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i nvention pertains to novel nethods of producing infectious HCV Genotype 1
vi ruses iwoceldo2sabt ure and i s useful for screening, te®Crmpedes6nl uating
vari ous HCV inhibitors. Hepatitis Cvirus (HCV) is a major health problem
and the | eadi ng cause of chronic liver disease throughout the world.

(Boyer, N et al. J. Hepatol. 2000 32:98-1 12). Patients infected with HCV
are at risk of developing cirrhosis of the |iver and subsequent
hepat ocel | ul ar carci noma and hence HCV is the major indication for liver
transpl antation. According to the Wrld Health Organization, there are nore
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genone t@BgtyipSrcent of chronically infected individuals eventually develop liver-destroying cirrhosis

or cancer. The viral disease is transmitted parenterally by contaminated blood and blood

products, contaminated needles, or sexually and vertically from infected mothers or carrier

mothers to their offspring. Current treatments for HCV infection, which are restricted to

immunotherapy with recombinant interferon-a alone or in combination with the nucleoside

analog ribavirin, are of limited clinical benefit particularly for genotype 1. There is an urgent

need for improved therapeutic agents that effectively combat chronic HCV infection

HCYV has been classified as a member of the virus family Flaviviridae that includes the
genera flaviviruses, pestiviruses, and hepaciviruses which includes hepatitis C viruses (Rice, C.
M., Flaviviridae: The viruses and their replication, in: Fields Virology, Editors: Fields, B. N.,
Knipe, D. M., and Howley, P. M., Lippincott-Raven Publishers, Philadelphia, Pa., Chapter 30,
931-959, 1996). HCV is an enveloped virus containing a positive-sense single-stranded RNA
genome of approximately 9.4 kb. The viral genome consists of a 5'-untranslated region (UTR), a
long open reading frame encoding a polyprotein precursor of-approximately 3011 amino acids,
and a short 3' UTR. The 5" UTR is the most highly conserved part of the HCV genome and is

important for the initiation and control of polyprotein translation.

Genetic analysis of HCV has identified six main genotypes showing a >30% divergence



inmportant for the initiation and control of polyprotein translation.
Cenetic analysis of HCV has identified six main genotypes showi ng a >30%
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closely rel ated subtypes which show a 20-25 %li vergence in nucl eotide
sequences (Si monds, P. 2004 J. Gen. \W2ol. 85:3173- 88) . Morre than 30
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replication. These proteins are expressed as a polyprotein that is co- and
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The NS proteins of pestiviruses and hepaciviruses share sequence domains that are
characteristic of specific protein functions. For example, the NS3 proteins of viruses in both
20 groups possess amino acid sequence motifs characteristic of serine proteinases and of helicases
(Gorbalenya et al. Nature 1988 333:22; Bazan and Fletterick Virology 1989 171:637-639;
Gorbalenya et al. Nucleic Acid Res. 1989 17.3889-3897). Similarly, the NS5B proteins of
pestiviruses and hepaciviruses have the motifs characteristic of RNA-directed RNA polymerases

(Koonin, E. V. and Dolja, V. V. Crit. Rev. Biochem. Molec. Biol. 1993 28:375-430).

25 The actual roles and functions of the NS proteins of pestiviruses and hepaciviruses in the
lifecycle of the viruses are directly analogous. In both cases, the NS3 serine proteinase is
responsible for all proteolytic processing of polyprotein precursors downstream of its position in
the ORF (Wiskerchen and Collett Virology 1991 184:341-350; Bartenschlager ef al. J. Virol.

1993 67:3835-3844; Eckart et al. Biochem. Biophys. Res. Comm. 1993 192:399-406; Grakoui et

30 al J. Virol. 1993 67:2832-2843; Grakoui et al. Proc. Natl. Acad. Sci. US4 1993 90:10583-10587,
Ilijikata ez al. J. Virol. 1993 67:4665-4675; Tome et al. J. Virol. 1993 67:4017-4026). The NS4A



lifecycle of the viruses are directly anal ogous. In both cases, the NS3
serine proteinase is responsible for all proteolytic processing of
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RNA- dependent RNA pol ynerase activity (Behrens et al I\/Bl%;1996 15:12-22;
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t her apiigs,/arg@gcargigptdsgopvai | abl e for the treatnent of HCV infection. New
and exi sting therapeutic approaches to treating HCV and inhibition of HCV
NS5B pol ynerase have been reviewed: R G Gsh, Sem Liver. Ds., 1999
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for hepatitis C virus |nf ection (1999-2002), i n her. Patents 2003
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Wal ker rom si ng nent o roni c he

C, BXp.T. a@almfecd De30036B (3 2419353 POBlolf(alh A28 %&aﬁ%ateﬁts-dn ex]iéﬂ”im@ﬁtaﬁﬂherapy
Hepatltl s C Therapeutics; Current Status and Ener Strategl es, Nature

Rev. DrRighapridiioy VH’EE)GE&CPOSEGI%%%QOD Fxpperi dheede ” t2088 13617 d 40Tl Agp: & new
era forp PERaLY bl & ﬁe\\/éléﬂfﬁet{tpﬁlr%tltlk @hthpﬂaf)faérn%f 2dd@-92002, Exp. Opin. Emerging

Drugs 2003 8(1):9-25; M. P. Walker et al., Promising Candidates for the treatment of chronic
hepatitis C, Exp. Opin. Investig. Drugs 2003 12(8):1269-1280; S.-L. Tan et al., Hepatitis C

20  Therapeutics: Current Status and Emerging Strategies, Nature Rev. Drug Discov. 2002 1:867-
881; R. De Francesco ef al. Approaching a new era for hepatitis C virus therapy: inhibitors of the
NS3-4A serine protease and the NS5B RNA-dependent RNA polymerase, Antiviral Res. 2003
58:1-16; Q. M. Wang et al. Hepatitis C virus encoded proteins: targets for antiviral therapy,
Drugs of the Future 2000 25(9):933-8-944; J. A. Wu and Z. Hong, Targeting NS5B-Dependent

25 RNA Polymerase for Anti-HCV Chemotherapy Cur. Drug Targ.-Inf. Dis .2003 3:207-219.

Despite advances in understanding the genomic organization of the virus and the
functions of viral proteins, fundamental aspects of HCV replication and pathogenesis remain
unknown. A major challenge in gaining experimental access to HCV replication is the lack of an
efficient cell culture system that allows production of infectious virus particles. Although

30 infection of primary cell cultures and certain human cell lines has been reported, the amounts of
virus produced in those systems and the levels of HCV replication have been too low to permit

detailed analyses. This is especially true for genotype 1a HCV viral particles, despite a recent



NS3- 4A serine protease and the NS5B RNA-dependent RNA pol ynerase, Antiviral
Res. 2003 58:1-16; Q M Wang et al Hepatitis C virus encoded proteins:
targets fwo amvizsipal therapy, Drugs of the Future 2000P2F(EFR00DOBEL383 944; J
. A WI and Z. Hong, Targeting NS5B- Dependent RNA Pol ynerase for Anti-HCV
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these tfRanced mutations does not undergo replication in the Huh-7 cell line, indicating limited

usefulness of this system.

The present invention is based on the surprising effect of using human serum to improve
20 the production of infectious HCV genotype 1 virus particles in cell culture systems. The
availability of HCV genotype 1 virus (principally associated with liver disease in most regions of
the world) that can undergo the complete viral cycle in cultured cells is beneficial for the

discovery and development of novel therapies for the treatment of HCV.

Accordingly, the present invention provides a method for increasing the production of
25 HCV genotype 1 virus particles in cultured cells comprising transfecting cultured cells with a
replication competent HCV genotype 1 polynucleotide that comprises the adaptive mutations,
Q1067R, V16551, K1691R, K2040R, S22041, incubating the transfected cultured cells in the
presence of 2-10% human serum, and collecting the medium from the transfected cultured cells
that contains infectious HCV genotype 1 virus particles. The present invention further provides
30 a method of screening for a HCV genotype 1 inhibitor comprising transfecting cultured cells

with a replication competent HCV genotype 1 polynucleotide that comprises the adaptive
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purified and then used to determine the amount of HCV RNA.

Figure 2. Human serum does enhance production of infectious HCV. Rof-400c cells
were transfected with in vitro transcribed RNA that encoded for the HCV strain H77S or a
20 replication defective mutant (GND). At the indicated time post-transfection the medium was
collected and used to infect naive cells. After three days, the intracellular RNA was purified and

then used to determine the amount of HCV RNA.

Figure 3. Detection of HCV Core protein in infected cells by immunofluorescence
25 analysis. Medium collected from cells transfected with in vitro transcribed RNA that encoded
for the HCV strain H77S was used to infect naive cells. After four days, the expression of the

HCV Core protein was analyzed by immunofluorescence.

Figure 4. Detection of HCV Core protein in infected cells by immunoperoxidase
30 analysis. Medium collected from cells transfected with in vitro transcribed RNA that encoded
for the HCV strain H77S was used to infect naive cells. After four days, the expression of the

HCV Core protein was analyzed after immunoperoxidase staining.



Figure 1. Human serum does not enhance HCV replication. Rof-400c cells were
transfected with in vitro transcribed RNA that encoded for the HCV strain
H77S or awoeploeswwon defective mutant (GND). At the i n@#CTatrea9srse3
post-transfection the intracellular RNA was purified and then used to
determ ne the anmpunt of HCV RNA. Figur#-2. Human serum does enhance
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transcri bed RNA that encoded for the HCV strain H77S or a replication
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H77S was used to infect naive cells. After four days, the expression of the
HCV Core protein was anal yzed after i munoperoxi dase staining.Figure 5.
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three gaysuclebedd thitr@plidatadveien INAcH@ia apietli Fardfstance, a complementary
polynucleotide is synthesized. As used herein, the term "replicates in vitro" indicates the
polynucleotide replicates in a cell that is growing in culture. The cultured cell can be one that has
been selected to grow in culture, including, for instance, an immortalized or a transformed cell.
Alternatively, the cultured cell can be one that has been explanted from an animal. "Replicates in

20 vivo" indicates the polynucleotide replicates in a cell within the body of an animal, for instance a

primate (including a chimpanzee) or a human. In some aspects of the present invention,
replication in a cell can include the production of “infectious” virus particles, i.e., virus particles

that can infect a cell and result in the production of more infectious virus particles.

A replication competent polynucleotide includes at least one adaptive mutation. As used
25  herein, an “adaptive mutation” is a change in the amino acid sequence of the polyprotein that
increases the ability of a replication competent polynucleotide to replicate compared to a

replication competent polynucleotide that does not have the adaptive mutation.

One adaptive mutation that a replication competent polynucleotide referred in the present
invention includes an arginine at about amino acid 1067, which is about amino acid 41 of NS3.
30 Most clinical HCV isolates and molecularly cloned laboratory HCV strains include a glutamine

at this position, thus this mutation can be referred to as Q1067R. A second adaptive mutation is



and used to determ ne the anobunt of HCV RNA. As used herein, the term
"replication conpetent polynucleotide" refers to a pol ynucl eotide that

repl i cat esowhevn2gresent in a cell. For instance, a conplPEFEPREOH61363

pol ynucl eotide is synthesized. As used herein, the term"replicates in
vitro" indicates the polynucleotide replicates in a cell that is growing in
culture. The cultured cell can be one that has been selected to grow in
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natural source, or can be prepared with the aid of recombinant, enzymatic, or chemical
techniques. A polynucleotide can be linear or circular in topology and can be, for example, a

20 portion of a vector, such as an expression or cloning vector, or a fragment.

The terms "coding region" and "coding sequence” are used interchangeably and refer to a
polynucleotide region that encodes a polypeptide and, when placed under the control of
appropriate regulatory sequences, expresses the encoded polypeptide. The boundaries of a
coding region are generally determined by a translation start codon at its 5' end and a translation

25 stop codon at its 3' end. A coding region can encode one or more polypeptides. For instance, a
coding region can encode a polypeptide that is subsequently processed into two or more
polypeptides. A regulatory sequence or regulatory region is a nucleotide sequence that regulates
expression of a coding region to which it is operably linked. Nonlimiting examples of regulatory
sequences include promoters, transcription initiation sites, translation start sites, internal

30 ribosome entry sites, translation stop sites, and terminators. "Operably linked" refers to a
juxtaposition wherein the components so described are in a relationship permitting them to

function in their intended manner. A regulatory sequence is "operably linked" to a coding region



to as K2040R. A ffth adaptive nutation that a replication conpetent

pol ynucl eotide referred in the present invention includes an isol eucine at
about amwo 2ao/ds®204, which is about ami no acid 232 of PRNEGR2000b6136E1 i ni cal
HCV i sol ates and nol ecul arly cl oned | aboratory HCV strains include a serine
at this position, and this nutation has-been referred to in the art as
S22041. As used herein, the term"polynucl eotide" refers to a polyneric
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A cell has been "transformed" or “transfected” by exogenous or heterologous DNA or RNA
when such DNA or RNA has been introduced inside the cell. The transforming or transfecting
DNA or RNA may or may not be integrated (covalently linked) into chromosomal DNA making
up the genome of the cell. For example, in prokaryotes, yeast, and mammalian cells, the

20 transforming DNA may be maintained on an episomal element such as a plasmid. With respect
to eukaryotic cells, a stably transformed cell is one in which the transforming DNA has become
integrated into a chromosome so that it is inherited by daughter cells through chromosome
replication. This stability is demonstrated by the ability of the eukaryotic cell to establish cell

lines or clones comprised of a population of daughter cells containing the transforming DNA.

25 The term “subject” as used herein refers to vertebrates, particular members of the
mammalian species and includes, but not limited to, rodents, rabbits, shrews, and primates, the

latter including humans.

The term “sample” refers to a sample of tissue or fluid isolated from a subject, including

but not limited to, for example, plasma, serum, spinal fluid, lymph fluid, the external sections of
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organs, and al so sanples of in vitro cell culture constituents (including
but not limted to, conditioned nediumresulting fromthe growth of

cul tured wol2opyo2gasvati ve Iy viral infected cells, reconpcmareooonbizs3 and
cell conponents). The term "HCV genotype 1 inhibitor" refers to a nol ecule
that inhibits any function of HCV genci§pe- 1 and may act at any step in
the life cycle of the virus frominitial attachnent and entry to rel ease,
and may include but is not [imtedmpOAMPIHRS achnent inhibitor, entry
inhibitor, a fusion inhibitor, a trafficking inhibitor, a replication
inhibitor, a translation inhibitor, a protein processing inhibitor, or a
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fol l %1 1B# Hl5aPars Ve %ant&zl?ﬁ@ Byl Ry s AR EPFaeRathPIcal | n
the art to nore clearly understand and to practice the present invention.
They shoul d not be considered as limting the scope of the invention, but
mer el y MATBERIALGSIANRMERHORS and representative thereof. MATERI ALS AND
METHODS Cell Culture The Rof-0 cells are a human hepat ocel | ul ar carci noma
cell Iine derived fromthe Huh-7 cell line. The Rof-0 cells stably maintain
a HCV gematyeee (GT) b replicon. A cell line with dimnished responsiveness
to interferon-a waseglenerated by maintaining the Rof-0 cells in the

prelknce of Thgdal acdls aic 4 Innpamkeppre¢leramergmomnbedhiinerdariarb éne thaklup-7as

wel |

repli c%ﬁﬁ%e ce (PJ%P%ITS(# LI{raﬁe/ﬂsf%l} gig@‘l?e t%é gtj@opj %ghg&l’ @ﬂgﬂérgﬁh con
was  curdadinfishodrd3pbnddyvcnosh tR@ﬁteA&anroebvh§ gdnerdred ICSP& it Aifing e RO cliintthe
presence of 2'-C-nethyl adenosine and resulted in the cell lines Rof-Cc and

Rof - 40®>¢e.seﬂweofél@plunit$/né§FM@r2@ (Rafarent@Hallinbere boRechoddé ) hedclEagGdlhedi um
(v AR e el e PR e e The T pOF L o
bovine aRELRD 1(—4'_@).51 THINEC VT egIRdh AR Gudcd ftoth RbfReRH Rofl400/celly BpiemyLhiAg the
cells in the presence of 2’-C-methyl adenosine and resulted in the cell lines Rof-0Oc and Rof-400c.
The cell lines were cultured Dulbecco’s Modified Eagle Medium (DMEM) supplemented with
Glutamax™ and 100 mg/ml sodium pyruvate (Invitrogen). The medium is further supplemented
with 10% (v/v) fetal bovine serum (FBS, Invitrogen) and 1% (v/v) penicillin/streptomycin.
20
Plasmids
A plasmid encoding the full-length GT 1a strain H77 with 5 cell culture adaptive
mutations was engineered as follows. The TQ-1 plasmid, which encodes for the GT 1a H77
subgenomic replicon, and the TX-2 plasmid, which also encodes for the H77 subgenomic
25 replicon and encodes the AsiSI and Rsrll restriction sites flanking the NS5B coding sequence,
were digested with the restriction enzymes Agel and Nsil. The 6400 base pair fragment that
resulted from the digest was purified. The plasmid HCV 1a H77 was digested with Agel and
Nsil and the 5100 base pair fragment that resulted was purified. The purified fragments from the
TQ-1 and TX-2 digestion were separately ligated with the HCV 1a H77 digestion product
30 resulting in the plasmid pUC HCV1a H77, which contains three adaptive mutations (K1691R,
K2040R, and S22041), and pUC HCV 1a-H77.AsiSIRsrll, which contains the same three
adaptive mutations plus the AsiSI and Rsrll restrictions sites used to cassette in NS5B sequences.

Two additional adaptive mutations (Q1067R and V1655I) were introduced into both vectors



Plasm ds A plasm d encoding the full-length GI la strain H/77 wwith 5 cell
culture adaptive nutations was engi neered as follows. The TQ 1 plasmd,

whi ch encwoesioisIwhe GT |a H77 subgenom c replicon, an@&CrhEP200¥0213p3 asm d,
whi ch al so encodes for the H77 subgenom c replicon and encodes the Asi Sl
and Rsrll restriction sites flanking t-he NS5B codi ng sequence, were
digested with the restriction enzynes Agel and Nsil. The 6400 base pair
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adapt i %gng}ﬁcg{)ﬁ@%ﬁs@ﬂ@ﬂ? and V16551) Were i ntroduced into both
vect orsusing the Quick Change site-directed nmutagenesis kit according to

the manufacturer's instructions (Stratagene). This resulted in the plasmds

pUC H77S (SEQ.I.D NO. and H/7S. Asi ril (S lication
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sequen enerat ed by digesting puUC
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sequence with Asi Sl and Rsrll The fragrrents were |igated together

resulting in the plasmd pUC H/7S RO-51-5B (SEQ ID NGO 3). Virus Production
The pl a&hsdgoduetipiencode for the full-1ength HCV genone were |inearized

with the resti¢ihom GRZHGISRE eaf’[lﬁ léﬂ%‘?ﬁ' g&{%% LD NUDG RSa, dc! ease.

The Ilnearlze terrpaewas USE inanin vit transcrlptlon reaction

usi g trésrickibnRinbypespébapd elss tidated(WAitlo Mg )bean nuclease. The linearized template was
used in an in vitro RNA transcription reaction using the T7 Ribomax Express Kit (Promega)
according to the manufacturer’s instructions. For RNA transfection, four million Rof-Oc or Rof-
400c cells were electroporated with 2-10 pg of in vitro transcribed RNA. After electroporation,
the cells were resuspended in DMEM containing either 5% (v/v) FBS or 2%-10% (v/v) human

20 serum (HS, Bioreclamation). At the indicated time points the medium was collected, spun at

3000 RPM, and aliquoted to assay for infectious virus production.

Infectious virus assays

Medium collected from the transfected Rof-Oc or Rof-400¢ cells was assayed for
25 infectious virus by incubating with naive Rof-Oc or Rof-400¢c. After incubating the naive cells
for 72-96 hours, either the cellular RNA was extracted to quantify HCV RNA or the cells were

fixed to analyze for expression of HCV proteins.

The presence of HCV RNA was examined after purification of total cellular RNA using
30 the PerfectPure RNA 96 Cell Kit (5 Prime) according to the manufacturer’s instructions. To
quantitate the amount of HCV RNA, cDNA was amplified using either the Tagman Universal
PCR mix (Applied Biosystems) or the TagMan EZ RT-PCR kit (Applied Biosystems) with a set

of primers and probe complementary to a region within the 5’ untranslated region (UTR). The



according to the manufacturer's instructions. For RNA transfection, four
mllion Rof-Oc or Rof- 400c cells were electroporated with 2-10 ng of in
vitro tranecnioneshIRNA. After el ectroporation, the cell sPagmP20saspended i n
DMVEM contai ning either 5% (v/v) FBS or 2% 10% (v/v) human serum ( HS,
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spun at 3000 RPM and aliquoted to assay for infectious virus production.
| nf ect ippiuser vhd pﬁabasscamcdv%e& LlﬁH@‘(blzbE):C@chfA@nCChejaAmszqwe@T BEQID or
Rof - 400c cel |l s or infectious virus bating with naive

s b e

Rof - 06 NP IR ADOHI G DO e GO CREATAGE )5S PhALFAV-
el Lher AOerartNdaR RIACRSTEREAUGEAEA TUANATYERS Ribyor the col |5 were

fixed to ana expression roteins. nce of HCV RNA
was exanm ned after purification of total cellular RNA using the PerfectPure

6 Cell t (5P d t f act ' t )
Guart tate THE CXYREE OFIERVRIAS 10 BC Gce A R PaPe epd gUa fRA Y B
Tagman ;B URnS AliorBSdnd éése(ya@tpin' 1%@095%%&@&558{ T cnaaMNES ‘@T‘ PCR ki t

(Applied Biosystems) with-a set of prinmers and 'probe conplenentary to a
regi on maufohtuntg nhgo &mmehadﬁsfoatlémur gigbom t¢offéRpturet higglowmeg fizatenptheivells

seauenges. AL 5OV 20F) GEACACTCLACCAT, ACATCACT. (SEQ.LDI DR, 5 14HQY 114R
FAMCCCT el Ja HubrKst Eat Grhd Qﬁ%@ﬁéﬁé\m&&hﬁé‘d (P QerOb k&) usind B/ oRh 8PN Of

HCV proteins in infected cells was exami ned and quantified by either an
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by inc ti i r t at oW ng
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cont ai mhm@:ll@\x?e% X €d aith aGeddtdNy amtibodit @.11682, Ihlinopasden20 miragésndhet he
perneabi ] i zed cells were blocked using 3% normal goat serum and 0.5% bOVI ne
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washi ng, the cells were i ncu ate a secondary ant

I nviirogen) for 20 mnutes. The cells were nounted using 1 drop of

Per maf | uor (T-Helei\rrl ectloSu%Itﬁ'\er}tcloL Ce?lsoatg]d eltern%l ne us};l%eanr}%lnntl)lﬁlropggomdase assay. The
cells were fixed and permeabilized as described above. The cells were then blocked using the
ImmPRESS Anti-Mouse Ig peroxidase Kit (MP-7402, Vector Labs) according to manufacturer’s
instructions. The cells were stained in block with a mouse monoclonal antibody specific to HCV

20  core (ab2740, Abcam) for 1 hour. After washing, the cells were incubated for 30 minutes with

ImmPRESS peroxidase:anti-mouse conjugate. The stained cells were visualized after a 10
minute incubation with ImmPACT DAB substrate (SK-4105, Vector Labs) followed by DAB
enhancement (H-2200, Vector Labs). The infectious titer was determined as the end point

dilution that resulted in 50% of the wells containing infected cells (tissue culture infected dose

25 TCID50).

HCV infectious virus ECsy determinations
The sensitivity of infectious HCV to antivirals was determined using the genotype 1a
strains H77S or H77S RO-51-5B. The virus stocks were generated by transfecting the full-
30 length genome into Rof-Oc cells, culturing the cells in DMEM containing 2-10% HS, and
collecting the medium 7 days post-transfection. For ECsy determinations, the Rof-Oc cells were
plated at 10,000 cells per well into 96-well poly-D-lysine coated plates (BD Biosciences).

Twenty-four hours post-plating, the medium was removed and 90 pul of the virus stock was



infected foci were counted in order to determne the infectious titer in
focus formng units/m . The infectious titer could also be determ ned using
an i mmunoperow/ds®e assay. The cells were fixed and per realrPRéozadi3as
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Human serum does increase the production of infectious HCV. In the same
experiment described above, the effect of human serum on the production of infectious HCV
particles was examined. The medium was removed every 24 hours post-transfection for five

20 days and then inoculated onto naive cells to measure infectious virus production. The presence
of infectious virus was determined by quantifying the amount of intracellular HCV RNA within
naive cells after a 72 hour incubation in the presence of supernatant collected at the indicated
time point. The amount of intracellular HCV RNA detected in the infected naive cells was
equivalent between cells infected with supernatant collected from cells transfected either H77S

25 or the replication-defective mutant and cultured in FBS (Fig. 2). This indicates that the amount
of infectious HCV released from the cells cultured in FBS could not be differentiated from the
residual HCV RNA that remained from the transfection. However, there was an increase in the
amount of intracellular HCV RNA recovered from the infected naive cells that were inoculated
with medium from the transfected cells cultured with HS (Fig. 2). The transfected cells cultured

30 in HS, released infectious HCV and the amount increased throughout the five day assay. These
experiments demonstrate that HS does not increase the replication of HCV RNA but does

increase the production of infectious virus.



were cultured in nmediumcontaining either 10% FBS or 10% HS. The anount of
intracel lular HCV RNA was determ ned over 5 days. Cells cultured in either
HS or FBSvoontoi2e®d a sim | ar anount of HCV RNA t hr ough PalTIEPRO0®61363 Nt S
tested (Fig. 1). The addition of HS to transfected cells does not appear to
increase the replication of HCV RNA. Hlfman serum does increase the
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Generation of a NS5B chimeric virus. A NS5B cassette system has been established
20 using the HCV replicon that facilitates the cloning and analysis of any NS5B sequence (Le
Pogam et al., J. Antimicrob. Chemother. 2008 61:1205-1216). The NS5B cassette has been used
to analyze the phenotypic response, from a panel of NS5B isolates, to various non-nucleoside
and nucleoside inhibitors. The AsiSI and Rsrll restriction sites, which are utilized for cloning
the NS5B sequences, were cloned into the full-length H77S genome. The consensus sequence,
25 from a clinical isolate known to replicate within the H77 cassette replicon, was cloned into the
H77S NS5B cassette resulting in the chimeric virus H77S R0-51-5B. The production of
infectious virus from H77S RO-51-5B transfected cells was examined. Similar to H77S, the
peak time point for infectious virus production was at day 7 although the titer of H77S RO-51-
5B was decreased by 3-fold compared to H77S (Fig. 5). This data demonstrates that the NS5B

30 cassette system can be used to generate chimeric infectious viruses.

Potency of HCV inhibitors against GT1a virus. Virus stocks were generated by

collecting medium at 7 days post-transfection from cells cultured in presence of HS. The HCV



that transfected cells cultured in HS rel eased infectious particles over a
five day period. In order to determne the peak tine point for virus
product i omQ 2brezmsfect ed cells were cultured in HS for upCT®EPrdIdenss3 Medi um
was collected fromthe transfected cells and used to inocul ate naive cells.
The presence of infectious particles wh$% quantified by an end-poi nt

dilution assay that determned the TCID50/m . Rof-Cc cells were transfected
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cl oned iflaf(g\]ttﬁ]ﬂe@‘ ull-length H77S genone. The consensus sequence, from a
clinicd of KRtown to replicate within the H77 cassette replicon, was
cloned into the H77S NS5B cassette resulting in the chinmeric virus H77S
RO-51-5B. The production of infectious virus fromH77S RO-5 1-5B
transfected cells was examned. Simlar to H/7S, the peak tinme point for

i nfectious virus production was at day 7 although the titer of H/7S RO-5 1-
5B was decreased by 3-fold conmpared to H/7S (Fig. 5). This data
denonstrates that the NS5B cassette system can be used to generate chineric
i nfectious viruses. Potency of HCV inhibitors against GIla virus. Virus
stocks were generated by collecting nediumat 7 days post-transfection from
cells cultured in presence of HS. The HCVst ocks were anal yzed to determ ne
if they would be sufficient to neasure the potency of HCV inhibitors.
Rof-Oc cells were plated in a 96-well plate, infected with either H77S or
H77S RO- 51-5B, and then treated with either a known non-nucl eosi de

i nhibitor (HCV-796) or a known entry inhibitor (JS81). The potency of

HCV- 796 agai nst infectious H/7S was 32 4 nMand is



simlar to what has been reported (Fig. 6). The potency of JS81 agai nst
H77S RO-51-5B was 139 23 ng/m and is also simlar to reported data (Fig.
6). Thesewoxpmvizgent s provi de evidence that the GI |a i rCEEPR@ID6ABHS US,
grown in the presence of HS, can be used to nmeasure the potency of HCV
inhibitors.Clains 1. A nmethod for incré@asing the production of infectious
HCV genotype 1 virus particles in cultured cells conprising transfecting
cultured cells with a replication conpetent HCV genotype 1 pol ynucl eoti de
that conprises the adaptive nutations, QLO67R, V1655]I, K1691R, K2040R,
S22041; incubating the transfected cuylhimed cells in the presence of 2-10%
human serum col lecting the mediumfromthe transfected cultured cells that
contai ns i nfegkiRdSoHaM 88RO tERRoducYibA U infdtblLEHES. gehotybBa viRkhadiceks igl ai m
1 wherein the transfected cultured cells are derived froma Huh-7 cell

| i ne. 3ultued cedls ¢emeprisingcl aim 1 or claim 2 wherein the transfected cul tured
cel | i neub i r 9 for
e bad gt Bt s HRuRERRAGE St RGeS g BRI e o'
cul t ur edmpeikdsthe aduprivs mugatioh s FFBOR] NJ 6831 KU6®IR, GEIMORWS2204% repl i cati on
conpet ent HCV genotype 1 pol ynuc| eoti de t hat co%)ri ses the adaptive

nut at i drLbatmgigy fanjfeged ultyradseplir in fregueRncogdi 497 hapgynspEif ur t her

CoNpr i $6feRinbFR L iR f it fid ¥E0c i AR AFRAFN BC {3@/
genoty%g ?Lﬁlln%lf e%tng&c}hsu fﬂgcté; ig{r%lce& at%i(%l ngl%fi %g étran%dcfn ec{@eﬂ e%uptmurgg%cegi) in
t he prdsenseganifcl®- 10% hunman serum coll ecting the nmediumfromthe
tra{hsfect ed cultured cells that contains infectious HCV genotype 1 virus

particles. 5. The nethod of claim4 wherein the transfected cultured cells
are deni ved 1fHegRatRo dWEIAnCEWherdei @e transfected cultured cells are derived from a Huh-7

cell line.

3. The method of claim 1 or claim 2 wherein the transfected cultured cells are incubated in

15 the presence of 10% human serum.

4. A method for increasing the production of infectious HCV genotype 1 virus particles in
cultured cells comprising
transfecting cultured cells with a replication competent HCV genotype 1 polynucleotide that

20  comprises the adaptive mutations, Q1067R, V16551, K1691R, K2040R, S22041, and that further
comprises a NS5B polynucleotide sequence derived from a sample in a HCV genotype 1
infected subject;
incubating the transfected cultured cells in the presence of 2-10% human serum;
collecting the medium from the transfected cultured cells that contains infectious HCV genotype

25 1 virus particles.

5. The method of claim 4 wherein the transfected cultured cells are derived from a Huh-7
cell line.
30 6. The method of claim 4 or claim 5 wherein the transfected cultured cells are incubated in

the presence of 10% human serum.

7. A method of screening for a HCV genotype 1 inhibitor comprising:



6. The method of claim4 or claim5 wherein the transfected cultured cells
are incubated in the presence of 10% human serum 7. A method of screening
for a HCWwQenmozg®9l i nhi bitor conprising:transfecting edrtrreedoesbkls with
a replication conpetent HCV genotype- |a polynucleotide that conprises the
adaptive nutations, QLO67R, V16551, K6®1R, K2040R, S2204I1; incubating the
transfected cultured cells in the presence of 2-10% human serum coll ecting

t he nediadpfeétipnoultitdidednsitbatreplicatibi vsapkte! HCVidastysoni F&l@ﬁudléﬁ‘tﬁl@&mus HCV
genotype 1 virus particles; infecti ng] native cultured cells with the
i nf ect i%ﬁ@“?@\?%é‘%@fly%@ulat\?%lgl0&33&| dp2d, Kho e KA040RnER MY absence of a

nol ecul; I: i.nhihi Yo Wy neasuring the
level o Cllﬁ%l}[hgtrh gglreaﬁggﬁgd {:ﬁeur?%eﬂé?lgggcph?‘{e}é?égﬁgjcg?%gm\?%gggl n’a decrease in
t he | evelleaing tidv/mkdiutrhfeopriesensécalid duftercdrk Bcthheconoaipaimédtivas HOY ginsgpee of

the nolecul e indicates that the nolecule is a HCV genotype 1 inhibitor. 8.
The et NBESHRSS m 7 wherein the replication conpetent HCV genotype 1

pol ynug ekl de B chRGEd CAMRIHIPER iRENRRB FREAYERGS LI EMfiEI0Mnans prRbRei N 2
HCV genotype 1- infected subject. 9. The nmethod of claim7 or claim8

wher ei orahentq aiivsebteld bewigtsarcenkedciol HE \amdhitiitoipadteatycald ured cel l's are
deri Vecrlnefagl?rri]rqlgatheH '1’6@'@170 fcﬁ&{/ plrlesrérelf in the infected cultured cells wherein a decrease in the level
of HCV in the presence of the molecule compared to the absence of the molecule indicates that

10 the molecule is a HCV genotype 1 inhibitor.

8. The method of claim 7 wherein the replication competent HCV genotype 1
polynucleotide further comprises a NS5B sequence derived from a sample in a HCV genotype 1-
infected subject.

15
9. The method of claim 7 or claim 8 wherein the transfected cultured cells and infected

cultured cells are derived from a Huh-7 cell line.
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