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Virosomes are not able to replicate but are pure fusion-active vesicles.
These virosomes are functional in that their membrane fusion activity
closely mimics the well defin dlow %ependeintmembrane fusion
activity of the intact virus; SRR e -i”o the viral fusion
protein. Like viruses, virosomes are rapidly internalized by
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isting essentially of phospholipids, preferably
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contain the functional viral envelope glycoproteins hemagglutinin (HA) and
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produced synthetically, and a fraction of the lipids originates from the virus providing the
envelope protein. Essentially, virosomes represent reconstituted, empty virus envelopes
devoid of the nucleccapsid including the genetic material of the source virus(es). Virosomes
are not able to replicate but are pure fusion-aciive vesicles. These virosomes are functional

in that their membrane fusion activity closely mimics the well defined low-pH-dependent
mambrane fusion activity of the infact virus, which is soiely mediated by the viral fusion
protein. Like viruses, virosomes are rapidly internalized by receptor-mediated endocylosis or

fusion with the cell mambrane,

Mostly, the virosomes utilized are virosomes termed immunopotentiating reconstituted
influenza virosomes (IRIVs). iRiVs are spherical, unilameliar vesicles with a mean diameter
of 150 nm and comprise a double lipid membrane, consisting essentially of phospholipids,
preferably phosphatidylcholines (PC) and phosphatidylethanolamines (PE). IRIVs contain
the functional viral envelope glycoproteins hemagglutinin (HA) and neuraminidase (NA)
intercalated in the phospholipid bilayer membrane. The biclogically active HA does not only



confer structural stability and homogeneity to virosomal formulations but

also significantly contributes to the immunological properties by

maintaining the fusion activity of a virus. Optionally, the IRIVs comprise
wemegglutiain molecules of more than one virus strains, thugdermngsce47se

chimeric IRIVs. IRIVs have been developed by incorporating the

hemagaglutinin (HA) from an influenza A strain into liposomes composed of

phosphatidylcholin. The influenza virus surface glycoprotein HA guides
cells and leads to fusion
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(e.g. Avian Hong Kong Flu in 1997). Moreover, the use 0
manufacture of WO 2009/000433PCT/EP2008/004780

For more than 50 years, influenza vaccines have been produced in embryonated chicken
eggs. However, the conventicnal standard methodology is extremely lengthy and
cumbersome. Current egg-derived vaccine production requires up to nine months from the
isolation of a newly identified virus strain to the final product. This may hinder the response
to unanticipated demands such as the discovery of pandemic strains, production failures
and seasonal influenza virus strain changes. Moreover, the traditional egg-based
methodology requires a huge amount of eggs, an adaptation of the virus isolate to the egg
and an extensive purification to reduce the amount of contaminating egg proteins and to
minimize the risk of allergies against egg albumins.

In contrast, a cell line-based process is faster and more flexible with respect to virus
propagation and allows the production of strains that cannot be adequately grown in eggs
{e.g. Avian Hong Kong Fiu in 1897). Moreover, the use of cell lines for manufacture of



viruses has several advantages in connection with the safety of the

resulting vaccine: no antibiotic additives are present in the vaccine

formulation; no toxic preservatives (such as thiomersal) are needed;
veh9in¥inavels are reduced, no egg allergy may be causeg grpmtidakese

place in protein and serum free media (no adventitious agent/BSE); the

virus vaccine preparations are of high purity. Recently, there have been

considerable efforts to develop cell culture systems for vaccine

roduction, Most of the known cell culture systems are based on
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influenza virus produced in an‘avian c
derived from WO 2009/000433PCT/EP2008/004780 viruses grown in a

cell culture originating from an avian tissue, rather than being derived from

viruses grown on eggs. Preg% iap.cell lines. include, without
limitation, primary cell lines SUC " -"" SmibTyo Fibroblasts (CEF);

permanent/immortalized cell I|nes e.g. DF-1 (US 5672485), PBS (US
The 588880 %) vantbh Rils this need by the provision of novel virosomes that comprise
hemagglutinin (HA) derived from influenza viruseé produced in avian cell lines. These new
virosomes are characterized by both an improved fusion aclivity and an improved
immunogenicity in comparison to virosomes comprising hemagglutinin derived from

influenza viruses produced by the standard procedure using chicken 8ggs.

Thus, in a first aspect, the invention relates to a virosome comprising hermaggiutinin,
wherein the hemagglutin was derived from influenza virus produced in an avian cell fine,

An “avian cell line” within the meaning of the present invention is a cell culture selected for
uniformity from a cell population derived from a usually homogeneous avian tissue source
(as an organ). The term excludes avian eggs, such as chicken eggs. Hence, “HA derived
from influenza virus produced in an avian cell line” means that the HA is derived from



Moreover, the invention relates to a virosome comprising hemagglutinin,

wherein the fusion activity of said virosome is at least 50% higher

compared to the fusion activity of a virosome comprising HA derived from

wafliaeszagEuses that were produced on chicken eggs and that hgsoiR@o4786

same primary structure or peptide sequence. In a preferred embodiment,

the virosome according to the invention further has an immunogenicity

which is significantly higher compared to the immunogenicity of a

. virosome comprising HA that was derived from influenza viruses produced

VIrUSGn ERIGREN @é%é‘s?‘ﬁ%‘&% PIIIPNS TRIS G 8RB G (B OB gRaRved
from eifusseyaekvity wineh Fsaitieabt@avoceigiversconipde pditoctiidifusabinn, primary cell

ines g (1 AR SRR R U s .0
@Fﬂtﬂ@q‘t‘fﬁ%ﬁﬁ)tﬁ@%é@ééﬁ@mﬁh@w Yikbsbmes depends on the process

for production of the influenza virus from which virosomes are

reconstituted.,ln a preferred embodiment, the HA comprised.in the . ,
MoreQHele iR NEEURITE RIS ther MURRRIDN RALPAEINL Lk 2 Brelodpe fusion
activifyrotissid v esoowlitind leaeiEidbpioier P warsddeiliftganiaativiyel a virosome
compfiEHRER RIRINERGIARAMARLE NG RPAIER SrRBlisatomx¥Elsags and that
(W02006/108846) relates to use of avian embr onlfﬁftem ce@!‘[@, prefer lg%y
80\%@ e

has BRSHB% RAMANCSTHFIE BrARREAEPERVRAT e IS &G TRRB
virosoV@2006(1i0Bdadoas ardithaiudisel e aolirsoygesiahieiiyseiofiHa significantly

highef %%%S’e%‘%&%ﬁ& 'H%%@é‘fﬁ&t% SRR OSHs KQ?HA ORQINR S HPE from
a chimeric virosome, whetein the HA Is derived from at’least two different
influenzWRResiRRINEahan MYFE08Y8%e TrEemmRly ing e Toh Rz dingdo the
invenBsefarred rubadicnen) ehibe inyerien 30w Nigeoreanpdesatiedindtiusion activity of
.__antigen. In a further preferred embodi the vir, i :
2 iR TR R i SO g i e LB imaton
cells. compositions comprising a virosome according to the invention. In a
preferred embodiment, the composition is a vaccine. In another preferred

embodiment, the compaosition is immunoegenic and further compri
SurpRR A eI RL B AT BHR TSl B SRS VN B [t e
depemitige the prolessd dospeathagisedi thidrijvesemeria Gmmaicayyesomas are
recorERPIEBIERIREHIGPRUM WOPRIRABRRLNIIR RSB IARGRIng to -
~an antigen delivery vehicle in a pharmaceutical com 05#! n to gener t? the HA
the IniArHRMAS AESNEAJE R 73 AHSER BPOHARL S HERIA P d TRSa e ®
was ReReinghiorieinventisresmydisedin asenfan pedingng a
pharmaceutical composition for vaccination or immunization. Moreover,

the present invention re ' timulatary virosomes deypid of
A oot 4B AN AL A O RGNS 1o LA or g v s
cells, pirsfeabiy doe(iBincptoites fovthatiprodscianopipeaiiiediorandstirdeestingowever,
WO GRS ERTERAINSRBAHRACRYUNICS SomBReSIHENS dLRREsBIGIRELTRI cell line-
Immune responses against antigens of various origins. Finally, the
deriveaAvenies ieMiBEX®eRe use of the virosome according to the invention for
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treatment or prevention of a disease or disorder (such as an infectious
diseases and/or cancer) in a subject in need thereof with the virosome or
the composition according to the invention, comprising administering said
virosome or said composition to said subject. In a further aspect, the
present invention relates to a method for the preparation of a virosome
according to the invention, comprisiag the steps of treating a whole
influenza virus with a detergent or short chain phospholipid, separating the
HA containing fraction and removing the detergent, resulting in the
reconstitution of the virosome. Alternatively, the




WO 2009/000433PCT/EP2008/004780 separation step may comprise the
addition of phospholipids. The present invention also relates to a virosome
obtainable by said method. Brief description of the drawings Figure 1

shows a western blotting analysis of virosomal preparations using
hemagaglutinin from Influenza A/New Caledonia infected chicken cell line
Ifleameshearss B cducie celdinto(lareaieanth S3onposis derivethfrising a virosome

RIGRALateRNRMBRNRNAeY Seesdanss Hhandh). BlotAWR #8MeLOR S ccine.

|anu nza eC|f|c polyclonal rabbit serum, blot B was

%Z&%ﬁpeéd%ﬁé‘% o BE%HE“&nﬁB%dWEBéRaW&M‘* 'BHBLRRIEPIfo e brfurther
ctiverhiepragdiptinimsubodiel ibad! Bigumnoshows thecflsidireetisity ofhe at least

JRlusRge i aRamSs. RnRr Ao Granfisdsresentation of the fusion

activity results illustrated in table 2, Experiment 2, Example 4.5. Lower
panel: Ratios of fusion activity of cell- vs. egg-derived influenza
hviedisoimerss Bardt répresesn taveragéemtingbaetaeontbamiplesabdifesetitig to the

AR SieBR ’ﬁﬁfg‘éﬁfB%ﬂge%é%%?W@%%%r@&é@@%&%@%@s@%#t% Eeferate

total volume of O 9ures 3and 4s the results_of
aRm‘H“JHB@%nf@‘W@?&&e%% fc@A8 Uit Be LedRTIREigAFIAS therld R Virosomes
aimprdved timienogemitity oheirostmeisecamprising B gemged:fronarmaceutical

cBfluesza Vi Ripducadin an (aviamigslbline Wé%gﬁdt%%resem invention

heterolo ous anti ené UK39). Figure 3A shows that the origin of the virus
RGNS WBH%&%" ?Oé}jd rB%%‘&‘?B PRYPitLIHRAIPEIREDEnRccordingly. the
inngeiitiondiats s dsifwificen binfue ntesomth eeatidody titéhe agesnsbn as a non-

sBoSRetvad A RIELARS IBHBHNIFAIQRFABHE 3RANAWS hal thBFEdSHbns to
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Also described herein is a method for the vaccination or immunization of a subject
with the virosome or the composition according to the invention, comprising
administering said virosome or said composition to a subject to elicit an immune
response. Also described herein is a method for the treatment or prevention of a
disease or disorder (such as an infectious diseases and/or cancer) in a 'subject in
need thereof with the virosome or the composition according to the "invention,

comprising administering said virosome or said composition to said subject.

In a further aspect, the present invention relates to a method for the preparation of a
virosome according to the invention, comprising the steps of treating a whole
influenza virus with a detergent or short chain phospholipid, separating the HA
containing fraction and removing the detergent, resulling in the reconstitution of the

virosome. Alternatively, the



WO 2009/000433PCT/EP2008/004780 produced on eggs and virosomes
comprising HA derived from virus produced in cell lines with respect to the
immunogenicity of heterologous antigen UK39 are significant: p.0.002 for
viEbigleneeeds culture vs. egg and p=0.009 for duck cell culturewsregasisings

Wilcoxon testing. Figure 5 shows the improved induction of C08+ T cells
specific for a heterologous (non HA) antigen by virosomes comprising HA
prepared from viruses derived from (avian) cell lines and loaded with
heterologous antigen, compared to virosomes comprising HA prepared
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relatBetaiedroasadpiinnicitheipwaniigredinitions As used herein the term
"virosome" refers to a vesicle produced by an in vitro procedure that is
composed of lipids and at least one viral envelope protein. The lipids are
either purified from a biological origin (e.g. eggs, plants, animals, cell

cultures, bacteria, viruseg)8HRERAHGSS SHAILSEL (chemical synthesis).
A virosome may be a reconstituted viral envelope which can be derived

from a variety of viruses and which lacks the infectious nucleocapsids and
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virosomes with target cell membranes. The virosome of the invention may
comgrise rRore than one type of envelope protein. Said additional proteins
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Figures 3 and 4 show the results of immunogenicity studies in mice. As can be seen in
Figure 4, there is improved immunogenicity of virosomes comprising HA derived
from influenza virus produced in an (avian) cell line and loaded with heterologous
antigen (UK38). Figure 3A shows that the origin of the virus (cell line / cell culture
or egg) used to prepare the virosome of the invention has no significant influence
on the antibody titers against egg-derived HA after one immunization. Figure 38
shows that there is an improved immunogenicity of HA: higher antibody titers
against EBx-derived HA after the first immunization with virosomes formulated with
HA derived from viruses produced in EBx cells. Figure 4 shows individual titers of
antibodies directed against the heterologues antigen UK38. This is done by
calculating the dilution corresponding to the OD value 20% of the maximum QOD-
vaitue of the control-serum included on each plate. In the example shown, the
differences observed between virosomes comprising HA derived from virus

&



In contrast to viral systems, virosomes are safe, since the infectious
nucleocapsid of the virus has been removed. So far, virosomes are mainly
used as vaccines by incorporating antigen onto the surface or into the
wlomew@bibe virosomes. In contrast to virus-like particles (Vipes)upzo08/00478¢
virosomes do not form spontaneously upon recombinant expression of the
protein in an appropriate expression system but are the result of a
controlled in vitro process, which allows large-scale industrial production
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term antlgen elivery vehicle" refers to a virosome containin g lumen
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octi;! ablllty of a glhoswce&% fuse tWlth a cellular and/or synthetic
membrane; %ﬁlf’e%ngﬂvo Virosotmeseither fuse with the outer cell
membrane or the endosomal membrane, the fusion with liposomes is a
Figure E0QRaZed W&é&%@ﬁb&%ﬁ@gl@ﬁ% fé'%'&ébﬁfétk\(jﬂé%vé%&ﬁ@@é {Hon HA)
vitro %Sﬂrglt JM et al, 003; It was demonstrated that the fusion of Influenza
vu?u“%‘ R RS ARE R RPMPORER B RieraiRfdr ¥R aies SR el the (avian)
fusitiiveithatiheidtinled mﬁhth@mngmﬂr nigs(S mgmanadiicatakd889 Lokenrisin
u%gé}g Hg&'?g%}ﬁ% §§‘s~l@|‘d &ﬁ? refers to a biological
mem that occurs natura In ce ch as the outer membrane of a
cell or the membrane of an endosome contalned in a cell. In contrast, the
term "synthetic membrane" refers to an artificial membrane, such as the
lipid membrane of a liposome. An example of a synthetic membrane is the
liposomal membrane consisting of phosphatidylcholin (PC) and DPPG
(di-palm ityl- phosphatidyl-glycerol) only and lacking proteins which are
typically comprised in cellular membranes. The fusion activity of viruses
and virosomes is generally evaluated by a fluorescence resonance energy
transfer (FRET) assay (Struck DK et al, 1981). This assay describes a
photophysical process that causes quenching of the fluorescence of one
species (the donor) by nonradiative transfer of its excitation energy to
another species (the acceptor). It is essential that the emission spectrum
of donor overlaps the absorption spectrum of the acceptor. The quenching
effect is strictly dependent on the distance between the two molecules:
every event inducing some changes in the molecular proximity promotes
dequenching and consequently release of energy, which can be
monitored. Thus, FRET represents a valuable in vitro test for investigating
many biological phenomena such as fusion between virus particles and
biological cell membranes. Different fusion assays based on FRET have
been developed to demonstrate the in vitro fusion activity of viral
membranes (viruses or virosomes) with liposomes or ghost erythrocytes
(Sm it IM et al, 2003). Some of these assays include labeling of the target
membranes (liposomes), others the labeling of the test sample, namely
virus or virosomes. However, the need to label the test sample is WO
2009/000433PCT/EP2008/004780




not compatible with cGMP compliant quality control of pharmaceutical
products. A more sensitive fusion assay based on FRET that avoids the
labeling of the test sample has been developed by Revlon Biotech
wamagkenbd. et al, 2005;). The fusion activity of the virosomes aeeoncings7se
to the invention may be measured by a FRET assay as described in the
Examples below. To determine whether the fusion activity of a virosome
according to the invention is increased in comparison to another virosome,
the following steps are carried out; (a) megsuring tusion activities of
both a virosome conHale - GRer SRt HH S HRLBER R Berived from viruses
produced in a cell line and a corresponding virosome comprising the same
. _.amounts of HA derived from viruses produced on eggs, (b) identifying the
ngﬁ’i%‘%srb of the fusion activities of (a) (i.e. virosome comprising the cell-derived
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the virdHQREBERE GRENRSILISPAEGSEH RGroIdhey dvenEoeo P ENgddénointie

, in combination with, a further specific, (heterolo i .-and. .
wroso A A B e R 0
proteingcavuierd {Ryriayriperie on e biien stibiedas pRMasOBEIWRN target cell
membER{Egsponding virosomes or composition comprising HA derived from
viruses produced on eggs. The immunogenicity of a virosome is
"significantly improved" or "significantly higher" if the Wilcoxon test carried
The vimisbore thictlentibedsiditensie iciteprisy thereitoanoredene divgielane protein. Sakd
additidﬁﬁ’;ﬁﬂg?é?gt?ggﬁl%ﬂ% fHAderiuathiom MiMe produpaddn6efidiakarily derived
compared to the

p _ corresponding virosomes or composition, comprising HA

from cqERIVEA TSR RO LHE BRI 2 GBS AR RIS HMder than

microdd@Pidnt amcRarbpokcangaiopasestesction 5.1 of the Examples
below. WO 2009/000433PCT/EP20081004780 The terms "cell
line-derived", "derived from a cell line" and "produced in a cell line" are

The enyelepiEsHRIR)CaBK DeTEFRERH IRl oA REPIdns el g Rigspaycal
properPERWBIGRE Poichehiig ierpstictiturachmemed heiginmibebesne Dasadenvelope

. with an !g%?n Weans that ﬁ;e an;ogéoﬁ. e comprises an additional antigen

proteingAEFHIh A ANRRAPRCHAHEILFT858Hs antigen” or "non HA antigen”). The
antigen may be incorporated into the virosome (e.g. contained in its

In con{%&%ﬁ)&li@%@ﬂé%ﬁ’@é&ﬁé@ ibe sudagef theivitRsaeniniearatafiaiahe

he lipid membrane of the virosome, and the like. A virosome loaded with

virus hgRRRST FREPHEL SR als WPSRAS AR MARMATIEIS A8 HRE A LIR TR

antigedesic ghinseriacdrosiomeh edteretood Wieosumerthat cortatrashtnvirgstlin particles

(VLPs fr?f{r%s?ct}r!neeass &&V\ﬁ%ﬁgﬁ%ﬁe gﬂ(&éﬁé&ﬁs"!ﬁﬁé ARSI NERRIBn BBihe protein in
}t’erms empty” and "naked" are useoyln erchangeably with reference to

an appipEin e3P RSy HPMO M A i HRSYb 2 FastsphRd Gitdgg Rigsess. which

allows $2QIAEAR Hagssrispeeilisiantigemndadhris /umen, nor do they bear any in
their lipid bilayer. As such, a "naked" or "empty" virosome contains nothing
but the surrounding solution in its lumen, and no protein except for the
viral envelope protein HA and possible traces of neuraminidase (NA) in its
lipid membrane. As used herein, the terms "therapeutic”, "therapy" and the
like refer to action taken against a dfksease or disorder which has already
been contracted, or which is suspected of already having been contracted,
regardless of whether any corresponding symptoms have already set in.

As such, "therapy" and "therapeutic” refer to the elimination of a disease
nr diecordar nr at leact amelinratinn Nnf the esvmntome tharanf in a cithiect

(B



WO 2009/000433PCT/EP2008/004780 when a subject has already
received a vaccination/immunization, the effect of which, however, is not
long-lasting. As used herein, the term "pharmaceutical” refers to
wahagagiesistics of compositions and/or medicaments which repgaiptagifiosrse
suitable for administration to a living animal, preferably a human. As used
herein, the terms "potentiating"”, "immunopotentiating”, "stimulating",
"immunostimulating”, "immunostimulatory” and the like are used
interchangeably to refer to a compound or enhancing effect on immune

As usgHARIRNWHR IR PR R aBeRIcRbC criaratre o asnigersbdaiiing in its
lumepathpgenssereaaigRanEeSANE Y 105l titheelo s ‘é??éjagﬂfﬁ‘é‘ disease-

g3g}g{:lr?}i}:(aé%&rjmesﬂ:'non-specific.",_"unspecific"_ and th_e like refer to t_he genera
iImmunostimulatory activity of the claimed virosome, meaning that the
immune system is potentiated in its ability to prevent, combat and/or

As uSiHBRIR: ARK AIE Of BBRLEIRABSAS AL 4 fater thandust a.sindle,

I disease or disorder. Conversel ?spe%i%i%%ﬁ%%ﬁg timéa\ljt?g%ﬁs}éémé |vﬁy&'§g%e"?’§m a
cellulgy RICGR YIRS StembianauEhipsiarve prevemers sifirrtfuneith the outer cell
membtanyatdie specfiontis aaaatrhMs RRGUsTI RXAMRISH YRECH alIRRRIABS model

ref RAtGAAr: S n.example of eliciting a specific,
syt e S T B I B sl opp®. v
demongiigiad thatdhedusirasi drfuangaotitne bodlyiorsmimebtvith dmosesies has similar

charadiseRmiOH: %M@Mit@&%@@%ﬁ@ﬁﬁg@?ﬁ%ﬂ%&ﬂ%if§?§ d%n T. et al. 1989).

noninfectious, neoplastic, immune or metabolic disorder or diSease.
Influenza viruses Influenza viruses (Orthomyxoviridae) are enveloped
As usaddmicis.ciaridrRNeeliras sxwithansogheento c giriogial Thaytrendivigesocurs
naturdNOiRIBCBEER: AR dNGIiRgIniianz 3+ ang d N&E Gsistn
of influenza C, based on significant ant?gen%c dﬁéa;{eénréléggn %é?\)ﬁveég%%eeip some

contaneq i Broein'a SaHatir JRMs SrHEalirdaambERERs dsfarsdarreaiticial
memipatygenicity dredigenamitaiganizatiposdivee Arsiowgdnanidarange
e oy G T T
paimity; pesehatidvrobregieheragar iaakinsnpteinsnebicnsrddasisa iy omprised in
cellulsurface@lyeoproteins that project from the surface of the virion. There are
currently 15 HA and nine
The fusion activity of viruses and virosomes is generally evaluated by a fluorescence
resonance energy transfer (FRET) assay (Struck DK et al, 1981). This assay describes a
photophysical process that causes quenching of the fluorescence of one species ({the donor)
by nonradiative transfer of its excitation energy to ancther species (the acceptor). Htis
essential that the emission spectrum of donor overiaps the absorption spectrum of the
acceptor. The quenching effect is strictly dependent on the distance between the two
molecules: every event inducing some changes in the molecular proximity promotes
dequenching and consequently release of energy, which can be monitored. Thus, FRET
represents a valuable in vitro test for investigating many biological phenomena such as
fusion between virus particles and biological cell membranes. Different fusion assays based
on FRET have been developed to demonstrate the in vitro fusion activity of viral membranes
(viruses or virosemes) with liposomes or ghost erythrocytes (Smit JM et al, 2003). Some of
these assays include labeling of the target membranes (liposomes), others the labeling of
the test sample, namely virus or virosemes. However, the need to Jabel the test sample is



WO 2009/000433PCT/EP2008/1104780 NA subtypes. Influenza A viruses
infect a wide variety of animals, including birds, swine, horses, humans
and other mammals Aquatic birds serve as the natural reservoir for all
wknmagwsedstypes of influenza A and probably are the source RsfEPRHIE/604780
material for human pandemic influenza strains. Influenza viruses
accumulate point mutations during replication because their RNA
polymerase complex has no proofreading activity. Mutations that change
amino acids in the antigenic portions of surface glycoproteins may give
not CUBRRIVE Ad0LTEAfR seariRF A @i PR Rl Gt gire avtieR) pradidang more
sensitfaeiuaitn 5&@%@8@&@%ﬁ@§ﬁmihh§%ﬂwmEM@Q&@%H@%@E@ME@%&S been
influenza,virus, inducing.and binding neuiralizing antibodies. The HA
deve%ﬁ*?oﬁcé?cgtﬁ%ﬁ%?a ééigin echdW%%E fr?g:r%gt % t%?:ée% ors (sialic acid residues) on
certain host (respiratory) cells. The HA molecule consists of two distinct

The {09BRNSH SRS TRGIURR EMINAS e ENe AR &R cRusisHeg 8f a FRET
the HA2 and part of HAI of the HA po_gypeptlde_and a %[Bo ular head whic

assay a8 ARyohss a8 P ERes Asitbuite dgsiing W is prdieifisianantivity of a
virosoeeeptootingi hy thadrareverysciestvmdtip revemimgnadrdactian witsthes, the

oo B BRIy RERAIER oA Wirasome
comphEi ARG BiRkR Y datiyet ssnirrissrmaiuseding el iineganee

correslichRy GHIMYRR JRREeENARES a WEA%&WW)%‘WQ produced
HA NA, Ch es.in other influenza.proteins, qccur more slowly. ., .

on el R O e R e A S i mrising the

cell-detieaadihusmsicibederasmredngivigaes sdaprsingibameggrdbtbaest h), and (c)

avera@¥igirRdanimchairains. MUenZasHane sanacharacieczsd aenetinalburements
, tﬁ’ secluence comparison of the individual gene segments.

with ditferent amounts of HA are required for each g/pe of vitosome. in a preferred

embodiment, the fusion activity is determined with virosomes comprising HA in the range of

3-6 ug in a total volume of 0.8 mi. For an example of calculation, see section 4.5 of the

Examples below. The fusion of a given virosome is “50% higher”, if the mean ratio

determined as outlined above vields a value 2 1.5.

As used herein, the term “immunogenicity” refers to the ability of a particular substance
{(antigen} to provoke an immune response. To determine whether the immunogenicity of a
virosome according to the invention is significantly higher (i.e. improved), a subject is
immunized with the virosome or composition according to the invention comprising HA or
HA in combination with a further specific (heterologous) antigen, and the antibody titer
against HA or said antigen in the serum of said subject is recorded. For comparison,
another subject is Immunized with corresponding virosomes or composition comprising HA
derived from viruses produced on eggs. The immunogenicity of a virosome is “significantly
improved” or “significantly higher” if the Wilcoxon test carried out on the antibody titers
elicited by the virosome according to the invention {comprising HA derived from virus
produced in a cell line) compared to the corresponding virosomes or composition comprising
HA derived from virus produced on eggs yields a p value which is lower than 0.05. For an
example of calculation, see section 5.1 of the Examples below.
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Whilst work continues with development of vaccines against annual
epidemic influenza strains, the world is pre-occupied with the threat of an
influenza pandemic. Health and regulatory authorities throughout the
waackapasgsirrently engaged in developing strategies in ordesd@/bgross/064780
prepared for a pandemic influenza. WO
2009/000433PCT/EP2008/004780 Virosomes The virosomes according
to the invention may be used to deliver a substance (e.g. an immunogenic
molecule, a drug and/or a gene) to a target cell. Unlike liposomes,
The tGiFpsonsl dingreptivedddateeé lorefficiehtivatynidfowducelisnriggeidddiyare used
interdiighyEabpnueione-pr tigindalbawesifyuinedntrass biaRtelRass 2Lthea cell line, or
V{osomal contents. Moreover, if certain active viral envelope proteins are
cel cﬁ!l(%%porated into their membranes, the virosomes may release their
contents into the cytoplasm immediately after fusion with a cell
As uSBERDEANGHE LrRCAE YR @Yﬁ%%%é%e %g%d?té? %gf\}f%%sg}ﬁéat%efﬁgﬁses an
_Substance in the acidic environment of the endosome. The virosonies
additiguaipahiapioothen ambivh(iid ssgetaigaeanusmmisanaonvaddhanyaen”). The
antigawhargy @éﬁﬁ@;ﬁ@&@?ﬁ?%iﬁa%%ém l@éﬁ.@f%ﬁﬁlmt@;]%@ %ﬁﬁ;}g‘“ absorbed to/
ciated wi articular disease or disorder. In. such cases, ,
boun g R SR a1 MR oGRS apekpeome,
and feliverinisantgenada evlio srgaumas PstenetbasevartigatedeByry vehicle.

virtue of the particular antigen delivered, the resulting prophylactic and/or
therapeutic is necessarily specific for the disease or disorder with which
AS USpHLENTle TR (U5 SRR HEDGRBS) TRIE"EAR AU HIRSOBRS IBagamains
hemagghusiéinirousht leiht $eveltiediie ishnd o ViemdsTraiel. epitopes
(POltl-Frank et al. (1999)), including universal T-helper cell epitopes
(Kumar et al. (1992)) and others known to those of skill in the art. Thus,
As usGi FesRifeShf doRTRRIRRBERC aBRKRshmuseRl ierkaaaemiol, with reference to

virosopm%ﬁingf_sutlﬁﬁtymfﬁﬂﬁtim@wﬁwﬁéﬁﬁé@kmﬁg%@g@? ﬁﬁ"@!ﬁ&ase»»

. 5 concamitantly minimizin rs Sl « "
svect SR T0 AP WO ORI, R B 0 v
or “empyciERERTI hREIRT TAEHIBrine hesiT aeing sty riniisdenen, and no

protei/ekedpfinediewnalbHenspeQrs@pmiarang fiieniactivibs ol haiaidttidase (NA)

Vir Wr'gggﬂies solely mediated by the viral envelope protein. Like viruses,

o Virus
Inits Ell?f urgﬁ?a virdsomes are rapidly internalized by receptor-mediated

endocytosis or opsonization. In contrast to viral systems, virosomes are

As us&@irsinch R aliusiBURle 0aaRsId PTIhe tﬂéq%g?éf&eﬁré@ﬂ?@één against a

hus, the viro%;)mes accordingBto the invention represent a promisin
a

. Thus,
diseasg OF SFQRREM TSI HHBRIRRTY BREFRIASHRA YrdiRdténpuspected of already

having been contracted, regardiess of whether any corresponding symptoms have already
set in. As such, “therapy” and “therapeutic” refer io the elimination of a disease or disorder
or at least ametioration of the symptoms thereof in a subject such that, if symptoms are
already present, these are mitigated or, if no symptoms are yet present, the onset of such
symptoms is lessened in severity or excluded altogether. As used herein, the term
“prophylactic”, “prophylaxis”, “prevent”, “prevention” and the like refers to action taken to
prevent a subject from contracting a disease, when a subject is not suspected of having
contracted the disease in the past, but there exists an expectation that the subject is or will
be in danger of contracting a particular disease or disorder in the present or future.
Furthermore the terms refer to action taken 1o prevent & subject from contracting a disease,

it



WO 2009/000433PCT/EP20081004780 substances, either encapsulated
in their aqueous interior or co-reconstituted in their membranes.
Co-reconstitution of different receptors within the virosomal membrane,
whrifversners, allows the targeting of virosomes to different calls;@fiiseasso
Virosomes are mainly used as vaccines by adding antigen onto their
surface or by encapsulating antigen in the virosomal lumen or by making
use of their adjuvant effect when administered in combination with
antigen-loaded liposomes. IRIVs are reconstituted from influenza virus
whersa solipekhasdiigady esssivedoe Nredpiriteaiatét o dogtolis st tibich,
howelEa) evtRIRAIES:fhe receptor binding and the membrane fusion activity
of influenza virus with endosomes are known to be mediated by the major
viral envelope glycoprotein HA (Bungener et al. (2002)). Similar to viral
As ussttensithémtiety Soidicyaddntibe’ e of dndestmar triggraibeifosionnd/or
10f M i | ; e.release of
e el S LB AR sl o S B arapreby =
humafie cells. Therefore, exogenous antigens encapsulated in virosomes may
access the MHC class | pathway without the need of de novo protein

is. Proteins displayed on the surface, of the virosomes remain in
A B R VP ar BTNere 12 008 v
immpeEinelatiagabienrassivigadse pahivapr Commhisteialivaysdlableo refer to a

ASQIPBhMAREIRG M ) v 10
::;:&%% ggﬁc ciougagnd gg?eb ﬁé%i@ﬁtﬁ%%%ﬁ%}%ﬁﬂ%%ﬁ%%?%%{&Egﬁ(’%}fg f
as’a de

ey Ly St B RS 5 ADE(BIdREREHHY thereto.

peptide-based vaccines, e.g., for malaria (PoRI-Frank et al. (1999)).

As usBE FRALIERU RAIRO-GaRAdes a&ﬁé’ﬁé@gﬁa Bﬁggﬁg i?ﬁ%cr%i%%%go Jbg general

) administrated s.c. with virosomes were able to induce a stror
ImmupasimiteRnetiity of thelsimsr Brepringishesmine twhike Thaune system is
potenpatmbimiterabifitinospramis voatbknandrdodie RaIs AR s kie dimi dbeases or

: it ration of virosomes are described, for
disordd P B e e
ImMuipYip g RSP atsthda e stion atiep 188 fee thetitotesySiom trigiesdnt,
TR D oo o o HIBE, U B B on gainst a
o virus with octae n col mapododecyl ether, sedimentation
partic R e LS ST 0 TS T vy Bty
2009/000433PCT/EP2008/004780 remain in the supernatant), and

As usé@fﬁ@?@hPifh@ﬁe%?‘r&i@@&g&’t%ﬁ%gé%ﬁ%%mmgé%m&ii%@ﬂﬂe body or

. {Bio-Beads SM2). Protocols for the preparation of influenza vircsomes ar
mind "gR}e%?ﬁ%%@%%ﬁ%ﬁ%'%wmw?ﬁ&ﬁeﬁ fiapeilied v irgectious, non-

infectious, necplastic, immune or metabolic disorder or disease.

influenza viruses

Influenza viruses (Orthomyxoviridae) are enveloped negative-strand RNA viruses with a
segmented genome. They are divided into two genera: one including influenza A and B and
the other consisting of influenza C, based on significant antigenic differences between their
nucleoprotein and matrix proteins. The three virus types also differ in pathogenicity and
genomic organization. Type A is found in a wide range of warm blooded animals, types B
and C are predominantly human pathogens. Influenza A viruses are further subdivided by
antigenic characterization of the hemagglutinin (HA) and neuraminidase (NA) surface
glycoproteins that project from the surface of the virion. There are currently 15 HA and nine
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The preparation of virosomes containing HAs from different strains of

influenza viruses may be performed with equal amounts of proteins of

those viruses solubilized with the non-ionic detergent octaethyleneglycol
woonedadenyl ether. After removal of the detergent with Si-Beagg®Midnos7se

virosomes containing different types of envelope proteins may be formed.

The protocol to prepare virosomes from either egg-derived material or cell

line-derived material is identical. Influenza virus subtypes from which the

' es according to the present invention may be derived are
A S LR 5 165! o 100 it achshum b, swine,

nza
horspleranE aNS pthfuereerBN BdnfuebradHaND infleeniaiiBNSservorr for al
enza H7N2

knovaf | n influenza H7N1, infl -
e R ol 2 SRy o Rt Rt human
mn#ﬁ%ﬁ%‘%@ﬁf@ﬁ%nher, the at least one viral envelope protein may be
derived from influenza A/Bangkok/1/79, influenza A/Beijing/32/92,
influenza A/California/7/2004 (H3N2), influenza

i . iBrazi1{11/78
o e aa KRR 7R B FARAUE e apamines i
poiymﬁrgéﬁﬁﬁmﬂfaﬁiaﬁmqmcﬂe(mmmmmemaaﬁﬁagimwwgg aRthLBZRs in the
antigbiiaRetisen f {08 n i |§$Eé§f§t@ﬂ§ Wﬁégﬁggc%ﬁ 4036&2\1;2'&% 268s for a viral strain

Leningrad/360/86, influenza A/Mississippi/1/
oy A R P R SN AN A N & dnatoesHE6r99 e xpaior antigenic

A @ﬁﬁ?@i"ﬁm”g%@w%@ e A

molediLIBRTA A/ RASLE influenza 1A/Scotland/8 , influenza

A/S%%ingdongl9/93, in |§£%zaé&%§ﬁ8%°éﬁ%i’@s‘ﬁ ?ﬁfﬁr pes) an certain host

(respifgaH $5H72/87, influenza A/Singapore/6/86, influenza A/Sydney/5/97,
influenza AiTexas/1/77, influenza A/JUSSR/90/77, influenza

The HAX VioiRHRB R 0fluenza AlWisconsin/67/2005 (H3N2), influenza

“e A/Wuqr%g%%?é%g;{%ﬁuenﬁ%ﬁ}&@ m?%/z”oﬁfﬁfﬁf&%?%mﬁﬁﬁ%%m&@@ the

vinon gUrgpssIReBtingriuiB a4/ sitid/eama03A IntttwzEA polypeptide and a globutar

head BHA Y siidoRBLORMInTiienza B/Shanghai/361/2002, influenza
A/Beijing/262/95, influenza BNictoria/98926/70, influenza

, B/_Singapore/222/79, influenza B/JUSSR/100/83, influenza
Antibogliew AgRipshine//88, tndkeimpe B4Porasmid BRIy fenza BéAPBSective at
prevelPRISIARdnienzA /186, J A/Bayern/7/95, influenza .
eim; B%ﬁn‘ dﬁ) 0/17/97) %@%ﬁé‘gﬁg}%ﬂ%ggﬁ%@%usiy acquired immunity by
130 %?6‘(?0 &%‘1’ Yisrtens obtir curesthprisuiginbie tpik prevent
antqbomme;}cenﬁ:&MQ gﬁﬁemiwllﬁ'caﬁﬁﬁQﬁgblﬁi@jgﬁeiﬁ)@ﬁ@&%gﬁg\)m fsubtype. These
hanaBbe Qsp ethanolamines (PE). In
° an?contras%%?nﬁ%éﬁ%%% g?n’?h%t’%‘%%rﬁ I%ﬁéﬁ’%ﬁ%@?&ﬁ@er influenza
ProteIng AEGHF SR SPA i b krmieamantiasriq i) imesoalaie dindteaiihosphalipidapted
influenadayterinsemeranaiidiearbinlngicalin aeive HAysigpiicaRtl cony i?&é??‘ntgvian-

adapte@ﬁti%mé‘;‘”mc’gi?‘?" properti(_as by maint_aining the fusion actmt_y of a virus.
IRIVs act as efficient and highly effective means of non-specifically
enhancing the immune response. They are also known to have an
influenexealiant safebs Rl i (?%) ing that they are, well.
gene Sg#itaet';tlg for use in mljeélgi{c&alt%ﬁs&ién%ﬁ% r%%yggcé?n%ﬁﬁr %%%%S&timw’d”ai
P humans. The virosome of the present invention may also be a chimeric
_virosome, meaning that it contains viral envelope HA proteins from at least
Whilst woekdifraiisHemiiib sz siopsstraiisdmiesempledrominilugngasEafenza
strains Xh3lnanid A/S ] i | tioned abqgve. Additiopally
sin oA IR e b B TR B R
Ut AHTIALTAR RISV B R dsEr Ak PuasS P\ddEE wita wtiategies in
order toSendaipdred BagieimiarnicipnoiRip:or F protein from Respiratory syncytial
virus (RSV) or Hepatitis C virus (HCV) E protein among many others, to
construct chimeric virosomes capable of undergoing sequential and
separate fusion events. As shown previously (Tsurudome et al. 1992), HA
fusion proteins from different straingsof viruses can display markedly
different temperature characteristics of fusion and inactivation. For
example, about pH 5.0, X-31 HA triggers fusion efficiently at low

temperature, whereas at the same pH, HA from PR8/34 or A/Singapore
virtie reaiiirac alevvated temneratiire (S25C) Hence chimeaerie virneomec




Fusion proteins with different fusion characteristics can be derived from
different influenza strains, such as MAC-11, X-97, NIB24, NIB26, X-47,
A/Johannesburg/33 and A/Singapore, to name a few. The virosome of the
wresentdmention preferably comprises lipids selected from thegpiias mea7s0
consisting of cationic lipids, synthetic lipids, glycolipids, phospholipids,
cholesterol, or derivatives thereof. Phospholipids preferably comprise
phosphatidylcholine, sphingomyelin, phosphatidylethanolamine,
phosphatidylserine, phosphatidylglycerol, phosphatidic acid, cardiolipin,
and phosphatidylinositol with varying fatty acyl compositions. Cationic
Virosdipigls are preferably selected from the group consisting of DOTMA

3-di N,N,N- t th hlorid
oo VRS RS B R A ARG T ek e
irnrnu DI EACT{ Mo ke e mmﬁmeﬂgﬂaﬁ)mtamrﬂeﬁud@ JeDinBsomes, virosomes
offer @%ﬁYé%wtgﬁiéWQﬂim(iﬂé%@!ﬁ% 8¢ esielenvet OF@ protein,

N(trimethylammonioethyl)carbamate chlor hol (cholestery

foﬂo\f«ﬁéd%mmﬁﬁﬁwéﬁﬁ%@%fﬁém&%m@W%W&@aﬁr@ i certain active

viral eshelepteppbdaiivatiyesonpskstediytantior oeotbeinalipiiaticiaminess RRPlcase

their gl al@'tﬁé%l{'@ 2 ggﬁ‘lﬁ PI 3@&‘9?@&’&1 with a cell mambrane, e.g. hereby

cher lccinate). DOSPA
preve@@mdm SOPGHRIOR Qi BenineseBrER AV BYRyT RNty TCnpRp At the
endosdmiBIuUMm trifluoroacetate) DOSPER
(1,3-dioleoyloxy-2-(6-carboxYspermyl)propylamide), THDOB
(N,N,N',N'-tetramethyl-N,N'-bis (2-hydroxyethy9-2, 3,-dioleoyloxy-1,4-
The visusanedi acnmetiigrivituideyeDOR ArtDicejaibndGigté o Phdigihatopccination,
wherqug 59%'8&% erecRhith2laiem DRSS fdiieay Rt rﬁ@%@&e@@-ﬂ?a

(dioleoyl-e-(41-trimethylammonio)-butanoyl-sn-glycer0Ol), DOPC

particysi ARG LERRURIBHESTHISLRHRR) iR drHeetkE tﬁ%’ﬁ@ﬁﬁ’aﬂ%@?ﬂé‘ﬁ‘@@ in o
boundhe tatidriedipl] iehtttoten foaiveatibiiaotiptesie thbderstdtvessugisiasn to be

))
Ve PR AT b e amccr
thera%mqﬁf@f@"ssgﬁ%mﬁﬁmﬁf@nm ;%‘s%ﬁ%@"ﬁ'ﬁ%ﬂ?w&wwwhe antigen is
assoc(@esphatidylcholine). The virosomes of the present invention may
preferably comprise egg-derived PC and, more preferably, 1-
oley1-3-palmitoyl-rac-glycero-2-phosphatidylethanolam ine. The
The viresaibesreanirbeikssioadecr siteulireisty préfeparsral shiisrieaishesilaad T-cell

epitop%@(@@ﬁii?&ﬁl@é’fm[)ﬁ@bw ﬁf&@@gh%@}aarg&é@@éﬁtﬂ{gi@&ﬁt@&gq@ﬁfm etal.
e rane. In an ec rred e odimen econe to .

(1902} SR pA1alE Feorhdo (TR AR e ol er G € PR L fastive
ad;uvaotalirﬁmmwmmmuennenﬁsmgrmeelgmwﬂmm@stentmm@iWn/
vemci@QQﬁéOQ%éﬁé’ frn e AR YL 36s MBI GNS FARFIRISRFFIALARME risk of side

phospholipids, most preferably phosphatidylcholine and
effaasphosphyﬂdylethamolamlne in a ratio of 4:1. A co-emulsifying agent may
also be used in order to improve the rigidity and/or the sealing of the

Emmumﬁg e e %t! ﬁ%%ga!?es?ﬁ%ft I{aﬁﬁ%%roggu%gﬂggﬁgg g?es%%% lSﬁ&?rﬁ that their

as C Ivati es with a sterd
memmﬁeﬁ*@ aobvitaslasalvamiaics dis wel«tatinedinmprbaenanserd membrane
fusion Sliesigrek, tﬁ@m@%wf ﬁbsa?ﬂxfm%lmmg@@iawpmwl gingetprihigin. Like
nve tion may 10r example pe .o rocess ana
viruseg B ETE S OSOCLEE A0Y ARG e T BeE YRR TR Fedfade's or
opson|mﬁaanmleerﬂrasﬁﬂanm%W@@Wi%@&m@@%@@@%n@wpmed
ﬂucfeok&&g%%%?ﬁ'eg FRA hat e PRRRER consentatandn e Hnabmr %r\:ﬁe invention

membrane is properly adjusted as disclosed in WO 97/41834 an

represpat fcplam B8 AGias SR Y B %@W@ﬁ%lﬁﬁ%ﬁﬁ%ﬁﬂgﬁwthe
virosome. Basically, a method of preparation of the present virosomes
may comprise the following steps:
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a) preparing a buffer solution that comprises a non-ionic detergent and

that further comprises DOSPER and other lipids and at least one viral

envelope protein;  b) adjusting the lipid concentrations to - based on

wlotakmembgane lipids - 5 to 30% by weight of DOSPER andioauipaiase

of 95 to 70% by weight of said other lipids comprising phosphatldylchollne

(PC) or a derivative thereof and optionally phosphatidylethanolamine (PE)

and/or cationic Iipids other than DOSPER; and (c) removing the

deter nt b dlal s or b reatin [ r
L R e U e
membranear@nﬁmiinm%diﬁaﬂwi\iweaiﬁ@sveﬁvﬁMg%smeahmﬁﬁ@f@may
fmmasress%wst%%?@@fﬁw afsnedicameninlontiaating andles nreyenag are

at least one disease or disorder. Theé %lleast one d| ease or dl%lrder
mainly ag B8 MPRSSIPLEOH ROATHRAABHS LRbOPRSR oL RGREBI0 antigen in
the vgrmmmmmam@mmnmmmm|m mmﬁmetem in

comban%%%"%&pﬁ p% Q@e&f@ me of the invention to healthy subjects
A tem rily incre exposure to one or more infectious

diseases or disorders, or of (still) healthy subjects immediately following
=l PO ﬁmm&&:meam&%@%a@m&e@edieqr@leredemwm

009/000433PCT/EP2008/004780 of sympto
mediatgy i ﬁ??ﬁfé%'sr?%?%? RS EA TR 7 o S S G g Brane
fusion @imnacvhm&lueraqaeuw ovifprepHgkustiessadidousse doHes airtalinied brrbe major

viral én%@? b@gﬂéﬁrﬂ?@% Ala0Be-RRPHE L1Q tqﬁd@nﬁﬂﬁ 19f RN&raf ree Aleasdvicly

existi iseases or disorders optlon ly as a syeplemen}aﬂ n of specmi:
acidic RELR e ST SeIPEREREES Blogis: i usion of Uirosomal with endSoma

membranes and thus the release of encapsulated material such as DNA, BNA, or proteins
into the cytosol of the cells. Therefore, exogencus antigens encapsulated in virosomes may
access the MHC class | pathway without the need of de novo protein synthesis. Proteins
displayed on the surface of the virosomes remain in the endosomal compartment upon
fusion and therefore are thought to become available for the MHC class Hl pathway.

Commercially available virosomal vaccines (INFLEXAL® V, EPAXAL®) have been shown to
be very efficacious and safe (Gltck et al.(2000)). The potential of virosomes as a delivery
system has been demonstrated for nucleic acids and peptide-based vaccines, e.g., for
malaria (Polti-Frank et al, (1999)). Recent reports also concluded that synthetic peptide
vaccines administraied s.c. with virosomes were able to induce a strong CTL immunity
(Amacker et al. (2008)}.

Preparation of virosomes
The preparation of virosomes is well-known 1o the person skilled in the arl. Suitable

protocols for the preparation of virosomes are described, for example, in EP 538437 and in
Mischier and Metcalfe (2002).

The virosomes according to the invention may be reconstituted from original viral membprane

lipids and spike glycoproteins after solubilization of influenza virus with octaethyleneglycol
monododecy! ether, sedimentation of the nucleocapsid (the viral glycoproteins and lipids will
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In one embodiment, the at least one infectious disease or disorder may be

a viral disease or disorder, a bacterial disease or disorder, a fungal

disease or disorder, a parasitic disease, or disorder or a prionic disease or
wdispndenodsecording to a further embodiment the animal is a paammabstherso

mammal is preferably a human, a chimpanzee, a cynomologous monkey,

a gibbon, a simian monkey, a macaque monkey, a mouse, a rat, a cat, a

dog, a horse, a rabbit, a camel, a llama, a ruminant, a horse or a pig. A

remain iEﬁ{@.@@@eEﬁﬁﬂHﬂﬁﬂW%ﬁﬁx@a@f%ﬁﬁ@ Béibr@?ﬁ% mefhg@@&%@tawma
uffalo,.a deer.or a s n_a further embodiment, the medjcament Is

nyropnGlE R RS T ARG RN FIABOEARAI) TP VAVERe asgmes are
given in (@0. 3%/ iBpERian) sulbentaiteduspmnt apeffodéami 48arenterally,

topically, endotracheally, intraauricularly, intraadicularly, intraocularly,

locally, by gargling, by a patch (for example a skin patch), by spray (for
The prepaaipico b WASEMHHRAARERINELTHYS @G@iﬁéﬁ%ﬁ?ﬁ‘ SRR (BT IR viruses may
be perfcPARIUAH: S0 EMEIRGCEE)BBIRAABEEW (184 estabstpRaaHO Bi®hon-ionic

vaginal suppository), or by dro .g. eye drops). Administration may.be..
deterger O AR e L e AR e g B
Beads Siite witsmalesassdantencippes iigreyf trvetlnperpisiivg elimigidhe formed. The
protocol RERRAIEME RRLcAHONS L Bt egemesAecolIaiabeMMEIN aimaterial is
__concelvable. The combination of the virosomes of the invention with other
identicalosmpounds e.g. adjuvants or immunostimulants may synergistically

enhance the overall effect. The amount and type of virosome, the site of

;nf:uenzém%%yﬁg%%m&%ﬁmg nfectiany m&y&&m&%@%ﬁ may

_etc.) defi verall effect. The effect Is transiént, on the order of hours
be derives giesipduehgaddiitbibrangeiddiadribeeadiEpbitd  redgad 13N2, influenza
H3NS, irMagniiHeNIosailianng HBRI Okite:6h At FEN i RiloRreloSSN 8 SitiRIEAZE PIBNG,

. C sitign of t icament inis .

ez N2 700 L L S TP TN g
influenzadtBd3randiar ntisenraddiiiistdreaniarpigraideasiiengyisriipiaisie protein
may be S5PRBEAHORSNAUSL RISRRIRSIRNS ITAY iFkLAcl ACRRYRITAMasaubiedY

e e e A B e Bt e s i
A/ChristaliusiAts srioflopidnes agidroptiaiTaljréteazh A pianié HYSAES (HRN2),
influenzP G LISRRMRaHY %}GEP%WBWH%‘? iesLdaPendsPRRasliseapsa/os,

) or disorder to be treated or prevented. Generally, doses ranging from
'“ﬂue“'zaaééltﬁ"?t"r%?ﬁ&éa"%ﬂRfW?ﬁgﬁﬁ&'ﬁﬁ‘E’%@HE(‘/@&H‘B%%&%&(\'%‘?%%W 10/99
(H3N2), infibgrarastrdfewi(gitaladiZ /o) lit Ot eisiiusrala rbétack L poETet eBESVIR-

17), it GPECATRRIIECIE B TAITA00 G elanin Aboys R Rglk. The

absolute a epend upon a variety of factors, including the

A/Scotlapgdffipedifioltitaasid/ oAb inlvesirrhbaaghaittigroivanza
A/Sichubingler ommidhpleiesespund onsy itlabpad ert panewsersintlugizg age,

ica). conditi ight,.and th age of disease. The route
arTexas R Ao e AN R B R 00

A/Wiscogeindiiti2 6P thi-dNéh defivetisofdéiuiané b¥afe dniurnie /e detegROP3 X-

147), intR6ARE SkillseMarlinnpsobhemesicareninmpssed iiihe-yentive use
IS suitable for parenteral administration. Here, Fe med I%Jm,ent cogggrlses
B/MalaySjpirafified s SV EG% @@mﬁe&%ﬁ%ﬁ%@cé BT L ARSI IAERABY an
influenzeaaBDéousi SIS RE6 /Xy anikigrofafy Siogspoas 518 TeainbecnsedB &l § SMAL60/63,
: %.aall Y i | i '
nen e e B e o e PR Aand v
influenzasRdfinpaficiotedAfidiidersemdgayersidie. fbrenza REeatng YUdg(Edusn/or
B/JiangsSplatianssmay be packaged for use as they are, or lyophilized, the
lyophilized preparation being combined with a sterile solution prior to
administration. The medicament prepared by the inventive use may
additionally contain pharmaceutically acceptable auxiliary substances as
required to approximate physiological conditions, such as pH adjusting
and buffering agents, tonicity adjusfing agents, wetting agents and the
like, for example, sodium acetate, sodium lactate, sodium chloride,

potassium chloride, calcium chloride, sorbitan monolaurate,
trinathanolamine nleate amona manyv nthere Actiial methnde for nrenarinn




WO 2009/000433PCT/EP2008/004780 and Practice of Pharmacy
("Remington's Pharmaceutical Sciences") Gennaro AR ed. 20th edition,
2000: Williams & Wilkins PA, USA, which is incorporated herein by
wieterenceizlhe medicament prepared according to the inventtyeties an7se
also be administered in such oral dosage forms for example as tablets,
capsules (each including timed release and sustained release
formulations), pills, powders, granules, elixirs, tinctures, solutions,
suspensions, syrups and emulsions, or by injection. For instance, for oral
administration in the form of a tablet or capsule, the active drug

IRIVTom m 4 canthe K M@?@Mﬁ@i h@m@I@!I R0s N%W@E@dﬁé‘@bﬁth Ift%ﬁilbﬂsy preferably
ner rier such a n cerol, water and the like.

Phos L e R R G E BB dgosomes.

IRV senbenidng fntéinsaliptrahensirbe NA}

@itbenrbietssl b arridfosioamiaiteds)
interd MHAREHIREAH s SHORHIPRRR/S Mh JRRIGRIY, WHE QBIIHRANS SEGUSION sRinificanty

intramuscularly. In preferred embodiments, the medicament prepare _

B A oo THE AVSRIRR. BISPRER I RrLRI RG SSIP REVIY Of & virus.
subcutaneously, intradermally, mucosal or transdermally. All of these

f . t [ il i pharmaceutical arts.

IRivs QTS ARG ! ¥

SThe dosalge ré%ﬁﬁéﬁf\%ﬁ%g&(ﬁ%@%ﬁ%ﬁfg grhe% I%ngfﬂceail ﬁiernépaaﬂf%agg e immune

respOgsEordiRY AR HFERNUdLBRYE 3 Becalnmhiaiely refie dalidekiat al. (2000),
meandeeaignney withayalirfefiiaciossiniRelddingoley PrxanBleisPesecate.

émmuﬁgoeé%%tﬂla% na%%m%%}csgl condition of the patient, the stage and sgverlty of
€ disease or disorderto be treated, and the particular type of virosome

employed. A physician of ordinary skill in the art can readily determine and

The vRERSHIDBIHR iiescdiva B R8It MERLIRAHHRA I PHEYSRhg that it
ia!;:ounfgér or a\fr?res%%)fr%?re ? of a Enah?nancy or infectious disease of
contalfs S PP MK AURISAS Aralh Rl RS ORI B aRGS Wik ieains, for
exampifjerthiafiyigids sffidas X dthendvitfRiot texaity o tivdthirascaptiablertaxioitgd above.
Addiii%@%%%F%W%?@H&%Hbeﬁfagﬂﬁsn%é%\ﬂgg "WER gﬁl.%%t%ertgtomatitis
. target sites. This process involves a consideration of the distribution,
virus q?%(n@ia%??%lﬂdseﬁrmm?&%vefﬂé (HobfnePEeits MimAdALVILRIy It o G
proteis kil Echpoestitione Fsspican Hepegies SedHEN seesaaR @béﬁi@g (Hé:f\!) E
: [ 0 . cament prepar. ccording
e S v e
sequepsial 3ty Ry THNg v ekhinistered in divided WO
2009/000433PCT/EP2008/004780 doses for example of two, three, or

As sh%&d%r'“ S\%@Z ?s?;ﬂ Taéper%%%geeé reen glb? M?QA\?'SS?&'}V p%trer%gg gz]g/m different strains of
viruses can display markedly different temperature characteristics of fusion and inactivation.
For example, about pH 5.0, X-31 HA triggers fusion efficiently at low temperature, whereas
at the same pH, HA from PR8/34 or A/Singapore virus requires elevated temperature
(>25°C). Hence chimeric virosomes may contain proteins in their membrane that mediate
fusion at two distinct temperatures. Different temperature-sensitivity is a particularly
advantageous characteristic of the fusion proteins, as it allows convenient and simple
control of fusion reactions. As an example, virosomes containing HA molecules from both X
31 and PRB/34 virions are capable of catalyzing two distinct fusion reactions at pH 5: the

first at low temperature (4-10°C), the second at elevated temperature (>25 °C). However,

contr

other fusion proteins with distinct fusion characteristics, including sensitivity to temperature,
ion concentration, acidity, cell type and tissue type specificity, etc. are well known in the arl.
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The daily dose the medicament prepared according to the inventive use

may be varied over a range of 10 ng/kg to about 10 pg/kg of virosomes

per adult per day. For oral administration, the medicament prepared
waCeesgingsto the inventive use is preferably provided in the faranahiableisze

containing from 0.001 to 1,000 mg, preferably 0,01 to 100 mg, more

preferably 0,05 to 50 mg, and most preferably 0,1 to 20 mg of virosome

for the symptomatic adjustment of dosage according to signs and

. symptoms of.the patient in . f . . a
cosen SRR O g S oS oom i
strains, SiKisaeidRSNIdHECEVe RN ERArdsbmdAdRaRRRiETS Ry aiRgarere,
to name ding to an embodiment the inventive use is ordinarily supplied at a

osage level of from about 0.0001 mg/kg to about 50 mg/kg of body
weight per day. More particularly, the range is from about 0.0001 mg/kg to
The viroZome/ls0tné lpeeseweightpion geytaiagiverstopclsitdr Bpidtheclisted oiaj Baroup
COﬂSiS‘til{@%" %%90%@?@@@@%?@%%3&@ﬁig@ﬁﬁé@?ﬂ?ﬁ%ﬂ%&%@%§%é&é€&[@ﬂg

€ lnventive ue can be administered in intranasal form, or via

derivativeaikererhaPRstReRoRRiSHRf ek SrBRIFERNSRANRICARI R, FRNngomyelin,

1

ph@sphé%@]&fﬁmméb%iﬁ@mlﬁﬁaﬁmﬁ@eﬁﬁ@é@mmmmempﬁﬁephaﬁdic acid,
Lo minjstratio 0 e Will, ol COu ] T
carcof R e o B TS Sd Shioni i v
preferathceekeliieg oo hevamivecasaishiag HelolMddhIlE é%%sd@%‘fgfé@?mé
N, N, -t %&ﬁgﬁ%mHﬁﬁj{wﬂﬁﬁﬁ%ﬁa&wmmr:ezlpoueqmﬁes]mg@m%w@wwmw
olylactic acid, polyepsilon caprolacton yhydrox I | .

et AN ORR RBRLAR (VA A R R L A ferely
DDAB (Sknsetivikedandanpipstiicistooideh golyBlerk(heiggiegeN: A suitable
rimetn{BITHEIRR AL B B RIRSHAPRICESRAqerRG IRYING. Inventive use for

¥op|ca a mwﬁ tration may be, for example, in the form of a SP| tion,. d
(dimethyirsamp AR BTSSP P PSRBT HASRIRER, SBAIYER "
stearylapbiGrligReoAlh shinamiese DRRE| Hbamiaytcaesdietidopemines),
R s L D s S o

about to 5% by weight of the active compo
gz(spermmmhﬂmgﬁﬁ@?th%m%bﬁ'é’Wﬁ%ﬂ%lﬁV&@é@ﬁﬁiﬁ@%’eﬁg JER
(1 ’3_dioﬁ@;g@0§j@%§m@'ﬁ@53@@&%@éﬁﬁiﬁﬁ QWmﬂ,mwaet@b}eMyidh,N’-bis
e medicament prepared according,. . d,.
v S G o R o e

GlycerodPhospivaieh PIATM Adietit setsraptialiéy tRRSAdioewgealatycerol,
poTs (EBendesssrsibnyaiRmElnaesimbyrsspgsiiciNDBPOIialosn-Glycero-

response. Moreover, when desired or necessary, suitable bj , o
PhosphagBRIER SR at PRGNSR EBONG SIS LA Bad e rom cationtc
cholestéftﬂqmwaﬁfeds'Mthasﬁéﬁ@hohémma@&i«étﬁmmamﬁﬁi@@tﬁga_carbamate)
or DC-&’%%?%@%’# Ao MR R SigRh ety RAVERY RYSANBIed as

in
L%?S@A B{r &ta—%%tose,_corn sweeteners, natural and synthetic ¢
small unjlams ludmespenetcin, AraBkEEHIoF SORIRTRIGHANE EAMEoxy MEHTRSOmes ©
the pre<PH #ASALBRINRE YeNerSlyr abmipies cayeddndy bide> Cric amtse wede
gﬁh%ﬁ‘%ﬂhﬁﬂ%‘%@eﬁomum oleate, sodium
sodium

| tf%gg,e ggsa eiforrpo§ éﬂgc%j)%

oleyl-3- Rl PR TRGENEE G BERTALE enzoate, sodium acetate, sodium
chloride and the like. Disintegrators include, without limitation, starch,

The meMBIIESIHastRImDENINiRomBINBRaHAb RIS MSLke between 1.9 and 37

mol% DOC-Choal or TC-Chol, relating to a total lipid content of the membrane. In an especially

preferred embodiment, the content of DC-Chol or TC-Chol in the membrane is belween 1.9

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

ig



The liquid forms of the medicament as prepared by the inventive use may

be suitably flavored by suspending or dispersing agents such as the

synthetic and natural gums, for example, tragacanth, acacia, methyl

werlose.and the like. Other dispersing agents, which may Qg-@mRpley@shyse

are glycerin and the like. For parenteral administration, sterile

suspensions and solutions are desired. Isotonic preparations, which

generally contain suitable preservatives, are employed when intravenous

administration is desired. Topical preparations containing the active drug
membeRiR SRBsIEERTHeranin Kehnarhaliiife fp esioielerabliehiespbasiiabalme and
phosiiihe/ahsushamear £xanmplesajcohols, aloe vera gel, allatoin, glycerin,

vitamins A or E oils, mineral oil, PPG2 myristoyl propionate, and the like,

to form, for example, alcoholic solutions, topical cleansers, cleansing
A co-gredaiyingkrugelsnakinliotionssed dhshdrjodsnamdne ogigiey and/or the seafing
of theformsiationsm 9Be &m@%&%ﬁ@%@%@@%ﬂ %%@FSP@%%%P&!%}%@(; or

inventive use may further comprise at least one adjuvant enhancin
neutral i G ARRIFRhB Htmider AUEB MERT forterel Hprkhanmrmueinsiigrvatives from
vegetetdporigm, of kambhPsiespansaighiiskloejiyatisimpatianbance the
immunological response by activating macrophages and/or stimulating
~ specific sets of lymphocytes. A suitable adjuvant may be any ligand
A viroggirsbReserding Ketivaiviewion pamdgeaxavole be obtained by a process analogous

o any?SR9MI0RE FAReIdbL R ARG 8O TRFOOHHIM FRCGRICEARR R IEBHNS Examples

oSS SRR A e
BOS%W@@WG@W&@&M@QM@MN}Q% witiiernadjostbdgasyisciosed in
WO 926NN aRTeRNRIRS, Jd SHEWRtngHSRAG! ﬁfés%ﬁlf& %@qg?%@tﬁ content of

,Ad'uvanés of many kinds are well known in the art; specific exam
the virgRGTs PRSI BRI LREPR B SN e pAERscsRR BaB@aprise the
followivly eteme=ae, or Corynebacterium parvum, Cholera toxin or tetanus toxin,
' -lapi [ 1P 10, mixt such as QS-21 (SmithKli
L e R et e yrner
COMPISHT SFTTEREQPICRr HrigLrndRidansigie Hia! srveleprineein: mineral .
salfsanfusingralghitistmitestativhinismiasdp i esal yriRisaRhpRb ate 1o 30%

[ . surface active.su es such as lysolecithjn,
oy o 8 B R SR R R L Al Mg
COMPRRIvHREATP AHRFIne (0§ moRibEtee Sueteeiasapeminsatiyuramyl
ohodienigearandiinpRIGES aFANaRIHIO ToRUCIRIL Agidrstretches such as
Eﬁﬂiggéleotides, CpG oligonucleotides, monophosphoryl Lipid A, and
polyphosphazenes, particulate and micropadiculate adjuvants, such as
da) usondipes onterganitdsotialysicantig ateatiog thersahaktimwitatingrocarrier

beads CRIGR, M iHYABEM afor Y8R e alsosuseful due to their lymphocyte

stimulatory properties. Many cytokines useful for such purposes will be
known to one of ordinary skill in the art, including interleukin-2 (IL-2),

Use oflthd RirGabineS Baunadinany widergedtigninermore ligands from the
: [ ily, ANT. egulated. upon Activation, Normal T
e v o A e R e R P R g g ments
for treafipgandprpn i Abisasy aoeicearaistisrder. Itipdpokastovmritiecase or
disordediipe Regatbribas arindnastinug Wrichoriogle-siranseryBaL RN biic
diseas Sg Béseﬁsré%{ (?{1 C toking %i%nal%irﬂ%ﬁsmall interfering RNA (SOCS siRNA?, a
PEAN DR ERIIBE %ﬁﬁﬁ RRE G PEETING di5EFRIRF G PRigation of the
virosomeafriherinuentipreiveneithp kohiedsSambiar fomiastade sniheameticana:
or mor@MRIGRALE SR B ERUKEHS MR B EIBA IR AmMBINAIAN WiHllying
a pharmaceutically acceptable carrier adopted rtodlca administration.
SUSPeCIRRBRSHIE 18/ ArentrsniestioysSlranes or cisscaeralvbeeionel rppearance
metastases, or viral infections, the medicament as prepared by the
inventive use may be used together with other agents known to be useful
in treating such malignancies. For agmbination treatment with more than
one active agent, where the active




WO 2009/000433PCT/EP2008/004780 agents can be administered
concurrently, the active agents can be administered concurrently, or they
can be administered separately at staggered times. A further aspect of the
wiveniemselates to a non-specific stimulation of the immunepgysign@i@dss
animal by means of administration of a virosome according to the present
invention. It is desirable to increase the general resistance against
diseases, especially against infectious and neoplastic diseases by means
of a non-specific stimulation (a wake up call) of the body's immune
of symgystemeiSuctirnaborspedidgrstmuling ciasbiéicativie v dbpcidmiiistraiion afbject
as theVOSARER pTMPdmIDRlRLARIYIE - oREeReated. may take place before,
uring, or after exposure to infectious agents or the diagnosis of a
disease, as a prophylactic, metaphylactic, therapeutic, or adjuvant
The irif@atments'espestively. aiisiapeacifie emhodmentsrefshentnventieninndisheg
.___ following examples are,provided tq de stra l@ Gl
diseas g T O B Lt B AL & e R e
diseadaventiisnr¥ershe extent that specific materials are mentioned, it is merely
for purposes of illustration and is not intended to limit the invention. Unless
otherwise specified, biochemical and molecular biolo rocedures, such
in one RTRRGUEGE 1R S5 6 SUREHISE ) SRS O 6607 SR S i i ase o
disordd, H Harsenabdis£895 oB ddandzkys Reptibidischemistdjsdd@rastioaisitic disease, or
. Jalo ' =verlag, Berlin, 1993; Sambrook et at,
dgSOm%ﬁﬁé%oﬁgg%?gﬁ?rggsgg%%%%ﬁgg{Harbor Laboratory, 2001; Ausubei et al.
(Eds.), Current Protocols in Molecular Biology, John Wiley & Sons, 2000
AccordiF®y Wseduing skilediindherast mayaleyvelopeaitaitrtmeamalds preferably
reactants without the exercise of inyeniiy ity and wi rti
2 S SRS, 0 TIRER HT S D e bcacue
monkeya s ROHRE € iitHe Gt nfipdedi sricasrl prodbdufeeanebin tRsBaripsdminme. a

horse Stk @@ainRgMERIR-RANRRY ebihe-Bre sentinyaiana kiedpedirpHon
" tOf the Inventors that such variations are included within the scope of the
buftalgn g HRR5PT WAFS009/000433PCT/EP2008/004780 Examples Content

In a further embaodiment, the medicament is suitable for administration intramuscularly,
intradermally, infraveneocusly (e.g. by injection), subcutaneously, intraperitoneally,
parentgrally, topically, endotracheatly, intraauricularly, intraarticularly, intraccularly, locally,
by gargling, by a patch (for example a skin patch), by spray (for example a naso-pharyngeal
spray) sublingually, orally {e.¢. tablets, capsules, caplets, dragees}, by suppository (e.g.
rectal suppository or vaginal suppository), or by drops (e.g. eve drops). Administration may
be in a single dose or, as need dictates, in multiple doses with intervening time intervals as

deemed appropriate by the supervising clinician.

Repeated applications of the virgsomes according to the invention are conceivable. The
combination of the virosomes of the invention with other compounds e.g. adjuvants or
immunostimulants may synergistically enhance the overall effect. The amount and type of
virosome, the site of stimulation, and co-stimulating signals (infections, exposure to
allergens, etc.) define the overall effect. The effect is transient, on the order of hours to
weeks. The duration of the effect achieved depends on dose magnitude, dose timing, the
route of adminisiration chosen as well as the composition of the medicament administered.
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1. Viruses 2. Propagation of viruses 3. Preparation of virosomes 3.1
Reagents 3.2 Preparation of standard virosomes (IRIV) 3.3 Preparation of
standard virosomes with integrated heterologous antigen (lIRIV) 3.4
vRyepavediamsof standard virosomes containing TC-chol (TIRI¥¢84de2008/004780
Preparation of TIRIVs containing heterologous antigen 3.6 Heterologous
antigens used to formulate virosomes 4. Analytical assays 4.1 SDS-PAGE

The medicament prepared according to the inventive use is administered in
pharmaceutically acceptable preparations. Such preparations may routinely contain
pharmaceutically acceptable concentrations of salt, buffering agents, preservatives,
compatible carriers, supplementary immune potentiating agents such as adjuvants and
cytokines and optionaily other therapeuiic agents. The preferred amount of virosome to be
administered depends on the disease or disorder to be treated or prevented. Generally,
doses ranging from about 1 ng/kg to about 100 mg/kg are believed to be effective, said
kilograms referring to body weight of the animal ireated. The preferred range is believed to
be from about 10 ng/kg to about 10 pg/kg. The absolute amount will depend upon a variety
of factars, including the composition selected for administration, whether the administration
is in single or multiple doses, and individual patient parameters including age, physical
corglition, size, weight, and the siage of the disease.

The route and regimen of administration will vary depending upon the stage or severity of
the disease or disorder to be treated, and is fo be determined by the skilled practitioner. The
medicament prepared by the inventive use is suitable for parenteral administration. Here,
the medicament comprises virosomes dissolved or suspended in an acceptable carrier,
preferably an aqueous carrier. A variety of aqueous carriers may be used, e.g. water,
buffered water, 0.4% saline, 0.3% glycine, hyaluronic acid and the like. These compositions
may be sterilized by conventional, well known sterilization techniques, or may be sterile-
filtered, The resulting aquecus solutions may be packaged for use as they are, or
lyophilized, the lyophilized preparation being combined with a sterile solution prior to
administration.

The medicament prepared by the inventive use may additionally contain pharmaceutically
acceptable auxiliary substances as required 1o approximate physiological conditions, such
as pH adjusting and bufiering agents, tonicity adjusting agents, wetting agents and the like,
for example, sodium acetate, sodium lactate, sodium chloride, potassium chioride, calcium
chiloride, sorbitan monolaurate, tristhanolamine oleate, among many others. Actual methods
for preparing parenterally administrable compounds will be known or apparent to those
skilled in the art and are described in more detail in for example, Remington: The Science
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4.2 Particle size determination: mean diameter/ polydispersity (Table 1)
4.3 SRD (HA concentration) 4.4 Western Blot 4.5 FRET improved
fusogenicity 5. Immunogenicity assays 5.1 Improved antigenicity 5.2 IFN y

vataimingoaproved immunogenicity 5.3 Comparison of HA depiveg #08/604780
virus produced on egg and HA derived from virus produced in cell culture

1. Viruses The viruses used are influenza A/New Caledonia/20/99 (H1N1)
and influenza N Singapore/6/86 (H 1N1).

and Practice of Phamacy {*"Remington's Pharmaceulical Sciences”) Gennaro AR ed. 20th
edition, 2000: Williams & Wilkins PA, USA, which is incorporated herein by reference.

The medicament prepared according 10 the inventive use can also be administered in such
oral dosage forms for example as fablets, capsules (each including timed release and
sustained release formulations), pills, powders, granules, elixirs, tinctures, solutions,
suspensions, syrups and emulsions, or by injection. For instance, for oral administration in
the form of a tablet or capsule, the active drug component can be combined with an oral,
non-ioxic pharmaceutically acceptable inert carrier such as ethanol, giyeero!, water and the
like.

Similarly, the medicament prepared according to the inventive use may aiso be administered
intravenously {either by bolus or infusion methods), intraperitoneally, subcutaneously,
topically with or without occlusion, or intramuscularly. In preferred embodiments, the
medicament prepared according to the inventive use is administered intramuscularly,
subcutaneously, intradermally, mucosal or transdermally. All of these forms are well known
to those of ordinary skill in the pharmaceutical arts.

The dosage regimen according to which the medicament prepared according to the
inventive use is to be administered is selected in accordance with a variety of factors,
including for example species, age, weight, sex and medical condition of the patient, the
stage and severity of the disease or disorder to be treated, and the particular type of
virosome employed. A physician of ordinary skill in the art can readily determine and
prescribe the effective amount of the medicament required to prevent, counter, or arrest the
progress of a malignancy or infactious disease or disorder. Optimal precision in achieving
concentration of drug with the range that vields efficacy either without toxicity or with
acceptable toxicity requires a regimen based on the kinetics of the virosome’s availability to
farget sites. This process involves a consideration of the distribution, equilibrium, and
elimination of the virosome, and is within the ability of the skilled practitioner and can be
addressed with rno more than routine experimentation.

in one embodiment, the medicament prepared according 1o the inventive use may be
administered in a single dally dose, or the total daily dosage may be administered in divided

22



2. Proonation of viruses Viruses were either propagated in the allantoic
cavity of embryonated eggs (Gerhard, 1996), or on cell lines derived from
avian embryonic stem cells (W02006/108846). Viruses propagated in the
wallankoioeayity of embryonated eggs were obtained from Begpa/Bioteghos7se

WO 2009/000433PCT/EP2008/004780 AG (Bern, Switzerland); viruses
propagated on cell lines derived from avian embryonic stem cells were
obtained from Vivalis (Roussay, France). Egg-derived virus was purified

d concergated via sucrose gradient ultracentrifugation and inactivated

cose O BEARIS 04 SERRe s G5 HEREA finda JEBRoEREBITeREn weekly or

ted by cell culture supernatant derived from

monitiBAd) i alratigney aser apresen

cultures of influenza A infected EBx cells. This supernatant was
concentrated and purified by ultracentrifugation prior to the analysis. The

The drilyfirrailmprdiranant pieneiivs wecodding loylisinglentidabsiffusiphe varied over

a rantRRIP) (Werg &f %@9@)@-@?@%@?@@95%@ indp '&%ﬁ@mﬁgxf aHO WaS
dmid.e&er{pme _ ac_c?ﬁ%olq?r%g to Bottcher (Bettcher et al., 19 1) and .

ORI UA TSR SHEP SHEPABERT M0 CoBIR aagetsmaibrprakrdy

provideddedbrifedrbyt Bilip 0861 Binfg paratinnoof Minosomes, 3-4tReBEENS! to 100 mg,

| _(n- ( , ES), .
more%%ﬁ%{ﬁﬁ?%é’i%%&sf% SI??(%%? ‘ gﬁ?%g{%%i%%ﬁ%& virosome for the
SYMPRGIHIG AAHITISH B fOsrss Mtosping- la sipny Rb T pm)s aédheriatient in the
courstzieftissamrenniting pitsghate, (4 5 ARNSIRIIA 1SUcese, B3I ePIomYCH. o 5. 10, 20,

. icillin.ar PMI medium.are purchased from Fluke Chemie
50, o O R B P Skl B eneoisament
Prepaeq dietigiy o AN pavrdiDRrslbS, iSweittive ase)isRESnauly pupglieded a dosage
level diarers kssuBRbOBASRYIE WiBHaNS FeuP BPSRERAILYLANINSAP TS

. obtained from Lipoid (Cham, Switzerland).
partioG 5 S R AR, GGt Bl et et f et e perday. !
givenfieahigkenctne Bodrraody Seitedesd kidioBieasls. SM2 are purchased

from Bio-Rad Laboratories (Glattbrugg, Switzerland).
1 2-Dip%[g<ito Isn-glycero-3-phosphoethanolamine-N14-(p-maleimidometh

U o RISETEICATY AR M RRER D) 18 {oertastveriesn Zarhe Auministered
in intrafipisl (Adabastes WBAYeNnE Araifitl araba’io those of ordinary skill in the art. To be

. di . -3a,4a-diaza-s-i -3- iopy1)-1,.2-dihexadecanoy .
B e ] R SO, Aot e i o
coursenBRANIHBUS US 2 dRekaddataayitent iyeusbaidhesitseethtaitaanine
triethylammonium salt (N-Rh-DHPE) and biotin-DHPE

[atl -1.2-dihexadecanoyl-sn-glycero-3-phosphoethanolamine,
e N M AT O BRSNS Poe bR GREAIBBI R S o
blodeg(@ﬁé_wgwgémaémms@wmmmaamfmra dogrihaample,
polyladsi® seianpeRéRLpdiNaaolactons, pelyhydroxy butyric acid, polyorthoesters,

polyacetals, polydihydro-pyrans, polycyanoacrylates, and cross-finked or amphipathic block

copolymers of hydrogels.

A suitable formulation of the medicament prepared according to the inventive use for topical
administration may be, for example, in the form of a solution, cream, ointment, gel, lotion,
shampoo, or aerosol formulation adapted for application to the skin. These topical
pharmaceutical compositions containing the medicament prepared according to the
inventive use ordinarily include about 0.005% o 5% by weight of the active compound, i.e.
the virosome, in admixture with a pharm aceutically acceptable vehicle.
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WO 2009/0(10433PCT/EP2008/004780 Switzerland). IL-2 is obtained
from EuroCetus B.V. (Amsterdam, The Netherlands).
Nsuccinimidyl-S-acetylthioacetate (SATA) is purchased from Pierce
vRiateshmetogy (Rockford, USA). Cholesteryl PCT/EP2008/004780
N-(trimethylammonioethypcarbamate chloride (TC-chol) was purchased
from Merck Eprova (Schaffhausen, Switzerland). 3.2 Preparation of
standard virosomes (immunostimulating reconstituted influenza
virosomes, IRIVs) For a final volume of 4 ml, 32 mg egg PC, 8 mg PE are
dissolved in 3 ml of PBS containing 100 mM OEG (PBS/OEG). Inactivated
Rega’rdiewaﬁth&uelmem%WM@ﬁﬁggﬂéi&@'&fﬁggg%%ﬁggﬁ PO iR dlve use is
t is.dissolved,in 1 m . .. The detergent .
aom B, LR 0 SR o C R VRRatp i, M otV Brumifs that
amoy $ka Mibategssrticaliprepaiaimixthes isloenpifiopdrar 16D, 00Gegiaret h

stim A 1:8 CheViasRN eSS, e R rmed, al using two times
| 15¢ ofewet SM2 Bx%’%%eads (BioRag%{%ﬁ%%?t{#ggé;ésS%%érland) for 1 h at

room temperature with shaking. Virosomes are then sterile filtered (0.22
Morepwey, anbestoretred 4Cn &38R ueparaitarobifesriandadNsosemesilig agents and
j t ' I Far. a final. volume of .32, )
coo b B feanhea WA S Rl 0 veniive
use. %H%tgﬁﬁﬁd%ﬁlm@&@awimé’milﬁ@ sshPEi00ahweGEGars such as
giuco@%@ﬁl@%@%?iﬁ@@lW@ﬁ%%%%@é@@%,%?%?ﬁﬁﬂﬁéﬂ%ﬁgﬁ%ﬁgﬁﬁﬂﬁgg%&i%QI aBdia,
centrifuged at x g fo and the pellet is dissolved in
eoa A U BRGSO i eaes anc e
like. Laflrigantsousnd soiieseadpage faimsThiduskxtwithisicimttifile dadilo00aRe,

diutnGiesrkiB 3 | ar y VAU tori
e S T e e
i

two times 1.5 g of ( C .
and g <, GBS alsrn nclie WA Jkpig o cdBednpb el esmeaca,
bentofifieredha? gum) amdl thioiigd.at 4C. 3.4 Preparation of virosomes

containing TC-Chol (TIRIVS) TIRIVs are prepared by the detergent

remaval method. For a final volume of 4 ml, 32 mg egg PC, 8 mg PE, 5

The g IRBTES &L IENTRAIGRTH A ATRSARGERS DI HB ARNEFE S sicRa 4T Bechiipbly
flavorethéh280spepdiguardispersidjsepnrosiod 53 BeRBRNAQOINNRERI gums, for
exam g et o MR BT IR e P madiems, wnin
may benipgsRde AT BlYBHIELaNsHBSINGH Fiasraraniid edministiatanh asigrile
suspesolcateetiosiLibig. JrbiadBidtr ifsap HHASRd RInkORER S drinl Redhain
suitabﬂeS&es\évrQa f\.cf)ﬁg)sg,/gpeoé'!%% oggé%%%gqg{%%gﬁggs administration is desired. Topical
preparations containing the active drug component can be admixed with a variety of carrier
materials well known in the ar, such as, for example, alcohols, aloe vera gel, allatoin,
giycerin, vitamins A or E oils, mineral ofl, PPG2 myristoy! propionate, and the like, to form,
for example, alcohofic solutions, topical cleansers, cleansing creams, skin gels, skin lotions,

and shampoos in cream or gel formulations.

In one embodiment, the medicament as prepared by the inventive use may further comprise
at least one adjuvant enhancing and/or mediating an immune response, for exampie an
innate immune response, a Thy or Thy response. Suitable adjuvants may enhance the
immunological response by activating macrophages and/or stimulating specific sets of
lymphocytes. A suitable adjuvant may be any ligand suitable for the activation of a pathogen
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Virosomes are then formed by detergent removal at room temperature

with shaking two times for 60 min each with 1.5 g of wet Bio-Beads SM2

each. The virosomes are sterile filtered (0.22 pm) and aliquoted in sterile
wylasoviadss3Bhe closed vials are frozen at -70C and then lyophilizegaés46Gs0

for 20 h and 10C for 2 h. The closed vials are stored at frozen until use.

3.5 Preparation of TIRIVs containing heterologous antigen To obtain

TIRIVs containing heterologous antigen of choice, the antigen is dissolved

in water at the desired concentration. Frozen, lyophilized TIRIVs are

recogRiHRE S FRIRR (ﬁ@%éwa&mf@mmwﬁwmmwd@e@m@ gpsified as

eetneemabmuﬂbﬁbmﬁéglmm Lot b o by
hllsate The V|a ism or a Q t sec ont vortex on

provi r?g?r?‘h%e S oleoLRoN g%:g%&gtei{%% P piitigding

maﬂ?@ﬂﬁ@ﬂ%@ﬂﬁ}ﬁ%iﬁiﬁm wreacihe aelded lymhhamﬂs during the preparation

process described in example 5. The peptide is added at the desired
concentration before sonication and sterile filtration of the solution. The

AIUVEIES Of FRRAY SRS A W AV T iR M2 BB S ResEhetiaimiele Hindliede Freund's
(compyeiphiliedcbiRild) donelwittern egiiahy BOGE af Waiie 368 Corynebacterium

par e O e R S Tt B suoh as

antigens used were malaria e’rlve

QS Qﬁréﬁvﬁiﬁ@%aﬁw%mq@éﬁﬁﬁ@(@mm WW@@@M&@B’ prepainfs@e.g. IDEC-

AF). (VR4S %ﬂV&&@W%@H@?@%@%@M&E W%ﬁgﬁéﬁgﬁ&é Sté‘ ?‘mneesrs.-%(lj saéts or
DS:Poly-A mide- e resis

mmer§| !S 9(’) Wg%[eyar%lxe ”Qég%péﬁfrﬁi’é@n‘? Repls: 20 ﬁﬁ&i‘ﬁ?f phosphate;

suﬁaqﬁﬁmmummeswﬂ‘eﬁah@pwmm withootorediyoilsg radeti¢iny i regd)s,

keyho?é‘ﬁ'sﬂ%@h@%@c%%@ LIRS ARt 8&6@9@9&&8 W{ngcﬁl%%"%gx&f"as

yacrylamjde- matrlx (Invitrogen, Basel, Switzerlan d run
saporﬁz%

¥ FURILER PO RRRIEIR T (USSR s i e aigigheq such
as Cpbydivesimrtideint Gpalytioandiestiias) eschysilvesrsiainingdisingthe

polyphoSHAHRSE @Eﬂ%ﬂﬁ?@ﬁﬁd I aREHLeaS: L%U-,‘?g" Ingines BSlisions,
i

staining™-protocol supplied by the manufactur
liposomes, virgsomes, coch ea;ies or fmm unost:mulatmg compiex adjuvants.

Cytokines are also useful due to their lymphocyte stimulatory properties. Many cytokines
useful for such purposes will be known to one of ordinary skill in the art, including
interleukin-2 (IL-2}, IL-12, GM-CSF and many others. Furthermore ligands from the
chemokine family, such as RANTES (Regulated upon Activation Normal T cell Expressed
and Secreted), a lipoprotein of Gram-positive bacteria, a yeast cell wall component, a
double-stranded BNA, a lipopolysaccharide of Gram-negative bacteria, flageilin, a U-rich
single-stranded viral RNA, a Suppressor 6f Cytokine Signaliing small interfering RNA (SOCS
siRNA), a Pan DR epitope (PADRE) and mixtures thereof are suitable.

For treatment and prevention of cancers and/or metastases, the medicament as prepared by
the inventive use may be administered in combination with a pharmaceutically acceptable
carrier adopted for topical administration. Additionally, for the treatment and prevention of
cancer, tumors and/or metastases, or viral infections, the medicament as prepared by the
inventive use may be used together with other agents known to be useful in treating such
malignancies. For combination treatment with more than one active agent, where the active
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WO 2009/000433PCTIEP2008/004780 4.2 Particle size determination

(mean diameter/ polvdispersitv) In the table below, the concentration of

hemagglutinin in mg/ml and the mean diameter of the virosomal particles

wis givemeiire polydispersity given in the last row is an indicatiog/fpedhgoss7so

homogeneity of the particle size in the solution. A particle solution with a

polydispersity of below 0.3 is accepted for virosomes as vaccines, a value

below 0.1 is considered to be very homogenous (homogeneity was

determined by dynamic light scattering with a Zetasizer 1000HS
BGeNIR SRl HE Y™ SISk SR AR W AR RATSHRSEHY B5n & ROMistered
concscatittying tsinganietasizanidQoOiH nsivment(Malvam thsgiments)

equipped with a standard 10 mW He-Ne laser (X=633 nm) and an

avalanche photodiode (APD). 5-20 pl of sample was added to filtered PBS
A furipgrieshed AhdiciivensablainediomiioTFreeritastireuiting eféhe immune system
of an%@ﬁfﬁw@dzﬁém%@fhm%ﬁm%faétyﬁfﬁﬁaﬁ%%@réﬂg%%%%g%sgnt invention. it

o e RS e e b e e R S e

infeciging lend distbimstionidifssonytestsrio ntie esminaitic afiransigg | Giiniake up call) of

o oS B R e R Rt AP A it
of V*W%ﬁéﬁ&%ﬁﬁ%ﬁ%ﬁw=iﬁ&%@éﬁ%?ﬁ%%ﬁzm%ﬁgbﬁ@émm@@i@wm or after
expofaninicferions tepener aiuie: (Adgansksibnitiedds, inaaunediiusiap, for 72

meta AT ARLROG9aded gpgse gels The precigiation zone diameters
of‘antigén-antibody’complexes were medstréd and the antigen content of

the virus preparations was calculated by using a calibration curve of a

The sPESHR WSoEMARRCS! RRECHVENRRA GnHARE AN EMbIES HHRREES: to
u%?‘lcat’%d.b the %%w er NIBSC. The whole virus reference batches
0)

demo Al S LR O EATEIBLE 2% BRI R ARyl 2 Tmiting
the scegg-hbledistentizndize thecueat thatssheriiice AWBEE ams maitiaadteit is merely

for puRHIRE AURGSaMKE &@%’Q@Pﬁ@éﬁo@g i i%%%@%%ﬁgoﬁ?wgféss otherwise

,%&ésterminatiqn of average s'ze and polydispersity of IRIV In different
SPeCiBRIRARSTR F6t T8 MR RIGAK BitssalticR RN GeroReze Frhsp Y oet,
Biochamisthe YAlyeidporsiGimwereBehstriethbhwiyin dvaicrigh! soatiaBignnsing, Peptide
Chemf R Si Br A0 LTSRS BRE LM aé\ﬁ‘?i%é'?ﬁ}r&fgg M A eI ok et al.,
Molecular Cloning, Cold Spring Harbor Laboratory, 2001; Ausubel et al. (Eds.), Current
Protocols in Molecular Biology, John Wiley & Sons, 2000 are used. One skilled in the art
may develop equivaient means or reactants without the exercise of inventive capacity and

without departing from the scope of the invention.

it will be understood that many variations can be made in the compositions and procedures
herein described white still remaining within the bounds of the present invention. It is the
intention of the inventors that such variations are included within the scope of the invention.
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The comparative analysis of the influenza virus produced on embryonated
eggs and avian cell lines included SDS-PAGE and Western blot analysis
of the virus preparations to gain information about the synthesis and
warassseingof virus hemagglutinine (HA) in both cell types: Ther/ep2008/00478¢
SDS-PAGE was performed in order to analyze the purity and the protein
content of the viral suspension and to identify the proteins / protein-sizes
of HA and NA. Samples to be analyzed were run on an SDS-PAGE as
described above. Gels were transferred to appropriate transfer-buffer
supplied by the manufacturer (Invilis@@ale8asel, Switzerland). In parallel
PVDF-membrane (Invitrogen, Basel, Switzerland) was pre-incubated in
CﬂmMghanol and trans_ferred to _transferbqffer as well. 4-5 blotting pads an_d 2
mm%@atman-papers (Biorad, Reinach, Switzerland) per gel were soaked with
i
2.

Wawmsster-buffer and the blot was assembled. The transfer was achieved by

pgﬁ!&%ﬁégﬁ HARMA, 17W per gel for 1h 30min. Membranes were

washed briefly in PBS containing 0.2% Tween 20 and unspecific binding
3. DreniBley sFes®6fas blocked by incubation with 5% milk in PBS for
3.1 Rbaddias washing membranes again in PBS/0.2A, Tween 20, blots were

j ith.fi tibody/seru jjJuted in 0.5% milk in PBS/0.2%
32 %\)%%%%@%W\Il%ﬁ%%%&ﬁg fﬁ%é%%g%‘%&ﬁ}ging on the antibody at AT for 1-2 h.
3.3 NMepsrrtine sindredaid nsaomer wibrisieginiedd wioasoimamivesd FOV)

3.4 PagdnsubRigdia-RRRIGdalTh serastisRgPeraxidase fAP)-labelled
econdar 1:20000 jin 0.5% milk in PBS/0.2/0

anti diluted 1:1000 u
35 ﬁrr\%%%gﬁ% Sgi%sﬁ?ﬁéﬁﬁ@%%ﬁ%ﬁﬂ%%?@%s in PBS/0.2% Tween
3.6 Helevdoptivatotigens doerd thyfoWwo!2e080861M88PCT/EP2008/004780
4. ARSPikaminescence using SuperSignal West Dura kit (Pierce, Lausanne,
Switzerland) according to manufacturer's instruction. 4.5 FRET Assay
4.1 ih Ao fusion measurements by fluorescence resonance energy
4.2 RatickesifeRislgtheatallovegastaysias seveigprednd (Tameot%o of Bodipy
- 25 mol% of NRh-DHPE were incorporated into
4.3 %&?ﬁe@gﬁ@%ﬂf PC/PG (70:30). Fluorescence measurements
4.4 W&?@%ﬁﬁ@’d out in 5 mM sodium phosphate buffer pH 7.5, 100 mM NacCl,
4.5 fmatinabualinasidd8an) in 2.5 ml PMMA micro-cuvettes (VWR, Dietikon,

itzer u continuous stirring. Typically, 1 pl of labelled
> | |3%@%¢§§! ) gLr(i;i’r%g(}fsphospholipid) were mixed with 5-20 pl of virosomes

5.1 lawmaonesiciigenigibgered by addition of 3.75-7 pl of 1 M HCI, resulting in a

5.2 1PN pEthintmineiRasein waieseayce was recorded every 5 seconds at
xcitation a mission wavele 8 nm and 558 nm, respectively,

5.3 Companson Qg %SNS- . b rom vir
’ pﬂﬂyf é@ %(8 a Sﬁﬁ%ﬁ’ BF S Y A 60188 BRIAPD s e us
easurements were carried out with an LS 55 Luminescence
spectrometer (Perkin Elmer Instruments, Schwerzenbach, Switzerland)
equipped with a thermostated cuvette holder and a magnetic stirring
i, Ving@yice. The instrument temperature setting was 42C, resulting in sample

1 er f.35 to 37C..The maximal f nce.at infinjte prob
The v & 8 A L S o R o O i
SingapeiedeBB4tioM 1 For calibration of the fluorescence scale the initial residual
fluorescence of the liposomes was set to zero and the fluorescence at
5 §3mfi (?b dition to 100% (maximal fluorescence). Samples for the
' FRET-assay-sho®ld contain a total amount of HA ranging from 0.5 to 10
Viruseggviei. ditiea padpsisatédirotensmibfdoioulationsf 2rtd@eatdd bagspi@uetard, 1996),
i : _ e i . i
R e ST
propaggfhie BeaEeiiar iy ohbemR vetatahppas weeerREadJegv Sesra Biotech
between 3 and 40 pl (corresponding to 2 to 6 pg HA). If the volume of the
virosome sample is less than 40 pl, the difference is compensated for by
addition of
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PBS. Itis emphasized that the ratio between HA and virosomal lipids

remains unchanged if different amounts of virosomes are used in the

FRET assay, e.g. in serial measurement as shown in Table 2. WO

w20H90000433PCT/EP2008/004780 Interpretation of FRET rasuitsr2008/604730

Because the percentage values obtained in the FRET assay are variable,

an absolute range/cutoff value is difficult to establish. In contrast, the ratio

between different samples is relatively robust. The amount of HA used in

the assay should be in the range of 3to 6 g in a total volume of 0.8 ml.
AG f%ﬁﬁ&fﬁ%@ﬁéﬂ%@ﬁ%@w Herahvshiren AT BRI rm geite gmbryonic stem
cells ebepgfitallany taplotivatdo sHaesponJapurye that provides additional

information (e.g. saturation of the system). Table 2: Evaluation of the

fusion activity of IRIV in different formulations for heterologous malaria
Egg“@@‘ﬁmvgwgw@w@gd RedassITesiratadtitn focioatquatianithlugtensritugation and
Lawem@ms%&&c@amﬁﬁ SanGRITaion @@ﬁ@f@&% (EB14) or

ET ‘the results (e res ed as % fusion activi é}g are compared between

duck HRP RBIRRFISRY %ﬁ?@ﬁ@ﬂ%ﬁﬁ@'&gﬁ@w o S FPRiChflapza A
infeciey &i&mﬂaﬁmn‘f’bf&bepmnaﬂaammm pesadvplesiaiteadhy divacentrifugation

priof ﬁ?@@&ﬁ’ 08 teRleg PHRSEAYE %yi’hé}ﬁrﬁgﬁﬁﬁgﬁﬂg %Qé %W%iﬂgle radial

different HA concentrations Is calculated rect rea

diffusign Y Aeedigh#hicER) between different HA concentrations (dose

dependence), and also between different test runs (test variability) with

ontrast, the n ratlo shows mu ée S variation
The hgﬁdﬁtﬁé&ﬁﬁ%f ese Fo? % ra? Was ef Paﬁi Oas'r%lgsrgd 8 (fhes' oticher et al,,

robu readodt 1
?Qﬁib@ﬁ%ﬁs@ﬁaagmm SHppidaS-PAGE with the Coomassie-extraction method as

described by Bail, 1986,

3. Preparation of Virosomes

3.1 Reagents

Octaethyleneglycol-maono-(n-dodecyljether (OEG, CEg), dimethylsulfoxide (DMSO),
nydroxylamine hydrochloride, 1,2-Dipalmitoyl-sn-glycero-3-phospho-rac-(1-giycerol) (PG),
acetonitrile, triethylammonium phosphate (TEAP) solution, sucrose, streptomycin, Hepes,
peniciliin and RPMI mediumn are purchased from Fluka Chemie GmbH and Sigma (Buchs,
Switzerland), respectively. Sucrose (Eur. Phar.) is purchased from Merck (Dietikon,
Switzerland). FCS was purchased from Gibco BRL (Basel, Switzerland). Egg phosphatidy!
chaline (PC) is obtained from Lipoid (Cham, Switzerland). 1-Oleoyi-3-palmitoyi-rac-glycero-
2-phosphoethanoclamine (PE) is obtained from Bachem (Bubendorf, Switzeriand). Bio-Beads
SM2 are purchased from Bio-Rad Laboratories (Giatibrugg, Switzerland). 1,2-Dipalmitoyl-
sn-glycero-3-phosphoethanclamine-N-[4-(p-maleimidomethyljcyclohexane-carboxamide) (N-
MCC-PE) is purchased from Avanti Polar Lipids (Alabaster, USA). N-(4,4-diflucro-5,7-
diphenyl-4-bora-3a,4a-diaza-s-indacene-3-propionyl)- 1,2-dihexadecanoyl-sn-glycero-3-
phosphoethanolamine (Bodipy 530/550-DHPE), Lissamine rhodamine B 1,2-
dihexadecanoyl-sn-glycero-3-phosphoethanoclamine triethylammonium sait (N-Rh-DHPE)
and bictin-DHPE (N-{biotinoyl)-1,2-dihexadecanoyl-sn-glycero-3-phosphoethanciamine,
triethylammonium salt) were from Molecular Probes Europe (Leiden, The Netherlands).
Sephadex G-50 coarse was obtained from Amersham Biosciences (Otelfingen,
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WO 2009/000433PCT/EP2008/1104780 5 pg: 39%:14% . 2,78 3 pg: 23: 8
= 2,87 2 pg: 26: 13=2,0 1 pg: 18:5 = 3.6 Resulting in a mean value of 2,81
(Figure 2, lower panel) 5. Immunogenicity studies Immunoaenicity studies
wih faeeeibody response: If not indicated otherwise, groupscafetiessing 7se
10 BALB/c mice were immunized i.m. with 0.1 ml empty IRIVs or IRIVs
loaded with heterologous antigens (IIRIVs) in different concentrations to
evaluate the immune response. In this experiment, the malaria antigen

Swétzaé’l b ?eﬁ"v?/ § (he Jieteralo dﬂ tag@gn% %%e\fﬁgﬁ&n%%%e%gfh%%gfvﬂl

app qserim’s es were collecte

saccznmwmmummmmmﬁtmﬁm@@gﬁﬂ Wmﬁ@%@@é@@hﬁ@b@y (Rocidord,
USA). @9&@&%@5@ @%ééﬁ{@&ﬁg@%@sﬁa&mﬁa@wm wabifuRAased

ml empty TIR Vs or TIRIVs loaded with heterologous antigens to evaluate

from Wﬁrﬁﬁﬁﬁé ASERORHIREHARNS at an interval of three weeks

SOM0R beks and serum samples are collected. Schedule, dosage and
Fora fmér%@mﬁé IR izaligns BR3P Yal @8 lPRarsdRedtarierpBoaedUPBS containing

edtot s com d, The sera are test
100 3 o RN BL AL AT Gl VIR F R . Gagirfuged a
100,0080amsirthe mmlegaﬁs@ami@éns@issglmma #bah PRyREGuRhe detergent

solubil @é@%?nﬁﬁﬁh IGHESAY FRISACSRIMEY e aRHbelyHeEPgMNahtNgonicated for 1
eclfi ntigen is determlned ThISI done b)ﬁﬁ#n atl the d|IuE on

i, T%@rwﬁdﬁ@fﬁrﬁﬁ’@@@%?@eﬁ%%% hé fa g"&é Biqfiasn formed
by detGRaiiohaata inthedead dimeachipiaté wet SM2 Bio-Beads (BioRad, Glattbrugg,

Switzerland) for 1 b at room temperature with shaking. Virosomes are then sterile filtered
{0.22 pm) and stored at 4°C.

3 3 Preparation of the standard virosomes with infegrated heterclogous antigens (IIRIVs)
Eor a final volume of 4 ml, 32 mg egg PC, 8 mg PE and the wanted amdunt of ihe
heterologous antigen-PE conjugate are dissclved in 3 ml of PBS, 100 mM QEG (PBS/OCEG).
Inactivated influenza A/Singapore/6/86 virus containing 2mg HA is cenirifuged at 100,000 x
g for 1 h at 4°C and the pellet is dissolved in 1 mi of PBS/QEG. The detergent solubilised
phospholipids and viruses are mixed and sonicated for 1 min. This mixture is centrifuged at
100,000 x g for 1 h at 18°C. Virosomes are then formed by detergent removal using two
times 1.5 g of wet SM2 Bio-Beads (BioRad, Glattbrugg, Switzerland) for 1 h at room
temperature with shaking. Virosomes are then sterile filtered (0.22 um) and stored at 4°C.

3.4 Preparation of virosomes containing TC-Chol (TIRIVs)

TIRIVs are prepared by the detergent removal method. For a final volume of 4 mi, 32 mg
egg PC, 8 mg PE, 5 mg cholesteryl N-{trimethylammoniocethyl)carbamate chioride (TC-chol)
and 200 mg of sucrose are dissclved in 3 m! of PBS, 100 mM OEG (PBS/OEG). 1 -2 mg
HA of inactivated influenza virus is centrifuged at 100,000 x g for 1 h at 4°C and the pellet is
dissolved in 1 ml of PBS/OEG. The detergent solubilised phospholipids and viruses are
mixed and sonicated for 1 min. This mixture is centrifuged at 100,000 x g for 1 h at 18°C.
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All individual titers per group are recorded. The groups are compared by
applying the Wilcoxon test to the data (serum titer). A resulting p value
smaller than 0.05 indicates a 95% WO 2009/000433PCT/EP2008/004780
wiprekeatlitysthat the two groups are not equal. Here, the Wilceg@n:tastisearso
used to show that the improved virosomes are "significantly more
immunogenic”, he. a Wilcoxon test on serum titers yields a p value c0.05
when egg-derived and viroplus virosomes are compared. Enzyme-linked
immunosorbent assay (ELISA) analyses were performed in order to detect

V*mgm%‘baf@sﬁa%mw BISGIES AnTRIBACH FH RS dptRasalvisiesith shaking two
timesBigefsn %W\Iﬁml@rmlteﬁpga&%&éi%@rgﬁw Soigniifig. WabloRosomes are sterile

, land) w rnight at 4C w, 00 ell o the
fuitere% élﬁéé%hr ! ?%e?eeaé?ﬁn? e adg ééégiﬁf%q%ﬁ Eaép%dp?‘@%?ff ItRjeAt —70°C and
then UWQ #tbsbhafiG dthaibiammie 1650) dgate s wire coatet vbsld Ggénstored at frozen
until sdution in PBS (pH 7.4) onto Polysorb microtiter plates, while HA proteins
(inactivated whole virus or virosomal formulation) were coated as 1pg/ml
solutlon in 0.05M carbonate buffer pH 9.4 onto Maxisorb microtiter plates.
.5 P atiod] tAt/platesavine hinsksdayith SYgaik powder in PBS for 2h
To o&gﬂ{"ﬂﬁ& ?gmfé%ﬂ FL ¥rg1£%%\% %Rﬁ%W'%}P @ﬁ%%&m%ﬁ 0 059% dissolved in

Tween 20. tes W eninc seria ons (s

waterabBieofeRan Gasesarale in TRz otvenhiliges. @‘Q%\fs\/ae%meﬁmaﬁ@ WBydhe freezer
and éﬂ&haﬂ@tﬂl‘ﬁ@foﬁz et %mﬁrﬁcbﬁdﬂﬁ éﬁ%&ﬁﬁﬂ%ﬁrﬂ%ﬁ“&%ﬂ%@'hetero!ogous

ser, After rth the lates were ncubated with HR
Ao oy R e SR8, BlPEbAER B e DS 10 sec on the
Vﬂﬁ@@ﬁt&‘é@@’l"ﬁqlm tevﬁhaad@tmﬂwmmsmg cycle, OPD-substrate
(O- Phenylendiamine tablets, Fluka, Buchs, Switzerland, 1 tablet in 50 ml
cifrate buffer + 20 pl H202) was added, and the plates were incubated in
A“e"”@i‘lé’éé{rkpﬁpﬂ%ﬁ] AltAnRe) e ColBtimetRcaddRtoR g TIRIVS during the
prepambgnewed&saffmtﬁjbmdmea&&mpi&aﬁst@”ppe@@udddlﬂoadﬁetﬁ(hll1hb’| desired
COﬂCB’#&%&Qﬁ %%féog‘éﬂi&%ﬁ't%@Qf%ﬁ@’?ﬁéﬁgﬁj gft é‘%zs% eS F}a g‘Mas"éparatson
asel itzer and own

Plus (Molecular Devices, Bucher Biotec s sho
steps femg i dUCABIG e RARRASIHUIRN AR R e RRiBEsh 3 EM e isetlosenwith an equal
volumiRive(ERIVs loaded with UK39) comprising HA derived from virus

produced on eggs and IIRIVs comprising HA derived from virus produced
|n ceII Ilnes are S|gn|f|cant p O 002 for chicken cell culture vs. egg and

g0 ol sadtiadovan Lialg vinasasiasan improved

e i i ...ru m@%@ﬂuwﬂ%’gw&%mséﬁgjmﬁ]@{mﬁbwbﬁsss)
om EBx- rived viru are a ted with_virosomes
vom AEEAERS %.wwi@%?%%ﬁﬁm%ﬁ S Cer s deedt antgen
(HCV gwseoS3)alue to calculate the anti UK39-titer calculated as 20% of the
maximum OD 492 value of the control included on each plate.

4. Analytical Assavs

4.1 SDS-Poly-Acrylamide-Gel-Elekirophoresis (SDS-PAGE)

Samples to be analyzed were mixed with the appropriate sample buffer supplied by
invitrogen (Basel, Switzerland) with or without reducing agent (Invitrogen) and incubated at
85°C for 2 minutes. 5-10pl of the sample were applied on polyacrylamide-gel-matrix
(invitrogen, Base!, Switzerland) and run according to manufaciure’s instructions. Gels were
either further analyzed by Western blot analysis and/or stained by silver staining using the
SilverQuest Kit (Invitrogen, Basle, Switzerland) following the “fast staining”-protocol supplied

by the manufacturer.
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WO 2009/000433PCT/EP2008/004780 5.2 Immunological analysis by

intracellular IFN-y staining (T-cell response) Intracellular IFNy staining:

Spleen cells (12 x 106) were incubated with 10 pg/ml specific peptide or

wionaeteyant peptide (negative control) in complete RPM! medivwma:oos/604780

containing 2 mM L-Glutamine, 100 U/ml Penicillin, 100 ug/ml

Streptomycin, 5 mM Hepes, 5% FCS and 5 x i05 M 2-mercaptoethanol at

37C and 5% CO2 in the presence of 5 pg/ml Brefeldin A for 4 h. Cells

were stained with FITC-conjugated anti-CD8 antibodies, permeabilized,

and stained with PE-conjugated anti- IFNy antibodies using the
4.2 PayiciidZytopernikiitiol emingtimasyiashirrsigsiuctions (BD

i , i A)..Data were, acquired.on a BDTm LSR |t

It e R b PO SR e v o clametar of
the viloRsyp A dhaciinlp et givers Tale melistisasrpity ineage tfd Ny rpesitien antkcation for
the herRSHBRSHIVS: el pamaBeitiah ¢la8 DOBEN S CoRIINSRRIGS W%ﬁ&%ydismmﬁy
of bepe %ei-sgf?mflc ceg‘lj'\stas obtained by subtractin tf{jﬁ@f)ercent_age in

SAhbies SFRHIREPVIFCREMASIB51ACRERR8 HaHe PRI itirafidered to be
very bampiesainintategeritits peciicpepticdal thildrAthicaRpgeniGietiog Weke:

ZetadBUPYRFRIMCS @ an interval of three weeks with TIRIVs prepared
with cell culture derived influenza virus (Duck EBx TIRIVS) or TIRIVs

prepared with egg derived virus (egg TIRIVSs), both loaded with the

Size hetteroiogusyentigerdiedr a3 E aphotharenaaliansdheamennt homHs
insthA \{v ipenti al. Contrgl mice were immunized with TIRIVs without the
BEME

FOI0GOUS. a%?%%nr?? (bR THHeS Y AN RS BRI B Mk g faser (2=633 nm)
and afi@yalne)ePOBsditied s 5 e6ifto fdrathehalier slag addahtigiitewaPBS buffer in a

final ddﬁ&%f@\}eﬁﬂﬁéydmr?rﬁ?‘m@HE&&'«%&%Q&E%%E?\’%@F%@ %i‘“i‘my%r‘z'gsa& the fixed

standar? deviation. 5.3 Comparison of HA rom virus ucedon
scatielifg anaY Pl Protir s AR inie w R RYAiHalP RS IecInE Hayrremed fitting.

and monoclonal antibodies react differently with the egg-derived and with

4.3 sile AdrRiceh Sl -%rljlvgrq \ ié% the polyclonal serum reacts

. with both HA"derived 1ro Travian cell lines and with HA
The sigifrEirbImUIHIO BB iR tEsTF dgjistaiminalipt i lematpbtiyioinegaasd cell-
basedmiﬁllubkl!kérﬁmc@/@g-d@ﬁm&iaﬂ;%v@@ﬁé/k@%)‘ﬂéijﬁéﬁé%ér@ﬁwmé @?écﬂfre
descri n %é SI‘ or )/,.7§ C&HilNJ#,.PanaaH3N2 .
es_’cn\g\/%éjesgréheﬁl |e%toaf{11 %ﬂrf}]} ?goér@éaéég ‘;%fefc & \fé%rﬁ%tﬁf{%%‘ BN 1%
Zwittefapkiaatieshkem) for 30 min at room temperature (RT) and submitted to
immunodiffusion for 72 h at RT in antibody-lcaded agarose gels. The precipitation zone
diameters of antigen—antibody complexes were measured and the antigen content of the

virus preparations was calcufated by using a calibration curve of a whole virus reference
batch (NIBSC, London) with known HA content as communicated by the provider NIBSC,
The whole virus reference baiches used for HA quantification of celi-based influenza
batches were their egg-based standardized counterparts from the NIBSC, as well as the

antisera used.
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WO 2009/000433PCT/EP2008/004780 recognized by the mADb, indicating

that the mADb is not strain-specific. For deglycosylation, the "Enzymatic

protein deglycosylation Kit" from Sigma-Aldrich (Buchs, Switzerland) was
wusesholdseparations were done according to the manufacturegSyr/ep2oos/004780

instructions. Deglycosylation of the virus preparations from the three

strains led in all cases to the complete loss of the signal, while a

polyclonal serum directed against HA recognized bands of smaller size

representing the deglycosylized protein (Table 3). Passa e of influenza

virus on mammalian cell line and analysis by Western blot Two
6-well-plates W|th elther | 0 cells wereg piggigd 9x 105 Cells
per welhplerdes bin [ followistgaay cell wetgydispersity
infected with virus grown ted eqgs or in{E®x cells| either with
of erate infectious virions (by the cleavage of HA

ithout Trypsin to gen
1“W C% \éfé?%%}oteln active) &+48 limit repll;catiorigi(@ one passage {62

e-absence-of-trypsiny,

/| a A ecanfarmatio

K& Uplllg HAthan-thactive-HA-eonformation-h

2, respessively. &glls were harvested,by. scraping off the}g,glls after 1 dayo(f_,?%
MDCK) or 3 days (Vero ¢ells), as soon as the Virus infection led to lysi§ o

the cells or induced a visjble CPE, TéSpectively. The infected cetts were
3. syubkeguEtivly Bmalysed by Westeria tdot analysis using:gither the 0.06
polyclonal.anti-HA-rabbitl serum or the HA-specific mAb. Howgver,
Tablestalnl with the monoclonal antlbody was onl posmve forfthe virus
[ i y the

heterd! gﬁ @Eﬁn@?ﬁ}% ﬂgg@%&%e sxzz BI%TEM ) Rhl% f@ifgﬁ%%iru%%sf a%by dynamic
ight sYATERVERR dORNRRFA0NIS T SRS o6

(MOCK or Vero cells, as obtained in the absence of trypsm which

44 W&&SFR £5 only viruses incapable to re-infect cells). Thus, one passage
T fficient to eliminate the signal with the mAb. One passage excludes

The 09\’@%%%’7‘@ rEebrsimahine dndliesrmmiges araditserbforermbmontified tugohtibavian

cell is%@@@!@éﬁ@ﬁ@@%'ﬁﬁ@'%é@ﬁ%ﬂﬁgﬁém%é’wmg r@%éa%‘ﬁons to gain
Iud the n{? ence of tr ti%lﬁsm HAD is not cleaved into H

o L S SR O R poDY LSS SRS (HAnBoth cell
pes&%a@&ﬁ@%mmmmmmmcgnmm@m@lamae protein content

of the 24RAPLILRLAIRCRTERE AIMBRALR Droteins / protein-sizes of HA and NA.

Samples to be analyzed were run on an SDS-PAGE as described above. Gels were
transferred to appropriate transfer-buffer supplied by the manufacturer {Invitragen, Basel,
Switzerlandy}. In parallel PVDF-membrane {Invitrogen, Basel, Switzerland) was pre-
incubated in Methanol and transferred to transferbuffer as well. 4-5 blotting pads and 2
Watman-papers (Biorad, Reinach, Switzerland) per gel were soaked with transfer-buffer and
the blot was assembled. The transfer was achieved by applying 25V, 125 mA, 17W per gel
for 1h 30min. Membranes were washed briefly in PBS confaining 0.2% Tween 20 and
unspecific binding of antibodies or sera was blocked by incubation with 5% milk in PBS for
'2h. After washing membranes again in PBS/0.2% Tween 20, blots ware incubated with first
antibody/serum dituted in 0.5% milk in PBS/0.2% Tween 20 1:100 up to 1:10'000 depending
on the antibody at RT for 1-2 h. Membranes were washed 3 times for 5 minutes in
PBS5/0.2% Tween 20 and incubated in appropriate horseradish-peroxidase (HRP)-labslled
secondary antibody difuted 1:1'000 up 1:20'000 in 0.5% milk in PBS/0.2% Tween 20. After
washing the membranes for 5 times in PBS/0.2% Tween 20, visualization was done by

32



Influenza virus propagated on Polyclonal Ab Monoclonal Ab after de_g
lycosylation: Polyclonal Ab after deglycosylation: Monoclonal Ab Chicken

cells

WO 2009/000433 PCT/EPZ068/084780

chemiluminescence using SuperSignal West Dura kit {Pierce, Lausanne, Switzerland)
according to manufacturer's instruction.

4.5 FRET Assay

For in vitro fusion measurements by flucrescence resonance energy transfer (FRET), 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/PG (70:30). Flugrescence
measurements were carried out in 5 mM sodium phosphate buffer pH 7.5, 100 mM NaCl, in
a final volume of 0.8 m!in 2.5 mi PMMA micro-cuveties {(VWR, Dietikon, Switzerland) under
continuous stirring. Typically, 1 pl of labelled liposomes (0.3 nmol phospholipid) were mixed
with 5-20 pl of virosomes and fusion was triggered by addition of 3.75-7 ul of 1 M HCI,
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 an excitation
slit of 2.5 nm and an emission siit of 15.0 nm. Measurements were carried out with an LS 55
Luminescence spectrometer (Perkin Elmer Instrumenis, Schwerzenbach, Switzerland)
equipped with a thermostated cuvette holder and a magnetic stirring device. The instrument
temperature setting was 42°C, resuiting in sample temperature of 35° to 37°C. The maximal
fluorescance at infinite probe dilution 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 set to zero and the fluorescence at infinite probe dilution to 100%

(maximal fluorescence).

Samples for the FRET assay should contain a total amount of HA ranging from 0.5 t0 10 ug
HA. For analysis of virosomal formulations, 2 to 6 L@ HA has proven optimal. The HA
concentration of the sample is previously determined by SRD. Depending on the specific HA
concentration of the formulation, the volume of virosomal formulation necessary for the
FRET assay varies between 3 and 40 ul {corresponding to 2 to 6 ug HA). If the volume of
the virosome sampie is less than 40 pl, the difference is compensated for by addition of
PBS.

it is emphasized that the ratio between HA and virosomali lipids remains unchanged if

different amounts of virosomes are used in the ERET assay, e.g. in serial measurement as
shown in Table 2.
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Intarpretation of FRET restilis

Because the percentage values obtained in the FRET assay are variable, an absolute
range/cutoff value is difficult to establish. In contrast, the ratio between different samples is
relatively robust. The amount of HA used in the assay should be in the range of 310 6 ug in
a total volume of 0.8 mi. Multiple measurements with different amounts within this range
{e.g. 3, 4, 5, 6 pg) allow to plot a dose response curve that provides additional information
{e.g. saturation of the system).

o HA amount Fuston activity (%
Sampie Description {Lg) Experiment 1 E:ﬁeirirgient 2

52 46 3¢
3. |UK38 IRIV_Chicken 34 28 23
) 1.6 29 26
0.8 29 18

5.3 54 54

2 UK 38 IRIV_Duck 3.5 42 33
) 1.8 22 38
1.0 28 13

52 18 14

3.8 15 8

3. (UK 3SIAIV_Egg T8 P 3
0.9 G 5

Table 2: Evaluation of the fusion activity of IRIV in different formulations for heterologous malaria derived
antigen UK 38. For each formulation four aliguots with different HA amount were measured.

For each HA concentration analyzed by FRET, the results (expressed as % fusion activity)
are compared between IRiVs comprising HA from chicken and egg-derived viruses . This is
done by calculation of the ratio between the two samples for each HA concentration tested. |
Subsequently, the mean value of the ratios at different HA concentrations is calculated.

The direct readout (% fusion acitivity) varies significantly between different HA
concentrations (dose dependence), and also between different test runs (test variability) with
the same sample. in contrast, the mean ratio shows much iess variation and thus,
represents a robust readout that allows a reproducible comparison between samples.
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5 ug: 389%:14% = 2,78
3ug 23 8=2,87
2ug 26:13=2,0
Tug 185=3.86

Resulting in a mean value of 2,81 (Figure 2, lower panel)

Immunogenicity studies in mice

Antibody response: if not indicated otherwise, groups of at isast 10 BALB/c mice were
immunized i.m. with 0.1 mi empty IRIVs or IRIVs loaded with heterclogous antigens (lIRIVs)
in different concentrations to evaluate the immune response. In this experiment, the malaria

antigen UK38 served as the heterologous antigen. Two vaccinations at an interval of three
weeks were applied, and serum samples were collécted two weeks after the second

immunization.

CDB+ T cell response: If not indicated otherwise HLA-AZ2 transgenic mice were immunized
s.c. with 0.1 ml empty TIRIVs or TIRIVs loaded with heterologous antigens to evaluate the
immune response. Two vaccinations at an interval of three weeks were applied, and spleen
cells were collected two weeks after the second immunization.

5.1 immurnological analysis by ELISA (B-cell response)
Groups of at least 10 BALB/c mice are immunized twice im. at an interval of three weeks

and serum samples are collected. Schedule, dosage and number of immunizations may
vary as long as the same procedure is applied o ihe groups compared. The sera are tested
by ELISA to measure the antibody responses against influenza HA (Figure 3) and against
the heterciogous antigen UK39 derived from Plasmodium faiciparum (Figure 4). For each
serum, the antibody fiter against the specified antigen Is determined. This is done by
calculating the dilution corresponding to the OD value 20% of the maximum OD-value of the

controf-serum included on each plate.

All individual titers per group are recorded. The groups are compared by applying the
Wilcoxon test to the data (serum tifer). A resulting p value smaller than 0.05 indicates a 95%
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probability that the two groups are not equal. Here, the Wilcoxon test is used to show that
ihe improved virosomes are “significantly more immunogenic", i.e. a Wilcoxon test on serum
titers yields a p value <0.05 when egg-derived and viropius virosomes are compared,

Enzyme-linked immunosorbent assay (ELISA) analyses were performed in order to detect
antibodies against hetercloguous antigens or HA in serum samples. Briefly, 96-well
microtiter plates (Nunc, Fisher Scientific, Wohlen, Switzerland) were costed overnight at 4°C
with 100 ul per well of the antigen of interest in the adequate buffer system., e.g. malaria-
antigen UK 39 phosphatidylethanclamine conjugates were coated ast Oug/mil solution in
PBS (pH 7.4) onto Polysorb micratiter plates, while HA proteing {inactivated whole virus or
virosomal formulation) were coated as 1pg/mi solution in 0.05M carbonate buffer pH &4

onto Maxisorb microtiter plates.

After coating, the plates were blocked with 5% milk powder in PBS for 2h minimum at R,
followed by three washes with PBS containing 0.05% Tween 20. Plates were then incubated
with serial dilutions (starting at 1:50) of the mouse serum in PBS containing 0.05% Tween
20 and 0.5% mitk powder for 2 h at 37°C. Each plate must contain a positive control serum.
After a further washing cycle, the plates were incubated with HRP- coniugated goat anti-
mouse lg antibedy (BD Bioscience, Basel, Switzerland) for 1 h at 37°C. After a last washing
cycle, OPD-substrate (O-Phenylendiamine tablets, Fluka, Buchs, Switzerland, 1 tablet in 50
mi citrate buffer + 20 pt H,0,) was added, and the plates were incubated in the dark at room
temperature until the colorimeiric reaction had progressed sufficiently and reaction was
stopped by addition of 100p! 1 M HS0, and optical densities {OD) were read at 492 nm on
a Spectra Max Plus (Molecular Devices, Bucher Biotech, Basel, Switzerland).

As shown in Figure 4, the differences in the immunogenicity observed between HRIVs (IRIVs
loaded with UK38) comprising HA derived from virus produced on eggs and HIRIVs
comprising HA derived from virus produced in cell lines are significant: p=0.002 for chicken
cell culiure vs. egg and p=0.009 for duck cell culture vs. egg. There is an improved
immunogenicity of UK38 associated with virosomes formulated with HA from EBx-derived
virus compared to UK39 associated with virosomes formulated with HA from egg—derived
virus. The gray dashed line marks the OD-value to calculate the anti UK38-titer calculated
as 20% of the maximum OD 492 value of the control included on each plate.
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Table 3: comparison of hemagglutinin derived from influenza virus
propagated on egg or on cell lines Claims: 1. A virosome comprising
hemagglutinin (HA), wherein the HA was derived from influenza virus
waraclwaedkiz an avian cell line. 2. The virosome according tosetamyisesnes7se
wherein the fusion activity of said virosome is at least 50% higher
compared to the average fusion activity of a virosome comprising HA that
was derived from influenza virus produced on chicken eggs. 3. The
virosome according to any of claims 1 or 2, wherein the immunogenicity of
said virosome is significantly higher compared to the immunogenicity of a

5.2 |MOReIy ;ear@awggmbkﬁﬁﬂa&m&iﬁrwqﬁs&mmﬁ@fd@m%@w@é?dUced

e RS8R A5 LTS Frehaa e s
peptifpevnesopieyaccoeiits t@?mi@e clairins!Liv corhpieiin fifgvlinesdiore iontaining 2
mM IYORRARR%, 100 U/im! Penicillin, 100 ug/m! Streptomycin, 5 mM Hapes, 5% FCS and 5
x 10°° M 2-mercaptoethanol at 37°C and 5% COZ2 in the presence of 5 pg/mi Brefeldin A for
4 h. Cells were stained with FITC-conjugated anti-CD8 antibodies, permeabilized, and
stained with PE-conjugated anti- IFNy antibodies using the Cytofi/Cytoparm kit following
the manufacturer's instructions (BD Pharmingen, San Diego, USA). Data were acquired on a
BD™LSR Il flow-cytometer and anaiyzed with FlowJo software. Frequency of IFNy-
producing cells was calculated as percentage of IFNy positive and CD8 positive cells among
total CD8 positive cells. The percentage of peptide-specific cells was obtained by
subtracting the percentage in samples stimulated with non-relevant peptide from the

percentage in samples stimulated with specific peptide.

HLA-A2 transgenic mice were immunized iwice s.c. at an interval of three weeks with TIRIVs
prepared with cell culture derived influenza virus (Duck EBx TIRIVs) or TIRIVs prepared with
egg derived virus (2gg TIRIVs), both loaded with the heterclogous antigen HCV core 132
For both preparations the amount of HA was identical. Control mice were immunized with
TIRIVs without the heterologous antigen. Two weeks after the last immunization the
frequency of CD8+ T cells specific for the heterologous antigen was determined by
intracellular IFN-y staining. Shown are mean values + standard deviation.

5.3 Comparison of HA derived from virus produced on egg and virus produced in cell culture
As shown in Figure 1, the polyclonai and monocional antibodies react differently with the
egg-derived and with the avian cell culture-derived material. While the polyclonal serum
reacts with both HA derived from virus produced in avian cell lines and with HA derived from

virus produced on eggs, the monoclonal antibody only reacts with HA from egg-derived

virus.,

Dedglvcosyiation of HA
Different strains of influenza A (A/Singapore (H1/N1}, A/NC (H1/N1), A/Panama {(H3/N2)
were amplified on embryonated egg; the HA derived from the respective preparations is
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6. The virosome according to any of claims 1-5, wherein the virosome is

loaded with antigen. 7. The virosome according to any qf _claims.1-5,

wherein the virosome is empty. 8. A composition comprising a virosome
vageorgingute any of claims 17. 9. The composition accqr_dingli@wm)jhgmmgg

wherein the composition is a vaccine. 10. The composition a_ccordlng to

any of claims 8 or 9, wherein the composition i_s immunogenic and further

comprises a liposome and at least one antigenic molecule. 11. The

iti ' laim 101 wherein the at least one antigenic
oo R SEa R AD e St oo coston
the “Boegroiig tocaen déglmhﬁoﬁ(&ﬂfmﬂ@Qﬁ@ﬂ%ﬁ%ﬁ@%é?%ﬁ%‘%@ﬂand) was

i f ical campaosition to generate an immu .
e e P ah i e ot dassosyiaton

of the ¥ins pReepErtinB SRTNBE thamEhg Ay Bt forbrepsasing phaimauentinak of the

signalpwipiesilippigdRraanerain MBS A65PRNEES 08N Bgﬁlg% fyarpus..
%g%%ns. tJﬂ4.éJs§,of thF virosome according to any of claims I-7for
e paing A PR EARTERIYEIA S 6&RIBor vaccination or immunization.

Passage of influenza virus on mammalian cell line and analvsis by Westem blot

Two B-well-plates with either MDCK- or Vero cells were prepared: 5x 10° cells per well were
seeded in Episerf medium. The following day cell were infected with virus grown on
embryonated eggs or in EBx calls, either with or without Trypsin 1o generate infectious
virions (by the cleavage of HA which renders the protein active) or to limit replication to one
passage (by keeping HA in an inactive HA, conformation in the absence of trypsin),
respectively. Cells were harvested by scraping off the celis after 1 day (for MDCK) or 3 days
{(Vero cells), as soon as the virus infection led to lysis of the cells or induced a visible CPE,
respectively. The infected cells ware subsequently analysed by Western blot analysis using
either the polyclonal anti-HA-rabbit serum or the HA-specific mAb.

However, staining with the monocional antibody was only positive for the virus isofated from
the infected egg (control) but negative for the HA-samples which were derived from virus
passaged only once on mammalian cells (MDCK or Vero cells, as obtained in the absence
of trypsin, which generates only viruses incapable to re-infect cells). Thus, one passage was
sufficient to eliminate the signal with the mAb.

One passage excludes the possibility of amino acid exchange, and therefore, a modification
of the epitope on amino acid level as reason for the loss of binding can be excluded. In the
absence of trypsin, HAQ is not cleaved into HA1 and HA2. A destruction of the epitope by
cleavage of HA by trypsin can be excluded as reason for the lack of antibody binding as

well,
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15. Use of the virosome according to any of claims 1-7 for preparing a
pharmaceutical composition for treating or preventing a disease or

disorder.

16. The use of claim 15, wherein said disease or disorder is

weelesiadolrom infectious diseases or cancer. 17. A kit compesingoes/to4786
virosome according to any of claims 1-7 or a composition according to any
of claims 8-11. 18. A method for the preparation of a virosome according
to any one of claims 1-7, comprising the steps of a) treating a whole
Influenza virus with a detergent or short chain phospholipid, b) separating

~optionally adding phosphalipids

c).removing

A Contgumnn frar‘fln
}ﬁzﬂﬁgﬁﬁ é Q@Eﬁﬁﬁb in| tMORSHI95R0 Bee virosome. 1b20fosome
P alna%rf% by the method|4® ording to cﬁ?rw gsylation: | deglycosylation:
olyclonal Ab Monocional Ab
Chicken cells “ n.d. n.d.
Duck & = n.d. r.d.
Egg o + + -
smaller sized
bands
MEOCK % - n.d. r.d.
Yero n.g. (limited | n.d. n.d. n.d.
growth)
1.8g9q, - - n.d. n.d.
2.mamemalian

Table 3: comparison of hemagglutinin dsrived from influenza virus propagated on egg or on cell tinas
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Claims:

1. A virosome comprising hemagglutinin (HA), wherein the HA was derived from
influenza virus produced in an avian cell line.

2. The virosome according to claim 1, wherein the fusion activity of said virosome is at
least 50% higher compared io the average fusion activity of a virosome comprising
HA that was derived from influenza virus produced on chicken eggs.

3. The virosome according to any of claims 1 or 2, wherein the immunogenicity of said
virosome is significantly higher compared to the immunogenicity of a virosome

comprising HA that was derived from influenza virus produced on chicken eggs.

4. The virosome according to any of claims 1-3, wherein the HA was derived from at

least two different influenza virus strains.

5 The virosome according to any of claims 1-4, wherein the virosome is lvophilized.

8. The virosome according to any of claims 1-5, wherein the virosome is loaded with

antigen.

7. The virosome according to any of claims 1-5, wherein the virosome is empty.
8. A composition comprising a virosome according to any of claims 1-7.
g. The composition according to claim 8, wherein the composition is a vaccine.

10. The composition according to any of claims 8 or 9, wherein the composition is
immunogenic and further comprises a lippsome and at least one antigenic molecule.

11. The composition according to claim 10, wherein the at least one antigenic molecule

is entrapped in said liposome.
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12. Use of the virosome according to any of claims 1-6 as an antigen delivery vehicle in
the preparation of a pharmaceutical composition to generate an immune response

against an antigen.
13. Use of the virosome according to claim 7 as a non-specific immunostimulating agent
for preparing pharmaceutical compositions to generate immune responses against

antigens of various origins.

14. Use of the virosome according to any of claims 1-7 for preparing a pharmaceutical

compaosition for vaccination or immunization.

15. Use of the virosome according to any of claims 1-7 for preparing a pharmaceutical

composition for treating or preventing a disease or disorder.

16. The use of claim 15, wherein said disease or disorder is selected from infectious

diseases or cancer.

17. A kit comprising a virosome according to any of claims 1-7 or a composition
according to any of claims 8-11.

18. A method for the preparation of a virosome according to any one of claims 1-7,

comprising the steps of

a) treating a whole Influenza virus with a detergent or short chain phospholipid,
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b) separating the HA containing fraction, optionally adding phospholipids,

c) removing the detergent, resulting in the formation of the virosome.

18. Virosome obtainable by the method according to claim 18.
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