WO 2006/069719PCT/EP2005/013829 LYOPHILIZATION OF VIROSOMES Field of the invention 5
The present invention relates to compositions and methods for the effective lyophilization and
reconstitution of virosomes. Background of the invention 10 Lyophilization or "freeze-drying" is a
technical precgsssiisthesremoval of water. Therein, the aqueous solutionriswaetedsdosareunder its
eutectic point, until it is completely frozen. Then the barometric pressure is reduced up to a vacuum,
so that the water sublimes and is withdrawn from the solution. 15 The solubilised agent remains as a
porous solid, which can later be resolved i in -drying generates solids with a
huge surface area, resulting in high WAter gg’l\?éﬁl%y?gﬁ) E}goh[\)?hfl( i‘;}z&ﬁg\?]ggwidely used in pharmaceutical
applications, as most pharmaceuticals have a limited storage life in solution. Their shelf life can be
significantly increased by production of Jyqphilisates; whic £:Sqlyed, shortly before usage, in an
adequate solvent. Although lyophilizationhas 25 béen 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.aften deleteriousder bisagtiue agents arcompasitions. Tepreserve
functionality and activity, different technigues have 30 evolved, es[geciall¥lthe use of c%/oéiorotectants
including for SanTeEilgh¥s likd SBBrose?GrtraRadRs. EpotBhes did YtoSomes i Suberior
properties as drug delivery vehicles. Whereas liposomes are spherical lipid WO
2006/069719PCT/EP2005/013829 %acquound of the invention

101 Lyophilization or “freeze-drying” 1is a technical process for
the removal of water. Therein, the agueous solution is coocled
down under its eutectic point, until it is completely frozen.
Then the barometric pressure is reduced up to a vacuum, S0
that the water sublimes and is withdrawn from the solution.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 bafore
usage, in an adeqguate solvent. Although lyophilization has

25 been proven to be a superior preservation technique commonly
used today, it hasg inherent disadvantages. These are mostly
coupled to the freezing and reconstitution precesses, which
are often deleterious for biocactive agents or compositions. To
preserve functionality and activity, different technigues have

30 evolved, especially the use of cryoprotectants including for

example sugars like sucrese or trehalose.

Liposomes and virosomes have superior properties as drug

delivery vehicles. Whereas liposomes are spherical 1lipid
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vesicles, virosomes are envelopes of viruses not containing the infectious genetic material of the
original virus. The difference of liposomes and virosomes is that virosomes contain additional proteins
on their surface making them 5fusion-activeparticles,whereasliposomesareinactive carriers. Thus,
virosomes avechighlyeffective adjuvant/carrier systems in modern vaccinatiarg ressessiyg 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 vaCfines against 15 hepatitis A and influenza use
virosomes a&Sdifvarts afhd <At BRtigeh delivary Vehicies. Antibodies eficited by T ifocttation with
antigens reconstitatetkintvirosomesiavecshewnsarhigh affinity-for therantigens against whithdhey are
raised. 20 Figze-duyiag of igosomes capdueventhvcolysispldae phosphollpids gad plysical
degradation of the vesicles during storage. In addition, it may help stabilize the substance that is
incorporateditnthieiipostifas. ey e-dyieEer % lip8Some ™S formititatioi fesultsk dryd4ie, which
can be reconstituted within,secopds ¢q @btain theerigipakdispersioncihad is, i the appraprate:
excipients are used and if suitable freeze-drying conditions are applied. On the other hand the
freeze-drying$rot&SsS 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 is not
surbrising Bicayse pueracion etween e hydraphilc anosphalinid bsed rpups and yaleh
molecules plays a key role in the formation of fiposomal bilayers. Thus, removing water WO
2006/069719PCIMEF2005/01882Yg tion, 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 wvarlety of
vaccines. For example, commercially available vaccines against
15  hepatitis A and influenza use vircosomes as adjuvants and safe
antigen delivery vehicles. Antibodies elicited by the
inoculation with antigens reconstituted in virosomes have
shown a high affinity for the antigens against which they are
raised.
20
Fraeze~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 excipilents are used and if suitable freeze-
drying conditions are applied. On the other hand the freeze-
drying process itself may iInduce physical changes of the
30 liposomes, such as loss of encapsulated agent and alterations
in the vesicle size. The occurrence of such damage is 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



from the liposomes by freeze-drying represents an exciting challenge. Moreover, freeze-drying is a
time- and energy-consuming process, which certainly requires some expertise in order to avoid its
specific pitfalls. Fortunately, excipients, 5 such as disaccharides, have been identified that protect the
liposomes dwingutbedreezing process (lyoprotectants) and the freeze-drypag techniguesiias been
extensively described in literature (Pikal et al., 1990, Int. J. Pharm, Sci, 60, 203; Pikal, 1990, B opharm
10, 18; Essig et al., 1993, 10 "Lyophilization", Wissenschatftliche Verlagsgesellschaft, Stuttgart ;

Jenning, 199% "Il?/o%hiliza ion: Introduct'g)n a@d basic_grinc;igles",rIntegnharm Press, Englewood, CO).
Lyoprotectanté Blotett fiposoRfeB 1) Breventi fusion 5 75 Ifrosbhvas. (9) prévefithvg tHe*fupture
of bilayers bycicelcrystads, ant (Fomamtaining tre tntegritycof the bitayershim the abseneeof yyater. To

do so, the lyopigtegiants ustfotm anamorphous glassy, matrx, nand argund the Jposamres,

Interaction between the’lyoprotectant and the phospholipid 20 head groups is consi eré"éeesﬁecially
important forprégéntiry feakage duringReRydratioR ‘ot lipbsemeSthatRave A¥iquitkemsialliie bilayer

in the hydrated state at ambignttempesaturess 28 Itisossibla-to; distinguish, diffgrent types.of.
liposome formulations with respect to freeze-dryi(rg: %Lg emptg liposomes, which are reconstituted with
li I

a solution of tH& RSMPotnd46 B e rdipstfsied™ RGeS 1040EE With™s EBMpbundfati&Sstrongly
associated withetbedbitdyer rand (330 liposomes shabeentaina watet-geollple dempoiingdhat does not

interact with {he. player, The {higd ene represents g arepfest challgtiae, as holh preyention of
leakage of encapsulated solutes and preservation of liposome size are reqhire&. The bilayer ™’

composition Bl&highly sidifificant B fagterwhenidetermifing thesesistanéé of lipbsemes-fF 3,
freeze-dgyingsiyess but 19 date #t, has beensdifficsltioextiract generaleiles from the literatire as many
other parameters are involved, including lygphilization process conditions, choice of lyoprotectants,
and vesicle si?& AS8Epicted BBV the | %%ﬂi’zatic}f'ty EEP foosoridd RAs bddtt prSVER o Be d&iflanding
at best, but the $yiaphilizationpdfedfosomes islaging Even gredtey peoklems. Jhjs is, in comparison to
liposomes, due to the additional proteins in the envelope, responsible for the fusion activity of the
virosome. As proteins they are highly susceptible to freeze-drying induced stress causing significant
loss of activifyy TRESE e s hedd FHrcomposhitiiE&sd Metheds thateventing fusion of

overcomgtheprpblesmacouplediptheeiiediveslygphitizationapdresonsgiitionoffysionsactive melgcules,
namely virosomes. . . . : X .
crystals, and (3) maintaining the integrity of the bilayers in
the absence o0f water. To do so, the lyoprotectants must form
an amorphous 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 liposomes that have a liquid-~

crystalline bilayer in the  Thydrated state at ambient

temperatures.

25 It 1is possible to distinguish different types of lipcsome
formulations with respect Lo freere-drying: {13 empty
liposomes, which are reconstituted with a solution of the
compound to be encapsulated, (Z) lipcsomes loaded with a
compound that is strongly associated with the bilayer, and (3)

30 liposomes that ceontain a water-soluble compound that does not
interact with the bilayer. The third one represents the
greatest challenge, as poth prevention of leakage of
encapsulated solutes and preservation of liposome size are

required. The bilayer composition is a highly significant



Summary The present disclosureprovides compositions and methods for the
lyophilization-stressresistant, lyophilisates and m ethodsfor Accordingtothedisclosure,  biologically
active preparation of highly hydratablevirosomal theirreconstitution. biologicallyactive
compositionsrefertoimmunogeniccompositionsor pharmaceutical compositions comprising virosomes
and a cationic lipid for effective lyophilisation and reconstitution of the virosome, and, in particular, to
an immunogenic composition or a pharmaceutical gomposition, wherein a cationic lipid for effective

lyoph' |I5atIOP and reconstltutlgn of t@ﬁ% Xlrosome IS pre%esqt SIQ atpl% énemPrarh 18!3 ghoem\élgosotme 5

freeze—drying stress, bult to date it has bheen difficult to
extract general rules from the literature as many other
parameters are Involved, including lyophilization process

conditicons, checice of lyoprotectants, and vesicle size.

As depicted above the lyophilization of liposcomes has been
proven to be demanding at best, but the lvophilization of
viroscmes I1s facing even greater probklems. This is, in
comparison to liposomes, due to the additional proteins in
the envelope, responsible for the fusion activity of the
virosome. As proteins they are highly susceptible to
freeze-drying induced stress causing significant loss of

activity.

Thus, there 1s need for compositions and metheds that
overcoms the problems coupled to the effective
lyophilization and reconstitution of fusion~active

molecules, namely vircsomes.
Summary

The present disclcosure provides biologically active
compositions and methods for the preparation of highly
lvophilization-stress resistant, hydratable virosomal
lyophilisates and methods for their reconstitution.
According to the disclosure, bicologically active
compositions refer to immunogenic compositions or
pharmaceutical compositions comprising virosomes and a
cationic lipid for effective lvophilisation and
reconstitution of the virosome, and, in varticular, to an
immunogenic compesition or a pharmaceutical composition,
wherein a cationic lipid for effective lyophilisaticon and
reconstitution of the virosome is present in the membrane

of the vircsome.



Using the teaching of the invention, virosomes are obtainable which have superior lyophilization and
reconstitution properties and which are particularly useful to deliver antigens, drugs and other
pharmaceutical active substances including DNA, RNA or siRNA into cells. After lyophilization, they
are still capable to deliver said substances to distinct cells through a targeting system, which
recognizes surface markers of specific cell types, and, thus are specifically superior to other known
delivery vehicles. In a first aspect, there is provided a biologically active composition comprising at

least one irggw_pgpotgggating reconsti uteggnflu&qza virgsome (IR1V) and a cationic cholesterol
derivative, wheréin sajd chole%tero?dtétrivative has a poéﬁx\ilrg@%clh%rﬁged g&ﬁsﬁﬁ?@rﬁ%n th%rf-position of

the cholest8fol %%%a%ﬂrgpr.esgﬁtle%hby thefoflowing TBFMURE ~ (1) Y ORbHerei Riig $electddifrom the
group conststiffePeTR T REYCE0RE RUO-[EL0)- TR!-NHI(T=03= RROYC-C)- R (C-NBy-L (1
R"-NH-(C=0»R4E€=0)5r awhegein:R" is 019C€6-atkyl being:substituted-by: at least are Nr-eontaining
group of the fermrulaRER2R3INRS ang the gespegtive sounterion is Xd, 5a . 1 jwhergin Rl, R2 and R3
are independepiy from.eac,othanselectad Jrom fhe group consisting of Ry ogen and 01,06 alkyl

P!

wherein. X-SI setlected frorp the ?rou,p conssﬂglg of haloge ydrogen sulphate, Sulfonate, dihydrogen
phosphate, élqestafér}?r‘?hsaloa%etg & and hydrogen Earboh teandw R 1015062 5Klene. In a
preferred efbcdimerftc e dfired Batidric dipitls Bre Eatiohic chBRSiEFdetivatives vies further
embodimentief,thé isclestre sail¢hdlestergl derivatives arerepresented by:the éallowing formula:
wherein R is=selected from the group consisting of R'; R"-(C=0)-; R'-0-(0-0)-; R"-NH-(0-0)-;
R"-0-(0-0)-R--(0-0)- ; R"-NH-(C=0)-R--(0-0)-,

In a first aspect, there is provided a biologically active
composition comprising at least one immunopotentiating
reconstituted influenza virosome (IRIV) and a cationic
cholesterol derivative, whereln said cholesterol derivative
has a positively charged substituent in the 3-position of
the cholesterol and 1is represented by the following

formula:

H3C// //H
CH, F

RO EEEEE z

e HION

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)-
7 RT=NH~(C=0)-R™ "~ {C=0)-,

wherein R° is C(;-Ce-alkyl being substituted by at
least one N-containing group of the formula RiR:R3N'—, and

the respective counter ion is X7



wherein R- is 01-C6-alkyl being substituted by at least one positively charged group, preferably a
N-containing group of the formula R1R2R3 N+- and the respective counter ion is X-; wherein RI,
R2 and R3 are independently from each other selected from the group consisting of hydrogen and
01-06- alkyl; 6  wherein X- is selected from the group consisting of halogen, hydrogen sulphate,
sulfonate, dihydrogen phosphate, acetate, trihaloacetate and hydrogen carbonate; and wherein R™ is
C1-Cé6-alkylene. According to the disclosure, R™ liging C1-C6-alkylene stands for a saturated C1-05
alkylene moiety whjc -CH,-, - 2-, etc which may alsq be present as branched chain
such as -CH(CH3§}-!Z§I{I%?2X- %%:’. Irlg a f%rrgt gl}rg 2em r(?dir]ﬁ%%ﬁ% & % %ﬁg erﬁalénri\?aaff\iés Aré ?gpresented
by the formefal R ted whefsin RieR2 apdR T aresihndependently fromregeh:othedselaeted-from the
group consjstipg;of hydrogen and C1-Cé- alkyl, and wherein X- is a halogen anion. In another
example, the cationic lipid is represented by formula Il, wherein R1 and R2 are methyl, R3 is hydrogen
and X- is a halogeh'ghion® préferaily fiofidlé e, from the group consisting of
3p[N(N',N"dimethylammonigethane)-carlaamayilshelesterok chlesideDC-Chal). |y angther most
preferred emhbodi[r?e{lt the cationic lipid is }rlepresented by formula I, Rl, R2 and R3 are methyl and X-
is a halogeR anion, preferably chiGride; 187 31 3fE (N 7§ Nfg< hvdrogen  carbgnate;
trimethylammmadnioethane)-carbamoylicholesterol chloride (TCChol). The virosomes of the disclosure
are fusion-active ve| iglgs,dq{iveri@% a&i_c:écgg!gg}% flé:}li\ég substance selected from a pharmaceutical

. L1l
agent and an antigenic molecule to a cell.

In a preferred embodiment, the utilized cationic lipids are

cationic cholestervl derivatives.

In a further embodiment of the disclosure said cholesterol
derivatives are represented by the following formula:

H3C//’f-,
CH;

CH3

CHy

RO

Thine s

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™ 1s C;-Cs-alkyl being substituted by at least
one positively charged group, preferably a N-containing
group of the formula RiR;R: N'-  and the respective counter
ion is X7;

wherein R;, Ry and R; are independently from each other
selected from the group consisting of hydrogen and C1-Cs-
alkyl;



In particular, the virosomes of the disclosure are antigen- vehicles, capable of eliciting an immune
response atargetantigen, delivering of their membrane or pharmaceutical-delivery a cell, and,
composition,suitable for lyophilization. In a highly preferred embodiment the virosomes are
immunopotentiating reconstituted influenza. virosomes (IRIVS). The virosomal membrane
compositions of the present disclosure may comprise preferably between 1.9 and 37 mol% DC-Chol or
TO-Chol, relating to the total lipid content of the virgsomal membrane. In a highly preferred
embodiment, the content of}PC-ChoI or TC-Chol ir}the_membrane is between 1.9 and 16 mol % of the
total lipid content'of the ViroSomal'menibrana® The feditual fipid EbAtEht 6FRe metibfang consists
preferably 6fpttsEpholipids) rRestgteferabRpidsptatidylchvlihé @ phosphatidyfethagelamine in a
ratio of 4:1 pAdditinnally, the-eiresomal membrane-mayccontair am amaunt of hemagghutinin, sufficient
to guaranteg,fysion activity of the virosome. In one example of the d sclosure, the composition can

additionally contain the desired hiologically active
y wherein R‘dlgs gy{kxalkylenen

According te the disclosure, R™° being C;~Cg~alkylene stands
for a saturated Ci~C¢ alkylene moiety which may be —~CH,-, -
{CHp)z~, etc which may also be present as branched chain
such as ~CH{CHz) - (CH,)~ ctc.

In a further embodiment, the cholestercl derivatives are

represented by the formula II1:

Labod f

wherein Ri, R: and R; are independently from each other
selected from the group consisting of hydrogen and Cp—Ce~

alkyl, and wherein X 1is a halogen anion.

In another example, the c¢ationic lipid is represented by
formula II, wherein R; and Rp; are methyl, R:; is hydrogen and
X" 1s a halogen aniocn, preferably chloride, i.e. 3P (N-
(N', N’ —dimethylammonioethane) -carbamoylicholesterol

chioride (DC~Cheol). 1In ancther most preferred embodiment
the cationic lipid is represented by formula II, Ry, R, and
Ry are methyl and X 1s a halogen anion, preferably
chloride, i.e. 3B[N-(N’,N’,N’~-



a pharmaceutical solution prior to embodiment, the pharmaceutical can b(_e added to the !yophilis_ate_
prior reconstitution process or added after lyophilization in the reconstitution 8 process in pomblnatlon
with the fluid solvent,i.e. solubilized therein. In further examples, the compositions of the disclosure
can further comprise lyoprotectants, such as sucrose, or an adjuvant or adjuvant system. Thg
disclosure may also comprise methods of lyophilization and reconstitution of the above-me_ntlone_d
virosomal compositions and the iyophilisate obtained therewith. In a s]:achond aspect:t_, thertg IS prolvgeg a
method for the. lyophilisation of virosomes utilizing the compositions of the present invention includin
the steps oft:cfe{) Erae[géh%rig‘il SR E6Rpogiticn, i) PHTAN Aty S48 Fozen ebmiposition &F &first reduced
pressure, aﬁ&?&))secondary drying said frozen composition at a second reduced pressure, Where_ln
said primary drying is carried out at a higher pressure than said second_r_egiuced pressure. _In a third
aspect, therenis pravided:agnethod {Q@thaﬁm@ﬁﬁti@ﬂfféﬂ% 5-;_%%-%:)!%@%‘;6@% %%chsaﬁ;the

resent invention,including.the ste ' eezing said_composition ¢ . _
thive subs%%i:g%%féé%gi %%ﬁ%?%é%gti(% g%gﬁt anc ,gﬁ%%ﬁaenﬁgq;r%iég _Ie,f(lbfirfbrlﬁ]ary drying
said frozen‘'composition at a first ecﬁqeﬂrbciles%rﬂre‘?%ﬁh%%?%éccfﬁﬂé?faﬁﬁngt%ldifr@Z@nleomposmon
at a secondfedudéd prédsure, Whereih SaRPPRMantdiyirny idicaried outata highet pressure than
said second'feduteepressure! 8a Inca fourtieaspectthere isi prpvided aviresome: sponse

against a target antigen, or pharmaceutical-delivery
vehicles, delivering a pharmaceutical to a cell, and,
because of their membrane composition, suitakble for
lyophilization. In a  highly preferred embodiment the

virosomes are immunopotentiating reconstituted influenza
virosomes (IRIVs).

The virosomal membrane compositions of the present
disclosure may comprise preferably between 1.9 and 37 mol%
DC-Chol or TC-Chol, relating to the total lipid content of
the virosomal membrane. In a highly preferred embodiment,
the content of DC-Chel or TC-Chol 1in  the membrane 1s
between 1.9 and 16 mol % of the total lipid content of the
viroscmal membrane. The residual lipid content of the
membrane consists preferably of phospholipids, most
preferably phosphatidylcholine and phosphatidylethanclamine
in a ratio of 4:1. Additionally, the virosomal membrane mavy
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 prlior to lyophilirzation.
In ancther embodiment, the pharmaceutical agent or antigen
of choice can be added to the lyophilisate prior to the
reconstitution process or added after lyophilization in the
reconstitution



lyophilisate obtainable by the method of the present invention. In a fifth aspect, there is provided a
method for the reconstitution of a virosome lyophilisate of the present invention including the step of
solubilizing the virosome 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 virosome comprising, in its reconstituted stateg a biologically active substance selected from a

pharmaceutieal agent or an antigenicanolecule, wherein said cholgsterolderivative has a positively
charged substituent in the 3-position of the cholesterol and is represented by the following formula:

8b wherein B’ @dé&t@%@r&rﬁ%@ﬁ?wp consisting of R'; R*- (0=0)-;R"-NH-(C=0)-;R"-0-(C=0)-R--(0-0)-;
wherein R' is 0I-C6- Ikyl being substituted by at least one N-containing group of the formula R1R2R3
N+- and th%%espgggﬁ%go%g{tg% iqrégs X-J;h whereiin, R1, R2 and F2 are independently from each
other selected from the group consisting of hydtogen and EieZa1.kyf: 43 \jRErein %&Ts selected
from the gréup consistingof hialegen yoydrogen sulphate, sulfonates dikydroges phasphate, acetate,

trihaloacetatg and.-hydrogen sarbonate, and wherein Ris 01-06-alkylene. In addition, the use of the
compositions of the disclosure for the manufacture of a pharmaceutical for the vaccination and

immunization of subject is also intended to be part of the disclosure. Most preferably the subject is a

human being: Additionally.uthe present disclosure may. alse comprise a kit containing, the lyophilisates
obtainable by usin thge(%gghilization method of the present invention. -
Furthermor@thekitéairtittionallytdiprisea  the = above-mentioned  virosomal

compositions and the lvophilisate obtained therewith.

In a second aspect, there is provided a method for the
lyophilisation of vircsomes utilizing the compeositions of
the present invention 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.

In a third aspect, there is provided a method for the
lyophilisation of vircsomes utilizing the compositions of
the present invention including the steps of: (a) freezing
said composition comprising sald Dbiclogically active
substance selected from a pharmaceutical agent and an
antigenic molecule, (b} primary drying said frozen
composition at a first reduced pressure, and (g} secondary
drying said frozen cemposition at a second reduced
pressure, wherein sald primary drying 1is carried out at a

higher pressure than said second reduced pressure.



reconstitution solvent and said biologically active substance selected from a pharmaceutical agent and
an antigenic molecule, provided that said biologically active substance is not already part of the
composition or lyophilisate. In one embodiment, the pharmaceutical agent or antigenic molecule is to
be dissolved in the Sc reconstitution solvent prior to reconstitution of the virosome lyophilisate. The kit
provides means to easily prepare an immunogenic composition with a target antigen of choice, e.g. for
vaccination, and at the same time provides a prolanged shelf-life and superior storage and handling
properties. -9 In additi use of a cationic lipid as described above to enhance the immunogenioity
of a virosorr% is g%so [ggagr%lgoC the d?ssc?oescl?cré. Bn%?%l]é% ription offigures 3:'—‘i§gure&l 1 sHows & fusion
activity of IRKXZWith différent miehibrane compasitionscbeforetand afterflyophitizationsmeasured by a
FRET assay{seg Example 9). Compared are IRIVs without an additional lipid (A), with DC-Chol (B),
DOTAP (C) and DHAB (D). 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-IRIV-DC~Chol beforeslyephilizatione AMA49-IRIV-RCChoi after, lyophilizatiop and
reconstitution with water, IRIV-DC-Chol after lyophilization and reconstitution with AMA49-CPE peptide
and AMA4G-TRIN'E6ntrdl setlim Figute 3 ShORSECTY 3RYay {SEe-Exaniple-26) of Afié&himunized
with IRIV-DC+Ghot containingl ET Asbinding peptige withins thiesvirasomegCampared age HG-Chol-IRIVs
reconstituteﬂ,\gggi altgg,tzeooigg/ml 898 GSSQiEigLng%nHL%liindintq peptide. Detailed description of the
invention The presentinvention discloses iologically active %%Iﬁ"lpbsitions and methods for the
lyophilization and reconstitution of virosomes. To achieve preservation of the fusion-activity of the
virosomes of,the presery inyeptian, special membrane compositions are disclosed herein, These

compositions are integral part of the invention and comprise
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
virosome comprising, in its reconstituted state, a
biclogically active substance 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:s




WO 2006/069719PCT/EP20051013829 10 along with phospholipids and the viral protein
hemagglutinin cationic lipids, to provide superior freeze-drying stress-resistance for the virosomes of
he invention, 5 Cationic lipids The present invention relates to an immunogenic 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 igpresent in the membrane of the virosome. In a

preferred epphodiment.of the present invention the cati '%gpiggryggd as iéltecg%glége_m rane
components are DOTMA, DOTAP, DPPES, DOGS, DOSPA, DOSPIfI—I{, THD , DOPA, DOTE/,
DOSC, DOTS 45 DOPE, OPEand preferably chofésteryl dérivatives=Ptefarred cholesterol
derivativesare giepresepted:by the following formula:  25Rolor wherein R is selected from the
group consisting of R'; R'30(0=0)-; R'-0-(C=0)-; R"-NH-(C=0)-; R'-0-(C=0)-R"-(C=0)-; R'-
NH-(C=0)-R--(0=0)-, "“WHerein R*is C3-CéralkyPhéing stibstittited Bysati68SEshepositively charged
group, preferably a dheontaining: grouimef the dermula RIR2ZR3N#+nang thexaspactive counter ion is

the respective counter ion is X7;

wherein R;, R; and R; 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, trihalcacetate and hydrogen carbonate;
and

wherein R™° is C:-Cg~alkylene.

In addition, the use of the compositions of the disclosure
for the manufacture of a pharmaceutical for the wvaccination
ancd immunization of subject is also intended to be part of
the disclosure. Most preferably the subject is a human

being.

Additionally, the present disclosure may alsc comprise a
kit containing the lyophilisates obtainable by using the
lyophilization method of the present invention.
Furthermore, the kit can additionally comprise a
reconstitution solvent and said bkiologically active
substance selected from a pharmaceutical agent and an
antigenic molecule, provided that said biclogically active
substance 1is not already part of the composition or
iyophilisate. In one embodiment, the pharmaceutical agent

or antigenic molecule 1s to be dissolved in the



WO 2006/1169719PCT/EP2005/013829 11 wherein RI, R2 and R3 are independently from each other
selected from the group consisting of hydrogen and C1-C6-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 C1-C6-alkylene. Piccording to the
invention, R" being Cl-05alkylene stands for a saturated C1-C6 alkylene moiety which may be -CH2-,
-(Ch2)2-, 10 etc which may also be present as branched chain such as CH(CH3)-(CH2)2- etc. In an
even more red. iment, the cholesterol derivatives are represented by the formula 1l: 15
25wherein Iglg?glzx%l i?lﬁeggg%%gndse%i;%%%hﬁltly%gﬁogac#gthe’rreCons RECTen O}%e the

vircsome lyophilisate.

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

shelf-1ife and superior storage and handling properties.



selected from the group consisting of hydrogen and C1-05-alkyl, and wherein Xl is a halogen anion. In
the most preferred embodiment, the cationic lipid is 30 represented by formula I, Rl and R2 are
methyl, R3 is hydrogen and X- is a halogen anion, preferably chloride, to yield
313[N(N',W-dimethylammoniOethane)-carbamoyl]cholesterOl chloride (DC-Chol). WO
2006/069719PCT/EP2005/013829 12 In another most preferred embodiment, the cationic lipid is
represented by formula Il, RI, R2 and R3 are methyl and X- is a halogen anion, preferably chloride, to
yie id 3P[N-(N',N’, %1 trimethylammonioethane)-carbamoyl]cholesterol chloride (TO- 5 Chol). Both,
DC-Chol and" TCa-é o Weke fouhd to Srovide superio? ptoberfies it présefing Viessrhard
fusion-activity @fter yepkifizatisreand reconstitution Virosomes' 1(: Vivdsomes areienvelopes of
viruses, ang glornetcortaindhe dnfestieds 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
‘Tontértifigy b thetdigal#Gsion protein. Moreover, due the

intracellular release of the virosomalcontert-triggered by the-vie
incorporation of active viral fusion proteins into their membranes, virosomes release their contents into
the cytoplastgmraediatehyatiertheingrtakenup.2Q byithe celf, therehy preventingthe degradation of
the therapeuyti ance in the acidic environment of the endosome. Virosomes can further be
loaded sim%ﬁ%ﬁr%:)%% wﬁﬁg% %é%rla different e—%:%ﬁ%nd aI't?(%iell e%l%t%%és (Pﬁlﬁﬁﬁréz% Za‘f‘téﬁ? 1999, Clin,
Exp. Immufigi> 117 %496 Moréno'eétial., Fous2 95 JSmimdiiot 5 489)-inchidiRg tRiversarT-helper cell
epitopes (Kuniaiset al. £ 1992, Jatmmuinol: 14821499:1606) and pthets: known-tthithbse af skill in the art.
Thus, virosomesrare-highly-effegtive ggjuvants in modern vaccination, possessing superior properties
as antigen delivery vehicles and a strong 30 immunogenic potential whilst concomitantly minimizing

the risk of side effects.
Figure 2 shows an ELISA (see Example 21) of mnice sera

immunized with IRIV DC-Chol containing AMA49-CPE peptide on
the wviroscmal surface. Compared are AMA49~IRIV-DC-Chol
before lyophilization, AMA4S-TIRIV~DC-Chol after
lyophilization and reconstitution with water, IRIV-DC-Chol
after lyophilization and reconstitution with AMA49-CPE
peptide and AMA4S-IRIV contrcel serum.

Figure 3 shows a CTL assay (see Example 20} of mice
immunized with IRIV~DC-Chel containing HLA-binding peptide
within the virosome. Compared are DC-Cheol-IRTIVs
reconstituted with water, 200 upg/ml and 650 pg/ml HLA-
binding peptide.

Detalled description of the invention

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

comprise



WO 2006/069719PCT/EP2005/013829 selected from a pharmaceutical agent and an antigenic
molecule incorporated in synthetic spherical virosomes termed immunopotentiating Reconstituted
influenza Virosomes (IRIVS). IRIVs are spherical, unilamellar vesicles with a mean diameter 5 of 150
nm and conmygise@/dauile lipid membrane, consisting essentially of phosptilipiies/préferably
Phosphatidylcholines (PC) and Phosphatidylethatfolamines (PE). In contrast to liposomes,IRIVs
contain the functional viral envelope glycoproteinshemagglutinin(HA)and neuraminidase(NA) 10
intercalated in the phospholipid bilayer membrane. The biologically active HA does nth only confer
structural st@ﬁiﬁ%nﬂ%@é@%m?&%nﬁﬂ%rﬁﬁﬁtigﬁf Bt &858 STyiicARHT Lontbutas to the
immunological preperties by maintaining thecfusian astivityratba virfise &5 Actoyding tostheess-
inventions,said biologically active compositions are capable of delivering biologically active substances
to a cellular EGMpar{mERt 6F4n oiganism. Said %i&é% Iy%éﬁ$§ Igi%%fténce is selected from
pharmaceutical 20 agents and antigenic molecules, that is preferably selected from the group
consistigg OEQQ&EQMAE.%E@’ proteins, peptides, amino acids, drugs, pro-drugs and pharmaceutical
active substances or derivatives thereof. Preferably the biologically active substance is a _ .
pharmaceutiBapdrag caf b ahtigeR oFelmikfUra theresf ELAMpIET Rl e piarmER A 4g8nts are
selected froqgcmg Aeypsomprisinganaesthetics ;angiagenesis inhibitorg, atbr  effective
acnepreparations anti,—allergica,an;tli ioticsand

lyophilisatTon  a reconstitution of the virosome, and, in
particular, to an immunogenic composition, wherein a cationic
10 lipid for effective lyophilisation and reconstitution of the
vircsome is present in the membrane of the virosome. In &
preferred embodiment of the present invention the cationic
lipids used as integral membrane components are DOTMA, DQOTAP,
DPPES, DOGS, DOSPA, DOSPER, THDOB, DOPA, DOTP, DOSC, DOTB,

15 DOPC, DOPE and preferably cholesteryl derivatives.

preferred cholesterol derivatives are represented Dby the

following formula:

HyCyy ,
HS

20

25 RO i

usd [HED

{r)

wherein R is selected from the group consisting of R™; R'-
30 (C=0)~; R -0~ (C=Q)~; R -NH-(C=0}~; R™=0= (C=0)-R~ - (C=0)-; R’ -
NH- (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 RiR;R; N'~ and the respective counter ion is X';



30 chemotherapeuticsfortopicaluse,antihistamines, antiinflammatory/antiinfective,antineoplasticagents,
antigens, antiprotozoals, antirheumatics, antiviral vaccines, antivirals,anti-apoptotics,bacterialvaccines,
chemotherapeutics,cytostatics,immunosuppressiveagents, WO 2006/069719PCT/EP2005/013829 14
laxatives angypsyehaleptics. Preferred examples for the pharmaceutical deag/apmumuinezactive
substance are doxorubicin, v n iastine, cisplatin, iethotrexate, cyclosporin and ibuprofen. 5 The term
"antigenic molecule" refers to a molecule against which an immune response is desired. This molecule
can be selected from a group including, but not limited to, peptides, proteins, lipids, mono-, oligo- and
polysaccharides, 4Eeglyéop&ptidRs, @afbdhydratest Hpepepades vacteérd siddral Patfidgens and

toxins, other;small immunogenic melesulesant DNA/RNA eoding:fog such maolecutgs alImypaunogenic”
refers to the ability of a molecule to elicit an immune response in an organism inoc]J:JIated therewith.

Examples for antif&fie 18 MoledulES &5 peiitide Bista r-e& BRtGEAS aRd ‘B gell antigens. Preferred
examples for antigenic motecules atet HEM based J:€elh antigens,turhorassociatedantigens,

P R A D e ot o
antigens. 20 For Eander therapeutic applications of the present invention, any chemotherapeutic drug
would be suitablevfor encapBilativh 5y tive virbspafEE: The methods and compositions of the present
invention are further adaptable to any therapeutically 25 relevant application that benefits from the
targeted delivery of substances to specific cells and tissues. Such ap§)lica jons may in Iudg txbe

targeted delvery bf ARficalcérdrub 16 CaheRr chlls, atvital drage 16 MrctE callsand tisSles,
antimicrobiak asd antisinfanumatqry dirugsstosaffected tissuech may be —CHy~, - (CHz)a~,

10 etc which may also be present as branched chain such as -

CH{CH3) ~{CHjp) 3y~ etc.

In an even more preferred embodiment, the cholesterol

derivatives are represented by the formula I1:

15
Hacﬁ/’h
CHy @ CHg
CHy
R
R 1 o]
20 2\+/ ”
Ry N N G- OB
X H S
H
(IT)
25 wherein Ry, R; and R; are independently from each other

selected from the group consisting of hydrogen and C;-Cg~alkyl,

and wherein ¥~ is a halogen anion.

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

(DC-Chol) .



30 as well as the delivery of therapeutics to only those organs and tissues that are affected by the
particular disease, thereby increasing the therapeutic index of the therapeutic drug and avoiding
systemic toxicity. For example, in tumor therapy,doxorubicin,an anti-tumor antibiotic of the WO
2006/0697 19RCH#ER2005/013829 15 anthracycline class, may be deliverettmpismatbinds and
compositions of the present invention. Anthracyckifhes have a wide spectrum of anti-tumor activity and
exert pleiotropic effects on the cell. Although they are classic DNA intercalating agents, their
mechanism of cytotoxicity is thought to be related to interaction with the enzyme topoisomerase ii,
production of daubiestrandeds DNASEaks ethd PBRSbI 3 e d@h%ra‘ﬁ%ﬁldf‘?ﬁffacgﬁﬁlja? fré& radicals

that are hig@%g}%ggog@%dﬂw, the.gonivgated virosemeseanbesk:-loaded witdaxorubicindn order to
selectively and efficiently inhibit tumor progression of established rNeu overex ‘ress}jn%preﬂgs} tumors.
To date virosgmes haveibesn used:Effsetively iR GaREE of 18 vad&nes. POr xathpl€, commercially

available vaccljes. agalsh BRpaEs Aard infliena yins¥iiosomesinaveshaen praven (e
excellent and safe adjuvant/carrier systems. Antibodies egfcite% g\r/ ethe ]L_%olﬁ%ati n with. antigens

reconsfituteédhinvirosoBéd nav@ Shoira higH affihity 10F A 1

e antigens against 2 Which they are
raised. Injecied.alone mostpeptide-antigens exbisiva retativelr lowprdunsgenielty Bitra Eombined

fownOfanug%gg?dzyophilization and reconstitution.

Vizosomnss
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 wviral <fusion
proteins into their membranes, virosomes release their
contents into the cytoplasm immediately after being taken up
20 by the <c¢ell, thereby preventing the degradation of the
therapeutic substance in the acidic environment of the
endosome. Virosomes can further be loaded simultaneously with
several different B-cell and T-cell epitopes {Poltl-Frank et
al., 1999, clin. Exp. Immunol. 117:496; Moreno et al., 1893,
25 J. fmmunol. 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 ars
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, biologically active compositions are

disclosed that comprise a biologically active substance



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 wfteneneneyosis, their content, including an encapsulated 3@antigemsisiieased into the
cellular cytoplasm. In the cytoplasm, said contentis processed and presented in complex with MHC
class | molecules on the cell surface, triggering the cellular, CD8+ cell-mediated, cytotoxic immune
response. In contrast to that mechanism, a surface antigen is recognized WO
2006/0697 1 9BCFEBS005/073829 16 HhCEidocsRosetP 67 B-GAIR that freseAth i cBRiER With MHC
class Il molecules;-andathuts, elicitthe humerad tmmunesresponse And the predueiion ofispeeitic

antibodies. 5.To increa%e incor@oratio%rate of biQIo_gi%aI actiyfusubstan es into viros me ‘,,tqe
. lmqp(\)l\?i) enctia 11’;% acans%xam_e LD LS Z 4. J_LOSOIQEES ZL V).
handling andto allow longer storagé periods, the present invention discloses methods and

compositionsIfof tie effectird Bophilization of #re Virosomes ot Higs invehtion. When trisgts develop
an effec‘rgve\grpsqrgg nm and comprise a double lipid membrane, consisting

essentially of phospholipids, preferably Phosphatidylcholines
(PC} and Phesphatidylethanolamines {(PE} . In contrast to
liposomes, IRIVs contain the functional wviral envelope
glycoproteins  hemagglutinin (HA) and neuraminidase (NA)

10  intercalated 1n the phospholipid Dbilayer membrane. The
biologicaily active HA does not only confer structural
stability and homogeneity to virosomal formulations but also
significantly contributes to the immunological pzroperties by
maintaining the fusion activity of a virus.

15
According to  the  inventions, said biclogically 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 moliecules, that 1is preferably selected
from the group consisting of DNA, RNA, siRNA, proteins,
peptides, amine acids, drugs, pro-drugs and pharmaceutical
active substances or derivatives thereof. Preferably the
biclogically active substance is a pharmaceutical drug, an

2% antigen or z mixture thereof.

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

chemotherapeutics, cytostatics, immunosuppressive agents,



10 lyophilisate the composition of the bilayer is a crucial factor, which has to be carefully considered.
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
solvent. Therefares/tlag7present invention experimentally addressed the eficiéiepastadierent
membrane compositions comprising cationic, nedtral charged and uncharged lipids to preserve
virosomal size and functionality after lyophilization and reconstitution. As a result, the 20 present

invention provides virosomal membrane com Qsitions tipgé 9LJ°\§¥ I&ophil}i{zaatio?easnd rlfggnst%%téon of
virosomes WitHgUt 15&S of BRCtiort BAZSY 6 thdse expenmerﬁaﬁesuﬁs, the présent invention 25

provides highty freezedryingl stresstresistant, hydratabie virosoitnat fyoph fisatesa comprisiag €ationic
cholesteryl derivatives, in partiewlay DC-Ghol of TOshol 45 infearal membrane compongats; 30
Optionally SuCH vwosomar“yophﬂlsate additionally comprises a biologically active 'substance selected
from pharmaceutidabiagehtsiand/or antigenic molecules. These biologically active substances are
attacheg to the virosomal surface or are enclosed therein before lyophilization. WO
2006/069719PCT/EP2005/013829 17 In another erpbodi%wnt th%ﬁpharma%uticzil ageant aj_nds{gr
antigenic maleeulé fBddeditodater Witk e FeddnstithifibR Sdlvert t6 the Virosomal [jophilisate.
These phargiageuticahb agentrand/ee antigeric moledeleigetcattadtidd torthe aewly: formed Virosomal

surface. Preferably the phanmaceuligal agent and/prantiganic,olsqule Al cepjugaiert ilids in
order to getsa?t 2hed o the Virdsomal membrane t rough lipid. In

proteins, lipids, mono-, oligo~- and polysaccharides,

10 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 Iimmune response in an
organism inoculated therewith, Examples for antigenic

15 molecules are peptide based T-cell antigens and B-cell
antigens. Preferred examples for antigenic molecules are HCV
pased T-cell antigens, tumor associated antigens, pertussis
toxin, cholera toxeid and malaria, RSV and Alzheimer (in
particular the beta-amyloid) peptide antigens.

20 ‘
For cancer therapeutic applications cf the present invention,
any chemotherapeutic drug would be suitable for encapsulation
py the vircsomes. The methods and compositions of the present
invention are further adaptable to any therapeutically

25 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,
antimicrebial and anti-inflammatory drugs to affected tissue,

30 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 aveoiding systemic toxicity. For example, in tumor

therapy, doxorubicin, an anti-tumor antibiotic of  the



another embodiment the present invention discloses methods and 10 compositions for efficiently
enclose pharmaceutical agents and/or antigenic molecules into the lumen of the newly formed
virosomes. In a preferred embodiment a composition of the present 15 invention comprises 1.9 to 37
mol% of thewaiablipidscontent of the virosomal membrane DC-Chol or TGCHBE200&3#3® st preferred
embodiment the DC-Chol or TC-Chol concentratién is between 1.9 and 16 mol % of the total lipid 20
content of the virosomal membrane. The residual lipid content of the virosomal membrane consists of
phospholipids, preferably phosphatidylcholine and phosphatidylethanolamine. In a highly gre%ﬁrred
embodiment-the:25:fatio.ophodptiatidy ER&lin@&ndSHospRatidyletiansiaminE TontaiRed A the
virosomal r_gg@b{gg@_)@_ is4.1. Al qué_/egg_a,sggbed compasitions Comp:risewwmm amoentviral
hemagglutlnln.gfn this context "functional amount” 30 refers to an amoug(tesilgflc Nt fQ guarantee
fusion-activel Aros SRR itles TWOG06/0887 19PCT/ER 20057013828 18 sufficient to elicit an

immune respanse, o, seived imthe cell.  Although they are classic DNA
5 intercalating agents, their wechanism of cytotoxicity is
thought to Dbe related Lo interaction with the enzyme
topoisomerase 1I, production of gouble~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 doxorubicin in order to selectively and
efficiently inhibit tumox progression of established rNeu

overexpressing breast tumors.

To date virosomes have been used effectively in a variety of
15 vaccines. For example, commercially available wvaccines against
hepatitis A and influenza virus. Virosomes have been proven to
be 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 & 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, 1is released into the cellular cytoplasm. In the
cytoplasm, said content is processed and presented in complex
with MHC class I molecules on the cell surface, triggering the
cellular, CD8+ cell-mediated, cytotoxic immune response. In

contrast to that mechanism, a surface antigen is recognized



reconstitution buffer, added to the lyophilisate of one of the
above-describedcompositionsduringthereconstitution process.Thus,thepresentinventionalsocomprises
compositionssuitableforlyophilizationadditionally comprising a target antigen of choice. The
pharmaceutisal sesxaourd of choice can be either directly added to one af¢heenmwirasiions described
above in an amount 10 sufficient to show biologital activity, or, solved in the reconstitution buffer,
added to the lyophilisate of one of the above-described compositions during the reconstitution
process.Thus,thepresentinventionalsocomprises compositionssuitableforlyophilizationadditionally
15 comprisingea target ahtiged obehGicesThe coRffoRIGTES thé preSerfIAvRion et fdfther
comprise hglfggéngrggie%iy@gcﬂgggppgg@he lyephiljization processhEheratetpar ingredients
include, but are not limited to, 20 lyoprotectants as sucrose .trehvalqs% %qxetgose, lactose, mannose,
xylose and AesiitoFeSAEK sifr BERS Wohtourds ipeeﬁét’?i%ﬁla?@tulse?u in a ratio of 0.1 to 5% in the

solution prior to lyophilization. The term "lyoprotectants” refers to a class of compounds useful as

helper ingredients during the 25 lyophilization process.that are capable of reducing the freeze-drying
stress for thrjéoviﬁt%%jf:ﬁ@g&ls%npca?g 815 & present invention is thcé%ra%ethod of lyophilizing a composition of

the inventioprhasicaliyrbased sn 36 tive stepedfifisezingIprirary dhyinY andPE8ESnday disfiy and the
following regonstitution progess with.a selvent.arhutfer dhat mightopsionally apstaindbe desired target
antgen. compositions for the effective iyophilization of the virosomes
of the invention. When trying to develop an effective virosome
10  lyophilisate the composition of the bilayer is a crucial
factor, which has to be carefully considered. 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
compesitions comprising cationic, neutral charged and
unchérged lipids to preserve virosomal size and functionality
after lyophilization and reconstitution. As a result, the
20 present invention provides virosomal membrane compositlions

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
virosomal lyophilisates, comprising cationic cholesteryl
derivatives, in particular DC-Chol or TC~-Chol as integral

memprane components.

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

enclosed therein before lyophilization.



WO 2006/069719PCT/EP2005/013829 19 The use of the disclosed compositions for the manufacture
of a pharmaceutical for vaccinating or inoculating a subject therewith is also part of the present
invention. Preferably said subject is a human. 5 Also part of the invention is a kit containing virosomes
of the presemtdmeatior tlhat are already lyophilized. Said kit can, in additisoT@hersirosome
lyophilisate, further comprise a reconstitution solént. Provided that the antigenic 10 molecule is not
already part of the lyophilized virosomes said kit 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

virosomes. Additignally, the presgntinyention diselosestherusesofitheabove: deseribed eationic lipid to
further enhance the immunogenicity of the virosome. In this respe; t th&igvepégrsn%() le.ll&d g%iat the
immunogenie pisisaties BPERARIT itdalf GATBE fUrife ehantad by the use of a cationic lipid,
preferably ane,of.the describad cholestetal-derivatives; A vieosofiat srembrareesmporent. In this
context the term "immunogenicity” refers to the ability fo elicit an immune yesponse, 25 Adiuvants The
compositiorf&6fithe Bfé%g%‘f in agrtf%egalr? beﬁ%ﬁ% %%

ven er supplemented by combining any of the

above-mentienedd viroseomal surface. Preferably the pharmaceutical agent
and/cr antigenic molecule are conjugated to lipids in order to

get attached to the virosomal membrane through lipid. In

another embodiment the present invention discloses methods and

10 compeositions for efficiently enclose pharmaceutical agents
and/or antigenic molecules into the lumen of the newly formed

virogsomes.

In a preferred embodiment a composition of the present
15 invention comprises 1.9 to 37 mol% of the rotal lipid content

of the virosomal membrane DC-Chol or TC--Chol.

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

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
25 ratioc of phosphatidylcholine and phosphatidylethanolamine

contained in the virosomal membrane is 4:1.

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

virecsome particles.

A antigenic molecule of choice can be either directly added to

one of the compositions described above in  an amount



compositions with a further immune response potentiating 30 compound. Immune response
potentiating compounds are classified as either adjuvants Or cytokines. Additional adjuvants may
further enhance the immunological response by providing a reservoir of antigen (extracellularly or
within macropbages)s@ativating macrophages and stimulating specific W@ T/EP2005/013829
2006/069719PCT/EP2005/013829 20 sets of lymi#hocytes. Adjuvants of many kinds are well known in
the art; specific examples include Freund's (complete and incomplete), mycobacteria such as BCG, M.

Vaccae, or LipidA,.or. corynebacteri aryum,.quil-saponin mixtures such as QS-21 5 (SmijthKline
Beecham), M%gg%(jc Jfr%%? :#()j vtgriilgl% gil/\};{vgter%%%{nlﬁ s{élion)ge e%%llf)eEC-XlEj. O?ﬁ%rvéle juv%tstv%vﬁich
may be used Tictadé Bt drecmotdimtited to: iferal salts be nierd) gblssdch af aluminiuim hydroxide,

aluminium phgsphate; and.Galeium phosphate: LBSderivatgs, saponins. surface-active: substances 10
such as lysolecithin, pluronic polyols, polyanions, peptides or protein fragments, keyhole limpet

hemocyaninsPARE GirfitrophERBE immiiSstim&afory Hiolectit&S RhéR s sapbiiths, niGraRyISHBeptides
and tripeptidecderivativeso €pG disutlestides, CpG oligonueteotides; manephospheryt kipic Al 15

a_ndpolyphos e&essi@%(tigu@@gg@mgf{ggagirgu@e C%j(;li\éaen_ts, su_ch as emulsio_ns, liposomes,
virosomes, cochleates; or immune’stimu aun% complex mucosal adjuvants. Cytokines are also useful
in vaccination protocols as a result of lymphocyte stimulatory properties. Many cytokines useful 20 for

such purposesnwill beknona te ong 0f ordipankskilbis the ast. includingdntedeukin:2 (1L-2) IL-12,
GM-CSF and many others. Administration 25 When administered, the therapeutic compositions of the

present inverftidhte HinfiRfstéted M phafRECSuTcE) S ctBpEble pregaraichs Suek présarations
may routinelyscantaimipharmaceutivally asteptable-eancantrations of salt, butfering @agents, the

preservatives, compatible grriergu lementary 30 immune potentiating agents such as adjuvants
and cytokines ang opti%)naﬁy%?her t ergﬁeu%% éagéérgl%g. ﬁ?éa p?e%%% |gr‘3fsso %eﬁnvgﬁfonoairegj’e
administered 3k efecH¢s anidiatls. Geprrilyl 865es of innahdgens fErying frepphstitution

nanogram/kilggiana da 100 milligrams/kilegram, depending uponthe mode of WO o rises
2006/069719PCUEP2005/013829
compositions sultable for lyophilization additionally

15 comprising a target antigen of choice.

The compesitions of the present invention can further comprise
helper ingredients, which support the lyophilization process.
These helper ingredients include, but are not limited to,
20 lyeoprotectants as sucrose, trehalose, dextrose, lactese,
mannose, xylose and mannitol. Such sugar class compounds are
particularly useful in a ratio e¢f ¢.1 to 5% in the solution
prior to lyophilization. The term “lyoprotectants” refers to a
class of compounds useful as helper ingredients during the
25 lyophilization process that are capable of reducing the

freeze~-drying stress for the virosome,

Alsc part of the present invention 1is the method of
lyophilizing a2 composition of the invention basically based on
30  the steps of freezing, primary drying and secondary drying and
the fellowing reconstitution process with a solvent or buffer

that might optionally contain the desired target antigen.



21 administration, are considered effective. The preferred range is believed to be between 500
nanograms and 500 micrograms per kilogram. The absolute amount will depend upon a variety of
factors, including the composition selected for 5 administration, whether the administration is in single
or multiple desesanehingividual patient parameters including age, physical cerdition; size, weight,
and the stage of the disease. These factors are wWell known to those of ordinary skill in the art and can
be addressed with no more than 10 routine experimentation. Examples 15 The present invention is

illustrated by the following examples, which are not to be construed in an Wa)éas im osing limitations
upon the sc8pe theeedinhftﬁeﬂtb‘PﬁrJa‘Py’:‘,ei‘fiisct%‘%a%%ﬂ?%dﬁ?ﬁo%a?hg{afé% fhiay BeShade to

various othg&gm@gg@g@% modgfications @ndrequivialentsithereofanhich 20jafter readihg ¢laé
description herein, may suggest themselves to thgse skilled in the, art, but.still fal r the,scope of
the inventidh #&tetials aht Metigds aZ%tCh%gnié:a §.oktaetfiyléney 9’&? lﬁrt%%ﬁld-(n-' %%C%/gl)% er(0EG,
C12ES), trifjorgacetic aeid (T4, dinexadecyldimethylammonium bromide (DHAB),
L-A=Phosphatidyl-L-Serine from bovine brain (PS), 1,2-Dipalmitoyl-sn-glycero-3-phosphoethanolamine
(DPPEY), 1,2-Dilauroyl-sn-glycero-3-phosphocholine (DLPC), cholesterol 30 from lanolin,
1-myristoylZshaglycera:3-pHosphechBlieNEeaP ) paimitd - DICCaflinE EhiSHEE BHEEndiésteryl
N(trimethylammopioethyl)carbarpate shloride (TGrEhol weredrom Fhuke: ot Sigma (Buchskit
Switzerland). Egg phosphatidyl choline (PC) was obtained from %idﬁ&hem,téwitze{me},z- WO

200610697 T9PC 1/EP200%/613858 22 Hipalmitoyl-sh-giyeare:3-phospho-rac-(1-glycerol) sodium salt

(OPEC),38-{Nn(M: NiDimethytaminaethaney: caciamoyl]ClalestetetHydréEhlbige (BTC-CHIN: E,2-
10 molecule is not already part of the lyophilized virosomes said
kit 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 soelvent for

15 solubilizing the lyophilized virosomes.

Additionally, the present invention discloses the use of the
above described cationic 1ipid to further enhance the
immunogenicity of the vircsome. 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
mempbrane component. In this context the tTerm “immunogenicity”

refers to the ability to elicit an immune response.

25
Adjuvants
The compesitions of the present invention <can be further
supplemented by combining any of the above-mentioned
compositions with a further immune response potentiating
30 compound. ITmmune response potentiating compounds are

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

macrophages), activating macrophages and stimulating specific



Dipalmitoyl-sn-Glycero-3-Phosphate Monosodium Salt (DPPA) and 51,2-Dipalmitoyl Ethylene Glycol
(OPEC) were purchased from Avanti Polar Lipids (Alabaster, AL, USA). 1-Palmitoy1-3 oleoyl-sn-
glycero-2-phosphoryl-ethanolamine (PE) was obtained from R. Berchtold (Biochemical Laboratory,
University okBermeiasatzeriand). Bio-beads SM2 and Bio-Gel A-15m wer@{roRrBiF/013829
10RedLaboratories(Glattbrugg,Switzerland).Liss&hminern rhodaminel,2-dihexadecanoyl-sn-glycero-3-
phosphoethanolamine, triethylammonium salt (Rh-DHPE), N-(4,4-

difluoro-5,7-diphenyl-4-bora-3a,4a-diaza-s-indacene-3- . .
propionyl)-ff%dslhgx%a e%%%éf/ﬁfﬁ-%?yceﬁri%?g 3§§hg§thgﬁ&gm%g ?L%(él(}):&py %%%)/ggb?ﬁﬁPﬁ were
from MolecutarePrebes Eusere: (£ diders TheNetiserlangs) N1 - (P13 Biclébylokyyprmppyie  and
N,N,N-trimethylampmanium chloride (DOTAR) was-purchased; from Reehe Applied Seiepea (Rotkreuz,

Switzerland). Doxorubic n'HC1'is available from Fluke (Buchs, Switzerland). 20 25 Viruses: Influenza
viruses of thB™X-32"StrHih 2FERRE A/ S aP6re/B86) StRRT bIBpagatedTif the Aftindic G521

embryopated eggsHGerhard shmudved. £44 985985 were obiaided-feam BernacBiofecitAG (Bern,
SWitzerland)éré/,éisnigo%as\/it%e::l'?g?{?)'IDECMAE")., Cther adiuvants which may be used
include, but are not limited to: mineral salts or mineral gels
such as aluminium hydroxide, aluminium phosphate, and calcium
phosphate; LPS derivates, saponins, surface active substances
10  such as lysclecithin, pluronic polyols, polyanions, peptides
or protein fragments, kevhole limpet hemocyanins, and
dinitrophenol; immunostimulatory molecules, such as saponins,
muramyl dipeptides and tripeptide derivatives, CpG
dinucleotides, CpG oligonucleotides, monophesphoryl Lipid A,
15 and polyphosphazenes; particulate and microparticulate
adijuvants, such as emulsions, liposomes, virosomes,
cochleates; or immune stimulating complex mucesal adjuvants.
Cytokines are also useful in vaccination protocols as a result
of lymphocyte stimulatory properties. Many cytokines useful
20  for such purposes will be known to one of ordinary skill in
the art, including interleukin-2 (IL-2), IL~12, GM-CS5F and

many others.

Administration

25 When administered, the therapeutic compesitions of the present
invention are administered in pharmaceutically acceptable
preparations. Such preparations may routinely contain
pharmaceutically acceptable concentrations of salt, buffering
agents, preservatives, compatible carriers, suppliementary

30 immune potentiating agents such as adjuvants and cytckines and
optionally other therapeutic agents. The preparations of the
invention are administered in effective amounts. Generally,
doses of immuncgens ranging from 1 nanogram/kilogram to 100

milligrams/kilogram, depending upon the mode of



Peptides: The HLA-A2.1-binding hepatitis C virus (HCV) HLAbinding peptide (DLMGYIPLV, aa
132-140) (Cerny et al., J. Olin. 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-Dipatguteylsghiceso-2-phosphoethanolamino)-Suc- PCT/EP2005/013829
GGCYKDEIKKEIERESKRIKLNDNDDEGNKKIAPRIFISDDKDSLKCG(Disulfide bond))(Moreno et al.,
Chembiochem 2:838-43,2001)were obtained from Bachem AG (Bubendorf, Switzerland). WO
2006/069719PCT/EP2005/013829 23 Mice: Immunisation experiments were performed two times in
independentd4Borat6hiéd i RIMD Mice FARSIEINE Tor EARD- 1 {Ro20)machant RfstdcdsSatibility
class T moletslerand ehefigient farcbath H-2Eb dnd murinegk32x-mienreglgnldindPassgleamet gkrJr. EXp.
Med. 185(12):2043-51,1997). Mice were housed. in appropriate animal care facilities and handled
according to%ﬁitle?ﬁgt?gﬁal éa)?deﬁ%g’s? xﬂaemp?gmiu%Pr‘%p%ﬁati%%po%ﬂlﬁfmﬁggﬁot%nti\faafirnjger%onOs]iituted
influenza virésorhes $IRIV): Vitosomiésavere prepared sy tireometliod:descriveteprevibusly (Bron et al.,
Methods, Enzymel, 220313331, 1893;2urbriggen gk ,Ftog-Lipid Res;39(1);:3-18; 2000). Briefly, 32
mg (41.7 pmol) egg PC and 8 mg (11.1 pmol) 15 PE were dissolved in 2 ml of PBS, 100 mM DEG
(PBS/OEO). A'Wig HA-6f iffifétiza vitlis was déktrttiged 20800 g o e Rt Cidil tidipéllet was
dissolved in 2g8l of RPRSAREC. Haedetergent solukilizedphaspholipids andvirusegavese mixed and
sonicated for %Srgin. Thismixélére yggt%ernstrifg%ed %t JlOLO OOOXW 20 o] (f)or lhh at 20C;f and the S£ernatant
was sterile fiﬁereda(qoe.zz pm%. Virosomes were then forime %y &etergen% femoval usiﬁé 807 ¢ of wet
SM2 Bio-Beads-1or 1 irat Fdem tentperendre with shakintalydtred times for 80 mirvwith 80.amg of
SM2 BigBeads, pagh. The-finalcanceptrations of lipids were 8 mg/ml 25(10.4 pmol/ml) PC and 2 mg/mli
(2.7 pmol/ml) PE.

Examples

15 The present invention is illustrated by the following
examples, which are not to be construed in any way as imposing
limitations upon the scope thereof. On the contrary, it is to
be clearly understocd that resort may be made to various other
embodiments, modifications and equivalents thereof, which

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

the invention.

Materials and Methods

25 Chemicals: Octaethylenegliycol-mono- (n~dodecyl)ether (OEG,
CizBg), trifluorocacetic acid (TFRA), dihexadecyldimethylammonium
bromide (DHAB), L-A+Phogphatidyl-L~Serine from bovine brain
(PS), 1,Z2-Dipalmitoyl-sn-glycero-3-phospheoethanclamine (DPPE!},
1,2-Dilauroyl-sn~glycero-3-phosphocholine (DLPC), cholesterol

30 from lanolin, 1-myristoyl-sn-glycerco-3-phosphocholine (Lyso~
PC), palmitoyl-DL-carnitine chloride and <Cholesteryl N-
(trimethylammoniocethyl}carbamate chloride {TC~Chol) were from
Fluka or Sigma (Buchs, Switzerland). Egg phosphatidyl choline
{PC} was obtained from Lipoid {Cham, Switzerland). 1,2~



The hemagglutinin/phospholipidratiowasdeterminedby phospholipid determination after B6ttcher
(Bettcher et al., Anal. Chim. Acta 24:202-203, 1961) and HA-quantification after 30 SDS-PAGE with
the Coomassie-extraction method after Ball (Ball, Anal. Biochem. 155:23-27, 1986). WO
2006/0697 1 ¥HEhisR2005/013829 24 Example 2 Preparation of immunopotentiakingmeeeonstituted
influenza virosomes containing DC-Choi (DIRIV):2¥irosomes were prepared by the method described
previously (Bron et al., Methods 5 Enzymol. 220:313-331, 1993; Zurbriggen et al., Prog. Lipid Res.
39(1):3-18, 2000)..Briefly,.32 mg (41.7 pmq]) egg PC, 8 mg (11.1 pmol) PE and 0.3 - 5 mg (0.6-10
pmol) DC-CHE R |§'§’(%1\788 %%yrﬁﬁ% 5%"5?%%6pr%ﬁﬂ_bag‘é]}éﬁéﬁ§ § % Ing BRSGRflugRZE virus
was centrifuget?&t100,000 x g for 1 h at 4C 10 anditke pelist was-dissaived int iml-eiPRBRLEG. The
detergent so@ﬂ@%gﬁq%@@c&%q viruseggggojcml Sf 20% (wiv) guicr 668 \é\/yere mixed tq a final

volume of 4 ml and sonicated for 1 min. This mixture was centrifuged at 100,000 X'g for 1 h‘dt 20C and
the supernatdAPHEEStenle fitered (62 pm) FI% virtsbmeloiste tHéH Yorfredtby detéryentreioval

using 180 mg of wet SR BieBeads forkhat reoprtemperatyes with-shakipg and-three times for 30
min with 90 of SM2 Si-Beads each. The final concentrations of lipids were 8 mg/ml (10.4 pmol/ml)
PC, 2 mg/mgg?}fﬁholl%ﬁﬁﬁ an%@b%-l.ﬁ%ﬁﬂ@ﬁ?-z%%o umiotih1) DEBRSRLtoyL=3

Thehemaggluﬂim'my’phmpho@p)Mmaﬁwés@éieaphtadﬁbymfmhmﬁp@detemm}ati@asaftebB@ﬁtﬁbar
(BOttcher etal, angl: GIM.Aci3 24:302:203,1261) and Hcquaqtificatiop after, ¢ gorp

Switzerliand). Bio-beads SM2 and Bio~Gel A-15m were from Bio-
10 Rad Laboratories (Glattbruyy, Switzerland) . Lissamine™
rhodamine B 1,2~-dihexadecanoyl-sn-glvcero-3-

phosphoethanclamine, triethylammonium salt {(Rh-DHPE), N-(4,4-
difluoro~5,7-diphenyl-4-bora-3a, da-diaza-s-indacene-3-
propionyl}-1,2~dihexadecanoyl-sn~glycero-3-phosphoethanolanine

15 (Bodipy 530/550~DHPE} were from Molecular Probes FEurope
(Leiden, The Netherlands) . N-[1-(2,3~Pioleoyloxy}propyl]-
N, N, N-trimethylammonium chloride (DOTAP) was purchased from
Roche Applied Science (Rotkreuz, Switzerland). Doxorubicin HCl
is availablie 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, 144:985-3995, 1976),
were obtained from Berna Biotech AG (Bern, Switzerland).

25
Peptides: The HLA-A2.l-binding hepatitis C virus {HCV) HLA-
binding peptide (DLMGYIPLV, aa 132-140) (Cerny et al., J.
Clin. Invest. 95(2):521-30, 19%95) as well as an HLA-RAZ.1-
binding control peptide and the malaria mimetic AMA49-CPE

30 ({1,3~Dipalmitoyl-glycerc-2-phosphoethanolaminc)-Suc-
GGCYKDEIRKKEIERESKRIKLNDNDDEGNKKIIAPRIFISDDKDSLKCG {(Disulfide
bond) ) (Moreno et al., Chembiochem 2:838-43, 2001) were

obtained from Bachem AC (Bubendorf, Switzerland).



25 SDS-PAGE with the Coomassie-extraction method after Ball (Ball, Anal. B ochem. 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 preparatwn efdeBsemimetic-IRIV, a solution of purified Influenza A/SingaEF&Xeiiaiggiutinin(4 mg)in
phosphate buffered saline (PBS) was centrifugect¥or 30 mm at 100 000g WO
2006/069719PCT/EP2005/013829 25 and the pellet was dissolved in PBS (1.33 ml) containing 100

mMoctaethy, 'nce !yC(?[lmonodeaqgjl_eﬁtrqer(epx%é-xQEl@w%@EgEperformed Ltwo  times in

conjugates( nélg ,phosrﬂﬁgﬁéﬁlc oline(32 mg;Lipoid, Ludwigshafen, Germany) and
phosphatidylethanclaging (6 a5 herd disséhedliPa r&IVolmie 8 2766-mESFPBSIORE: The

phospholipid,apd ghe hemagglutinin salutions-wers mixed apd sonicated for 1mine Fhissoldtien was
then centrifl\J/ged for 1 hour at 100 OOOg,&smthhe supernatant was filtered (0.22 g%under sterile
conditions. \ARIsbi&s ivef@thenFofméd b 107 8Etefdent tembvartising BioR4 BICBESES
(BioRad; Glattbrugg, Switzedand). B4RLV wete Stored i aliGuots et + ) 700 heferevyophilizationd
Example 4 in appropriate animal care facilities and handled according to

international guidelines.

Example 1
10  Preparation of immunopotentiating reconstituted influenza

virosomes (IRIV): Virosomes were prepared by the method
described previously (Bron et al., Methods Enzymol. 220:313-
331, 19%3; Zurbriggen et al., Prog Lipid Res 39(1}:3-18,
2000). Briefly, 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 106,000 x g for 1 h
at 4°C and the pellet was dissolved in 2 ml of PBS/OEG. The
detergent solubilized phosphcolipids and viruses were mixed and
sonicated for 1 min. This mixture was centrifuged at 100,000 x
20 g for 1 h at 20°C and the supernatant was sterile filtered
(0.22 yum). Virosomes were then formed by detergent removal
using 180 mg of wet SM2 Bio-Beads for 1 h at room temperature
with shaking and three times for 30 min with 90 mg of SM2 Bio-
Beads each. The final concentrations of lipids were 8 mg/ml

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 (BbSttcher et al.,
Anal. Chim. Acta 24:202-203, 1961) and HA-guantification after

30 8DS-PAGE with the Coomassie-extraction method after Ball
{Ball, Anal. Biochem. 155:23-27, 1586).



15 Method of constructing DIRIV with targeting ligand and spacer: This example demonstrates the
site-directed conjugation of the Feb' fragment to the flexible spacer arm designed to keep the antigen
binding site available for binding to the target cell. In order to place the Fab' molecules in a position
which 20 allewgs:theirdbivalent binding potential to remain available, Fab'-fragm&Rgsdrétednjugated to
the flexible spacer arm by site-directed conjugatidh. 100 mg of NHS-PEG-MAL containing a long
polyethylene glycol spacer arm (PEG) are dissolved in 3 ml of anhydrous methanol containing 10 41 of
triethylamine. 25 Then, 45 mg of dioleoyl phosphatidylethanolamine dissolved in 4 ml of chloroform
and metharﬂiﬂl@;ﬁl@are added to the solution. The reaction is carried out under nitrogen for 3h at
room temperatye(RT)Methanol/chinrefarmds eernbvednnderdecreasingredsure ah$rzsroducts

are redissolved in 30 chloroform. The salution is extracted yith(1% NaGl to remave yareacted
material and Wﬁ%ﬁ%%ﬁubféogilé-a%&ﬁl&s.%fhg PE-PEGMAL ﬁ further purified by silic aci

chromatography tds=degerietiby Matinidtes. (K982 Rith somd Ba6dification the siltst §&Fcolumn

has a djameter of 135 cm apd-s loaded W 2006/069F1ARGE/EP20054013829 26qwithilpsitica gel
(Kieselgel 60, Fluka 607?32.Elution is performed Wgh th oIIowing %I[a(}ient:ogzlorec)forng@et%anol
29:1,28:2,278526: A6 hitfracitiishre Eoitscted PEG-PES-NMAL iS5 obtainéd jifractions 13-31.

Fractions ang; putity.of RE-PEG-MALase ahabyzed by i¢.C @h §itie6n with Thlobsfopiremettfarol-water
65:25:4.PE-PEG MAL s dissojved in TrisiHC1 buffer (10mhh PrhEEISANAINING g nn of
influenza virus was centrifuged at 100,000 = ¢ for 1 h at 4°C
10 and the pellet was dissolved in 1 ml of PBS/0EG. 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 Virosomes were then formed by detergent removal using 180 mg
of wet SM2 Bio-Beads for 1 h at room temperature with shaking
and three times for 30 min with 90 mg of SM2 Bic-Beads each.
The final concentrations of lipids were 8 mg/ml (10.4 pmol/ml)
pCc, 2 mg/ml (2.7 pmol/ml) PE and 0.075-1.25 mg/ml (0.12-2.5
20  uamol/ml} DC-Chol.

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

25  gDS-PAGE with the Coomassis-extraction method after Ball
{Ball, Anal. Biochem. 155:23-27, 1586).

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

30 1lipid bound antigen: The preparation of vircsomes wherein the
antigens are attached to the virosome surface. For the
preparation of PE-mimetic-IRIV, a solution of purified
Influenza A/Singapore hemagglutinin {4 mg) in phosphate
puffered saline (PBS) was centrifuged for 30 min at 100 00Cg



10mg/150 p.1 of octaethylenglycol-monododecylether (CuEd.To this solution the Fab'-fragments 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 C12E8 is added to obtain a 1%-C12E8- solution and the reaction mixture is stirred overnight at
4C. Unreacted:; RiadtGrMAL is removed by the addition of 400 jil of wasked/mnaiss/Aizkypropy!
Sepharose 6B.After a 3-hour 15 incubation, the ¢él is removed by centrifugation. PE-PEG-Fab'
-solution (3.6 ml) is sterilized by passage through a 0.2-gm filter and stored as a 0.01 M C12ES8
detergent solution. Example 5 20 Method of Producing FAB' DIR%{: This examgle. demon%gtes the
preparationasttohjtRyaRat VRGOS RGeS B Spetifie Rells: Hemadyittini (HAT fron the
A/Singaporgfp/86 strain of influenzeuvitus isdselated asdescribed (hBAaeRizand GlubbRAxtEE Cancer
77:728-733, 1998. Supernatant containing 25 solubilized HA trimer (2.5,mg/ml).in 0,010\ C12E8
detergent sGItitioH98 tsd fo(r%the I|i'51f*jtfd’ucti%r}i1 of B??ggcjfr% "§.c%ﬁosr§§atid§llc%10|inr% (§8mip)l]%?14§r‘?lloroform is
added to a mound:hetterfefiask &rdtieghlorefofm eVaporasid By balbtaryehapbrator t¢ obfih a thin

PC (phesphatidyicholine)fjm,on 40 the glass wel The suneratsst (mlsontaining mgiéA) and
3.6 ml 8f PE-PEG-Fab (containing 4 mg Fab'-fragments) from Example 3 are added to this flask.
Under gentlelstrikingg, ithécP Cofilfn coverintidgials Willlof five 1A W sollibiifzed by the &?EES
detergent cQptaining dpixtse. The WO 20Q6/069718RGT/ER2005161382972F Uetergentfofthé

resulting solution is remaved by extractjon with sterile Biobheads SM-2, Tpg confainer is-sh en for 1 hr
by a REAXT@HékeE?t(Héi%%Ipﬂ%&%lh%ﬁﬁ!, égr?nasrfﬁe‘% ?gr%%%ve %aesdetérgeent com%letely, t%lias

procedure is:repeated threel imes &rwith 058 mg SfBipbeaes, afferwhichheslightythatsparent

soluti%ybof I%gebt'-e\/i%o&;'srgénes Is.qbtained. Quanfitative; anglysis reyeals thed demdof FabzvYisasemes
contain 1.3 mg oftHA, mg of PC and 0.53 mg of Fabl-fragments. Concentratjons of Fab' are

determined ¥zt A oasSiay 6RREFPSOtonS EORNCtEE 19 Nk Tie! geriltPatibA i the High Load

Superdex 26@ €olumnp as.daserinediinAntikadies, A Laboratory Manual. The procedure for the
production of virosomes without Fab' is the same except that no PE-PEG-Fab' is added.

Example 4
15 Method of constructing DIRIV with targeting ligand and spacer:

This example demonstrates the site-directed conjugation of the
Fab’ fragment to the flexible spacer arm designed to keep the
antigen binding site available for binding to the target cell.
Tn order to place the Fab’ molecules in a position 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 containing a
long polyethylene glyccl spacer arm (PEG) are dissolved in 3
ml of anhydrous methanol containing 10 ul of triethylamine.
25 Then, 45 mg of dicleoyl phosphatidylethanolamine dissolved in
4 ml of chloroform and methanol (1:3;v/v) are added to the
solution. The reaction is carried out under nitrogen for 3h
at room temperature (RT). Methanol/chloroform 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



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., Frog. Lipid Res. 39(1):3-18, 2000). Briefly, 32
mg 20 (41.Aamobsegg@C, 8 mg (11.1 pmol) PE and 0.3 - 5 mg (0.6-10 pawl»B@s@hskand the
previously formed PE-PEG-Fab' were dissolved ##2 ml of PBS, 100 mM OEG (OEG-PBS). 4 mg HA of
influenza virus was centrifuged at 100,000 x g for 1 h at 4C and the pellet was dissolved in 1 ml of

PBS/OEG. The detergent 25 solubilized phospholipids_and vituses aé‘tﬁj% | of 2Q9 /v) sucrose
were mixed %lgginélq\q/o ulnié%e’r‘ Al an(zf%oerﬁggt%%ﬂfor@ fnir\1é.l Sklg mlxturemwés C(%r{it#%lg(()a% at S100,000
x g for 1 h at20Camk:the sugdrnatdrt was sferite fittererk (0122 1pin). \Vidosormswara tdnfermed by

detergent regpyg! using.180 mg,3Q of wet SM2 Rig-Beads-for 1 h at ragm temperafure-with shaking
and three times for 30 min with 90 mg of SM2 Rio-Beads each. The final concentrations of lipids were
8 mg/ml (10.28mBRRAFPC, 2 rREMIEEST Witol/m®) PERNY G 85-195 nigit 0 X322.5pidHmI)
DC-Chol. W& 2006/0697 19RCT/EP2005/013829-28:F hehemaggiutinindphaspholipidratic  on

wasdeterminedby phospholipid determination after Bottcher (Bettcher.et,al., .. Chin Acta
74:202-203, 106 B AT ER0G HHEF b B PAGE ek 11e Bobmacsie SE At 1

oomassie-extraction method
after Ball (Ball, @l vBibchem. 1551234271 1986); Famplé @ mbadirgfIDIRIVAwith aqararinsicedtical
composition of int t: 10 Doxorubijcin js loaded.into virosom sgproughtq,lgroto ra ient g%gerated
by virosome-leéﬁ? plir%ged #%m%%iu?ncgﬁﬁé%éya?seagslé’rfﬁed Eﬁ Gabizon &t f’fll., J.rNa{%géa%c"er Inst. 81.:
1484-1488, 198%. Toslvadivirosohres With' afmmgmantsulfate, adcainthonfunssulfale $8futiBRY4.17

g/ml) is gddeghto the DIRIV,solytion(7.5.), 15 sepicatedsfor kmin and dialysed (Spectra/Ppe 2.1,

Biotech DispoDialyzers, MWCO: 15'000, Spectrum Medical Industries, Houston, TX, USA) against 1

liter of PBS ¢OIM&MiMy 5% 8P ucosB Y6l 28 holirskr 416, Afcesh FSurS e dfalydis btffetaeichanged

and the virosome soliiondialyzed fera 20-furthek 24:hourss T prepate the doxgtubicin lodding

solution, 10 mg of doxorubicin is dissolved in 3 ml of water and sterilized through a %.%-pm filt%r, then
S

750 pl of steHFER Cofitertratde P E&lantPs s YIased &1 alidgd 255 ThéSfiro8oma Ldiution Ghd
doxorubicin lpagingisolutien ste warmest:330 Csapidathess valames of Adrosemessoldtidroare mixed

with 1 yolume of doxorubicin loading salution. The Eni ture_is igcu%t gfo&]fo h z%;aam?i%éng further
incubaxt{egd ovler?ﬁllé ?%%‘é’éc. oen-gr%aplssuIaﬁgg%%?(on%ciﬁ% sggl)ara%egl o c
~gsolution (3.6 ml) is sterilized by passage thrcough a 0.2-um

filter and stored as a 0.01 ¥ Ci:Ep detergent solution.

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

preparation of conjugated virosomes targeted to specific
cells. Hemagglutinin (HA) from the A/Singapore/6/86 strain of
influenza virus is isolated as described in Waelti and Glueck,
Int. J. Cancer 7T7: 728-733, 1988. Supernatant containing
25  solubilized HA trimer (2.5 mg/ml} in 0.01M C;Eg detergent
solution is used for the production of virosomes.
Phosphatidylcholine (38mg) in chloroform is added to a round-
bottom f£lask and the chloroform evaporated by a rotary
evaporator to cbtain a thin PC (phesphatidylcholine) £ilm 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 ClZ2E8 detergent containing mizxture. The



30 from the virosomes by gel filtration on a High Load Superdex 200 column (Pharmacia, Uppsala,
Sweden), equilibrated with sterile PBS, 5% glucose. The void volume fractions containing
Fab'-virosomes with encapsulated doxorubicin are eluted with 5% glucose in PBS and collected. WO
2006/0697 1 9RCHER2AOR5/013829 29 Example 7 Lyophilization of DIRIVEOIRaaeresstored in
aliquots at 70C before lyophilization* Lyophilizatidh was done in a 5 Savant AES1010 speedvac
according to the supplier's instructions. Dried samples were used immediately or stored at -70C. For
reconstitution of lyophilized DIRIV, a volume of water equal to, the volume pbefore lyophilization was

added to the<iraBIRIVOoResSTStIREY Bnip§ DIRA WetB stbfed &I4ES10 BXample 8 “Praparation of

HLA-binding PeptideRIRIYV: BIRPLwese stored in aliguots at A0G befare dyoptilization. Lydphilization

was done in a Savant AES1010 speedvac according-t thg su eli%r' S instryctions, Dried samples
were used médiaie; or St5rédat L76¢ Fo (i?éco%gs%ﬁ?tfb“ﬁ’of ygpﬁﬁ?%éd DIRIV, a volume of

HLA-bindingipeptidesissolredlintwater eqlidlto Hevsidnieebetsre Iyoptilizatioh Was addetfd the
dried DIRIV, Reconstityted HLA-bipding Peptide: PIRIVS were-stared At 4G.120 Retexanation-of
encapsmauﬁigiggiicggcggg¥f§?¥2§é§$§kQQRggggkgé§¥a”]gzgtitative analysis
reveals that 1 ml of Fab'-Virosomes contain 1.3 mg of HA, 5 mg
of PC and 0.53 mg of Fab'-fragments. 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’ is 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, 1883; Zurbriggen
et al., Prog. Lipid Res. 39(1):3-18, 2300}, Briefly, 32 mg

20 {41.7 pmol) egg PC, 8 mg {(11.1 pmol)} PE and 0.3 - 5 mg (G.&6-10
pmol) DC-Chol and the previously formed PE-PEG-Fab’' were
dissolved in 2 ml of PBS, 100 mM OEG (OEG-PBS). 4 mg HA of
influenza virus was centrifuged at 100,000 x g for 1 h at 4°C
and the pellet was dissolved in 1 mi of PBS/OEG. The detergent

25 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 pm).
Virosomes were then formed by detergent removal using 180 mg

30 of wet SM2? Rio-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 nmol/ml}
PC, 2 mg/ml (2.7 umol/ml) PE and 0.075-1.25 mg/ml (0.12-2.5
umol/ml) DC-Chol.



DIRIV were stored in aliquots at -70C 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 -70C. For reconstitution of lyophilized DIRIV, a volume of AMA49-CPE dissolved in water
equal to the walumedaefore lyophilization was added to the 30 dried DIRI\PCRESsIS TR
AMAA49-DIRIV5 were stored at 4C. Determinatior¥®f incorporated peptide concentration was done by
RP-HPLC. WO 2006/069719PCT/EP2005/013829 30 Example 10 Preparation of
DOXRUBICINE-DIRIV:DIRIV were stored in aliquots at -70uC before lyophilization. Lyophilization was
done in a Savant AES1010 speedvac according to the supplier's 5 instructions. Dried samples were

used immediately arstargeh at 140G /1o peepare tbedloxarabitin loading solition;0nmg of doxorubicin
is dissolved in 3 ml of water and sterilized through.a 0.2-pm filter. Forr, ifution gf lyaphilized
DIRIV, a voRitAE A DORRUBHE E &4 ngheg%?uer e %s;?ocngg%p g

me be SFeCTS fyop ilization was added to the
dried DIRIVaReconstituted ROXRUBICINEDIRIVS Wdre storédHit 4T amkdrhple 1 oDefetirfifation of
incorporated %%EégB'CJf’E' E? Thgh%mo%tog{a:ls% encapsylated;drug, nthis,ease, daxerubiging is
determ?hed%y absorbance at 480 nm. DIRIV preparations contain on average 150 pg/m1 doxorubicin.
The mean di@&mkter éfithé vilbsorhedis dét%?r%f@d%y b%%@n—correlation spectroscopy (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.,

Biochemistmm%l, 1984, by an assay based on octadecylrhodamine (R18) fluorescence
dequenchingeading DIRIV with a pharmaceutical composition of interest:

10 Doxorubicin is leoaded into virosomes through a proton gradient
generated by virosome-entrapped ammonium suifate as described
by Gabizon et al., J. Natl. Cancer Tnst. 81: 1484-1488, 1989.
To load virosomes with ammonium sulfate, an ammonium suifate
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. After 24 hours the dialysis
puffer is changed and the virosome solution dialyzed for a
20 further 24  hours. To prepare the doxorubicin loading
solution, 10 mg of doxorubicin is dissolved in 3 ml of water
and sterilized through a 0.2-pm filter, then 750 pl of sterile

5X concentrated PBS and 5% glucose are added.

25  The vircsome solution and doxorubicin loading solution are
warmed to 33 ¢, and then 2 volumes of virosome solution are
mixed with 1 volume of doxorubicin loading solution. The
mixture is incubated for 10 h at 33°C and further incubated
overnight at 28°C. Non-encapsulated doxorubicin is separated

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

Fab'-virosomes with encapsulated doxorubicin are gluted with

5% glucose in PBS and collected.



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: DRAB, DOTAP, 30 PS, cholesterol, DPPE, DLPC,
Lyso-PC, palitmytiiesearnitine, DPEG or TC-Chol. The final concentrati&fi$/BFliiasiigete B mg/ml
(10.4 pmol/ml) PC, 2 mg/ml (2.7 pmol/ml) BE and®0.125 mg/ml (0.22 pmol/ml) DHAB, or 0.125 mg/ml
(0.18 pmol/ml) DOTAP, or 2-8 mg/ml (2.8-11.3 pmol/ml) PS, or 0.125 mg/ml WO
2006/069719PCT/EP2005/013829 31 (0.32 pmol/m1) cholesterol, or 0.125 mg/ml (0.18 pmol/ml)
DPPE, or 0.125 mg/ml (0.19 pmol/m1) DLPC, or 0.125 mg/ml (0.27 pmol/ml) Lyso-PC, or 0.125 mg/ml
(0.29 pmol/gy), patniteyl-DLcarnitine, or 0.135 mg/ml (0.25 pmol/ml) DPEG, or 0.125 mg/ml (0.23
pmol/ml) TC‘C&T‘E- o%,, respectively. Modifi %lRlVW stored.in ali at -70¢, e lyophilization.
Lyophilizati&H %ééﬁé?ﬁ%a%nt%é 1010 égéegdvg%ra%c%?#g% t%% the supp%%ef% ihr%/stﬁjactions. Dried
10 sampleswere used imenediatety bt stored @t - 708y PR fdcorstitttion R§opRfiZEd vibsote, a

volume,of water of HL/A:binding Pepé?@e%@%” water.eauakty thewolumerhefores lyephilization was
|

added To th&dfied virosome. Reconstituted virosomes were stored gt 4C. 15 Examgle 16% HL.A-binding
peptide quantification:iPeptiddglaAtifkafiohaTas 85he BYIIPLEH AR WulénfT100 Setes {Agilent
Technologies, Switzegand).using &-C€,12%/4.6Nuclepsil00:548 revarsed- 20 pleseneolwhin
(Macherey-Nagel, Switzerland) (ﬁRP-HPLC . The fallowin eIue{gt were uggd:‘nggfeécgﬁg@ mM TEAP
in water; buffefF &t 16694 actfonitife. Bt 6ro%€r%r%?:ﬁ0\% Yate i%lmém%n; buffer and column
temperature- R5Ca buffer stariig doncentrationt25%=Broy7 MM iMcrease ot i Bito $8%; 7- 25
12.4 mip: increase of buffer B to 100%; 12.4-16.4 min: 100% buffer B. For quantification of
encapjs lated peptide, a fraction (5-30 pl) of virosomes were loaded on freshly prepared,
PBS-equilib¥atedrl enl Sephadex G50 Coarse gel-filtration spin columns. Vesicles with encapsulated
peptide 30 qnly werg:abiained after-gentifugation ot the:spinFoolumn i B00wegdors2 amindas the
non-encapsg?i%ggggtlda?tW%STBel%rd%%I otlbg C?'}}?J(g?arlliilizationn 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, 2 volume of
uLA-binding peptide dissolved in water egual tce the volume
pefore lyophilization was added to the dried DIRIV.
Reconstituted HLA-binding Peptide~DIRIVs were stored at 4°C.

20 Determination of encapsulated peptide concentraticn was done

by RP~HPLC.

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

25 Lyophilization was done in a S3avant AES1010 speedvac according
to the supplier’s instructions. Dried samples were used
immediately or stored at -70°C. For reconstitution of
iyophilized DIRIV, a volume of AMA49-CPE dissclved in water
egual to the volume before lyophilization was added to the

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

by RP-HPLC.



WO 2006/069719PCT/EP2005/013829 32 Example 14 AMA49-CPE peptide quantification: Peptide
guantification was done by HPLC on an Agilent 1100 Series (Agilent Technologies, Switzerland) using
a ZORBAX Eclipse XDB-C8 reversed-phase 5 column (Agilent Technologies, Switzerland)
(RP-HPLC).wWbedallawing eluents were used: buffer A, 0.1% TFA in wateshuffend@:&29% TFA in
methanol. HPLC program: flow rate 1.0 ml/min; bé#ffer and column temperature 60C; buffer starting
concentration: 60% B; 0-15 min: increase of buffer B to 100%; 10 15-20 min: 100% buffer B. For
guantification of encapsulated peptide, a fraction (5-30 I) of virosomes were loaded on freshly
prepared, PBSsgldibt8ted 1 ml Sephadex G50 Coarse gel-filtration spin columns. Vesicles with
encapsulat%ggQQQQ ohly were obtipedafter gentrifugation ofthevspingds solumbcats300 xig for 2

min, as the non-encapsulated peptide was retarded in the column. Example 15. FQ_SE]['IC;IQSS@Q Forin
vitro fusion #ld&&iREmMenits by filofesE&ce 50 redShance BRergy transfer (‘l}#«;slé']z) (

ruck at al.,
Biochemisty»2Q(14):4093:99 2198 I tytaret abe Mpthods BiochBmaAral. 33:429:64; 1.988) sthe

following assay was developed: 0.75 mol%.of Badigy, 53Q/550;RHEE and 0,25 mol%ofN-Rh-DHPE
were inforp%?%%ﬁﬁﬁfolﬁgggorggé%E?né%i%tlﬁg % PC/DPPG 70:%(_)). 25 FIuo%_gcence measurements
were carried oUf at digcrete tavaperatires Betsderr 4Ciand-2263RS mML8GdiGhY phidspAgte

doxorubicin is dissolved in 3 ml of water and sterilized
through a 0.2-um filter. Forx reconstitution of lyophilized
DIRIV, a volume of DOXRUBICINE egual to the wvolume Dbefore

10 1lyophilization 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, 1s determined by
absorbance at 480 nm. DIRIV preparations contain con average
150 pg/ml doxorubicin. The mean diameter of the virosomes 1is
determined by photon-correlation spectroscopy (PCS} with a
Coulter NAPlus Sub-Micron-Particle Size Analyzer (Miami, FL,
20 USA}., The proper expression of wviral fusogenic activity of
the virosomes is measured as previously described by Hoekstra
et al., Biochemistry 23: 5675-5681, 1984, by an assay based on

octadecylrhodamine (R18) fluorescence deguenching.

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: BHAB, DOTAP,

30 PS, cholesterol, DPPE, DLPC, Lyso-PC, palmitoyl-DL-carnitine,
DPEG or TC-Chol. The final concentrations of lipids were B
mg/ml (10.4 wumol/mil) PC, 2 mg/ml (2.7 pmol/ml} PE and 0.125
mg/ml  (0.22 pmol/ml) DEAB, or 0.125 mg/ml (0.18 pmol/ml)
DOTAP, or 2-8 mg/ml (2.8-11.3 pmol/ml) PS, or 0.123 mg/ml



buffer pH 7.5, 100 mM NacCl, in a final volume of 0.8 ml in 2.5 ml PMMA micro-cuvettes (VWR,
Switzerland) under continuous stirring. Typically, 1 pl of labelled liposomes (0.3 nmol 30 phospholipid)
were mixed with 5-20 pl of virosomes (0.1-0.4 nmol phospholipid) and fusion was triggered by addition
of 3.75-7 pl efd Mdtetisesulting in a pH of 4.5. The increase in fluoresceneewanvecsoded every 5
seconds at excitation and emission wavelengths#f 538 nm and 558 nm, respectively, with WO
2006/069719PCT/EP2005/013 29 33 an excitation slit of 2.5 nm and an emission slit of 15.0 nm.

Measurements were carried out with an LS 55 Luminescence spectrometer (Perkin Elmer Instruments,
USA) equipp@dadith anthermbstated ciretR Kider 8Ad & magnetittifing Hevide. THE akimal

fluorescencgatinfinjte prope-difiiomwas reachecbaftenaddition of &rtan. X200/ 5% W0 final

concentration). For calibration of the flugre ence scale the injtial residual fluorescence .of the
liposomes WES 5480 zerd HHict fhe ffordsc %%e%? ’ﬁ?‘{nit Up"rgée Hm?ti"?ﬁﬂ?o) 1(5?)%?“1‘(? ?E%(é?r%le 16

Particle size-determinatjorwas dobe bydigit scatteingusingrel Zetasizer 1000M S iastruraént (Malvern
InSUunEHﬂS“yh9§n£%Ql/ml) TC~Chol, respectively.

Modified IRIV were stored in aligquots at =70°C  before
lyophilization. Lyophilization was done in a BSavant AESLOLD
speedvac according to the supplier’s instructions. Dried
10 samples were used immediately or stored at -70°C. VFor
reconstitution of lyophilized virosome, a volume of water or
HLA-binding Peptide PBS in water equal tTo 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 guantification was
done by HPLC on an Agilent 1100 Series {Agilent Technologies,
Switzerland) using a CC 125/4.6 Nucleosil 100-5 C8 reversed-
20 phase column {Macherey-Nagel, Switzerland) (RP-HPLC). 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%; 12.4-16.4 min: 100%
buffer B. For quantification of encapsulated peptide, a
fraction (5-30 nl) of virosomes were loaded on freshly
prepared, PBS-equilibrated 1 ml Sephadex G50 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.



ml PMMA cuvettes (Sarstedt AG, Switzerland). 5-20 pL of 15 virosomes or liposomes, respectively,
were diluted in filtered (0.22 pm) PBS and measured three times for 300 sec at 25C and 633 nm
according to the supplier's instructions. Example 17 20Preparation of liposomes containing DC-Chol
(DC-liposomes) 2@ magr(41.7 pmol) PC, 8 mg (11.1 pmol) PE and 0.8-5 mg-@ae-40:pmety DC-Choi
were dissolved in 4 ml of PBS, 100 mM OEG, 5%1w/v) sucrose (CEO-PBS), then mixed and
sonicated for 1 min. This mixture was sterile filtered (0.22 pm) and liposomes were 25 then formed by
detergent removal using 180 mg of wet SM2 BioBeads for 1 h at room temperature with shaking and
three times fora3® iin With 90 mg of SM2 Bio-Beads each. The final concentrations of lipids were 8

mg/mi PC (10,4,pmoliml), 2 ma/ml PE (2.% pmalisml) apd 0.2:1,25m0/e RE-Ghai 40 £4:2.5 39pmol/ml).
Liposomes were stored in aliquots at -70C before lyophilization. Lyophilization was done in a Savant
AES1010 speadvaeyaceBdingto e dtippligrs iﬂs{&@tigﬁs? ‘Bfed 84mpReswereli8sd fifirediately or
stored at -7Q¢;; EQk racanstitution; aflyophilizeddd&-lippspmess wateRoCBLA:eW @ sed-phase

2006/069719PCT/EP2005/013829 34 bﬁdiri%ién)egtide dgsgojcved iﬂ W%t)er, r?ﬁgg%\ieé){,“wasfggded to

the dried DESipBEBmes Retdhstitutsd AL Abinding Peptide-DCliposomes were stored at 4C. 5

Example 18z Prepatation of liposomess78 mgs@d1.6pridly PCAdissolVed irf hfethbholyahg32.68
mg(43.56 pmobDPPG, (digsojvediip, methapelichlgroforpl: 1)Mraglar katioFAQ30) ere mixed
together an the Solvent was removed by using a rotary 10 evaporator (Rotavapor R-205, BUchi
Labonechmm}gmmﬁé“émﬁgfer and column tempeérature 60°C; buffer starting
concentration: 60% B; 0-15 min: increase of buffer B to 100%;

10  15-20 min: 100% buffer B. For guantification of encapsulated
peptide, a fraction (5-30 nl) of virosomes were loaded on
freshly prepared, PBS-equilibrated 1 ml Sephadex G350 Coarse
gel-filtration spin columns. Vesicles with encapsulated
peptide only were obtained after centrifugation of the spin

15 column at 300 % g for 2 min, as the non-encapsulated peptide

was retarded in the column.

Example 15

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



was rehydrated with 1.5 ml 5% (w/v) sucrose in water. Liposomes were stored in aliquots at -70C
before lyophilization. Lyophilization was done in a Savant AES1010 15 speedvac according to the
supplier's instructions. Dried samples were used immediately or stored at -70C. For reconstitution of
lyophilized |IpesamrssPBS or HLA-binding peptide dissolved in PBS, respetiiiryiswaszdded to the
dried liposomes. Reconstituted HLA-binding Pep#itle-liposomes were 20stored at 4C. Example 19
Preparation of liposomes containing DC-Chol (DC-liposomes): 66.8-75.2 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 mgd3:6:14 S1pmdl)DGTH $dissoload ifmetiEnol) (fholar fdtic°60-67.5°36'3 5-10)

were mixe%&ge\t}@e&n@&qwe selvent was.removes by usirg a retaryievaparatangRiotavagordr-205,
BUchi Labortechnik, Switzerland) at 40C at 30 a gradual vacuum 8%%91% kgg. ng d{\}iggﬂipig film was
rehydrated #B@CEDMEE9E (WIVESUCrBsd iMwatel LipoSomeas - aRiPE B

thermostated cuvette holder and a magnetic stirring device.
5 The maximal flucrescence at infinite prohe diluticn was
reached after addition of Triton X~100 {0.5% v/v final
concentration). For calibration of the fluorescence scale the
initial residual fluorescence of the liposomes was seb Lo zero
and the flucrescence at infinite probe dilution to 100%.
10
Example 16
Particle size determination was done by light scattering using
a Zetasizer 1000HS instrument (Malvern Instruments, UK) in 2
mi PMMA cuvettes (Sarstedt AG, Switzerland). 5-20 uL of
1S vwvirosomes 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 suppliler’s instructions.

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

g (41.7 pmol) PC, 8 mg (11.1 pmol) PE and 0.8-5 mg (1.6-10
pmol) DC-Chol were dissolved in 4 ml of PBs, 100 mM OEG, 5%
(w/v) sucreose (CEG-PBS3), then mixed and sonicated for 1 min.
This mixture was sterile filtered (0.22 pm) and liposomes were
28 then formed by detergent removal using 180 mg of wet SM2 Bio-
Seads for 1 h at room temperature with shaking and three times
for 130 min with 90 mg of SM2 Bio-Beads each. The final
concentrations of lipids were 8 mg/ml PC (10.4 pmol/ml), 2
mg/mi PE (2.7 pmol/ml) and 0.2-1.25 mg/ml DC-Chol (0.4-2.5
30 pmol/ml). Liposomes were stored in aliquots at =~70°C before
lyophilization. Lyophilization was done 1in & 3avant AES1010
speedvac according to the supplier’s instructions. Dried
samples were used immediately or stored at ~70°C. For

reconstitution of lyophilized DC-liposomes, water oOr HLA-



were stored in aliquots at -70C before lyophilization. Lyophilization was done in a Savant AES1010
speedvac according to the supplier's instructions. Dried samples were used
W02006/069719PCT/EP2005/013829 35 immediately or stored at -70C.For reconstitution of
lyophilized Btslipososyms, PBS or HCV HLA-binding peptide dissolved in REBS roospecteely, was
added to the dried DC- liposomes. Reconstituted3#LA-binding Peptide-DC-liposomes were 5stored at
4C. Example 20 Immunisation and cytotoxicity assay: HLA-2.1 tg mice were immunised
subcutaneously (sc.) at the base of the tail with 10 100 pl of the corresponding virosome formulation.
Mice receivet-iinjectionstatca 3dissioiriteryal and e FespoPBFa KRl sed P WBERE Hit&Pthe last

injection. Spleen gells (4 éépﬁg\gglgofm immunised mice wereitestiniulatesfors staysdn 24-well
tissue culture plates with 2 x 106 irradiated (1500 15 tad) spleen cells that have been pulsed with 10
pg/ml peptidé Fincomplets RPN ffstium(Slgia Aldrich, St. Louis, MO) containing 2 mM

L-Glutamine, 100 U penicillin, 100 pg/ml Streptomycin (Sigma Aldrich), 5 mM Hepes, 10% FCS (Gibco

BRL, Basel, Switzerland) and 5 x 10-5 M 2-mercaptoethanol at 37C
5 Example 1¢

Preparation of liposomes: 78 mg (101.6 umol)} PC {dissolved in
methanocl) and 32.68 mg {43.56 umol) DPPG (dissolved in
methanoi/chloroform {(1:1}) (molar ratic 70:30) were mixed
together and the solvent was removed by using a rotary
10 evaporator (Rotavapor R-205, Blichi Labortechnik, Switzerland)
at 40°C at a gradual vacuum of 30-10 kPa. The dried lipid film
was rehydrated with 1.5 ml 5% (w/v) sucrose 1in water.
Liposomes were stored in aliquots at -70°C before
lyophilization. Lyophilization was done in a Savant AES1010
15 speedvac according to the supplier’s instructions. Dried
samples were used immediately or stored at =70°C. For
reéonstitution of lyophilized lipocsomes, PBS o HLA-pinding
peptide dissolved in FPBS, respectively, was added to the dried
liposomes. Reconstituted HIL.A~binding Peptide-liposocmes were

20 stored at 4°C.

Exanple 19
Preparation of liposomes containing BHC-Chol (DC-liposomes):

66.8-75.2 mg (87.1-98 pmol) PC {(dissolved in methanol) and
2% 32,68 mg (43.56 pmol) DPEG (dissolved in methanol/chloroform
(1:1)) and 1.82-7.26 mg {3.6-14.5 umol) DC-Chol (dissolved in
methanol) (molar ratio 60-67.5:30:2.5-10) were mixed together
and the solvent was removed by using a rotary evaporator
(Rotavapor R-205, Bichi Labortechnik, Switzerland) at 40°C at
30 a gradual vacuum of 30-10 kPa. The dried lipid film was
rehydrated with 1.0 ml 5% {w/v) sucrcse in water. Liposomes
were stored in aliguots at -70°C before lyophilization.
Lyophilization was done in a Savant AES1010 speedvac according

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



20 and 5% COZ2. On day 2, 5 0/m1 IL-2 (EuroCetus BV,, Amsterdam, The Netherlands) were added.
Specific cytolytic activity was tested in a standard 51Cr release assay against an EL-4S3--Rob HHD
target cells pulsed with 10 pg/ml of the selected peptides or medium control. After 4 hr incubation,
51Cr releasenwassgbaveasured by using a y-counter. Spontaneous and reatiERmeIeIasse was
determined from wells containing medium alone &% after lysis with 1M HC1, 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 lysis gbtained %'n the
presence oiimthiiabssnce ofpeptideSpontdteous Teldase wasralwafs 1SS halT5% of faximum

release. nggg@W&QP&TJEE@MSZQ@@ Examplei2t EnRzyme-dinkeddmnmunosatbent
assay ELISA against AMA49-CPE: ELISA microtiter pIatesS(Po%ggr , Elgnq, ngrlgtgénag@nal AG,
Switzerland} wéredGsled &t 4E86vermigRPRith 100 SL/wWET 5f 5 10 pg/ml AMAZ9-CPE in PBS. Wells
were washed fesriisaes witha300:liwelt oft PBSPedntaihing 00596 Tivedh-20 befsremhey ¥féi@ blocked
with 5% milk powder in PBS for 2h at 37C. Wells were washed three times with 300 pl/well of PBS
contairﬁng ﬁ.é)%%q’v?eten% . Plates were then incubated with two-fold serial 10 dilutions of mouse
serum in PBS containing 0.05% Tween-20 and 0.5% milk powder (100 p1/well) for 2h at 37C. After

washing, thgg% were incubated with an alkaline phosphatase conjugated goat anti-mouse IgG
(y-chain specifrc%ﬁb‘o‘_dy (Sigma, St. Louis, MO, USA) for Ih at - and then washed 15 three times.
Phosphatam%*éj(ﬁ%g%?p-rﬁﬁf&ﬁﬁé’ﬁ?lCb%%%ph%%g ?§i”gmé%z i% g.l %%\%/V)H}\JISECO3., 0.3% (W/v)
NaHCO3, 0;020%6-{yWW¥HMgGiZ; pth 8<6)uwwas added. anckincubietedatroomtte fperatardelin thé dark.

After an appropriaieime e rgaction was.sioppad by the arldilign.of 100.pl/wellib M 20 gulfuric acid.

The obﬂcal sit;)l (bD) of the reaction product was recorded at 405 nm with a microglate reader
(Spectra MAX qitig;sMoléculariDevitessBuchePBiSErEAG 1SiiE&AaNdF S5 EXEm I8 2 "Pleparation

of an influenza,vacgine fannylation santainiag DGGhakisEhres ks ohinflapnzanirosames Were
prepared by the rpethod described previously (Bron et al., Meth%d%ngﬁ]zﬁm%-]20293%1%'§§§' 1993;
Zurbriggen &t &0 PY6g: LipitFREs 289'48(5°5 18 5608 Brietly: 32" Mg (41,7 pmol) egg PC and 0.3 - 5
mg (0.6-10 pmol)-DC-Ghal svere dissolves ip2amksf RBSh100 mM DEG (OFGHRESE 4 flg A of

influenza vitus (1St byl A/New Caledona/0(69 (EHUNL 2k AEI2041/2002 43 3th bulk
B/Sha%%hal J2G82) Was Cen rﬁ‘uge(?at 0,000 x g for 1 _
in complete RPMI medium (Sigma Aldrich, St. Louls, MO)
containing 2 mM L-Glutamine, 100 U penicillin, 100 pg/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% CO,. On day 2, 5 U/ml IL-2 (EuroCetus B.V., Amsterdam,
The Netherlands) were added. Specific cytolytic activity was
rested in a standard 51Cr release assay against an EL-453"-Rob
HHD target cells pulsed with 10 pg/ml of the selected peptides
or medium control. After 4 hr incubation, *icr release was
25 nmeasured by using a y-counter. Spontaneous and maximum release
was determined from wells containing medium alone or after
lysis with 1M HCL, respectively. Lysis was calculated by the
formula: (release in assay - spontaneous release) / (maximum
release - spontaneous release) x 100. Peptide-specific 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.



WO 2006/069719PCT/EP2005/013829 37 h at 4C 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 5 g for 1 h at
20C and thesugpsataniavas sterile filtered (0.22 pm). The three differentyitesemaldisiks 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 10 concentrations of
lipids were 8 mg/ml (10.4 pmel/m1) PC, 2 mg/ml (2.7 amol/m1) PE and 0.075-1.25 mg/ml (0.12-2.5
pmol/ml) DG:Ghal ) Afted HA-quantification the three bulks were mixed and 15 lyophilized.

Lyophi”zati%vzvgr%edw%%'&? 3 Sayall AES1010 speedvac:ageording.to-the suppligr's dastructions. Dried
samples were used immec?iately or stored at -70C. For reconstitution of I%Qphilized‘influenz“a vaccine

formulation,F&-VERinFel - wiatdreaq Uit 16 e Voluhye BEfore WophiliZ4fidn rnational &G,

Switzerland) were coated at 4°C overnight with 100 pL/well of
5 10 ug/ml AMA4S-CPE in PBS. Wells were washed three times with
300 ul/well of PBS containing 0.05% Tween-20 before they were
blocked with 5% milk powder in PBS for 2h at 37°C, Wells were
washed three times with 300 pl/well of PBS containing 0.05%
Tween-20. Plates were then incubated with two-fold serial
10 dilutions of mouse serum in PBS containing 0.05% Tween-20 and
0.5% milk powder (100 pl/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, USBA) for 1h at 37°C and then washed
15 +hree 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) MgCls, pH 9.6) was added and incubated at room
temperature in the dark. After an appropriate time the
reaction was stopped by the addition of 100 pL/well 1 M
20 sulfuric acid. The optical density (0D} of the reaction
product was recorded at 405 nm with a microplate reader
(Spectra MAX plus, Molecular Devices, Bucher Rictech AG,

Switzerliand) .

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., Preg. Lipid Res.
30 29(1):2-18, 2000). Briefly, 32 mg (41.7 umol) egg PC and 0.3 -
5 mg (0.6~10 pmel) DC-Chol were dissclved in 2 ml of PBS, 100
mM OEG (OFG-PBS). 4 mg HA of influenza virus (1°° bulk A/New
Caledonia/20/99 (HIN1); 2™ bulk A/Fuiian/411/2002 (H3N2), 3%
bulk B/Shanghai/361/2002}) was centrifuged at 100,000 x g for 1



20 added to the dried DIRTV. Reconstituted empty DIRIV were stored at 4C. 38 Claims: 1:A
biologically active composition comprising at least one immunopotentiating reconstituted influenza
virosome (IRI1V) and a cationic cholesterol derivative, wherein said cholesterol derivative has a
positively chewrgeshsasbstituent in the 3-position of the cholesterol and is representedhigsthe following
formula: (I) wherein R is selected from the group3¢onsisting of R'; R'-(C=0)-; R-0-(C=0)-; R'-NH-(CO)-;
R'-0-(C=0)-R-- (C=0)-; R-NH-(C=0)-R"-(C=0)-, wherein R'is C1-C6-alkyl being substituted by at
least one N-containing group of the formula R1IR2R3N-, and the respective counter ion is X-;

wherein R1nR2:an’R3 aite indepepeehty frons edéls stHerastledted frim e girBap Cohsisting of

hydrogen aqd t%l'oé'a%ky o1 herein X- igselested from dhe.group censisting-ekhalogen, hygrogen
sulphate, su Fonalfg, ihydrogen phosphate, acetate, trihaloacetate and hydrogen cgrbopateﬁgnd
wherein R R)&1-C6alkylengrose were mixed to a final volume “of e a

sonicated for 1 min. This mixture was centrifuged at 100,000 =

5 g for 1 h 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 8SM2 Bic-—Beads
for 1 h at room temperature with shaking and three times for
30 min  with 90 wmg of SM2 Bio-Beads each. The final

10 concentrations of lipids were & mg/ml (10C.4 pmol/mi) PBC, 2
mg/ml (2.7 pmol/ml) PE and 0.075-1.25 mg/ml (0.12-2.5 pmol/ml)
DC-Chol.

After HA-quantification the three bulks were mixed and
15 lyophilized. Lyophilization was done in a Savant AESL010
speedvac according to the supplier’s instructions. Dried
samples were used Iimmediately 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 composition according to claim 1, wherein said cationic cholesterol derivative is present in
the membrane of the virosome. 3The composition according to any of the claims 1-2, wherein said
“cholesterol derivative is represented by the following formula: ~ wherein R1, R2 and R3 are
independently from each other selected from th group consisting of hydrogen and C -C6- alkyl, and
wherein X- is a halogen anion. 4. The compositidoh according to claim 3, wherein R1 and R2 are methyl
and R3 is hydrogen. 5. The composition according to claim 3, wherein R1. R2 and R3 are methyl. 40
6. The composition of any of claims 2 to 5, wherein the content of the cationic lipid is between 1.9 and
37 mol%afise total lipid content of the membrane. 7. The composition of claim 6, wherein the content
of the cationic lipid is between 1.9 and 16 mol% of the total lipid content of the membrane. B.The

composition according to claim 6 or 7, wherein the residual lipid content of the virosomal membrane
congss(ﬂphospWﬁmmmiogically active composition comprising at least

one immunopotentiating reconstituted influenza virosome
(TRIV) and a cationic cholestercl derivative, wherein said
cholestercl derivative has a positively charged

substituent in the 3-position of the cholesterol and is

represented by the following formula:

H 3 Cf/f /!.r

ew IR

RO s

e

(I)

wherein R is selected from the group consisting of R7;
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-Ce-alkyl being substituted by at
least one N-containing group bf the formula RiR,RsN'—, and

the respective counter ion is X';
wherein Rj, Rs and R3 are independently from each other

selected from the group consisting of hydrogen and Ci—Ce-
alkyl:

wherein ¥~ is selected from the group consisting of
halogen, hydrogen sulphate, sulfonate, dihydrogen
phesphate, acetate, trihaloacetate and hydrogeﬁ

carbonate; and

wherein R"~ is Ci~Cs—alkylene.



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 I)é%protectant. 12. The composition according to claim
11, wherein the lyoprotectant is selected from the group consisting of sucrose, trehalose, dextrose,
lactose, mannose, xylose and mannitol. 41 13.The composition of any of claims 11 to 12, additionally
comprising an adjuvant or adjuvant system. 14.The composition of any of claims 1 to 10 or 11 to 13,
additionally comprising a biologically active substance selected from a pharmaceutical agent or an
antigenic molecule. 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. 16.A method for the
lyophilisation of viroSomes:utilizivigithé @ompesitiens-oFany ®f daitidi1 1o 196dGdig fr*seps of:
(a) freezing saic qompaSiign; e o - S)RATBAY.HpAg Saichitogsn.aamposiiion Aka fishiadised
pressure, an

of the virosome.

3. The composition according to any of the claims 1-2,

wherein said cholesterol derivative is represented by the

following formula:

(IT)

wherein R;, R, and Rs are independently from each other
selacted from the group consisting of hydrogen and C;-Ce-

alkyl, and

wherein X~ is a halogen anion.

4. The composition according to claim 3, wherein R and

R, are methyl and Ry is hydrogen.

5. The composition according to claim 3, wherein R;, Ro

and Rj are methyl.



(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 vircsomes utilizing the compositions of any of claims 14 or 15 including the steps of:
(a) freezing said composition comprising said Hidlogically active substance selected from a
pharmaceutical agent and an antigenic molecule, (b) primary drying said frozen composition at a
first reduced pressure, and (c) secondary drying said frozen composition at a second reduced

pressure; 42 whereinsgidprimary dyingris carried autat axhigberspressuresthantsaid second

reduced pressure. 18. A virosome lyophilisate obtainable by the method of claim 16. .19. A virosome
lyophilisate @btdifailey thenéthbd If ERim 127 0.5 hie I"i’oedefbrih r&%ns%?ut%% of a virosome
lyophilisate of clajm 18.jngtuding-the step, etsalubitizingdheviteseme 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 molecule. 22. A
method for the recepstitution eta viresorse lyophilisate of.tlaie 18 intledingrthestepdf solubilizing the
virosome Iyophiisate in a recenstiuion salvent. 23. Gomposion of any ong of daims 4. 1p 15 for use

lipid content of the membrane.

8. The composition according to claim 6 ox 7, wherein
the residual lipid content of the virosomal membrane

consists of phosphelipids.

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

phosphatidylethanclamine.

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

present in a ratioc 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
lyoprotectant is selected from the group consisting of
sucrose, trehalose, dextrose, lactose, mannose, xylose

and mannitol.



43 24.Use of a cationic cholesteryl derivative for enhancing the reconstitutabilitY of a virosome after
lyophilisation, said virosome 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 cholesterol and is represented by the
following formula: (1) 44 wherein R is selected from the group consisting of R"; R'- (C-0)-;
R'-NI—_|-(C:O)-.; R'-0-(0=0)-R--(C=0)-; R-NH-(C-0)-R"-(0=0)-,  wherein R' is 01-05-alkyl being
_sub§t|tut§% by at Iegﬁteo%mém@gg}g g@ug@t%fqm@@lglﬁzwt—@nd the respective counter
ionis X-;  wherein R1, R2"'and R3 are independently from each other selected from the group
consisting of:kiibrbgen ahd 01cCBP alk§E R \ierdf XY s del6&te@FronY tHE-groVip ¢Dhisisting of
halogen, hydrogen sulphate, sulfonate, dihnydrogen phosphate, acetate, trihaloacetate and hydrogen

carbonate; and wherein R" is 01-06-alkylene.
14, The composition of any of claims 1 to 10 or 11 to 13,

additionally comprising a biologically active substance
selected from a pharmaceutical agent cor an antigenic

molecule.

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 vircsome.

16. 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,

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

(¢) secondary drying said frozen composition at a

second reduced pressure,



25.The use according to claim 24, wherein said cholesterol derivative is represented by the following
formula: wherein RI, R2 and R3 are independently from each other selected from the group
consisting of hydrogen and 01-06-alkyl, and wherein X- is a halogen anion. 45 26. The use according
to claim 25, wherein R1 and R2 are methyl andiR3 is hydrogen. 27. The use according to claim 25,
wherein R1, R2 and R3 are methyl. 28. The use of any of claims 24 to 27, wherein the content of the
cationic lipid in the virosomal membrane is between 1.9 and 37 mol% of the total lipid content of the
membrane. 29. The Jise.of dlaim 24 whereln theycanientof dhe gationis lipice the yirgsamal
membrane is between 1.9 and 16 mol% of the total lipid content of the membrane. 30. The use
accordingte siaim28 beR9 sikéreft e sidi@lfisia cohteht 6F the virosomal membrane consists of
phospholipids. 31. The use according to claim 30, wherein the phospholipids are phosphatidylcholine
and phosphatidylethanolamine. 32. The use according to claim 31, wherein phosphatid%lcholine and

phosphatiflylethandlaffilie afsnsresEAPIRId fatid'6t PP 6 breptsferably ae method o

claim 16.

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

20. A method for the reconstitution of a virosome

lyophilisate of claim 18 including the step of solubilizing

the virosome lyophilisate in a reconstitution solvent.

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

antigenic molecule.

22. A method for the reconstitution of a virosome
lyophilisate of claim 19 including the step of solubklilizing

the virosome lyophilisate in a reconstitution solvent.

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

medicine.



33. The use of any of claims 24 to 32, additionally comprising an adjuvant or adjuvant system.

43

24. Use of a caticnic cholesteryl derivative for

enhancing the reconstitutability of a virosome after

lyophilisation, sald virosome 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 cholesterol and is

represented by the following formula:

al 3 G/// s

CH,

CHs

ROY 52

H



44

wherein R is selected from the group consisting of R7; 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) ~,

is Ci-Ce~alkyl being substituted by at least

wherein R’
one N-containing group of the formula R;R,R3 N~ and the

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

selected from the group consisting of hydrogen and C;-Cg-

alkyl;
wherein X~ i1s selected from the group consisting of

hydrogen sulphate, sulfonate, dihydrcgen

halogen,
trihalocacetate and hydrogen carbonate;

rhosphate, acetate,

and
wherein R is Ci;—-Cg-alkylene.

The use according to claim Z4, wherein said

25.
checlesterol derivative is represented by the
fellowing formula:

chﬂ //,J
g CH

Hs

CHs

E

(11)

R, and Rs are independently from each other

wherein Ry,
selected from the group consisting of hydrogen and C;-Cg-

alkyl, and
wherein X~ is a halogen anion.



26.

27.

28.

28.

30.

31.

3Z.

33.

45

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

methyl and Rj is hydrogen.

The use according to claim 25, wherein R;, R, and R
3

are methyl.

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

lipid content of the membrane.

The use of claim 28, wherein the content of the
cationic lipid in the virosomal membrane is between

1.9 and 16 mol% of the total lipid content of the

membrane.

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

consists of phospholipids.

The use according to claim 30, wherein the
pheospholipids are phosphatidylcholine and
phosphatidylethanclamine.

The use according to claim 31, wherein
phosphatidylcholine 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.



