WD 2006/ 069719PCT/ EP2005/ 013829 LYOPHI LI ZATI ON OF VI ROSOMVES Field of the
invention 5 The present invention relates to conpositions and nethods for
t he effeﬁ&;%&m$%ﬂﬁhilization and reconstitution of vigas@ImseRackground of
t he i nvention f yophi li zation or "freeze-drying" is a technical process
for the renoval of water. Therein, the aqueous solution is cool ed down
under its eutectic point, until it is conpletely frozen. Then the
baronetric pressure is redyeedrupzhoran valc WIRCSMiEiShat t he wat er subl i mes
and is withdrawn fromthe solution. 15 The solubilised agent remains as a
porous solid, which can |later be resolved in water again. The freeze-drying
generates solids wth a hugepsird age @dLanve@subhi Nng in high water
solubility. 20 Lyophilization s wdély uSed 1n pharnmaceuti cal
applications, as nost pharmaceuticals have a |imted storage life in
solution,, Thejr I f. Life.can Lgni ki 4 ased by psaduetd on of
Iyoph%li§§€e§?e®%?§hlgkgkgé @eé?géﬁ%gtF§ %g?%%%ligggﬁ, in aﬁjggequate

sol vent . tAlet bafight Lyephidptzatiizer ibasans beernPridnedn oo CBe VAL SBPBET or
preservation techni que comonly used today, it has inherent di sadvant ages.
These are nostly coupled to the freezing and reconstitution processes,
which are often del eteri oBadiyrdpingacti ke agengst igm conposi tions. To
preserve functionality and activity, different techni ques have 30 evol ved,
especially the use of cryoprotectants including for exanple sugars |ike
sucr @ge alydphehakesgon Loposares zandrying$ones havecsuperl oprqraper fées as
drug delivery vehicles. \Wereas Iiposon%% are s Qgrgggbti$gigs ) 1ed

2006/ 0697TFSPCHENSG0S/T0 #385F -2 WWESTees - i AG86RES AFe“envel opes ot Vi ruses
not cont aliNidde infechiteus igepeting , mahetlaltofist hemplegehal {vbreas., The
di fference of |iposones and virosones is t{g& virosones contain additiona
prot ei ns BieTt ekt BarPBERr akPARGSEREM fsiit&ed VB gg?t el B \WHer 8as

| i posones.,afie iaclEVerCanbi€hsSs and is withdrawn from the solution.

15 The solubilised agent remains as a porous solid, which can

later be resolved in water again. The freeze-drying generates
solids with a huge surface area, resulting in high water

solubility.

20 Lyophilization is widely used in pharmaceutical applications,
as most pharmaceuticals have a limited storage life in
solution. Their shelf life can be significantly increased by
production of lyophilisates, which are solved, shortly before
usage, in an adequate solvent. Although lyophilization has

25 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 functicnality and activity, different techniques have

30 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 Lliposomes are spherical 1lipid

CONFIRMATION COPY



Thus, virosones are highly effective adjuvant/carrier systens in nodern
vacci nation, possessing superior properties as 10 antigen delivery vehicles
and a st gx@ngodemumnogeni ¢ potential whil st concom t antdga/marzmsmimseng t he ri sk
of side effects. To date virosonmes have been used effectively in a variety
of vaccines. For exanple, comrercially avail able vacci nes agai nst 15
hepatitis A and influenza use virosones as adjuvants and safe antigen

del i ver yvyehitdes. vAntsdoth esrel iscieédpby tdfe vhoestat non wiarh admtiingens

reconstituted in virosones have 0 high.affinity. for tk nt i-gens
agai nst WhT cH EREY8F2 5§&a” i%gﬁﬁgége-%?yfﬁﬁ d?i}%ﬁ%g%néggggh S%gvent
hydr ol ysisredrddfee phasphdldopioas sandnphy sicasodeyr adat | tmiof theseesiscl es
during storage. In addition, it nay hel ahi_li ze_the substance that is

i ncor por 8PBEAHH t 39138§8HEEF°??%%§e53 y%%ﬁlgf 5“F%ﬁ%§oﬁ%9%ﬁ?%(nﬁﬁﬁpation
resulds kpsaoficcoke, wph€hcica) bevhecansti tubedomed hi arsecands-ttizeobt ai n
the original dispersion, that is, if the appropriate excipients are used
and if stffabfe freeze- drying conditions are applied. On the other hand
the freeze- drying process itself may induce physical changes of the

Thus, virosomes are highly effective adiuvant/carrier systems
in modern vaccination, possessing superior properties as
10 antigen delivery vehicles and a strong immunogenic potential

whilst concomitantly minimizing the risk of side effects.

To date virosomes have been used effectively in a variety of
vaccines. For example, commercially available vaccines against
15 hepatitis A and influenza use virosomes as adjuvants and safe
antigen delivery vehicles. Antibodies elicited Dby the
inoculation with antigens reconstituted in vircsomes have
shown a high affinity for the antigens against which they are
raised.
20
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
25 formulation results in a dry cake, which can be reconstituted
within seconds to obtain the original dispersion, that is, if
the appropriate excipients are used and if suitable freeze-
drying conditions are applied. On the other hand the freeze-
drying process itself may induce physical changes of the
30 liposomes, such as loss of encapsulated agent and alterations
in the vesicle size. The occurrence of such damage 4is 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



30 |iposonmes, such as |oss of encapsul ated agent and alterations in the
vesicle size. The occurrence of such damage is not surprising, because

interactio neen the hydrophilic phospholipid head wat er
mol ecul es” F@@éxgukey role in the formation of Iiposoﬁalﬁﬁgﬁggggg. Thus,

removing water WO 2(106/069719PCT/ EP2005/ 013829 3 fromthe |iposones by
freeze-drying represents an exciting chall enge. Mreover, freeze-drying is

a time- apgd,energy- consUmg epoqer%%,zewalxgﬁngeré@gﬂzelsxén&%quaxa €%:3QWBng.
expertise in order to avoid its specific pitfalls. Fortunately, excipients,
such as disatldrad -dedlorhaver bediraedentiryiedl that Jpr StBer tad | igpesenes
during th Z] cess . (J.yopr t. S) e eze-dr.yi :
techniquegﬁéé eéﬂg%g%%ﬁggvgﬁé‘ egg%ﬁ%égﬁﬁnﬁ% gf%?uf%& P%%ggré%ggl}? 1990,
Int. J. Phadem Seciavél] 203;sfRidkdlic pI9GalBsophRarmwnd;eln; d<Essipgeatsal .,
1993, 10 "Lyophilization",, Wsse a I.C . g I ttgart
; Jenn ng?u @95? dﬁﬁSSﬁ? ?%%%%bnggf%t%%gécgﬁgﬁggkgg%agﬁgkp%?%g%%Fegkg

| nt er phar mi pressss Engliemoacthe EOpezbhygppobeetant SyqroitEcttdntposames thy (1)
preventin fusiqP of 15tli osonesqﬁ%g)ﬁpreventig Sg@elruggggej_%dbi&%yers
by ice crg??%ﬁ%", S 3 SREMATRT ni K t AE St EGFFTS 07 he %ﬁra??ers iR the
absence of i wat£rurelo(®ik80, et hel ] yops @t ectant synustafar nsan. agor, plroas
glassy matrix in and around the Iipgéones._lnt raction between tg?

[ yopr ot eck it and (PRE phdSEREIEH d 20 hedd ‘gr ofips ¥ s Ebnsidtred dspéeially
i mport@nt «f, 0511 BVERLIcR | eakage sdukiRg e ehygs at | oneof ad posanesHaifat have
a liquid-crystalline bilayer in the hydrated state at _ambient tenperatures.
25 1t is POSSFIAE tio dFRTIMyui SR f f errORC 1y pRELOR | FPESBABCFHYRuPE ons

Wi th respggt;t o, fipeze-dryi RgiefdaMMinedd, PesoMesochiehy are reconstituted
with a solution of the conpound to be encapsul ated, (2) |iposones | oaded
with a conpound that is strongly associated wth the bilayer, and (3) 30

i posores: hat, CONtAlY & Malel SOl bl LOMpPUNG) t BabydResn@Ok L ILAr aet Wi th

the bil aye one represents the greatest challenge, as both
prevehi i ohipfsémekage 20f pheapsiir edhsol Gresuadnd 9 ebédederon wf |icfosone

size are pequiled. Jhe bl an:GoMRAg Lhoniheeg- M gy SIOUMILANL in
the absence of water. To do so, the lyoprotectants must form

an amorphous g¢glassy matrix in and around the liposomes.
Interaction between the lyoprotectant and the phospholipid

20  head groups is considered especially important for preventing
leakage during rehydration of liposcmes that have a liquid-
crystalline bilayer in the Thydrated state at ambient

temperatures.

25 It is possible to distinguish different types of lipcsone
formulations with respect to freeze-drying: (1) empty
liposomes, which are reconstituted with & solution of the
compound to bke encapsulated, (2) liposomes loaded with a
compeound that is strongly associated with the bilayer, and (3)

30 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



4 factor when determning the resistance of |iposones to freeze-drying
stress, but to date it has been difficult to extract general rules fromthe
literature as many ot her paraneters are involved, including iyophilization
process conditions, choice of |yoprotectants, and vesicle size. As depicted
above the lyophilization of |iposones has been proven to be demandi ng at
best, but the lyophilization of virodones is facing even greater problens.
Thi s is,fddtcgonmpaehsofet@dipesonese duesiorihes addi tilapakopest etds in the

envel op respansi.bl e for the, fusiaon tivity, of Vi, I psone. pr ot ei ns
t hey argﬁﬁfﬁﬁ|§r¥a§8eSFFSFS’t8“?r§§zég§f§rﬁb ?%%u%%%lsé%giég%%%ﬁf%g
si gni fi carftralcgssoofeact | victys Thus ther i reded f ors composi etoas and

net hods {-hat,-@vekcoes heprebl eascoupliedtopheeffecti Meition process.
|yoph|I|zatLonandreconstltu%|onoffu5|on-act|ve nol ecul es, . nanely virosones.

Sunmar y SEREpresént 8reeFosut el Priohd ST d1Sogicddl 1% a6t Fvét éBnposi ti ons and
net hods for the preparation of highly

i yophi lization-stres S t t. Vil o QHQ%I' t d
nethods#%fi %gaé%%%ﬁ%%ﬁﬁitﬁga.li@éﬁﬁ%ﬁ%ﬁﬁ%ﬁiéﬁ?Q@#%é%Fe,.i%%%g?%gﬁlyactive
conposi tHrE Y eferbe odpRbAsYenie ©6FPosititonshor L prar et idal of

COMPOSI {005 BRAAPT | §1 NG MIHOSONBE Ak & LAl peBLEehk Pl drif0y  ekfecthve

| yophi l'i sation and reconstitution of the V|ro$8n§ and, in particular, to
an i murdSgéHitc SEanmIdsi ikt BF Sa r necelt caF tohpost tYon-CWherein a
cationi ccHd pedvé brpef f eetpyvesilyophitbirsdticonfandor econstitut icon dhet he
V'rosongmh§x£ﬁ%§en%s'np&%%eﬁﬁgbr@HEyOfaEQe %E%ﬂ§9”esuséeptible to

freeze-drying induced stress causing significant loss of

activity.

Thus, there i1is need for compositions and methods that
OVercome the problems coupled to the ef fective
lyophilization and reconstitution of fusion-active

molecules, namely virosomes.
sSummary

The present disclosure provides iclogically active
compositions and methods for the preparation of highly
iyvophilization—-stress resistant, hydratable virosomal
lyophilisates and methods for their reccnstitution.
According to the disclosure, biclogically active
compositions refer to immunogenic compositions or
pharmaceutical compoesitions comprising virosomes and a
cationic lipid for effective lyophilisation and
reconstitution of the wviroscoms, and, Iin particular, to an
immuncgenic composition or a pharmaceutical composition,
wherein a cationic lipid for effective lyophilisation and
reconstitution of the virosome 1s present in the membrane

of the virosome.



Usi ng the teaching of the invention, virosones are obtainable which have
superior lyophilization and reconstitution properties and which are
particularly useful to deliver antigens, drugs and other pharmaceuti cal
active substances including DNA, RNA or siRNA into cells. After

| yophilization, they are still capable to deliver said substances to
distinct cells through a targeting system which recognizes surface markers
of speciUkilpgcelthe ypezachandy thiis ahe speviefitdalnly sUp@sicoest o @tcher known

del i ver yryehhghes. | anachi rshaa§pecgﬂp&b%§ lSl?b@Niﬂ%@cﬁl ol agical |y

active cor’r}%oggh%op1 cogrl Si ngles an&svtmg&e oggtg t| n feclonstl tuted
i nfl uenza“vi'rodone" cationic cho?es?er ojr er| Vat | ve wher ei n

sai d chéloesii@érlé’lerd@‘rfit\/lalelf\ﬁe r%ige% posi tevety eharged substl taRHtVe n t he
3-posi tisonsetnthe chel:estiewolpand Rsarepr esgntedibyot he1fiel.l owing- f or mul a:

R 2o- (R R 020y 2 S 205 Bt LR EONE SRR ety STty
\The(r)el( %R)bstgnggsg%om i%%/ﬁtblé‘Fﬂg C§u%§%|¥}tﬁ§§§l&at tq st fénesg\ﬁ%%?fgl_m ng
group ofsntihe fﬁdﬂ.ﬂj@zl%]sRZR?»Mac;e andrkhesr espeepbvefcountern ioypds, X-; 5a

wher ein R, u@”‘l & @QQE?W@Q%G&&WE'%GQEH@W ReL sekected fr om t he

group consi. stl ng o rogen and 01 erein X- 1I's selected
from t h&e§i6tpSconsi stl ng of hal ogen, hydrogen sul phate, sul fonate,

di hydrogen phosphate, acetate, trihal oacetate and hydrogen carbonate; and
wher ei n IR' "z i & - Gosad &yl ertezrd nia pref eiesdda enbodogerd 11 ¢ h@ciuft«i*dzi zed
cationic-lipids are cationic chol est In_a further

| derivatives.
enbodi mERTFEF 1ERETdi §6M"BSare"dai 8° chgf%EFer 8rederTVAEPRRECAI £ T &) esent ed

by the freld-ewrnguteamlarivenza virosome (IRIV) and a cationic
cholesterol derivative, wherein said cholesterol derivative
has a positively charged substituent in the 3-position of
the c¢helesterol and is represented by the following

formula:

{I)

wherein R 1s selected from the group consisting of R™;
R =(C=0)-; R -0-{C=0)-; R’'=-NH~(C=0)-; R '=-0-{C=0)~-R""-(C=0Q)~
; R =NH-(C=0)-R™"-(C=C}-

wherein R° 1s (C1-Ce-alkyl bkeing substituted by at
least one N-containing group of the formula RiRR3NT-, and

the respective counter ion 1s X7



wherein Ris selected fromthe group consisting of R'; R'-(C=0)-;
R'-0-(C0)-; R-NH(C0)-; R'-0-(C=0)-R--(0-0)- ; R-NH(C0)-R-(C=0)-
wherein R' is Cl-06-al kyl being substituted by at | east one positively
charged group, preferably a N-containing group of the fornmula RIRZR3 NH
and the respective counter ion is X wherein R1, R2 and R3 are

i ndependently from each other selected fromthe group consisting of

hydr ogen andw@ex€6n aikyﬁz argl Ry arehéreéepeXienslgefeatedadn omitdre group
conS|st|n al dro en sulp e, sulfo di hydr,ogen phosphate
acetate,’ ngﬁﬁE :P tattebangr yar & o&ﬁlgé%ggnéF; h%%ﬁé%%%ré wrCf

01- 06- alkydvene. Accordlng to the dlsclosure R' bei ng 01-06- alkylene st ands
for a saturated Cl-06 _al kyl ene noiety which may be -CH2-, - (CH2)2-, etc
whi ch may al ¥6¢b&1Pr ésent® asbfahthed CHai M SuER°48 <E¥F%F§¥RGCH@§ - etc.
In a fuq&h@@egnboduw%m@géme CE9%§§E§é0| derimalives aregtepiesented by the
formula I1: wherein RD R3 are |ndependently from.each ot her
sel ect edPHasematRe §£60pTeonsIE R hga oF - hiklr d@nn afEoTIR C6caabRy4 L e and
wherein X, is a halogen anion. In another exanple, the cationic lipidis
represented by fornula Il, wherein Rl and R2 are nethyl, R3 is hydrogen and
X- is a hal ogérraninoR, preferdbtylechlordéde, i.e.

313[ N(N , N -di net hyl anmoni oet hane) - car banoyl | chol est er ol

In a preferred embodiment, the utilized cationic lipids are

cationic cholesteryl derivatives.

In a further embodiment of the disclosure said cholesterol

derivatives are represented by the following formula:

H3C///I/‘
GHj [

RO

A

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 RiR;R3 N'-  and the respective counter
ion is ¥7;

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



chloride (DC-Chol). In another nost preferred enbodinent the cationic lipid
is represented by formula I, RL, R2 and R3 are nethyl and X- is a hal ogen
anion, preferably chloride, i.e. 3P[N-(N , N, Nl-

7 trinmet hyl amroni oet hane) - car banoyl ] chol esterol chloride (TCChol). The
virosones of the disclosure are fusion-active vehicles delivering a

bi ol ogi cal | y active substance sel ect&d from a pharmaceutical agent and an
antigeni c nalreculia t0 aigeldslddtpartiedl ahe t Becibr a89MS rafigt her
disclosg{ are antigen-delivery qepigles, ca Ietpf eliﬁléi g.an i mmune
respons %;ﬁ%eﬁgt a tArgetTant i gen®6r “phar nicedtital’- del f'v ¥§ Veht cl es,

del i ver ity sphphar mecedtsteal tolfer lceldetadrd, aibbchusecodén t herbonendr ane
conposi tiQn, suitable for Iyophilization. In a highly preferred enbodi ment
the virosones are inmunopotentiating reconstituted influenza virosones

(1R Vs). Th&hgrfdsoRkal h%n%féhéaéBﬁg%g?tions of the present disclosure nmay
conprise preferably between 1.9 and 37 nol % DC- Chol or TO- Chol, relating to
the total |ipi.d content qf the virosgmal, nenbran Ln. a, highl referred
embodi et THE carit GAE o BCSEREE” o TCZOROH 1h T Kahbr ans: F & bet ween
1.9 and 6 nol s%kwofetdie Giofal alkpidneontenty ofhidle miyosenmalCHpenbr ane. The
residual (dii,pid, centent,:of, the, marhrane copsists Reeferablneofcnain

phosphol | pi ds, nopst preferably phosphatidyl choline and

phosphat @Fhéﬁgﬁggfﬁé“?ﬁ>é'r tfo of 4:1. Additionally, the virosona
menbrane may contain an anmount of hemagglutinin, sufficient to guarantee
fusion iyit f. the, wi I n I f . di.s su t he
conposi?ﬁ%ngcéﬁugggﬁtf%ﬁgﬁfé&%ghta?%gtﬁ%ﬁgggﬁﬁgggbi%$§ag%§$%§;a% Tve

subst anceesE ssetted Proma pharanteltical agent and an antigenic nolecule in
the solution prior to lyophilization. In another enbodinent, the
pharmaceutical agent or antigen of choice camjge added to the |yophilisate

prior to the reconstitution process or added %ﬁ%ﬂ | ygphi | gzation in the

reconstitution 8 process in conbination with¥heffluild s6lve solubilized
therein. In further exanples, the conposj of \t‘he di 8¢l osure can
further conprise |yoprotectants, suchcas ¢ro or an adftvant or

adj uvant system The disclosure
and reconstitution of ¢he ove-
| yophi | i sat e obtaﬁheq/therﬂ i th.
met hod for the | yophili-safibneet: S tilizing the conpositions of
the present inventioh inchudingsithe steps of: (a) freezing said

conposi tion, (b) primry dryingfsaid frozen conposition at a first reduced
pressure, and (c) secondary drying said frozen conposition at a second
reduced pressure, wherein said primary drying is carried out at a higher
pressure thanhsaiednsecon®, reduded spressureeantbnaliyhifrdmaspest othhere i s
provi de t t I il i LT tilizing.the
conposi%ﬁ%ﬁ?ﬁ#pgﬁégéré@%nﬁ%ﬁﬁ@eﬁ%ﬁ%ﬁ%ﬁ%ﬁ%d%%ggﬁﬁggg?gpgq%:6%§f freezing
sai d comosidtyi amccORBEESRNY siai b Biadicsgincahlighact i ve substance sel ected
froma pharmaceuti cal agent and an antigenic nolecule, (b) primary drying
said frozen conposition at a first reduced. pressure, and (c) secondary
rying odt G=EPoDeh CORBBOPL | it cat Lo Pt oad pFasA sl et n dai d
primary fthrying i1S,catherednolt abdarhighemarresisurie tthahysabdeseeond reduced

pressure., 8a 10 a.fouLth aspect. there 1.8,,pr oxj, ded; & Vi r0S0Me g .

(N, N’ -dimethylammonicethane) -carbamoyl]cholesterol

et hods of |yophilization
conpositions and the
aspect, there is provided a

chloride (RC-Cheol). In ancther most prefesrred embodiment
the caticnic lipid is represented by formula II, R:, R; and
Ry are methyl and X is a halogen anion, preferably
chloride, i.e. 3B[N-(N’,N’,N"-



| yophi | i sate obtai nabl e by the nethod of the present invention. In a fifth
aspect, there is provided a nethod for the reconstitution of a virosone

| yophilisate of the present invention including the step of solubilizing
the virosone |yophilisate in a reconstitution solvent. In a sixth aspect,
there is provided a conposition of the present invention for use in

medi cine. In a seventh aspect, there’is provided the use of a cationic

chol est eryimaterilvatione obahasahanstngud el drecionstd:tdit abil it yeof (acvirosone
after |yephilisation, said virosome conprising, inits reconstituted state,
a biologically active substance selected froma pharmaceutical agent or an
antigenic nol ecul e, wherein said cholesterol derivative has a positively
char ged Bubstituemed nof heh3- gostt bsnref athe rebhabest et ol e andniis1 £epresent ed
by the foliowng S oy myai.q:80 wherein R i {#ﬁf ed om t he_grou

consi st of R"1;gf.F' (0:%;) g R'- g%é%w% %é ‘%:Oiéfjecngeah el R

R - 0- (CROIERAELGFE RO (BXD) 2R 2pg2epnic molecule SgheiebAlR is

01- 06- al kyIr®beiimy Isubsttiheutved cbpmnat béasheone sNieentai akegagroypnof the
formul a RURARE N4 Aard , t heg-espectd ver count.ef 1onsis Xs;
mhereinéf%ﬁ_ﬁSXQZQ R% are_i ndependent |y fronfggcﬂgo%%g%%%ergg?gﬁs?ron1the
group consisting of hydPsgen Hnd G- 08T al harmaceutical —-dghavern X- is
sel ect ed’ ¥ iohhatthe §rEéapeEonsi st i ngrofmdradogeml hydr ogencsilphated,

sul f onatiescadishy dregentphosphaten raget atendddihal-eacetat g and hydrpgen

car bonatyg; . gnd ; %&%hn R s 01-06-2al kyl ene Igﬁ$ddit£on, the use of the
conposi ti‘ons of the di sclosure for manuf act Ut e OF P& PR mackbii cal for
t he vacciaSBFsandFmMmifr2adhorc bt i stiibjectr o ngitdouicptiendedl tenbe part of
t he di scliosuomesMagrRIpesef erably the subject is a human being. Additionally,
the present disclosure may al so conprise a kit containing the |yophilisates

obt ai nabl e by using t he IygghiIizationnethodofthepresentinvention.
The “virosdmal membrane compositions of the present

disclosure may comprise preferably between 1.9 and 237 mols
BC-Chol or TC-Chol, relating to the total lipid content of
the virocsomal 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 lipid content of the
virosomal membrane. The residual lipid content of the
membrane consists preferably of phosphelipids, 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 example of the disclosure, the composition can
additionally contain  the desired Dbiologically active
substance selected from a pharmaceutical agent and an
antigenic molecule in the solution prior to lyophilization.
In ancther embodiment, the pharmaceutical agent or antigen
of cholce can be added to the lyophilisate prior to the
reconstitution process or added after lyophilization in the
reconstitution



Furt hernore, t heki t canaddi ti onal | yconpri sea reconstitution solvent and said
bi ol ogically active substance selected froma pharmaceutical agent and an
antigenic nol ecule, provided that said biologically active substance is not
al ready part of the composition or |yophilisate. In one enbodi nent, the
phar maceuti cal agent or antigenic nolecule is to be dissolved in the 8c
reconstitution solvent prior to recoﬁsti;ution of the virosone,

| yophi | i®#% 5Thel ki t “ProviddeS meahssh o &43i | y-prepafel3/°F munofeni c
conposi td.on W tih & t-acget,anti gen of choice, e.g. for vaccination, and at
the sane tine provides a prolonged shelf-life and superior storage and
handl i ng properties. 9 In addition, the use of a cationic lipid as
descri bed, ahpyv, t i bcity .of Vi i o part of
tho. di scl baure " Br i G Bescr| biron o Frgtres Frairs 1 ShoneFhe Fiei on
activi t yfuwftHeRl Vsompt hsdi fifverent eneabtane corposist | ensrbef or erandnaft er
Iyophiluﬁﬁﬂkpn n%%sg%edvgx a Fﬁggnassay (see Exanple 9). Conpared are |IRIVs
Wi t hout &N AddiTiGnalFipid (W% th DC Chol (B), DOTAP (C) and DHAB (D).
Figure 2 shows an ELI SA (see Exanple 21) of mice sera inmunized with IRV
DC- Chol cont aj ni ng AMAA9- CPE peptide on the virosonal surface. Conpared are
AVA49- | RINE D Thot = Het dre | i FPZRE T of, MAMAAYS | RF VABCPERSEZ4F 6P

| yophi | i zal i oncandskeeonstit utjon whth watefe Rl M-dXeLhok sabter .1

| yophi li zation and reconstitution with AVA49- CPE peptide and AVA9-IRIV
cont rol @HARALFicgEr éng §howsy P ICTLL sxlsay{sele ek amsireéw20): -of m ce

i muni zed with | Rl V-DC Chol containing HLA-binding peptide within the
virosone. Conpared are DC-Chol -1 RIVs reconstituted with water, 200 pg/n
and 650 Jg/ ol HAbichdengepept itdereDetai bedvdesdr ipt menhofl tfres i hkkenti on The
presentinveq&i%%a%H%%jqﬁgsgiolo ically,?%tive %%b ositions and nethods for
the |yophi 14 Zati-on ahd FecOnstT TUtT of “of “UiFesomss. - ToF AthT eV& pPeser vati on
of the fiisd ofr@ediwityvaftide Mdasnmes afe t hesps esent (knvertkenngspeci al
menbrane coppositions are disclosed herein. These conpositions are integral

part of e | nvéRFioGn taRl conpPl se Primary  drying  said  frozen

composition at a first reduced pressure, and (¢} secondary
dryving said frozen ccmposition at a second reduced
pressure, wherein saild primary drying is carried out at a

higher pressure than said second reduced pressure.

In a third aspect, there is provided a method for the
lyophilisation of virosomes utilizing the compositions of
the present invention including the steps of: {a) freszing
said composition comprising said Dbilologically active
substance selected from a pharmaceutical agent and an
antigenic molecule, () primary drying said frozen
composition at a first reduced pressure, and (¢) 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.



WD 2006/ 069719PCT/ EP2005/ 013829 10 al ong wit h phospholipids and the viral
protein hemagglutinin cationic |ipids, to provide superior freeze-drying
stress-resistance for the virosones of the invention. 5 Cationic |ipids The
present invention relates to an i nmmunogeni ¢ conposition conprising
“virosones and a cationic lipid for egfective | yophi l'i sation and
reconstitution of the virosone, and,“fn particular, to an inmunogenic
conposi tion, awhelgirtha cadgaii c 10nhktpi dikor efdfecidve byophi-bissati on and
reconstitution of the virosone is present in the nenbrane of the virosone.

In a prefERed SRF6di Mt 0E ke preséRe | APEREFon “the T84t | GFEESPEpi ds used
as i ntegyalog®emy ane conponents are DOTMA, DOTAP, DPPES, DOGS, DOSPA
DOSPER, THDOB, DOPA, DOTP, DOSC, DOTS, 15 DOPC, DOPE and preferably

chol esteryl derivatives. Preferred chol esterol derivatives are represented

o oup. consi Sti ngof B EoR-0( C20)S ¢ - BETBLOE: R PReELD=0) R T e
R - 0- (CaB)ed@sti(0nO)py & - aNH{(:Cx0jmeR’ 1¢0p0) 1} suwber eifn Rie | $r0%<66- al kyl
bei ng S%%%éé%&&? P cfﬁdﬁﬁ?skhgn%tep of solubilizing the viroscme

lyophilisate in a reconstitution solvent.

In a sixth aspect, there is provided a composition of the

present invention for use in medicine.

In a seventh aspect, there is provided the use of a
cationic - cholesteryl derivative for enhancing the
reconstitutability of a virosome after lyophilisation, said
virocsome comprising, in its reconstituted state, a
biologically active substance selected from a
pharmaceutical agent or an antigenic molecule, wherein said
cholesterol derivative has a positively charged substituent
in the 3-position of the cholestercl and is represented by

the follcowing formula:




positively charged group, preferably a N-containing group of the formula
RIR2R3 'M - and the respective counter ionis X-; WO
2006/ 069719PCT/ EP2005/ 013829 11 wherein RI, R2 and R3 are independently
fromeach other selected fromthe group consisting of hydrogen and
01- 06-al kyl ; wherein X- is selected gbr omthe group consisting of hal ogen,
hydr ogen sul phate, sulfonate, di hydrogen phosphate, 5 acetate,
tri hal oagetatie: and hysk ogerecarhenaties anshipwheses s R'nd soH1r Co- al kyl ene.
According to the invention, R _being Cl-06-alkylene stands for a saturated
01-06 al kKyi¥ne nbi ety "whfeh’ may PR ~- (FCy $5F7 16 ef¢“WAi ©h may al so
be present.;as (l@r__@mc@edhqba@)ﬂmsuch as - CH(CH3)-(OH2)2- etc. In an even nore
preferred enbodi nent, the c ol esterol ~derivatives are represented by the
formula Il: 15 Wwherein R™ 13 C;-Cg-zlikyl being substituted by at

least one N-containing group of the formula R:R;R3 N'- and

the respective counter ion is X7;

wherein Ri;, PR: and R; are independently from each
cother selected from the group consisting cf hydrocgen and Cy-
Ce—alkyl;
wherein X~ is selected from the group consisting of

halogen, hydrogen sulphate, sulfonate, dihydrogen

phosphate, acetate, trihalocacetate and hydrogen carbonate;

and

wherein R™7 1s Ci-Cg~alkylene.

In additicon, the use of the compositions of the disclosure
for the manufacture of a pharmaceutical for the wvaccination
and immunization of subject 1s also intended tTo be part of
the disclosure. Most preferably the subject 1is a human

being.

Additicnally, the present disclosure may also comprise a
kit containing the lycphilisates obtainable by using the
lyophilization method of the present invention.
Furthermore, the kit can acdditionally comprise a
reconstitution solvent and said biologically active
substance selected from a pharmaceutical agent and an
antigenilic melecule, provided that said biologically active
substance 1s not already part of the composition or
lyophilisate. In one embodiment, the pharmaceutical agent

or antigenic molecule 1s to be dissolved in the



25wherein Rl, R2 and R3 are independently from each other selected fromthe
group consi sting of hydrogen and Cl-C6-al kyl, and wherein X- is a hal ogen
ani on. In the nost preferred enbodi nent, the cationic lipid is 30
represented by formula Il, RL and R2 are nethyl, R3 is hydrogen and X- is a
hal ogen ani on, preferably chloride, 4o yield

30[ N(N , N -di net hyl anmoni oet hane) - car banoyl ] chol est erol chl ori de (DC- Chol).
WO 2006/:G69TEIRCILEP200500¥8829 B2ifh ahot hercpostiprefer r edf enbodi nment,
the cationic |lipihd is.tepresented by formula I, R, R2 and R3 are nethyl
and X' i's aosﬁ)aeoégﬁpgﬁf%%?g%fef erably chloride, to yield 3p[N-(N,N, N -
tri met hyl ammoni oet hane) - car banoyl ] chol esterol chloride (TO- 5 Chol). Both,
DC- Chol .and TO Chol, were found to provjde superior properties in

oreser viF VK bs Gl iAGS! JREHET | VPt yFatter PYBBRFRI 7 | OFMGRGIenLC

reconst iddutioant iV¥hr ogones A0 Miesones-agenenvel opes of virysesgoand do not
contain the infectious genetic material of the original virus. Like

| i posSOMEECHIAG3ERes & Fé used tvHel tvEE tREPR i @ shbstaneed to a

wi de vard _qf. ce i Ssu [ i i Losomes offer

t he advéﬁﬁggéqégge%%?c?gg?E%%?r%éﬁgg#%fgﬂiﬁ%ﬁggﬁﬁgs?gﬁﬁgﬁg%égy t he

intracel lular rel ease of the virosomal content triggered by the viral
fusion protein. Mrreover, due the incorporation of active viral fusion
proteins into their nenbranes, virosones release their contents into the
cytoplasmimedi ately after being taken up 20 by the cell, thereby
preventing the degradation of the therapeutic substance in the acidic

envi ronnment of the endosone. Virosonmes can further be | oaded sinmultaneously
with several different B-cell and T-cell epitopes (Poltl-Frank et al.,

1999, din. Exp. Imunol. 117:496; Mreno et al., 1993,



25 J. Inmmunol. 151: 489) including universal T-helper cell epitopes (Kunmar
et al., 1992, J. Immunol, 148: 1499-1505) and others known to those of

skill in the art. Thus, virosones are highly effective adjuvants in nodern
vacci nation, possessing superior properties as antigen delivery vehicles
and a strong 30 i mrunogenic potential whilst concomtantly mnimzing the
risk of side effects. WD 2006/ 069719PCT/ EP2005/ 013829 13 sel ected from a
phar maceut i caliiagent afgk amsant bgeni ¢ JwLeeuke insos parat edsi-nisyat hetic
sphericah}viro€§nes terneg | munopot entiatin Reconstituted.lnfhuenza

Vi rosones (IR V&) SEPRIVE aré sPRBFCEAT: Cthy | Aveld af VeEid et with®a mean

di anet erpdriofofl BG:enmiandoconpri se a doubl e |ipid nmenbrane, consisting
essentially of phospholipids, preferably Phosphatidyl cholines (PC) and
Phosphati dyl et hanol am nes (PE). In contrast to |liposones,|RIVs contain the
functional viral envel opétglyeBprbtiatif: 14590 n( HA) and

neur am ni dase(NA) 10 intercalated in the phospholipid bilayer nenbrane. The
bi ol ogi ca act i es.n n confer st ural . stabi.lit nd
homgengﬁ%}yﬁaoc%/i%/%%‘g%a o?lrlr%%%lﬁi %)%El U ya?goEglg{éﬁi. %Egn Ilf;f%%? i butes to
t he i muwsiogircal properittiiensoy paiditaai nimg t héttasi diyocabtilveeyiof a virus.
15 Accorging:tQ the invenkirons:saj d (biel agigcally active,gomesitions are
capabl e of_deliverin blolqg.cally actjve substances to a cellular
conpar t ment’ ‘of Yan ot gafi's 4%%%?Wﬁ%ﬂ%kﬁ%%l“§)acﬂﬁ¢€ skibstifirce (PS sel ect ed
f rom phardmrdeutd)caind DHAB (D).

N =
D C)

Figure 2 shows an ELISA (see Example 21) of mice sera
immunized with IRIV DC-Chol containing AMA49-CPE peptide on
the virosomal surface. Compared are AMA49-TRIV-DC-Chol
before lyophilization, AMA49-TRIV-DC~Chol after
lyophilization and reconstitution with water, IRIV-DC~Chol
after lyophilization and reconstitution 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 ug/ml and 650 pg/ml HLA-
binding peptide.

Detailed description of the invention

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

comprise



20 agents and antigenic nolecules, that is preferably selected fromthe
group consisting of DNA, RNA siRNA, proteins, peptides, am no acids,

drugs, p@&p&&g 1?md phar maceuti cal active substancess@rridaisioy®&bd ves
thereof. "Prefterably the biologicallj active substance is a pharnaceuti cal

drug, an 25 antigen or a m xture thereof. Exanples for the pharmaceuti cal
agents are sel ected from the group conprising anaesthetics, angiogenesis

i nhi bitor ant |, - n Nt inealy ie:di Y DI QdrhosAnd i30n
chenot he?z%%tl é%?o ?{g% gntgflﬁl st ani nes, A ’

antiinfl agaBbeLy/ ampmaf ecm v@@ﬁtlﬁﬁeo?ﬁ@%ﬂ%%géﬁf@Zeaﬁf-’k’b’é‘iﬁs stress-
antiprot 0zoal s, ang%Fh%%na%% Ssofbl | ¥t dle YaGehREsn,
ac

ant i vi r aF&€Saft PR Epdstiotics terial Vacci nes,

chenot her apeuti cs, cytostatics, i munosuppr essi veagents, WD

2006/ 069719PCT/ EP2005 013829 14 | axatives and psychol eptics. Preferred
exarrp$ es CRELOPRLE ceuti cal drugori mmuno- acti vesubst ancear e doxor ubi ci n,
vi nbl ast irhe, Ipfecsqilnat i hvdretiket rexedess cycl egpoimnmunogenic composition

comprising virosomes and a cationic lipid for effective
lyophilisation and reconstitution of the virosome, and, in
particular, to an immunogenic composition, wherein a cationic
10 lipid for effective lyophilisation and reconstitution of the
virosome is present in the membrane of the virosome. In a
preferred embodiment of the present invention the cationic
lipids used as integral membrane components are DOTMA, DOTAP,
DPPES, DOGS, DOSPA, DOSPER, THDOB, DOPA, DOTP, DOSC, DOTE,
15 DOPC, DOPE and preferably cholesteryl derivatives.

Preferred cholestercl derivatives are represented by the
following formula:

H3 Cf[‘, e
CH; §

20 CHa

CH;

bt

(I}

wherein R is selected from the group consisting of R"; R~
30 (C=0)~; R -0-(C=0}~; R’ -NH~-{C=0)=~; R -0={C=0}-R™"-{C=C}-; R -
- (C=0)-R" "~ (C=0) -
wherein R’ is C;-Ce-alkyl being substituted by at least one
positively charged group, preferably a N-containing group of

the formula RJQR3N*— and the respective counter iegn is X7,



and i buprofen. 5 The term "antigenic nolecule" refers to a nol ecul e agai nst
whi ch an i mmune response is desired. This nolecule can be selected froma

group i n&e‘&i’ﬂo?&wx@m not limted to, peptides, proteifSyppbddiodssae MONO-,
po

oligo- a ysaccharides, 10 gl ycppepti des, carbohydrates, |ipopeptides,
bacterial or viral pathogens and toxins, other small i mmunogenic nol ecul es
and DNA/ RNA coding for such nol ecules. "Inmunogenic" refers to the ability

of a nolecule to elicit,an_i : N30 erganism ifoey ated
t her ewi t h. E@é%ﬁlé’s Rﬁerza%Pfjgg]ﬁ?agrélé D %%tﬁeeg gre pepti de based T-cell

ant i genssang:Bed el doranhiegensup Rred erseichexdnplvésoteon andi Gefbea hpfecul es
are HCV based 'P-cel | antigens, r SOC| d d . Jpertussis toxin,
chol era t oxof ¥ &Emd" Fal &F isae,qleé\?dta#g% %ﬁgi ﬁ%%?i%&g&aﬁ%ﬁc | <'§1>r|?E t he

bet a- anyLgh dyeRemijd@qant sgepsat20 Forfaancer dihgdapgeti phegmpldtcati ons of
the present invention, any chenot herru?rgeuti C %r%%n‘é}'%l-da?c? suitable for
encapsul 8EFBACPY THEAVHORGEERES . 2AR" WET WL AN - Compbsitions of the present
invention arg,fsuiher -adaptahteateyasyet her apeutical ly 25 rel evant
application that benefits fromthe targeted delivery of substances to
specific cells and tissues. Such applications may include the targeted

del i very ,af -apticansamdnugent 0oganger welds c,aotialnalerdr ugsntle fof ect ed
cells ané\ tissues, antimcrobial and anti-infl ammtory drugs %}%éajfect ed
tissue, 3osasumt¢d&*?h@%%%?%ﬁ%ﬁ@?éﬁ%u‘?m? 6 BHIy t ho& 2ot gans and
ti ssggs that wﬁ'ShazE%FCél%% by, LhesBatthsubadnsiaprasent Baerbysincreasing the
t her apeutic index of” the therapeutic drug and avoi ding systemc toxicity.
For exanplidCHen- tQHme— tdter-apy, doxor ubi cin, an anti-tunor antibiotic of the
WO 2006/ 069719PCT/ EP2005/ 013829 15 ant hracycline cl ass, nmay be delivered by
the met hods and conpositions of the present invention. Anthracyc|ines have
a wide spectram oévemt i moumor pactEvrey arabesbPEntl ei BEP opFEOLFFERES! on the
cell. Although they are cl assi LpLe ' .agents, their nmechani sm
of cyt ot &% %tag?livggt?‘l%%g %Prt%’ %E%thlé lgt%9|E‘I{r\1"t§tlt'eéram(éti on with the enzyne

t oponsonerase |1, production of doubl e-stranded DNA breaks and possibly to
the generation of intracellular free radicals t%hgat are_highly cytotoxic.
Thus, the conjugated virosones can be 10 | oadedcHm h ddxor uBlcin in order
to selectively and efficiently inhibit tunor~arpgressi on—Qf established
rNeu overexpress ng breast tunors.

cH, CH,

R
R 1 Q
20 ™, / !
Ra/rfl\/\N__c_O - é
X H =
H
(I1)
25 wherein R;, R» and R; are independently from each other

selected from the group consisting of hydrogen and Ci1=Ce=alkyl,

and wherein X~ is a halogen anion.

In the most preferred embodiment, the cationic lipid 1is
30 represented by formula II, Ry and Ry are methyl, Ry is hydrogen
and X~ is a halogen anion, preferably chloride, to yield 3P(N-
(N’,N'~dimethylammonioethane)wcarbamoyl]cholesterol chloride

{DC-Chol) .



To date virosones have been used effectively in a variety of 15 vaccines.
For exanple, commercially avail abl e vacci nes agai nst hepatitis A and

i nfluenza vir i rosones have been proven to be exc drgaf e
adj uvant P‘é%?‘%ﬁﬁ@’”gysterrs. Anti bodi e, el i cited by the ?én%gﬁﬂg’?‘{]or? wi t h

antigens reconstituted in virosones have shown a high affinity for the
anti gens agai nst 20 which they are raised. Injected al one nost peptide

antigens exhibit a relatively |owi ogenicityY. But..in.a c j hed.form of
anti gen BndanPtbepmioskedLGEEHEEt ief%gl%fi“ fgthtl Vi s%%tclu%% air)ltl CE]ooliq%s 25
agai nst fhe antiqen b@aqogﬁupgoggpem, Mgt bgenRg peptraas/lcamde& déki eer ed
via virosones elther “on the virosonal surface or encapsul ated in hhg

Vi I 0SONMEna fBheerdi fitsencerkiesahy t ABleyhee of tPmitire-r e¥pdiis@ Hhefl The
virosonmes fuse with the dosor f L8, theid-ieent entrg-

i ncl udi n‘b“ar?ﬁtéWc%?ﬁ‘E‘\fﬂ“éngﬂ%egg%g%ﬁ%oﬁ{ls}%?gﬁgggggb?nt o&?he cel | ulnar

cyt opj as@hol . t hevtoyt opashpl saint clit-gioli.s proeesbednrdand pr &FEREER in
complex with MHC class |, nol ecul es_on cel.l ceg, d 14,0065:Rg tt,he

cel lul ar $umlp1&elplfpﬁﬁai:é?§d,“by%?gif%ﬁ?ﬂﬁnléor%gé%gnsfe?élldn contr as;y to
that mechapism %ﬁqrifz@c‘tacantah@eﬁeimﬂtewgm%d WO

2006/ 069719PCT/% 2005/ 013829 16 and endocytosed by B-cells that present it
in conplex with WHC class Il nolecules, and, thus, elicit the hunoral

i mune rgspgnsk-and the production of specific antibodies.

10 Virosomes are envelopes of viruses, and do not contain the
infectious genetic material of the original virus. Like
liposomes, virosomes can be used to deliver therapeutic
substances to a wide variety of cells and tissues, but unlike
liposomes, virosomes offer the advantage of efficient entry

15 into the cells followed by the intracellular release of the
virosomal content triggered by the viral fusion protein.
Moreover, due the incorporation of active viral fusion
proteins into their membranes, virosomes release their
contents into the cytoplasm immediately after being taken up

20 by the cell, thereby preventing the degradaticn of the
therapeutic substance 1in the acidic environment of the
endosome. Virosomes can further be loaded simultaneocusly with
several different B-cell and T-cell epitopes (Poltl~Frank et
al., 1999, Clin. Exp. Immunol. 117:496; Moreno et al., 1993,

25 J. Immunol. 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

30  immunogenic potential whilst concomitantly minimizing the risk

of side effects.

In the present invention, bioclogically active compositions are

disclosed that comprise & biologically active substance



5 To increase incorporation rate of biological active substances into
virosones, the handling and to allow | onger storage periods, the present

i nvention discloses nethods and conpositions for the f,‘{kel%'wq 270

| yophi | i 28 1%0%%8Ht he virosones of %@e i nventi on. Whgﬁ;/fyl%é %° devel op an
effective virosone 10 |yophilisate the conposition of the bilayer is a
crucial factor, which has to be carefully considered. In this context

Lyophil i sal gt Jefigl, LO haenbhyopbi L7 e GATRAN Lo hefne o GRORSLE LUt on

r ef
with a sofven E%f choi ce. econstituti refers tot process o
sol ubi | i zimgpAche altpdphi Lhsat eynthbtan 15s@pprioprd at evisalspers. Therwtadr e,
the present invention_experinmentall r h f.ficiency i.fferent
nenbr ane g?Wﬁﬂ%ﬁ%ﬁegﬁéagﬁﬁ%rﬁffﬁaské Fgﬁgciﬁﬁgﬁ?ég §H§P§8 egn&%&%gﬁ f ged
| i pi ds torpresesne sgincaseml, shzeaaadlduneds onadd twi taf teemdayoptiakiezati on
and reconstitution. As a result, thedzq?pre ent invegtion provide%.
vi r osomal hedBPaf® cdNPoSPEPORESt Rat “a7 ow FyBbhi METREFER' argrs+sting
reconst it & d o iafl 1% rosopBssyhd higuitdd, 0Ssrefe faHict | Plosphatidasedlaneshese
experinmental results, the present invention 25(B£?Vid%§ hzgm

freeze-dr §Phly stressthesriataddylehparataptees ntrast  to

vi rosomal { yaphilds=sat esg canprishingicat Leai c rahetesheryl veert vatdnvesopkn
parti cul ar - Chol or TGO Chol as integral nmenbrane conponents. 30

Opt i onal | §L ¥eRIF WS aSomEreNAESEITNS Bt e Bthdi i OFAI | PeEsAPENsessa  (NA)

bi ol ogj cal |y, Acti e SUbst an@gesebﬁegggoiwm phar mageut i galnageats and/ or
antigenic nnﬁecules. These Dbiologically active substances are attached to
t he virosbhalogiasldoe Grctdve edd osE@®st héyodi n Pefvor €ViGEhi I5ZaCGTHR2L WO

2006/ 069749PCT) ERPO00SH O13R29. 44: 41 800V eh o ebodicaent Lhgophap TeogyLboa

agent and/ or ‘anti‘geni c no ule I's added together wth the reconstitution
sol vent t sig¢hif \dardsomatentiyophitieissate. tfhesamphal nateat | pgpperties by

maintaining the fusion activity of a virus.
15
According to  the  inventions, said bioleogically active
compositions are capable of delivering biclogically active
substances to a cellular compartment of an organism. Said
biologically active substance is selected from pharmaceutical
20 agents and antigenic molecules, that 1is preferably selected
from the group congisting 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

25 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
3¢ chemotherapeutics for topical use, antihistamines,
antiinflammatory/antiinfective, antineoplastic agents,

antigens, antiprotozoals, antirheumatics, antiviral vaccines,
antivirals, anti-apoptotics, bacterial vaccines,

chemotherapeutics, cytostatics, immunosuppressive agents,



5 agent and/or antigenic nolecule get attached to the newy forned

virosonal surface. Preferably the pharmaceutical agent and/or antigenic

nol ecul e are conJ ugated to lipids in order to get at tp%crrk%q Q:dshte Virosonal
n

menbr ane Ve

|p| d. In anot her gnbodi nent the prese I nventi on

di scl oses nethods and 10 conpositions for efficiently encl ose

phar maceuti cal

newy fornmed viros

f
pr esent 38R ANG | %pion%ﬂ’secgleofr %r r g%r%@%/o 0 ntegg{ng?g?OSEEﬁ:ontﬂte t he

|1 pid content of
the virogpaBhad@ii-ane D&yl oorTO GCmolaino—actpva rm§t1bptelfl@§r edare

enmbodi nrent t he DC- Chol. or. 7C-.Chol con trat
of the tEPBEPTERISH 207 WS "6 tcﬁépgﬁpo;gn;agphoﬁ%%%nege% e u 6 04

content of 4the,yig«Qsomal nenbrane consists of phospholi pids ref erabl
phosphat i dyI choi_?/i ne and phosphati dyl et hanol am ne. i p iy 4

agents and/or antigenic nolecules into the |unmen of the

lipid

In a highly preferred

enbodi nent the 25 rati o of phosphatidYl choline and phosphati dYl et hanol am ne

cont ai ned, iLn .t he virosomsl; repbraneids 4eterdl |toab@V®“zod@&Qtlebesd;alnst
conpositions conprise a functional anount viral hemaggl.uti
context Whangt isonalmanerintresgonpef érss £65 3Rt AnodhtSs Cfllecﬁ”gr‘?t ?% gf?a?r ant ee

fusi on- a%giggtg&r9§8ﬂﬁaQ@{édﬁ”fﬁ%ludxng, put not limited to, peptides,

10

15

20

25

30

proteins, lipids, meno-, ocligo- and polysaccharides,
glycopeptides, carbohydrates, lipopeptides, bacterial or viral
pathogens and toxins, other small immunogenic molecules and
DNA/RNA coding for such molecules. “Immunogenic” refers to the
ability of a molecule to elicit an immune response 1in an
organism inoculated therewith. Examples for antigenic
molecules are peptide based T-cell antigens and B-cell
antigens. Preferred examples for antigenic melecules are HCV
based T-cell antigens, tumor 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 inventicn,
any chemotherapeutic drug would be suitable for encapsulation
by the virosomes. The methods and compositions of the present
invention are further adapteble 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 avoeiding systemic toxicity. For example, in tumor

therapy, doxorubicin, an anti-tumor antiblotic of the



WO 2006/ 069719PCT/ EP2005/ 013829 18 sufficient to elicit an imune response

or, solved in the reconstitution buffer, added i

! Ll , to the lyophilisate of o
of the above-descrlbedconp03|t|onsduringthereconstitutignp "
process. THUH#8HPesent i nvent i onal sgconpri ses 5 PCT/EP2005/013829

conposi tionssuitabl eforlyophilizati bnaddi ti onal | | Si

! _ _ y conprising a tar

Spt I gen of choice. The pharnaceutical conpound of ch(r)che cag be ei ?ﬁfar
irectly added to one of the conpositions described above in an amunt 10

suf fi ci efterracshownbi ot ogiscal magt iv t Peldversdl ved ima h@er’t&?aﬁst?‘f‘%t i on

Do o 2 e LYOU 0ot 000  nenBepiscginatsathve <
D e TeoAlLy MaocorBEisig ani
22;;3%32(3@%9’@ ce‘?ln Thé"€o it onz}éftoq?%%gﬁlel 8?@%% %?ﬁgg%éo%igna?ﬁﬂ ﬁg
:ntercalating agents, their mechanism of cytetoxiclity 1is
thought to be related to interaction with the enzyme
topoisomerase II, production of double-stranded DNA breaks and
possibly to the generation of intracellular free radicals that
are highly cytotoxic. Thus, the conjugated virosomes can be
10 loaded with  doxeorubicin in order to selectively and
efficiently inhibit tumor progression of established rNeu

overexpressing breast tumors.

To date virosomes have been used effectively in a variety of
15 vaccines. For example, commercially available vaccines against
hepatitis A and influenza virus. Virosomes have been proven to
he excellent and safe adjuvant/carrier systems. Antibodies
elicited by the inoculation with antigens reconstituted in
virosomes have shown a high affinity for the antigens against

20 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
25 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
30 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-nediated, cytotoxic immune response. In

contrast to that mechanism, a surface antigen is recognized



hel per ingredients, which support the |lyophilization process. These hel per
ingredients include, but are not limted to, 20 |yoprotectants as sucrose,
trehal ose, dextrose, |actose, nmannose, xylose and nmannitol. %pch sugar

cl ass coMpPbWAEIEPe particularly useful in a ratio of ‘O/EHE%E T n the
solution prior to Iyophilization. THe term"lyoprotectants” refers to a

cl ass of conpounds useful as hel per ingredients during the 25

| yophil'i zati on process that are capable of reducing the ﬁreeze-dr%é@g
stress fafd tdmeosiytosedeby ABsee bkttt FHESSREsdnt FneeRPILER 5t} He Fret hod

of lyophilizing_a ¢ Qsi tion t hg, inventisencbashgaldyndrasedianul3d the
steps(ﬁc¥%¥%zgﬁg,m%$¥ﬁ§f?’dr??%b and secpnéaﬁy drying and the follow ng
reconst i tddicpzepragesse widnwatsiohy ot specbii ¢ erntHRMht optional |y

contain the desired target antigen. W) 2006/ 069719PCT/ EP2005/ 013829 19 The
use of the disclosed conpositions for the manufacture of a pharnmaceuti cal
for wacchyatide e iineeubatbngon sabs eef hiwrewiad iactdlSo SHREL2BFE he
present invention. Preferably said.subject i.s a_h n.y S0 gpartgef the

i nvent i olnt% é”KP?OE%ﬁtaﬂHthhﬁP9g§8 sa%é tﬁ%& Sggggntcﬁﬁ§%ntfon that are
al ready | yophid i zedyoSaighdddntcaninianatsh t i ehistcdoske vimegoms and

| yophi | i Sate, further conprise_a recon titUtiOQﬂ§Qh¥%ﬁ¥tﬂg i ded khat the
anti geni cotosigtiewsl &oits 6t SAFFERYY® p ??p%* tHe 1Yophi I zed virosones said
kit can ggd%%%ogﬁigﬁ%fgynmwh§% arbangetoantirgeop &m efbecnbodi WEeECEE t he

i nvention, contains an antigenic nolecyle that s to i.ssol ved
in the rEQopBiliaﬁﬁ@ontéélv@ﬁﬁp?ﬁ§§ﬁontooﬁtiY?§i %§3ﬁﬁ'ré§oﬁgt?%€%ﬁ%%

sol vent Egét%§,sﬁ%fgﬂlﬁgéngotﬂg LyophiliyZegovd idmees.In this context
“lyophilisate” refers to the lyophilized composition before
reconstitution with a solvent of choice. “Reconstitution”
refers to the process of solubilizing the lyophilisate with an

15 appropriate sclvent. Therefore, the present invention
experimentally addressed the efficiency of different membrane
compositions comprising cationic, neutral charged and
uncharged lipids to preserve virosomal size and functionality
after lyophilization and reconstitution. As a result, the

20 present invention provides virosomal membrane compositicns
that allow lyophilization and reconstitution of virosomes

without loss of function.

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

membrane compeonents.

30 Optiocnally 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.



Additionally, the present invention discloses the use of the above
described cationic lipid to further enhance the i nmunogenicitY of the
virosone. In this respect the inventors 20 found that_the i genic
properti 8 WPSAHEI| RV itsel f can bﬁ further enhance&“gympwgﬂﬁgg of a
cationic lipid, preferably one of t ‘e described chol est er ol derivatives, as
a virosomal nenbrane conponent. In this context the term"i nmunogenicity"
refers to the ability to elicit an i mune response. 25 Adjuvants The
conpositions of the present invention can be further suppl enented by
conbi ni ng any of the abpve: io CQQQQ%idg@Q%c@ﬁth 4t t herdyarune
responségbotéﬂ?F%ﬁ?ngem§88%%§§%un§$glnnune fisponse potﬂ%tiatlng conpounds
are cl asgidigshias neildien cadjuvaddsd orogyitlsii nesth Ag8Ft iGN S&dF VARt s may
further enhance the i mmunol ogi cal preyiLdin ABsen¥etsl of

ant-i gen %%%ﬁﬁﬂ&ceFPtng%elyvb?oék%%% nﬁﬁéggg%ﬁggﬁg),@g%?%vg¥?%g macr ophages and
stimy ating.speehibe MR i2R06L068TIGRCE EP2005/ TESBEY 2005 et ofrewly

| ynphocytes. Adjuvants of many kinds ar I 1..kn Ak dhe akt; aspeeific
exanplesf¢rmﬂ4uﬁ9¥?%ﬂﬂﬂ¥s?%?ﬁ#%ﬁ'etéxg%ﬁan o%&le#eg, nycobécterfﬁ such as

BCG M Vageae égeinaicdrrﬁ,le@[leOEyQEbal@jiﬁJdm par Viumidguilln $ap6ai Ko
m xtures such as @21 5 (Sm thKline Beech erneNF§gﬁég§hrqgQ-cgndlxarious
oi | / wat egeemdigiasned( ety. HPECYVAEPEf her %ﬁ%‘uvants | rra);3 e usgd

i nclude, _but, are not.lidbt €6t @irelener ahveatisn odisdheved mihedsuéhdas
aluniniu%?%§%$%x?%ﬁg A uniniun?%hos hate, .and cal ci um ph g&ﬁ@t%j

S

der i Mat esompaponiarss  Sorf aeELAEEEVRL S uFAREEs PO sTERTAs ysolgﬁkFﬁin,

pl ur oni ¢_pal Yol s, POLYANI A0SR 1:dRS, emeproinn I agrentsiLikeydiold | mpet
henocyanfts/ “and dini t rophenol ; i mmunosti mul at ory nol ecul es, such as

saponi nsyimusanyd. di peptides and tripeptide derivatives, CpG dinucleotides,
CpG ol i gonucl eoti des, nonophosphoryl Lipid A, 15 andpol yphosphazenes;

parti cul at eandm croparticul ate adjuvants, such as enul sions, |iposaones,

Vi rosonesyn cachheatesredr emmedienstli mA atioR§OEoRpPEx con%? d%ﬁﬁﬁ%h S.

Cyt oki nes are al so useful_in,vaccinati Prot ogRl s+ @bap Lesidtcoitent
| ynphdcytE&VERt Hiil at 87" p %%e%t?e§§ E%n@g%ytokines usef ul g% for such

pur poses g4 khebei koownl aeatezof d€drhat yosKid1CHR -t he art, incl uding
interleukin-2 (I1L-2), I1L-12, GWCSF and many ot hers. Adm nistration

In a most preferred embodiment the DC-Chol or TC-Chol

concentration is between 1.9 and 16 mol % of the total 1lipid

20 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
75  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”

30 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 compesitions described above in an amount



25 When adm ni stered, the therapeutic conpositions of the present invention
are adm ni stered in pharmaceutically acceptable preparations. Such
preparations may routinely contain pharmaceutically acceBt abl e

concent r 34® ¥M&08T19sal t, buffering agents, preservati VESIEREHFIIDI e
carriers, supplenentary 30 i mmune pOtentiating agents such as adjuvants and
cytoki nes and optionally other therapeutic agents. The preparations of the

| nvent i ongte; adnl i $herad Jin elf el . atmunbas. Cengl al Ly, doses df,.
i mrunogens ranging from 1 nanogra I'Togramto O m'llTgrans/Ki'l ogram
dependi ng reponst heutniode koff feWD 200640697 1BPCTY &FP200E44118820 &e of the

adm ni stration, ,are consi dered ef.fective. ,The preferred range is believed
to be bet \?%8?{@3‘6%5%%]%}639{?anscoénﬁ&s%&?)oﬁlscroalr”éﬁ%gper&ﬁl ogF BRY et HoSal ut e
amount wi brodepend upnars,a vahket ypoésémct orimvenndbudi nglthe cesmesiddson
selected for 5 adm nistratjon,. whether the admnistration is_jn single or
mul 11 pte BORRESTRIGNS ndi i HEH Dat i 67 patkAREBr 27 refrudi nt ahel oy cal
condi tiongofpZesingi Hglarqardahhegshage @foide di sease. These factors are
wel | known to those of ordinary skill in the art and can be addressed with
no nore than 10 routine experinentation. Exanples 15 The present invention

is illustratednaymbheut obd OWHapexaPLes chwhieh cane Haote 11, dye gonstdiyed in
any way as inmposing limtations upon the scope thereof. On the contrary, it
is to be eréaf| younder sf obbiet RAFPPeEbE" e 1e ede A Wrarirowd! Gt

enbodi grent§ ¢ :MRMLAL CRL 0RS,ANG 18quLYaL eNt&-{haREOT , o hi ch12Qaf 181 igadi ng
the description herein, may suggest thenselves to those skilled in the art,
but still rEapnsuhderiahéuéepe 6fdeHetpnibat Lopeh Mot eatical ol amek Mt Hods 25

Chem cal s; e ! ycQls 0+(ns;dodegyl.) et her G : ;
trifluor ogcgg%i@cag%+%r}%$FA) ?JO I hgxa g%yl di et %ﬁ? amﬁ%ﬁfgum %gfgn@d%lt(ﬁﬁg) ,
L- A=Phospkatrdy$- L- S8rime f tom boriaeshr ai nir(@Y)tion also  comprises

1, 2- Di pal gifgxLs sns@l yoeror 3;phosphpgt hanglami ng; (BPPR) . Laditionally

15 comprising a target antigen of choice.

The compositions of the present invention can further comprise
heiper ingredients, which support the lyophilization process.
These helper ingredients include, but are not limited to,
20 lyoprotectants as sucrose, trehalose, dextrose, lactose,
mannose, xylose and mannitoel. Such sugar class compounds are
particularly useful in a ratic of 0.1 tec 5% in the solution
prior to lyophilization. The term “lyoprotectantz” refers to a
class of compounds useful as heiper ingredients during the
25 lyophilization process that are capable of reducing the

freeze-drying stress for the virosome.

Blsoc part of the ©present invention 1s the method of
lyophilizing a composition of the invention basically based on
30 the steps of freezing, primary drying and secondary drying and
the following reconstitution process with a sclvent or buffer

that might optionally contain the desired target antigen.



1, 2-Di | aur oyl - sn-gl ycer o- 3- phosphochol i ne (DLPC), chol esterol

l'anolin, 1-nyristoyl-sn-glycero-3-phosphocholi nza (Lyso- PC) 50 from

pal mtoyl -DL-carnitine chloride and Chol esteryl N ’

(trimet hMQMABIPBEL hyl ) carbamate chl oride (TC Chol) WErERPEN#Uka or

E! gne (Buchs, Switzerland). Egg pho%?phati dyl choline (PC) was obtained from
ipoid (Cham Switzerland). 1,2- WO 2006/069719PCT/ EP2005/013829 22

Di pal m t oyl -sn-gl ycer o- 3- phospho-rac-(1-gl ycerol ) .sodium.salt

( DPPG) , 36+ NefeNofWtDieneti kgl aaefhoetRg)Lions for ‘the Hail88thce of a

car banoyl ) Chol est er ol Hy ch I o] 1; i ‘
Di pal it .r-“haﬁ-e@tﬂ}%%!#o- g?ghogggﬁgggémﬁog%hn{léglc}tll?%ll?rlg% ansgbj%t

1, 2- Di palnddeoplcnEthy| ebeo Gopedl (IDPEG wERESPhr CREEBEL PR omEATARERCOPYI ar
Li pids (Al abaster, Ali US@&.anl- Pal mi toyl-3 ol eoyl - sn-

gl ycer o-=hGYBAEFYI 28t Raholam ne (PE) was obtained from R Berchtol d

(Bi oghem cal Laboratory, University of Bern, Switz '
A ) y e . -
and Bi o-CGel A-15m were fram_Bi Q- 3 rl and). Bio-beads SWP

_ 10, | AR
RadLabor®sk e | B3T@ At Bgd SRT8FT arid)® LISEas Rgrining virosomes of

rhodanmi ngBl, 2. dihexadecanoydn sthgt yeeeo<3 hhi i feid kit
triethyl amm%irum sal t (%hm%fPE) ,@ﬁ / 3 xepd@séh@@bhéﬁ@$%m he; "

di f I uor =& 7- d;‘.Ib.heﬁQq_‘;gfi_chr &%, tﬁlgle: g?gg%gssqr?enda% 0 e?ij. isate, further
propi onyl) =1, 2:4i hexadacaneylksn- gbyeeno: 3 phosphbettrnditamiawd igenic
10 molecule is not already part of the lyophilized virosomes said
vit can additionally comprise a target antigen. In one
embodiment of the invention, the kit contains an antigenic
molecule that is to be dissolved in the reconstitution solvent -

prior to utilizing said reconstitution solvent for

15 solubilizing the lyophilized viroscmes.

Additionally, the present invention discloses the use of the
apove described cationic 1lipid to further enhance the
immunogenicity of the virosome. In this respect the inventors
20 found that the immunogenic properties of the IRIV itself can
be 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.

25
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
30 compound. Tramune response potentiating compounds are

classified as either adjuvants or cytokines. Additional
adjuvants may further enhance the immunclogical response by
providing a reservoir of antigen (extracellularly or within

macrophages), activating macrophages and stimulating specific



15( Bodi py 530/ 550-DHPE) were from Mol ecul ar Probes Europe (Leiden, The
Net herl ands). N-[1-(2, 3-Di ol eoyl oxy) propyl]- N, N, N-trinethylamoni um

chl ori de (DOTAP) was purchased from Roche Applied Science (Rotkreuz,

Swi t zer | #EUR006/BBKAEr ubi ci n' HC1 i s avail abl e from Fl uk@ (BN 1841 t zer | and) .
20 Viruses: Influenza viruses of th® X-31 strain and the A/ Sing

(A/ Si ngapore/ 6/ 86) strain, propagated in the allantoic cavity of

enbryonat ed eggs. (Gerhard, J. i d, .144: 985: , 76)+ oht ai ned
from Ber R&8TB; 8%&&“@@‘(%‘?% Pﬁﬁnﬁt@%gr aﬁg)éaﬁg E’Jélgi?gdaesé? “%jél MBS O
HLA- A2. 1+Risndi pg; hepalditris Gewdnplss( HOWE 1 HiAb Nidiurgl 'peptdep (BLMCERLY, aa
132-140) (Cerny et al., J. Ain. lnvest. ): 521-30, 1995) .as wel] as an
HLA- A2. 1inl§PﬁH¥ﬁ'@e Lot Y PPt de 54 taﬁe%%iz’alﬁf‘a]vrﬁcr%’tel’c 9 M&ﬁ’émgl‘:z{’
30( (1, 3- Dipabmi hoyhsot yoa G2 ROSRIGe-Bapehani ROyt Stes such as QS-21

GGCYKDE|KKELE SKRI KLNDN GN\KKI | APRI FI SDDKDSLK Di sul.fide bo 9)géhbreno
at al 5. CRBHBIEbHem BETBARY; B0 \IGPSTOB ai U f FEmiEHEhen AaTer

(Bubendorf,, Spfzer.and) -1 p0a2006/R6Q 71 ARG ERAQ05( 0138292 23 M cgsed
| mruni sat1on experinents were performed two tinmes in independent

| abor at orineduiin, HeIDt nite tetansgurfied fior FEASA2L1SEAD202Y Tbhothai #618
hi st oco tibilit : I I ap | &heptod ot hy bk 201 3- ang
MUt no. B3R e P EaS T T PAdeo ot et e g oS

185(12) : 2043p5at499TPS Mecevakee, hoased iy apprbars akel byl nAFPEhrRCes

faciLjti es and hapdled. acsordi ng (0,4t esnagional pguidelines. pExampie 1
or protein fragments, keyhole limpet hemocyanins, and
dinitrophenol; immuncstimulatory molecules, such as saponins,
muramyl dipeptides and Lripeptide derivatives, CpG
dinuclectides, CpG oligonucleotides, monophosphoryl Lipid A,

15 and polyphosphazenes; particulate and microparticulate
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

20 for such purpecses will be known to one of ordinary skill in
the art, including interleukin-2 (IL-2), IL-12, GM-CSF and

many others.

Administration

?5 When administered, the therapeutic compositicns cof 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

30 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 1006

milligrams/kilogram, depending upon the mode of



10 Preparation of imunopotentiating reconstituted influenza virosones
(IRIV): Virosones were prepared by the nethod described previously (Bron et
al ., Methods Enzynol. 220:313- 331, 1993; Zurbriggen et al., Prog Lipid Res
39(1): 3- M9 2@e0OY1° Briefly, 32 ng (41.7 pnol) egg PC BGHEBOAHOIEEE. 1 pnol )
15 PE were dissolved in 2 ml of PBS21 100 nM CEG (PBS/ CEG . 4 ng HA of

i nfluenza virus was centrifuged at 100,000 x g for 1 h at 4C and the pell et
was dissolved in 2 M of PBS/ CEG The detergent solubilized phospholi pids
and Vi r USESIRGEEI AT KUY aPEe sEAT SRR T of F AT S Thi 8@ nPketRerstasrance
centrifuged at ;1094000 Xe 20 8yd0] b i odREmdNdntHNe 08URSEPAL At s WosSr
sterile filtered (0.22 pnm. Virosonmes were then forned by defergent renoval
usi ng 18CifggokmweThsVEIBiICIBEadsIcfmt Wi Jat deomi t ERPEr &t ufar Mitvh shaki ng
and three_t] for i wth of [ ads e fi

concent rgfﬁcg%ggbf i gﬁqﬁgﬁc\%ﬁe 8 ?r%/e%g 25c(o‘11$t 45@625 /m )E%%Q%%%I@Z ng?% (2.7
pnol / M ) sPBEinTherdenmmgl whiehhat phdsphatinphdstoaiioomwas sdeter sithadebyor

At o 24 S0 365 TEET it Fa SHARE LT Eat o AL or 0 s A T H ne

Coonmassi exgext nactdion lnmetdrad tather Badel, (WBaldht Anahd Bhechldmgelsh: 28:27,

1986) . 2006/ 069719PCT/ EP2005/ 013829.24 Exanpl e Prepar ati on of
i m’runopo:gr?ﬁaﬁfzi' ngﬁwggo%‘?%ciﬁsedaf%f Iwﬁgllizgjm |WrnosJ8?res%h85ﬁt aini ﬁﬁgfﬁ]@lol
(DI RIV): 2ViirQsofes twer ea pt epaiedciy the sethedseeseriichedngr envireustyar Bron
et al., Methods 5 Enzynol. 220:313-331, 1993; Zurbriggen et al., Frog.
Li pi ¢ ResOU441'¢) BP9 BINSIHHRPN By j ef |y, 32 ng (41.7 pnol) egg PC, 8 ng (11.1
prol) PE and 0.3 - 5 ng (0.6-10 pnol) DC-Chol were dissolved in 2 m of
PBS, 100 mM OEG (DEG PBS). 4 ng HA of influenza virus was centrifuged at
100,000 x g for 1 h at 4C 10 and the pellet was dissolved in 1 m of
PBS/ OEG. The detergent solubilized %@@% i pids and viruses and 1 ml of
20% (W' v) sucrose were mxed to a final volunme of 4 mM and sonicated for 1
mn. This m xture was centrifuged at 100,000 x g for 1 h at 20C and the
supenRat aiff. WaS it l & fddr-ared (& 22 pst AR oM F aspresraer eqf hep; fpr med
by detergent renoval using 180 ng of wet SM2 Bi o-Beads for 1 h at room
t enper at WrEnElel  shhkFhgaandnehriee ke mensiones0 im @nwi B Y90S myMpps SR
Bi 0- Beads, . : i.pal n aty f Al pi / 0.4
ool /) PRC oty LB R r oS TR A0, S S 0 12

be clearly understood that resort may be made to various other

embodiments, modifications and eguivalents therecf, which
20 after reading the description herein, may suggest themselves
te those skilled in the art, but still fall under the scope of

the invention.

Materials and Methods

25 Chemicals: Octaethyleneglycol-mono- (n-dodecyl)ether {CEG,
CisEg), trifluorocacetic acid (TFA), dihexadecyldimethylammonium
bromide (DHAB), L~A+Phosphatidyl-L~Serine from bovine brain
(PS), 1,2-Dipalmitoyl-sn-glycero-3-phosphoethanclamine (DPPE},
1,2-Dilauroyl-sn-glycero-3~phosphocholine (DLPC), cholesterol

30 from lanolin, l-myristoyl-sn-glycero-3-phosphocholine (Lyso-~
PC), paimitoyl-DL~carnitine chloride and Cholestergl N-
{(trimethylammonicethyl)carbamate chloride (TC~Chol} were from
Fluka or Sigma (Buchs, Switzerland). Egg phosphatidyl choline
(PC) was obtained from Lipoid (Cham, Switzeriand). 1,2-



20 prol /m ) DC-Choi. The henmaggl utini n/ phospholipid rati o was determ ned by
phosphol i pid determ nation after Bottcher (BOQtcher et al., Anal. Chim
Acta 24:202-203, 1961) and HA-quantification after 25 SDS-PAGE with the
Coonmassi é¥@R06/8ef1%n met hod after Ball (Ball, Anal. BPOVRBISUSHS23-27,
1986). Exanple 3 Preparation of AMAA9-DIRIV: Method of constructing DRIV
with 30 |ipid bound antigen: The preparatlon of V|rosones wherein the
antigens are attacged to, the vi surfac? Eg; prepar.ation of

PE- mi net i SRR ECY LS U T OOt Q%Rga FRFT Geng s %S Ngapore "RendggF ut i nin
(4 ng) inphesphate buffered saline (RB$H-VAS, cemindilgadnfione38aAtn-at 100
000g WO 2006/069719PCT/EP2005/013829 25 and the peIIet was dlssolved in
PBS (1. 3FHPACgRt ZhALREELHD Hydrochloride (DC-Chol}, (2"

m\bct aet hy{an %ﬂltgﬁ@LQQD@ﬂ%é&@IMfS%%a%G)Moﬁ%%%lﬁﬁ GRNUgAbRS # ang

hos hat i dyl chol i ne(32 Li
o). P p meéalmltoyl( Ethy enel3 Glycol (DPEG} were purchased from

Avanti Peolar Lipids (Alabaster, AL, USA}. 1-Pailmitoyl-3
cleoyl-sn~ glycero-Z-phosphoryl-ethanclamine (PE) was obtained

from R. Berchtold (Biochemiczl Laboratory, University of Bern,

Switzerland). Bio-beads SM2 and Bio-Gel A-15m were from Bio-
10 Rad Laboratories {Glattbrugg, Switzeriand). Lissamine™
rhodamine B 1,2-dihexadecanoyl-sn~glycero=-3-

phosphoethanclamine, triethylammonium salt (Rh-DHPE), N-{4,4-
difluore-5, 7-diphenyl-4-bora-3a, 4a-diaza-s-indacene-3-
propionyl)-1,2-dihexadecanoyl-sn-glycero-3-phosphoethanolamine
15 {(Bodipy 530/550~DHPE) were from Molecular Probes Europe
{Leiden, The Netherlands). N-{i-(2,3-Dioleoyloxyipropyl]-
N,N,N-trimethylammonium chlcride (DOTAP) was purchased £from
Roche Applied Science (Rotkreuz, Switzerland). Doxorubicin'HCl

is available from Fluka {Buchs, Switzerland).

20
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%, 13976),
were obtained from Berna Biotech AG {(Bern, Switzerland).

25

Peptides: The HLA-AZ.i-binding hepatitis C virus (ECV) 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
30 ({1,3-DPipalmitoyl-glycero-2~phosphoethanolamino)-Suc-
GGCYKDEIRKEIERESKRIKLNDNDDEGNKKIIAPRIFISDDKDSLKCG (Disulfide
bond} ) {(Morence et al., Chembiochem 2:838-432, 2001l) were

optained from Bachem AG (Bubendorf, Switzerland).



Ludwi gshaf en, Germany) and phosphati dyl et hanol am ne (6 ng) 5 were dissol ved
in atotal volunme of 2.66 mM of PBS-CEG The phospholipid and the

hemaggl utinin solutions were m xed and sonicated for 1 min. This solution
was t hen W@popP®liged for 1 hour at 100 000g and the sUpEERATHH#ENas
filtered (0.22 pn) under sterile coftitions. Virosomes were then forned by
10 detergentrenoval usi ng Bi oRadSMBi oBeads(Bi oRad, ( attbrugg,

Switzerland). DRIV were stored j. l.i_qu at_ - efare | iljzation.
Exanpl e RHCfB MEEHBY 61 286N st e l|r}1r'1%‘tli3l Rﬁ%ﬁ%\n %ﬁrtfégggtgi ng“;cf i ﬁéﬁgganﬁz
spacer: Thicepexaspt e 16pepassradesithensi tre-cdi rectredyecdnj ufyat | Bhaof2 the Fab'
fragment to the flexible spacer armd s%gged to keep ;[he aTtiggn bir?éji ng
site avai {35104 ) f oFOBPH Yy P&SttHEOE“E?gé BHY . G55 dér F'51pFHEeR tHE Fab'
nol ecul s34 -8 pOSisbi-0m i ¢ 220 ahkowsrihei B2binvakeslobinmh ngrpeteniial to
remai n avail able, Fab'-fragnents are pfnhtj%)at E%g}\/ﬁ the flexible s{gac rarm
by si be- ditr etted onfumat Med: 166 (hg' of "N PECNAL dOrft%ai BTy B° %‘ﬁg

pol yet hyl ene, ,r%%?ka@@agﬁf,m@f 4 REQa@ine tdicss ah¥edahB13dMhcebraihy didus

met hanol containing 10 pl of triethylam ne. 25 Then, 45 ng of di ol eoyl

phosphat i dhyieagtniagnonani slel 3R lss@Sved in 4 nl of chl orof orm and net hanol (1:3;
v/v) are added to the solution. The reaction is carried out under nitrogen
for 3h at roomtenperature (RT). Methanol/chloroformis renoved under

decr easi rigggmpeéssdre and the products are redissolved in 30 chloroform The

sol uti.on is extr ed wth 1% - e d.pateriak.apd
wat eﬁ-osol u%ﬁpeart?&?%%odﬁg s%ﬂ]lu.h&en'g%gts&%ﬁg% fgrg'lta%g%rcguri fied by si I?aé aci d
chr onat ogriaptyrmes dé3sBEVbed Byrddomds eteral . qrE962Zpd wvh §bfe method

o, oL onS e S LUER98L O, 0812 PR phodns cmuandts-| oadeo
60752) . El 331,0n lios 3perforbvadiowint hetheatf ol | dwicng Himbderftas 39(1) :3-18,
ChlorOforggég¥ih%ﬁggfly, 32 mg (41.7 pmol} egg PC and 8 mg {(11.1 pmol)
15 PE were dissolved in 2 ml of PBS, 100 mM OEG (PBS/OEG). 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 2 ml of PBS/OEG. The
detergent solubilized phospholipids and viruses were mixed and
sonicated for 1 min. This mixture was centrifuged at 100,000 %
20 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 %0 mg of SMZ Bilo-
Beads each. The final concentrations of lipids were 8 mg/ml

25 (10,4 umol/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

20 8DS~-PAGE with the Coomassie-extraction method after Ball
(Rall, Anal. Biochem. 155:23-27, 1986).



29:1,28:2,27:3,26:4(nl)etc.6 m fractions are coll ected. PEG PEG MAL is
obtained in fractions 13-31. 5 Fractions and purity of PE-PEG MAL are

anal yzed by TLC on silicon with chl orof orm net hanol - wat 25 4,

PE- PEG- MMO 2046/¢6¥¥80l ved in Tris-HCL buffer (100mM pW‘%‘?&’%’é’i@% ni ng
10ng/ 150 Al of oct aet hyl engl ycol - nohododecyl et her (012E9).To this sol ution
the Fab'-fragnents are added at a Fab'/PE-PEG 10 MAL ratio of 1:10. The

solution is stirred at RT for 2 hr under -nitrogen. Further Cl2E8 is added
t o obt aiFxa®Pl®% €12E8- sol ution and the reaction mixture is stirred

over ni ght.. at. 400 opUnrgact aghRlgdEGniak tiagr emevedsbytthedaddinfioansd 400 Al

hg ! : .
f hed, t Th | Seph 6B_After.a 3-h 15 th
e P ooty GRoRiPE A DCa R Ao pe BRATPab ViSgRaTE e, Ve cREEparLen. the

sterili ztfed %epaﬁgé}ggdtf}{éy.gg_ilb%dO.%éém&héI}er @ignst eredz s aMerbadM Cl2E8
det ergen Y'sol uti on. Exanmple 5 20 t hod of Produci ng FAB_ DI RI V. .Th&s
exanpsl e tenpust.r af88: 3he PrlopaddPPon BILCHAPEFat8d Fitr osonedd t aFgBtad to

specific_cell $q (ﬂe:r'@_g%l utd gy ( ?@ieff_rlg,m the iy Sjngapoypes by 86gst paj ng, of
S as de

i nfluenz®°%i rud'i’s isolate scribed in Welti and Queck, . Int. J.
Cancer 7#fg 128:7338rolD98E Bupgerhat antS cBt d0nfng® EH&pr odGcth EERs

detergent OTVIJRFOIES, nENOPNALS YL 600kkN®RG38MHe-Ippsth! ar afor m sadded
influenza virus was centrifuged at 100,000 x g for 1 h at 4°C
10 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 um).
15 vVirosomes 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 umol/ml)

pC, 2 mg/ml (2.7 pmel/ml) PE and 0,.075-1.25 mg/ml (0.12-2.5
20 umol/ml) DC-Chol.

The hemagglutinin/phospholipid ratio  was determined by
phospholipid determination after Bdttcher (Bottcher et a;.,
Anal. Chim. Acta 24:202-203, 1961} and HA-quantification after

25 SDS-PAGE with the Coomassie-extraction method after Ball
(Ball, Rnal. Bilochem. 155:23-27, 1986).

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

30 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
Tnfluenza A/Singapore hemagglutinin (4 mwg) in phosphate
buffered saline (PBS) was centrifuged for 30 min at 100 000g



bottom flask and the chl orof orm evaporated by a rotary evaporator to obtain
a thin PC (phosphatidylcholine) filmon 30 the glass wall. The supernatant
(4 M containing 10 ng HA) and 3.6 m of PE-PEG Fab' (containing 4 ny

Fab' - f r alife#0@)69®om Exanpl e 3 are added to this fla .T’@ﬁ%ﬁfm%fg%tle

shaki ng, WD 2006/ 069719PCT/ EP2005/ 813829 27 deter gent of the resulting
solution is renoved by extraction with sterile Bi obeads SM 2. The contai ner

is shaken for 1 hr by a REAX2 shaker (Heidgl ph, . Kel heim rmany) o]
renove tdred deber pehteicorpt eBeF§0- ¥4 stpr B%gdgﬁeg’gsmtrcgpé:gpggl%?éel{}gnes
with 0.58, g BEtg'éngfP&%eg1%0%0%&@!33;@@@&&ghtIyptzsaosgarent rs0l4gt-EBN Of
Fab' - Vi rosones I'S obtal ned.” Quantitative analysis reveals tha#i%} Td of

Fab' - Vi resojEsmteent alh 10@) ng ehopphatidyl Giolpaeand ¥ 53y o

Fab' -fr nts. concentrafi alyy ALe adet el 8t negh hymaik | neuneassay of
t he fra?g‘ir;%”i’fsgschoal et e e%éggﬁmogtrﬁg %el ;pi Iatrat?i on on the H gh Loa
Superglexw200 coksoiveas deseritbedli voAnrebedi ek 6% Thbsf atEry REnudl® The

procedure for the production aof vi s W oyt JEab’',d & thexsamangxcept
t hat no P"E‘??@@]ﬁand'drignédégl& qﬁ%nalgrrggglgrqgf%?on of il%mnowpot_enti}éti ng
reconst i kuhedstdd | freNzA Wik ostines sohtwion ngsDCHErolcyDIRIVEedndobear i ng

PE- PEG Fab' : Virqsones were prepared_b d Lbhe Vi@usl
(Bron etR@pr, a%tlr?&dso%}‘?zﬁfbﬁp.t@%o:‘”é‘??ﬁ%&%@% Egggrg%gegog'?galugg P)r/og.
|(_I12I§i- Regflc)j@%(El%t%r%feS M@)i.tiBgisgf Ilg,i_ragclnmgs ZO&S(hJZbl. T-hsol )fOE“{j@CPC,bYlEs gy
: no an .3 - . 6- u - Chol, . e \

f or nedl PEEPECS Fab' \/@T@V&Ssggi)%éﬂgin%w;ﬁ%%f Dgﬁs, %6%9%?}?%56}3{%%831. 4
ng HA of ¢hnfluenza, viius:yaseant rifugediate 1000060 xngafionudth at 4C and
the pellet was dissolved in 1 n of PBS/ CEG The detergent 25 solubilized
phosphol 71’ 8sbafer&i F{Eds 1afd 1M of 20% (W v) sucrose were nixed to a
final volume of 4 M and sonicated for 1 min. This m xture was centrifuged

at 100,000 x for 1 h at 20C and the supernatant was sterile filtered (0.22
pm . Virésempsewere then forned by detergent renoval using 180 ng 30 of wet

SM2 Bio- f teper afiue teirgBtshaki pgaasdatdir eeademes for
30 n'?% vﬁ%%gég % %Pﬁg%u%l 0- Beads eaclh_. ‘Fhétgfi naféi conacentrati ons of lipids
were 8 myhtls Ek@mglpnoehendtRce why rﬁlt(ez.d?rﬁﬁﬁﬁﬁn{:?“wég%h“b.%f;s@f 25

my/m (012525 pmol () DG CRL. s VO 20064 0697 MRCTI FRA008S 048829128
antigen binding site available for binding to the target cell.

In order to place the Fab’ molecules in a pesition which

20 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 centaining a

long polyethylene glycol spacer arm (PEG) are dissolved in 3

ml of anhydrous methanol containing 10 ul of triethylamine.
25 Then, 45 mg of dioleoyl phosphatidylethanolamine dissolved in
4 ml of chloroform and methanol (1:3;v/v) are added to the
sclution. The reaction is carried out under nitrogen for 3h
at room temperature (RT). Methanol/chlorcform is removed
under decreasing pressure and the products are redissolved in
30 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



The hemaggl utini n/ Phospholipid ratio was determ ned by phospholi pid

determ nation after Bottcher (BOtcher et al., Anal. Chim Acta 24:202-203,
1961) and HA-quantification after SDS-PAGE with the Coonassie-extraction
met hod afY@ROCEBIOF19( Bal |, Anal . Bi ochem 155:23-27, 19B6YVEPAIAHMZR 6
Loading DIRIV with a pharmaceutical *tonposition of interest: 10 Doxorubicin
is loaded into virosones through a proton gradi ent generated by

Vi rosone- ent r apped. amoni | fate as scri hed izo t..al ., .J.

Nt | . Cafer | HorS:aies 1980 ig%%se]i@gg g&b ?gggavi%?égggﬁés W S um
sul fate, anrarmeni Uy swl fiafe Fohub@Ag(4gdddigmi:) iChladdédrmomtheaibRI V
solution (7.5 m), 15 sonicated for 1 mn and di Iyszd &Sgectra/ For 2.1,

Bi ot ech B%poDi aPyZer s2’ MCO 285 006 'Spéétrum Medi Bal FhaGstPies, *Foust on,
TX, USA) agaiRstgl |itegsobr®BRcontal g i5%d0f igl ueeserfions241hoprs at 4
C. After 24 hours the dialysis buffer is changed and the virosqne solution
di al y2ed Frectdops fand hBRI DYy h&dr sSCETFE Pitldar 878 h&ddX6FHbi oY n “oadithg

sol uti 0“’5%1‘1 %‘Q'%}Lxﬂoéﬁw%%f}niﬁet@a%%qlm\&@@e'k_n 63:06: of wateppandastesilized
t hrough a Soown i ter, then 750 121 of sterile 5X concentrated PBS and 5%
gl ucose atiesmdded. 285 THRelsTiGsoneufsiiiut i GiPCald d&Xor dbiféi ncPBadi RGN

solution are rmed to 330 C, ,and then vol u Lr.QSo | uti are
m xed wit W/&glﬂu#g G FSXSTUBIYCERIM 85T ﬁ%o%%ﬁgf@icgfn}ie\{;ilﬁg rr{%féuaﬁé isﬂ51

i ncubat ed- iy 49 Jriath 33C aryhb fTurtheenitec uhat exhdnder st ght Fab'28E-PEG-

Non- encapsul at ed. doxorubicin i s separated 30 fromthe virgsones el
filtAdti HPlonTat 1§ gRtLdadYsudéitdex® 200 Fol tim Sfﬁﬁé?ﬁ’acaita,gﬁpggél zbfy Wweden) ,
equi | i brated Wit sin.| e PBSh&% glecose. atliedvaicd seolaire &rast-Coms-

contai ning Fab' -virosones wth encapsul ated doxorubjcin are_ el ut eqlowi th 5%
gl ucose i¥PIPBYCAN@NEOLhECEEACT ¢ DB 0B 97 9PETI B2 001 18859 339 ‘Exanpl e 7

Lyophi |'i zat i on . of Ve[RRI r [ |l guats, At s 78C hefgee
| yophi |'i iigl}rleéar?tel?y?p iPI\éing' 50%5%% g%é |% a%gaéa%/ﬁéntl EESO1010 spgedvac
accor di ngvdsnddhe suppki erhsopnspyuctSepisardds edBsanpl é§taer eausédhour

i mredi at e] r stored.at -70C. For reconstitutli. f_ .l yophiJ._. _ IV, a
vol uné ofl‘{%&éartlé’&ua%hFog?%e:“%ofﬁnﬁ%"%%]% ec?%rp]%in‘ﬁ%z%to%édn \/E\)/égs%ggdepégto t he
dried DI RIA, 1 RacRnstd tuted enpt yr OFRIM aeriey Spesesy@t thoud® a 0.2-um

filter and stcored as a 0.01 M Cp,Ey detergent solution.

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

preparation of conjugated vircsomes targeted to specific
cells. Hemagglutinin {HA) from the A/Singapore/&/86 strain of
influenza virus is isclated as described in Waeliti and Glueck,
Int. J. Cancer 77: 728-733, 1398. Supernatant containing
25  goplubilized HA trimer (2.5 mg/ml}) in 0.01M C;Ey detergent
solution is used for the production of virosomes.
Phosphatidylcholine (38Bmg) in chloroform is added to a round-
bottom flask and the c¢hloroform evaporated by a rotary
evaporator to obtain a thin PC (phosphatidylcholine) film on
30 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 contalning mixture. The



Exanple 8 Preparation of HLA-binding Peptide-DIRIV: DRIV were stored in
aliquots at -70C before |yophilization. Lyophilization was done in a Savant

AES1010 speedvac according to the supplier's 15 instructi ons, Qr ed sanpl es
were useWO WP dbely or stored at - 70C. For r econst i F U 81 F%/ophi lized

DRIV, a volunme of HLA-binding pepthe di ssolved in water equal to the
vol unme before |yophilization was added to the dried DIRIV. Reconstituted

HLA- bi ndi ng Peptide-DI R Vs were stored at 4C, 20 Determ pati .
encapsul demdgeept icfe BencERERELIEh YRS e bY RETHET n}D gr}ﬁ%%%lo?}l RV

vere stored ig%%hg”%k% al.as79G-bef orgel yophiiheat i onsh2bet yHphi Li zat i on
was done TN a Savant glolo.speedvac accor di ne%to :)he iupgl ier's o

i nst r ucthons. REDKZedhedmpl d§ehEP EPlus S 1HTElT AtBIRPTY st 0Ped <P VE708% For
reconstitution _of | ilized Rl Gl dae; of AMMO=LCPEhgessalimed in
wat er e ?eﬁg(?nt%hec%n ur?‘ée%éf ore I;/éorphi i zatilbn was added to the 30 _dried
DIR \\ Reponstiititeg AFABIoDERIVE AEFETsWHEER &t ACIBeVeleNSPPGR"bf

2006/ 060TLSPCPFEFAOTI O L1826 40" Exanpl 2 10 Pl eparation of - 1"
DOXRUBI Gk Ne= DI RItVial Rl Yhiwerte FsborBiropome s quonsaidt L-700%beforg, > 9
lyophiliégtkgnénéy%ngl%éaaﬁpqﬁﬁggfragments. Concentrations of Fab’
are determined by an immunocassay of the fractions collected

10 from the gel filtration on the High Load Superdex 200 column

as described in Antibodies, A Laboratory Manual. The
procedure for the production of virosomes without Fab’ 1s the

same except that no PE-PEG-Fab’ is added.

15 Preparation of immunopotentiating reconstituted influenza
virosomes containing DC-Chol (DIRIV) and bearing PE-PEG-Fab’:
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

20 (41.7 umol) egg PC, & mg {11.1 umol) PE and 0.3 -~ 5 mg (0.6-10
umol} DC-Chel and the previously formed PE-PEG-Fab’ were
dissolved in 2 ml of PBS, 100 mM OEG (OEG-PRS). 4 myg 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 PRS/OEG. The detergent

25  selubilized 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
»0°C and the supernatant was sterile filtered (0.22 pm).
Virosomes were then formed by detergent removal using 180 mg

30 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 umecl/ml)
pC, 2 mg/ml (2.7 umol/ml) PE and 0.075-1.25 mg/ml (0.12-2.5
pmol/ml) DC-Chol.



done in a Savant AES1010 speedvac according to the supplier's 5
instructions. Dried sanples were used imedi ately or stored at -70C. To

prepare the doxorubicin | oading solution, 10 ng of doxorubicin s dissolved
in 3 nm BOWA®PHEND sterilized throgugh a 0.2-pmfil tpé%ﬂ’%i’ﬁ%q%’“}% 9(S)nsti tution

of lyophilized DIRIV, a volunme of RUBI CI NE equal to the volune before 10
| yophi l i zati on was added to the dried DIRIV. Reconstituted

DOXRUBI CI NE- DI RI Vs were stored at 4C. Exanple 11 Determ nation of

i ncor porat ed DOXRUBI CIl NE: The anpunt of 15 encapsul ated drug, in this case,

doxorubigcin, |s i Ny bsor bance @At 480 pax Diditéjpriepar atbons

contain: av F%%§&%§?$E§¥§¥ﬁgkoru i cin. _The nmean di aneter of th&
Vi r osomesndsprdatien i net dayniplsien- cortee] a@PBFnC%%”ect(lB(?%S%?r( BeS) “dith a
Coul ter N4PI us, Sub- ron-,Part,i i 281 A2l y 2@k - 4 M £i Bk 1020aE6Ay. The

pr oper e%%]e"ssqrblﬁ"opgc\%ﬁr %‘i'?ﬁgoggﬁi ?%ctf\vi ty of (%he virosones is measured
as preevi oneslppaieseriched thy HoeksesaietedizacBiaschamtderfy 235567525681,

1984, by an assay based on octadecylrhodaaine (R18) fluorescence
dequenchi®t 128 Bdanpi 813" r%%‘gzrcyat%7énqo?k?mmnopotenti ating reconstituted

i nfl uenza virosones containing other lipids: Virosones were prepared as
described in exanple 3 with the only difference that DC Chol was repl aced
by one oEx#meld dl| owi ng substances: DHAB, DOTAP, 30 PS, chol esterol, DPPE,

DLPC, Ly$Qs8Gig Pt &T¥ Oy t BLaC g drianent DPEG eronPCsChébn Phe Hitealest:
concentrations of lipids were 8

ool ) CpEoane 7125 (0.2 BIEP T CHAG, 01 . 138 g M (0. 1
Znnllnﬂ)generated by virosome-entrapped ammonium sulfate as described
by Gabizon et al., J. Natl. Cancer Inst. B81: 1484-1488, 109835.

To load virosomes with ammonium sulfate, an ammonium sulfate
solution (4.17 g/ml) is added to the DIRIV solution (7.5 ml},

15 sonicated for 1 min and dialysed (Spectra/Por 2.1, Biotech
DispoDialyzers, MWCO: 15'000, Spectrum Medical Industries,
Houston, TX, USA) against 1 liter of PBS containing 5% of

glucose £for 24 hours at 4 °C. ABfter 24 hours the dialysis

puffer 1s changed and the viroscome solution dialyzed for a

20 further 24 hours. To prepare the doxzorubicin 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 3% glucose are added.

25 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 doxerubicin loading solution. The
mixture is incubated for 10 h at 33°C and further incubated
overnight at 28°C. Non-encapsulated doxorubicin is separated

10 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
Tab'~virosomes with encapsulated doxorubicin are eluted wit?

5% glucose in PBS and collected.



DOTAP, or 2-8 mg/m (2.8-11.3 pnol/m) PS, or 0.125 nmg/m WO
2006/ 069719PCT/ EP2005/ 013829 31 (0.32 pnol/m ) cholesterol, or 0.125 ng/m

(0.18 pnol/mM) DPPE, or 0.125 nmg/m. (0.19 pnol/m) 5 ng/
(O 27 pmqmgﬁﬁgvgo_ PC, or 0.125 g m (0 29 uml/m%gfﬂpgﬁﬂsglﬁ%

pal m toyl -DLcarnitine, or 0.135 ng/ (0.25 pnmol/m) DPEG or 0.125 ng/m
5(0.23 unol/nml) TC- Chol, respectively. Mdified IRIV were stored in

aliquots at -70C before |yophilization. Lyophilization was done in a Savant
AES1010 speedvac according to the supplier's instructions. Dried 10 sanpl es

wer e usegl imIedi7ater or stored at -70C. For reconstitution of |yophilized
Vi r osomg2 me of water or HLA-bi ndi ng Pthi dg PBS i

n Waéter ecqu_al to
the vol umpgefiaret byophifl iZRLTVon Wk VadeRir t 8°PReY drife A ViIFHSSmé
Reconstitut ed virosones re stared at 40,1 16; Exaswl aiak3 dbdhé- biindiag
pepti de Hudnt FRICAE] gﬁyox\fgglp][ell é:qc?uanti fi %%i on was done by HPLC.on, an
Agi | ent 4300,Ser pes10Ayi | espekoatmol 6gresdismi t 267 | ard)® usiPHgPa*eE 125/ 4. 6
Nucl eosi| 100-5 08 reyersed-_ 20 Macherey-NageltoSutit zer | and)
( RP- HPL@QSWWSPFO\A}S%@ | ER lsgﬁee\?%eﬁgje “butfer A 10 nmv TEAP in water:
buf fer B,7dQ0 %acetenbhsilent HRLCopr dyoahilikew PIREVL. 3 nYPhiTe Bhffer
and colum tenperature 25C, buffer startin NMLatl 0fas 28%0Bs Qo7 mon:
i ncr easevatebubdiert B-¢ 0 88047° 9m§5be%§?% %igﬁgﬂ?ggrease of buffer .B to 100%
12. 4-16. 4, 01 & 3 LDOYRBYT f RECBr s EorutguBRinphiyc RGN of rentepRd dtted peptide, a
fraction 125-30 pl) of virosomes were | oaded on freshly prepared,
PBS-Eguilibrated 1 m Sephadex G50 Coarse gel-filtration spin colunmms.

Vesi cl esg%&glgrg:apsul ated peptide 30 only were obtained after
o eneaBashered e BARSOFLTH: Seatr i RELY] FHE AR Hibred s
aliquots at =70°C before lyophilization. Lyophilization was
done in a Savant AES1010 speedvac according to the supplier’s
15 instructions. Dried samples were used immediately or stored at
_70°C. For reconstitution of lyophilized DIRIV, a volume of
HLA-binding peptide dissolved in waler egual to the volume
before lyophilization was added to the dried DIRIV.
Reconstituted HLA-binding Peptide-DIRIVs were stored at 4°C.
20 Determination of encapsulated peptide concentration was done

by RP-HPLC.

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

25 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 AMR49-CPE dissclved in water
equal to the volume before lyophilizatioen was added to the

30 dried DIRIV. Reconstituted AMA49-DIRIVs were stored at 4°C.
Determination of incorporated peptide concentration was done

by RE-HPLC.



WD 2006/ 069719PCT/ EP2005/ 013829 32 Exanple 14 AMA49- CPE pepti de
quantification: Peptide quantification was done by HPLC on an Agilent 1100
Series (Agilent Technol ogies, Switzerland) using a ZORBAX Eclipse XDB-C8
rever sedWh8@08718o| urm (Agi | ent Technol ogi es, Swi t zefYEHFS(RBZHPLC) . The
following el uents were used: buffer®A, 0.1% TFA in water; buffer B, 0.1%
TFA in nmethanol. HPLC program flowrate 1.0 mM/mn; buffer and col um
tenperature 60C, buffer starting concentration: 60%B; 0-15 mn: increase
of buffetxddle 100% 10 15-20 mn: 100% buffer B. For quantification of

encapsul at ed peptide, a fraghjon (& 39riyl) @frRYLr OSeRS Wefsrdpaded on
freshly Pgrr FE&?“PB§-f2qu[|&?|&£brat ed 1 m Sephadex G50 Coarse gel-filtration

spi n colammguot¥eskcl e§ ORCt hoafmapslyapet! beptide ohY§P et ebtodl nddS af t er
centrifugation of the spi I 3 f.9r -2 WinR, ther
acg%rtﬁa{réda pé‘:ﬁf?rg‘g Aedh &P ac %ﬁ:c’ér&ﬁn@ t6 Wh |S§§>fll r’'s

non- enc WAs tetarded in the col um. Exanp 5 FRET
Assay, Foistsuotine.f usiea seasleenments byed |uvredcdncs 20 FESBAANEER energy

transfer (FRET) (Struck et_al., Biochem st 4) . 3-.99,1 4981, ckoyter
et a/., WetHods®Bi BEFRM® AE%‘?.a%?ﬁ%l-%w, ji%%%:}%glt%% %oqﬁ ng'wi 1néglj- a%sgy was
devel opegs, OS5 d10l % of Bodiqywed301550 DHPE @nd w825 nahds ofteRiRAZBAPE wer e

incorporated into |liposonmes consisting of PC/ DPPG,(70:30).. 25 Fl uorﬁscence
measur enentsugier @ c@rdiqed &bitar- difser ef%c?%?r?:p’ér”aﬁlg’t"eso et WEER 14¢*§Rd 42C

in 5 angfgiévn %h0§£¥ﬁﬁéa of DOXRUBICINE equal to the wvolume before
10 lyophilization was added to the dried DIRIV. Reconstituted
DOXRUBICINE-DIRIVs were stored at 4°C.

Example 11
Determination of incorporated DOXRUBICINE: The amount of

15 encapsulated drug, in this case, doxorubicin, 1is determined by

absorbance at 480 nm. DIRIV preparations contain on average

150 pg/ml doxorubicin. The mean diameter of the vircsomes is
determined by photon-correlation sSpeciroscopy (PCS) with a
coulter N4Plus Sub-Micron-Particle Size Analyzer (Miami, FL,
20 USA}. The proper expression of viral 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.

25 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, DOTAF,
30 PS, cholesterol, DPPE, DLPC, Lyso-PC, palmitoyl—DL—carnitine,
DPEG or TC-Chol. The final concentrations of lipids were B8
mg/ml (10.4 umol/ml} PC, 2 mg/ml (2.7 pmol/ml) PE and ©.125
mg/ml {0.22 pmol/ml) DHAB, or 0.125 mg/ml (0.18 umol/ml)
DOTBP, or 2-8 mg/ml (2.8-11.3 pmol/ml) PS, or 0.125 mg/ml



buffer pH 7.5, 100 MM NaCl, in a final volume of 0.8 ml in 2
_ : ad , : .5 mM PWMWA
B‘: c(r)g-;:uge”ez I(V' VR, Swi t%erl and) under continuous stirring. Typically, 1

f labelle i posones (0.3 nnol 30 phospholipid) were mxed with 5- 20
of virosBRPEEIT0. 4 nnol phosphol j pi d) and fusion wes"FrPYgei®d by P
addition of 3. 75f7 pl of 1 M HCI, résul ti ng in a pH of 4.5. The increase in
fl uorescence was recorded every 5 seconds at excitation and em ssion
wavel-engt hs of 538 nm and 558 nm _respectively,

2006/ 069ALIFCTHEP2005] 013BAFSISTRA- exXeF t &ti'oT R LN LR T
e ST oSt f 958 Bymbedeur ommRsS/mer mar ied b suifinan (15255

Lum nes spectrone erkin El ner I nstrunents, USA) equi i
;nggzzﬂ@ﬂ/nﬂ?v&%@mmm dhd 28 meget i @ -2 rﬁmﬁd’“&évi@mqglog‘ﬁggﬁgxit rr:a?
_ ce at infini r i1t i@n C f ter Bt

Triton XA (5B vé fel i3%a%%?6ngce(lr?t'r2 gt iu\oﬁ{%%/h%gr @?gf;?b%gt iogngIS]E mt@EEQf

fl uorescemce: seliexiheTenChe Bl reggiediidiveflvuor escence of the |iposones was

set to zero and the fluorescence at infinite probe dilution to 100% 10

Exanple 16 Particle size determ nati on was done by |light scattering using
Modified IRIV were stored in aliquots at -70°C Dbefore

lyophilization. Lyophilization was done in & Savant AES1010
speadvac according to the supplier’s instructions. Dried
10 samples were used immediately or stored at ~-70°C. For
reconstitution of lyophilized virosome, a volume of water or
HLA-binding Peptide PBS in water equal to the volume before
lyophilization was added to the dried virosome. Reconstituted
virosomes were stored at 4°C.
15
Example 13
HLA-binding peptide quantification: Peptide gquantification was
done by HPLC on an Agilent 1100 Series (Agilent Technologies,
Switzeriand) using a CC 125/4.6 Nucleosil 100-5 C8 reversed-
20 phase column {Macherey~Nagel, Switzerland) (RP-BPLC). The
following eluents were used: buffer A, 10 mM TEAP in water;
puffer 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-
25 12.4 min: increase of buffer B to 100%; i2.4-16.4 min: 100%
buffer B. For quantification of encapsulated peptide, a
fraction (5-30 wul} of virosomes were loaded on freshly
prepared, PBS-equilibrated 1 ml Sephadex G5C Coarse gel-
filtration spin columns. Vesicles with encapsulated peptide
30 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.



a Zetasizer 1000HS instrunment (Malvern Instrunments, UK) in 2 m PMVA
cuvettes (Sarstedt AG Switzerland). 5-20 pL of 15 virosones or |iposones,
respectively, were diluted in filtered (0.22 pn) PBS and neasured three

ti mes foW@pWeAEE%at 25C and 633 nm according to the Buppriteytigss
instructions. Exanple 17 20 Prepardtion of |iposones containing DC Chol
(DC-liposones): 32 ng (41.7 prnol) PC, 8 ng (11.1 pnol) PE and 0.8-5 ng
(1.6-10 pnol) DC-Chol were dissolved in 4 m of PBS, 100 mM OEG 5% (W V)
sucr ose RBS)4, then m xed and sonicated for 1 min. This m xture was

sterile filtered (0.22. pm an | X t formed: by, deker gent
r enoval %%‘?"%1%”%%0 Ro® %g%gugﬁfﬁlgggaeads :‘A%rgg?[gﬁea{aﬁ%gom terr%ernat.ure with
shaki ng aggethyeeprtcnes &orAg0ienn Widh 96rhgs of AGMEBI oI BEAWS @4k, The
final concentrations of .|lipids PC LAqp 2yglm  PE
(2.7 prof¥Ht3eafd' Q. 226138 ny/ W&o@%’?ﬁz%@s BU%%é%%?d %ihpogorres
vere St orgtuh aliguots atrect@Clbefese | gephiti zatdion. (RBohi}-zatliheén was

done in a Savant AES1010 speedvac_accot di ta, the supplier's i ryctions.
Dried sahpleaviid e =hsBAtF miEdiat 7Y or Déllfggﬁdo‘né{t -873C:. St %%cgjr%zcteirt'ution

of |yophilized BC lgi pesaims, i Wahethoio HLAHPLNOp20964069F 16PCFAER2005/ 013829

34 binding peptide dissolved in water, respectively, added tq.the dried
DC- | i posoh¥Bin Re&BASEFt (N€d FRATHI nHPRGSFR ‘deeié&%f p\é\g%&% V\%raerocs ngr ed at

4G S Bxamplendfs: Fiepadl inn of J ibosomes: Abdpd K@ :pmlde POOE;
(di ssolved 1n nethanol) and 32. 68 rrg?(43. 56 pnol) DPPG (dissolv dtl n
met hadiol AEhROr of.or mlDD31)ouiEes) & rERYT 09787 B8E) T %ET e i Xed® T Ot %hd t he

sol vent repoved by, usifig asrepany10.evapoiaiaks( RedayapeadRi2@m, Buchi
Labortecﬁ%?)ﬁ?g '%zer?[%nd) atq4OC atma gradual vacuum of 30-10 kPa. The

dried |igirdshiy mpweparehydt@Seeanithbiabedi Bopk whepnaderoseli -t %r

Li posones _were,stored in_aliqu als- 70 hefare | yophi |1 2gatiPsulated
Lyophi l'i ?gﬁfgﬁlg\/ﬁ%{@ne isﬁ'ué S(%&zrtllt iESlOlO 15 eB.speedv,ac according to the
suppl i er pephser uefliyons:reDr dleitk ietp| et er ecnsedivanethnat ef y '6f stored at

-70C, _For_reconstitution of _|yophiljized_|lipas S 9Qf a HlA- bl ndi 19
pept ifde §PLEBIVE i3lr¢t0Pl§S,g rfeos%e%t%nyéf ygsmgggaﬁggd@?gg?ﬁe ari ed&%%]%osorres.
Reconst i twtsedethAdbd nih nchePeptlivde-~ | i posomes were 20stored at 4C.

Example 15

FRET Assay: For in vitro fusion measurements by fluorescence
20 rescnance energy transfer (FRET) (Struck et al., Biochemistry
20(14):4093-99, 1981; Loyter et al., Methcds Biochem. Anal.
33:129-64, 1988), the following assay was d@veloped: 0.75 mol%
of Bodipy 530/550-DHPE and 0.25 mol% of N-Rh-DHPE were
incorporated into liposomes consisting of pPC/DPPG  (70C:30).
25  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 mi in 2.5
ml PMMA micro-cuvettes (VWR, Switzerland) under continuous
stirring. Typically, 1 pl of labelled liposomes (0.3 nmol
30 ﬁhospholipid) 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



Exanple 19 Preparation of |iposones containing DC Chol (DC-liposones):

66. 8- 75. 2 ny

(43.56 pnol) DPPG (dissolved in methanol/chloroform (J1; 82-
(3. 6- 14. WpHBHYOBE- Chol (di ssol ved jn net hanol) (nol a‘g“ﬁa‘zz""%ﬂ’%*%

60-67.5:30: 2. 5-10) were m xed toget

(87.1-98 pnol) PC (dissolved in nethanol) and 25 32.68 ny
7.26 ngy

er and the sol vent was renoved by using

a rotary evaporator (Rotavapor R-205, Bfichi Labortechnik, SMAtzerIand) at

40C at 30 a gradual vacuum of 30-10 kPa. The dried Ii

r ehydr atsed esdiltatiOrnis15% O®/ @) Ssoer 888 PR RELEFI°Li p
aliquots at -70C Qefor

AES1010 M58

Ver e USsefhe MDo2R06+06FELSRCT/IEPROOSIGLIZEgNES, USA] equipped W

10

15

20

25

30

thermostated cuvette holder and a magnetic stirring device.
The maximal fluorescence at infinite probe dilution was
reached after addition of Triton ¥-100 (0.5% v/v final
concentration). For calibration of the fluorescence scale the
initial residual fluorescence of the liposomes was set to zero

and the fiuorescence at infinite probe dilution to 100%.

Example 16
particle size determination was done by light scattering using

a Zetasizer 1000HS instrument (Malvern Instruments, UK) in 2
ml PMMA cuvettes (Sarstedt AG, Switzerland). 5-20 ul of
virosomes or liposomes, respectively, were diluted in filtered
(0.22 um) PBS and measured three times for 300 sec at 25°C and

633 nm according to the supplier’s instructions.

Exanple 17
Preparation of liposomes containing DC-Chol (DC-liposomes): 32

mg (41.7 umel) PC, 8 mg {11.1 pmol) PE and 0.8-5 mg (L.6~10
pmol) DC-Chol were dissolved in 4 ml of PBS, 100 mM OEG, 5%
(w/%) sSucCrose (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 BSM2 Bio~
Beads for 1 h at room temperature with shaking and three times
for 30 min with 90 mg of 8MZ Bic-Beads each. The final
concentrations of lipids were 8 mg/ml PC (10.4 pmol/ml), 2
mg/ml PE (2.7 umol/ml} and 0.2-1.25 mg/ml DPC-Chol (0.4~2.5
umol/ml) . Liposomes were stored in aligquots at -70°C before
lyophilization. Lyophilization was done 1in a Savant AES1010
speedvac according to the supplier’s instructions. Dried
samples were wused immediately or stored at -70°C. For

reconstitution of lyophilized DC-liposomes, water or HLA~-

g%%n% meyg Sfored in

yQphi lii.zat p gn. ‘ky@phbhlza$|aﬂ5ma&mdanecenca Savant
S Z accordféhgc&{%oxﬁLe supplier's instructions. EXled sanples



i medi ately or stored at -70C For reconstitution of |yophilized
DC-| i posones, PBS or HCV HLA- bi ndi ng peptide dissolved in PBS,
respectively, was added to the dried DC |iposonmes. Reconstitut %g
HLA- bi ndMH20psPTi8e- DC- | i posomes were Sstored at 4C AT ESH

| muni sation and cytotoxicity assay:?"’ HLA-2.1 tg m ce were muni sed
subcut aneously (sc.) at the base of the tail with 10 100 pl of the

corresponding virosone fornulation. Mce received 2 Enj ecti ons at a 3- week
i nt er valpanrd ngheepespenses wakvethalry sed- X WSS <4t &F Y he"f Ast ‘?’?ﬁg ecti on.
Spleen cells (4 vel f.r O J JopuR; i ¢@.AWBhadLest iPaykatedntor 5
days in Q% Jtec?ié(gg{elpcou%c)tm&rsé g%e!at eslavlm'%tgﬁ@?x 106 irra%i at@gd (1500 15 rad)
spl een celdssddaat whavesteesd pul d€€.with 10 pg/m peptide, in conplete RPM
medi um (Sigma Aldrich, St. Louis, M) containing 2 mM L-d utam ne, 100 U
penicillin, 100 I.:9/mM Streptonmycin (Sigma Aldrich), 5 nM Hepes, 10% FCS

(G beo BRL asals, Switzerland) and 5 x 10-5 M 2-nercapt oet hanol at 37C 20
R

day 2, 5 Um IL:2 (Eurgget Ny _1h
Nether|aﬁﬁ%gaa@&@@ngége&}pgﬁggﬁﬁfC7§yﬁgrggg€.%s BoY; . pAMBlecdamedhen

fic activity was tested in a

st andar %%a&l@' eas@ assaysagagnst4ans&L- 483k ROPHIHD tchisget veel | $7pul sed
with 10 pg of the sel ected peptides

or medium conttol . After
i ncubatim@thm@/qhéloé‘%@r%as(1251>n)eas(€fpéf8rbyrﬁ§f“%g g@ygééour%%ertre. @géﬁ?aneous
and mmaxi Q}s'gé&%zﬁa%%dwa%héet ervaed fyom wehbsedonbai misinaredi umodldskie or
after lysis"with 1M HC1, respectively. L _sinJZ was ca}‘l1 ciq{I ated hy the forml a:
(1 el Baseeiapassay: - (RpGHtERTEoUs 4B e a8 T Xy FURT ¢ 8l eédse - spont anéous
rel ease) aﬁbwp‘: Pept i des specifdGky sies 3801 vagpdet Brarn dededasl ithiel gérloent age

of lysis tainhed in e presence or in_the aZsence of geptiinde.wa{%%(}nt aneous
rel ease was abweydrdtess thidd 13900f MaxPium!FEY basB?cro®e '

020061 03719FCT] EP2005/ 013829,36 EXADI £ @hote ot  -10°C  befors

lyophilization. Lyophilizaticn was done in a Savant AES1C10
15 speedvac according to the supplier’s instructions. Dried
samples were used immediately or stored at -70°C. For
reéonstitution of 1lyophilized lipcsomes, PBS or HLA~binding
peptide dissolved in PBS, respectively, was added to the dried

liposomes. Reconstituted HLA-binding Peptide-iiposomes Wwere

20 stored at 4°C.

Example 19
Preparation of liposonmes eontaining DC-Chol {DC~1liposomes) :

$6.8-75.2 mg (87.1-98 pmol} PC (dissolved in methanol) and
25 32.68 mg (43.56 pmol)} DPPG (dissolved in methanol/chloroform
(1:1}) and 1.82-7.26 mg (3.6-14.5 pmol) DC-Chol {dissolved in
methanol) {(molar ratio 60-67.5:30:2.5-10) were mixed together
and the soclvent was removed DY using a rotary evaporator
(Rotavapor R-205, Blchi Labortechnik, Switzerland) at 40°C at
30 a gradual vacuum of 30-10 kPa. The dried lipid film was
rehydrated with 1.0 mi 5% (w/v} sucrose in water. Liposomes
were stored in aliguots at -~70°C Dbefore lyophilizaticn.
Lyophilization was done in a gavant AFS1010 speedvac according

to +the supplier’s instructions. Dried samples were used -



Enzyme- | i nked i mmunosor bent assay ELI SA agai nst AMA49-CPE: ELISA microtiter
pl ates (Pol ySorb, Nunc, VWAR International AG Swtzerland) were coated at
4C overnight with 100 pL/well of 5 10 ug/nl AMA4A9-CPE in PBS. Vells were
washed t REWOGISHEE with 300 pl/wel | of PBS contai ni ngd /084" dEéh- 20 before
they were blocked with 5%nilk powd® in PBS for 2h at 37C. Vells were
washed three tines with 300 pl/well of PBS containing 0.05% Tween- 20.

Pl ates were then incubated with two-fold serial 10 dilutipns of nmuse serum
in PBS comtaiiniagy0. 05% Bieaw0 and 0/ 5% ni | k>powdEFCTIBO LMl 15~ for 2h
at 37C. After..washin S if3cubated miat-ianiabkapepeide
phosphat]a}’é:’é)%&&ﬁizﬁgat gg%%ﬁ?%ﬂ%%’- no\wliésg IOS(C:; ?{3{ chai n speci f?c),ba%t | pody

(Si gma, Stssdieuis,ilVOpRESAresprcEhvaly 37828ndEddfréh Washéd 15 4% e8-Ti nes.
Phosphat ase substrate (1, ng/ Pr ikt enyl E;:g}ggéh@}ce  ShghBs | Rebe 14%
(W v) Na@@?f,oﬂﬁ.ss%wg?ft%gﬁ%ﬁ B.ﬂ}ézlg/ﬁq%v/v MCI2. pH 5 ) was added and

i ncubkat egk Ated @@Mutenperature in the dark. After an appropriate tine the
reaction was stopped by the addition of 100 pL/well 1 M 20 sulfuric acid.
The optical density (OD) of the reaction product was recorded at 405 nm
wth a nicroplate reader (Spectra MAX plus, Ml ecular Devices, Bucher

Bi ot ech . ~Switzerland). 25.Exanple 22 ,Preparatjon of..an, ipkluenza
vacci ne forenisattiion cdhtai Wﬁf&%gﬁ @ﬁ?%‘e bkﬁllgkgéf J|U2f IngLecnzawvi [ 0SONES

were pr eﬂ%,%gi@e t he.dethed descrished pitevipesbpseBran ete akail MEEkBds
Enzynol . :313-331, 1993; Zurbri Cg,en et al ¥ Pro rIﬂil iagiR%s. #Mce

39(1)a 3-189 20D0) 2£Br Féﬁly,cogﬁeﬁa‘-’% Y phbt 5By and 0.3~ 5 ng (0.6-10
pmol ) DG Choi ,wer ¢ gi@%@u%si nt2 A1 305 BBSindodvaM EES (BES-RBSPNsS ngy HA
of influenza virus (15t bul k A/ New Cal edoni a/ 20/ 99(}%H1 ]Qéean&qeﬁlél k(4

Al Fuj i ankéd142002s¢cHINMee 8y dk I5@Tk thESharghal? 3811 2002)P Was' centri fuged at

el i ot 5 0 RGIdER 138RQ137h 8br 4C Gang til
pel | et V\gsg%i/g@e&#}eﬁoﬁ %%npﬁggé@ L ERZQ51Q 1 r e

of PBS/ OEG The detergent so.ubil.iz
phosphol prdslandivsnasesilandel HHateR 20%( W v)* r_o’sre”\ialelf“‘geﬁ'i X g’oto_o a
at 160, 060%% ShToroq T AT S0 Gvd TRS EUpernat it vas oLeile T fered
in complete RPMI medium (Sigma Aldrich, St. Louis, O}
containing 2 mM L-Glutamine, 100 U penicillin, 100 ng/ml
Streptomycin {(Sigma Aldrich), 5 mM Hepes, 10% FCS (Gibco BRL,
Basel, Switzerland) and 5 X 107° M 2-mercaptoethanol at 37°C
20 and 5% COp;. On day 2, 5 U/ml IL-2? {(EuroCetus B.V., Rmsterdam,
The Netherlands) were added. Specific cytolytic activity was
tested in a standard 51Cr release assay against an EL~4537-Rob
HHD target cells pulsed with 10 ug/ml of the selected peptides
or medium control. After 4 hr incubation, Sier release was
25  measured by using a y-counter. Spontaneous and maximum release
was determined from wells containing medium alone or after
lysis with'lM HCl, respectively. Lysis was calculated by the
formula: (release in assay -~ spontaneous release)/ (maximum
release - spontaneous release) x 100. Peptide-specific lysis
30 was determined as the percentage of 1lysis obtained in the

presence or in the absence of peptide. Spontaneous release was

always less than 15% of maximum release.



(0.22 pm. The three different virosomal bulks were then formed by
detergent renoval using 180 ng of wet SM2 Bio-Beads for 1 h at room

tenperature with shaking and three times for 30 min with 90 of SM2
Bi 0- Bead$V@¥W¥H09THe final 10 concentrations of |ipi dsl’%?%?"@[’r“gb%’z?n (10.4

prol /m) PC, 2 ng/mi (2.7 prol/nm) #E and 0.075-1. 25
1) : : ng/ mL (0.12-2.5

pmol /n) DC- Chol. After HA-quantification the three bul ks vvfare m xed and 15
| yophi | i zed. Lypph! l'ization was done in a Savant AES1010 speedvac according
ts?o£ 23 s%@}%% i nstructions. Dried sanples were used i medi ately or

at_-70C. .For reconstitutd.on of-lypphihi zeds i of luenza ceacci ne
f or mul at FORTH Wl ﬁelgfm%va CEer equal Stalé)( t he 1%&/olcg%é %%af ore | fggﬁi | i zation
was 20 agdesh t@idhe ideired1BEREV(PRecOMSt i tited APt VDRIV tierélsf6r ed at

4c qwitzerland) were coated at 4°C overnight with 100 uL/well of
5 10 pg/ml AMA49-CPE in PBS. Wells were washed three times with
300 pl/well of PBS containing 0.05% Tween-20 before they were
blocked with 5% milk powder in PBS for 2Zh at 37°C. Wells were
washed three times with 300 nl/well of PBS containing 0.05%
Tween-20. Plates were then incubated with two-fold serial

10 gilutions of mouse serum in PBS containing 0.05% Tween-20 and
0.5% milk powder (100 nl/well) for 2h at 37°C. After washing,

the plates were incubated with an alkaline phosphatase
conjugated goat anti-mouse IgG (y-chain specific) antibody
{Sigma, St. Louis, MO, USA) for 1h at 37°C and then washed

15 three times. Phosphatase substrate (1 mg/ml p-nitrophenyl
phosphate {(Sigma) in 0.14% (w/v) NazC0s;, 0.3% (w/v} 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 uL/well 1 M

50 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 Bioctech AG,

Switzerland].

25 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.
30 33(1):3-18, 2000). Briefly, 32 mg (41.7 pmol) 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 (1% bulk A/New
Caledonia/20/99 (H1N1}; 2™ bulk A/Fujian/411/2002 (H3NZ), 3%
bulk B/Shanghai/361/2002) was centrifuged at 100,000 x g for 1



38 Clainms: 1.A biologically active conposition conprising at |east one
i nmunopotentiating reconstituted influenza virosone (IRIV) and a cationic

chol esterol derivative, wherein said chol esterol deriyvat]

posi tiveMPO ¥HEPYEd substituent in e 3-position of ?ﬂlték%zﬁ%gflﬁggtzgr ol and is
represented by the follow ng fornmula: (I') wherein Ris selected fromthe
group consisting of R'; R-(C=0)-; R'-0-(C=0)-; R'-NH (C=0)-;
R-0-(C0)-R'- (C0)-; R-NH(C0)-R'-(C=0)-, . wher ei 'bs

Cl- C6- al kyt belqgarslbstd taetlded thy'agt deset VeAe 1R dofttaioi ﬁ%sg?&;p 5Ft he
formul a RLR2ZR3N-, and,t. res i QUALers dPNviSudes and wherki afRl, R2
and R3 ac?eetefrr?c?é‘ﬁen%Dgn\%qlr}%fzsgm%%;%éﬁY}gtlﬁggageIaed(fed fromthe group consisting
of hydrogen amgyCls@6rost kykre mixedhdceim Xingks FeLeRedEf rorft h&"Gr oup

cons! s 19, f el ogen, by oagn oyl pbale. oyl donal i ogmpophospha
Cl- C6; al kylsgpe.1 n at 20°C and the supernatant was sterile filtered
(0.22 um). The three different virosomal bulks were then
formed by detergent removal using 180 mg of wet SM2 Bio-Beads
for 1 nh at room temperature with shaking and three times for
30 min with 90 mg of SMZ Bio~Beads each. The final
10 concentrations of lipids were 8 mg/ml  (10.4 umol/ml) PC, 2
mg/ml {2.7 pmol/ml) PE and 0.075-1.25 mg/ml {(0.12-2.5 pmel/ml)

DC=Chol.

after HA-quantification the three bulks were mizxed and
15 lyophilized. Lyophilization was done in a Savant BAES1010
speedvac according to the supplier’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

20 added to the dried DIRIV. Reconstituted empty DIRIV were

stored at 4°C.



39 2. The conposition according to claim 1, wherein said cationic

chol esterol derivative is present in the nenbrane of the virosone. 3. The
conposition according to any of the clains 1-2, wherein said chol esterol
derivative is represented by the fggl ow ng formul a: wherein R, R2
and R3 are independently fromeach other selected fromthe group consisting
of hydrogen and Cl-C6- al kyl, and wherein X- is a hal ogen anion. 4. The
conposition according to claim3, wherein RL and R2 are nethyl and R3 is
hydrogeims 5. The conposition according to claim3, wherein R, R2 and R3
are nethyl.

1. A biologically active composition comprising at- least
one immunopotentiating reconstituted influgnza virosome
(IRIV) and a cationic cholesterol derivative, wherein said
cholesterol derivative has a positively charged
substituent in the 3-position of the cholesterol and is

represented by the following formula:

- HzCyy, ”
CH; 1|

s ol HLETITS:

(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=C) —; R'fNH“(C=O)~R"~{CWO)“}
wherein R’ is C;-Cg-alkyl being substituted by at
" least one.N—containing group of the formula RiRpRsN'-, and
the respective counter lon is X7
Qherein Ry, Re and Ri are independently from each other

| selected from the group consisting of hydrogen and Ci-Ce-

alkyl;

wherein X~ 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.



40 6. The conposition of any of clains 2 to 5, wherein the content of the

cationic lipidis between 1.9 and 37 nol % of the total |ipid content of the
menbrane. 7. The conposition of claim®6, wherein the content of the
cationic lipid is between 1.9 and 1 nol % of the total |ipid content of the
menbrane. 8. The conposition according to claim6 or 7, wherein the
residual lipid content of the virosomal nenbrane consists of phospholi pids.

9. The conposition according to claim8, wherein the phospholipids are
phosphati dyl chol i ne and phosphati dyl et hanol am ne. 10. The conposition
according to claim9, wherein phosphatidyl choline and
phosphati dyl et hanol anmi ne are present in a ratio of 3:1 to 5:1, preferably:
4:1. 1% The C@H@OQk{ gﬁlﬁmyaeto@Uangs'mstolaGm dddi vherakhy sorfbri si ng
a | yoprotectant. he con505|t|on accordin |mﬂﬂ1%% ﬁ@ﬁgfﬁ t he
Iyoprotectanton$Cséh@é€éHeﬁP nfPeRe V§dd|5 coh % r? of* SUCT 0SEé, trehal ose,
dextrose, Iﬁg%ose gggﬁg xyl ose and mannitol. 41 13. The conposition of
any of cl 8 addltlonally conprising an adjuvant or adjuvant
system The conposition of any of clainms 1 to 10 or 11 to 13,

additionally conprising a_ biologically activ st.anc cted from a
pharﬁa@eutlzalngeﬁPmBgséﬁlaﬁtFggﬁng%g %q_é%ys%Q tanceisehected,

wherein said cholestercl derivative is represented by the
. following formula:

HSC/// iy
CHs |

Ry . o
\"N/ | I !
Ry~ T N-C-0% L
X H =3

g

{(I1)

whaerein R;, Ry and Rz are independently from each other
selected from the group consisting of hydrogen and Ci—Cg-

alle, and

wherein X~ is a halogen anion.

4, The composition according te claim 3, wherein R; and

R, are methyl and Rz 1s hydrogen.

5. The composition according to claim 3, wherein Ry, R

and Rz are methyl.



nmol ecul e. 15. The conposition of claim 14, wherein said biologically active
substance is either attached to the surface of the virosone and/or encl osed
~in the virosone. 16.A nethod for the |yophilisation of virosones utilizing
t he conpositions of any of clains 11 to 14 including the steps of:

(a) freezing said conposition, (b) primary drying said frozen
conposition at a first reduced pressure, and (c) secondary drying
sa! d f6r_ozen_ m@@@ﬁﬂ;@@i@_{oﬁ Secomg qs@dubae:‘dn@r%s’s@r@,; wheréiﬁvﬁe@ei n said
primary drying is carried out at:a higher ressurf %han sgjjd SEgond reduced
pressur ecodZent met h*@l@lef@ﬁi%%%lq:ybb?ﬂqii%%t?%ﬁw%?“v rdsotes” UtTTT%i ng the

Conmposi tiogn.s}aeoftg,ggl p{fi%lgi DB 14, 0T Ao hackudbpgnté he steps of: (a)
freezing ar conposit1on conprising said biologically active substance
sel ected froma pharmaceutical agent and an antigenic nol ecul e,

(b) primary drying said frozen_conposition, at fLyst d.pressure, and
(c) se€condar yTWWW@p%%?Hl??OQEnCQ%%O it‘iq%%r%?natégc%é\%g%gu%gd pressure,

42 the cationic lipid is between 1.9 and 16 mol% of the total

lipid content of the membrane.

8. The composition according to claim 6 or 7, wherein

the residual lipid content of the virosomal membrane

consists of phospholipids.

9. The composition according to claim 8, wherein the
phospholipids are phosphatidylcholine and

phosphatidylethanolamine.

10. The composition according to claim 9, wherein
phosphatidylcholine and phosphatidylethanolamine are

present in a ratio of 3:1 to 5:1, preferably 4:1.

11. " The composition of any of claims 1 to 10,

additionally comprising a lyoprotectant.

12. The composition according to claim 11, wherein the
lycprotectant is selected from the group consisting of
sucrose, trehalose, dextrose, lactose, mannose, xylose

and mannitoel.



wherein said primary drying is carried out at a higher pressure than said
second reduced pressure. 18. A virosone |yophilisate obtainable by the
met hod of claim16. 19. A virosogg | yophi | i sate obtai nabl e by the nethod
of claim17. 20. A nethod for the 'reconstitution of a virosome

| yophilisate of claim18 including the step of solubilizing the virosone

| yophilisate in a reconstitution solvent. 21. The nethod according to
claimgp, whergkncbRgoEeEORSt bEUkhQNosotVenhs cbhproses, said biol ogical ly
active substance selected froma pharnaceuti cal 9ent and ap antigenic

nol ecul eadd22ioAakdrheampsiSihe pBcBASHY Ui oh %$ ‘é‘f%‘iﬂro%ﬁgelflyophi lisate
of claim19 including the step of solubilizing the virosone |yophilisate in
a reconstitution solvent. 23. Conposition of any one of clains 1 to 15 for
use i nmedi ci nRe c4Bp2d4ibsenobfaanat bénitathsl ésteryf derivatPvedior

enhancing the reconstitutability of .a.viros afrer | LLlsation, said
Vi r osone 2E6ABEPERAGY FﬁmPF§SF@@oﬁs%??&?gﬂc%?gee?célﬁ?o¥§§?E% ?% active
SUbStanC%eﬁgb%%HegrBﬁog‘ﬁh@gﬁéggﬁgﬁﬁbqabgégﬁnbroénaﬂﬂaBQEQEﬁiC nol ecul e,
wherein said chol esterol "derivative has a positively charged substituent in

the 3-posictlieonlef the chol esterol and is represented by the follow ng
f or mul a:

15. The composition of claim 14, wherein said
biologically active substance is either attached to the

surface of the virosome and/or enclosed in the virosome.

le. A method for the lyophilisation of virosomes
utilizing the compositions of any of claims 11 to 14
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.

17. A method for the lyophilisation of virosomes
utilizing the compositions of any of claims 14 or 15
including the steps of:

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

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

(¢) secondary drying said frozen composition at a

second reduced pressure,



(') 44 wherein Ris selected fromthe group consisting of R; R (0=0)-;
R-0-(C0)-; R-NH(C0)-; R'-0-(0=0)-R'-(0=0)-; R-NH(0=0)-R'-(0=0)-,
wherein R is 01-C6-al kyl being sggstitut ed by at | east one N containing
group of the fornmula RLRZR3N+- and“the respective counter ion is X-;
wherein RI, R2 and R3 are independently fromeach other selected fromthe
group consisting of hydrogen and 01-06- al kyl ; wherein X is sel ected
fromthe gr nsi std f Qgef nd il ogen-isad phat est sulfioiatre,

di hydr ogen gﬁ(%sp%g?es,%%%g%%%%ri hal oggcet ate and hydrogen carbonate; and
wher eigreR'sure 0ha06-saliky lssmen® 5 eTheags #TE&EEOd-ng to claim 24, wherein
said chol esterol derivative is represented by the follow ng formul a:
wherein RI, R2 and R3 are independently from each other selected fromthe
group 1gonsi st i ng; pHsbyer ogephands8is 06t al kybleand whereébhdd ¢§ a hal ogen
ani on.

claim 16.

18. A virosome lyophilisate obtainable by the method of
claim 17.

20. A method for the reconstitution of a viroscme

lyophilisate of claim 18 including the step of solubllizing

the vircosome lyophilisate in a reconstitution solvent.

21. The method according to claim 20, wherein the
reconstitution solvent comprises said biologically active
substance selected from a pharmaceutical agent and an

antigenic meclecule.

22. 3 method for the reconstitution of a virosome
lyophilisate of claim 19 including the step of solubilizing

the vircsome lyophilisate in a reconstitution solvent.

23. Composition of any one of claims 1 to 15 for use in

medicine.



45 26. The use according to claim25, wherein RL and R2 are nethyl and R3
i s hydrogen. 27. The use according to claim?25, wherein RI, R2 and R3 are
nmet hyl . 28. The use of any of cl ai 24 to 27, wherein the content of the
cationic lipid in the virosomal nenbrane is between 1.9 and 37 nol % of the
.total lipid content of the nenbrane. 29. The use of claim 28, wherein the
content of the cationic lipid in the virosomal nenbrane is-between 1.9 and
16 nmol % of the total lipid content of the nenbrane. 30. The use according
to claim28 or 29, wherein the residual |ipid content of the virosom
nenbr ahe. consm56506faph@Eph@ﬂﬁp?ﬂ@leSI@fTﬁedﬁ§éVéEé8?dfﬂﬁ to claim 30,
wherein the p phaol. i s i.dyh | Lrejapd frar
phosphatlderFﬁgﬁgFéﬁs gﬁe sec Eg Eggkgg%ogg?ngﬁto 2 arm 31, wher ein
phosphatldyICh@bpﬂ@l@@dtpbﬁspbaﬁddyhebhamelanmpelanegpresemﬁsln aratio of

3:1to 5:1 referably 4:1. 33. The use.o of ¢
addltlonallypé@#ﬁﬂﬁ§F gtad adpafant EFO§8F693 ys?%%éﬁ? s68stende:

selected from a pharmaceutical agent or an antigenic
molecule, wherein
said cholestercl derivative has a positively charged
substituent in the 3-position of the cholesterol and is

represented by the following formula:

H3 C/// 2

RO ;
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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 Ci1~C¢-alkyl being substituted by at least

one N-containing group of the formula R.R,R; N'- and the

respective counter ion is X';
wherein R;, R. and Rz are independently from each other

selected from the group consisting of hydrogen and Ci-Cg-

alkyl;
wherein X~ is selected from the group consisting of

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

phosphate, acetate,

and
wherein R’ is Ci;-Cg-alkylene.

The use according to claim 24, wherein said

25.
cholesterol derivative is represented by the

following formula:
Hﬁcﬁ/, e
CHy §

H

(II)

wherein R:, Rs; 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.



26.

27.

28.

29,

30.

31.

32.

33.

45

The use according to claim 25, wherein R; and R, are

methyl and Rs is hydrogen.

The use according to claim 25, wherein R;, Ry and Rz

are methyl.

The use of any of claims 24 to 27, wherein the
content of the cationic lipid in the vircsomal
membrane is between 1.9 and 37 mol% of the total

l1ipid content cof the membrane.

The use of claim 28, wherein the content of the
cationic lipid in the viroscmal membrane is between
1.9 and 16 mol% of the total lipid content of the

membrane.

The use according to claim 28 or 29, wherein the
residual lipid content of the virosomél membrane

consists of phospholipids.

The use according to claim 30, wherein the
phospholipids are phosphatidylcholine and
phosphatidylethanolamine.

The use according to claim 31, wherein
phosphatidylcholiﬁe and phosphatidylethanolamine are
present in a ratio of 3:1 to 5:1, preferably 4:1.

The use of any of claims 24 to 32, additionally

comprising an adjuvant or adjuvant system.



