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Recombinant HCV E2 Glycoprotein

Field of Invention

The present invention relates to a new and improved treatment for viral hepatitis C (HCV)
infection. The present invention particularly relates to vaccine compositions for
prevention and therapeutic treatment of HCV infection based on administering a

recombinant HCV polyprotein.

Background of the Invention

According to the World Health Organisation, hepatitis C virus (HCV) infects
approximately 170 million to 200 million people worldwide. While governments have
increased education about how HCYV is transmitted, and despite prevention programs, HCV
continues to proliferate. Approximately 80% of those who are infected with HCV remain
carriers of the virus. In Australia about 16,000 new cases of HCV infection are reported
each year, the new infections being most prevalent amongst injection drug users. HCV is
the most common blood-borne viral infection, causing the death of a substantial proportion

of the population.

HCYV is known to infect the liver and certain immune cells of a sufferer. As a result, HCV
leads to serious liver disease such as fibrosis, cirrhosis, steatosis and heptocellular
carcinoma (liver cancer) more frequently than other forms of hepatitis. HCV is a leading
cause for the requirement of liver transplants. It is generally believed that the acute phase
of the infection is often unrecognised due to the sub-clinical nature of the infection, and
80% of individuals progress to a chronic condition. Chronic infection is a result of the

immune system’s failure to generate an adequate immune response against the virus.

Currently there is no vaccine for HCV and the only available therapy for treatment of HCV
has relied on development of antiviral drugs and drug combinations. The general idea
behind antiviral drug design is to identify viral proteins, or parts of proteins, that can be

disabled or inhibited. A standard treatment of choice for patients suffering moderate or
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severe fibrosis includes a combination of alpha- interferon and ribavirin. The antiviral
effects of combination alpha-interferon and ribavirin therapy cause a rapid decrease in
HCYV levels in the blood, even after a single dose. Conventional alpha- interferon
treatment for HCV however suffers several drawbacks. For example, (i) when alpha-
interferon treatment is stopped after a few weeks or months of treatment, the viral load
level is known to re-establish rapidly; (ii) treatment with alpha-interferon/ribavirin is
associated with severe side effects, including flu-like symptoms, reduced red or white cell
counts, bone marrow suppression, neuropsychiatric effects, particularly depression and
anemia; (iii) effective treatment requires patient adherence to a frequent dosing regimen
since alpha-interferon is absorbed and eliminated from the Abody rapidly; and (v) high cost

of such treatments.

Some of the above drawbacks, referring particularly to item (iii) above, have been
addressed by subjecting alpha-interferon to ‘pegylation’ in which polyethylene glycol
molecules are attached to the interferon. The administration of pegylated interferon in
combination with ribavirin increases the half-life of interferon and has the advantage of
decreasing the frequency of dosing, hence patient compliance. Such treatment however
has proven to be efficacious in less than 50% of treated patients. Given the increasing
number of chronic sufferers of HCV, there is a need to develop a vaccine for both

prophylactic and therapeutic purposes.

Development of a successful vaccine to protect against HCV infection has been elusive.
One proposed reason for this difficulty is that HCV, being an RNA virus, is genetically
unstable allowing it to achieve a high rate of viral mutation to evade the body’s immune
response. It is therefore a challenge for researchers to identify a portion of the virus that is

conserved.

HCV has been classified in a separate genus (Hepacivirus) of the Flaviviridae family.
HCV is non-cytopathic and rather triggers an immune response that either rapidly clears
the infection or initiates an inflammatory response leading to chronic infection and liver
injury. Spontaneously resolving infections that permanently clear HCV RNA without

treatment occur in ~30% of acute cases suggesting a natural immunity to HCV and is thus



10

15

20

25

30

WO 2008/022401 PCT/AU2007/001221

-3-

encouraging for the prospect of vaccine development. However, the determinants for this

outcome of HCV infection are unknown.

The HCV virion contains a positive-sense single stranded RNA genome of about 9.5 kb.
The genome encodes a single polyprotein of 3,010 to 3,030 amino acids. The structural
proteins comprise a core protein forming the viral nucleocapsid and two envelope
glycoproteins, E1 and E2. Some recent efforts towards the development of a HCV vaccine
have focused on HCV envelope glycoproteins E1 and E2. It has been found that E1 and E2
form non-covalently associated heterodimers on the surface of the virion that mediate both

viral attachment and entry and thus present targets for the host immune response.

Recent studies have suggested that envelope glycoprotein E2 binds to CD81 on the surface
of CD4+ T cells. During the binding process, E2 undergoes rapid conformational change.
To date no research has been able to provide a suitable modified envelope glycoprotein,

which can exhibit “wild-type” levels of CD81 binding.

Throughout this specification, including the claims, all numbering of polypeptide residues
of the HCV envelope glycoproteins E1 and E2 is based on the prototype HCV-H77
polyprotein sequence, Genbank Accession No. AF 009606. The mature form of
glycoprotein E1 is encompassed by polyprotein residues 191 and 383, and the mature form

of glycoprotein E2 is encompassed by polyprotein residues 384 and 746.

The receptor-binding domain (RBD) of E2 is encompassed by polyprotein residues 384-
661 (E2¢61). Recombinant forms of E2¢6; RBD are efficiently secreted from transfected
cells and are able to interact with CD81 and other cell surface molecules. The E2 RBD
contains two variable regions, HVR1 (384-410) and HVR2 (474-482).

Variable region 1, located at the N-terminus of E2, is the most variable region in the HCV
genome, is highly immunogenic and rapidly accumulates neutralization escape mutations.
Despite the high level of amino acid variability in HVR 1, there is an overall conservation

of basic residues that are important for viral entry.
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Variable region 2 is located within the region flanked by Cys-459 to Cys-486. Although
originally described as a 7-residue sequence, comparison of E2 sequences from different
HCV genotypes suggests it may extend from residues 461-481. In comparison to HVRI,
the sequence of HVR?2 is relatively stable within HCV infected people, although an
accumulation of mutations at this location has been shown to correlate with responsiveness

to interferon-o treatment.

In work leading to the present invention, the inventors have observed that alignment of E2
sequences representing the six major genotypes of HCV reveals a previously undescribed
variable region between polyprotein residues 570-580 that is relatively conserved within a
genotype but varies across genotypes due to amino acid insertions and deletions.
Accordingly, amino acids 570-580 have been denoted the intergenotypic variable region
(igVR). Examination of the corresponding region from all 6 genotypes of HCV, and
divergent isolates therein, show that igVR is also flanked by conserved cysteine residues

(Cys-569 and Cys-581), suggesting that these sequences form disulfide-constrained loops.

To date no vaccine treatment for HCV using the adaptive immune response route has been
successful. Given the drawbacks of current and experimental therapies for treatment of
HCV, there is an unmet need for providing a cell-mediated immune response to treat HCV

infection.

It is one object of the present invention to provide an immunotherapeutic approach to
prevent or treat HCV infection. A further object of the present invention is to provide an
immunotherapeutic approach to prevent or treat HCV infectiona . A further object of the
present invention is to provide a modified E2 glycoprotein, which approaches ‘wild-type’

binding levels to natural cellular receptors of HCV infection.

International Patent Publication No. WO 02/22155 (Hawaii Biotechnology Group, Inc.)
discloses a truncated HCV E2 polypeptide which lacks the HVR1 region and is capable of
secretion into growth medium when expressed in recombinant form in a host cell. The

polypeptide may also lack its C-terminus after residue 662. International Patent
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Publication No. WO 03/022880 (XTL Biopharmaceuticals Ltd.) also discloses a truncated
version of the E2 protein lacking HVR1 region.

The foregoing discussion is intended to introduce the field of the present invention and
should not be construed in any way an admission of the state of common general
knowledge in this art. Bibliographic details of publications referred to in this specification
are set out at the end of the description. The reference to any prior art document in the
specification is not, and should not be taken as, an acknowledgement or any form of

suggestion that the document forms part of the common general knowledge.

Summary of the Invention

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and or variations such as "comprises" or "comprising",
will be understood to imply the inclusion of a stated integer or step or group of integers or

steps but not the exclusion of any other integer or step or group of integers or steps.

In one aspect, the present invention provides a modified hepatitis C virus (HCV) E2
glycoprotein comprising the HCV-E2 receptor-binding domain (RBD) including the
HVR1, HVR2 and igVR variable regions, wherein in at least one of said variable regions at

least a part of the variable region is replaced with a flexible linker sequence.

In another aspect, the present invention provides a modified hepatitis C virus (HCV) E2
glycoprotein comprising the HCV-E2 receptor-binding domain (RBD) including the
HVR1, HVR2 and igVR variable regions, wherein at least a part of the HVR2 variable

region is removed or is replaced with a flexible linker sequence.

In yet another aspect, the present invention provides a modified hepatitis C virus (HCV)
E2 glycoprotein comprising the HCV-E2 receptor-binding domain (RBD) including the
HVR1, HVR2 and igVR variable regions, wherein at least a part of the igVR variable

region is removed or is replaced with a flexible linker sequence.
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The modified HCV E2 glycoproteins as broadly described above are glycoproteins which
substantially approach HCV virion wild-type conformation, and retain the ability to bind to

the HCV receptor CD81 and conformation-dependent antibodies.

The present invention also provides a composition comprising a modified HCV E2
glycoprotein as broadly described above, together with a pharmaceutically acceptable

carrier or diluent.

Such a composition may be formulated as a vaccine composition, preferably including an

adjuvant.

In yet another aspect, the present invention also provides a method of eliciting an immune
response in a patient, which comprises administration to the patient of an effective amount

of a modified HCV E2 glycoprotein as broadly described above.

In this aspect, the invention includes a method for prophylactic or therapeutic treatment of
HCV infection in a patient, which comprises administration to the patient of an effective

amount of a modified HCV E2 glycoprotein as broadly described above.

In a further aspect, this invention provides the use of a modified HCV E2 glycoprotein as
broadly described above in, or in the manufacture of a medicament for, eliciting an

immune response in a patient.

In this further aspect, this invention includes the use of a modified HCV E2 glycoprotein
as broadly described above in, or in the manufacture of a medicament for, prophylactic or

therapeutic treatment of HCV infection in a patient.

In yet a further aspect, this invention provides an agent for eliciting an immune response in

a patient, which comprises a modified HCV E2 glycoprotein as broadly described above.
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In this further aspect, the invention includes an agent for prophylactic or therapeutic
treatment of HCV infection in a patient, which comprises a modified HCV E2 glycoprotein

as broadly described above.

The present invention also provides an isolated antibody raised against a modified HCV E2

glycoprotein as broadly described above. The antibody may be monoclonal or polyclonal.

In this aspect, the invention also provides a method for prophylactic or therapeutic
treatment of HCV infection in a patient, which comprises administration to the patient of

an effective amount of an antibody as described above.

The invention also provides the use of an antibody as described above in, or in the
manufacture of a medicament for, prophylactic or therapeutic treatment of HCV infection

in a patient.

In this aspect also, the invention provides an agent for prophylactic or therapeutic

treatment of HCV infection in a patient, which comprises an antibody as described above.

Further, the invention provides a method of detecting HCV infection in a patient,
comprising contacting a biological sample from the patient with an antibody as described
above under conditions which allow formation of an antibody-antigen complex, and
detecting said complex, wherein formation of said complex is indicative of the presence of

HCYV in the sample.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the expression and heterodimerization of E1E2 containing single
variable region deletions in cell Iysates. Metabolically-labelled cell lysates 6f 293T cells
transfected with wild-type (pE1E2), pE1E2 containing one variable region deletion, or
empty vector were immunoprecipitated with A. anti-E1E2 polyclonal antibody (779), B.
anti-E1 monoclonal antibody (A4), C. anti-E2 monoclonal antibody (A11) and D. anti-E2

conformation-dependent monoclonal antibody (H53) under both i) non-reducing and i)
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reducing conditions (+ B-mercaptopethanol). All samples were run on 10-15% SDS-PAGE
gradient gels visualized using a phosphoimager. This data is representative of two

independent experiments.

Figure 2 shows a ClustalX alignment of diverse HCV E2 glycoprotein sequences
from genotypes 1-6. The two recognized hypervariable regions, HVR1 and HVR2, and the
novel variable region igVR are highlighted (grey). The conserved cysteine residues that
flank the HVR2 and igVR regions, as well as the first conserved cysteine residue proposed
to anchor the N-terminal region to the rest of the E2 glycoprotein, are also indicated (bold
type). The positions of the CD81-binding determinants (boxed) and the epitope for the
broadly neutralizing antibody AP33 are indicated. N-linked glycosylation sites associated
with variable regions are also shown (tree). Predicted transmembrane domain is

underlined.

Figure 3 shows the incorporation of E1E2 glycoproteins containing single variable
region deletions into retroviral pseudotyped HIV-1 particles. A. Metabolically labelled
HCV glycoprotein pseudotyped HIV-1 particles were pelleted from the tissue culture fluid
of 293T cells transfected with wild-type (pE1E2), pE1E2 containing a variable region
deletion or empty vector prior to lysis. E1E2 heterodimers were immunoprecipitated with
the conformation-dependent anti-E2 monoclonal antibody H53. All samples were
separated on a 10-15% SDS-PAGE gradient gel under non-reducing conditions and
visualized using a phosphoimager. B. Processing and incorporation of HIV-1 structural
proteins into retroviral pseudotyped HIV-1 particles. HIV-1 structural proteins Pr5 50,
p24CA p66~8T and pl ™A from lysed metabolically-labelled HCV glycoprotein pseudotyped
HIV-1 particles were immunoprecipitated using IgG from an HIV-1 infected individual
(IgG14). All samples were separated on a 7.5-15% SDS-PAGE gradient gel and visualized

using a phosphoimager. This data is representative of two independent experiments.

Figure 4 shows the ability of HCV glycoprotein pseudotyped HIV-1 particles
containing single variable region deletions to enter Huh?7 cells. The tissue culture fluid
from 293T cells co-transfected with the vector NL4-3.LUC.R-E- and either wild-type

(pE1E2), pE1E2 containing a deletion in a variable region, or empty vector was used to
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infect Huh7 cells in triplicate. The Huh7 cells were lysed and the luciferase activity
(relative light units) measured using a Fluostar fitted with luminescence optics. Mean and
standard deviation was calculated from triplicate infections. Data is representative of three

independent experiments.

Figure 5 shows the ability of HCV E1E2 containing single variable region deletions
to bind CD81-LEL. A. Ability of intracellular forms of E2 to bind to CD81-LEL.
Metabolically-labelled cell Iysates of 293T cells transfected with wild-type (pE1E2),
pE1E2 with a deletion of a variable region, or empty vector were applied to CD81 MBP-
LEL (residues 113-201) coated enzyme immunoassay plates at progressive two-fold
dilutions. Bound E2 was detected using anti-E2 conformation-dependent antibody H53 and
rabbit anti-mouse horseradish peroxidase (HRP) conjugate. Absorbance values (optical
density) were read at 450 nm and the 620 nm background subtracted. B. Virion-
incorporated E2 glycoprotein binding to CD81-LEL. Lysates of metabolically-labelled
HCV glycoprotein-pseudotyped HIV-1 particles were applied to CD81 MBP-LEL
(residues 113-201) coated enzyme immunoassay plates at progressive two-fold dilutions.
Bound E2 was detected as described for A. Data is representative of two independent

experiments.

Figure 6 shows the expression and heterodimerization of E1E2 containing modified
single variable region deletions in cell lysates. Metabolically-labelled cell lysates of 293T
cells transfected with wild-type (pE1E2), or pE1E2 containing single variable region
deletions with an extended linker, or empty vector were immunoprecipitated with A. anti-
E1E2 polyclonal antibody (779), B. anti-E1 monoclonal antibody (A4), C. anti-E2
monoclonal antibody (A11) and D. anti-E2 conformation-dependent monoclonal antibody
(H53) under both i) non-reducing and ii) reducing conditions (+ B-mercaptopethanol). All
samples were run on 10-15% SDS-PAGE gradient gels and visualized using a

phosphorimager. Data is representative of two independent experiments.

Figure 7 shows the incorporation of E1E2 glycoproteins containing modified single
variable region deletions into HCV glycoprotein pseudotyped HIV-1 particles. A.
Metabolically labelled E1E2-pseudotyped HIV-1-particles were pelleted from the tissue
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culture fluid of 293T cells transfected with NL4-3.LUC.R-E- and wild-type (pE1E2),
containing single variable region deletions with an extended linker, or empty vector prior
to lysis. E1E2 heterodimers were immunoprecipitated with the conformation-dependent
anti-E2 monoclona) antibody H53. All samples were separated under non-reducing
conditions on a 10-15% SDS-PAGE gradient gel and visualized using a phosphoimager. B.
Processing and incorporation of HIV-1 structural proteins into HCV glycoprotein-
pseudotyped HIV-1 particles. HIV-1 structural proteins Pr5 508 11 7MA, 924 and p66~T
from lysed metabolically-labelled E1E2-pseudotyped HIV-1 particles were
immunoprecipitated using IgG from an HIV-1 infected individual (IgG14) . All samples
were separated on a 7.5-15% SDS-PAGE gradient gel and visualized using a

phosphorimager. Data is representative of two independent experiments.

Figure 8 shows the ability of HCV glycoprotein-pseudotyped HIV-1 particles
containing single modified variable region deletions to enter Huh7 cells. The tissue culture
fluid from 293T cells co-transfected with NL4-3.LUC.R-E- and either wild-type (pE1E2),
containing single variable region deletions with an extended linker, or empty (prCDNA4)
vector was used to infect Huh7 cells in triplicate. The Huh7 cells were lysed and the
luciferase activity (relative light units) measured using a Fluostar fitted with luminescence
optics. Mean and standard deviation was calculated from triplicate infections. p-value was
calculated using the student’s #test. Data is representative of three independent

experiments.

Figure 9 shows the ability of E2 containing single modified deletions of one variable
region to bind CD81-LEL. A. Metabolically-labelled cell lysates of 293T cells transfected
with wild-type (pElEZ), pE1E2 containing a modified deletion of one variable region, or
empty (pPCDNA4) were applied to CD81 MBP-LEL (residues 113-201) coated enzyme
immunoassay plates at progressive two-fold dilutions. Bound E2 was detected using the
anti-E2 conformation-dependent monoclonal antibody H53 and rabbit anti-mouse
horseradish peroxidase (HRP) conjugate. Absorbance values were read at 450nm-620nm
(background). Data is representative of two independent experiments. B. Virion-
incorporated E2 glycoprotein binding to CD81-LEL in viral lysates. Lysates of
metabolically-labelled E1E2-pseudotyped HIV-1 particles were applied to CD81 MBP-
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LEL (residues 113-201) coated enzyme immunoassay plates at progressive two-fold
dilutions and bound E2 was detected as described above. Absorbance values were read at

450nm-620nm (background) C. Independent repeat of B.

Figure 10 shows the expression and heterodimerization of immature forms of E1E2
containing multiple variable region deletions. Metabolically-labelled cell lysates of 293T
cells transfected with wild-type (pE1E2), pE1E2 containing multiple variable region
deletions, or empty vector were immunoprecipitated with A. anti-E1E2 polyclonal anti-
body (779), B. anti-E1 monoclonal antibody (A4), C. anti-E2 monoclonal antibody (A11)
and D. anti-E2 conformation-dependent monoclonal antibody (H53) under both i) non-
reducing and ii) reducing conditions (+ B-mercaptopethanol). All samples were run on 10-
15% SDS-PAGE gradient gels and visualized using a phosphorimager. Data is

representative of two independent experiments.

Figure 11 shows the incorporation of E1E2 glycoproteins containing multiple variable
region deletions into HCV glycoprotein-pseudotyped HIV-1 particles. Metabolically
labelled E1E2-pseudotyped HIV-1 particles were pelleted from the tissue culture fluid of
293T cells co-transfected with NL4-3.LUC.R-E- and either wild-type (pE1E2), pE1E2
containing multiple variable region deletions, or empty vector prior to lysis. E1E2
heterodimers were immunoprecipitated with conformation-dependent anti-E2 monoclonal
antibody H53. All samples were separated under non-reducing conditions on a 10-15%
SDS-PAGE gradient gel and visualized using a phosphorimager. B. Processing and
incorporation of HIV-1 structural proteins into HCV glycoprotein-pseudotyped HIV-1
particles. HIV-1 structural proteins Pr55%, pl7™4, p24“4 and p66*" from lysed
metabolically-labelled E1E2-pseudotyped HIV-1 particles were immunoprecipitated using
IgG from an HIV-1 infected individual (IgG14). Samples were separated under reducing
conditions on a 7.5-15% SDS-PAGE gradient gel and visualized using a phosphorimager.

Data is representative of two independent experiments.

Figure 12 shows the ability of E1E2-pseudotyped HIV-1 particles containing multiple
variable region deletions to enter Huh7 cells. The tissue culture fluid from 293T cells co-

transfected with the HIV-1 firefly luciferase vector (NL4-3.LUC.R-E-) and either wild-
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type (pE1E2), pE1E2 containing multiple variable region deletions, or empty (PrCDNA4)
vector was used to infect Huh7 cells in triplicate. The Huh?7 cells were lysed and the
luciferase activity measured using a Fluostar fitted with luminescence optics. The mean
and standard deviation was calculated from triplicate infections. Data is representative of

three independent experiments.

Figure 13 shows the ability of E2 containing multiple variable region deletions to bind
to CD81-LEL. A. Metabolically-labelled cell lysates of 293T cells transfected with wild-
type (pE1E2), pE1E2 containing multiple variable region deletions, or empty (nCDNA4)
vector were applied to CD81 MBP-LEL (residues 113-201) coated enzyme immunoassay
plates at progressive two-fold dilutions. Bound E2 was detected using anti-E2
conformation-dependent monoclonal antibody H53 and rabbit anti-mouse horseradish
peroxidase (HRP) conjugate. Absorbance values were read at 450nm-620nm(background).
B. Ability of virion-incorporated forms of E2 containing multiple variable region deletions
to bind CD81-LEL. Lysates of metabolically-labelled E1E2-pseudotyped HIV-1 particles
were applied to CD81 MBP-LEL (residues 113-201) coated enzyme immunoassay plates at
progressive two-fold dilutions. Bound E2 was detected as described above. Absorbance
values were read at 450nm-620nm (background). Data is representative of two

independent experiments.

Figure 14 shows the expression of E2 RBD (residues 384-661) containing single and
multiple variable region deletions in cell lysates. A. Metabolically labelled cell lysates of
293T cells transfected with either wild-type (E2-myc), E2-myc containing single or
multiple variable region deletions, or empty vector were immunoprecipitated with anti-E2
conformation-dependent antibody H53. B. Secretion of E2 RBD (residues 384-661)
containing single and multiple variable region deletions in supernatant fluid. The
supernatant fluid from metabolically-labelled 293T cells transfected with either wild-type
(E2-myc), E2-myc containing single or multiple variable region deletions, or empty vector
were immunoprecipitated with the anti-E2 conformation dependent antibody, H53. All
samples were separated on 10-15% SDS-PAGE gradient gels and visualized using a

phosphoimager. Data for the single variable region deletion is from one experiment.
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Figure 15 shows the ability of E2 RBD (residues 384-661) containing single variable
region deletions to bind CD81-LEL. A. Cell lysates from metabolically-labelled 293T cells
transfected with wild-type (E2-myc), E2-myc containing single variable region deletions,
or empty vector were applied to CD81 MBP-LEL (residues 113-201) coated enzyme
immunoassay plates at progressive two-fold dilutions. Bound E2 was detected using anti-
E2 conformation-dependent antibody H53 and rabbit anti-mouse horseradish peroxidase
(HRP) conjugate. Absorbance values were read at 450nm-620nm (background). B. Ability
of secreted E2 RBD (residues 384-661) containing single variable region deletions to bind
CD81-LEL. Tissue-culture fluid from metabolically-labelled 293T cells transfected with
wild-type (E2-myc), E2-myc containing single variable region deletions were applied to
CD81 MBP-LEL (residues 113-201) coated enzyme immunoassay plates at progressive
two-fold dilutions. Bound E2 was detected using anti-E2 conformatioﬁ-dependent antibody
HS53 and rabbit anti-mouse horseradish peroxidase (HRP) conjugate. Absorbance values

were read at 450nm-620nm (background). Data is from a single experiment.

Figure 16 shows the ability of E2 RBD (residues 384-661) containing multiple
variable region deletions to bind CD81-LEL. A. Cell lysates from metabolically-labelled
293T cells transfected with wild-type (E2-myc), E2-myc containing multiple variable
region deletions, or empty vector were applied to CD81 MBP-LEL (residues 113-201)
coated enzyme immunoassay plates at progressive two-fold dilutions. Absorbance values
were read at 450nm-620nm (background). B. Ability of secreted E2 RBD (residues 384-
661) containing multiple variable region deletions to bind CD81-LEL. Supernatant fluid
from metabolically-labelled 293T cells transfected with wild-type (E2-myc), E2-myc
containing multiple variable region deletions or empty vector were applied to CD81 MBP-
LEL (residues 113-201) coated enzyme immunoassay plates at progressive two-fold
dilutions. Absorbance values were read at 450nm-620nm (background). Data is from a

single experiment.

Figure 17 shows the binding of E2-myc proteins to full length surface expressed
CD81. Equivalent amounts of monomeric secreted E2-myc proteins produced from 293T
cells were applied to CHO-K1 cells transfected with vector encoding full length CD81.

Bound E2-myc was detected with iodinated 9E10 prior to measurement in a gamma
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counter. Mean of three independent assays = standard error. P values derived by
comparison with the E2 A23-myc E2 construct using the students 7 test assuming unequal

variances.

Figure 18 shows the ability of E2-myc and E2 A123-myc to be detected with human
conformation sensitive monoclonal antibodies. Wild-type (E2-myc) and E2 A123-myc
were metabolically labelled and immunoprecipitated with the “CBH” panel of
conformation dependent human monoclonal antibodies specific to three immunogenic
domains (A, B and C) of E2 . Immunoprecipitated proteins were analysed by SDS-PAGE
under non-reducing conditions in 10-15% polyacrylamide gradient gels followed by

scanning in a phosphorimager.

Figure 19 shows a schematic representation of the E1E2 polyprotein containing single
and multiple variable region deletions. The pE1E2 vector encodes the full-length H77¢
sequence of E1 (dark grey) and E2 (light gray) including their transmembrane domains
(horizontal stripes) at the C-terminus of E1 and E2 and the signal peptides with the signal
peptidase cleavage sites indicated (arrows). The E2 variable regions (dotted) and the
conserved region adjacent to HVR1 (diagonal stripes) are replaced — individually and in

combination - with flexible Gly-Ser-Ser-Gly (GSSG) linker motifs as indicated.

Figure 20 shows a schematic representation of overlap extension PCR strategy. The
variable regions were deleted from the HCV glycoprotein template sequence (diagonal
stripes) using two oligonucleotide pairs: each contains one external and one internal primer
that amplifies either the 5° or 3’ fragment adjacent to HVR1 as shown. The internal primer
sequence introduces the Gly-Ser-Ser-Gly linker motif (bold) and a short ‘overlap’
sequence complementary to the respective 5° or 3’ fragment. These sequences anneal to
form the template for the second round of PCR amplification that uses the external primers

to amplify the HVR1 deleted glycoprotein sequence.

Figure 21 shows a schematic representation of HCV E1E2 polyprotein containing
modified single variable region deletions with extended linkers. The pE1E2 vector encodes

the full-length H77c sequence of E1 (dark gray) and E2 (light gray) including their
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transmembrane domains (vertical stripes) at ’_the C-terminus of E1 and E2. The signal
peptidase cleavage sites are also indicated (arrows). The E2 variable regions and the
conserved region adjacent to HVR1 (con) are partially deleted and replaced with flexible
Gly-Ser-Ser-Gly linker motifs.

Figure 22 shows a schematic representation of the E2 receptor-binding domain (E2
RBDss;) containing single and multiple variable region deletions. The pE2661 vector
encodes the E2 RBD encoding residues 384-661 (E2-myc). The variable regions (dotted)
and a conserved sequence adjacent to HVR1 (diagonal stripes) were replaced individually
and in combination with short flexible Gly-Ser-Ser-Gly (GSSG) linker motifs as indicated.
A myec epitope tag (vertical stripes) was also introduced at the C-terminus of these

constructs.

Figure 23 shows a schematic representation of the strategy used to generate HCV
glycoprotein-pseudotyped HIV-1 particles. The HCV glycoprotein expression vector
encoding E1E2 (pE1E2) or pE1E2 containing variable region deletions and the retroviral
vector (HIV-1 NL4-3.LUC.RE) lacking its native envelope gene and containing a
luciferase reporter gene are co-transfected into 293T cells. As the retroviral core proteins
assemble within the cell they acquire an envelope by budding from the plasma membrane,
incorporating the HCV E1E2 glycoproteins. These virions are then collected and used to
undergo one round of infection and replication in Huh7 cells. The level of E1E2-mediated

entry is then quantified by the resulting luciferase activity within these infected Huh7 cells.

Figure 24 shows the ability of E2-myc and E2 A123-myc proteins to be
immunoprecipitated by a panel of human sera obtained from HCV infected individuals.
Immunoprecipitated proteins were analysed by SDS-PAGE under non-reducing conditions
in 10-15% polyacrylamide gradient gels followed by scanning in a phosphorimager. Below
each lane is the HCV RNA status, presence of HCV specific antibody detected using one
of BioRad Monolisa, Abbot Murex or Chiron RIBA assays and the 50% neutralizing

antibody titre for that serum sample. Molecular weight markers are indicated to the left.
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Figure 25 shows the ability of E2-myc proteins containing variable region deletions to
interact with recombinant large extracellular loop of CD81. A. Ability of wild-type E2-
myec, E2 Al12-myc, E2 A23-myc and E2-myc protein containing the mutation L441M, that
disrupts interaction with CD81, to interact with wild-type recombinant MBP-LEL. E2-
myec proteins were serially diluted in MBP-LEL coated enzyme immunoassay plates. Data
is the average of two to seven independent experiments and is shown as the mean
percentage binding relative to wild-type E2-myc + standard deviation. B. Ability of WT
E2-myc, E2 A13-myc and E2 A123-myc to interact with wild-type recombinant MBP-LEL
(solid lines) or recombinant MBP-LEL containing the F186S mutation that disrupts E2
binding (dashed line). Data is the average of two to seven independent experiments and is

shown as the mean percentage binding relative to wild-type E2-myc + standard deviation.

Figure 26 shows the ability of E2-myc proteins containing variable region deletions to
interact with full length surface expressed CD81. A. Ability of WT E2-myc, E2 A12-
myc,E2 A23-myc and E2-myc protein containing the mutation L441M to interact with full
length CD81 transfected CHO-K1 cells. Dilutions of wild-type or variable region deleted
E2-myc proteins were applied to ice cold, human CD81 transfected CHO-K1 cells and
incubated on ice for 4 hrs. After washing, 1 x 10° CPM '*’I-9E10 was added and plates
incubated for 1 h at room temperature, washed and counted in a Packard Auto
GammaCounter. Data shown is the mean percentage binding relative to wild-type +
standard error of two to five independent experiments. B. Ability of WT E2-myc, E2
A123-myc, and E2 A13-myc to interact with full length human CD81 (solid line) or F186S-
CD81 (dashed line) transfected CHO-K1 cells. Data shown is the mean percentage binding

relative to wild-type % standard error of two to five independent experiments.

Figure 27 shows an SDS-PAGE of purified HCV E2 protein variants in 4-20 %
polyacrylamide gradient gel of the E2-his proteins containing none (wild-type) one or
more variable region deletions. The proteins were visualized by staining with Coomassie

brilliant blue.

Figure 28 shows a blue-native PAGE analysis of E2-his proteins. The purified

proteins (10 pg) were electrophoresed in 5-15 % polyacrylamide gradient gels under native
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conditions. After electrophoresis, the gels were destained overnight and scanned in a Licor
Odyssey scanner at 680 nm. The migration position of protein standards is shown on the

right.

Figure 29 shows a Western blot analysis of purified E2-his proteins. Samples of the
purified proteins were subjected to reducing SDS-PAGE followed by electrophoretic
transfer to nitrocellulose membrane. E2 proteins were detected with a non-conformation
dependent E2 specific monoclonal antibody followed by goat anti-mouse immunoglobulin
coupled to Alexafluor 680 nm (Invitrogen). Immunoblots were scanned in an Licor

Odyssey scanner. Molecular weight markers are shown on the left (kDay).

Figure 30 shows the ability of HCV E2-his proteins to bind to a recombinant form of
the CD81 large extracellular loop (CD81-LEL). Enzyme immunoassay plates were coated
with maltose binding protein fused to (A) wild-type large extracellular loop of CD81
(residues 113-201) (CD81-LEL) or (B) CD81-LEL containing an F186S mutation in the
E2 binding site of CD81-LEL. Plates were blocked with bovine serum albumin and then
incubated with serial dilutions of E2-his proteins (in 50 pl PBS containing 5 mg/ml bovine
serum albumin and 0.05 % Tween20) for 2 h. The bound E2-his proteins were detected
using an E2 specific monoclonal antibody and rabbit anti-mouse immunoglobulins coupled
to horseradish beroxidase (Dako). Plates were developed using tetramethylbenzidine
hydrochloride substrate and stopped by the addition of 1M HCI. Absorbance was measured
at 450 nm and the background at 620 nm subtracted. Percentage binding was calculated by
dividing the absorbance value for each protein by the maximal absorbance obtained for
wild-type E2-his and multiplied by 100.

Figure 31 shows the immunoreactivity towards homologous E2-his antigen of mouse
sera obtained after 2 immunizations with E2-his proteins. E2-his proteins were captured on
96 well Maxisorb microtitre plates (Nunc) precoated with galanthis nivalis (GNA) lectin.
Serial dilutions of immune mouse sera were incubated with the captured corresponding E2
protein variant used for the immunization and bound immunoglobulins detected with rabbit
anti-mouse immunoglobulin coupled to horseradish peroxidase. The assay was developed

using tetramethylbenzidine hydrochloride substrate and stopped by the addition of 1M
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HCI. Absorbance values were measured at 450 nm and the background at 620 nm
subtracted in a Fluostar plate reader (BMG technologies). The antibody titres of individual
sera were determined as the serum dilution giving 5-times the background absorbance. The
maximum (upper error bar), 7 5% and 25™ percentile (upper and lower edges of box,
respectively), median (horizontal line within box) and minimum (lower error bar) titres for

each immunogen group are shown.

Figure 32 shows the immunoreactivity towards E2-his (A) and E2 A123-his (B)
antigens of mouse sera obtained after 2 immunizations with E2 protein variants. E2-his and
E2 A123-his proteins were captured on 96 well Maxisorb microtitre plates and antibody
titres of individual sera determined as described in Figure 31. The maximum (upper error
bar), 75™ and 25™ percentile (upper and lower edges of box, respectively), median
(horizontal line within box) and minimum (lower error bar) titres for each immunogen

group are shown.

Figure 33 shows the immunoreactivity towards homologous E2-his antigen of mouse
sera obtained after 3 immunizations with E2-his proteins. E2-his proteins were captured on
96 well Maxisorb microtitre plates and antibody titres of individual sera determined as
described in Figure 31. The maximum (upper error bar), 75™ and 25" percentile (upper and
lower edges of box, respectively), median (horizontal line within box) and minimum

(lower error bar) titres for each immunogen group are shown.

Figure 34 shows the immunoreactivity towards E2-his (A) and E2 A123-his (B)
antigens of mouse sera obtained after 3 immunizations with E2 protein variants. E2-his and
E2 A123-his proteins were captured on 96 well Maxisorb microtitre plates and antibody
titres of individual sera determined as described in Figure 31. The maximum (upper error
bar), 7 5" and 25" percentile (upper and lower edges of box, respectively), median
(horizontal line within box) and minimum (lower error bar) titres for each immunogen

group are shown.

Figure 35 shows the immunoreactivity towards Conl E2rep-his (A) and JFH1 E2rBD-

myc (B) antigens of mouse sera obtained after 3 immunizations with E2 protein variants.
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Conl and JFH1 RBD proteins were captured on 96 well Maxisorb microtitre plates and
antibody titres determined for individual sera as described in Figure 31. The maximum
(upper error bar), 75" and 25™ percentile (upper and lower edges of box, respectively),
median (horizontal line within box) and minimum (lower error bar) titres for each

immunogen group are shown.

Figure 36 shows the eighty-percent neutralization titres (log10) of mouse sera obtained
after 3 immunizations with E2-his proteins. Serial 5-fold dilutions of heat-inactivated
immune mouse sera preincubated for 1 h at 37°C with H77¢ HCV glycoprotein-
pseudotyped HIV-1 luciferase reporter viruses (1 h) and then added to quadruplicate Huh7
cell monolayers in 48-well tissue culture plates. Following a 4 h incubation (37 °C, 5 %
COz) the cells were washed with PBS and the medium replaced. After an additional 3-day
incubation (37 °C in 5 % CO2), the cells were lysed and luciferase activity assayed in a
fluostar fitted with luminescence optics. The neutralization titres of individual sera were
determined as the serum dilution giving 80 % neutralization compared to HCV
glycoprotein-pseudotyped HIV-1 luciferase reporter virus preincubated with medium

alone.

DETAILED DESCRIPTION OF THE INVENTION

The modified E2 core structure of the HCV virion in which at least one of the variable
regions, and in particular the variable region igVR identified by the inventors, has been
modified by removal or deletion of at least a part of the variable region, and optional
insertion of a linker sequence, has practical use as a vaccine that can elicit broadly
neutralizing antibodies to diverse strains of HCV. The binding efficiency of the modified
E2 glycoprotein exhibits wild-type binding to the HCV receptor CD81, and the modified
E2 glycoprotein provides a means of treating HCV infection by mimicking complex
conformational changes of the E2 ectodomain required for effective CD81 binding, and

thereafter initiating an immune response without cell invasion.
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In one aspect, the present invention provides a modified hepatitis C virus (HCV) E2
glycoprotein comprising the HCV-E2 receptor-binding domain (RBD) including the
HVR1, HVR2 and igVR variable regions, wherein in at least one of said variable regions at

least a part of the variable region is replaced with a flexible linker sequence.

In another aspect, the present invention provides a modified hepatitis C virus (HCV) E2
glycoprotein comprising the HCV-E2 receptor-binding domain (RBD) including the
HVR1, HVR2 and igVR variable regions, wherein at least a part of the HVR2 variable

region is removed or is replaced with a flexible linker sequence.

In yet another aspect, the present invention provides a modified hepatitis C virus (HCV)
E2 glycoprotein comprising the HCV-E2 receptor-binding domain (RBD) including the
HVRI, HVR2 and igVR variable regions, wherein at least a part of the igVR variable

region is removed or is replaced with a flexible linker sequence.

References herein to the "HVR1" and "HVR2" variable regions are to be understood as
references to the two variable regions HVR1 (384-410) and HVR2 (461-481), while
references herein to the "igVR" variable region are to be understood as references to the

intergenotypic variable region igVR (570-580) identified by the inventors.

The term "flexible linker sequence” is used herein to refer to a short, flexible, polypeptide
sequence which permits disulfide bond linkages between cysteine residues in the modified
glycoprotein leading to retention of the native or "wild-type" disulfide linkages, and in
particular retention of the ability to bind to the HCV CD81 receptor and conformation-
dependent antibodies. Suitable linker sequences are discussed in review articles by George
and Heringa, 2002, and Argos, 1990, and may consist of up to 20 amino acid residues such
as Gly and Ser, and include, and comprise amino acids selected from the sequence group
consisting of Gly, Ser, Ala, Thr and Arg, more particularly Gly- and Ser-Ser-Gly (GSSG).
Suitable linker sequences include, by way of example, the sequences

(Gly)2-Ala~(Gly), (Gly)s or (Gly)s (see Sabourin et al., 2007),

(Gly)s, (Gly); or (Gly)io (see Yang and Gruebele, 2006),

Gly-Ser-Gly-Ser-Gly (see Dipti er al., 2006),
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(Gly)4 (see Anandarao et al., 2006),

Gly-Ala-Gly (see Wyatt et al., 1995),
(Gly),-Arg-(Gly),-Ser (see Bellamy-McIntyre et al., 2007),
(Gly-Gly-Gly-Gly-Ser)y=3-4 (see Arai et al., 2006), and
Ser-(Gly),-Ser-Gly (see Bahrami et al., 2007).

A preferred sequence is the sequence Gly-(Ser),-Gly disclosed herein. It will be
understood that selection of suitable polypeptide linker sequences is a matter of routine
experimentation for a person skilled in this field, and the modified HCV E2 glycoproteins
of the present invention are not limited to the particular linker sequences disclosed herein.
Without wishing to be bound by any theory, by replacing HVR1, HVR2 and igVR with
short flexible linkers, disulfide-bond formation between Cys-569 to Cys-581 and between
Cys-459 to Cys-486, for example, and the intrinsic folding of conserved E2 core domain, is

substantially retained in the modified glycoproteins.

References in this specification to "deletion" of at least part of one of the variable regions
of the HCV E2 receptor-binding domain are to be understood as references to deletion or
removal of at least part of the sequence of the variable region and optional insertion of a

flexible linker sequence to replace the deleted sequence.

The modified HCV E2 glycoproteins of the present invention may be prepared by any
suitable method, including in particular preparation of the modified glycoproteins in the
form of recombinant products by expression of appropriate DNA deletion constructs as

described in the Examples herein.

Preferably at least one of the second and third variable regions of the core E2 receptor-
binding domain, HVR2 and igVR, is modified by removal of at least a portion of the
residue within the region and inserting a flexible linker sequence. It has been found that
deletion of at least part of the HVR2 region, in combination with other variable region

deletions, substantially reduces E1E2 heterodimerisation.



10

15

20

25

30

WO 2008/022401 PCT/AU2007/001221

222

In a further embodiment, all three of the variable regions are modified by removal of at

least a portion of the residues within these regions and inserting a linker sequence.

Deletion of intergenotypic variable region (igVR) from the E2 glycoprotein that already
contains deletions of HVR1 and HVR2 improves binding to CD81 relative to simultaneous
deletions of HVR1 and HVR2 alone.

It has been found by the inventors that HVR1, HVR2, and igVR are all required for E1E2-
pp mediated viral entry into Huh7 cells. E1E2-pp containing deletions of at least each of
HVR1, HVR2, and igVR have been found to retain wild-type levels of recombinant CD81
binding. This represents a significant improvement in the ability to (a) mimic cell binding
of the HCV virion, and (b) initiate an immune response without exposing a patient to

highly variable immunodominant regions that may be immune decoys .

In a preferred embodiment, all three variable regions can be deleted and retain the core E2
folding domain which is required to assemble at least three discontinuous binding elements
involved in the CD81-binding site. A further advantage of various combined deletions of
HVRI1, HVR2, and igVR from the E2 receptor-binding domain is that a soluble form of the

E2 core domain is obtainable, which is suitable for use as an immunogen.

The present invention also provides a composition comprising a modified HCV E2
glycoprotein as broadly described above, together with a pharmaceutically acceptable

carrier ot diluent.

Such a composition may be formulated as a vaccine composition, preferably including an

adjuvant.

Conventional pharmaceutically acceptable carriers, excipients, buffers or diluents, may be
included in vaccine compositions of this invention. Generally, a vaccine composition in

accordance with the present invention will comprise an immunologically effective amount
of the modified HCV E2 glycoprotein, and optionally an adjuvant, in conjunction with one

or more conventional pharmaceutically acceptable carriers and/or diluents. An extensive
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though not exhaustive list of adjuvants can be found in Cox and Coulter, "Advances in
Adjuvant Technology and Application", in Animal Parasite Control Utilizing
Biotechnology, Chapter 4, Ed. Young, W.X., CRC Press 1992, and in Cox and Coulter,
"Adjuvants — A Classification and Review of Their Modes of Action", Vaccine 15(3), 248-
256, 1997. As used herein "pharmaceutically acceptable carriers and/or diluents" include
any and all solvents, dispersion media, aqueous solutions, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying agents and the like. The use of such
media and agents for pharmaceutical active substances is well known in the art and is
described by way of example in Remington's Pharmaceutical Sciences, 18" Edition, Mack

Publishing Company, Pennsylvania, U.S.A.

In yet another aspect, the present invention also provides a method of eliciting an immune
response in a patient, which comprises administration to the patient of an effective amount

of a modified HCV E2 glycoprotein as broadly described above.

In this aspect, the invention includes a method for prophylactic or therapeutic treatment of
HCYV infection in a patient, which comprises administration to the patient of an effective

amount of a modified HCV E2 glycoprotein as broadly described above.

Reference herein to "treatment” is to be understood in its broadest context. Accordingly,
the term "prophylactic treatment” includes treatment to protect the patient against infection
or to reduce the likelihood of infection. Similarly, the term "therapeutic treatment” of
infection does not necessarily imply that the patient is treated until total recovery from
infection, and includes amelioration of the symptoms of infection as well as reducing the

severity of, or eliminating, the infection.

The modified HCV E2 glycoprotein of this invention is administered in an effective
amount. An "effective amount" means an amount necessary at least partly to attain the
desired response, or to delay the onset or inhibit progression or halt altogether, the onset or
progression of the infection. The amount varies depending upon the health and physical
condition of the individual to be treated, the racial background of the individual to be

treated, the degree of protection desired, the formulation of the composition, the
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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. If
necessary, the administration of an effective amount may be repeated one or several times.
The actual amount administered will be determined both by the nature of the infection
which is being treated and by the rate at which the active immunogen is being

administered.

Preferably, the patient is a human, however the present invention extends to treatment
and/or prophylaxis of other mammalian patients including primates and laboratory test

animals (e.g. mice, rabbits, rats, guinea pigs).

In accordance with the present invention, the modified HCV E2 glycoprotein is preferably
administered to a patient by a parenteral route of administration. Parenteral administration
includes any route of administration that is not through the alimentary canal (that is, not
enteral), including administration by injection, infusion and the like. Administration by
injection includes, by way of example, into a vein (intravenous), an artery (intraarterial), a
muscle (intramuscular) and under the skin (subcutaneous). The modified HCV E2
glycoprotein may also be administered in a depot or slow release formulation, for example,
subcutaneously, intradermally or intramuscularly, in a dosage which is sufficient to obtain

the desired pharmacological effect.

Compositions suitable for parenteral administration conveniently comprise a sterile
aqueous preparation of the active component which is preferably isotonic with the blood of
the recipient. This aqueous preparation may be formulated according to known methods
using suitable dispersing or wetting agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example as a solution in a polyethylene
glycol and lactic acid. Among the acceptable vehicles and solvents that may be employed
are water, Ringer's solution, suitable carbohydrates (e.g. sucrose, maltose, trehalose,
glucose) and isotonic sodium chloride solution. In addition, sterile, fixed oils are

conveniently employed as a solvent or suspending medium. For this purpose, any bland
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fixed oil may be employed including synthetic mono- or di-glycerides. In addition, fatty

acids such as oleic acid find use in the preparation of injectables.

In a further aspect, this invention provides the use of a modified HCV E2 glycoprotein as
broadly described above in, or in the manufacture of a medicament for, eliciting an

immune response in a patient.

In a further aspect, this invention includes the use of a modified HCV E2 glycoprotein as
broadly described above in, or in the manufacture of a medicament for, prophylactic or

therapeutic treatment of HCV infection in a patient.

In this further aspect, this invention provides an agent for eliciting an immune response in

a patient, which comprises a modified HCV E2 glycoprotein as broadly described above.

In this further aspect, the invention includes an agent for prophylactic or therapeutic
treatment of HCV infection in a patient, which comprises a modified HCV E2 glycoprotein

as broadly described above.

In one embodiment of the invention, it has been found that recombinant E2 glycoprotein in
which at least region igVR is subject to deletion of residues in the region and replacement
with a flexible linker sequence improves recognition by conformational-dependent
antibodies. In addition, it has been found that, in a comparative study with ‘wild-type’ E2
glycoprotein, modification of the region igVR alone and in various combinations with
HVR1 and HVR2 show binding to full-length CD81-LEL (large extracellular loop of
human tetraspanin CD81) approaching that of the wild-type.

It has been shown by the inventors that alignment of diverse E2 glycoprotein sequences
across the six major genotypes identified a novel third variable region, “igVR,” between
residues 560 and 581. It is suggested that “igVR” is not strictly a hypervariable region as it
exhibits its greatest variability across different genotypes, whereas it is relatively
conserved within a genotype and is thus unlikely to be under immune selection pressure.

Furthermore, it consists of a series of insertions or deletions that shifts, but always
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maintains, the glycosylation site located within this region. The inventors have also
observed that both variable regions HVR2 and “igVR” are flanked by conserved cysteine
residues and proposed that these regions may form solvent-exposed loops stabilised by

disulfide-bonding between these residues.

The inventors have proposed that the hypervariable regions form flexible solvent-exposed
subdomains that enable the E2 glycoprotein to move between ‘open’ and ‘closed’
conformations, the former being more competent for CD81 binding by exposing the
conserved CD81-binding determinants located within the core E2 domain as delineated
within this study. Indeed, conformational changes within the E2 glycoprotein have been
previously observed upon CD81-binding. In addition, binding of non-neutralizing
antibodies to the E2 glycoprotein has been demonstrated to reduce its susceptibility to
neutralizing antibodies and is consistent with a model where the non-neutralizing
antibodies inhibit the flexibility of these surface-exposed hypervariable regions thus

blocking access to the conserved epitopes located within the E2 core domain.

Therefore, this suggests that the modified E2 core domain represents a promising vaccine
candidate for eliciting neutralizing antibodies to conserved epitopes within the E2
glycoprotein, including the CD81-binding determinants, that are otherwise occluded by
these surface-exposed variable regions that may act as immunological decoys at the

surface of the glycoprotein complex during HCV replication.

The present invention also provides an isolated antibody raised against a modified HCV E2

glycoprotein as broadly described above.

The term "antibody" is used broadly herein to include both monoclonal and polyclonal
antibodies that specifically bind to the modified HCV E2 glycoprotein, as well as antigen
binding fragments of such antibodies including, for example, Fab, F(abl)z, Fd and Fv
fragments of an antibody that retain specific binding activity for the modified HCV E2
glycoprotein.
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Antibodies having the desired specificity, both monoclonal and polyclonal, can be obtained
using methods which are well known in the art (see, for example, Harlow and Lane,

" Antibodies, A laboratory manual", Cold Spring Harbor Laboratory Press, 1988). Methods
for preparing antibodies, and antigen binding fragments thereof, are also described in
International Patent Publication WO 02/22155.

The invention also provides a method for prophylactic or therapeutic treatment of HCV
infection in a patient, which comprises administration to the patient of an effective amount
of an antibody as described above. Accordingly, this method provides passive

immunotherapy of the patient.

As previously described, the invention also provides the use of an antibody as described
above in, or in the manufacture of a medicament for, prophylactic or therapeutic treatment

of HCV infection in a patient.

In this aspect also, the invention provides an agent for prophylactic or therapeutic

treatment of HCV infection in a patient, which comprises an antibody as described above.

Further, the invention provides the use of an antibody as broadly described above in
diagnosis of HCV infection. In this aspect, the invention provides a method of detecting
HCV infection in a patient, comprising contacting a biological sample from the patient
with an antibody as described above under conditions which allow formation of an
antibody-antigen complex, and detecting said complex, wherein formation of said complex

is indicative of the presence of HCV in the sample.

Preferably, the antibody is detectably labelled. Suitable labels are well known in the art
and include, for example, enzymes, radioisotopes, fluorescent compounds, colloidal
metals, and chemiluminescent, phosphorescent and bioluminescent compounds.
Preferably, the biological sample is a sample of a body fluid from the patient, such as a
blood sample.
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The modified HCV E2 glycoproteins of the present invention may also be used in drug

discovery techniques, including for example small molecule screening techniques.

The present invention is further illustrated by the following non-limiting Examples.

Example 1
Materials and methods used in this Example are described below.

1. Role of the individual variable regions in E1E2 glycoprotein structure and

function.

The results for the various variable deletion mutants are summarized in Table 1.

Intracellular E1E2 precursor folding and heterodimerisation

To examine the role of the individual variable regions in intracellular E1E2 biosynthesis,
metabolically-labelled cell lysates of 293T cells transfected with the single variable region
deletion constructs were immunoprecipitated with antibodies reactive to E1 and/or E2
epitopes. These preparations were analysed under both non-reducing and reducing
conditions to characterise non-covalently associated E1E2 heterodimers existing within the

large intracellular population of covalently-linked aggregate as previously observed.

Immunoprecipitation with the polyclonal anti-E1E2 antibody (779) detected the total
intracellular population of E1 (~ 30 kDa) and E2 (~ 70 kDa) glycoproteins to show
efficient expression and cleavage from the polyprotein occurring for each single variable
region deletion construct (see Figure 1A). The mutant E2 glycoproteins exhibited variably
lower molecular weights than wild-type: HVR1con < HVR2 and “igVR” < HVR1 < WT.
This is consistent with the loss of two glycosylation sites predicted to reside within the
HVR1con deletion, one within each of the HVR2 and “igVR” deletions and none within
the HVR1 deletion (Figure 2). However, deglycosylation of these E2 glycoproteins is
required to confirm their backbone molecular weights as predicted in Table 2. The band
migrating to ~100 kDa represents the E1E2 polyprotein that has not been cleaved by host
signal peptidases and is more pronounced in both the single HVR2 and “igVR?” deletion
constructs (Figure 1A). This is reflected in the reduced levels of total intracellular E1 and
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E2 observed for the HVR2 and “igVR” mutants suggesting that these deletions may be

effecting polyprotein processing.

The non-conformation-dependent anti-E1 monoclonal antibody (A4) precipitated an E1
doublet at ~30 kDa and ~27 kDa for both the mutant and the wild-type constructs under
reducing and non-reducing conditions (Figure 1B). This doublet represents either
alternative E1 glycosylation states or messenger RNA splicing isoforms as previously
observed. Furthermore, E1 co-precipitated low levels of the wild-type E2 glycoprotein
under non-reducing conditions, whereas it efficiently co-precipitated both wild-type and
mutant E2 glycoproteins under reducing conditions. This indicates that A4 recognises an

E1 epitope that is more exposed within covalently-linked intracellular E1E2 complexes.

The non-conformation dependent anti-E2 monoclonal antibody (A11) detected
intracellular E2 glycoprotein expression for all the individual variable region deletion
constructs (Figure 1C). However, only the mutant E2 glycoproteins containing the
HVRI1con or HVR1 deletions co-precipitated a detectable amount of E1 under non-
reducing and reducing conditions. This indicates that the individual HVR2 and “igVR”
deletions are either directly or indirectly disrupting the formation of the intracellular E1E2
heterodimer. Notably, this reduced heterodimerisation is not due to the lower total
intracellular E1 and E2 observed for the HVR2 and “igVR” deletions as E2 glycoprotein
expression was detected at wild-type levels by A1l in both these mutants. In addition, E2
co-precipitated generally low levels of E1, particularly under reducing conditions,
suggesting that the A11 epitope is partly occluded in intracellular E1E2 heterodimer

complexes.

The conformation-dependent anti-E2 monoclonal antibody (H53) has been shown to
recognise native E2 on the surface of HCV virions and thus the amount of E1 co-
precipitating with this E2 species is a good indicator of the proportion of functional non-
covalently associated E1E2 heterodimers forming. Immunoprecipitation with H53 detected
intracellular E2 glycoprotein expression for all individual variable region deletion
constructs (Figure 1D). This indicates that the inserted Gly-Ser-Ser-Gly linker motif

provides sufficient flexibility within these E2 glycoproteins to retain the intrinsic folding
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of the native E2 glycoprotein required to present this conformation-dependent epitope.
However, the intracellular E2 glycoproteins containing HVR2 or “igVR?” deletions failed
to co-precipitate E1, suggesting that these regions are directly or indirectly required in the

intracellular assembly of the non-covalently associated E1E2 heterodimer.

E1E2 glycoprotein maturation and incorporation into pseudotyped HIV-1 particles

To examine the role of the individual variable regions in E1E2 glycoprotein maturation,
the small amount of E1 and E2 escaping from the ER to transit through the secretory
pathway was enriched for by the incorporation of these complexes into pseudotyped HIV-1
particles as previously described. These metabolically-labelled E1E2-pseudotyped HIV-1
particles were lysed prior to immunoprecipitation with the conformation-dependent anti-E2

monoclonal antibody (H53) and IgG from an HIV-1 infected individual (IgG14).

Immunoprecipitation with IgG14 demonstrated that none of the single variable region
deletion constructs had affected processing and virion incorporation of the HIV-1
structural proteins Pr3 500, p17MA, p24CA or p66RT (Figure 3B). Immunoprecipitation with
H53 detected the virion-incorporated E2 glycoprotein as a diffuse molecular weight band
(~ 70-90 kDa) typical of the mature glycoprotein containing various complex- and hybrid-
type carbohydrate modifications as previously described (Figure 3A). The different
mutant E2 glycoproteins exhibited further variation in their relative molecular weights
(HVR1con <HVR2 and “igVR” <HVR1 < WT) reflecting the loss of glycosylation sites
located within these deleted regions as described for the intracellular data. All mutant E2
glycoproteins were incorporated into E1E2-pseudotyped HIV-1 particles at approximately
wild-type levels, except for the HVR1con deletion that showed a significantly reduced E2,
band. This suggests that the conserved region adjacent to HVR1 is required for the
completion of E2 folding, maturation and incorporation into pseudotyped HIV-1 particles.

Immunoprecipitation with H53 also detected a protein species migrating at ~ 33 kDa and
another lower molecular weight band at ~ 31kDa initially suggesting that the virion-
incorporated E1 glycoprotein also migrates as a doublet (Figure 3A). However, across two
independent experiments, the lower molecular weight band co-migrated with a non-

specific band in the negative control (empty) and thus the higher molecular weight band
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alone is likely to represent E1. The virion-incorporated E1 glycoprotein (~33 kDa) also
migrates more slowly than the intracellular species (~30 kDa) reflecting additional
carbohydrate modifications at one or two E1 glycosylation sites acquired during transit
through the secretory pathway as previously observed. Furthermore, the virion-
incorporated E2 glycoproteins containing the individual HVR2 and “igVR” deletions could
not co-precipitate E1 at detectable levels indicating that these variable regions are directly

or indirectly required in the formation of the functional E1E2 heterodimer.

E1E2-mediated entry into Huh7 cells

The formation of the functional non-covalently associated E1E2 heterodimer has been
shown to be critical for E1E2-mediated entry into Huh-7 cells. In order to investigate the
role of the individual variable regions in viral entry, the single deletion constructs were
used to generate E1E2-pseudotyped HIV-1 particles to infect Huh7 cells as previously
described. As expected, the HVR1con deletion conferred a total loss of entry due to its
retarded incorporation of the E2 glycoprotein into pseudotyped HIV-1 virions as observed
above (Figure 4). Similarly, the HVR2 and “igVR” deletions were not entry competent due
to the disruption of the functional E1E2 heterodimer complex. However, the HVR1
deletion also conferred a total loss of entry despite retaining both wild-type
heterodimerisation levels and incorporation of E1E2 glycoproteins into HIV-1 virions

suggesting that this region may have a direct role in E1E2-mediated viral entry.

CD81-LEL binding

It has been previously demonstrated that the E2 glycoprotein alone is sufficient to mediate
binding to the CD81 receptor and therefore, despite exhibiting a loss of heterodimerisation
and/or viral entry, both intracellular and virion-incorporated mutant E2 glycoproteins were
examined for their ability to bind to the large-extracellular loop (LEL residues 113-201) of
CD81. This involved applying both cell and viral lysates to a solid-phase CD81 MBP-LEL
(residues 113-201) binding assay as previously described. This data was normalized for the
amount of monomeric E2 expressed from each vector as precipitated with the
conformation-dependent anti-E2 monoclonal antibody H53 and observed by SDS-PAGE

under non-reducing conditions; Figures 1D (intracellular) and 3A (virion-incorporated).
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All intracellular E2 glycoprotein precursors containing the single variable region deletions
exhibited CD81-LEL binding at wild-type levels, except for HVR 1con that demonstrated a
total loss of binding (Figure 5A). This indicates that the inserted Gly-Ser-Ser-Gly linker
motifs are providing sufficient flexibility within the HVR1, HVR2 and “igVR” deleted E2
glycoproteins to form the E2 CD81-binding site and suggests that these individual variable
regions are not required in this function. It also indicates that the intracellular E2
glycoprotein precursor lacking the conserved region adjacent to HVR1 (HVR1con) cannot
form the CD81-LEL binding site despite maintaining the conformation-dependent epitope
recognised by H53. Intracellular forms of both the HVR2 and “igVR” deletions displayed
an additional enhancement of maximum CD81-LEL binding compared to wild-type
(Figure 5A) although they did not exhibit a significant shift in the overall binding curve
and thus additional independent experiments are required to determine whether these

variable regions are modulating CD81-LEL binding.

As expected, the virion-incorporated E2 glycoprotein containing the HVR 1con deletion
could not mediate CD81-LEL binding, reflecting both its reduced incorporation into E1E2-
pseudotyped HIV-1 particles as well as the intracellular data above (Figure 5B). In
contrast, the virion-incorporated E2 glycoproteins containing the HVR1, HVR2 and
“jgVR” deletions all retained at least wild-type levels of CD81-LEL binding indicating that
these mutant E2 glycoproteins retain the CD81-binding site even after maturation.
Interestingly, the virion-incorporated E2 glycoprotein containing the HVRI1 deletion
demonstrated an additional enhancement of maximum CD81-LEL binding compared to
wild-type and exhibited an approximately 4-fold increase in the overall binding curve
(Figure 5B). This suggests that HVR1 is negatively modulating CD81-LEL binding within
the virion-incorporated E2 glycoprotein despite not being required for this function. The
observed absence of this effect in the intracellular E2 glycoprotein precursor containing the
same deletion (Figure 5A) reflects changes in E1E2 folding and the CD81-binding site that
occur during glycoprotein maturation through the secretory pathway as previously

observed.
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2. Effect of the extended linker on E1E2 glycoprotein structure and function

Intracellular E1E2 precursor folding and heterodimerisation

In order to enhance the folding of the E2 glycoproteins containing the individual variable
region deletions, the Gly-Ser-Ser-Gly linker was extended by reintroducing several
conserved cysteine-proximal residues deleted from the original constructs. Notably, this
series of modified deletion constructs does not have a HVR1 counterpart due to the highly
variable nature of this region. These constructs were analysed for E1 and E2 glycoprotein
expression and heterodimerisation within 293T cells by pulse-chase metabolic-labelling

and immunoprecipitation.

Immunoprecipitation with the anti-E1E2 polyclonal antibody (779) detected intracellular
expression and cleavage of the E1 (~30 kDa) and E2 (~70 kDa) glycoproteins from the
polyprotein occurring for each extended linker deletion construct (Figure 6A). Polyprotein
cleavage appeared to be slightly less efficient in the HVR2link and “igVR link™ constructs
suggesting that these deletions may be affecting polyprotein processing. The extended
linkers did not restore the glycosylation sites deleted from the original constructs and thus
the mutant E2 glycoproteins again exhibited variably lower molecular weights (kDa) than
the wild-type conferred by the absence of these glycans: HVR 1conlink < HVR2link and
“igVR link” < WT. However, deglycosylation of these E2 glycoproteins would be required

to verify their backbone molecular weights as predicted in Table 2.

The anti-E1 monoclonal antibody (A4) detected the presence of the E1 doublet (~30 kDa
and ~27 kDa) for all extended linker constructs (Figure 6B). E1 failed to co-precipitate
wild-type E2 glycoprotein under non-reducing conditions, whereas it co-precipitated both
mutant and wild-type E2 under reducing conditions again reflecting the low sensitivity of
the A4 antibody for non-covalently associated E1. Precipitation with the non-conformation
dependent anti-E2 monoclonal antibody (A11) detected wild-type E2 glycoprotein
expression for each extended linker construct although only the HVR 1conlink deletion co-
precipitated detectable amounts of E1 (Figure 6C). The conformation-dependent
monoclonal antibody (H53) also precipitated wild-type levels of the intracellular E2

glycoprotein for each extended linker construct indicating that these mutants retain the
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intrinsic folding properties of the native E2 glycoprotein required to present this
conformation-dependent epitope (Figure 6D). Furthermore, the extended “igVR” linker
recovered co-precipitation with E1 at wild-type levels suggesting that this additional linker
region is required, directly or indirectly, for the intracellular assembly of the non-
covalently associated E1E2 heterodimer. Notably, however, this effect was not observed

for the extended HVR2 linker construct.

E1E2 glycoprotein maturation and incorporation into pseudotyped HIV-1 particles

To examine whether the extended linkers altered E1E2 glycoprotein maturation and virion
incorporation, the modified single deletions were introduced into E1E2-pseudotyped HIV-
1 particles prior to lysis and immunoprecipitation with the conformation-dependent anti-E2
monoclonal antibody (H53) and IgG from an HIV-1 infected individual (IgG14) as

previously described.

Immunoprecipitation with IgG14 indicated that none of the modified single deletion
constructs affected processing and virion incorporation of the HIV-1 structural proteins
(Figure 7B). Precipitation with H53 again detected a diffuse molecular weight band (~70-
90 kDa) typical of the mature virion-incorporated E2 glycoprotein (Figure 7A). The virion-
incorporated mutant E2 glycoproteins also exhibited marginally lower molecular weights
(kDa) than the wild-type species conferred by the loss of one or two glycosylation sites as
described for the intracellular data. Precipitation with H53 again demonstrated reduced
virion-incorporation of the E2 glycoprotein containing the HVR1conlink deletion despite
the reintroduction of four conserved cysteine-proximal residues absent in the original
HVR1con deletion construct. The HVR2link deletion demonstrated wild-type levels of E2
glycoprotein incorporated into pseudotyped HIV-1 particles, yet still failed to co-
precipitate a detectable amount of E1 reflective of the intracellular data. In contrast, the
virion-incorporated E2 glycoprotein containing the extended “igVR” linker co-precipitated
wild-type levels of E1 suggesting that this region is directly or indirectly required in the
formation of the functional E1E2 heterodimer.
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E1E2-mediated entry into Huh7 cells

To examine whether these extended linkers conferred E1E2-mediated entry into Huh-7
cells, these modified single deletion constructs were used to generate E1E2-pseudotyped
HIV-1 particles to infect Huh7 cells as previously described. As expected, the extended
linkers in the HVR 1conlink and HVR2link deletion constructs did not recover any entry
activity consistent with the observed failure of these mutant E2 glycoproteins to be
incorporated into virions or heterodimerise, respectively (Figure 8). However, the virion-
incorporated E2 glycoprotein containing the extended “igVR” linker demonstrated a
significant return of entry activity (~ 8-fold) compared to the negative control (empty)
consistent with its recovered heterodimerisation with E1. Notably, however, “jgVR link”

still exhibited reduced entry activity compared to wild-type (~1 0-fold).

CD81-LEL binding

To examine whether the intracellular or virion-incorporated E2 glycoproteins containing
these extended linkers altered CD81-LEL binding, both cell and viral lysates were applied
to a solid phase CD81 MBP-LEL (residues 113-201) binding assay as previously described.
This data was normalized for the amount of monomeric E2 expressed from each vector as
precipitated with H53 and observed by SDS-PAGE under non-reducing conditions;
Figures 6D (intracellular) and 7A (virion incorporated). The extended linkers did not
appear to alter the CD81-LEL binding ability of the intracellular E2 glycoproteins
containing the HVR2link or “igVR link” deletions as they still demonstrated wild-type
levels, or even slightly enhanced, binding as exhibited by the original HVR2 and “igVR”
deletion constructs (Figure 9A). Notably, the intracellular E2 glycoprotein containing the
HVR1conlink deletion demonstrated a marginal recovery in CD81 -LEL binding compared
to the negative control (empty) suggesting that the conserved cysteine-proximal residues
reintroduced into this construct may contribute directly or indirectly to the formation of the
CD81-binding site. The virion-incorporated E2 glycoprotein containing HVR1conlink
deletion, however, lost even this reduced CD81-LEL binding ability (Figure 9B) consistent
with its retarded incorporation into HIV-1 virions. The virion-incorporated E2
glycoproteins containing the HVR2link and “igVR link” deletion constructs maintained

CD81-LEL binding in viral lysates, but generated inconsistent results in regard to their
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relative CD81-LEL binding ability across two independent assays (Figures 9B and 9C) and

thus a third independent assay is required to verify these results.

3. Effect of multiple variable region deletions on E1E2 glycoprotein structure

and function

Intracellular E1E2 precursor folding and heterodimerisation

Despite a loss of heterodimerisation with E1 and/or viral entry, the above findings indicate
that HVR1, HVR2 and “igVR?” can be individually deleted from both the intracellular and
virion-incorporated E2 glycoprotein without disrupting its intrinsic folding properties as
recognised by the conformation-dependent monoclonal antibody H53 and binding to the
large extracellular loop (LEL) of the CD81 receptor. In order to further characterise these
variable regions and delineate a conserved E2 core domain, multiple deletions were
introduced into the E1E2 polyprotein and analysed within 293 T cells by pulse-chase
metabolic-labelling and immunoprecipitation.. Precipitation with the anti-E1E2 polyclonal
antibody (779) showed efficient expression and cleavage of E1 (~30 kDa) and E2 (~70
kDa) glycoproteins from the polyprotein occurring for each of the multiple variable region
deletion constructs (Figure 10 A). These mutant E2 glycoproteins also migrated faster than
the wild-type species corresponding to the loss of a glycosylation site within each HVR2
and/or “igVR” deletion: HVR1+2+igVR and HVR2+igVR < HVR1+2 and HVR1+igVR <
WT. However, deglycosylation of these glycoproteins is required to confirm their
backbone molecular weights as predicted in Table 3. The anti-E1 monoclonal antibody
(A4) again detected an E1 doublet (~30 kDa and ~27 kDa) present for each of the variable
region deletion constructs (Figure 10B). E1 co-precipitated with both wild-type and mutant
E2 glycoproteins under reducing conditions demonstrating the formation of covalently-
linked E1E2 heterodimers. The failure to detect the wild-type E1E2 heterodimer under
non-reducing conditions again reflects the low sensitivity of A4 for the non-covalently

associated E1 glycoprotein.

In contrast, the non-conformation dependent anti-E2 monoclonal antibody (A11) did not
detect the E2 glycoproteins containing these multiple variable deletions coprecipitating E1

under reducing or non-reducing conditions despite demonstrating wild-type levels of
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intracellular E2 glycoprotein expression for each of these deletion constructs (Figure 10C).
The conformation-dependent anti-E2 monoclonal antibody H53 also precipitated wild-type
levels of the mutant E2 glycoproteins (Figure 10D). This indicates that the inserted Gly-
Ser-Ser-Gly linker motifs provide sufficient flexibility within these mutant E2
glycoproteins to present this conformation-dependent epitope despite the introduction of
multiple variable region deletions (Figure 10D). These mutant E2 glycoproteins also
demonstrated a loss of heterodimerisation with E1 consistent with the absence of HVR2

and/or “igVR” required in the assembly of the E1E2 heterodimer as observed above.

E1E2 glycoprotein maturation and incorporation into pseudotyped HIV-1 particles

To examine whether the multiple variable region deletions altered E1E2 glycoprotein
maturation, these deletions were introduced into E1E2-pseudotyped HIV-1 particles and
lysed prior to immunoprecipitation with the conformation-dependent anti-E2 monoclonal

antibody H53 and IgG from an HIV-1 infected individual (IgG14) as previously described.

IgG14 precipitation indicated that none of the multiple variable deletions had affected
processing and virion incorporation of the HIV-1 structural proteins (Figure 11 B).
Immunoprecipitation with H53 again detected E2 as a diffuse band (~70-90 kDa) typical of
the mature virion-incorporated E2 glycoprotein (Figure 11A) and demonstrated the E2
glycoproteins containing multiple variable region deletions to be incorporated into HIV-1
virions at wild-type levels. These mutant E2 glycoproteins also migrated marginally faster
than the wild-type species reflecting the loss of one or two glycosylation sites within the
HVR2 and/or “igVR” deletions as described for the intracellular data. This suggests that
the virion-incorporated E2 glycoproteins containing multiple variable region deletions
retain the conformation-dependent H53 epitope even after maturation. Again, none of these
mutant E2 glycoproteins co-precipitated detectable amounts of E1 as observed in the

intracellular data.

E1E2-mediated entry into Huh7 cells

As expected, E1E2-pseudotyped HIV-1 particles containing multiple variable region
deletions were not competent for entry into Huh7 cells (Figure 12).
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CD81-LEL binding

Despite a loss of heterodimerisation and E1E2-mediated viral entry, both the intracellular
and virion-incorporated E2 glycoproteins containing multiple variable region deletions
were examined for their ability to bind CD81-LEL by applying both cell and viral lysates
to a solid-phase CD81 MBP-LEL (residues 113-201) binding assay as previously
described. This data was normalized for the amount of monomeric E2 expressed from each
vector as precipitated with H53 and observed by SDS-PAGE under non-reducing

conditions; Figures 10D (intracellular) and 11A (virion-derived).

The intracellular E2 glycoproteins containing multiple variable region deletions all
demonstrated wild-type levels of CD81-LEL binding (Figure 13A). This indicates that the
Gly-Ser-Ser-Gly linker motifs provide sufficient flexibility within these mutant E2
glycoproteins to form the precursor CD81 receptor-binding site. In addition, the E2
glycoprotein containing the HVR2 and “igVR” double deletion (pE1E2 A23) demonstrated
a further enhancement of maximum CD81-binding across two independent experiments.
This is consistent with this same effect observed in the individual HVR2 and “igVR”
mutants although, similarly, the overall binding curve was not increased and thus
additional independent assays are required to determine the statistical significance of this

effect.

The virion-incorporated E2 glycoproteins containing multiple variable region deletions all
maintained CD81-LEL binding (Figure 13B) again indicating that the inserted linker
motifs provide sufficient flexibility within these glycoproteins to present the CD81-binding
site even after maturation. This again suggests that HVR1, HVR2 and “igVR” are not
required for this function reflecting both the intracellular data and that obtained for the
individual variable region deletions. Importantly, this demonstrates that the E2
glycoprotein containing the triple variable deletion encompasses all the structural and
functional determinants required in CD81-LEL binding and thus constitutes a minimal E2
core domain. These virion-derived E2 glycoproteins containing double and triple variable
region deletions also demonstrated slightly reduced or enhanced maximum CD81-LEL
binding activity compared to wild-type, respectively, although again none of these mutants

exhibited a significant increase in the overall binding curve.
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4. Role of the variable regions in E2 receptor-binding domain (E2 RBDgg1myc)

structure and function

Folding and secretion

The above results demonstrate that the simultaneous deletion of all three variable regions
does not disrupt the intrinsic folding of the E2 glycoprotein as recognised by the
conformation-dependent monoclonal antibody H53 or binding to the CD81-LEL strongly
suggesting that this construct constitutes an E2 core domain. However, in the context of
the full-length E2 glycoprotein, the presence of both the transmembrane and membrane-
proximal regions would make it difficult to crystallize this core E2 structure. Therefore,
both single and multiple variable region deletions were introduced into E2 receptor-
binding domain (E2 RBDgs1myc) that is both soluble and amenable to high level expression.
The E2 RBDgg1myc glycoproteins containing single and multiple variable region deletions
were metabolically labelled within 293T cells and both the intracellular and secreted
protein analysed by immunoprecipitation using the conformation-dependent anti-E2

monoclonal antibody (H53).

H53 precipitated wild-type levels of intracellular E2 RBDgg1myc (~ 50 kDa) for all single
and multiple deletion constructs indicating that each of these mutant glycoproteins is
efficiently expressed (Figure 14A). These intracellular E2 RBDgg1myc glycoproteins also
exhibited variably lower molecular weights than wild-type consistent with the loss of
glycosylation sites located within the deleted regions as observed in the context of the full-
length E1E2 heterodimer. However, deglycosylation of these truncated glycoproteins is
required to confirm their molecular weights as predicted in Table 4. Furthermore, H53
precipitated a diffuse molecular weight band (~55-65 kDa) corresponding to the secreted
form of the E2 RBDggimyc (Figure 14B) reflecting the various complex- and hybrid-type
carbohydrate modifications acquired during transit through the secretory pathway. All E2
RBDgs1myc glycoproteins containing single and multiple variable region deletions were
shown to be efficiently secreted and again displayed variable molecular weights (kDa) as
described for the intracellular data. Together these results confirm that the variable regions

can be deleted — individually and in combination — from the E2 RBDgg1my. and retain the
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intrinsic folding of both the intracellular and secreted reéeptor-binding domain as detected

by the conformation-dependent anti-E2 monoclonal antibody HS53.

CD81-LEL binding

To determine whether the E2 receptor-binding domain containing single and multiple
variable region deletions bind to CD81-LEL, both intracellular and secreted E2 RBDg61myc
lysates were applied to a solid-phase CD81 MBP-LEL (residues 113-201) binding assay as
previously described. This data was normalized for the amount of monomeric E2
expressed from each vector as precipitated with H53 and observed by SDS-PAGE; Figures
14 A (intracellular) and 14B (secreted).

Both intracellular and secreted forms of the E2 RBDgg1myc containing the single variable
region deletions demonstrated CD81-LEL binding although, as observed in the context of
the full-length E2 glycoprotein, the HVR1con deletion conferred a total loss of CD81-LEL
binding (Figure 15A and 15B). The secreted form of the E2 glycoprotein containing the
single HVR1 deletion also exhibited an additional enhancement of CD81-LEL binding
compared to wild-type consistent with the data obtained for the mature virion-derived
forms of the full-length E2 glycoprotein. Importantly, both intracellular and secreted forms
of the E2 RBDgg1myc containing the triple variable region deletion (HVR1+2+igVR)
retained CD81-LEL binding at wild-type levels (Figure 16A and 16B) confirming that this
glycoprotein species encompasses all the structural and functional CD81-binding

determinants to constitute a minimal or near-minimal E2 core receptor-binding domain.

5. Binding of E2 RBDg¢ bearing simultaneous HVR deletions to cell surface

expressed full-length CD81.

The abilities of secreted E2 RBDgg; proteins with multiple HVR deletions to bind cell
surface expressed full length CD81 were determined. CHO-K1 cells were transfected with
a vector encoding human CD81. Forty-eight hours after transfection, cells were placed on
ice, and equivalent amounts of E2 added to cells. Four hours later, bound E2 was detected
with radioiodinated MAb 9E10 and the amount of bound E2 quantitated. The results
(Figure 17) show that wild type and AHVR2+igVR-deleted E2 RBDge: bound to full
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length CD81 at similar levels. By contrast, the binding of AHVR1+2-E2 RBDgs; to CD81
was significantly decreased (p=0.038); further deletion of igVR in construct E2 A123-myc
restored wild type CD81 binding activity (p=0.11). These data indicate that the 3 variable
regions can be deleted simultaneously without disruption to the CD81 binding ability of
E2. Interestingly, simultaneous deletion of HVR1 and HVR2 from E2 RBDgg led to
decreased CD81 binding however this defect was rectified by further deletion of igVR.

6. Ability of E2 RBDg1 bearing simultaneous HVR deletions to be recoenised by

human conformation sensitive monoclonal antibodies.

Wildtype E2- myg andE2 A123-myc was radiolabelled with 353-Met/Cys and

immunoprecipitated with a panel of human conformation sensitive monoclonal antibodies
(Keck et al., 2004) and analysed by non-reducing SDS-PAGE. This panel of conformation-
dependent MAbs are specific to conformational epitopes representing three distinct
immunogenic domains of E2 - A, B and C (Keck et al., 2004). The E2 A123-myc protein
demonstrated a similar immunogenic profile to the wild-type E2-myc protein (Fig. 18)
indicating that the E2-myec, lacking all three variable regions, retains the conformational
epitopes specific to these three distinct structural and functional domains of E2. This data
is consistent with previously published data by Keck et al. that also demonstrated a lack of
HVRI1 involvement in these domains (Keck et al., 2004). This data extends these
observations to suggest that HVR2 and igVR also do not participate in these domains.

7. Discussion

In the course of this study, the two recognized E2 variable regions, HVR1 and HVR2, and
the novel variable region “igVR” have been individually deleted to further investigate the
role of these regions in E1E2 biosynthesis, heterodimerisation, CD81-binding and viral
entry. All E2 glycoproteins containing these variable region deletions were shown to retain
the intrinsic folding properties of the wild-type glycoprotein as recognized by the
conformation-dependent monoclonal antibody H53. HVR2 and “igVR” were further
shown to be required for heterodimerisation and all three variable regions were required in
pre- or post-CD81-binding stages in viral entry. It has also been demonstrated that none of

the individual variable regions are required for CD81-binding and that all three can be
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simultaneously deleted from the E2 glycoprotein with the retention of CD81-binding
properties.

The envelope glycoproteins E1 and E2 exhibit the greatest genetic heterogeneity in the
HCV genome, especially in hypervariable region 1 (HVR1) —a highly variable ~27 amino-
acid sequence located at the N-terminus of the E2 glycoprotein. Here, it h;s been
demonstrated that deletion of HVR1 (polyprotein residues 387-408) results in a loss of
E1E2-mediated entry despite retaining both wild-type levels of heterodimerisation and
incorporation of E1E2 into pseudotyped HIV-1 particles suggesting that this region has a
direct role in viral entry. However, it has also been shown that HVR1 is not required for
CD81-LEL binding in the context of either the functional E1E2 heterodimer or the E2
receptor-binding domain (E2 RBDgg1myc) indicating that HVR1 is involved in another pre-
or post-CD81-binding stage in viral entry. This is consistent with a previous study that has
reported the deletion of HVR1 (polyprotein residues 384-410) to ablate E2 binding to the
SR-B1 receptor suggesting that this region may be required for essential SR-B1 contacts in

viral entry.

However, the present findings contradict several other studies that have demonstrated
HCV pseudotyped particles (HCVpp) lacking HVR1 to mediate entry into Huh7 cells,
although at reduced levels, inconsistent with an essential role for this region in viral entry.
Tt has also been reported that the enhancement of HCVpp infectivity observed in the
presence of the high density lipoprotein (HDL), a natural ligand of SR-B1, is lost upon the
deletion of HVR1. This suggests that HVR1 facilitates infectivity rather than being
essential for this function, although whether this effect is due to the association of HCV
particles with HDL remains undetermined. In addition, a recent study has found that the
substitution of all the conserved basic residues within HVR1 significantly reduces HCVpp
entry although these residues were not found to be involved in either CD81-LEL binding
or to correlate with an HDL enhancement of SR-B1 binding. Therefore the exact role of

HVRI1 in viral entry remains unclear.

It has also been shown that the deletion of HVR1 significantly enhances CD81-binding -
(approximately 4-fold) in agreement with previous studies. This suggests that HVRI1
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negatively modulates the accessibility of the conserved CD81-binding sites within the E2
glycoprotein despite not being required in this function. This is consistent with the recent
identification of a conserved CD81-binding determinant G* SWLAGLFY located between
HVR1 and HVR2. In addition, the broadly neutralizing antibody AP33 has been
demonstrated to recognise a conserved epitope directly adjacent to HVR1 (polyprotein
residues 412-423) and to inhibit interactions between CD81 and a range of presentations of
the E2 glycoprotein. The extension of the HVR1 deletion to include the conserved !
residue has also been shown to confer a reduction, rather than an enhancement, in CD81-
binding further implicating this region in this function. Similarly, it has been demonstrated
that the extension of the HVR1 deletion to include this adjacent conserved region

(HVR 1con, polyprotein residues 387-428) disrupts E2 glycoprotein folding and maturation
critical in the formation of the CD81-binding site. Furthermore it has been demonstrated

that residue W*2 located in this conserved region is also involved in CD81 binding

The location of these highly conserved regions adjacent to HVR1, suggests that this highly
variable region performs the dual function of both mediating viral entry and modulating
the accessibility of these conserved regions to the host immune system to escape
recognition by broadly neutralizing antibodies such as AP33. Indeed, a previous study has
found that deletion of HVR1 results in an increased sensitivity of the envelope
glycoprotein complex to neutralizing antibodies and sera. Therefore, it has been proposed
that HVR1 forms a solvent-exposed subdomain external to a conserved core domain of the
E2 giycoprotein consistent with both its modulating role in receptor-binding and its
elicitation of an immunodominant response. In order to further characterise this proposed
conserved core domain, the remaining E2 variable regions, HVR2 and “igVR™” have also
been deleted. As observed for the HVR1 deletion, both E2 glycoproteins lacking the
individual HVR2 and “igVR” regions retained the intrinsic folding properties of the wild-

type glycoprotein as detected by the conformation-dependent monoclonal antibody H53.

Interestingly, however, both HVR2 and “igVR” were shown to be required for
heterodimerisation and, accordingly, the deletion of these regions demonstrated a total loss
of E1E2-mediated entry in to Huh7 cells. This suggests that these regions within the E2

glycoprotein are involved in direct heterodimer contacts or, alternatively, modulate
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allosteric effects that are indirectly required for this function. Therefore to further
investigate the role of these regions, several conserved cysteine-proximal residues were
reintroduced into the HVR?2 and “igVR” deletion constructs affecting to extend their linker
motifs and thus enhance E2 glycoprotein folding. The extension of the “igVR” linker was
found to recover wild-type levels of heterodimerisation with E1 and a significant level of
E1E2-mediated entry (~8-fold) although this effect was not observed for HVR2. This
finding may reflect the relatively short length of the “igVR” deletion where two of the five
glycine residues lost from this region are further compensated for by the introduction of
the Gly-Ser-Ser-Gly linker motif resulting in only a five amino-acid total deletion within
this region. The role of the “igVR” linker in heterodimerisation is also consistent with its
observed conservation within genotypes. Notably, the extended “igVR” linker construct
still exhibited a reduction in entry activity compared to wild-type (~10-fold) and is perhaps
due to absence of a conserved N-linked glycosylation site within this region that has been

previously observed to reduce HCVpp entry.

Furthermore, it has been demonstrated that the E2 glycoprotein containing either the
HVR2 or “igVR” deletions retains wild-type levels of CD81-binding indicating that these
regions, as observed in HVR1, are not required in this function. Previous studies have
shown that monoclonal antibodies targeting HVR?2 inhibit E2 glycoprotein binding to
CDS81 and proposed that this region forms a CD81-binding determinant although, based on
the present findings, it is more likely that these antibodies are creating a steric effect that
occludes the G**WLAGLFY CD81-binding determinant adjacent to this region.
Therefore, despite a loss of heterodimerisation and/or viral entry, HVR1, HVR2 and
“igVR” can all be individually deleted from the E2 glycoprotein without disrupting its
intrinsic folding properties and, indeed, it has been further shown that all three variable
regions can be simultaneous deleted with a retention of CD81-binding. This strongly
supports the hypothesis that these variable regions form solvent-exposed subdomains
external to an E2 core domain encompassing the conserved structural and functional

determinants required for binding to the confirmed HCV receptor, CD81.

Interestingly, it has also been observed that the E2 glycoproteins containing the HVR1
deletion in combination with either HVR2 or “igVR” deletions did not exhibit the dramatic
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enhancement in CD81-LEL binding observed for the individual HVR1 deletion. A
previous study has demonstrated that the substitution of HVR1 and HVR2 with
corresponding sequences from a different subtype in combination achieves either increased
or decreased CD81 binding (depending on the introduced and backbone strains) that is not
observed for either of the individual HVR1 or HVR2 substitutions. Together this data
suggests that intramolecular interactions are occurring between these regions to modulate
CD81-binding and that they are likely to adopt intrinsically flexible structures to entertain
these contacts. This is further supported by both the recent identification of a conserved
CD81-binding determinant GPSWLAGLFY*? located directly between HVR1 and HVR2
as well as the immunodominant responses elicited by both HVR1, and to a lesser extent,
HVR2 consistent with their position as surface-exposed subdomains that may perform
modulating functions in cell attachment. This same effect observed for the HVR1 and
“igVR” double deletion suggests that the “igVR” region may also contribute to these

cooperative interactions.

One hypothesis to explain this data, proposes that the variable regions form flexible
solvent-exposed subdomains that enable the E2 glycoprotein to move between ‘open’ and
‘closed’ conformations, the former being more competent for CD81 binding by exposing
the conserved CD81-binding determinants located within the core E2 domain as delineated
within this study. Indeed, conformational changes within the E2 glycoprotein have been
previously observed upon CD81-binding. In addition, binding of non-neutralizing
antibodies to the E2 glycoprotein has been demonstrated to reduce its susceptibility to
neutralizing antibodies and is consistent with a model where the non-neutralizing
antibodies inhibit the flexibility of these surface-exposed variable regions thus blocking
access to the conserved epitopes located within the E2 core domain. Therefore, this
suggests that the modified E2 core domain represents a promising vaccine candidate for
eliciting neutralizing antibodies to conserved epitopes within the E2 glycoprotein,
including the CD81-binding determinants, that are otherwise occluded by these surface-
exposed variable regions that may act as immunological decoys at the surface of the

glycoprotein complex during HCV replication.
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The observed loss of heterodimerisation in the E2 glycoproteins containing HVR2 and
“igVR” deletions suggests that conformational changes are occurring within these
glycoproteins that cannot be recognised by the single conformation-dependent monoclonal
antibody H53. Therefore, a panel of conformation-dependent antibodies that have been
previously used to identify the three major immunogenic regions within the E2
glycoprotein were obtained to examine more subtle alterations in glycoprotein structure
and function mediated by these variable regions. The results show that in the context of E2
RBD 661myc monoclonal antibodies to domain A, B and C retain wild-type levels of
reactivities to the RBD containing simultaneous deletion of all three variable regions. This
further suggests that the E2 A123-mycA123RBD construct retains the intrinsic core domain
folding properties of the native E2 RBD.

8. Materials and Methods

Construction of the variable region deletion mutants

Vectors

In order to introduce the E2 variable region deletions into the E1E2 heterodimer, the HCV-
based expression vector pE1E2H77¢ was obtained (Drummer et al., 2003). The
pE1E2H77¢ vector contains a DNA sequence from the full length pCV-H77¢ (genotype
1a) infectious clone (Yanagi et al., 1997) encoding the E1E2 polyprotein residues 165-746
as described (Drummer et al., 2003). To ensure efficient ER targeting and glycoprotein
cleavage, this sequence includes the E1 signal peptide located at the C-terminus of the
immature core protein and both the full-length E1 and E2 polyprotein sequences (Figure
19). This DNA fragment was cloned into the backbone of the pPCDNA4HisMax vector
(Invitrogen, Carlsbad, CA, USA) that contains both a translational enhancer sequence and
a cytomegalovirus (CMV) promoter for expresssion in mammalian systems. It also

contains an ampicillin resistance gene for selection in bacterial cells.

The CD81 open reading frame was amplified by PCR from pcDM8-TAPA-1 (Levy et al.,
1998)30) using the primers, 5>-CCGAAGCTTCCACCATGGGAGTGGAGGGCTGC-3’
and 5’-GGCTCTAGATTAGTACACGGAGCTGTTCCG-3’. The PCR product was



10

15

20

25

30

WO 2008/022401 PCT/AU2007/001221

-47 -

cloned into pcDNA3 using Hindlll and Xbal (shown in bold type) to generate the plasmid
pcDNA3-CD81.

To enable characterisation of the variable regions within the soluble E2 receptor-binding
domain (E2 RBDgs1), the HCV-based expression vector pE2661 was also obtained
(Drummer et al., 2002). The pE2661 vector contains a pCV-H77c¢ DNA sequence encoding
HCV polyprotein residues 384-661 as described (Drummer et al., 2006)2002). This
sequence encodes an independently folding subdomain of the E2 glycoprotein that has
been shown to retain both CD81 and SR-B1 receptor-binding (Pileri et al., 1998, Scarselli
et al., 2002, Pileri et al., 1998). This DNA product was cloned into a pCDNA3 vector
(Invitrogen) backbone at the C-terminus of a tissue plasminogen-activator (tpa) leader
sequence designed to ensure efficient ER targeting and signal cleavage of the E2 RBDgg1
in the absence of E1 (E2-myc). This vector also contains a CMV promoter for expression
in mammalian cells and an ampicillin resistance gene to facilitate selection in bacterial

cells.

Overlap Extension PCR

Overlap extension PCR is a two step strategy that facilitates the deletion of large segments
of DNA (Figure 20) (Horton et al., 1989). In round one, the pE1E2H77¢ vector was used
as a template to introduce individual variable region deletions into the full-length EIE2
polyprotein. This step required two oligonucleotide pairs (Geneworks, Ann Arbor, MI,
USA); each pair containing one external and one internal primer responsible for
amplifying the sequence either upstream (5) or downstream (3°) of the variable region.
The internal oligonucleotide primers were designed to introduce the Gly-Ser-Ser-Gly
linker as well as a short overlap sequence complementary to the corresponding 5° or 3’
fragment (Table 5). Once generated, these first round 5” and 3’ PCR products were isolated
by agarose-gel electrophoresis and purified prior to being added to the second round PCR
reaction. Round two allowed annealing of the 5> and 3’ fragments via their overlapping,
complementary sequences to form a template for extension and amplification by the
relevant external primers. The external primers also contained unique EcoR1/Xbal

restriction endonuclease sites to facilitate cloning back into the template vector.
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E1E2 variable region deletion constructs

The overlap extension PCR strategy was used to generate the single variable region
deletions as summarized in Table 5 and represented in Figure 20. Notably, two alternative
HVRI1 deletion constructs, HVR1 and HVR1con, were designed to further investigate this
region. The HVR1 deletion lacks the highly variable segment between polyprotein residues
387 and 408, whereas HVR 1con extends this deletion to encompass the adjacent region up
to the first conserved cysteine residue in E2 (polyprotein residues 387-428) proposed to
anchor this N-terminal region to the rest of the glycoprotein. The first three amino-acids
(E**TH) of HVR1 were also retained in these constructs to ensure efficient cleavage
between E1 and E2 during glycoprotein biosynthesis. HVR2 and “igVR” deletions
encompassed polyprotein residues 460-485 and 570-580, respectively.

To enhance E2 glycoprotein folding, a second series of modified single variable region
deletion constructs were generated using overlap extension PCR (Figure 21). This strategy
utilized a set of modified internal oligonucleotide primers to extend the Gly-Ser-Ser-Gly
linker motif by reintroducing several conserved cysteine-proximal residues deleted from
the original constructs as summarized in Table 2 and represented in Figure 21. Notably,
this modified AHVRlink E1E2 series lacks a HVR1 deletion construct due to the lack of

any conserved residues located within this region.

In order to delineate a minimal E2 core domain, multiple HVR1, HVR2 and “igVR”

deletions were introduced into the context of the E1E2 polyprotein as represented in Figure

'19. These multiple deletion constructs were again generated using overlap extension PCR,

but utilized the relevant single or double variable region deletion constructs a template

instead of the wild-type pE1E2H77c¢ vector as outlined in Table 3.

E2 RBDgs1myc variable region deletion constructs (E2-myc)

In order to characterise the single and multiple variable region deletions in the context of
the soluble E2 receptor-binding domain (E2 RBDesimyc), standard PCR was used to
amplify polyprotein residues 384 to 661 from the full-length E1E2 constructs containing

the single and multiple variable region deletions as outlined in Table 4 and represented in
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Figure 22. The oligonucleotide primers were designed to introduce a C-terminal myc

epitope tag and unique Nhel/Xbal restriction endonuclease sites to facilitate the cloning of

these PCR products into the pE2661vector.

All PCR reactions were carried out in the Biometra Thermocycler (Biometra, Goettingen,
Germany) using the Expand High Fidelity PCR system (Invitrogen) under the conditions

summarized in Table 6.

Agarose-gel Electrophoresis

DNA products were isolated by agarose-gel electrophoresis using Bio-Rad gel tanks (Bio-
Rad Laboratories, Hercules, CA, USA) containing TAE (0.001M EDTA and 0.04M Tris-
Acetate). 1% (w/v) DNA-grade agarose in TAE was made up with ethidium bromide
(0.5pg/mL) to enable DNA visualization under UV light (Sambrook and Russel, 2001).
DNA samples were made up at 20% (v/v) with Orange G gel-loading dye (1% (w/v)
Orange G (Sigma, St Louis, MO, USA), 50% (v/v) glycerol). Agarose gels were run at
100V, 23mA for 30-40min and DNA fragment size was confirmed and quantified using
the GelDOC system (Bio-Rad) in reference to a 1kb Plus DNA Marker (Invitrogen).
Confirmed DNA products were subsequently purified from PCR reactions using the Mo
Bio PCR Clean-up kit (Mo Bio, Carlsbad, CA, USA) or from agarose gels with the Mo Bio

Gel-Spin kit (Mo Bio) according to the manufacturer’s instructions.

Restriction endonuclease digestion of DNA

All DNA was digested with New England Biolabs restriction endonucleases according to
the manufacturer’s instructions (New England Biolabs, Ipswich, MA, USA). Any digested
vectors were de-phosphorylated with Shrimp Alkaline-phosphatase (Invitrogen) for 30min

at 37°C to reduce self-annealing.

Ligation and transformation of plasmid constructs

Digested insert and vector DNA were ligated together at approximately a 4:1 ratio using
the T4 DNA-ligase system (Invitrogen) and incubated at 4°C for 16hrs. DNA ligation
products were isolated using the sodium-acetate precipitation method (3M Na-Acetate pH

5 and 100% Ethanol) (Sambrook and Russel, 2001) and resuspended for 1hr in sterile
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distilled water. Ligation products were transformed into 20uL. of electroporation-
competent DH10B E.coli cells (New England Biolabs) using Imm electroporation cuvettes
(BTX, Holliston, MA, USA) and a Gene Pulser Electroporator (BioRad) set at 2.0V, 200Q2
and 25pF. The electro-treated DH10B cells were then transferred into Luria Bertani
Medium (LB) (1% (w/v) Tryptone, 0.5% (w/v) Yeast Extract, 0.5% (w/v) NaCl) to recover
for 1hr at 37°C. The cells were then spread-plated out onto LB-Agar plates (LB, 5% (w/v)
Agar) containing 50ug/mL ampicillin and incubated at 37°C for 16hrs to select for
transformed cells (Sambrook and Russel, 2001).

Colony PCR

In order to rapidly screen for transformed colonies containing the desired DNA insert,
approximately 20 colonies were selected from each LB-Agar plate for colony PCR
(Sambrook and Russel, 2001). Colony PCR was performed using the Taq polymerase
system (Invitrogen) and the appropriate external primers in the Biometra Thermocycler
(Biometra) under the conditions specified in Table 6. The colonies containing positive

inserts were identified by agarose-gel electrophoresis as described above.

Small-scale preparation of plasmid DNA

Smali-scale preparations of plasmid DNA from positive colonies were then generated
using the Mo Bio Mini-prep kit (Mo Bio) using the alkaline lysis method in accordance
with the manufacturer’s specifications. Inserts were confirmed by restriction endonuclease

digest and agarose-gel electrophoresis as described above.

DNA Sequencing

The sequences of all plasmid DNA inserts were confirmed using the relevant sequencing
primers and the PRISM BigDye Terminator Mix (version 3.1) (Applied Biosystems, Foster
City, CA, USA) according to the Micromon Reaction Set-Up Protocol (Micromon,
Victoria, Australia). All sequencing reactions were run in a Biometra Thermocycler
(Biometra) under the conditions outlined in Table 6 and the resulting DNA prepared
according to the Micromon Reaction Clean-Up Protocol (Micromon). Sequence analysis
was performed in a 3730S Genetic Analyser (Applied Biosystems) at the Micromon

sequencing facility.
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Large -scale preparation and quantification of plasmid DNA

Plasmid DNA from confirmed clones was then isolated on a larger scale using the Qiagen
Midi-prep Kit (Qiagen, Hilden, Germany) based on the alkaline lysis method in
accordance with the manufacturer’s specifications. These large scale plasmid DNA
preparations were purified using phenol-chloroform (1 :1) and centrifuged at 10 000 xg for
3 min to obtain an upper phase containing the DNA and repeated with chloroform (50%
(v/v)). Purified DNA was concentrated using sodium-acetate (10% (v/v) and 2.5 volumes
of 100% ethanol at 70°C for 30 min. DNA was pelleted at 10 000 xg for 15 mins prior to
washing twice in 70% precipitation method and resuspended in 100uL. of TE. All DNA
concentrations were determined using a Biophotometer at 260nm (Eppendorf, Hamburg,

Germany).

During this study, all bacterial work utilised an orbital-shaker (Ratek Instruments, Victoria,

Australia) or an incubator (Memmet, Schwabach, Germany) set at 37°C.

Biochemical and Functional Assays

Cell Culture

293T human embryo kidney cells (HEK 293T) from a human fibroblast cell line was used
in this study to ensure high transfection efficiency and to achieve good levels of cellular
protein expression. The human liver hepatocyte is the primary target cell for HCV and thus
the human hepatocellular carcinoma cell line, Huh7, was used as a model liver cell system
in this study. Futhermore, the Huh7 cell line has been demonstrated to support subgenomic
HCV replicons, is highly permissive to HCVpp entry and can support cell culture grown
HCV (HCVcc) suggesting that it contains all the cellular factors required for HCV tropism
in vivo (ZhongBartosch et al., 2005, Wakita et al., 20052003a, Lindenbach et al., 2005b,
Lohmann et al., 1999, LindenbachWakita et al., 2005a, Zhong et al., 2005, Bartosch et al.,
2003a).

All cells were maintained in DMF10: Dulbecco’s minimal essential medium (Invitrogen),
10% (v/v) heat-inactivated foetal bovine serum (Invitrogen), 2mM L-glutamine (GE

Healthcare, Bukinghamshire, UK), 1M HEPES buffer solution (Invitrogen), Gentamycin
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(GE Healthcare) and 2ug/mL minocycline-hydrochloride salt (Sigma). The cells were
subcultured every 3-4 days in 75cm? or 150cm? Falcon flasks (Becton Dickenson, Franklin
Lakes, NJ, USA) using 0.025% (v/v) Trypsin in PBS-EDTA (phosphate buffered saline
(PBS) — ethylenediaminetetraacetic acid (EDTA)) to detach the monolayer. All cells were
incubated in a Thermo Direct Heat CO, incubator at 37°C with 5% CO; (Thermo,
Waltham, MA, USA). During this study, all vectors were transfected into HEK 293T cells
seeded in 6-well culture dishes (Nalge Nunc, Rochester, NY, USA) using the FuGene6

transfection reagent (Roche) as previously described (Drummer et al., 2003).
Antibodies

The non-conformational anti-E1 monoclonal antibody A4 and non-conformational anti-E2
monoclonal antibody A11 were gifts from Drs. Jean Dubuisson and Harry Greenberg
(Dubuisson et al., 1994). The anti-E2 conformation-dependent monoclonal antibody, H53,
was also a gift from Dr. Jean Dubuisson (Deleersnyder et al., 1997). The anti-E1E2
polyclonal antibody, 779, purified from the plasma of an HCV genotype la-infected
individual was obtained (Drummer and Poumbourios, unpublished). Immunoglobulin G
from an HIV-1 infected individual IgG14) and the anti-myc monoclonal antibody 9E10
were also obtained (Drummer et al., 2002, Drummer et al., 2003). A panel of
conformation-dependent human MAbs, specific to conformational epitopes representing
three distinct immunogenic domains of E2 A, B and C, were obtained from Dr. Steven

Foung (Keck et al., 2004) .

E1E2 pseudotyped HIV-1 particle entry assay

The incorporation and display of functional HCV envelope glycoproteins by heterologous
retro- or lentiviral core particles, called pseudotyping, provides a relatively rapid and
simple method for characterising mutant E1E2 glycoproteins without introducing these
mutations into the full-length HCV genome (Drummer et al., 2003, Bartosch et al.,
2003b)2003a, Drummer et al., 2003). This strategy involves the co-transfection of both an
E1E2 expression vector and a retroviral or lentiviral expression vector lacking its native
envelope gene and containing a reporter construct (Figure 23). As the viral core proteins
assemble within the cell they acquire an envelope by budding from the plasma membrane

and incorporate the HCV envelope glycoproteins present at the cell surface in place of
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their native envelope complex. These E1E2-pseudotyped particles (HCVpp) can undergo a
single round of E1E2-mediated infection and replication that can be quantified by
measuring the activity of the reporter gene within the infected cell. During this study, the
human immunodeficiency virus (HIV-1) fire-fly luciferase vector, HIV-1 NL4-3.LUC.RE’
(He and Landauet al., 1995) was used to generate E1E2-pseudotyped virus for infection of
Huh-7 cells as previously described (Drummer et al., 2003).

203T cells were seeded at 350 000 cells/well in 6-well culture dishes (Nalge Nunc) and co-
transfected with lug of NL4-3.LUC.RE" and 1lug of either pE1E2H77¢ (wild-type),
pAHVR EI1E2 or the empty pPCDNA4HisMax vector (negative control). After three days
incubation, the tissue culture fluid containing E1E2-pseudotyped HIV-1 particles was
collected and filtered using Minisart 0.45um sterile syringe filters (Sartorius, Goettingen
Germany). The filtered product was then used to infect Huh-7 cells seeded at 30 000
cells/well in 48-well culture plates (Nalge Nunc) in triplicate. Following 4hr incubation at
37°C, the innoculum was removed and the cells cultured in DMF10 for a further 3 days
before being lysed with cell culture lysis reagent (Promega, Madison, W1, USA). Cell
lysates were clarified of cellular debris prior to being transferred into white 96-well plates
(BMG Labtech, Offenburg, Germany) to be analysed for luciferase activity using the
Steady-Glo luciferase reagent system (Promega) and a Fluostar (BMG Labtech) fitted with
luminescence optics. The average luciferase activity (relative light units) was calculated

from triplicate infections and the standard deviation calculated accordingly.

Radioimmunoprecipitation (RIP)

Radiolabelling

In order to analyse the role of the variable regions in intracellular E1E2 biosynthesis, 293T
cells seeded at 500 000 cells/well in 6-well culture dishes (Nalge Nunc) were transfected
with 2ug of either pE1E2 (wild-type), pE1E2 containing ong or more variable region
deletions or empty pCDNA4 vector (negative control). 24 hours post-transfection, cells
were pulse-chase metabolically labelled for 30 min at 37°C with 150uCi Trans->>S-
label/well (Santa Cruz Biotechnology, Santa Cruz, CA, USA) in L-cysteine and L~
methionine deficient DMF10: DMEM (MP Biomedicals), 10% (v/v) heat-inactivated fetal
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bovine serum (Invitrogen) and 2mM L-glutamine (GE Healthcare). The cells were then
chased for 4hrs in DMF10 at 37°C prior to being washed in PBS and lysed in RIP lysis
buffer (0.6 M KCl, 0.05 M Tris pH 7.4, ImM EDTA, 0.02% sodium azide, 1 % Triton X-
100). The cell lysates were clarified of any remaining cell debris by centrifugation for

10min at 4°C in a refrigerated bench-top centrifuge (Heraeus, Hanau, Germany).

To enrich for mature E1E2 heterodimers as incorporated into pseudotyped HIV-1 particles,
293T cells seeded at 350 000 cells/well in 6 well-culture dishes were transfected with lug
of pNL4-3.LUC.R-E- plus lug of either pE1E2 (wild-type), pE1E2 containing ong¢ or more
variable region deletions or empty pCDNA4 vector (negative control). 24hrs hours post-
transfection, the cells were metabolically labelled with 75uCi Trans->>S label/well (Santa
Cruz Biotechnology) in L-cysteine and L-methionine deficient DMF10 for 16 hrs at 37°C.
The tissue culture fluid was then collected and filtered through a Minisart 0.2um syringe
filter (Sartorius) prior to being enriched for virions through a sucrose gradient (25%
sucrose (v/v) in PBS) using the Beckman L-90 ultracentrifuge (SW41 rotor, Beckman
Coulter, Fullerton, CA, USA) at 25 000 xg for 2hrs at 4°C. The supernatant was removed

prior to lysis of the virions in RIP lysis buffer.

To characterise the role of the variable regions in the context of the E2 receptor-binding
domain (E2 RBDg¢s1myc), metabolically labelled 293T cells seeded at 350 000 cells/well in
6-well culture dishes (Nalge Nunc) were transfected with 2ug of either the E2-myc (wild-
type), E2-myc containing ong or more variable region deletions por empty pCDNA3 vector
(negative control). 6hrs post-transfection, cells were pulse-chase metabolically labelled
with 75uCi Trans->>S-label/well (Santa Cruz Biotechnology) for 1hr at 37°C and chased in
OptiMEM serum reduced media (Invitrogen) for 16hrs to accumulate secreted protein.
This tissue culture fluid was then collected and lysed in RIP lysis buffer prior to
clarification by centrifugation at 10,000 xg at 4°C. The cell monolayer was also washed in
PBS, lysed in RIP lysis buffer and clarified as described above.

Immunoprecipitation

Radioimmunoprecipitation was used as a conformational-sensitive strategy to analyse

protein expression. All protein preparations above were pre-cleared with Sepharose (GE
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Healthcare) coupled to BSA (Sigma) in the presence of the relevant antibody for 16hrs at
4°C. The BSA-Sepharose was pelleted at 8 000 xg for 10min to remove any non-specific
protein species. The supernatant containing antibody-bound proteins was then precipitated
using 30% (v/v) Protein-G Sepharose (GE Healthcare) in RIP lysis buffer for lhr at room
temperature and isolated by centrifugation as above prior to washing three times in RIP
wash buffer (0.5 M NaCl, 0.05 M Tris pH 7.4, 1mM EDTA, 0.02% sodium azide and 1%
Triton-X 100) and once in PBS.

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) Protein Separation and Analysis

All immunoprecipitates were resuspended in sample loading buffer (0.5 M Tris pH 6.8, 5%
(v/v) SDS, 10% (v/v) glycerol, 0.05% (w/v) bromophenol blue). Intracellular lysates were
run under either reducing (+ 3% (v/v) B-mercaptoethanol) or non-reducing conditions (no
B-mercaptoethanol) to identify non-covalently associated E1E2 species within the large
amounts of intracellular covalently-linked E1E2 aggregate as previously observed
(Dubuisson et al., 1994). Metabolically-labelled virion-incorporated E1E2 in viral lysates
were run under non-reducing conditions, while the HIV-1 structural proteins were run
under reducing conditions. All samples were denatured at 100°C for 5min prior to
separation on 10-15% SDS-PAGE polyacrylamide gradient gels (except IgG14 samples
that were separated on a 7.5-15% gradient) using the Miniprotean II SDS-PAGE system
(BioRad) in reference to a pre-stained broad-range protein marker (BioRad).
Electrophoresis was conducted at 100V, 23mA for 1.5 hrs in 1x electrode buffer (0.2M
Tris-HCI and 2M Glycine). The SDS-PAGE gels were then submerged in 10% (v/v) acetic
acid and 10% (v/v) methanol to fix the samples prior to drying at 80°C using a vacuum
slab-gel dryer (Hoefer Scientific, San Francisco, CA, USA). The broad-range marker
positions were marked with 35§-Trans label (Santa Cruz Biotechnology) prior to protein
analysis and quantification using the FLA-2000 Phosphoimager and Software (Fuji Film,
Tokyo, Japan).

Solid-phase CD81-LEL Binding Assay

The large extracellular loop of CD81 has been demonstrated to be sufficient to mediate E2
glycoprotein binding (Pileri et al., 1998, Petracca et al., 2000, Pileri et al., 1998) and

contains all the residues that form the E2 interaction site and contains all the residues that
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form the E2 interaction site (Drummer et al., 2002). Therefore, to rapidly screen for the
CD81-LEL binding ability in the variable region deletion mutants, we used a solid-phase
binding assay constructed using a chimera composed of the maltose-binding protein
(MBP) linked to the CD81 large-extracellular loop residues 113-201 (MBP-LEL) as
previously described (Drummer et al., 2002).

Briefly, 96-well maxisorb enzyme linked immunosorbant plates (Nalge Nunc) were coated
with 5ug/mL of dimeric CD81 MBP-LEL in PBS and incubated for 16hrs at 4°C. The
MBP-LEL was removed prior to blocking with BSA(PBS (10mg/mL BSA (Sigma) in
PBS) for 2hrs at 37°C to reduce non-specific binding. The plates were then washed four
times in PBST (0.05% Tween-20 (Sigma) in PBS) prior to the addition of all the protein
lysate preparations at twelve two-fold serial dilutions in BSAsPBST (Smg/mL BSA in
PBST). Plates were incubated for 2hrs at room temperature, washed again, and probed for
bound E2 with the conformation-dependent anti-E2 monoclonal antibody H53 for 1hr
(1:1000 dilution in BSAsPBST). After further washing in PBST, the antibody-bound E2
complexes were detected using a rabbit anti-mouse immunoglobulin-horseradish
peroxidise conjugate (DAKO) (1:1000 dilution in BSAsPBS/Tween) and developed with a
tetra-methylbenzidine substrate (Sigma) according to the manufacturer’s instructions. The
resulting absorbance values (optical density) were read at 450 nm-620 nm (background) on
the Fluostar (BMG technologies). This data was then normalized against monomeric E2 as
detected by conformation-dependent antibody H53, visualized and quantified in the

previous sections.

E2'myc-CD81 cell surface-binding assays. CHO-K1 cells were seeded in 12-well culture
plates at 1.25 x 10° cells/well and transfected with 2 pg pcDNA3-CD81 24 h later. At 48-h
post transfection the CD81 transfected CHO-K1 cells were chilled on ice and incubated
with serial dilutions of wild-type or E2-myc protein containing variable region deletions in
BSA1oPBS for 4 h on ice. The cells then were washed twice in BSAoPBS prior to a 1 h
incubation with "’T-MAb 9E10 (10° cpm) that had been precleared with 10" CHO-K1 cells
for 2 h onice. After 4 further washes with BSA;oPBS, the cells were lysed in 1% SDS in

PBS and counted in a Packard Auto-Gamma counter.



PCT/AU2007/001221

WO 2008/022401

57

- AASH+

. - d
i + + + CIAH ‘Taag | £C1V A
T - " - +r ¥ - AT+ TIAH | €2V zdidd
- - + - n + - MASIPUE T4AH | €1V cd1dd
" - y : T ¥ - CPue YAH | IV cdrad
- To[ul] uif
. " 4 + -+ + + popusIxe M YAST v zarad
- - . IoXUI] papusIXd S
+ + ++ + s 2IAH v drad
JONUI] POpPUAIXD UT[uos
- - poonpa - “/+ + + s uor3ar 1v zarad
poAISsuU0d + TYAH
+ - + - + + - YAT v carad
T - T - o + - CIAH | tvzdldd
i j - uo1galx w0 d
pednpar - ) + + PoAISSUOO: TYAH veia
+ - + + ++ + + TIAH 1V zd19d
+ + + + + + + odA-prim zd1ad
ZA 14 pa1eIodIooul-UOLIA SINJRy s10snoaxd 714 Jemjeoenuy JueIn
A%MV M%o mmwﬂwm SEWNMBM  HOREZHIOUPOISISH ANMM mm%o uouwawmoom | UOIJBZLISUIPOISIOF] ronerd uroxdLjog

‘(d4m- 77y) ey adojids 24w € SUTUILIUO0I SIONIISUCD Uurewiop Suipuiq-103dadax
7d Q) pue wdjoadAjod A TH 973 JO JX33U0D 1) Y0 Ul SJINIISHOI UOIIIP UOISII S[BLIBA I0] PIUIEIQO SJNSAI Jo Aremmng | d[qe],

SUBSTITUTE SHEET (RULE 26) RO/AU



PCT/AU2007/001221

WO 2008/022401

58

quoyadurod Anus Aqpented syuasaidal -4 "A1jUS [RITA 9[(e)I}9p oU syuosardor — 7z TH 2dA1-piIm 0} Je[IUIIS S[OAS] J& AT [eIIA syuesaxdar 4 ¢
2 'od£)1-pTM 01 9ATRISI SUIPUI] PIOULYUS 4+ “ZHTH 2dAI-P[im 0) oANR[o1 SUIpUIq TH'T-18D
paonpai syuesardar -/+ "payoagep Juipulq THT-18dD OU syuosaxder — 7 [ 9dA1-p[1m 0} Jeruurs S[oA9] Surpulq THT-18AD sjuosoidar 4+ 7

poonpaI sjuasardol -/4+ "Pa1od1op UOHEZIISWIPOISSY OU

“7A1H 9dA1-pIIM 0} SATIR[2I UOHBZLISUIPOISIoY
sjuasorda1 — "Zr 1 odA1-P[Im 0] IB[IUIS S[OA] UOTJRZLISUWIPOINAY syuesaxdal + |

+ + ++ + WA+ TIAH ‘TIAH | 9AW-¢71V Td
+ + + + WAST+ TIAH | oAw-g7V TH
+ + + + AASTpuR TYAH | oAW-€IV ZH
- + -+ + TPue YAH | 2AW-ZIV ZH
+ + /+ + YASL | 9AwW-¢V TH
+ + ~/+ + TIAH | 0Aw-zy 7H
uolgal AW
) + } + POAISSUOD + TYAH | -U0oTY  7d
+ TIAH |  2Aw-1v 7d
= : H+ + odA-ppm oAuw-zH
- . - - jueInjAl
PRI TH PRI RO T Te[n[jeorIu] P

SUBSTITUTE SHEET (RULE 26) RO/AU



PCT/AU2007/001221

WO 2008/022401

59

*K[oAN09dSOI “s911S SBS[ONUOPUS TOOLISII PUB JHOW IONUI[ A[D-I0g-19G-A1D paonponut oy jussardor soousnbes temmid pourepun pue pssiende)

1€S £ 980 o1 931 108 108
suou | TeqY .€ 328 £ oL HeA19d
990 931930 81 39D DDV LDV 199 § 121 v33 813 080 010 080 e BEEOI B0 ¢
€69 6¢ | 9591 £ 999893 50} syup £ z1Ad
89¢1 suou BaX [ 980 888 83e woe ov8 18 OOV 1OV 10D £88 £ oLLgzATad
00D ©ed 323 vo3 333 19e o w03 ¢ 100 110 ove 333 woe voJ 510 1€ €44 133 ¢
918 .£ 988 181 300 B3R €99 300 0B} 08D
suou | Teqy .£ 2e8 £ oLLHZATAd
833 933 283 900 DOD DOV LOV 19D & 121 38 831 030 010 080 e ¥BE 01 500 ¢
1L08E | ¥191 0P e g zv catad
8¢6 suou oHo 0 988 108 ©o3 8031 8093 Gee DOV 1DV £33 5 oL HZATAd
e 109900 338 m3eo8 w818 w8 ¢ 100 119 oee 3% voe vod 815 e ©d3 138 (¢
.£ 908 ore 130 o93e ved jpe 03]
€66 | Suou | Teqy eS8 £ siLHzaTad
Tee 83 008 08 DOD DOV 1OV 19D .§ 12) 888 31 980 510 08578y BFE 197 800 . § NU[UOOTY
8y 9¢ | €951 € za1ad
P | owow | L | ou8 18080 0188 18 50V 10V 10O £33 S oLLHzaTad
q0%g DDD 130 933 veo 1ye 808 3B 9N 108 ¢ 193 170 ove §38 eoe ©o3 515 AL €83 138 ¢
(dg) | (dq)
npoIy
(@) azZIs | 9N Sey o Mg 103237 J9N1)SuU0d
M | poxd | doydy | Iy ot [EsL PR PEERE I w_w_.wm o] eaiad
asuy | ¥Ood

-urdjoadAjod ZHIA ADH Y2 03ul sddouanbos
JONUT] YIIM SUOPIJOP OIS JfRLIEA J[SUIS PILJIPOTH IONPOIYUI 0) PISN A33)e1)S WY ) J HOISUNXI de[1dA0 oY) Jo ArpmuIng *7 d[qeL,

SUBSTITUTE SHEET (RULE 26) RO/AU



PCT/AU2007/001221

WO 2008/022401

60

*KppAnoadsal ‘solls 95BSJonNIOPUL UONOLISAI Pue JIOW Jasul] AJD-Iog-I0S-A[D) paonponu; oy Juesaidar seousnbes ssumid paurjispun pue pazijende)

ses auou lth'e .€ 980 o1 981 128 £ 8e8 £ 71V tarad
296 198 200 931 DDH DOV IOV IDD .S 181 33 311 930 030 080 By BFE P01 809 ¢
ve | PEST : €zIv caiad
s suon [4oog ®d35 09) 08> wwwwwwomom DOV 1OV €38 § ey zarad
19D 500 803 533 198 o2 203 .C 100 110 ove 339 evoe vod 810 Ne €93 138 ¢
018 auou JLLD ¢ € 983 391 100 vFe ©23 100 0B} £ 93 € ev zarad
159 280 381 981 DHD DOV 1DV IDD .S 181 €38 811 980 010 080 P BFL 301 890 ¢
8LCT d
9¢ 256 €V Tdid
auou 130935 (€ 939 300 wBD 939 108 ®o3 DOV (£33 € £v za1ad
IOV IDD Do eodeoo 818 w138 G 109 110 oeve 338 eoe ©oF 815 €33 183 ¢
1701 suou Teax € 908 oee oJe 810 vED .£8eg8 £ ¢v zd1ad
996 918 oBR 880 OO DOV 1DV I1OD S 1) 38 811 080 090 080 w1y BT 15) 800 ¢
0651 d
LE vOL £1v 7dia
auou oo £ 0u3 218 980 911188 818 DOV €98 S v zd1ad
1oV IDO DD S8 wrddn S 199 130 ove 938 eoe vo8 810 e €838 188 ¢
I86 £ 908 ouve oJe 810 vRD
suou | Teqx .€ 323 € zv zarad
L69 98 9%E 580 DDD DOV 1OV 199 .§ 181 233 81 980 010 080 N BFE 101 Foo .G
ce | svst P - 21V zarad
B b]
7O | ewou | ooq Hmmm hww wowo w%um Wwwﬁ €3 ,m ov zarad
¢ 109 130 ove 333 voe oS )5 PR vB3 198 ¢
(dq) (da) PNposg
() azis | jponpoad mww_wm NS Jowrly jeuauy JowILl g [BUId)XY aDd o.wo%,ww uu._.am:m.u
M 1a51) ¥0d I Td [punoy Jejduia g, (ACRYC
"urdjoxdAjo

ZATH ADH 24} ojul SUopa[ep uoi3al s[qeLieA sjdpnm sonpo.apul 0) pasn A39jea3s Y J uoisuazxa dejraao ayy yo Aremwing ¢ d[qeL

SUBSTITUTE SHEET (RULE 26) RO/AU



PCT/AU2007/001221

WO 2008/022401

61

"SOYIS 9SBI[ONUOPUS UOIIOLNSAI peonponur Juesardar seouonbss sswrid psuriopun

¥96°LT 9SL ofwr | TeqX/IOYN <€ 913199 915 300 238 030 o 1Te 011 B €083 £21v ¢arad 2AW-ETTV TH
1m Sed 183 ©3) oy 930 oye Feo e vio EIE 9] 300 ¢ 93e 13e 188 oeo ooe veld 382 158 veo ¢

18€°0€ 118 ohw 1BGX/I9UN €913 190 018 190 283 010 0B 15 O By .£98 j1ge B33 v tarad okw~g7y 7d
1M 8e8 183 ©3) 011 930 o1k Feo 11v v10 BEE 19j 500 ¢ 838 oor 0138 oBo 008 BR3 DBE 100 8OO ¢

¥T9'0g 7C8 ok TeqX/IoUN, «€ 935 100 15 100 238 910 Jor 1Te 0 81y £9088 €1V za1gd 2Aw-¢ 1V 7d
111 8u8 188 ©8) op 910 o8 §eo 11w vIo BB 9] 500 ¢ o5e 15e 188 o®0 ooe veS 552 105 BRD ¢

698°3T LLL pIA BOX/TSUN <€ 918 309 918 199 €38 00 108 158 01 BY €083 v q oAW1V T
11 3e3 183 B3] o1 930 o3 Seo 18 vl BIE 19 800 .G 23 13e 183 oo 008 ©RS 558 103 ves ¢ avs

651°cE 9/8 oAt IBOX/TOUN £ 918 300 013 105 833 010 Jor 132 0N BN .£93 1eB 2F3 d ofw-¢v 7
m Se3 183 ©F3 o1 930 o3e Fed 1k w10 BFE 19} 800 ¢ 833 ooe 013 owo 00B 8RS 538 103 BID ¢ eV edid

78T 1€ 1€3 ofw QX/19UN € 918 399 219 100 833 010 102 18R ON 8N £ 09 1weedd d 2fui-7v 74
111 3v3 183 ©3) op 030 018 Feo e vl BFB 51 309 ¢ 8483 oov 213 owo ooe veg 532 155 va0 ¢ vl

€79°1¢ V8 o EQX/1PUN £ 918 100 918 100 w38 010 PeIZe ON SN £9033 d 2AW-1V TH
111 8e8 183 ©31 op 510 oje Feo 1ye vl TFE 1) Foo ¢ 932 13w 138 owo ooe ve3 95T PJ R ¢ IV edid

S8E°6T €8L ofw EQX/IPUN £ 918 300 918 300 ©3F 090 1ov j8e o1 N £038 uodyy Zq14d 2AW-u00TY 79
111 323 123 231 511 030 03e Ted 1e B TIE 9] 300 & 93z 13e 138 owo ooe €e3 5% 193 vwO ¢

(dg) del, _ J10J00A JINAISUOD
() MIX ozg paosuy | odondy SIS MY Jowirid IsUIS-IJUE JRUIIXY Jompid 9Suds JBUINXT opeyduy, By -

“(199-$8¢ sanpIsa.l) ulewop SurpuIq
-10)d530. 7 1) 0jul SHONIAP W0ISa.1 S[qrLIeA ojdynum pue J[3uls Jon.13SU0I 03 pasn £3a3e.138 YD J paepue)s 9y} jo Aremmang p S[qeL

SUBSTITUTE SHEET (RULE 26) RO/AU



PCT/AU2007/001221

WO 2008/022401

62

"A[oAryoadsal
‘SIS 9SBS[ONUOPUS UONOLNSOI PUR Jijow Ioyul] A[D-198-105-A[0) peonpoxnm ot jussaidor saousnbas spros[onuosjo paulopun pue paziende))
§Ts suou 129X €980 01198 18 (£ 8e8 £ oL HzATAd
5% 999 9 e1 ©33 813 980 010 080 e THE 191 Boo
cszee | pwor E: 95} DO DOHV 1OV IDH .S 1e1 218 it 1) 58 10] S v zarad
osel suou | ooy | g 9mdeod 901930 833 Fe vor HOYVY £33 100 S o/ L HZ1Ad
10V 10D Do 208 833 18w oje 0l .G 119 oee 338 eoe vo8 8559w €33 188 ¢
018 suou Teqx £933 131100 e3e w30 100 o1 £ 8e8 £ o/ Hzd13d
oro 35} oF 2] 235 333 9589 930 080 e BT 197 S0
o8¢ Le | 6651 1993 DDH JOV IHV IDHD € 1’ 1 i il 1 Y 7v zarad
ce6 auou Too" <€ 919190 'eo 933 308 o8 DOV £88 100 .S o/ LHza1ad
IOV 10D DDDHeo3eoo §18 w8 ¢ 19 ove 338 woe w08 S0 e €93138 ¢
101 auou BgX ] £ 208 oBE 018 10 BRD .£3e3 £ o/ HeATad
o1e oee Seo . e} 33 311980 010 980 e BT 191 00,
~%mm 1197 2DD DOV IHV IHD .§ bl g v zarad
v0L suou Tdoog £ 0e8 038 080 011188 518 £33 100 .S oL LHZATHd
DOV IDV IDD DDDS1ondwddn ¢ 1o oue 338 eoe o3 FP AL vos 195 ¢
186 suou )¢ £ 908 orE 110 08e £ 8e8 £ oL HzATad
2ed 188 93] DO DOV IHV 10D .S 121 233 811 935 030 930 vy BFE 101 §00 ¢ U0y
£809¢ | 1SST cargd
voL ouou TJ0oq £ 088 218 980 011138 513 £330 .S oL Hzd1ad
DOV IOV 10D DD vod pe o 108 ¢ 119 ove 338 voe vo8 S10 E £33 138 ¢
(dq) | (dg) pnposg
Aﬂe OZIS uu:ﬁch& a chﬁ“—nm vumm LOEWMAH jeuaajuy JouLr g [eua)Xy ﬂHUnH T o .MUMUM_\W uu-—humﬂho
M Jaasux ¥0d MAF fh: | punoy 18] AR THTH
‘urayoadLjod

CATH ADH 2} 0jul SUOHIIAP WOISX dfqeLreA d[3uls 3dnpoyuy 0) pasn £35)e.1)s Y U0ISUIXd dr[IaA0 1) Jo AIBIWNS °C I[qEL

SUBSTITUTE SHEET (RULE 26) RO/AU



PCT/AU2007/001221

WO 2008/022401

63

urmgf Do¥
ururg 009
6CX 235¢] DolS
29807 096
ury 096
Suuonbag
gy DolL
ury Doll
6CX 2980E oSS
IS0E Job6
g Dolt6
Auojo)
urmgy JolL
unug DolL
6C X 2950¢ oSS
I950¢ Dol6
uryg JoS6
piepue)§

6T X

6CX

)y Doll
urarp JolL
2950¢ oSS
9s0¢ Dolh
g DoS6

7 punoy :smddepesQ

urgy JDolL
urure JolL
NSOE oS9
2S50¢ JDol6
unuy o6

1 punoy :suiddeppAQ

*STONIPUOd uondLal uonedduwe (YD J) UoNdedl ureyd ISLIWA[0] *9 d[qe],




10

15

20

25

30

WO 2008/022401 PCT/AU2007/001221

-64 -
Example 2
1. Antigenic structure of E2-myc and E2 A123-mye¢ probed with a panel of sera

obtained from HCV-infected individuals.

A panel of sera obtained from HCV-infected individuals was used to compare the global
antigenic profiles of biosynthetically labeled E2-myc and E2 A123-myc by
immunoprecipitation. The sera were screened for the presence of neutralizing antibodies
towards H77¢ E1E2 pseudotyped retroviral particles as described previously (Grollo et al.,
2006), with 50% neutralization titers ranging from 0 to 1,600 observed (Figure. 24, lower
panel). The antibody reactivity pattern of E2-myc (Figure 24, upper panel) was almost
identical to that of E2 A123-myc (Figure 24, middle panel), indicating that the gross

antigenic structure of the two proteins is similar.

2. CD81 binding properties of E2-mye wild type and variant proteins.

The abilities of the secreted E2-myc proteins to interact with the large extracellular loop
(LEL) of the HCV cellular receptor CD81 was examined. In this assay, CD81-E2-myc
binding was detected using a conformation-dependent E2 monoclonal antibody (H53) in an
ELISA employing solid-phase maltose binding protein fused to the large extracellular loop
of CD81 (residues 113-201; “CD81-LEL”). E2-myc proteins containing one or more
deletions of the variable regions displayed wild-type levels of CD81-LEL binding, again
indicating that the E2 global fold was not detectably affected by the deletions (Figure
25A,B). By contrast, binding between the E2 L441M-myc protein, containing an LEL
binding site mutation (1.441M), and CD81-LEL was not observed, confirming the
specificity of the binding assay (Figure 25A).

3. Abilities of E2-myc wild type and variant proteins to interact with full-length
CD81 expressed in CHO-K1 cells.

The abilities of E2-myc proteins to interact with full-length CD81 receptor were
determined by a cell surface binding assay using CHO-K1 cells transfected with a full-
length CD81 expression vector as previously described (Drummer et al., 2002). The

secreted E2-myc wild type and variant proteins were serially diluted and incubated with
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CD81-transfected CHO-K 1 cells on ice. After washing, the bound E2-myc proteins were
detected by using *’I-labeled monoclonal antibody 9E10, directed to the C-terminal ¢-myc
epitope tag. The specificity of the assay was confirmed by the lack of binding by E2
L441M-myc, containing the L441M CD81 binding site mutation, to wild-type-CD81-
transfected CHO-K 1 cells (Figure 26A).

The results shown in Figures 26A and B indicate that E2-myc, E2 A23-myc, E2 Al13-myc
and E2 A123-myc have similar CD81 binding properties, whereas the deletion of HVR1
plus HVR2 (E2 Al12-myc) caused an approximately 50% reduction in CD81 binding
compared to binding by E2 A23-myc (p < 0.035). By contrast, the CD81 binding abilities
of E2 A13-myc (which exhibited a binding curve identical to that of E2-myc) and E2
A123-myc were not significantly different (p = 0.62), indicating that the presence of igVR
compromises the CD81 binding function when HVR1 and HVR?2 are absent in E2 Al2-
myec. Although HVRI, HVR2, and igVR are not required for the core folding properties of
E2 RBDgs;, these data point to a functional interaction between igVR and one or both of
HVR1 and HVR2 such that the CD81 binding site is properly formed or becomes fully

accessible to the receptor.

Although variations in binding to recombinant CD81-LEL for singly and multiply deleted
E2-myc constructs were not detected in Figures 25A and 25B, differences in binding to
surface-expressed CD81 were observed in Figures 26A and 26B, perhaps reflecting subtle

differences in LEL structure when it is expressed in isolation versus in native tetraspanin.

4. Materials and Methods.

Neutralization assays

The abilities of immune and control human sera to neutralize a single cycle of infection by
HCV glycoprotein-pseudotyped HIV-1 luciferase reporter viruses were determined as
follows. HCV glycoprotein-pseudotyped HIV-1 luciferase reporter viruses were prepared
by cotransfection of HEK-293T monolayers (350,000 cells per well of 6-well culture
dishes) with pE1E2 and pNL4.3LUCR-E- plasmids (Drummer et al., 2003). After 3 days
incubation at 37 °C in a humidified atmosphere containing 5 % COg, the culture

supernatants were filtered through 0.45 um sterile syringe filters (Sartorius). Serial
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dilutions of heat-inactivated immune and control human sera were preincubated with HCV
glycoprotein-pseudotyped HIV-1 luciferase reporter viruses (1 h) and then added to
quadruplicate Huh7 cell monolayers in 48-well tissue culture plates. Followinga 4 h
incubation (37 °C, 5 % CO,) the cells were washed with PBS and fresh medium replaced.
After an additional 3-day incubation (37 °C in 5 % COy), the cells were lysed, the lysates
clarified by centrifugation and then assayed for luciferase activity (Promega) in a Fluostar
(BMG) fitted with luminescence optics. The neutralization titres of individual sera were
determined as the serum dilution giving 50 % neutralization compared to HCV
glycoprotein-pseudotyped HIV-1 luciferase reporter virus preincubated with medium

alone.

Radioimmunoprecipitation.

293T cells seeded at 500,000 cells/well in 6-well culture dishes were transfected with E2-
myc expression vectors using Fugene 6 (Roche). At 24 hours post-transfection, the cells
were labelled with 150 pCi Trans->>S-label/well (Santa Cruz Biotechnology, Santa Cruz,
CA, USA) in L-cysteine and L-methionine deficient DMF10 (DMEM [MP Biomedicals],
10% (v/v) heat-inactivated fetal bovine serum [Invitrogen] and 2mM L-glutamine [GE
Healthcare]). After harvesting the cell supernatent, the labelled secreted proteins were
adjusted to 0.6 M KCl, 0.05 M Tris pH 7.4, ImM EDTA, 0.02% sodium azide, 1 % Triton
X-100 and pre-cleared with CNBr-activated Sepharose (GE Healthcare) coupled to BSA
(Sigma) in the presence of the relevant antibody for 16 h at 4°C. Antibody-antigen
complexes within the clarified supernatants were then immunoprecipitated using 30% (v/v)
Protein-G Sepharose (GE Healthcare) prior to washing three times in RIP wash buffer (0.5
M NaCl, 0.05 M Tris pH 7.4, ImM EDTA, 0.02% sodium azide and 1% Triton-X 100) and
once in PBS. The immunoprecipitated proteins were subjected to SDS-PAGE in 10-15 %
polyacrylamide gradient gels under nonreducing conditions and visualized by scanning in a

phosphorimager.

Transient expression of E2-mye proteins

HEK 293T cells (350,000 cells per well of 6-well culture plates) were transfected with E2-
myc expression vectors using Fugene 6 (Roche). At 8-h post transfection, the transfection

medium was replaced with Optimem (Invitrogen) and the cells incubated for 3 days at
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37°C in a humidified atmosphere containing 5 % CO,. The tissue culture fluid was
clarified through 0.45-pm-pore-size filters and then concentrated by approximately 10-fold

in Centricon YM30 concentrators (Amersham).

Recombinant CD81 large extracellular loop (CD81-LEL) binding properties.

The abilities of the E2-myc proteins to interact with the HCV cellular receptor CD81 were
examined using a solid phase enzyme immunoassay. Enzyme immunoassay plates (Nunc
Maxisorb®) were coated with maltose binding protein fused to the recombinant large
extracellular loop of CD81 (residues 113-201) at 5 pg/ml in PBS overnight at 4°C. Coating
solution was removed and unoccupied sites blocked with bovine serum albumin (10mg/ml)
in PBS (BSAPBS) for 1 h at room temperature. Plates were washed 4 times with PBS
containing 0.05% Tween 20 (PBST). The secreted E2-myc proteins were serially diluted
in a 50 pl PBS containing Smg/ml bovine serum albumin (BSAsPBST) and incubated for 2
h. Bound E2-myec proteins were detected using an E2 specific monoclonal antibody
followed by rabbit anti-mouse immunoglobulins coupled to horseradish peroxidase
(Dako). Plates were developed using tetramethylbenzidine hydrochloride substrate and
stopped by the addition of 1M HCL. Absorbance values were measured at 450nm and the
background at 620nm subtracted in a Fluostar plate reader (BMG technologies).

CD81 binding properties.

CHO-K1 cells were seeded in 12-well culture plates at 1.25 x 10° cells/well and transfected
with 2 pg pcDNA3-CD81 24 h later. At 48-h post transfection the CD81 transfected CHO-
K1 cells were chilled on ice and incubated with serial dilutions of wild-type E2-myc or E2-
myec proteins containing variable region deletions in BSAoPBS for 4 h on ice. The cells
then were washed twice in BSA1oPBS prior to a 1-h incubation with 1251 MAb 9E10 (10°
cpm) that had been precleared with 10’ CHO-K1 cells for 2 h on ice. After 4 further
washes with BSA;oPBS, the cells were lysed in 1% SDS in PBS and counted in a Packard

Auto-Gamma counter.
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Example 3.

1. SDS-PAGE analysis of purified E2-his wild type and variant proteins.

The purity of E2-his wild type and variant proteins was assessed by SDS-PAGE under
reducing conditions. Figure 27 indicates a single band for each purified protein species.
The migration of each species was consistent with the number of variable regions deleted.
For example, E2 A123-his, lacking 3 variable regions, exhibited the fastest migration. The

diffuse nature of the protein bands is consistent with glycosylation of E2.

2. Blue-Native PAGE of purified E2-his proteins.

The oligomerization status of the purified E2-his wild type and variant proteins was
analysed using blue native polycrylamide gel electrophoresis. Figure 28 shows two major

bands for each E2-his protein corresponding in molecular weight to monomer and dimer.

3. TImmunodetection of E2-his proteins.

The purified E2-his wild type and variant proteins were detected by a non-conformation
dependent E2 specific monoclonal antibody (H52) in a western blot. A major protein
species migrating at the expected molecular mass was revealed for each E2-his protein

variant (Figure 29).

4. CDS81 binding properties of E2-his wild type and variant proteins.

The ability of the purified E2-his proteins to interact with the large extracellular loop
(LEL) of the HCV cellular receptor CD81 was examined. In this assay, CD81-E2-his
binding was detected using a conformation-dependent E2 monoclonal antibody (HS53) in an
ELISA employing solid-phase maltose binding protein fused to the large extracellular loop
of CD81 (residues 113-201; “CD81-LEL”). E2-his proteins containing one or more
deletions of the variable regions displayed wild-type levels of CD81-LEL binding,
indicating that the E2 global fold was not detectably affected by the deletions (Figure
30A). By contrast, binding between the E2-his proteins and CD81-LEL containing an E2
binding site mutation (F186S) was not observed, confirming the specificity of the binding

assay (Figure 30B).
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5. Immunoreactivity towards homologous E2-his antigen of mouse sera obtained

after 2 immunizations with E2-his protein variants.

The immunoreactivity of mouse sera obtained after 2 immunizations with the E2-his wild
type and variant proteins towards solid-phase “homologous antigen” (i.. that antigen used
to immunize a particular mouse group) was examined by ELISA. Substantial antibody
binding activity towards the homologous solid-phase antigen was demonstrated in each of
the vaccinated animals (Figure 31). By contrast, antibody reactivity towards solid-phase
E2-his proteins was not detected in the mice vaccinated with adjuvant alone, nor in two
representative control sera obtained prior to immunization (prebleed) from each
vaccination group (data not shown), confirming that the animals receiving E2-his protein

elicited antibodies specific to the immunogen.

6. Immunoreactivity towards E2-his and E2A123-his antigens of mouse sera

obtained after 2 immunizations with E2-his protein variants.

The ability of the antibodies in immune sera from each vaccination group to bind to solid-
phase E2-his (containing the three variable regic;ns) was compared to the antibody
reactivity towards solid-phase E2 A123-his (lacking the three variable regions) in ELISA.
Substantial binding titres against solid phase E2-his (Figure 32A) and E2 A123-his (Figure

32B) were observed for all immunization groups (except adjuvant alone; data not shown).

Pair-wise statistical analyses of the antibody binding titres obtained for the various
immunization groups were performed in order to determine whether apparent differences
in binding titre were significant. Table 7 indicates that the antibody titres against solid-
phase E2-his calculated for the E2-his-immunization group were not significantly different
to those of the other immunization groups (p > 0.06). However, statistically significant
differences in antibody reactivity against solid-phase E2-his were observed between the E2

Al-his immunization group versus E2 A13-his, E2 A23-his and E2 A123-his (p < 0.04).

A pair-wise statistical analysis of antibody binding titres against solid-phase E2 A123-his
for the various immunization groups revealed a highly significant increase in antibody

reactivity for the E2 A123-his immunization group compared with the E2-his
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immunization group (p = 0.003, Table 8). Statistically significant increases in antibody

reactivity for the E2 Al-his, E2 A3-his, and E2 A12-his immunization groups versus E2-his

were observed, and also for E2 Al-his relative to E2 A2-his immunization groups (p <
0.04).

7. Immunoreactivity towards homologous E2-his antigen of mouse sera obtained

after 3 immunizations with E2-his protein variants.

The immunoreactivity of mouse sera obtained after 3 immunizations with the E2-his wild
type and variant proteins towards solid-phase “homologous antigen” (i.e. that antigen used
to immunize a particular mouse group) was examined by ELISA. Substantial antibody
binding activity towards the homologous solid-phase antigen was demonstrated in each of
the vaccinated animals (Figure 33), but not in two representative control sera obtained
prior to immunization (prebleed) from each vaccination group (data not shown).
Furthermore, antibody reactivity towards solid-phase E2-his proteins was not detected in
the mice vaccinated with adjuvant alone (data not shown), confirming that the animals

receiving E2-his protein elicited antibodies specific to the immunogen.

8. Immunoreactivity towards E2-his and E2A123-his antigens of mouse sera

obtained after 3 immunizations with E2-his protein variants.

The ability of the antibodies in immune sera from each vaccination group to bind to solid-
phase E2-his (containing the three variable regions) was compared to the antibody
reactivity towards solid-phase E2 A123-his (lacking the three variable regions) in ELISA.
Substantial binding titres against solid phase E2-his (Figure 34A) and E2 A123-his (Figure

34B) were observed for all immunization groups (except adjuvant alone, data not shown).

Pair-wise statistical comparisons of the antibody binding titres obtained for the various
immunization groups were performed in order to determine whether apparent differences
in binding titre were significant. In contrast to the data obtained after the second
immunization, Table 9 indicates that the antibody titres against solid-phase E2-his
calculated for the E2-his-immunization group were significantly higher than those of 6 of 7

other immunization groups(p = 0.003 to 0.04), excepting the E2 A123-his (p = 0.11).
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A pair-wise statistical analysis of antibody binding titres against solid-phase E2 A123-his
for the various immunization groups revealed a highly significant increase in antibody
reactivity for the E2 A123-his immunization group compared with the E2-his
immunization group (p = 0.0007, Table 10). Statistically significant differences were also
observed between the E2-his versus E2 A3-his, E2 A12-his, and E2 A23-his immuniéation
groups, and also between the E2 Al-his versus E2 A3-his, E2 A12-his, E2 A23-his and E2
A123-his immunization groups (p = 0.009 to 0.022).

Finally, the mean binding titres obtained for each immunization group against solid-phase
wild type E2-his antigen (i.e. containing HVR1, HVR2 and IgVR) were compared with the
binding titres towards solid-phase E2 A123-his antigen (i.e. lacking HVR1, HVR2 and
igVR and representing the conserved glycoprotein core). This analysis was performed in
order to gauge the relative abilities of the immunogens to elicit antibodies reactive with the
conserved core of the E2gpp. Table 11 shows significantly lower antibody titres to solid-
phase E2 A123-his antigen relative to solid-phase E2-his antigen for antisera elicited by
E2-his immunogen (~ 4.4-fold reduction; p = 0.0009) and E2 Al-his immunogen (~ 2-fold
reduction; p = 0.005).

9. Immunoreactivity towards solid-phase Conl E2ggp-his and JFH1 E2ggp-myc
antigens of mouse sera obtained after 3 immunizations with E2-his protein variants.

The abilities of the E2-his wild type and variant proteins, which are derived from the
genotype 1a H77c isolate, to elicit cross-genotype reactive antibodies was determined by
comparing the immunoreactivity of immune sera with solid-phase Conl E2gpp-his
(genotype 1b) and JFH1 E2ggp-myc (genotype 2a) antigens in ELISA. Substantial binding
titres against solid phase Conl E2gpp-his (Figure 35A) and JFH1 E2gpp-myc (Figure 35B)

were observed for all immunization groups (except adjuvant alone, data not shown).

A pair-wise statistical analysis of antibody binding titres against solid-phase Conl E2rpp-
his for the various immunization groups revealed significantly higher binding titres for E2
A2-his, E2 A3-his, E2 A12-his, and E2 A123-his immunization groups compared with the
E2-his immunization group (p < 0.05, Table 12). The Conl E2rpp-his-binding titre
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elicited in the E2 A123-his immunization group was also significantly higher than the
Conl E2ggp-his binding titres elicited by E2 Al-his and E2 A23-his (p < 0.05).

By contrast, a similar pair-wise statistical analysis of antibody binding titres against solid-
phase JFH1 E2gpp-myc for the various immunization groups did not reveal significantly
different binding titres between groups (Table 13). Despite this lack of significance, the

trends observed above were also apparent in these analyses.

10. Neutralization.

The abilities of immune and control mouse sera to neutralize a single cycle of infection by
homologous H77c strain E1E2-pseudotyped HIV-1 luciferase reporter viruses were
determined. Serial 5-fold dilutions of heat-inactivated immune and control mouse sera
were preincubated with E1E2-pseudotyped HIV-1 luciferase reporter viruses (1 h) and then
incubated for 4 h with Huh7 cell monolayers. The cells were washed with PBS, fresh
culture medium added, and after an additional 3-day incubation (37 °C in 5 % CO,), the
cells were lysed and assayed for luciferase activity. Figure 36 shows the 80 %-
neutralization titres of individual sera, which were determined as the serum dilution giving
80 % neutralization compared to HCV glycoprotein-pseudotyped HIV-1 luciferase reporter
virus preincubated with medium alone. At least 80 % of mice immunised with E2-his, E2
A123-his and E2 A23-his produced neutralizing antibodies against the E1E2-HIV-1
pseudotypes with mean 80 % neutralization titres of 908, 413 and 140, respectively. By
contrast, at least 80 % of mice immunized with E2 Al-his or adjuvant alone lacked 80 %o-
neutralization activity with mean 80 % neutralization titres of 7 and 26, respectively (Table
14).

11. Discussion

The E2-his proteins containing one or more deletions of the three variable regions were
capable of eliciting antibody reactive towards homologous antigens. The specificity of the
antibody response was examined by comparing the ability of the immune sera to react
towards intact wild-type E2-his protein containing three variable regions to E2 A123-his

protein which represents the core E2 folding unit lacking all three variable regions but
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retaining CD81 binding. This analysis revealed that mice immunized with E2-his protein
or B2 lacking HVR1 (E2 Al-his) elicited significantly less antibody reactive towards the
core domain of E2. By contrast antibodies elicited in mice immunized with E2-his proteins
lacking HVR1 and 2 (E2 A12-his), HVR1 and igVR (E2 A13-his), HVR2 and igVR (E2
A23-his) or lacking all three variable regions (E2 A123-his) reacted similarly towards wild-
type E2-his and E2 A123-his antigens. This suggests that HVR2 and the igVR may hinder
antibody access to epitopes present in the underlying conserved core domain of E2. To test
this hypothesis, E2rpp constructs were synthesised representing heterologous isolates of
HCV from genotype 1b (Conl) and genotype 2a (JF-H1). The immunoreactivity of mouse
serum obtained after the third vaccination to these heterologous E2gpp constructs revealed
that mice immunized with E2 A123-his, E2 A12-his, E2 A3-his, E2 A2-his elicited
signficantly higher levels of cross-reactive antibody to epitopes present in the genotype 1b
isolate Conl. Although cross-reactive antibody to the E2gpp of genotype 2a isolate JF-H1
were also elicited, the differences in binding titres between the immunogen groups were
not statistically significant although trends similar to those above were observed. These
data suggest that deletion of at least one variable region, preferably either HVR2 and/or
igVR, may improve the ability of E2-his proteins to elicit cross-reactive antibodies with

broader neutralization capacity.

The ability of the immune serum to neutralize homologous virus was examined using HCV
E1E2 pseudotyped retroviral particles. The data showed that mice vaccinated with E2
A123-his or E2 A23-his possessed on average ~59 and 20 fold higher neutralizing antibody
titres compared with E2-his lacking HVR1 alone (p=0.11 and 0.002, respectively). HVR1
has previously been shown to be an immunodominant region of the E1E2 glycoprotein
complex. Deletion of HVRI1 region alone may result in the removal of an important type-
specific immunodominant epitope. However, the presence of HVR2 and/or the igVR
regions in the HVR1 deleted construct may shield underlying cryptic neutralizing epitopes.
Tt is therefore likely that the antibody response elicited by wild-type E2-his protein may be
largely directed towards the HVR1 region and not the conserved core. This is in part
reflected by (i) the lower level of antibody reactive to the E2 core domain (Figure 34B)

and (ii) the lower levels of cross-reactive antibody (Figure 35A).
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Together the data suggest that deletion of HVR2 and/or the igVR region is a significant
improvement on the use of E2 RBD constructs lacking none of the variable regions or
HVR1 alone. It is likely that E2 RBD proteins lacking at least HVR2 and/or igVR and
possibly all three variable regions will elicit antibody capable of cross-neutralizing
divergent HCV strains from within a genotype as well as cross-genotype neutralization. E2
RBD proteins lacking one or more variable regions may be useful tools for both
therapeutic or prophylactic vaccination strategies for the prevention or treatment of HCV
infection. In addition these variable region deleted E2 RBD constructs may also be useful
to elicit novel specificities of antibodies directed to the conserved E2 core region that

neutralize HCV for therapeutic and prophylactic use.

12. Materials and Methods

Construction of wild type and variant HCV E2-his ¢cDNAs and secreted expression of

the encoded proteins in mammalian cells.

Generation of cDNA Expression Plasmids Encoding HCV E2-his Variants

A synthetic gene encoding a wild type E2 protein fragment (residues 384-661; strain H77c)
was constructed by Geneart AG (Regensburg, Germany). The human trypsinogen signal
peptide (MNPLLILTFVAAALA) was appended in-frame to the N-terminus of the wild
type E2 mature protein in order to facilitate secretion of the mature polypeptide into the
expression medium. A Kozak sequence was introduced just before the N-terminus to
increase translational initiation and a (His)s sequence was added in-frame to enable
subsequent purification of the secreted proteins by immobilised metal affinity
chromatography. Two stop codons were added after the His-tag at the C-terminus to
ensure efficient translational termination. This construct is referred to as E2-his. The
codon usage of the E2-his cDNA was adapted to the codon bias of Homo sapiens genes.
An Nhe I restriction site at the 5> end of the cDNA and a Xho I restriction site was
introduced at the 3’ end in order to ligate the Geneart cDNA into Nhe I-Xho I digested
pcDNA3.1 (Invitrogen).

The cDNAs encoding seven variants of the E2-his mature protein where one or more of the

variable regions were substituted by linker sequences, were constructed using standard
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PCR mutagenesis procedures with Accuprime Pfkx DNA Polymerase (Invitrogen)
according to the manufacturer’s instructions and the primers shown in Table 15. The

combinations of primers used to construct cDNAs of the E2-his are shown in Table 16.

The specific PCR parameters were as follows: 2 minutes of denaturation at 95°C was
followed by 18 cycles of 95°C for 15 seconds, 64°C for 30 seconds and 68°C for 2 minutes

with a final 2 minute incubation at 68°C.

The Geneart wild type E2-his cDNA was used as a PCR template for all the E2-his variant
cDNAs. Each deletion variant was constructed using sequential overlap PCR of multiple
fragments. Once each cDNA was complete, it was digested with Nhe I and Xho I and
ligated into pcDNA3.1. Large scale preparations of plasmid DNA were carried out using a
Qiagen Maxi Kit. The nucleotide sequences of all the plasmid constructs were verified by
sequencing both strands using Big Dye Terminator v3.1 Cycle Sequencing and an Applied

Biosystems Automated Sequencer.

The sequences of the mature wild type and variant E2 proteins are as follows:

E2-his mature protein
ETHVTGGNAGRTTAGLVGLLTPGAKQONIQLINTNGSWHINSTALNCNESLNTGWLAGLFYQHKFNSSGCPERL
ASCRRLTDFAQGWGPISYANGSGLDERPYCWHYPPRPCGIVPAKSVCGPVYCFTPSPVVVGTTDRSGAPTYSW
GANDTDVEVLNNTRPPLGNWFGCTWMNS TGFTKVCGAPPCVIGGVGNNTLLCPTDCFRKHPEATYSRCGSGPW
ITPRCMVDYPYRLWHYPCTINYTIFKVRMYVGGVEHRLEAACNWTRGERCDLEDRDRSE

E2A1-his mature protein
ETHONIOLINTNGSWHINSTALNCNESLNTGWLAGLFYQHKFNSSGCPERLASCRRLTDFAQGWGPISYANGS
GLDERPYCWHYPPRPCGIVPAKSVCGPVYCFTPSPVVVGTTDRSGAPTYSWGANDTDVEVLNNTRPPLGNWEG
CTWMNSTGETKVCGAPPCVIGGVGNNTLLCPTDCFRKHPEATYSRCGSGPWITPRCMVDYPYRLWHYPCTINY
TIFKVRMYVGGVEHRLEAACNWTRGERCDLEDRDRSE

E2A2-his mature protein
ETHVTGGNAGRTTAGLVGLLTPGAKQNIQLINTNGSWHINSTALNCNESLNTGWLAGLFYQHKFNSSGCPERL
ASCGSSGCWHYPPRPCGIVPAKSVCGPVYCFTPSPVVVGTTDRSGAPTYSWGANDTDVEVLNNTRPPLGNWEG
CTWMNSTGEFTKVCGAPPCVIGGVGNNTLLCPTDCFRKHPEATYSRCGSGPWITPRCMVDYPYRLWHYPCTINY
TIFKVRMYVGGVEHRLEAACNWTRGERCDLEDRDRSE

E2A3-his mature protein
ETHVTGGNAGRTTAGLVGLLTPGAKQNIQLINTNGSWHINSTALNCNESLNTGWLAGLFYQHKFNSSGCPERL
ASCRRLTDFAQGWGPISYANGSGLDERPYCWHYPPRPCGIVPAKSVCGPVYCFTPSPVVVGTTDRSGAPTYSW
GANDTDVEVLNNTRPPLGNWFGCTHMNSTGFTKVCGAPPCGSSGCPTDCFRKHPEATYSRCGSGPWITPRCMV
DYPYRLWHYPCTINYTIFKVRMYVGGVEHRLEAACNWTRGERCDLEDRDRSE

E2A12-his mature protein
ETHONIQLINTNGSWHINSTALNCNESLNTGWLAGLFYQHKFNSSGCPERLASCGSSGCWHYPPRPCGIVPAK
SVCGPVYCFTPSPVVVGTTDRSGAPTYSWGANDTDVFVLNNTRPPLGNWEGCTWMNSTGETKVCGAPPCVIGG
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VGNNTLLCPTDCFRKHPEATYSRCGSGPWITPRCMVDYPYRLWHYPCTINYTIFKVRMYVGGVEHRLEAACNW
TRGERCDLEDRDRSE

E2A13-his mature protein
ETHONTQLINTNGSWHINSTALNCNESLNTGWLAGLFYQHKFNSSGCPERLASCRRLTDFAQGWGPISYANGS
GLDERPYCWHYPPRPCGIVPAKSVCGPVYCFTPSPVVVGTTDRSGAPTYSWGANDTDVFVLNNTRPPLGNWFG
CTWMNSTGFTKVCGAPPCGSSGCPTDCFRKHPEATYSRCGSGPWITPRCMVDYPYRLWHYPCTINYTIFKVRM
YVGGVEHRLEAACNWTRGERCDLEDRDRSE

E2A23-his mature protein
ETHVTGGNAGRTTAGLVGLLTPGAKQONIQLINTNGSWHINSTALNCNESLNTGWLAGLFYQHKENSSGCPERL
ASCGSSGCWHYPPRPCGIVPAKSVCGPVYCFTPSPVVVGTTDRSGAPTYSWGANDTDVEVLNNTRPPLGNWEG
CTWMNSTGFTKVCGAPPCGSSGCPTDCFRKHPEATYSRCGSGPWITPRCMVDYPYRLWHYPCTINYTIFKVRM
YVGGVEHRLEAACNWTRGERCDLEDRDRSE

E2A123-his mature protein
ETHONIQLINTNGSWHINSTALNCNESLNTGWLAGLFYQHKFNSSGCPERLASCGSSGCWHYPPRPCGIVPAK
SVCGPVYCFTPSPVVVGTTDRSGAPTYSWGANDT DVFVLNNTRPPLGNWFGCTWMNSTGFTKVCGAPPCGSSG
CPTDCFRKHPEATYSRCGSGPWITPRCMVDYPYRLWHYPCTINYTIFKVRMYVGGVEHRLEAACNWTRGERCD
LEDRDRSE

Cell Culture

FreeStyle™ 293-F cells (Invitrogen) were cultured in FreeStyle™ Expression Medium
(Invitrogen) supplemented with penicillin/streptomycin/fungizone (Invitrogen). All cells

were maintained at 37°C in humidified incubators with an atmosphere of 8% CO,.

Transient protein expression

Transient expression of each of the E2-his proteins was carried out in FreeStyle™ 293-F
cells by transfection with the pcDNA3.1-based expression plasmids and 293fectin
transfection reagent (Invitrogen) according to the manufacturer’s instructions. The cells in
a total volume of 180 ml were transfected at a final concentration of 1 x 10° viable cells/ml
and incubated in a sterile shaker flask (Corning) for 5 days on. an orbital shaker (IKA)
rotating at 150 rpm in a 37°C humidified incubator with an atmosphere of 8% COa.
Twenty-four hours after transfection the cell cultures were supplemented with Tryptone N1
(Organotechnie, France) to a final concentration of 0.5 % v/v. Typically the cell cultures
were harvested 5 days after transfection. Protein expression was examined by
electrophoresis of a sample of cell culture supernatant using 4-20% Tris-Glycine SDS
polyacrylamide gel and the proteins visualised by staining with Coomassie Blue reagent.
For protein purification, cell culture supernatants were harvested by centrifugation at 2500

rpm and then passed through a 0.45pM filter (Nalgene) prior to chromatography.
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Purification of expressed wild type and variant HCV E2-his proteins.

Following filtration the cell culture supernatants were subjected to immobilised metal

affinity chromatography (IMAC) using Nickel sepharose to purify the wild type and

variant E2-his proteins.

The purification procedure is described below:

1. Buffers:

Ni-MAC Buffer A

50 mM NaH,PO, pH 8.0
300 mM NaCl
10 mM imidazole

Ni-MAC Buffer B (Elution)

50 mM NaH2PO4 pH 8.0
300 mM NaCl
500 mM imidazole

2. Protocol:

N

o oA W

. Procedures 2 to 6 were carried out at 4-8°C

1 ml Ni Sepharose 6 Fast Flow resins (GE Healthcare) in a 10 ml Poly-Prep
columns (Bio-Rad) were washed with 5 volumes of ddH,O.

The columns were equilibrated with 10 ml Ni-MAC Buffer A.

Samples were loaded onto the columns, and break-through (B/T) collected.
The columns were washed with 10 ml Ni-MAC Buffer A.

The proteins were eluted with 5 ml Ni-MAC Buffer B (Elution) and 1 ml fractions
collected.

Peak fractions were identified using 96-well plate format Bradford Assay and
Coomassie-stained SDS-polyacrylamide gel electrophoresis (SDS-PAGE) gels.
Peak fractions were pooled and dialysed in 1X PBS overnight at 4°C.
Following dialysis protein concentrations were determined using 96-well plate

format Bradford Assay and 1 mg/ml BSA for a standard curve.
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Construction of Conl E2ggpp-his and JFH1 E2ggp-myc cDNAs and secreted
expression of the encoded proteins in mammalian cells.

Generation of ¢cDNA Expression Plasmids Encoding Conl E2ggp-his and JFH1 E2rpp-
myc.

cDNAs encoding Conl E2 (HCV Conl polyprotein residues 384 to 661; Genbank
accession number AJ238799) and JFH1 E2 (HCV JFHI polyprotein residues 384 to 665;
Genbank accession number AB047369), were prepared by PCR using Expand-Hifi
polymerase (Roche) and the primers indicated in Table 17. The forward primers encoded
an Nhel restriction site for incorporation in-frame at the 5° ends of the cDNAs. The
reverse primers encoded (His)6 and c-myc epitope tags for addition in-frame to the 3° ends
of Conl and JFH1 cDNAs, respectively, and for both cases were followed by a TAG
translation termination codon and an Xbal restriction site. The specific PCR parameters
were as follows: 5 minutes of denaturation at 95°C was followed by 30 cycles of 92° C for
1 min, 55 °C for 1 min and 72 °C for 2 minutes with a final 10 minute incubation at 72 °C.
The cDNAs were cloned downstream of a tissue plasminogen activator signal peptide in
vector pcDNA3 to facilitate secretion of the expressed proteins. The nucleotide sequences
of the cloned cDNAs were verified by using Big Dye Terminator v3.1 Cycle Sequencing

and an Applied Biosystems Automated Sequencer.

Transient expression of Conl E2grpp-his and JFH1 E2grpp-myc

HEK 293T cells (350,000 cells per well of 6-well culture plates) were transfected with
Conl E2rpp-his and JFH1 E2gpp-myc expression vectors using Fugene 6 (Roche). At 8-h
post transfection, the transfection medium was replaced with Optimem (Invitrogen) and
the cells incubated for 3 days at 37 °C in a humidified atmosphere containing 5 % CO,.
The tissue culture fluid was clarified by centrifugation at 1500 rpm for 10 min followed by
filtration through 0.45-pum-pore-size syringe filters.

Biochemical and functional analysis of wild type and variant E2-his proteins,

Blue-native PAGE

The oligomerization status of the purified E2-his proteins was analysed using blue native

polycrylamide gel electrophoresis (BN-PAGE). Ten pg of each protein was added to 10 pl
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of solubilization buffer and 1.5 pl of sample buffer and loaded onto 5-1 5% gradient
separating gels containing a 4 % stacking gel. The gels were electrophoresed at 4°C at 100
volts until the dye front entered the stacking gel. The voltage was then increased to 200
volts until the dye front migrated to the bottom of the gel. Electrophoresis was conducted
for 1.5 h with 1 x cathode buffer containing 0.01% Serva G in the upper reservoir,
followed by electrophoresis for 1-1.5 hin 1x cathode buffer without Serva G. The lower
reservoir contained 1 x anode buffer. After electrophoresis, the gels were destained

overnight and scanned in an Odyssey scanner at 680 nm.

The solutions used for BN-PAGE are as follows:

Polyacrylamide Gels:
4% stacker 5% separating gel 15% separating gel
40% acrylamide 0.299ml 0.262ml 0.787ml
3x gel buffer 1ml 0.7ml 0.7ml
75% Glycerol 0.14ml 0.62ml
water 1.72ml 0.978ml 0
TEMED opl 2ul 2ul
5% ammonium 32ul 11pl 11l
persulphate
Other Solutions:

3x Gel Buffer. 150mM BisTris-HCl, .5M 6-amino caproic acid, pH 7.0

10x Cathode buffer. 0.5M Tricine, 150mM BisTris

5x Anode buffer. 0.25M BisTris-HC], pH 7.0

7xBisTrisACA. 200mM BisTris-HCl, 1M 6-amino-caproic acid, pH 7.0.

Sample buffer. S0mg ServaG, 500 pl 2xBisTrisACA, 400ul 75% sucrose and 100ul
water.

Solubilization buffer. 0.5M 6-amino-caproic acid, 20mM BisTris, 2mM EDTA, pH
7.0, 1% Triton X-100, 10% glycerol.

Destain. 10% acetic acid, 10% methanol, 80% water.

Immunodetection of E2-his proteins.

Samples of the purified E2-his proteins were subjected to reducing SDS-PAGE followed
by electrophoretic transfer to nitrocellulose membrane. E2-his proteins were detected with
a non-conformation dependent E2 specific monoclonal antibody followed by goat anti-
mouse immunoglobulin coupled to Alexa fluor 680nm (Invitrogen). Immunoblots were

scanned in an Odyssey detection system.
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CDS81 binding properties.

The ability of the E2-his proteins to interact with the HCV cellular receptor CD81 was
examined using a solid phase enzyme immunoassay. Enzyme immunoassay plates (Nunc
Maxisorb®) were coated with maltose binding protein fused to the recombinant large
extracellular loop of CD81 (residues 113-201) at 5 pg/ml in PBS overnight at 4°C. Coating
solution was removed and unoccupied sites blocked with bovine serum albumin (10mg/ml)
in PBS (BSA;oPBS) for 1 h at room temperature. Plates were washed 4 times with PBS
containing 0.05% Tween 20 (PBST). 50 ng E2-his proteins were serially diluted ina 50 pl
PBS containing 5mg/ml bovine serum albumin (BSAsPBST) and incubated for 2 h. Bound
E2-his protein was detected using an E2 specific monoclonal antibody followed by rabbit
anti-mouse immunoglobulins coupled to horse radish peroxidase (Dako). Plates were
developed using tetramethylbenzidine hydrochloride substrate and stopped by the addition
of 1M HCL. Absorbance values were measured at 450nm and the background at 620nm

subtracted in a Fluostar plate reader (BMG technologies).

Immunogenicity in mice of wild-type and variant E2-his proteins.

Immunization Protocol.

Groups of 10 7-8 week old female Balb/c mice were immunised with purified E2-his wild
type and variant proteins formulated with ISCOMATRIX® adjuvant (Pearse and Drane,
2005) (Table 18). Each mouse dose contained 10 pg specific protein and 5 ug
ISCOMATRIX® adjuvant in a 0.1ml volume. Mice were dosed subcutaneously three times
at three-weekly intervals and bleeds taken 1 day prior to the first dose and at one week

after both the second and third doses.

Enzyme-linked immunosorbent assay (ELISA)

The immune mouse sera were examined for the presence of anti-E2 antibodies in ELISA.
The E2-his, Conl E2ggp-myc or JFH1 E2gpp-myc proteins were captured on 96 well
Maxisorb microtitre plates (Nunc) using Galanthis nivalis (GNA) lectin. Plates were
coated with GNA lectin at 5 pg/ml in PBS overnight at 4°C. Unoccupied sites were
blocked with 100 pul BSAPBS for 1 h at room temperature. After washing the plates 4
times with PBST, the E2 proteins were applied in 50 pl BSASPBST and incubated for 1 h
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at room temperature. After washing the plates 4 times with PBST, serial dilutions of
mouse sera were applied in a 50 pl volume of BSAsPBST and incubated for 1 h room
temperature. Bound immunoglobulins were detected with rabbit anti-mouse
immunoglobulin coupled to horseradish peroxidase and developed using
tetramethylbenzidine hydrochloride substrate and stopped by the addition of IM HCI. A
Fluostar plate reader (BMG technologies) was used to measure the absorbance at 450 nm
and the background at 620 nm. The background was subtracted from the absorbance to

generate the binding curves.

Neutralization Assays

The abilities of immune and control mouse sera to neutralize a single cycle of infection by
HCV glycoprotein-pseudotyped HIV-1 luciferase reporter viruses were determined as
follows. HCV glycoprotein-pseudotyped HIV-1 luciferase reporter viruses were prepared
by cotransfection of HEK-293T monolayers (350,000 cells per well of 6-well culture
dishes) with pE1E2 and pNL4.3LUCR-E- plasmids (Drummer et al., 2003). After 3 days
incubation at 37 °C in a humidified atmosphere containing 5 % CO,, the culture
supernatants were filtered through 0.45 pm sterile syringe filters (Sartorius). Serial 5-fold
dilutions of heat-inactivated immune and control mouse sera were preincubated with HCV
glycoprotein-pseudotyped HIV-1 luciferase reporter viruses (1 h) and then added to
quadruplicate Huh7 cell monolayers in 48-well tissue culture plates. Following a 4 h
incubation (37 °C, 5 % CO,) the cells were washed with PBS and the medium replaced.
After an additional 3-day incubation (37 °C in 5 % COy), the cells were lysed, the lysates
clarified by centrifugation and then assayed for luciferase activity (Promega) in a Fluostar
(BMG) fitted with luminescence optics. The neutralization titres of individual sera were
determined as the serum dilution giving 80 % neutralization compared to HCV
glycoprotein-pseudotyped HIV-1 luciferase reporter virus preincubated with medium

alone.
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Table 7. Pair-wise statistical comparison of antibody titres reactive to solid-phase E2-his
antigen obtained after 2" vaccination. p values calculated using student’s # test.

Immunogen Group

E2 Al- | E2 A2-his | E2 A3-his | E2 Al2- E2 A13- E2 A23- E2 A123-
his his his his his
E2-his 0.06 0.96 0.25 0.26 0.37 0.6 0.08
E2 Al-his 0.06 0.27 0.09 0.034 0.014 0.04

Table 8. Pair-wise statistical comparison of antibody titres reactive to solid phase E2
A123-his protein antigen obtained after 2" vaccination. p values calculated using student’s

f test.
Immunogen Group
E2 Al-his | E2 A2-his | E2 A3-his | E2 Al12- E2 Al13- E2 A23- E2 A123-
his his his his
E2-his 0.04 0.96 0.02 0.02 0.09 0.077 0.003
E2 Al-his 0.04 0.09 0.12 0.06 0.06 0.17

Table 9. Pair-wise statistical comparison of antibody titres reactive to solid-phase E2-his
protein antigen obtained after 3" vaccination. p values calculated using student’s ¢ test

assuming unequal variances.

Immunogen Group

E2 Al-his | E2 A2-his | E2 A3-his | E2 Al2- E2 Al13- E2 A23- E2 A123-
his his his his
E2-his 0.02 0.003 0.002 0.04 0.002 0.02 0.11
E2 Al-his 0.1 0.021 0.58 0.44 0.9 0.17

Table 10. Pair-wise statistical comparison of antibody titres reactive to solid-phase E2
A123-his protein antigen obtained after 3" vaccination. p values calculated using student’s

¢ test assuming unequal variances.

Immunogen
E2 Al-his | E2 A2-his | E2 A3-his | E2 Al12- E2 A13- E2 A23- E2 A123-
his his his his
E2-his 0.64 1 0.016 0.004 0.31 0.003 0.0007
E2 Al-his 0.62 0.022 0.007 0.44 0.005 0.009
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Table 11. Statistical comparison of relative antibody titres obtained after 3" vaccination
against E2-his antigen and E2 A123-his antigen. p values calculated using student’s # test
assuming unequal variances. ‘

Immunogen
E2 Al-his | E2 A2-his | E2 A3-his | E2 Al12- E2 A13- E2 A23- E2 A123- | E2-his
his his his his

Mean 1.16 0.81 0.68 1.31 71 1.19 1.54 2.26
antibody
titre
against E2-
his (x10%)
Mean 0.56 0.51 1.15 1.11 0.71 1.19 1.54 0.51
antibody
titre
against E2
Al123-his
(x10%)
p value 0.005 0.045 0.06 0.46 1 1 1 0.0009
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Table 12. Pair-wise statistical comparison of antibody titres reactive to solid-phase Conl E2gpp-his protein
antigen obtained after 3* vaccination. p values calculated using student’s ¢ test assuming unequal variances.

E2-his E2 Al- | E2 A2- | E2A3- | E2 E2 E2 E2
his his his Al2- Al3- A23-his | A123-
his his his
E2-his :
E2 Al-his 0.526 S
E2 A2-his 0.0453 0.072 b
E2 A3-his 0.043 0.061 0.883

E2 Al2-his | 0.0123 0001 | 0926 |0.797

B> Al3 s 10.185 10343 | 0847 | 0756 | 0.888

E2 A23-his 0.173 0.568 0.284 | 0.238 0.217 6:534’

E2 A123-his 0.0123 0.028 0.259 0.325 0.197 0.251 0.0499

Table 13. Pair-wise statistical comparison of antibody titres reactive to solid-phase JFH1 E2ggp-myc protein
antigen obtained after 3" vaccination. p values calculated using student’s 7 test assuming unequal variances.

E2-his E2 Al- E2 A2- | E2 A3- | E2 E2 E2 E2
his his his Al2- Al13- A23-his | A123-
his his his .

E2-his

E2 Al-his

E2 A2-his

E2 A3-his

E2 Al2-his

E2 Al13-his

E2 A23-his

E2 A123-his
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Table 14. Mean 80% Neutralizing antibody titres and statistical comparison. p values were
calculated using student’s ¢ test assuming unequal variances.

Immunogen group
E2-his | E2 Al-his | E2 A23- | E2 A123-hi No
his antigen
Mean neutralizing antibody titre 908 7 140 413 26
p value relative to E2-his 0.044 0.08 0.29 0.048
p value relative to E2 Al-his 0.002 0.11 0.31
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Table 15. Primers used for preparation of E2-his protein variant DNA sequences.

Primer Primer Sequence

designatio

n

HCV-1 5' TATAGCTAGCGCCACCATGAACCCCCTGC 3'

HCV-2 5' CTGGATGTTCTGGTGGGTCTCGGCCAG 3'

HCV-3 5' GCCGAGACCCACCAGAACATCCAGCTG 3'

HCV-4 5' CGCTGCTGCCGCAGGAGGCGAG 3’

HCV-4a 5
GTAGTGCCAGCAGCCGCTGCTGCCGCAGGAGGCGAGCCTCTCGGG
3'

HCV-5 5' GGCAGCAGCGGCTGCTGGCACTAC 3

HCV-5a 5
CTCGCCTCCTGCGGCAGCAGCGGCTGCTGGCACTACCCCCCCAGA
3'

HCV-6a 5'
GTCGGTGGGGCAGCCGCTGCTGCCGCAGGGAGGGGCGCCACACA
c3

HCV-7a 5'
GCCCCTCCCTGCGGCAGCAGCGGCTGCCCCACCGACTGCTTTAGG
3'

HCV-8 5' TCTGCTCGAGTTATCAGTGGTGATGGTGGTGG 3

HCV-11 5' CTCTCGTTGCAGTTCAGGGCGGTGCTG 3

HCV-12 5' CAGCACCGCCCTGAACTGCAACGAGAG 3!

Table 16. Primer combinations used for preparation of E2-his protein variant DNA

sequences.

E2 protein | Primer combination

E2Al-his HCV-1 HCV-3 HCV-8

E2A2-his HCV-1 HCV-11 HCV-12 HCV-8

E2A3-his HCV-1 HCV-6a HCV-7a HCV-8

E2A12-his | HCV-1 HCV-2 HCV-3 HCV-4 HCV-5

E2A13-his | HCV-1 HCV-6a HCV-7a HCV-8

E2A23-his | HCV-1 HCV-5a HCV-4A HCV-6A HCV-7A HCV-8
E2A123-his | HCV-1 HCV-6a HCV-7a HCV-8
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Table 18. Immunisation of mice with E2-his wild type and variant proteins
formulated with ISCOMATRIX® adjuvant Antigens

Group Protein ISCOMATRIX® adjuvant
1 E2A1-his +
2 E2A2-his +
3 E2A3-his +
4 E2A123-his +
5 E2A12-his +
6 E2A13-his +
7 E2A23-his +
8 E2-his +
9 - +
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A modified hepatitis C virus (HCV) E2 glycoprotein comprising the HCV-E2
receptor-binding domain (RBD) including the HVR1, HVR2 and igVR variable
regions, wherein in at least one of said variable regions at least a part of the

variable region is replaced with a flexible linker sequence.

A modified glycoprotein according to claim 1, wherein in two of said variable
regions at least a part of the variable region is replaced with a flexible linker

sequence.

A modified glycoprotein according to claim 2, wherein said two variable

regions are the HVR1 and HVR2 variable regions.

A modified glycoprotein according to claim 2, wherein said two variable

regions are the HVR1 and igVR variable regions.

A modified glycoprotein according to claim 2, wherein said two variable

regions are the HVR2 and igVR variable regions.

A modified glycoprotein according to claim 1, wherein in all three of said
variable regions at least a part of the variable region is replaced with a flexible

linker sequence.

A modified glycoprotein according to claim 1, wherein in at least one of the
HVR2 and igVR variable regions at least a part of the variable region is

replaced with a flexible linker sequence.
A modified glycoprotein according to claim 7, wherein in both of the HVR2
and igVR variable regions at least a part of the variable region is replaced with

a flexible linker sequence.

A modified glycoprotein according to claim 7, wherein in the HVR2 variable
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region at least a part of the variable region is replaced with a flexible linker

sequence.

A modified glycoprotein according to claim 7, wherein in the igVR variable
region at least a part of the variable region is replaced with a flexible linker

sequence.

A modified glycoprotein according to any of claims 7 to 10 wherein at least a
part of the HVR1 variable region is removed or is replaced with a flexible

linker sequence.

A modified hepatitis C virus (HCV) E2 glycoprotein comprising the HCV-E2
receptor-binding domain (RBD) including the HVR1, HVR2 and igVR variable
regions, wherein at least a part of the HVR2 variable region is removed or is

replaced with a flexible linker sequence.

A modified glycoprotein according to claim 12, wherein in at least one of the
HVRI1 and igVR variable regions at least a part of the variable region is

replaced with a flexible linker sequence.

A modified heptatis C virus (HCV) E2 glycoprotein comprising the HCV-E2
receptor-binding domain (RBD) including the HVR1, HVR2 and igVR variable
regions, wherein at least a part of the igVR variable region is removed or is

replaced with a flexible linker sequence.

A modified glycoprotein according to claim 14, wherein in at least one of the
HVR1 and HVR2 variable regions at least a part of the variable region is

replaced with a flexible linker sequence.

A modified glycoprotein according to any of claims 1 to 15, wherein the or
each linker sequence permits the glycoprotein to bind to the HCV receptor
CD81.
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A modified glycoprotein according to claim 16, wherein the or each linker
sequence comprises a peptide sequence of up to 20 amino acid residues and
comprises residues selected from the group consisting of Gly,Ser, Ala, Thr and
Arg.

A modified glycoprotein according to claim 17, wherein the or each linker

sequence comprises a Gly-Ser-Ser-Gly (GSSG) sequence.

A modified glycoprotein according to claim 17, wherein the sequence of the
HVRI1 variable region, if modified to include a linker sequence, comprises a
Glu-Thr-His-Gly-Ser-Ser-Gly (ETHGSSG) sequence.

A composition comprising a modified HCV E2 glycoprotein according to any

of claims 1 to 19, together with a pharmaceutically acceptable carrier or diluent.
A composition according to claim 20, further comprising an adjuvant.

A method of eliciting an immune response in a patient, which comprises
administration to the patient of an effective amount of a modified HCV E2

glycoprotein according to any of claims 1 to 19.

A method for prophylactic or therapeutic treatment of HCV infection in a
patient, which comprises administration to the patient of an effective amount of

a modified HCV E2 glycoprotein according to any of claims 1 to 19.
A method according to claim 22 or claim 23 wherein the patient is a human.
Use of a modified HCV E2 glycoprotein according to any of claims 1 to 19 in,

or in the manufacture of a medicament for, eliciting an immune response in a

patient.
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Use of a modified HCV E2 glycoprotein according to any of claims 1 to 19 in,
or in the manufacture of a medicament for, prophylactic or therapeutic

treatment of HCV infection in a patient.

An agent for eliciting an immune response in a patient, which comprises a

modified HCV E2 glycoprotein according to any of claims 1 to 19.

An agent for prophylactic or therapeutic treatment of HCV infection in a
patient, which comprises a modified HCV E2 glycoprotein according to any of

claims 1 to 19.

An isolated antibody raised against a modified HCV E2 glycoprotein according

to any of claims 1 to 19.
An isolated antibody according to claim 29 which is a polyclonal antibody.
An isolated antibody according to claim 29 which is a monoclonal antibody.

A method for prophylactic or therapeutic treatment of HCV infection in a
patient, which comprises administration to the patient of an effective amount of

an antibody according to any of claims 29 to 31.

Use of an antibody according to any of claims 29 to 31 in, or in the manufacture
of a medicament for, prophylactic or therapeutic treatment of HCV infection in

a patient.

An agent for prophylactic or therapeutic treatment of HCV infection in a

patient, which comprises an antibody according to any of claims 29 to 31.

A method of detecting HCV infection in a patient, comprising contacting a
biological sample from the patient with an antibody according to any of claims

29 to 31 under conditions which allow formation of an antibody-antigen
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complex, and detecting said complex, wherein formation of said complex is

indicative of the presence of HCV in the sample.

A method according to claim 35, wherein the antibody is detectably labelled.

A method according to claim 35, wherein the biological sample is a sample of a

body fluid, such as blood, from the patient.
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