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The present invention relates generally to a vaccine conposition and to an
I mmunogewae oosmspd ex for use in the vaccine conposition. |pCcpanve/eudiar, the
i nvention relates to an inmunogeni c conpl ex conprising a charged organic
carrier, nore 10 particularly a negatively charged organic carrier, and a
charged antigen, nore particularly a positively charged antigen, wherein
the charged antigen is a polyprotein, preferably the core protein, of
Hepatitis C Virus (HCV) or a fragnent thereof, or a fusion protein
conprising said polyprotein or a fragnent thereof. The vaccine
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in the treatment of a disease condition which results from an HCV infection.

BACKGROUND OF THE INVENTION

20
Hepatitis C virus (HCV) is now recognised as the leading cause of chronic liver
disease and an estimated 170 million people are currently infected with the virus
(Armstrong, G. L., M. J. Alter, G. M. McQuillan, and H. S. Margolis. 2000. Hepatology
31:777, Cohen, J. 1999. Science 285:26). Despite these alarming numbers, very few

25 therapies are available for treatment and those available are of low efficacy.
Improved therapies are desperately needed but their development has been
hampered by the lack of a small animal model for infection and disease, and
inefficient systems for cultivating the virus. Several studies have suggested that T
cell-mediated immune responses to HCV infection can affect the outcome of HCV

30 infection and disease (Missale, G., R. Bertoni, V. Lamonaca, A. Valli, M. Massari, C.
Mori, M. G. Rumi, M. Houghton, F. Fiaccadori, and C. Ferrari. 1996. J. Clin. Invest.
98:706., Cooper, S. L., A. L. Erickson, E. J. Adams, J. Kansopon, A. J. Weiner, D.



G Robbins, R Phillips, P. Klenerman, and B. D. \Wal ker. 2000. J. Exp. Med.
191:1499). Furthernore there is an inverse correl ation between the
frequencywon1/578KHCV specific cytotoxic T cells (CTLs) and pcT/Aod/@ad and the
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region (usually several sugar chains) in association with a hydrophobic region of
either steroid or triterpenoid structure. Although saponin is available from a number
of diverse sources, saponins with useful adjuvant activity have been derived from the

20 South American tree Quillaja saponaria (Molina). Saponin from this source was used
to isolate a "homogeneous" fraction denoted "Quil A" (Dalsgaard, K., (1974), Arch.
Gesamte Virusforsch. 44:243).

Dose-site reactivity is a major concern for both the veterinary and human use of Quil
25 A in vaccine preparations. One way to avoid this toxicity of Quil A is the use of an
immunostimulating complex (known as an ISCOM™, an abbreviation for /Immuno
Stimulating COMplex). This is primarily because Quil A is less reactive when
incorporated into immunostimulating complexes, because its association with
cholesterol in the complex reduces its ability to bind to cholesterol in cell membranes
30 and hence its cell lytic effects. In addition, a lesser amount of Quil A is required to

generate a similar level of adjuvant effect.
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ISCOMs™ by the classical method. More recently methods to associate antigens with
a preformed protein-free immunostimulating complex (ISCOMATRIX™) utilising
chelating and electrostatic interactions have been developed (International Patent
20 Applications Nos. PCT/AU98/00080 — WO 98/36772, and PCT/AU00/00110).

The Core protein of HCV, as well as the E1 and E2 envelope proteins, have been
shown to be useful in immunizing against HCV (see, e.g., copending U.S. Patent
Application Serial No. 08/823,980). The sequences for the envelope proteins also
25 contain certain conserved regions, even in the hypervariable domains thereof, which
provides increased utility for immunization against the various escape mutants
responsible for chronic infections. There remains a need, however, for methods and
compositions which increase the ability of these proteins and polypeptides to be
immunogenic and to stimulate the development of broad and durable CTL active

30 against HCV infection.



response, to the antigen. SUMVARY OF THE | NVENTI ON 10 Throughout this
specification and the clains which follow, unless the context requires
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organic carrier and a charged antigen, which organic carrier and antigen
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15
One aspect of the present invention relates to an immunogenic complex comprising
a charged organic carrier and a charged antigen, which organic carrier and antigen
are electrostatically associated, and wherein the charged antigen is a polyprotein of
Hepatitis C Virus (HCV) or a fragment thereof, or a fusion protein comprising said

20 polyprotein or a fragment thereof.
Preferably, the polyprotein is the core protein of HCV.

Another aspect of the present invention more particularly provides an immunogenic
25 complex as described above, wherein the charged organic carrier is a negatively

charged organic carrier.

Yet another aspect of the present invention provides an immunogenic complex as
described above, wherein the charged organic carrier is a negatively charged

30 adjuvant.



fragnent thereof, together with. one or nore pharmaceutically acceptable
carriers and/or diluents. Preferably, the polyprotein is the core protein
of HCV. wibostedsher further aspect of the present inventimm/Aedaties to a
met hod of eliciting, inducing or otherwise facilitating, in a mamual, an

| mune response to an antigen, said nethod conprising adm nistering to
said manmmal an effective anmount of an ignunogenic conpl ex or a vaccine
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Preferably, the polyprotein is the core protein of HCV.

15
Another further aspect of the present invention relates to a method of eliciting,
inducing or otherwise facilitating, in a mammal, an immune response to an antigen,
said method comprising administering to said mammal an effective amount of an
immunogenic complex or a vaccine composition as hereinbefore described.

20
Yet another further aspect of the present invention relates to a method of treating a
disease condition in a mammal, said method comprising administering to said
mammal an effective amount of an immunogenic complex or a vaccine composition
as hereinbefore described, wherein administering said composition elicits, induces

25 or otherwise facilitates an immune response which inhibits, halts, delays or prevents

the onset or progression of the disease condition.

Still another further aspect the present invention relates to the use an immunogenic
complex or vaccine composition as hereinbefore described in the manufacture of a
30 medicament for inhibiting, halting, delaying or preventing the onset or progression of

a disease condition.



conprise those fragnents which are i nmunogeni ¢ when provi ded by thensel ves,
or when included in an i nmunogeni ¢ conpl ex of the present invention. As
used thwouglseg® this specification, the term "pol yprot eircToAUMCW100r " HCV
protein” is 15 intended to include the full length protein as well as

pol ypeptide fragnents. The HCV protein nmay al so be present in the

I mmunogeni ¢ conpl exes of the present invention as fusion proteins,
dependi ng on whi ch nethod of expression of the HCV protein is chosen The
sequences for these polyﬁeptldes and proteins are known (see,
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protein may also be present in the immunogenic complexes of the present invention
as fusion proteins, depending on which method of expression of the HCV protein is
chosen. The sequences for these polypeptides and proteins are known (see, e.g.,
U.S. Patent No. 5,350,671). The invention also provides polypeptides that are
20 homologous (i.e., have sequence identity) to these fragments. Depending on the
particular fragment, the degree of sequence identity is preferably greater than 50%
(e.g., 60%, 70%, 80%, 90%, 95%, 99% or more). These homologous polypeptides

include mutants and allelic variants of the fragments.

25
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graphical representation of the sucrose gradient analysis of Core-
ISCOM™ formulations for core protein (Figure 1A), ISCOMATRIX™ (Figure 1B), and

30 Core-ISCOM™ (Figure 1C).

Figure 2: B-LCLs from the two non-responders, HCV Core-ISCOM—immunized



Figure 3 shows the longevity of the CTL responses prined by vaccination.
PBMCs. 15 from DV0O37 (Figure 3A) and BB232 (Figure 3B) were restinul ated
in vitrowdoh3wshe epitopic peptide 121-135. After CD8+ ercT/abingois1o cel | s
were tested for cytotoxic activity against autol ogous B-LCLs sensitized
with the epitopic peptide 121-135 (solid circles) or an irrel evant peptide
(open circles). Figure 3C shows the resulits of an experinment where freshly
i sol ated PBMCs from DV0O37, 51 weeks aftéf its last 20 irmunization (two
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15864 ( sol (sglidirigngesk9r an yeglgvarinaptidederardiiasglpsland 15861 (open circl es).
Figure 6B shows the results from an experi nent where peptide
121-135-specific 10 CTL line derived fromani mal 15862 was tested in a

standard 5 A | | ] I ' .
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epitopic peptide 121-135. After CD8+ enrichment, cells were tested for cytotoxic
activity against autologous B-LCLs sensitized with the epitopic peptide 121-135 (solid
circles) or an irrelevant peptide (open circles). Figure 3C shows the results of an
experiment where freshly isolated PBMCs from DV037, 51 weeks after its last

20 immunization (two left panels), or in vitro—restimulated PBMCs from the same time

point (two right panels) were restimulated for 12 hours with peptide 121-135 or a
control peptide and stained for surface CD8 and intracellular IFN-y and TNF-a.
Lymphocytes were gated by side vs. forward scatter light and then for CD8-PerCP.

Plots show log fluorescence intensity for TNF-a-FITC and IFN-y-PE.

25 Figure 4 shows antibody titers against Core in the serum of immunized animals.

Open bars, pre-immunization; striped bars, 2 weeks post 2" immunization; filled

bars, 2 weeks post 3" immunization.

Figure 5 shows Th-1 and Th2-type cytokines in Core-ISCOM-immunized animals.
30 The level of IFN-y (Figure 5A), IL-2 (Figure 5B), IL-5 (Figure 5C) and IL-10 (Figure
5D) was measured by specific ELISA in cell-free supernatant of freshly isolated



15 Figure 7 shows a quantification of the CD8+ and CD4+ T cell responses in
Core- |1 SCOM i nmmuni zed animals. Freshly isolated PBMCs were restinul ated ex
vivo w t wooW¥B6EL or VVwt -i nfected autol ogous B-LCLs (Fi pOT/au@e)i4or with
the reconbinant Core protein of an E. coli control (Figure 7B). Cells were
then stained for surface CD8 or CD4, and intracellular IFN-y and TNF-a as
described in the exanples. 20 Lynphocytes were gated by side vs. forward
scatter light and then for CD8-PerCP (Fi"gure 7A) or CD4- APC (Figure 7B).
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15 Figure 7 shows a quantification of the CD8+ and CD4+ T cell responses in Core-

ISCOM-immunized animals. Freshly isolated PBMCs were restimulated ex vivo with
rVVC/E1 or VVwi—infected autologous B-LCLs (Figure 7A) or with the recombinant
Core protein of an E. coli control (Figure 7B). Cells were then stained for surface
CDS8 or CD4, and intracellular IFN-y and TNF-a as described in the examples.
20 Lymphocytes were gated by side vs. forward scatter light and then for CD8-PerCP
(Figure 7A) or CD4-APC (Figure 7B). In Figure 7A, the corrected percent of CD8+
T cells with detectable IFN-y and/or TNF-a was calculated as (% CD8+ T cells
restimulated with rVVC/E1 that were IFN-y and/or TNF-a+) — (% CD8+ T cells
restimulated with VVwt that were IFN-y and/or TNF-a+). In Figure 7B, the corrected
25 percent of CD4+ T cells with detectable IFN-A and/or TNF-a was calculated as (%
CD4+ T cells restimulated with Core that were IFN-y and/or TNFa-+) — (% CD4+ T
cells restimulated with the E. coli that were IFN-y and/or TNF-a+). Open bars, pre-
immunization; striped bars, 2 weeks post 2" immunization; filled bars, 2 weeks post

3 immunization.

30 Figure 8 shows that Core-ISCOM can serve as an adjuvant for E1E2. Mice (10

animals per group) were immunized with 2g of soluble E1E2 alone, 2 g of soluble



The present invention is predicated, in part, on the devel opnment of an

i nmunogeni ¢ conplex formulation which utilises electrostatic interactions
t o assocwatm/3ass9anti gen of HCV and a carrier thereby fa®divA@biongy inter
alia, the co-delivery of these nolecules to the immune system The

i mrunogeni ¢ conpl exes of the present invention are 20 particularly suitable
for use in facilitating the stinmulation. aof cytotoxic T-Iynphocyte
responses. Accordingly, one aspect of ng'present invention relates to an

i rmunogeni ¢ conpl ex ri sing a charged organic carrier and a charged
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Reference to a "conpl ex" shoul d be understood as describing an entity of
two or ndPdivigdued gy fromheashgraupy NheNprtdestedrponents. WD 01/ 37869

PCT/ AUOO 01410 -11 Reference to a "charged" organic carrier or antigen
shoul d e understood as a reference to an organic carrier or antigen which

exhibits overal | positive electrical r r an overall negative
cllectr i calFigHEs 3es asfpogUTala represeniation 1ee haeiome. Srocing Fdrousa
posi tive 3adidhRUsiithd ofREEAPYA GHich 166 AESIRIAGIR 1P UBL WihitheIsBitVIE t he
sunmmati on of the indivi'dual positive and negative charges results in

overal | elaetdarivad. neutrality, the nolecule is not regarded as "charged"

within the context of the present invention. Preferably, the organic
carrier conprises an overall negative charge. 10 Accordingly, the present

i nvent i on [ rticulanl. [ QVi i n nj x_as. d Lhed
above, indrigife FRLS o Braida TeRiseRTarith o MECORTALE orfORR Shalgs %505 an
carrier. Reds ¢2r4SCOM® Reiubstions foRrINSBREDPS 1ZSCOM ™. (FRGWieeTOAR) badt he
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associ at edNB$5 sl Alhpretein keigue 10B).ect rost ati ¢ i nteracti on. Accordingly,
it should be understood that in sone instances the electrostatic

interaction will be the only attractive force which results in conplexing
of the antDEEAILED DESCRIBTEION OFaTHEPRERERRED EMBQDIMENTSst ances t he
15

The present invention is predicated, in part, on the development of an immunogenic
complex formulation which utilises electrostatic interactions to associate an antigen
of HCV and a carrier thereby facilitating, inter alia, the co-delivery of these molecules
to the immune system. The immunogenic complexes of the present invention are
20 particularly suitable for use in facilitating the stimulation of cytotoxic T-lymphocyte

responses.

Accordingly, one aspect of the present invention relates to an immunogenic complex
comprising a charged organic carrier and a charged antigen, which organic carrier
25 and antigen are electrostatically associated, and wherein the charged antigen is a
polyprotein of Hepatitis C Virus (HCV), preferably the core protein of HCV, or a
fragment thereof, or a fusion protein comprising said polyprotein or a fragment

thereof.

30 Reference to a "complex" should be understood as describing an entity of two or

more different interacting chemical components.



formation of the electrostatic interaction nmay also |ead to, or be
associated with, the 20 formation of other interactive forces. The terns
" pol ypr otved ni/3786pr ot ei n" and "pol ypepti de" are used inter pOrAgeadl4y her ei n
and refer to a polynmer of amno acid residues and are not |limted to a

m nimum | ength of the product. Thus, peptides, oligopeptides, diners,
multimers, and the like, 25 are included,wthin the definition. Both
full-l1ength proteins and fragnments theréb#'are enconpassed by the
definition_ The terns al so include postexpression nodifications of the
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I ntegral nenbrane protein wth proteolytic activity. NS2, either alone or
i n conbi nafh¥yPe@iarganNSFard®feaves the NS2- NS3 sissle bond which in turn
generates the NS3 N-termi nus and rel eases a | arge polyprotein that

I ncl udes both serine protease and RNA helicase activities. The NS3
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recogni tion of polyprotein cleavage junctions by a nol ecule o

anot her pothgpeiedtastatia inteeationeat ibendhe NS3y| atbractive sfoace NBick ofesoitsrin
- complexing of the antigen and the organic carrier. However, in other instances the
formation of the electrostatic interaction may also lead to, or be associated with, the

20 formation of other interactive forces.

The terms "polyprotein”, “protein” and "polypeptide" are used interchangeably herein
and refer to a polymer of amino acid residues and are not limited to a minimum
length of the product. Thus, peptides, oligopeptides, dimers, multimers, and the like,
25 are included within the definition. Both full-length proteins and fragments thereof are
encompassed by the definition. The terms also include postexpression modifications
of the polypeptide, for example, glycosylation, acetylation, phosphorylation and the
like. Furthermore, for purposes of the present invention, a “polypeptide” refers to a
protein which includes modifications, such as deletions, additions and substitutions
30 (generally conservative in nature), to the native sequence, so long as the protein
maintains the desired activity. These modifications may be deliberate, as through

site-directed mutagenesis, or may be accidental, such as through mutations of hosts



(NS4a), two proteins with unknown function (NS4b and NS5a), and an RNA- 20
dependent RNA pol ynerase (NS5b). As expl ai ned above, any of a nunber of HCV
pol ypept waad/3d@oi ved fromthe HCV polyprotein may be usedTiAUMNE410

I mmunogeni ¢ conpl exes of the present invention. Thus, these conpl exes may
contain pol ypeptides derived fromthe HCV Core 25 nucl eocapsid protein, a
nonstructural protein, the El envel ope protein, the E2 envel ope protein,
pol ypepti de fragnents of any of such prot€ins, or conbinations of such
proteins. Such fragments may be ypepti des conprising epitopes

r ecogni zabveichpraducs the. prPF%ﬂ%PF@HOf&? dypinPCRamplifisatiamose fragments which
are immunogeni ¢ when provi ded by thensel ves, or when included in the

i mmunogeni ¢ 30 conpl ex of the present i nvention. WD 01/ 37869
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by the NS3 serine protease. Subsequent NS3-mediated cleavages of the HCV

polyprotein appear to involve recognition of polyprotein cleavage junctions by an NS3

molecule of another polypeptide. In these reactions, NS3 liberates an NS3 cofactor

(NS4a), two proteins with unknown function (NS4b and NS5a), and an RNA-
20 dependent RNA polymerase (NS5b).

As explained above, any of a number of HCV polypeptides derived from the HCV
polyprotein may be used in the immunogenic complexes of the present invention.
Thus, these complexes may contain polypeptides derived from the HCV Core
25 nucleocapsid protein, a nonstructural protein, the E1 envelope protein, the E2
envelope protein, polypeptide fragments of any of such proteins, or combinations of
such proteins. Such fragments may be polypeptides comprising epitopes
recognizable by T cells. Preferred fragments comprise those fragments which are
immunogenic when provided by themselves, or when included in the immunogenic

30 complex of the present invention.



(Academ ¢ Press, London); Scopes, (1987), Protein Purification: Principles
and Practice, Second Edition (Springer-Verlag, N Y.), and Handbook of
Exper i mewab1/318s9munol ogy, Volumes 1-1V (D.M Wir and C. CecBhAzokewhd , eds.,
1986). 25 Moreover, the polypeptide may be derived fromany of the various
known HCV strains, such as fromstrains 1, 2, 3 or 4 of HCV. A nunber of
conserved and variable regions are knovvﬁ bet ween these strains and, in
general, the am no acid sequences of epitopes derived fromthese regions
wi Il have a high degree of sequence honol ogy, e.g., am no acid sequence
horol ogy oPreferably.Hhe iguoynaaenie spepiay 9f therRresaahinyentionaemprises the core
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nut ant s ¢ h8@ﬁ\'/&?l%3% g@ﬁgggﬁte%é@g\ér@?%h%teirﬁynt hetic or 5 reconbi nant

sources.” Derivatives ma I nsertion, deletion or
substitution of amno acids. Amno acid insertional derivatives include

am no and/ carboxylic term pal, fusions as well I nt rasequence
ser t ons 158 FETVRAREORRE IT.ITE Imimenepenis demplaSinpairaso il VR ig nped
sequence Vapt pat ﬁhfs’i@alfgheéﬁvéd‘fr‘dﬂﬁ HePNBuPmay BECs\RIhECaAG 6t FeRDhiBigsnt) ©

introduced into a predétermned site in the protei'n 10 al though random
i nsertion peodilced psig omventional utechimiquesc ofeniakecwar thielogys uhicratiyjology,

product.. Del etianal | ants.are characterised by the r val., of one, or
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different residue inserted inits e. "Equival ents" can act as a
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Equi val ents_may be chem cally synthesised or may be detected follow ng, for

exanpl d5 néB&-dlarpesduet)- $60@iBRi AeS-» 1BRD) ofsined feelhprivEd(Fhb Farahnel Qdue,
but are  2Q988%: JhMobiBel CelltPhrif Ehsrmds (IR(CPrddL o8k, & BUrbSIPACPRtical
Guide to Molecular Cloning (1984); the Methods in Enzymology series (Academic
Press, Inc.), especially volumes 154 and 155; Gene Transfer Vectors for Mammalian
Cells (J.H. Miller and M.P. Calos, eds., 1987, Cold Spring Harbor Laboratory); Mayer
20 and Walker, eds., (1987), Immunochemical Methods in Cell and Molecular Biology
(Academic Press, London); Scopes, (1987), Protein Purification: Principles and
Practice, Second Edition (Springer-Verlag, N.Y.), and Handbook of Experimental
Immunology, Volumes I-1V (D.M. Weir and C.C. Blackwell, eds., 1986).

25 Moreover, the polypeptide may be derived from any of the various known HCV
strains, such as from strains 1, 2, 3 or 4 of HCV. A number of conserved and
variable regions are known between these strains and, in general, the amino acid
sequences of epitopes derived from these regions will have a high degree of
sequence homology, e.g., amino acid sequence homology of more than 30%,

30 preferably more than 40%, when the two sequences are aligned. Thus, for example,
the term “Core” polypeptide refers to the native Core protein from any of the various

HCV strains, as well as Core analogs, muteins and immunogenic fragments, as



The present invention also extends to an i mmunogeni c conpl ex as descri bed
above wherein the charged antigen is a fragnent of an HCV protein. By
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intact full-length protein 25 sequence and structure. The fragnent can
include a C-termnal deletion and/or an N-termnal deletion of the native
pol ypeptide. An "imunogenic fragnent"” frH a particular HCV protein wll
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designed to mimic certain physiochemical properties of the subject antigen.
Equivalents may be chemically synthesised or may be detected following, for
example, natural product screening. Homologs contemplated herein include, but are

20 not limited to, molecules derived from different species.

The present invention also extends to an immunogenic complex as described above
wherein the charged antigen is a fragment of an HCV protein. By “fragment” is
intended a polypeptide consisting of only a part of the intact full-length protein
25 sequence and structure. The fragment can include a C-terminal deletion and/or an
N-terminal deletion of the native polypeptide. An “immunogenic fragment” of a
particular HCV protein will generally include at least about 5-10 contiguous amino
acid residues of the full-length molecule, preferably at least about 15-25 contiguous
amino acid residues of the full-length molecule, and most preferably at least about
30 20-50 or more contiguous amino acid residues of the full-length molecule, that define
an epitope, or any integer between 5 amino acids and the full-length sequence,

provided that the fragment in question retains the ability to elicit an immune response



whi ch exhibit relatively high degrees of variability between isolates. Thus
the term "epitope" enconpasses sequences identical to the native sequence,
as wel | we®owsoghof i cati ons to the native sequence, such aeciMd@vioons,
additions and substitutions (generally conservative in nature). 25 Regions
of a given pol ypeptide that include an epitope can be identified using any
nunber of epitope nmapping techni ques, I5I known in the art. See, e.g.,

Epi t ope Mappi ng Protocols in Methods in“Mol ecul ar Biol ogy, Vol. 66 (G enn
E. Morris 1996) Humana Press, Totowa, New Jersey. For exanp
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be identified using standard antigenicity and hydropathy plots, sucﬁ}
t hose cal ddémted(magﬁ Sa83§9, Chien e gﬁematlemairdeIONeoWQ/SB@q&%gCamn

e AT g e OB SR ReBCR RS

78: 3824- 384§s. foy/4(§@ggor§n@|(§g44@tg1gem city profiles, and the Kyte-Doolittle
techni que, Kyte et ) Biol. (1982) 157: 105 132 for hydropathy

plots. 15 As used hereln the term " conf or mat i onal epitope" refers to a
portion of a full-length protein, or an analog or nutein thereof, having

struct ur al TRe8dri espitople’ @8 lised Réreiiirefers & adssfmeacs’ snieast Aoth® e, t ope
within the full-1length natural rotein. Native structural features

ncl ude, | HIBTeIRBYRROUE Bript6koR 15  a1d/pelsyPEs than abrutt 0@ amine Asidsrar any
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and is _
sequence, will stimulate a host's immune system to make a cellular antigen-specific

immune response when the antigen is presented, or a humoral antibody response.
An epitope for use in the subject invention is not limited to a polypeptide having the
exact sequence of the portion of the parent protein from which it is derived. Indeed,

20 viral genomes are in a state of constant flux and contain several variable domains
which exhibit relatively high degrees of variability between isolates. Thus the term
“epitope” encompasses sequences identical to the native sequence, as well as
modifications to the native sequence, such as deletions, additions and substitutions
(generally conservative in nature). |

25
Regions of a given polypeptide that include an epitope can be identified using any

number of epitope mapping techniques, well known in the art. See, e.g., Epitope
Mapping Protocols in Methods in Molecular Biology, Vol. 66 (Glenn E. Morris, Ed.,
1996) Humana Press, Totowa, New Jersey. For example, linear epitopes may be
30 determined by e.g., concurrently synthesizing large numbers of peptides on solid
supports, the peptides corresponding to portions of the protein molecule, and
reacting the peptides with antibodies while the peptides are still attached to the



20 expressed in a cell fromwhich it is extractable under conditions which
preserve its desired structural features, e.g. wthout denaturation of the
epi t ope.wBunis7eel | s include bacteria, yeast, insect, andarewmaloi€n cells.
Expression and isol ation of reconbinant conformational epitopes fromthe
HCV pol yprotein are described in e.g., International Publication Nos. WO
96/ 04301, WD 94/01778, WD 95/33053, WO 21 92/ 08734, which applications are
herein incorporated by reference in their entirety. As used herein the

term"T-cell epitope” refers to a feature of a peptide structure_ which is
capabl e ofSUPP@HSi mchigehniques@re kpowpuR e aktipndydssnaripeddn reigt 8- Batemn
associ at e apt C, ' |1 o] bsesd:in ld .
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236: 551- 557)f. Conversion of pol ypeptides WO 01/37869 PCT/ AUCO 01410 -17 to
MHC cl ass Neferapes i thedentirpties: % iy ecorfernational epitppes arargadily idensifigds -
14 am po agfi ' n ol rapg i p ssj Q" l,ehois caLlied
out by antgaseisinlrEh 8pdtal SohBrfRfien 8t |0 BBHRTSER, adyeicy K8

epi t ope iscrylstbllasgzdpbyahd@ﬂimér@cbnﬂlewcmbrmagﬁmtl ibree@?]antm. S$e§edl,ca.gr, Epitopeh as
primary am no acid sequence properties 5 involving charge ang ] .

hydr ophobiM?P@’,”gdgrjfﬂthgﬁ’ SAra, yg&lgedvc EgiRlrRrotaing ea A0 ke idgntifipd using
helicity, f i faal ' ‘nept id

Furt her " 1§t 2rfiBEnf R0 3G HR gy Blok. HcA as thBsE CAIURIAT LURGPS K iine

hel per T- d@imiga sexsiare hd} sbftwareapiuigrarat viailabler fniomuthesOxfomb Maleagiaa Group.
hydr ophobig .side (for interaction wth the MAC nolegul.e) and, a hydr ilic
o e CEr  Thig epRmAMieHpiaBtamiaapiovs fiq FobBENPhIs methafoHbbe ar.c 6. Nat
Conmput er P&l ®diWsAf(18 gﬁ’lé:BEEMISB%Sfor HeterFRnRGAntfeni@yprofiesVBhE Ghe
Dekker, Inc, ed. G C 'Wodrow et al., (1990) pp. "109-116) "and further that
t he anphikdebalitte echoicpe, Kytecetal., d- Mol.iBial (t2817)i 1T H15-082 (erdwdrepathy
Spouge et a}l. J. Imunol. (1987) 138:204-212; Berkower et al. J. I mrunol.
(1986) 138°9%9g-2503). 15 Hence, segments of proteins which include T-cell

epi topes can be readily predicted using nunerous conputer prograns. (See
e.g., Margalit et al., Conputer Prediction of T-cell Epitopes, Ne

w
Gener at L on, Vaggcl ‘ - . , rONV. .. )
on. 1069 175 05 BERelY 3 TeoictBomme (g BRtone eI A0 E¥Bh Fasyrlanahl,
pepti de t qrorinietamsandioyor nutein dereof) having!strucksalfeatures ngtiveetdrthd adting or
patterns of .am no acids which are believed to be re(%ui red for a T-cell
epi t ope. acid sequence encoding the epitope within the full-length natural protein. Native
structural features include, but are not limited to, glycosylation and three dimensional
structure. Preferably, a conformational epitope is produced recombinantly and is
20 expressed in a cell from which it is extractable under conditions which preserve its
desired structural features, e.g. without denaturation of the epitope. Such cells
include bacteria, yeast, insect, and mammalian cells. Expression and isolation of
recombinant conformational epitopes from the HCV polyprotein are described in e.g.,
International Publication Nos. WO 96/04301, WO 94/01778, WO 95/33053, WO

25 92/08734, which applications are herein incorporated by reference in their entirety.

As used herein the term “T-cell epitope” refers to a feature of a peptide structure
which is capable of inducing T-cell immunity towards the peptide structure or an
associated hapten. T-cell epitopes generally comprise linear peptide determinants
30 that assume extended conformations within the peptide-binding cleft of MHC

molecules, (Unanue et al., Science (1987) 236:551-557). Conversion of polypeptides



In general, "identity" refers to an exact nucl eotide-to-nucleotide or am no
acid-to- am no acid correspondence of two pol ynucl eotides or pol ypeptide
sequencewoO or/gspecti vel y. Percent identity can be deternm pretdAbyo/@4di r ect
conmpari son of the 25 sequence information between two nol ecul es by aligning
t he sequences, counting the exact nunber of nmatches between the two

al i gned sequences, dividing by the Ieng of the shorter sequence, and
multiplying the result by 100. Readily a Tlable conputer programs can be
used to aid in the analysis, such as AL] G\, Dayhof MO in Atlas_of
Protei n Selublide dans lessesiated inear Mﬁéfdetean'nastss(qmeraly Betyepsgd -3
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di stributed by Intel I'i Genetics, Inc. (I\/buntal n View, CA). Fromthis suite

of pac kagegmm@a_tmcmﬂmrﬂatrav@aan arhglicat ﬁ%\idgiﬁa%‘ 589, &/8d Spevge %teﬂ/a?ﬁl t
o 12, o/ BamKE T8RS LI g4 3125 RBREY & o f ImFARIE, 0o BF £ PARs AR

generated the "Match" value reflects "sequence identity." O her sui tabl e
prograns for calculating the percent identity or simlarity between
seqguenges 5@6&} | ai?.llb&é I %ﬁg
progr aﬁngzoﬁe%C%L ,éht)ééedg %hris'\/v?%ﬁ“l?é hg(regorréeet"g%(@ grc exa R?Jd&ng@ nd
BLASTP canusing humerous computer programs. (See e.g., Margalit et al., Computer Prediction

of T-cell Epitopes, New Generation Vaccines Marcel-Dekker, Inc, ed. G.C. Woodrow

et al., (1990) pp. 109-116). Such programs generally compare the amino acid
sequence of a peptide to sequences known to induce a T-cell response, and search

20 for patterns of amino acids which are believed to be required for a T-cell epitope.

In general, “identity” refers to an exact nucleotide-to-nucleotide or amino acid-to-
amino acid correspondence of two polynucleotides or polypeptide sequences,
respectively. Percent identity can be determined by a direct comparison of the
25 sequence information between two molecules by aligning the sequences, counting
the exact number of matches between the two aligned sequences, dividing by the
length of the shorter sequence, and multiplying the resuit by 100. Readily available
computer programs can be used to aid in the analysis, such as ALIGN, Dayhoff, M.O.
in Atlas of Protein Sequence and Structure M.O. Dayhoff ed., 5 Suppl. 3:353-358,
30 National biomedical Research Foundation, Washington, DC, which adapts the local

homology algorithm of Smith and Waterman Advances in Appl. Math. 2:482-489,



be used using the follow ng default paraneters: genetic code = standard;
filter = none; strand = both; cutoff = 60; expect = 10; Mtrix = BLOSUMG2;
Descri pt ivom81/3786¢50 sequences; sort by = H GH SCORE; Dat abR€EAUB0/01410
non-redundant, GenBank + EMBL + DDBJ + PDB + CGenBank CDS transl ations +
Sw ss protein + Spupdate + 25 PIR Details of these prograns can be found
at the follow ng internet address: httpi%/ www. ncbi . nl m gov/ cgi - bi n/ BLAST.
The sequences for these pol ypepti des and proteins are known (see, e.g.,

u. S. Patent No 350, 671, . incorporated herein by reference inits

entirety). @mptiﬁe anglysis. ﬁdﬁa@m%torget%mmaﬁuclep&e $$qur\$ﬁﬂﬁﬁf§@ﬁa@
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PCT/ AUCO 01410 -19 (1989 4: 362- 364 ht on at gl ogy 1991)
14: 381- 388 GAthiPEROraMs, Wh Cbréﬁo rRly; on tb\%;%“ﬁ%&"d e(mgz;'ge@t o 1hhesso15:

Chi
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for conveni ence, vari ous HCV regi ons are general O defined with
respect t oWaterraam mthaa;dafamﬁ@@ﬂng ¢ableiond a gap henalty 9€;$Ibmpteot;de pasitiony.

t he genone of HCV-1 a, as described in Choo et al. (1991) Proc Natl Acad Sci
USA 8802451, with the initiator nethionine being designated position 1.
However, the polypeptides for use with the present invention are not

limted toANASE ntﬁéhweaeﬁaetﬁh"tgweernem@an%twhtm:@ntw of the;preggat inventian
dj d
corresponajng, i 'fwéswﬂso 36 hgsa\%@/o%%rb fé‘n?é %oﬁ?ﬁ Red’ ha%y% %stttﬁﬂe

by aligning sequences In a nner rings-t
sequences Edtrrbumgtxld'enekmecghyrdohn F-@&ollavsaamud Shahl@\s Btuyrpk pand distriteuted da

between anHNGENE0cS: 81 MATRER YEMR.CAD Erim thismitel padkages $hasmili no
aci ds_§&- 8Qyatdfrhan afl’§drﬁﬁn18@ar19@ erﬁatogfé@ wrferé AR faraméetsare agé@@ombds
120-130; amno acids 121-170; and any the Core epitopes identif
scoring table (for example gap open penalty of 12, gap extension penalty of one and
a gap of six). From the data generated the “Match” value reflects “sequence identity.”
Other suitable programs for calculating the percent identity or similarity between
sequences are generally known in the art, for example, another alignment program
20 is BLAST, used with default parameters. For example, BLASTN and BLASTP can
be used using the following default parameters: genetic code = standard; filter =
none; strand = both; cutoff = 60; expect = 10; Matrix = BLOSUM®62; Descriptions =
50 sequences; sort by = HIGH SCORE; Databases = non-redundant, GenBank +
EMBL + DDBJ + PDB + GenBank CDS translations + Swiss protein + Spupdate +
25 PIR. Details of these programs can be found at the following internet address:

http://www.ncbi.nlm.gov/cgi-bin/BLAST.

The sequences for these polypeptides and proteins are known (see, e.g., U.S. Patent
No. 5,350,671, incorporated herein by reference in its entirety). For example, a
30 number of general and specific immunogenic polypeptides, derived from the HCV
polyprotein, have been described. See, e.g., Houghton et al., European Publ. Nos.
318,216 and 388,232; Choo et al. Science (1989) 244:359-362; Kuo et al. Science



in, e.g., Houghton et al., U S Patent No. 5,350,671; Chien et al. Proc.
Natl. Acad. Sci. USA (1992) 89:10011-10015; Chien et al. J. Gastroent.
Hepat ol . WA9P3)868B: S33- 39; Chien et al., International PubtT/AN00/0MD
93/00365; Chien, D.Y., International 25 Publ. No. WD 94/01778; and all owed
U S. Patent Application Serial Nos. 08/403,590 and 08/444,818, the

di scl osures of which are incorporated hgé in by reference in their
entireties, vvi Il find use in the i munogeni c conpl exes of the present

i nvention. &éé ept | des derived fromthe envelo i ncl udi ng

of HCV. ]
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appr oxi mat BHYliGaHoRS is iNcoregatebBeray by fefereRCars far as approxi mately ami no

acid residue 746 (see, Lin et al. J. Virol. (1994) 68:5063-5073). 10

Addi tionally, polypeptides derived fromthe nonstructural regi ons of the
rein,. The NS3/4da r t he HCV

Il .al find '
hae beon qlioid B Rate it Ronieiahts (g LRI SRS A8 BetRedly "
t he prqiei gefihéd d/itﬁ?éﬂﬁé?ﬁ td theYairdtacidhumbef RﬂéWe?to(tN@\ﬁi‘iIWﬁéteW&%ded b}/
7:1353-1363. See, also, Dasnmhapatra et al. S. Patent” No. 5, 843,75
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and net hod maki ng the sane. 20 Additionally, nultiple epitope fusion
anti gens (the MEY-1ameayence odn dbisdepaet the cormeseengdingdegionsubanotker gV
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regi ons. Th&arewrtthmetmr@sethprsehaeahés,/mm oraximaum aligirmemte HCV strain,

For example, HCV polypeptides derived from the Core region, such as polypeptides
derived from the region found between amino acids 1-191; amino acids 10-53; amino
20 acids 10-45; amino acids 67-88; amino acids 86-100; 81-130; amino acids 121-135;
amino acids 120-130; amino acids 121-170; and any of the Core epitopes identified
in, e.g., Houghton et al., U.S. Patent No. 5,350,671; Chien et al. Proc. Natl. Acad.
Sci. USA (1992) 89:10011-10015; Chien et al. J. Gastroent. Hepatol. (1993) 8:5S33-
39; Chien et al., International Publ. No. WO 93/00365; Chien, D.Y., International
25 Publ. No. WO 94/01778; and allowed U.S. Patent Application Serial Nos. 08/403,590
and 08/444,818, the disclosures of which are incorporated herein by reference in their

entireties, will find use in the immunogenic complexes of the present invention.

HCV polypeptides derived from the envelope of HCV, including polypeptides derived
30 from the E1 and E2 regions, as well as fusions between E1 and E2 will also find use
herein. Particularly, the HCV envelope glycoproteins E1 and E2 form a stable



thus providing the added ability to protect against nultiple strains of HCV
in a single 25 vaccine. Mreover, polypeptides for use in the inmunogenic
conpl exewoh1/8186% i nvention may be derived fromthe NS3 pemaom/ofiic he HCV
pol yprotein. A nunber of such polypeptides are known, including, but not
limted to pol ypeptides derived fromthe 30 c33c and cl 00 regions, as well
as fusion proteins conprising an NS3 epi% pe, such as c25. These and ot her
NS3 pol ypeptides are useful in t he prese 'conpositions and are known in
the art and described in, Houghton et al tent No. WO 01/ 37869
PCT/ AUCQO 0¢anplex that is, %mamopr@mpétaba (C%(ﬁkOWrQi@’ (rtﬁ%) J. Adeal. 653 3851385;
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Ref erence usi’on ein
fusion in which the HCV core or other protein or 15 fragnent |s operatively

| i nked to anot her peptlde poI ept de or protein. The term "qperatively
| i nked"10 s Additionaly nolyreptid gé {'OWHBGIQQOSHB?‘EF%FGQJPH%P“ fheotigisivid also
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to each er directly I rect oug I nker pept|
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Preferably, however usi o prote| n conprises a second i'nmunogeni ca
activel5 above, either the native sequence or immunogenic analogs can be used in the
subject formulations. Dasmahapatra et al., U.S. Patent No. 5,843,752 and Zhang et
al., U.S. Patent No. 5,990,276, both describe analogs of NS3/4a and methods of

making the same.

20 Additionally, multiple epitope fusion antigens (termed “MEFAs”), as described in
International Publ. No. WO 97/44469, may be associated with the immunogenic
complexes. Such MEFAs include multiple epitopes derived from two or more of the
various viral regions. The epitopes are preferably from more than one HCV strain,
thus providing the added ability to protect against multiple strains of HCV in a single

25 vaccine.

Moreover, polypeptides for use in the immunogenic complexes of this invention may
be derived from the NS3 region of the HCV polyprotein. A number of such
polypeptides are known, including, but not limited to polypeptides derived from the
30 c33c and c100 regions, as well as fusion proteins comprising an NS3 epitope, such
as c25. These and other NS3 polypeptides are useful in the present compositions

and are known in the art and described in, e.g., Houghton et al, U.S. Patent No.



pepti de, polypeptide or protein which nmay be derived fromHCV, or sone
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sequence of from1l to 50, preferably 1 to 20, and nore preferably 1 to 5
am no acid residues. WO 01/37869 PCT/ AUCO 01410 -22 Reference throughout
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or 10 ot herw se -reqgula or nore aspect's of the i mune response.
For exanple, the adjuvant may induce inflammation thereby attracting
i nmmune res cells to
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which are adjuvants suitable for use in the present Invention inc e, but
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of the, jimrunostinulating conpl ex of saponin, cholesterol and |Iipid known
as ISC&/ATRI XTM (for exanple the saponin conmponent and/or the phospholipid
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whi ch are "Irncorporate y TETEerence urther exahples o uvant s

i ncl ude, hwiderstoodads alrefareade tto.a fusaseirdehivhl #heé HTM berepubbthertprotesn oF Cox
and Coul ter, 1992, 1997.and 25 1999. |t shoul d be understood that the
subj ects orf@%ﬂﬂ"%n‘dﬁrqpie@t'vr%&l"ﬂke%@ %ﬁ%heypere}mm'wp&ﬂeiqr %E?'rbe-rhe term

synt het i calghur Aive\HHREY" N8 Hhichde8 bViRficate that the HCV core or other protein or
fragment and the other peptide, polypeptide or protein are fused in-frame to each
other, either directly or indirectly through a linker peptide or polypeptide, with the
fusion being at either the N-terminal end or the C-terminal end of the HCV core or
20 other protein or fragment.

The fusion protein may comprise a tag protein or peptide moiety such as a hexa-his
(His)s moiety, glutathione-S-transferase (GST) moiety or a FLAG moiety.

25 Preferably, however, the fusion protein comprises a second immunogenically active
peptide, polypeptide or protein which may be derived from HCV, or some other viral,

bacterial, fungal or similar organism.

The linker peptide or polypeptide, where present in the fusion protein, may comprise
30 a sequence of from 1 to 50, preferably 1 to 20, and more preferably 1 to 5 amino acid

residues.



Accordingly, the present invention still nore preferably provides an

I mmunogeni ¢ conpl ex as descri bed above, wherein the charged organic
carrier woa/snggati vely 30 charged adjuvant. WO 01/ 3786 PCRAIVMNOO@D 01410
-23 Preferably, said adjuvant conprises saponin or a saponin conplex. Mre
preferably, said saponin conplex is | SCOVATRI XTM The organic carrier of
the present invention may al so be, in i initial or natural form 5
negatively charged, positively charged 6f neutral. Increasing the degree of
negative charge (for exanple, where the organic carrier is only weakl
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exposed. The™ negative charge of a saponin conp uva

i ncr eased,urfderstordnpbea lpmpdundaddi cabonofwhather i natlsallyhanegembingrity dori ng
conpl ex formati.on 5 Exanpl es. of, detergents which can inctease the .
egat | ve CATIsLRAly BPtane: deihde, 48 s B BiRieed Ame e Ghg Feanie: o
deoxychol i garAér id.ant AYOSMO | BE"RfUAANE mbant Miemersding| sggredste dpcmplies of
|'i pi ds which can increase the négative charge ™ of a carrier include, but

are not | iqfimelgcules, sREWMSHOI @i athef gndityewhishy fusicions 4e istinulate, eRbaneejor
phosphat i L ne, hati 0 (((:[ P L di ' d st
ot of or 11 ybe s iRt Bl e, B HiGheo naBElts R B At BeboRRo FOY
li pi d A( MRixampledheesijuvane freryahdycedinfiaesmitionythetebyi attréctirgriaimase (FépoAsas
described in Internatjonal Patent Publication No. WD 95/14026). 25 Wt hout
limting tQ?@SEf? E%ﬂte (Pfrﬁiﬁﬁgﬁf‘d‘ﬁcql'ﬁam_ Wﬂ%“f&!%iﬁ@@ﬁ’i%’@t W@'%yéﬂﬁ?ﬁ%d
t hat mertﬁe%‘ﬁ?éHméﬁbxyﬂi%@;_ &{-géi'ﬁgcstﬁrﬁiléﬁ@ﬁ offid iﬁﬂﬁﬁﬁé@y 4 gen are
naturally negatively a posi ti vel'y Charged, respectively, the object of
the invention can be achieved. However, a still nore effective i nmunogenic
conpl ex be achieyed if the subject naturally negatiyely charged
or ggni L5 c drxamples é’ﬂ%‘ﬁ&%@i&rgﬂﬂ'@ Ca ?i%&)‘/ are adYuvangs su?{aeblg for usgl in the
present invention include, but are not limited to, saponin, saponin complexes, any
one or more components of the immunostimulating complex of saponin, cholesterol
and lipid known as ISCOMATRIX™ (for example the saponin component and/or the
phospholipid component), liposomes or oil-in-water emulsions. [The composition and
20 preparation of ISCOMATRIX™ is described in detail in International Patent
Application Number PCT/SE86/00480, Australian Patent Numbers 558258 and
632067 and European Patent Publication No. 0 180 564, the disclosures of which are
incorporated herein by reference]. Further examples of adjuvants include, but are not
limited to, those detailed in the publications of Cox and Coulter, 1992, 1997 and
25 1999. It should be understood that the subject organic carrier may be naturally

occurring or it may be synthetically or recombinantly derived.

Accordingly, the present invention still more preferably provides an immunogenic
complex as described above, wherein the charged organic carrier is a negatively

30 charged adjuvant.



30 charged (preferably by addition of cardiolipin or diphosphoryl lipid A).
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Examples of detergents which can increase the negative charge of a carrier include,
but are not limited to cholic acid, deoxycholic acid, taurocholic acid and
taurodeoxycholic acid. Examples of lipids which can increase the negative charge
of a carrier include, but are not limited to, phospholipids (preferably phosphatidyl

20 inositol, phosphatidyl serine, phosphatidyl glycerol and phosphatidic acid and most
preferably cardiolipin) and bacterial lipids (preferably monophosphoryl lipid A(MPL)
and most preferably diphosphoryl lipid A, such as OM174 as described in
International Patent Publication No. WO 95/14026).

25 Without limiting the present invention in any way, the inventors have determined that
where the subject charged organic carrier and charged antigen are naturally
negatively and positively charged, respectively, the object of the invention can be
achieved. However, a still more effective immunogenic complex may be achieved
if the subject naturally negatively charged organic carrier is rendered more negatively

30 charged (preferably by addition of cardiolipin or diphosphoryl lipid A).



WO 01/ 37869 PCT/ AUCO 01410 -25 sone CD8+ cytotoxic T-lynphocyte responses
are thought to occur where the adjuvant induces endosonal escape of the

antigen iwobharsenti gen presenting cell. This necessaril yPeraudo/esio
co-delivery of the antigen and the adjuvant to the antigen presenting
cell. 5 A further aspect of the present invention therefore relates to the

use of the invention to induce an innun$ response in a mammal including,
but not limted to, a hunoral and/or ce ? medi at ed i nmune response. 10

Accordingly, another aspect of the present invention relates to a vacci ne
conposi t i ofccertingly.dn ﬁgeﬁef@rred &mhq%neehtbgrﬁaﬁtprawdecﬂrﬁn HERINCEERIS HOMplex
conpri si ng ni c
carrier and ??‘g%djg?@@ ? 'ﬁgé caI ﬁ/ Q%?:lgg g%ﬁltlan?hv\w\e%}]gﬁﬁg?%%
char ged anbhe:ged adjavaol wplchthasnbeén nidﬁpﬂéd ttm indtedbe the (elide of iteunEgativeent
thereof, or a fusion protein conprising said 15 polyprotein or a fragment
thereof, t&08t%r with one or nore pharmaceutically acceptable carriers
and/or diluents. Preferably, said organic carrier is an adjuvant, and even
nore preferably a saponin or a saponin conplex. Preferably said saponin
conpl ex i s Refglenba R X lddjBanPbeingastuyallyanegativeiyncitarged r sheuld be nedetstoed y

charged. Vaccine c ' th t th

e SO FIERTE o WU M AR e bR o ™
(i.e. usedtigt Bd B§inli%faRomdmaHt g synfiéR! imeahs. Tl\héd”féﬁﬁdd“ﬁ) RIGSSE theons
are convent ional |y adm ni stered parenterally I njection, either

subcut aneodspsee iohtcharge Arabeyachieved rba!ngl!érsmﬂaglﬁ' temmm asebersinbefore
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applicati oaadmanscﬁg;ar@.bﬁ@hrmr@ﬁpﬁmphbeﬁaqpm Agl e dose schedule or a 30
mul tiple dose schedule. The vacci ne conpositions my be admnistered in

conjunction with other imunoregul atory agents. WO 01/ 37869 PCT/ AUCO 01410
- 26 The present invention is predicated, in part, on the formation of immunogenic

complexes via the electrostatic association, preferably, of a negatively charged
15 organic carrier with a positively charged antigen. The administration of such a
complex to a subject facilitates the induction of a significantly better immune
response than would be achieved were the adjuvant and antigen administered
simultaneously but in a non-associated form. In particular, the administration of an
antigen associated with an adjuvant, according to the present invention, facilitates the
20 induction of a cytotoxic T-lymphocyte response to the antigen. However, humoral

and other cellular responses can also be enhanced.

Generally, in the immunogenic complex of the present invention, the ratio of the
charged organic carrier to the charged antigen, by weight, is in the range of 5:1 to

25 0.5:1. Preferably, the ratio by weight is approximately 3:1 to 1:1, and more preferably
the ratio by weight is 2:1.

Without limiting the present invention to any one theory or mode of action, it is
thought that the complexing of the adjuvant with the antigen facilitates co-delivery of
30 the adjuvant and the antigen to the same antigen presenting cell thereby facilitating
the induction of immune responses which either would not occur or would not occur

as effectively were these molecules not co-delivered. For example, the induction of



These vacci ne conpositions conprise an i nmmunogeni ¢ conpl ex of the present

i nvention in conbination with one or nore pharnaceutically acceptable
carrierswoangd/g diluents, such carriers include any car mcavAtdeat4idoes not
itself induce the production of a response harnful to the individual
receiving the conposition. Suitable 5 carriers are typically large, slowy
nmet abol i sed nacronol ecul es such as protilns polysaccharides, pol yl actic
aci ds, polyglycolic acids, polynmneric aﬁlRO acid amno acid copol yners,

|'i pi d aggregates (such as oil droplets or osones and inactive vjrus
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etc., pat HIEERRINGERI.vacci ne conpositions may al so include further

adj uvangs to enhance 15 effectiveness of the conmposition. Suitable

adj uvants include, but are not limted to: (1) alumnumsalts (alun), such
as al um nukfuritr@speet, ofatherrjrassntﬁm‘mqﬁbattleerefqbueiahesﬂoahhlef@eaf the invehtipn

oi | -in-water. emul sion fornulations (with or. t hou . .S CIfIC
Crmnost | riaindue A0 fm SeTesRo0E R A Hapmaliotlidis bl bOFimis 5 2 merml;
cel I wal | fpiposanmediatéd imimef respensdpl e (a) M9 (PCT Publ. No. WO

90/ 14837), 20 containing 5% Squal ene 0. 5% Tween 80, and 0.5% Span 85

(optionally containing various anmounts of MIP-PE (see bel ow), although not

required) e i 1.0%
Saual cfe, ALtethvesnoBbPasets Bt HstiteSBiterion eies Bt R8s bal
bel ow) ei tdomhiprising aé the dtta@cborm@emt af uﬂnmmfogenwndrﬁplem comprisingexetthrged
generate a |large particl e si ze emul si,on, and (c) 25 Ri bi, TM adj uvant system

(RAS), (RIYOankmedsieRend Iﬁaﬁhﬁ'iﬁ%’ aNﬁge'bon‘!ﬁhnPf@afﬁ%c%ﬁﬁaﬁéﬁea“@el%afﬂeen

80, and o c C nt f3€,

consi sti ngn@o Forr%%% Qa%] Ié%l %‘l‘ivy@ﬁ%n fPI{Er)eha %geéﬁ Ri%c% %;%er?#ﬁﬁr] O:fmd
cell wall Képdtdisdd \(lm\sHHCW elfarfzdgnyerlmhe@bﬁ ¢ e fiasidMprotel) cempdsing said

adj uva such .as St | onT Bio ci ence, Wrcester ;o (4)
Conp! oh RRUlATRMRI Sor A FR/RAN (RSTAT dREOTeE ol GTE. BF JTItS SR AGSHHIcaY F
(5) CytOklé‘&%ptmaaﬁgﬁamIaﬂhﬁj’rldﬂubh&s (e g. IL-1, IL-2, IL-4, IL-5, IL-6,
IL-7, I'L-12, etc), interferons (e.g. gamma interferon), macrophage col ony
stimul ati ng favtor (M CSF), tunor necrosis factor WO 01/ 37869

PCT/ AUCQ OIg‘rdé%eorably, said organic carrier is an adjuvant, and even more preferably a saponin
or a saponin complex. Preferably said saponin complex is ISCOMATRIX™.
20

Preferably said organic carrier is negatively charged.

Vaccine compositions according to this aspect of the invention may be either
prophylactic (i.e. used to prevent infection) or therapeutic (i.e. used to treat disease
25 after infection). The vaccine compositions are conventionally administered
parenterally, e.g. by injection, either subcutaneously, intramuscularly, or
transdermally/transcutaneously. Additional formulations suitable for other modes of
administration include oral and pulmonary formulations, suppositories, and
transdermal applications. Dosage treatment may be a single dose schedule or a
30 multiple dose schedule. The vaccine compositions may be administered in

conjunction with other immunoregulatory agents.



-27 (TNF), etc.; (6) detoxified nutants of a bacterial ADP-ribosyl ating
toxin such as a cholera toxin (CT), a pertussis toxin (PT), or an E. coli
heat - | abwoen1t3aseon (LT), particularly LT-K63, LT-R72, CT-PEI0j00RT41K9/ G129;
see, e.g. WD 93/13302 and WD 92/19265; (7) other substances that act as

I mmunosti nul ating agents to 5 enhance the effectiveness of the conposition;
and (8) mcroparticles with adsorbed ronol ecul es, as described in

| nternational Patent Application No. PCT/US99/17308. Al um and M59 are

preferred._As nentioned above, suitable nuranyl peptides include, but are
not |imitehass VARCING CrRRQRItoRS SAAMPIIES (a1t ga%nosengcogpwm akthe presant) |
N-acetyl - = o ) 5 ;
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i ke, nmay be presen npositions. The forns sul
i nj ect abl epalgsacchatides palyaclieacidscpulyglyodlic acids, galymedcwaine acitis, sotind| e)

or dispersions and steril.e powlers for the exte raneous preparation of
oteri o1 HLEABPUMEnE ACCHROARS it ool S M aeHsIERes IIRFEYS. ne
condi ti onsyjrugf paraBleb acSUEHe cartérs afs g IKHoviis thdX® 6f erdiat) Bkabm thet afthe
cont am natldr;ﬁtiactlon of m croorgani snms such as bacteria and fungi. The

pr event i orAdditienallyathasercasriersninay ddrajioni asmEnrouroglimulating ggeatsenadiyvansi ous
anti bacter.jal, a | £ L

el or ot dnarctBlafBie ogh e ne RmHodE i RehipR REAR Fihermore, e
cases, it antigenlmaypbef coribiateti doianbactdeali togdidnsaclrasrd toxoldfroaxdiphtiteria,
sugars or sodium chloride. Pral onged absorption of the injectable

conposi t i dRtanYgnchRlera 4 Rier. 86w PAMPAERE- use in the conpositions of agents
del ayi ng absorption, for exanple, alumniumnonostearate and gelatin. 30
Sterile injectable solutions are prepared by incorporating the active
conpounds The tveecimes qrompositiomsi nnay n atsoe ingpdepfurtiter adjuvants vibt lenhanceus

of t hel? t he%eciti\r/]grﬁgsdsi gpt%% cvgr)ngc)ls{it?gngegui?gé é%a%é %%Iud_e?%ut are not limited to:
(1) aluminum salts (alum), such as aluminum hydroxide, aluminum phosphate,
aluminum sulfate, etc; (2) oil-in-water emulsion formulations (with or without other
specific immunostimulating agents such as muramyl peptides (see below) or bacterial

cell wall components), such as for example (a) MF59 (PCT Publ. No. WO 90/14837),

20 containing 5% Squalene, 0.5% Tween 80, and 0.5% Span 85 (optionally containing
various amounts of MTP-PE (see below), although not required) formulated into
submicron particles, (b) SAF, containing 10% Squalene, 0.4% Tween 80, 5%
pluronic-blocked polymer, and thr-MDP (see below) either microfluidised into a
submicron emulsion or vortexed to generate a large particle size emulsion, and (c)

25 Ribi™ adjuvant system (RAS), (Ribi Immunochem, Hamilton, MT) containing 2%
Squalene, 0.2% Tween 80, and one or more bacterial cell wall components from the
group consisting of monophosphorylipid A (MPL), trehalose dimycolate (TDM), and

cell wall skeleton (CWS), preferably MPL+CWS (Detox™); (3) saponin adjuvants,
such as Stimulon™ (Cambridge Bioscience, Worcester, MA); (4) Complete Freund's

30 Adjuvant (CFA) and Incomplete Freund's Adjuvant (IFA); (5) cytokines, such as
interleukins (e.g. IL-1, IL-2, IL4, IL-5, IL-6, IL-7, IL-12, etc), interferons (e.g. gamma

interferon), macrophage colony stimulating favtor (M-CSF), tumor necrosis factor



enuner at ed above, as required, followed by filter sterilisation. Generally,
di spersions are prepared by incorporating the various sterilised active

i ngredi ewion1i3m¢e® a sterile vehicle which contains the bagiTcAwiospansi on
medi um and the required other ingredients fromthose enunerated above. In
the case of sterile powders for the 5 preparation of sterile injectable
solutions, the preferred nethods of prepgration are vacuumdrying and the
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any additional desired ingredient frompreviously sterile-filtered
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compositions.

The forms suitable for injectable use include sterile aqueous solutions (where water
20 soluble) or dispersions and sterile powders for the extemporaneous preparation of
sterile injectable solutions or dispersions. They must be stable under the conditions
of manufacture and storage and must be preserved against the contaminating action
of microorganisms such as bacteria and fungi. The prevention of the action of
microorganisms can be brought about by various antibacterial and antifungal agents,
25 for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal and the like.
In many cases, it will be preferable to include isotonic agents, for example, sugars
or sodium chloride. Prolonged absorption of the injectable compositions can be
brought about by the use in the compositions of agents delaying absorption, for
example, aluminium monostearate and gelatin.
30
Sterile injectable solutions are prepared by incorporating the active compounds in the

required amount in the appropriate solvent with various of the other ingredients



physi cal form of the dosage unit. For instance, tablets, pills, or capsules
may be coated with shellac, sugar or both. A syrup or elixir may contain

t he acti weo ovamspound, sucrose as a sweetening agent, met hpCT/an00/01410

propyl parabens as preservatives, a dye and flavouring such as cherry or
orange flavour. O course, any 5 material used in preparing any dosage unit
form shoul d be pharmaceutically pure and 8substant lally non-toxic in the
anounts enpl oyed. In addition, the acti V% conpound(s) nmmy be incorporated
i nto sustained-rel ease preparations and forpulations. Wthout limting the
oper ati on €numesated abeve, anteawirednfollowad Py ler sterlisationg &engsally, gispersiont
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i nduci ng an né response and, 1 n particular, a cytotoxic T-lTynphocyte
response t gehitle aviiiclyecontsiasdthenbase rdisyersioa medilre andptha frequitdd asthér
and/or B cell) ,and/ﬁr non- s ecifircﬁd' ne response. q]é\[Accordi ngly, still
anot her aspuedignts framythose gnumeraird ahoye Jndbecass ofeitatlge RAwdesifer theg,
i nduci ng o M el ' [ ' n
ant i gen? SBrepaigish §FSCRKS IndabiBolbrR, W PR ferad METHAs of BRI Ao e
anount  of vacuummungingeand:theoimpézecdnring: techniqueewbmipgsidta powder bé the abtifeor e

d i bed. .20 P bl L d.i , , ' t i C.
7Ty piacy PRt R oty v bR, 88 MEdaGie e TRom: e B Al e
| ynphocyt e gpRSiBRANBEeHRY occur either in isolation or together with a

hel per T cell response, a hunoral response or other specific or
non-specific i mune response. 25 A further aspect of the present invention

o the WheriiglRCadive BFroRR SRS S faniy BESb(ErThey ity SR Bchficl el ' "
Exanpl es ofordhe@gsie, witndh inerhdilugnt ohwithrarigssirmitsile edible catiepratahegmeytde t he
met hod of the present inventiogn include any di sease conditjiqgn 30 which

resul ts fr&RCIASed| iF dard oor saf @TP&.?@@QﬁPCﬁ?m gempressesh intoc dakletey| 9r
yet anot heﬁnﬁ?&&ﬁ{eooéiréézfﬂ? wWith&hR& fod Bf/l?lg][diéw ﬁo‘?'o‘?‘élﬁﬁ%%ﬁeatiér‘aaamsgt?étion, the

treating a di sease con ifon 1n a mmal, Said nme conprisin
adm ni st er iaotivé congmiwhdmayabe dncarpbeated weitlarexuaipierd$s aand usedrindbei formoap! ex
or a vaccine ¢ rrpo%i ti OB as Qe{)ei nhef %re descri bed, wherein adm nistering
sai d co‘r?poé’?gqsgge tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups,
wafers, and the like. Such compositions and preparations should contain at least 1%
by weight of active compound. The percentage of the compositions and preparations
may, of course, be varied and may conveniently be between about 5 to about 80%
of the weight of the unit. The amount of active compound in such therapeutically
20 useful compositions is such that a suitable dosage will be obtained. Preferred
compositions or preparations according to the present invention are prepared so that
an oral dosage unit form contains between about 0.1 yg and 2000 mg of active

compound.

25 The tablets, troches, pills, capsules and the like may also contain the components as
listed hereafter: a binder such as gum, acacia, corn starch or gelatin; excipients such
as dicalcium phosphate; a disintegrating agent such as corn starch, potato starch,
alginic acid and the like; a lubricant such as magnesium stearate; and a sweetening
agent such as sucrose, lactose or saccharin may be added or a flavouring agent such

30 as peppermint, oil of wintergreen, or cherry flavouring. When the dosage unit form
is a capsule, it may contain, in addition to materials of the above type, a liquid carrier.

Various other materials may be present as coatings or to otherwise modify the



5 elicits, induces or otherwise facilitates an i nmune response which
inhibits, halts, delays or prevents the onset or progression of the

di sease ooodi/sisen. Direct delivery of the conpositions w PCT/a®n®eiaid y be
acconpl i shed by injection, either subcutaneously, i ntra peritonea | |y,

I ntravenously or intranuscularly or delivered to the 10 interstitial space
of a tissue. The conpositions can al so bg adm nistered into a | esion. O her
nmodes of adm nistration include oral and %ulnnnary adm ni strati on,
suppositories, and transdernmal or transcutaneous applications. Dosage

treat ment phusicaldformsoirifesdonsage unihefior instance, ﬁabkeltﬁnré"%@gé:aﬁ@mﬁ;umy bes An
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desi red i mune response, t he onse progr essi on or
halt al togetﬂpeundt hwom;wtasora mvmytemsgoageht ammmyll and apraptylpi;_rabm bes ng

treated. This anpunt varies dependi ng upon the health and physi cal
condi tion Bresteﬁ\@twr%&wmangtﬂ@vgwq $lg§hgﬁc herRs of 85?6‘96@?806#)0‘5&%'59 any
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to synthesise an ree o protection
f or mul at i osubstantiadyveretionie,in thaeamsse&semplbyed trhadditiah, diad aetl\taJranpmnda(a)j

ot her relevant, factors ected t hat the m)un

el ati vel y G nceaad intS siBREGRa R meberaegnd omelonsi 21 & s
The term "manmmal " i ncl udes humans, prinates, Ilvestock animals (eg. horses,
cattle, sheep, pigs, donkeys), Iaboratory test animals (eg. mce, rats,

rabbits, Wlﬂmtbngt@)g thecepisatiorn af thei mrsgnwgentwgm anyawvay, thacocdglivieneoty | d
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or an aninmal .in need of therapeutic or prophylactic treatnent of a disease
condi ti on 8Rtigersobaidkininurs eespopse Famube dotPectic (1 celliansiern BB sellkantier nehe

present in t he use an i mrunogeni c conpl ex or vaccine
conp05|t|o§6§§hﬁg?gﬁﬁ% %P%ﬂﬁ%scribed In the manufacture of a nedicanent

for inhibiting, halting, delaying or preventing the onset or progression of

a d sease S\?:Qgrdmg(?y, still another aspect of the present invention relates to a method of
eliciting, inducing or otherwise facilitating, in a mammal, an immune response to an
antigen, said method comprising administering to said mammal an effective amount

of an immunogenic complex or a vaccine composition as hereinbefore described.
20 Preferably said immune response comprises a cytotoxic T-lymphocyte response.

It should be understood that the subject cytotoxic lymphocyte response may occur
either in isolation or together with a helper T cell response, a humoral response or
other specific or non-specific immune response.
25

A further aspect of the present invention relates to the use of the immunogenic
complex of the invention in relation to the therapeutic and/or prophylactic treatment
of disease conditions. Examples of disease conditions which can be treated in
accordance with the method of the present invention include any disease condition

30 which results from HCV infection.



10 Yet another aspect of the present invention relates to an agent for use
in inhibiting, halting, delaying or preventing the onset or progression of
a di seasava@onslistd on. Sai d agent conprising an i mmunogeni BCT/ALPY/@X1mDr

vacci ne conposition as hereinbefore described. 15 Further features of the
present invention are nore fully described in the followwng non-limting
Exanpl es. Reference to "1 SCOPREPTM 703" ghoul d be understood as a reference
to a saponin preparation conprising froni50-90% by wei ght of Fraction A of
Quil A and 50%to 20 10% by wei f Fraction C of Quil A. Fractions A
and C are peeprshinglys Y%tn??%t@ef %Bgﬁﬁ? the Péﬁﬁqrﬁdnvﬁntm relatespipaaimethod: af

and "C', t t ﬁm{ t E{gﬂg
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W96/ 11711 saidhimeaminel i arc @ffeotive exmdnemteoh ary imefurogeaiz. c@mplet on aneaccine
exanpl es of specjfic e or _.carr out . the present, inventi.on.
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i ntendeg teu.é.tsm.ﬁducfé&eoﬁsm@te FaEﬁitaQé@%‘h“ﬁm‘n[]H@%bB&héé‘%‘iﬁh m}bnngg, of
skill in the art | readily appreciate that the 1 nvention

practiced delayswaprevgntsthewapsetgpnpragrdssiareafcthierdiseasfe ednditiah. scl osure. 30
Efforts have been nade to ensure accuracy with respect to nunbers used
(e.g., anounts, tenperatures, etc.), but sonme experinental error and

devi ati on piiaet gelive ’F%M‘Qh@]doﬁ? %dﬁ%ﬂ?@%ﬁﬂwlﬂ accofpliSRed B§ injestion, baned

for. Materials and t hods nimal s. 5 Rhesus macaques (Macaca mul atta)
wer e house8ubgutaneeushs dotrapaitenaallynintrayen®ishnetiniamuseslady on delbreped tethe

Ant oni T di or . e and
Use of qI(_)abf)%t%rtsﬁ{r"%"/lI éﬁéce"‘f) (t%;ép Faonfﬁgl R s'tljti(;eh%‘o‘fjM '§| %Jhg Ad('ﬁ@@%%'%&‘agé%f
the care alkgiorseQOther ni@deatocﬁraydrmnistrahen uhdﬂsudl@mltamhpulniomlaﬁmmtrdtubhnan
services. publicatjon No 82-23. National |nstitute of Heal t h, Bet hesda, 10

MD). C assSYPRRSIOMeS; §E‘66@H§§?""M'IqrttKﬁ’LSGHfﬁ’@@U@l\ﬂH@'C?W%g eFagareatnagl s
was - perf opfiRthés i dos8SchbbyR G a FultfBle dog8¥hedule! Munol . 164: 1386. ).

15 An "effective amount” means an amount necessary at least partly to attain the
desired immune response, or to delay the onset or inhibit progression or halt
altogether, the onset or progression of a particular condition being treated. This
amount varies depending upon the health and physical condition of the individual to
be treated, the taxonomic group of individual to be treated, the capacity of the

20 individual's immune system to synthesise antibodies, the degree of protection
desired, the formulation of the vaccine, the assessment of the medical situation, and
other relevant factors. It is expected that the amount will fall in a relatively broad

range that can be determined through routine trials.

25 The term "mammal” includes humans, primates, livestock animals (eg. horses, cattle,
sheep, pigs, donkeys), laboratory test animals (eg. mice, rats, rabbits, guinea pigs),
companion animals (eg. dogs, cats) and captive wild animals (eg. kangaroos, deer,
foxes). Preferably, the mammal is a human or laboratory test animal. Even more
preferably, the mammal is a human.

30



Femal e C57BL/6 (H 2b) m ce were purchased from Charles River Laboratories
and used between 8 and 10 weeks of age. Mce were housed in a pathogen
free 15wemanirgmnent and were handl ed according to the i rcavsiabioonal
guidelines for experinentation with aninmals. |Imunogens and Adjuvants. The
E. coli-derived full-length HCV-1 a Core reconbi nant protein (aa: 1-191)
was 20 produced and purified under GW . conditions and is nore than 98%
pure. The reconbinant HCV-1 a E1 E2809 "protein was produced in CHO cells.
This nodified E1 E2 protein contained am no acids 192 to 809. The

r econbi nantheusmammal 19nderaeing freafiaent MRM bed humare &5t ar aanimal fRenery Want
LTK63 is ieall t -| abj | pn of
Escheri ch?tggc I ,'E?Jr'{ %pﬁﬂgif%éehggtrrﬁ%nﬁ%;ta [8)]:?3 thlat;%r?lﬂggfqns&g% p?)g%ﬁfaagggsfe%éba
Lysi ne (Pagdnditn.et al. (1999) Imunol. Lett. 67:209.). The Core-| SCOM
formul ati ons were prepared by mxing the core protein with a preforned

| SCOVATRI XTM (enpty | SCOVBTM wutilizing ionic interactions to nmaxim ze
associ at i NiH i ad to! RENEY RS i

pr epar e%l g?s%ér?tea? ’!ﬁiﬁgr %}Q/Se%rfeHve? gﬁbslégggge\é@gi?geﬁyﬁg% r;tgdtﬁ exce%in thap’ﬁégemc

di af | i t r at¢amples©r vaecine wopipasitiast aslhetejsheforsodesgrivegicd themaxudatotetdba - 33

Coul t t gl. (1998). Vacci 6:1243).. Th i1 <.i njwat dj t MF59 h
been  descPeiicameet forianBing, Gabsy. dslaing SBPrRieniing e bRsettr predBsst of o
gr adi ent aqglsyakse cehdiohe-1 SCOM 5 After fornmul ati on, preparations were

purified on a sucrose gradient (10 to 50% w v) and fractions anal ysed for
| SCOVATRI XTM and protein to determ ne the anmount of association.

| SCOVATRI i i ; i ( ich. ces
when abboo) Sk LBMETFEAELE e R s RGBT akies 0B ot (0P USen hlERE:
acetone thahing]ideltyirey br preveatingtHeBShgatior Progressioh0pa disessd onditicn) Saiof
each fraction in a 10 mcrotitre plate. Follow ng incubation for 150 m ns
at 20- 25C 980t GPEWESGANT EARUPAIENICLOMRIPHRE ¥FCag aeMeReitipa@sdereinbaiarand
en ssi on 480nmp Rrotein was detected using Pierce Coomassie according to
manuf acturers 1 nstructions. Briefly, 501 Coonassie solution was added to
501 of each fraction in a mcrotitre plate. The plate was m xed and

absor b?g' CeFLErﬁ"naedr f;é‘:[e\tu“r?(gs5 r<])Ifr}he1“1p3>resent invention are more fully described in the following

non-limiting Examples.

Reference to "ISCOPREP™ 703" should be understood as a reference to a saponin
preparation comprising from 50-90% by weight of Fraction A of Quil A and 50% to
20 10% by weight of Fraction C of Quil A. Fractions A and C are prepared from the
lipophilic fraction of Quil A. Fractions "A" and "C", their method of preparation and
the method of preparing ISCOPREP™ 703 are detailed in International Patent
Publication No. W0O96/11711, which is incorporated herein by reference.

25 Below are examples of specific embodiments for carrying out the present invention.
The examples are offered for illustrative purposes only, and are not intended to limit
the scope of the present invention in any way. Those of skill in the art will readily
appreciate that the invention may be practiced in a variety of ways given the teaching

of this disclosure.
30

Efforts have been made to ensure accuracy with respect to numbers used (e.g.,

amounts, temperatures, etc.), but some experimental error and deviation should, of



Particle size analysis Formul ati ons were anal ysed for particle size by
dynam c |light scattering using a Niconp Submcron Particle Sizer Model

370. 20 wWeptidd&s and Vaccinia Viruses. Peptides (15 or 2M(meavAwwendiappi ng by
10 aa) spanning the entire length of the Core (aa: 1-191) protein of HCV-1
a (Choo et al. (1991) Proc Nat/ Acad Sci USA 88:2451) were synthesized
wth free amne Ntermini and free acid, CG-termni by Research Genetics
(Huntsville, AL). The reconbi nant vacci I"i}} a virus (rW) expressing Core and
25 El (aa: 1-384; rwWd E%gfuand wildtype W(VWt) have been descri bed
(Cooper etCougse, e alipyyed nity 10:439). Inmmunization. Rhesus nmacaques
were i nmuni zed under anesthesia. The first study was conprised 30 of nine
animals divided into three groups of three animals each. The first group WO
01/ 37869 P@! Agﬁ 0&4! é(ﬁ -!34 (ani mal s BB228, BB232 and DV036) were infected
wth 2 x units (pfu) (1 x 108 intradermally and 1 x 108
by scarlfldgatl (?n) of rWC/E1 at nonth 0. This group served as a positive
cont rol primng. Animals fromthe second group (AY921 BB231 and

DV037 r 2 b | ar

ni oot i-on oS MleEARuE (AR laria far 8 o eBa, &t SRR LMot Mo, e
third grougiomddit RddBarch BFBRBEZAP AntsHiE, TX)USiudess Wérel pérfoHhRet uﬁdbr\/théh
200pg of HCV-Core protein adjuvanted with 200,ug of LTK63 at nonth 0, 1,

and 6. FAlH ﬁéld%e@ﬁtprs@areﬁndw%oahabmﬁ@wfsmaels (Nawignal Insiduate oflmm and
15864 ft
quadr | cepd 9PS UM i e Chre hl 186 iRl drithals, U UEG AR Bt LBGIEE

) al so rearef Mathah serimaspfpublléamon MG&Z-m.rMal&mmﬂﬂlstltt&tEbel-leelttDBelﬂyesda
scarificati ﬁsm)go VVC/ E1 nine or el even eks l-ﬁf,f,t their | ast VaCCI ne
i nmuni Xt iMR)- ¢dass | maiempisiacompativgity gam HPingof the REIMAIS; Wes s

anterior. [pé?ﬁrﬁ%d(:?é) bsdtiled é‘i‘é?%k 8) éﬂ)(?@ 2997 431§ peCF’”b' nant El
E2 protein al one or per dose 0 conBi nant protein in the
presence of M59 (vol: voI) or 2pg per dose of recorrbl nant El E2 protein +
2pg per dose of Core-1SCOM at weeks O, 4 and 8. Cells and cell Ilines.

Female C57BL/6 (H-2°) mice were purchased from Charles River Laboratories and
used between 8 and 10 weeks of age. Mice were housed in a pathogen free
15 environment and were handled according to the international guidelines for

experimentation with animals.

Immunogens and Adjuvants.

The E. coli-derived full-length HCV-1a Core recombinant protein (aa: 1-191) was
20 produced and purified under GMP conditions and is more than 98% pure. The
recombinant HCV-1a E1E2g9 protein was produced in CHO cells. This modified E1E2
protein contained amino acids 192 to 809. The recombinant NS35Core121 protein
was produced in yeast cells. The adjuvant LTK63 is a genetically detoxified mutant of
the heat-labile enterotoxin of Escherichia coli, in which the Serine at position 63 is
25 replaced by a Lysine (Partidos et al. (1999) Immunol. Lett. 67:209.). The Core-ISCOM
formulations were prepared by mixing the core protein with a preformed
ISCOMATRIX™ (empty ISCOMs™) utilizing ionic interactions to maximize association
between the antigen and the adjuvant. ISCOMATRIX™ was prepared essentially by

previously described methods except that diaflitration was used in place of dialysis



20 Peripheral blood was drawn fromthe fenoral vein while the animals were
under anesthesia. PBMCs were obtained after centrifugation over a

Fi col | - hypaquarser adi ent  and cultured in 24-well di shes apcHAvod@@icel | s

per well. O those cells, 1 x 106 were sensitized with 10pM of a peptide
pool (consisting of individual peptides) for one hour at 37C, washed and
added to the remaining 4 x 106 untreated,PBMCs in 2 m of 25 culture medium
(RPM 1640, 10% heat-inactivated fetal % i ne serum and 1% antibiotics)

suppl emented with 10 m of IL-7 SR&D M nneapol After 48 hours,
5% (final) (GQUﬂth@rq/eU%lgﬁ) Yageieal Gl é43)s uple ﬁﬂt‘%mat?m@wmtvhﬁ{: /8 hasHpgen

Col | abor at 'd\ég?%d%&aél ﬁ gh% m!Bg?yt rﬂml Mﬁ%p‘?nd 50 UmM (final) of

r econbi nant I'roh ora i‘on, rreryv CA) were added to the
cultures. Cultures were 30 fed every 3-4 days. After 10 days in culture,
CD8+ T cells were isolated using anti- CD8 anti bodies bound to magnetic

beads (Dyn&ycréd ?reth%ﬁ)ys%@PCQiéﬂBGQM he manufacturer's instructions.
Purified CD8+ cel >93% pure as determned by flow WO 01/ 37869
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bei ng assayed for cytotoxic activity. Peptide-speclf i nes were
obt ai ned byjragtiens@nalyseg foedBCRAMALT R ™ tamdsero@mle+t0Td@@|rnmwtlﬂ¢q amewtogbus

cuper nat anfeSRBtiT ISCRMATRIX BeBcalitd (R e, [t whicn

Cyt ot oxi c. aabnegcéywheﬁaemedwnh lipids Basla 0P Wak dissoh@sieat Assdiml MSacetone
described 10 e] sewhere éPaI iard et al %\QBOO) Al DS Res. Hum Retroviruses

1? 273). thQﬁfNﬂ eg 1 NP IRERS PHE b Abew ltm'&ew&o%@éﬁaﬁéé‘%ﬂenm@o
1Cr
*h o Quemicroftre BRGNS inchlbEdn it 98 irSCati0-257 dRHIER iss REG MR !

|na9 were infected
infection (liMomeiér udind exditation B@6hEAlardt eiviidstonf 460nn.hProtemsiesidetedtedwsing ed

i gh | abel 1Cr. CD8+ cel | | in 15
et B B SS o ene S oo pTof Sl Eobmasser o
4 h [ f |
Coord' tar osplifion BeESRREA Bls0f) B dath hisctafihia MlordtB DB THEPIR whS R

endogenous and rabsofbange réaday595bnms) - specific CTLs CTL responses were
scored positive when percent specific lysis at the two highest E T ratios
wer e grléat er than or equal to the percent of lysis of control

Patrticle size analysis

Formulations were analysed for particle size by dynamic light scattering using a Nicomp
Submicron Particle Sizer Model 370.

20 Peptides and Vaccinia Viruses.

Peptides (15 or 20mer overlapping by 10 aa) spanning the entire length of the Core
(aa: 1-191) protein of HCV-1a (Choo et al. (1991) Proc Natl Acad Sci USA 88:2451)
were synthesized with free amine N-termini and free acid C-termini by Research
Genetics (Huntsville, AL). The recombinant vaccinia virus (r'VV) expressing Core and

25 E1 (aa: 1-384; rVVC/E1) and wild type VV (VVwt) have been described (Cooper et
al. (1999) Immunity 10:439).

Immunization.

Rhesus macaques were immunized under anesthesia. The first study was comprised

30 of nine animals divided into three groups of three animals each. The first group



20 targets plus 10. Lynphoproliferation assay. This assay has been

descri bed previously (Hong et al. (1997) J. Virol. 71:6427). Briefly,
freshly wealiaresd PBMCs were plated in triplicates at 2 x ptORwelohaoper wel |
in 96 25 well round bottonmed plates and cultured in the presence of 5pg/n
of reconbi nant Core protein or 0.05 pg/m of E coli control. Plates were
pulsed with 1 pC per well of 3FLthyn1§?ne on day 5 and harvested 6-8
hours later. Results are presented as i'mul ation index (SlI) calcul ated as

(mean experl ment al na gmaan (\:/pm in the presence of ,the E. coli
control ). (aningalsB @% BV938) weleinfededwyith12 8?969'%?/@[@090‘1’4@0
-36- FAGS I Ehﬁ:g

resti mul at@?}lﬁi %Jvﬁ? rlgfr%&%vrﬁ(alfysﬂfi gdl d@% a@ﬁ?? f}Wb/%fgt a glrilheOoTh'S
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The Net herlands) follow ng the manufacturers' specification. 20 HCV
ant i bodi espost their last vaccine immunization.

Mice (10 animals per group) were immunized in the tibialis anterior muscles (50ul per
15 muscle) with 2ug per dose of recombinant E1E2 protein alone or 2ug per dose of

recombinant E1E2 protein in the presence of MF59 (vol:vol), or 2ug per dose of

recombinant E1E2 protein + 2ug per dose of Core-ISCOM at weeks 0, 4 and 8.

Cells and cell lines.

20 Peripheral blood was drawn from the femoral vein while the animals were under
anesthesia. PBMCs were obtained after centrifugation over a Ficoll-hypaque gradient
and cultured in 24-well dishes at 5 x 10° cells per well. Of those cells, 1 x 10° were
sensitized with 10uM of a peptide pool (consisting of individual peptides) for one hour
at 37°C, washed and added to the remaining 4 x 10° untreated PBMCs in 2 ml of

25 culture medium (RPMI 1640, 10% heat-inactivated fetal bovine serum, and 1%
antibiotics) supplemented with 10 ng/ml of IL-7 (R&D, Minneapolis, MN). After 48
hours, 5% (final) of interleukin-2 containing supernatant (T-STIM without PHA,
Collaborative Biomedical Products, Bedford, MA) and 50 U/ml (final) of recombinant
IL-2 (Chiron Corporation, Emeryville, CA) were added to the cultures. Cultures were

30 fed every 3-4 days. After 10 days in culture, CD8+ T cells were isolated using anti-
CD8 antibodies bound to magnetic beads (Dynal, Oslo, Norway) according to the

manufacturer’s instructions. Purified CD8+ cells (>93% pure as determined by flow



Serum | evel s of HCV Core and HCV E2 anti bodies were quantified by ELISA as
described (Chien et al. (1992) Proc Natl Acad Sci USA 89:10011). Serum

| evel s ofwoansiskodi es i nhibiting the binding of E2 to therpDaabi/vg1HCV
receptor CD81 (Pileri et 25 al. (1998) Science 282:938) were determ ned by
i munoassay. Exanple 1 Sucrose G adient Analysis of Core-|1SCOM Core Protein
was found in fractions 5 to 11 (Figure 1 whi | st | SCOVATRI X(r) was 30
found in fractions 9 to 13 (Figure 1B). The Core-1SCOM was found with in
fractions 14 WO 01/ 37869 PCT/ AUOCO 0141Q -37 17 with both the | SCOMIM and
the protei RYIOSMRE)Warel apredfongnather Ad dayepriontasbeingtassayedtifouerotaxic

r
Exanple 2 .abi bi f -0 - b : -

formul at i O%Ctmﬁ/e{gpeyg ﬁg esg@?@re diﬁg:r%ﬂn%gwagégtg P{dt"tk]l%d %Baé{ﬁﬁé@i Q%an
associ at i othesen@D8edl celisswith antoldgousaB-lLl@lasand peptidehs at 2-8C (Table I).
10 Exanple 3 Primng of Core-specific CILs in Vaccinated Aninmals As

expl ai ned above, two different prototype vaccines (Core-|ISCOM and Core +
15 LTK63) ained at eliciting HCV-Core-specific CILs were each adm ni stered
to threé Be\ChaiwereRierived firnpamash asiwealTasing superpatants firoim dbei lgnpapio
dosage and_ i ni Z@E.i orﬁ%%ghedul e). Since it was unknown whet her Rhesus
macaques' ucer g&ipe cul es can bind and present HCV-Core -derived
pepti des and whether the positively selected CD8+ T cell repertoire in

t hese animals can recogni ze such MHC 20 class | - Core-derived peptide
conpl exes, AHree. additional aninals were inoculated wth 2 x 108 pfu of
rVWC/ EL1 to serve as positive controls (Table 11). None of the nine aninals

i i o GTRBRLSSEHY, s diSelelinct SAIILE OIS ol BBy
previ ousl yelsepdeee (Paliddd\ef @ir(20a0p AIDStRee dfumuRetrovinuseds TBRES).uBdefly.tBie
Condl 1 onS, S G B oot AR BN B o 05 15, 8PS 987 i1, Bdheathred "9
times and plated at 5 x 10° cells per well in a 96 well plate. Alternatively, B-LCLs
were infected at multiplicity of infection (MOI) of 10:1 with rVVC/E1 or VVwt for 1h,
washed and cultured overnight prior to labeling with ICr. CD8+ cells were plated in
15 duplicate at three different E:T ratio and incubated with target cells for 4 hours in the
presence of 2 x 1 0° per well of unlabeled target cells (cold targets), that were added
to minimize lysis of B-LCLs by H. papio or endogenous virus (e.g. foamy virus)-
specific CTLs. CTL responses were scored positive when percent specific lysis at
the two highest E:T ratios were greater than or equal to the percent of lysis of control

20 targets plus 10.

Lymphoproliferation assay.

This assay has been described previously (Hong et al. (1997) J. Virol. 71:6427).
Briefly, freshly isolated PBMCs were plated in triplicates at 2 x 10° cells per well in 96
25 well round bottomed plates and cultured in the presence of 5ug/ml of recombinant
Core protein or 0.05 pg/ml of E. coli control. Plates were pulsed with 1uCi per well
of 3H-thymidine on day 5 and harvested 6-8 hours later. Results are presented as
stimulation index (SI) calculated as (mean experimental cpm) / (mean cpm in the

presence of the E. coli control). An S| =3.0 was scored positive.

30



CTL responses in vitro. Two weeks post rVWC E1 infection, two (BB232 and
DV036) out of the three animals had detectable CTLs agai nst Core peptides
pool 4 (ae0ol2Be9 170) and pool 3 (aa: 81-130), respectivebgr/ATamb@id||). By
deconvol uting these peptide 30 pools, it was determ ned that BB232's CITLs
recogni zed the epitopic peptide 121-135 and that DV0O36's CTLs recogni zed
pepti de 86-100. The presence of 121-135 2€d WO 01/ 37869 PCT/ AUOCO 01410 -38
86- 100-specific CTLs in these rWC El-inotul ated aninals indicated that both
peptides were naturally processed. No CTL responses were detectable in the
ot her rWEAES aR8ISISat ed ani mal (88228). This indicated that Core-specific
CTLs can be elicited, in at |east sone Rhesus nonkeys. Out of the three

ani mal s t hafeshivispladed BBy 0onHPMEh thad hﬂptl??e["lfﬁétﬂ“(’*ﬁéﬁﬂ & yifrg witha peplige
ani mal (88ga P% m%irlﬁbegﬂ-alohﬁso?%&ﬁnﬁﬂf’ém h\%ﬁ.{gﬁml hEsed E@E@Hs@togg}[dl ,:t ed

agai nst pool transr ent as It was
two weeks pb&t ¢k domtmﬁ)mglmllobpephdm avasv mfedtedem‘t;ﬁplﬂd%sensﬂmeﬂsautxﬂego& d
i mruni zat i not

th
e & B e DS B naRnE ! edia poptanaad Sk s ALILZGIED not
b denti f d
515951 1CefRoraBnclineHvifeiCCATERE L BNFmorehthy (FRERRGERSHTE Dledd, OR) an
I n cont rasCells were Btamndmcoﬁdmgm Bﬁetvnirigmmmt@@ohfm BulrfaQEEND?.’cTQnd QIDBSWIth

i i | 0 b
bost ona 1 ARYERonkiobREY st Bumpd D, e - BBt ARl Dimt. OB, BB e
peptide aamtﬂa%leﬂ&l%? |Fmdlg%‘a INFQo NS PR -cohfugR Péd a%'h%@ﬁﬁn APRLy 4nd FITC-

i mruni zation (Table I'n contrast to amma s that received the Core +
LTK63 oot oompgatmbenhélunmn miNFsa. i| Antinbdied wenehfrone Pbarmingsgoang rBsaioppe

vacci ne had.det ect CIL 0 second i, nmuni zat Ls wer e
al so preseﬁﬂqﬁ m iﬁ'ﬁ%ﬁ%’r‘ﬁ 3’5?'?’%#?'1’36* /ﬁ(??%ﬂ&ur,rﬁ?ga qﬁ\g/ere

| atter vacghf z§§@l§ﬁ@tﬁ@f@g|@§@ﬁggﬁwa¢él citing CTL responses in Rhesus
macaques t han the former one. However, this formulation prined

Core-specific CILs in only one out of the three animals. This m ght be due
to the fact that the MHC class | nol ecul es of the non-respondi ng ani nals
wer e unab to blfrlg%gnd present peptides derived fromthis relatively
smal | prot aa). To test this hypothesis, CTL lines specific for

peptid r | i f r i i :
pept | dg F,%&%%%gy 900afir Rifbsi] Fracsihatl EMAES WerR SARRAEA RihBLSiads
encompassing the whole Core protein. Levels of Rhesus monkey IL-2, IL-5, IL-10 and
IFN-y present in 48 hours cell-free culture supernatants were determined by specific
ELISA (U-Cytech, Utrecht, The Netherlands) following the manufacturers’

specification.

20

HCYV antibodies.

Serum levels of HCV Core and HCV E2 antibodies were quantified by ELISA as

described (Chien et al. (1992) Proc Natl Acad Sci USA 89:10011). Serum levels of

antibodies inhibiting the binding of E2 to the putative HCV receptor CD81 (Pileri et
25 al. (1998) Science 282:938) were determined by immunoassay.

Example 1

Sucrose Gradient Analysis of Core-ISCOM

Core Protein was found in fractions 5 to 11 (Figure 1A) whilst ISCOMATRIX® was
30 found in fractions 9 to 13 (Figure 1B). The Core-ISCOM was found with in fractions 14-



specific CTL line lysed peptide-sensitized B-LCLs derived from DV037, but
did not Kkill peptide 121-135-sensitized B-LCLs fromthe two non-respondi ng
ani mal s WO9R1786¢and BB231). Simlarly, B-LCLs derived froreD¥08G01aut not
AY921 or BB231 were 30 able to present peptide 86-100 to CD8+ CTLs (Figure
2B). These data indicated that AY921's and BB231's MHC class | nol ecul es
could not present these peptides to C%+7:I' cells, and suggested that IHC
class | hapl otypes determ ned whet her 01/ 37869 PCT/ AUCO 01410 -39
Rhesus nonkeys coul d nmount a CTL response to HCV-Core, Since different MHC

class | al M8 wish hath 3hed SGIAMAY candhthe)i Rrptain Reaks: avesiapplls: j wiaish indicates

data did n . the Core-1SCOM formul ati on was not sub-optimal,
i.e. b5 tgéséandégltﬁ)ggmp%}ggﬁg)é that these animals could nmount a Core-specific

CTL response directed agai nst peptides other than 86-100 and 121-135. To
address this possibility, AY921 and BB231 were challenged with 2 x 108 pfu
of rWC E1 el even weeks after their EXamplen2ni zation with Core-1SCOM As

opposed to BB232 and DV036 whic h; re-s ific CILs two weeks post
r WC E1%i nfection (Table 111), %@?'ﬁg( gﬁ%’lfﬁgg:%r BB231 had any
detectabl e CTLs post rVWC/ EL1 inoculation. This strongly suggested that the

absence of ! = S Wnfr e t - j j i of
t hese ani ngﬂgts\;\%lﬂ)zgﬁhgf%&{a ggg‘asl\db-f)op I néﬁhvvgécsc%&?té&w& ngﬁam 0 an
intrinsic paadield sizg afd aserotation remhaihed roomsistentcor at teespdrismontiveeatiediCy a
consequence_of ﬁhei r MHC class | haplotype. 15 To investigate whet her

i mmuni zat i OFRB®h Core-1SCOM i nduced | ong-lived CTLs, we nonitored DV0O37
for upipo 51 weeks (1 year) after its 4th inmmunization. Peptide 121-
135-specific CTLs were detected 10, 15, 31, 38, 45 and 51 weeks post | ast

i mruni zation (Figure 3A). In contrasExampleB21- 135-specific CIL response
primed 20 by rWC E1 in BB232 was barely detectable 14 weeks post

vacci nation and was Puimiageefi Goteespecifiec€ILpdptVacninatest Avimalsi gure 3B).
Simlarly, the 86-1 00-specific CILs prinmed in DV0O36 by rwWC E1

vacci nati on becanme undet ectabl e 14 weeks post vaccination. 25 In an effort
to quantify the nunber of peptide 121-135-specific CITLs present in DV0O37 1
year aft er Astexpained adioved twe different poototype MaceinesrdCose- wadeCore +

15 LTK63) aimed at eliciting HCV-Core—specific CTLs were each administered to three
HCV-naive Rhesus macaques (see Table Il for animal assignment, dosage and
immunization schedule). Since it was unknown whether Rhesus macaques’ MHC
class | molecules can bind and present HCV-Core -derived peptides and whether the
positively selected CD8+ T cell repertoire in these animals can recognize such MHC

20 class | — Core-derived peptide complexes, three additional animals were inoculated

with 2 x 10° pfu of r'VVC/E1 to serve as positive controls (Table I1).

None of the nine animals had any detectable CTLs at the time of immunization (week
0; Table Il and data not shown). This confirmed that these animals had not been
25 previously exposed to HCV Core and that restimulation of PBMCs under the
conditions described in Material and Methods did not result in the priming of primary
CTL responses in vitro. Two weeks post r'VVC/E1 infection, two (BB232 and DV036)
out of the three animals had detectable CTLs against Core peptides pool 4 (aa: 121-
170) and pool 3 (aa: 81-130), respectively (Table Ill). By deconvoluting these peptide
30 pools, it was determined that BB232's CTLs recognized the epitopic peptide 121-135
and that DV036's CTLs recognized peptide 86-100. The presence of 121-135 and



restinulated ex vivo with 121-135 and the percent of specific CD8+ T cells
was assessed by intracellular staining for IFN-y and TNF-a. As illustrated
i n Fi gurav@@/318beft panels), 121-135-specific CILs represpar/ago@oudd of the
peripheral CD8+ T 30 cells (or 490 cells per 105 CD8+ T cells) secreted

| FN-y and/or TNF-a after ex vivo peptide stimulation for 12 hours. In
contrast, after in vitro restinulation V\% h peptide WO 01/ 37869

PCT/ AUOQ' 01410 -40 121-135, 71 %of these CD8+ T cells were specific for
this peptide as determned by their abilities to secrete | FN-y and/or

TNF-a (Fi gaﬁéaﬂcspsc@mcﬂihﬁensthesgxé/Mﬁ/Ewngcuiﬁéﬁch@mnalﬁamdthd tical bathar

At hough oRPYiaioReli FBRRIRTrabeaiet MR AN ek Rns STMAIE Heteliablh, rORBATEE
CTLs, the fWC/Ehﬁiodul‘atédi'%nfrﬁélqmm BHils rmhcéi@dethano@cre‘ diid-STwercan be
detected after 10 only two irmunizations (Table I'l1) were | ong-lived

(Fi gure 3A?Il¢ltﬁd@dattlﬁésuam@ Rhesusrnankeys: i Qut ghthe mﬁemnyn@lﬁstbebrepﬁlwq h
Co I S I
re- %?8%@&}3@3@ 'wtthETﬂ8§6t$‘éb|eaP qmﬁbl | h@i(géggg%ﬁéyﬁ@ ép CTL

ani mal s“were nai vacci
of both Corespmpselégammmereanmh@owespepeelcﬂfrectéﬁ)ﬂergaTnstqdeft 2a(zd: 4480 avhses

were nonitored. 15 None of the anlma a det e bl e Care-specific
CDus or " Colangienh MQWNEr  # It Was B BEIPIATANP SHEKS PRSI EHar oyt Was
Cor e- speci Dggetl‘éﬁfa;q % sﬁé‘\ivbé s POsUS™ GmUHREAtioRY F'uYEﬁBPrﬂBFé"thé@é STLRNVERS At

wer e det ect ni ma S except 15861 after the second i nuni zat 1 on,
but this ahoostediyh 4 dretrewnizatips (TCEhIeIH)eamrbttmemndmal peptidentecdgaized could

[ I zat | el F 1R862 5863 | i th t
the 1 o051 RobE ERrdied] T S B W Tar Gt O inizer Al (22
absence of pg28P4Tafle I0&d nétahEGNEdSEcRabR ceﬂgs;ﬁwﬁd dwr_ édpohseasn @@ﬁteésted
in these animals and at this particular ti mevgm nt for the E. coli control

(see bel owin thﬁcmbeb@ow@%l\ﬂnamwmaed animal §aVB37 h ¢l Lsstecaaniging mast 4t(aa
| mmuni Zat!ggg-1%\|§:§¥${%d et éghgdaaszﬁnfé%é’&%‘}%&gg@“ rﬂmﬁR z%tnBE\

I nuni zat | eve Of an I es agal ns OOS

third i murespensewashdigieter] dgainstidhebpifopit peptidkaaa:Girie135and Md)als*»d ;b@SeﬁﬂDng

t hese ani mal s vy@s conparagbl e after two inmunization (1,931)
post 3™ and post 4~ immunization (Table IIl).

In contrast to animals that received the Core + LTK63 prototype vaccine, animals
immunized with the Core-ISCOM prototype vaccine had detectable CTLs post
second immunization and these CTLs were also present post 3% and 4"
20 immunization (Table Ill). Thus, this latter vaccine seemed more potent at eliciting CTL
responses in Rhesus macaques than the former one. However, this formulation
primed Core-specific CTLs in only one out of the three animals. This might be due
to the fact that the MHC class | molecules of the non-responding animals were
unable to bind and present peptides derived from this relatively small protein (191
25 aa). To test this hypothesis, CTL lines specific for peptide 121-135 and 86-100 were
established from responding animals. As shown in Figure 2A, the peptide 121-135—
specific CTL line lysed peptide-sensitized B-LCLs derived from DV037, but did not
kill peptide 121-135-sensitized B-LCLs from the two non-responding animals (AY921
and BB231). Similarly, B-LCLs derived from DV036 but not AY921 or BB231 were
30 able to present peptide 86-100 to CD8+ CTLs (Figure 2B). These data indicated that
AY921’s and BB231’s MHC class | molecules could not present these peptides to
CD8+ T cells, and suggested that MHC class | haplotypes determined whether



and higher after three i munization (4,566) (Figure 4) to that present in
the serum of chronically infected patients with an unusually high

anti - Cor avant/stsedly titer (2,358, 30 not shown) run in theCraweo/@assay. WO
01/ 37869 PCT/ AUOCO 01410 -41 To investigate whether Core-1SCOMelicited a
Thl or Th2-type response in these nonkeys, freshly isolated PBMCs prior to
vacci nation as well as two weeks post 2n and 3rd i nmmuni zations were
tested for their capacity to produce cyidkines at 48h in response to
stinmulation with Core peptides spanning the entire |ength of the Core 5
protei n. ARhSSHGMORKaYSHauld N"&ﬁcp-ngre%P%'!s@ripf|G¥rﬁ;0rencrease in Thl
cytokines (IFN- y and IL-2) was observed post inmunization in all animals,
al t hough t he nagnitude of response observed for 15860, 15861 and 15862 was

ner ease | SrpdtgrtdtGThes Mldes Sandind an %régé%“ddfgér'@%é%t”cﬁ’paq%%es
ani mal s f Okﬂég,\éd dbﬂa\ﬂﬂfﬁbﬂ%!f & théN th8 dde-18cM $or Aﬁé kusﬁ; éﬁumap‘ ibL- 10

al so detected in 15863 and 15864 (Figures 5C and 5D). oug anount
of secréteit rm@me;qapowblenha'ethemmumalamowmmomtatCd@kmﬁcm"cc EoL respensepe

t oki , [these dat di. ThO,l.i ke t
Fesponse. FIORROEGETRbRRGIES GaelRan o 1D ARt Tt e | s unEosTlTe
ani mal s ( 1&&@@4 aﬂrﬁﬁéézamdvéé&ﬁé)leﬁg?éu wﬂﬁtzacﬂe%bm SVVGIERWIeRMN WhERS bREr
agai nst pool B (aa: 60-140), whil he two others (15860 and 15861) did

not (Tabl ethein4 vnnwmzailqnewﬁbﬁ?@ée«iﬁ@%ﬂré@t@@p@@dms&&% nd dAVERE WhicH or

Since 6. 1009 aute2RelE C ARbMd Federodesl VISR BB SR B Ao Aoy
100), DWO3¥nof BH23Bhadaany BRtEA3Ablel 2T $3pdst( MABCLE1 lindculationnasThi$ strongly

i mportance to determned whether all 86-100 and 121-135-specific CILs were
respect i vePya99esied thet the ghsencs apAet QVF%?'%I%&@ gpegificef-d Lsafter Core-ISCOM

86- 100- Speﬁ?,g{bjﬁzg&n ok B é‘éeért%ﬁg vt,éé)ﬁbt (54 %@g@gnﬁbbéﬁlﬁ'ﬁr%uié{%ﬁdbut

peptide 86 sensitize derlv ut not

pept i de- setsahi intrihsi® l[ﬁbﬂltyi@lfltm anipnalaoi meaunDY08it,a respionae; presu@bly 25
di fferent unldentlfl 3?115% SS II aIIIeIe nresented this nentirie to CTI
(Finiirn %;14!1@ OtyRS- specific CTLs in these animals.
Taken tlgget her, th| s suggested, once again, that the

To investigate whether immunization with Core-ISCOM induced long-lived CTLs, we
monitored DVO037 for up to 51 weeks (1 year) after its 4™ immunization. Peptide 121-
135-specific CTLs were detected 10, 15, 31, 38, 45 and 51 weeks post last
immunization (Figure 3A). In contrast, the 121-135—specific CTL response primed
20 by rVVC/E1 in BB232 was barely detectable 14 weeks post vaccination and was
undetectable 18 weeks post vaccination (Figure 3B). Similarly, the 86-100—specific
CTLs primed in DV036 by rVVC/E1 vaccination became undetectable 14 weeks post

vaccination.

25 In an effort to quantify the number of peptide 121-135-specific CTLs present in
DV037 1 year after it had received its last boost, the animal's PBMCs were
restimulated ex vivo with 121-135 and the percent of specific CD8+ T cells was
assessed by intracellular staining for [IFN-y and TNF-a.. As illustrated in Figure 3C
(left panels), 121-135-specific CTLs represented 0.49% of the peripheral CD8+ T

30 cells (or 490 cells per 10° CD8+ T cells) secreted IFN-y and/or TNF-a after ex vivo

peptide stimulation for 12 hours. In contrast, after in vitro restimulation with peptide



MHC cl ass | hapl otype of the aninmals dictated whether they could nount
Core- specific CTLs. 5 1In an effort to quantitate the nunber of

Cor e- speswdbu3BRB+ and CD4+ T cells prinmed in the ani mal BCOagoeolaed above,
freshly isolated PBMCs were stained for intracellular |INF-y and TNF-a
after ex vivo restinulation. The CD8+ T cell responses to naturally
processed peptides were quantified after, ex VI vo restinulation with

aut ol ogous B- LCLs infected with rWo El'% , as a control. The CD4+ T

cell responses to_10 natu dgrocessed pept | des wer e ciuantifi ed after ex
vivo resti Adl=k3%A 1V anthﬁﬁﬁc & Erﬁﬂ"ﬁéi\fﬂfeéﬁﬁé'fﬁrf‘é&@isrp%q idgrasdetepmined b

control Ny e none of the
ani el s hal e a4 s Safle e PRRRTARES o FRIFRSC el o

i mruni zati on, between 0.30 and 0.71 % of 15862, 15863 and 15864’ s

peri pheral CD8+ T cells were specific for naturally processed Core-derived

peptide(s) 15 after 2 imrunizations g 4/A . The number of specific
CTLs was, however, not increased af hi rd i mruni zation, as judged

by intracel | ul arcﬁsﬁmbmaﬁswmggar yﬂhqiitah rBPIrfineTRESbbAsGECT €t i N9

| FN-y and/or TNF-a I n response t re were two ani nal s

(15860 and 15861) f or; vﬁﬁggrg Wﬁm{%@z imt }é(ilg(go\ms observed by
an abl e |

51Cr rel ease assay ( |gure anti |cat| on 20 of
Core-specific CD4+ T cells confirnmed the data obtai ned by
| ynphoproliferation assay (Table IV) in that between 0.32 and 2.21 % of

CD4+ T cel N?thf)ﬁgimoﬂlyi ohbVéut Gfnihfde @d@flsmﬂcitﬁmﬁnifzéﬂ éfﬁﬁi@isahé& detéét%ﬁﬁé?d
Cor e pepti des ure 7B). Furthernore, the fact that 53 and 0. 28% of

CD4+ T cel § LfSr the f@ﬁt that in thegespending 2583 Geiessproifia Ci?bs mgre dytaﬂt@dieﬁer

negat i V8- PG Retthe TaBie v St Sie 8F e d - GUEFAL Bl therdiRe,
negative', todsuhizkdivie rioe drdmale(15860-4)rvitH CereatSCOMEeerTatlke |Ifor dosuytse
to the E. coli control. This suggiested that intracellul ar staining for

|FN-y and @REimmunizationpschessia)i Al animaleyere aaive aiihe ding pf AGRINBIPN. oln
t f
aSsess ant SRS DU nIpSll qrLERRAORSSand CURECe Y CORLTRLORR.

i muni zat i antiiﬁd'cab‘swelrc’)nomtmre@nt rast, Core- specific CD4+ T cells were

detected in this animl (2 weeks post 2"d) by intracellular staining for
| FN-y ddd TNF-a (Figure 7B). WO 01/37869 PCT/ AUOO 01410 -43

None of the animals had any detectable Core-specific CD4+ or CD8+ T cells at the
time of immunization (week 0, Table IV). Core-specific CD4+ T cells, as determined
by lymphoproliferation assay, were detected in all animals except 15861 after the
second immunization, but this animal had a detectable CD4+ response after the third
20 immunization (Table 1V). For animals 15862 and 15863, it is unlikely that the low Sl
observed after the 3™ immunization (Table V) was due to the absence of a CD4+ T
cell response as a strong proliferation was observed in these animals and at this
particular time point for the E. coli control (see below). None of the animals had
antibodies against Core prior to immunization. However, all animals had
25 seroconverted to Core after two immunizations, and the level of antibodies against
Core was boosted by a third immunization (Figure 4). Notably, the mean Core
antibody titer among these animals was comparable after two immunization (1,931)
and higher after three immunization (4,566) (Figure 4) to that present in the serum
of chronically infected patients with an unusually high anti-Core antibody titer (2,358;

30 not shown) run in the same assay.



Exanple 5 The Use of Core-1SCOMs as Adjuvants for HCV Pol ypeptides 5
Because vacci nation wth reconbi nant HCV envel ope proteins and adj uvant
can, at woadastsen sone instances, influence the outcone @cTatmeeidiion and
di sease (Choo et al. (1994) Proc. Natl. Acad. Sci. USA 91:1294), we

I nvesti gated whet her the Core- | SCOM above could serve as an adjuvant for
ot her HCV pol ypeptides, such as the hetqrodlnerlc envel ope protein El E2.
To that end, mce (10 aninals per group) were 10 i mmuni zed with 2pg of
soluble EL E2 protein alone, or 2 of soluble E1 E2 in the presence of
Uhe adj uvaF investigatrwhether Gose-sSERM efcitehg T oolB2+SeeNpspensanihesen

ant! boay (TpEFevs FEShEtoled PaMcEpioniRacEhaln St s A waBlspbS 20 &
si gni f i cardncaBt imAunizationsaderettested fof thesir tdpaityitorprodacd cytokinesnd 48hape

titers were conparable to those 15 observed in mce i munized with E1 E2 +
MF59. Fur t'REP@RI& O §W@U|3f§'9&IW'ﬂ}/C%¢ peptides sagnaingdheantire leAgth of the kiored by

El E2 + ME

ant i body TTOST AraPoRn in FRies R R RraGAead Rt eaE 1 IRESRokheR (FRE,
put at i ve rm&pt@?)ﬁ@@bbsenb;dt ;Isos]rmbmmlzétldm |n%1ll(d?umallsa: dthougld thdmaghitude
exanpl es dem)nst rate that vaccination ypeptide | SCOM are able

to prine SAEFRPNSEPRSANYAsLior 1980 Qp‘e‘éﬂﬁﬂu %nttﬂaé%%M@Sd@w thapdhatobgervgd foras

ti-HCV py
2l e to SHMBROISAS AN 186K SSmik) SRS NN I IORRE I AL ©
pr 3; ei ns. MHweas damrvecsmumnmlqdb&(mm? \ﬂabelnand)m,bmltrsﬂuﬁdnghen% aatoumb o€ |LI-$,
and/ or _j ncrease r on vira er
Sucr ostd Gt Bt Afeq ekt inEBatdne’ P4 Wigniescob ik BabcABoReh she ci n
was found 4 rﬁo@nthsmr@t@akrrazzfmscy&mn@é %‘r@fﬁwéﬁhEHVtﬁat &&&ted%?Tth?% -

NS35Corel 21 | SCOM t he protei n was essentially found fractions 15
whi ch cor reytqkinessdhese data lsmmmhﬂrmpe-éﬁCQMimhtcedga Tbe-tike fypeorespans®\D

| SCOVATR T RRES TG und i 1 acti ons_5 fo 10 whi ch i ndi cates t here uas
a proportion of the | SCOVATRI XTM w th no protein associ at ed.
15 After two and three immunizations, three animals (15862, 15863 and 15864) had
detectable CTL responses directed against pool B (aa: 60-140), while the two others
(15860 and 15861) did not (Table IV). This CTL response was directed against
peptide 86-100 for animal 15864 and against peptide 121-135 for animals 15862 and
15863. Since 86-100 and 121-135-specific CTLs were also primed in DV036 (86-
20 100), DV037 (121-135) and BB 232 (121-135) (Table lll), it was of importance to
determined whether all 86-100 and 121-135-specific CTLs were respectively
restricted by a single MHC class | allele. The 86-100-specific CTL line derived from
animal 15864 efficiently lysed peptide 86-100—sensitized B-LCLs derived from 15864
but not peptide-sensitized B-LCLs derived from animal DV036, indicating that a
25 different (unidentified) MHC class | allele nresented this nentide to CTIl (Ficuire A



5 Accordi ngly, novel HCV/ISCOM conpositions and net hods of using the sane
have been disclosed. Fromthe foregoing, it will be appreciated that,

al t houghwospsesdi ¢ enbodi nents of the invention have beerciesawiobad herein
for purposes of illustration, various nodifications may be nade w t hout
deviating fromthe spirit and scope of the appended clains. 10 WO 01/ 37869
PCT/ AUOO' 01410 -45 Table | - Stability af Cor e-1 SCOMIM For nul ati ons Ti ne
nonths Particle size Sucrose gradient "#%T.5 >90% associated 1 1.7 >90%
associated 11 1.8 >90% associated Table Il - Summary of |munization and
MHC- |t ypespesificfal Laimibese prals.ad aken tqgeatien thﬁﬁ@g@ﬁrﬁt%wceragm Ahat tbe

(Mamu A* * u e
BB232 B*O?"'E\Sgcﬁ\?%gq ﬁ%@ é@% g'u %@éﬁ%’t&%@?ﬁ | cat hSEBg"%Td f'71‘8‘3“ ‘EB'JE‘( 1 D)
AY921 A* 0SspeBifRSCBB23l b A*01; A*02 HCV Core | SCOMI™" 25,ug (1M DV037 B*03;
B*04 0, 4, 8, 27 AY922 B*01 BB227 A*02 HCV Core 200 /ig (IM BB230 A*08;
B*03 Adjuvant: LTK63 200 /ig IMO, 4, 8, 27 Second Study 15860 B*01; B*03
15861b B*03 HCV Core |SCOMI"' 50Ng (IM 0,4,8 15862 B*03

5 In an effort to quantitate the number of Core-specific CD8+ and CD4+ T cells primed

in the animals described above, freshly isolated PBMCs were stained for intracellular
INF-y and TNF-a after ex vivo restimulation. The CD8+ T cell responses to naturally
processed peptides were quantified after ex vivo restimulation with autologous B-
LCLs infected with rVVC/E1 or VVwt, as a control. The CD4+ T cell responses to
10 naturally processed peptides were quantified after ex vivo restimulation with the
recombinant Core protein or an E. coli control. Intracellular staining responses
revealed that while none of the animals had detectable Core-specific CD8+ T cells
at the time of immunization, between 0.30 and 0.71% of 15862, 15863 and 15864's
peripheral CD8+ T cells were specific for naturally processed Core-derived peptide(s)
15 after 2 immunizations (Figure 7A). The number of specific CTLs was, however, not
increased after the third immunization, as judged by intracellular staining responses.
Notably, no CD8+ T cells secreting IFN-y and/or TNF-a in response to Core were
detected in the two animals (15860 and 15861) for whom no Core-specific CTL
activity was observed by *'Cr release assay (Figure 7A and Table 1V). Quantification
20 of Core-specific CD4+ T cells confirmed the data obtained by lymphoproliferation
assay (Table IV) in that between 0.32 and 2.21% of CD4+ T cells from all five
animals were specific for naturally-processed Core peptides (Figure 7B).
Furthermore, the fact that 0.53 and 0.28% of CD4+ T cells from animals 15862 and
15863 were positive for cytokines after the 3" immunization (Figure 7B), strongly
25 suggested that the negative S| observed for this time point (Table V) was indeed a
‘false negative’, most likely due to the high proliferation observed in response to the
E. coli control. This suggested that intracellular staining for IFN-y and TNF-a is a
more sensitive assay than lymphoproliferation to assess antigen-specific CD4+ T cell
responses. Indeed, for animal 15861, no CD4+ T cells were detected by
30 lymphoproliferation 2 weeks post 2" immunization (Table IV). In contrast, Core-
specific CD4+ T cells were detected in this animal (2 weeks post 2") by intracellular
staining for IFN-y and TNF-a (Figure 7B).
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Example 5

The Use of Core-ISCOMs as Adjuvants for HCV Polypeptides

Because vaccination with recombinant HCV envelope proteins and adjuvant can, at
least in some instances, influence the outcome of infection and disease (Choo et al.
(1994) Proc. Natl. Acad. Sci. USA 91:1294), we investigated whether the Core-
ISCOM above could serve as an adjuvant for other HCV polypeptides, such as the
heterodimeric envelope protein E1E2. To that end, mice (10 animals per group) were
immunized with 2ug of soluble E1E2 protein alone, or 2ug of soluble E1E2 in the
presence of the adjuvant MF59, or in the presence of 2ug of Core-ISCOM. As shown
in Figure 8, mice immunized with E1E2 alone had no significant anti-E2 antibody titer.
In contrast, mice immunized with E1E2 + Core-ISCOM had a significant anti-E2
antibody titer after three immunizations, and these titers were comparable to those
observed in mice immunized with E1E2 + MF59. Furthermore, the ‘quality’ of
antibody elicited in mice immunized by E1E2 + MF59 and E1E2 + Core-ISCOM
appeared to be comparable with the antibody titers that could inhibit the binding of
HCV-1a E2 to the HCV putative receptor CD81 in both groups of mice (Figure 9).

The above examples demonstrate that vaccination with HCV polypeptide ISCOMs
are able to prime strong HCV polypeptide-specific CD8+ and CD4+ T cells as well as
anti-HCV polypeptide antibodies. Furthermore these ISCOM formulations are able
to serve as adjuvants to elicit antibodies against other HCV proteins. Thus, HCV
ISCOMs may prevent the establishment of chronicity, and/or increase the response

rate to anti-viral therapy.

Example 6
Sucrose Gradient Analysis of NS35Core121-ISCOM

The NS35Core121 protein was found in a broad peak across the gradient (Figure
10A). The NS35Core121 ISCOM the protein was essentially found in fractions 15
to 20 which corresponded to an ISCOMATRIX™ peak indicating association has
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occurred (Flgure 1OB) Interestlngly an ISCOMATRIXTM was also found in
fractions 5 to 10 which indicates there was a proportion of the ISCOMATRIX™

with no protein associated.

5 Accordingly, novel HCV/ISCOM compositions and methods of using the same
have been disclosed. From the foregoing, it will be appreciated that, although
specific embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the spirit

and scope of the appended claims.
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Table | - Stability of Core-ISCOM™ Formulations
Time months Particle size Sucrose gradient
0 1.5 >90% associated
1 1.7 >90% associated
11 1.8 >90% associated

Table Il - Summary of Immunization and MHC-| type.

Animal Number | MHC class | Tping | Immunogen Dose Immunization
(Mamu A* & B*)® (Route) schedule
(weeks)
First Study
BB228 A*08; B"17
BB232 B*03 rVVC/E1 1%10° pfu 0
DV036 B*03 (scarlflcatlon)
1x10° pfu (ID)
AY921° A*08; B*03
BB231° A*01; A*02 HCV Core ISCOM™ 25 ug (IM)
DV037 B*03; B*04 0,4,8,27
AY922 B*01
BB227 A*02 HCV Core 200 ug (IM)
BB230 A*08; B*03 Adjuvant: LTK63 200 ug (IM) 0,4,8,27
Second Study
15860° B*01; B*03
15861° B*03 HCV Core ISCOM™ 50 ug (IM) 0,4,8
15862 B*03
15863 -
15864 B*01
a Mamu alleles tested for: A*01, *02, *08 and 11; BO01, *03, *04 and *17.

b

immunization.

ID: Intradermal;

IM: intramuscular.

These animals also received 2 x 10° pfu or rVVC/E1 nine to eleven weeks post last
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CLAIMS:

1. An immunogenic complex comprising a charged organic carrier and a charged
antigen, which organic carrier and antigen are electrostatically associated, and
wherein the charged antigen is a polyprotein of Hepatitis C Virus (HCV) or a
fragment thereof, or a fusion protein comprising said polyprotein or a fragment
thereof.

2. The immunogenic complex according to claim 1, wherein said polyprotein is
the core protein of HCV.

3. The immunogenic complex according to claim 1, wherein said carrier is
negatively charged.

4. The immunogenic complex according to claim 1 wherein said carrier is an
adjuvant.

5. The immunogenic complex according to claim 4 wherein said carrier is a
negatively charged adjuvant.

6. The immunogenic complex according to claim 5 wherein said negatively
charged adjuvant is a naturally negatively charged adjuvant.

7. The immunogenic complex according to claim 5 wherein said negatively
charged adjuvant is a naturally negatively charged adjuvant which has been
modified to increase the degree of its negative charge.

8. The immunogenic complex according to claim 4 wherein said adjuvant
comprises a saponin.

9. The immunogenic complex according to claim 4 wherein said adjuvant is a

a

)
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PCT/ AUOO' 01410 -48- CLAIMS: 1. An imunogeni c conpl ex conprising a charged
organic carrier and a charged antigen, which organic carrier and antigen
are electrostatically associ ated, and Wn&rei n the charged antigen is a

pol yprotein of Hepatitis C Virus (HCV) of’ a fragnent thereof, or a fusion
protein conprising said polyprotein or a fragnent thereof. 2. The

I mmunogeni ¢ conpl ex according to claim1, wherein said polyproteinis the

wher et saill cat FPgPmnobifc PRIIBOER o RETE < im RG] Feid Saborth Ehniox

according to cl & IBQOMATRIX™said carrier is an adjuvant. 5. The
I mmunogeni ¢ conpl ex according to claim4 wherein said carrier is a
negatively charged adjuvant. 6. The i mmunogeni c conpl ex according to claim

5 wherein §3id ApAath¥EhYgefiddEaRPIRIbENGHIng o 1AM W WHe¥eiNC8RL ¥8fuYant

charged adj uvant.
comprises a phospholipid.

12. The immunogenic complex according to claim 11 wherein said phospholipid

is a phosphoglyceride.

13. The immunogenic complex according to claim 12 wherein the
phosphoglyceride is selected from the group consisting of phosphatidyl
inositol, phosphatidyl glycerol, phosphatidic acid and cardiolipin.

14. The immunogenic complex according to claim 11 wherein said phospholipid
is lipid A.

15. The immunogenic complex according to claim 14 wherein the lipid A is
selected from the group consisting of diphosphoryl lipid A and
monophosphoryl lipid A.

16. The immunogenic complex according to claim 1 wherein said complex induces

a cytotoxic T-lymphocyte response.

17. A vaccine composition comprising as the active component an immunogenic
complex comprising a charged organic carrier and a charged antigen, which
carrier and antigen are electrostatically associated, and wherein the charged
antigen is a polyprotein of Hepatitis C Virus (HCV) or a fragment thereof, or
a fusion protein comprising said polyprotein or a fragment thereof, together

with one or more pharmaceutically acceptable carriers and/or diluents.



7. The immunogeni ¢ conpl ex according to claim5 wherein said negatively
charged adjuvant is a naturally negatively charged adjuvant which has been
nodi fi ed wooi/smssease the degree of its negative charge. 8pcT/A®oé/emaunogeni c
conpl ex according to claim4 wherein said adjuvant conprises a saponin. 9.
The i mmunogeni ¢ conpl ex according to claim4 wherein said adjuvant is a
saponi n conpl ex. WD 01/37869 PCT/ AUOCO 01410 -49 10. The i nmunogenic

conpl ex according to claim9 wherein sai 'saponi n conplex is |SCOVATRI XTM
11. The i munogeni c conmpl ex according to claim4_wherein said adjuvant

conpri ses é8pho§BﬂcYIaP9F8 composifien ackRifg helaine dipyhereiasalt EP'Nqut%‘”dfﬁ Hem 11

wherein said ph a phosphogl yceri de. 13. The i nmunogenic
conpl ex accordl§8R¥§kﬁgggﬁﬁ¥§therein t he phosphogl yceride is selected

fromthe group consisting of phosphatidyl inositol, phosphati dyl glycerol,
phosphatidi acid and cardioli 14. Th nunogeni lex according to

claim 11 whér ei &@a\’@%’l’%sﬁﬂ‘i’b‘?‘?%@% cho[ otOAC'a%Q 1% FHL P8 Ao bl ex
according to cl ﬁéﬁ?ﬂﬂ«f’&h e@ the lipid A is selected fromthe group

consi sting of diphosp ory ipid A and nonophosphoryl lipid A 16. The

I munogeni c corrpl ex according to claim1 wherein said conplex induces a

t ot oxi - t t i
e ser | vedBom RN B SuAR oD Salo 7 SFh < Bl Tg A
carrier and a caafuggplt_antl gen, which carrier and antigen are

el ectrostatically associ ated, and wherein the charged antigen is a
pol yprotein of Hepatitis C Virus (HCV) or a fragnment thereof, or a fusion

protein co ris:rrrgc Cﬂﬁp%) o%&%h“ (}’oeraglfg:fr%?gﬁ %@%vr?e‘? in gg%,?&é}?%\blgm

one or noré€ pha |ca accepta ana/oran o
01/ 37869 PCT/ AUﬁ@QﬂVIelﬁcharged adjuvant.

22. The vaccine composition according to claim 21 wherein said negatively
charged adjuvant is a naturally negatively charged adjuvant.

23. The vaccine composition according to claim 21 wherein said negatively
charged adjuvant is a naturally negatively charged adjuvant which has been

modified to increase the degree of its negative charge.

24. The vaccine composition according to claim 20 wherein said adjuvant

comprises a saponin.

25. The immunogenic complex according to claim 20 wherein said adjuvant is a

saponin complex.

26. The vaccine composition according to claim 25 wherein said saponin complex
is ISCOMATRIX™,

27. The vaccine composition according to claim 20 wherein said adjuvant

comprises a phospholipid.



-50 18. The vaccine conposition according to claim 17 wherein said

pol yprotein is the core protein of HCV. 19. The vaccine conposition
accordi ngvoo1/8188¢ m 17 wherein said carrier is negativel ypchavgea+41®0. The
vacci ne conposition according to claim 17 wherein said carrier is an

adj uvant. 21. The vacci ne conposition according to claim20 wherein said
carrier is a negatively charged adj uvan%. 22. The vacci ne conposition
according to claim21 wherein said nega't'\/'el y charged adjuvant is a

natural ly negatively charged adjuvant. 23. The vacci ne conposition
accor di ng 28 cl AhmVEECRgaTRestioRageqfdinatel gaim Ramietetagald RhespRolipid is

natural | y negat| dj uvant which has been nodified to increase
t he degree of i?\sﬁ',ndeéggpg(yggc %rge. 24. The vacci ne conposition according to

cl aim 20 wherein said adjuvant conprises a saponin. 25. The i munogenic
conpl ex acgording to claim?20 wherein sai dj uvant is a  saponjn conpl|ex.
6 The vagdi ne B8 YBESE COMPRSEBRAGREAIE0 12 SR 55 WP the TRPaPaRgURTRE
conplex is IS 7 L bl din al.m 20
Wherein said adUaart o ihe SHUK ARG AR A PR R T o
-51 28. The vacglyseraiopipesphatidic acid andicagdiblipial ai m 27 wherei n sai d

phospholipid is a phosphoglyceride. 29. The vacci ne conposition according
to claim28 wherein the phosphoglyceride is selected fromthe group

consi sti ng3ef pirAsRAREINGYdomMpESidrPhecdtamiBadlaifty b7 viereRr slid Pnbgﬁm_hﬁd i c
acid and cardiolipin. 30. The vaccine conposition according to claim27
wherein said phbgighidlipid is lipid A 31. The vaccine conposition
according to claim30 wherein the lipid Ais selected

31.  The vaccine composition according to claim 30 wherein the lipid A is selected

from the group consisting of diphosphoryl lipid A and monophosphoryl lipid A.

32. The vaccine composition according to claim 17 wherein said composition

induces a cytotoxic T-lymphocyte response.

33.  The vaccine composition according to claim 17 further comprising one or more
additional HCV protein.

34. The vaccine composition according to claim 33 wherein said additional HCV
protein is selected from the group consisting of a nonstructural protein, the E1
envelope protein, the E2 envelope protein, an immunogenic fragment of one

of these proteins, and combinations of these proteins and fragments.

35. A method of eliciting, inducing or otherwise facilitating, in a mammal, an
immune response to an antigen, said method comprising administering to said
mammal an effective amount of an immunogenic complex according to

claim 1.

36. A method of eliciting, inducing or otherwise facilitating, in a mammal, an
immune response to an antigen, said method comprising administering to said

mammal an effective amount of a vaccine composition according to claim 17.



fromthe group consisting of diphosphoryl lipid A and nonophosphoryl lipid
A. 32. The vacci ne conposition according to claim17 wherein said

conposi twoni/3rssduces a cytotoxic T-1ynphocyte response. FET/AUS/OVEOCI he
conposition according to claim 17 further conprising one or nore

addi tional HCV protein. 34. The vaccine conposition according to claim 33
wherein said additional HCV protein i s_S?qI ected fromthe group consisting
of a nonstructural protein, the EIl envélope protein, the E2 envel ope
protein, an imunogenic fragnment of one of these proteins, and

conbi nati ons of these proteins and fragnents. 35. A nethod of eliciting,

i nduci ng ot W i WeTa Ry NG ER! . p, an
anti gen, ggi'd @ 0 Qéﬁ%@?ﬁggggﬁ%m?grl ng tV(\)/hg'[aél"a S%mﬁgn@e%??gégi ve
anmount of an i roommurigEs & cytobgtie X -lpmpbodytegesponsd.ai m 1. 36. A net hod of
eliciting, inducing or otherwise facilitating, in a mammal, an inmune
response to an antigen, said nmethod conprising adm nistering to said
mammal an fed} et i ' SRS Frapimacsshd L 17.
WO 01/ 378633{ PC‘I%/fA%UéO’ 01%03%%53@%%5&%@ met h@csid g‘ccorgi ng ﬁgﬂg?&a?%ﬁg@élo 36
wher ei n sai d i radmiaistesnmigesaidompnirsalsan effectivex amonnt yofpan cimrounegeniase.

38. A nethod of tr@ati Q% a..di §ea e. cqndition icp a.r{amral ls?z;id mFthij it
conpri si ng adfONREE44 8“!'89 2 99 SN AT BSEDRBIL EOTPIE, Slictts,
i munogeni ¢ caR@lides 8F ofHicvite failRAtesnl imArine respaRbEivinieh iintbiRsti Khits,
conplex elicits, induces or otherwise facilitates an inmmne response which
i nhi bits, halt delayfeprpreventsineanset of progsaswen 6f spidudjseass eenditiora; d
di sease condition. 39. A nethod of treating a disease condition in a nmanmal
said nethod conprising admnistering to said mammal an effective anount of
a vacci ne 3gnposivictiiod ofdeeatindi andisé asectanditich/inehmzeimalastid niestict corgpssihg
conposition elicjts, .induces  or otherwise facilitates an i mune response
whi ch i nhi bi t s,administeringfo,gaid spampmal ap aitedtive ageunt of @ RcSHIeRAMBES PN t he
di sease condi t'é&orcﬂt@g td El%irﬂqtﬂﬁﬁer%ﬁfé’(ﬁrﬂhf&eﬁﬁ%%ﬂ Brmgodifiorelidieciauges al d
i mmune response conprises a cytotoxic T-lynphocyte response.

or otherwise facilitates an immune response which inhibits, halts, delays or

prevents the onset or progression of the disease condition.

40. The method according to claim 38 or 39 wherein said immune response
comprises a cytotoxic T-lymphocyte response.

41. The method according to claim 38 or 39 wherein said treatment is therapeutic

treatment of said disease condition.

42. The method according to claim 38 or 39 wherein said treatment is prophylactic

treatment of said disease condition.

43. The method according to claim 38 or 39 wherein said disease condition results
from an HCV infection.

44. Use of an immunogenic complex according to claim 1 in the manufacture of
a medicament for inhibiting, halting, delaying or preventing the onset or

progression of a disease condition.



41. The nethod according to claim38 or 39 wherein said treatnent is
therapeutic treatnent of said disease condition. 42. The nmethod according
to cl ai mB8o0s7889 wherein said treatnment is prophyl actic pe¢T/aaborenio of said
di sease condition. 43. The nmethod according to claim38 or 39 wherein said
di sease condition results froman HCV infection. 44. Use of an inmunogenic
conpl ex according to claim1 in the nanu% cture of a nedicanent for

i nhi biting, halting, del ayi ng or preventing the onset or progression of a
di sease condition. WO 01/ 37869 PCT/ AUOO 01410 -53 45. Use of a vaccine
conposi t i oAbaccblsgiof vacadnecamppsitionaccordina ta slaime! bin the manutastgioftar

i nhi biting, hal n S a
di sease condltlhkﬂﬂi%ﬂs gbggyﬁﬁgﬁﬁgVﬁgrgﬂg9ﬁ$ﬁnﬁ 6?4§Bmﬁ%$gfgﬁ§a§ﬁ igéase
condi tion resul psodressionaf aHfiveasd eohdition. 47. An agent for use in
inhibiting, halting, delaying or preventing the onset or progression of a
di sease condition wherein said agent conprises an inmmunogeni c conpl ex
according 4. ¢! Ysd deooffing A A4 bPA5 WikréiRl dal b8 GonbittohBguitdftbAY ! N9
or preventing the onset o progressi on of I sease condition erein said
agent conpri sesaa H@¥dnfeetiononposi ti on accordlng to claim17. 49. An agent
according to claim47 or 48 wherein said disease condition results froman
HCV i nfecti on.

47.  An agent for use in inhibiting, halting, delaying or preventing the onset or
progression of a disease condition wherein said agent comprises an

immunogenic complex according to claim 1.

48. An agent for use in inhibiting, halting, delaying or preventing the onset or
progression of a disease condition wherein said agent comprises a vaccine

composition according to claim 17.

49.  An agent according to claim 47 or 48 wherein said disease condition results
from an HCV infection.



