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in which hepatic cell necrosis and hepatic inflammation lead to a
characteristic constellation of clinical, biochemcal, imrunoserologic and
mor phol ogiwo beslusy es. .. caused by viral agents with di sti PetTB60/01825

i mmunoser ol ogi ¢ characteristics and specific epideniologic attributes”
(Koff., 1993). The biology of hepatitis viruses and the description of the
| iver diseases due to these viruses have been revi ewed extensively

(Robi nson, 1996; Koff, 1993; Seef, 1996). At |east seven viral agents are
i nvol ved ivoct.hetvialal ghepatdl i ss9 namlzp, (hepajitis viruses A (HAV), B
(HBV) , C (HCV), D (HDV), E HEV), G HGV), and TT (TTV). Al these viruses,
except forzidA¥gandtHEY, Causepattiulanilc:Bepassti $19%dr the purpose of the
present invention, the term"virus" enconpasses both wild-type and mutant
strains. lZeuddi end Wrépo hepatetvisoliogyses : akest hied nbsi9Preval ent  viral

di seases in the world. Hepatitis B virus (HBV - a nenber of hepadnaviridae
famly) and hepatitis C virus alone (HCV - a nenber of flaviviridae

famly) affect respectively 350 million and 100 mllion individuals
wor | dwi de (WHO annual report WO 01/ 42429 PCT/1B00/ 01825 6 1996). These
Vi ruses aEeckKasar : d@-e and chronic liver disorders. In

addi tion, epldenlologlcal studi es have |inked HBV and HCV infections with
the formati on of hepatocellular carcinoma (HCC) (Parkin, 1999, pp. 5-11;
WIld and Hall, 1999, pp 35- 54; Ferrl, 1997; Boyer and Reuben, 1993,

611; Hayashi, 1998l BRPasigsisi®) defippEnstieatwEreic grmaByingagtion
HCV-infectedghtghV|duals |n%§pde |nterferon and ~antiviral drugs. However,

their effiei Repafiiq |9yt mEsHePREi Agd a?ﬁpﬁqﬁﬁl%ﬂ@%%ﬂﬂ?t&QVoﬂﬁa%f
significant si effects.. In order to. stud patitis V|rus aSSOC|ated
di seases &Rd® g%@% %ﬁ??ﬁﬁﬁlf¥é§Fﬁ§ﬁ§%atbﬂ% %% {k§ % AFrePRBaReL f or
cultlvatlng gatlti Vi ruses. % gate chlnpanzees

i serclogic and morphologit ea ures... caused by viral

agents with distinctive immunoserologic characteristics and
specific epidemiologic attributes” (Koff., 1993). The biology
of hepatitis viruses and the description of the liver diseases
due to these viruses have been reviewed extensively (Robinson,
1996; Koff, 1993; Seef, 1996). At least seven viral agents are
involved in the viral hepatitis, namely, hepatitis viruses A
(HAV), B (HBV) , C (HCV), D (HDV), E HEV), G HGV), and TT
(TTV) . All these viruses, except for HAV and HEV, cause
chronic hepatitis. For the purpose of the present invention,
the term "virus" encompasses both wild-type and mutant
strains.

Infections with hepatitis viruses are the most prevalent
viral diseases in the world. Hepatitis B virus (HBV - a member
of hepadnaviridae family) and hepatitis C virus alone (HCV - a
member of flaviviridae family) affect respectively 350 million

and 100 million individuals worldwide (WHO annual report,



mce, rats, tree shrews, woodchucks and ducks can serve as nodels for the
study of the hepatitis B and C infections (Schinazi, 1999). Such ani nmal
nodel s hawwo opdpM29di sadvant ages such as high costs, conpl exidyiggé/o182s
observations, unsuitability to high-throughput screening for new

t herapeutic agents, and significant angmal suffering. During the recent
years, several attenpts have been made in order to produce HBV or HCV in
eukaryotic cells in vitro. For the purpose of the present invention, "in
vitro viralosqgr.ofagsei vntuases agikrawntomadsagbonrancithe arepldmahive
production in cell culture of fully intact infectious virus, e.g. human
hepatitis Mivars ditmydruen pr ooddfvries:,f epidemibl pgipabpagaticn e be used:
WO 01/42429 PCT/1B00/01825 7 i) the infection of cells with a viral

i nocul um lirydesc HRYnanfsHEEf dmfeaf tdorfso Wiohs the héommemityn fubst ance, germ
or principle by which an infectious disease is conmuni cated or

transnitt égParRecdétilan err prsrEss(BEC)| iPacking. 1999, the tT-diisf @dtlidon of
cells with nucleic acids. "Transfection"” is defined as follows:

i ntroduct i34 &§Rltor éPgR: RenetiC4raferral LAPH: cRPYST afik Rawbeant
"state-of-the-art" nodel for the replication of HBV and HCV in tissue
culture i $°8SseRti Lty Baefion 4398 PPandPectidh: -CutireHottneREment&ct i on -
by genetic rial from HBV, respectively HCV. of established hepatocyte
cell i né’SfT%%?féhaaé Fhe- CAtEBIMBEEBET et it IherEiezen and| nes

(obt ai ned fgzom.Dr dHeI nut Jacobsen, F. Hof%mann- La-. Roche, Pharma Divi sion,
Precl i ni c&PCCSAEFal RIS ol Sramt PRESeBF ERC BSEILS &t 2 dnd. ) (Tabl es 1

and 2 at the_end.of _the . description),. In.on rior_art experinment, the
Hep& cel POV AE WA a?é]a%?yecatrgdn\ﬁ thegoﬂ{legl%r%ﬂcdeﬁaé’itnisﬁéletm t andenl y
arranged _gepiLes of the HBV genone. The resulting cell line ("2.2.15

In order to study hepatitis virus-associated diseases and
develop new treatments, one needs a reliable means for
cultivating hepatitis viruses. To date, only chimpanzees,
mice, rats, tree shrews, woodchucks and ducks can serve as
models for the study of the hepatitis B and C infections
(Schinazi, 1999). Such animal models have many disadvantages
such as high costs, complexity of observations, unsuitability
to high-throughput screening for new therapeutic agents, and
significant animal suffering.

During the recent years, several attempts have been made in
order to produce HBV or HCV in eukaryotic cells in vitro. For
the purpose of the present invention, ”“in vitro viral
propagation” and equivalent wordings mean the replicative
production in cell culture of fully intact infectious virus,
€.g. human hepatitis virus.

Two main procedures for in vitro propagation may be used:



cells") produces HBV surface antigen, nucl eocapsids and virions. However,
the 2.2.15 cell line has several disadvantages: 1) the rate of production

i nfect icles (Dane particles) by the 2.2.15 cell line is very
Iow 2) tﬁ@&ilé‘ﬁ?‘Eﬁt. ne produces continuously an inportant arRSJABOYp1825
replicative internedi ates, which nust first be washed out of WD 01/42429
PCT/ 1 BO0O/ 01825 8 the |nvolved cells before testing for the virus titer in
experiments with antiviral conmpounds. For these reasons, initially
transfected cell lines such as Hep& and Huh-7 (which has sinil ar
features) are not suitable for large-scale or high-throughput screening.

Vany di 11 aneBe! e6eBLot s, Nay e daen TRt Loged.y n.REieryart | resear ch

concerning the entr epatiti's hd“hepafiti’s ViTus particles into

cells durMQQfE@@leﬁeQE'@Qﬂﬂﬁgp%%sfolggagerthga§$ﬁx¥t'E%H@t g:goéggﬁgtgr

the transferrin receptor, the I gA receptor ‘denst t
(LDL) re%%pEQEncﬁﬁﬁeaﬁyaMQQﬁV%QPEQE@bE1&6@653ggaé@QﬁpQQﬁmmkg%ated or

i nterl eukin receptor, the endonexin-2 receptor, the GAPD receptor, and

putative regaphotseal ©de Kddadal benprbkDay 8RdinAO- kiR, as revi ewed by
Treichel (Treichel, 1997; and references therein) have all been nmentioned

in literatuyecheHonenefecd iRl &5 cn0sdpl LA hhyB ANSNEIGAS tO whi ch of these
receptors is directly responsible for the entry of HBV particles in the

cells. Conmeaﬁsﬁgctﬂhh"tiuid&@&heaeégptelléﬁhleiﬁcréﬁﬁﬁtloﬁ|b@tforéQQQ) t he
LDL receptor (Agnello, 1999), the mannose receptor and the
asi al ogl ygepeoiei matecet arso Hetghton et al., U S. Patent No. 5,968, 775)
have all been nmentioned in literature as a possible nechanismof entry.
However, thereThs curgseft nistieve-ofnsherans” trwoddll dorofthkehespliesepbOrs i s
directly responsible for the entry of HCV particles in the cells.

of HBV and HCV in tissue culture is essentially based on the

transfection - and not the infection - by genetic materials

from HBV, respectively HCV of established hepatocyte cell

lines, such as the HepG2 (ATCC HB8065) and the Huh-7 cell

lines (obtained from Dr. Helmut Jacobsen, F. Hoffmann-La-

Roche, Pharma Division, Preclinical Central Nervous System

Research, Basel, Switzerland.) (Tables 1 and 2 at the end of

the description).

In one prior art experiment, the HepG2 cell line was
transfected with a DNA clone containing two tandemly arranged
copies of the HBV genome. The resulting cell line ("2.2.15
cells") produces HBV surface antigen, nucleocapsids and
virions. However, the 2.2.15 cell line has several
disadvantages:

1) the rate of production of infectious particles (Dane
particles) by the 2.2.15 cell line is very low.

2) the cell line produces continuously an important amount of

replicative intermediates, which must first be washed out of



WO 01/ 42429 PCT/1B00/ 01825 9 Notably, a recent work by Cribier et al.
(1998) indicates that pretreatnent by dextran sulfate of the cells to be
i nfected HCV, inhibits the attachnent of HCV to the cell f nd
prevents %90%%4%%“ on of the cells. This finding suggestsP%tog@@zg
removing |ipoproteins or |ipids, dextrag sulfate inhibits the interaction
between the virus particles and the cells. Accordingly, the prior art
specifically teaches away fromusing dextran sulfate or simlar conpounds
(nin Vit | RALN SLCBBoPSPEEL ALY A0 (REPALLLL S YLLYSES.  TO
summari ze, despite many attenpts, no efficient and reliablé in vitro

i nfection syst:emdRs u@yhaagty@yfgpacgﬁﬁghndgescribed in the prior

art. (Robi nson, 1996, pp.1149, 1155, 1161; Koff, 1993, pp. 498-499;
Hol I i nger, 1996, p. 2742; Ganem 1996, p. 2709; Robinson, 1996, p. 1189;
Lohmann et al, 1999, reference 6 therein; Schinazi, 1999). The

characteri sti cyorequiccedrb@Ecas | el ablg 1and ahkkebeas cém viid Gekh
culture system have been described for the culture of hepatitis B virus
(Sureau, 1893)epcthaese HGhavacheidstias siwhileh absous®p) Yatomdihe hepatitis
Cvirus, are the following: i) the cells should be of human origin. ii)

t hey shoulstiihablemibiral azgd- sdabs def HighersybagAput Usdtdadiad; supply. iii)
the cells should retain the characteristics and functions of

di fferenti at edMaepatio€ feesnt W2 O AAD BaPETHEBAOhEABmed Gid Wribleyrshoul d
be both susceptible to and perm ssive for HBV, respectively HCV. v) they
shoul d sugtsearrbptovaeining ntlypanttintyi e$ baphttientB drod hapsic ihiiecbhem cal
and nol ecul ar anal ysi s procedures. Accordingly, there is an inportant need
for an HBViang particles into cells during the infection process.

Concerning HBV, the albumin receptor, the transferrin
receptor, the IgA receptor, the low density lipoprotein (LDL)
receptor, the asialoglycoprotein (ASGP-R) receptor, the
interleukin-6 receptor, the endonexin-2 receptor, the GAPD
receptor, and putative receptors of 31 kilodaltons (kDa) and
50 kDa, as reviewed by Treichel (Treichel, 1997; and
references therein) have all been mentioned in literature.
However, there is no definitive answer as to which of these
receptors is directly responsible for the entry of HBV
particles in the cells.

Concerning HCV, the CD81 receptor (Pileri, 1998; Flint,
1999), the LDL receptor (Agnello, 1999), the mannose receptor
and the asialoglycoprotein receptors (Houghton et al., U.S.
Patent No. 5,968,775) have all been mentioned in literature as
a possible mechanism of entry. However, there is no definitive
answer as to which of these receptors is directly responsible

for the entry of HCV particles in the cells.



HCV infection systemsatisfying these characteristics. Brief description
of the Invention. The solution to the above technical problemis achieved
b rovi di enbodi nents characterized in the clains. The resent
i%vgntionbggggﬁggé areliable and efficient infection sysﬁ@ﬁﬂpﬁmngﬁ
eukaryotic cells satisfying the characteristics just described for HBY,
HCV, and other viruses. The goal of inf%cting eukaryotic cells with one or
nore virus species is attained by freeing the receptors for |ipoproteins

and/or |ipids ﬁgtgpggc_egl ré%%/rﬁt?%xfﬂ %?e%%?geg:tfi é’lfl;lé’l _al ‘%49}8305; g%lglg?s and/ or

lipids prior to infection he co ated VirUs: 58d t hat

t he absenggato%rgkpggﬁaéﬁﬁ Qﬂgéﬂﬁniggﬁ?§58nofh§§§ leceptrs all ows proper

I
interaction between the virus particle ensél ves covered Wwth

l'i poprot eiipgkcand LheuEar ool 6 celdhs. agggcﬂtﬁgﬁfnéf | pventd qca ke used for

infection with any “virus species, preferentially hepatitis-causSative

agents, sughraas hHepagRavidddag( HBYeapdoRt Bersle ddd Vidyidae ;GHEY,
dengue, vyellow fever and others), or any conbination of virus specrles,

such as hepabebts €eht aoyi tdndiapat 1tibspBoVeims . oMQ Y A242R RCEAI BOO/ 01825

11 The cells to be infected according to the present invention can be any

eukaryoti eutehte, ibeibhey qHd Materabcieanbeafe8statd ivshed ¢akk ikhas.
Preferentially, the cells are from established hepatocyte cell |ines such

as Hep& andHuhd, ce hepatmeydrel ipigilFar ¥he ebt Sor aht eifedfaldad 1¢ekkbaghepr i mat e
origin as well as any eukaryotic cell expressing a |ipoprotein and/or
li pid receptprfrdt usinmndenateadstbhihtsabtl ©XPIIRSSidc¥MpRGEd Sneiikher
naturally or after cloning of the suitable gene in the eukaryotic cell.
The agent vised fofedtrieei nydthes, eeepeorsl Iprrdd pay=ntieiigs viandtsr |ipids at
the cell surface fromessentially all |ipoproteins and/or lipids prior to
infection by the summarize, despite many attempts, no efficient and

reliable in vitro infection system for HBV and HCV has been

described in the prior art. (Robinson, 1996, pp.1149, 1155,

1161; Koff, 1993, pp. 498-499; Hollinger, 1996, p. 2742;

Ganem, 1996, p. 2709; Robinson, 1996, p. 1189; Lohmann et al,

1999, reference 6 therein; Schinazi, 1999).

The characteristics required for a reliable and efficient
in vitro cell culture system have been described for the
culture of hepatitis B virus (Sureau, 1993). These

characteristics, which also apply for the hepatitis C virus,

are the following:

i) the cells should be of human origin.

ii) they should be immortalized in order to ensure an
unlimited supply.

iii) the cells should retain the characteristics and functions

of differentiated hepatocytes.



contenpl ated virus can be sul fated pol ysacchari des such as dextran sulfate
or heparin conpounds, or calciumchelating agents such as ethyl ene

gl ycol - hi gf fi%bageam noet hyl ether) NN, N, N'-tetraacetlgcqﬁhﬂmﬁggTA

et hyl ene- bi s(oxyet hyl enenitril o) tetraacetlc acid; egtazic acid)

et hyl enedi am netetraacetic acid (EDTA l[Oethylenedlnltrllo] tetraacetic
acid), or any other agent capable of renoving the cell-bound |ipoproteins
and/or lipids fromthe surface receptors. The present invention al so

rel ates tawhenepf eabedd asd Ibottlsugeptoblai Bedaky pamfieeiiveg rtbkeustai med
process. When conpared to prior art transfected cell lines (such as Hep&
and Huh- 7)espketcitbegtedvcel | cultures of the present invention achieve a
much hi gher rate of production of WO 01/42429 PCT/1B00/ 01825 12 infectious
parti cl esyv)antegoshotil preadktctira repdnichitdcahi v qaamiinticaf st€flicéahtve

i ntermedi ates. Accordingly, unlike prior art cultures, the infected cel

cul tures dbxt hesprbseatheninantandn malecslibrabhely®id anyeesicalkes . or

hi gh-t hroughput in vitro screening of antiviral agents against infecting
viruses. The phoceddiegiwor Swreerdisngn anpoviant marhdwrdsncdBpr asds at

| east one control sanple and at |east one test sanple; each sanple

conpri zesHEV subecthot addsresi wialtas fyingquheat ephazaahanissicsel |s fromthe
primary cell culture or culture cell line, in this respect in a
substantially simlar or equivalent volume of cell culture fluid.
Furthernore, before, during or after the infection process described in
this i nveBriah deseripiions afylthej InveRbieRd to potential |y effective
anti-HCV or anti- HBV agent(s) in a nutrient cell culture medium or any
convenient fluid. The <cells fromthe control sanple and the cells fromthe

test sanple are thereafter |n%gbated in convenlentkﬁgll culture nmedium
during a conveRrrentotHBatCoiPEi ABOVEY batRELcal problem is achieved

by providing the embodiments characterized in the claims. The

present invention provides a reliable and efficient infection
system for eukaryotic cells satisfying the characteristics
just described for HBV, HCV, and other viruses.

The goal of infecting eukaryotic cells with one or more
virus species is attained by freeing the receptors for
lipoproteins and/or lipids at the cell surface from
essentially all lipoproteins and/or lipids prior to infection
by the contemplated virus. It is understood that the absence
of lipoproteins and/or lipids on these receptors allows proper
interaction between the virus particles (themselves covered
with lipoproteins) and the targeted cells.

The present invention can be used for infection with any
virus species, preferentially hepatitis-causative agents, such
as hepadnaviridae (HBV and others), flaviviridae (HCV, dengue,
vellow fever and others), or any combination of virus species,

such as hepatitis delta with hepatitis B virus.



conprising expressed ribonucleic acids (in the case of both HBV and HCV),
expressed deoxyribonucleic acids (in the case of HBV), or produced

pol ypept i dgs opsps2d hen detected in both the control sanpl e pegidogoidds t est
sanpl e by enpl oying conventional detection nethods. The antiviral

properties of the tested conpound can he rated according to the amount of
products produced. No of few products nean that the tested conpound has
antiviral properties, and conversely. WO 01/42429 PCT/1B00/01825 13 In
addition, the iniectellseld eulihtiresedf atberfiesaed thenpesbent al so provi de
a nmeans to produce antigen-containing nedium A new and inportant clinical
di agnosi s andeptbgmosars be coly keskabust pe oveded, e ttheyaboveangndt ofwesh vi r al
antigens, which can be used in the detection of antibodi es agai nst HBYV,
HCV and ot éerestzlubieshdd adld dene. oPrehergatialitys. thei setdn dee faodm eved by
m xing the serumof a patient with the viral antigens that are produced by
t he af or eneftdlphished|epataeatet Aehl byines esydm@ s depCRecantiigen- ant i body
interactions using conventional nethods. Finally, the viral antigens
produced bYERRECFHIR@EMEY Celif) t aRescWfanynt iisr @sdAt of npeimdtem can be
used for the generation of a vaccine. Existing vaccine preparations

agai nst HEAYRRGHISAdX 9B 2AH IS ERYEYP 5 B; calde esparssingea pirauuatein

Hol I'i nger, 1996, p. 2787) have variabl e i nmunol ogi cal perfornmances, due to
the fact tFY/ AnthiRcs 15C68688d Fhr BUPHRITELHAS FEAL EaéRAndXREsSHan

i nconpl ete and may. l.ack imunpol ogically inportant epitopes. Such epitopes
can be preseEtve Jitr?etrhélaitHr#fY 8 ’Tcﬁ%%’;}é’ﬁeﬁfogh‘?h%ub‘?@%@\tgene

invention., Infectivit f the,virus particles produced in said system can
be attenuat®d elu:’[fﬁc%’iogéfeﬁeﬁ;/'conventional net hods, such, for exanple,

reatment W h Hede Pl (LT BLIE U5, oL eeony Lo e !
and/or lipids at the cell surface from essentially all
lipoproteins and/or lipids prior to infection by the
contemplated virus can be sulfated polysaccharides such as
dextran sulfate or heparin compounds, or calcium chelating
agents such as ethylene glycol-bis (beta-aminoethyl ether)
N,N, N’, N’-tetraacetic acid (EGTA; ethylene-
bis (oxyethylenenitrilo) tetraacetic acid; egtazic acid) or
ethylenediaminetetraacetic acid (EDTA; [ethylenedinitrilo]
tetraacetic acid), or any other agent capable of removing the
cell-bound lipoproteins and/or lipids from the surface
receptors.

The present invention also relates to the infected cell
cultures obtained by performing the claimed process. When
compared to prior art transfected cell lines (such as HepG2
and Huh-7), the infected cell cultures of the present

invention achieve a much higher rate of production of



cost incurred in obtaining infected cultures and the fact that |iving
ani mal s such as chi npanzees are no |onger needed as a nodel for infection.

WO 01/ 424280 PlspP0O0 01825 14 The invention is further desgdhaeloisds t he
following exanples which set forth particularly advantageous enbodi nents.

These enbodi ments are indeed intended tg be exenplary and illustrative,

but not limting, in the sense that they are not restricting the present

I nvention in any way. Legends to figures. Figure |:Percentage of

HBV- i nf ectietEkerelibaseypiressiag, Hisdhdiathott Bebauee!l & sushactcathiw@ures 2A to
2D : HBV-infected Hep& cells in nonol ayers. (A and (C): HBV- infected
Hep& cel lsandiitdays rppdteatiest imyern(ed) ateeubati on in conplete nmedium (O
in a serumfree defined medium (B) and (D): nock-infected Hep& cells 18
days post nockAcrbedinghy, (B)like qonplrebetnmeditnres D)then Sefarndd eeldefi ned
medi um  Magni fication: 2000x Figures 3A and 3B HBV-infected Hep& cells as
suspensi onsilitmrssf bfaghe . pHepGX igutdns imer erenfect @l e ttd HBG-®rcale days,
trypsi ni zed, washed, and then seeded into conplete nedi um containing soft
agar. Large hdbbirpbrofigkelt simarel groowicmgennng hef sarfit iageal afdeartst hr ee

weeks of incubation. Cells in suspension were estimated to divide every
two to thresaidaysinbackinel veruges piibkabkypcedece obed setdeninghgni fication
(A) 500x and (B) 2000x. Non WO 01/42429 PCT/1B00/01825 15 infected cells
and nock- itdvisdl ceprroweds gtomprgweisn asol eastigane (IRt EHoWHMPIR gofles 4A

and 4B: | munof | uorescence studies of HBV-infected
at least one test sample; each sample comprizes a

substantially similar or equivalent amount of cells from the
primary cell culture or culture cell line, in this respect in
a substantially similar or equivalent volume of cell culture
fluid. Furthermore, before, during or after the infection
process described in this invention, the test sample is
exposed to potentially effective anti-HCV or anti-HBV agent (s)
in a nutrient cell culture medium or any convenient fluid. The
cells from the control sample and the cells from the test
sample are thereafter incubated in convenient cell culture
medium during a convenient incubation time. Products,
comprising expressed ribonucleic acids (in the case of both
HBV and HCV), expressed deoxyribonucleic acids (in the case of
HBV), or produced polypeptides are then detected in both the
control sample and in the test sample by employing
conventional detection methods. The antiviral properties of
the tested compound can be rated according to the amount of
products produced. No of few products mean that the tested

compound has antiviral properties, and conversely.



Hep&2 cells. (A In this experinent, around 68% of the cells are stained
with the FITC | abel ed anti body directed against HBsAg 12 days

post -i nf egtj.an, ) phase contrast mcroscopy of the sane f{] ,
Magni fi caﬁ%@ﬁﬂfzﬁ%ﬁand (B): 2000x. Figures 5A to 5E Grow h oééﬁﬁg%/imﬁ%ct ed
Hep&2 cells in hornone-suppl enented conplete medium effect of insulin

pl us dexanet hasone. Infected cells were grown in conplete nmediumfor two
weeks, trypsinized, washed, and thereafter grown in conpl ete medium

suppt errent ed vih JnsulioR Plys dexaneldasgne o thuoudout Lhe olncypation in

conpl ete medi um contal ni ng i nsu us exanet hason S changed

every thregJo & days groggasrgl md &2 Lgoe%r%%u%gegggigéﬁ‘)cm (B, 2berrant

nor phol ogi es of attache HBV-i nfected cel'l's, and appearance © rGunded

cel I's on thes6el | ACWdiagdl bask-sabsteataicaiChik h&eggg 684! Srodihdile cell

culture flask substrate do divide every two to ree days, starting to

produce clulgs;i s Bhudf bebvanedngdy f o aniReksenkabgeacl upps Lot ng

t housands of cells have fornmed; (E), as (D), with higher nmagniTication.
Magni f i catwionsh (Ah be( Breandn(Ehe 28006t i(dR) o30QxE 16BN 1 80 0xg WA 1442429
PCT/ 1 B00/ 01825 16 Detailed description of the invention 1) Culture

medi um AlHdwugll eatkrt ypeuséspih iy Lld oFr teel patiset ISUBHIY a8 @ws
better on a specific culture nedium other cell culture fornulations may
be used f arctikeresiuppomt kyaggt et demfn tdfe acpasidatedicel tise tixaarder to
delineate the field of the concerned cell culture protocols and nedi a
formul ati engicene tdkil bed peodonsi myghihet akerthent tbvydniellid,eraaldure i nto
consi deration, such as for exanple: Freshney RI, "Culture of aninal cells:
a manual dhepadyc steehnigaesdr (Fral aadrigen-Whkepodyi sstetanct {(c394ing
"Mammal i an Cel|l Culture: essential techniques", (Doyle A & Giffiths JB,
eds.), Jomerpengjogasomethods.

Finally, the viral antigens produced by the infected cell
cultures of the present invention can be used for the
generation of a vaccine. Existing vaccine preparations against
HBV (Recombivax HB and Engerix-B; see Seef, 1996, p. 1119;
Hollinger, 1996, p. 2787) have variable immunological
performances, due to the fact that antigens produced through
recombinant technology are incomplete and may lack
immunologically important epitopes. Such epitopes can be
preserved in the in vitro infection system of the present
invention. Infectivity of the virus particles produced in said
system can be attenuated or inactivated by conventional
methods, such, for example, treatment with urea, pepsin,
formaldehyde, or exposure to ultraviolet light.

Other advantages of the present invention include the low
cost incurred in obtaining infected cultures and the fact that
living animals such as chimpanzees are no longer needed as a

model for infection.



(1997). Since hepatocytes are taken into consideration, cells can also be
grown in inproved fornul ations consisting in serumfree,

hor monal | yygg{/knes nmedia, as described by Reid (Reid, 1983,)CT,1%},0,&§5§ S.
Hep& cells (ATCC HB8065) were grown in Eagle's Mnimal Essential nedium
(EMEM Bi ochrom AG Berlin, Gernmany) sypplenmented with 10% fetal calf
serum (FCS; PAA, Linz, Austria), 2 mML-glutamne (G bco-Life

t echnol ogi es, Paysley, Scotland) and Earle's BSS (G bco), and adjusted to

contain 1% nomhessetbhed o@MNEAEHES GABLIRHeBi 0F oNteol 1Wisighw |,
Swi zerland), 1 mM sodium pyruvate (G bco), 25 mM HEPES (G bco), 1.5 g/l

sodi um bi eazhpnatewhAohnest) , faitth aBkichical hesy VWiOdd a2 sPCT/ | BOO/ 01825 17
(100 UmM penicillin, 100 mcrograns/m streptonycin; G bco) (conplete
medi un) . AkfbediwashsngThes g otpldaenhul teeedndadd nent (BS, tpebel i ter: Nad
8 g/1, KC1 0.2 g/1, KH2PO4 0.2 g/1, Na2HPO4(2H20) 1.44 g/1) and

t rypsi ni zaeowlaTyypsdni BOA rat@Gviecoputt hetceimst ivey e iei tther sdinsect |y
seeded at 25 to 50% confluency into new culture flasks, or the cell

nonol ayer tiwas theypsraized msstabiorengndhthpreséhs Wwerantiashed thgr eafter
once in conplete medium before seeding into new culture flasks. This

suppl enrenwatyy wash after trypsinization is optional according to the
proposed protocol for the trypsinization of the Hep& cells, but it

reveal ed that the cells were gkeggrds & Hiqunes.nonol ayer after their
seeding into the new culture flasks. Cultures were observed using a

phase- configefe i Bepeepeie Phi §BVeveareteehatl ihedsmsising HBFRIwAE ar ound
8 to 10 days in the conditions enployed. The totality of the <cell culture
medi um wa$PERANGRHL e¥EFARE t 0 3 days. Huh-7 cells were grown in |scove's
Modi fied Eagle Medium (IMEM G bco) supplenmented with 10%fetal calf

serum 1% sodium pyruvate, 2 nmM L-glutam ne and antibiotics (100 U m

Figures 2A to 2D :

HBV-infected HepG2 cells in monolayers. (A) and (C): HBV-
infected HepG2 cells 18 days post-infection; (A) incubation in
complete medium, (C) in a serum-free defined medium. (B) and
(D) : mock-infected HepG2 cells 18 days post mock-infection;

(B) in complete medium; (D) in serum-free defined medium.

Magnification: 2000x

Figures 3A and 3B

HBV-infected HepG2 cells as suspensions in soft agar. HepG2
cells were infected with HBV for 10 days, trypsinized, washed,
and then seeded into complete medium containing soft agar.
Large clumps of cells are growing in the soft agar after three
weeks of incubation. Cells in suspension were estimated to
divide every two to three days. Dark cells are probably

necrosed cells. Magnification: (A) 500x and (B) 2000x. Non-



penicillin, 100 m crogranms/m streptomycin) (conplete nmedium. |f other
relevant cell lines or primary cells are enployed which would grow

pr ef er abl ension cultures, the trypsinization step cri above
can be omx?@éyﬁiv!\‘nﬁ?h such cells. 3) Infection of cell cul tu“?‘g@ﬁ’%@b"gg/ 42429
PCT/ 1 B00/ 01825 18 The cells are grown hn conpl ete medi um as descri bed

above. For infection, the follow ng proCedure is enployed. 1. The cells are
first optionally washed with PBS or any other convenient fluid. 2.

Fol 1 ow ng Ly &-apf 1Nals RSNnoLRes SRld S AlR 11ECALCHM Lhoy daxiggn sul Fate,

for exanple 10 mlligranms per molt ter in convenien u}d, uring an

i ncubati ong | Qbtofswh® .10 minutes, for exanple. Alternatively, heparin,
et hylene glycol-bis (beta-am noethyl ether) NN, N, N -tetraacetic acid
(EGTA; ethyl ene-bi s(oxyethylenenitrilo) tetraacetic acid; egtazic acid),
et hyl enedi am netetraacetic acid (EDTA;, [ethylenedinitrilo] tetraacetic

aci d) m ghtidigreenplroned 4bnske@th Ofudeddearesutliat es dJhe imeuhatdpaqwi th
dextran sulfate or said other agents allows the freeing of the surface

r ecept or s HepG2d iqeansot eANSIANERDS dxgeirdmehtomureasenssal oy wld ddip@pr ot ei ns
and/or lipids prior to infection. 3. After the incubation of the cells

W t h dext reare sutlafiake oithsehe DITElaagards anthboag! dsredte®xdpnsisvel y
washed with PBS or any other convenient fluid to renove traces of dextran
sul fate. 4iBsRge 12i dalysi postit imfiectitdmen (@deHate tbetradt snifdfostidpy of
i ncubation period of 30-90 mnutes. This viral inoculum WO 01/42429
PCT/ | BOO/ G1@2B5ame9 fapghit Mapsi Stcatiosi t(Aer andl (RdE | 20@ek pl asma, or serum
said
Figures 5A to 5E
Growth of HBV-infected HepG2 cells in hormone-supplemented
complete medium: effect of insulin plus dexamethasone.
Infected cells were grown in complete medium for two weeks,
trypsinized, washed, and thereafter grown in complete medium
supplemented with insulin plus dexamethasone. Througout the
incubation in complete medium containing insulin plus
dexamethasone that was changed every three to four days,
general features do emerge: (A) and (B) aberrant morphologies
of attached, HBV-infected cells, and appearance of rounded
cells on the cell culture flask substrate; (C) rounded cells
on the cell culture flask substrate do divide every two to
three days, starting to produce clumps; (D) after around four
weeks, large clumps containing thousands of cells have formed;

(E), as (D), with higher magnification. Magnification: (A),

(B) and (E) 2000x; (C) 500x; (D) 800x



pl asma or serumcontaining relevant titers or relevant genone equival ents
of virus, said virus belonging to the famly hepadnaviridae or

flaviviri dge o(geh as hepatitis B virus or hepatitis C Vi rpsSyiBoo01825
respectively) or any other virus species; or ii) serumor plasma diluted
in convenient fluid, said fluid havingsegvarious physiologically rel evant
formulations. Alternatively, the viral inoculumcan originate from another
source than bl ood, such as an other in vitro cell culture in which the
cel | s havedradnednfiestefipt bon tsANHeednednkloAa previ ous experi ment a

process, said cells being an established primary culture or cell line, or
fromthe resuspension of ultracentrifuged virus or | nmunoprecipitated
virus, or from bl ood obtained froman infected chinpanzee. 5. After the

i nfection,1)t Keleiiral m¢adoenl umis renoved fromthe cells, and the cells are
extensively washed wwth PBS. The <cells are then incubated in conplete

medi um Opt i onAdFhguaht ¢rclrdipetad mrdimany caal beox egiged iafet eisuahly
over-night incubation in order to renmove unbound input virus, and

t her eaf t e STPHE BRFFST e PpAPSAUTH newlevnpl eedivwediarherAldeddngtilvetry, a

hi gher rate of infection is achieved if one or nore steps of the infection
process déSEPPhabiepdVERY e pdhinedthe FemReTE B arravitesf tbe exanpl e at
4 degrees Centigrade or on ice._In this_respect, the cells in conplete
medi um cafoPFrEETeR Prakced Bh arders 6P dRlinpeabatith Pelco@iothpo 01/ 42429
PCT/ 1 BOO/ 01825 20 about 10 m nutes. The cells are then optionally washed
with i ce988f:8r?%% S THITHE S PEOFRERL B 23 é&e‘glr? iF L, 198 r Bie

sul fate, as.described above. After e repoval af. the dextran sulfate, the
cells ares%égﬁgé %Sﬁiﬁﬂﬁ\ﬂﬁ%Pﬁmﬁﬁ%ei%Egcﬁ? ¥$¥§(i¥£ﬁTQH¥§% ¢8%Rol d viral
inoculumis added io t he cg#ls,fas desc;ibﬁg ahove. The cells are_then

i ncubat ed “WHTHh - The Vit al® Shéeultdm BF2Prati gr?ﬁggfﬁydi ect%i?‘ 5878 7°Hegr ees

CEntlgradgngagl cells: a manual of basic techniques” (3rd edn.), Wiley-

Liss, Inc (1994); “Mammalian Cell Culture: essential
techniques”, (Doyle A & Griffiths JB, eds.), John Wiley & sons
(1997) . Since hepatocytes are taken into consideration, cells
can also be grown in improved formulations consisting in
serum-free, hormonally-defined media, as described by Reid

(Reid, 1988).

2) Cells.

HepG2 cells (ATCC HBB8065) were grown in Eagle’s Minimal
Essential medium (EMEM; Biochrom AG, Berlin, Germany)
supplemented with 10% fetal calf serum (FCS; PAA, Linz,
Austria), 2 mM L-glutamine (Gibco-Life technologies, Paysley,
Scotland) and Earle’s BSS (Gibco), and adjusted to contain 1%
non-essential amino acids (Amimed Bioconcept, Allschwil,
Swizerland), 1 mM sodium pyruvate (Gibco), 25 mM HEPES

(Gibco), 1.5 g/l sodium bicarbonate (Amimed), and antibiotics



1 h as descri bed above, or the cells can be kept for a while on ice, said
for exanple 10 m nutes, before being kept at 37 degrees Centigrade. After

the i ncubatdoensate the cells with the viral inoculum the Vid@igoh/g@ss! umis
renoved, the cells are washed as desci bed above, and the cells are

i ncubated with conplete nedium as desgipbed above. Optionnally, the
conplete nedium can be respl enished after an over-night incubation, as
descri bed above. 4) Maintenance of infected cell cultures. As described
above, thd1oonp) et epaettilm fif,omosninatecyesns el | SdddptRs dis ;NOLABL] Y
changed every two to three days. However, during infection experinents

| asti ng ugcbupaewneekedidme Sditercuhbhl agniedi i siEss dee phufdereAg shihenent i re
course of the infection. In long terminfections lasting |onger, the

cul ture supBfnapentlivesc pelad@discal/lly Kespd enighed HaAHD4 oarphgle nedi um
for exanple every 7 to 10 days, in order to avoid significative

evapor at i Ja2BPO4 RH2Upel ekt artl) Wod0tr AR« REH/JrB0MYb82n-ERTA; Exanpl e 1
Thi s exanpl e denonstrate the effective and sustainable infection of the
Hep& cel FiPeak, iheBellpr sereobithércdivercttly ddRdeds asupporbedody t he
followi ng tests: presence of HBSAG in supernatant (a) and associated with
cel I's (b)CopEIvenmg inho new ghdtoranfl opkef faxctthef qeBY (epolaxeeseagyr owt h
with conmbined treatnment with dexamethasone-insulin (f); long term

i ncubat i oh*YRIR17ST 5 eboreeabf HBR ALl ke iRy caashed) thesealiper nenemt . For
the detection of. HBSAG either in the supernatant or _at the cell surface,
the AXsYMT{ABHBR 1SS 55CHBY PEEPTR 0BREMET tide MEY SohrbnryLeapkdyed for the
detection_of the HBV surface gnti en. To keep a conveni ent concentration
of prot el ns° | HRHE ST Es VR o?ﬁg T ORI THEEH R 1FesRF L8902 he

fol | ow ng_procedur mqﬁlusuallg éaken i nt.o consideration: the,
according to e proposed protocol for the trypsinization of

the HepG2 cells, but it revealed that the cells were growing
as a true monolayer after their seeding into the new culture
flasks. Cultures were observed using a phase-contrast
microscope. This revealed that the doubling time was around 8
to 10 days in the conditions employed. The totality of the
cell culture medium was changed every 2 to 3 days.

Huh-7 cells were grown in Iscove’s Modified Eagle Medium
(IMEM; Gibco) supplemented with 10% fetal calf serum, 1%
sodium pyruvate, 2 mM L-glutamine and antibiotics (100 U/ml
penicillin, 100 micrograms/ml streptomycin) (complete medium) .

If other relevant cell lines or primary cells are
employed which would grow preferably as suspension cultures,
the trypsinization step described above can be omitted with

such cells.

3) Infection of cell cultures.



cell culture supernatants from nock-infected and HBV- infected cultures
were usually m xed wi th AUSAB- negative, HBV-negative human serum usually
to get 50%dg,9Q% of serum final concentration, in the s3a@asb@R29€

anal yzed. The results are given in the formof an index: index values
below 2.1 reveal the absence of HBsAg jgn the anal yzed sanple. |ndex val ues
over 2.1 reveal the presence of HBsAg in the anal yzed sanple. Sone
parall el control analysis revealed that for research purposes, the results
can al so be aceyeatelysobtaiglednwihhedhpt bee B89 dn oy ek sAYSHABgnegat i ve,
HBV- negati ve human serumin the sanples to be analyzed: aliquots of

HBV- posi t byeveer aogain fd &0 M) @hed2429oRCHS | BOO+LkE25 1 s22mbeofreded Wi th

ot her fluids such as fetal calf serumin order to keep conveni ent
concentrations of proteins in the sanples, and the results obtained with
the test are simlar. The AXSYM routine test (Abbott |aboratories)was used
on: i) noetk Theectklscatd £irsit) obBVonal gt edsloed |vsi tith&@Bswereahnf eched by
foll owing the process described in this invention. Please refer to Table
Il1la for resaohtvsni¢h) PFrnesence of HBsAg associated with cells. Around 2 X
10 sup5 Hep& (representing approximatively 20 mcroliters of cytoplasm
equi val ent) were suspended in 500 mcroliters serum frozen/thawed three
times, centrifuged, and the resulting supernatant was diluted 100-fold for
anal ysi s 8f FeBsaginm AXsYNMPtResalt vaghe expresisled ags absaradewStN rati os,
the original S/INratio fromthe consjidered nmeasure being nultiplied by the
corr espondi AgXEFR Ut O tget 6P%. eFpBP sty tBllkigreals PRat "ihelhbioFity of
the HBsAg is cell-associated. (c¢c) percentage of HBV-infected cells

expr essi ng FERYRPERDG Hdiuld: cBPF1RGr FRcE AP AT Fiehe@9bgt| . t®otO0t he
determ nation of the percentage of cells associated wth HBSAG the
fol | owi ng pProtedt: vidd GL8EPL1et nf et Tf HEPREY c AASPETERr oY 48P%up 6) were

trypsini zed and
yp gf&col—bis (beta-aminoethyl ether) N,N, N’, N’-tetraacetic

acid (EGTA; ethylene-bis(oxyethylenenitrilo) tetraacetic
acid; egtazic acid), ethylenediaminetetraacetic acid (EDTA;
[ethylenedinitrilo] tetraacetic acid) might be employed
instead of dextran sulfate. The incubation with dextran
sulfate or said other agents allows the freeing of the
surface receptors for lipoproteins and/or lipids from
essentially all lipoproteins and/or lipids prior to

infection.

3. After the incubation of the cells with dextran sulfate or
said other agents, the cells are extensively washed with PBS
or any other convenient fluid to remove traces of dextran

sulfate.

4., The viral inoculum is then added tc the cells for an

incubation period of 30-90 minutes. This viral inoculum



washed in conplete nedium The cells were then resuspended in 80
mcroliters of phosphate buffered saline (PBS) containing 0.2%fetal calf

serum ( FCQ)o gMdqdd uorescei n i sothiocyanate (FITC)-I abel ed,pcg%@bho/01825
anti-hepatitis B surface antigen (Anawa WO 01/42429 PCT/1B00/ 01825 23

Tradi ng, Wangen Zurich, Switzerland; cgt. No 4940-1464) at a 1/50 titer.
The cells were then incubated for 1 hour on ice, followed by two or three
washes with ice-cold PBS. The cells were then fixed in 500 mcroliters of
PBS cont ai nmbghtd ¢on2et piat afivheal dehyfeil efed@csiLes, Ui rkeahedsgell s were
used as negative control. Positive controls have been established by the
ori gi nal suppases of d¢dwurhmre-ateihgonelevadtC-1idmiedr renkivahlBsAg anti body
by enpl oyi ng an hepatocyte cell line that 1is constitutively expressing the
HBsAg. The gehdse el vailsersved withsa saitd osicope eduingped wot hhe

epi fl uorescence (Carl Zeiss, Axiophot 35, Oberkochen, GCermany).

| nunof | uor éswehe erepAdidivas iglaeHBY- fhéetvedidmsd | sUnh @si hgpat EtT€-B abel ed
anti body directed agai nst HBsAg. Figure 4. (d) percentage of HBV-infected
cel |'s expressing ¢BsepatitilseiCr vigekl sespectlwslwetcar gnyedthyr PACSis | n
addition to the protocol above, the cells processed for inmunofl uorescence
as descri begPe®iRe \&F e idl)sseanal g¥erlagya fdilortest dic ecaysoiérated cel
sorting (FACS; FACSCalibur, Becton Dickinson).Cf Figure 1. ie)transforning
ef fect of HBWFHr 33id ddtdhipdtnrenveriepe RIISTOOHCRG L¥f FeEeVRRt HBV, the
so-call ed soft-agar assay was used._It is known for nore than three
decades t hat HH Rfarorsus peiSTaateviertUr e~ hs Hrade | i@OCH}8MaE88y for t he
transformation of cells with virus (Macpherson |I. and Montagnier L.

1964) . Thi sCEEEAAGS t&aM &8 5179494920 PR BE3018¥50 23 aR| SHeyeni ¢

assay", and. rel evant pr.otocol s have been
y in vitroe céil cu&ture ?h whfé the cells have been infected

or transfected in a previous experimental process, said
cells being an established primary culture or cell line, or
from the resuspension of ultracentrifuged wvirus or
immunoprecipitated virus, or from blood obtained from an

infected chimpanzee.

5. After the infection, the viral inoculum is removed from the
cells, and the cells are extensively washed with PBS. The
cells are then incubated in complete medium. Optionnally,
the complete medium can be changed after an over-night
incubation in order to remove unbound input virus, and
thereafter the cells are put with new complete medium.

Alternatively, a higher rate of infection is achieved if
one or more steps of the infection process described above is
performed at lower temperatures, for example at 4 degrees

Centigrade or on ice. In this respect, the cells in complete

medium can first be placed on ice for an incubation period of



established, for exanple prot ocol 17 "a soft agar clonogenic assay for

anchor age- dependent cells" in "Mammalian Cell Culture: essential

t echni que e A& Giffiths JB, eds.), John Wley & 1997) .
Usual |y, ng({éggérbdl ng tothe Iliterature in the field and ﬁgﬂlg 0@?’9 to
this proposed protocol, the agar conce trat| ons can range between 0.2 to
0.8% final concentration. The Hep& ce | ine does not grow in soft agar.
Thus, if this cell line is infected vvlth a virus, the latter being able to

transf or m ghe.celdl fisLese rhgl b d ot graw 5§t§8ﬁélgg%@sh b ML L0 cen

determ ne, whether HBV Is a transformng viru el I's
infected asddesaui bed. abﬁgeceim% ec@lehntélegtéétoﬁ'{'@e 821 £ YL t@é%rs for

around two to three weeks in conpl ete medium trypsinized, was

conpl et e nrdifame, PEECAESELi O AK, SOt 20BN ASSRY RS 9@8&@ hedcaagve.
however, in presence of 0.8% soft agar (Noble Agar, Difco; Detroit, USA)

in corrpl eteml fardi, ulheandl & natd Wd%db@keénéwegytﬁiﬁe i’&&%dl’@ﬁ%@“ on
period. Soft agar assay of HBV-infected cells. Figure 3. (f) effect of

addi ti onalaridnstki ticpl dsldexaret hasene ulf fecka@éy agsli thonadiidsulsi n pl us
dexanet hasone, in the conplete nmedium on HBV-infected cells. Figure 4.
Thi s exanplegcirsbgidvebote. prioyidd laddirki enah {eaibu©esd ivitH esReet 50 the
fate of the HBV-infected cells. Indeed, some relevant literature does
al ready nembcohutnhly phscing tdrech dghrecolor &t OV d3ediegdd qairay qaadenpert ant
role when HEV is taken WO 01/42429 PCT/1B00/01825 25 into consideration
(Tur - Caspd andsLaedsriioad;akchvs,, o988, ceThaiscarcddd skamer drmaukated in
conpl ete medi um containing around 10 sup mnus 6 Mof both insulin and
dexanet ha®dnéceTheaid okt ere@mpdgi dm tontbesi repforsulbaimandegexaneshasone
was totally changed every 3-4 days. (g) Long-termincubation of
HBV- i nf ecEEETERE | SenTigH quAfter the incubation of the cells with the
viral inoculum, the viral inoculum is removed, the cells are
washed as descibed above, and the cells are incubated with
complete medium as descibed above. Optionnally, the complete
medium can be resplenished after an over-night incubation, as

described above.
4) Maintenance of infected cell cultures.

As described above, the complete medium from uninfected
cell cultures is normally changed every two to three days.
However, during infection experiments lasting up to a week,
the same culture medium was kept during the entire course of
the infection. In long term infections lasting longer, the
culture supernatant was periodically resplenished with
complete medium, for example every 7 to 10 days, in order to

avoid significative evaporation of the supernatant.



Hep& cells were infected with a low titer of HBV, according to the nethod
described in this Invention. The cells were then kept as nonol ayers for up

to 35 daysvoaighsp to 38 days, respectively. During the wheleidongisbat i on,
solely a portion of around 75-80% of the volune of the conplete nedi um

was changed every five to seven days. The cells (20 X 10 sup3) were

anal yzed by FACS as described above, at regular intervals. Table |V Day
after infection % of HBsAg positive cells (Hep&) 14 days 14-16% 21 days
20-42% 2&xdapdedd-58% 38 days 44-59% notes and observations: experinents
performed in 12-wells plates (Costar); in the 10 surrounding wells in the
consi dered WO ObAi42428mpPCH/dBG1825 tB6 pfatesivd endercentiagelef HBSAg
positive cells was always superior to the percentage of HBsSAg positive

cel I s grovwnfgcipont he thw HepGyr malllwelihs, by hBBV exptcen miafg infeeriodi vy dual
variations for the percentages neasured. Exanple 2 This exanpl e denonstrate
t he eff ectiBVelanduspstiehat ehe doddpriwvongotesthe: Hibesagwld dfi Heshg HBV.

Proof of infection by HBV is supported by long termincubation. Huh-7

cel | s wer éupafreatadt wdh and ewsoctiecedf wHBY, cekbdr diing (Vo ehé 8l hod
described in this Invention. The cells were then kept as nonolayers for up
to 35 daySTRTabPENRRAGR TGy fhEBVWHBE & ereefratdvths siishy campored on of
around 75-80% of the volunme of the conplete nedium was changed every five

to seven CHSFEMCHheVLE IAEKERGRaBOTE1HBRF LR ol Bival \PFEd tBFFARSuRat ion

(g).

(a) Presence of HBsAg in the cell culture supernatant.

For the detection of HBsAG either in the supernatant or
at the cell surface, the AXsYM (Abbott Laboratories) routine
test was commonly employed for the detection of the HBV
surface antigen. To keep a convenient concentration of
proteins in the samples in order to get accurate results, the
following procedure was usually taken into consideration: the
cell culture supernatants from mock-infected and HBV- infected
cultures were usually mixed with AUSAB-negative, HBV-negative
human serum, usually to get 50% to 90% of serum, final
concentraticon, in the samples to be analyzed. The results are
given in the form of an index: index values below 2.1 reveal
the absence of HBsAg in the analyzed sample. Index values over
2.1 reveal the presence of HBsAg in the analyzed sample. Some
parallel control analysis revealed that for research purposes,
the results can also be accurately obtained without the
addition of AUSAB-negative, HBV-negative human serum in the

samples to be analyzed: aliquots of HBV-positive sera can also



descri bed above, at regular intervals. Table |IVa Day after infection % of
HBsAg positive cells (Huh-7) 11 days 4-6% 18 days 22-29% 25 days 55-62%
35 days ufvd 01/424% WO 01/ 42429 PCT/ 1 BOO/ 01825 27 notes and pelas@oyiafshons:
experinments performed in 12-wells plates (Costar); in the 10 surroundi ng
wells in the considered plates, the pefncentage of HBsSAg positive cells was
al ways superior to the percentage of HBsAg positive cells growing in the
two internal wells, thus explaining interindividual variations for the

per cent agés measdr edchExahet ef BiiHH Sueranpl €cdenoasl f atesnt e eifeeti ve and
sustainable infection of the Hep& cell |ine by HCV. Proof of infection by
HCV i s suppoikeey bpnivheidet estnamtofatRNAsI nfspperaatanin (tGEBASmpA&Rl, i cor)
and cytopathic effect. For the detection of HCV, the COBAS Anplicor HCV
Moni tor tagst theomeRudhe elesaimmag iwighy tégpkepedardos kedmma Thev aNisEMt
concentration of proteins in the sanples in order to get accurate results,
t he fol | oWioNG ipeotedtr éAesttt dledvriatogiesonsedesad i om: ihewocdl-l cul ture
supernatants from nock- infected and HCV- infected cultures were usually

m xed wi t Afiegtgdgaeille; hiaiiBerdmhectsdareyleotlyet WwO% timfeo%sdf bger um
final concentration, in the sanples to be anal yzed. Negative controls were
per f or med ERELRVHEY- HB@&?W%%%;SCFéPe@hénpééiﬁi Yevershitaro| $1ergman pl asma
or sera frompatients_infected with_HCV with known HCV virem a were
processed TPASE SPnTRate Wal? thedn *efE¥ls8mpl es from the cul ture medi um

obt ai ned from nock- and HCV-infected cells.

(b) Presence of HBsAg associated with cells.

Around 2 X 10 sup5 HepG2 (representing approximatively 20
microliters of cytoplasm equivalent) were suspended in 500
microliters serum, frozen/thawed three times, centrifuged, and
the resulting supernatant was diluted 100-fold for analysis of
HBsAg on AXsYM. Results are expressed as absolute S/N ratios,
the original S/N ratio from the considered measure being
multiplied by the corresponding dilution factors. The results

reveal that the majority of the HBsAg is cell-associated.

(c) percentage of HBV-infected cells expressing HBsAg at their
cell surface as determined by IF.

For the determination of the percentage of cells
associated with HBsAG, the following protocol was used.
Infected HepG2 cells (around 10 sup 6) were trypsinized and
washed in complete medium. The cells were then resuspended in
80 microliters Qf phosphate buffered saline (PBS) containing
0.2% fetal calf serum (FCS) and fluorescein isothiocyanate

(FITC) -labeled, goat anti-hepatitis B surface antigen (Anawa



The results are obtained in the formof an index: values below 0.2 do
reveal the absence of viral RNA in the sanple WO 01/42429 PCT/|1B00/ 01825

28 that isy@ppdMzed, and an internal control is provided Wddy/igi6o1saal ysi s
in order to ascertain that the result obtained is accurate. |ndex val ues

over 0.2 do reveal the presence of virgl RNAin the sanple that is

anal yzed; usually, indexes obtained fromHCV positive sera can reach an

i ndex value of around 3.5 to 3.8, and the analysis can be set up in order
to provi drag@ingnd@xngén” 20HPL, vivan Zeheradl Scsal Watd v -afsdahe aesanpl e
with viral RNA. Sone parallel control analyses revealed that for research
pur poses, /5@ teésakt sToancel ko wereactenat ebybabédi fred Witdiauton tibe, addi ti on
of serumin the sanples to be anal yzed, since the nethod of extraction
enpl oyed ifeliibwetieby deesoxanprassevaghesawttoniof-ddied VBBl Theclceiltsaci ds in
68% guani di ne thiocyanate, 3%dithiotreitol, a features that is highly
ef fici ent wege thenekixedtimrbOf mdidyoddtees cofcPRS dantmiwhioice 1 tange of

bi ol ogi cal sanples (Chirgwin, 1979) Anal yses of the HCV RNA, by enpl oying

t he Anpli peraficymalMiehyde. tastaqeRosiee) Uninfedeed etdllsulwanee usegenaat ant s of
i) nock-infected cells, ii) cells infected with conventional nethods, and
iii) cell $CPAFE¥E B EPL + ROFItGvEdGPEL Heberidier] bean tasitablivbati bn. Tabl e
Vla (infection with various i noculum representing several genotypes of

HCV, such t8§, oFdFieshniHRR igfemdt Fhesabave tenEionnre @)I.ché@%elvdb (exanpl e
of a typical , infection using various dilutions of the sanme viral

i nocul um 2 BR$29 4 3P PEEdYBEY 6T828Y1D9 2 dMiRA Ay B GelilnféBeebhakl | s

i nf ect ed s infected . cells by . using by foll owi n ubl i shed t he
proceduregg constItutively expres%ing tge ﬁésAg. The %el%s were

observed with a microscope equipped with epifluorescence (Carl
Zeiss, Axiophot 35, Oberkochen, Germany). Immunofluorescence
studies of HBV-infected cells by using a FITC-labeled

antibody directed against HBsAg. Figure 4.

(d) percentage of HBV-infected cells expressing HBsAg at their
cell surface as determined by FACS.

In addition to the protocol above, the cells processed
for immunofluorescence as described above were also analyzed
by fluorescence-associated cell sorting (FACS; FACSCalibur,

Becton Dickinson) .Cf Figure 1.

(e) transforming effect of HBV

For the determination of the transforming effect of HBV,
the so-called soft-agar assay was used. It is known for more
than three decades that an agar suspension culture is a
selective assay for the transformation of cells with a virus

(Macpherson I. and Montagnier L., 1964). This assay is called



protocols described in this Invention I|ndexes COBAS Under 0.2 Up to around
Up to 3.8 Anmplicor HCV 1.5 (even "9.999") L= Inoculuns containing various
serunms hawyo@i1/ysapse ous i ndividual HCV genotypes with origi npéT,ﬂwm{gzgers
ranging fromaround 10 sup 6 to 56 X 10 sup 6 genones per nmililiter. WO
01/ 42429 PCT/1B0OO 01825 30 Table vib Isndexes COBAS | ndexes COBAS Anplicor
HCV Anplicor HCV Monitor Mnitor Cells infected by Cells infected by

using published follow ng the protocols procedure described in this

I nventi on *dIrocigenicwatBab0, Oard ardldvahe? frotBelel hbeesb&in HCV cont ai ni ng
serumIinoculumwith 5 0.2 a 1.5 3.594 microliters of HCV contai ning serum

| nocul um wigtdabl.iShedD. £6r9&¢Qampl € rmtdtdicrics af7 MEVse oot agat ngl &eIgénilcnocul um
with 0.05 ND. 0.035 mcroliters of HCV containing serum | nocul um prepared

wi t h ori giasdaysdounmehahbnggé6depdiieup B1RNA igendawsapisn nidlil iter

(Roche). N.D.: not determ ned. WO 01/42429 PCT/1B00/ 01825 31
Culture: essential techniques”, (Doyle A & Griffiths JB,
eds.), John Wiley & sons (1997). Usually, and according to the
literature in the field and not solely to this proposed
protocol, the agar concentrations can range between 0.2 to
0.8%, final concentration. The HepG2 cell line does not grow
in soft agar. Thus, if this cell line is infected with a
virus, the latter being able to transform the cells, these
cells might grow in soft agar. In order to determine, whether
HBV is a transforming virus, the HepG2 cells have been
infected as described above, incubated in a first time as
monolayers for around two to three weeks in complete medium,
trypsinized, washed in complete medium, processed for the soft
agar assay as described above, however, in presence of 0.8%
soft agar (Noble Agar, Difco; Detroit, USA) in complete
medium, and finally incubated for a three week incubation
period.

Soft agar assay of HBV-infected cells. Figure 3.
(£) effect of additional insulin plus dexamethasone
Effect of additional insulin plus dexamethasone, in the

complete medium, on HBV-infected cells. Figure 4.
This example is given to provide additional features in
regpect to the fate of the HBV-infected cells. Indeed, some

relevant literature does already mention that insulin and

glucocorticoids might play an important role when HBV is taken
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Thus, cells were incubated in complete medium containing
around 10 sup minus 6 M of both insulin and dexamethasone. The
complete medium containing insulin and dexamethasone was

totally changed every 3-4 days.

(g) Long-term incubation of HBV-infected cells. Table IV.
HepG2 cells were infected with a low titer of HBV,
according to the method described in this Invention. The cells
were then kept as monolayers for up to 35 days, and up to 38
days, respectively. During the whole incubation, solely a
portion of around 75-80% of the volume of the complete medium
was changed every five to seven days.
The cells (20 X 10 sup3) were analyzed by FACS as

described above, at regular intervals.

Table IV

Day after infection | % of HBsAg positive

cells (HepG2)

14 days 14-16%
21 days 20-42%
28 days 43-58%
38 days 44-59%

notes and observations: experiments performed in 12-wells

plates (Costar); in the 10 surrounding wells in the considered
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plates, the percentage of HBsAg positive cells was always
superior to the percentage of HBsAg positive cells growing in
the two internal wells, thus explaining interindividual

variations for the percentages measured.

Example 2

This example demonstrate the effective and sustainable
infection of the Huh7 cell line by HBV. Proof of infection by
HBV is supported by long term incubation.

Huh-7 cells were infected with a low titer of HBV, according
to the method described in this Invention. The cells were then
kept as monolayers for up to 35 days (Table IVa). During the
whole incubation, solely a portion of around 75-80% of the
volume of the complete medium was changed every five to seven
days.

The cells (20 X 10 sup3) were analyzed by FACS as

described above, at regular intervals.

Table IVa

Day after infection | % of HBsAg positive

cells (Huh-7)

11 days 4-6%
18 days 22-29%
25 days 55-62%

35 days up to 82%
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plates (Costar); in the 10 surrounding wells in the considered
plates, the percentage of HBsAg positive cells was always
superior to the percentage of HBsAg positive cells growing in
the two internal wells, thus explaining interindividual

variations for the percentages measured.

Example 3

This example demonstrates the effective and sustainable
infection of the HepG2 cell line by HCV. Proof of infection by
HCV is supported by the detection of RNA in supernatant (COBAS
Amplicor) and cytopathic effect.

For the detection of HCV, the COBAS Amplicor HCV Monitor
test from Roche was routinely employed. To keep a convenient
concentration of proteins in the samples in order to get
accurate results, the following procedure was taken into
consideration: the cell culture supernatants from mock-
infected and HCV- infected cultures were usually mixed with
HCV-negative human serum, usually to get 50% to 90% of serum,
final concentration, in the samples to be analyzed. Negative
controls were performed with HCV-negative sera; for the
positive controls, human plasma or sera from patients infected
with HCV with known HCV viremia were processed in a similar
way than the samples from the culture medium obtained from
mock- and HCV-infected cells.

The results are obtained in the form of an index: wvalues

below 0.2 do reveal the absence of viral RNA in the sample
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that is analyzed, and an internal control is provided with the
analysis in order to ascertain that the result obtained is
accurate. Index values over 0.2 do reveal the presence of
viral RNA in the sample that is analyzed; usually, indexes
obtained from HCV positive sera can reach an index value of
around 3.5 to 3.8, and the analysis can be set up in order to
provide an index of “9.999” when there is saturation of the
sample with viral RNA.

Some parallel control analyses revealed that for research
purposes, the results can also be accurately obtained without
the addition of serum in the samples to be analyzed, since the
method of extraction employed in the test does comprise
extraction of the viral nucleic acids in 68% guanidine
thiocyanate, 3% dithiotreitol, a features that is highly
efficient for the extraction of ribonucleic acids in a whole
range of biological samples (Chirgwin, 1979)

Analyses of the HCV RNA, by employing the Amplicor HCV
Monitor test (Roche), in the cell culture supernatants of i)
mock-infected cells, ii) cells infected with conventional
methods, and iii) cells infected with the procedure described
in this Invention. Table VIa (infection with various inoculum
representing several genotypes of HCV, such as, for example,
genotypes la, 1lb, 3 and 4). Table VIb (example of a typical

infection using various dilutions of the same viral inoculum).
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Table VIa
Mock-infected | Cells infected |Cells infected
cells by using by following
published the procedure
protocols described in
this Invention
Indexes COBAS Under 0.2 Up to around Up to 3.8
Amplicor HCV 1.5 (even “9.999")
Monitor:

Inoculums containing various serums having various individual
HCV genotypes with original RNA titers ranging from around 10

sup 6 to 56 X 10 sup 6 genomes per mililiter.
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Indexes COBAS
Amplicor HCV
Monitor
'Cells infected by

using published

Indexes COBAS
Amplicor HCV
Monitor
Cells infected by

following the

microliters of HCV-

containing serum

protocols procedure described
in this Invention
Inoculum with 50 0.2 3 1.5 3.770
microliters of HCV-
containing serum
Inoculum with 5 0.2 a4 1.5 3.594
microliters of HCV-
containing serum
Inoculum with 0.5 N.D 0.919
microliters of HCV-
containing serum
Inoculum with 0.05 N.D 0.035

Inoculum prepared with original serum having 56 X 10 sup 6 RNA

genomes per mililiter (Roche).

N.D.:

not determined.
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O0a c>~ Q W 0ihA2Z#29 PCT/1B00/ 01825 37 CLAIMS. 1. Processpdm@igob/pisest i ng
eukaryotic cells with one or nore virus species, characterized by the step
of freeing the receptors for Iipoprotsi(]ns and/or lipids at the cell
surface fromessentially all |ipoproterns and/or |lipids prior to

infection. 2. Process of claiml1, in which said virus species is/are one

or several hepatitis-causative agents. 3. Process of claim1, in which said
virus species belong to the hepadnaviridae famly. 4. Process of claim3,
in which €aRIMBirus species is hepatitis B virus (HBV). 5. Process of
claim1l1, in which said virus species belong to the flaviviridae famly. 6.
Process of claimb5, in which said virus species is hepatitis Cvirus
(HCV). 7. Process of claim5, in which said virus species is the dengue
virus. 8. 1Processsoffat aimfidrtiing whkahysedd adIlss wepecioes bg hbee

virus species, characterized by the step of freeing the
receptors for lipoproteins and/or lipids at the cell surface
from essentially all lipoproteins and/or lipids prior to
infection.

2. Process of claim 1, in which said virus species is/are one
or several hepatitis-causative agents.

3. Process of claim 1, in which said virus species belong to
the hepadnaviridae family.

4. Process of claim 3, in which said virus species is
hepatitis B virus (HBV).

5. Process of claim 1, in which said virus species belong to
the flaviviridae family.

6. Process of claim 5, in which said virus species is
hepatitis C virus (HCV).

7. Process of claim 5, in which said virus species is the
dengue virus.

8. Process of claim 5, in which said virus species is the
yellow fever wvirus.

9. Process of claim 1 or 2, in which said virus species are
hepatitis delta virus and hepatitis B virus.

10. The process of anyone of claims 1 to 9, characterized in
that said eukaryotic cells are established hepatocyte cell

lines.



yellow fever virus. 9. Process of claim1 or 2, in which said virus species
are hepatitis delta virus and hepatitis B virus. 10. The process of anyone

of cl ai ms“ﬁ)?]lgngw characterized in that said eukaryotic celhsipfifis2s
establ i she epatocyte cell [lines. WO 01/42429 PCT/1B00/01825 38 11. The

process of anyone of clains 1 to 9, ¢ acterized in that said eukaryotic
cells are primary hepatocytes. 12. Th(l;ba{{)rocess of anyone of clains 1 to 11,
-characterized in that said eukaryotic cells are of primate origin. 13. The
process of1 anponefcedsaiols ahybie 10f €hamactierdoz@] charhdbaérsadd qukaryotic
cells are the human Hep& cell line. 14. The process of anyone of clains 1
to 10, char@citerdaziel] dukatrirat i sat el rukarey giritnaegl hepateciybes human Huh-7 cel |
line. 15. The process of anyone of clains 1 to 9, characterized in that
sai d eukar¥yotThe geldcesmattir ahlyynexef esiseisnsa 1l itpopnoet eharacesepiat .inl6. The
process of anyone of clains 1 to 9, characterized in that said eukaryotic
cell s expredsegs saild poprovetbcrecklt ;rre dife prampteoprtgomi ng of the gene
encoding for a lipoprotein receptor. 17. The process of anyone of clains 1
to 16, chbtacthe ipegeiss ofhanvone $% exliaignsofl tthe lecepavastémizdd gapr ot ei ns
and/or lipids at the cell surface fromessentially all |ipoproteins

and/ or |ipitd®t $ajer rokastobyc aerl Iy axs tthe dymeaor Heﬁﬁ%iiﬁmfl orineo any
convenient fluid (which preferentially is lackin serum and/or_

| i popr ot eiths  Then@recesepPisaarerdro d1dimg 1 éloog@ro?;h?ﬁa%‘b?ﬁﬂm ii&n, one
or nore nenbers of a group conprising dextran sulfate, heparin, a

hepari n- | i Khatpispd e ehkardet iett5AlhaTq &6 hyman( Bebal of8 hoetiliA- et her)
N,N, N, N-tetraacetic acid (EGTA;_ ethylene- bi s(oxPl/et hé/l enenitrilo)
tetraaceﬂ%%: g‘edprggﬁafiefa%? ge of claims 1 to 9, characterized in

that said eukaryotic cells naturally expresses a lipoprotein
receptor.

16. The process of anyone of claims 1 to 9, characterized in
that said eukaryotic cells expresses a lipoprotein receptor
due to prior cloning of the gene encoding for a lipoprotein
receptor.

17. The process of anyone of claims 1 to 16, characterized in
that the freeing of the receptors for lipoproteins and/or
lipids at the cell surface from essentially all lipoproteins
and/or lipids is performed by adding to the culture medium
or to any convenient fluid (which preferentially is lacking
serum, and/or lipoproteins, and/or lipids and/or calcium) ,
alone or in combination, one or more members of a group
comprising dextran sulfate, heparin, a heparin-like
plysaccharide, ethylene glycol-bis (beta-aminoethyl ether)
N,N, N’, N’-tetraacetic acid (EGTA; ethylene-
bis(oxyethylenenitrilo) tetraacetic acid; egtazic acid),

ethylenediaminetetraacetic acid (EDTA; [ethylenedinitrilo]



et hyl enedi am netetraacetic acid (EDTA;, [ethylenedinitrilo] W 01/42429
PCT/ 1 BO0/ 01825 39 tetraacetic acid), or any other agent having simlar

propertieswobPuqz4sbie i nfected cell culture obtainable from therfdoppfns of
anyone of clainms 1 to 17. 19. Use of the infected cell culture of claim18

for producing antigens of said virus gpecies. 20. Use of the infected cel
culture of claim 18 for producing a vaccine against said virus species.
21. Use of the infected cell culture of claim18 for producing a
t ransf or ned teglrkakenéc 22id)Usermfanyhethrtreatedt cledvirgulgimidaef cl aim 18 for
producing a cell-based diagnostic assay. 23. Use of the infected cel
cul ture of okeperi8efor the screening of antiviral agents against said
virus species. 24. The process of anyone of clainms 1 to 16, characterized
in that tRA8.f Taei Agfeftedecaldcapiisnsef obthipabtot &iaws tdedborcesbppls i s
perfornmed by pre-incubating the cells with a convenient fluid containing a
| i popr ot ei n2P¥YpaSeCif 8l bied tey 1d@xt ensi ve washing of cells to renmove the
| i poprotein |ipase. .
19. Use of the infected cell culture of claim 18 for producing

antigens of said virus species.
20. Use of the infected cell culture of claim 18 for producing

a vaccine against said virus species.
21. Use of the infected cell culture of claim 18 for producing

a transformed cell line.
22. Use of the infected cell culture of claim 18 for producing

a cell-based diagnostic assay.
23. Use of the infected cell culture of claim 18 for the

screening of antiviral agents against said virus species.
24. The process of anyone of claims 1 to 16, characterized in

that the freeing of the receptors for lipoproteins and/or

lipids is performed by pre-incubating the cells with a

convenient fluid containing a lipoprotein lipase, followed

by extensive washing of cells to remove the lipoprotein

lipase.



