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particular, the invention relates to an inmunogenic conplex conprising a
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antigen, wherein the charged antigen is a polyprotein, preferably the core
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15 useful, inter alia, as therapeutic and/or prophylactic agents for facilitating the
induction of immune responses, and in particular a cytotoxic T-lymphocyte response,

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.



Lechner, F., D. K Wng, P. R Dunbar, R Chapman, R T. Chung, P.
Dohrenwend, G Robbins, R Phillips, P. Kl enerman, and B. D. Wl ker. 2000.
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bet ween the frequency of 5 HCV specific cytotoxic T cells (CTLs) and viral

| oad and the presence of HCV Core specific CILs prior to interferon
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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.



I mmunosti nmul ati ng conpl ex have been described in various publications, e.g.
Cox and Cox, J.C and Coulter, A R Advances in Adjuvant Technol ogy and
Appl i cat ivom 0B037869ANi mal Parasite Control Utilising Bi ot echaDATgy914CGhapt er
4, Editor Yong, WK. CRC Press (1992); Cox, J.C and Coulter, A R (1997)
Vacci ne, 15(3):248-256; Cox, J.C. and Coulter, A R (1999) Bi oDrugs
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have been shown to 'induce CTL, mainly ©'n rodent nodel's. Berzofsky, (1991),
Bi ot echnol TréfdsrandPipesss; G. E’Eregmacm A.Q. AN andaé'izli?mstem(EﬁB&QPIBllﬁﬁn

T oilgey Phass; New Yotk (Y85 WRustBian, Ptent Sebdiithycs Hos; 556458580915,

92: 49-58; Ropuywd awaszzeszal ., (1997), J. Gen. Virol. 78 (pt.4):757-765;
Sanbhara et al., (1998), J. Infect. Dis. 177:1266-1274; Sanbhara et al.,
(1997), Mech. Aging Dev. 96:157-169; Sjolander et al., (1997), Vaccine
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have been made with proteins from various viruses, including HSV-1, CMV, EBV,
hepatitis B virus (HBV), rabies virus, and influenza virus, see for example, |.G. Barr
et al., Adv. Drug Delivery Reviews, 32:247-271 (1998). It has been observed that
20 where naked DNA or polypeptides from infectious agents are poorly immunogenic
when given by themselves, inclusion within ISCOMs has increased their
immunogenicity. Various proteins formulated with ISCOMs have been shown to
induce CTL, mainly in rodent models. Berzofsky, (1991), Biotechnol. Ther. 2:123-135;
Hsu et al., (1996), Vaccine 14:1159-1166; Lipford et al., (1994), Vaccine 12:73-80;
25 Mowat et al., (1991), Immunology 72:317-322; Osterhaus et al., (1998), Dev. Biol.
Stand. 92:49-58; Rimmelzwaan et al., (1997), J. Gen. Virol. 78 (pt.4):757-765;
Sambhara et al., (1998), J. Infect. Dis. 177:1266-1274; Sambhara et al., (1997),
Mech. Aging Dev. 96:157-169; Sjolander et al., (1997), Vaccine 15:1030-1038;
Sjolander et al., (1998), J. Leukoc. Biol.. 64:713-723; Takahashi et al., (1990),
30 Nature 344:873-875; Tarpey et al., (1996), Vaccine 14:230-236; Trudel et al.,
(1987), Vaccine 10:107-112; Verschoor et al., (1999), J. Virol. 73:3292-3300;
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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.



5 purpose of inducing an immune response, particularly a cytotoxic

T-1 ynphocyte response, to the antigen. SUVMARY OF THE | NVENTI ON 10

Thr oughowo vhbvxsepeci fi cati on and the cl ai s whi ch fol | owpCcDaUes6&141the
context requires otherwi se, the word "conprise", and variations such as
"conprises"” and "conprising”, wll be understood to inply the inclusion of
a stated integer or step or group of ig%qgers or steps but not the
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One aspect of the present invention relates to an |nnunogen|c conpl ex
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charged organic carrier is a negatively charged 30 adjuvant. W 01/037869
PCT/ AUOQ' 01410 -6 Yet still another aspect of the present invention

provi des agUMMARYOFTHE IAVENEION as descri bed above, wherein said
negatively charged adjuvant is a naturally negatively charged adjuvant
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integers or steps but not the exclusion of any other integer or step or group of
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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.
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pol yprotein or a fragnent thereof, together with one or nore
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present invention relates to a nethod of eliciting, inducing or otherw se
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present invention relates to the use an immunogenic conplex or 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 orotherwise 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.
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DV036 B-LCL target cel I'd squar es) or
an irrel evéwbugepiti thes §peaficatipna ties Yernd 0"pofgitbtedn LAEIHCN! gat “HEAY Ipsotein” is
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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



(solid triangles) or an irrelevant peptide (open triangles). Figure 3 shows
the longevity of the CTL responses prined by vaccination. PBMCs 15 from
DV037 (Fivgoneo3899 and BB232 (Figure 3B) were restimnmul at edpcvAvDG/01@10M t h t he
epitopic peptide 121-135. After CD8+ enrichnent, cells were tested for
cytotoxic activity against autol ogous B-LCLs sensitized with the epitopic
peptide 121-135 (solid circles) or an iérelevant peptide (open circles).
Figure 3C shows the results of an expe? ment where freshly i sol at ed PBNCS
from DVO37, 51 weeks after its last 20 i munization (two |eft panels&h

8)
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its ability to lyse peptide 86-100 -sensitized B-LCL target cells derived

from ani nalsglid t[W@%) @ ireelevandmeptide {oeaiiapgles)i d circles), 15860 (solid
triangles) and 15861 (open circles). Figure 6B shows the results from an
experiment where peptide 121-135-specific 10 CTL line derived from ani mal

15862 tas AL il PhARABEerohe ot C PRI ARl v Wit bR

(1 ; gl6l3d(1§g UfrbﬁﬁIDVOBW(F%u(ré gl) dntrBRIRE (EiyurbSBPwWesd rédlimulaedtie ditkd WitAahes) ,
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 DVO037, 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



circles), 15861 (open squares) and 15860 (open inverted triangles). 15
Figure 7 shows a quantification of the CD8+ and CD4+ T cell responses in
Core- | S®QVpi/mTeeY zed ani mal s. Freshly isol ated PBMCs werBCT/Aagbe/omi@at ed ex
vivo with rWC/ E1L or Wi -infected autol ogous B-LCLs (Figure 7A) or with
the reconbinant Core protein of an E. coli control (Figure 7B). Cells were
then stained for surface CD8 or CD4, and intracellular IFNy and TNF-a as
descri bed in the exanples. 20 Lynphocytes were gated by side vs. forward
scatter g,t and then for CD8-PerCP gFI '“é%e 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
r'VVC/E1 or VVwt-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
CD8 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 EIE2. Mice (10

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



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

i nmunogeni ¢ conplex formulation which utilises electrostatic interactions
to associvabel/ets@nti gen of HCV and a carrier thereby facPCT/aabe/eglointer
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 stimulation cytotoxic T-1ynphocyte
responses. Accordingly, one aspect of the present invention relates to an

i rmunogeni ¢ conpl ex rising a char?ed organic carrier and a charged

co
anti gen, whilER ‘ofgahCera-BGOM: or 29 ¢fipgiubie F4ER adiwanted with MRRS. Miceywere
associ at ed L rdC i i I (O} =Y f tifis C
Vi rus (HC,\A) I,e%B{ra' e er%g%g) Ottsﬂg’ c't%gﬁggﬁ@iﬁ'ngﬁ?' IE—E,\;ﬁ"%dr) bépg)férrgdg%gﬁtcwgﬁﬁe% , or
a fusion p(sttigedbam)are preseriad dsibé geonetiio nogaraof thegtitery obthinedefodém tBe

Ref erence to_ a "conpl ?x" shoul d be Blﬁ_dﬁ[oi ood as describing an entity of
two or noleividyalgpisairameachareyry BHe estehponent s. WD 01/ 037869

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

exhi bits ap. overall positive_.electrical char r _an _overal). neggatiyve
cllectri cal FigBgas agJadtaaTals Ferresariatn GHBedieRome. Grhetind Fvabtsa
posi tive apgifedaf ﬂh\éﬂo&,@&bﬂﬁﬁ i fAich Be\7EsEM R61is R TREIWiFthelSHBE t he
sunmat i on of” the i ndividual positive and negative charges results in

overal | el sradervdd.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 nventi.an re p i NP ' i [ ; ..d Lped
above, 1§heF&"ﬁetﬂde‘sc§§I 5@5‘*8# 'geg)&%e%gaﬁh 8‘?‘&&;gggﬁgéaﬁrlgg'gﬁi%%ﬁgﬁsg@?ﬁgpgani C
carrier. Rebes aReaSODMEY éinigiationd frl NS38Curei F1EIECOM ™, (RifereengA) hadt he
organic carrier_and 15 the antigen being |inked, bound or otherw se
associ at edNSBfelies1 ghpeieindEiguie 108B)ect rost atic interacti on. Accordingly,
it should be understood that in sone instances the electrostatic
interaction will be the only attractive force which results in

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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.



conpl exing of the antigen and the organic carrier. However, in other

I nstances the formation of the electrostatic interaction may also |ead to,
or be asswebrozmeeoni th, the 20 formation of other interacpCvavbhovaes. The
terms "polyprotein”, "protein” and "pol ypeptide" are used interchangeably
herein and refer to a polyner of anino acid residues and are not limted
to a mnimm |ength of the product. %aneptldes ol i gopepti des, diners,
multiners, and the |ike, 25 are |nclude thin the definition. Both
fuII-Iength roteins and fragnents thereof are enconpassed by

def i nltlonReEB‘r@nG%ﬁ@rB‘a ¢hasgedc praaniop cafrislppreantigan sbavldi %tunsﬁéstog‘ﬂ asha
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the i ke I nor e, ur poses Fesent 1 nvention

" pol ypept i dedr gé&fr@h&ﬁeﬁal&negﬁtﬂb%l&tﬁdﬁnl@ha'rg”ec| Byl toveralitiié muint m@summdtuoas
del eti ons, Itions and substitutions 30 (generally conservative in
nat ure), t 8f W?e'“ﬁt}(!ql&?’é Postive A0, “QQ?“NSrF@aé%esc WBich 3 0leR MRIECHIeFRMBPHSRS.

desi redsactbte i UG bf 1 IRRAQTERARAELY Sefafve haldULHts in

site-directe a enesi s, e acci suc mut ati ons
of hosts Vﬁ/érhll()a’iéﬁﬁéalﬂﬁéutmmtﬁéémmecu@|smotregar@et|h<as 'tchergﬂdﬂtwiithia the

due to t | h
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of the Cleﬁg%%ﬁ/eoéw%sﬁs of the HCV 5 poI yprotein is as follows:
NH2- C- E1- E2 2- NS3- a- NS4b- NS5a- NS5b- COON. I nitial cleavage of the

pol yprotein is catal yzed by host proteases which |iberate three structural

proteins, the N:termmnal nuclegca Sld rotein. (termed “Core"). and two.
brvel op PGERibindLl e prabgnt (R, oiireL Satieblarly Bibyidet, fotindinh¥c
E2/NS1), aempRix ag8eberitsdd us@w alhérdim tHy @h@rg@a cggahucc@mh@r B & hegativall
enzymes. The NS regions 10 are termed NS2, and NS5. NS2 is an

i ntegral nehdogdOrgARIESANIGG th proteol ytic activity. NS2, either alone or
in combination with NS3, cleaves the NS2- NS3 sissle bond which in turn
generates the NS3 N-termi nus and rel eases a |l arge polyprotein that

i ncl udes bRefereace e "¢glectrestaticallycassbiéiated" is asefarentcy itd 'tr@orgﬁln&: &dier and
prot ease serves to process the renmining polyprotein. Conpletion of

pol ypr dbei therantigan,painadinked, bavnd &F dheryviss pssegiales: by maanswiich dpclude
NS3- NS4a Jg%%{rf)%tlc ﬁﬁ‘ér%'c?f&ﬁdAc%i’é}rﬁgéF%ﬁoﬁﬁfbé‘ﬁn@é@fo%@stﬁat R ?ﬁé‘h‘\%fgnces

NS3- nedi at eavages of the roteln appear to 1 nvo
recogni t i otheofelestiospatint énterattieaveie beutie i anlg  dityraativeNI8rce which results in
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



nol ecul e of anot her pol ypeptide. In these reactions, NS3 |iberates an NS3
cofactor (NS4a), two proteins with unknown function (NS4b and NSba), and
an RNA- 200 demzeedent RNA pol ynerase (NS5b). As expl ai ned poDmepo/andy of a
nunber of HCV pol ypepti des derived fromthe HCV polyprotein may be used in
t he i mmunogeni ¢ conpl exes of the present invention. Thus, these conpl exes
may contain pol ypeptides derived fromt HCV Core 25 nucl eocapsi d protein,
a nonstructural protein, the El envel ope “protein, the E2 envel ope protein,
pol ypeptide fragnents of any of such proteins, or combinations of such
protei ns. Whiah WFPQQ%H%%p@?'"ﬁ@ﬁ%ﬁfﬁéﬂﬁltaé:’sc%@'ﬁ!ﬁ'! isatien-epi t opes
recogni zable by T cells. Preferred fragnents conprise those fragnents which
are i mmunogeni ¢ when provided by thensel ves, or mhen i ncluded in the
I munogeni Iex of the present invention., WO 01/0378

]
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DNA, and i
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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.



20 and \Val ker, eds., (1987), |Inmmnochem cal Methods in Cell and Ml ecul ar

Bi ol ogy (Academ c Press, London); Scopes, (1987), Protein Purification:
Princi pl a0 an78¢¥ acti ce, Second Edition (Springer-Verl agpCNAVY0)/914and
Handbook of Experinmental | munol ogy, Volunes 1-1V (D.M Wir and C C

Bl ackwel I , eds., 1986). 25 Mdreover, the polypeptide may be derived from
any of the various known HCV strains, §%Ch as fromstrains 1, 2, 3 or 4 of
HCV. A nunber of conserved and vari abl regi ons are known bet ween t hese
strains and, in general, the amno acid sequences of epitopes derlved from
these regi Brefetably, thav@nwnﬂggnm@yﬂel@xaf the presantdnyastiongpmprises. thegara o
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or oductd ciseelreRaRCRNA nd i PRlad 2 whict o886 Wil fhe Bl bEME, bHo g ugh
nore ani nOtecﬁﬁlqﬂ@sfa"r@ré%pTEﬁnétfﬂm?ﬂﬁ%e fepaturd Légoraimtar@bnwa/eballavmpmngs are
those in which one residue in the sequence has been renoved
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designed to mimc certain physiochem cal properties of the subject antigen.

Equi vallént B-RPayiasees Redile Hi99ins aisetI@By Atimeh el Cftira dRdaFreshnsyi 8d., 1 or
exanpl e, nabsual | Rh8AMSEy TS SN Bz AP IRESPRAR! ¢85 2t BIPBRIF! A Pratlicile:

but are
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



20 not limted to, nolecules derived fromdifferent species. The present

I nvention al so extends to an i nmunogeni ¢ conpl ex as descri bed above

wherei n tweovbasged antigen is a fragnent of an HCV prot epar/AByo/difsrcagnent "
is intended a pol ypeptide consisting of only a part of the intact
full-length protein 25 sequence and structure. The fragnent can include a
Ctermnal deletion and/or an N-term n_a# deletion of the native

pol ypeptide. An "inmunogenic fragnment” of a particular HCV protein wl|

generally inglu t | east about 5-10 contiguous am no acid residues of
the full-| Qﬁﬁ'ﬁ“ﬁéjﬁﬂahf‘&ﬂei?wpreferabl y at |east about 15-25 contiguous am no
acid residues of the full-length nolecule, and nost preferably at |east
about 30 20-50 or nore contiguous am no acid residues of the full-length

nol ecul e, ﬁé@éreﬂ%&itG@deMtﬁBiérﬂpd%th%Ieﬁfk‘#‘ JhoLRPBE UPAEVRSHd Bsateteredceds and

the full-length sequence, provi hat the fragnent in question retains

t he abil it ghemicaliaguivaignts mmutents e bpomekagsnand & goromataraOsgnthetic or 15

defined bel ow. E | f d i i . include b
e Chot | reariinabCppliaan: Deflafikes rfy T HRAPRE o HYRRER adipfod s °
e. g., am ngupstitdon dlarhimo déid$S3Antiio 88id ifderfigRal dEfivaf\ds iheldde ind Zhdlord

and 121-170 of the polyprotein, nunbered relative to the HCV-1 a sequence
present ed carboxylic tarminal fasion 9s wetk aintiasequence iBsertiona dsinale or mudtiple| |
as defi ned ' ' : ' f . [.n,
as well asaﬁﬁbé %?ﬁ{%hgﬂé{aﬁ@ﬂa(/éﬁmoigagp% %gégwia?gﬂﬁ ?%62@0? r o?n%%rph%%crore,

El, E2, NStharathrhitid dcigiresiduesSeaes irtragiucednintna giredétermreacsitd\imt the protein
Sci. USA (1992) 89:10011-10015; Chien et al. J. Gastroent, atol . (1993)
8: S33- 39  elthewghfandom jngestion is algqiPassinle Wilh, suNgbisserespng efesyiyng, v.

I nternatio WQPSI%@Pﬂ A 4,%%593%&1'3@&59%@6%%!% rérAd A bof §Hﬁ|oirﬁ?6rb°d?niﬁ8ri al

Nos. 08/403, e term "epitope” as use erein refers to
a sequenceaoidsdtonh ¢as sequence. Substifutionpl amecehdig vakiants dbe thoseOinavhid® onend

not nore than, about 1,000 amno acids (or an 15. 1 nteger .t herebet ween),

whi ch det | FEIA0e B thenserisiet i Peeremivedang.a Arigfearesidudr insedeicds

wi il stinmubgg aERavhieptd"FaHRt 8¥ BifEAttiohalBkSlog of Me SUbjectamtibes N Chefstdll C

I mune response when the antigen is presented, “or a hunoral antibody

responslé. equivalsintspayfrat nesessatily he denbpd from theesubject andigeotbut may ghbreo a

P ?L%pﬁﬁit Lﬂ%ﬁagii\ﬁ's8@1@}0?@@8&%@%@@5%8&0eAf?érntan\?el ,O rch'e%ri]ca?fect]urll\?algﬁtrsema Bgt en
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



20 viral genones are in a state of constant flux and contain several

vari abl e donmains which exhibit relatively high degrees of variability

bet ween wObr03869 Thus the term "epitope" enconpasses seRUOPATES0I40ENt | Ca
to the native sequence, as well as nodifications to the native sequence,
such as del etions, additions and substitutions (generally conservative in
nature). 25 Regions of a given polypeptjﬂﬁ_that I ncl ude an epitope can be
identified using any nunber of epitope Happing techniques, well known in

the art. See, e.g., Epitope Mapping Protocols in Methods in Ml ecul ar

Bi ol ogy, VeP defped éekqgﬁ Eor mmp@, p%ferrei%gwogﬁﬁmﬁéweg% inelidenRut 2w
ersey. Fo : e 0. .

concur r ent ?/ﬁ@mg%frzyﬁgﬂfsaﬁ}gégﬁﬁggﬁébf p@%}/i ﬁée{saéd(ma@%f’i el g%’?)%??‘é’,s t he
pepti des co0+4EspthaBnG7t88,p811130ns 86F100e 1R0-A36; nM21el @5 el 186l 70 efidheng

t he peptides wth anti Qodi es whil he tides are still attached t he
W 017 57 BelyPraPiR BRIEe reldtie So e V- 1 senuncs ReEEaod 1B OREL Ah ¢ he
art andcde ' ' ~AA. < & 7 d .
(Loaa) B ot g Frod Netl ok scrUBA SEEESH, ad\ial ds ddfhdddoitdpey ¥BAVE i the

Mol ec. | mmuddd redi@n ©HIE HECV qidlyprotein, pas aed cashany oh ths otherfyvariensespitopebei r

dot er m i niseDified B P aE VB S 2ARS 08 S SeRas S, G- hion S )
crystal | 09PARIYNARI Aadl BRAISUSAR| 19999 G0 00PENGD1S. CRRINBRSS. ) SeRastBefl.

Epi t ope Mappl ng Protocols, supr Antigenic regions of proteins can also
be identi f Hepatals{1863) 8:533638; Chien iefehintetnatiandl Pyhlr NpatWy 93/GG365; Sinidn, as

th | cul gt L. 9.t ) ' O saft . pr.

avai | abte. Proniemotsta e o SR i dEwet 4L SertRoBIBHRR e oy
t he Hopp/ Waedso8R0R®EH0 sPosalugad4s. Proc. Natl. Acad. Sci USA (1981)
78:3824-3828 tfor determ ning antigenicity profiles, and the Kyte-Doolittle

techni que, Kyte et al., J. M. Biol. (1982) 157:105-132 for hydropathy
plots. 15 As used herein, the term"confornmational epitope" refers to a

portion of Theftetrh-bpiicid’ apusédinereinrefetsada sequsnoaLbanlchbEEBOIt 3 he\5, NY
structural features native to the amno acid sequence _encaodi ng the epitope

wi t hi n t hepraferableabeut hia 10 ar 1pr apdpat mese than akeyt 0P amipe acidsder any
i ncl udgs byfe SGhBRIbeVEEA L WHich dSfine 32LGBENES Ml byt itefCortid B 0P 98hrger
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



structure. Preferably, a conformational epitope is produced reconbinantly
and is 20 expressed in a cell fromwhich it is extractable under conditions
whi ch pr ee@enves7Béss desired structural features, e.g. w thODAUdBOELILI ati on
of the epitope. Such cells include bacteria, yeast, insect, and nmanmali an
cells. Expression and isolation of reconbinant conformational epitopes
fromthe HCV polyprotein are described iyp e.g., International Publication
Nos. WD 96/ 04301, WO 94/01778, WO 95/33053, WO 25 92/ 08734, which
applications are herein incorporated by reference in their entiret

used her ei BURPRItS. ePUch @@@!qU%mred&a@Wmeft@?@ﬂt@dadwatb@fiéw dalp §p¥>|aé@t
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t he peptide-binding cleft of MAC nolecules, (Unanue et al., Science (1987)
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T-cell epitope.is d fined by logcal . features_of a short peptjde uct ure,
such as. pr MAPPIIELRICH %i%wéqﬁahe%mw%%m% Str0ing g8 alstcie Hentied: Hang
hydr ophobi g ipm nqdrh

h)él [ c!oty, h)ﬂaro no@déelg on ?%&w?ﬁg?ng o?astsﬁgggtr?tg [Cr%!aat%% §|Sgp tird the
Further, i Ormnga Vieesion Vied soﬁwares hoograpeataidble frapatilecOaford ddalgoular Gmbp

hel per .T-cells are ,genera anpphi pat hi c ruct ures .c ri sing

nyclr opHlbi S esaoyBF Praet e PR Se kPRAVARES e FRg PEBP. a%a FRs Mathi 1
side (for jApherseti/8a (VI"QBH') 78%854(3%28 fcﬁ(‘d%‘?él‘?ﬁl}ung( éﬁigﬁ‘ilélfy Grofild. ahd the

Computer Prediction of T-cell Epitopes, CGenerati on Vacci nes Marce -
Dekker, | nKyteeBoolmleteomue)Kym etal, J. MQJQBI)J/ fp982)0t5 71 185- 132 dorf hydropathy hat
t he arrphi Efltthi c structures have an a-helical configuration (see, e.g.,
Spouge et ->J.  Immunol. (1987) 138:204-212; Berkower et al. J. Imrunol.
(1986) 136:2498-2503). 15 Hence, segnents of proteins which include T-cell
epi topes can be readily predicted usi ng numerous conputer progranms. (See

e.g., rgal.i t

©. et adSn RGeS Gl nofl rgBl £ROABREE A gy,

pp. 109- 11pjoteibucharangogios nuteiarthblenf, tRiving gricheabfdatites titive Babgemsigoof a

pepti de to sequences known to induce a T-cell response, and search
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



20 for patterns of am no acids which are believed to be required for a
T-cell epitope. In general, "identity" refers to an exact

nucl eot i 0 1DOIT8@l eoti de or am no acid-to- ami no acid corperpondence of two
pol ynucl eoti des or pol ypepti de sequences, respectively. Percent identity
can be determined by a direct conparison of the 25 sequence information

bet ween two nol ecul es by aligning the sgl uences, counting the exact nunber
of matches between the two ali gned sequences, di vi di ng by the [length of

t he shorter se ence and nul tiplying the resul t 100. Readily avai I abI e
conput er pleoMHinslassn! 'B@Qﬁ@édﬂ@eéf @eptide I‘i’@t%[ﬁﬁﬂ?/%tﬁs(ge%@'\‘Y%tVAﬁ@@ﬁ
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al orithm Thes rere ily utilized with t def aul t

ot or oo BAREATH eBIEES candile of seeonif pihelhdifofi Bk Seperalisi
Sequence Ag@bkfathil %Frlﬁéﬁ@eé 86MRpfiSiAg d KydBENGbic sie @EIRRrActidtPWRR e MIFOLI tY
of a particular nucleotide sequence to a reference sequence can be

det er m nedmhequ{rp)taﬁ@ s bydyophiic sidgdiforinterastingrwitththentrcellsecapten, (Margald et

e SoScB e P ORIl oL SRR VEBIAE Vol

present i nPeRkérMnc,i &d.t G.CISW doteoWREREN] (E@Qb?% af09RT 18)r ik figrttivtT ihalbttiegl by
the University of Edi nbur gh, devel oped y John F. Collins and Shane S.

SturroE, aAphirathic istlusturey havean eiheligaliGandiguration (SeBufhi Pougaet ah). |
F t hi {
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open penalty of 12, gap. extensi on penalty of one, and a gap of SIX) From
the data generated the "Match" value reflects "sequence identity." O her
sui t able p 1

betveoh SoEHGd SeonRiniS Bt pHGs Mok oAt Pt hRBbos ¥al be et blckltted

al i gnnent psingnamerous computer programs. (See e.g., Margalit et al., ComputerPredlct/on

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 result 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,



20 is BLAST, used with default parameters. For exanple, BLASTN and BLASTP
can be used using the follow ng default paraneters: genetic code =

st andar d;wéni/63869= none; strand = both; cutoff = 60; exppCctT/ABodO410VALri X
BLOSUVG2; Descriptions = 50 sequences; sort by = H GH SCORE;, Dat abases =
non-redundant, GenBank + EMBL + DDBJ + PDB + GenBank CDS transl ations +

Swiss protein + Spupdate + 25 PIR Det a_illgs_ of these prograns can be found
at the following internet address: hftp:7/ww. ncbi.nlmgov/cgi-bin/BLAST.

The sequences, for these pol ypeptides an roteins are known (see, e.dg.,

U S. Pat enf98Ngr P§P§§%?B§'¥§'Si ﬁ’gaeramsaf?ége%gmm B‘ﬁ?@f"@r%}%’@%% idendity are
entirety). : ; LEhG 1 '

pol ypopt | daialebE eI o SERGEN S ANAI aliiue AL 8, (VENIDETRA, .
e.g., Hougbeneties CaimputéuGopep,nMadision, Mol .for 8tamples the BEBH; IZ3FAST v andt
al . Scienc 989) 244:359-362; Kuo et al, Science, WO 01/0378

T ALCO 0BAT Prodrais: giish 50 58-S ESTlhetn Bialamaneida ey, Thess)
14: 381- §88Frcfaﬂéﬁl'§ Sle Adadily itfiged \ith théhdaulPParardefers 1B388mntshdkPhby-thQ015;
Chien et al. "J. Gastroent. Hepatol. (1993) 8.S33-39; Chien et al.,

| nt er nat i omenufadiurer Bod dascoBed oBihe; Watoasin Seguencel Analysiatfaskage Fefbtred No.
WO 94/ 01778. JThese publications proyvide an. extensive 5 b round on, HCV
general |y, Babi FBE Bxaiie ReiRBnoLeliy S8 PR nipg i bl ieneiie &

i munol ogi fefbrerRedRiauencé ean bectdtbiminkl &isiigPthe hdrslogy afddtithefEmitharae
publications is incorporated herein by reference. It should be noted that

f or convenlWatesnan with\adefault sporing tahl® And & eapeeraliy ofysix noclgetidenpesitipns
respect to the amno acid nunber relative to the pol yprotein encoded by
the ged@ne of HCV-1 a, as described in Choo et al. (1991) Proc Natl Acad Sci
USA 88:2451, with the jnitiator nethiaqnine being desi ted position 1.
However, t othﬁam%@qff? alplighingsrergeatidentiy gy sdiontes ol RspSentdnvegtion

limted tot i s : tiki .
CLP}eiponﬁisg*ﬁégﬁﬁm%%;ﬂfﬁﬁﬁ w@ﬁé’*‘;?@@ﬁﬁd ?Ej ?ﬂ”ﬁé‘%’fsv%fﬁed
by aligni [ e . t a ] t istribuded
sgqﬁelngglsngn??qgg'.num al | n)?n%n.t. For naanﬂgl e 'aHeW Ro'fm?)e ki dels Ide Y ge
from the CSHENGERRlce. lag MO Vigk (Al ot rogh ihis Sylte /l RACKEOFR e R thind
bet V"eerlsa”\'/\ﬂéleﬁfﬁéﬁ%lgbr%;c%@%n@??@omdemmﬁara%téﬁéﬁ ddkdHor tRE1 NO

acids 67-88; am no acids 86-100; ; am no acids 121- ;
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



am no acids 120-130; am no 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 . Procwolat/hz7s@cad. Sci. USA (1992) 89:10011-10015; ChpemA®bo/a@l410 J.
Gastroent. Hepatol. (1993) 8:S33- 39; Chien et al., International Publ. No.
WD 93/ 00365; Chien, D. Y., International 25 Publ. No. WO 94/01778; and
allowed U. S. Patent Application Serial l\fbs 08/ 403,590 and 08/ 444,818, the
di scl osures of which are incorporated herein by reference in their
entireties, will find use in the innmunogenic conEI exes. of the present

f
i nvent i on. (1988 244:36¢-36#qEougbtan elak Plag¥ {9 bptd:3811388; Ghirn gliiahg

I id ' f . ' . I fA1S]
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envel ope gHgpaRYQeDB58 B335 (Hef ef a1, anfindtiona\Pubi N3 THODIRTTIES; ORI, 410

-20 conplex that 1s co-inmmunoprecipitable %Gr akoui et al. (1993) J. Virol.
67: 1385- 130%Y., Intemresipaaldtubl NO-(W®§§/0W?%4 hesa oublicatiopg provigg an exteasivgl .
1993) 1. 7.6 T | '

Shown' 15 bE=RRpuntl oy ACY, Shcraly; B v aE on B fronpalioR JiFhRes MITCRER

Acad. Sci . pbiypepfidd rfirhuhdRg)cal readentstaFor breity thereforegthéiGistiosaees oftheise
approxi mately am no acid 192 of the polyprotein and continues to

appr oxi mat BHRliGRtORS i incerrtatedireimby Fefelenceegi on  of HCVL begins at
approximately am no acid 384-385 and extends as far as approxi mately am no
acid residue 746 (see, Lin et al. J. Virol. (1994) 68:5063-5073). 10

Addi ti onal l,y | ypepti de rived fromt nonst r al .regions of the
dirus i1 egndia MR RbeeCRRE Tar FShvariSite, e VARSI feicieonh Sefsre n
has beep dasfinéd&fth aéshect ffthemPoarid ne@BeeRIStvand tﬁygbﬁ,gkotémréﬂﬁbaée b9f
the protein are disclosed in Yao et al. Structure (Novenber 1999

7: 1353- 136the genromalof 5IC\bd anas deacrikedin Ghoo et als(19913tRraec Nat Acdkde (784,

el ther 1 he Ao o WiboterBLELF FRnitubbh iR deFloher S pBiliof dearofreviE e
subj ect f%mybe&iimmrméwﬂﬁh@t rés@it imbentiod. dve ridRligited N théseSdetivéddramd
Zhang et al., U S Patent No. 5,990,276, both describe anal ogs of NS3/4a
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t . n n H . 1 i .
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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:S33-
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



various viral regions. The epitopes are preferably fromnore than one HCV
strain, thus providing the added ability to protect against nultiple
strains o¥ObBINS786Y a single 25 vaccine. Moreover, polypeppCOagod/@iuse in
t he i mmunogeni c conpl exes of this invention may be derived fromthe NS3
regi on of the HCV polyprotein. A nunber of such polypeptides are known,

including, but not limted to polypepti. derived fromthe 30 c33c and
cl 00 regions, as well as fusi on proteins conprising an NS3 epltope such
as c25. These and ot her ol ypeptides are useful in the presen
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fusion protern conpri rotein
thereof. Reference to a "fusion protein" should be understood as a

reference to a fusion in which the HCV core rote or 15 .fragnent
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nmoi ety 16r ab&teA@itheirdhg.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 ¢33c and c100 regions, as well as fusion proteins comprising an NS3 epitope, such
as ¢25. 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.



25 Preferably, however, the fusion protein conprises a second

i munogeni cally active peptide, polypeptide or protein which may be
derived fwWon/miass or sone other viral, bacterial, fungal poT/ASDOI48Y
organi sm The |inker peptide or pol ypeptide, where present in the fusion
protein, may conprise 30 a sequence of from1l to 50, preferably 1 to 20,
and nore preferably 1 to 5 amno acid rgsidues. WO 01/037869
PCT/AUCE¥01410 -22 Reference throughout his specification to "organic
carrier” should be understood as, a referen to an Xﬁno ecul e, aggregate or
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antigen thereb rovi ding on-going stinulation of I nmmune system
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in the_ present invention include, but are not limted to, saponin, saponin
conpl e>38 any one or nore conponents of the inmmunostinulating conpl ex of
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organic carrier e natura
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.



occurring or it may be synthetically or reconbinantly derived. Accordingly,
the present invention still nore preferably provides an i nmunogenic
conpl ex awo0dee8B¢dbed above, wherein the charged organi ¢ CRECT/ABDI/IS1E
negatively 30 charged adjuvant. WO 01/037869 PCT/ AUOQ 01410 -23
Preferably, said adjuvant conprises saponin or a saponin conplex. Mre
preferably, said saponin conplex is ISQENATRIXTM'The organic carrier of
the present invention may also be, in it§ initial or natural form 5
negatively_charged ositively ch ed or, neutral. Increasing the degree of

;
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negative Cchafi@fisodn adj@aht. eBy "agiLvalR! is iebnBasy tfleduld] dRfte§stedi@onsplagi d,
deoxycholic acid, taurocholic acid and taurodeoxycholic acrd. Exanples of

| i pi ds whi ehmedgeuless resarpourseon ethariandity whigiefunstioas deystimudatenenbaece it
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pr ef er abl yexsnhplepthepadidvaritndyaintiace iflahinpatith thereyeatrtbttingimmunio ssonsé
lipid ACMPL) and npst preferably di phosphoryl lipid A such as OML74 as
descri bed f¢lis tpAhe pitRiof antigendaealisatignipAltermatively Nbe agivvant maysiwly seleage hout
limting t ' ' | O ' term ned
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naturally negatively and positively charged, respectively, the object of
the i t b hi d.. Ho ' i ' i
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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 Interational 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.



I f the subject naturally negatively charged organic carrier is rendered
nore negatively 30 charged (preferably by addition of cardiolipin or

di phosphav@b1/ba7géod A). WO 01/ 037869 PCT/ AUCO 01410 -24 AecDadbmiglyy in one
preferred enbodi nent there is provided an i mmunogeni c conplex as descri bed
above, wherein the negatively charged adjuvant is a naturally negatively
charged adj uvant which has been nodified,to increase the degree of its
negative charge. 5 Reference to an adjuvant being "naturally" negatively

charged, shoul d be understood as a reference to the charge which the
mol ecul e bEERfrabe $aid adjvyari coplPrisefAapoRin or arRAPORE gMplgkuMare Prefely.nant

or synt het kgdr%%ﬁlqé@ﬂgfég(qg%@@“ﬁmﬂa ease the degree of charge can be

achi eved by any ' sui echnique as herei nbefore 10 di scussed.
Preferably, the subj ect adjuvant S rendered nore negative via the

addition o cardlqll i n or . di phosphor id The pre |nven on S
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Preferably, the ratio b Is approximately 3:1 to 1:1, and npre
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facilitating the induction of imune responses which either woul d not occur

or woulld not occur
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).



as effectively were these nol ecul es not co-delivered. For exanple, the
I nduction of WD 01/037869 PCT/ AUOCO 01410 -25 sone CD8+ cytotoxic
T-1 ynphooyo e1/0388@onses are thought to occur where the adpovamboimrduces

endosonal escape of the antigen in the antigen presenting cell. This
necessarily requires co-delivery of the antigen and the adjuvant to the
antigen presenting cell. 5 A further asy) AfCt of the present invention
therefore relates to the use of the invention to induce an i mune response

in a manmal including, but not Ilimted to, a hunoral and/or cell nedjated
i mune res p%‘ﬁ%fé""gi)o '%@%%Ptﬁfﬁ@ﬂ/em&%%t "B%rSé%PTQ)‘FdW IprBYRegeNiG cmplexn
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associ ated, , and wherein the charged antigen is a polyprotein of Hepatitis
C Virus (H@Wg@r a fragnent thereof, or a fusion protein conprising said 15
pol yprotsei n or a fragment thereof, toget her with one or nore

pharmaceutically acceptable carriers and/ or diluents. Preferably, said
or gani ¢ caRefarencs taan adjuuaameln@ﬁmatanaﬁ mgailvpiye;mar@ﬂ whaulddyeounderstooda
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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



-26 These vacci ne conpositions conprise an i nmunogeni ¢ conpl ex of the
present invention in conbination with one or nore pharnmaceutically
accept abivwoonei’s@r s and/ or diluents, such carriers incl uperanyo/cianyi er
that does not itself induce the production of a response harnful to the
i ndi vi dual receiving the conposition. Suitable 5 carriers are typically
| arge, slowy netabolised nacronnleculeﬁPsuch as proteins,
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di pht heri at espg BAGE" cholera, H pylori, etc., pathogens. The vaccine
conposi ki ons may al so include further adjuvants to enhance 15
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For mul at | RCABHEe AndmPE BSPoGEH S Rasdl i, potfohinies fe 2. 5umbels ucn
as nur anyl ghewt cep mddigtedhiginie @ispbaséerial cell wall conponents), such
as for exarrpl e (a) MF59 (PCT Publ . No WO 90/ 14837), 20 containing 5%

Squal ene, 0.5% Tween 80, and 0.5% Span 85 (optionally containing various

Subm g é%’g?p ol BRERF agier o BB RkoREHEIALS ) BaKGAL Ebmiiflon,,
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30 Adj uvangcéégfgmewné@m,ea,ﬁ,eﬁ&eund s Adjuvant (IFA); (5) cytokines,
such as interleukins lL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-12,

etc), interferons (e. g garma |nterferon) macr ophage col ony stimul ati ng

favtor (M Erse':f)arat}l)l/{rg%rld 8:%%?1?csc':ésrn]éla f':stan 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.



WO 01/ 037869 PCT/ AUOCO 01410 -27 (TNF), etc.; (6) detoxified nutants of a
bacterial ADP-ribosylating toxin such as a cholera toxin (CT), a pertussis
toxin (PWQone37a6» E. coli heat-labile toxin (LT), particeCEAUY/QIT1KES,
LT-R72, CT-S109, PT-K9/Gl29; see, e.g. WO 93/13302 and WD 92/19265; (7)
ot her substances that act as immunostinulating agents to 5 enhance the
effectiveness of the conposition; and (8) mcroparticles with adsorbed
macr onol ecul es, as described in International Patent Application No.

PCT/ US99/ 17308. Al um and MF59 are preferred. As nentioned aboye, sui tabl e
mur anyl  pepPPHRYACHBERMPBRIHIORE CONMYISE; AR dRENynpgeRic ggmplex of the present
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pr eventyon : L, QR; ' ' vaLi ous
o enubsrfadih e B8Rt A BRARIRIATREAR BindERUSS, AlHmie tRe

chl or obut aastigerpimaydle comjubatedaoialbatteriaketoxei, savh dshe tdxoid from diphitinaria,
cases, it wll be Bhef ehabl e to include isotonic agents, for exanple,
sugars or ‘e4RHsEheleray fqeyomy &l o Wor pti on of the injectable
conpositions can be brought about by the use in the conpositions of agents
del ayi ng absorption, for exanple, alum nium nonostearate and gelatin. 30
Steril e infbet adta@naotampositions emaye jadsce dnblyde nfwthesr adjuvantsheoaenhaace

COMPOUTES. Lol Ene s A o oms iy i SR e b e W it o2
(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 patrticle 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, IL-4, IL-5, IL-6, IL-7, IL-12, etc), interferons (e.g. gamma
interferon), macrophage colony stimulating favtor (M-CSF), tumor necrosis factor



-28 enuner ated above, as required, followed by filter sterilisation.
Cenerally, dispersions are prepared by incorporating the various
sterilisadoanoi’s® i ngredients into a sterile vehicle whi poT/AOn/@i4ns t he
basi ¢ di spersion nmedium and the required other ingredients fromthose
enuner ated above. In the case of sterile powders for the 5 preparation of
sterile injectable solutions, the prefer 7e_d net hods of preparation are
vacuum dryi ng and the freeze-drying techni que which yield a powder of the

active ingredient plus any additional desired jngredient, from previously
steri le-fi kN b@tc.sdbUdpiaKfiadmtants 96aﬂ@ﬁerﬂﬂe‘\lagrw%ylaﬁgeéewarﬁtgchaﬁssa
suitably p ‘ al ¢ yi-agsini St , : X5HTR! foxirV an
inert dil uelﬁl) IEF(;% %%I("? MRUZ"ZE?ﬁnuf)%{%fle’y'Sdm)g Oﬁc’a%ﬁ ieg'r ,Co{l)?{etqﬁey Ina§oxtl)ﬁém(£?)’
encl osed i pattigulhrigrL ISKB8, EMeRT2,deT 8109, CApKRIE@123;08pe ce.getiVOM3i13302 ahd, or

Lam b ot £ aliQ 027828847 thet sHBSRaCRS NGk 20T S (BUPea MPBHNG RASIS 1P
and useq i gnhdied PenBfictivenddidsithé Rbmpoditbat %nd%mérohghicﬁmtﬁ KAshBEd

capsul es, elixirs, suspensions, syrups, wafers, t | ke. Suc
conposi t i omacerdoleceles; atdasondestribddd drontiafemationatadtatento Applicatiarht Nf.

active co rcent age e conpaositions and preparations may,
of coursemgwg§9§@§3§ﬁd 'ﬁﬁ?‘%ﬂ]%rﬁgg?ﬂelwg%ér t ween about 5 to about 80%
of the weight of the unit. The anpbunt of active conpound in such

t herapeutically 20 useful conpositions is such that a suitable dosage wll

be obt ai neAs nrenrtianedeabovss spidablei oHEandyl napdidas dnclade, Ritcredal dimited: toe N-

present .in | p . )  C ns
bt neerangtRvp R AR S350 §0ahMhipe b i3k d5EET Uk Rt R
troches, pplissglutadmine (sr-MD@)t Nacktyimuranyylal-sianganisaglutaminyt-oakEnmes2s(1as
listed hergafter: a binder such as gum acacia, corn starch or i;el atin;
exci pi ent s2sdipalmiteyl-gnycarom-pydrepyriiasphandexyratayaatine (MAGRE). &tenh as
corn starch, potato starch, alginic acid and the like; a |ubricant such as
magnesi um st earate; and a sweetening agent such as sucrose, |actose or
sacchari n Thy vaeciad dethpositioris tapically will alge cbntair dildéntassyapae water! salnd, of

1t "rmy JsonBlearol gt i thUPaANa ATy SO AIES y pHEN B PElitg O <
carrier. ' ' t i ' i
' gﬁfg?%ﬁ}gﬁ%%sg?f*%df?érﬁ REN UL IR thBSiKeO Py BE REsdrt in the

ot herwi se np /1 037869 “PCT/ AUOCO 01410
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



-29 physical formof the dosage unit. For instance, tablets, pills, or
capsul es may be coated with shellac, sugar or both. A syrup or elixir may
contai n twWweonel7seee conmpound, sucrose as a sweeteni ng agernCT/Aved/éungho and
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 anc!2 substantially non-toxic in the
anounts enpl oyed. In addition, the actlve ‘conpound(s) nmay be incorporated
Iatlons Wthout |imting the
ey
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antlgen r|S|ngamn|ster|n to sal manmal an effective
amount  of vamuunndnymgandcthecfrqﬂmdwmgatwaomuneumohmfddta powder dfcthei adlizeor e

d bed. .20 P
751 yrphocy FBTPUEBbALE: oy "B RS RE PRP TR Thm e Bubl bRt ftered
| ynphocyt 656|@ﬁ@ﬁlﬂ$@-eﬁﬂy occur either in isolation or together with a

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

ol at et Oyl 130 el N SR BITRL A ey 18y RS B ERLRY T O

to the tThe i C t i Sease’ con I"ons

Exanpl es oforéixaamss withak tnemmueht orrwmaanlasstmlmleeddubm cad@obdﬁmyenay bb the
met hod of the present inventi Blude an |sease condltlon 30 whi ch

resul ts fr8RelPeSsd iR 889 AT, S nérligl [socrereigssedsintactablelsngry
yet anot hef, 88?6‘?%d%re§hfwﬁﬁ?ﬁ§f50d MEQHié?”FB?b?éI ?rﬁeoéﬂ Lﬁlc'%rﬂﬂ%tr%{lon the

treating a ease con lon in a mammal, said conprl
adm ni st er active compauddrmayebe arcospdraded wtramptentn‘ aad tusadmn@lmnfcrmmfpl ex
or a vaccine
15 Ingestible 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 #g 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



conposi tion as hereinbefore descri bed, wherein adm nistering said
conposition 5 elicits, induces or otherw se facilitates an i mune response
whi ch i niwbbnt/e37sdéval t s, del ays or prevents the onset or prpopagssé@m of the
di sease condition. Direct delivery of the conpositions will generally be
acconpl i shed by injection, either subcutaneously, intraperitoneally,
intravenously or intranuscularly or deliygered to the 10 interstitial space
of a tissue. The conpositions can al so b¥ administered into a | esion. O her
nodes of adm nistration include oral _and pul nonary adm nistration,
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t reat ment bge,: i e C ul | Lt C | £, 15 An
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desi red i noompouad pauseseorast @ delexyeriing agert; methyhhard tprpplpaesteingn agr

halt altogether, the gnset ar progression of a particuylar copdition being
treated. TRIESenaiveRa w6 pad Tauouil siish aseerniotianes faviurs kifausse. any

condi ti @n [Wyafe PRVE ; i i
i vi daal eSS usBdt bigkAling dny BBsade Ao S PBEPAsfaiAtA B and 1,
t o synt hessshkstantidllyowndexictimthedamourtseEmpoyed cin additiane e adivetdompound(s)

formul ati on of, the vaccjne.,the assesspent of the nedical situation, and
other r el ola%bq Hcpharated infa SssAeIaieass PreRaratins And P rmullins 1 o
relatively broad range that can be determ ned through routine trials. 25

The term "manmmal " includes humans, primates, |ivestock aninmals (eg. horses,
cattle, sMéteutimitng theransyation phiberriesent ineenticannmmayway ghe sosielivernyiaf,

ot et 90 Y16 GnBheaac EERACG e 2R Dntdifionte BarchRr s GARblRan or
| abor at or y ahdfimwne redponseeand]on ariidutdre abjtgtoxih T-lymphetyte yespdngdto a0 WO
01/ 037869 PCT/ AUCOD 01410 -31 The nannsal undergm ng treatnment nmay be human

or an ani n@ntigen.naald igymune,easpeBse Mavbe arapseificdtcell andirbheelt) apd/er Rsease
condi tion Qge@ﬁ@%ﬁﬂﬁb%s&%ﬁﬁse condition. 5 In yet another aspect the
nti

present inv on relates to the use an i mmunogeni ¢ conplex or vaccine
conposition as hereinbefore described in the manufacture of a nedi canent

for inhibiting,, halting, delaying or_preventing the onset or progressign of
15 Accgrdlngef , stﬁlganotﬁer >z/:lspgct of the present ?nven ion relates to IOa n?etho o?
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.



a disease condition. 10 Yet another aspect of the present invention relates
to an agent for use in inhibiting, halting, delaying or preventing the
onset or woono¥s® on of a disease condition. Said agent POWAUD&IIAL an

I mmunogeni ¢ conpl ex or vacci ne conposition as hereinbefore described. 15
Further features of the present invention are nore fully described in the
followng non-limting Exanples. F@fepgﬂﬁp to "1 SCOPREPTM 703" shoul d be
understood as a reference to a saponin prepar ation conprising from 50-90%
by wei ght of Fraction A of Quil and 50%to . 20 10% ht of Fraction
Cof Qil Accwi iy okt BOGingY esard ol ERapiasent GiverNen| iR 19 2 Mathed ain o
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Those o inthe art wll readily appreciate t hat the invention ray
be practi cddlays oa pvenents theobnsetyor pyogressioheofttha diseage conditions di 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 ation pijasi dbllv@fy mg%ﬂ%&ﬁ@ng(ﬁﬂ 46K&MaMl Ba AccomplisHett by RjedliBn 2ditHared
for. Materials and Mt hods Rhesus nmacaques (Macaca nul att a)
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was may be a single dose schedule or a multiple dose schedule.

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



performed as described (Uvater et al. (2000) J. Imunol. 164:1386.).

Femal e C57BL/6 (H 2b) m ce were purchased from Charl es River Laboratories
and usedvbetwies 8 and 10 weeks of age. M ce were housedPCTA@oOpa@4hDgen
free 15 environment and were handl ed according to the international
guidelines for experinentation with aninmals. |Imunogens and Adjuvants. The
E. coli-derived full-length HCV-1 a Coreyreconbinant protein (aa: 1-191)
was 20 produced and purified under GW condltl ons and is nore than 98%

pure. The _reconbin nt HCV- 1 E1l, E2809 prat ei roduced n CHO cel | s.
Thi s rmd.fTéa BEMDA! PRREINS, JRPATRBH TR s SUmaD sBzen Grygal Inrieed of
recombi nang, %8FI? ﬁn; Yrﬁéntpéfoé’k!fs%‘ésb'boh%ﬁ%h &4 'roétenm?d%@laﬂéam
LTK63 is a genetl ca e mut ant of the heat-|abile enterotoxin of

Escheri chi corudition. |n vvh| ch the Serl ne at position 63 is 25 replaced by a
Lysine (Partidos et al. (1999) Immunol. Lett. 67:209.). The Core-| SCOM
formul ati ons were prepared by mxing the core protein with a preforned

| SCOVATRI XRW éeaRbitnel Aspbbt! te BFééénZ—'lﬁ\Qadti@h' felates Qbatﬁb' @5 ahOmAKhohEfic
associ ation “between the antigen and Q’J uvant . COVATRI XTM was
(2

prepar ed ese@plex0rvacpine garepositien gs bésﬁmb e d@sq:fdwsl intbe pranufacture of a

"33 (coul + mPeE it W5 ioBieRor i, dids ol tnde etk ROV vrso

has been gesgdsbasdndftion.et al . (1995) Pharm Biotechnol. 6:277). Sucrose
gradi ent analysis of Core-1SCOM5 After fornul ation, preparations were
purified on a sucrose gradi ent (10 to 50% wv) and fractions analysed for

| SCOVATRI ' t :

| Soovnt xR SngF Epeacl of e Bl vehion PRIl otin agaR a6 iee pnibiing, . o
when assochaltingl, delaying bpbcbveBtln@tHQ/onmldr\pwgrdssenIovadjlsaasb copditioni rSa|d
acetone then dlluted 1 in 50 in PBS pH/. t hen 50&@ m xed with gg

each fract%‘?ﬂ|99"?9P'@(!T‘91%|"BF\UPPQGB'F§P€‘P'%PT MW%FF RSP Astgrein %?‘ns
at 20-25C egte was read in a fluorometer using excitation 355nm and
em ssion 4 m Prot ein was detected using Pierce Coonassie according to
manuf acturers instructions. Briefly, 501 Coomassie solution was added to

501 of é Pygé %@ nggrﬂﬁhg] pcrésoetr{ttlrrlveerﬁljo%taGr'e rﬁg?e Pdl@/ttfesvc\:%gegi iR ?I'(\je f&%(\j/ving

absorb
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. WO96/11711, 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



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

370. 20 Me@vi/asevand Vacci nia Viruses. Peptides (15 or 20preT/Adv@oil4appi 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 Gtermni by Research Genetics
(Huntsville, AL). The reconbi nant vacci'n3| a virus (rW expressing Core and
25 El (aa: 1-384; rVWCEL) and wild type W (VW) have been descri bed
(Cooper et coyse, ba gdowed fdfni ty 10: 439). | nmmuni zation. 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/ 037869 /ALIJOO’ -34 (ani mal s BB228, BB232 and DV036) were

i nfected V\M%e formng units (pfu) (1 x 108 intradernmally
and 1 x 102 %,scarifi cation) of rWCE1L at nonth 0. This group served as
a positive'8HfPol for CTL prinming. Animals fromthe second group (AY921,

BB231 apd QY037 i i zed wi 5 f Core- b i nt |
(W 1 npeckigRus AGaueBr ST, Muialed eheChodeisl ok SCtylter oY o
the third oA ebtardiPEFBRNESaPARSHioVEXE SHIEY werk porforMddimsdrithd

W th ZOOpR| of HC,\/_-Corecérot ein adjuvanted wth 200% of LTK63 at nmonth O,
1, 2 and 6NIH Giidelines feiceai® andidge of Lakorgtenrinimatsgdiationalggstituteiafddealthi 5863

and 15864) I i j j - | i nj i i he
| eft quadr ‘1\(@82 %"k’ggryoér}{ttﬁg%@%%ﬂf@rﬁoggb%ﬁwéﬁg&%%%é%hrg%b{mgrgeglsﬂée
Tabl e 1) ahsdHupesn sedicesx publication No182¢23 08atidvial dektitute! dfyHealth, Bethddif, by
scarificatjon) of 1 nine or eleven weeks "Engt their | ast vaccine

r WG EL |
i muni 28t | MP)- (lass | Mrian histecomratipiity gompiex dMHLtypig of the Reimalsi Wes
anterior t d rReconbi nant E1
E2 protei rwgﬁ%ﬁ@eé)rgg)g%ae@eﬁd ﬁ%’é’g}%f%l t%?e(g(o)g@l %gﬁ}nP@OIEgéﬁpgég'i)h in the
presence of MF59 (vol:vol), or 2pg per dose of reconbinant El E2 protein +
2pg per dose of Core-1SCOM at weeks 0, 4 and 8.

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 E1E2g,9 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



Cells and cell lines. 20 Peripheral blood was drawn fromthe fenoral vein
while the animals were under anesthesia. PBMCs were obtained after
centrifugadboes7eswer a Fi col | - hypaque gradi ent and cul t ur rdT/Ano@éi4vee] |
dishes at 5 x 106 cells per well. O those cells, 1 x 106 were sensitized
with 1 OpM of a peptide pool (consisting of individual peptides) for one
hour at 37C, washed and added to the rg(r};’m ning 4 x 106 untreated PBMCs in
2 m of 25 culture nmedium (RPM 1640, 10% heat-i nactlvat ed fetal bOVI ne

Lo St Qb aSRR ETBISEY i OB el ke g
di | Prod
Suber a2k ST Mtk oS rapobabanat byrf oot cal Broducts.

Eneryville, 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

ant i bodi essp@,wg@ grgd,@ﬁggﬁgpyg,sbﬁme(/m Gsl o, Norway) according to the
manuf acturer's instructions. Purified CD8+ cells (>93% pure as determ ned

by fl ows V\OAﬁé# foarGiafor, GréparaNdrisividre punﬁéd ol awuetdse)gragieat (0ltd BO%IWAPENd
anot her 2-3 days prior to be| n& assayed for cytotoxic activity
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x 103 cells plate. Alternatively, wer e
i nfected aﬂuommetquljsﬁmgxdiatidmiﬁﬁnm cand(emtﬁsglomﬂGQOml F?motem WﬁS’dBtEbted usingu

for 1 h, ¥yashe and culture \[fernl%? @I‘IO[’ abelg QI \/\%@ 1Cr. CD8+
cel I s wer el [5eR #QOMASSE %&mr Ipg @ manufagturers;d ré‘P PRS- 2retly assie

i b d

I ncubat e agﬂ?ﬁ ﬁég%hdé §P;rdgc§f(ecoﬁgr‘ércﬁohﬂ1é*ﬂﬁcro%fr@%‘i‘él@emé Hl% déwi’a@%&@& .

wel |l of un tar e targets wer e ad to mnimze

| ysi s of Bah&hbsd&rbah’cereaﬂat&%rmmdogenous virus (e.g. foany virus)-
specific CTLs. CTL responses were scored positive when percent specific
lysis

Particle 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 (rVV) 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



the two highest E: T ratios were greater than or equal to the percent of

| ysis of control 20 targets plus 10. Lynphoproliferation assay. This assay
has been wiestoi7ke@d previ ously (Hong et al. (1997) J. VirobPCT/AUDGHAT) .
Briefly, freshly isolated PBMCs were plated in triplicates at 2 x 105 cells
per well in 96 25 well round bottomed plates and cultured in the presence
of 5pg/m of reconbinant Core protein or 40 05 pg/m of E. coli control.

Pl ates were puI sed with 1 pG per well of 3H—thym dine on day 5 and
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in 48 hours cell-free culture sugernatants wer e determ ned by speC|f|c

ELI SA (U chpeldheirlpsty@peinesmany@ieaiion- ands) fol | owi ng t he manufacturers'

specification. 20

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



HCV anti bodi es. Serum | evels of HCV Core and HCV E2 anti bodies were
quantified by ELI SA as described (Chien et al. (1992) Proc Natl Acad Sci
USA 89: 100a 2)/0378 um | evel s of anti bodi es inhibiting therpor/adgbmg4of E2 to
the putative HCV receptor CD81 (Pileri et 25 al. (1998) Science 282:938)
were determ ned by inmmnoassay. Exanple 1 Sucrose Gradient Analysis of
Core-1SCOM Core Protein was found in fragfdions 5 to 11 (Figure 1A) whil st

| SCOVATRI X(r) was 30 found in fractions 9 to 13 (Figure 1 B). The
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of the Core- formul ati on was eval uated for nont

particle stfm@a(ﬁBBaéFseeJISaMﬂmautd@mweB -lddrssaind paptider at | east 11 nonths at
2-8C (Table I). 10 Exanple 3 Prim ng of Core-specific CTLs in Vaccinated
Ani mal s As expl ai ned above, two different prototype vacci nes (Core-|SCOM
and Core + 15 LTK63) ained at eliciting HCV-Core-specific CTLs were each
adni ni sider Bol-®bs twereedenyed fany €arheanidatuésing ciipeseatamisofrem the di. aapioal
assi gnrrent rm%g‘éeﬁ‘ﬁﬂle 33 ni zation schedule). Since it was unknown

whet her Sus nmacaques C class | nol ecules can bind and present

HCV- Cor e -der| ved peptides and whether the positively selected CD8+ T cell
repertoire in these animls can recogni ze such VHC 20 class | -

Cor e-deri ved, %g%lgde conpl exes, three additional aninmals were inocul ated
with 2 x 108 pfu rVWC/ EL to serve as positive controls (Table Il). None

(neek 0 | FARTORE, JotlRf) Y e A dord! or et Hhd PRl
had nothbee}seMErQJ(%&ilaﬁdﬁtﬁl drp08ea/DS R«S\/Fmbm eRefnavitusss 16213 )mBreflyoB-of
PBMCs unde[_d_s were incubated with 10uM of peptides and 50uCi of >Cr for 1h, washed three
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 r'VVC/E1 or VVwt for 1h,
washed and cultured overnight prior to labeling with °'Cr. 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 10° 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 *H-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 Sl =3.0 was scored positive.

30



conditions described in Material and Methods did not result in the primng
of primary CITL responses in vitro. Two weeks post rWCZ E1 infection, two
(BB232 amdoDv@B8)9 out of the three ani mals had det ect abl BCUAUSO/@g# NSt
Core peptides pool 4 (aa: 121- 170) and pool 3 (aa: 81-130), respectively
(Table I'11). By deconvol uting these peptide 30 pools, it was determ ned
that BB232's CTLs recogni zed the epi top_i§6_pepti de 121-135 and that DV036's
CTLs recogni zed peptide 86-100. The presence of 121-135 and WD 01/ 037869
PCT/ AUCO Oéﬁigﬁ -38 86-100-specific CTLs in these rWwWC El-i nocul at ed
animals in 80a®st both peptides were naturally processed. No CTL
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transi ent, however...as_it, was detectabl e two eks t 3rd [ muni zation,
but a5 URIRCRR ki) 3012 (R IR BOLRS HefinedBITng 30 Wikl ok Mle? (ChimBee
CTLs were getporBfies! Eﬁe@Wilﬁa,‘@A‘) éﬁmanﬂ:m%bﬁenﬁiﬁ$wharmldgbnas@ntmi@gb,n@iA\;.i dual
pepti de recogni zed could 10 not be identified. Two out of the three
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Cor o- | scon PERRg st RYES8 Re SR SPP b Rbed hghel (38, and for
121-170) vpracerilaeIPRLE ap8 TRFLY ith PRCcOEjEKStRI0ahtiAUFhAriMERLZahd TCLhi s
response was directed against the epitopic peptide aa: 121-135 and was al so

presentl0 16omygated antithdmans T N+ | Aniibadies weare (frem) Bhamingen ransb Becton- t o

animals th [ he ~t I yhe L e, anj

i nmuni zed E%‘é{‘f‘st%ﬁe(\é%gr‘%dggsg%)ﬂ Er%llts %gé"?‘ \?ycz%pnog] ﬂﬁ%&g@f’ gbpgfg(ﬁ]@ V\be(ggt
second i Mmunalg2éd asingitbe ICuliCcSTboftware al so present post 3rd and 4th 20
i muni zati on ?Tabl e Ill). Thus, this latter vaccine seened nore potent at

eliciting CIL responses in Rhesus nmacaques than the forner one. However,
this fornmulation prinmed Core-specific CILs in only one out of the three
animals. Thi ] due to the fact that the MHC class |I nol ecul es of
t he non-re?ﬁfgo#é}eggiﬁ'@rral s were unable to bind and present peptides

derivedcfr | ti S t g t hi s

hypot hggi spﬂ%ﬁv ﬁ?é@se%s Bégs ?c%lgrlaqgé%t ngé%%ﬁ%g rgnﬁng%?i%g%{}er@p%des
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-



established fromresponding animals. As shown in Figure 2A, the peptide
121-135- specific CTL line |ysed peptide-sensitized B-LCLs derived from
DV037, bwodi/a7set Kkill peptide 121-135-sensitized B- LCLBCT/ADM/013€) t WO
non-respondi ng ani mals (AY921 and BB231). Simlarly, 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 _t:i]f'i_t AY921's and BB231's WMHC cl ass
| nol ecul es could not present these peptides to CD8+ T cells, and

suggested that MHC cl ass I | ot s determ ned whet her, WO 01/ 037869
Peay Ao 014wt 54 B8 SSC IR A B RIOtRiT ESKS NETPRRIRGSEETy icales: e

Since diffg atiASF d) alleles can bind and present different sets of
pepti des, %ic;etiae dgt ?‘@?3 30t rul e out that the Core-1SCOM formul ati on was

not sub-optimal, i.e. 5 it remained possible that these animls could
nmount a Core-specific CIL response directed agai nst peptides other than
86- 100 and 121-135. To address this [xample2ty, AY921 and BB231 were

chall enged with 2 x 108 pfu ongY% &ehe\é,en after their 4th

i muni zation with Core-1SCOM E ayLese and DV036 which had
Core-specific CILs two weeks post rWC/EL1 infection (Table I11), neither
AY921 10 n : qebesmyab : ' IcOR At LS
strongly Zhgg@%%&%ﬁggabsenc@?@ﬁ%é{@%%[a%\{ae g(r}édrggg@%)@?‘lg %ﬁ?stngfter
Cor e- | SCOWpatticteusize aridoassuicidtioasrensained (consatentdor dtikeasb 14 mabthspdti 2:8PC
vacci ne foz_t‘ré.gja ion, but to an intrinsic inability of these animal to
nmount such %i)ponse, presumably a consequence of their MHC cl ass |

hapl ot jpe. 15 To investigate whether inmunization with Core-ISCOM i nduced

| ong-1ived CILs, we nonitored DVO37 for up to 51 weeks (1 year) after its
4th i mmuni zation. Peptide 121- 135-skxamiple 3CTLs were detected 10, 15, 31,
38, 45 and 51 weeks post last immunization (Figure 3A). In contrast, the
121- 135- speci fi ¢ CTLPrimipgrefCord-apecific GyLs wMaccinateB?timads bar el y
detect abl e 14 weeks post vaccination and was undetectable 18 weeks post
vaccination (Figure 3B). Simlarly, the 86-100-specific CTLs prined in
DV036 by rWCZ/ E1 vacci nati on becane undetectabl e 14 weeks post vaccination.

25 In an ef\soPtplained abovet ywe Kiifferenb drototynsepacaires LGOESISERMc BN CareLs
pr esentlsl r'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 108 pfu of r'VVC/E1 to serve as positive controls (Table ).

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 rVVC/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



DV037 1 year after it had received its |ast boost, the animal's PBMCs were
restinmulated ex vivo with 121-135 and the percent of specific CD8+ T cells
was assae@etodrged ntracel lular staining for | FN-y and TNFpar/Als0/014kaust r at ed
in Figure 3C (left panels), 121-135-specific CTLs represented 0.49% 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 pepti_d3eg_sti mul ation for 12 hours. In
contrast, after in vitro restinulation Wwth peptide WO 01/ 037869

PCT/AUOO’01410 -40 121-135, 71 % of t e + T cells were specific for
this pepti 8@ w—aeeet}m.ﬂewy eﬂ%.rVV&Qﬁ*m ated §@msé§én¢'me§ﬁ Hid/ Rath
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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 lll). 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-L.CLs 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



antibody titer anong these animal s was conparable after two i muni zation
(1,931) and higher after three imuni zation (4,566) (Figure 4) to that
present woObhes78® um of chronically infected patients w parT/anoaodsual |y

hi gh anti-Core antibody titer (2,358, 30 not shown) run in the sane assay.
WO 01/ 037869 PCT/ AUOO' 01410 -41 To investigate whether Core-1SCOMelicited
a Thl or Th2-type response in these nonkgys, freshly isolated PBMCs prior
to vaccination as well as two weeks post™™2nd and 3rd i mruni zati ons were
tested for _their capacit 0 produ cyt oki ne in response to

sti mul at i oRhESYH YP& Hfdd@gugbaﬁﬁ%éwﬁe%?ﬁ F{Ce\? §th of the Core 5
protein. As shown in Figures 5A and 5B, a significant increase in Thl
cytokines (IFN- y and IL-2) was observed post inmunization in all aninals,
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e |

animals foll owi ng vacci nation, with hest amount of IL-5 10 and IL-10
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animal s (15862, 15863 and 15864) had detectable CTL responses directed
agai nst potheist{ immusizatiapwith\presISGEM-whs apresed to BEZSE andiDYVH36 whigh

t (Tabl WS ' : ' i f
i el - 156097 Gore 3paciE ETIRBTIca RSV PEIE i oASTapRIR), riindeaiesn  of
Si nce 86- 1A6r &BP3N2 had 3nys detadtalnle ATTEs vpost r’VSWEfr inoedlation DVUBE $86ndl9
100), DvV037 (121-135 d BB 232 1- Table Il1 It f
irrpzjrtancesk'é)ge%%‘%z?%ﬁtﬁgda%?épﬁgqf(%?%ﬁcé’g’?% fgﬁag%i- E%ééﬁ\éﬁﬁq?%"%?WWere
respecti vew@uh&éﬁéh 6t fﬁ‘és@énﬁn&g W sendttduetbassut-otimsl iaccifSormulation, but

86-100-specific CIL I'ine derived from aninmal 15864 efficiently |ysed
pepti de 86tdlan-istinsict inabiityBof thesedanimatdo fmountl9gdva reapomss, presumably a

pepti de-sensitized B- %s Lved fro ni mal DVO36, indicating that a 25
di fferent ?ﬁ'ﬁ?%ﬁf‘f;?ioi elk%(tp%gllha@qq@% presented this peptide to CTL
(Fi gur§56A and Table I1). In contrast, the CILs specific for peptide
121-135from ani mal 15862, 15863, BB232 and DVO37 were restricted by a

single, yeﬁ'oWe%ﬂBéfefWﬁ&heMﬂﬁnﬁhﬁﬁﬁor{ with Core-ISCOM induced long-lived CTLs, we
monitored DV037 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



allele shared by all these animals (Figure 6B and Table Il1). These data

al so indicated that the MHC class | nol ecul es of 15860 and 15861 coul d not
present avoheo37pepti de 30 (86-100 and 121-135) to specifiPCOAUSO/{IHIQUr es 6A
and 6B). As observed in the first study, rWJE1l infection of the two
non-respondi ng ani mals (15860 and 15861) nine weeks post 3rd inmunization
with Core-1SCOMdid not |ead to the pri 1ig of Core WO 01/ 037869

PCT/ AUOQ 01410 -42 specific CTLs in these animals. Taken together, this
suggest ed, a class | .ha pe of the n| mal

i et ed whelnigs: Rt bERICRIGHT Cels Ber passifG for ik Pepdde aSgietamined by,
quantitate r P@Dg primed in the
ani mal s degtte[}?%ﬂ@i%gtgvsgcré-{@ IF[:JS@S{?%/% (? ed &E@Eﬁe\i’gf glgisq gﬁée%) for
intracellular [INFy and TNF-a after ex vivo restinulation. The CD8+ T cell
responses to naturally processed peptides were quantified after ex vivo
restimulation with autol ogous B- LClgyhipbgeied With rWJ E1 or Wi, as a
control. The CD4+ T cell responses to 10 naturally processed peptl des were

quantifised aftercgrXractdAzation b'i’“é:'e?ﬁx'lé’:”aﬁw Hurh8fal IMRAAE! nsese protein
ﬁ reveal ed that

or an E. coli contro I'ntracel lul ar stalning responses

whil e none of the anijRediMEHIRYSIRIRUARCE WRACSieCISEEM T cel I's  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 immuni zations (Figure 7A). The nunber of specific

CTLs was, ARMEYEH onljobne idit Fahrse Eor@ISCOR tfnithizedTaRingals iKY datectasiged
by int racel | ul ar st aini ng responses. Notably, no CD8+ T cells secreting

| FN-y and/ & L$1\IﬂleafaPHhﬁb@|dbﬁ§@SRQﬂd@9 animsa @ora@p@@rf ef ks were de/t@ctsﬁuamz
510 1 dPoagdyiRtmhlini s TR a0y SR lert forieChved (Figute JA)1BERAR IR BEGs Y

Cor e- speci fd imrolMize Tive @hdre ammélsr(rtﬁ%(b-h()!mtht@oreldsmomdséef Table Il for dosage
Iyrrphoprollf ration t hat between 0. 32 and 2.21 % of
CD4+ T cel P8 fmmﬂngatlom%e& ?%"@\QA@?E werecnaive af fre imepfaacsingfigpedB ed
Core pepti siffet sd f
CD4+ T cells g%?rrrla g%%%%g@ﬁ%%%gg%ﬁer@p%é@ﬁp \?grf? o%:r cy?%ﬁﬁ%é@a
after the anhbodlemwezeimamﬁo(éﬁ gure 7B), strongly 25 suggested that the
negative Sl observed for this tinme point (Table IV) was indeed a "false
negatiue', nost likely due to the high proliferation observed in response

to the
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 IV). For animals 15862 and 15863, it is unlikely that the low Sl
observed after the 3" immunization (Table IV) 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.



E. coli control. This suggested that intracellular staining for IFN-y and
TNF-a is a nore sensitive assay than | ynphoproliferation to assess

anti gen- 3p@0i/637869CD4+ T cell responses. |ndeed, for ani nBCT/ABBBUI41N0 CDA+
T cells were detected by 30 | ynphoproliferation 2 weeks post 2"d

I mmuni zation (Table 1V). In contrast, Core- specific CD4+ T cells were
detected in this animal (2 weeks post 2"d) by intracellular staining for

| FN-y and TNF-a (Fi gure 7B) WO 01/ 037869 PCT/ AUOCO 01410 -43 Exanple 5 The
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response 25 rate to anti-viral therapy. Exanple Sucr ose G adi ent
Anal ysi s of NS35Corel 21 -1SCOM

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 1ll), 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 presented this peptide to CTL (Figure 6A
and Table Il). In contrast, the CTLs specific for peptide 121-135 from animal 15862,
15863, BB232 and DV037 were restricted by a single, yet unidentified, MHC class |
allele shared by all these animals (Figure 6B and Table IlI). These data also indicated
that the MHC class | molecules of 15860 and 15861 could not present either peptide

30 (86-100 and 121-135) to specific CTLs (Figures 6A and 6B). As observed in the first
study, rVVC/E1 infection of the two non-responding animals (15860 and 15861) nine
weeks post 3™ immunization with Core-ISCOM did not lead to the priming of Core-



30 The NS35Corel21 protein was found in a broad peak across the gradient
(Figure 10A). The NS35Corel 21 I SCOMthe protein was essentially found in
fracti onava51/03786920 whi ch corresponded to an | SCOVATRI XTMoraKkod/eidicat i ng
associ ati on has WO 01/ 037869 PCT/ AUOQ 01410 -44 occurred (Figure 10B).
Interestingly an | SCOMATRI XTM was al so found in fractions 5 to 10 which
i ndicates there was a proportion of the J;SCOVATRI XTM wi th no protein
associ ated. 5 Accordingly, novel HCV/ I SCOM conpositions and net hods of
usi ng the sane h%veb From t he foregoin it wll be

> _been di scl osed. . , .
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descri bed i ' t Al | bidi | 140, ay
be. madle. wi OS] SEPRRARESY Ble, ghirnats, detat e wrdhor oty TG g fegsra™
clai ms. 10spézifid CoTR3869 PCT/ AUOCO 01410 -45 Table | - Stability of

Cor e- | SCOMIM For nul ati ons Tinme nonths Particle size Sucrose gradient 0 1.5
>90% associated 1 1.7 >90% associated 11 1.8 >90% associated Table Il -

Sunmary of Immunization and MHC-I type. Aninmal Number MAC class | Tping
| mmunogén (moar effartequantitate the vumbexof &apesaecifio GRY+ ant ENd+eT cellepiimpd

(scari 11 calt DR prmaaiwsplibd bR S e by Pubs g <arginse 103 eeaiulg o
| SCOMIM 25|N¥ey GhITNF-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 IV). 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 Sl observed for this time point (Table IV) 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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The Use of Core-ISCOMs as Adjuvants for HCV Polypeptides

5 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

10 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

15 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).

20 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

25 rate to anti-viral therapy.

Example 6
Sucrose Gradient Analysis of NS35Core121-ISCOM

30 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 (Figure 10B). Interestingly an ISCOMATRIX™ 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.

10
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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 Inmunization and MHC-I 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 r'VVC/E1 1x10® pfu 0
DV036 B*03 (scarification)
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; B01, *03, *04 and *17.

b

immunization.
ID: Intradermal; [M: intramuscular.

These animals also received 2 x 10° pfu or rVWC/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

saponin complex.
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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.



adjuvant. 5. The i munogeni ¢ conpl ex according to claim4 wherein said
carrier is a negatively charged adjuvant. 6. The immunogeni c conpl ex
accordi ngvoo1/637869m 5 wherein said negatively charged adj BOBAUOI/GI480
natural ly negatively charged adjuvant. 7. The i mrunogeni c conpl ex according
to claim5 wherein said negatively charged adjuvant is a naturally
negatively charged adjuvant which has begn nodified to increase the degree
of its negative charge. 8. The i mmunogenic conplex according to claim4

accor i ng. 18 c1 AT ACGRE FaTIpOSEPn SAP QU a7 SGErIn raEoAFsples he
01/037869 PCT/ AkleXd Srbidif of Ht10. The i nmunogeni ¢ conpl ex according to

claim9 wherein said saponin conplex is |SCOVATRI XTM 11. The i munogenic
conpl ex according to claim4 wherein said adjuvant conprises a

phosphol i pi,d. 12, The inmunogeni.c conpl ex accordin o.claimll wherein
" phospiidi i phie Tea oaTRI AEPaEing 56 S Wi sacoRarier o
according to cl pbgathelybrarged. t he phosphogl yceride is selected fromthe
group consi sting of phosphatidyl inositol, phosphatidyl glycerol,
phosphatidi acid and cardiolipin. 14. The imunogenic conplex according to

aceor ding €8 cl AN EreRisPaRRobHa adsPrhEig fuinr 1z el CRHE L 5 3T
consi sting of dagjweaphoryl lipid A and nonophosphoryl lipid A 16. The

i rmunogeni ¢ conpl ex according to claim1 wherein said conplex induces a
cytotoxic T-1ynphocyte response. 17. A vacci ne conposition conprising as

the activeagonPeRgNactihd BOMBBERBh accoly6 GAIMR"20° Wheréin“SAG Al kA ©
carrier and a charged anti gen, Ic
negatively charged 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.



carrier and antigen are electrostatically associated, and wherein the
charged antigen is a polyprotein of Hepatitis C Virus (HCV) or a fragnent
t her eof , Vo0 01/887869si on protei n conpri sing said pol ypr ot ei nPOT/A@0d/eI@ayNeENt
thereof, together wth one or nore pharmaceutically acceptable carriers
and/ or diluents. WO 01/037869 PCT/ AUOO 01410 -50 18. The vaccine

conposi tion according to claim17 whereiq] said polyprotein is the core
protein of HCV. 19. The vacci ne conposition according to claim 17 wherein

said carri i s, neqat.ively charged. 20. The, vacgine canmposjtion accordi ng
Co cl am 15T F YAENG colRGRaIoh ccghiing 40 GlAIRE! Wherd SapLunssRboToe i
conposi tion accgrpﬂbggh%y@érﬁjem 20 wherein said carrier is a negatively
charged adj uvant. 22. e vacci ne conposition according to claim 21 wherein

said negatively charged adjuvant is a naturally negatively charged
adj uvant . . The vaccine conpasition accordi.n o,claim?21 wherein said
eat | vel y25-chal Be YOG GRMPORLoh BT H Bl HEE20 Mrerdhdhé Prttrrcahetie
whi ch has been jsnqbdte@drorR the GFE@S ohsistinte 8F PRoSPhatichyl reibi, \thospRaBEy 24.
The vaccine conposition according to claim20 wherein said adjuvant
conpri ses a sap@iferol, dhosphatidigagisbaacthcardidigim.ex according to clai m 20
wherein said adjuvant is a saponin conplex. 26. The vacci ne conposition
according to claim25 wherein said saponin conplex is |ISCOVATRI XTM 27.
The vacci ng0.conphéivateine gompodition dctoediag o 2him T whereinisdidastiosphdlipid is
conprises a phosphaolipid. WO 01/037869 PCT/ AUOO 01410 -51 28. The vacci ne
conposition acc'dﬂ'@ipng to claim 27 wherein said phospholipidis a
phosphogl yceri de. 29. The vacci ne conposition according to claim 28 wherein
t he phosphogl yceri de

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.



is selected fromthe group consisting of phosphatidyl inositol,
phosphati dyl glycerol, phosphatidic acid and cardiolipin. 30. The vaccine
conposi t ivomorereedi ng to claim 27 wherein said phosphol i ppdT/Ag00/014pi d A.
31. The vacci ne conposition according to claim30 wherein the lipid Ais
selected fromthe group consisting of di phosphoryl lipid A and
monophosphoryl lipid A 32. The vacci ne,conposition according to claim17
wherein said conposition induces a cytotoxic T-|lynphocyte response. 33.
The vacci ne conposition according to claim17 further conprising one or
nore additional HCV protein. 34. The vacci ne conposition according to
claim 33 rei i di & AR8; alg t g iSdAd i m%?” p
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envel ope pr ot ei comprisésraeytadexic d -lymphoeyte keflsponse. of t hese proteins, and
conbi nati ons of these proteins and fragnents. 35. A nethod of eliciting,

i nducing or otherwse facilitating, in a manmal, an imune response to an
antigen, sggd nRih&Hod @rReatiidd dR@aLE cohEHIbM th & navdmél séramho@eoﬁbh%y ve
amount of an inmmunogeni c conpl ex according to claiml. 36. A nethod o
eliciting, induadminigteriogHer sfidemamemal tam effgctiven amonninell anaimmunageric
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wherein said i mune response conprises a cytotoxic T-|ynphocyte response.
38. A nethod of delpERor REEVeNts heerset endregregsion of srichdisease canditienod
conprising admnistering to said nmanmal an effective anount of an

i rmunogeni ¢ conpl ex according to claim 1 wherein adm nistering said

conpl ex el 8. t sA methdd oéteatingpd diseass eohdition irt aesnmal saidamethod spmpsisinghi ch
inhibits, halts, , del a¥s % grevents t he ﬁnset or pro%ressi on of said
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sai d met hod compdqriing to MM AivRBIEI abifimislefinGREREoRPosTibR elidilss idfifeest  of
a vacci ne conposition
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.



according to claim 17 wherein adm nistering said conposition elicits,

i nduces or otherwise facilitates an i mmune response which inhibits, halts,
del ays omwopr/ereést s t he onset or progression of the di seaBer/avn@ditsion. 40.
The net hod according to claim38 or 39 wherein said i mune response
conprises a cytotoxic T-1ynphocyte response. 41. The method according to
claim 38 or 39 wherein said treatnent i_(s]53t_herapeuti c treatnent of said

di sease condition. 42. The nethod accordi'ng to claim38 or 39 wherein said
t r eat nent i§ prophyl.actic. treat nept of saﬁj.d f“ seasg Qoqgition. 43. TEe

met hod accrdi nQSF&f@l waGeinescnPgtigR ceprding [yclaira d4<B the Ranyfaciure Slift s
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preventing the progeession opastiseasei eonditfora di sease condition. WD 01/ 037869
PCT/ AUCO' 01410 -53 45. Use of a vaccine conposition according to claim17
in the manufacture of a nedicanent for inhibiting, halting, delaying or
preventinggghe pRe&iccBidindtPelafA A4 45 whefbis Sarrdiseask Ebmditiort FesuitgSrom
according to claim44 or 45 wherein said disease condition results from an
HCV infection. amHQWinfgelian.for use in inhibiting, halting, delaying or
preventing the onset or progression of a disease condition wherein said
agent conprises an inmunogeni c conplex according to claim1. 48. An agent
for use in4ynhi pntagunt forubéng.inkibitiag helting, dekRyeY bngréventingsthe diset or
progression of a disease condition wherein said agent conprises a vaccine
conposi ti on accBiogragsien ¢ff & wiseasesgondifiongwhereid ceidi Agento cempriseazangr 48

wherein said di ﬁﬁrﬂﬁﬁoﬁ&“gicbinﬂﬂef SE&Brﬁﬁmg tt)ré?érih?'i‘. HCV i nfecti on.

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.



