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Al t hough Hepatitis C Vigdg« (HCV) replicates robustly in infected human, a
r obust net hod of gl’__QAM_[lg__LhEAI-I-I’—US%CthI’ed cells has not been
i nfectious serumis i nfect cultured human |iver

perfected.

cells in vi vo onI y s llﬂl“ll“‘ﬂlMﬂlﬂlMLof HCV are replicated which are only
detect abl e by reverse pol yrnerase chain reaction (RT-PCR).
10 Attenpts to infect cul tuwed*cells with HCV have been reported for-
peri pheral bl ood nononuclear cells, human B and T cell |ines, human

hepat ocyte |ines Q—%MMQ an However, the

results reported ‘ﬁg}fﬁ%&s Ui%éﬁ&f& INJ:*EQIMpI i cation
is so low that HCV produced from an infected popul ation of cells can only
be detected, if at al|ThigRrPRiRYoOPCRIBNRENCHE UBiasiigics Bwevisiabadr s of copi es

of HCV RNA can be .observed Further, the viral production is- sporadic and
not repr odu%@lsaflomﬁ@/w,ﬂ74,0’11e¢Mara:hnz7t,IiéO]sarre or different days with the

sane virus and cells. Further still, it takes several days, even as nuch
as a nonth after adm ni stermngmdmm@ptmpmvmlw peak of infection,
e.g., lacovacci et al., Hepatol oev 97). These probl ens

frustrate,the 20 'de”tA]f[Ho%%'}%aﬁ{‘gcV\QHJSC{HW)%;HE&%C}EM%‘?@F’ unds that may

be useful for treating
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
amount’s of HCV are replicated which are only detectable by reverse transcriptase
polymerase 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 pnmary human fetal and adult cei]s. However, the results reboned to date

' have been disappointing. Often viral replication is so low that HCV produced from
an mfected 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 reproducibie 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 aﬁer administering the virus to observe the peak of infection, e.g.,
lacovacci et al., Hepatology 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 i'elating to HCV infectior.



patients suffering fromHCV and/or for research relating t@21HdAR 200 ecti on.
12 -1 MR @&AB720,CVOL12/ 077706 PCT/ 1i S112/119 ; Thus, therg45.8,068d for a
met hod for infecting and replicating HCV in cell culture. Thér€e is also a
need for quick and efficient nethods for determ ning conpounds which

i nhi bit HCV product i onfhup thefetiuip acedrfor e magippd éatinfsanspindeeptitrise HEMahl ens
by providing conpositions conprising cells that can effectively reproduce 5
HCV, met hodsell onlurak Theretihaise @ mpas fdriquitiomdestitisn: medbds fopetthiiitid N9

cells, methods- for infecting cells with HCV, nethods for assayi ng HCV

i nfection, [ G Lty : pound to affect’
t he product ?‘g&%pg?ﬁ&ggﬂﬁ(%q]ﬁpg{@b e d@%{%ﬂ&@%% %ggﬁitﬁgﬁso 'estthie§e

i nvention. 1$P£UM\%ARY_ OF. THE | NVENTI ON The. present invention provides

met hods f or PHX 5475 SURROSTRIBFOPRTSY S R 140 FdeRiCFIgeRTobbes e
cells. The present invention provides conpositions conprising cell

m xt ures &ofMerV.gheijodselor makingrthe hemposition of cellshoweaia fagadturinkrcels, mpdhbds or
ol der after conception which can be efficiently and effectively infected 15
with an HCViorThRciiesdRiwitiMEM, hithddsSBr MsaVing @RC¢ RO iiﬁ)ncgﬁl ARSI Ng
cells prepared by the nethods of this invention. In one'e Ogl ment, 'the .
conposition f LR i I m.xt.ures. c ise cells that
express al pﬁ\éa%flaet’gnﬁg%%%?%%eﬁ%hp%ﬁﬁgt& %gfs(%ﬁlé!%gmgﬁ%tﬁ% ?{angfgﬁﬁéls% €express
gl ycophorin, but .are sybstanti ?I ly.free of cells that express CD34
protein. | nCUYABYHRMSERERRIS O 1S imjegtiPRvent i on, the cells in the cell 20
m xture can pass through a filter about 40 mcrons in size. In another
enbodi ment of this invention, the conposition is used in conjunction with
or further conprises a feeder

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

‘with an HCV. The present invention also .provides compositi.ons conlpx'fsing cells

prepared by the methods of this invention. In one embod.irnent,-’:the comﬁositions of this

'iriilcntioil comprise cell mixtures comprise cells that express alpha fetoprotein, cells that

express albumnin, cells that express glycophorin, but are substantially free of cells that

.express CD34 protein. In another embodiment of this invention, the cells in the celi

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 yet another embodiment of this invention, the feeder cell is a STO(Reid-99) cell.”
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cell. In vet another enbodinent of this invention, the feegq
STQ(Reid-99) cell. 2 2 1 MAR 2007 N\' O 02/ 077206 PCT/ US02/ 1196¢&
present WvaM’7¥h provi des conpositions for culturing cel PETTGSR0HE"
enbodi nent of this invention, the conpositions for culturing cells

conprise: serumfree THEMieg & MUNtiSHh Phvedds cbmPbsitibeefol atltyrimodetls. (F6AY
hi gh density lipoprotein (HDL), nicotinamde, trace el enents, epidernal

growt h factor, (EGF), insulin.. transferri.nr r L Sone. ok di ng
to anot her ‘?é\*rh&ﬁi“ﬁ%[ncifj e “E‘fﬁ“é’opﬁf}%ﬁ?lingcr’ls,lg?q%gg %%éepe{ﬂg%g%gbsﬂﬁ iohgﬁg% ﬁg%
conprise low density |ipoprotein. According to another enbodi t. of this
i nvention, mhdacompusingicalsimur ereletiy aaHE# LFngeqs% hig) dspaty M?tﬁ‘&t(m): or all
of the follow ng ingredients: glucagon, liver growh factor, ethanol aniine
and t hyr ot fie@idamiiet aast Bnfencd, epiderhial Bhevip fasen(EGHy mstiinnraps fowimas

met hods for infecting a cell mxture by admnistering an HCV to .

conposi ti 9”%1%333};0%& %%@&tdh%r) MG ERF BhB8dikRenOfeLBTRe RN e aBbvd hi S
e

i nventi on; IS RNA898.” I n anot her enbodi nent of this invention, the

HCV virus is initially incubated with the co sition:.(] C m for about
24 hours at cor%}wmonéﬁ%&‘@bf%gnif Py & @ﬁwrr}?%adiﬂc&%%gg “0;5%3 cnn2 prior
to washing the cells in the 1 conposition or replacing the i nnoculumwth
cel | cul t ur enbetimant afibispnresseinn. havemPPHRACHUECHEQMBITFS 2BRY Q0T GPNREEPng
HCV infection by incubating a conposition of this invention with a feeder
cel |, cont agtiingr thbeolatihg iigiedibgs: Q0dHROS, livieo promith Hacaor, EXBholaméhenmds ur i ng
the HCV associated with the cell's and/or nedia in which the cells are

cultured. 2 4 o%ﬂf’fe’leagi%‘éf%tgﬁent i nvention provides a nethod for
eval uati ng eability ~

rMAReRoz i s @
19685 The

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 RNAS98. 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 0.52ml per cm? prior to washing the cells in the

composition or replacing the innoculum with ceil culture media.

—t
in

" The present invention provides a method for assziying HCV infection by
incubating a composition of this inventton 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 ;ultu.red.
20 Further, the present invention providcs 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 HCV virus



of "a conpound to affect the production of HCV, i.e.. affect%qhﬁApalgml ty of
t he corrp05|t| on_ of cells to produce more HCV, conprising t

i ncubat i NYO4*EoMPbsi tion of this invention with a feeder EET/IUQ“”‘@ﬁfhctl ng
the cells in the conposition with an HMvirus 3 2 1 MAR 2007 WD 02/0777206
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with HCV. Inone e used to screen for

|nh| bit HCV producti on. th nmethod is used to
~screen a pl Hredpeigd &ruse%ﬁb%?f‘@smwﬁ[ﬂﬁ%%wﬁ& d’FOG‘tCHQPr BEFTRY t o
inhibit HCV production. In another enbodinent, presence of HCV is
det er mi ned bybnéasut.ithgmethed igusdttd syreed a pOvaIRNAT bgmpewsissemthanrsosly porase
pol ynmerase chain reaction (RT-PCR). In one enbodinent, the HCV RNA in the

sanmple is Cmﬁﬁv&@jMiﬁﬁg ro8fict¥A froma second virus that is used as
an internal contro In a further enbodi nent, the second virus is the

Bovine Vi I;al Di arrhea v&no‘t‘l 1CT 11%\69}{11%{ ICF%T!EIC g?@%@ﬂ?&l}ﬂlﬂﬁ%{ I-lrlpgﬁué.ﬁét- %)Ears

FIG 1 depicts a tine course analysi's o tion
cells follown _|nfect|on with RNA898 (-"~-) or no serumcontrol

(
measur ed bydu3rgifaPSHEN Rt &Y peed@Rtcriniss prbmsass shamigesirng R TT 6RD. It
of quantitation (---- LOQ 15 of the RT-PCR assay for supernatant sanples

was 600 HCVoRNAmbogimest, §efpC¥. RIfAen thesampEls Rivfgantd toadnuesoumnd RN¥eifom a
standard deviation, fromtriplicate cultures are presented. FI-G 2 depicts
a tinme cour s@oaddnsing: Rhuséd 18 dftherhdi@Rngbl. NHABrth&ldbddiMeht, 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 (-IJ-) or no serum confrol (®) as measured by
levels éf HCV RNA present in culture supernatants. The limit of quantitation (----LOQ)
15 of the RT-PCR assay for supematant samples was 600 HCV RNA copieé/sample. The
mean HCV RNA/ml values, and their standard deviation, from friplicate cultures are
p.rcsented.-
- FIG 2 depicts a time course analysis of the infection of human fetal liver
cells following infection with RNA898 (-0-) 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



(-X-) as 20 neasured by levels of HCV RNA present in cul rnat ants.
The negq}(i,,y‘ghqgntrol serum was obtained from a patient PRAIUSPIEri ng from
HCV infection. The limt of quantitation (----LOQ of the RT-PCR assay for
supernatant sanples was 600 HCV 4 2 1 MAR 2007 WO (12/0 77506 S

PCT/ US02/ 96¥Xzopi Rnntipi &k sammp HECV RAGAR 231 496\ EDRNRG TR 2aT i 85V 1240 R r
standard deviation, fromtriplicate cultures are presented. FIG 3 depicts a

ti me cour NStuSesQie bBentBd.ection of human fetal liver «cells follow ng
i nfecti onﬁﬁﬁlfc%@RNABgé (-k-) or a negative control serum (-X-) as. 5

measured by the |evels of bV TNG peSeRbAR dine: Gplctish of bunat faiaiks. The

negative control s roma patient not suffering nom HCV infection.

The limt of quantitation (----L t he RT-PCR as ~Super nat ant
sanpl es wasll&RQloMine mt@@pv@ﬁwfﬁségi—"méaﬁﬁ%ﬁlvﬁé@nﬁﬂ}%ﬁ%%éﬁ Eg§ and
their standard deviation, from triplicate cultures are presented. .10 FIG 4
depi ct S A ofdagBred Oy iselcasRlof HEV BINA heesemifie thd GAVET SURGTRI et 'al® 1RYYC cel | s
following infection with RNA898, as neasured by the |evels of cell

associ at ed IhE N8 GakiLe ot Gtk faen MO \Jatfecticn. rlak listiowh. Af t er
i nnocul at i%ﬁ,@%@@gﬁ S in%t%he cultures were washed and harvested on days

1, 2, 3, 6 and 8 afte M N S+ add o LB e b faHSs Jdsngoo 1oty

quant i t at i%ﬁm(‘t-aUQ‘ll_bQ)'f‘Q@t%ghﬁigggg gsssg 3I/Orfso?ecel'l -aafsn:sgg%i ated. 15 RNA
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depicts the inhibition of HCV infection of human fetal liver cells by
triplicate cultures are presented.

cells following infection with RNA898 (-”-) or a negativ r serum
. WAk A

10 FIG 4 depicts a time course analysis of the infection of buman 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 presenteld.

FIGS depi.cts the inhibition of HCV infection of human fetal liver cells by
the antiviral agent VRT-1 06866 over a concentratjon range. HCV RNA in the samples
was measured using a quant_@tative 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/sampie. 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.

(o]}



the antiviral agent VRT-106866 over a concentration range. 2HCMARRBIR i n t he
sanmpl es wwapsRasured using a quantitative nultiplex HCVpggacihi6.dRT- PCR
assay. The limt of 20 quantitation of the RT-PCR assay for cell associated
RNA sanmpl es was 100 HCV RNA copi es/sanple. The results are presented as
mean and standard deviation of "% of control HCV RNA" (sanpl e val ue/ nean
of positive control values) fromthe triplicate cultures. 2.1 MAR 2007 NV
O 112/11772116 PCT/I1' S11:;1196X; DETAI LED DESCRI PTI ON OF THE | NVENTI ON A
conposition of this invention conprises a cell mxture conprising cells

rel eased fromthe liver of a human aged three nonths or ol der after
conception. Accordi DETAIT BDEDESORHTION OF (TTHE MNIVENTIONaged bet ween and
including three nonths 5 after conception up to 1 year after birth. In
anot her enbodi nent ,of i : t,

nont hs after conce%&iookggl ﬂﬁgﬁ %?&gﬁ%ngﬁgﬁgygciﬁmﬁg&gC%Hﬁggg ga et ween
18 to 22 weeks_ after..congception. In one enpodi nent of this. |nvent|on t he
cel I's corfareseTImhs iyer Pop NURAD ABFHHDERS SPUIRTOUFANEACRRER MY to one
enbodi nent of . this invention, the liver and hematopoietic cells can
express Akgqhréding es opr oneidunent| therbiuma Gs sged/borwepnyand phanding thaccmodibng to one
preferred enbodinent, if the human is an adult, the human liver is

heal t hy. GGk &HNEN ﬁ@z@n%alaaﬁexetsmdmme@nmmauwws afvehftinS tenvent i on
conprises cells that express al pha fetoproteln cells that express al bum n,

hat *oxphutdr gt B8NS o HERRLirbon Ptich® AR AR nkoly EFpiafi®l | <
t bl th antibo f I d t
ol opr ot 64500 BIBER HE G127 éﬁaﬁsﬁ’%@mﬁféﬂén&'@{w PP PEBLPKBRantf al | y

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 fctOprdtein, cells that express albumin, an.d cells that
express glycophorin, but is substantially free of cells that express cﬁ34 protein. The

15 cells éf the cell mixture are immunostainable with antibodies specifically directed
against alpha fetoprbtein, 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 termn “substantially free of cells that
express CD34 protein” means that the cells in the cell mixture display little or no

>p observable immunostaining with the CD34 antibody when inununobinding is detected

using an alkaline phosphatase-dye detection system (<.3., Harlow et al., Antibodies: A



free of cells that are immunostai nable with an anti body s%e{:%hgﬁé
directed against CD34 protein. According to this inventi erm
"subst antpabhyr2hs ee of cells that express CD34 protein" hEaOSI2theHs t he
cells in the cell mxture display little or no 20 observabl e i m‘runostai ni ng

with the 4 anti bi n det 2 4HS

phosphat aﬁ%&gﬁi\%ﬂgg L%r%) I3 d}hml%l?ilr?%bvclemelglg2 P 4%&@%%@'”&?}@ ‘16 2 1
MAR 2007 \VO 02/ 11772116 PCT/ USQ2/ U 6x5 Lahor at or Manual (1988) Cold
Spring Har @éD&K@o@wemymﬂpp%m@m4®eum9vbowABtzof|t¥% CHRP KO TShisor at i on) .
According to one enbodi mrent of the conmposition of this invention, |ess

t han 2% of i¥snteal lespbpulEtdfahe oéll pbeiladdd ofithect i mixumelveb e bs brainabllel it t h
an anti-CD34 specific antibody. According to another. enbodi nent, |ess than

% of the g a6l éD@@@;s@cﬁta a%‘xb@ﬁ;i_ t Rec&Alde BiaxbME o aelegg @ﬁﬂ@% Srigkth

ant| -CD34 specific an he present 1 nvention I nci udes a corrp05| tion
corrpr|5|ngc | 1s Wmch nifica better 10S1. '

i nf ect i on &R0 PRARRHERET @ﬁcalﬂ FRBrRGU hRemRA BTt g iy antibody
"RNA89S"). RNA89S was deposited on March 27 2001 in the American Type
Cul ture Collection ("Rrgeesent msgtlolmcl}@ﬁs&Wmmm@v%gn@pnm%lga\éncme10
20110-2209) (ATCC Deposit No: PTA-3237) under the conditions of the
Budapest TFigafiyantiptensdiongcdls fomnde éifeotsmmiatreplicadonpOsict HOV vixfus {HINS 898
invention is capable of producing nore than about 5,000 copies; nore than

about 10, OQf £ORKES "RAMSIRTE r&tm@gs 3RQUE,RA P00 NELR! €5 z@bhﬂﬁ%meﬁ Ly viral

RNA in the nmedia séventy-two hours afterr adm nistering the virus | there
e B GRS RIEREGE oo Lo BER e BOERSE A o
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 10° cells in the composition. For example, a
15 composition prepared according to the mefhods of this invention and assﬁyed according
to the m_ethods described in Examples 2 aﬁd 4 would be capable; of producing more than
aiaout 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 1n the composition were greatel; than 4 x 10°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 art would

readily understand that if the number of cells in the composition were smaller than 4 x



.. to the nmethods described in Exanples 2 and 4 woul d be capabl e of producing

nore than about 5,000, nore than about 10, 000 copies, or n@rieMAmhagi7about
50, 000 copies of hepatitis Cviral RNA in the nedia seventy-two hours

ft dm ni i i Kill i ( t | d i
3n d g; s ? anmd r“t ﬁggsrélep g’tth%?tnh\élr%%? "8 %rechfcso Ble‘i ] b Y{ﬁﬂt%%\gg‘cb%a%%%ﬁ%eﬁr\‘e@ﬁ% % r eat er
g

than 4 x 105 gells, %hen the total nunber of copies of viral RNA bein
produced woul 8SBEASFHhEY 8% SRQUBLCOMMERHIAE With theAurased nwmber efitslls imbeeased
nunber of cells in the conposition. Simlarly, one of skill in the all

woul d readi | yompeaticn. atctordiaglyi €omhpesitenstrempoibingdédsorinmort hieancbrPoSidiison
were smaller than 4 x 7 2 1 MAR 2007 105 cells, then the total nunber of

copi es of Vi r ahidRNfolleipfehopti UG oMb ik fthe HRRIE3F 85hiBY o ARCH RN AL are

commensurate with the decreased nunber of cells in the conposition.

Accordi ngly, {130 rLsi or hore than 4 x 105 | 1's .which
woul d proport?gcz;)}{r?'a)rfl 1{‘}&"&0 Sgg%gl?lggg%&%ﬁdﬁ ﬁo s I@‘éfﬂqboél F C?@Fﬁrﬁi‘@mg
cont enpl at ed. ;ghg Qo(%r)gositi ogs according to this invention are capabl e of
produci ng 5, 8608Y53,%986°RERPES Y Ry I00-3%60¢benpies, GdtCYIpNAgndf HCV RNA
and 25, 000-55, 000 copi es of HCV-RNA seventy-two hours after adm nistration
of the virus 2§,60¢H8,000cppiss bf HL.V-EXanmdvestyafvodiourdoafekir a8 mii fiatrathes fulseinks
for imunostaining according to this invention are known in the art.. For
exanmpl e, the @hécampbatibet oprotein anti bodies from DAKO Corporati on,
Carpinteria, CA the anti-glycophorin antibodies (32591) from PharM ngen,

Sen B e G et pRum PG R S R S RS
Chem cal Corp., Westbury, NY can be used. _

this invention dre 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
composi;ion 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.



.. I'n"anot her enbodi ment of this invention, the cell mxture pn RAR QErposi tion
of this invention can pass through a fi I ter about .40 m Cégﬂﬁql n()srze In
one enbo¥PHRART2BT this invention, the conpositions of thi vty are

used in conjunction with or further corrpri se feeder cells. Feeder cel S

provi de extracell uar ﬁ@}g f4 { A6 @ SinSLeibiAse Hoaw Bnphast ors.

I n one enbodi nent, 158?‘93(3?1 ﬁgi :Ofdt]ﬁ‘é or nltl)] abi | 1| tf/ too benl nfected

with HCV. In_anot her odi e e feeder f t.

anot her enmbo@PiBlet ( @F‘é‘éﬂ%ﬁ@@l*g S gyt W)?JJWS& ééﬁgﬁg ﬁﬁb‘fgﬁ‘f’ﬁ‘st

cells. 8 2 1 MAR 2007 \\'O 02/ 077206 PCT/ USOZ/ 09685 Exanpl es of feeder

cel | s accor détrady, Maniphiagng Tihe Nk &) Manpaly 8 e PEIIWEF) such
as STO cells and rat enbryo fi brobI asts (REF) e.g, Brigid Hogan et al.

Mani pul ati ngnRhechauseinEdyer Lab%lha%opxagsorsr94vmmbahsorzrmr &U987Rl ai nvi ew,
N.Y.: Cold Spring Harbor Laboratory ress 1994 Robertson, E.J. (1987) 5

Ter at OcarCLnf”me car; 1 3 21 : Ziouls 175 ’8‘9'; @%beﬁgon E.L
Robert son, B s are oné type
of feeder ceIIs that are useful |d 99) cells r.e .depgosited on
March 27, 206RS, ONquiepméribanSE%%e @g ) ¢4 ST TRG %Fmgﬁnaiﬁggitlﬁﬁ%r sity

Boul evard Manassas, VA 20110-2209 under the conditions of the Budapest
Treaty ( ATCGlslBﬁpo§il‘O(Rkid-9%A€BQ%)a depbsitedam ¥arch 200 20¢1 i thengymanckn Type

mai ntai ning feeder cells are known in the art. See, for exanple, in

Met hods for C-Ehﬁlﬁ'b'@oﬁ@cﬁidﬁe?0SGIEUnE‘irsuPCE&MvakﬁMﬂlasﬁéadﬁm(931IBI.”QSS unblf the

(2002), pp. 151-202. The feeder cells can be growh arrested according to
met hods knov@on‘d%ons of the Budapest Treaty (ATCC Deposit No: PTA-3236). Methods for.
10 culturing and rnainta'ming feeder cells. are known in the art. See, for example, in
Methods for Tissue Eneineering, .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 er;amplc, 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. Tlleﬂ, 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 thus.invention can be

prepared according to the steps that compnse:

0



. thé art. For exanple, STO cells can be allowed to adhere fgr ,aAgiqmlpours on
a cell culture 15 plate. Next, the nmediumin which the ST ce

i ncubat i'hg "W80i28" be renoved and repl aced with medi um cont aqu &’%’b/m
Mtonmycin C. Then, the STO cells would be incubated at about 37 degrees C

for about -2 hours. After difiectidxcaliadrigin, hinie Jvediiies meaiht at bidegakdre
Mtonycin C woul d be renoved. The cells would be washed twi ce, and then

the STO cell cultures woul i 5 ours before addition
of the 20 cell mxtures o ;ﬁ;lngﬁﬂﬁé?# chrﬁ ”Q égl tl‘rh Xture of the

conposi tions according to this ventlon an be pared according to the
steps that conprise: q" 11“?\}1&1%“12% 1 QI8ECS W??W%TF?BBQ?@%GB@:&“SC

di ssecting a liver of a hurran aged three nonths or older after conception
in a buffer conprising EGRAsefnrate gelbfbmnge tiker; di ssected liver in a buffer
conprising collagenase to separate cells fromthe liver; 5 c. renoving

obj ects gbout 40 nicron 0r1eﬂn@@i&erobjéc%“aﬂokl%@ﬁﬁ’é%ﬁ%?girc&%loln?theQe 4refEvi ng
red blood cells fromthe cel|l séparated cells; e. resuspendi ng the cells

of step (d) in a serumfre%ugredla conprising 0.1nMto 0.6nM cal ci um

bovi ne serum al bunin, 10 free fatty acids (FFA), high density |ipoprotein
(HDL), nicotinamde, trace elenents, epidermal growh factor (EGF),
insulin, transferrin‘nd HY@PYESTET BioRE: Ce}éhgom the cell separated cells;

e. resuspending the cells of step (d) in a serum-free media
comprising O.ImM to 0.6rmM calcium, bovine serum albumin,
| 10 free fatty acids (FFA), high density lipoprotein (HDL),
nicotinamide, trace elements, epidermal growth factor (EGF),
insulin, Uamferﬁn and hydrocortisone; and
f. culturing thé cells in the serum-free media of step (e).
The -média of step (e) or (f) can optionaily further compriée any one,

15 combination or all pf glucagon, liver growth fa;:tor, ethanolamine and thyrotropiﬁ
releasing factor. In one embodiment, the media further cornprisés glucagon, liver growth
faétor, et:hanolarm'ne and thyrotropin releasing factor. In another embodiment, the media
does not comprnse low density lipoprotein (LDL).

In one embodiment, the EGTA buffer comprises 0.1mM to 1.0mM of

_20 ethylene glycol bis(B-aminoethyl ether)-N,N,N',N'-tetraacetate (EGTA). In another

embodinient of this invemion; the EGTA concentration is 0.5mM.

10



. f. culturing the cells in the serumfree nmedia of step (e?1 ﬂkpemdia of
step (e) or (f) can optionally further conprise any one, 15 conbi nation or

al | of YQEHGSGH'® | i ver growth factor, ethanol am ne and tI‘FﬁTéﬁ‘bﬁ"‘ﬁ‘“
rel easing factor. In one enbodi nent, the nedia further conprises glucagon,

liver growth factory o%teQﬁ@%hﬁﬁ@;ﬁeméemdms@tbh@fe* ForhSH &3 NG { A&l of N
anot her enbodi nent, the does not corrprl se ow densi ty | i poprotein

(LDL). In one enbodi mané th EGTAtb ?%HNH rr"gll iom\/lof 20
et hyl ene §PyRH2HT sEE3° ’FﬁﬁB FHREPE @kt ésrlj“ff{?‘ “Iﬁpmfeéltra 8%8f e (EGTA). In
anot her enbodi nent of this invention, the EGIA concentration is 0.5mM 10
2 1 VAR 200%agenss®B/ 2072y PCT/ US412! 119(,X I n one enbodi nent, the

col | agenase buffer conprises 0.1 to 5.0 ng/mM of collagenase. |In another
enbodi ment of this iTikediid eniusidiestgpaeendifigid taiy iadediioa is aodahageanses i s 2
mg/ nil. The size exclusion step according to this invention is neant to

remove 5 GRER ScAUC s ddRind odalls; Andis0seaakas: il aEbls, Pyt

cannot pass hr ough a n si

exanple, the use of filters roximately 40 m crons in siz t.o 100
morone. | HSSHLE WHAo B et HodST PR EBy Pt by sogPuiesty ¢ et gt
mcrons in size are contenplated. In one enbodl ment, the filtration step

removes objewesip toHAP miemnsin pasand otheughhads for rarovingdebs geatat ban ¢han
about 40 mcrons in size. Exanples 10 of filters according to this

i nvent i on rhidedrisde sy hecontdniied.( & fne emb@limest fiai filetrion biep Rmdbak @Bfects
(catal ogue nos. 2034, 2350 or 2360)). The nethods of preparing conpositions

of this i q}{ﬁ%}nﬂ& ﬂ&ﬁﬁiﬂﬁhta%te?tﬂ?aq 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 compositiors 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 knowa in the art.
According-to one embodiment of the invention, the red blood cellS are removed by
suééessive low speed sﬁins 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 pcllét 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
seruni-free media, calcium, FFA, HDL, nicotinamide, trace elements, EGF, insulin, .

~ transferrin and hydrocortisone. According to another embodiment, the culture media can

11



.. of ‘removing red blood cells fromthe cell mxture. It shoyld ?ﬁidﬁderStOOd
that the red blood cells can be renpbved at any stage dur| ng

pr epar at Wesho#7Geless after the cells are 15 separated fromPChaShinvegrs

Met hods for renoving red blood cells are known in the art. According to
one enbodi r}‘llanwof t he |nvent|onbthe red blood.cells are [ enov d by
successi ve NN SHBRHSSHH Q0T FORI RGN GT 3l | thofo llaw g ngredients: ‘tﬁi&’%@ed
cells that were passed through the filters can be spun at 50xg (450rpm
for 4 m nutliyst gromah stdr, qiiednotamioadnd ByTewems paeasarg faerdr.t lne ®uher process
repeated several tinmes. 20 Primary cells, cell lines and tissues of animals

or humans eaibodenéii] theibethre Wietilh @egmei @oxﬁgﬁnsfehbﬁ deRy SNt Ploteth T DO
enbodi ment, the culture nedia conprises serumfree nedia, calcium FFA,

HDL, ni cot i nami de, gER L ferrin_and
hydr ocorti sone. Accorpg%?aﬁéﬁ% an%%ﬁlér%ﬁe%é E&HH 129 ;hg%@% RIPES |auf:an 11 2
1 MAR 20Q7 V\D 8%311772116 PCT/US-12!11768-; furt her conprises any one.

conbi nat Poringd e culfired K ‘F‘SP’laé\‘M‘ﬁ@e f‘i’l‘gsr‘-‘éﬁiféﬁ*ﬁ e cgllyange sinecessaryeiiegr owt h
factor, ethanol am ne and thyrotropin releasing factor. In a further
embodi ment feadeecals| tascerdimgdd anderdodmens ofid swehtow, densediyisl dppiapzat i n
(LDL). After preparing a cell mxture according to the above process the

cell's 5 shoullthiRurethhi ivteBe ifedanmA@VSHEH. eoﬁ@ﬁlcéﬂdﬁifs@fuf‘fo‘?glﬁ ?&%ﬁ@é |'s
and, if necessary. the feeder cells. Accordl ng to one enbodi nen f

i nvention, d ure that e used in
an NOV i nf g%{{h?r@&ql fond Eeé;ﬁtg&?ééfgdl gfbecﬁ" S %@F%%&fesé’&?@w@g@ m free
nmedia (e.g F%Dul becco s, nmodi fi ed Eagl e' s nedi um (DIVIE conpri sing

cal ci um b89 BSOE CRIAE: BRVIDA S‘ETBSMlbWTé@SAa)t frge Aty CKS%A)@ lhglgﬁemﬁewa ty
10 |ipoprotein (HDL), nicotinamde, trace elenents, epidernmal growh factor
(EGF), ilfislippprotein (’HDL), nicotinamide, trace elements, epidermal growth factor (EGF), insulin,

transferrin, hydrocortisone and optionally, and any one, combination or all of the
following ingredients: giucagon, 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 [l one embodiment, the concentration of calcium in the CL.lltun'ng media is
be'meen 0.1mM to 0.6mM. In another embodiment, the calcium concentration is
approximately 0:5mM. -I.n one embodiment, the concentration of the BSA is 500ug/ml.
In another embodiment, the conc_entration of the nicotinamide is 5SmM. In one
embodiment, the concentration of the insulin is 10ng/ml. In one embodiment, the

20. concentration of the free fatty acids is 7.6uEqg/L. In one embodiment, the concentration
of EGF is 100ng/ml. In one embodiment, the concentration of the liver growth factor is
20ug/ml. In one embodiment, the concentration of the ethanolamine is 10°M. In one

embodiment, the concentration of the thyrotropin : .izasing factor is 10°M. In one .



.. transferrin, hydrocortisone and optionally, and any one, %W@aﬁfn or all
of the follow ng ingredients: glucagon, liver growth fact nol am ne,

and t hyr»tq &i7@2vor el easi ng factor. According to one enbodPREAEBIIBHI s
invention, the culturing nmedia does not conprise |ow density |ipoprotein
(LDL). 15 In one, enbodi nent, the conc ation of caIC| m.in the culturing
media is betWRAHIENY HGI PCCHTEHIR © ?H’Ciﬂ%ﬂﬁeﬁr % oId]ch(?rffl Othgené f& um
concentration is approximately O0-.5m M In one enbodi nent, the

concentrat i mmtnttdﬁl@n%ﬂld@dmwom is 10ALanot her embodi ment, t he
concentration of the nicotinamde is 5mMM In one enbodinment, the
concentration of the inséte nb@itheloN@é Medidis Mﬁmm@aﬁxmmch ¢dneprades
concentration of the free fatty acids is 7.6uEg/L. In one enbodi nent, the
concentrati fo EGE J 0 , n of
the I1ver  grohen (g gl 3@6‘%&4 B8 §%§4@ﬁ% ?ﬂ* stbBERNRRbin N

of the ethanolainine is 10"6M one __enbodi nent, &,.C ncentra;ol on of the
t hyr ot ropi f TEMemEPHREIIdR l3rirges °lmwem %0 é\ﬁéon@erzw ZEe7x1Q

(12/0772U6 PCT/ti S 2/ 119 , x5 enbodi nent, the concentration of - the HDL is
Sug/m . In osséeniurhl dDfegim EGTe 10 aghmiensuiiag Pugimb rapiferrhy,drtSbOhydre oo sors, |
0-'M 1In one enbodinent, the nedia is L%-} M nedia, which conprises DVEM
(high gl ucosmg/m591Qu;gdom 2B2An] KvEUWEeita fEét@le 108 et dISm e ANM SugbivbpinDL,

5 5m % ni cotinam de, I x trace el enents ix1' 0" 7M copper, 5x10-"M zi nc,

3x10- 10M sel g L
10" 6M hyd?gcort %ﬁgiéﬁ% &} ﬁ%“&%%&g‘% mzéﬁhaﬂn“{&?}%?mﬁpﬁ@%%%%%wﬁo oM
et 2‘3@3} fmo? FPT LY, pll\gllgggl%rot (i8R0 Mg’%ﬁ‘t e el 14:1 )80 SERG L rent the

10 acid(18:0), 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 _a.ntibiotics to deter
bacterial growth, for example, 1x pénicillin/étreptomycin.
The cell mixtures of the compositions of this invention can be plated on
plasﬁc substrates coated with extracellular matrix. Examples of extracellular matrix
15 components include, but are not limited to coilagen, such as, for exarnﬁle, coliagen 'Type
IV, or the gdhesion proteins, fibronectin and laminin, or Matﬁéel (ICN Biochemiicals
Inc.). The collagen, when employed, can be ﬁsed 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 pfovided by the feeder
20 cells describe above. Such cellular mixfures and extracellular matrix combinations can
be used in HCV assay methods according to this invention.
The compositions of this invention can be contacted with RNAS98 or an

HCV infectious equivalent of RNA898. An RNAZ9S infectious equivalent is an HCV

13



a 2.36uMpalmitic acid(16:0), 0.2l uM palnmitoleic acid(cis- 1627i n- 7% , 0.88uM
steric 10 acid(l S:0), 1.02uMoleic acid(cis-18:1 n-9), 2. MR 20671 ei ¢

aci d(ci g-ol‘é’./'ﬁ’ﬁ’-(’G) , and 0.43uM linolenic acid(cis 18:3 nrQ@yUSitihwaosredi a can

al so conprise antibiotics to deter bacterial growh, for exanple, IX

peni ci | i néedin ephanyai RNAROS teflid gmazsrelﬂmomci@gre@@mﬁiia%&%?odbfcoHHs5
invention can be plated on plastic substrates coated with extracellul ar

matrix. Ex f tqr I r ' 5.C ts_ inc t are not
Tt od 1 orenlT Saaoo TR Sl or Bl e o SRR 00 B St E VR N e
adhesion proteins, fibronectin and laniinin, or Mtrigel (1CN Biochenicals
Inc.). Theseé’SPWéFaérhO%?gP?l SrRRehRedx 103 felifenfiihe AomPeH OB Prepared Adsiorng N
with lamnin or fibronectin, or in conbination with proteoglycans, or with
tissue extthacrathedsralthiedhvientiomwtithaesl HONavinsatAdcording €5 bad enbdathemacel! ul ar
matri xes can al so be provided by the feeder 20 cells describe above. Such

cel | ul ars rdekls ureinfaed wdonaeahk MeonTsioh &Qﬂ%hﬂ%&i%ﬁ%ﬁ:%mﬁ% ﬁ?ﬁ? in HQY
(0] IS

assay nethods according to this invention. The conpositions

i nvention ; e - i RNA898  or . HCV i nf.ecti ous equival ent of
RNAB08. An FAGs ARt B ol Dala it St okves Bz vohimeo o v o
02/ 077206 C:)I'/ | S02/,01) 6h- strain, other than RNASOS that is capabl e of
produci ng g?é& BY FhaiCapsing © ascmasiaent of ghis dmeantiohathe atisiteieOnfoed

copi es or greater than about 50,000 copies of HCV RNA at seventy-two hours

after contwich H§gY 4rel0ltured|wish ad ettherelonpositi. olsarpliep af®ddiaeaebting to the
nmet hods of this invention with said HCV virus. According to one enbodi nent,

e S SRR s by PR 6 O L LR "
degrees;(C in a vol umg,Of, ARQYk ey produced from the cells in the compositions of this
inventiop can be determined by measuring, e.g., HCV protein or nucleic acid production.
For exa.mplé-, the number of coi:ies ofHCV RNA found associated vﬁth 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
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
labéled nucleic acids molecules that are complementary to HCV nucleic acid seqﬁence.
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) 1s useful. According to one embodiment of this invention, the

14



> 0. 52 per cm . According to one enbodi ment of this invenpijomr bsg cells
being infected wth HCV are cultured with an extracell ulpgimgq m&(\ I n
anot her Wehtdth’pént of this invention, the extracellul ar 'S” provi ded
by feeder cells (e.g., STO (Reid-99) ceI | s). 10 The anpunt of HCV pr oduced

fromthe cahlschmdéiied RoAREsEd §iRAShafhé hinberiofeepits OFHCERKR alet er mi ned by
measur i ng e.g., HCV protein or nucleic acid production. For exanple, the

nunber ) SSQG or
at t ached tﬁ%t?'é?%]fgg\ 3&4 Pm EO&% |a§%| !rbll{?&v\fﬁ"'gc %ﬁgﬂae%g)e Clc&gé %@Eggafﬁ? can
be quantified. There are tech ues known in the art that c brg d for
observi ng Wtetsrsddedgathe sapplss r CEHUTTBFE 2] OEI“WB‘Iaé‘c Féssapet lee“nt
produced. For exanple, western bI ot of the proteins probed with anti bodies
directed agaimsfa skd&mcbvimsejrmssemndhhmﬂesic ofid gedlecubr. dbsdiesiraiiethetithesetaidc

aci ds nol ecules that are conplenentary to HCV nucleic acid sequence.

Met hods ﬁO(,uegqsr@&few@ aRd4Qb §iaV apehap el Rbsndafictkinmi sl el irseektigteand
cell culfure nmedia‘are well knovvn in the art and such kits for this

pur pose ar | I bl e. |

accuracy the W@f § 1?%5 of nudg’f F{ &18 uc%%ﬁfgt@c%igf?%‘g{to this
i nvention, reverse- transcr| pt ase poI ynerase. chajn reactjon_ (RT-PCR) is
useful . AcEERGINIRy IPRSIFECABRMLIBRFCORIMNFLIG aribmeleahe l%weafl%““?sl MAR 2007
WO 02/ 07720(, PCT/US02/11)( RT-PCR nethod is nodified such that the nunber
of copies oipsl'rd(:\m?meem‘oedimtem,ehmemeddlﬁi\]\fxcmqbemﬂmigtliet&“maﬂrmre&owira ¥welond
nucl ei ¢ aci d nol ecul e of ]m)wn anount that is added to the sanples of
‘cell's, cel big¥iidaaging @OV ned @aetswxbwzaﬁw@ﬂumﬁ@cnepoﬁh% {RL$3y)of a
second virus or a second nucleic acid nol ecul e. is desirabl e that the
second '

10 The presence of the second virus or nucleic acid molecule 1s advantageous
in that it serves as an internal control for the quantification of the ﬁist nucleic acid
molecule. This internal control allows for the monitoring and correction of random
fluctuartions and assay variability.

For example, the present invention provides the method comprising the

15 steps of:

(a) combining said HCV with a known amouht of Bovine Viral
Diarrhea Virus ("BVDV"), wherein said BVDV contains a second
nucleic acid molecule with a composition of this invention;

() 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 denived from BVDV

to form a combined nucleic acid extract;



~ D Virus is closely related to HCV or that the second nucl ei eﬁ‘ﬁiRd | ecul e
is closelyorghatgd to HCV RNA (i.e., simlar in length, in nuc 'e? acid
conposition and’in viral capsid structure). In one enbodi Merb$itihesssecond
nucleic acid nolecule is in a flavivirus capsid. In one enbodi nent, the
second RNA nol ecul e i sc)t he J3dAoft f ~ Lal. a M.rus ("BvDV"),
e.g., the BVDV NADL s?r);i n (ATCCB%eﬁggg%ﬁtonﬁg:\%\%/%&%%%%&&%gfﬁgﬁﬁilgggéﬁ e of
t he second virus or nucl ei fpr{ﬁ‘i?i ({IV mol.ecul e.i s advantageous in that it
serves as an internal cont FoP°F SPUTHE UL 1OF SR RiShivleit peid prd s seasndl ei c
acid nolecule. This internal control allows for the nonitoring and
correction of random fl uctdGEFiaBirrabrl Wwidehaly spegifialfort saidsechar meladndig, t he
present invention provides the nethod conprising the 15 steps of: (aﬂ
conmbi ning said HCV wi {d a Ianmhiﬁyiagrmmtomms@me@icvw@lemet%P@ﬁ%éﬁl{“S
("BVDV'), wherein said BVDV contains a second nucleic acid no ecur& with a

conposition of this ipment wemtiAR: i romthe cells of the
conposi tion or the ma((jb?a i'ﬁ V\kﬁfgl%° agggécﬁlgtcléée]?f émg? STR APy EEEn & defgceable

nucl eic acid nol ecul e deriyed fr %m dHCV and said second nucleic acid
mol ecul e derived from BVDV'St'd 'FEPIFlANEBRBATEY tFemsaidchitsicdeteottemobe add 2
.1 MAR 2007 WD 02/ 077206 PCT/US02/04)6,S-; (c) adding to said combined
nucl eic acid extract a fir&¥dgecaddatstiebleproe, which is specific for said
first nucleic acid and a second detectable probe, which is specific for
sai d second nucl ei ¢ a@) d; 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
(2) 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).
13 According to another embodiment. the above method corﬁprises the
addiuonal 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 sajd 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 admunistering the HCV to the

compositons of this invention and subsequently determining the presence of HCV

16



(54

(d) anplifying said conbined nucleic acid extract by PCR paawsr 2007 (€)

quantifying at various cycles during said anplification
si gnal Wel'@dseWi ndependently fromsaid first detectable

Rfglesianl e
f) ope"8Nd  sa

second detectable probe; (f} extrapolating the results of step (e) to

cal cul ate

t he armount®S87¢'8}

t he . t.of i.d., fi | ei g
teigaf o s 2Bt iR RS

ecu in BVDV, and (9)

eval uating the accuracy of said cal cul ated anount gf saihd Cirst nucl.e
srE R

aci d ol ecorlvaied ok i i desied taatdle pIYPHYIAIS ALRIPHE

cul*£PBE %o

id

?HCQiagplxx%éH Beliftega &G and

icC
unt

of said second nucleic acid in step (f) with said known anount of said
second nuckizhchacimpassenh, thenstiepre¢fajpbleltbatabe opporpdily agnvusieredevitvdilfent

t he above

nmet hod conprises the additional step of adjusting said

cal cul at edy AnouRt HRIHGEXHHedrtdcsdd WHE kR Sordsdsdicie TR bABPundsio 8¢ eRredl ) by a
factor determ ned by conparing said cal cul ated anount of said second

| ei id i .(f) with i,d .k : ' [
dsed i Stagerdas o By kbbbl o AR AT bR ARC AL A

i nvention

provides a nethod of determining the affect of a. coppound o

acid

n the

product i ona efmagunden inbirpRY syt he 14t eyde e tha Fdhl FRRp8GHE  bef ore or
after admnistering the HCV to the conpositions of this invention and
subsequent Eyargiplee ofriurhrgmphendsrieslade duobreHOV linBte 1d, sMiReROG7Huri@d02/ 0 i 77
PCT/ US112/0')6. associated with the cells in the conpositions and/or

in which theqhRieohdul® bRr@h€and nucleic acid molecules. The samples to which the

10

compounds were added can be compared to other samples treated under the same
Eonditions but have not been exposed to the compound or have beeﬁ 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
according to the methods of this invention. In a further embodiment, thé methods of this
inyention are used to identify compounds that inhibit the product;ion of HCV.

In oﬁé 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
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
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~. Cultivated. If it is desired that the conpound is adm ni st 2redarfioer the
HCV i sweoni/acb@d w th the conposition, then it is prefepghl . haksthe
conpound be administered within 10 days after the HCV is contacted with
t he conposition. The conpounds to be tested 5 according to this invention
can i nhi bPt WHR a¥ Gt Fat BIREE. PR 68% ePeRmIL. Hes/entas 6 regign vas 2bosbhifdbund can
inhibit any stage of the life cycle of the HCV to achieve its effect.
Exanpl es bdseqiach ixdepoluinds i ncl ude, but are not limted to, synthetic or
purified chem cal conpounds, proteins and nucleic acid nol ecul es. The

sanpl es to which th@sﬁﬂgﬁgﬂa@lﬁna«gf&eq@lﬂﬁg 5€@ﬁRb@fma££%é&é&%;gf@%§8”p' es

treated under the sane 10 conditions but have not been expose

conmpound or ,,have been_.exposed to..anot her conpound that is known to have
little or hEePsct Sh° 3]0?%%‘%&??%@“@6%%@%?%@ et“&“r(?ﬁéate‘ﬁ%@ainﬁ’érﬂr, t he
above nmethod is _used to sinultaneously screen the affect of a plurality of
conpoundsPigRe BERGY dda éhs least ameunt ehhnrpelegy wabpsarli BVDIV . sPrdgemeht ppitas e
could contain a different conpound to be screened 15 according to the

met hods ofant e sbiaimed ftdno nomimerdalfsotidae thae BaRkksiRMnd prisarsBidaats Rkiddi S
invention are used to identify conpounds that inhibit the production of

HCV. In ofigd eldediie®enta, SIS RGIPEEAS,ANIRRE &@3%@ IR LELHRARAR L S

i nvention are desi gned based upon st conserv i ons of

The probe_.can al -canstruct ed based upon the foll ow ng additional
criteri a:lngﬁc%toﬁgf}gzp%ﬁhﬁggso tenperature of the probe is 8 Cto 10' C higher

than that of the prinmers; b) no Gs are present at the 5 end; c) there is
not a stretch of norfeonpsmbadiment ohihg/inyentipny e ¢iffotent doddabaiat f or m
internal structures with high nelting tenperatures or forma duplex with

i t sel f 10 Iffuctoger\RrGHQ Are WeQA0R sPecliil Bt JRE Dt $O2h3 d&R85S the HCV nucleic

acid molecules and the second nucleic acid molecules. In a further embodiment, each
‘fluorogenic p‘robe 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 c.ross'-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 .detcctable 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-rhodamine ("6-TAMRA"). 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

18.



or with any of the prinmers. In one enbodi nent. the entireigﬁA{?e i.on was

about 1@%09@73/%@& rs in length. Useful priners and probe ' 75' UTR of
BVDV can be deSigned based on the sane set of criteria. AGT/&dairidn, care

was taken to ensure that the primers or 5 probe of HCV has the | east anount

of honol ogyhet fudrbgesic wbbBVDM:s rP61FEA S fRBEHOD S ssFR) w@?ch@@%@cfopc?eq ey
commerci al sources that. synthesize and prepare nodified nuclerc acid

mol ecul es @Lﬁyc&}longfil]gﬁp?ﬁ%]cggoﬁg%l%gggﬂ %%gls[t%ensﬁig fFVDV can be maintained by

Q
i nfection of MDBK ¢ n one e Tent ofE YN BERGFIIEShRN BfioVidss ent

dual - | abel eg 10 .fl uorogeni c. probes are used, each specific for one but not
the ot her BPRHETIHEGS ERLUms amplipspiden iagiicsnd t he second nucl ei ¢ acid
nol ecul es. In a further enbodi ment, each fluorogenic probe typically has a
reporter dye at the Bxampidsafdsefubpmeneend gimeatfortIEVEenosBe aTJ?‘?S}E%%
different fluorogenic probes are selected such that they give distinct

f1 uor escense: pERICCA DGR AL DT ISt ePbe. iidhaul 151,885 <Pl S grence bet ween

the two 15 peaks. For exanple, as discussed supra, the first
det ect abl esipf e I Lth a reporter e such as. :
6- car boxy-T1 ug§§50e| n ; Igb@%ﬁ?&%érﬁvﬁ]@eBgméﬁda%‘gymtfigvs@@%éﬁﬂ@lﬁct abl
pr obe can Label i.th a reporter dye such as VIC. The 3' end of both
det ect abl eIQ g)r%9tfe'g'é@ﬂ%@T@%@%@W@hCQ%GEHWTM&%h TaS primers and

6- car boxynet hyl -rhodarni ne ("6-TAIvIRA"). Thus, when bound to the first

nucl ei ¢ aqirdbe Zo BAfdV tchepsised it forehrdipsinges GEQ T2 Ngy:9xi mity of the reporter
dye at the 5 end to the quencher dye at the 3' end of the probe results

in a SupprasMECGIAGHECTIGEEERESs.3" %Je{)&sé‘g%ef ih(§% ' len the Tth
pol ymerase rmoves al ong the nuclei ¢ acid sequence, - t’ EL@E‘P% is renpved
from they By RRECEYCTAR AGCRECETARR- B, i €5 ne! DRSS T A NG 1S

CCCTCGTCCACGTGGCATCTCGA-TAMRA-3'.

The RT and the PCR reactions can be carded 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 simultaheously, e.g.,

HCV RNA and BVDV RNA, in the same tube). Thé multiplex réactions has the

ad\;antage 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 z; 50

20 ul RT-PCR reac-tiép with 1XTagqman 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 Tagman RT-PCR assay can be run for 25 min at 60°C (RT), 5 min at 95°C

19
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2 1 MAR 2007 \\'O 02/077206 PCT/1i S112/119685 the fl uor ogezn
results in a_fluorescence em ssion, which is recorded as,af [dNCLi

anpl i fi“c%’t"l’o’ﬁ‘c'ycl e. Thus, nonitoring the fluorescence e §M'on provi des a
basis for nmeasuring real tine anplification kinetics. Exanples of useful

primers apnch RS hvafs HEs QFH%-XﬂegPtI@fe%'sn&ﬁé@t Bor PnI Ghd 5T FEFATG AATC
ACTCCCCTGIG- 3" (forward primer), (SEQ ED NG ,-)) 5' - CCGGTCGTCCTGGCAATTC: 3'

(reverse priner and.th robe, (SEQ.|1D. r5) 5 -6-FA M )
www%%&ﬁ@i"fiﬁmﬁga Anqher ?%Idm%&'%%'?‘%%\ f%}“a%\?ﬁ?-‘?:otﬁ%r i sed
the forward priner, (SEQ ID NO 3) 5'-CAGSGIAGTCGTCAGICGITCG 3', the.
reverse pRQBRL Of(FEEY angd BNGD ¥)prners candmomuTEEA CERGEATAE 1BIX urg AF VATRispr obe,
5-VIC (SEQ ID NO 6) CCCTCGICCACGTGGECATCTCGA-TA fR A-3'. The RT and the
PCR r eact teitgnteaiobel il sdiedf primeRRe Thafmalwdshy cafdido®tcluiet POhet & taph i cal
tray with caps (PE Applied Biosystens, Foster Cty, CA). In one enbodinent
of thi's sl gMEON 01 AT bidde Gt FICHERLLBUN PR, UBEAM be St pRVRT- PCR 15
reaction that arrpTl Ies and nmeasures two different specl es

si mul taneously, e.qg., d BVDV RNA, in the sane tube). The

mul ti pl expﬁlléjﬁ\ést ?“6‘?1%’ %%ﬁmmé&of al l owing the practitioner to
determne if an HCV negative result was due to the fact that the culture
was truly negative dhregheuttdepiceidatipaiand elaimg theaoskt'eaeprisesi cor  RT- PCR
steps. Ten or twenty ul of viral RNA or RNA standard can be anplified in a
50 20 ul Wri&{dns sedris 'eomptibdy" bXTaghmivine? Wil beunddEiod®pd ingsdy Bieosyst ens) ,
3mM manganese acetate, 300 mM each of dATP, dCTP, dGIP, and dUTP, 5 units

Tth pol Y R $EPIERAHB)er oég%%p%@m%ﬂ b GRS sios O Ey GRfKgent rat i on

SR T

PC

of probes an

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
which utilize the compositions and methods of this invention. Therefor-e, it will be
appreciated that the scope of this invention are to be defined by the clairﬁs 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 [HBSS.

20



primers. The Taqman RT-PCR assay can be run for 25 nmin at 60'C (RT), 5 nmin
at 95'C, 19 2..1 MAR 2007 WD U2/077206 PCT/LSn21l')6:c5 arkd! MRl 280&d by 45
cycles of two-step PCR reaction (60'C for 1 min and 95 C for 15 sec). For

an assay Wit {Tdiok atthoamdieevNUSheVIEGTAd0 O MBYDS i1phAv HigpE@n Arsay) ,

=3

the anount of HCV and BVDV priners can be optim zed using a matrix m xture

of various tion. sets of priners. The final _assa

condi 11 on 1 nihaanesBo ingpoRSd 10 AEhdelin ArafEs G eopPeRe TRacts detached

VI C-| abel ed BVDV probe, 408)6rr1\/,l of both HCV priners, and 45 nM of both BVDV
primers. Thr BLHEDENdeAOVELBEiRInEe fissHe syrae tRaved, [hRaninerddisseomps insebatedr
vari ations such as "conprises" or "conprising,” wll be understood to inply
the inclusiorcobfagenast soledon (Rreglerl cotlagenass(Sifma M- S1HS) $n BollagBdse bia€fer
exclusion of any other 10 integer or group of integers. United States

provi si onal ppRSS CRhMIOA60/ ?(YrﬁMlﬁEPEfs;])l t%FiSWiHL\%%th’ 320 ces ecf‘”g?eaéie%cg%gs

recited herern are incorporated by reference. e anu Iments

cci ted herein et erenc et of " e
Const ruct | on iaauenkr 3R B RN e b SRR Rt b Uminpa

the conpositions and nethods of this invention. Therefore, it will be
appr eci at ed P¥gp fltge(k asf 293 232 hoeAtb0on The eninesdgisseeanwdshey witte
clainms and specification rather than the specific enbodi nents which are
exenpl i fi ed Rédrwash sENANR L[BME]SID(hIigﬁ’mglatcbs&gR&hdIM)Iiﬁduggnlh}B_lmgsfgﬂtaaA8806\7,er
and hematopoietic cells. Liver tissue fromhuman fetuses aged 18 to 22
weeks after g@REGR! ol free fatty acids (FAA), 1x Penn/Strep, 10 ng/ml insulin, Sug/ml
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)], Sug/ml HDL
(Sigma L.2014), SmM nicotinamide (Sigma N0636), 1x Penn/Strep (Gibco 1x), 1x trace

elements [1x10"M copper (C8027), 5x10™''M zinc (Sigma 4750), 3x10"'°M selenium



.
P

were stored in RPM on ice prior to dissection. The ti ssue2wagamagihed wi th
PBS sol wto @m773hke tissue was mnced by scalpel in 50 ms of dissection
buffer [HESS 20 2 1 MAR 2007 (Cellgro cat no 21-022-cv), 'O BHMMEMA 0. 2mv
MySH4, 10"1\?(55EPE§[@ The mnced tissue was incubated 10 m nutes in a 37
degree C watdFMBaORO3hndO0aemiE Glef Raphetdciahed- siis pended inmean ﬁtslikﬁmmﬁ@@

ti ssue were renoved. The ninced tissue was incubated in collagenase”’

sol ution (2yag/mi trendftragaase TEGR G L&) uf f [ HBSS, 1
mM CaCl2, | OvM HEPES]) for 30 ni 2Et es af 3%6ﬂé6gﬁr%e(§s EQ?D?%OPdelgeV&lhe cells

suspended re col |l ect ed _and passed through a 40
m cron nyﬁ%ﬁyﬁoﬁlglrﬂ ?ﬁﬁ] ?@gﬁ“ 7 FOEBGagpT @*}%ﬁﬁ&l'ﬁﬁé) Aied ti ssue
was washed th tian M hi gh gl ucose JRH 51444), 500ug/ m
BSA (Sigm \f\fé%&mm%%ﬂ’eﬁd%?btl& M H?é/éotfcmrz seleasing Sact GiA(S) gmb TOPegY/ St ep,
10 ng/m | nsulin, 5ug/m transferrin]. The solutions containing the cells

that were passed t hr olthpdlezedfdells evese plakiien POOHDN/ ggglasgtérheggu};tgpgwpm for
ei ght m nutes. The supernatant was di scarded. The pellet was Tresuspended

in 50 nis eklitbMniashe seldmd @Msandy SRUN, rg%légégelmféo]&anl E@* A}?tm nutes. The

supernatant was di scarded. The process resuspendi &¢ C#lif can

| Mwash sol h n at 50xg for 4 m nut es and
di scardi ng "t g%W%HSP l%ggrﬂr}gtlga% b gn i%cggftgﬁoga?ntl e &ietfbo hdlasePramg dntien

suspended i : % _ HDM medi a [ DMEM (hi gh gl ucose JRH 51444),
500ug/ m Bgé—(—%-éﬁg—g«w 5669, 1957 vesmged totoat theeldtet tGemeilils (il [ 2. 36UM
palmtic aci dg16 0, Sigma, P0500), 0.21uM palmtoleic acid(cis-16:1 n-7,

Si gma, P94 ¥R agd ggtiv etllepérctype il d{ot8 sOlutiSh @B/ A TINE eic
acid(cis-18:1 n-9, Sigma, 01008), 2.71uM i noI eic acid mag‘s‘%?(yﬁ

10 minutes - 1hour, rinsed twice with PBS, covered with PBS, and stored under PBS until
needed. |

Altemetively, 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 ae 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 1.9cm? wells ( l.ixlos/well for 74-we11-
pla[es, 2.2x10%well for 96-well plates) in normal STO medlum (RPMI- 1640, 10%FCS)
and allowed to adhere for 2-48 hours. The media was removed and replaced with media
containing 2ug/ml 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 feta] cells.



. Si'gma, L1376), and 0.43uMlinolenic acid(cis 18:3 n-3, Sighd, MAR3ME)] .
5ug/ M HDL Sigma L2014), 5nmM ni cotinam de (Sigma NO636) I Strep
(G bco M§ ,”2’?'7(28? ace elenents [1x10' 7M copper (C8027), 5%%353@2&']@{-“
(Sigma 4750), 3x10-10M selenium 21 2 1 MAR 2007 \\'O 02/077206 PCT/ U. S

12/ (J96N, , (Sigma S66689r]24-A0Hed, idh-duethddFeni oélioherd Oéndwed, usie degfisl
insulin (Sigma 15500) 5u'.-/mM transferrin (Sigma T0O665), 10-6M

hydrocortisone.(Si |55 o gQ i Oug/ m

liver gr omﬂ?e%é‘gi'(}?l g?)ﬁdgaﬁg%él%é%éﬂfﬁsgkj ef ﬁgg%?é%ﬁlﬁgd |§'rzr351)e 135), 10"6M
thyrotropin releasing factor (Si gpia T9146)]. 5 The pelleted cells were
plated in ENEFR NG R R RS Wéhégklgj/ Cek @ %&%@lsémé%qﬂoﬁ il MARROIREY | et ed
cells grew well on an extracellular matrix. The pelleted cells can grow on
pl at es. t hat have beerimooatoedinmg &f thelcERgentuud ves pefdrogdef w8 af24madlo,
Invitro Cell. Dev. Biol 24:230, 1988 was used to coat the plates.

General |y, & pl &t 6-Was piGubal e Widlnfc66h WAGEICTY PEpha-SIRE6r&eiut | On
(30ug/ m |R DVEM at 378for 30 10 mnutes - lhour, rinsed twice with PBS,

h
covered with PB nd. stored under ,PBS unt.i| e xr ernatively, the
pl ates can aﬁﬁb%@a‘iﬂ%&eﬁﬂ\ﬁ Qr°8§alearn @89?’ bt clr’l%t?mte%%g’ggﬁ %’é\%moﬁ%qqnet ed cells.
For exanple, STQ(Reid-99) cells that were Mtonycin C treated were used as
f eeder cel (BANHE Gernipiiiai ¢ACAGHOWRAR PS4t @%%Ax@r@ e glgcapberin 2338 W)s
remain 15 alive and provide a surface for the liver cells to attach. If
used, STO eeduss meelophladnetodies wedosiRained from( Bha2Migehygdrd Diego C2andhied
pl ates, 2.2x10"/well for 96-well plates) in normal STO nedi um (RPM - 1640,

10%-Cs) amﬁﬁﬁlbﬁwgﬁt@\'%lﬁ%?NIWS 79 2o JUQUF S DIACO MR iRinads HeBMAE: and
replaced with nedia _
10 using the LSAB2 or K0676 (alkaline phosphatase) kit of DAKO according to the |
manufacturer’s instructions. The immunostaining indicated that the cell mixture has

cells that éxpress 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 ér 24-well plates were coated with the STO(Reid-99) feeder
cells of Exampie 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 9.3x10° Chiron
20 bDNA Eg/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 10 to 2.8 X 10° Chiron bDNA Eg/ml. HCV infection and

replication was generally observed over a period of 20 days. During the incubation

19
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¢ containing 2ug/tnl Mtonycin C and then incubated at 37 deof §@&R Wor 2
hours. Wwhee)22Bsedi a was renoved, the STO cells were washed twce wWth
normal STO medium and the cultures are maintained fromM-T4&RONS bef ore
addition of fetal cells. 22 2 1 MAR 2007 WD (12/1177/206 PCT/ US02/ H9685

After 24- ABIpG@sEMIohe BT Gphetichiet, die mebiasyaveEsiat&myed HUsi.ng 9@{“ le
pipetting. The nedia is generally changed every 2-7 days. The cells have

been mai rradwedf BIC\ BESH oA And ¥ Wi j ttachment and good cel |
nor phol ogy. | nmunost ai ni nlgc; of th%lccelﬁ]wrﬁn%%%}tgg\%\gggbﬁaﬁ?% S PRMREY ok of

- 24-wel | l.l .plates at day, 11 _after . infection with HCV.

Al pha- 1- 'Fthogtpe?tg'?z}?e%ch’%‘“%éaﬁ%ﬁ%ﬁﬁ%ﬂq%\%b%%‘ﬁt?@?\- anti body were obt ai ned
from DAKO Corporation (DAKO), Carpinteria, CA Anti-human CD34 (34371A)
and anti-glycophorin (32591A) nouse nonocl onal anti bodi es were obt ai ned
from Phar M ngen, San Diego CA and used w th nouse negative control (N1537)
ant i body fRJb?H:BAK@a)’St aining was performed 10 using the LSAB2 or K0676
(al kal i ne phosphatase) | at of DAKO according to the manufacturer's

instructions. The | AOUGRYAMNG L NdE eq that . the cell _mxture has cells
t hat express al pha fetoprotein, gjgf}ggﬁ‘tah‘a@e&g?8%%5*&59]&%%"@15}"8? mashod t hat

express g -HUH? ; _ doe§_ not have cells that express CD34. 15 EXAMPLE 2
HCV i nf ect% on. ﬁlln@ﬁg}{esslu “IGFtaBLE Ysug 6%35@%% wéHeceoamethodi(teagdntefrom
STQ( Rei d- 89 fe d}er . cells of Exanple 1. The cells prepared as described in
Exanpl e 1 ,ﬁegag, Pr&EEH CoVeBothprocelGRenpiogBmatieddate isblatibf arfeotBllnRldt €
The cells were infected with 9.3x106 Chiron

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 Diarthea Virus

(BVDV) is added as to the cell lysates (approximately 10 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 ori ginally obtained from the ATCC (ATCC
15 Deposit No: VR-534). The BVDV control was constant from assay to assay using these.
protoéols. |
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 léss
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 uM each of dATP



20 bDNA Eq/m titer of hepatitis C virus, RNA89S, per wel ? 1pwfgg ed from
ProMed \Dg.02/0Fh@1 nocul a were sel ected so as to nmake the L pal’ « entration
in the wel | 20% 30% of added serum or 1.2 x 106 to 2.8 %"16&"EA% on bDNA

Egq/m . HCV infection and replication was generally observed over a period

of 20 days.dIR.id@ R, & T a0b@ti OV23riark pMARr26E0 N 02/ 077206
PCT/ US02/ 0968-; before assaying the HCV production, the nedia was repl aced

crery 2.3 apmiienan, Bl oIS UREI BRI

quantitated by neasuring the nu co

. and rredia'l%oclgatPCRb 5 RT: E’CRP'@S% I;lC\/ RNA was extracted fromthe cells by
~ using the RY8ASTCEEEHE I hod 5 ‘oM By ¢ denvard prmee(ShQ & ddant's usi ng QLA anp
96 Extraction nethod (reagents from Q agen, Valencia CA). Both procedures
enpl oy smalcAgegagiecttagggics ord\amd £5uM BVDtéwrse @imsti (SEQ RNGOUs g a

chaotropi c agent together with silica glass, which is capable of 10 bindi ng

nucl ei ¢ dcigdscictzeprcasente- of a608q1)/QPI£r§ lag M ral dharrhea Virus
(BVDV) is added as to the cell | yse/lt es T(ag%bgk%%%t(gﬁv ﬁ%é %@051305

copi es/ sanmpl L) , chaotropi.c solution is added. G ass fiber
col ums a?%%ﬁ?iﬁ%g 'iena%g%%t-ab\r}éﬁn riraf'd seqpch dendcrami HC Wb whés ar e

eluted wit %’\ 3%“& ee water into the wells (approximtely 70-100uls). BVDV
was origin t 2 YREG U IGHPE RS ATUBE (AT 2081 Dogoss geoated/Robiddy . The
BVDV control was constant from assay to assay using these protocols.
' y y g p
Mul ti pl ex RE-PER (-ea2@ubSANI HCY mrbins@HRTEPSR Fesctions that anplify
ccrggaggctgeacgacactca ~ TAMRA - 3' and 200uM VIC BVDV probe (SEQ ID NO: 6)
10 5'- VIC - Ccetegtecacgtggeatetcga ~ 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 (1e.
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 al] samples

confirms that the RNA extraction and RT-PCR steps of the assay were successful. The
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.and nmeasure two or nore different RNA species sinul taneouz %&Uﬁ he sane
tube were used for these experinents. The HCV RT-PCR ass Mé Xerel n
was sendY®{yaTRe | ess 20 than 10 copi es per reaction. and Pcn/eannmwﬁr a
range from 100 to 10' copies. Ten to tvventy ul of extracted HCV RNA sanple

was testedgk¥ - PCR assay. erformed using_the foll ow ng
reagents, E%?%gﬁ@;%srposmr‘ ag-éﬁf I SP%\A%?? E’d‘n%%%f’%&?é’)"e HaXrepatgates: .

- acetate; 300 ui\4 each of dATP, 24 WD 02/077206 2 . 1 MAR 2007 PCT/
118112, 10968 flengreTp,  dGTP, dUTP 400n .M HCV forward primer (SEQ ID NO 1)
5' - ccatgaatcactcccctgtg -3'; 400nM HCV reverse priner (SEQ ID NO 2) 5 -
ccggtcetcctggcaattc -3 ' 45uM BVDV forward prinmer (SEQ ID NGO 3) 5'-

cagggt agtcgtcagtggttcg - 3'; and 45uM BVDV reverse priner (SEQ ID NO 4) 5'

5 ggcctctgcaecaccctatc - 3', and 0. gk uh 9fTth pol ynerase (Epicentre). DNA
ol i gos tagged vvith a dye and cont ai‘m‘ng—nu%laei c acid sequence derived from

. HCV RNA a \ s probes for the nucleic acid products
gener at e ‘%”ﬁ%e arﬁﬁ“ﬁd%“@‘? ﬁg:‘? %&Wmﬁ\ 2361 BEAYON( SEQ ID NO'5) 5' -
FAM cct ggaggct gcacgacactca - TA? .A - 3" and 200uM VI C BVDV probe (SEQ I D

NO. 6) 10 5'- VIC - Eéw@gpébamgmge@laaedswm prefiddbRaAs desdribed THExA@UES B
transcriptase and polynerase chain reactions were carried out in the sane
wel | in a 28 platéd0vehefeaadr laxﬁ‘e}'@EMytépﬁpahl@geﬁg@gy 5809\ A

was performed on a set of known anmounts of NQQS| nul)tcgﬁ#;—(l)-%}g nm&ﬁrh t he -

sanpl es Wf%eh?};ﬁ%d%&@”?%’%&'em “SetR8hd: }?Urﬁé.n pa AhOngh e wibadyner & ed

fromthose resu

(RNA898) was purchased from ProMed Dx. As a control, no serum as added to aﬁother
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 inc.ubated with the vu'us for 24
hours at 37 degrees C. The innoculum was removed, the cultures were washed with 1l _
- 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 Exaﬁuple 2. The
limit of qugntitaiion (----LOQ) of the RT-PCR assay for supematant samples was 600
" HCV RNA copies/sample.
FIG 1 depicts the results of the RT-PCR assay of the cell culture
supematant. FIG 1 shows that RNA898 showed evidence of high infection. The
20 negative control serumn yielded no HCV RNA. production. All négative controls were

below the LOQ.
EXAMPLE 4
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15 For each experiment, the limt of quantitation was deteg 1 @f he limt
of quantitation is determ ned by neasuring the |owest concentr F@ of RNA
that, afM®?2"7é¥raction and analysis in the RT-PCR procedgrasopigices an
output value that is within. the linear portion of the standard curve.

General ly, the negative .control s demonstrating little or no HCV
‘product i on)ﬁlslh N0 ggéllsé?g/“teﬁ'gé{_éﬁculgﬁ‘ﬁepﬁﬁi&é@"ééﬁ@é“%s measured with an
ABI 7700 Sequence Detector Applied Biosystens). The presence of the
control RNA, BVDV, inC attmes@éipum fembmllsr\memhaiaretdlm deboNbes i Ecézh'\ﬁln and

- RT-PCR steps of the assay were successful. The 25-2.1 MAR 2007

02/ U77206 RGE/14EN 3 Q6B deBYENY dmutob\\éﬁﬁc@z&%teh'm(ﬁw)a NSLE; N 1%955' bl e

to interpret a negative HCV result w th confidenc

course analyskfs BfatdiRee I a after ction Cul tures of
human- f et aI ? g er eerprg:)\é/1|t)da}rl("a/%IF s % g}?hg@apﬁa@g%ﬁgpd ¥ithdHeVpl at ed over
a feeder n Ctreated STQ{Reid-99) cells. The nunber of
cell's plat Z&%ﬁs) g&té"vm fed withdd & Vi esrauachasad ropabiodfed Dinfreghibe adrtfol HOV
(RNA898) was purchased from ProMed Dx. As a control, no serum as added to

anot her 10 se@Ap} et 300 vledliguot of HIBV treterederaAva02ided So @kéﬁth@éogfml"c‘@éuﬂﬂté ent
sera was added to a separate 0.7 ml of culture nmedium The cultures were

i ncubat ed whddiurih@hs eprBsdn® apdfoxifdQMs1 6+ § nnocul um was
renoved, the cultures pvttgrg m?apfhgé w t'h g}n% Cl?r%ﬂbgﬁﬁA%q/ng 'tuléeh gﬂl tured

in fresh Mgl @ w LA LL 8 4 SHREL DS L8k 7\3%%&586%@ dC°TeE:S C. The inoculum was

removed, the_ cultures were washed with 1ml of medium, and then cultured mn 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 supematant 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 mfecnon Thc negative contIol

culmre showed no HCV RNA productlon Figures 2 and 3 are cxamples of the high

-level of reproducibility of this HCV assay, not obtainable using similar HCV assays.

EXAMPLE 5
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 platgd over a feeder layer of mytomycin C treated STO(Reid-99) cells. The number

of cells plated were 4x10% well. This represents approximately 1.9 x 10° Chiron bDNA



©

bef ore each nedi um change (every 2-3 days) and HCV RNA neagyng® g7 ng a 15

quant i tah |,¥e79ul tipl ex HCV specific RT-PCR assay as descpg{ﬁ;@i“ Mvxanmpl e 2.
The limt of quantitation (----LOQ of the RT-PCR assay super nat ant

sanpl es was 600 HCV RNA copies/sanple. FIG 1 depicts the results of the

RT- PCR asspy/wal. tAe0oeldligad] éilsemm RUpeB9saloantgatve Gokrsienen it tsh ENABO 8
showed evi dence of high infection. The 20 negative control serumyielded no

HCV RNA pr LE 4

26 2 1 MAR@%@E}Q’ g%nééij 1‘9%?%%{15%%5%%0{3%1 B 00s “‘&%ﬁg‘%gﬁt}%%ﬁa ysis of
the HCV i cultu ia after infection Cultures of hunman fetal cells_were
propar ed ACHRACH bod 1P BRI K TEngHER SRS e UFTY WETeaVOeHBYiop Ayl 11t of

Myt omycin C treat ed ST Rei d-99) cells. The nunmber of cells plated were
4x105/ welIM-vBshanddiaznd themthe cplaweewerd sithec fetiwith fitesiHEM- BDMRMESAR) oand not
infected with HCV was purchased from ProMed Dx (negative control serum. A .

200 ul  afigureéstf #ﬁl@&bh&ﬂth I5SE Buiies @aleads txtal@s@ﬂlaﬁga&a@héa %éﬁife@%r
culture nedium. This represenis apprOX| mately 1.9 6 Chiron

Eq/wel | . The Wi t S. 24. hours at 37
degr ees Chafhée;S?ldnooncu#{J% ;ga&/amﬁaréé%%gg %daﬁcter %Ur} F%tboﬁeﬁngﬁmg&sﬁ?W? nl
of nmedium _and then cultured in fresh - nedi um -Culture supernatants
wer e sanpl@emgke ﬁPEﬁﬂéé{%ﬁﬁeW%ﬁlﬁFMﬁ%’éne@OéKngﬁB) HQVSENM thiCsermNas
measur ed using a quantitative multiplex HCV specific RT-PCR

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
iO HCV RNA copies/sample. All negative control cultures showed no HCV RNA (data not
ghown).'
FIG 4 depicts the results ofﬂ1e 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 extemél 1noculum, 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-166866
20 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 4x10°/ well. A 200ul aliquot of serum RNAS98 (or negative control

serum. not shown) were added to 0.8 ml of culture medium and incubation performed for
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assay as described in Exanple 2. The limt of quantitati on of the
RT- PCR assay for supernatant sanples was 600 HCV RNA CO%I esw\a le. FIG 2
and FI QY9 3837 the results of the RT-PCR assays of thePE®& UI“”‘l‘E?"Y',\UI ture
supernat ants. RNA898 showed evi dence of high infection. The negative
control ul ture Sh-D)A%d I u nd, xanpl es
of the hi gh‘4 l?ou\;%?t ré%ﬁ%&ug{dog:!ﬁ hlt% IR&#g{\Jﬁg&il—f—ig?ga{sthw?m%ot e;j aﬁ]ﬁgbl e
using simlar HCV assays EXAMPLE f 20_Time course anal ysi s of cel | : '
associ at ed BAEVhRNATEE fsdiyacvenlzed tithdhi- B BRTERE HifRF reon e aP IO ner
prepared as described in Exanple 1 and plated over a feeder |ayer of

myt omyci n Ghé¢ tembethdSTRIRHIGE66 9fromel tb 4 Oullhe Eacirheiibitcafconedntatiph ahetkswer e
4x105/ well. This represents approximately 1.9 x 106 Chiron bDNA 27 21 MAR

2007 \'1 0 Q2/Q G AdO8RY (¢ %}Qﬁ) é&? er

RNA898 (orqﬁeggltz%\?%confyggaé%rum$ tor “Aa B}lgggdﬂ Lbo%éaé Atﬁpr
culture n:edl &Ecﬁrture § i ncubat.e V\Ath t he virus for 24 h at
37C. The 1 ﬁB YRS, e prRsenes b‘ WSeis SRRERRG W TRTSRHAYE of

| Mwash medi a, and. t hen the cul tures were either fed with fresh M HDM
medi um or 3eplacsdwith dresl medsmy peritaningithtsanyssqoncpriffton, ofdnhibuore s figsrap
simlarly washed, then fed or harvested on day 2, day 3, day 6, and day 8

af ter i nf ecldtiftfonallheaysptial cuRNA medu@xdsasheded, iosliuhe weeredhddy/ sat a& usi ng
the Rneasy nethod (Q agen). HCV RNA in the sanples was neasured using a

it 2 b S IR S oo
\I/-IvaCi ]Iiﬁlg g’g ﬁ%ﬂg{l\&aoeg esc{egcaﬁ%d 1n E)’?&llplee)g%éV%{ISang rtl'(l)el sa%llallgsu\’r»'ae'\ssnmgahs%\rl\gid no
10 using a quantitative multiplex HCV specific RT-PCR assay. The limit of quantitation of
the RT-PCR assay for cell associated RNA sampies was 100 HCV RNA copies/sample.
FIG.5 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. FIG.5 shows that VRT-106866 is an effective

'{ .

15 inhibitor of HCV infection.
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shown). FIG 4 depicts the results of the RT-PCR assay of the
cell-associated RNA.  The highest |evels of cell-associated H@WRRWY wer e
observed on days 2 and 3 after infection and significant HCV RNA was stil
present day 6 after infection. The increase 15 in HCV RNA fromday 1 to. day
3 occurred after renoval 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 Cul tures of
human fetal cells were prepared as described in Exanple 1 and pl ated over
a feeder laver of nytonycin C treated SEXAMY-99) cells. The nunber of
cells plated were 4x 105/ well. A 200ul aliquot of serum RNA898 (or
negative control serum not shown) were added to 0.8 m of culture nmedi um
and incubation performed for 28 2 1 MAR 2007 WO 112/077206 PCT/ US11209685

24 hours st 37C. After 124 BompésitibhEoiBaliAe ¥asl] ﬁﬁ%ygébm]%%n&ﬁbérgEﬁ? ewer N

washed. and the culture nediumreplaced with | MHDM cont al i ng: rent
concentrat i oh@n@ippm@h@ceibnpmml fven-tho B 866 { efhuorntigeo threkiMontHsae bidephfidy t or

‘concentration was.test ged eéié icate and the positive control (no
i nhi bitor) wa¥® SBR’%PWE R € t%F’ieHh CORPPYUHOR CAHPIOBHES BATE than A un 500G
| Lhe pr esengReis A ¢ Qi e HHARE PRETNRN LR ARV R, R0, TSPl aced

with fresh nedium containing the sane c tratlon foF. After an
addi ti onal Ba@ay@tertrtgehcM@%wmammwmm&&%/édepckhed 6hIM4#EIeS7 WWBDE, in the

washed, d the I nol ay was disrupted with Iysis buffer ‘and tot al
RNA ext ract eé”l?&c?f{; i’?leenBF{\%r&sch“%P‘ho]cﬁ)g@ %&g‘&ﬁ%magoﬁé‘é%ﬁ Menpassas. Fxa?2l16- 2.
HCV RNA in t a

Efo 9{%5 %eposxtm(s) E%A 3237) for the cell mixture that consists of 4 x 10 cells.

2. The composition according to claim 1, wherein the composition is

capable of producing more than about 10,000 copies of HCV RNA s_eventy;t\«vo hours

15 after administering RNA898 for the cell mixture that consists of 4 x 105 cells.

3. The composition according to claim 1 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 10° cells,

4. A composition comprising a cell mixture prepared by the following

- steps:
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-« 10 using a quantitative nmultiplex HCV specific RT-PCR assay. The linmt of
quantitation of the RT-PCR assay for cell associated RNA sanPI es was 100
HCV RNA copi es/sanple. FIGS -graphically depicts the resul t4s \MARcZﬂU?are
presented as nmean and standard devi.ation of "%.0of contro| HCV RNA" (sanple

val ue/ mean of positive cont r(Sii va‘i?ggt}ngfarlbﬁrtoﬁé hpmap aged thecemprtys egolden s

shows t hat VR&'ﬁél;Q@ﬁ&qmlOg lg@b@ffffeggémyﬁsﬁé};m bitor of HCV infection. 29 2 1
MAR 2007 CLAIMS 5 1. A conposition conprising a cell mxture conprising

liver cells. hematopoietic cells released fromthe liver of a human aged
three nonths or ol der after (Bbncepeubating tediifsegdetiverahlasuffshesraprisinpe

conmposi tion ¢ rodu £ or n. about .. 5000 copies of hepatitis C virus
in the nedia ﬁ—!@% O ERPE aﬁ?§q?s\,\%orﬁé}&eig V&fter adninistering the HCV
virus, RNA898 ("RNA898," deposited on March 27, 2001, in the 10 Anerican

Type CQultige Col | ection, 108Qd) Univgess b &9%%@91, MRAS S -
2209; ATCC Deposit No: PTA- 323)7) for the Jge m xtouroé "t hat %znntshl\és%?ég%%94

105 cells. 2cellfhe conmposition according to cI aim1, wherein the
conposition is capabl e of producing nore than about 10,000 copi es of HCV

RNA seventy -two hours 15 a(éer adm ni ste |n8 R%lﬁ8 8 for the cell mxture
that consists of 4 x 105 cel | TCRAYIng Seepd IR dhsicherated €llsi m | or

claim2, wherein the conposition is capable of producing nore than about

50,000 copies of HCV RNA seyent y-bs@pdiaiosthabLiey ofathd @i 51 £ ﬂ%ﬁ for
the cell mxture that consi s;(?nof 4 xp 20 105 ceci %(Hbiltc%elrrr%gs ?cﬁa, '
‘conpri sing a ewnprismgealeinnp frep datdadigs Ele sy, dli ghoddnsiy lipoprotein (HDL),
10 nicotinamide, trace elements, epidermal growth factor (EGF), msulln, 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
® 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"), déposit_ed 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.
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steps: 30 2 1 MAR 2007 (a) dissecting a liver of a human aged three nonths
or older after conception in a buffer conprising EGTA (b)zj?ﬁklﬁpi'ng t he
di ssected liver in a buffer conprising .collagenase to separate cells from
the liver; 5 (c) renove-obj - S ar r fromijhe separated.
cells; (d) renoving red g?%%géozneq%lqgmfl rc%%&td €tgé:ga?rhglt%racl%lg1 %s”shf‘(f%@ the'cells in
resuspendi ng theecetlehixsurefcas pegs thrbugh @ 4@ R Flkéree nedia, conprising
calcium free fatty acids (FFAs), high density |ipoprotein (HDL), 10

ni cotinam de, trace elenents, epidermal growh factor (EGF), insulin,
transferrin and hydrocorti sone and optionally, any one of the ingredients
sel ected fromthe group consisting of glucagon, liver growh factor,

et hanol am ne and t hyr ot rropy j X f)..culturing the cell
in the serumfree nedi aggﬁ%t%)gl{@g@;oggifg&aﬁ’tg&éichaﬂgﬂeérc% 05 e&ﬂgﬁlﬂﬁ‘E%er
conpri ses § eedextucetdnspriss caliethanerpesis bigha feopidh @1t &a@le:@ﬂr@%slalbdm%r I
the feeder cell is the STQ(Reid-99) cell ("STO(Reid-99"), deposited March
27, 2001, in £HE tﬁﬂeﬁ@&eéﬁg*bg?ﬁghorma|bt1u1r5éut§§¢nt@élmfm,of ¢€lBObatlxipress ST

Boul evard, Nagﬁég.s, VA 20110-2209; ATCC 20 Deposit No: PTA-3236). 6. The
conposition according to claim4, wherein the feeder cells conprise
STQ(Rei d-99) cells.

(7]

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: serurh-free média,
calcium, FFAs, HDL, nicotinamide, trace elements, EGF, insulin, transferrin and
hydrocqrtis_orie and, optionally, any one of the ingredients seiected 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 compriées Low Density Lipoprotein (LDL).

(3]
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31 2 1 MAR 2007 7. The conposition according to claim!| or claim4, wherein
the cells in the cell mxture can pass through a 40 mcro2 ¥ MARE007 8. The
conposition according to claiml or claim4, wherein the cell 5 m xture

[ I'I's that e | hat I in,
and’ col s that expr oo ol yeoehaPrn oharratie b afineol e o685 Brpe "

t hat express dondtisipy @t ettraceBulaAnaaigposi ti on conprising a cell mxture
conprising liver cells, 10 hematopoietic cells released fromthe liver of a
human aged three nonths or ol der after conception, and feeder cells,

~wherein the conposition conprises cells that express al pha fetoprotein,

cells that express albumn, and cells that express glycophorin, but is
substantially free of cetl d Hn . 10, The

conposi ti on accordi ng tgé'a?f gﬁ@pgéﬂéﬁg?c& é toz&g%[gb@,wh%glrngt ﬁeepres%%:ﬁﬁf i ng
a cul t ur e SmedCD## pootpiniis detgeted by faghrb cadungsel gegsdefiora Mhes grogp komBifiing e rmedi a,

cal cium FFAs, HDL,. nicotinam de, trace elenents, EG, insulin, transferrin
and hydr ocor'fiIBgeluerRscenssang AmMynopsraxidgsesiaininghe i ngredi ents sel ect ed
fromthe group consisting of glucagon, liver growmh factor, ethanolam ne
and thyrotropin releasing 20 factor. 11. The conposition according to claim
10, wherein the culture nedium does not conprises Low Density Lipoprotein
(LDL). 32 2 1 MAR 2007 12. The conposition according to any one of clains
1, 4 and 9, further 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
RNAS§9S.
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 sepérated cells;
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conprising an extracellular matrix. 13. The conposition according to claim
9, wherein. the presence of the 5 CD34 protein is detectet! MARa E?rocedure
selected fromthe group consisting of inmunofl uorescence and

i munoper oxi dase staining. 14, Theeﬁgpmﬂﬁigtth@eemg&ffgéﬁ ('%1% irf £ sE%- PR &z,

clains 1, 4 and 9, further conprising an HCV. 1 e conposition

according to @@W@%@#W@r’ EFAst HQUﬂWOtisamm.el@ﬁenm EH, bl ify ptransferrin,
i ssect | b a MRS ns Syt oagll S Gorpb e 206 S0t dbihe Redenssnedst on
in a buffer copRthébiddpEGHAstit of: ?ﬁl‘é%’&d, N9erd é}gwﬁqu%ﬁ)?,t &gﬂog%l%ée by @ buffer

conprising collagenase to separate cells from ver, renove

obj ects 40 ni thymtropm mgteasingfadtopanihe separated cells; d. renoving red

bl ood cells fromthe separated cells; 33 2 1 MAR 2007 e. resuspending the
cells of step (d) in a serumffree di. a, congri Ei ng cal ci um_ FFAs, HDL,

ni coti namide, trace el ementsl EGFCUWLRE 1A celly Rl &Hniree media o€ siep(Done,

‘and optionally, further conprising any one of the ingredients sel ected

- fromthe group consisting of. glucagon, liver growth factor, ethanol am ne
and

17. Th__e 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, washiqg 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

. 2 . . . ..
of about 0.52ml per cm” prior to washing the cells in the composition.
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5 thyrotropin releasing factor; and f. culturing the cells in the
serumfree nedia of step (e). 17. The nethod accordi ng to2cl HARN2003,
wherein the red blood cells are renoved by centrifuging the suspended

cells at | ow speed (50xg) to pell|et the I ells 10 faor approxi rrately
3-4 mnutes, washing tty?g'célrrl‘ h‘f‘l@l‘aﬁx%‘ﬂ"}%t gﬁ’d“ B%’&F‘i’ﬁ@“%‘ﬂ%the&éﬁiﬂsﬂ fugi ng
and washing steps. 18. The nethod according to claim 16, wherein the

serumfree media does not contai p.l.ow #ﬂﬂéh&%p{)iﬁ&%&%%? (OLZQR,[Onej(éClja?IP%Q

met hod for infecting cells wth HCV conprising e ste acting
conposi tion df 4ang9ene ceil mixairmacdordihgandladmd6 drivtaimel 8, wiihxd faederpegpar ed
according to the nethod of claim 16 or cl ai m 18 with the HCV virus RNAS98

or its infectious equivalent. 20 20. The aod according to claim 19,
wherein the HCV virus is added 50rtt%m§dh$5§ S SRE CATAPQSHEQR e BNARI8 5 digt

24 hours at abeut, 3¢ [£8SE in a volune of about 0.52ml per cn® prior
to washing the ce0 I's ?ﬁ’gtﬁe gorrpoleon 34 2 1 MAR 2007 21. A nethod for

assayi ng HCV infection conprising the steps of: a. incubating the
conposi tion according to anyc.one nfcasirmignie pileser{bea)lﬁdmegHON RNgedskoditad Wit

according to claim 2.6hor clalm18 with a feeder cell; b. contacting the
cells in the ﬁso“r?h)‘ég thefompaskigmirBedja in pdichghe gelisare S%Uréﬁei beth ¢ celland

and the media.

- 10 ~ 22. The method according to claim 21, wherein the feedercell 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 (BVDYV).
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;



=~ C. measuring the presence of the HCV RNA associated with the cells of the
conposition, the nedia in which the cells are cultured or bftwhgqgfel l's
and the nedia. 10 22. The nmethod according to claim21l, whe diVAR. f eeder
cell is the STO(Reid-99) cell. 23. The nethod according to claim?2l, '
wherein the quantity of HCV °PRNA FSnAetR e gelyindbmprmpasiiqrayith RNASRSunt of
HCV RNA present associated with the 15 cells or nedia in which the cells -

are cultivated with (b) an apount ,8f; : ) i t.hat. i.s _used
as an internal control. 24. The mgt{?(l)g ééré%%:‘:ﬁé"%?g&{c] atlhécé%,%oﬂﬁ%? g?fﬁret(ﬁe
second viral aReAthescellf arnedBeactatewith RAVA 89 Bor ibeiafodtis usSequBMIRY - and0 25. A

nmet hod for evaluating the ability of a conpound to affect the production

of an HCV conprising the steﬁs of : a. incubating the conposition according
to any one of clainms 1, 4 afid 9 &reaguang e HGY aysecigiedoyith thg celds, dheamadia én or

cl ai m 18, sui g HRRARE aRELlunciPorddty MR AL, ub-ggnt acting the cell's in

the conposition with adm ni stering e conpound to the
conposition before or after the cells are contacted with RNA898 or its

i nfectious equivalent; and d. neasuring the HCV associated with the cells,
the media in 5 which the cells are cultured or both the cells and the

medi a. 26. The net hod ording to clai 25, wherein the conpound i nhibits
a’.?é: '['he m%thod accordmg to claim 25, wherein the ccr)rrelpound inhibits

HCYV 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 associatéd 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. '

L | o _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



HCV production. 10 27. The nethod according to claim25, wherein a
plurality of compounds are screened simultaneously for theyrymaoprty to

i nhibit HCV production. 28. The nethod according to claim25, conprising
the further step of conparing the neasurenent of step (d) with the anpount
of HCV associated with control 15 cells, the nedia in which the control
cells are cultured or both the control cells and the nedia, wherein the
control cells have beeﬁlsﬁbﬁmle@ﬂawosiim)@ clgim) 3, ayhessindhe quansity ofdICV

conpound or no i nacti.ve co n_adm ni st er e net hod
ocbrding 1 RN e s DR RER it Sen Rz REo)
cell. 30.. The method according to claim25, wherein the presence of HCV is
measured by determ ning the quantity of HCV RNA associated with the cells
or media in which the cells are cultivated. 36 2:1 MAR 2007 31. The

met hod according to claim30, wherein the quantity of HCV RNA is determn ned
by reverse-transcri ptase %bmh@&teccoming\tor@amanVI(qRﬂinWmRMHHIElUBQfHGTHe

t hod t 31, wh th d
by compar | ngt P isHesRE e c P Ee (RiRe 300U StV R A Toheeicied i A (e
medi a in whi g hhgs GERhRhARE AN A a@hegtew“m (P aRoAMVIMNA' N LR &

second virus that is used as an internal control 10 33. The et hod
accor di ng t oviristhat i3 2sedvseareinterhdlecosrobnd virus is Bovine Viral Diarrhea
Virus (BvDV). 37

10 33. The method according to claim 32, wherein the second virus is
Bovine Viral Diarrhea Virus (BVDV).
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