ﬁflposdﬁgs WEf%QC betore

1y§§>9£§92§£16§ 19 i tRiRpanasi aoref Lhpasosesant8 AES1010
(101.6 nmol ) di ssol ved in nethanoh%}and 32.68
spﬂgdm 5ecmﬁ}ng>PP o( ditd$ol PRI Sfetthandl CH It bim DPried

sa&g}%g) nglardgga(){ghégyaﬁgyf nixedstggehhentand-tgfes,  For

ént Was renoved by using a rotary
reconstitution of lyophilized liposomes, PBS or HLA-binding

peptide dissolved in PBS, respectively, was added to the dried
liposomes. Reconstituted HLA-binding Peptide-liposomes were

stored at 4°C.

Example 19

Preparation of liposomes containing DC-Chol (DC-liposomes) :
66.8-75.2 mg (87.1-98 umol) PC (dissolved 1in methanol) and
32.68 mg (43.56 pmol) DPPG (dissolved in methanol/chloroform
(1:1)) and 1.82-7.26 mg (3.6-14.5 pmeol) DC-Chol (dissolved in
methanol) (molar ratio 60-67.5:30:2.5-10) were mixed together
and the solvent was removed by using a rotary evaporator
(Rotavapor R-205, Bilichi Labortechnik, Switzerland) at 40°C at
a gradual vacuum of 30-10 kPa. The dried 1lipid film was
rehydrated with 1.0 ml 5% (w/v) sucrose in water. Liposomes
were stored in aliquots at =70°C before lyophilization.
Lyophilization was done in a Savant AES1010 speedvac according

to the supplier’s instructions. Dried samples were used
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evaporator (Rotavapor R-205, Buchi Labortechnik,

Switzerland) at 40 C at a gradual vacuum of 30-10 kPa.
wabweded7ed |ipid filmwas rehydrated with 1.5 pai/EBSH5/013829

(Wv) sucrose in water. Lipdsomes were stored in

aliquots at -70 OC before |yophilization.

Lyophl lization was done in a Savant AESI O O speedvac
mﬁg&%g qaet8 cLhesurel i egts ingeuctions. betbedstitution of

sanpl e re used inmediately or stored at -70 0C .
lyCEHELlTllrleIH;ilStﬁ)(fﬂllmﬁ@ﬁe$r)/0phB$l zed | HpY¥sofed - bppgigg peptide

i.ng tide dis | S, ecti ; _

i Filedt S ihe dFTBT T Soaree RGO tred S dried DO
liﬁ@é&ﬂé@dlNgcgﬁﬁtiﬂ@tédpHBQHEinﬂEng PeptddicatDC4Ciposomes were

Exanpl e 19 Preparation of |iposones containing DC Choi
St%MIa’fpo%(ﬁTes) © 66.8-75.2 ng (87.1-98 nmmol) PC

(dissolved in nmethanol) and 32.68 ng (43.56 nmol ) DPPG

(di ssolved in nethanol/chloroform(1:1)) and 1.82-7.26
Ex&‘ﬁjp:(é B 14.5 mmol ) DC- Choi (dissolved in nethanol)

nmoJ ar rati o 60- 675302 10 (8 d-t egef her

el $ et | toto 3 gﬁg% g gh?g grgg £5 mice were
1nuﬁy@9§é<§1t @ﬁb&B@ba‘é@ﬂ@nyR-(Z%) BHChItHeabbBBeCh:lﬁ kt;he tail with

Switzerland) at 40 OC at a gradual vacuum o{ 1
10kPanlThefdritdtr | | EPHr‘F?P‘ﬁﬁ‘%%gr eNydPSOBRE wi lt?qrhqn

9484 V) water, bipesemasceare st hed the
reg?/ q%%({)t S altqugo Ocﬁ%ef or eat | yophilizati on. response

wadyaphlysedt Ronenas démerl rha SavantiAESItAD -spaddp cells (4

e

4IﬁQPDSttlltsté;hleOnc@Ituy@plplllartéed 3.6 Y r205>onE©6 RB$a@ir.LaH@v1 (1500

HLA- bi ndi ng pepti de di ssolved in PBS, ective
radhsspdeed t38€tlﬁetélalte61aﬁel |b6€§lor1?é’slsel§e Cht %iyml peptide,

1nHLé6Qbﬂg£Qg E%&&'d%egguh!pq%@@%%\mﬂfaﬁﬂdHﬁﬁi§ﬁ.4Qﬂbuls, MO)
containing 2 mM L-Glutamine, 100 U penicillin, 100 pg/ml

Mice

Streptomycin (Sigma Aldrich), 5 mM Hepes, 10% FCS (Gibco BRL,
Basel, Switzerland) and 5 x 10° M 2-mercaptoethanol at 37°C
and 5% CO,. On day 2, 5 U/ml IL-2 (EuroCetus B.V., Amsterdam,
The Netherlands) were added. Specific cytolytic activity was
tested in a standard 51Cr release assay against an EL-4S3 -Rob
HHD target cells pulsed with 10 ng/ml of the selected peptides
or medium control. After 4 hr incubation, °!Cr release was
measured by using a y-counter. Spontaneous and maximum release
was determined from wells containing medium alone or after
lysis with 1M HCl, respectively. Lysis was calculated by the
formula: (release in assay - spontaneous release) / (maximum
release - spontaneous release) x 100. Peptide-specific 1lysis
was determined as the percentage of lysis obtained in the
presence or in the absence of peptide. Spontaneous release was

always less than 15% of maximum release.
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Exanpl e 20 | muni sation and cytotoxicity assay: HLA
2.1 tg mce were imuni sed subcutaneously {sc.) at the
whameoe7iehe tail with 100 m of the corresponeiTiBP2005/013829
virosone formul ation. Mce36eceived 2 injections at a
3-week interval and the response was anal ysed 2 weeks
after the last injection. Spleen cells (4 x 106/ well)
Ex nmi nised mce were restinulated for 5 days in
tissue culture plates with 2 x 106 irradi ated

Enz(ylx}ﬁ&OOLJrrach led\rme'mftﬁeﬂb@tt Feits sha e Tsde R iUl esdd AMAAP (FE -

ept ] de orrp

s B ThuBeBEL G TPRPRY Ry SEh BB, PR flstina. ac.

Swfﬁﬁéﬁléﬂdﬁ,wéﬁg GgéﬁdehtepImhy@¢émdf@@maw£¢drﬂﬁb)plﬂwell of
nmM He 10% FCS (G bco BRL Basel %nd

10 spg/m BMM? GBEC APt G&Shalisi! L %%r%c”aﬁh g%%& afes with

30 15 Yempdld -2, (0GRS US. B3 Vrwe AREDET BafbrEheh
Cﬂlea%{% ands) wer e added. gggtem Fic cy?gl gtl C acti \];I tv}/ ey were

bloeised exsiem bR alléﬂcarp@and@rSJ;@r Rlﬁ ebge absay édalcnst S were

EL-4S3 - Rob HHD tar o
wa?rl‘l%dsépét?feeq“d‘éep% i Hggk %ggt \régtf P%%t ?al%gmg 0.05%
Twd SELUDRT | O, a R “re@eeawlewaslﬁeabated byitki n‘gwca—gold serial

-counter. Spontaneous and nmaxi mum rel ease .
di Het bomt ned MesFenES S ottt af B ngOREaF BT El Wi%r Tyyqes 20 and

0. %%/S{nalw g%thqu OO" espediMel ¥or LYRI 8tWay °eal aui@dredvashing,

rmul a: re ease in assay - spontaneous
thée' Paae)fs/ (wreenei mecrLébeetm -wipbnt aReouws! kel igkgs e)Plosphatase

tide-specif. ic I e ne
corﬂ)%‘t‘%%ﬁ? geg%?t VEI T BH4S neggl n t%etcg%glgeng%@élwg Kantibody
(s fbagncerof D@@i$ﬂemo$pam;a)neﬁtj$ rigl ease 3Na$ ahmﬂyéchen washed
| ess than 15% of maxi mum rel ease. Exa

thEﬁQyn’élllﬂ?ﬁked%‘ﬁﬁ%@’é@?%en%u%%@é?t%LrgA aI@%( REt Rupgtrophenyl
P ? %ﬁrnatlona rtht@rlpiat@gv(PoN¥§g&p DuBg, MWR) NaHCOs,

0.02% (w/v) MgClz, pH 9.6) was added and incubated at room
temperature in the dark. After an appropriate time the
reaction was stopped by the addition of 100 pL/well 1 M
sulfuric acid. The optical density (OD) of the reaction
product was recorded at 405 nm with a microplate reader
(Spectra MAX plus, Molecular Devices, Bucher Biotech AG,

Switzerland).

Example 22

Preparation of an influenza vaccine formulation containing DC-
Chol : Three bulks of influenza virosomes were prepared by the
method described previously (Bron et al., Methods Enzymol.
220:313-331, 1993; Zurbriggen et al., Prog. Lipid Res.
39(1):3-18, 2000). Briefly, 32 mg (41.7 umol) egg PC and 0.3 -
5 mg (0.6-10 pmol) DC-Chol were dissolved in 2 ml of PBS, 100
mM OEG (OEG-PBS). 4 mg HA of influenza virus (15 bulk A/New
Caledonia/20/99 (HIN1l); 2" bulk A/Fujian/411/2002 (H3N2), 3rd
bulk B/Shanghai/361/2002) was centrifuged at 100,000 x g for 1
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Switzerland) were coated at 40C overnight with 100
m./well of 10 ng/mM AMA4A9-CPE in PBS. Wlls were
wowrmhee7ihree tines with 300 m/well of PBS coptEEPIONg013829
0. 05% Tween- 20 before they3were bl ocked with 5% m |k
powder in PBS for 2h at 37 0OC . Wells were washed
three tinmes with 300 mM/well of PBS containing 0.05%
h Jneens20. Plt%teegj Sl then dncubaied Whth kwoofrolbs/oEG. The
erla? 8| utt on nouse serumin PBS contai ning
deﬂbﬁ&@ﬁﬂveemuﬁalanddogﬁhapﬁddqnwﬁ%raOQOW&ﬁU%ﬁﬂI?nﬁoﬁl mi of
2h at 37C. After washin at re at
wi tH/8n SUEA9STe PROSpH: gﬁﬁ qggnjugzn gggpﬁﬁg 0¥ 4 n1 and
soﬁﬁété@%@rlg%iﬁ - ehaknNmspeqirki &k sarkinkedy ugBidgrer, 100,000 x
. Louis, MO USA) for Ih at 37 OC and then mash?
g ﬁhmed.thné§l PROS plrachseNR uBSPeaN8 teDtyy/dg sterile filtered

O(?%Itr q%ﬁitgﬁégggtgié?%ggﬁk '9190%6&%@“{%%1N§2qgﬁe then

<%
foﬁmﬁ@db@ndetB@gbatedembvmdomaungmﬁ&ﬂLm@ phi wed difk.Bio-Beads
After an appropriate tinme the rea t|on was
fo¥hé #ddcit | 6HOB! CEIBSHEFREFI "1 SUITUNE 3 a(:ld%p’$%g Bhmes for

30 ophigal demsi toyp (QRY obit hESMZGaC}Bi@nB@zﬁ@siucteawas The final
recorded at 405 nmwth a n1crop|ate reader ect;gL 5
conpeiptaisiondl edul hiPDaYi ¢ere BBc A/ i of &8 AG:P ml) PC,

mg?"ﬂc zerka 82;1@?%(3@?&' St oProe/%aflatz'sorﬂngO/fmlan d nfii@nflapmol/ml

cine f i on contai ni ng DCCho hree bul ks of
pciofibuenza virosones were prepared by the met hod
descri bed previously (Bron et al., Methods Enzynol.
220: 313-331, 1993; Zurbriggen et al., Prog. Lipid Res.

Af§8£ 1) Hﬁ %ﬁan%@@@):at@bhef lohe 32 HEed 410@1 RBO! Weegg RGxed and
.3 - 5ng (0.6-10 mmol ) DC-Choi were dissolved in 1010
lYQplnrilDte@BS Lyoph i CEC- POEQIPBS) 40Na iyt HAR of Savant  AES

spegébggnzgcx EH?ngl %% b@ﬂé‘~§$ﬁ%ller s instructions. Dried

samples were used immediately or stored at -70°C. For
reconstitution of lyophilized influenza vaccine formulation, a
volume of water equal to the volume before lyophilization was
added to the dried DIRIV. Reconstituted empty DIRIV were
stored at 4°C.
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Cal edoni a/ 20/99 (H N'); 2nd bul k A/ Fujian/411/2002

(H3N2), 3rd bul k B/ Shanghai / 361/ 2002) was centri fuged
W@R002067000 x g for 1h at 4C and the pellet waBCT/EP2005/013829

dissolved in 1 m of PBS/ OB& The detergent

sol ubi l'i zed phospholipids and viruses and 1 m of 20%

(wv) sucrose were mxed to a final volune of 4 m and
cl c%igated for 1 min. This mxture was centrifuged at

00 x g for 1 h at 20 OC and the supernatant was

sterile flltered (0.22 mMm ) . The three different

I roso | k re th or - t val
\éISI ng rlgg(?lﬁé‘ |Vga- ég%glgt%ﬁgﬂ%&‘ Cgﬁ@rrlosomr}gI At least
ten@@éa&mm&m&péi%&%w&ﬂimp%ﬂﬁtdﬂﬂmmtdﬁm®51df&uéﬁhanvurosome
with 90 ng of SM2 Bi o- Beads each. ﬂl
contEREY htdmse of2 IR HE TR e T de(ﬁbvﬁtﬁh%ﬁ?ﬁ)

Pc ( O Q- OFSx {61251 5/ 5F the

eéf%&l{s{@e %%WD%%%?E%AI??H HA- quant if ication

thevim:ecanebul ks were m xed and | yophilized.

Lyophilization was done in a Savant AES|I A O speedvac
according to the supplier's instructions. Dried
@a”p|93\Wﬁ&ﬁmpﬁﬁﬂiﬂdﬁWE®k@bebﬁn@r sbor edadtm -IP Oherein said

For reconstitution of agl l'i zed i nfl.uenza vacci ne ffectiv
foraFbeRHA, a GBPﬂlﬁét@Fo t er BBEEIPHY S he VolTune ©fiective

bef9%8?$¥99§é{igﬁt'Qﬂdmﬂ§e@§§§glﬁﬁti®§ dsfedc i R Virosome is

Reco ituted enpty DIRIV were stored at 4C.Clains : 1
Aobestoyi tal tlye asenvraconpbsth¢ onl EORPRE si ng at

| east one i mmunopotentiating reconstituted influenza

virosone (IRIV) and a cationic chol esterol derivative

fpor ef f@%én\@@oéﬁ@ﬁﬂléé@:ﬁﬁcﬂfmﬁmb relcoinstl tat i2>,n vdfextekﬂel said

Vi rosone . . A conposition accordin cl ai

t
\Ahe?]éPheE%E?HO% afPbaV et LHB| B3% e OPOLT ?‘G%fy v‘éh‘?f)‘?ed
effgﬁﬁéyftuent in the 3-position of the cholesterol and is

represented by the following formula:

HSC/////,
CH; {

RO

=

wherein R is selected from the group consisting of R";
-(C=0)-; R -0-(C=0)-; R"-NH-(C=0)-; R -0-(C=0)-R" "~
(C=0)-; R’-NH-(C=0)-R""-(C=0) -
wherein R’ is C;-C¢-alkyl being substituted by at
least one positively.charged group, preferably a N-
containing group of the formula R;R;R; N'- and the

respective counter ion is X7;
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| yophi lisation and reconstitution of the virosonme is
present in the nenbrane of the virosone. 3 . A

W@ o0upoes7id on according to claiml or 2 , wher ePaI/BER1005/013829

chol esterol derivative has3a positively charged
substituent in the 3-position of the chol esterol and
is represented by the following fornmula: :D wherein R
is sel remt GRS ste @n@%an, Rrom each other
(o %ta%@(l}fn @b ﬁ?’eg{ch}lf%N o O)@ nBLy Reom,
-F\"sel(e@i@d fn@m ¢ QoD coRsistingEEL th grd C1-Ce-
(i iii al kyl being substituted by at |east one
k |y charged group, preferably a Ncontai ning
group @%e&@qnf&rnubasEﬂE@EbaHframdthhegreepecbhseSting of
counter ion is X ;wherein Ri d R 3 ar.
i ndeplatrsh momﬁﬁrba%hl%tad:e‘% 5%1%%% é{ﬁq}ﬁf?efoggre&p
n £eaal Jod JanhelRirbgen s
seleé?égﬁgi Aéﬁyﬁgﬁudgggﬁg%gtlng of halogga g
hy dragemastieg phat@®, sul fonate, di hydrogen phosphat e,
acet ate, trlhaloacetat end yg ggen carbonate; and
wher ei FRTEHS By - o6 & kyFene A conposition
accordi ng to cIa|n13 , Wherein sald chol estero

derivative is represented by the fal l,owing formul a: g
A1) whe P oLt IR AFRT B iR 'l Yo eadh

ot g&gof%e\g%(&”ﬁééPNé@Pv&rPéJpr%&Wé@ 19f tydr egerowing

and wherein X is a hal ogen ani on.

formula:
H3C//,,,I
“ CH,
CHs
R
Ra 1 0
\'N/ l | !
Ry .~ “N-C-0" ;
X H H
H

wherein R;, R, and R; are independently from each other
selected from the group consisting of hydrogen and Ci-Ce—
alkyl, and

wherein X~ is a halogen anion.

5. A composition according to claim 4, wherein Ry and Ry

are methyl and Rs; is hydrogen.

6. A composition according to claim 4, wherein R;, R and

R; are methyl.
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5 . A conposition according to claim4 , wherein R i
and R are nethyl and R3 is hydrogen. 6 . A conposition

waezmenei’ng to claim4 , wherein R, R2 and R3 BCBEP2005/013829

methyl.7 . A conposition o#foany of clains 2 to 6 ,
wherein the content of - the cationic lipid is between
1.9 and 37 nol % of the total lipid content of the

Fenbrane.c BiroAtGIPeH HnQn oFf aladi® 2 tomMegr @ihR e the
content of tphe cationic lipid is between 1.9 and 16

nol Sorofertthe ff dtted  ddtpiahicontienitd dfs tRt whstbrlanke.argl 37 mol%
co sition accordi.ng to .clai ]yﬁﬁi in the
regﬁutoﬂelﬁopﬁ g&ﬁle%tcooqt%rﬁ!e@vgrtg{seoﬁnaﬁmne ere'ane

consi sts of phospholipids. 10. A conposition according
to claim9 , wherein the phospholipids ar

Bhosphdt IHIRAGIAS &id PROSpHat Mg EaRardafidFenty PE the

A COPOS £ ofy of dig f el RN MWD& N of the total
phosphati dyl chol i ne and phosphati dyl et hanol anmi ne are

prekepidicomtemt | of ofhS:menlordne., preferably 4:1. 12.
A lyophilization conposition conprising the
bi ol ogi cally active conposition of any of clains 1 to

b1, and addigdanaldry acdorepinmy ect antaim I3.0rA8, wherein the
conposition according to claim 12, wherei

th ,
|y op? 5E@ER Ark 1 PA0 sePREtRE 75 ot HEL G U LORETRTT G GRnsists

SUCLeSe, L Al 05, dextrose, |actose, nannose, Xxylose
and&?m ncl)t%}{?. 112. SA conposition according to claim 13,

wherein the |yoprotectant is present in a ratio of 0.1

to 5% (Wv) in the solution pri.o Q. - ‘n the

Nophi 1% ZAt Tt 5-0"h 5 Oron]JirF otngo laalrﬁryl/ T AR 12

to ddospHEliponal dy¥e phosphatidylcholine and
phosphatidylethanolamine.

11. A composition according to claim 10, wherein
phosphatidylcholine and phosphatidylethanolamine are
present in a ratio of 3:1 to 5:1, preferably 4:1.

12. A lyophilization composition comprising the
biologically active composition of any of claims 1 to 11,

and additionally a lyoprotectant.

13. A composition according to claim 12, wherein the
lyoprotectant is selected from the group consisting of
sucrose, trehalose, dextrose, lactose, mannose, xylose

and mannitol.

14. A composition according to claim 13, wherein the
lyoprotectant is present in a ratio of 0.1 to 5%(w/v) in

the solution prior to lyophilization.
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conprising an adjuvant or adjuvant system 16. A
conposition of any of clains 1 to 11 or 12 to 15,

wa@emsoéonal | y conprising a biologically acti vePCT/EP2005/013829

subst ance sel ected from a pharnmaceutical agent or an
antigenic nolecule . 17. A conposition of claim 16,
wherein said biologically active substance is either

attached Laobhe t3WhHf age a0l blite vibriesone asdiar, additionally
enclosed inthe virosone. 18. A nethod for the

| y apvig 1 issitiprarofadivvesvmes @d 1UvAntg Sfe Sonposi ti ons

of any of clains 12 to 15 including the steps of: (a)
freezing said conmposition, (b) primary drying said

fik0zen pc ypPSistiitanato fa ahiyr oif rédueed lprresdir er dddto 15,

(c) secondary drying said frqgzen co ition .at a

S eI T RTLY HENS .0 ST T G I ATy 1R Eance
S gald & ot ots Bl Ghefe B RSSUrRdhtan Said Sacepthic
reduced pressure. 19. A nethod for the |yophilisation

of md¥osoes utilizing the conpositions of any of

clains 16 or 17 including the steps of: (a) freezing

sai d-conposition conprising said biologically active

sgbst ange &elpaied i @Y alphat reGewresd iragentd andlagically

antigenic nolecule, (b) primary drying said froze

conpe’si Y oPiat t A ¢ st ?Je‘iﬂfcreo‘%btrae‘)sﬁ}fﬂ?eﬁ() atﬂ'be (Sclirpalce of the
secongdar y dr yi o Sak g1 8 928N ¢ ONROSY L S¥brd . @ second

reduced pressure,wherein said primary drying is

carried out at a higher

18. A method for the lyophilisation of virosomes utilizing
the compositions of any of claims 12 to 15 including the
steps of:

(a) freezing said composition,

(b) primary drying said frozen composition at a first
reduced pressure, and

(c) secondary drying said frozen composition at a
second reduced pressure,

wherein said primary drying is carried out at a higher

pressure than said second reduced pressure.

19. A method for the lyophilisation of virosomes utilizing
the compositions of any of claims 16 or 17 including the
steps of:

(a) freezing said composition comprising said
biologically active substance selected from a pharmaceutical
agent and an antigenic molecule,

(b) primary drying said frozen composition at a first
reduced pressure, and

(c) secondary drying said frozen composition at a

second reduced pressure,
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pressure than said second reduced pressure. 20. A
vi rosone | yophilisate obtainable by the nmethod of

web@bnss® . 21. A virosone | yophilisate obtai nedi/EPings/013829

the nmethod of claim 19. 2242A nethod for the
reconstitution of a virosonme |yophilisate of claim20
i ncluding the step of solubilizing the virosone

| yophi |jysate ni B3 d gqqa@tﬂyt Wi, Qmgsalsventrri2d. oftmathedhigher
according to claim?22, whérein the reconstitution
sakeentecbhpni sesdsapdobiokeghear| Ppragéfrye- subst ance

sel ected from a pharnaceuti cal agent and an antigenic

nol ecule. 24. A nethod for the reconstitution of a

wior. osoma lyigtddnies dty@ pofi 1dlsaitra 2ibtianclapdiendpyt Hédvestmegrhod of
of solubilizing the virosome |yophilisate in a
recokstntif i on solvent. 25. The use of any of the
conpositions of clains 1 to 17 for the manufacture of

a pharmaceutical for inoculating a subject therew th.

26.. The Asel mfsagieai iy @8 i Meated ot ndjeedyy jtdhieg method of
hungﬂ.,27 A kit conprising a container containing the

| yophitTshte of claim20.28. A kit according to claim

27, further conprising second container containing a
reconstitution solvent and sai d biologically .active

29ost arfednafdiat iy s eI dcEut At At fyehtt ard <an
ant ig?ﬁf;ﬁl{fé’%g&%ﬁ- cPim A Ki {nEOMMIh S 1He asEONLEE ner

cont ng t | yophilisate of claim2l.
solubilizing the virosome lyophilisate 1in a

reconstitution solvent.

23. A method according to claim 22, wherein the
reconstitution solvent comprises said biologically active
substance selected from a pharmaceutical agent and an

antigenic molecule.

24. A method for the reconstitution of a virosome
lyophilisate of claim 21 including the step of
solubilizing the virosome lyophilisate in a

reconstitution solvent.

25. The use of any of the compositions of claims 1 to 17
for the manufacture of a pharmaceutical for inoculating a

subject therewith.
26. The use of claim 25, wherein the subject is a human.

27. A kit comprising a container containing the

lyophilisate of claim 20.
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30. kit according to claim?29, further conprising
second contai ner containing a reconstitution solvent.

w@1006/9810f a cationic chol esteryl derivative POI/EP2005/013829

enhancing the reconstitutabBslity of a virosone after

| yophilisation, said virosonme conprising, inits
reconstituted state, a biologically active substance

sl ect ed |firomcqEmpeeUtdlcdm @Fentf varthar amtrpgesiitlgy second
mol ecule . 32. The use according to claim3l, wherein

sai el ket F Ut HEHRALT Ve TS B st vseqajyv%r% said
subsiiidentalfy L8 Hoasitd Omdl dheeohiod esigi ol and

is represented by the follow ng formul a:wherein Ris

sel picd etk de 0 ¢hle gyenp aohsastamgl gfniR 'molRcules=0) - ;

R-O (CO-; R'-NH+ (CO - ; R'"-0- (GO -R'-

(CO-; R-NH (CO -R" '"- (CO-, wherein R"' is

G, C6- al kyilt heine isubst id Wt dyheat deastindig the

positively charged group, preferably a Ncontai ning

gr ohbo@lﬁl{h%a’ff%r?rﬁl%lﬂ@ﬁg- N+- and the respective

counter ion is X~; wherein R, Rand R3 are

i ndependently from each other selected fromthe group

@onsi St rigi tofadyadrdigen tand: 1@ inC 29 ,al fadthesheragipy De iing second
selected, fromthe group consisting of. halo

hy dr 9ER: 8Tt pﬂ%?te?jg%hrll ohat &S°4F %%a‘%%b%% P o\g%rll]%t e,

acetate, trihal oacetate and hydrogen carbonate; and

wherein R' is CG-C -alkylene . 33. The use accordi ng
£33 -cl aitABRL vhedadi iPTsle FrHATR oI9S & % ©

reprgsepled, by theabPL1OW 88 a virosome after

lyophilisation, said virosome comprising, in its

hancing

reconstituted state, a biologically active substance
selected from a pharmaceutical agent or an antigenic

molecule.

32. The use according to claim 31, wherein said
cholesterol derivative has a positively charged
substituent in the 3-position of the cholesterol and is

represented by the following formula:

H3C//// ,,
CHs T

RO

A
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formula : :I11: wherein R, R2 and R3 are independently
fromeach other selected fromthe group consisting of

wymsoepemw and C - C6- al kyl, and wherein X~ i s BChBEPGEO3829

ani on. 34. The use according4to claim 33, wherein R i

and R2 are methyl and R 3 is hydrogen. 35. The use
according to claim33, wherein R, R and R3 are
metiyére 36. R The sisbeofednyrafl chaigmsoBd ¢conSbstinheref R’ ;

th tent of the catjonic Jipidin the yi ..
ronbr e 0k~ bek ven 40 and s kol ST 4 HE T4 B Hha -

conteny) of & heypepprenes - 37(cdde- use of claim 36,
wherein the content of the cationic lipid in the

vi r osomgiemmitbrRanel d £1b6swebhyl. loebhpg 6P Hel thbedtipe at
total |ipid content t r 3 _
ochrarheo e Rraf ety M PETR A0fup Slor JOG AR &

| i ptencont ey @fotheodi tlos ot mumbanbR &38; CORSIastds thfe

phosphol i pi ds. 39. The, use, acgcording to claim 38,
wheFePRCEhevPhephbt T pt e 5F e phosphati dyl chol i ne and

phosphatiyd g1 hgno %%H& Ry 40e TR RGRANAI bt @ach other
cl ai m 39, wherei'n phosphatidyl choline and

phosphatiey| &t dranohand neurr eops esehnd | of ahydregenfamnd 1C1-Co-
to 5'%, preferably 4:1. 41. The use of any of clains

32 ?%) %f additionally conprising an adjuvant or

adj uvanihesesirem™ is selected from the group consisting of

halogen, hydrogen sulphate, sulfonate, dihydrogen
phosphate, acetate, trihaloacetate and hydrogen
carbonate; and

wherein R~ is C;-Cg—alkylene.

33. The use according to claim 32, wherein said

cholesterol derivative is represented by the following

formula:
H 3C// ///,
CH; | CHs
CHs
Rz 1 o
\\N/ |
Ry~ “N-C-0" :
X H =
H

wherein R;, R, and R; are independently from each other
selected from the group consisting of hydrogen and C;-Ce¢-
alkyl, and

wherein X~ is a halogen anion.
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34. The use according to claim 33, wherein R; and R; are

methyl and Rs is hydrogen.

35. The use according to claim 33, wherein R;, R; and R3
are methyl.
306. The use of any of claims 31 to 35, wherein the content

of the cationic lipid in the virosomal membrane is
between 1.9 and 37 mol% of the total lipid content of the

membrane.

37. The use of claim 36, wherein the content of the
cationic lipid in the virosomal membrane is between 1.9

and 16 mol% of the total lipid content of the membrane.

38. The use according to claim 36 or 37, wherein the
residual lipid content of the virosomal membrane consists

of phospholipids.

39. The use according to claim 38, wherein the
phospholipids are phosphatidylcholine and
phosphatidylethanolamine.

40. The use according to claim 39, wherein
phosphatidylcholine and phosphatidylethanolamine are
present in a ratio of 3:1 to 5:1, preferably 4:1.

41. The use of any of claims 32 to 40, additionally

comprising an adjuvant or adjuvant system.



