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New HCV Entry Factor, Occludin
Cross —Reference to Related Applications

[0001]  This application claims benefit of priority to both United States
Provisional Application Serial No. 61/102,588, filed October 3, 2008, and
United States Provisional Application Serial No. 61/142,262, filed to January
2, 2009, both of which are incorporated by reference herein in their entireties.

Incorporation of Sequence Listing

[0002] The sequence listing that is contained in the file named

“48602_ 84546 ST25.txt”, which is 16741 bytes (measured in operating
system MS-Windows), created on September 29, 2009, is filed herewith by
electronic submission and incorporated herein by reference in its entirety.

The sequence listing contains 48 sequences.

Governmental Support Statement
[0003] he subject matter of this application was made with support from
the United States Government under the NIH, Grant No. Al072613. The

government has certain rights in this invention.

Background

[0004] Hepatitis C virus (HCV) is a leading cause of liver disease
worldwide. The development of much needed specific antiviral therapies and
an effective vaccine has been hampered by the lack of a convenient small
animal model for this pathogen. The determinants restricting HCV tropism to
human and chimpanzee hosts are unknown. Replication of the viral RNA has
been demonstrated in mouse cells (25), (29), but these cells are not infectable
with either lentiviral particles bearing HCV glycoproteins (HCVpp) (2) or HCV
produced in cell culture (HCVcc) (unpublished data), suggesting a block at the

level of entry.
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[0005] US Patent 6,252,045 discloses Occludin sequences, enhanced
drug delivery by administration of Occludin inhibitors, and methods of
identifying Occludin inhibitors, where an Occludin inhibitor is any substance
that enhances paracellular permeability through specific interaction with

extracellular protein sequences of Occludin.

Summary of Invention

[0006] Through an iterative cDNA library screening approach we have
identified human occludin (OCLN) as an essential HCV cell entry factor that is
able to render murine cells infectable with HCVpp. Similarly, OCLN is required
for HCV-susceptibility of human cells, since its overexpression in uninfectable
cells specifically enhanced HCVpp uptake while its silencing in permissive
cells impaired both HCVpp and HCVcc infection. In addition to OCLN, HCVpp
infection of murine cells required expression of the previously identified HCV
entry factors, CD81 (20), scavenger receptor class B type | (SR-BI) (22), and
claudin-1 (CLDN1) (11). SR-BI and CLDN1 proteins of human or murine origin
function equivalently in HCV entry; both OCLN and CD81, however, must be
of human origin to allow efficient infection. The species-specific determinants
of OCLN were mapped to its second extracellular loop. The identification of
OCLN as a new HCV entry factor further highlights the importance of the tight
junction complex in the viral entry process and is a major advance towards
developing small animal models for HCV.

[0007] HCYV virions, lipid-enveloped nucleocapsids bearing the viral
glycoproteins E1 and E2, appear to enter a host cell in a highly coordinated
process involving components of the virus particle and numerous cellular
factors (26). From the long list of putative HCV entry factors, strong evidence
supports specific roles for the tetraspanin CD81 (20), SR-BI (22), and the tight
junction protein CLDN1 (11). This list appears incomplete, however, as
numerous human cell lines and all non-primate cell lines are resistant to HCV
entry even when all three human factors are overexpressed (2) (Figure 4c).
[0008]  To identify additional factors able to render non-human cells

susceptible to HCV entry, we performed a cyclic retrovirus-based repackaging
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screen of a complementary DNA library derived from the highly HCV-
permissive human hepatocarcinoma Huh-7.5 cell line (3). We screened for
genes that rendered a non-permissive mouse embryonic fibroblast cell line,
NIH3T3, infectable with HCV pseudoparticles (HCVpp), defective lentiviral
particles that display the HCV glycoproteins and measure only viral entry (1),
(10), (14) (Figure 4a and Supplementary Methods). To maximize the
likelihood identifying a novel component that would permit HCV entry into
non-human cells, we utilized an NIH3T3 subclone overexpressing human
CD81, SR-BI, and CLDN1. This screen identified human occludin (OCLN) as
a potential novel HCV entry factor. OCLN is a four transmembrane domain
protein present in the tight junction complex of polarized epithelial cells, where
it likely functions to regulate paracellular permeability and cell adhesion (6,
19). Expression of human CD81, SR-BI, CLDN1, and OCLN in NIH3T3 cells
enhanced HCVpp infectivity by approximately 120-fold (Figure 4c).

[0009] To confirm that OCLN is required for HCV entry, we examined the
relationship between its expression and HCV susceptibility in a variety of
human cell lines. Naturally HCV-permissive human hepatocyte cell lines (Huh-
7.5 and Hep3B) or those previously shown to lack other entry factors
(hepatocellular carcinoma HepG2, and embryonic kidney HEK293T) were
found to express readily detectable levels of endogenous OCLN (Figure 4d).
In these cells further overexpression of OCLN did not enhance susceptibility
to HCVpp (Figure 1a). Silencing of OCLN, however, inhibited HCVpp infection
of Hep3B cells (Figure 2f), and both HCVpp and HCVcc infection of Huh-7.5
cells (Figure 2, e and g, respectively), indicating that OCLN is essential for
HCV infection of naturally permissive cells. This inhibition was HCV-specific,
as infection with pseudoparticles bearing the vesicular stomatitis virus
glycoprotein (VSVGpp) was not affected (values in Figure 2, e-f are corrected
for VSV-Gpp infectivity). In contrast, the naturally HCV-resistant renal
carcinoma cell line, 786-0, expresses high levels of the major HCV entry
factors CD81, SR-BI, and CLDN1, but approximately 17-fold less OCLN than
Huh-7.5 cells (Figure 4d). OCLN overexpression in 786-O cells specifically
enhanced HCVpp infection by over 88-fold (Figure 1a). Furthermore, this

(o8]
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OCLN-dependence of HCVpp infection was observed across a panel of
diverse HCV genotypes (Figure 1b). Another HCVpp resistant cell line, the
Hel a cell-derived cervical carcinoma line TZM, was found to lack both
endogenous CLDN1 and OCLN (>100 and 25-fold less mRNA than Huh-7.5
cells, respectively) (Figure 4d). Overexpression of these factors together
increased HCVpp infectivity of TZM cells by 450-fold. These results indicate
that OCLN is an essential HCV entry factor.

[0010] To further examine HCV entry requirements in non-human cells, we
transduced murine NIH3T3 with all combinations of one, two, three, or all four
human CD81, SR-Bl, CLDN1, and OCLN. Expression levels were determined
by expressing an mCherry/CLDN1 fluorescent protein fusion (Fig. 5a) or by
FACS staining for CD81, SR-BI (Fig. 5a) and OCLN (Fig. 5b). No combination
of human factors enhanced VSVGpp infectivity (data not shown and results in
Figure 3a are normalized to VSVGpp values). Neither human CLDN1 nor SR-
Bl expression alone dramatically enhanced NIH3T3 HCVpp infection (Figure
3a). Conversely, populations expressing either human OCLN or CD81 were
slightly enhanced (0.5 fold) for HCVpp infection (Figure 3a), while cells
expressing the combination of these two factors were 1.2-fold more infectable
with HCVpp (Figure 3a). The complete set of all four entry factors, however,
had a much greater impact on HCVpp permissivity, with a 45-fold increase
over naive NIH3T3 cells (Figure 3a). Furthermore, expression of all four
factors conferred HCV-susceptibility to mouse embryonic fibroblast cell lines,
STOS5 and L929, as well as the mouse hepatocyte cell lines, AML12, Hepa1.6,
and H2.35, with enhancements of 4 to 85-fold over naive cells (Figure 1c).
Permissivity to VSVGpp was not affected by expression of the human
proteins. Attempts to infect these murine cells with HCVcc were unsuccessful,
likely as a result of inefficient viral RNA replication in these cells, as previously
documented (24) (29).

[0011] To investigate which of the four entry factors are responsible for
HCV species-specific tropism, we transduced Chinese hamster ovary (CHO)
cells with every combination of human and mouse CD81, SR-BI, CLDN1 and

OCLN. Expression of all four human factors specifically enhanced HCVpp
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infection of CHO cells by 336-fold (Figure 3b). Conversely, expression of the
four mouse proteins enhanced HCVpp infectivity by only 18-fold (Figure 3b).
In all combinations, mouse SR-Bl and CLDN1 functioned equivalently to that
of human origin (Figure 3b). This agrees with our previous observation that in
human cells both human and mouse CLDN1 proteins, which are 90%
identical, are equally functional as HCV entry factors (11), and shows for the
first time that mouse and human SR-BI are equally capable of mediating HCV
uptake. It is noteworthy that none of the mouse cells examined above express
high levels of either murine SR-BI or CLDN1, thus explaining their
dependence on transduction of these proteins for HCVpp permissivity. In
contrast, CD81 and OCLN exhibited species-specific HCV entry factor
functionality in CHO and NIH3T3 cells. CHO cells expressing either of these
human proteins in the context of the other three mouse proteins were slightly
more permissive to HCVpp than cells expressing only the mouse proteins
(Figure 3b). Furthermore, expression of both human CD81 and OCLN,
together with murine SR-Bl and CLDN1, rendered CHO cells as infectable
with HCVpp as cells expressing all four human factors (Figure 3b, compare
last bar to any with human CD81 and OCLN). These results agree with our
previous finding that mouse and hamster CD81, when expressed in the
CD81-deficient human hepatocellular carcinoma cell line HepG2, support only
low level HCV entry (greater than 10-fold reduced from human CD81) (13).
Importantly, these data indicate that CD81 and OCLN represent the minimal
human-specific entry factors, at least in the context of mouse and hamster
cells.

[0012] For CD81, the species-specific difference in HCV-entry activity
between rat and human proteins maps exclusively to its large extracellular
loop (13). To determine the regions of OCLN that are responsible for the
functional difference observed between mouse and human proteins, which
are 91% identical, we expressed chimaeric OCLN molecules in 786-O cells
and assayed HCVpp permissivity. In these experiments, a mouse chimaera
bearing the second extracellular loop (EC2) of human OCLN was as active as

the full-length human protein and at least 4-fold more active than the mouse
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homologue (Figure 3d, compare mMOCLN/hEC2 to hOCLN and mOCLN,
respectively). Conversely, a human OCLN mutant with the EC2 of the mouse
protein functioned similarly to the full-length mouse factor in HCVpp infectivity
(Figure 3d, compare hOCLN/mEC2 to mOCLN). These data suggest that the
human-specific determinants of OCLN HCV entry factor functions are entirely
contained within EC2.

[0013]  This study represents a major step forward in understanding both
HCV host cell entry and HCV species tropism. All human, murine, or hamster
cell lines that we tested became permissive for HCV entry when engineered
to express the molecules CD81, SR-BI, CLDN1, and OCLN. This suggests
that OCLN completes the list of cell-type specific HCV entry factors; any other
factors required for HCV entry must be ubiquitously expressed. The fact the
OCLN is a major component of the tight junction complex further highlights
the significance of this structure and cell polarity to HCV entry. We previously
showed that CLDN1 acts late in the entry process, just prior to virion
internalization (11). The intimate association of CLDN1 and OCLN at the tight
junction suggests that both these factors may function in a similar time frame.
The use of multiple uptake factors with distinct cell surface distributions
strengthens the hypothesis that HCV follows a coordinated entry pathway
similar to that of coxsackievirus B. This virus initially interacts with a primary
receptor (decay-accelerating factor) on the luminal cell surface, followed by
lateral migration of the virus—receptor complex to the tight junction, where
interaction with the Coxsackie Adenovirus receptor co-receptor is immediately
followed by uptake into the host cell (7). Strikingly, coxsackievirus B entry also
requires OCLN (8), further suggesting similar entry mechanisms of this virus
and HCV. Recent work by Brazzoli et al. supports this step-wise model of
HCV entry, demonstrating that initial engagement of CD81 on the cell surface,
by either fluorescently labeled CD81 antibodies or soluble forms of the HCV
glycoproteins, is followed by GTPase-dependant actin rearrangements that
allow lateral movement of the CD81-bound complex into areas of cell-cell
contact overlapping with both CLDN1 and OCLN localization (4).

[0}
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[0014] The study of HCV pathogenesis and the development of urgently
needed effective antivirals and therapeutic and/or preventative vaccines
targeting this virus has been severely hampered by the lack of convenient
inbred small animal models capable of supporting HCV infection and
replication. Numerous blocks will certainly need to be overcome before
complete viral replication in a mouse can be achieved. HCV RNA replication
in mouse cells is inefficient (25), (29), and the ability of such cells to support
virion assembly is unknown. Our results clearly demonstrate, however, why
mouse cells are unable to support HCV entry. This major block to HCV
replication in murine cells can now be overcome simply by the expression of
human CD81 and OCLN in the context of mouse CLDN1 and SR-BI, providing
a clear platform upon which a mouse model for HCV infection can be
constructed.

[0015] Methods of inhibiting, mitigating or preventing infection of a subject
with Hepatitis C Virus (HCV) that can comprise contacting a cell in said
subject with an agent which inhibits HCV interaction with an Occludin protein,
wherein said interaction includes any direct or indirect function of Occludin
required for HCV entry are provided herein. In certain embodiments of the
methods, the subject is a mouse, a rat, a monkey, or a human. In certain
embodiments of the methods, the agent binds to an extracellular loop of the
Occludin protein. In certain embodiments, the agent is selected from the
group consisting of an antibody, an aptamer, or a recombinant protein. In
certain embodiments where the agent is an antibody, the antibody can be a
monoclonal or a single chain antibody.

[0016]  Also provided herein are transgenic animal models for the study of
Hepatitis C Virus (HCV) pathogenesis, where the models comprise
expression of a human Occludin transgene in said animal, whereby
expression of said human Occludin transgene renders the animal permissive
for Hepatitis C Virus (HCV) infection. In certain embodiments, the transgenic
animal model is one wherein the animal is selected from the group consisting

of a mouse, a monkey, and a rat.
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[0017]  Also provided are methods for screening for an inhibitor of Hepatitis
C Virus (HCV) infection, where the methods comprise screening a library for a
compound which prevents or mitigates binding of a region of a Hepatitis C
Virus with a region of an Occludin protein.

[0018]  Also provided are methods of identifying a compound or agent that
prevents or mitigates interaction of a region of a Hepatitis C Virus with a
region of a Occludin protein, where the methods comprise the steps of: a)
providing either i) a recombinant protein comprising at least an extracellular
loop of Occludin protein or conservative amino acid substitutions thereof, or ii)
a cell comprising a recombinant vector that provides for expression of a
membrane bound protein comprising an extracellular loop of a Occludin
protein, wherein said amino acid residues of said Occludin protein are located
extracellularly to said cell; b) contacting said protein or said cell from step (a)
with an agent or a compound and an HCV envelope protein, a cell expressing
HCV envelope proteins El and E2, an HCV pseudotyped retroviral particle, an
HCV cell culture particle, an ex vivo HCV cell culture particle or HCV; and c)
determining if said compound or agent inhibits interaction or fusion of said
protein or said cell provided in (a) with said HCV envelope protein, said cell
expressing HCV envelope proteins El and E2, said HCV pseudotyped
retroviral particle, said HCV cell culture particle, said ex vivo HCV cell culture
particle, or said HCV provided in step (b), thereby identifying a compound or
agent that prevents or mitigates interaction of a region of a Hepatitis C Virus
with a region of an Occludin protein. In certain embodiments of the methods,
the cell in step (a) is a CD81 positive cell, SR-BI positive cell, and/or a
Claudin-1 positive cell. In certain embodiments of the methods, the cell in
step (a) is a NIH3T3, L929, H2.35, Hepa1.6, AML12, CHO, 786-0, or TZM
cell. In certain embodiments of the methods, the recombinant vector is a DNA
vector or an RNA vector. In certain embodiments of the methods, the agent in
step (b) is provided by an antibody library, an aptamer library, a peptide
library, a recombinant protein library or a peptidomimetic library. In certain
embodiments of the methods, inhibition of interaction of said recombinant

protein of step (a) is determined in step (c) by assaying for retention of the

oo



WO 2010/040001 PCT/US2009/059285

recombinant protein by said HCV envelope protein, by said cell expressing
HCV envelope proteins El and E2, said HCV pseudotyped retroviral particle,
by said HCV cell culture particle, said by ex vivo HCV cell culture particle, or
by said HCV provided in step (b), wherein decreased retention of the
recombinant protein is indicative of binding inhibition. In certain embodiments
of the methods, determination of interaction or fusion in step (c) is effected by
assaying a reporter protein. In certain embodiments, the methods of
identifying a compound or agent that prevents or mitigates interaction of a
region of a Hepatitis C Virus with a region of a Occludin protein can further
comprise any one of, or both of, the step(s) of: i) screening for an agent or
compound that does not enhance paracellular permeability through specific
interaction with an extracellular protein sequence of Occludin; and/or ii)
screening for an agent or compound that does not inhibit Occludin-dependent
cell adhesion. Techniques for : i) screening for an agent or compound that
does not enhance paracellular permeability through specific interaction with
an extracellular protein sequence of Occludin; and for ii) screening for an
agent or compound that does not inhibit Occludin-dependent cell adhesion
include, but are not limited to, those disclosed in US Patent 6,252,045, which
is incorporated herein by reference in it's entirety.

[0019] Also provided are agents that prevent or mitigate interaction of a
region of a Hepatitis C Virus with an extracellular loop of an Occludin protein,
wherein said agent is an antibody, an aptamer, a peptide, a peptidomimetic
compound, or a recombinant protein, and wherein said interaction includes
any direct or indirect function of Occludin required for HCV entry. In certain
embodiments, the agent does not enhance paracellular permeability through
specific interaction with an extracellular protein sequence of Occludin. In
certain embodiments, the agent does not inhibit Occludin-dependent cell
adhesion. In still other embodiments, the agent does not does not enhance
paracellular permeability through specific interaction with an extracellular
protein sequence of Occludin and does not inhibit Occludin-dependent cell

adhesion.
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[0020]  Also provided are kits for identifying a compound or agent that
prevents or mitigates interaction of a region of a Hepatitis C Virus with a
region of a Occludin protein, said kit comprising either i) a recombinant protein
comprising an extracellular loop of an Occludin protein or conservative amino
acid substitutions thereof, or ii) a recombinant vector that provides for
expression of a membrane bound protein comprising an extracellular loop of
an Occludin protein or conservative amino acid substitutions thereof, wherein
said amino acid residues of said Occludin protein are located extracellularly to
a cell expressing said membrane bound protein, or iii) a cell comprising said
recombinant vector; and instructions for using said kit to identify a compound
or agent that prevents or mitigates interaction of a region of a Hepatitis C
Virus with a region of a Occludin protein. In certain embodiments, the kit
further comprises an HCV envelope protein, a recombinant vector encoding
HCV envelope proteins El and E2, a recombinant vector encoding an HCV
pseudotyped retroviral particle, a recombinant vector encoding an HCV cell
culture particle, or a recombinant vector encoding an infectious HCV particle.
[0021]  Also provided are cell culture compositions comprising: i) a cell
comprising a recombinant vector that provides for expression of a membrane
bound protein comprising an Occludin Protein or conservative amino acid
substitutions thereof, wherein said amino acid residues of said Occludin
protein are located extracellularly to said cell, and either ii) a cell comprising a
recombinant vector that encodes HCV envelope proteins El and E2 or iii) any
one of a HCV pseudo typed retroviral particle, a HCV cell culture particle, an
ex vivo HCV cell culture particle, or an HCV particle. In certain embodiments
of such cell culture compositions, the HCV pseudotyped retroviral vector
comprises an HCV El protein, an HCV E2 protein and a packaging competent
retroviral genome containing a reporter gene. In certain embodiments of such
cell culture compositions, the packaging competent retroviral genome is an
HIV or an MLV packaging competent retroviral genome. In certain
embodiments of such cell culture compositions, the packaging competent

retroviral genome is an envelope deficient retroviral genome.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Figure 1. OCLN expression confers susceptibility to HCVpp. a,
The indicated human cell lines were either mock transduced or transduced to
express human pTRIP-mCherry-CD81 (CD81), pTRIP-Cerulean-CLDN1
(CLDN1), pTRIP-Venus-OCLN (OCLN), or both CLDN1 and OCLN. Parallel
cultures of these populations were then separately challenged with HCVpp
and VSVGpp encoding GFP reporters. HCVpp infectivity is reported as the
titer of HCVpp divided by the titer of VSVGpp, after subtraction of the signals
from infection with non-enveloped pseudoparticles (Env-pp), as described in
the materials and methods. b, GFP-encoding pseudoparticles bearing the
indicated glycoproteins from different HCV genotypes (isolate name in
parentheses) were used to infect naive (black) or OCLN-expressing (white)
786-0 cells. ¢, The indicated mouse cells lines were either mock transduced
or transduced to express a combination of human pTRIP-mCherry-CD81
(CD81), pTRIP-SR-BI (SR-BI), pTRIP-Cerulean-CLDN1 (CLDN1) and pTRIP-
Venus-OCLN (OCLN) (4x). Parallel cultures, as well as permissive Huh-7.5
cells, were then challenged with HCVpp and VSVGpp encoding GFP
reporters and HCVpp infectivity calculated as above. Means and standard
deviation (SD) of at least triplicate experiments are shown.

[0023] Figure 2. OCLN silencing inhibits HCV entry. Huh-7.5 (left
column) and Hep3B (right column) were transfected with irrelevant (gray
bars), CD81 (checkered bars), or OCLN (black bars) specific siRNA pools. To
determine expression levels, each cell population was stained with CD81 (a
and b) and OCLN (c and d) specific antibodies. Protein expression was
analyzed by flow cytometry; the ratio between specific and isotype control
staining is shown. At the time of expression analysis, parallel siRNA-treated
cells were challenged with HCVpp (e and f) and HCVcc (g). HCVpp infectivity
was calculated and normalized as described in the materials and methods.
HCVcc infection was quantified by the ratio of viral protein (NS5A) staining to
isotype control staining. All samples are normalized to irrelevant siRNA
treated cells. dMFI, the difference in the mean fluorescence intensity. Means

and SD of at least triplicate experiments are shown.
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[0024] Figure 3. Expression of human OCLN and human CD81
determines HCV species tropism. (a) Mouse NIH3T3 were transduced with
combinations of human pTRIP-CD81 (CD81), pTRIP-SR-BI (SR-Bl), pTRIP-mCherry-
CLDN1 (CLDN1) and pTRIP-OCLN (OCLN). Hamster CHO (b) and NIH3T3 (c) cells
were transduced with combinations of human (H) and mouse (M) pTRIP-mCherry-
CD81 (CD81), pTRIP-SR-BI (SR-BI), pTRIP-Cerulean-CLDN1 (CLDN1) and pTRIP-
Venus-OCLN (OCLN). d, Diagram of OCLN membrane topology (12). e, 786-0 cells
were transduced with mouse/human OCLN chimaeras; all chimaeras were N-
terminally tagged with Venus yellow fluorescent protein. Transduced cells (a, b, ¢ and
e) were challenged with HCVpp and VSVGpp encoding GFP reporters and HCVpp
infectivity calculated and normalized as described in methods. Means and SD of at
least duplicate experiments are shown.

[0025] Figure 4. Identification of OCLN as an HCV entry factor. a,
lllustration of the screen for cDNAs conferring HCVpp-susceptibility to NIH3T3
cells expressing human CD81, SR-Bl and mCherry/CLDN1 (N3xF26). The
initial Huh-7.5-derived library, in a LMN8 murine leukemia virus (MLV)-based
retroviral vector, was packaged into VSVGpp by co-transfection of 293T cells
with the library DNA and vectors expressing MLV gag-pol and VSV-G. Naive
N3xF26 cells were then transduced with the pseudoparticle library and
challenged with HCVpp encoding a puromycin resistance gene (CSPW)
followed by antibiotic selection. Surviving clones were pooled, expanded, and
tested for susceptibility to pseudoparticies bearing no glycoprotein (Env-pp),
HCVpp and VSVGpp encoding a GFP reporter (CSGW). The population was
subsequently transfected with MLV gag-pol and VSV-G to produce VSVGpp
encoding the LMN8 genomes with the cDNA inserts contained in the surviving
N3xF26 cells (cyclic packaging rescue, CPR). These re-packaged
pseudoparticles were used to transduce naive N3xF26 cells for subsequent
rounds of screening. CSPW proviruses are HIV-1 based and thus not
repackaged during the MLV gag-pol mediated CPR step. In addition, this
provirus contains a deletion in the 3°'LTR that prevents expression of
packagable viral RNA in transduced cells. b, HCVpp permissivity of N3xF26
cells increased during multiple rounds of library transduction and selection.
Naive N3xF26 cells (first column) or aliquots of N3xF26 cells transduced with
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the parental (2" column) or repackaged (3™ and 4™ column) LMN8-cDNA
library were assessed for permissivity to Env-pp, HCVpp, or VSVGpp
encoding a GFP reporter (CSGW). GFP expression was measured by flow
cytometry 72 h after infection. Actions performed between assays are denoted
on the top: library — initial transduction of the cDNA library; puro -
transduction with HCVpp encoding a puromycin resistance reporter gene
followed by puromycin selection; CPR — transfection of MLV gag-pol and
VSV-G to repackage the cDNAs contained in the N3xF26 cell population into
pseudoparticles for delivery to naive N3xF26 cells and further selection. The
percentage of GFP positive cells is indicated in the upper right corner of each
plot. After two rounds of selection including one repackaging steps the
effective HCVpp titer on the selected population increased by about 100-fold
(3" column). After three rounds of selection including two repackaging steps
the effective HCVpp titer increased about 20-fold compared to naive N3xF26
cells (top row) whereas the effective titers of VSV-Gpp (2™ row) and Env-pp
(3" row) were essentially unchanged or even decreased. Of 24 cell clones
isolated by FACS after 3 rounds of selection, eight harbored a cDNA encoding
OCLN. No cDNA could was found in the remaining 16 clones, likely
representing untransduced cells selected through nonspecific uptake of
HCVpp. All of the LMN8-OCLN cDNA clones contained an identical amino-
terminally truncated OCLN cDNA fragment that expressed an OCLN protein
missing the first 140 amino acids, essentially removing the intracellular N-
terminal tail. ¢, LMN8-VSVGpp encoding the isolated N-terminally truncated
OCLN as well as pTRIP-VSVGpp encoding the full-length OCLN were used to
transduce naive N3xF26 cells. These cells were then challenged with GFP
encoding pseudoparticles. HCVpp infectivity is reported as the titer of HCVpp
divided by the titer of VSVGpp, after subtraction of Env-pp signals, as
described in the materials and methods. Values are normalized to parallel
infections of highly permissive Huh-7.5 cells. d, Total RNA was isolated from
the indicated cell lines and the human CD81, CLDN1 and OCLN mRNA levels

were determined by RT-quantitative PCR. Data were normalized to GAPDH
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expression and plotted as percentage of Huh-7.5 cells. Means and standard
deviations (SD) of at least triplicate experiments are shown.

[0026] Figure 5. Expression of HCV entry factors in transduced cells.
Mouse NIH3T3 were transduced in the indicated combinations with human
pTRIP-CD81 (CD81), pTRIP-SR-BI (SR-BI), pTRIP-mCherry/CLDN1 (CLDN1)
and pTRIP-OCLN (OCLN). CD81, SR-Bl and CLDN1 (a) and OCLN
expression (b) were monitored by flow cytometry at the time of infection.
dMFI, the difference in the mean fluorescence intensity. Means and SD of at
least triplicate experiments are shown.

[0027] Figure 6. Selected raw data of HCV entry in human, mouse and
hamster cells as analyzed by flow cytometry. Human (Huh7.5, 786-0),
mouse (NIH3T3) and hamster (CHO) cells were transduced as indicated with
human pTRIP-mCherry-hCD81 (hCD81), pTRIP-Cerulean-hCLDN1
(hCLDN1), pTRIP-Venus-hOCLN (hOCLN) and then challenged in parallel
with HCVpp, VSVGpp or Env-pp. Shown are FACS plots representative of
those that have been used for the calculations of HCV infectivity in all other
analyses.

[0028] Figure 7.CD81, SR-BI, CLDN1 and OCLN constitute the minimal
set for efficient HCVpp entry into nonhuman cells. (a) Hamster CHO cells
were transduced with the indicated combinations of human pTRIP-mCherry-
CD81 (CD81), pTRIP-SR-BI (SR-BI), pTRIP-Cerulean-CLDN1 (CLDN1) and
pTRIP-Venus-OCLN (OCLN). Transduced cells were challenged with HCVpp
and VSVGpp encoding GFP reporters and HCVpp infectivity calculated and
normalized as described in the materials and methods. Total RNA was
isolated from CHO (b) and NIH3T3 (d), hamster (c) and mouse (e) liver and
the hamster or mouse CD81, CLDN1 and OCLN mRNA levels were
determined by RT-quantitative PCR. Data were normalized to GAPDH

expression. Means and SD of at least duplicate experiments are shown.

DETAILED DESCRIPTION
[0029]  The following disclosed embodiments are merely representative of

the invention, which may be embodied in various forms. Thus, specific
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structural and functional details disclosed herein are not to be interpreted as
limiting.

[0030] Al reagents and chemicals are either commercially available or can
be prepared by standard procedures found in the literature or are known to
those of skill in the arts of cell or molecular biology, organic chemistry,
biochemistry, and the like.

Definitions

[0031]  As used herein, the term "HCV" refers to any major HCV genotype,
subtype, isolate, and/or quasispecies. HCV genotypes include, but are not
limited to, genotypes 1, 2, 3, 4, 5 and 6 and HCV subtypes include, but are
not limited to, subtypes la, Ib, 2a, 2b, 2¢, 3a, 4a-4f, 5 a, and 6a.

[0032]  As used herein, the phrase "conservative amino acid substitutions”
refers to one or more changes in amino acid(s) in a sequence is (are) are
replaced with another amino acid(s), the charge and polarity of which is
similar to that of the native amino acid. Conservative substitutes for an amino
acid within a protein, a peptide, or peptidomimetic compound are made with
members of the group to which the originally occurring amino acid belongs.
Amino acids can be divided into the following four groups: (1) acidic amino
acids; (2) basic amino acids; (3) neutral polar amino acids; and (4) neutral
non-polar amino acids. Representative amino acids within these various
groups include, but are not limited to: (1) acidic (negatively charged) amino
acids such as aspartic acid and glutamic acid; (2) basic (positively charged)
amino acids such as arginine, histidine, and lysine; (3) neutral polar amino
acids such as glycine, serine, threonine, cysteine, tyrosine, asparagine, and
glutamine; (4) neutral nonpolar (hydrophobic) amino acids such as alanine,
leucine, isoleucine, valine, proline, phenylalanine, tryptophan, and methionine.
Conservative amino acid changes can be made by substituting one amino
acid within one of these groups with another amino acid within the same
group.

[0033] As used herein, an "antibody" is any of a polyclonal antibody, a

monoclonal antibody, a single chain antibody, or a synthetic antibody.
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[0034]  As used herein, a "monoclonal antibody" is any antibody derived
from any source that recognizes a single epitope.

[0035]  As used herein, a "single chain antibody" is any light chain antibody,
any heavy chain antibody, or any fragment thereof comprising an antigen
recognition site. Single chain antibodies can be derived from any source.
[0036]  As used herein, a “synthetic antibody" is any antibody that is
produced by recombinant DNA technology. Synthetic antibodies thus include,
but are not limited to, humanized antibodies, mutagenized antibodies, and
antibodies derived from human, bacterial, yeast or bacteriophage expression
libraries.

[0037]  As used herein, the phrase "peptidomimetic compound" refers a
peptide analog containing one or more non-naturally occurring amino acids
(e.g., non-natural side chains, non-natural chiralities, N-substituted amino
acids, or beta amino acids), non-natural topologies (e.g., cyclic or branched)
and/or peptide analogues with partially or totally substituted amide (peptide)
bonds with ester, thioester or other linkages.

[0038] As used herein, the phrase "chemically derivatized variant”", when
used in reference to a peptide or peptidomimetic compound, refers to
peptides or peptidomimetic compounds that have been covalently modified.
Covalent modifications include, but are not limited to, acetylation, amidation,
sulfation, succinylation, methylation, chelator linkage or terminal blockage.
[0039] As used herein, the term "corresponding", when used in the context
of comparing, aligning, or identifying equivalent amino acids in one
polypeptide sequence with another polypeptide, peptide, or peptidomimetic
compound sequence, refers to the comparison or alignment that will yield the
highest percent identity when aligned with the other polypeptide sequence.
[0040] As used herein, the phrase "membrane bound protein" refers to any
protein that is bound to a cell membrane under physiological pH and salt
concentrations. Binding of the membrane bound protein can be either by
direct binding to the phospholipid bilayer or by binding to a protein,
glycoprotein, or other intermediary that is bound to the membrane.
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[0041]  As used herein, the term "extracellular” refers to the external, non-
cytoplasmic region of a cell.

[0042]  As used herein, the phrase "interaction of a region of a Hepatitis C
Virus with a region of an Occludin protein”, encompasses any step in the
process by which an HCV virion or component derived there from is
recognized, bound and/or internalized by a cell. As used herein, interactions

include any direct or indirect function of Occludin required for HCV entry.

Methods Of Inhibiting, Mitigating Or Preventing HCV Infection By
Inhibiting HCV Interaction With An Occludin Protein.

[0043] A variety of methods for inhibiting HCV infection by inhibiting
endogenous Occludin function are contemplated by this invention. Such
methods can comprise either blockage of regions of endogenous Occludin
that provide for cellular interactions required for HCV entry or blockage of the
regions of HCV that provide for interactions with endogenous Occludin or an
Occludin containing protein complex. Similar methods for inhibiting HCV
infection by inhibiting endogenous Claudin function are also described in WO
2007/130646.

[0044] Having identified the region of an endogenous Occludin that can be
bound to inhibit HCV infection, a variety of effective extracellular loop binding
agents are contemplated herein. In addition to antibodies, aptamers that bind
to an Occludin extracellular loop can be used to inhibit HCV infection. As used
herein, an aptamer can comprise any DNA, RNA, oligonucleotide, or
chemically modified oligonucleotide that binds to a target. Isolation and
identification of aptamers has been disclosed (U.S. Patent No. 5,582,981,
U.S. Patent No. 6,867,289, U.S. Patent No. 7,179,894). Alternatively,
recombinant binding proteins that bind an endogenous Occludin extracellular
loop can be used to inhibit HCV infection. As used herein, "recombinant
binding proteins" are any non-naturally occurring proteins obtained by
recombinant DNA or polymerase chain reaction-mediated reactions that bind

to a target. Recombinant binding proteins can comprise polypeptide binding



WO 2010/040001 PCT/US2009/059285

regions of immunoglobulin heavy chains variable domains, immunoglobulin
light chain variable domains, V.alpha./V.beta. domains of T cell receptor
proteins, or combinations thereof. Isolation and identification of recombinant
binding proteins has been disclosed (U.S. Patent No. 6,010,884 and U.S.
Patent No. 6,297,053).

[0045] Blockage of HCV regions to inhibit HCV infection can also be
effected by agents that mimic the region of Occludin extracellular loop that
interacts with HCV. Without seeking to be limited by theory, contacting HCV
with agents that mimic the critical region of an Occludin extracellular loop is
expected to inhibit productive interactions of HCV with endogenous Occludin
that permit cellular entry of HCV and HCV infection. These agents are
expected to competitively inhibit interactions with HCV and endogenous
Occludin. One advantage of Occludin extracellular loop mimicking agents is
that they can be optimized such that their interactions with the critical regions
of HCV are potentiated while their interactions with any other endogenous
cellular ligands that recognize an endogenous Occludin extracellular loop are
minimized. Optimization of Occludin mimicking agents is expected to provide
for inhibition, prevention or mitigation of HCV infection while minimizing
undesirable side effects.

[0046] In practicing any of the above referenced methods involving
administration of HCV inhibitory, preventative or mitigating agents to a
subject, it is contemplated that a variety of pharmaceutical compositions
comprising these active agents can be administered by a variety of
techniques. Such pharmaceutical compositions may be formulated in various
ways known in the art for administration purposes. To prepare the
pharmaceutical compositions of the present invention, an effective amount of
the particular compound, in base or acid salt form, as the active ingredient is
combined with one or more pharmaceutically acceptable carriers and delivery
vehicles. Numerous pharmaceutically acceptable carriers and delivery
vehicles exist that are readily accessible and well known in the art, which may
be employed to generate the preparation desired (i.e., that permit

administration of the pharmaceutical composition orally, topically, rectally,
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percutaneously, by parenteral injection, intranasally or by inhalation).
Representative examples of pharmaceutically acceptable carriers and delivery
vehicles include aluminum stearate, lecithin, serum proteins, such as human
serum albumin; buffer substances such as the various phosphates, glycine,
sorbic acid, potassium sorbate, partial glyceride mixtures of saturated
vegetable fatty acids; water, salts or electrolytes, such as protamine sulfate,
disodium hydrogen phosphate, potassium hydrogen phosphate, sodium
chloride, and zinc salts; colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, cellulose-based substances, polyethylene glycol, sodium
carboxymethyicellulose, polyarylates, waxes, polyethylene, polyoxypropylene-
block polymers, polyethylene glycol and wool fat, and the like. The
pharmacologic compositions described herein may further be prepared in
unitary dosage form suitable for administration orally, percutaneously, by
parenteral injection (including subcutaneous, intramuscular, intravenous and
intradermal), topically, intranasally, by inhalation, or for application to a
medical device, such as an implant, catheter, or other device. In preparing the
compositions that permit administration of an oral dosage, for example, any of
the pharmaceutically acceptable carriers known in the art may be used, such
as water, glycols, oils, alcohols and the like in the case of carriers that permit
oral delivery of liquid preparations such as suspensions, syrups, elixirs and
solutions. When solid pharmaceutically acceptable carriers are desired that
permit oral or rectal administration, starches, sugars, kaolin, lubricants,
binders, cellulose and its derivatives, and disintegrating agents and the like
may be used to prepare, for example, powders, pills, capsules and tablets.
For pharmaceutically acceptable carriers that permit parenteral administration,
the pharmaceutically acceptable carriers often comprise sterile water, which
may be supplemented with various solutes to, for example, increase solubility.
Injectable solutions may be prepared in which the pharmaceutically
acceptable carrier comprises saline solution, glucose solution, or a mixture
thereof, which may include certain well-known anti-oxidants, buffers,
bacteriostats, and other solutes that render the formulation isotonic with the

blood of the intended patient.
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[0047] A variety of in vitro and cell based assays that provide for
identification of compounds or agents that inhibit interactions of HCV with
Occludin are contemplated herein. Inhibition of HCV interactions with
Occludin can be used to inhibit, mitigate or prevent infection of a subject with
any major HCV genotype, subtype, isolate, and/or quasispecie. HCV
genotypes include, but are not limited to, genotypes 1, 2, 3, 4, 5 and 6 and
HCV subtypes include, but are not limited to, subtypes Ia, Ib, 2a, 2b, 2¢, 3a,
4a-4f, 5a and 6a. Furthermore, those skilled in the art will appreciate that
agents or compounds that interact with any region of Occludin can disrupt
Occludin functions that provide for HCV entry. In vitro assays comprise any
assay wherein binding, interaction or association of a recombinant Occludin
protein with HCV or components of HCV is determined. It is understood that
the binding of recombinant Occludin with HCV or components of HCV can be
either direct or indirect. Indirect binding would entail binding of Occludin to
HCV through an intermediary. Recombinant Occludin protein can be used in
the in vitro binding or interaction assays in either a soluble form or in insoluble
forms such as liposomes. Other insoluble forms that can be used in binding
assays include forms where the recombinant Occludin protein is coupled to a
solid support. Solid supports include beads, microtiter plates, column
matrices, or any other materials suitable for immobilizing proteins for binding
assays. Soluble forms of the recombinant Occludin can further comprise
sequences that facilitate solubility, detection and/or retention. Sequences that
can facilitate solubility include, but are not limited to, sequences from
glutathione-S-transferases or E.coli maltose binding proteins. Sequences that
facilitate detection include any reporter protein, any epitope or any protein-
binding domain. Those skilled in the art will appreciate that any of the
foregoing sequences that promote solubility or detection can also facilitate
retention. Retention is typically used in binding assays to associate the protein
or protein ligand to a solid support. The recombinant protein can also further
comprise additional sequences for retention such as FLAG™ epitopes
(Stratagene, La Jolla, CA, USA), myc epitopes, histidine tags and the like.
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[0048] Binding or interaction of the recombinant Occludin protein to any
HCV or HCV derived material such as HCV, HCVcc, HCVpp, semi-purified
HCV components, purified HCV proteins or recombinant HCV protein(s) can
be determined in the methods contemplated herein. Binding or interaction of
recombinant Occludin to HCV El and E2 proteins is specifically contemplated.
[0049]  Such binding may be either direct or indirect. Either the
recombinant Occludin or the HCV or HCV derived materials can be detectably
labeled to facilitate the binding assay. In certain embodiments, the
recombinant Occludin and the HCV or HCV derived materials are labeled with
distinct detectable labels permitting simultaneous detection of each. In binding
assays, the recombinant Occludin protein is typically contacted by the HCV or
HCV derived material, subjected to some form of buffer exchange, and
binding determined. Binding may be determined by any suitable technique or
combination of techniques, including but not limited to, detection of a bound
label, surface plasmon resonance, or scintillation proximity assays. Those
skilled in the art will recognize that the method by which the Occludin
sequences are presented on the extracellular surface of the cell is not critical,
so long as those sequences are presented in a manner that permits HCV
interaction.

[0050] In certain embodiments of the method, the cell expressing the
recombinant, membrane bound extracellular Occludin amino acid residues is
contacted by any of an HCV envelope protein, a cell expressing HCV
envelope proteins El and E2, an HCV pseudotyped retroviral particle, an
HCVcc particle, an ex vivo HCVcc particle or HCV. When the cell expressing
the recombinant Occludin is contacted by an HCV envelope protein(s), one
can determine if binding of the envelope protein(s) is inhibited by a compound
or agent by monitoring the presence or absence of the envelope protein
following a buffer exchange. Such binding analyses are facilitated by
providing detectably labeled envelope proteins. Binding of cells expressing
envelope proteins, HCVpp, HCVcc, ex vivo HCVcc, or HCV to the cell
expressing the recombinant Occludin can also be monitored in the manner
described for binding of envelope proteins. Infection by HCVpp or HCVcc can
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also be monitored by the use of reporter genes encoded by these species,
which can be assayed for in cells following exposure to the agents or
compounds.

[0051] The use of recombinant Occludin proteins in in vitro assays that
model other aspects of Occludin-mediated HCV entry into cells is also
contemplated. Such assays would involve use of biochemical fractions from
HCV, HCVcc, ex vivo HCV, HCVpp, recombinant cells expressing HCV
envelope protein(s), reconstituted liposomes containing HCV components and
other fractions or reconstituted materials derived from recombinant Occludin
expressing cells.

[0052] Interactions of HCV with Occludin that result in entry of HCV into
the cell can also be assayed to identify compounds or agents that interfere
with any aspect of that process. Productive interaction or fusion of cells
expressing envelope proteins, HCVpp, HCVcc, ex vivo HCVcc, or HCV to the
cell expressing the recombinant Occludin can also be assayed by techniques
that monitor transfer of proteins or nucleic acids from the cells expressing
envelope proteins, HCVpp, HCVcc, ex vivo HCVcc, or HCV to the cell
expressing the recombinant Occludin. In certain embodiments, transfer of a
reporter gene is monitored. When the reporter is transferred from HCVpp or
any other suitable viral vector, the reporter will be expressed only upon entry
into the cell expressing the recombinant Occludin protein. When the reporter
is present in a distinct cell that fuses to the cell expressing the recombinant
Occludin protein, the reporter gene will only be expressed when the cells fuse
and the reporter is exposed to a factor in the cell expressing the recombinant
Occludin protein. Methods that provide for expression of a reporter upon cell
fusion include, but are not limited to, operable linkage of the reporter to a
promoter that is regulated by a trans-acting transcription factor present in the
host cell. Entry of HCV, HCVcc, or ex vivo HCVcc can also be determined by
any hybridization- or polymerase chain reaction-based method for measuring
the associated HCV RNA. Entry of replication-competent HCV RNA into cells
that permit HCV RNA replication results in a substantial signal amplification
due to HCV RNA replication. When quantitating HCV RNA by use of a
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quantitative reverse-transcriptase Polymerase Chain Reaction (QRT-PCR),
the HCV-derived PCR product can be detected by use of any labeled
polynucleotide probes, by use of an intercalating dye such as ethidium
bromide or SYBR green, use of a hybridization probe containing a fluorophore
and a quencher such that emission from the fluorophore is only detected
when the fluorophore is released by the 5' nuclease activity of the polymerase
used in the PCR reaction (i.e., a TagqMan ™ reaction; Applied Biosystems,
Foster City, CA) or use of methods where the fluorophore and quencher are
displaced by polymerase mediated synthesis of the complementary strand
(i.e., Scorpion ™ or Molecular Beacon ™ probes). Various methods for
conducting qRT-PCR analysis to quantitate mRNA levels are well
characterized (Bustin, S.A.; Journal of Molecular Endocrinology 29, 23, 2002).
Fluorescent probes that are activated by the action of enzymes that recognize
mismatched nucleic acid complexes (i.e., Invader ™, Third Wave
Technologies, Madison, WI) can also be used to quantitate RNA. Those
skilled in the art will also understand that RNA quantitation techniques such
as Quantitative Nucleic Acid Sequence Based Ampilification (Q-NASBA ™)
can be used to quantitate TIC807 protein-encoding mRNA and identify
expressing plants. Commercially available kits for quantitating HCV RNA
include the COB AS™ TaqMan HCV Test (TagMan HCV; Roche Molecular
Systems Inc., Branchburg, N.J.). HCVcc that comprise reporter genes are
also available, thus allowing the quantification of infection following challenge
similarly to the methods described for HCVpp.

[0053] To identify agents that inhibit interactions of HCV regions with
Occludin, a variety of different libraries can be queried. Bacteriophage
libraries comprising phage vectors that display antibody antigen recognition
regions are one potential source of Occludin recognition agents and have
been described in U.S. Patent No. 6,265,150. Methods for generating libraries
of antigen-combining proteins of high diversity are described in U.S. Patent
5780225 and U.S. Patent 6,303,313. Methods of using libraries to obtain
antigen recognition regions are also described in U.S. Patent No. 5,395,750.

Methods of obtaining a nucleic acid encoding a binding protein having a
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proteinaceous binding domain that binds a predetermined target material are
described in U.S. Patent No. 5,223,409. Yeast antibody display libraries can
also be used to obtain antigen recognition regions and as described in U.S.
Patent No. 6,300,065. Those skilled in the art will recognize that such antigen
recognition sequences can subsequently be isolated from the recombinant
phage, bacterial or yeast vector and reengineered into a synthetic antibody
appropriate for use in subjects. Reengineering of these recognition domains
into humanized antibodies is particularly contemplated.

Kits For Identifying Compounds Or Agent That Prevent Or Mitigate
Interaction Of A Region Of A Hepatitis C Virus With A Region Of A
Occludin Protein.

[0054] In the particular embodiments contemplated herein, the methods
and kits detect interactions of a region of HCV with an Occludin protein.
[0055] A kit may contain any of : i) a recombinant protein comprising an
Occludin Protein or conservative amino acid substitutions thereof, or ii) a
recombinant vector that provides for expression of an Occludin protein
expressing an extra-cellular loop, or iii) a cell comprising said recombinant
vector and instructions for using the kit. The kit may also contain reagent(s)
for detecting an interaction between a sample comprising HCV, HCVcc,
HCVpp, HCV envelope proteins and the aforementioned recombinant
proteins, vectors or cells comprising an Occludin protein. The provided
reagent(s) can be radio-, spectrophotometrically-, fluorescently- or
enzymatically-labeled. The provided reagents can also be detectably labeled
by other materials. The provided reagents may include a substrate that is
converted to a product that can be detected by spectrophotometry,
luminometry, or fluorescence. The kit can contain a known radiolabeled or
hapten-labeled agent capable of binding or interacting with an antibody of the
present invention.

[0056]  The reagent(s) of the kit may be provided as a liquid solution,
attached or otherwise deposited in or on a solid support or as a dried powder.
Preferably, when the reagent(s) are provided in a liquid solution, the liquid
solution is an aqueous solution. Preferably, when the reagent(s) provided are
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attached to, or otherwise deposited on a solid support, the solid support can
be chromatography media, a test plate having a plurality of wells, or a
microscope slide. When the reagent(s) provided are a dry powder, the powder
can be reconstituted by the addition of a suitable solvent, that may be
provided.

[0057] The container will generally include a vial into which the
recombinant protein, recombinant vector, cells or detection reagent may be
placed, and preferably suitably aliquotted. The kits of the present invention will
also typically include a means for containing the recombinant protein,
recombinant vector and/or cells in a container in close confinement for
commercial sale. Such containers may include injection or blow-molded
plastic containers into which the desired vials are retained. However, it is also
contemplated that such kits may be assembled not for commercial sale, but
for internal use within a research group. Thus the usefulness of such kits is
not restricted to commercial sales. The instructions for the kit may either be
enclosed in the kit or provided by way of reference to a external or internal
website or other internal or external document or reference.

[0058] The embodiments were chosen and described in order to best
explain the principles of the invention and its practical application to thereby
enable others skilled in the art to best utilize the invention in various
embodiments and with various modifications as are suited to the particular

use contemplated.

Examples

Example 1 Supplemental Material and Methods

Cells

[0059] 293T, 786-0, AML12, H2.35, Hep3B, Hepa1.6, HepG2, Huh-7.5,
L929, NIH3T3, STO6 and TZM cells were maintained in DMEM with 10% fetal
bovine serum (FBS). CHO cells were maintained in DMEM/F-12 with 10%

FBS. HepG2 were grown on collagen coated plastic.

Antibodies and reagents
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[0060] A mouse monoclonal antibody against OCLN (clone OC-3F10) was
purchased from Zymed Laboratories (San Francisco, CA). Mouse anti-CD81
1.3.3.22 was obtained from Santa Cruz Biotechnology (Santa Cruz, CA).
Purified mouse IgG1 was from BD Pharmingen (Franklin Lakes, NJ). The
mouse anti-NS5A antibody 9E10 (15) and human anti-SR-BI antibody C167
(5) have previously been described. Alexa Fluor488 conjugated anti-mouse
IgG secondary antibodies were obtained from Invitrogen (Carlsbad, CA) and
R-phyco-erythrin (PE) goat anti-mouse IgG secondary antibodies were
obtained from Jackson ImmunoResearch Laboratories, Inc. (West Grove,
PA). Anti human IgG4 antibodies and streptavidin APC were obtained from
BD Biosciences Pharmingen (San Diego, CA).

DNA constructs

[0061]  As described below, an NIH3T3 clone expressing human CD81,
SR-BI, and CLDN1 was derived by progressive transduction with VSVG-
packaged proviruses followed by cell sorting. These proviral genomes were
based on the pTRIP (23, 27) self-inactivating lentiviral provirus that does not
express HIV proteins, but instead employs an internal CMV promoter to
express cloned genes. Previously described TRIP lentiviral plasmids include
TRIP-CD81 (28), and TRIP-mCherry-CLDN1 (11). TRIP-hSR-BI was cloned
by amplifying the human SR-BI orf with primers 5 GAC GAG CTG TAC AGA
TCT AGA ATG GGC TGC TCC GCC AAA GCG CGC TGG (SEQ ID NO: 1)
and 5 G GCG GTC GAC CTACAG TTT TGC TTC CTG CAG CAC AGA
(SEQ ID NO: 2). This product was cloned as a Bglll/Sall fragment into
BamHI/Xhol digested TRIP-GFP, thus replacing the GFP coding sequence.
TRIP-mSR-BI, was constructed by amplifying the mouse SR-BI orf with
primers 5 GAC GAG CTG TAC AGA TCT AGA ATG GGC GGC AGC TCC
AGG GCG CGC TGG (SEQ ID NO: 3) and 5 GGCG CTC GAG CTA TAG
CTT GGC TTC TTG CAG CAC CGT (SEQ ID NO: 4). This fragment was then
cloned as a Bglll/Xhol fragment into BamHI/Xhol digested TRIP-GFP, thus

replacing the GFP coding sequence.
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[0062] The CSGW and CSPW plasmids have been previously described
(9). LMN8-hOCLN was created by cloning the rescued RT-PCR product with
Pmll and Sfil into LMN8Sfillink (see description below). For amplification of
human and mouse OCLN, expressed sequence tag (EST) clones (MGC IRAT
Human 5179203 and LLAM 3658586, respectively) constructed by the
Integrated Molecular Analysis of Genome Expression (I.M.A.G.E.) Consortium
(image.linl.gov) were obtained from the American Type Culture Collection
(ATCC, Manassas, VA). TRIP-hOCLN was constructed by amplifying the
complete OCLN orf with primers 5° GAC GAG CTG TAC AGA TCT AGA ATG
TCA TCC AGG CCT CTT GAA (SEQ ID NO: 5) and 5 GGGG CTCGAG CTA
TGT TTT CTG TCT ATC ATA GTC (SEQ ID NO: 6) and this PCR product
was cloned as a partial Bglll/Xhol fragment into pTRIP at the BamHI and Xhol
sites. The same PCR product was cloned as a partial BsrGl/Xhol fragment
into TRIP-GFP, creating a GFP-hOCLN fusion termed TRIP-GFP-hOCLN. In
most derivatives of this plasmid the Bglll site in the hOCLN orf was disrupted
by inserting silent mutants by overlapping PCR (AGA TCT GAA to AGg TCc
GAA), facilitating cloning. As an alternative to GFP, the TRIP-Venus
fluorescent protein lentiviral expression plasmid was created by amplifying the
Venus (18) orf (provided by Atsushi Miyawaki, RIKEN, Saitama, Japan) with
the primers 5° GGGG GGA TCC GGA ATG GTG AGC AAG GGC GAG GAG
CTG TTC (SEQ ID NO: 7) and 5 GGG CTCGAG TTA CTT GTA CAG CTC
GTC CAT GCC GAG AGT GAT (SEQ ID NO: 8). The resulting product was
cloned as a BamHI/Xhol digested fragment into pTRIP-GFP digested with the
same enzymes. TRIP-Venus-hOCLN was constructed by cloning the above
hOCLN PCR product as a partial BsrGl/Xhol fragment into TRIP-Venus.
TRIP-mOCLN was constructed by amplifying the mouse OCLN orf with the
primers 5° GAC GAG CTG TAC AGA TCT AGA ATG TCC GTG AGG CCT
TTT GAA AGT CCA (SEQ ID NO: 9) and 5 GGGG CTCGAG CTAAGG TTT
CCG TCT GTC ATA ATC (SEQ ID NO: 10) (an internal Bglll site was
disrupted by silent mutaganesis, ATA AGA TCT GGA (SEQ ID NO: 11) to
ATA AGg TCc GGA (SEQ ID NO: 12)). This product was cloned as a
Bglll/Xhol fragment into the BamHI/Xhol sites of TRIP-GFP, and as a partial
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BsrGl/Xhol fragment into like digested TRIP-GFP, to create TRIP-GFP-
mOCLN, and TRIP-Venus, to create TRIP-Venus-mOCLN. Mouse/human
chimaeras were created in the TRIP-Venus context by overlapping PCR
amplification, as previously described for the construction of CLDN1/CLDN7
chimaeras (11). Identical methods and primers that were used to create TRIP-
Venus were used to construct a lentiviral vector expressing the Cerulean
fluorescent protein (21), termed TRIP-Cerulean. A Ndel/BsrGl fragment from
this plasmid was cloned in place of the GFP orf in TRIP-GFP-hCLDN1 and
TRIP-GFP-mCLDN1 (11) to create TRIP-Cerulean-hCLDN1 and TRIP-
Cerulean-mCLDN1.

[0063] TRIP-mCherry-hCD81, which expresses a fusion of the mCherry
fluorescent protein at the N-terminus of human CD81, was constructed by
amplifying the CD81 orf from TRIP-hCD81 (13) with the primers 5 GAG CTG
TAC AAG GGA TCC GTC ATG GGA GTG GAG GGC TGC ACC AAG TGC
ATC (SEQ ID NO: 13) and 5 GGGG CTCGAG TCA GTA CAC GGA GCT
GTT CCG GAT GCC ACA (SEQ ID NO: 14), which was cloned as a
BsrGl/Xhol digested fragment into TRIP-mCherry-CLDN1 (11). TRIP-
mCherry-mCD81, expressing mouse CD81, was amplified with the same
primers using TRIP-mCD81 (13) as template and cloned in an identical
manner.

[0064]  The retroviral Huh-7.5 cell cDNA library was constructed essentially
as previously described (11), except the cDNA inserts were cloned into a MLV
based proviral vector, termed LMN8Sfillink (gift from Paul D. Bieniasz, The
Aaron Diamond AIDS Research Center, The Rockefeller University) instead of
the HIV-1 based pV1 vector. LMN8Sfillink is based on the pBMN-Z MLV
provirus, which is an MLV genome containing retroviral LTRs and packaging
signal; it does not express any viral proteins and instead encodes the LacZ
gene. To generate LMNS, the LacZ gene was replaced with two Sfil sites
suitable for cloning of cDNA according to the SMART cDNA Library
Construction Kit (Clontech, Mountain View, CA). The final LMN8 Huh7.5

cDNA library contained 4x10’ clones, 65% of which had inserts averaging
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1,300 bp in size. LMN8GFP is a variation of this plasmid, where the EGFP
gene was inserted at the Sfil sites of LMN8Sfillink.

Pseudoparticle generation and infection assays

[0065]  All pseudoparticles were generated by co-transfection of plasmids
encoding (1) a provirus containing the desired reporter gene or transgene, (2)
either MLV or HIV gag-pol and (3) an appropriate envelope glycoprotein.
Unless otherwise noted HCVpp used in this study were generated using the
H77 E1E2 sequence (residues 170-746) (12). Other E1E2 sequences (Con1,
OH8, S52, ED43, SA13) used for HCVpp generation have been described
previously (17). One day prior to transfection 8x10° 293T cells were seeded in
a 35 mm? dish. A total of 1.5 ug DNA was transfected using 6 pl FUGENE 6
(Roche Applied Science, Indianapolis, IN) and media was replaced after 6 h.
Supernatants were harvested at 24 h, 48 h and 72 h after transfection, pooled
and filtered (0.45 pm pore size). The following plasmid combinations and
ratios (by weight) were used: To generate GFP or puromycin reporter HCVpp
and controls, plasmids encoding (1) a provirus encoding the respective
reporter gene (CSGW or CSPW), (2) HIV gag-pol and (3) either HCV strain
H77 E1E2, VSV-G or empty vector were transfected at a 1:1:4 ratio. To
generate pseudoparticles for transgene delivery, plasmids encoding (1) a
pTRIP provirus containing the desired transgene, (2) HIV gag-pol and (3)
VSV-G were co-transfected at a 7:7:1 ratio. For packaging of the cDNA
library, plasmids encoding (1) either a LMNS8 provirus containing the desired
transgene, (2) MLV gag-pol and (3) VSVG were co-transfected at a 7:7:1
ratio. (For details on pseudoparticle generation in the context of cyclic
repackaging see below.) All transductions and infection assays using
pseudoparticles were performed in the presence of 4 ug/ml polybrene.

[0066] For infection assays with GFP reporter HCVpp, 2x10* cells were
plated in 48-well- plates. The next day the cells were infected with
pseudoparticles for 6 h. The media was changed and cells were further
cultured for 72 h prior to harvesting and fixation with 0.5% w/v

paraformaldehyde. GFP expression was quantified using a LSR2 flow
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cytometer (Becton Dickinson, Franklin Lakes, NJ). The background GFP
signal from non-enveloped pseudoparticles (Env-pp) was subtracted from the
VSVGpp and HCVpp signals, the HCVpp signal was then normalized to
VSVGpp infectivity [(HCVpp-NE)/(VSVG-NE)] and then normalized to HCVpp
infectivity in Huh-7.5 cells to allow for cross-experimental comparison. Except
where noted otherwise, results of infection experiments are the mean of
greater than three independent infections, and, in the case of the chimaera
and mutant OCLN analysis, of at least two independently transduced

populations. Errors bars represent the standard deviation of the mean.

Generation of NIH3T3 clones stably expressing hCD81, hSRBI and/or
hCLDN1

[0067] NIH3T3 mouse embryonic fibroblasts were transduced with
VSVGpp encoding TRIP lentivirus expressed human CD81, SR-BI or N-
terminally-mCherry-tagged CLDN1. Expression was visualized using
antibodies against human CD81 in combination with an Alexa-488 conjugated
goat-anti-mouse-lgG antibodies against human SR-BI in combination with a
biotinylated anti-human IgG4 and streptavidin APC or by direct mCherry
fluorescence detection. Clonal populations were generated by single cell
sorting using an FACS Aria cell sorter (Becton Dickinson, Franklin Lakes, NJ)
and clones with similar expression levels as Huh-7.5 cells were selected for
the next round of transduction. This procedure was repeated to obtain cell
clones stably expressing human homologues of CD81, SR-Bl and CLDN1 in
single, double and triple combinations. The final triple transduced clone

expressing all three human proteins was designated NIH3T3 N3xF26.

Multicolour-flow cytometry

[0068] In order to directly correlate expression of lentivirus-delivered
transgenes and HCVpp permissiveness, we used multi-colour flow cytometry.
Fluorescence from HCVpp infection (GFP), CD81 (mCherry), SR-BI (APC
staining), CLDN1 (Cerulean) and OCLN (Venus) was distinguished on a LSR2

flow cytometer (Becton Dickinson, Franklin Lakes, NJ).
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cDNA library screening and cyclic packaging rescue

[0069] A schematic overview of the iterative library screening approach is
provided in Figure 4a. cDNA cloned into the retroviral LMN8 vector was
packaged into MLV-based pseudoparticles bearing the VSV-G glycoprotein as
described above. Since the LMN8 vector does not encode a reporter gene,
the titer of pseudoparticles carrying the human cDNA library was estimated by
extrapolating the titer from LMN8-EGFP pseudoparticles that were generated
in parallel. The estimated titers were then used to approximate the effective
titer of the library virus on the cell line of interest, based on the measurable
infectivity of GFP on the cell line of interest. VSVGpp carrying the LMNS8-
library were then used to transduce NIH3T3 expressing human CD81, SR-BI
and mCherry-CLDN1 (N3xF26) cells at a multiplicity of infection of about 1.
Approximately 1x10’ cells were transduced for the first round of screening;
lower numbers were used in subsequent rounds. Cells expressing the library
were challenged with HCVpp carrying a puromycin (CSPW) selection marker,
with antibiotic selection was applied after 48 h. Surviving cell clones were
pooled and transfected with MLV gag-pol and VSV-G to re-package the
LMN8/cDNA genomes present in these cells into pseudoparticles and deliver
them to a naive population of N3xF26 cells for additional rounds of selection.
We performed a total of three selection steps, i.e. library delivery, infection
with HCVpp encoding puromycin resistance followed by selection with
puromycin. After each selection step a fraction of the population was
challenged with GFP reporter Env-pp, HCVpp and VSVGpp to monitor for the
appearance of an HCVpp-susceptible subpopulation (Figure 4b). Single cell
clones of the final triple selected population were derived and the genomic
DNA from these clones was prepared with the DNeasy tissue kit (QIAGEN,
Valencia, CA) according to the manufacturer’s protocol. The cDNA LMN8
inserts were amplified with primers specific for the LMN8 sequence flanking
the cDNA cloning site, 5 ACCGCCCTCAAAGTAGAC (SEQ ID NO: 15) and &’
GCTTGCCAAACCTACAGG (SEQ ID NO: 16). These PCR products were TA

cloned and sequenced.
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HCVcc generation and infections
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JC1FLAG(p7-nsGluc2A), used for the experiments in this study was

previously described (16). HCVcc was generated as previously reported (15).

HCVcc was collected from supernatants 48-72 h after transfection. Infectious

units (as median tissue culture infective dose [TCID50]) were quantified by

limiting dilution titration on naive Huh-7.5 cells. For infection experiments Huh-

7.5 cells were seeded in 48 well plates. The next day HCVcc containing

supernatant was applied and, after 72 h, infection was detected by staining for
NS5A with the 9E10 anti-NS5A as primary and a PE-conjugated goat anti-

mouse secondary antibody; the signal was quantified by flow-cytometrical

analysis.

RT-PCR quantification of HCV entry factors

[0071]

To quantify expression of HCV entry factors in various cell lines,

total RNA was isolated using a QIAGEN RNA isolation kit (Valencia, CA).
cDNA was synthesized according to manufacturers instructions using a
RETROSCRIPT FIRST STRAND SYNTHESIS Kit (Ambion, Austin, TX).
Quantitative PCR was performed with a Light Cycler LC480 machine (Roche

Applied Science, Indianapolis, IN) using a SYBR green Quantitect Primer

Assay (QIAGEN) in combination with the following gene specific primer pairs:

Gene Forward primer Reverse primer

ACCTCCTGTATCTGGAGCTGG TTGGCGATCTGGTCCTTGTTG

CD81 (SEQID NO: 17) (SEQID NO: 18)
TCGCAGGCATTGGACAAACT CTCCTTATCCTTTGAGCCCTTTT

SR-Bl | (SEQID NO: 19) (SEQ ID NO: 20)
GTGGAGGATTTACTCCTATGCCG | ATCAAGGCACGGGTTGCTT

CLDN1 | (SEQID NO: 21) (SEQID NO: 22)
TCAAACCGAATCATTATGCACCA | AGATGGCAATGCACATCACAA

OCLN | (SEQID NO: 23) (SEQID NO: 24)

GAPDH | AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA
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(SEQ ID NO: 25)

(SEQ ID NO: 26)

Analysis of HCV Entry Receptor Expression in CHO Cells and Hamster

Liver
[0072]

For the analysis of HCV entry receptor expression in CHO cells and

hamster liver the following PCR primers were used to amplify the hamster

specific genes:

Gene Forward primer Reverse primer
GTGGAGGGCTGCACCAAAT GGCGCAACCACAGAGCCACA
CD81 (SEQ ID NO: 27) (SEQ ID NO: 28)
TTTGGAGTGGTAGTAAAAAGGGC | TGACATCAGAGACTCAGAGTAG
SR-BI (SEQ ID NO: 29) (SEQ ID NO: 30)
AGATGTGGATGGCTGTCATTGG AAGAGCAAGAAAGTAGGGCACCTC
CLDN1 | (SEQ ID NO: 31) (SEQ ID NO: 32)
CAGCAAAGGTTTCCTGTTGGC TGGGCAGTTGGGTTGACTCC
OCLN | (SEQID NO: 33) (SEQ ID NO: 34)
GTATTGGACGCCTGGTTACCA GGTAGAGTCATACTGGAACATGTAC
GAPDH | (SEQ ID NO: 35) (SEQ ID NO: 36)
Analysis of HCV Entry Receptor Expression in Mouse Cells and Mouse
Liver
[0073] For the analysis of HCV entry receptor expression in mouse cells

and mouse liver the following PCR primers were used to amplify the mouse

specific genes:

Gene Forward primer Reverse primer
GTGGAGGGCTGCACCAAAT GACGCAACCACAGAGCTACA
CD81 (SEQ ID NO: 37) (SEQ ID NO: 38)
TTTGGAGTGGTAGTAAAAAGGGC | TGACATCAGGGACTCAGAGTAG
SR-BI (SEQ ID NO: 39) (SEQ ID NO: 40)
AAGTCTTCGACTCCTTGCTGA TGTCGCCAGACCTGAAATTAAAA
CLDN1 | (SEQ ID NO: 41) (SEQ ID NO: 42)
TTTTTGCTGTGAAAACCCGAAG CTGTCAACTCTTTCCGCATAGT
OCLN | (SEQID NO: 43) (SEQ ID NO: 44)
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AATCCCATCACCATCTTCC CATCACGCCACAGTTTCC
GAPDH | (SEQ ID NO: 45) (SEQ ID NO: 46)

RNA interference

[0074] Pools of siRNAs directed against human CD81, human OCLN and
non-targeting siRNAs (ON-TARGETplus SMARTpools) were purchased from
Dharmacon (Lafayette, CO). Huh-7.5 and Hep3B cells were reverse
transfected according to manufacturers instructions. Briefly, for transfection
0.5 yl RNAIMAX (Invitrogen, Carlsbad, CA) and 50 pmol siRNA were used per
well. 1x10* cells per well were seeded with the transfection mix in 48-well
plates. At 48 h post-transfection and seeding, protein expression was flow-
cytometrically determined and infection assays were performed.

Occludin Gen Bank Accession Number
[0075] Human - NM_002538 14-SEP-2008 (DNA sequence of SEQ ID
NO:47; Protein Sequence of SEQ ID NO:48).

Statistical analyses
[0076]  All statistical analyses were performed using Prismé4 software
(GraphPad Software, San Diego, CA).
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What is claimed is:

1. A method of inhibiting, mitigating or preventing infection of a subject
with Hepatitis C Virus (HCV), said method comprising contacting a cell in said
subject with an agent which inhibits HCV interaction with an Occludin protein,
wherein said interaction includes any direct or indirect function of Occludin

required for HCV entry.

2. The method of claim 1, wherein said subject is a mouse, a rat, a

monkey, or a human.

3. The method of claim 1, wherein said agent binds to an extracellular

loop of the Occludin protein.

4. The method of claim 1, said agent is selected from the group consisting

of an antibody, an aptamer, or a recombinant protein.

5. The method of claim 4, wherein said antibody is a monoclonal or a

single chain antibody.

6. A transgenic animal model for the study of Hepatitis C Virus (HCV)
pathogenesis, said model comprising expression of a human Occludin
transgene in said animal, whereby expression of said human Occludin

transgene renders the animal permissive for Hepatitis C Virus (HCV) infection.

7. The transgenic animal model of claim 14, wherein said animal is

selected from the group consisting of a mouse, a monkey, and a rat.

8. A method for screening for an inhibitor of Hepatitis C Virus (HCV)
infection, said method comprising screening a library for a compound which
prevents or mitigates binding of a region of a Hepatitis C Virus with a region of

an Occludin protein.
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9. A method of identifying a compound or agent that prevents or mitigates
interaction of a region of a Hepatitis C Virus with a region of a Occludin
protein, said method comprising the steps of:

a) providing either i) a recombinant protein comprising at least an
extracellular loop of Occludin protein or conservative amino acid substitutions
thereof, or ii) a cell comprising a recombinant vector that provides for
expression of a membrane bound protein comprising an extracellular loop of a
Occludin protein, wherein said amino acid residues of said Occludin protein
are located extracellularly to said cell;

b) contacting said protein or said cell from step (a) with an agent or a
compound and an HCV envelope protein, a cell expressing HCV envelope
proteins El and E2, an HCV pseudotyped retroviral particle, an HCV cell
culture particle, an ex vivo HCV cell culture particle or HCV; and

¢) determining if said compound or agent inhibits interaction or fusion
of said protein or said cell provided in (a) with said HCV envelope protein,
said cell expressing HCV envelope proteins El and E2, said HCV
pseudotyped retroviral particle, said HCV cell culture particle, said ex vivo
HCYV cell culture particle, or said HCV provided in step (b), thereby identifying
a compound or agent that prevents or mitigates interaction of a region of a

Hepatitis C Virus with a region of an Occludin protein.

10.  The method of claim 9, wherein said cell in step (a) is a CD81 positive

cell, SR-BI positive cell, and/or a Claudin-1 positive cell.

11.  The method of claim 9, wherein said cell in step (a) is a NIH3T3, L929,
H2.35, Hepa1.6, AML12, CHO, 786-0, or TZM cell.

12. The method of claim 9, wherein said recombinant vector is a DNA

vector or an RNA vector.
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13.  The method of claim 9, wherein said agent in step (b) is provided by an
antibody library, an aptamer library, a peptide library, a recombinant protein
library or a peptidomimetic library.

14. The method of claim 9, wherein inhibition of interaction of said
recombinant protein of step (a) is determined in step (c) by assaying for
retention of the recombinant protein by said HCV envelope protein, by said
cell expressing HCV envelope proteins El and E2, said HCV pseudotyped
retroviral particle, by said HCV cell culture particle, said by ex vivo HCV cell
culture particle, or by said HCV provided in step (b), wherein decreased

retention of the recombinant protein is indicative of binding inhibition.

15. The method of claim 9, wherein said determination of interaction or

fusion in step (c) is effected by assaying a reporter protein.

16.  An agent that prevents or mitigates interaction of a region of a Hepatitis
C Virus with an extracellular loop of an Occludin protein wherein said agent is
an antibody, an aptamer, a peptide, a peptidomimetic compound, or a
recombinant protein, and wherein said interaction includes any direct or

indirect function of Occludin required for HCV entry.

17.  The agent of claim 16, wherein said agent does not enhance
paracellular permeability through specific interaction with an extracellular

protein sequence of Occludin.

18. The agent of claim 16, wherein said agent does not inhibit Occludin-

dependent cell adhesion.

19.  The agent of claim 16, wherein said agent does not does not enhance
paracellular permeability through specific interaction with an extracellular
protein sequence of Occludin and does not inhibit Occludin-dependent cell

adhesion.
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20.  Akit for identifying a compound or agent that prevents or mitigates
interaction of a region of a Hepatitis C Virus with a region of a Occludin
protein, said kit comprising either i) a recombinant protein comprising an
extracellular loop of an Occludin protein or conservative amino acid
substitutions thereof, or ii) a recombinant vector that provides for expression
of a membrane bound protein comprising an extracellular loop of an Occludin
protein or conservative amino acid substitutions thereof, wherein said amino
acid residues of said Occludin protein are located extracellularly to a cell
expressing said membrane bound protein, or iii) a cell comprising said
recombinant vector; and instructions for using said kit to identify a compound
or agent that prevents or mitigates interaction of a region of a Hepatitis C

Virus with a region of a Occludin protein.

21.  The kit of claim 20 wherein said kit further comprises an HCV envelope
protein, a recombinant vector encoding HCV envelope proteins El and E2, a
recombinant vector encoding an HCV pseudotyped retroviral particle, a
recombinant vector encoding an HCV cell culture particle, or a recombinant

vector encoding an infectious HCV particle.

22. A cell culture composition comprising: i) a cell comprising a
recombinant vector that provides for expression of a membrane bound protein
comprising an Occludin Protein or conservative amino acid substitutions
thereof, wherein said amino acid residues of said Occludin protein are located
extracellularly to said cell, and either ii) a cell comprising a recombinant vector
that encodes HCV envelope proteins El and E2 or iii) any one of a HCV
pseudo typed retroviral particle, a HCV cell culture particle, an ex vivo HCV

cell culture particle, or an HCV particle.

23.  The cell culture composition of claim 22, wherein said HCV

pseudotyped retroviral vector comprises an HCV El protein, an HCV E2
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protein and a packaging competent retroviral genome containing a reporter

gene.

24.  The cell culture composition of claim 23, wherein said packaging
competent retroviral genome is an HIV or an MLV packaging competent

retroviral genome.

25. The cell culture composition of claim 23, wherein said packaging

competent retroviral genome is an envelope deficient retroviral genome.
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