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HCV INFECTION  This application claims benefit of United States Provisional
Application 60/279,174, filed March 27, 2001. BACKGROUND OF THE INVENTION 5
Although Hepatitis C Virus (HCV) replicates robustly in infected  human, a
robust method of growing the virus in cultured cells has not been
perfected.  When infectious serum is used to infect cultured human liver
cells in vivo, only small  amounts of HCV are replicated which are only
detectable by reverse transcriptase  polyrnerase chain reaction (RT-PCR).
10 Attempts to infect cultured cells with HCV have been reported for-
peripheral blood mononuclear cells, human B and T cell lines, human
hepatocyte  lines, and primary human fetal and adult cells. However, the
results reported to date  have been disappointing. Often viral replication
is so low that HCV produced from  an infected population of cells can only
be detected, if at all, with RT-PCR and then 15 only low numbers of copies
of HCV RNA can be observed. Further, the viral  production is sporadic and
not reproducible from well to well on the same or different  days with the
same virus and cells. Further still, it takes several days, even as much
as a month after administering the virus to observe the peak of infection,
e.g.,  lacovacci et al., Hepatoloev 26(5):1328-1337 (1997). These problems
frustrate the 20 identification and rapid screening of compounds that may
be useful for treating  



patients suffering from HCV and/or for research relating to HCV infection.
1 2 -1 MAR 2007  CVO112/077706 PCT/1iS112/119 ; Thus, there is a need for a
method for infecting and replicating HCV in  cell culture. There is also a
need for quick and efficient methods for determining  compounds which
inhibit HCV production in culture. This application solves these  problems
by providing compositions comprising cells that can effectively reproduce 5
HCV, methods for making the composition of cells, media for culturing
cells, methods  for infecting cells with HCV, methods for assaying HCV
infection, and methods for  evaluating the ability of a compound to affect
the production of an HCV using the  compositions and methods of this
invention. 10 SUMMARY OF THE INVENTION The present invention provides
methods for making compositions  comprising high HCV producing culture
cells. The present invention provides  compositions comprising cell
mixtures comprising cells from the liver of a human aged  three months or
older after conception which can be efficiently and effectively infected 15
with an HCV. The present invention also provides compositions comprising
cells  prepared by the methods of this invention. In one embodiment, 'the
compositions of this  invention comprise cell mixtures comprise cells that
express alpha fetoprotein, cells that  express albumin, cells that express
glycophorin, but are substantially free of cells that  express CD34
protein. In another embodiment of this invention, the cells in the cell 20
mixture can pass through a filter about 40 microns in size. In another
embodiment of  this invention, the composition is used in conjunction with
or further comprises a feeder  



cell. In vet another embodiment of this invention, the feeder cell is a
STO(Reid-99) cell.  2 2 1 MAR 2007 N\'O 02/077206 PCT/US02/119685 The
present invention provides compositions for culturing cells. In one
embodiment of this invention, the compositions for culturing cells
comprise: serum-free  media comprising calcium, free fatty acids (FFA),
high density lipoprotein (HDL),  nicotinamide, trace elements, epidermal
growth factor (EGF), insulin. transferrin and 5 hydrocortisone. According
to another embodiment of this invention, the above  compositions do not
comprise low density lipoprotein. According to another  embodiment of this
invention, the composition further comprises any one, combination,  or all
of the following ingredients: glucagon, liver growth factor, ethanolaniine
and  thyrotropin releasing factor. 10 The present invention provides
methods for infecting a cell mixture by  administering an HCV to
compositions of this invention. According to one embodiment  of this
invention, the HCV is RNA898. In another embodiment of this invention, the
HCV virus is initially incubated with the composition (innoculum) for about
24 hours at  about 37 degrees C in a volume of about 0.52m1 per cnm2 prior
to washing the cells in the 1 composition or replacing the innoculum with
cell culture media. The present invention provides a method for assaying
HCV infection by  incubating a composition of this invention with a feeder
cell, contacting the cells in the  composition with an HCV; and measuring
the HCV associated with the cells and/or  media in which the cells are
cultured. 20 Further, the present invention provides a method for
evaluating the ability  



of a compound to affect the production of HCV, i.e.. affect the ability of
the composition  of cells to produce more HCV, comprising the steps of
incubating a composition of this  invention with a feeder cell, contacting
the cells in the composition with an HM virus 3 2 1 MAR 2007  WO 02/0777206
PCT/U!SII2/IN)6S. and administering the compound before or after contact
with HCV. In one embodiment.  the method is used to screen for cells that
inhibit HCV production. In a further  embodiment, the method is used to
screen a plurality of compounds simultaneously for  their ability to
inhibit HCV production. In another embodiment, presence of HCV is
determined by measuring the  quantity of HCV RNA by reverse-transcriptase
polymerase chain reaction (RT-PCR). In  one embodiment, the HCV RNA in the
sample is compared to an amount of RNA from a  second virus that is used as
an internal control. In a further embodiment, the second  virus is the
Bovine Viral Diarrhea Virus ("BVDV"). 10 BRIEF DESCRIPTION OF THE DRAWINGS
FIG 1 depicts a time course analysis of the infection of human fetal liver
cells following infection with RNAS98 (-^-) or no serum control () as
measured by  levels of HCV RNA present in culture supernatants. The limit
of quantitation (---- LOQ) 15 of the RT-PCR assay for supernatant samples
was 600 HCV RNA copies/sample. The  mean HCV RNA/ml values, and their
standard deviation, from triplicate cultures are  presented. FIG 2 depicts
a time course analysis of the infection of human fetal liver  



cells following infection with RNA898 (-^-) or a negative control serum
(-X-) as 20 measured by levels of HCV RNA present in culture supernatants.
The negative control  serum was obtained from a patient not suffering from
HCV infection. The limit of  quantitation (----LOQ) of the RT-PCR assay for
supernatant samples was 600 HCV 4 2 1 MAR 2007  WO (I2/0777206
PCT/US02/096Xz  RNA copies/sample. The mean HCV RNA/ml values. and their
standard deviation, from triplicate cultures are presented. FIG 3 depicts a
time course analysis of the infection of human fetal liver  cells following
infection with RNA89S (-^-) or a negative control serum (-X-) as. 5
measured by the levels of HCV RNA present in the culture supernatants. The
negative  control serum was from a patient not suffering nom HCV infection.
The limit of  quantitation (----LOQ) of the RT-PCR assay for supernatant
samples was 600 HCV RNA copies/sample. The mean HCV RNA/m1 values, and
their standard deviation, from  triplicate cultures are presented. 10 FIG 4
depicts a time course analysis of the infection of human fetal liver  cells
following infection with RNA898, as measured by the levels of cell
associated  HCV RNA. The negative control serum data is not shown. After
innoculation, the cells  in the cultures were washed and harvested on days
1, 2, 3, 6 and 8 after administration of  the virus. The limit of
quantitation (---LOQ) of the RT-PCR assay for cell-associated. 15 RNA
samples was 100 HCV RNA copies/sample. The mean HCV RNA/well values,  and
their standard deviation, from triplicate cultures are presented. FIG 5
depicts the inhibition of HCV infection of human fetal liver cells by  



the antiviral agent VRT-106866 over a concentration range. HCV .RNA in the
samples  was. measured using a quantitative multiplex HCV specific RT-PCR
assay. The limit of 20 quantitation of the RT-PCR assay for cell associated
RNA samples was 100 HCV RNA  copies/sample. The results are presented as
mean and standard deviation of "% of  control HCV RNA" (sample value/mean
of positive control values) from the triplicate  cultures. 2.1 MAR 2007 NV
O 112/11772116 PCT/l'S11:;II96X; DETAILED DESCRIPTION OF THE INVENTION A
composition of this invention comprises a cell mixture comprising cells
released from the liver of a human aged three months or older after
conception.  According to one embodiment, the human is aged between and
including three months 5 after conception up to 1 year after birth. In
another embodiment of this invention, the  human is aged three to six
months after conception. In another embodiment, the human  is aged between
18 to 22 weeks after conception. In one embodiment of this invention,  the
cells comprise fetal liver and hematopoietic cells. According to one
embodiment of  this invention, the liver and hematopoietic cells can
express alpha fetoprotein, albumin 10 and/or glycophorin. According to one
preferred embodiment, if the human is an adult,  the human liver is
healthy. According to another embodiment, a composition of this invention
comprises cells that express alpha fetoprotein, cells that express albumin,
and cells that  express glycophorin, but is substantially free of cells
that express CD34 protein. The 15 cells of the cell mixture are
immunostainable with antibodies specifically directed  against alpha
fetoprotein, albumin or glycophorin, but the cell mixture is substantially



free of cells that are immunostainable with an antibody specifically
directed against  CD34 protein. According to this invention, the term
"substantially free of cells that  express CD34 protein" means that the
cells in the cell mixture display little or no 20 observable immunostaining
with the CD34 antibody when immunobinding is detected  using an alkaline
phosphatase-dye detection system (e.g., Harlow et al., Antibodies: A  6 2 1
MAR 2007  \VO 02/11772116 PCT/US02/U'6x5  Laboratory Manual (1988) Cold
Spring Harbor Laboratory, pp. 349. 406-407: LSAB2 lit of DAKO Corporation).
According to one embodiment of the composition of this  invention, less
than 2% of the cell population of the cell mixture would be stainable with
an anti-CD34 specific antibody. According to another. embodiment, less than
1 % of the 5 cell population of the cell mixture would be stainable with
anti-CD34 specific an tibody.  The present invention includes a composition
comprising cells which are  significantly better host cells for the
infection and replication of the HCV virus, RNAS98  (hereinafter,
"RNA89S"). RNA89S was deposited on March 27, 2001, in the American  Type
Culture Collection ("ATCC"), 10801 University Boulevard, Manassas, VA 10
20110-2209) (ATCC Deposit No: PTA-3237) under the conditions of the
Budapest  Treaty. According to one embodiment, a composition of this
invention is capable of  producing more than about 5,000 copies; more than
about 10,000 copies; or more than  about 50,000 copies of hepatitis C viral
RNA in the media seventy-two hours after  administering the virus if there
are 4 x 105 cells in the composition. For example, a 15 composition
prepared according to the methods of this invention and assayed according  



to the methods described in Examples 2 and 4 would be capable of producing
more than  about 5,000, more than about 10,000 copies, or more than about
50,000 copies of  hepatitis C viral RNA in the media seventy-two hours
after administering the virus. One of skill in the art would readily
understand that if the number of cells  20 in the composition were greater
than 4 x 105 cells, then the total number of copies of  viral RNA being
produced would be increased by an amount commensurate with the  increased
number of cells in the composition. Similarly, one of skill in the all
would  readily understand that if the number of cells in the composition
were smaller than 4 x 7 2 1 MAR 2007  105 cells, then the total number of
copies of viral RNA being produced would be  decreased by an amount
commensurate with the decreased number of cells in the  composition.
Accordingly, compositions comprising less or more than 4 x 105 cells  which
would proportionally produce the same number of copies of HCV RNA are
contemplated. The compositions according to this invention are capable of
producing  5,000-55,000 copies of HCV RNA; 10,000-55,000 copies of HCV RNA
and  25,000-55,000 copies of HCV-RNA seventy-two hours after administration
of the virus  to the composition. Examples of antibodies that are useful
for immunostaining according to  this invention are known in the art.. For
example, the anti-alpha fetoprotein antibodies  from DAKO Corporation,
Carpinteria, CA, the anti-glycophorin antibodies (32591) from  PharMingen,
San Diego, CA, the anti-human CD34 antibodies (34371A) from  PharMingen,
San Diego, CA and the anti-albumin antibodies (YM5024) from Accurate
Chemical Corp., Westbury, NY can be used. 



In another embodiment of this invention, the cell mixture in a  composition
of this invention can pass through a filter about .40 microns in size. In
one embodiment of this invention, the compositions of this invention  are
used in conjunction with or further comprise feeder cells. Feeder cells
provide  extracelluar matrix and diffusable factors such as growth factors.
In one embodiment,  the feeder cell has little or no ability to be infected
with HCV. In another embodiment,  the feeder cells are fibroblast cells. In
another embodiment, the feeder cells are  embryonic mesenchymal fibroblast
cells. 8 2 1 MAR 2007  \\'O 02/077206 PCT/US02/09685 Examples of feeder
cells according to this invention are mouse embryo  fibroblasts (MEF) such
as STO cells and rat embryo fibroblasts (REF), e.g, Brigid Hogan  et al.,
Manipulating The Mouse Embryo : A Laboratory Manual, 2nd ed. Plainview,
N.Y.: Cold Spring Harbor Laboratory Press, 1994; Robertson, E.J. (1987) 5
Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, ed.
Robertson, E.J.  (ES, Oxford), pp. 71-112. STO(Reid-99) cells are one type
of feeder cells that are  useful. STO(Reid-99) cells were deposited on
March 27, 2001, in the American Type  Culture Collection, 10801 University
Boulevard, Manassas, VA 20110-2209 under the  conditions of the Budapest
Treaty (ATCC Deposit No: PTA-3236). Methods for. 10 culturing and
maintaining feeder cells are known in the art. See, for example, in
Methods for Tissue Engineering, Ed. Robert Lanza, Academic Press, NY
(2002), pp.  151-202. The feeder cells can be growth arrested according to
methods known in  



the art. For example, STO cells can be allowed to adhere for 2-48 hours on
a cell culture  15 plate. Next, the medium in which the STO cells are
incubating would be removed and replaced with medium containing 2ug/ml
Mitomycin C. Then, the STO cells would be  incubated at about 37 degrees C
for about -2 hours. After the incubation, the medium  containing the
Mitomycin C would be removed. The cells would be washed twice, and  then
the STO cell cultures would be maintained from 0-48 hours before addition
of the  20 cell mixtures of this invention. The cell mixture of the
compositions according to this .invention can be  prepared according to the
steps that comprise: 4 2 1 MAR 2007 \\O 02/077206 PCT/USu2/09685 a.
dissecting a liver of a human aged three months or older after  conception
in a buffer comprising EGTA; b. incubating the dissected liver in a buffer
comprising collagenase  to separate cells from the liver; 5 c. removing
objects about 40 micron or larger from the separated  cells; d. removing
red blood cells from the cell separated cells;  e. resuspending the cells
of step (d) in a serum-free media  comprising 0.1mM to 0.6mM calcium,
bovine serum albumin, 10 free fatty acids (FFA), high density lipoprotein
(HDL),  nicotinamide, trace elements, epidermal growth factor (EGF),
insulin, transferrin and hydrocortisone; and 



f. culturing the cells in the serum-free media of step (e). The media of
step (e) or (f) can optionally further comprise any one,  15 combination or
all of glucagon, liver growth factor, ethanolamine and thyrotropin
releasing factor. In one embodiment, the media further comprises glucagon,
liver growth  factor, ethanolamine and thyrotropin releasing factor. In
another embodiment, the media  does not comprise low density lipoprotein
(LDL). In one embodiment, the EGTA buffer comprises 0.1mM to 1.0mM of  20
ethylene glycol bis((3-amino ethyl ether)-N,N,N',N'-tetraacetate (EGTA). In
another  embodiment of this invention, the EGTA concentration is 0.5mM. 10
2 1 MAR 2007  WO 02/0772U( PCT/US412!119(,X In one embodiment, the
collagenase buffer comprises 0.1 to 5.0 mg/ml of  collagenase. In another
embodiment of this invention, the concentration of the  collagenase is 2
mg/nil. The size exclusion step according to this invention is meant to
remove 5 objects such as tissue, debris and aggregates of cells which
cannot pass through a filter of  about 40 microns in size. Thus, for
example, the use of filters approximately 40 microns  in size up to 100
microns in size and other methods for removing debris greater than 40
microns in size are contemplated. In one embodiment, the filtration step
removes objects  that cannot pass through a filter that is greater than
about 40 microns in size. Examples 10 of filters according to this
invention include nylon filters (e.g., "Cell strainer," from  Falcon
(catalogue nos. 2034, 2350 or 2360)). The methods of preparing compositions
of this invention include the step  



of removing red blood cells from the cell mixture. It should be understood
that the red  blood cells can be removed at any stage during the
preparation process after the cells are 15 separated from the liver.
Methods for removing red blood cells are known in the art.  According to
one embodiment of the invention, the red blood cells are removed by
successive low speed spins in a centrifuge. For example, the separated
cells that were  passed through the filters can be spun at 50xg (450rpm)
for 4 minutes, the cell pellet can  be resuspended and the same process
repeated several times. 20 Primary cells, cell lines and tissues of animals
or humans can be cultured  with a media of this invention. In one
embodiment, the culture media comprises  serum-free media, calcium, FFA,
HDL, nicotinamide, trace elements, EGF, insulin,  transferrin and
hydrocortisone. According to another embodiment, the culture media can 11 2
1 MAR 2007 WO 02/11772116 PCT/US-I2!II768-; further comprises any one.
combination or all of the following ingredients: glucaeon.  liver growth
factor, ethanolamine and thyrotropin releasing factor. In a further
embodiment, the culture media does not comprise low density lipoprotein
(LDL). After preparing a cell mixture according to the above process the
cells  5 should be cultured in a media suitable for sustaining the cells
and, if necessary. the  feeder cells. According to one embodiment of this
invention, the media is optimized for  a cell mixture that is to be used in
an NOV infection. One media useful for this purpose  comprises serum free
media (e.g., (Dulbecco's modified Eagle's medium (DIVIEM))  comprising
calcium, bovine serum albumin (BSA), free fatty acids (FAA), high density
10 lipoprotein (HDL), nicotinamide, trace elements, epidermal growth factor
(EGF), insulin,  



transferrin, hydrocortisone and optionally, and any one, combination or all
of the  following ingredients: glucagon, liver growth factor, ethanolamine,
and thyrotropin  releasing factor. According to one embodiment of this
invention, the culturing media  does not comprise low density lipoprotein
(LDL). 15 In one embodiment, the concentration of calcium in the culturing
media is  between 0.1mM to 0.6mM. In another embodiment, the calcium
concentration is  approximately 0-.5m-M. In one embodiment, the
concentration of the BSA is 500ug/ml.  In another embodiment, the
concentration of the nicotinamide is 5mM. In one  embodiment, the
concentration of the insulin is l Ong/ml. In one embodiment, the 20
concentration of the free fatty acids is 7.6uEq/L. In one embodiment, the
concentration  of EGF is 100ng!ml. In one embodiment, the concentration of
the liver growth factor is  20ua/ml. In one embodiment, the concentration
of the ethanolainine is 10"6M. In one  embodiment, the concentration of the
thyrotropin releasing factor is 10"6M. In one 12 2 1 MAR 2007  \1'O
(12/0772U6 PCT/tiS 2/119 ,x5 embodiment, the concentration of the HDL is
5ug/ml. In one embodiment, the  concentration of the hydrocortisone is l
0-'M. In one embodiment, the media is L%4-} M media, which comprises  DMEM
(high glucose), 500ug/ml BSA, 7.6uEq/L free fam, acids (FAA), Sug/ml HDL,
5 5m.%7 nicotinamide, lx trace elements [ 1xl0'7M copper, 5x10-"M zinc,
3x10-10M selenium], 100ng/ml EGF, 10 ng/ml insulin, 5ug/ml transferrin ,
10"6M hydrocortisone,  Zug /ml glucagon, 20ug/ml liver growth factor, 10'0M
ethanolamine, 10"6M thyrotropin  releasing factor]. In one embodiment, the
7.6uEq/L of total FFAs comprises a mixture  



2.36uM palmitic acid(16:0), 0.2luM palmitoleic acid(cis-16:1 n-7), 0.88uM
steric 10 acid(l S:0), 1.02uM oleic acid(cis-18:1 n-9), 2.71uM linoleic
acid(cis-18:2 n-6), and  0.43uM linolenic acid(cis 18:3 n-3). The media can
also comprise antibiotics to deter  bacterial growth, for example, Ix
penicillin/streptomycin. The cell mixtures of the compositions of this
invention can be plated on  plastic substrates coated with extracellular
matrix. Examples of extracellular matrix 15 components include, but are not
limited to collagen, such as, for example, collagen Type  IV, or the
adhesion proteins, fibronectin and laniinin, or Matrigel (ICN Biochemicals
Inc.). The collagen, when employed, can be used alone or in combination
with laminin  or fibronectin, or in combination with proteoglycans, or with
tissue extracts enriched in  extracellular matrix materials. Extracellular
matrixes can also be provided by the feeder 20 cells describe above. Such
cellular mixtures and extracellular matrix combinations can  be used in HCV
assay methods according to this invention. The compositions of this
invention can be contacted with RNA898 or an  HCV infectious equivalent of
RNA898. An RNA898 infectious equivalent is an HCV  13 2 1 MAR 2007  NV O
02/077206 PCT/l!S02/01)6h-; strain, other than RNAS9S that is capable of
producing greater than about 5,000 copies,  greater than about 10,000
copies or greater than about 50,000 copies of HCV RNA at  seventy-two hours
after contacting 4x10` cells of the compositions prepared according to  the
methods of this invention with said HCV virus. According to one embodiment,
the 5 cells are. infected by contacting the composition of this invention
with RNA898 or its  infectious equivalent for about 24 hours at about 37
degrees C in a volume of about  



0.52ml per cm'. According to one embodiment of this invention, the cells
being infected  with HCV are cultured with an extracellular matrix. In
another embodiment of this  invention, the extracellular matrix is provided
by feeder cells (e.g., STO-(Reid-99) cells). 10 The amount of HCV produced
from the cells in the compositions of this  invention can be determined by
measuring, e.g., HCV protein or nucleic acid production.  For example, the
number of copies of HCV RNA found associated with the cells (i.e., in  or
attached thereto) and/or in the media in which the cells are cultured can
be quantified.  There are techniques known in the art that can be used for
observing whether HCV 15 protein or nucleic acid molecules have been
produced. For example, western blot of the  proteins probed with antibodies
directed against HCV proteins or blots of gels probed  labeled nucleic
acids molecules that are complementary to HCV nucleic acid sequence.
Methods for extracting protein and nucleic acid molecules from cells and
cell culture  media are well known in the art and such kits for this
purpose are commercially 20 available. For quantifying with greater
accuracy the number of copies of HCV  particles produced according to this
invention, reverse-transcriptase polymerase chain  reaction (RT-PCR) is
useful. According to one embodiment of this invention, the 14 .2 1 MAR 2007
WO 02/07720(, PCT/US02/11)( RT-PCR method is modified such that the number
of copies of HCV RNA are  determined by comparing its value to a second
nucleic acid molecule of ]mown amount  that is added to the samples of
cells, cell extracts and/or media to be assayed either in the  forth of a
second virus or a second nucleic acid molecule. It is desirable that the
second 



5 virus is closely related to HCV or that the second nucleic acid molecule
is closely related  to HCV RNA (i.e., similar in length, in nucleic acid
composition and in viral capsid  structure). In one embodiment, the second
nucleic acid molecule is in a flavivirus  capsid. In one embodiment, the
second RNA molecule is the RNA from Bovine Viral  Diarrhea Virus ("BVDV"),
e.g., the BVDV NADL strain (ATCC Deposit No: VR-534). 10 The presence of
the second virus or nucleic acid molecule is advantageous  in that it
serves as an internal control for the quantification of the first nucleic
acid  molecule. This internal control allows for the monitoring and
correction of random  fluctuations and assay variability. For example, the
present invention provides the method comprising the  15 steps of: (a)
combining said HCV with a known amount of Bovine Viral  Diarrhea Virus
("BVDV"), wherein said BVDV contains a second  nucleic acid molecule with a
composition of this invention; (b) extracting from the cells of the
composition or the media in which  20 the cells are cultivated a first
nucleic acid molecule derived from  HCV and said second nucleic acid
molecule derived from BVDV  to form a combined nucleic acid extract; 15 2
.1 MAR 2007 WO 02/077206 PCT/US02/04)6,S-; (c) adding to said combined
nucleic acid extract a first detectable  probe, which is specific for said
first nucleic acid and a second  detectable probe, which is specific for
said second nucleic acid; 



(d) amplifying said combined nucleic acid extract by PCR means; 5 (e)
quantifying at various cycles during said amplification a detectable
signal released independently from said first detectable probe and  said
second detectable probe; (f} extrapolating the results of step (e) to
calculate the amount of said  first nucleic acid molecule in said HCV and
the amount of said 10 second nucleic acid molecule in BVDV; and (g)
evaluating the accuracy of said calculated amount of said first  nucleic
acid molecule determined in step (f) by comparing said  calculated amount
of said second nucleic acid in step (f) with said  known amount of said
second nucleic acid used in step (a). 15 According to another embodiment,
the above method comprises the  additional step of adjusting said
calculated amount of said first nucleic acid determined  in step (f) by a
factor determined by comparing said calculated amount of said second
nucleic acid in step (f) with said known amount of said second nucleic acid
used in step  (a). 20 According to another embodiment, the present
invention provides a  method of determining the affect of a compound on the
production of an HCV,  comprising the steps of adding a compound before or
after administering the HCV to the  compositions of this invention and
subsequently determining the presence of HCV 16 2 1 MAR 2007  W0 02/0 i 77
PCT/US112/0')6.  associated with the cells in the compositions and/or media
in which the infected cells are 



cultivated. If it is desired that the compound is administered after the
HCV is contacted  with the composition, then it is preferable that the
compound be administered within 10  days after the HCV is contacted with
the composition. The compounds to be tested 5 according to this invention
can inhibit or activate the production of HCV. Accordingly,  a compound can
inhibit any stage of the life cycle of the HCV to achieve its effect.
Examples of such compounds include, but are not limited to, synthetic or
purified  chemical compounds, proteins and nucleic acid molecules. The
samples to which the  compounds were added can be compared to other samples
treated under the same 10 conditions but have not been exposed to the
compound or have been exposed to another  compound that is known to have
little or no effect on HCV production. According to one embodiment, the
above method is used to  simultaneously screen the affect of a plurality of
compounds on HCV production. For  example, each well of a 96-well plate
could contain a different compound to be screened 15 according to the
methods of this invention. In a further embodiment, the methods of this
invention are used to identify compounds that inhibit the production of
HCV. In one embodiment, the primers and probe used in the methods of this
invention are designed based upon most conserved regions of HCV strains.
The probe  can also be constructed based upon the following additional
criteria: a) the melting 20 temperature of the probe is 8'C to 10'C higher
than that of the primers; b) no G's are  present at the 5' end; c) there is
not a stretch of more than 4 G's; and/or d) the probe does  not form
internal structures with high melting temperatures or form a duplex with
itself  17 2 1 MAR 2007  W'VO 02/0 77200 PCT/L$02/111685 



or with any of the primers. In one embodiment. the entire PCR region was
about 150  base pairs in length. Useful primers and probe for the 5' UTR of
BVDV can be designed based  on the same set of criteria. In addition, care
was taken to ensure that the primers or 5 probe of HCV has the least amount
of homology to those of BVDV. Primers and probes  can be obtained from
commercial sources that synthesize and prepare modified nucleic  acid
molecules (e.g, Oligo and PE Applied Biosystems). BVDV can be maintained by
infection of MDBK cells. In one embodiment of the invention, two different
dual-labeled 10 fluorogenic probes are used, each specific for one but not
the other of the HCV nucleic  acid molecules and the second nucleic acid
molecules. In a further embodiment, each  fluorogenic probe typically has a
reporter dye at the 5'-end and a quencher dye at the 3'  end. The two
different fluorogenic probes are selected such that they give distinct
fluorescence peaks that can be detected without cross-interference between
the two 15 peaks. For example, as discussed supra, the 5' end of the first
detectable probe can be  labeled with a reporter dye such as
6-carboxy-fluorescein ("6-FAM"), and the 5' end of  the second detectable
probe can be labeled with a reporter dye such as VIC. The 3' end  of both
detectable probes can be labeled with a quencher dye such as
6-carboxymethyl-rhodarnine ("6-TAIvIRA"). Thus, when bound to the first
nucleic acid  20 and the second nucleic acid, the proximity of the reporter
dye at the 5' end to the  quencher dye at the 3' end of the probe results
in a suppression of the fluorescence.  During amplification, when the Tth
polymerase moves along the nucleic acid sequence,  the quencher is removed
from the probe by the ac on of the 5'-3' exo, thereby degrading 1S. 



2 1 MAR 2007  \\'O 02/077206 PCT/1iS112/119685 the fluorogenic probe. This
results in a fluorescence emission, which is recorded as a  function of the
amplification cycle. Thus, monitoring the fluorescence emission provides  a
basis for measuring real time amplification kinetics. Examples of useful
primers and probes for HCV Genotype 1 are: (SEQ ID  5 NTO:1) 5'-CCATG-AATC
ACTCCCCTGTG-3' (forward primer), (SEQ ED NO:,-))  5'-CCGGTCGTCCTGGCAATTC-3'
(reverse primer), and the HCV probe, (SEQ ID  NO:5) 5'-6-FA.M
CCTGGAGGCTGCACGACACTCA-TANIRA-3'. The primers and  probe for BVDV comprised
the forward primer, (SEQ ID NO:3)  5'-CAGGGTAGTCGTCAGTGGTTCG-3', the.
reverse primer, (SEQ ID NO:4) 10 5'-GGCCTCTGCAGCACCCTATC-3', and the probe,
5'-VIC (SEQ ID NO: 6)  CCCTCGTCCACGTGGCATCTCGA-TA fR A-3'. The RT and the
PCR reactions can be carried in the same wells of a 96  well plate optical
tray with caps (PE Applied Biosystems, Foster City, CA). In one  embodiment
of this invention, a multiplex RT-PCR reaction is used (i.e., a RT-PCR 15
reaction that amplifies and measures two different RNA species
simultaneously, e.g.,  HCV RNA and BVDV RNA, in the same tube). The
multiplex reactions has the  advantage of allowing the practitioner to
determine if an HCV negative result was due to  the fact that the culture
was truly negative or some technical failure in the extraction or  RT-PCR
steps. Ten or twenty ul of viral RNA or RNA standard can be amplified in a
50 20 ul RT-PCR reaction with 1XTagman EZ buffer (PE Applied Biosystems),
3mM  manganese acetate, 300 mM each of dATP, dCTP, dGTP, and dUTP, 5 units
Tth  polymerase (Epicentre), 4.0% enhancer (Epicenter), some concentration
of probes and  



primers. The Taqman RT-PCR assay can be run for 25 min at 60'C (RT), 5 min
at 95'C, 19 2..1 MAR 2007  WO U2/077206 PCT/LSn21I')6:c5 and followed by 45
cycles of two-step PCR reaction (60'C for 1 min and 95'C for 15  sec). For
an assay with HCV and another nucleic acid (the .multiplex Taxman assay),
the  amount of HCV and BVDV primers can be optimized using a matrix mixture
of various  concentration of both sets of primers. The final assay
condition includes 200 MM of both  5 6-FAM-labeled HCV probe and
VIC-labeled BVDV probe, 400 mM of both HCV primers, and 45 nM of both BVDV
primers. Throughout the specification and claims, the word "comprise," or
variations such as "comprises" or "comprising," will be understood to imply
the  inclusion of a stated integer or group of integers but not the
exclusion of any other  10 integer or group of integers. United States
provisional application 60/279,174, filed March 27, 2001,  and articles
recited herein are incorporated by reference. While a number of embodiments
of this invention have been presented, it  is apparent that the basic
construction can be altered to provide other embodiments 15 which utilize
the compositions and methods of this invention. Therefore, it will be
appreciated that the scope of this invention are to be defined by the
claims and  specification rather than the specific embodiments which are
exemplified here.  EXAMPLE I 20 Isolating and culturing human fetal liver
and hematopoietic cells. Liver tissue from human fetuses aged 18 to 22
weeks after conception  



were stored in RPMI on ice prior to dissection. The tissue was washed with
PBS  solution. The tissue was minced by scalpel in 50 mls of dissection
buffer [HESS 20 2 1 MAR 2007  (Cellgro cat no 21-022-cv), 0.5mM EGTA, 0.2mM
MgSO4, 10mM HEPES]. The  minced tissue was incubated 10 minutes in a 37
degree C water bath. The cells detached and suspended over the minced
tissue were removed. The minced tissue was incubated  in collagenase
solution (2mg/ml collagenase (Sigma C-5138) in collagenase buffer  [HBSS, 1
mM CaC12, l OmM HEPES]) for 30 minutes at 37 degrees C. The detached  cells
suspended above the minced tissue were collected and passed through a 40
micron  nylon filter (Falcon nos. 2034, 2350 or 2360). The minced tissue
was washed with  IM-wash solution [DMEM (high glucose JRH-51444), 500ug/ml
BSA (Sigma A8806).  7.6uEq/L total free fatty acids (FAA), lx Penn/Strep,
10 ng/ml insulin, 5ug/mI  transferrin]. The solutions containing the cells
that were passed through the filters  were pooled and spun at 1000 rpm for
eight minutes. The supernatant was discarded.  The pellet was resuspended
in 50 mis of IM-wash.solution and spun at 50xg (450rpm)  for 4 minutes. The
supernatant was discarded. The process of resuspending the pellet in
IM-wash solution, spinning the resuspension at 50xg for 4 minutes and
discarding the  supernatant was repeated 2-3 times. The pellet was then
suspended in 20 mls of  IM-HDM media [DMEM (high glucose JRH-51444),
500ug/ml BSA (Sigma A8806),  7.6uEq/L of free fatty acids (FFAs) [2.36uM
palmitic acid(16:0, Sigma, P0500), 0.21uM  palmitoleic acid(cis-16:1 n-7,
Sigma, P9417), 0.88uM steric acid(18:0, Sigma, S4751),  .1.02uM oleic
acid(cis-18:1 n-9, Sigma, 01008), 2.71uM linoleic acid(cis-18:2 n-6,  



Sigma, L1376), and 0.43uM linolenic acid(cis 18:3 n-3, Sigma, L2376)],
5ug/ml HDL  (Sigma L2014), 5mM nicotinamide (Sigma N0636), lx Penn/Strep
(Gibco lx), lx trace  elements [1x10'7M copper (C8027), 5xl0"11M zinc
(Sigma 4750), 3x10-10M selenium 21 2 1 MAR 2007  \\'O 02/077206 PCT/U.S
I2/(J96N;, (Sigma S6663)], 100ng/tnl EGF (Peprotech 100-15), 10 ng/ml
insulin (Sigma I5500)  5u'.-/ml transferrin (Sigma T0665), 10-6M
hydrocortisone (Sigma I5500), Zug/ml  glucagon (Sigtna G3157), 20ug/ml
liver growth factor (Sigma G18S7), 10"6M  ethanolamine (Sigma E0135), 10"6M
thyrotropin releasing factor (Si gnia T9146)]. 5 The pelleted cells were
plated in LM-FIDM media at a density of 3x105  cells/em'. The pelleted
cells grew well on an extracellular matrix. The pelleted cells can  grow on
plates that have been coated with collagen. The method of Salas-Prato,
Invitro  Cell. Dev. Biol 24:230, 1988 was used to coat the plates.
Generally, a plate was incubated with a collagen type I stock solution
(30ug/ml in DMEM at 37C for 30 10 minutes - lhour, rinsed twice with PBS,
covered with PBS, and. stored under PBS until  needed. Alternatively, the
plates can be coated with feeder cells prior to adding the  pelleted cells.
For example, STO(Reid-99) cells that were Mitomycin C treated were  used as
feeder cells. The Mitomycin C growth arrests the STO cells yet the cells
remain 15 alive and provide a surface for the liver cells to attach. If
used, STO cells were plated in 1.9cm2 wells (1.2x105/well for 24-well
plates, 2.2x10'/well for 96-well plates) in normal STO medium (RPMI-1640,
10%FCS)  and allowed to adhere for 2-48 hours. The media was removed and
replaced with media  



containing 2ug/tnl Mitomycin C and then incubated at 37 degrees C for 2
hours. The 20 media was removed, the STO cells were washed twice with
normal STO medium, and  the cultures are maintained from 0-48 hours before
addition of fetal cells. 22 2 1 MAR 2007  WO (12/1177/206 PCT/US02/H9685
After 24-48 hours, non-attached fetal cells were removed using gentle
pipetting. The media is generally changed every 2-7 days. The cells have
been  maintained at least 2S days with solid cell attachment and good cell
morphology. Immunostaining of the cell mixture was performed in wells of
24-well  5 plates or 96-well plates at day 11 after infection with HCV.
Alpha-1-Fetoprotein  antibody and negative control antibody were obtained
from DAKO Corporation  (DAKO), Carpinteria, CA. Anti-human CD34 (34371A)
and anti-glycophorin (32591A) mouse monoclonal antibodies were obtained
from PharMingen, San Diego CA and used  with mouse negative control (N1537)
antibody from DAKO. Staining was performed  10 using the LSAB2 or K0676
(alkaline phosphatase) lat of DAKO according to the manufacturer's
instructions. The immunostaining indicated that the cell mixture has  cells
that express alpha fetoprotein, cells that express glycophorin, cells that
express  albumin, but does not have cells that express CD34. 15 EXAMPLE 2
HCV infection. Ninety-six or 24-well plates were coated with the
STO(Reid-99) feeder  cells of Example 1. The cells prepared as described in
Example 1 were plated over the  STO(Reid-99) cells in the 24-well plate.
The cells were infected with 9.3x106 Chiron 



20 bDNA Eq/ml titer of hepatitis C virus, RNA89S, per well purchased from
ProMed Dx.  The inocula were selected so as to make the final concentration
in the well 20%-30% of  added serum, or 1.2 x 106 to 2.8 x 106 Chiron bDNA
Eq/mi. HCV infection and  replication was generally observed over a period
of 20 days. During the incubation 23 2 1 MAR 2007  \\ 0 02/077206
PCT/US02/0968-;  before assaying the HCV production, the media was replaced
every 2-3 days. The  amount of HCV infection and replication was
quantitated by measuring the number of  copies of the HCV RNA in the cells
and media by RT-PCR. 5 RT-PCR Assay HCV RNA was extracted from the cells by
using the Rneasv-96 method  or from cell culture supernatants using QLA amp
96 Extraction method (reagents from  Qiagen, Valencia CA). Both procedures
employ small-scale isolation and concentration  of viral RNA using a
chaotropic agent together with silica glass, which is capable of 10 binding
nucleic acids in presence of chaotropic salt. Bovine Viral Diarrhea Virus
(BVDV) is added as to the cell lysates (approximately 106 BVDV
copies/sample) before  the chaotropic solution is added. Glass fiber
columns are arranged in a 96-well format.  The nucleic acid molecules are
eluted with RNase-free water into the wells (approximately 70-100uls). BVDV
was originally obtained from the ATCC (ATCC 15 Deposit No: VR-534). The
BVDV control was constant from assay to assay using these  protocols.
Multiplex RT-PCR reactions, i.e., those RT-PCR reactions that amplify  



.and measure two or more different RNA species simultaneously, in the same
tube, were  used for these experiments. The HCV RT-PCR assay used herein
was sensitive to less 20 than 10 copies per reaction and linear over a
range from 100 to 10' copies. Ten to  twenty ul of extracted HCV RNA sample
was tested in each RT-PCR assay. RT-PCR was performed using the following
reagents, EZ RT-PCR core  reagent kit (Applied Biosystems); 3mM manganes:.
acetate; 300 ui\4 each of dATP, 24 WO 02/077206 2 . 1 MAR 2007  PCT/
I!S112.10968 5  dCTP, dGTP, dUTP; 400n .M HCV forward primer (SEQ ID NO: 1)
5'- ccatgaatcactcccctgtg -3'; 400nM HCV reverse primer (SEQ ID NO:2) 5' -
ccggtcetcctggcaattc -3 '; 45uM BVDV forward primer (SEQ ID NO:3) 5'-
cagggtagtcgtcagtggttcg - 3'; and 45uM BVDV reverse primer (SEQ ID NO:4) 5'
5 ggcctctgcaecaccctatc - 3', and 0.1Uiul of Tth polymerase (Epicentre). DNA
oligos  tagged with a dye and containing nucleic acid sequence derived from
HCV RNA and  BVDV RNA were used as probes for the nucleic acid products
generated from the  RT-PCR (i.e., 200uM FAM HCV probe (SEQ ID NO:5) 5' -
FAM  cctggaggctgcacgacactca - TA? .A - 3' and 200uM VIC BVDV probe (SEQ ID
NO: 6) 10 5'- VIC - ccctcgtccacgtgecatctcga - TAMRA - 3'). The reverse
transcriptase and  polymerase chain reactions were carried out in the same
well in a ABI 7700 thermal  cycler (Applied Biosystems). An RT-PCR assay
was performed on a set of known  amounts of HCV RNA simultaneously with the
samples were being assayed by RT-PCR and a standard curve was generated
from those results. 



15 For each experiment, the limit of quantitation was determined. The limit
of quantitation is determined by measuring the lowest concentration of RNA
that, after  extraction and analysis in the RT-PCR procedure, produces an
output value that is within  the linear portion of the standard curve.
Generally, all the negative controls (i.e.,  demonstrating little or no HCV
production) should be below the LOQ. 20 Fluorescence was measured with an
ABI 7700 Sequence Detector  (Applied Biosystems). The presence of the
control RNA, BVDV, in all samples  confirms that the RNA extraction and
RT-PCR steps of the assay were successful. The 25 2.1 MAR 2007  NVO
02/U77206 PCT/11Cn2/0968; BVDV result was positive. Thus, it was possible
to interpret a negative HCV result with  confidence. EXAMPLE 3 5 Time
course analysis of the HCV in culture media after infection Cultures of
human-fetal cells were prepared as described in Examiner 1  and plated over
a feeder laver of Mytomycin C treated STO(Reid-99) cells. The number  of
cells plated were 2x10'/ well. Sera from a human patient infected with HCV
(RNA898) was purchased from ProMed Dx. As a control, no serum as added to
another 10 sample of cells to be tested. A 300 uls aliquot of HCV patient
sera was added to a  separate 0.7 ml of culture medium. The cultures were
incubated with the virus for 24  hours at 37- degrees C. The innoculum was
removed, the cultures were washed with linl  of medium, and then cultured
in fresh medium. Culture supernatants were sampled  



before each medium change (every 2-3 days) and HCV RNA measured using a 15
quantitative multiplex HCV specific RT-PCR assay as described in Example 2.
The  limit of quantitation (----LOQ) of the RT-PCR assay for supernatant
samples was 600  HCV RNA copies/sample. FIG I depicts the results of the
RT-PCR assay of the cell culture  supernatant. FIG 1 shows that RNA898
showed evidence of high infection. The 20 negative control serum yielded no
HCV RNA production. All negative controls were  below the LOQ. EXAMPLE 4
26 2 1 MAR 2007  W0.02/117/2116 PCT/US112/09685  Time course analysis of
the HCV in culture media after infection Cultures of human fetal cells were
prepared as described in Example 1  and plated over a feeder layer of
Mytomycin C treated STO(Reid-99) cells. The number  of cells plated were
4x105/ well. Sera from a human patient infected with HCV 5 (RNAS98) and not
infected with HCV was purchased from ProMed Dx (negative control  serum). A
200 ul aliquot of HCV patient sera was added to a separate 0.8 ml of
culture  medium. This represents approximately 1.9 x 106 Chiron bDNA
Eq/well. The cell  culture was incubated with the virus for 24. hours at 37
degrees C. The inoculutn was  removed, the cultures were washed with ltnl
of medium, and then cultured in fresh - 10 medium. -Culture supernatants
were sampled before each medium change (every 2-3  days) and HCV RNA
measured using a quantitative multiplex HCV specific RT-PCR  



assay as described in Example 2. The limit of quantitation (----LOQ) of the
RT-PCR  assay for supernatant samples was 600 HCV RNA copies/sample. FIG 2
and FIG 3 depict the results of the RT-PCR assays of the cell 15 culture
supernatants. RNA898 showed evidence of high infection. The negative
control  culture showed no HCV RNA production. Figures 2 and 3 are examples
of the high  level of reproducibility of this HCV assay, not obtainable
using similar HCV assays.  EXAMPLE f 20 Time course analysis of cell
associated HCV RNA after HCV infection Cultures of human fetal cells were
prepared as described in Example 1  and plated over a feeder layer of
mytomycin C treated STO(Reid-99) cells. The number  of cells plated were
4x105/ well. This represents approximately 1.9 x 106 Chiron bDNA  27 21 MAR
2007 \1 0 02/077206 PCT/US02/119685 Eq/well. A 200u1 aliquot of serum
RNA898 (or negative control serum, not shown) was  added to 0.8 ml of
culture medium. The culture was incubated with the virus for 24  hours at
37C. The inoculum was removed; the cultures were washed twice with lmi of
IM-wash media, and then the cultures were either fed with fresh IM-HDM
medium or 5 harvested by disruption with lysis buffer. Cultures were
similarly washed, then fed or  harvested on day 2, day 3, day 6, and day 8
after infection. The total RNA was extracted  from the stored lysates using
the Rneasy method (Qiagen). HCV RNA in the samples  was measured using a
quantitative multiplex HCV specific RT-PCR assay. The limit of
quantitation (----LOQ) of the RT-PCR assay for cell associated RNA samples
was 100 10 HCV RNA copies/sample. All negative control cultures showed no
HCV RNA (data not  



shown). FIG 4 depicts the results of the RT-PCR assay of the
cell-associated RNA.  The highest levels of cell-associated HCV RNA were
observed on days 2 and 3 after  infection and significant HCV RNA was still
present day 6 after infection. The increase 15 in HCV RNA from day 1 to day
3 occurred after removal of the external inoculum, thus  indicating the HCV
is replicating within the cells. EXAMPLE 6 Inhibition of HCV infection of
human fetal liver cells by the antiviral agent VRT-106866  20 Cultures of
human fetal cells were prepared as described in Example 1  and plated over
a feeder laver of mytomycin C treated STO(Reid-99) cells. The number  of
cells plated were 4x 105/ well. A 200u1 aliquot of serum RNA898 (or
negative control  serum. not shown) were added to 0.8 ml of culture medium
and incubation performed for 28 2 1 MAR 2007  WO 112/077206 PCT/US11209685
24 hours at 37C. After 24 hours, the media was removed, the cultures were
washed.  and the culture medium replaced with IM-HDM containing different
concentrations of  the compound VRT-106866 (from 0 to lOuM). Each inhibitor
concentration was tested  in triplicate and the positive control (no
inhibitor) was performed in sextuplicate. After 5 incubation for 48 hours
in the presence of inhibitor, the supernatants were removed and  replaced
with fresh medium containing the same concentration of inhibitor. After an
additional 3 days, the culture medium was removed; the cultures were
washed, and the  cell monolayer was disrupted with lysis buffer and total
RNA extracted using the Rneasy  method (Qiagen) as described in Example 2.
HCV RNA in the samples was measured 



10 using a quantitative multiplex HCV specific RT-PCR assay. The limit of
quantitation of  the RT-PCR assay for cell associated RNA samples was 100
HCV RNA copies/sample.  FIGS -graphically depicts the results which are
presented as mean and standard deviation of "% of control HCV RNA" (sample
value/mean of positive control  values) from the triplicate cultures. FIGS
shows that VRT-106866 is an effective 15 inhibitor of HCV infection. 29 2 1
MAR 2007  CLAIMS 5 1. A composition comprising a cell mixture comprising
liver cells.  hematopoietic cells released from the liver of a human aged
three months or older after  conception, and feeder cells, wherein the
composition can produce more than about 5000  copies of hepatitis C virus
in the media (HCV) RNA seventy-two hours after  administering the HCV
virus, RNA898 ("RNA898," deposited on March 27, 2001, in the 10 American
Type Culture Collection, 10801 University Boulevard, Manassas, VA 20110-
2209; ATCC Deposit No: PTA-3237) for the cell mixture that consists of 4 x
105 cells.  2. The composition according to claim 1, wherein the
composition is capable of producing more than about 10,000 copies of HCV
RNA seventy -two hours  15 after administering RNA898 for the cell mixture
that consists of 4 x 105 cells. 3. The composition according to claim I or
claim 2, wherein the  composition is capable of producing more than about
50,000 copies of HCV RNA  seventy-two hours after administering RNA898 for
the cell mixture that consists of 4 x  20 105 cells. 4. A composition
comprising a cell mixture prepared by the following  



steps: 30 2 1 MAR 2007 (a) dissecting a liver of a human aged three months
or older  after conception in a buffer comprising EGTA; (b) incubating the
dissected liver in a buffer comprising  collagenase to separate cells from
the liver; 5 (c) remove objects 40 micron or greater from the separated
cells; (d) removing red blood cells from the separated cells; (e)
resuspending the cells of step (d) in a serum-free media,  comprising
calcium, free fatty acids (FFAs), high density lipoprotein (HDL), 10
nicotinamide, trace elements, epidermal growth factor (EGF), insulin,
transferrin and  hydrocortisone and optionally, any one of the ingredients
selected from the group  consisting of glucagon, liver growth factor,
ethanolamine and thyrotropin releasing  factor; and (f) culturing the cells
in the serum-free media of step (e);  15 wherein the composition further
comprises feeder cells. 5. The composition according to claim 1, wherein
the feeder cell is the  STO(Reid-99) cell ("STO(Reid-99"), deposited March
27, 2001, in the American Type  Culture Collection, 10801 University
Boulevard, Manassas, VA 20110-2209; ATCC  20 Deposit No: PTA-3236). 6. The
composition according to claim 4, wherein the feeder cells  comprise
STO(Reid-99) cells. 



31 2 1 MAR 2007 7. The composition according to claim I or claim 4, wherein
the cells in  the cell mixture can pass through a 40 micron filter. 8. The
composition according to claim I or claim 4, wherein the cell 5 mixture
comprises cells that express alpha fetoprotein, cells that express albumin,
and  cells that express glycophorin, but is substantially free of cells
that express CD34  protein. 9. A composition comprising a cell mixture
comprising liver cells, 10 hematopoietic cells released from the liver of a
human aged three months or older after  conception, and feeder cells,
wherein the composition comprises cells that express alpha  fetoprotein,
cells that express albumin, and cells that express glycophorin, but is
substantially free of cells that express CD34 protein. 15 10. The
composition according to any one of claims 1, 4 and 9, further  comprising
a culture medium comprising the following ingredients: serum-free media,
calcium, FFAs, HDL, nicotinamide, trace elements, EGF, insulin, transferrin
and  hydrocortisone and, optionally, any one of the ingredients selected
from the group  consisting of glucagon, liver growth factor, ethanolamine
and thyrotropin releasing 20 factor. 11. The composition according to claim
10, wherein the culture medium  does not comprises Low Density Lipoprotein
(LDL). 32 2 1 MAR 2007 12. The composition according to any one of claims
1, 4 and 9, further  



comprising an extracellular matrix. 13. The composition according to claim
9, wherein. the presence of the  5 CD34 protein is detected by a procedure
selected from the group consisting of  immunofluorescence and
immunoperoxidase staining. 14. The composition according to any one of
claims 1, 4 and 9, further  comprising an HCV. 10 15. The composition
according to claim 14, wherein the HCV is  RNA898. 16. A method for
isolating and cultivating a cell mixture comprising the  15 steps of: a.
dissecting a liver of a human aged three months or older  after conception
in a buffer comprising EGTA; b. incubating the dissected liver in a buffer
comprising  collagenase to separate cells from the liver; 20 c. remove
objects 40 micron or greater from the separated  cells; d. removing red
blood cells from the separated cells;  33 2 1 MAR 2007 e. resuspending the
cells of step (d) in a serum-free media,  comprising calcium, FFAs, HDL,
nicotinamide, trace elements, EGF, insulin, transferrin,  hydrocortisone,
and optionally, further comprising any one of the ingredients selected
from the group consisting of. glucagon, liver growth factor, ethanolamine
and 



5 thyrotropin releasing factor; and f. culturing the cells in the
serum-free media of step (e).  17. The method according to claim 16,
wherein the red blood cells are  removed by centrifuging the suspended
cells at low speed (50xg) to pellet the larger cells 10 for approximately
3-4 minutes, washing the cells that pellet and repeating the  centrifuging
and washing steps. 18. The method according to claim 16, wherein the
serum-free media  does not contain low density lipoprotein (LDL). 15 19. A
method for infecting cells with HCV comprising the step of  contacting the
composition of any one of claims 1, 4 and 9 or the cell mixture prepared
according to the method of claim 16 or claim 18 with the HCV virus RNA898
or its  infectious equivalent. 20 20. The method according to claim 19,
wherein the HCV virus is added  to the composition and incubated for about
24 hours at about 37 degrees C in a volume  of about 0.52m1 per cm2 prior
to washing the cells in the composition. 34 2 1 MAR 2007  21. A method for
assaying HCV infection comprising the steps of: a. incubating the
composition according to any one of claims  1, 4 and 9 or a cell mixture
according to claim 16 or claim 18, with a feeder cell; b. contacting the
cells in the composition with RNA898 or its  5 infectious equivalent; and 



c. measuring the presence of the HCV RNA associated with  the cells of the
composition, the media in which the cells are cultured or both the cells
and the media. 10 22. The method according to claim 21, wherein the feeder
cell is the  STO(Reid-99) cell. 23. The method according to claim 21,
wherein the quantity of HCV  RNA is measured by comparing (a) the amount of
HCV RNA present associated with the  15 cells or media in which the cells
are cultivated with (b) an amount of RNA from a second  virus that is used
as an internal control. 24. The method according to claim 23, wherein the
second viral RNA is  from Bovine Viral Diarrhea Virus (BVDV). 20 25. A
method for evaluating the ability of a compound to affect the  production
of an HCV comprising the steps of: a. incubating the composition according
to any one of claims  1, 4 and 9 or a cell mixture according to claim 16 or
claim 18, with a feeder cell; 35 2 1 MAR 2007  b. contacting the cells in
the composition with RNA898; c. administering the compound to the
composition before or  after the cells are contacted with RNA898 or its
infectious equivalent; and d. measuring the HCV associated with the cells,
the media in  5 which the cells are cultured or both the cells and the
media. 26. The method according to claim 25, wherein the compound inhibits



HCV production. 10 27. The method according to claim 25, wherein a
plurality of compounds  are screened simultaneously for their ability to
inhibit HCV production. 28. The method according to claim 25, comprising
the further step of  comparing the measurement of step (d) with the amount
of HCV associated with control  15 cells, the media in which the control
cells are cultured or both the control cells and the media, wherein the
control cells have been subjected to steps :(a)-(d) except that no
compound or a known inactive compound has been administered. 29. The method
according to claim 25, wherein the feeder cell is the  20 STO(Reid-99)
cell. 30.. The method according to claim 25, wherein the presence of HCV is
measured by determining the quantity of HCV RNA associated with the cells
or media in  which the cells are cultivated. 36 2:1 MAR 2007  31. The
method according to claim 30, wherein the quantity of HCV RNA is determined
by reverse-transcriptase polymerase chain reaction (RT-PCR). 5 32. The
method according to claim 31, wherein the quantity of HCV  RNA is measured
by comparing (a) the amount of HCV RNA associated with the cell or  the
media in which the cells are cultivated with (b) an amount of RNA from a
second  virus that is used as an internal control. 10 33. The method
according to claim 32, wherein the second virus is  Bovine Viral Diarrhea
Virus (BVDV). 37 


