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| NVENTI ON 5The present invention relates generally to the field of
prevention of di seases caused by envel oped viruses. Mre
particularly, this invention concerns a conposition for inactivating
an envel oped virus conprising at |east one non phospholipid Lipid
Vesicle (nPLV) able to interact with said envel oped virus and an
agent that enhances the |lipid exchange between said nPLV and the
menbrane of said envel,eRaRoYiroNFoR MACHACHERAUNIVECBPED VIRE | NVENTI ON
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as "anti-raft agents”. Indeed anti-raft strategies will be effective
only against extra cellular forms of the virus, when these forns are
externally accessible, nanely in the naso - and oropharynx and
respiratory tract (e.g. influenza), the urogenital tract (e.g. H V),
the skin (e.g. herpes sinplex) or deposited on surfaces (fomtes).
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30based on the discovery that paucilanellar |ipid vesicles,
preferably having non-phospholipids as their primary structural
material, can fuse with enveloped virus and that the nucleic acid of
4 the virus denatures shortly after the fusion. CGenerally,
the_paucilanellar lipid vesicle is filled with either an oil solution
or a water solution, both containing a nécleic acid degradi ng agent.
An ot her patent application, EP 1 304 103 Al (D.F.H Wall ach) provides
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conposition o e invention so as so as to exchange thejir | pj
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conposi t2'00 N thereof, A releasing agent, preferably an a-cyclodextrin, is embodied in the form of a

biocompatible molecule.

For the reasons described above, the Applicants have explored the advantages of using
liposomes such as non phosphelipid Lipid Vesicle (nPLV) composed of single-chain poly-

25  (ethylene glycol)-alkyl ethers [(PEG)-alkyl ethers] instead of phospholipid liposomes
(Wallach, 1996; Varanelli et al. 1996; Wallach and Varanelli, 1997).

US patent 5,561,062 (Varanelli et al.) already provides an in vitro method of
inactivating enveloped viruses by using paucilamellar lipid vesicles, preferably having non-
phospholipids, and preparations useful in accomplishing this inactivation. The method is

30 based on the discovery that paucilamellar lipid vesicles, preferably having non-phospholipids

as their primary structural material, can fuse with enveloped virus and that the nucleic acid of



conprising a pharmaceutically anmount of the conposition of the

i nvention, optionally in 15conbi nation with one or nore

phar maceutically acceptable carriers. Another aspect of the invention
provi des a nethod for treating or preventing a di sease associ at ed

wi th an envel oped virus in a subject conprising the step of
delivering to said subject the pharnmaceuti cal conposition of the
invention to a |l ocation proximte to said 20envel oped vi rus.

The inventign. s%&a%ﬂ&tsﬁémiz Qﬁe@ﬁ:etfﬂb@odﬁ@@ne@illy}tﬂ@_?ﬁ@im%ﬂlipmeﬁﬂe idfitled
invention, inh e preparation of a nedicanent for the treatnmepnt or
prevent i on with sthermodisoluteh wriamer seluting; bptloepnisinitgagicleipreid degrading agent.
further object of the present invention is to provide the use of the
conposition of the invention in the preparation of a |arge-scale.
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envel oped vijjs and an agent that enhances the |ipid exchange between
said nPLV and the menbrane of said envel oped virus, wherein said nPLV
is cholesterol free. "A" or "an" means "at |east one" or "one or
more. " 25As USedDQ?ﬁ@tiJ@disél&ﬁret&Hﬁ&’oféédi@ﬁ&ﬁﬁ'énc&ﬁ&n't' bpHiationse Sieletaioy e
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encl osi ng a teessfere ainoedfor & yewnpehed of insrisEtngrnFr v ppe "URE. The
l'ipids ape idqddhe f ahpuokeisiplssul ar layers, or lanmellae, in an
onion- |Tke structure. 30The ternms "unilanellar", "paucilanellar",
"multilanellar”, as used herein, refer to the nunber of peripheral
bil ayers surrounding the central cavity of the |iposone, in
particular the nPLV of the invention. A unilanellar nPLV consists of
one peripheral bilayer surrounding the central cavity whereas a

mul tilamellar nPLV consists of nore than 2 peripheral bilayers.




7 Paucil arnell ar nPLV, which can be considered as a sub-class of the
mul tilanmellar nPLV, consists of 2 to 8 peripheral bilayers. The

nol ecul ar bilayers of nPLVs have a physical structure simlar to

cl assical 5 phospholipid bilayers. For exanple, it has been shown
that X-ray diffraction of C 16 (PEG 2 ether vesicles showed a sinple
and principal reflection, representing tle thickness of a hydrated,
doubl e I ayer (5,8-6,1 nanoneters) of anphiphile, with smaller spacing
at higher cholesterol levels - fully anal ogous to phospholi pid
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surfactant type CPOPBIEE)RYHCTCOPUTTHACERISION fpidp3sfivating an enve
phosphat igly| glagkiefifed/ilChe: i dpides 8t lbisPRRAIOR Shoshaliph¥Lifid Fesitlb@PLV) able to

expansi on of surface is eqU|vaIen to a id-cr
hydr ocar bon PBiFESEWitRin spytleRsd vavsAP @1%‘3(“]5&%;1 fes N&s@a‘%ﬂdﬁ%ﬁe befiveengaid

area per nol gau} shdahe sstfraeloalid éebeASAds, WheglahllhPL Y UgGeREOD .
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as having am,efkieclio 290G, eRnaReLREpRist her by direct contact or at
di stance. In the present iInvention, Fhe agent that enhances the lipid
exchange, as described, acts by contacting or colliding the nPLV of
the invention wi tsﬂllhﬂzﬁ]he? BYYE: BPEdiny e 16 pfok}muaula&aaaﬁaé@@dﬁmroaﬁom PLV
of the invention énve | oped virus. | es of envel oped
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and Epstein-Barr virus, Flaviviridae, e g. Yel | ow fewer virus,
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e.g. Rubella virus an Shdbi s viru Coronavi ri dae

coronavi rus ésmd\mthﬁs\)envm%vum@)wblepwelpnsngthe Fiap af dgﬂqui@a popsaid

Vi ruses, us,
Rabdov 11 dacr bis it FisEARR Sobhdefn BPlle BRERA T Elatar Bt ol
Fil oviri 8@e, m@m@pmmhwburg virus and Ebol a virus, C}thonyxoviridae,
e.g. Influenza A and B viruses, 8 Bunyaviridae, e.g. Bwanba virus,
California encephalitis virus, sandfly fever virus and Rift Valley
fever virus, Areriieirvedaealse ccgﬂenl;ﬂ%svheruss of tl;amoviﬁpmsf thgigvepeion, mn the

Vi rus, FbpadnaV|r|da B-virus Ret
LY and b1 P eirin pEs el BT b b AL A Bl leMpkd il Goflutls.
Tabl e 1. disease.
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opesd virus

A further object of the present invention i to provide the use of the composition of the

invention in the preparation of a large-scale biocompatible disinfectant or of a coating agent.

Other objects and advantages will become apparent to those skilled in the art from a
30  review of the ensuing detailed description, which proceeds with reference to the following

illustrative drawings, and the attendant claims.



Table 1 Famly Typical Menbers Hunan Diseases T I ri ' [
virus, Rubella virus Easter equine encephalitis, ggg\é: Ir;dae S ndbrs
Flaviviridae Yellow fever virus, HCV Japanese encephalitis, Dengue
Yel | ow fever, Tickborne encephalitis, Hepatitis C Ot horry;<ovi ri dae
I nfluenza viruses Human Flu, Avian Flu Paranyxoviridae NDV, Measles
virus, Minps virus, Human Metapneunovirug, RSV ’

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the effect of different nPL.Vs compositions on the inactivation of 2 different

5 recombinant Sendai viruses: A) rSeV-Luc, expressing the luciferase gene and B) rSeV-GFP,
expressing the green fluorescent protein. PCE: polyoxyethylene cetyl ether, PA: palmitic acid,
HTAB: hexadecy! trimethylammonium bromide.

Figure 2 A shows the synergistic effect of cyclodextrin on the inactivation of an enveloped
10 virus (Sendai virus) by various dilutions of nPLVs (0.02%, 0.05% and 0.1%).

Figure 2 B shows the direct effect of increasing concentrations of cyclodexirin, in absence of

nPLVs, on the inactivation of an enveloped virus (Sendai virus).

15 DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a composition for inactivating an enveloped virus
comprising at least one non phospholipid Lipid Vesicle (nPLV) able to interact with an
20  enveloped virus and an agent that enhances the lipid exchange between said nPLYV and the

membrane of said enveloped virus, wherein said nPLV is cholesterol free.
» A% or "an” means “at least one” or “one or more.”

25 As used herein, the terms “liposome” and “lipid vesicle” are used interchangeably to
designate a small sphere made of lipid shells enclosing a central cavity mostly composed of an
aqueous volume. The lipids are in the form of bimolecular layers, or lamellae, in an onion-
like structure.

30 The terms “unilamellar”, “paucilamellar”, «multilamellar”, as used herein, refer to the
number of peripheral bilayers surrounding the central cavity of the liposome, in particular the
WPLYV of the invention. A unilamellar nPLV consists of one peripheral bilayer surrounding the

central cavity whereas a multilamellar nPLV consists of more than 2 peripheral bilayers.



Respiratory infections, Masles, M iri [
_ _ _ : , nps Rhabdoviridae VSV, Rab
virus Rabies, various infections Bunyaviridae Hantaan virus e
Crinean- Congo Henorrhagic fever virus, Rift Valley fever virhs
Various henorrhagic fevers, Rift Valley fever Coronaviridae SARS

virus Many respiratory infections, including SARS A I ri cw
_ _ _ : ren
Lynphocytic chorioneningits Retroviridaé ) aviridae L

Paucilamellar nPLV, which can be considered as a sub-class of the multilamellar nPLV,

consists of 2 to 8 peripheral bilayers.

The molecular bilayers of nPL.Vs have a physical structure similar to classical
5  phospholipid bilayers. For example, it has been shown that X-ray diffraction of C 15 (PEG) 2

ether vesicles showed a simple and principal reflection, representing the thickness of a
hydrated, double layer (5,8-6,1 nanometers) of amphiphile, with smalles spacing at higher
cholesterol levels — fully analogous to phospholipid bilayers. The spacing of 6.1 nanometers
corresponds to the maximum extension of two amphiphile molecules plus a layer of bound

10 water (Mitchell, et al. 1983; Adam et al. 1984). Lantzsch et al. (1996) used fluorescent
transfer techniques to determine the surfaces of surfactant type Ciz (PEG)y in 1-palmitoyl-2-
oleoyl phosphatidylcholine /Ciz (PEG)1¢ liposomes. For N = 1.3, the expansion of surface is
equivalent to a liguid-crystalline hydrocarbon phase per molecule of Ciz (PEG) . For N=4-8,
the surface area per molecule of surfactant increased gradually, suggesting a rolled up

15  configuration of the incorporated molecules, with two water molecules per ethylene glycol
segment. Further, aqueous dispersions of 1,2~tetradecyl or 1,2-hexadecyl phosphatidylcholine
accept large proportions of Cis (PEG) 4 (Médler et al., 1998).

As used herein, the terms “to interact” and “interacting” are meant as having an effect
20  one on another either by direct contact or at distance. In the present invention, the agent that
enhances the lipid exchange, as desciibed, acts by contacting or colliding the nPLV of the
invention with the enveloped virus or shuttling between the nPLV of the invention and the

enveloped virus.

25 Examples of enveloped virus families and some trains within the families comprise,
but are not limited to, Poxviridae, e.g. vaccinia and smallpox, Iridoviridae, Herpesviridae, e.g.
Herpes simplex, Varicella virus, cytomegalovirus and Epstein-Barr virus, Flaviviridae, e.g.
Yellow fewer virus, tick-borne encephalitis virus and hepatitis C virus, Togaviridae, e.g.
Rubella virus and Sindbis virus, Coronaviridae, e.g. Human coronavirus (SARS virus),

30  Paramyxoviridae, e.g. Parainfluenza viruses, mumps virus, measles virus and respiratory
syncitial virus, Rabdoviridae, e.g. vesicular stomatitis virus and rabies virus, Filoviridae, e.g.

Marburg virus and Ebola virus, Orthomyxoviridae, e.g. Influenza A and B viruses,



HTLV, HV Hurman T-cell |eukem a, AIDS Filoviridae Marbur

[ , and Ebol a
viruses Marburg and Ebol a henorrhagic fevers Fbrpesviridge Human
Her pesviruses, EBV, CW Cold sores, genital herpes, infectious

nononucl eosi's, Cytonegal ovirus disease Poxviridae Vaccinia virus
Vaccinia, variola, MlIluscum contagl osum Hepadnaviridae HBV
8

Hepatitis B
Bunyaviridae, e.g. Bwamba virus, California encephalitis virus, sandfly fever virus and Rift
Valley fever virus, Arenaviridae, e.g. LCM virus, Lassa virus and Junin virus,
Hepadnaviridae, e.g. hepatitis B-virus, and Retroviridae, e.g. HTLV and HIV.

Preferably, the virus of the invention is selected from Table 1.

5
Table1
Family Typical Members Human Diseases
()]
s Togaviridae Sindbis virus, Rubella virus | Easter equine encephalitis, Rubella
: i
§ Japanese encephalitis, Dengue,
. o . Yellow faver, Tickborne encephalitis
Flaviviridae Yellow fever virus, HCV ! e d
% f Hepatitis C
o
Orthomyxoviridae Influenza viruses Human Flu, Avian Flu
NDV, Measles virus, Mumps - . .
Paramyxoviridae virus, Human Respiratory tQLeritlgns, Measles,
Metapneumovirus, RSV P
Rhabdoviridae VSV, Rabies virus Rables, various infections
Hantaan virus, Crimean-Congo - . :
Bunyaviridae Hemarrhagic fever virus, Rift Various hemorrhagic fevers, Rift
: Valiey fever
Valley fever virus
Coronaviridae SARS virus Many resplratorysxﬂRfeS:ctlons, including
Arenaviridae LCMV Lymphocytic choriomeningits
Retroviridae HTLY, HIV Human T-cel} leukemia, AIDS
Fifoviridae Marburg and Ebola viruses Marburg and fEe?fgLas hemorrhagic
th . Cold sores, genital herpes, infectious
s Herpesviridae Human Her[:‘o:elsi\\jlruses, BBV, mononucleosis, Cytomegalovirus
> disease
%
b . - Vaccinia, variola, Molluscum
< Poxviridae Vaccinia virus
g contagiosum
Hepadnaviridae HBY Hepatitis B




9 Most preferably, the enveloped virus is Influenza virus, RSV, SARS
virus, Metapneunovirus, Herpes virus or HV. Mre preferably, the
envel oped virus is Influenza virus or REV. 5Non phospholipid Lipid
Vesicle (nPLV) refers to vesicles that are spherical structures made
of material having high lipid content. These |ipids preferably

consi st in non phospholipids and are sel é&cted fromthe group
conprising the conpounds described in Table 2. Table 2

Cl assification roe ' e gv, §aREwirad,cohol 2.
Fatty acid 3. S%Q%Feg%bgg@e%%%@eaﬁggﬁol cf%ﬁcg%%o-l unsat i on)
(0- 1" unsat WedphamovitiQHEPEs (ifhs or KFVs Mote prefehly, the enveloped virus is Intluenza

virus or HIV.

5 Non phospholipid Lipid Vesicle (nPLV) refers to vegicles that are spherical structures
made of material having high lipid content, These lipids preferably consist in non

phospholipids and are selected from the group comprising the compounds described in Table

2.
Table 2
Classification Hydrocarbon Chain Bond Head Group
I. Fatty alcohol Cy3°Cap (01 unsntumti.cm) -OH
2. Faty zcid C,-Cyp (0-1 unsaturation) -COOH
3. Bthoxylated C,2-Cyp (0-1 unsaturption)  -C -{CH,CH.0), . H

fatty alcohol
4. Glycol ester C-Cyy {0-1 unsaturation)  -CO-0  -CH,CH,OH
of fatty acid

5. Ethoxylated C,»Cyp (0-1 unseluration)  -CO-0  -(CH,CH,0),,H
fatty acid

6. Glycerol fatty Ca-Cyo (0-1 unsaturation)  -CO-O  -CH,CHOHCH,OH
acid monoester

7. Glycerol fatly C,-Cyy (1 unsaturation) -CO-0 -CH-CHO
acid diester Cp-Cyy (1 unsaturation)  -CO-0  -CH,

8. Ethoxylated C-Cya (0 unsaturation) -CO-0 -CH}CHOHCH@(CH,CH;O)QH
glycerol fatly
acid ester
9. Fatty neid C,-Cyy {0-2 unsaturations) -CO-N  -(CH,CH,OH),
disthnnolamide
10. Fatry acid C,3-Cyq (0-2 unsaturations)  -CO-N -(CHy),
dimethyt amide
11. Fatty acid C4-Cyy (0 unsaturation) -CO-N -CH,-COOH
sarcosinates CH,
12, “Alkyd" C,o (0 unsaturation) -0-CO —@-COO‘
13, “Alkyd” C,-Cyy (0-4 unsaturations) -CO-0  -CH,
C,;-Cyg (0-4 unsaturations) -CO-0  — (CHp)-0-CO- COoO”
-CO0"

10

Most preferably, the non phospholipids of the invention are selected from the group
comprising polyoxyethylene cetyl ether (PCE), palmitic acid (PA), hexadecyl

15  trimethylammonium bromide (HTAB) and oleic acid (OA), either alone or in combination.

The nPLYV of the invention is characterized by the fact that it is cholesterol-free (or

substantially free of cholesterol), i.e. it does not comprise cholesterol (or, respectively, only



-OH-COOH -(0-12CH 0)2. ,H4. 4

_ ) - : ycol aster Cl2-C 1, (0-1
unsaturation) -00-0 -CH2CH2OH of fatty acid 5. Et éloxyl at ed
Cl2-.C20 (0-1 unsaturation) -00-0 -(Cl-1,CH20)24H fatty acid 6.

d ycerol

nonoest er

10

15

20

25

30

fatty Cl,-Ca0 (0-1 unsaturation) -00-0 - CH2CHOHCH2OH aci d

10

traces of cholesterol), cholesterol derivatives such as for example PEG cholesterol, ionogenic
cholesterol and surface stabilizing cholesterol, beta -sitosterol, ergosterol and phytosterol. In
order to facilitate the lipid exchange between the membrane of an enveloped virus and the
WPLV it is essential that cholesterol be substantially absent from the composition of the
liposcrme.

Tt has been shown that membrane lipids, especially cholesterol, can exchange between
phospholipids liposomes or between liposomes and cellular membranes. This occurs through a
collision-activation mechanism, with kinetics, for cholesterol, in the order of seconds or
minutes (Steck et al., 2002; John ef al., 2002). Surprisingly, applicants have shown that lipid
modifications occur through the transfer, rapidly and ata high rate, of cholesterol and possibly
sphingolipids between the viral particles and the liposomes of the invention.

Surprisingty, the Applicants have shown that the composition of the invention is able
to inactivate enveloped viruses. This inactivation is mediated through a lipid exchange that
occurs between the nPLV and the membrane of the enveloped virus (EV).

EV lipids are synthesized by the host cell, but are deposited in the envelopes at
proportions differing from that of the host cell plasma membrane, For example, the envelope
of HIV is enriched in cholesterol (2.5 times) and in sphingomyelin (3 times), both located
mainly in the external lamella of the envelope (Aloia, et al 1993.) The membranes of influenza
viruses are similarly enriched (Scheiffele, et al 1999) and the same pattern has been reported
for other EVs. Indeed, strong evidences indicate that the envelopes of all enveloped viruses
contain micro-domains, called “lipid rafts”, enriched in cholesterol and sphingolipids
embedded in a lipid bilayer continuum. The generation of EVs particles occurs selectively
from lipid rafts. Importantly, cholesterol depletion blocks EV infectivity (Moore et al 1978,
Ono and Freed, 2001; Simons and Ehehalt, 2002) suggesting that viral envelope lipids may be
a prime target for the arsenal against enveloped viruses.

Being non-covalently bound, cholesterol and some other lipids can exchange between,
cellular, EV membranes and liposomes (e.g. Moore et al, 1978, Nussbaum, Lapidot and
Loyter, 1987). McLean and Phillips (1 981) point out that the short “half-time", T 17, 2-3 min,
of cholesterol transfer between phospholipid liposomes indicates collisions between these
particles. Steck et al (2002) have shown that all the cholesterol transfer from red cell

membtares to an acceptor molecule oceurs with a T2 ~1 sec, depending only of the
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9. Fatty acid ’ ratty actd

11

concentration of the acceptor. They propose an "activation-collision” mechanism, where
cholesterol is captured by collision between the membrane surface and acceptors. The Ty for
the transfer of a fluorescent analogue of sphingomyelin (~21 sec) between membranes is also
rapid (Bai and Pagano, 1997). In contrast, the Ty, for the transfer of phosphatidylcholine
between liposomes was measured to be ~48h at 37° C (McLean and Phillips, 198 .

The composition of the invention is also characterized by the fact that it comprises,
besides the at least one nPLV, an agent that enhances and/or catalyses the lipid exchange
between said nPLV and the membrane of an enveloped virus. Applicants have also shown that
such an agent can selectively extract cholesterol from cellular membranes enhances the lipid
exchange between nPLV and the membrane of EV. Preferably, this agentis a cyclodextrin or a
steroidogenic acute regulatory protein (StAR). Most preferably, the agent is a cyclodextrin or a
derivative thereof.

Cyclodexirins (CDs) are cyclic oligomers of ghicose that can form water-soluble
inclusion complexes with small molecules and portions of large compounds. Chemmally they
are cyclic oligosaccharides containing at least 6 D-(++) glucopyranose units attached by o -(1,4)
glucosidic bonds. There are 3 natural CDs, 0-, -, and y-CDs, which differ in their ring size
and solubility. These biocompatible, cyclic oligosaccharides do not elicit immune responses
and have low toxicities in animals and humans. Cyclodexirins are used in pharmaceutical
applications for numerous purposes, inchuding improving the bioavailability of drugs. p -CD
can selectively extract cholesterol from cellular membranes. At high concentrations it also
depletes cholesterol from viruses’ envelope and reduces the viral infectivity. However, high
concentrations of p -CD show cellular toxicity and can induce either cell lysis or cellular cell
death (apoptosis).

Derivatives of CD are disclosed in U.S. Patent Number 5760017 (inventors: Djedaini-
Pilard et al.) and International Application W091/13100 (inventors: Coates ef al.), the
disclosure of which is also incorporated herein by reference. Examples of CD derivatives
comprise, but are not limited to dimethyl- p-cyclodextrin, trimethyl- B-cyclodextrin, randomly
methylated- B-cyclodextrin, hydroxyethyl- p-cyclodextrin, 2-hydroxypropyl- p-cyclodextrin, 3-
hydroxypropyl- B-cyclodexirin, 2,3~dihydroxypropyl- B-cyclodextrin, 2-hydroxyisobutyl- -
eyclodextrin, sulphobutylether- B-cyclodextrin, glucosy!- B-cyclodextrin and maltosyl- B-

cyclodextrin.



Cl12-Cm (0- 2 unsaturations) -CO N -(CH C1-1,01-1), diethanol am de

10. Fatty acid C,,-C20 (0-2 unsaturations) -CO-N -(CH ), dimethyl
amde  11. Fatty acid Cl2-Cl5 (0 unsaturation) -CO N -CH, - COOH

sarc,osinates CH, 12. "Al kyd"

12

Usually, the agent is added to the composition. To this end a suitable concentration of
CD is prepared in water or PBS and added to the composition so as to obtain the required

conecentration.

5 Preferably, the concentration of cyclodextrin or cyclodextrin derivatives in the
composition of the invention is between 0.01 mM and 50 mM. Most preferably, this
concentration is between 0.1 mM and 10 mM. At such a low concentration, § -CD has limited
effect on cellular integrity or viral infectivity, yet it efficiently catalyses the transfer of
cholesterol from the viruses’ membrane to the nPLVs.

10 Results shown in figure 2 A indicate a strong synergistic effect of f-cyclodextrin on
the inactivation of an enveloped virus, especially with highly diluted nPLVs concentrations.

Alternatively, the agent that enhances the lipid exchange between said nPLV and the
membrane of an enveloped virus can be the steroidogenic acute regulatory protein (StAR).

15  The steroidogenic acute regulatory (StAR) protein is an essential component in the regulation
of steroid biosynthesis in adrenal and gonadal cells through cAMP-dependent pathways. In
many cases transcriptional induction by cAMP is mediated through the interaction of a cAMP
response-element binding protein (CREB) family member with a consensus cAMP response
element (CRE; 5~TGACGTCA-3") found in the promoter of target genes (Pulak R, Manna et

20 4l (2002), Molecular Endocrinology 16 (1): 184-199).

A truncated form of the StAR (e.g., N62 StAR; Tuckey et al., 2002 and Alpy ef al.,
2005) is also envisioned for use as an agent that ephances the lipid exchange between the
nPLYV and the membrane of an enveloped virus. This tnincated form of StAR has been shown
enhancing the cholesterol transfer between phospholipid-liposomes by a factor of 5 to 10
25  times.

Preferably, in such as case the StAR protein is also in solution in the composition.

The composition may be in a liquid, solid (such as powder...), or semi solid state.
30



C10 (O unsaturation) -0-CO COO 13. "Al kyd" C12-Cl10 (0-4
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glycosidic linkage at the 1-hydroxyl position. Glycesthgohplds may be further subdivided
into cerebrosides and gangliosides. Cerebrosides have a single glucose or galactose at the 1-
hydroxy position, while gangliosides have at least three sugars, one of which must be sialic
acid. Sphingolipids are commonly believed to protect the cell surface against harmful
20  environmental factors by forming a mechanically stable and chemically resistant outer leaflet
of the plasma membrane lipid bilayer. Certain complex glycosphingolipids were found to be
involved in specific functions, such as cell recognition and signaling. The first feature depends
mainly on the physical properties of the sphingolipids, whereas signaling involves specific
interactions of the glycan structures of glycosphingolipids with similar lipids present on
25 neighboring cells or with proteins.

Preferably, the sphingolipids of the invention are sphingomyelins or derivatives

thereof.

30 Also in the scope of the present invention is a method for inactivating an enveloped

virus comprising the step of interacting said enveloped virus to the composition of the



20 viruses are simlarly enriched (Scheiffele, et al 1999) and the
sane pattern has been reported for other EVs. |Indeed, strong

evi dences indicate that the envel opes of all envel oped viruses
contain mcro-donains, called "lipid rafts”, enriched in chol esterol
and sphingolipids enbedded in a |ipid bilayer conti nuum The
generation of EVs particles occurs selectHively fromlipid rafts.

I nportantly, cholesterol depletion blocks EV infectivity (I\/boreﬁglt al
1978, 250n0_a reed, . 7 0B & Blackidletvel B Pussugybaips Hhgir
that vi raIm@ﬁ@%@ﬁﬁi??%ﬁé&%ﬁ@%ﬁ me target c?g? t he arsenal

agai nst enygdsoped viruses. Bei ng non-coval ently bound,

chol esterol and sone other |ipids can exchange between cellular, EV
menbr anes and |i posones (e.g. More et al, 1978, Nussbaum i.dot.
and Loyter, 19M£11odwfmt%dn§ﬁﬁﬂelvﬁqé@es( wgdhe vesigies 3185)"?"’6?’ ﬁ?ﬁ?cﬁlgé)dtm
short "hal f-time. 22313, 181188 27, 01.S. PRENGS 5032461, We%N
phosphoti pplﬁreldl‘s%gb%#a‘l'r’%qcﬂ‘é’g%gbsﬁégﬁs??%i%ﬂg’lbet ween these parti.cles.
Steck et abat(120QAPS Mdeed Shbwatettvaplication Jehélog b3+ the gpe ‘%SPI&hgf;‘%*P&“r”F%m
red cell nenbranes GLO an, acceptor nol ecule occurs with a T112 sec,
dependi ng BBl %ereﬂhy?geﬁélgﬁtrati on of the acceptor. They propose
an "activation-collision" nechanism where cholesterol is captured by
collision between the nmenbrane surface and acceptors. The Ti/2 for
the transfer of a fluorescent anal ogue of sphingonyelin (-21 sec)

bet ween gmenbr angso ésodhasedre fethrdsBtiinvamtibn Reayehaunacqgigalcompesitioint r ast

the Ty for the transfer,  of phosphati dyi.c ) :oh bP@sones
was neasur eBracierged in Aghit 4 ‘fe%fplf %é“ﬁl°aﬁjé‘hﬁh‘?ﬁ°??%§§&%§1fh. ._The
CONpOSi t i 0By htidahGptibRANS B bcdibiriaSion vt onerom raot pheimeseitios/yteprerRbIE FarEifTat
it conprises, besides the at |east one .nPL i nhances
and/ or cat al yseShanhest {RBrERaesEf gqgceBtgPlﬁeree%érSst g?}?%%@léﬂ\fngﬁ%ta{lﬁe _
menbr ane of AP, AREhIReRkibIEicalARpleiabiaatdsiday Fpighlipredevin ARG 10
such an agent can sel ectively extract CQ?J esésseg_@:}{l}m&%ﬁ | ikl Bkiered to a
menbr anks el selewep gartios; FRRTHIRG &P N N and the nenbrane
of EV. Prefigraghly, this agent is a cyclodextrin or a steroidogenic
acute regulatory protein (StAR). Most preferably, the agent is a
cyclodextrin or a derivative thereof. Cyclodextrins (CDs) are cyclic
oligomers of gl %%Qa?ﬁbltela%ieﬁaﬁcﬂv%{ﬂ hataBilizes0dreihdretodi to wcipigrtk alihe dosages
conpl exes with smafl nolecul es and portions of %Oasrlga% CRIRAUIAAS er organic
at’

Cheni cal | y #iegncantetionseriployed, pabesdhuteg sLch e RESPR g Cbeast 6
D-(+) gluco sk Guddtd R6IEE 28 aril mdiionthe; glesarogivel (suchends.
There a?g SPOYnc%?%(rag)ﬁd%%s%&%c-gf 13-, aan_d rng- C%Ee, L Cé]ﬂﬂiesfsfﬂ-ﬁflaﬁdﬁtwei r
ring size aodadsoldibthylbapzyl Freaing SBHEAYY BCEC R ETHE

ol i gosacchar. Gt i DR SPanis aflagin,cbr hamendgtyhulins;
toxicities feﬁiqge%?%pgﬁgﬁgbhﬁé&%ﬁgm(yclrqdext ri_ﬁ% acge thsed1 LN slutamine
phar maceut i bakor@Uicaplyhirs sedhen soly gryIRUTPEABE 2N FEESER ¥ FePtaicng

| mproving the bi.oa Yl%‘.léh iallgiirﬁye, of iydhd gRndsdechéeldes aRachiriies, ancbdtherext r act
chol est er ol *FFo® eel T ut ar

nenbranes. At high concentrations |
depl et eg5chodibstiyémios infloding glupass.oninness, s Id@ﬁ’éﬂséﬁ&pa?‘%ﬁﬁi"g@ S‘Ecﬁ‘é‘s ]|5ﬁrf§1 Stilrs

infectivity. wever , hi . dbiRN Sa1ford e el tEhaw somhlak sddaum;
toxicity and* ﬁﬁsﬁcwa%énemgﬁ’ﬁ%?ggﬁltof ysi’s or cellular cell death

(apopt osi s) meBhbmiplexad.i ves of CD are disclosed in U S. Patent Nunber
5760017 (inventors:. D ini.- Pil LemicARSnddatah BRAY bofakmic or
Appl i cation V‘l)glﬁlfsf‘ila)%%?%l%}lésﬁrtagéns&t a%lg% eétlc_ al . )I% the disclosure of
which is al $gpidanoer anpleedmivdstation disuechsf @mppgieon TERYABPAQS Gprefpyal routes

derivatives conprise, but,are not.limtgd ' Vihseritoneal, intranasal,
fi-cycl o@extShiiPs SPhepimReersy fn-%aﬁn&}sc fnga%gﬂl ?ﬁi lﬁ%r&rl%hg?hﬁ y pr%toh}/l at ed-
P- cycl odext fjafsdenislbavybhgd, proRrayialiosgenitatating, or via an implanted device, and may

2- hydr oxypr oPy1-13-cycl odextrin, 3- 30 hydroxypropyl-13-cycl odextrin,
Y yp allas% be delivea%d by peristaltic means. y ypropy y




Usual |y, the agent is added to the co iti [
_ [ nposition. To thi
tsw tabl e concentration of CDis prepared in water or PSBSeggdaadded to
L e conposition so as to obtain the required concentration
OIPr eferably, the concentration of cyclodextrin or cycl odextrin
e(rjl vatives in the conposition of the invention is between 0.01 nM
it(r)l m?/lo mM Most preferably, this concent¥ation is between O.i nmM and
nom At such a low concentration, p -CD has limted effect on
cel ;,I ar :cnt eg?hg%aﬁqac&{t{c@mmwsﬁﬁhjaéidtas)é:ibeylexbreintmejéliaﬁeémomm%@toal yses
L ransfer of cho _esgerol fromthe, viruses', nmenb ane #e] ng FkVs
[?fgsg: g 3 lsipmgmtqdnn’tma@mabsoﬂ)aﬂe PREPC AR Ty “?{%P‘obﬁﬁlgéq%‘e PETER e?l?léct of
AR AR e R Ry e ot A
i i ons. ternatively, th
gpa;neggsgﬁﬁgﬁéﬂm_ lipid exghanﬁe bet ween said nPLV andyt he ﬁe?rgregﬁle
_ virus can be the steroidogenic acut
prot ei nS(St AR). 15 The steroidogenic acutg r egul altjo(ra rzggk&t ory. ein
: ?‘] ggr gﬁzlen; i ali ea@erﬂle:ﬁ&nmlllatimnsm@ ysedyior ii*t‘ii‘tﬁ’r?dﬁlfm%‘iaﬂ?’ﬁ%ﬂf E‘f g 1?1%%% s
ona C whonsof
cases tran¥e€ lg’ﬁg?ogwgghefl%%ﬁ%ﬁ%%ﬁ%g%ﬁﬁwﬁggﬁgﬁ?gtﬁgge tp ﬁbh h han Ny
i nteract i oporiifosifioféf thélnvesiponse- el ement  bi ndi ng prot ei LOI(J?:RE}B)hef am |
rSTE'rIIbGiE:G\{'Mth a consensus CAMP response el enent ( CRE; y
CA-35 found in the pronoter of target genes (Pul ak. R nna
et uﬁgiiw ((]I 2 1902) Tt memmﬁwedtwhdb@gyoﬁbq ﬂl}aﬂﬂ%&icalggwposmm"’f%%
ed fo ' '
i e T L R e
AP P2 _7 Vi sioned fof use as an agent that
alnces tt@,_@cdnbmdat@gﬁﬁ@ﬂ@&n@&i&ﬁh@ﬂﬂt@heﬂﬁmffﬂmﬁdhe nmenbr ane of an
f’ﬂ"e gpec' Vi r“SmTh' S s Caéﬁgd f&{ri}”&e {?déﬁﬁ!?d%%elaﬁ&@whmm@mm@mg
fe5c ol esterol SERAOPRTC HEPRRERR p osg olrprd-1li p’osomes’by a factor
g 2 |t(r)1 iglaﬁgﬂh R3e oﬁdﬁﬁﬁﬁt&ﬁw possibilsiesinclade xwny of PeTIERERI BN i s
ion in C iti Jofid i
i qui d. 1 oldebversiadht BEAGR Bivages I)‘”?‘chﬁsggg‘irﬁﬁﬁggﬁéé i Rling it i e
P A B ] . . al.ly,
E ge . 8 PI(_B\e/n 21; aglg P?eﬁtmh B lsjig%?t%@ ﬁ@&%}a&aghs&htbﬁe’ra}’t:cﬁmw@é arihdrgide Wa@%ﬁm{%]
Y, . exchanpge, e ' o GORSI '
exc Ihange of sobHBt Belidy ﬁ?%’&?@ﬁwﬁg%h?eﬁ 5%?%3{6:5%24 droff Méﬁﬁ?? n S‘ET‘?AE? %28 are
a class of dbpidagdargnana ibatmilseaicpliahi Tebrigaitn hese dasgategorics are
sphi ngosi ne. The sphingosi ne backbone is 0-|C,J; pkadvteug (usual ly)
Eharkged h_eall’i’ﬂg?u@ﬂﬁeg%ﬁe%5115&&%3&’?‘?&6%%1}?5?5 SR NE Tor chol i ne. The
Saﬁ' OI’I?OI_S al so am de-linked to an acyl group, such as a fétty aci d
r(F))I ;nigg Ibglt ﬂslgr e oftFn found in neural tissue, and play an i rrportani
. signal transm ssion and cell recognition. There ar
tlhree mei n typespot, SHhERGRtidioviRE anbitiesof tepliarg preyelting 8 disiy °
grycosphl ngol i pids, which differ .in the subst.t en Lael ’ head
gi ?nljloy cC)J]Eer :mzaom@tc s whitheary mﬁwr%gg%%;ﬁ@&%ﬁ? ﬁ“&o{eﬁ& d(}h Tﬁ%;o consj st
_ _ % 8153!“9 dkrdghremntoartbation prakiags te &id
sphi ngosi ne’ %ptu %_.onyeé I'ns ﬁg{?e a hosphorgllhleﬁ]gl i ne ; pmwag@ P
phosphonrset kawiipehvirve. Agsirmosiilliges efyde e éaei‘?sﬁl)/’g‘%a&ii’/f delivery ot o

respiratory passages, Creams, mouthwashes, dental pastes, solutions, ointments, gels such as

S

-

vaginal gels, eyes drops and lubricants such as condom lubricants.
1 of the composition of the invention with enveloped viruses in the airways,

thereby, propagation in the

Interactio
deranges the viral membrane envelope and blocks viral infectivity,

30  lungs (individual prophylaxis-treatment). Physiological processes flush out the composition

and inactivated viruses. Moreover, being partially or completely inactive, viruses are limited



15 ceram de. dycosphingolipids are ceram des with one or nore sugar
residues joined in a pglycosidic |inkage at the 1-hydroxyl position.
A ycosphi ngol i pids may be further subdivided into cerebrosides and
gangl i osi des. Cerebrosi des have a single glucose or gal actose at the
1- hydroxy position, while gangliosides have at |east three sugars,
one of which nust be She acid. Sphingolipids are commonly believed to
protect the cell surface against harnful 20 environnmental factors by
form ng a meghanicall e si-AhEnaRguehamiteabipelicdsicotghnts comteezing eaf | et
of the plasma nmenbrane |lipid bilayer. Certain conplex

gl ycosphi ngmivilpliarremyéxifound to be invol ved in specific functions,
such as cell recognition and signaling. The first feature depends

mai nly on the physical properties_of the sphingoli,pid ea .

si gnal i ng i nvol Thederms Stsating oy pieventingl redndo bph @ﬁ%%‘#@?f&%‘*‘%‘%%&“ﬂ??‘?émé’f
gl ycosphy naol 1.l s M itSL hb @bl Bl i o8 llmen e tighbeidgibeld
or with profglns. referably, the sphingolipids of 1he nv%pt{o are
sphi ngony el disosienas vebliras thass in sdioh feerdisorder Stpeguevepied: FlsnCe G &5 tf’%%
present invention.i : ! Y eidgrdeor@ihy &k eRaEpostd ats
conprisingtFﬁ%ag?%%%% h%ﬁ%%%ﬂ%%@%ghgggghgnveloped vi?usgﬁodghe
conposi t i orsu@kptibledo thk4lisordeent i on al | owi ng said nPLV of the

conposi tion and_sai d,epvel iL: ange their |ipids.

Met hods of nanqu%Fgﬁ¢ﬁﬁSwﬁgggaégé#%(%gﬁ&gﬁg t he vesicles thensel ves,
are desggibed in 5nore detail in U S. Pat. No. 4,911,928, U S. Pat

No. 5,147,723, S, Pat .2, 0 | ihaB 80 4531R
U.S. patent app ‘%HF?%%H§§%FQKB@§%%%%%%%Fhﬁﬁggg%%%ﬂg?ﬁ%és%g%ﬁmhicﬂg
are al | i ncaapes,aped, desrinmdly suchhedandersesl piak s8s.cAVD MPASTEEH by t he
present invention is a pharnmaceutical conposition characterized in
‘that it conprises a pharmaceutically anount of the conposition of {he
i nvention, opti GRakdcyd byntheaiobes ofahd mesentiitventimes gso thopss of the pharmaceutica
pharmaceutical ly acceptapble carriers. T I . o biead dr Y
acceptaBPe"“W@P@P@hﬁ%‘ﬁﬁ?éghlgP”g EPFF%gﬁﬁﬁ a%%ﬁ%%@???%ﬁgﬁﬁhat are
physi ol ogi cgleleatibnbenalicbpattngdasnoitted fisiasal | y produce an allergic or
15 simlar untoward reaction, such as gastric upset, dizziness and
the |ike, when admnistered to a hunman. Acceptabl e carriers,
excipi ents, or stjabinkb@fiseda Be pRkent xdntod b theast i tentospatition fosages
and concentrations enpl oyed, and include buffers. . a Hﬂﬁﬂh e,
citrate, anHW@ﬁW§P1@?i@ﬁF@mﬁﬁgﬁg&??”ﬁ%@?%%ﬁﬁ%ﬁ g”@%%?ﬂﬁ?ﬁg ascé?%ic
aci d andgnei i oRkiBe of 1S RSGHVALY MeRd tsetedas pregtatieply lrgicmes SHSHERRIRE PF
amoni um chl ori1 de; | ow no] ecul ar wei ght (less than about 10 residues)
polypeptide§$P%W@ﬁé?h§#%§ﬁch as serum al bum n, gelatin, or
i mrunogl obul i ns; hydrophilic polynmers such as pol yvinyl pyrrolidone;
am no acids such as glycine, glutamnne, aspa i ne, .histdi.di. PSR
argi ni ne, or | ysTheerespdislagehalsq Ri%"é‘,iesg}eélé‘g%ﬁg%oggg?g%noglﬂgtl feption, in the
25car bohydr qﬁ%ﬁ%{[i)g%zdf%wag GliE TR coMB BRSEmayaherti@xised tnsoves el catrinply

a ;

agents such sugars
25  surgical glows, male condoms and personal mask.

Another subject matter of the present invention is to provide a kit for inactivating an

enveloped virus, said kit comprising the composition of the invention, optionally with

30  reagents and/or instructions for use.



such as sucrose,
counter-ions such as sodi um netal

adm ni str at
t opi cal

For exanpl e,

marm tol, trehal ose or sorbitol
conpl exes.

ion of the pharmaceuti cal

salt-form ng

The form of
conposition may be system c or
adm ni stration of such a conposition may be

vari ous parenteral routes 30such as subcutaneous, intravenous,
intradermal, intramuscular, intraperitondal, intranasal, transdernmal,
buccal routes, preferentially by inhalation, or via an inplanted

devi ce,

phar maceut i

|ncorporatemmgm&nmpﬁmgnmg@@Mﬁﬁwﬁﬂén%ﬁgﬁﬁ%%¢

and_mayghaqs e

1\&%11%@11 by ﬂﬁﬁlblﬁ:bﬂblﬁse@ smmﬂsphamjg@eutlcal The
bed he

}qugeln{

cal ‘conposit as descri

Lo o ftisipe

mat ri X be| 1 Y Qom @Eredf, suspension of matrix, a
gel or g}%f’e(fgsgmbe%rn?f a5 3 gﬁgﬁtﬁ'ﬁ%n t he rrfer:atrl X fg@%/ be co dﬁ%gna(?f
bi opol yrrer 5 Altemalnnely;aimezotnn@lﬁ@rmee\’ﬁ%% R T o el e RV !

adm ni stration,

exanpl e? bya@§Vﬁgu§?§?

fecttl Bl

la¥scAB@Qnwhbis hiedd f or
& conp Lﬁ%@g} c?m?ﬁmﬁgﬁgﬂe o o

the preparatio

n
conposi ti ono@binititas mammrmmblymb addltsonamelrvsrﬁlc?@ﬁl f%?&?“%‘ﬁ%"?gr “eai e

dosage of the pharnaceutlcal

will be defeHeRERYTYSERPCHEPITE

taliRE ZRkRSANind Cheemiivian
h, and wei ght of the

A}Hﬁﬁddﬁ e, Oflin{

Sex, healt

reci pi ent, kind of concurrent treatneﬁﬂﬁ&if any and the nature of the

ef fect desired. The appropriate dosage formwi || depend on the

di sease, the nPLV, the enhap grvgg viddldrddiegisiagf adnmi ni strati on;

p055|b|1Qt|es i ncl ude a spré’ or ot er aerosol neans of 15 delivery

to the respi mﬁ&o%spdbbdges Wi ch TS partlcularly effective for

deal i ng W tfucleside pngdrietbsa dwhibitons (M) nf ect i ng 1 hese, nassages.

Qt her ways |dfovediys; Biprio “%55 ‘F*? ,bjtogd%ig%ﬁ‘f”\?'a? Ar?eécg\élrdl Ut on Tncl ude

creans, %DL pomse <l rops, solutions, ointnents,
enofovir. aisoproxt!,

gel s sué AR/orVi ks -R:-ESnmamané-nj Tolyi: n""-'uh as condom | ubri cants.

These | atte
retrovirusg
al so pragyid
w th an env
del i vering
descri bed he
Agai n possi
del i ver yst o
pastes, sol
and | ubrica
conposition
deranges th
t her eby,
prophyl a3
conposition
conpletely

35

pr ppuga .
| s ACYRAE Y RIS BT Y PO

Nm@amegbﬂmﬁgn@ﬁ@WﬁattlcuIarIy effective for use agai nst
RECHINAEOP e Y enavir; ldpRavité BseRntvirdi scl osur e
-P'?’ STy Pdw¥géh%ﬁgw8%QBFevenf?ng a di sease associ at ed
.VITus I.n_a subject.conpri-sing the--step-of —- -
to.said subject t he pharnaceutical-conposition as

Dokl @ | ocation proximate to said 25 envel oped virus.
ﬁ&fb h@@wgﬂgJMQ@ma spray or other aerosol neans of -
the respiratory passages, creanms, nputhwashes, dentar
utlons oi ntments, gels such as vaglnal gel s, eyes drops
@g Eﬁsas condom I ubricants. Interaction of the.

AVIEI.
e 1Tnvention with envel oped viruses in the airways,

< V|ral meitbr ane envel ope and bl ocks viral infectivity,

V2o infettigng he %Orrmckl) ng golraﬁ ;_QQIL M&,\ﬂ-&'%oxurldmﬁ, Trifluridine; Brivudin,

processes flush out t he
and inactivated viruses. Mreover, being partially or

dv®Girdcttés Viruses are limted
Ganciclovir {oral: valganciclovir}; Foscarnet; Cidofovir; Formivrisen.

Influenza virus infections
Amantadine; Rimantadine; Zanamivir; Oseltamivir.

TIBV: Human Hepatitis B Virus; HCV: Tuman Hepatitis C Virus; HSV:

HIV: Human Immunodeficiency Virus;
Herpes Simplex Virus; VZV: Varicella-Zoster Virus; CMV: Cytomegalovirus

40

Source: De Clercq, Nat. Rev, Microbio. (2004) 2: 704-720.

Generally, the Kit comprises a container and a label or package insert on or associated

with the container. Suitable containers include, for example, boitles, vials, syringes, etc. The

containers may be formed from a variety of materials such as glass or plastic. The container



16 in their spread in the surroundi ng popul ati on when expel |l ed by
coughi ng or sneezing (popul ation prophylaxis). The terns "treating or
preventing"” refer to both therapeutic treatnent and prophylactic 5 or
preventative nmeasures. Those (subjects) in need of treatnent include
those already with the disorder as well as those in which the

di sorder is to be prevented. Hence, the $Uubject to be treated herein
may have been di agnosed as having the di sorder or may be predi sposed
or susceptjhle t ' ‘ B 8f 242854 Hhe cdrdRion il @yt havea sterilaadcasl
or a hunani.na%acoglpmﬁ%g@ﬁ%{rlg?%cgﬁfs t hgﬁ)ét ermanimal refers .to topne
domest i ¢ apett {faraxemplé thelcentgivergnay po#i PHEFERILS S%IH‘EP“;%% or %ﬁ%rhfi%lflg B REL
ani mal s, such dogs [ o]l BdrSiercs61\Whnay ARENEE WEe Bbal or package
Enbr aced bPiefcﬁ%%b@(o%ﬂ %¥%ﬁgﬁ%}1&%§?a?nvenioﬁo%§ﬁz_al s}3 the use of the
phar maceut igak indfateoivads dompesiticads ehed & fprtne Fgcendition; of chqigs, such as vira
preparation of a nmedicanent for the treatnent or prevention of an
envel opéd WP He%%ssoci at ed di sease. Al so enconpassed in the present
invention is the use of the conposition of the invention in the
preparation of | ar ge-scal.e,.bi pc ' i]%nﬂé j bnd AE&@Adi ngl y,
the 20 conposi tglﬁﬂmﬁ elé’hoéaii‘ﬁ%‘)élﬁ%”gl%ﬁ%! ut égb]géﬁgggﬁed étsq pgrt%i‘gfare
si npl e aquegusin&UsPERSINshanacelitisgilyrsicotalle bnffdnysrlpigdpgeriostatic WatHgOr
present disclosure als rovi,des the u i fod f. it R

i nventi on, 1PJﬁ°t’t°H@Wﬁp‘g‘ro%tbla%ﬁug?m&asag%ea | ﬁg‘ﬁsa%%ﬁ?’%%??%%ﬁﬂfﬁq aggynt
may t hepy bep e tholu@e SBMGRaterbRetblefibm, a BEmsria) ehiseiglapdRemt g wiing
condons and personal rmask, Anot her S&JSS;{igcets matter of the present
i nvent i on i e Bulie dileratsailiers 29eglEs FRGEFE S i ng an envel oped
virus, said kit conprising the conposition of the invention,

optionally with 30 reagents and/or inst i.0ns..f T The
kit of the ores @h@seis}ﬁiv%%@i%?@ am'?ce%%fﬁﬁ*ﬁ%en%‘ﬁ%%@%esés%%%ﬁ%% s

phar maceut i Gal. 695 a0k fHRhReemMaaidg oher theirthtse opraificalytdescyibech It g &At
selected fromthe group conprisjn hose descrihed i ;
conbi nat§ onendetsiopd tth%PF@*lﬁ%frF{'z‘é‘%ﬁh e %%%%%%tnﬁogf'lﬂlgg&tp @hﬁﬁ\(ﬁ%ﬁngn
may further zCONNr,58 oARsRd chd-QRaktds Rk Tht trabntiag elet inckafieseil ofthe sigp
the group conprising those described in Table.3 dan@is%ggm{c i ons

t her eof . Pr éhreatsioypositinas afopPeds Tier 15 et S8 sef ect ed from

the antiinf H-@R@a]‘ﬁ S USTIGUND G DI b SANGARRISBOE ae, twRoTmere af§aiksteps or
Zanam vir an el'tamvir. fable 3 . . dlustrated and
features. The present disclosure is therefore to be considered as in all aspects 1llustrate

and all

20  not resirictive, the scope of the invention being indicated by the appended Claims,

changes which come within the meaning and range of equivalency are intended to be

embraced therein.

Various references are cited throughout this Specification, each of which is

25  incorporated herein by reference in its entirety.

The foregoing description will be more fully understood with reference to the
following Examples. Such Examples, are, however, exemplary of methods of practicing the

present invention and are not intended to limit the scope of the invention.

30



10Approved antiviral drugs (Q4 2004) H V infections Nucl eoside
Reverse Transcriotase Inhibitors (NRTIs): Zi dovudi ne; D danosi ne;
Zal ci t abi ne; Stavudi ne; Lam vudi ne; Abacavir; Entricitabine.

Nucl eoti de Reverse Transcribtase Inhibitors (NMRTIS): . Tenofovir

di soproxil. Non-Nucl eosi de Reverse Transcribtase Inhibitors (NNRTIS):
Nevi rapi ne; Del avirdine; Efavirenz. Prot¥ase Inhibitors (Pls):
Saguinavir; Ritonavir; Indinavir; Nelfinavir; Anprenavir; Lopinavir;
At azanavir. Fusion Inhibitors (T7s): Enfuyirtide. .. HBV infections
IrPrrlivudine; Adefovir dlpivoxil. ZJbxJ¥¥ed nfections IN-a;

Ri bavirin. HSV and VZV infections Acyclovir (oral: Valeciclovir);
Penci C ovi Exampl|l. Fanticlovir); ldoxuridine; Trifluridine; privudin.
CW infections Gnciclovir (oral: valganciclovir); Foscarnet;

G dof ovisr ; Meoeril drd Beiiods| nf | uenza virus i nfections Amant adi ne;

Ri mant adi ne; Zanam vir; Oseltamvir. H'V: Human | mmunodefi ci ency
Virus; HBV:Cdlsmmdwibepatitis B Virus; HCV: Human Hepatitis C Virus;

HSV:  Her pem gg!gg%ﬁ) \Ccfgis"%%ge %ﬁ\%} at%9 r°b‘i§bivﬁ1\¥90%‘ca%{lnéf5% USbovid¥ierum albumin

Cyt onegal o Rev. M crobio. (2004) 2:
704-720. (BSA&nﬁtmyfethedﬁ@‘Vdﬁfmﬁbln@el ses a container and a | abel or

package. | ‘{ﬁ%ﬁegﬂgﬁbmaﬁ 2R %% Vf%{[l ed, Btu%:la- Q%S@\p h %ﬁﬁ encoldsti@dOPRinus pyralis

cont ai nEOrs anp e Vi a syringes, etc. The
cont ai ners 1ﬁaferéaegéneamdaltcerpmdsz)mw @FB; v@ichwa@é@ﬁtb@ éeqﬁﬂ€WIC&§fag€fe§§s or

pl astic. Th& cont ai ner
norescent protein as a marker.

nPLVs preparation.

15  The primary lipid used was polyoxyethylene cetyl ether (PCE), either alone or in combination
with palmitic acid (PA) or with hexadecyl trimethylammonium bromide (HTAB) at the
indicated molar ratio.

The lipid mixture was heated to S0°C and mixed with phosphate buffer saline (PBS), also pre-
heated to 50°C, using the 2-syringes method. Briefly, a 10-ml syringe, containing 0.5 g of the

20  lipid mixture, was connected to a second 10-ml syringe containing 10 ml of phosphate buffer
saline (PBS) (5 % final lipid concentration). The lipid blend was then injected into the PBS
syringe, and the resulting mixture was rapidly passed forth and back about 20 times, uniil a
homogeneous suspension was obtained. The preparation was subsequently checked for nPLV
quality by phase-contrast microscopy.

25
Inactivation assay.

The nPLV preparations were diluted in PBS to the indicated concentrations. The diluted
nPLVs were then mixed with the viruses in a final volume of 100 pl. The virus- nlPLV
mixtures were incubated at room temperature for 30 minutes with shaking. Virus

30 concentrations ranged from 10° to 2x10° particles.

Following incubation, the mixtures were diluted to 500ml in DMEM without BSA and
directly added onto cells. Infections were performed at 33°C for one hour, and then infectious
mixes were removed. Cells were washed once with DMEM without BSA, 10 ml of DMEM

with 1 % BSA were added and incubation was further performed at 37°C for 36 hours.



18 holds a conposition which is effective for treating the condition
and may have a sterile access port (for exanple the container may be
an i ntravenous solution bag or a vial having a stopper pierceable by
a hypoderm c injection needle or an aerosol spray device). The | abel
or package insert indicates that the conposition is used for treating
the condition of choice, such as viral 5#nfections.

Alternatively, or additionally, the Kit may further conprise a second
(or third) container conprising a pharnaceutically acceptabl e buffer,
such as bacteriostatic water for injection (BWl), phosphate-buffered
sal i ne, Ri nBeerigenyere dons BHRPLEAUSS r ose solution. It may 10 further

i nclude other materials desirable froma comercial and user

st andpoi nt, including other buffers, diluents, filters, needles, and
syringes. TMogéordid.|led in the art will appreciate that the invention
descri beg h?(?] S8V infeptichd %El%%r@iy%dtaﬁd H@ﬁérﬁste Loy aRsladmaicki cald Bas

ot her than those specifically desCribed. It is to be 15 understoo
that the i nPemepanlicfekirdsayalystendpasyamprit PeR Sounttindern ¢/e¢ Ripppmaster
wi t hout depgﬁﬂepg Jéﬁ the spirit or essential characteristics

t her eof . InventTon al so includes all of the steps, features
conposi t i onBorafel-SERpentidss, el weredervexeddyy tyneinigaion gnd sybmifed to FACS
speC|f|cat|on | ectively, and any and al
conblnatlonsaiﬁﬁggyg%ﬂkéhg%%g%gﬁg said steps or features. The
present 1di sclosure is therefore to be considered as in all aspects
illustrated and 20 not restrictive, the scope of the invention being
i ndi cat ed b¥xiiagle 2psyanistic Efek nicyclrdekiih| changes which come within
t he meani ng and range of equival ency are intended to be enbraced

t herein. Celis and W] ous references are cited throughout this

Speci fication, each of which is 25i ncorporated herei Wﬂ% referegﬁ
its ent|15et)MK:Z(monkevhéeﬁﬁ@ﬁe@@ﬂwtéasQH]gMﬁ%wWam BIng BTy Gmin
under st ood %§Q&ﬁftﬁégﬂ@&ﬁeé’fb‘%%@cc§nﬁh&n@¥“ ng Exanples. Such Exanpl es,

are, however, exenp hods of pract|0|ng t he present

i nvent i on addeenmbiniot Selnﬁﬁl siveiarpstiged) 158V tLvesehidveapuden the PREMPRRIEHES on.
19 EXAMPLES;, |§&é 5 Material And Methods Cells and viruses. M2
(monkey) cells were grown at 37 C in DVEM containi ng 5% of bovi ne
serum al bum n (BSA) until they reached 70 % of confl uence.

20  nPLVs preparation.

As previously described in example 1.

Inactivation assay.
The nPLV preparations were diluted in PBS to the indicated concentrations. The diluted

25  nPLVs were then mixed with the viruses, either alone (no cyclodexirin) or in combination
with 0.5 mM (final concentration) of cyclodextrin, in a volume of 100 pl. The virus- nPLV
mixthires were incubated at room temperature for 20 minutes with shaking. About 10° viral
particles were used.

Following incubation, the mixtures were diluted to 500ml in DMEM without BSA and

30 directly added onto cells. Infections were performed at 33°C for one hour, and then infectious
mixes were removed. Cells were washed once with DMEM without BSA, 10 ml of DMEM
with 1 % BSA were added and incubation was further performed at 37°C for 36 hours.

Experiment was done in duplicates.



10 Two reconbi nant Sendai viruses were used: 1) rSeV-Luc, which
encodes the Photinus pyralis luciferase gene as a marker; and 2)

r SeV- GFP, whi ch encodes the Aequora victoria green fluorescent
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cont ai ni ng MemPOYGf the 20 |ipid nixture, was connected to a second
10-m  syri nge; 6Mekaidlyeg allutiferat aghis phatdetfcasing deiPanepBERowse,
final lipid concentration). The l.ipid . Rl kNt o
the PBS Syrdsgeysand EHECPEEUTET ABEN R LAy (TeeRe Deenel O
and back about 20 tines, until a honpgeneous suspension was obt ai ned.
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marker gene encoded in their genomes, With rSeV-Luc, encoding the luciferase gene, the level
of infection can be monitored using a very sensitive biochemical assay. rSeV-GFP, in turn,
encodes the green fluorescent protein gene and infection can be followed at the cellular level
using Fluorescence-Associated Cell Sorting (FACS), an assay allowing to precisely

70  determining the number of infected cells.
Applicants synthesized 3 types of nPLVs using different lipid compounds: 1) nPLVs
composed of a neutral (uncharged) component alone, polyoxyethylene cetyl ether (PCE). 2)
nPLVs composed mainly of PCE but including 0.1 % mol of palmitic acid (PA), a negatively
charged lipid. 3) nPLVs composed of PCE and 0.1 % mo! of hexadecyl trimethylammonium

25  bromide (HTAB), a positively charged lipid.
As evident from figure 1, the efficiency of viral inactivation differs greatly depending on
nPLV lipid composition. These variations are observed with both recombinant viruses in a
very similar range. It is clear from these results that the presence of an electric charge, either
positive or negative, at the surface of the nPLVs improves drastically the viral inactivation.

30 This can be explained at 2 levels, Fist, electrostatic repulsion between the nPLVs might avoid
vesicles coalescence, aggregation or fusion, thus improving the quality and stability of the

nPLVs preparation. Second, due to its phospholipid composition and to the presence of

surface glycoproteins, it is likely that the swface of a viral particle is charged at physiclogical



For rSeV-GFP infections, cells were harvested by trypsinization and
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virus (Sev) cy%%d%ﬁgovqﬁlﬂien%gr\;érfug @ Qxtraction cycle until cholesterol concentration equilibrium

is reached between nPLVs and viral particles. Thus, at such a low concentration b-

cyclodextrin will serve as a catalyst of the cholesterol transfer between viral envelopes and

15 nPLVs. Figure 2A clearly shows that B-cyclodextrin at a concentration of 0.5 mM greatly
enhances {he viral inactivation by nPLVs composed of PCE with 0.1% mol of oleic acid (OA),
a negatively charged lipid. As shown in figure 9B, this enhancing activity is due to the
catalysing activity because a direct effect of B-cyclodextrin alone on the viral particles is only

observed at concentration higher than SmM.



10 envel oped virus of the Paran2yxoviridae famly and has genetic and
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preventi®n of Thmcampositioped ddimus-cheroleiiagden Hptsthasencentration of cyclodextrin

or cyclodextrin derivatives in the composition is between 0.1 mM and 10 mM.

7. The composition of claims 1-6, wherein the lipid exchange essentially consists in

the exchange of cholesterol and/or sphingolipids.



11. Use of the composition of clainms 1-7, in the preparation of a

| ar ge-scal e bi oconpati bl e disinfectant. 12. Use of the conposition
of clains 1 -7, in the preparation of a coating agent. 13. The
conposition of clainms 1 to 7 further cepprising an additional

anti-virgl ag%t inS $hh&od F&%&cﬁ@at%‘\gf/ﬂperﬁgmﬂé rﬂgcﬁﬂﬁﬁsnlrf%\ﬂ’teractléxg said

anti-HBV, anti-HSV, anti-VZB, anti - anti uenza Vi

conbi nat BMonetiemes)fwzthIkﬂe cofiym st mnpdshy bDelainds bVacD By thlexciieeehalr Higids.
anti-infuenza virus is selected fromthe group conprising Amant adi ne,
R mant adi ne, Zanam vir and OGseltamvir. 15. A kit for inactivating

an envel gped Wi ?M%nﬁ&ﬁﬁédl $hRGodifien SRS Al 0 1Rf it TbAl P%es]a biRrrha@utidatly
to 12, optionally with reagents and/or instructions use.
amount of the composition of any of claims 1- 7, optionally in combination with one or

more pharmaceutically acceptable carriers.

10.  Use of the pharmaceutical composition of claim 9, in the preparation of a

medicament for the treatment or prevention of an enveloped virus-associated disease.

11.  Use of the composition of claims 1-7, in the preparation of a large-scale

biocompatible disinfectant.

12.  Use of the composition of claims 1 -7, in the preparation of a coating agent.

13. The composition of claims 1 to 7 further comprising an additional anti-viral agent
selected from the group comprising anti-HIV, anti-HBV, anti-HSV, anti-VZB, anti-CMV,

anti-influenza virus, and combinations thereof.

14.  The composition of claim 11, wherein the anti-infuenza virus is selected from the

group comprising Amantadine, Rimantadine, Zanamivir and Oseltamivir.

15. A kit for inactivating an enveloped virus comprising the composition of claims 1 to

7 or 11 to 12, optionally with reagents and/or instructions for use.



