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| MVORTALI ZEDHEPATOCYTES RELATEDAPPLI CATI ONS Thi s
application clains the benefit of U S. provisiona
wap@siocass on serial nunber 60/510,509, filed opPCTED0€033091
10, 2003, which is hereby incorporated in its entirety
by reference. GOVERNMENT GRANTS This invention was
made in part with United States government support
under grant nunber 70- NANB7H3070 awarded by Advanced
Technol ogy Program of the United States Departnent of
Commerce. The U. S. governnent has certain rights in
this invention. FIELD OF THE | NVENTI ON Thi s invention
relates to novel nontunorigenic virally-imortalized
normal human hepatocyte cell lines and to the use of
these cell lines for toxicity and nmetabolismtesting
of potential therapeutic drugs and chemcal entities,
for the replication of viruses and for the production
of therapeutic plasma proteins. BACKGROUND OF THE
I NVENTI ON Toxi city and Metabolism Testing of Potentia

Therapeutic Drugs and Chem cal Entities Drug-induced
liver toxicity ﬁEEEHKL&%EEEBJ&EEAISMQEQE§probIen1 and
several drugs have been withdrawn fromthe market
because of their SBELATEDIAPHIICAMTIONS but severe
(even |l ethal)cases of hepatotoxicity. |Induction of
cyihseppliatoPdamns(iEiRpelnd Urs IpaIVéSdOI@¥ ulipattoalserial aymbpr
enzynmes (DMEs), including transporters, is a
60/ 318|309 filed gm Dz@berdAu2093 ofhich ishiexshy ingopprpedfin gaentirety by
drug-drug interactions, as well as a cause of |oss of
refegdnbe.cacy (phar macoki netic tol erance) or auto-induction
(the process whereby a drug induces its own hepatic
met abol i sm) . Duri nGAVERNNENT GRANTS in vitro assays
can be used to avoid inducers, and characterize
dr Uthidhiftghtion txak aadd nmpap etitdninitad Stte gberimearlt egpert udddd grant
cl earance by the liver. In vitro induction studies
number 70-NANB7H3070 awarded by Advanced Technology Program of the United States

Department of Commerce. The U.S. government has certain rights in this invention.

FIELD OF THE INVENTION
This invention relates to novel nontumorigenic virally-immortalized normal human
hepatocyte cell lines and to the use of these cell lines for toxicity and metabolism testing of
potential therapeutic drugs and chemical entities, for the replication of viruses and for the

production of therapeutic plasma proteins.

BACKGROUND OF THE INVENTION

Toxicity and Metabolism Testing of Potential Therapeutic Drugs and Chemical Entities

Drug-induced liver toxicity is an important clinical problem, and several drugs have

been withdrawn from the market because of their ability to cause rare but severe (even lethal)
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traditionally use primary hepatocyte cul tures and

enzyne activity with sel ected marker conpounds. CYPs
ware@oiosmss ved in the netabolismof drugs, prineeT/Ug20041033091

the liver. For exanple, induction of CYP3A gene

case% flel?afc’olto 1c11:lyf aC &S ndof@é/tngg ET% )%&1‘%%%%} éﬁgﬁgohzmg

|ta Fotr

enz%%ﬁggﬁéfglgc@gq;@%&znﬁ?g{regsé NSt Jg%éh}ﬁ%a BP0t AP Snifbant
eIyl e il by iy Reﬁ“‘? (36t Mnco) o
s et e SOT GG R DR el %P e

S inprimary cultures. of h

dl%é%% BRSRI Vitkeaistis 1 Reussh ool rzr‘%gwe%ald 05%“6@2&&81%@4“%
e S e e

expression in human hepatocytes, 3% si(
tradgmpay: usy gymgEydersoeyse cliEes AN EnZiIne actE’FtVé‘e@s%lafte arker

prototypi cal mcrosonal enzyme inducers on cytochrone
conpgBBisexpr essi on in cul tured human hepatocytes, Drug

Met ab. Dispos. 31(4): 421-431, 2003). Guidelines for

as $O%siarnyineelyshie thavaetebalisn of drugs Prigiariia tsdisist. o Iexedes

in Tucker et al. {Optimzing drug devel opment:
ind@tiomb GV B3A gencaspesgorntis aepseelaboirietrat mpaslpiqdairegsrincluding

interaction potential - toward a consensus,
rifaPipay, pleoebarhit], cRégmazols, aud)dexarm@mon@@@wprmuts Mjedrasis é 2

et al. {The conduct of in vitro and in vivo drug-drug
nunitet ef @atnanriret-ti éseragtiorh N@mxe es9) e Expresiondind ingluction of

Phar macol . 43: 443-469, 2003). These two "consensus
CYP BorA2s CYPAehdridt §Y Rpdidrimpyeuhtcultess of humambep diepés .ocii-esr

as the nethod of choice - the gold standard - for
Sfollas-spSedndbiotitye30€6)z §3pR60 T 0000: Bghi podl e Alfécabf wdglitdzena @adytochrome

entities and drug candi dates. This in vitro approach,
P430a596he0 W Aihaireniuges bN@thak 8&d rad YSlaiaytes, XeaolatidaGo(3):@73-

an in vivo approach based on tests in | aboratory
2842000081 S0 QQE AUBRS A H@ftiok By KagMorrelafiei ey &N Ty egnane X

I nduction in a species-specific manner. For exanple,

rec&ﬁ?&a&ﬂ\f}%ep %gﬁre‘e%{sycﬁﬂ &RCYP3AY 68 &siol M RINnHEPRDbSER| BrugMktab.
Dispos. 3(:?7)). 795-804, 2002; Madan et al., Effects of prototypical microsomal enzyme
inducers on cytochrome P450 expression in cultured human hepatocytes, Drug Metab.
Dispos. 31(4): 421-431, 2003).

Guidelines for assessing enzyme induction in vitro have been outlined in Tucker et al.
(Optimizing drug development: Strategies to assess drug metabolism/transporter interaction
potential — toward a consensus, Pharmaceutic. Res. 18: 1071-1080, 2001) and Bjorsson et al.

(The conduct of in vitro and in vivo drug-drug interaction studies: A PhRMA perspective, J.

Clin. Pharmacol. 43: 443-469, 2003). These two “consensus reports” identify primary
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efficacious inducers of human CYPI A2 and CYP3A4 and
yet they do not induce the correspondi ng enzynes in
WO 2106/00r48811 ce. Human hepat ocytes play several REYUSN€633091
in preclinical drug devel opnent. They can be used to

h ff f 1.d  j '
cu1t§r§§$ﬁfﬁmtan Sf:lg%toﬁgt%% i‘i’s ﬁ? m@{h‘d@ of%gé(ee—?%e?egol? ﬁgﬁ%&ﬁd L Jg%f ?%Sﬁésﬂlg the

t
ng

I N ca manner
oAb Bk A 08 R 15 B

ntities (e.d., drug netabolism and.specie )
basd s B dG L e MR BUPISE B R R ARRED based ppgests in
have the_ di stinct advantage of exhibi.tin . ) £
labog ABRHEPRIE R EHATE RPORT Broobspsnpe BIREon fif@geips-specific
the utility of cryopreserved or

| at ed i h
marg, JOB EYTBLE: fis tHe PR ERE] Mot SRRl oM h el 1 AP R are
I f h I i db i i fi t )
ofFigaptos Iipfer At den G P47 aubEPIAL P PEY daustdniuge ey

and responses to toxicants. Cell lines of tunorigenic
corrgsRoBipg englipps WgatiehmPeand H4I I E, are routinely used
for comparison of the in vitro toxicity of candi date
c o FfyseRdipatasyieh Plag BvsTah Key 19k kipglinicl %{rés deelapisyt: ohey can
nost of the factors that predict cell-specific .
be useskioabsess thneffdctsef drugroandidatesrmadhe Fivss in 2 (Jpgrallyeepnipgful manner
cells are not highly differentiated; they rapidly
(e.gptislindustiont andicallwer toxiciey) anfhicohverselyuther sandigorsempigssispethey
(ATP consunption) and which may increase their
effeste 0§ ihe ilivértop chemicel| entitiesr(e.ign dungtmetaboiism enfl species comparisons).
non-proliferative cells. Thus, there is a need for a
Prinneay tultvpesi of émian hapaocyted iaxe thehlistast aliepiage of/¢xdititaid spkdiere
that retains the properties of a normal human
spedifpraiiaaioh ef CHanmifyrmsplicieati, the artilitytof arysposerexd of platdipoimary
while offering the distinct advantages of
hunfa@ Pegotstebid redthictadisl tha libited el aaradc bupplyl dfhymihBvapediby c
Plasma Proteins There is a great denmand for
sigiff@hBIRRK e/ idRlaP&ifBreAtes i thd $xrddsidn of DMMIEna Sespdrdeymonoxicants.
a- 1 antitrypsin (AAT), blood clotting factors VIII
antelPfinePsduh i @hicright) bith ta® HepGDaRI MAIK, lafd ihtineTh@sed for
production of TPPs by cell-based systens woul d avoid
conlpfisdAadg #eds vab 1lia8Mrdandi s et SucksdéflaRSmlikely to retain

potential contami nation with viruses or other
ma@%%ﬁﬂ?&ﬁhe factors that predict cell-specific toxicity in vivo. For instance, most
tumor-derived cells are not highly differentiated; they rapidly proliferate in culture, which
requires enormous energy (ATP consumption) and which may increase their sensitivity to
cellular insult compared to non-proliferative cells.
Thus, there is a need for a nontumorigenic immortalized human hepatocyte cell line

that retains the properties of a normal human hepatocyte, namely metabolic and transporter

function, while offering the distinct advantages of reproducibility and unlimited availability.
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Currently, the majority of proteins that have been
approved for clinical and therapeutic use are
wore@s/Opsgiuced by reconbi nant protein technol oRgT/US2004/033091
Al t hough these products have been proven safe and
behave identically to their native

f i . al |
The‘?ﬁ E&QPIXs%aalf}S{e @ r exanpl e recorrbi nant fact ors (rF)
d
e T S S AR v
Sh .. Bernt t
S AT ”aa%%s"zﬁfg%a%' o gﬁpméﬁ%rpiﬁ”éﬂs o)

i npreviously untreated patients treated wt
Ther%%‘&\%?fh%ﬁﬁ}ﬁ’é@b’ e¢ll-paged BIsEB Wonlsoryoidge hagadp Pf blped-gerived

265a. Recent findings suggest that this is the result
pro@yiets, Fiebappetertiabpontanapision piithairases o5 etherrathorensi onal

modi fication. Hemophilia A (Factor VIII deficiency)

oc énrxenily) the hgjosity of o teins tat haGthepmpmrpsoved ferredinigpliandd

States. In contrast, the incidence of henophilia B
thergpeatit vse ar«mgﬁpwdwm:w retemiging® pioteil @c@ogya Adtbough these

Currently, plasma-derived and reconbi nant Factor VIII
pro&mts Hae bexmpenien stfe sndaffectieeotfall beldve idenfieidly haetheir native

treatnment of henophilia. It is estimted that
couhterpasts. i@ ek angle,aécontbmannfiad tasi(de VIIB mop X kieanqo pipidht ¢leared

receive little or no treatnment due to a shortage of
follbwing énflérbls thar thel plabine d@ivied ceuntdrpats. SBgdrof Ar, Ef Bédnyorp, and M.

functional, fully native blood-clotting factors that
Moffite,[1G B8R ehtiie-c&0vem LS Kintg Sandll cffe &€ ofWiglaBLd Bde in previously

bl ood- derived TPPs. a- 1-antitrypsin (AAT) is a human
untih RA Ga sl Lddfed vIENRESn AN Aefol CY. @164, 26D e8l{stydd1Y): p. 265a.

enphysema) is thought to affect around 150, 000- 200, 000
ReceGindirdy Sl gedt Thakbthiap the 381t o PicbipleRbr RaphrSpriatdBdti translational

respiratory diseases including AAT congenital
modgtdiohency, cystic fibrosis and chronic obstructive

pul ronary di sease are characterized by an inbal ance of

AATaRhp ﬁhﬁ% &S0t Vit Mcieﬂg}g ocﬁg;mnnl' At 6do t@ﬂ) @b0 males in the United
suppl errenta AAT is clinically effective at

stat@h | §VoRkdsh e iGa el f RidoBHSia %f&s&&ﬁxtc%ﬁh@ﬁc }értﬂzstlﬁ 3,000 males.

occur In these diseases. Currently, ere 1's only one

Curd nﬁgﬂﬁ s%r %Ylggd é%fa‘-lr—eéoh%?rgﬁteﬁc{op Vtﬂli] gncﬂy &%ﬁeﬁ%}aﬁg Ise used for the lifetime

een 1nvery limted supply ere

trea%ngnt %ﬁﬁen!?o%%ﬂiaf Bis %ti;nlﬂlceldthat H{gge-élu%ﬁg]s 'of Ihlé leo¥1dQ/?cfe h\él%ophlha population

receive little or no treatment due to a shortage of these TPPs. Thus, there is a clear need for fully

functional, fully native blood-clotting factors that overcome the shortcomings of recombinant or
blood-derived TPPs.

o-1-antitrypsin (AAT) is a human blood protein. Severe AAT deficiency (hereditary
emphysema) is thought to affect around 150,000-200,000 individuals in Europe and the
United States. Many respiratory diseases including AAT congenital deficiency, cystic

fibrosis and chronic obstructive pulmonary disease are characterized by an imbalance of AAT
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AAT that can overcone the shortcom ngs of reconbi nant

or bl ood-derived TPPs. Sepsis, a disease characterized
whgooan4@ser whel m ng system c response to i nf ecPCDOS2008083091

stri ke anyone and can be triggered by events such as

and%%gﬁ&qg R luﬁ% a&cﬁr ?m ,&F‘%&’g‘ ¥u Eegnegm t e Ehrﬁé’all?%ﬁgétltvb ans

as canc tates

allew:viﬁ?ljieg{:tﬁe haading e%fa&g?o i 1ug§ﬂfahoac iR BRGALL di ac

I've care “uni 11t ea |ng cause of

i mutrrggtY}? Ed?eé% 59 troélggfasr}{a—dénvgg W&cegged it ﬁl@%n?te}fl §t€ els,ovls,/]hich

0" manage erl I'n

d f th f .
has gge%‘lfls ugljg'q J[ \<Ii ﬁé@t&? tr’[%ﬁ) | ree nlé Ia\(ca;lgilrﬂné:e? %“:ol(,jrllo q‘%l g‘tt?Bgl ﬁﬁlg %Q}gve
fro

f t t til
AA?maﬁ?a%o%gwﬁv%.tﬁeoﬁ'hoﬁ?oalﬁs PPy BoRkAEr e TR ne
g g%tggﬁﬁs Séﬁsig%:‘?% %g(%?rgfggrﬁy ?rhél\?en%]?eei%}n:g\é?%énﬁc ﬁgsponse to infection, can strike

i nfl ammat i on, und healln and cancer netasta3|§
anygecand cgn t be tmggq:lf by eVemis |s|111 pheupiiag trwm%?rggﬁ and burns, or by
Inter- alpha trypsin inhibitor proteoglycan faml
coné],tlggppsuelf A3572B¢E OHAIIPS. nlé‘lt]PF‘gU%iF?é Ségtesppepfls ilq,fbe lepding cause of death in the
extracellular matrix. Eyr J Biochem 1998. 252:
nongaydiagingensive pye uait prd the Ve deadingrave of dpath gyl v‘émrﬁa\ﬂuéreaunent for
in septic patients. Lim Y.P., et al., Inter-trypsin
sepginkyiligiited fo at@é@#séamaaw%ﬁswenhé%1n£€cﬁﬁn gulupporpyt ﬂe@ﬁmslf the
and its beneficial effects in an experinental sepsis
infegiieteleads Shorgky dpdiogtion Degrdg plpjpns)ve medicpbaare, up ta/§Q%0 of patients still die
ani mal studies using a sepsis rat nodel have shown
from Hag illaekyi ni stration of lalp dramatically inproved
survival rates. Yang S, et al., Admnistration of
huriatar-o+ihldbiadr phaeing (idipl ek antarairedring prasasdmbibityrsdonnd in
stability and inproves survival during sepsis. Crit
relaf5ad1 hivk donc2QiPatiolvhul plasy Bt phel; fold2in ik@nhesdn| twourkl He@ligH and
support the therapeutic potential of lalp in the
cantBRARGLABIE! BOSt, I8 EMEDRIE \shiSour, Y84 J.PL MBHR, Jnfer M HuEARYin
suppl y of Ialp foradm nistration to septlc patients.

znhzgﬂéisproztebﬁj}&nV&n@ ELRAP oS8R is Blndlingl dnd Sfd@ﬂﬁh@@ﬁbaéxtmcellular

native lal'p to overcone the shortcom ngs of

mat@m'm@a%mogggg!u %@dgcﬁ%ﬁ ygdy Tgfésoghér\téartghﬁfemdm]ﬁ@%%e in

patents an ations escri tallze

sept(liyeI Elltleliltls RE‘?n %JJ% G%t HEB{I)I e( I—i’av? 1 zn?ibn‘%7 §%c;lga.{e‘c%’a? asr glilevzl"{bn Septic

patients and its beneficial effects in an experimental sepsis model. Shock, 2000. 13 (Suppl.):

p. 161. In-vivo animal studies using a sepsis rat model have shown that administration of
Ialp dramatically improved survival rates. Yang S, et al., Administration of human inter-
alpha-inhibitors maintains hemodynamic stability and improves survival during sepsis. Crit
Care Med. 2002 Mar; 30(3):617-22. The results strongly support the therapeutic potential of

Ialp in the management of severe sepsis. Yet, there is no ready supply of Ialp for
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2002/ 0045262 Al (Prachunsri); and Internationa
publication No. WD 99/55853 (Nanba). However, to date,

warwag4asher things, the prior art cell |ines PBOI/N81004/033091
provi de a neans to safely, effectively, and cost

;dnﬁﬁlfsfrﬁioﬁ RS dptiPEAtleREMThite thgfe% £ bl@arf?ﬁ@& fok Filt f;ﬁdn?cttiioﬁﬁ Bully native

fications, such as glycosylation,

IOLI% | &\)el%ginelt sthhgcd% 1n dsg)?trécgﬁbﬁg toyﬂl%&l HF&Ned%EE apeutic

aneous

; CheeRai) ; S REEE TR TR
R R S
R e B B A

hepat ocy and can_ be used to produce proper
Ho‘iﬁ‘?"ﬁb &3 @% apqag gihet hings. Shexaior a1 pelt iem do n@mw opang fyesafely,
I NVENTI ON The present invention relates to
effeqByal Aot F(gjé?ﬁﬁelen@y peafory Sherpreseip apitenslpinralmedifeations such as
cell lines, that can be maintained in serumfree
glyspsylption, daterp eaikat i thpredestions functionel tharencstinslasnsa prbteins; produce
albumn, a- 1 antitrypsin, blood clotting factors VIII
simalignequely rawiiple tesapentiq plagois rrefeing eepeeiaHy factoa (VB prdtein gr factor IX; and
preferred enbodi nent, the nontunorigenic, immortalized
maigtai th¢ contiguas wpprm@ntdf ectiva XiNel§ of AT@Brovne REYi conynidimasserum-free
5566) and Eal G35 (ATCC Accessi on Nunber 5565) cel
medig.NElwis dleposiatnee] fond eonttinerigesicimmoftalied hBueajpastocifte eelt §ne that
at the American Type Culture Collection (ATCC), 12301
retagthd @owertidsiof @ poRed kwhdd kepathtyts, andicabdie albet to GrodA6DFoperly processed
a preferred enbodi nent of the present invention, the
therapdulic plases patednsder i ved from normal hepat ocyt es.
Preferably, the cell lines are derived from nornal
human hepat ocyt es. SUMMARYGETR IWVENEIGR! | |ines are
derived from cryopreserved normal human primary
he Pk pegéie snvehitichelale fo Wneindiipedc, aitaRd ir@bialREd fhiian hepatocyte cell
present invention, the cell lines proliferate easily

linek,thd¥esi B mith@fea ﬂbéeﬁm-‘ﬁ@@m@&h lankl bfb@ﬁca@n@bg&@ﬁsﬁﬂ%ma proteins, such as
eaS|Iy in a serumfree nedia. Mire preferably, the

albuifih! o-h RSy pRIMObIbb EEIBiRg 8RB VT dhdYREa B HeR o iMitbitdr Goltbins (ladp). In

Technol ogi'es Inc.,

a preferred embodiment, the nontumorigenic, immortalized cell lines comprise the Fa2N-4 (ATCC

Accession Number 5566) and EalC-35 (ATCC Accession Number 5565) cell lines deposited under
the terms of the Budapest Treaty at the American Type Culture Collection (ATCC), 12301 Parklawn
Drive, Rockville, Md., on October 6, 2003,

In a preferred embodiment of the present invention, the cell lines are derived from
normal hepatocytes. Preferably, the cell lines are derived from normal human hepatocytes.
More preferably, the cell lines are derived from cryopreserved normal human primary

hepatocytes.
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Provi dence, RI, USA; XenoTech, LLC, Lenexa, KS, USA).
I n anot her preferred enbodi nent of the present

WO pawefyid8h, the cell |ines contain a substantiBCT/YSI04/@33091
SV40 DNA. Preferably, the SvV40 DNA encodes the wild

:J?‘lg er a@ﬁq pl‘e?{r%% %&ﬁ&encﬂg‘ﬂhe I%r S%Httl %gﬂén (tedoé%),&émg/sg%a greaée
SV.
P SO L1 AP PRI | B SLDt or
ey P O ST
PR R R I T
R ST

subgialy it S AR ool ?ﬁﬁ@i@?s& s ﬁﬁf&é%ﬁmﬂar@

resent invention, cell_lines can be .us to
T a%%@st atlﬂ%ﬁnéf?Pé’St Mogg brg w@% Sedniacacodghthe WéldltYR?gl}Ag and
Pr ef er abl the cell lines will be used to assess
doeg ohereode GHIGES Y HheaR @ BFE-Ul ar toxicity. In anot her
preferred enbodi nent of the present |nvent|on t he
cellp anqthasgreferredisebodisent of thesaressat inyratign. flae.qedl ks kefpin their
l'iver on chemical entities. Preferably, the cell |ines
hepgiiiq fungsiong Biegseruan-fesmedia dPighprabbt Aprstic Sichens aspibe plabty to
conparisons. In another preferred enbodi nent of the
confjngeste SKpress wazymiatin activify ag@plodidepeaeins nvipiguseipieblyy spatice
proteins. Preferably, the cell lines continue to
funetioms imgludy therbiditicte cphtéswge wrintagi ¢ysochivored?450 €€ ¥ P mdyizymatic
the cell lines continue to naturally produce TPPs
actigitigpandgirodyca fublyrfiumtional therapattict plaspwi pmoteins OIRPs cinetseiungfree
factors VIIl and I X, transferrin and inter-a-inhibitor
medig.ot ei ns (Tol p).In another preferred enbodi ment of the
present invention, production of TPPs by the cel
|'i rieandtBerpedattdethbolihehesiabd yresept iackntivn,ohe @l IhPPsanlby used to
the cell lines is measured by

assess the effects of drug candidates on the liver. Preferably, the cell lines will be used to
assess enzyme induction and cellular toxicity.

In another preferred embodiment of the present invention, the cell lines can be used to
assess the effects of the liver on chemical entities. Preferably, the cell lines will be used to
assess drug metabolism and species comparisons.

In another preferred embodiment of the present invention, the cell lines continue to
produce proteins. Preferably, the cell lines continue to naturally produce plasma proteins.

More preferably, the cell lines continue to naturally produce TPPs comprising albumin, a-1-

antitrypsin, blood clotting factors VIII and IX, transferrin and inter-o-inhibitor proteins

(Iadp).



detecting their presence in the serumfree nedia. Mre
preferably, production of TPPs by the cell lines is

worrassREs at the protein |level rather than at PE¢EURRBIA033091
| evel . In another preferred enbodi nent of the present

. n\lﬁ‘ b degs gréf&?ed%ﬂbbdﬁemtwlﬁ%ﬁﬁm%a% lp%d%@ﬁdﬁrﬁff”[‘i@?by the

medi a. ferably, the cel I 1 nes sinmul'taneousl

celll%Qsdl‘é %asTl?é?is I‘P gb‘{rgcﬁlcﬁﬁﬁ*@fcié}f % lt}%rkellnmés%[(z %H&Ju?e%

I nes sinmultaneous y

dete%ﬁg?ﬁ‘lg \Mppég lce g}utﬁ _%rur}l lﬁ%e nRA%. Mo%; éﬂe?e abilfxp Ptsq%[l&mhfo[f%Ps by the

e reoccurring ri1s
CGHEQS%I?E%Q%%%? ”hegjﬁR&gﬁ SR ENBIERES for < he
S B RS e S et ?f?etﬁ%@a%ﬁ frbuce Teps
in s ﬁ%eégfa}’&nfﬁ}ﬁ TR R P@QP@ZE@’S b6t the same

i.mmortalized h ocyte c for rge anti ge
fracif g o P e e R PReP e 67 o Prin cimkeseatigy GRth LPs
of the immortalized cell gure 9b, shows
out f[’)ﬁ%lﬁﬁﬁad‘%‘i FHPR g SRttipe P GWIEE‘?WQ? TeQAeping g of viral
denonstrates that the proliferating cells continue to
congiRaliey al bumi n. Figure 9c shows the norphol ogy of the
imortalized cells MAth mell-deflned nucleoll and
10 granul at ed BRIEHRESCRUIFFION Q) DRAYWL
features of nornal %rlnany hepatocytes Figure 10
shdwaresHethroyah 8 shov the RTHCR prodeeis BF isexprsssitionplysip of several
after treating Fa2N-4 cells with different CYP3A4
mRNAJTRReripts IFiEggiEvéS and BRdink cadls. Thergawtdl for thel eetderdingeordan g
the induction of CYP3A4 consequent of treatnent of
outlrgd ip fatdgsd #BdRGeRY. with Rifanpin (R F),
bet a- napht of | avone (BNF) andphenobarbital (PB). Cis
t hd'igmme Yaediowd inmomias@ining df thehical ICeB Simnmutatizbdttepdtodyteecell line
upper band is nonspecific and that BNF, a CYPI A
15 for jargdUiCetigemdibeiscontitmsi thalinteeraGyiP3A8IV40TH Riinto genonesBNAMT the

immortalized cell.

Figure 9b shows immunostaining of cultured Fa2N-4 cells that demonstrates that the
proliferating cells continue to express albumin.

Figure 9¢ shows the morphology of the immortalized cells with well-defined nucleoli

20  and granulated cytoplasm, which are characteristic features of normal primary hepatocytes.

Figure 10 shows the inducibility of testosterone metabolism after treating Fa2N-4
cells with different CYP3A4 inducers.

Figure 11 shows an immunoblot demonstrating the induction of CYP3A4 consequent

of treatment of Fa2N-4 and EalC-35 with Rifampin (RIF), beta-naphtoflavone (BNF) and
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Figure 12 shows the norphol ogy of human hepat ocytes

(upper) and Fa2N-4 cells (lower) at the |ight
won@sosaspy | evel . Note that Fa2N-4 cel ls | 00kPCT/US2004/033091

remarkably simlar to human hepatocytes. Figure 13

o RRRSTRIBET, 35, Pl R SR TER PR PPt
e A B Ly g
o Eh e by B B L0 g o
LS N RN E TN I, -

culture format on induction of CYP2B6 in Fa2N-4 cells.
humgap Bepagocytes.shows the ef fect of cell culture fopnat (6-,
2-, 24-, or 96- well plate) on CYPl A2 and CYP3A4
i n&iestq Brshows mepsgion of @E’F’senzsmwg&af@nmraéwsmd Hfampipgn FaZN-4
course of CYPl A2 and CYP3A4 induction in Fa2N-4
cellg eplfuged mjogwieleplags.shows concentrati on-response curves
for CYPI A2 and CYP3A4 induction in Fa2N-4 cells.
Fi giguee Doshohe s retredusioilisy pf @Y PR indueiion i jifempimeadig2N-4
on CYPl A2 and CYP3A4 activity in Fa2N-4 cells. Figure
cell 1 shows the range of CYP3A4 induction in primary
cul tures of human hepatocytes. Note the difference
beFigeenl 1 showseairatucihnity ofGP envoiue tinduntiensin Fe2 N7 oglly astasg
shows the utility of Fa2N-4 cells in differentiating
sevdrabpiagsagdss Diottedriinmes mépooseig amedsinFgld ims tier in grestnlsumasl hepajecytes.
of a-GST into nedia follow ng 72-hour exposure to
C O Tk ks shioing ttreee T2 of belivuitheeforhos en irgls prtomsd CYIBA deFa2N-4
of CYP3A4 induction by rifanpin in
cells.

Figure 17 shows the effect of cell culture format (6-, 12-, 24-, or 96- well plate) on
CYP1A2 and CYP3A4 induction in Fa2N-4 cells.

Figure 18 shows a time course of CYP1A2 and CYP3A4 induction in Fa2N-4 cells.

Figure 19 shows concentration-response curves for CYP1A2 and CYP3A4 induction
in Fa2N-4 cells.

Figure 20 shows the effect of various enzyme inducers on CYP1A2 and CYP3A4
activity in Fa2N-4 cells.

Figure 21 shows the range of CYP3A4 induction in primary cultures of human
hepatocytes. Note the difference between the median and mean induction value.

Figure 22 shows the utility of Fa2N-4 cells in differentiating toxicants from non-
toxicants by measuring the release of a-GST into media following 72-hour exposure to

compounds.
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Fa2N-4 cells. Measurenent of induction of CYP3A4 was
performed in Fa2N-4 cells treated with 100 nMto 50 nM
wo Rdoasopi4es Data was fitted using SigmaPl ot (veP&T/08208)/033091

using a 3- paraneter signoidal curve. (A) Total RNA

WaF; ALY A% s ‘('tj&t%@é-&ﬁwnﬁlﬁde@&%eh@e@cﬁ3A@Yﬁ’&’ﬂ%ﬂoq by rifampin in

transcript an en conpared to vehicle contro

FaZg%@eﬁlm Nﬁagu%nqén.# QHH&IC%i&Dof CPbng \Iggsr §%§I§%§e%d€§%4§gls treated

mthe data of triplicate sanp
: i M d f t i f .t t t
wiab Kok 0198 TRARHT B e PRLTRA Dbl SRR Sy 8
d. hi | to det ' ,
PR e PR (oot RP oY el el R 3AY

of.triplicate s | es. Figure 24 shows induction of
g P P St e SR B0 GFiomaoR Ik dheton. D stssents
pas es of Fa2N- 4 cells were plated in 24-well plates
meal & S18 G Bt OOl T R (o PO R BarSs meapiTehy
dexanet hasone (striped bars), and 10 mMrifanpin
formpaip ek g 4 SFieropagmetshglite & pekdiyaToREReseroRy tad demicpmpared o
were quantified fromisolated total RNA. Pl ot
vehiglsgpaizel e deterpanafpldrindustion. r Bate rapeeserds mewf + GRAwnUpE detaoe
. sanples. (B) CYP3A4 activity was neasured by formation
tripliptetsp@plegst ost er one netabolite
6- bet a- hydr oxyt est osterone. Plot represents the nean
of Feaups 2%%1@@5 ydngios of CEPBA¢ omgiffenenlispastageved Fa2N-4 cells. Various
statistically significant increase in transcript
passggas9fi Ea2Nef icellsevaroplated in 24-well pletes afSixpdedttd 8.1%-INASO, vehicle
p<0.05). Figure 25 shows the conparison of CYP3A4
(open elsy; t50 M dexamnathh s (stiifet! bus), bndl @ dfefpm@iBlack bars). (A) The
I nduction of CYP3A4 transcript in Fa2N-4 cells after

levelk&{ TYWB AGXRASHPE we qantiMdriidndiibiafed (SAIGQEA. PR Shrebehts the
conparison with vehicle (open bars). Data is from

meafs S £6m CRHAUCIrQHadripIRAE Baiplbd. | WE LY PRARL &V Whegﬁmg by

i ndicated. Plot represents the nean SD frofm the dat

fornftiofISAEE RlobtERhEmS@HINEE-be iy Ao RNPRRALSHES Ii"?d’é’%.%)resents the
statistically significant inCrease 1 n transcript

meal 6f cMeRingli&. %@%gﬁbuﬁd@ SRGWEY tigtgaﬂg giglglgg%ntt in}fe%%_eluﬁa 0

p<0.05). Figure 26 ows the follown

trans%{iﬁisx%?s'us %enidtE QoD dMRh &R (Stlﬂe'ﬁl.e s t—%gst, p<0.05).

Figure 25 shows the comparison of CYP3A4 induction in various multiwell plate
formats. Induction of CYP3A4 transcript in Fa2N-4 cells after 48 hour exposure to 10 uM
rifampin (closed bars) in comparison with vehicle (open bars). Data is from studies
conducted in each multiwell plate format as indicated. Plot represents the mean & SD from
the data of quadruplicate samples. All compounds showed statistically significant increase in
transcript versus vehicle control treatment (Student’s t-Test, p<0.05).

Figure 26 shows the following lanes: 1) Human Plasma; 2) Protein Marker Line; 3)

Culture Medium (Control); 4) Primary human hepatocytes (72 hr culture); 5) Ea1C-35

10
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Cul ture Medium (Control); 4) Primary human hepat ocytes
(72 hr culture); 5) Eal G 35npnol ayer, 72 hrs culture;

WG R00Eal @885, roller bottle, 7-day culture; 7) Bei/0SB54/033091
roller bottle /14-day culture; 8) Fa2N-4 nonol ayer /72

ol SeE 410 i) BRI L ST K i o

ro e ure
14 R0 YR s} ETHNL Rtk DAt by EROPLELT bl @At de 8
10) E%‘%%ﬁ%ﬁ"’?@/ &5?%@%%9 8)5 ) Fgglnﬁgglfmgi 2on 4p39;
A 8y 8 B BEE b B
tangga @Rt B Bl vl B e R il b BB S By s bd o
rao R i MR Bl DD RN PR S e Mlier. 1 56

flasks. Figure 30. shows total albumn secretion b
Fa%sr\%uae %gﬁla%gvs Rye-dimengiopal selifgelzpsolpggrsted proseing oftee ﬁ/qu-4 and
125, T75, and Tl 50 flasks. Figure 3 1 shows a .
Ealﬁih%’i't 068 ,llgﬁshangfwetsﬁgl oty ag@lyiﬂ; ol the }?(a]@oﬁ &gl ﬁ\{lﬁgang—Factor-D( antibody.
colorinmetric enzyme i mmunoassay for the quantitative
detféguas Hhthiown thefexpreesien W a@las@piptetding athumaing Indp, sach 8WTdh Fa2N-
ELI SA principle. The key for this plate is shown bel ow
4 cellp gipatnl ie T2.3,. T75) apdr B 58 Zlagkhows a phot ogr aph of the ELI SA
plate 2 containing a colorinmetric enzyme inmunoassay
f oFiguine3 ghans idtdtalbnenin ecetion bypFi2dhd ofllsader thice dndékldays in
utilizing the sandwi ch ELI SA principle. The key for
culttufeiis TRS, dt76, dnd TAhoWiaskbel ow i n Tabl e 13. Figure 33 shows
a photom crograph of Fa2N-4 cells i munstai ned for
CD&igure Nodhewt AahotegppleshoBLISA (8 1 coaihgalcobgiehetr? enzyme
t he plasnma nenbrane. DETAI LED DESCRI PTI ON OF THE
immuNyEsbiE foNhAlbareivitiat Hertisnidtion TLdetBtedd MGAL SIS dh
the present invention and as used herein, the
ELIBAlpriavipRg The kebfon ik @b isaubah bass imrigefi ned with the
foll om ng neani ngs, unless explicitly stated

ot pesuvd BLshows a photograph of the ELISA plate 2 containing a colorimetric enzyme
immunoassay for the quantitative determination of secreted hGH utilizing the sandwich
ELISA principle. The key for this plate is shown below in Table 13.
Figure 33 shows a photomicrograph of Fa2N-4 cells immunstained for CD81. Note

that expression of CD81 is localized to the plasma membrane.

11
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These expl anations are intended to be exenplary only.

They are not intended to I[imt the terns as they are
walemenitaesl or referred to throughout the speci PCT/EB10041033091

Rat her, these explanations are neant to include any

addi ti onal ns as

descri bed %%:ggﬁdié\ﬁ ﬂPﬂé. BINVERTIGN

abbrevi ati ons are used herein: AAT = a-1-antitrypsin

AblMHatfond bMOTRE 2bOI | 2i ng enzynme lalp =
I nter-al pha-1nhibitor proteins MCT = Mul ti Cel

Technol ogi es = Ml t.i - Funct i onal hancj n di a
RGP P B e Py B A 55t s Behe EZRgpe terms and
reaction SV40 = Sjmap_ Virus 40, Sv40 TAg =. S m an i

b P R tih BV P GEIREVAIS RGPS R otherise
Virug 40 t antigen TPP = therapeutic plasma protein_ .

Thogs, EXRlfons BF RGO beeaieplng R aBEY 216 B IBPdmhdp et the
of ceJls of conmgn origin grow ng together _after

terna 3 By pesdesgded; oF Yaferes. %Bylr@fggwnglet wgeifirtion; Rathge these
sane nedi um and culture conditions, the cells of the

explagpiions jaffemedih e inghle any radditieng] gspests apf/ogexanrlpy gf the terms as
simlar gromh rates, tenperature, gas phase,

des¢fibed prd Jeimred Aerginsur f ace requi rements. The presence of
cells in the cell line expressing certain substances,

Therfgloveing Afireviatiopysre mseddwreilie ascert ai ned, provi ded a
sufficient proportion, if not all, of the cells in the

AAT=velpntgs® a nmeasur abl equantity of the substance. An
enriched cell line is one in which cells having a

DMer diap metabeliding ehzgme expr essi ng al bumn, are present in
greater proportion after one or nore subcul ture steps,

Iodp AddtertdighaGfifiBikddkotéigd | 11 ne.

MCT = MultiCell Technologies
MFE = Multi-Functional Enhancing media
RT-PCR = reverse transcription — polymerase chain reaction
SV40 = Simian Virus 40
SV40 TAg = Simian Virus 40 T antigen and t antigen
SV40 tAg = Simian Virus 40 t antigen
TPP = therapeutic plasma protein

The term “cell line” refers to a population or mixture of cells of common origin
growing together after several passages in vitro. By growing together in the same medium
and culture conditions, the cells of the cell line share the characteristics of generally similar
growth rates, temperature, gas phase, nutritional and surface requirements. The presence of
cells in the cell line expressing certain substances, for example albumin, can be ascertained,

provided a sufficient proportion, if not all, of the cells in the line produce a measurable
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The term "clonal cells" are those, which are descended

froma single cell. As a practical matter, it is
waledobiogBt t o obtain pure cloned cell culturespPof/US2004/033091

manmal i an cells. A high degree of cell purity can be

quaBfiy R ﬁﬁ‘:@u@(an&g % :ﬁ%ﬁbﬁ’eﬁ ERHAIS 09%1%41&11 &M h%[@e%%%%a@fsﬁalt

uséd herein culture I'n east

e.g tePgrn gsglécﬁ?@%ﬁ re&n?':g rglr Em%fl ahéraqnfa Br #rxgre sﬁﬂéﬁﬁgre%teps,

90% of the ceIIs possess a deflned set
1hM¥@k%H |?§£??ﬁ%erned a cloned cell culture. Mre

| 989% qf
P Lifhgé?'@s%b"g?‘ & ol Which Bl 8B herp B2 8@‘11%3 %
The Fa2N-.4 Eal C- 35 i :
praiefedeS s pfi %utlﬁt*ﬂ%tﬁw@he : ?%deFliﬁLﬂTufe?@ P Rl CeP'ﬁ oA Bigh

tion" i as. t ui si

degis? O?ﬁeli?%?%ﬁee%ﬂsﬁ by é?cg?ﬁsvg o] enft s gse% herein,
|
o IR ShtH e Al it i P 1 Rl %e%s%@%? el termed o

rase ncqQgenes, or the |ar e T antigen of the
010@54261 Ypurgy Pr 1 FReIBa S cwivrn insibieh atj ?ﬁ%b?%Pﬁ g%lfqué [RO§sgss a
necessarily a nallgnant transformation, though it
ﬁﬁﬁ@ sehaf ptis dnipinadieloned fell suiikEen tMere arréTdlynatcel ﬁultwrw which at
term"imortalized" refers to the cell line that grows
least 88roof thaIcPYs Repsepoudelivachies e inimanedeanlongd eell ¢udtuts. tTe
in a suitable growmh nedium The term _

Fa2Ny4 angd Ka) Cr 3rasH glavs chadged ingthis inyeniéontrapeloend pelbnesei ng
transfected or infected with all or part of the vira
gendmierf “immaitlizatignas dnfinadiesthe acgiisiton oPrietndefititeproliférative
virus is a DNA virus. Mre preferably, the virus is

cap&it 0 Immpitelivatiinray bedngEed amutinRiny twitvord cslipprddastecell lines by
proteins, leading to inactivation of their tunor

trangagpion wik telomeasayvagsgendhy er the tange' B aripea nf tha S V0, b Infection
refers to a DNA which has been purified fromthe

witls 8j4(k lomsortatization il mnkeckedsatily aamalghattt abhsforomdon, thongh it may be
state, i.e., a DNA fragnent which has been renoved

a colmpone:it heémskgastnaasfomtrtion. are normal |y adj acent to the
fragnent, e.g., the sequencesadjacent to the fragnment
i N Thh eergetanortalizedihie s to thewtl lihathayerow € tirSinuARdviaue h
has been substantially purified from other conponents

sendbbdnchwhed ¢tltedyn 7Ge P aniblepeoviiNhedRing.

The term “virally-immortalized” refers to hepatocytes being transfected or infected
with all or part of the viral genome of a wild type or mutant virus. Preferably, the virus is a
DNA virus. More preferably, the virus is SV40, which binds to p53 and Rb tumor suppressor
proteins, leading to inactivation of their tumor suppressor pathways.

The term “substantially pure” refers to a DNA which has been purified from the
sequences which flank it in a naturally occurring state, i.e., a DNA fragment which has been

removed from the sequences which are normally adjacent to the fragment, e.g., the sequences

13
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DNA whi ch has been purified fromthe proteins which
naturally acconpany it in the cell. The term
WO h@patasytes” refers to liver cells that are pepuabioe4/033091
of considerabl e regeneration in response to |oss of
jackMb tHEEm! i i 0
R e s S
la1l 4 ait d ' - 1l opal
R R
- i : cel | which are
N R SRS ARl AR e
pr ‘i ny. .of topl asni.c tabolic
oﬁl\i‘?&ﬂl h@p#&yﬁ:a dre{eltr%tﬁ lggInC%hélhaP s Ppﬁ%g}"%o&gl epple

t t . )
g%; :ag\:“ llgsf Hng[t' onls in 191' ue(r)(r)l)él sgge i s, netabolism, of
eEPU nes. " %ﬂoc%ehfﬂlllos%ﬂfdl N PR ?'gTﬂgo%gﬁg‘S?%mg’ﬂ&Bfﬂc%?ﬁ lisease, or
t I E ' h t t tain.
surgeR e i ok PR S Balaf e bR BT rerraang

drugs... Under .conditigns of hepatocyte challenge b
POl gop] Sl TSSO TR AP e SEPHANATHIS e B EROM00
becone t he predom nant organelle in the cells.
Perqydsomes BeFteels, paidharninyalyadiip the breakdown efthydrpeemprretidm yroduced
. Which are critical to honeostasis. O the variety of
n magy pf the general §ytoplasmig metabpimhachivitips. Torddjtidre paoxisoptas ave
conbi ne pat hways for synthesis and breakdown of
specifi¢ prefafie Aimsgons|in plugencogamesio metabdsm pff piriebs aleohod kel Iipids.
aci ds and co-enzynmes sinultaneously to acconplish a
ThegmogiheenBorddsods watultm$4ER) Tihkepaoryted ¢ontlirndregmeipedloghih e”
refers to a hepatocyte that has been physically
degradyonane dorfjugativwbftexingald dugsoUmder céndition sf ladphtacyre chaillenge
its natural environment. The term "primry hepatocyte"
by dregsetosing or methbptstmylaatsf thatEhmsy beeme teCeddnyindns 6dgaidid in
fromintact liver tissue. The term"nornmal primry
the dulinaHepri@ates pyf@in mafigle $intlg-tanch dpatiomywigcitas tx@ad] for om
a nondi seased human |iver and maintained in vitro for
hom@odtasty. tGf thevdriet) ofRetyped ih thietfarhMaldnaiiy, dhlythe PRI TRGine
term "cryopreserved human hepatocyte" refers to a
pathR@ysil syaithedB aid bldireio wh @ P edrbshytifitds Nafids\aainG Y00 pEI&H R Hleic
prior to being cultured in a suitable medi um
acids and co-enzymes simultaneously to accomplish a unique biological task.

The term “isolated hepatocyte™ refers to a hepatocyte that has been physically
separated from other cells to which it is attached in its natural environment.

The term “primary hepatocyte” refers to a hepatocyte that has been recently isolated
from intact liver tissue.

The term *“normal primary human hepatocyte” refers to a hepatocyte derived from a
nondiseased human liver and maintained i vitro for a finite period when cultured in a

suitable medium.

14



10

15

20

25

The term "netabolic activity" refers to the sumtotal
of the chem cal reactions that proceed in a cell,

WO p@bodi4eg) cat abol i sm (breaki ng down) and anabPCT/E82004/033091
(bui I di ng up). The netabolic activity in a hepatocyte

p r o C e S S p < ?yu &ﬁeserv?&)ﬁunlalnrﬂe a‘?&r\/r% refk ?0 Qgétjmlaf %méz?rﬁ hurgarln

toxic co
bol l.e t
hepatrcl %%ﬁg‘vg&ﬁn@g@e@%ﬁea gﬂ?r f%e(%n acuhBrfé drtl g éﬂf&ﬂﬁ% me%o . C?()F("I -
f ‘ d f
or ol s Ss@gﬁék%ﬁ%gh%”z S B

POt Bl i PG SHEEADEH L GHDH S PBOHBB e TEnE ). The

nogens, .and ot her entially. toxi Qrpounds and

T R A SR L S Ry
tethered to the surfa of the endoplasmc reticul um
POW@E BRI SYMBPYTMIEI- By & oCHERA T SAOBHPHITRUBIRNL. K6 B l55s Pre Rt mon-

toxins. Then, other enzynes may further nodify the
tOX’(?&H’ﬁB‘PPr‘PE}; maki ng the entire nolecule nore water

soluble. This allows the toxins to be elim nated

t helhgreraacytoghiamaPgakenayme’srs ks refRéo cﬁami%yamhplye%@ed

di vided into subfamlies, which include, but are not
oxidasprprzgrey Hundmpiominayiyzia thedyr Ghegyamamnesdypn the fiastdine of

CYP3A. Wthin these subfanm |ies there are nunerous
defongeregeinslioxian ayhibey arefitvelved by thenetabelismyofdwtirophobic drugs,

"isoforns.” The human CYP3A, CYP2D6, CYP2C, and CYPI A
carc}imgﬁm; sl ether pteotiallyttoxib eomprpods sad metabolites girawisttiab ol the hiood.

See, e.g., Murray, M, 23 din. Pharnacokinetics
They 3% f48nd GO} to BYPRAe othbyndoglasiivectivajunr, Whenftbeyntiach a

human liver and the small intestines, conprising 30%
cheanne! e oapdionweh yoxifs. Thea, d)thér&lnzﬁYdMﬁﬁr fprtiodr @iodifly the

those tissues. Based primarily on in vitro studies, it
contpasnd) @aRing she anbiteadobdidd mbileavane kelbblki This aflowidde toxiks @be

of all drugs used in humans invol ve CYP3A4 catal yzed
elingixdtetbllyl the 8rinabe endIdipgd¥tied systms. ETheSC VW Ifdohifisio divided iffo sublfiinilies,

Vitro and In Vivo Drug Interactions |Involving Hunman
whithcBde, bdBardnot linRed. to, I 10 CYIP2 ATOXPLO) CYPAB CYBE, and

(1998).The term "hepatic function" refers to liver
CYBRECWithth théselsPsthaies fHefGhd ARgeroudhumbn CYP enzymes, often termed

“isozymes” or “isoforms.” Thé human CYP3A, CYP2D6, CYP2C, and CYP1A isoforms are
known to be important in drug metabolism. See, e.g., Murray, M., 23 Clin. Pharmacokinetics
132-46 (1992). CYP3A4 is by far the major isoform in human liver and the small intestines,
comprising 30% and 70% respectively of the total CYP450 protein in those tissues. Based
primarily on in vitro studies, it has been estimated that the metabolism of 40% to 50% of all
drugs used in humans involve CYP3 A4 catalyzed oxidations. See Thummel, K. E. &
Wilkinson, G. R., In Vitro and In Vivo Drug Interactions Involving Human CYP 3A, 38 Ann.

Rev. Pharmacol. Toxicol., 389-430 (1998).
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i nclude, but are not limted to, (1) gluconeogenesis;
(2) glycogen synthesis, storage, and breakdown; (3)

W@ ywbloerBs of serum proteins including, but nopCT/URIM€MB3091
to, al bum n, henopexin, ceruloplasmn, the blood
cl oftehdieh ‘fhé%tﬁg rﬁﬁcﬁbrp%féf‘g 0 i’iver@?ém%plgmllo?i%ltf@&éﬁ)ﬁs, which
Factors V ,

1nclfuﬂcp 'Bhtncx‘PQ )hml IFJ] ‘E‘l)#lvegﬁéo 5%91‘3'(5) %lgrcgo%&ggﬁﬁl{e'sﬁ aﬁc@&( g}d

antlthro ugati o e aci

brei{d0 r(§j 128is DR ro@nls?nc[?ﬁ DSt 19 fo Eﬁﬁ)l{ te' L
98 ?% (s A

synt stora
henﬁ)ﬁgy%lﬁ : ﬁlgo%llljars%%nn é}i’ %%%o% clc‘tgléﬁqta c oqs Eltng uding qjsl,lglﬁ?tﬁgﬂ ;ceg to, (F'ﬁ}frs v,
vnaw(;f AP R T TR SR

atLon an nmortalized Hupan
R F iR e BT T ot HPBP A Bl i nent
I zed hepa cell
ootk R b Oy ool b el yrnﬁwsw%)e
i G i SR LB G BB BERIET g 10) aring acd
ogenou | asma proteins, such_as albumn, a-1
me%‘?fﬁ]is rwgélﬁg H’SFaBBI&p%qHETTFIPﬁ & rgifipadioypf gromatic gxino acids; and
transferrin and inter-a-inhibitor proteins (lalp) but
(llb‘l?t%%ﬁcag%bﬁ’“é@%‘ﬁh‘%w@t oprotei n when neasured at the
protein level. In a preferred enbodi nent, the
mmoitalizad 1 'Jd“ﬁﬁo Aebelldinesed cel | 1ines conprise the
Fa2N-4 (ATCC # PTA-5566) and Eal C-35 (ATCC # PTA-5565)
c e|This| ipyragonyielsdnsite wignllyritharorielizedthepatecytstoell hiveBudiinhasy be derived
Treaty at the American Type Culture Collection, 12301
fronpgerala oy hum@plivey ictllsehavivthe, abdity QuiroliferateGn a2@081-frdermalia, are
preferred enbodi nent of the present invention, the
nongigldrigénic)@sd anceaghble of pcbdiciogemiopermhis plegat @oeims Ssuch as albumin, o-1
Preferably, the cell lines are derived from nornal

antiltyiiset) blaeP alofiny FRSors M endPE brefistdiY and fr-e€hhibt tbﬂﬁ&eﬁﬁ flalp) but do
derived from cryopreserved normal hunman primary

not BER&L QI?M%I -B%oprdtfinHeh Hﬁﬁsu%deaft ﬁfe Lefein TReditHg g&eefggedte@rﬁ)odlment, the
n

prese i nvention, the cell lines proliferat
nontumorigenic, immortalized cell lines comprise the Fa2N-4 (ATCC # PTA-5566) and EalC-35

(ATCC # PTA-5565) cell lines deposited under the terms of the Budapest Treaty at the American
Type Culture Collection, 12301 Parklawn Dr., Rockville, Md., on October 6, 2003.

In a preferred embodiment of the present invention, the cell lines are derived from
normal hepatocytes. Preferably, the cell lines are derived from normal human hepatocytes.
More preferably, the cell lines are derived from cryopreserved normal human primary
hepatocytes.

In another preferred embodiment of the present invention, the cell lines proliferate

easily in media. Preferably, the cell lines proliferate easily in a serum-free media. More
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easily in nedia. Preferably, the cell lines
proliferate easily in a serumfree nedi a.

wobmepsaBer ably, the cell lines proliferate eaBCT/yYSi004/033091
MFE nmedia (Multi Cell Technol ogies Inc., Providence,

prei&ab%%?@bel%ﬁ%&%ﬁﬁgﬁt% le%?'lyt' ﬂﬁ*’@nedéﬁMMH Téclﬂnﬁgél%%ﬁ[:,

pre ed e e pres I 'nventi on,

: I i ' SV40 DNA.
Proffoe APy R § BUCkRL I W pe SVa0
t e B ERES TR cpho R et hecalfB Snllef b ke

oes no

roducts. .The, tors have.devel
suo 5T VAR P BEHER, I AL LS Y A 9A e
o R o P LSS SR RS0 g an
i rtalizatjign gene. This strategy was chosen because
doeg %&?0218?@855‘2?0 gﬁ?ﬁﬁwdg‘gf'l s with SV40 TAg can result
in_cell lifespan extensjon and in nontunorigenj.c
i nyepipIR n deylqge 4 a%eél@{ng%f ngpgsm}@n?ﬁr@@%%ufnan
viral infection. Cascio, S., Novel strategiesfor
hepatais ¢edl ss: Thengierity aﬁéﬁserf@lﬂ Apescyere sreatad ping BY 4] Tég gssthe
. 2001. 25: p . 529-538. Oten SV40 TAg immortalized
immaqgtafization geney Ehis plrptegy WS §RoseR hesrusedransipgioniof hepayrellawith
characteristics associated with the primary cell type.
SVAdnbAgiernietulidn el lifpspen prsensiparing in yonpimasigenip raewaiizfjan since
passage in vitro. Kuroki, T. and N. Huh, Wy are hunman
the eellsjare semiterpigsive toyirpkinfegiiemtCagaip. S.t¥avakstnoragees fasn i n
vitro? Jpn J Cancer Res, 1993. 84: p. 1091-1 100. The
immupoiatipdtion gfveumdnihemrtoqyrds.ramtificieEDtgs, 208h. 25e pndZe53® gr ow
continuously by transfecting the cells with the SV40

TADfgarsy40 TrAgisheetaliad coll lihdafreaiiveryigasvdkeof the differentiated
acconpl i shed by use of a virus or a plasnm d containing

chafabieri$h¢d Bssd Age R R theiichafiBYelll tRRGnH Ao nbEASIH tiRb QRicaY prior to
the cell line. Oher transformation vectors may al so

exteaSivelpbdte in Si6NKafokDaPhdd 0Bl 7Y Su-OhunkR e RsiBBIL to malignant cell
virus. The techni ques for naking continuous hunan cell

traiﬂgoﬂﬁ&iﬁzrﬁ Vi3 Civh l?FQn&eF RE§ @960 |8J|1|Ci3N'l ﬁv\?l -I&@b.e rences:

ahm F. L., Smley J., Russell, . and Nairn, R

Cha g Gbiial Bhh&sliyet pRniy eIk GRbk ralid'® &R BSHALSREY Y
DNAf r om human adenovirus type 5. J.

transfecting the cells with the SV40 TAg gene. Transfection or infection can be accomplished
by use of a virus or a plasmid containing the SV40 TAg gene, and may lead to transformation
of the cell line. Other transformation vectors may also be useful, such as papilloma virus or
Epstein Barr virus. The techniques for making continuous human cell lines are described in
the following references: Grahm. F. L., Smiley J., Russell, W. C. and Nairn, R.
Characteristics of a human cell line transformed by DNA from human adenovirus type 5. J.

Gen. Virol,, 36:59-72 (1977); Zur Hausen, H. Oncogenic herpes viruses In: J. Tooze (ed.),

DNA tumor viruses, Rev. Ed. 2, pp 747-798. Cold Spring Harbor, N.Y., Cold Spring Harbor
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Gen. Virol., 36:59-72 (1977); Zur Hausen, H. Oncogenic
herpes viruses In: J . Tooze (ed.), DNA tunor viruses,
wW(Re00s/0Ed88 2, pp 747-798. Cold Spring Har bEr, I\P(\F/f\gusmpallobsom
Spri Har bor P 1981); Popovic, M, Lange-Wantein,

Pre&%‘p(;;gg rﬁoBLViETMgisjégéWEhteibGﬁgﬁ'incpl t{‘r Ontafh, I l?d allo, R
ransfor mat i 'on”of & human’ uibi [T cal”’cord b oog HFI?-’c'eFI S
Tragy PR o R BB R AL MR LR Mg T gl gnpion
. AR 8l R . . Ppni ger., J

vird> (3T, o, N, ARRESEL Ushpotsaqo SIS TEY Dibgotet JefEh s
i1 i, -16 Ca Cells
Popgleyc TG ey Rl S PR BB st LA e ase
I, It it -perfusi o f
R e
Pr es.per.f usj ti ti]l the liver. was nche
e D BETPB Rk Erhe PReT HF S tartorm oy gute i B aseion of oxveen-
I | f il the Li . t hor oughl
sl SHGHC BRI frat oty SO SRRy eR AR, Bar W lrached

t liver s mnced into 1 ¢cn?_pieces with the
and F&Eqﬂefii M@%@%ﬁ@%@? By esT PauRied: cpﬂafasaagsﬁ byfferyyytilghe fver was
screen, then filtered again through a 253nm nyl on
thor, y digprieds@upseriatsly ng@éﬂt ri fuged at 20 x g for
five mnutes at 40C to sedinent intact parenchymnal )
celTodharvppieselli thediveryas pmesdipiorfarf pircestuith the deswhing sespension
wi th washing buffer (3X) to renove all coll agenase.
filteryscthongh a pr) Wise sanees, thesfikpedapeth throudl592$3 1 sdoremesh. The
culture nedia to yield a final volunme of 400-500m
suspensibn wagdensgifogedat 2@x 4xXor@Fe qehltey atid’C rsgfiarentibtaet parkchymal
| act at e dehydrogenase viability assessnent was
cellp eFHeqreitetdvas mesabpieqdeaitas 4%f anidvashelusifensshing bulfee3K) @sBinyve all
i sol ated hunan hepat ocytes isolated from donor |iver
collagengbes Thé belbpedibova ressniaisii € S0l tisbuembiie meedRitb fyRld a final
three tinmes by centrifuging at 50 x g for 5 m nutes.
voluliteofeiebis0mal With a dasity 65348:pONE@E/miN Tefpah bR ahd RE&ieNg
medi um (serum free MFE nmedium FBS: DMSO (8:1:1) at a
deh§dro@nageelidbilde BsskisshemiwaperkO{edlon aﬂldo@é&‘tﬂﬁs Qfspéﬂal%n.c el |
suspension were transferred to Nunc Cryovials (1.0 m/

1. Gk fesnrPisbRied hitm@ihdpatobyte CENMEA Bbh-doRdtQiveld Rsdribed above
cryovials were equilibrated at 40C for 15-30 m nutes,
wer@asHed Q/ithWaRNih b SN e e byREAFIBREIlg Mt 80 x g for 5 minutes. The
cell pellet was resuspended in chilled freezing medium (serum-free MFE medium:
FBS:DMSO (8:1:1) at a final cell density of 5x 10%ml. Aliquots of the cell suspension were
transferred to Nunc Cryovials (1.0 ml/1.5ml cryovial, 4.5ml/5 ml cryovial). The cells in
cryovials were equilibrated at 4°C for 15-30 minutes, and the cryovials were then placed in a

styrofoam container at -80°C for at least 3 hours. The vials were then plunged in liquid

nitrogen for storage.
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styrof oam contai ner at -800C for at least 3 hours. The
vials were then plunged in liquid nitrogen for
wGet@cagasyr opr eser ved human hepat ocyt es wer e PEpPUS1094/033091
thawed in a 42C water bath, washed and plated in MCT
y?c&frésgltv@ﬁ uMﬁe%Hﬂo&ﬁEsewé}@gBM@ th;\in i‘{{%}’4§0(|j ngaﬁf b%ﬁ Svashed and

|mmrtaI|Z|ng gene was I ntroduced 1nto the ¢

platledl ﬁ’ch ¢ls é%&bgﬂ%?yAﬁ%@%gg’cﬁé%ﬁ . T, a&? ga;tﬁg?ll}egné?o ?Llh% gene was
mtrmutc{;ﬂ 1?19) thyggi)lrs tb? lh{)ﬁf@&@%é’d? (fédq{angf%m}]o%' nin gt he 2. 5kb

ear regiron o enone I'ch enconpasses

bonﬂeﬁi@ﬁlb@%&?l e ngﬁi‘)\ StS ot Is%e Yy ﬂaom %r%sgerc{sow tléan

expr ession 1I's hear pro
B A %zmgﬁ i
e LR A RSB BT FGT 5 o

neo, pl asm re initi S cted based on

i S Rosdi 3 550 o S eSPie BEBERY S NG St pone e wes named

C-3 5 cell. line was established and maintained in

PBIE%JI% B PR fﬂ%létap%?zwwoef@w 1 the rpngfeetsdeciors asslseipblgaerker by co-
imortalized via pof ecti gn-nedj at ed transfectjon

trangfegtpnpf & Flﬁ‘gPlésni“Fn&l(tnS‘f Vorg iy seleetad basedhan theiralilipyigigeny in G418
of .the Sv40 genone, contained in the pBlueTag vector,

conigiping e B o epell Aok Bomeablgied sbboAnESd B oGS,

pGreonts plasm d and was nanmed pTag- 1. The SV40 TAg

c oér he & ai%l‘ééucelh lipes(Af{der PEAS oK wasdmaertalized vinlinofagtiprEmediated
1- HTLV pronoter. The vector al so encodes a hygronycin

ﬂanﬁ%@i@t%ﬂ’@@l@%@ra@f@mmge@@ de apreregian kéthe SE46 igemme, contained
were sel ected based on their ability to grow in hygro

in theaRledTag meptorewhsinseTlaé ifa @ bickbae bhsediupen the 3nwwiGlpGIieeuics plasmid
and mai ntained in MFE. The Fa2N-4 (ATCC # PTA-5566)

and arae n#Ead dPTIE-1( ARSS VM0 IRA-B8iBS yegrml i udenths inflreece of a hybrid hEF1-
deposited under the terns of the Budapest Treaty at

HTL Y grofrvtari TenvetippasCeicbdase hfgbngcih rexistant® 3t aPadkigaeiactable marker.
Dr., Rockville, M., on Cctober 6, 2003. Both the

Clokeg 2dredse{cblECGased Bl A6 Bity @rpdovical Ky Bbe oAl #edBT ATRDIGEN-4 cell line
cell lines have been maintained in culture for up to

waskStabtizh¢ s dirheisteigld h3@Fpopul ati on doubl i ngs. Bot h

The Fa2N-4 (ATCC # PTA-5566) and EalC-35 (ATCC # PTA-5565) cell lines were
deposited under the terms of the Budapest Treaty at the American Type Culture Collection,
12301 Parklawn Dr., Rockville, Md., on October 6, 2003.

Both the Fa2N-4 (ATCC # PTA-5566) and EalC-35 (ATCC # PTA-5565) cell lines
have been maintained in culture for up to 18 months through 150 population doublings. Both
of these cell lines went through a crisis stage between passages 15-20. The immortalized cell
lines that emerged grow and function when maintained in MCT’s proprietary MFE media

without serum and can be cryopreserved indefinitely without detriment. The cell lines will

19



of these cell lines went through a crisis stage
bet ween passages 15-20. The imortalized cell |ines

W ba@b/0ess ged grow and function when nai nt ai neRICT/HS2004/033091
MCT's proprietary MFE nedia without serum and can be

alschrx&%&ﬁ%]w %dm'o&d%ehﬁh gl%% xlew t ?9@&&6% #eﬁﬁﬂ}e will hg gr%'w and

gr ow an unc er serum
LRI R SR T W

oo AT o e R A
ssoB R LRSS A 3R o R B o o 1y anc
5 el It} Tes&ﬂﬂ% ’ ot £ | | “_The.a?eutéégggégingg

resent invention, the cell lines retain hepati
ﬁe?mﬁe TiPFPigrede W@bofﬁ%wrssenw%%Bh@cellﬂ@s%ﬁera@ hepatic
functlon is the ability to continue to_express
fungfion ina perpmafeee mediay Proferably droptic fypqtipn ighe, 5111 liy tp gontinpeie
includes the ability to continue to maintain
eXPES§E SEbialifeactuitn Ylerepyefambly niepptic farqtiopingludss tha @bitite continue
drug netabolizing enzymes (DMVES) in a serumfree -
to mppdipig cytophrame PHYY (CYFl prevmalic aditydits mechethesfdradimetpbddizingt
invention, the cell lines can be used to assess the
10 enzpnesOMEDIn aiseyn-digndicdiat es on the |iver. Preferably,
the cell lines will be used to assess enzyne induction
andn erdthay ipgafertadyeimbodignent of themedent inyams b theentl dimbociinibe msed to
of the present invention, the cell lines can be used
assaspthg sfecisoftdieg @hfidetesomthe line. Praferblpthededitineaivill be used to
entities. Preferably, the cell lines will be used to
asseas sregsie drdugtiomeind bellulatvsacity. speci es conpari sons. Fa2N-4
(ATCC # PTA-5566) and Eal C-35 (ATCC # PTA-5565) cel
| i Aesnatin phderted echbbdimeanaf\tiepresediiatdndon, Sicuddil@isesdad bk Qsed to
exam ne conpounds for their ability to cause cellul ar
15 assdsothic effedrs ofEPIVA2 o Bltkbn(iodP ¥t CPrieirdbYy, e del tiués WailllheiuBed to
both Fa2N-4 and Eal G35 cells which distinguishes
assdsH @R nedbblisn ARispédiavoaiphtionfiepatic cell lines. CYPI
A2, CYP2B6, CYP2C9, and CYP3A4 activity is inducible

| N Fe2RM-(ATOWY BhA dis64)iang vh 58S (A TES #PalAl-536508e1l lines can be

used for enzyme induction studies and to examine compounds for their ability to cause
cellular toxicity. CYP1A2 and CYP3A4 activity is inducible in both Fa2N-4 and EalC-35
20  cells which distinguishes these cell lines from other hepatic cell lines. CYP1A2, CYP2B6,
CYP2C9, and CYP3A4 activity is inducible in Fa2N-4, which distinguishes this cell line
from the EalC-35 cell line. The immortalized hepatocyte cell lines of this invention express
sufficient CYP for enzyme induction to be assessed based on measurements of enzymatic

activity, as well as mRNA levels. Furthermore, the cell lines of this present invention have
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fromthe EalC-35 cell line. The immrtalized

hepatocyte cell lines of this invention express
waedobiogiset CYP for enzyne induction to be assPCGEEN2004/033091

based on neasurenents of enzymatic activity, as well

beeﬁ%dﬁ%cblﬁ@l‘c{ace fﬁ%&o@ﬁ{)ee i %IP]&Q&U({C ?(Juj.i arld/cﬂ%ﬁlfa% ’MHS s‘the cell

resent I on

lme%ﬁ tﬁrﬂsﬁ(gﬁrllg{]elssu?% neglleﬁ%’l{coswbﬁltggf Qéjn/d%’ategu' fate.

S can be us asseSS|ng t he

At e wrsr%eh (e A5 R it SR Tty
cultfi] Bélﬁusnéatng?gﬁtﬁﬁ Y afi it fﬁﬁlé Rl ﬁﬁ%%ﬂ%ﬂﬁé%ﬁfsggﬁy
reseﬁ@iegt 5o i ﬁ‘f’}reer&rvpi'lg@a/ oo Vg oF 80%@&]?3 i
virrg sfHgef vﬁaﬁe o Bk S 1oy gsaéseafaé’ e PR AT gl of

cells off a nunber of vant ages over primary human
drugeandicaiey t BN-4 et offpr avemr%? AeAduantagesROver PEPRY Igiman
prom si ng in vitro test system for higher throughput

hepalpeydesni e Srvhichantke 2 Rrtcells RIOMATNEG B Yifro8st Syherm fvdigher
l'iver, the supply of which is |limted and erratic,

thropglynt serecaimes! sheaieal SUUSBI e in unlimi t ed supply. Since
accessibility to fresh human hepatocytes is reliant on
av an Fetiapttp huiggn lyes dha sipply of pish ig limkegeand gryatic, Fa3N-4 gells are
take a long time to conduct experinments using
availpbissin valmited supplyaimde fqcosittility ¢rfrephfhiimpar hepatocytes s r¢lant on
verify that a certain conpound is an inducer. In

avaijghdlity pbmsuiigbladivergisafefdogirerican toke 4 loeg Himh épeindust erigerinmsnts
unpredictable, so it is not uncommon to have a

usingUpepaitdyées deoteted, frdpu thrdei diferedidivers hevar gy thet aceetaimatompsatl i@ an
due to poor plating efficiency or substandard cel

induve| It addiffai Mading efficencyaf fleeh hppswaygeds anstediseble Gvéiris not
several passages while retaining the activity of the

uncoranon tdds a sMfable don@sbut datiat the pall ey h@ SisableddeSo P&t plating
only be used one tinme, making it difficult to conpare

effidaics obaibspedrdtdidieglsh. Pl at eabl e cryopreserved primary
human hepatocytes are an inprovenent by theoretically

al [FaaNAgel}Itanibo pessepeaahd (188 oSerdbveidl iph @k R twhilk FRSinihE &Y
a single donor, or potentially the use of nultiple

actiBONETtEe @EJOPDMES! Weith fRRMBYRAN hepatocytes, cells can only be used one time,
making it difficult to compare data between studies. Plateable cryopreserved primary human
hepatocytes are an improvement by theoretically allowing multiple experiments at different
times from a single donor, or potentially the use of multiple donors at one time. However,
plateable cryopreserved primary hepatocytes are in limited supply. Both fresh I;Iimary

hepatocytes and plateable cryopreserved hepatocytes have donor-to-donor variability, based

on the influence of genetics, the environment, and co-medications. There are vast differences
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pl at eabl e cryopreserved primry hepatocytes are in

limted supply. Both fresh primary hepatocytes and
wW@b@boataBe cryopreserved hepatocytes have PCT/US2004/033091

donor-to-donor variability, based on the influence of

seeIBNBE DVES prbAR of AVdd MIBAL 1o AOLRB: fé@&h&aﬁqaaaé fcg)'ih%ﬁ data
ff A file of &

are vast differencesseen in the DVE profi onor

froth B @o;s%eﬁo@@mggﬁﬁ on@ﬁgm ﬂﬁﬁ&tho%ﬁo%ﬁﬁ%tf@icHé.nﬁgal.
dat a romthree onor s erore reacnirg a concl usion
f i i ti.al i o i. f. ..
et Qop Ob R By 3h pRa¢ RS GPhond OBLRL 08k i
i hl RPN t t ) )
R, Pl kL e A TR AP RRAB Bt
of. ce cul t

. d..i ety 1 cul for mat s, .
varl TR S BeBintft. oo it el P Thd sirauppresie
.possi bl e with hepat . Thus, . th o
R e A B I
nanie o VbV bR SENITH Atk hOFPrciegPoAES g

r ; n
__provide the additional attribute of bei bl e f
L e L AR R

to previously published imortal cell |ines, as they
throgﬁla%%t W@%tﬁ%ﬂ"’o‘fang aiG SPREEQT RuEpausyrrublished immprga gell fines, as
cells can be used to determ ne_the induction potenti al
theyoshoy ipdugHon of & Yeried pembeg of eevasi Breagrellgranbertsed togketermpine the
. .increased enzyne activity in primary human
indygtpmpesentiabal a dypgveth finding ednsistentwith menitaringjinyeagerttenzyme
.anal ysis via nRNA endpoi nt enabl es nore conpounds to
actiply nesmary kumepnrhspatewtest Highevbrouglnut edhpudturin antdvepalysis via
favorable traits for drug discovery assays. The cell
mRNArpadpaiht enbldegimers epmpiumdetotbie destedraed trdireps élieycostyiet emnfoond;
many in vitro applications and testings, including,
two fasoratesiraig tforl drwg diewbvery assayre f ol | owi ng: (1)
Identification of potential chenotherapeutic drugs:
Thé8%e cablides ofithe puseft idvefitiom ascurd@riyngitehfnaay 8: vitro
suitable for the treatnent of cancer and rel ated
appliiagiemsnd teshiygsginoniling, Hubednbiiinvitddrt, thefolf®aHngm
containing the chemcal to be tested and then, after a
(1) suildeabfieation of pelernfal emotidfapeutid Ak Mtk EIvBRIBEN BN
to what extent cytotoxicity has occurred, e.g. by
scretuifPpetivntibalesu@nle B iflnreamifeal ofRandee hitf QM 1cdHsBYses, by growing
(Paterson, Methods Enzynol, 58:141 (1979)), or by

them in vitro in medium containing the chemical to be tested and then, after a suitable period

of exposure, determining whether and to what extent cytotoxicity has occurred, e.g. by trypan
blue exclusion assay or related assays (Paterson, Methods Enzymol, 58:141 (1979)), or by
growth assays such as colony forming efficiency (MacDonald et al, Exp. Cell. Res., 50:417
(1968)), all of which are standard techniques well known in the art.

) Identification of new drug targets. Potential new drug targets can be identified by

screening biological and chemical agents for their ability to induce or inhibit genes and
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growt h assays such as colony form ng efficiency
(MacDonal d et al, Exp. Cell. Res., 50:417 (1968)), al
wW@bRoostoi @B ar e st andard techni ques wel |l known i PCT/082004/033091
art. (2) ldentification of new drug targets. Potentia
a o
metgt?o\fﬁc g[ltﬂgg)fs 69@3}11% ga%ﬁl 8lg>Fog acglgﬂ %)étgl‘kgéjal‘? % er§e?1%§ t}ﬂe?r ablll(’)cy to
duc i nhi bi t.

1ndlﬁ§| Oor 1nﬁ1b|9c gane dcxlgreg?lolg %nmleta%crﬁbc g)(aan & gg f)y acfc)i?n rﬁ%"e’%%{ ?o the owth

em ca S rare screen

bi.| d b
PR B L By R B0 S
o B B i, AP P
i ncl udi th d
o S SR SRS PSP e

anal ysji.s or genom pression profiling). a )
prows%%tjtl}vswps?lﬁp p%?ﬂ%é%@t?weg Py %OCP%lcaQtFCé\nmuna% geours.
i mmunochem cal techniques) .occurs. ldentification
Idelafﬁct%l of thesdiests F chepug eng# biglagica)sehsigeesan the ipdychiag e%
on the induction or inhibition of gene expression and
inhikiion wbedne epessingyad mstaholigpathwsys Wantayvity idsatifyaerglrug targets
targets for treating diseases such as cancer. (3)
for Geatigg diseases syelt ax@P¢eEm of car ci nogens and ot her
xenobi oti cs: Carci nogens and ot her xenobiotics may be
(3) addewllias@f nistabglisowefrarrndigens ad othasaokietidss Camipogdne and other
appearance of netabolic products of these conmpounds
xenplgigtids enaydriat daddel theyeraveth eid poresf thage bellsand Hienpbeayaace of
chr omat ogr aphy or high perfornmance |liquid
metebnlio petdogts afithgseanuhpoinds mak ¢ manitoredey feclimques suchmas Giin layer
t he conpounds and/or their nmetabolites with DNA is
chratedtegraphy @d high 4¥rfGmadeed syuaf chibhiatoprihg @ené thedike,Sub seaniemstion
known or suspected to be nutagens may be added to the
of thy emtpoumiB dhdror théir ife@boléibd witlaDN At ib detemmitedl | ons may be
assayed, e.g., by detection of the appearance of drug
(4) r eBusdianf DINA mltagarbis: SubktaiteeBnowhhe Bipedied Mticidsgens may be
Enzynol, 58:308, 1979). (5) Studies of chronosone
addel@ard fewhgestisn oSth SE1BNGE Shek AWM mSYBPRERE d0, by
cause DNA or chronosomal danage may be added to the

detdetlbit &H'tBe APpearthibe OF dfuf @it nlutahd 2B % 0loaRE (Thompson, Methods
Enzymol, 58:308, 1979).

&) Studies of chromosome damaging agents: Substances known or suspected to cause
DNA or chromosomal damage may be added to the culture medium of these cell lines, and
then the extent of chromosomal damage may be measured by techniques well known in the
art, such as measurement of the frequency of sister chromatic exchange (Latt et al. In: Tice,
R. R. and Hollaender, A., Sister Chromatic Exchanges, New York: Plenum Press, pp, 11 ff.
(1984)). While there is a wealth of methods for differentiating between sister chromatids, a

few simple techniques can suffice for most studies. Representative techniques, employing
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then the extent of chronosomal damage may be neasured

by techni ques well known in the art, such as
woreasisrsent of the frequency of sister chromaP¢T/US2004/033091

exchange (Latt et al. In: Tice, R R and Holl aender,

st e T
Rl R P S g L
BSOS S AR R o

0: 3395 1973 S. A Latt et al chem
Nauzsz@l USSR Sh WisseReemios oG Rt Y
i 1lum pation, SSC incubation, and G ensa stainin
mav(ngdrgmc@léf P I e 4 abgwiorss Mangipk 9t Repgatclir éocgélire& ! 1, Part
] S. WIlff (1981), Measurenent of 'sis
B (Fc ﬁ>r Bﬂ%dbpw 294 BhandeaaltidspePekier, NeY-) ae J%ﬁt‘mwme]@a pf such
A Laboratory Manual of Research Procedures, Vol. 1,
techmigpes thatmRy beusqdy | edberg and P. C. Hanawal t, Eds.),
Dekker, N.Y. )_are:gust two exanpl es of such t echni ques
(6) t ha&tudieayf esdotoxieidy o (dByesSthemnicabeniities pereneadng, ang xefobiotios:
drugs, chemi cal entities, carcinogens, and
Drugss pladmiicd] |entgles,[omspg@gertshm¢h xsadbietivs ity &s added tathe atpevik medium
and xenobi otics nay be added to the growth nedi um of
of thetvellcaid the datdlityloé theicelbd 4siatfynation pfigme ef ¢xposuge may bmastértuined
of time of exposure may be ascertained using gene
using ypnespiessionpprofiling, dgg exdivsionyankysé Bakagevolome fdraddeaffciency,
colony form ng efficiency, etc. assays. (7) Studies of
etc. @@ags. expressi on: drugs and chemcal entities may be
added to the culture nediumof the cells and changes
(7) 1 N SYRINR of ¥die egmeRivnadrugs dndrehémiohl eafitiarydisraddstnty theeculture
noni t ored using RNA and protein expression as
medi® bP@k céls aaeip@pdtis gerfeap@asonmy fikibe 6f expbdudeiay be
i nduction or inhibition of specific genes. For
morAARkRg RO Arfdl gidtYinkRRpresHidnts ®blodidaelipbiats. @hengeh aidl etlect
entltles to identify those agents that nodul ate the

cith@XNRORESH S inkibitidh bPspeBitia balck SPArRRAMPE el b B Afrukidtwith
not limted to CYPs designated CYP3A4 or CYPI A2, the

drué!lélngl bhefitd chBRE & BORRY BR5Eagehs ka@inbditihR ARR]peich of drug

gl ucuronyl transferases, glutathione
metabolism enzymes including but not limited to CYPs designated CYP3A4 or CYP1A2, the
mulii drug resistance gene, biliary transporters, glucuronyl transferases, glutathione
transferases, sulfatases, etc.
(8)  The immortalized cells may be used to identify new drugs to treat hepatitis C virus
(HCV) infection. The inventors have shown that both the EA1C-35 cell line and the Fa2N-4
cell line express CD81; CD81 is required for HCV mediated viral infection (Cormier, et al,

PNAS, 101:7270-7274, 2004). Cell lines can be infected by culturing the cells with HCV

positive sera. Cell lines propagating HCV virus may be used to screen for new drugs to treat
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transferases, sulfatases, etc. (8) The immortalized
cells may be used to identify new drugs to treat
wheabiuss C virus (HCV) infection. The inventPCEHUREN€033091
shown that both the EAIC-35 cell line and the Fa2N-4
this €Blohiclihf&iopXPr ess CD81; CDB1 is required for HCV
1Smeél)i 1zgtled {/O?r al infection (Cormer, et al, fF’NAS, i b
" = . Cell lines can be infecte y
fnw%hémﬁﬁﬁﬁgﬁ%%ébmg s%mﬁth HCV positive sera. Cell |ines
Pr @pagRLd Vi d to.screen. t.or new
dr 8‘83 t oe'r ? %g at t ﬁfnlg B%ﬁf %Eﬁ)l\fg%ﬁ)ﬁ Ségttlf“@%?mnrﬁheercggilgfi Cglntmue to
I . Pr i ns. (1 .1 n_anot her preferred odi ment
prodle BT, Dy b el R BBy St s S p .
r oteins. Pr.eferab the cell lines continue
Mo GRS IhP b T B et tgglﬁfay%lmfoauﬁ%ﬁwmzw BEPPIRY;,
he cel.l. lines continue to naturally produce _
(refs) SpiEatns HDh s BB BIo0paPe st 4 gl & amstomin
a- l-antitrypsin, blood clotting factors VIII and IX
and friggrsfbititoppratensiale) - a- i nhi bitor proteins (lalp). In
anot her preferred enbodi ment of the present invention,
pr ddanstlico preéefred PRYodImentivd thegirdsehtiimestion prodagioned IPPs by the
Preferably, production of TPPs by the cell lines is
cell hpassumenbuipd. Getfeetly,pyodubiimr of (IIPPs b de cel lihdvds messursd by ee
nmedi a. More preferably, production of TPPs by the cel
detebtingeteit presmpasinrtiecseatm-fraempdiat Boke prefeibly; ploliedtioh BATPE by the
the nRNA l'evel . I'n another preferred enbodi nent of the
cell fin@demeasuredantht proteit e@elagthér thinte sheRiRNNAGT PP i N
serumfree nmedia. Preferably, the cell lines _
si Mudrioamepiesdngd pibehigent bPRE pedsbntAhvehiieh, R8I {ihddGhdRBe TPPs in
in serumfree nedia. Mire preferably, the cell lines

serufi-fieel thédie Orisfeyab B B WalElindREmAdhedbly RIS TR thOBme fraction in
in serumfree nmedia without the reoccurring risk of

serut-frétl m&RN  MBle Rt aBYy, tHeRAI8RY LifrudSlcbYEHpRBERELEPDS out of the same
provide a safer, nore reproducible approach for

fractiynad H&hﬁ%é’é@ﬁéﬂaewﬂ{oﬁ§ﬁ9r&ﬁwrﬁﬁ%ﬁskf ik NSLARGIELE ,
applications. This finding I's based upon plicant's

d atl@patt&@*e-&%mﬁrbfeﬁfs ?ﬁ)lvﬁcfesa sQfe?,Qﬁcir@ ?e%@ﬁumb%}ﬂgg%gég f%lelgroducing

human hépat ocyte cel I nes, continue to
native'Mi&haioteins for therapeutic applications. This finding is based upon Applicant’s data that

demonstrates its proprietary, immortalized human hepatocyte cell lines, continue to produce inter-oi-
inhibitor proteins, a complex family of plasma proteins made by three different polypeptides that are
produced from four different genes. Salier, J.-P., et al., The inter-a-inhibitor Jfamily: from structure
to regulation. Biochem J, 1996. 351: p. 1-9.

In contrast to heterologous proteins produced by genetic recombination in mammalian cells,
such as Chinese Hamster Ovary cells, TPPs derived from the cell lines of the present invention
behave more normally since the secondary post-translational modifications required for complete

function was preformed by the native hepatocyte manufacturing process. A significant advantage of
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inhibitor proteins, a conplex famly of plasm
proteins nmade by three different polypeptides that are
\N@ﬂ@ﬂ@tﬂ&ifron1four di fferent genes. Sal i er, JPePBUS2004/033091
, The inter-a-inhibitorfamly :fromstructure to

llSll‘Jlg%%]l:J] ?ecr) Oﬁﬁ rese%? Hl%gq on t 1%%911 8%%%8 1that l‘hcrgPrft)ciu%er Rl th{lé"%tof human

ous el ns
ek B by T R B e

| [ .
ol B T e
d f te f f d by th
meﬂ%f %sﬂ5$§%6§§g£°e X u prﬂgrg org?5|g¥|f|§ant

?2“3?3&3@@‘3%%%”?@&{”@3%’04#3’ g{%gﬁmgkggﬁ?&, fIREEE 'raa?

human origin and . therefore | eads to a re nq%ﬁ
1mn§1‘negeé1ilc|11ty afgl{gy %q‘t&]llt@ The jpyportali ge}toqyﬁe %ﬁg‘w%‘? e present invention
synt hesi zed by human_ hepat ocytes, huma
nauﬁ@baqeefew thepsaieig modificadysoncly %&1&9@1@% that e pritiqe] igdle production
of the present invention are used to produce TPPs in
of fneippal TEB% i Thecell lipen sirmgtapequply meadieq @Hglmlerﬁi’d’.s i} gHiurepAys a sequential
of TPPs mamy affect bioactivity, clearance rate in
protgimpyrififation sehgesivall gyneaqﬁ@mgklpgthQuptstsymleq'maplasma-denved proteins
imortalized hepatocyte cell |ines of the present
withont a rdooeurring uskatfiviralnenfaminatiothe prot ei n nodi fi cati ons,
such as glycosylation, that are critical in the
pr GiPRe sdcorteddfy dun heptataspiatbaFiaRspresinm sygbths Of thepresent invention behave
si mul t aneously produce nultiple TPPs in culture, thus
mora ns@cplig tiianabcoprbirtaet coupterparfts. dat examise llgnmpventdr daametra¢dethat their
mul tiple products simlar to plasma-derived proteins
imnvrialigedthuinas heeegtarcell HgeshprshicobioMpically @0iné Rilp At ire therefore a strong
TPPs secreted by our hepatocyte-based expression

comYerifINBu0é fdr Mgs ProRHEIRkt dafite Piebddily BE BRMBCIIDS eddaibitfadd thdhnology.
than reconbi nant counterparts. For exanple, the

Thus e Hltla{tc?’rs dﬁ‘UPLPﬁBﬁ 8 R hRknddie? foﬂnmﬁ E@A éRAAAUR afe, and cost

hepat ocyte ¢ I'i nes produce bi ol oglca y active lalp

effe%‘ﬂ% s%fu%mtﬁ Eoet%e%ii{’?%ﬁfe%hr%&t&ﬁ@%h?e%@g‘eéﬁéﬂ Alse s Ee for this

not pres pro ed by
or 8131 %or}: tcﬁapg{a]cf)'i" ].Qli%yof the pres&:l%ttnq]veen ?r]n\é;?rgxtnﬁg g dafe effectlve and cost
ffect ve |ve solu

CTRUSTHG ﬁo.CP@nieﬁceaifgtpé%ﬁlﬁegn%aVsis ABGR Rt g r e
hepat ocyte-deri ved TPPs of the present invention
priggpthyi de” a safe, effective, and cost

Examples of uses for the cell lines of the present invention as production platforms, include,
but are not limited to, the following:
(1)  Production of hepatocyte-derived proteins. Cells maintained in suitable medium will
naturally express proteins such as blood clotting factors (e.g. factor VIII and Factor IX),
albumin, o~1-antitrypsin, transferrin, inter-ai-inhibitor proteins, growth factors, etc. that may

be purified and used.
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efficient strategy to commercially produce native

TPPs, which overcones the shortcom ngs of the prior
wa@eaos/0Eesspl es of uses for the cell lines of tPET/US2004/033091

present invention as production platforms, include,

2 mes@BPreG&ﬁblhdrﬂTmEje é)?@SSlBﬁ‘%cft&L o cﬁlge foloindIrQduEl B

hepat ocyt e-deri ved proteins intained In
b ol R o LML B ER C
con{rgﬁm nggrﬂ%nt?g e: co‘ﬂ%ﬂlﬁ%{y BI%{n%ter %‘cﬁ?i&?ﬁ&d’c On gghancer, .

I nte pr ot el gr owm ctors

seqﬁ@)fel) bt?an?féﬁ!eci n?odthgl let alﬁ%etﬁlen &lge) %ryéﬁl &(%I)dl{cg(? 1%”?13@?&{@ esgzpl.%om the

ession vect ns O
rote

cultfepfkal .“Ef Pt tﬁb” B PR BB PR bmip Bieering

o T Bt i S B e ek AR LRt b s dhatngtude: ()
the §i7s sp R De T Rl 1 T St SOHag o B DI e R ogypr o
redyi0t e BRGED Bpe GRG b ABS G ahiprioRkanlvbl et victing e

that, i ncl ude: (1) the gene encoding the protein tg be
tranggripfien aldthe gepediip poptiol éﬁm?rﬁ@elﬁs gy P%keééo e spess Sldhg control

or a precursor of the protein to be _expressed; and (2)
clemgnt [sdypigally 3 @rquagtier s péq%rﬁnhwwqbﬁgtlplh elhe characteristics of a
_transcrlptlon of the gene, the control elenent being
suitghleyesisr plsp ineleder (@bt eriginyefreplictien; () rigstristion Fedpapeledss cleavage
ally a pronoter or a pronoter-enhancer
Slte%:@ﬁammgatw weertiqrhel INAreaeadéng the daskedgengs; gud (3abIselection torker,
al so include: (1) an origin of replication; (2)
typigadlytong gal eomfeshatibistic eesistancd. davagpartiulaly mefeoed ergbadireent, the
insertion of DNA encoding the desired genes; and (3) a
contel| edaptentsisomprideent Jeastypé paidojer embattlérat ong enficacs.
antibiotic resistance. In one particularly preferred
embotabiertombitmt gentdrs ticludé,dueat sotdomiedits 6 ValD-deaast veotoss,
pronoter and at | east one enhancer. Suitable
muriregolybmaalativedeettorssBKnddustderivel wéctas Epaein-Bavingddelioed
SV40- derived vectors, mnurine polyoma-derived vectors,
vectBI§, adenordrudderixeddesment alefo-adspdited VirdSaletived ved®rs) Bidult®fus-

derived vectors, herpesvirus-derived vectors, lentiviral-derived vectors, retrovirus-derived
vectors, alphavirus-derived vectors, vaccinia virus-derived vectors, and others. Such vectors
typically include a strong and constitutive promoter, at least one intron in the DNA to be
expressed, and a polyadenylation signal at the 3'-terminus of the sequence to be transcribed.
The addition of a signal peptide to ensure appropriate post-translational modification, such as
glycosylation, can be desirable. These vectors and characteristics of vectors are described in
S.B. Primrose et al., “Principles of Gene Manipulation” (6th ed., 2001, Blackwell, Oxford,

England), pp. 174-201, G.L. Buchschacher, “Lentiviral Vectors” (1% ed, 2003, Landes
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vectors, adenovirus-derived vectors, adeno-associ ated
virus-derived vectors, bacul ovirusderived vectors,

wherposmBs us- deri ved vectors, lentiviral -deri vedr/us2004/033091
vectors, retrovirus-derived vectors,

Bloﬂléﬁbé‘\(}e()i‘g%fo%r THPEhdE & 2 Bowd AehHEfni aﬂiﬁ DG A?(Qgsls An

vectors, and others. Such vectors typl a y |n ude a

Intrlécilfcﬁﬂ'g @n Qd gtmaweﬂeogf Pd%gsnd) afy Af%g& eg&{a%a

e expr esse atl o

3'-term nus of the sequence to be
here§111 gltl:srré{?reté'beeThe addition of a si gnal peptide to

I
en%\#’cﬁo&g rﬁ?rr 190%’( ?tlﬁ\lfp 81§cod ﬁ%g %m%tg%o ermsbtf.) e gxl;ﬁessecf an(aq' Iy

as gly cosy atlon ese vectors

des‘%svﬁafafﬁx’a éﬁf&ﬁgemrpnncwi% ?S%epegﬁa%g%%@ﬁ% st
Blaéc%v;gllzégé% E@&%éﬁcg%sr%' elaﬁge%\% o O\A”F':'yg;é%e%: sultagle DNA

I.ntroductign” th ed. 2001 Bl ackwel |, Oxfor
for %ﬂ’@‘P&Fﬂﬂb e ograrnee OHE TS ARSIt BOTPSTEEMREN S wﬂw CRhpes
ference. Methods for isolating DNA encodi ng plasm
foll‘aff%s’t‘@f apglicagonef the pelumerase kA r?ﬂ&?wnl SRS ﬁaplgtiga&lr? IPIN; such
into these vectors are_also well known in the art.
DN# aisgepsatllydanewa peclide Oy gan Hegpseasding the veqtorsbptechniques
Prinrose, "Principles of Gene Manipul ation" (6th ed.
thatgeagaiyeinyolvasieaypgs, of Sveytors widvipeeifiarestictien endanypleasdsiagd
reference. In general, suitable DNA for cloning can be
insegfismef thedDN A ohihe eleavage sitesanscr i pti on of specific mRNAs,
whi ch can be foll owed by application of the polynerase
c h lethads derttiapsfoP@R)r transfaetplgi the vitdlly-iDiartakiaed hubhiikepatoeytes
generally known as cDNA. DNA can be inserted into the
are welt-kogven imythe atindingerbwot bh descesueiathdryn dataibeve Inlgemsragaich
of the vectors with specific restriction endonucl eases
metbotld inahgler Hit ere nof limted tONAp oditctibiy ealclvaaptagghasi-ediated transfection,
Met hods for transform ng or transfecting the
tranvfieetivin| nyediateditiyt i A B-delk than meansfeetpat tyofdcasp@ittonyedrs fds ian sy
in the art and need not be described further in detai
biolls€ics and tharngfeeitonalsing pulybrefet Teds tramedctiiemetiods 8¢ @sti@ted in J.
limted to, |ipofection, calcium phosphate-nedi ated
Sandbi@ksE BCWI Rilssell, “Molecular Cloning: A Laboratory Manual (3d ed., Cold Spring

Harbor Laboratory Press, Cold Spring Harbor, New York, 2001), vol. 3, ch. 16, incorporated
herein by this reference.

In many cases, it is desirable to incorporate one or more reporter genes into the vector
to assess the efficiency of transfection. The gene of choice is under the control of strong
ubiquitous promoter-enhancer combinations. These include those from the immediate early
genes of human cytomegalovirus, the Rous sarcoma virus long terminal repeat, or the human

[-actin gene. An example of a suitable reporter gene is the chloramphenicol acetyltransferase
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transfection nedi ated by DEAE-dextran, transfection by
el ectroporation, transfection by biolistics, and
wo e@asinst i on usi ng pol ybrene. These transf ectPOIUS2004/033091
met hods are described in J. Sanbrook & D.W Russell
(CATYRLRCALA ig%@ﬁ‘s'cﬁ(gichﬁ B RRE LY g.%ﬁg% of_(e'igregs%%ofcc‘ﬁg 1@porter

Spring Harbor Laboratory Press, ring Harbor,

ek 670 o B ARG DR Bl ton o
o DR, S0 VSR SRR AR R o
' i cont 1ol i Qui -

al., g@&leelﬁaﬂsiser Qﬁ@ﬁ%préégl%n m&gug .Cu?rflre%le%lg QEH%E&%%&%&? O5e il

ronot er - ennancer cCo ations. ese 1Mmclu

he i .
Mofe(r: gl"‘]ilOl% tIhBWsEl%Iln?l Gk ﬁ%%%%g%?%;&&a@%p%g, ﬁl‘g‘ﬂﬂ]atpé?sﬁﬁﬂqﬁ)&rwa’
exanpl e of a

t t b-act i .. AN
el RS o R AT R RSB heaeL e © @
coSU AN R(OAT, 0e0c QU 10 L, EReEr LSS
RS R S PR i et b B e

adi.oactive products, Reparter genes and their assay
metﬁ(?dg ! CE?C{%@F alfaot Fpsetto; pempiieton E RartSHolngs. ammqui sulfate,
. Transfer and Expression in Tissue Culture Cells of
ion-prchipRge ghipeaaiqesinby, eel filkration deomatperpphynior prseighaspbigh pisrsure
. (R, Rapley & J.M Walker, ed., Humana Press, Totowa,
liquidesiirorastegghy; dogiofocpsing, sEmmegdocusing angor mmaenopBingy n by
this reference. Once the protein has been expressed,
chrqmategganhyy epingeny sepdily ascertdinpbleairerertiicsuel py rrgisend aptivityefordetect
This is typically perfornmed by standard nethods for
the proteinei GethenpurificationinesthodT pre sso irpewoiishé art | Rrdtsin iwification
not limted to, precipitation with salts such as
methodyars deseribefl.ffon examplynindk K hSavges, EProwireRwificatpmy Prigpiples and
filtration chromatography, reverse phase high pressure
PradticejU3d ed h Bpmmaenyedazhew &oglc t1 094 pincspargted herein by this reference.
chr omat of ocusi ng, and/or i munoaffmty chromatography,
us ilmgpnangasesethd ickpresast@ptem daabt eccpitainferh the cslll(lto ths
protease activity, to detect the protein. O her
surrputtdirfgl cnéttie aumedived. Mtk fdienci oS thidyieasss depeddd@dn @etpattern of post-
Protein purification nmethods are described, for
tran@xiptipna motiificiRidf, sudk apgscosyletiait, EabthPytdidih Gadek@@Bs. This pattern
Princi pl es and
affects the processing of the protein within the rough endoplasmic reticulum and the Golgi

apparatus and its subsequent secretion. This is described in A.J. Domner & R.J. Kaufman,
“Analysis of Synthesis, Processing, and Secretion of Proteins Expressed in Mammalian

Cells” in Gene Expression Technology (D.V. Goeddel, ed., Academic Press, San Diego,

1991), pp. 577-598, incorporated herein by this reference. The cloning vector can also be
chosen so that the protein being expressed is fused to another protein, called a tag, which can

be used to facilitate protein purification. Examples of tags include glutathione S-transferase,
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Practice" (3d ed., Springer-Verlag, New York, 1994),
i ncorporated herein by this reference. In sone cases,

wo b@epxpsessed protein can be secreted from t heCT/E52004/033091
into the surrounding culture nedium The efficiency of

the MHIS nﬁft&%%%rﬁiil%epgﬁtgﬁ:c’?%% 40@%19%%% @éqglalg e. gge resulting fusion protein

posttranscri pt I‘cati on, "
| atd t el S . .
o SIS B0 A BB BB IELBS T v o

Othtepﬁsers% 91@ I\ﬁ)% (I)r[%l aéc’nrlrjz Q/'iral?t-. Cuclnlfjaq'i]za ! o% e i ines

de i.bed in J. ner RJ,. .Kauf man, " Anal ysis. of
Sy R EEmh B o e PR fp® S eSRE PE P B opiGagips: b are not
i ggﬁrqﬁsgﬁyin Mammal i an Cel I s" in Gene Expression
THECANTET B9y VI8 V. Goeddel , ed., Acadenic Press, San
Di ego,. 1991),, . 577-598, incorporated herein by this
OF efsg?déwezm%*ﬁ@”n?wﬁfw y PR, BbsEa LR S ReRtisgnd
tgat the protein being expressed is fused to. another
trangiepd s wgludig oBeqesRss aih igh molaruise W eighicepemic AN A fipat e
protein purification. Exanples of tags include o
tumgysy psiienitdardasiay ateh ey arsboregranmpelenbgrowtieer iymer fagnation in
protein, and a polyhistidi ne sequence. The resulting
athynyjig pde picethior praenple. eislomederad prepgens Kiies krngyseedens present in
proteolysis to renpve the tag and result in purified
margyliyeesal] camyer can asigireducediatoNbnhapaioeyte e¢llsaising strontium
Virallv-1mortalized Hepatocyte Cell Lines O her
phogphatetaasfeesion Bessubssauant ebilitylof thenmely tosfetted grile seform tumors
i nvention include, but are not limted to, the
in nfigd 4sovellag grqwlin a8tanchiosagedfdeperdenfrfashiontcamhe issessat i on by
chem cal, physical and viral agents, and transferred
(2) geftbs of ertls aliéradyboasie nEsncagmiesddsgh pamgrephud 1S thisi sgdiion above
genom ¢ DNA from tunors, using standard assays such as
to semghfor pgjentiahclepetideptutigragutth(be thet teehniquéOdeddritied in padagraph (1)
athym c nude m ce. For exanple, a cloned viral
of tirftiogieite akd Mambdlistm Destoget PotdptisiSEBtapbuticTRaYs dnd\Chem&el |
cancers) can be introduced into the hepatocyte cells
Entitis$ ngctivhraboie) bspe@hids pbatvehitH @msheapbdifd for LR PSRN the
ability of the newy transfected cells to formtunors
activdtioflo€ parfii It ogd s Q¥NbifatdA 0B BEdEREE- | ndependent
fashi on can be assessed. (2) Use of cells altered by

(3) t r BA&hRIof 6d11uGR GREBHEISA IncludifdhAPe @M infrdeb1@hr JHPAR calcium
section above

levels, as correlated with cell growth and action of exogenous agents including but not

limited to those described in paragraphs (1) and (2) of this section above and paragraphs (1)

through (5) of the “Toxicity and Metabolism Testing of Potential Therapeutic Drugs and

Chemical Entities” section above. To study intracellular pH and calcium levels, cells in

suitable culture vessels are exposed to fluorescent indicator dyes and then fluorescence

emissions are detected with a fluorescence spectrophotometer (Grynkiewicz et al, J. Biol.

Chem., 260:3440-3450 (1985)).
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to screen for potential chenotherapeutic agents (by
the techni ques described in paragraph (1) of the
w0 Takioei48y and Met abol i sm Testing of Potenti al PCT/US2004/033091
Therapeutic Drugs and Chenical Entities" section
(4) abB@liesR$ BARIIA kdsporlsBOR GroMth B tdFBYndIRo BRESH &1l oFor B actors:
cells transforned by the activation of particul ar
Ide%fé%@%@%@ 8&1"11:‘1&8&%@5&@&&% gﬁﬁdg}gc S orotyd) anddiifHr&RiaQdn of

| ul ar biochem stry, includi anges I n

hunlaR i8R R [ &l ion si

s B R0 &2 e BB U, SR SO Bl siee
' j 1 i md ed sgribed in., .. oo

they LB ey il DA ol 30 BB L BT b gpcica n

] of the "Toxi Ci and .. .

profiRAREART Ro bl R0 R iyt alo0Gea B el Y B inipa ana
Cheni. Entitj.es” section above. To study

p““%i?}”gg@ chﬁl"gFlpié‘i—ar%% §TS PRSGIRE PEGBIR cel 13 in suitabl e
culture vessels are exposed to fluorescent . indicator

) cy SO oY FRBRF IR B BREn & DY LU ToRe oANEATT it i ¢ b
a flugrescence spectrophotoneter (Grynkiew ¢z et al, J

deteimige e B s ZR0 0 53 B0 < CEABENT FehTSiiIoos P

. _cellylar responses to growmh factors and producti on of

J“nCZJPB%A# he puliutes .I%%ﬂr: GERRGY F-8al'itBA Scatrel J1y e Presece gha porescent
%{ wt h factors inPortant for growh and_ | _

dye &routi mstipeinCelfs ah thesres eivls waendaromgehanisaly disruntprbans
cells are particularly useful for such an application

thergfopertakerypedyegihsiier intereslivkr poamupigation hasmprepmedoney be ascertained
responses to growh factors can be studied in

by dstegmining| whethet solls distgnbiiem theeroundeln dondsiy dfact or s
produced by the cells may be identified and purified

(6) wi Chatgeterizasion oirgslliseriadeantigshs:{The cpllsaseincwbatstl ve tranrmtifcsly
Studies of intracellular conmmunication e.g., by dye

agaiggtlagrellswrdate Anfiges ofintsrest,and dier reacaé with etsbeond titébodp | Wisch is
growing in vitro have the ability to comunicate via

conjyagie] iordtuomsent dlve Tioaxells preshammyalbeedusigpetiyorascence astiviated
a scal pel, in the presence of a fluorescent dye in the

cell gortentddetemaingrwhe@et thsy ae fiubesedigad dferéftue posanthe aslesurface
mechani cal Iy di srupted and therefore take up dye;

antigdmet her intercellul ar communi cati on has occurred nay

be ascertained by determ ning whether cells distant
(7) fr awllcbiehyboidrthdits $& idaritiodtidn @Y umor suppressor activity (Stranbridge et

al, Science, 215:252-259 (1982)). To determine whether these cell lines contain tumor
suppressor genes, they are fused to malignant tumor cells. The presence of tumor suppressor
genes is indicated by loss of malignancy e.g., as detected by loss of ability to form tumors in
athymic nude mice, in the hybrid cells.

(8)  Identification of novel genes, including transforming genes in the naturally occurring
cancer described in paragraph (1) of this section above, growth factor genes as described in

paragraph (4) of this section above, tumor suppressor genes as described in paragraph (7) of
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(6) Characterization of cell surface antigens: The

cells are incubated with an anti body agai nst the cel
warobaersant i gen of interest, and then react edP@i/Ub2084/033091

second antibody, which is conjugated to a fl uorescent

this sggt‘ll(frvi;?)ge %glgg ftar?drar m&g{]ulag‘g)?c%lg éa? gecHﬁcii 1?6? I(]Ba\)‘i{ ‘#%[ ﬁ&ﬁ&g a

SOI‘ m ne

Molegﬂtfjlr &éﬁgg%?lglfw 3%[(1? %isrgﬁfep {@%@? Sﬂ'xt&{]@gs? S lcfl as clﬁl\ffg %Sbtractlon

| dqulflcatlon of tunor suppressor act|V|ty
clonjngap ﬁB’F%@&C“’éﬁes Sci ence, 215:252-259 (1982)). To

det ther th LT 1 t t
©) SUppPE b B RreiGy i or i 0 RGRAAL DY ond
othef FEmIQIBy .00 Vor LA GRG0 col L AL PBER Ty

| oss of ability to formtunors in_athy n1c nude m. ce,
hepatqeytersell nsppiaining replicating ﬁypqﬁaémwswgﬂ%lw &1 trggleption
genes, including transformn enes in_the_natural
estabiwh@rfpr hgnandiveeaners selfs 151@&(Seﬁ g\érﬁagﬁt alphropyathActt |S§1
section above, growth factor genes as described, in
84:4fybrt4%)r Hpihg bmlald?ver hgpstogyte finesnwhish pentain JiFf, thaabyite kBB Y
genes as described in paragraph (7) ofthis section
along bowel] asis icogusstion with dhenpibd diveraperdniogbesgirelnds aflatorimi By gasbe
(Davis et al, Methods in Ml ecular Biology, New York:
eval&dtekfor mahgrihﬁﬁfa)n);foanmwn esing puphesgs indepeadent PIYAth assays as well as
subtraction cloning and simlar processes. (9) Gowth
grovath i &yriic atdeugyich.afrdlt-detlihgbrid tedlsiquas sieilgr to thdBWin pa@graph (7) of
non- A non-B, HAV and other livertropic virus, e.g.,
this §vMon atlost adil beaherkiotevaliiatapedsibieahactiedtionl of henayfuppuessar genes by
i ver hepatocyte cells containing replicating
fusidrep@l inblignaki dellSbafsie Afd a6t MBS trafsfectian sfteatiearing kits are easily
established for human |iver cancer cells lines (Sells,
asseMblef.as BthePdcreemMn@its d¥atainingeeldineS@ith pth8dcoAdehtidd Fomponents
Usi ng human |iver hepatocyte lines, which contain HBV
and 1aB8lidhdthb o forfBMomtiAn@eagtwel | as in conjunction
with chemi cal liver carcinogens such as afl atoxin B,

(10)CaThdAnBYHIMa! &ls Ay b&Bdeld 6 RIBhfY ek Sh@k BPkdaORepdiiisd virus
anchor age i ndependent growth assays as well as growth

(HCVY 13 EhMOG1dTs Bve sk thﬁ%dth Y lEAI@ 3526 M6l i@Bthe Fa2N-4
simlar to those in paragraph (7)

cell line express CD81; CD81 is required for HCV medlated viral infection (Cormier, et al,
PNAS, 101:7270-7274, 2004). Cell lines can be infected by culturing the cells with HCV
positive sera. Cell lines propagating HCV virus may be used to screen for new drugs to treat
this chronic infection.

(11)  The immortalized cells may be used as a way of expanding cells for liver transplant
and liver function assist devices, both implanted and extracorporeal. Also, these cells can
have additional genes transfected/infected into them for organ transplant for therapy of

inherited metabolic disorders, especially those diseases associated with hepatic degradation
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this section above can be used to eval uate possible

i nactivation of tunor suppressor genes by fusion with
wordoogueeast cel |l s before and after HBV transf ece¢DOS20041¢33091

screening kits are easily assenbl ed as ot her screening

(i.e., certailfdlsGase PRt BhidHoRUeRBbY of dbAGEalityl dF aQhRRLIE SR¥E TS QR
conponents and | abeling instructions for performng

could then UJB @ah@hed ihth Q)lr kNS ahdvRRIGER ﬂhé@&pﬁﬂeh%ﬁ@gan%nbb?% 0

identify new drugs to treat hepatitis C Vvirus

(12) Stuﬂiég @Pﬁ%e?ﬁarasﬂ@@ ThEYERb A IS e D AYR 1S DV¥heb Ekfbtld gﬁb@ef‘ﬁ&?ﬁous

G cell line and the Fa2N—4 cell express
o Ao R 1 iy,

ameblasw gﬁillémal ﬁe%ﬁ%od%@@n@%uhmﬁ}}{sed by cul turi ng the cells with

HCV positive sera lines propagatlng HCV V|rus

(13) Stuaﬁy opﬁzey Iy sésoTﬁ‘e 151%?%19%@% creH % 1es cou%l e%lts? 0 Ybhe

chroni c |n nnorta 1 Z€
diseases oﬁﬁeeﬁye%%n&wﬁ% b?t ngﬁﬁ%i*%#’%{‘%f Gpisdi e %Sﬁaﬁes?ﬂﬁf‘ragngl Snd
t hese cel.l ave

s S5 AR acvate i sblCB iR, bl BBiElne "
O LI et o
(1son1321d) %}%r gp.%gld n%aé‘yq{vy ghtélasl,l n gp%fﬂggégﬁggégr?cu-?h,tg
intake usuaglglnix gxe? ul.d ftgﬁrﬁgﬂglge&g’%)g&?% ﬁétgﬁ%p%l Ighg)pq?rgl:]sygtgrlply%et%%ggf 22

ver ites: The immortalized hepatic cel
disorders SP‘ihr?éé‘n‘E: @e‘ﬁfﬁ??s Bretlitesand Serenrig et nseamARS Y iansis|(yuch as
ﬁﬁ? ara3|tes t hat i nvade hepatocgtes i ncl udi ng,
that from dt%ﬁfy org (upHaily aleploD), deHomiingmassiveapeupsinirom afrelthstiatisis, and
roundwor ms. (13) Studies of liver diseases: The
associated W%W? depesitirah arpeated with disprss of habie destwsustiothey st udy
di seases of the liver, including, but not limted to,
miscellanepusoagiosesligunenymd demechsematosairar slisstler of iomanétatwilisn).
yel | ow fever, echinococcal cysts, anebiasis, and vira
hepatitis); drug induced hepatic di sease (such as that
fromtranquilizers (phenothiazines), antibiotics
(i soniazid), and anesthetics (halothane)); fatty liver
(such as that from excessive caloric
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intake usually in the formof ethanol, hepatotoxins

(Cd 4 and PO4), and system c netabolic disorders such
wa@sgoodioerss r ol | ed di abetes nellitus and toxen aP@f/US2004/033091

-pregnancy); cirrhosis (such as that fromdietary

factors (usually al cohohmgﬁgwl Nng nMassive necrosis

fron1V|raI hepatitis, a W th plgnent

élIIOQXplh g%azo%gg}é% grs(’)w(c:llec? 1r3 i %22? gCS%Ilblil:’lg %pem 1c aemq)o&mdnts of

at 0S|, S r
the ﬁfeefeg%%%eﬁs?w@ex B S —
provi ded by way of descrj bin peci fic enbodi nents of
the present invention vmiﬁ%ﬂﬁgintending tolinmt the
SCop! way. Exanple 1
g T : Hmmniprocwes

Ch

Over 0] huna hepato yt Ional cell |ines
esthVBr ? aﬂﬂwmt% enel ??3 IR ﬁ%‘ﬁ{sbidyl't‘ye‘?f‘rﬁeftﬁgt}!‘l@an
arge T and t antigen genes_under control
he%tpcstt%éVl@\ﬁhe S¥49 i’«\ygep? W}l t antigsn g@nes updes gentepb of e 8V aQcarly
Eal G35 and Fa2N-4 are described. Both cell lines were
prowptgh t BHP el inep desigraied Ha Hed? anddtn2Nrhars desstibesh of
primary cryopreserved human hepatocytes with vectors
corofh ¢eillies WereSyeatyd by digefectipndneshinied transipiidngd psimarysyopreserved
EaIC-35 cell line was derived fromtransfecti on of
humanyiepatesytes il vaeinwsonieiping oS \e) lenige R agchsmall t antigens. The EalC-35 cell
immortalization vector containing Blue Tag, a
linervesg dertved dromm pérséntich afontopiesdrvagl tunan digpdtycytes giithran dfhmortalization
wi |l d-type SvV40. The Blue Tag vector was constructed as
vectpotdntaising BBR/18Y, { Ri@0)inanaplashhid estiaidingithdearlg s¢giércdfivahi-type SV40.
enzymes Kpnl and BanHl to rel ease a 2338 bp fragnent
The(BlheTR3&c4 68s ymsfruchgias fidllowaSPRR/SYAATEW) wak tigedtéewith restriction
remai nder retained; nunbering according to Fiers, Wet
enz@hes¥yink aneBardABto: rélkde 2203 8 Boftigeant e E® 288D feafdeyt was discarded,
pronoter and the coding regions fromsmall t and | arge
withlthe Pima@®eids retabifdds nuktiekihBacebldide ta Giees) tW v@as StissR] 2786 181100) containing
the Bluescript SK vector (Stratagene) to produce Bl ue
the S9N eadlyPhrotBsEf dngtthd xR rapests Glont Madll tuse &r%el"ﬁarﬁf‘é@& This
promoter to drive T antigen expression. is early

Kprll/Bgn®1) i@ meht Ve ifsefled ifloQhd ]@ﬁes@hg@g@m (DRl t4R88)tb PlodsE Blue Tag;
vect or backbone and was naned pBl ueTag
a Bluescript based vector that uses the SV40 promoter to drive T antigen expression. This early
region was inserted into the Stratagene pBluescript SK vector backbone and was named pBlueTag.
Neomycin resistance was conferred on the transfected cells as a selectable marker by co-transfection
of a neo plasmid. Clones were initially selected based on their ability to grow in G418 containing
media. The EalC-35 cell line was established in MCT’s proprietary serum containing media, CSM.
The EalC-35 cell line can be maintained in either CSM or MFE.

The Fa2N-4 cell line was immortalized via lipofection-mediated transfection with a

single immortalization vector. The early region of the SV40 genome, contained in the
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Neonyci n resi stance was conferred on the transfected

cells as a selectable nmarker by co-transfection of a
woe@ophassi d. Clones were initially sel ected bBREEUSING033091
. their..ability to grow in (418 containing nedia. The

- oy . bl ' N r i~etary

pRIER veof Bt nbor® R PSR S50 P o St PGB

be .maj nt ai_ned _in eithe M ar ..MFE. . The Fa2N-4 cel
plagtfi 8 B Pl £, R Dot St Brigh e fofihde ora

hybtéirﬁ %Eél{-?l;[&l\/ooﬁogp%e? H@ne %%f&%l agsglﬁzg :e;g %%%%CE% re:éﬁ&glger g';nér Ia?s:a
T . [ into,.

e o Wﬁ%]’a%{shtgiﬁ%%cﬁwmr%ﬁ%ﬁ%rwg“h o
-1 .. T T- ' [ . [ [ 3

confitf e B B2y b e PO BERE e M  or

al so encodes a hygronycin resistance gene as a drug
sel ectabl e marker. C oneEX3@Me2se| ect ed based on their
ability to grow in hygro containing nedia. The Fa2N-4

Expression pf biyergnecifie (TxasergWian Faghers mai nt ai ned i n MFE.

Exanpl e 2 Expression of Liver Specific Transcription
Faclgpegetaptipnsot hgerspeciiamirapscripfigne clopde p pregequisite for expression of
transcription factors is a prerequisite for expression

hepgiic fyagions, clonalrellilivpsyere indtiedly sere¢ried by RsPGR peing priimers fgry
screened by RT-PCR using priners for human Ff NF 1,

hunpdFEBYF IHNREE, HNRfFd gHI Y <60 EBFB R abumind Briefy,itetill RIVA was
total RNA was prepared from 106 cells of each cl onal

pregeeéd frdrh NS del 60eath elondl €10 BIng ttheamicrieistiatiornhetBo @ oM Enner
et al. {Message anplification phenotyping (MAPPing): a

et al. e/BRLEUBHAIT cai M PhbRod oSV RPRRS Ul Rchidilel 1B b dddaiy om
smal | nunbers of cells, Biotechniques 7(10): 1096-1

medksi@, mlBO RN 1 stfallmumBedk of Je%i&t&}ﬁﬁ?}ssh WI\&S): weRd1 1@3,

a carrier to facilitate the isolation o from a

198911890l g B B8 AN @di WRE RS s @akicl RNEciMRIAnERbIEHGILT RNA
oﬁ?ﬂ u%n ng the Per S%lgﬁal mer Cetsljls, GeneACnl'p RNA PCR Kit.

fror3 @mAT n@hbdr OF 8d11s RINA- &S rda QRS FBrel AR Ol REF tHSPORin Elmer
random hexaners and M M.V reverse transcri ptase

Cetf& %ﬁgﬁlrﬂlgRN% 1203 K gﬁlei u%ro'f ?b_ta{l IRNAIK Hed lieg&?e tre;m@n'ﬂgﬁ:gsin random

reaction was carried out using oligonucleotide pri rs

hexhil@fs ABUDES fa%ge%ggﬁ)tgsé Q&Uﬁﬂ{gsto the supplier's instructions. The PCR

reaction was carried out using oligonucleotide primers that defined nucleotide fragments
unique for each transcription factor. The primers were commercially synthesized and
purified by Cruachem (Fisher Scientific). The PCR reaction was carried out for 30 cycles
using an annealing temperature of 58°C for 1 min. The PCR products were visualized in a
1% agarose gel after staining with ethidium bromide. Positive control samples included RT-
PCR analysis of total RNA of freshly isolated human hepatocytes (not shown). Both cell
lines expressed all five hepatocyte associated transcription factors, as shown below in Table

1. Albumin production was measured as an indicator of hepatocyte specific gene expression.
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uni que for each transcription factor. The prinmers were
comercially synthesized and purified by Cruachem

W@ RioslenssSci entific). The PCR reacti on was carPCEUSIN/033091
for 30 cycles using an annealing tenperature of 58C

As ghg(vn]oemvglé lTIﬁ t1 ,Pb%%l ?erllolgi:é% gge%ﬁ\{\efeﬂguer%/ihﬁlg? k r%zsg m fle acoilicﬁocioned

agar ose arter stain u rom de.
2031 1 | t i ncluded. RTPCR | ysi f.
e R0 P 83 W R RSP
Tab§ehpvm). Both cell lines expressed all five hepatocyte

associ ated transcription factors, as shown below in
Tabhes 1. A Huymi-n priduct | pangas nepsur ed] @YEBR | Albumin
j ndi cator pf hepatiggyte spagific ggne expressi on(fisng
shown below in Table 1, bpth cell| Iines |secret e | protein)
aFaddd n i nt® the serum free condi|tdi oned edi um a%.79
tectedby—ELFSAassay--using—antantibody that

retdgm zes| human albumi n. | Tabl e 1 Exanpl g*3 0.3
Reverse-Transcripti on Polynmerase Chain Reaction

Anal ysis for Expression of nRNA Transcripts RT-PCR
5 anal ysis was perfornmed og, ebmmortalized human

hepat ocyte cell |ines design d Eal C-35 and Fa2N- 4.

ReveRb 18208 ioR Pal REr 80 ChMR Rezlcti&?.l/&hﬁgﬁpfolf Pgﬁr@gi&i sHigsyand
mal ntal ned 1 n E nmedi um ured cef1s we d

Trad¥ckibts i fampin (10 mV) for 3 days or an equal vol unme of

(control). The follow ng priners were used for

o R g TSR e
sl 7 258 A, B0 e D o B AR T
o T B RS 0 BT B B i

Fa2N-4, tq_screen faor expression of hepatocyte
anegbaﬁé’P‘F‘F’(?O?PM%Q OpE9lon factors (e.g. HNF-1 a, HNF-3,

HNE-4 a, HNF4g, C/ EBP), |iver specific genes (e.qg.
al g?lh\ﬁifq{foglﬁtg primers were used for the RT-PCR analysis: Albumin,

Asialoglycoprotein II receptor, HNF-1a,, HNF-3, HNF-4 o, HNF4y, ¢/EBP, UGT 1A1, UGT
2B4, SXR, RXR a, RXRpB, CAR, CYP1A2, CYP2A6, CYP2C9, CYP3A4, CYP2DG6,
15  CYP2EIl, Cytochrome ¢, and NADPH.
RT-PCR analysis was performed on two immortalized human hepatocyte cell lines,
EalC-35 and Fa2N-4, to screen for expression of hepatocyte specific transcription factors
(e.g. HNF-1o, HNF-3, HNF-4 o, HNF4y, C/EBP), liver specific genes (e.g. albumin and
asialoglycoprotein receptor), transcription factors controlling drug metabolizing genes (e.g.
20  SXR, RXR a, RXRB, CAR) and phase I and phase Il DMEs (e.g. CYP1A2, CYP2AS,

CYP2C9, CYP3A4, CYP2D6, CYP2E1, and UGT 1A1, UGT 2B4, respectively).

36



10

15

asi al ogl ycoprotein receptor), transcription factors

controlling drug netabolizing genes (e.g. SXR RXR a,
WORXRb/0438R) and phase | and phase || DVEs (e. gPCIZ¥R1004/033091
- A2,. CYR2A6,..CYP2C9, - CYP3A4, CYP2D6, CYP2El, and UGT

| Al,, 2B4. .respectiv | VSI e rred

e T AP PR by TR & BT LT

harmmacal.oqi cal aﬂ% er.of . CYP3A4 expression. RT-PCR
pha%rﬁaacf))? ]icegl l’rl‘g{?%raqu %atex}?ﬂrle%Sl ' anscripts exani ned were

ex d .bot h Il Lines.but ta various |evel as
o 1R enhisaveriof sl Kl brine ¥ ond iy S by bou e
. increased the expression of CYP3A4 t.ranscripts. .The
tinef (B ap 5T o ls 5 S1enoLpy | SetE § TR ML oo ipgerghbe
8 i,s outlined in Tables 2 a bel ow,. Exanpl e .4 SV40
eXPIGRRIPLYL o B rapetints: oe Ké?‘i“&gf Ssi‘e 8P} lRacting o E?Féjﬂf Figures 1
hepat ocytes. have limted proliferative activity when
thropgh § tsroumed i bables 2 apd 3 §¢!8PFcome this characteristic
SV40 large T and small t antigens were_ introduced into

Tablerde  genbgend el laading ordey for Hawes LEroughidnes, Fa2N- 4
and FalRGR®ohuglye subse@el&ht | yoH&an @ai#it pi Geld4i

#Mgul t ur d09bpmarksr t o 18| nohwhs | Botlh i nbrt hli $eid i nes

#2 gr ol ERp oGSt whie HGFAANY aiSX&d || BN nliminm land

#3 ¢an BsCEPpthREmminyed| HAT 1AANKSAR | |Ndi-ct Albumin

#4 | nmiia?f-# oo, BRIEE 0T st alUBINg! UsiSXG plotiNFBl erilbuant i bodi es

#5 agai FsAN-4 8 oiifampiant | QEAT AAY | alSBm Inddivons tAlaimgd |t hat

#6tthe cel | Bmphes contihueNAo expg¥éss| tHa nucl War

#7 || oCcBAICZRSCD 1V MAMAC Gl i z] HGT gBhe RFRgur @NBA) | ASGRARIII| as

#8 expreegdS-3aphie pEnptyt e| 5pECBS i| CR¥RNe ¢ivapacnesPBtii|c of

#9 di f freeenpdaDRIdOfairnCt | OGBT B4 qURERDD) HNFhe| ABGPROI |jogy of

#10t he EING 38, Rifainbin| | NeUBT 2BHOWRXKRe | [0 WNEBT gusePRa)|.

#11Tabl e 3 lmnpand for e|] |wwadin avder| fem F| uk@gs 5 throu

#12 8EMUMHABICMST g of KRN 4 peRj S| mor-40a] bewrRDM

#13eXpressizep1masanper f o methr Cel RRpver BNpdcal edhrm tlype |

#14G0| Iragen pandveolcyir ed ioaRser URKRE eleried UnsArpH 72hr .

#15A bupdon. 4y, Rifaspial | zed dawR | NdrRxeEt | Imanpf amesicence

#16M th a flgwpyescene conjwgat ¢d sgrcondgpy ant kjaody. As

#1738 hopsn 0-35 v Bsd &b bel guewi 1 tapg@bhy| akf40f thA cel s

#1868 X PIE28 8-36\b P Rirdtpin c/EBP | GAPDH | HNF-4y | . N/A

#19 Fa2N-4 p34, DMSO Ctrl c/EBP GAPDH | HNF-4y N/A

#20 Fa2N-4 p34, Rifampin c¢/EBP GAPDH | HNF-4y kit Ctrl
Example 4

SV40 Mediated Proliferative Activity

Primary human hepatocytes have limited proliferative activity when cultured. In
order to overcome this characteristic, SV40 large T and small t antigens were introduced into
the genome. The resulting clonal cell lines, Fa2N-4 and EalC-35 have subsequently been
maintained in culture for up to 18 months. Both immortalized lines grow and function when
maintained in MFE medium and can be cryopreserved and banked. Indirect

immunofluorescent staining using polyvalent antibodies against large T antigen and albumin
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N/A
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N/A
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Immunostaining of Fa2N-4 cells for albumin expression was performed. Cells were

plated on type I collagen and cultured in serum free medium for 72hr. Albumin was

visualized by indirect immunofluorescence with a fluorescene conjugated secondary

antibody. As shown in Figure 9b below virtually all of the cells express Albumin.

Drug Metabolism Data

Example 5

Both cell lines continue to catalyze Phase I (CYP) and Phase II conjugative reactions

in monolayer cultures based on the metabolism of model substrates. One of the most
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40, and 4 1 passages. For passage 41, anmmoni a

cl earance was al so neasured as an indicator of
woRdosogass net abol i sm The results are shown i nPAOERDE®0H033091
¢ wd RESE results indicate that both DME conjugative
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CY%?B‘éPﬁmmqable 5 Effect of Passage Nunber for Fa2N- 4
Cel |l s on Metabolism of Acetam nogphen ND
de et arpdrlaiarpra by 1dsagfieg by %@Fﬁg F@é@nﬁeﬁs?%yt es
to Identify and Rank CYP Inducers Two |i
respaRsiFaRB ! fledieraind WyHRRasYTIRGSREVAIAS aeiVAY ﬁ%\wﬁ%@a@% gypsigates
can be enployed to identify and rank CYP3A4 inducers
(iefessastiramm).' Forcuremplontranserantienal respprsivencsg lopyeiongicrh2N- 4
cells torifanpin (10 mM) results in a greater _
phapmagdlggichldRY R¥A4 inducgrsifi.¢. sifanadn)cep heasypted by thet RT-PRBrising
treating cells with weaker CYP3A4 inducers such as
spedfixpireerh tosdetest CEO3 AVEDYA. BRempibarducedCY PI Avnzymetisirdiviy
bel ow in Figure 10. Secondly, inmunobl ot analysis
candBobasikasateddyitie froduetien dflthé 6HOHetegtosevre mbtabadthwbén deleare
cell lines to rifanpin or phenobarbital for 48-72
incub@ted Svith AGtSRERE. BXBiEaEHaliw BIfTa6NRA3AdFapel dellilife is more
conparison to vehicle-treated controls; however,
senFRAS WYY ih@ucklsiMRhdE41€538 deBdinkn a greater increase
expression of CYP3A4 protein. The upper band in the

| M 5B} ©BldeinSnMARSRAGh defl lingtniitiéSo Biress ®hds¥ B Anjugating
i nducer, does not induce CYP3A4 protein expression.

z%ﬁé&e&u% %et &gssed&@a%an{ueo%ﬁéﬂ for 84 B aalal ceﬂalﬁa{ee chn@fte medium

he imortal i zed human hepat ocyte cell |ines provide
was% %cge?ﬁgﬂlnﬂ a1 Y%eﬁ?&qhe 5:8aH8b£ 6f ace@RSobhdH JYRr G or

acetaminophen sulfate conjugates. The production of the acetaminophen glucuronide and
acetaminophen sulfate conjugates was measured by HPLC analysis. The results are shown in
Table 4. To determine the effect of passage number, the production of acetaminophen
glucuronide and acetaminophen sulfate was measured for Fa2N-4 cells after 11, 14, 27, 32,
40, and 41 passages. For passage 41, ammonia clearance was also measured as an indicator
of nitrogen metabolism. The results are shown in Table 5. These results indicate that both

DME conjugative pathways are intact and that the Fa2N4 cells can remove ammonia.
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expression. Exanple 7 Morphol ogi cal and Functi onal

Simlarity to Primary Cultures Cultured Fa2N-4 cells
wae@olomisgriel y simlar, both norphol ogi cal |y anBCT/US2004/033091

functionally, to primary cultures of fresh human
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M-

NS 18] Ut VVC &l iIl in byA 8? B hl (!J
Cel g%d Fazﬁgﬁﬁéa dn&w l\ur?etrncq)luog5 % PA,CEIIE}SQWGH

. H g{% -0 (©
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I ndugi tdrvAI fold Fa2 Nirdeiryed q. mgd eif) I [deghdgr@ecif)or assessin
enzymne indmdendt i on in Fa2N-4 cetls |is remarkably simla

|OF

= QO

Fa2Ned t hat to4 prj mar §.4dul t yr e$5.28 humar20ltepatjocytisl. Th
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[¢)

EalCrB5VEE Sapport| Mediaysn THe odlsl s |wereislet ached hiys
(p29r ypsi ni zati on, isol ated |[by centriji fugation,| and re

attached to collTagen in the desired format (e.g., 6-,

* Celld wereZépose@ ko RBicledr!rifhgih €572 WidseDafh it Yed relative to
vehRRarh@l c&roRer i od, the cells were treated once daily
for three consecutive days with test article or the

» CRIPHOR ks 1B08IRE\S r1 nPFb% b3 hoBs &RNh&PhSubatcAZNAE

testés‘f@%tfb% N, @’?&ﬁé&&l 28hSe s‘ie%ne Igﬁaﬂoﬁ“?etwas quantitated
by ﬁI‘L@LﬂS&Efs fanc?XeP a ﬁcég(iéﬁé %Ea? el fd],crosone
prepar rom-t epatoctes {|n V|tro
TabR% Vi tﬁ?fec%?Pa%Q g‘ﬁ)em‘o% ail\rgbe St ohsm of cetammophen
m Ccr osomnmes pr epa rec orm uman lirvers
vivo activity). Enzyne i nduct| on was assessed in

CellFa2 NPdssagel || Acefayninapberbat | Agtantisophed | S Avhinbniphenacet i n
(to|measur|eS1EHRiAd) , buSubhicon (to neEcisatiee CYP2B6) ,
di cl of enag ((f/mgrasi) € (@A rotein) M |dagN Ry bidtein/24hr)

Fa2Ne@sur e CYR3A4)L0.70 eaclsocmsiey.3f he Tling@l concentration

Fa2Riss st ratlgqewas 18 V| Jybi;abpkd t € T|gfpati on was

Fa2K€ef €51 neg 78 B5FAYI Ng aj7i4%@§ of 1 'r}@gcei —cutture

Fa2 KRBT §3 Al MgnpOUS, 3 T TTES Js0 i §gf 110 by CCEE:

"ND
FaZNQL 6! it q2%§%21‘2-8'Pd' ' bzglfzék._jcllggl fet ‘i\'rﬁ EYP—activities
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ND W)tggtﬁ%?edtl nme point.
Example 6

Use of Immortalized Hepatocytes to Identify and Rank CYP Inducers

Two lines of evidence indicate that immortalized human hepatocytes can be employed
to identify and rank CYP3A4 inducers based on ‘induction potency”.

First, exposing Fa2N-4 cells to rifampin (10 pM) results in a greater production of the
6-]3 testosterone metabolite than treating cells with weaker CYP3A4 inducers such as
dexamethasone (50 uM) or phenobarbital (1mM), as shown below in Figure 10.

Secondly, immunoblot analysis demonstrated in Figure 11 that exposure of each of

the cell lines to rifampin or phenobarbital for 48-72 hours increased expression of CYP3A4
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Fa2N-4 cells respond appropriately to enzyne inducers.

As in the case of human hepatocytes, CYPI A2 is highly
w0 padoitaBe by those agents that activate the APCT/US2004/033091
uaxeceptor wher eas- t hose agents that activate PXR

[or CAR cause Jjnduc CYPSAA and. .toca |e
prot 1)r(1t1ré cc%mpae%tgér 13?118 t@ﬁi&mo ver expos é?,l ﬁfeamfgl r%sc’uefted ma

%éf?%t%%éﬁsaﬁeétéﬁ%% e Sﬂhtﬁilivﬁ% g PP
mnmﬁ“' detnb ol S B oLtk U nf OB spression.

C9 actjvit Enz i nduct i in Fa2N-4 cells. is
E%Eﬂt}egqshe@ q?lﬁ)"/ss Fﬁsyﬁ%@ﬁg}$ icate | attt e Wﬁ’éor%ﬁtd%“gﬁa hepatocyte

across dlfferent sized nmulti-well )
cell ffaes rrpdds #einyaduablie;mods toaiet‘fah&?atttt%w aa@ nth%‘E Sut Iy
reproduci bility of induction of CYP2B6 (bupropion
CXPlYEoXyl ase) activity by rifanpin, across three
different plate formats. Reproducibility of CYPI A2
and CYP3A4 induction acrosExamplei’p| e cel | passages was
al so assessed, and those results are shown in Figure
MorpHologinal aﬂd:E\d' eyl f . teasnCulfies of i nducti on
acr oss passages 32- 47 S exceIIent for both CYP
enBpitered Faid-4icsllsapenifuenly similet both epriwingidelly and fupgtionally, to
i nduction typically seen with individual preparations
pringiry tultvees ofi Epsit twomah dspatdepigaicFigore 18fsh@vRRBEldsembghNogical
cells by rifanmpin is the sane in 6-, 12-, and 24-well
resepibddnes betagendtuman hepatdeyigs (uppdipandpamitiagdi4 sells (lbwer paselp
obtai ned for CYP2C9 (results not shown). These results
Nurheroiso@Y s, inchidind i(FYRIMENCY R2BE6 RGO, 4ridgSYRFA4, are inducible in
imortalized hepatocytes are highly stable. In terns
Fa2Nt4 ¢etlpr Dhkgrbdedhietfyr astddding enmpmt adduzttuth ih Ep2N-d cyllsds etarkably
lines of this present invention are superior to
simiMritrehayfoe phitbify @81nas dThiman hepadcoryt es, where the
magni tude of CYP induction can vary substantially from

onghpIFePRGaETPRert BropliBitddedhta N ZgeARubshetueil ih MFE Support
primary cultures of hunman hepatocytes is affected by

Medilh@. a8t belkWekddetacha sihiYdfion, &S1atddy\WBhthifush#dh, and re-
decreases, there is a decline in the magnitude of

aﬁaﬁﬁ&%@%lla?&“ﬁ&ﬁe@%sﬂé& OB, 6-U] L W€ Sor 96wl PRfRes). After a two-
hepat ocytes

day adaptation period, the cells were treated once daily for three consecutive days with test

article or the appropriate negative and positive controls. Enzyme induction was assessed 24
hours after the last treatment. CYP activity measured in microsomes prepared from the
cultured hepatocytes (in vitro activity) was compared with that measured in microsomes
prepared directly form human livers (ex vivo activity).

Enzyme induction was assessed in Fa2N-4 cells by incubating the cells with
phenacetin (to measure CYP1A2), bupropion (to measure CYP2B6), diclofenac (to measure

CYP2C9) or midazolam (to measure CYP3A4). In each case, the final concentration of
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Figure 17 shows the effect of cell culture format on
the induction of CYPI A2 by oneprazole and the

w0 pabaosisesr of CYP3A4 by rifanpin. Cell culturerP¢DUREING/033091
appears to have a slight influence on CYP1A2 induction

sub§t1@’[ tv@a?%l gf)] ML gt?féglfféj%&‘ﬂitlon%g ggfex%?lflg&f}rr n;es/?ntge Elﬂ%({}%?f tﬁe cell
B 355 AL A Y u 8L o Bl

S SR o S D P e e o
Ther ef.or the. c i nes of .the present invention
Contﬁ‘?t'iﬁ%lvd@ d%%?FBmF%F‘itg%? go‘gﬁ%ﬁﬁ’@m tnduct i on Iacr 0SS n}an%
I [tyure formats than do primary cultures o uman
Celﬁa@‘i? esppﬁé amrﬂ@a ﬁ%@zsg?e ledﬁm%ISAszaﬁ the cygepRuman

duction in 4 cells are simlar to those
hepadwv%ﬁ 142 ﬁﬂlﬂﬁ%}f lyd‘%%hl? by Beseqrzents hahadhispaths A\l iseeptor,
Figure 18 shows the tine course of CYPI A2 and CYP3A4
Wherqarﬂﬂi’@ﬁq ERts thafepingte PER| and/or EAR qapse indhgtion of CYPB At 1 a
cell s occurs over an propriate range of inducer
lesseriieB CRAEP6 AR CYRECS ohtdatnin Fignerldgipafment ofFa2eéd falks
CYP1A2 induction by omeprazole and for CYP3A4
(culiureduin bivead] ates) withrtpd pM omdgazbledavset] nmrlad éndsbidodofiGYP1A2
Figure 19. Simlar results are observed in human

actifigpahaeastt@aimeneith 40 Rl dfsmpRSRRBEL CPPYAPL]dato8 1¥ssbi®xtent,
t hose conpounds that do and do not induce CYP enzynes

CYm2Bchuaeryrmepatipsiyt es. For exanple, as in the case of
human hepat ocyt eS, conmpounds shown previously to

oo 9, B3O8 AT RSB EN 5 e

and REL ARG rént REEDRARE SN }ﬂﬁtgnsg %%g% 2&@ gégg{/ idt€the Q%‘ﬂ C%X}g%]s%n of

CYP3A4 expression In tes,

the r%ﬁ’&‘i“blhtg%f inddck O%Q)q' bdg g) %enygy Ezﬁfl_\d'et) %gﬁ It\}lflbg farrg%in,

az2N-4 I'Ts, ereas or “agoni s

acro%&@%ﬁgﬁfgﬁg ttj féﬁe%gﬁlg ts. rl\]likﬁ&)god{;agﬁltycgfgf{]% B3 E?Xﬁﬁ% nglcf?%
acro’ss mﬂﬁ@ﬁ %gll ﬁz},;ss 8RS, 5 ast a éobaltsgegsr é?é}cﬂ?c%% reisg/_\lltsrﬁrég f‘h Inﬁ 5@87%61%
The r%rodug%ﬁltya gler{l]a}g%ltu e of mad(l:JEtlo\ﬁq;creosg Paessaégs gf&’?@egcrellggtsfor both
CYP enzymes, and is superior to the reproducibility of induction typically seen with
individual preparations of human hepatocytes. Induction of CYP2B6 in Fa2N-4 cells by
rifampin is the same in 6-, 12-, and 24-well plates, as shown in Figure 16. Identical results
were obtained for CYP2C9 (results not shown). These results indicate that differentiated
properties of immortalized hepatocytes are highly stable. In terms of reproducibility, the
immortalized hepatocyte cell lines of this present invention are superior to primary cultures
of human hepatocytes, where the magnitude of CYP induction can vary substantially from

one preparation to the next.
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shown in Figure 20). Table 6 summarizes the magnitude

of induction of CYPl A2, CYP2B6, CYP2C9, and CYP3A4 in
wo-adblod148®l | s and primary cultures of human  PCT/US2004/033091
. -hepat.ecytes. In-the case of CYP1A2, the magnitude of

[ ' L . Fa2N- 4 |
B R R s R fé‘hg"g%‘%yygtﬁg o
P2B6 YP2 CYP3A4, t i tud [ [
cunf e3Pk ad VL e ot B kR e Bl 2

ara

i nduction.in.human he ocytes, but |less than the

en%ee’lng F1OP B} RIS GB r%%?afthk’/g‘é]il g‘ﬂjafoﬁﬁﬁsct ion differs
consi de |y from mean i nduction in_hunan.he yt es
pod Sl Tt Herelethed Sl o pEOEURBYOT HE YAy
occasi onal .s | es. wi t xtremely hj val ues of fol

omqPEHAE RO e IAHPLon & Q&R@ﬁyatf@aplpn Cgﬂl 8‘3%6 éﬂfatraapears Yofave o
CYP3A4 i nduction, whjch ranges fromzero (less than .

slight igfifea?f‘o()n B s indygtign whﬁwgwhgr{ﬂﬁée freiaFcrigh yas greater in a 6-
i nducti on of CYP3A4 in human hepatocytes is 10 fold

wel} than wedi2a 4 98 8e-mieB dormahi Bawever, i diegesnenenrargleinduce
conparator, is about 4 fold. Table 6 Comari son of

CYRIVE astiyithy #thersel folshoven cqmipN-Bigwe 1T alsashowisyiheirin s case of
atocytes * Data from Maden et al., Effects of

CYBet endygfiondly rifpepissosimiladn hefe 2nddo end9oivel yarsehridwtstore,
P450 expression in cultured human hepatocytes, Drug

the padlliplgs o gpigsent ®yentpp provide more grdigble enzyBiEnduction across many
(b-napht hof | avone) was the inducer for human

celllgelpae troypnte thandhericayy oiers aflvinenkepatedytesi nducer f or
Fa2N-4 cells. *** CYP2B6 activity based on
7 - dihhtrg cdurse off €Y AShetdGN R3ddmadvchior<@-Fiekkael labiegimilad to
fold) or S-nephenytoin N-denethylation (13

thost @bstyvebapgha&ry Sultizes affhutiae héparoyteal Figwd 1Blelpadsaby/ tifie course
Cell Lines in Toxicity Studies Fa2N-4 and Eal C 35

of (E11IAR apd Q¥iPAA4 andudti@nin FepeUeeld e- deri ved system for
conducting cell-based toxicity assays in vitro. Figure
22 Bokynusindwdiion it R NS eclRfocduadVedarCfpkdpriafe range of inducer

concentrations. The concentration-response curves for CYP1A2 induction by omeprazole
and for CYP3 A4 induction by rifampin in Fa2N-4 cells are shown in Figure 19. Similar
results are observed in human hepatocytes.

Fa2N-4 cells respond appropriately to those compounds that do and do not induce
CYP enzymes in human hepatocytes. For example, as in the case of human hepatocytes,
compounds shown previously to activate PXR and induce CYP3A4 in human hepatocytes
(Luo et al., CYP3A4 induction by drugs: Correlation between a pregnane X receptor reporter
gene assay and CYP3A4 expression in human hepatocytes, Drug Metab. Dispos. 30: 795-804,
2002) induce CYP3A4 activity in Fa2N-4 cells, whereas Ah receptor agonists do not, as

shown in Figure 20. Note that clotrimazole is both a CYP3A4 inducer and inhibitor, and thus
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toxicity testing. Treatnment of cells with toxic
concentrations (up to 100 mV of several agents
W@ caadhys8- net hyl chol ant hrene, net hotrexate, nRORUSINE)33091
- rotenone and troglitazone) caused a | oss of nenbrane
CYPIULAIdEn <RI b1 ihlohAE ofih CARE. doi ebhE JFRGhMM Of
['ul ar n

an |1 ntracel nzyne, nmel'y al pha- gl ut'at hi one

BTl SR B RRE e M B

h b eland). In contrast, little or no a-GST was
s O‘rpg elglguerab?)rom Fa2N-4 cells treated with non-toxic

S0 e EPLFB Fuf L PR g s
e S al ARy UR A SERLAR T
e PR b PIbbes ISR S R Ll B

. .depicted in Figure 22). For_instance, acetam nophen

inducF ;e Beralbier. odte 15t A OB, CYEREFHLCIPGMIY as
wel | as other, concurrent environmental conditions.,

ma Qfsfﬁﬂ%luatwntlﬁ Eaitseisyascenrpepls oty mediap dold fstugtinnin
toxi cants 3-nethyl chol anthrene, nethotrexate,

humza hepiqsiies: bﬂbk@sﬁgﬁ@he avreaee folg indpetiann Meskiandudustion differs
significantly greater release of a-GST fromthe cells.

congideratly e mesh induetion s hemanbrpaioses beeauso e datisr ismearkedly
response of the Fa2N-4 cells with those of primary

affe%ﬁghthﬁ eprasiond) samples with exiremy Lt ighavatues of {old ind®eion. This is

_structurally diverse chemcals. Toxicity was assessed

ilugyptedimiig 3¢ foreY R dcadustion, whadhtranges femyedroirentise 1.5 fold) to
(LDH) into the nmedium and a disruption of

145 di9ld.0 AKhevgh ittsel meap Splid imduic ton (fIEAR3A40n hemdelepeasyges is 10 fold, the
resazurin reduction). The toxicity profiles of Fa2N 4

medzandnictions whicheépatosyhesingfil eomparatbris about 4nfokit
conmpounds, as sunmarized in Table 7 bel ow. Sone

Tablid f er efieeparison bMEYP essyardaduwfishia FadN-4celld addaasn Wesfocytes
bigaieved. TherRaliN- 4 cel Hamas hepdtodytesSe NS iHinish hdpabfocytes *
(pidueddy y hewaiage iideqiono| hepatagoMmdagiosUCh asMedian induction

troglitazone, (inigpper forin and hapgpl a] pyriene, but were
dessensi T ve ford menagi one. 13 fold 8.4 fold
(Omeprazole (9.3-29) (2 -56)
or BNF) **
CYP2B6 2.5 fold 4.1 or 13 fold *** 2.9 or 8.5 fold
(Rifampin) (2.0-3.9) (up to 14 or 71)
CYP2C9 2.0 fold 3.5 fold 3.1 fold
(Rifampin) (1.6 -2.8) (1.5-10)
CYP3A4 5.1 fold 10 fold 3.8 fold
(Rifampin) (4.0-6.9) (0—145)
* Data from Maden et al., Effects of prototypical microsomal enzyme inducers on

cytochrome P450 expression in cultured human hepatocytes, Drug Metab. Dispos. 31: 421-
431, 2003.

ok BNF (B-naphthoflavone) was the inducer for human hepatocytes, whereas omeprazole
was the inducer for Fa2N-4 cells.

##%  CYP2B6 activity based on 7-ethoxy-4-trifluoromethylcoumarin O-dealkylation (4
fold) or S-mephenytoin N-demethylation (13 fold).
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Table 7 A conparison of the toxicity of 22 conpounds

in Fa2N-4 cells and primary human he atoc tes. *
wo-a@blod148®l | s nore sensitive than human hepat oRgT/8S2004/033091

-Fa2N-4 cells less sensitive than hunman hepat ocytes

Thus, these imortalized tgl%p%gcyt es wll be suitable

for specific in vitro toxrcrty-screens. Furthernore,
@tgg&g%}%{o&t& 1z|eI %—Fedathc(:e sl ]XI gs'nolI | & i dl_ StElxgﬁ‘IJI e 9

I nduction.of t abol i.sm Enzynes ( DMES) and
VLTS Balr S BB e e g R PR o |
conﬁﬂ?ggg gqﬁlg@s%tg{ﬁ%% %sts%zg lzrg?itzrgll- f}}igﬁ%l _Z%E%Ms[trta‘fgm%{el{lge XW a2N-4 cells in
.quantjfication, cells were exposed to drug for 48
OXINE P¥IN8Gane expression was nonitored in Fa2N-4 cells
by the Invader assay (Third Wave Technol ogi es,
Vadiresgrent of gells yith dxicqoncepinatiens i ©, 10RiHyN-of Bevstad Agsts (namely
system for quantification of ni RNA transcripts. CYP1A2,
3-methpghelantigvmg @8 thoeshtsAmenartionvDRIenpneand droglitazongksamsed a loss of
quantified fromtotal RNA extracts from Fa2zN-4 cells
menphreszet intdgmiy1 teswdtingan éle relbase mowthei nnalliloe pSanaintaceluipameyne,
with vehicle controls. Enzyne activity assays were
namalydphasphetathnerBidahdéradelie-GSW U@ hich WaOmedsid wAR, BiEY¥iR2G8L
and CYP3A4. For enzynme activity studies, cells were

Sen§HWEBSARIA GSURIY (BdtriniAtchRtibSal, SR8 Adelafd.i MidoMtrad® Sittle or no
determ ned by neasuring the extent of

oc-GgTQ@ats VAL P Yh 89303 e ORE IRl ABkif Emﬁ%ﬁg&%ﬁmg&om,

y mass spectronetry. CYP2C9 activity was '

eterm ne

. uyg | : ' - hydr oxydi cl of enac
acet%lr %‘Etl bﬁoﬂ%e{%?%ﬁé%?%lr ?@am as det erm ned by neasuring
}\/g?tasglbg]ﬁlg L n(())[(t-:d &H&%M@%&" Iﬁj%f::seg%;e%{s/, sglgl%erpz%sha%é D gelfllfa}rpd felb r%ate,

Ites were quan ari ng asur emnen

causte%li%itcglpyds?grn(iiﬁc%ﬁtr et foxicity, but only at high doses (and hence at much higher
concentrations than those used in the study depicted in Figure 22). For instance,
acetaminophen toxicity is associated with doses exceeding 4 g/day as well as other
concurrent environmental conditions. Exposure of the immortalized hepatocytes to the
known toxicants 3-methylcholanthrene, methotrexate, menadione, rotenone, and troglitazone
produced significantly greater release of a-GST from the cells.

Additional studies were conducted to compare the response of the Fa2N-4 cells with
those of primary human hepatocytes, following treatment with 22 structurally diverse
chemicals. Toxicity was assessed by measuring the release of lactate dehydrogenase (LDH)
into the medium and a disruption of mitochondrial respiration (based on a decrease in
resazurin reduction). The toxicity profiles of Fa2N-4 and primary hepatocytes were similar

for most compounds, as summarized in Table 7 below. Some differences in the response of
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The Fa2N-4 cells responded in a simlar manner as
pri mary human hepatocytes. Treatnment with 10 nM
WO Rdoasopi4es resul ted in increases in CYP3A4 nRNAPCT/US2004/033091
(17-fold) and activity (6-beta-hydroxytestosterone
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LoIN| i
aZ2N-—A4—¢ tHree CYPs—expressed—as—fold-increase

Cellylar Response.l, . o Nop; oxie Compawnd o[ _pri9HE Gompound
hep%f't?cyt es.| Tabl e 80&HWHary of rlepor t edptArighalgnpheene
response in |[Fa2N 4PREpbadbied” conpared to r Methoesatof i
mar human he atoc t €B§HHYdition [to exam niRetpnenee

i nductive eflf ect dfarbpmazspiice concent r at i onEéfvirgraig,
the Fa2N-4 del | s datcaianyde used to | ook at
dose-responde rel alp®ARAIPS. For lexanpl e, EC50 val ues
wer e cal cul gt ed bad&demsrotehe response of Fa2N-4 cells
dosed with rul tipl eProberdddt rati ons of rifanpin ranging
from 100 nM{to 50 nkelb#majerre 23 contai ns EC50 plots
for Fa2N-4 del | s Jsengiiopbeneased |[CYP3A4 transcri pt

val ues (Figyre 23A)Cighiszamel | as increased CYP3A4
enzyne acti ity (Fufinpgra2@8). The cal cul at ed EC50s
were 0.43 myl (r 2=9imzsthtid. 77 nM|(~=94), for the
transcript and enzyewfamedinvi ty, rlespectively. In

abdfiférenn, the cal cul ated maxi num|i nduct i orroglltamxg *
val ues were |13-fold for the transcript ewapsapireand
9.7-fold forf the enzyne activity lendpoi nt Hypatdin™ €
passages of [the Fa2N-4 cells have been t egbediche

* FaQMPBAs hid@dieehiifiVe thin Blisi0 héfai&HRES response of multipre

*+ FAAS QRS et sehad tharCiRinla hbputdtyfeyP3A4 1 nducer with a
weak response (50 mM dexamet hasone - striped bars) and

2 CXIR3 Avbsd ek Blizdd1Rbatboss il Be Suifible SRBpEGRPANSF, ok
M rif an'sbi n - black bar d). The open bars denote %%e e
scre¥B! WEFhdrRAbreC Bk lifmortalized hepatocytes offer the distinct advantages of

reproducibility and access.

Example 9

Induction of Drug Metabolism Enzymes (DMEs) and Multidrug Resistance 1 (MDR1) using

the Fa2N-4 Cell Line

Treatment of the Fa2N-4 cells with drug was initiated 48 hours after plating. For
RNA quantification, cells were exposed to drug for 48 hours. Gene expression was
monitored in Fa2N-4 cells by the Invader assay (Third Wave Technologies, Madison, WI), a

robust, yet simple, high-throughput system for quantification of mRNA transcripts.
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treated with DMSO vehicle alone. Treatnent with

dexanet hasone increased CYP3A4 transcripts, 1.6-fold
wa@nae4E88 0l d at passages 2 1 and 36, respectiREI/YS2004/033091

Jreatment with 10 nMrifanpin i ncreased CYP3A4

%Y%%@f?z@a%%fwf;%cé U ity
g&%&g&ﬁgﬁgﬁ\é 861215 t@ea* fa &ane‘% fo %E\ﬂd f ocrluc(ej:resxa% {:ct)nqgasrgd’] with

‘mhggﬁ%ggqs 28 and 36, respectlvely (Flgure 24B). Fi gure
onpares various nmultiwell formats. Regardl ess of

t he e for Fa2N- 4 s, exhi bit substanti
Crpane PRARESgkty BEHGREE f5 4 & ! g FYUERRRS Smip2,
3A4 t were 17. 1-fold when using a_ 24-well
CY’g% e gnd GYRIRE! b USHHly $i0i. G Ve %P%seg%@ug for 72
" 5.6R&gﬁg when u5|n%pg %g wel|l plate. These results
OuESy, PHHE VanAsrraine @dmﬁ"éb%%@ﬁr peerief p-befanes of
the present invention, specifically Fa2N-4 cells, can
hydf%yfaStP%?rPIaﬂofOém%tmep@a%eétosrt@Pnepby THES ypeﬁefﬁ@ﬁ%é faY BAGR asgivity
and can ovide for a reliable assessnment of induction
wasgleteryymed gme@ﬁuaﬁ&%lé exieptof 4 Ehalienydickderrag foragEon - BR1A2
Plasma Proteins Bv Fa2N-4 and Eal C-35 Cel | Lines The
actiyyy] wasdieteraingd by srcesring the estertfof Chdagtkylagipn of 7-péigxyiresorufin.
further supported by their continued secretion of
Metabhlitas Weeparaotifiedbyf eompeiingimessersinkits tqpitemslan qurvss.ei ns
(Figure 26). Culture nmedium was harvested from Fa2N- 4
and hEﬁhZN—é@GMeimné@éd ediniilat mawier hepriGdy hmmpd bapewcyes.
roller bottles and anal yzed by Western bl ot anal ysi s.
TredvaemtwithvEds M oifaepih rat ke ibhXrdages id CYRE AL RANA (7 -fali)l adkD
ng of total protein was | oaded per |ane except for
actidity6red-HylifbxF@stositidhe RiktRNNG-FEAMEInd BICHIRCYSAENA (4-fold) and
i ncubated with either nonoclonal or affinity purifie

actilfl ( ChRRGty RS bR db:8m 1189 2L0RS. BRI Wi50 tM beta-napthoflavone
1- antltryp3|n Factor VIlIl and Factor |X and

resuﬁté@fﬁ%ér%@gwﬂ%m A ﬁﬁgﬁ ?/ Fcﬁt\ﬁ/}e IgQ g‘q{"ﬁ? é«? g&bﬁgﬁg"%&{nﬁ&ms

orsera per oxi ase f
dealkylation, 27-fold). UGT1A mRNA was induced by beta-naphthoflavone (2-fold), and

MDRI1 (P-glycoprotein) mRNA was induced by rifampin (3-fold). Table 8 summarizes the
induction data in Fa2N-4 cells for three CYPs expressed as fold-increase in mRNA compared

to published data in primary hepatocytes.

Table 8 Summary of reported inductive response in Fa2N-4 cells as compared to
response of primary human hepatocytes

Parameter Inducer Fa2N-4 cells Primary cells

Fold-increase Fold-increase
CYP1A2 B-Naphthoflavone 1.5 13
CYP2C9 Rifampin 3.8 3.5
Phenobarbital 2.6 1.8
CYP3A4 Rifampin 17 10
Phenobarbital 9.3 33
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substrate. As shown below in Figure 26, both cel

lines continue to express albumn, a-1- antitrypsin,
war@oPasor | X at simlar |evels per nm when nBCTUsiN€33091
« kN-roller bottles as cultures nmaintained in plates.

The expression .of Factor. .Vl vari abl e and %F h

de AR e Rt et s Rl e fefi chedi e

Fa2 bsceeﬂ%%%%e%%%dv @é@ﬁ?a?ﬁos?%%s%ﬁ%%%ﬂ%&%f e Prya o
in B AAT | al el ]
valdBh R it cp R s ap e w0ae of by BRIyt PRLPE o

in Figure 26 bel ow, inmunoblot analysis clearly
congratipinss pht BEPIvangreEeRd 80 gM AT 1My igwe 23 fenteinpRes) plots
medi um from both cell Iines. Taken together, all the
5  for FBdirbcalls apipk wrassadd 3N treaibceint walwdsdFigeis@3 Ao vellies zed
human hepatocyte cell |ines of the current invention,
increased QUPAY4 butyneattivityr(Figed 288).t Hee dak2Niefl B(Tds Fate®-8B5.M
cell lines, maintain many functional attributes

(*=oDanao17e LN (P49 ffol 8P BIREYt aad ityMe YetivatiOregfettiv@ly. In addition,
invaluable in vitro systemto produce TPPs. Exanpl e 11

the ENQMHKE thBBmBE BLRUS ImabddNedwER!1B Fo1086Ch S MWt @ndpoint and
confluence in T-150 flasks in serum free nmedi um anc?

0.7- 8P HTR RLAHYEL AP BSIneasured by an ELI SA assay. The
results of " this assay are found in Table 9 bel ow. At

4 ) )
10 P a%ﬁ@ﬁﬁg%%%%@ gf ﬂr}g ;F?%I\hg fcglglq%k'e bdeht hdsR aREQENAS S, 1nduc|§]10n.

appr oxi umn. At passage 33 the

Figxg%i\'élfbw%% §ns}%ro£g1%ﬁtfpﬁe eﬁgsggﬁﬂﬂ@iﬁ-%eﬁs / d"i’PCis‘?{zL A RU A

at passage cel |l s produce
r oxi Y10 m _al bumi.n. _Th re(fr, I?e o

wesRRBP T DA SeSatnel af Bp 8T 5 P s B o exivis o

i nvent i oa @Eed fically Fa2N-4 cells, are a potenti al
strougiFPROBSE (P MM EgmiRIT Blefkobrras Theperpersdepeipihs valngpiogoals

Concentration of albumn in FA2N-4 cel|ls neasured by
treated wifh M8Qyvekiglgme. Trratmept witls dexgmgthasone increased CYP3A4

i nter-al pha-inhibitor proteins (lalp).
15  transcripts, 1.6-fold and 1.5-fold at passages 21 and 36, respectively. Treatment with 10 pM
rifampin increased CYP3 A4 transcripts, 17-fold and 16-fold at passages 21 and 36,
respectively (Figure 24A). CYP3A4 enzyme activity was increased 2.1-fold and 2.0-fold for
dexamethasone and 8.9-fold and 4.9-fold for 10 pM rifampin at passages 28 and 36,
respectively (Figure 24B).
20 Figure 25 compares various multiwell formats. Regardless of the plate format, Fa2N-
4 cells exhibit substantial CYP3 A4 inductive response to rifampin. Fold changes in CYP3A4
transcript were 17.1-fold when using a 24-well plate, 6.6-fold when using a 48-well plate, and
5.7-fold when using a 96-well plate.

These results show that the immortalized hepatocyte cell lines of the present

25  invention, specifically Fa2N-4 cells, can be a reliable surrogate for primary human
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Inter-a-inhibitor proteins (lalp), natural serine
protease inhibitors found in relatively high

weomwecomt4sat i on i n pl asna have been shown to pl BT/DS108£033091
in inflamuation, wound healing and cancer netastasis.

hepBbfsl Sl B &;ﬁf SHASR,ALRLELR IR oPBTnRGE ot o

trank g&& a- |nh|b|tor (1 ed, containing one Ilght chain
Hg’ de call ed bi kunin and two heavy chains) and
pre-a-inhibitor (Pal, c ai g one |light and one
heavy chaln) Recently —é—W@E@@Ional ant i body t hat
Ef- alp (MAb 69.3 1)
ottt o Biologies

XPILess1o e
(Pr vi d
seﬁeﬁ'}\@ﬂﬁﬁa@ﬂn&we %W@tﬁega Fuoried l?ya@@a
| asma | evel s were significantly crease
COHPWGQ é&é"r"’é’né’éb‘f"il@eﬁﬁ?‘fyé%@%ﬁkf’aﬁbe&%g’d’l‘tsala%%ﬂﬂtnﬁ&@m 36 Cultue
controls(L|n1YP Bendel | a SM Slryaporn
mediym g hasvested £t BR2 ﬁan@ﬂlﬁe? %ﬁeilb spefieck oA 0mamiplajes or
and the Levels of Inter-al pha Inhibitors in Plasna of
roll@éw@}eé pid agalyeedcbyPYesterntblot apdysisnMediym wasfcopeaniaigd 50X by
Di sease, 188:919-926, 2003). Western bl ot anal ysis,
ultr@fﬁtrattgmm 4¢0g of thtal ppgsil was lotrietl pbideke axhet Fer2Rpumim g pg total
Eal C-35 cell lines continue to synthesize
proteimianedr Battware inkelbated(wligt @thaahormhlow)or aFinlits @atifiet poyyclonal
the anmount of lalp secreted into the condition nmedi um
antibeBesqigMnstiatbaingy) ouS iaRgtrgRinEEdchA VAES8Y FASeaXend Fiulizéd using
bel ow). Thus, the Fa2N-4 and Eal G35 cells are a

secdtdbgRhiEIdics @uﬁﬁ@téd% hbREaBEIOHASG R0 folhwb i By HRibakigh Rith DAB
Exanpl e 13 Production of transferrin by inmortalized

subgﬂ'éféaﬂs W&M BFidde 96,B6¢h e 1iHGI SRR Liprld ngﬁ% 1o

and Fa2N-4 cells fromvarious passages nade an

antlﬁ'%?sfne 'éu?ogl’ atc{o?ﬁf ﬁsrnrnélgr le\';etﬂse (f"glll wﬁe St??ngdtlﬁ'l TS bottlesé %g um

tran errln

ndlt Uhe medi um was cted
cultgj%s malrrrlrﬁljrheo bIF glfl S ex AprEssion o peécrt rgklkrev&as Jgfl%) e %lnd hlghqy

i ble.antihod C tranaf
o e i el e %%Sqﬁatfgggggﬂ{yﬁg (Shldefing o
rach TR R0 0L o, 310020 208 LROdY, 293 st od SRS e F i

Both AAT and Iadp are plasma proteins that inhibit the proteolytic activity of trypsin.

As shown in Figure 26 below, immunoblot analysis clearly demonstrated the presence of
AAT in the conditioned medium from both cell lines.

Taken together, all the above examples strongly indicate that the immortalized human
hepatocyte cell lines of the current invention, including but not limited to the Fa2N-4 and
EalC-35 cell lines, maintain many functional attributes characteristic of hepatocytes in vivo

and are an invaluable in vitro system to produce TPPs.
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the cells fromall passages continue to express this

pl asma protein, as shown in Figure 27. Lanes -2-5 show
wEad0e08Es8gel | s from di fferent passages producePCT/US2004/033091

transferrin that is nearly identical to plasma-derived

transferrin. Lanes 6-9 ghow [a3N-4 cells from

di fferent passages produce*#ﬁgﬁsferrin that is nearly

Pro&;{éﬁ&ﬁ&@!un-'ﬁ’ pl asma-derived transferrin Thus, the

clarmed tmmortalized hepatocytes, including but not
(= W] - nd. Fa 1. lines, are.a
oo FeB 08 5 S LSRN 8l R e

A PR AR R TSP B
RGN £33, RSH. AEELAT TIE oLl SEYEA s gt o

the activi tg fromthe major serine protease
albunin Bt pagrage 3 the Fagdi el proflused apbroximptelythiee/mhofalbungh and at
trypsin inhibition activity secreted into the
passegarli the BaNvéh delisrprdsipcédod pPra3maieigl 6h@AN-adbungh| Thesefsre, the
nmeasured using the chronopgenic trypsin substrate
immlortBeA hepifalelzall HBsRE el prdsedfifhtcitifig spboifiRhlly R2N-4 L&IR, are a
hydrochl ori de, Fluka Chem cals) (see Table 10). The
poteAtislayurtSfob & §ebdabidnh tiRTPH dibun@h. Seri ne protease
inhibitors to inhibit the hydrol ysis of L-BAPA.

Tablershi bi t Cottesiatiol 6f ATBRhiGH BA2KY R1IIRCILRADYIBLIENGshAt €

S

CellST [siage ARFRLRARCALIL (HANAT 410 nm The specific

Fa2RCL T4t 513G Ut ated basedon the bi ol ogi cal

Fa2dCt t PEDE T | ettut ar—pt otein. Eal G35 cells
; Fofr—of i and Fa2N-4 cells
Fa2RXAIESSeCriiga I 1o o

[a—y
N
J

o oNe N

ssetZ o rg—ef—p A Table 10 Trypsin
SST Y P
Fazi AR ".6';%%0‘;}% y—and i-n Eal G- 35 and Fa2N-4
cell's The anount of |

the nedi a was neasured by

a conpetitive ELISA using MAb 69.3 1 (e.g. a

pol ycl onal antibody speBXapBleddainst human lalp). The
ELI SA was perforned as follows: 96 well | munol on-4

95saenuel micyapha-mibitor prptems Jadiled with purified lalp

(300 ng) in 50 mM carbonate buffer pH 9.6 and

i nbudrat-endiibitoeprotegls (Lodp), Aurabsesie¢ prateaghi ihidbitaas fouhd in relatively
purified human plasma derived lalp in PBS containing
highk¥ndeatratioarin planBshays @cen o s taglhy Slesan inflammation, wound healing

L
o

and cancer metastasis. Ialp is a family of plasma proteins made and secreted by hepatocytes.
The major forms of Ialp are inter-o-inhibitor (Ial, containing one light chain peptide called
bikunin and two heavy chains) and pre-o-inhibitor (Pal, containing one light and one heavy
chain). Recently, a monoclonal antibody that recognizes the light chain of human Iolp
(MAD 69.31) was developed by scientists at Prothera Biologics (Providence, Rhode Island).
Using MAD 69.31 in a competitive ELISA, these investigators demonstrated that plasma Iolp

levels were significantly decreased in severe septic patients compared to healthy controls
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standard curve. For the quantitative analysis of lalp
levels in culture nedia, 50 nL of nedia or serially

waldoanedss al p were added to individual wells oPCHUSB04/033091
wel | plate. After the addition of 50 nL of MAb 69.31

iP5 HERAN k. Ry s eh B HERE B %léay'fa@”g’“f;f):
Be”ée&ﬂ 52?@ AP Lok e G AP AL e B g s Sepie

Bi osour ce, CA, USA) for 1hr at
Patlgys Goutpod stons ngas&ﬁ%%%f%@@@mms (picrce.
Rockford, 1L, USA) was added to _the well
abJbskamblet applyaisgisingMAR Ofrd hravraler Bt tofh téﬁ\%%ﬁ énd EalC-35
reader (BioTek). Each sanple was tested in triplicate.
cell lipesieatinticdn exhthiesie immauneessFavadedp (deiedobsholyak Shbsqguently, the
control. The results are summarized in Table 10.
amolial (TIGkp seatkicsd i the esgiiibnAfedingh was qiantitatqd vaing afr ERIFMassay
cells expressed 4 ng/m of lalp. These results
(seedtesmpls 114 dtlewd. MRtus theFAIN bhiclkd 1783k SuHP aleQGtcRfial@burtdifos the
i nvention are a good potential source for the

prodcasistihop®fafPPs, such as AAT and lalp. Exanple 15
Two- Di mensi onal  Gel Anal ysis 2-D gel electrophoretic

anal ysis was used to separatf khe secreted proteins of
the Fa2N4 and Eal C35 cegé“kgnes. Using Invitrogen's

Proch M RERUREI SHSATl MEnld ASbobBE, Separation of the

roter Ns Was carrlea our frxed pH gradient strip
é@&?@?&gﬁ‘g‘fﬁﬁﬁﬁég NP A e

wod St TR B S L Sy fsgegn o

R bbb ol SO R A gy vs

perrg uﬁﬁ%ﬁy@%ﬁi@%&%@Hﬁftaﬁaﬂéd%ﬁagﬁ%arﬁm 6 e Pl s

P SO o BPp BIGISaER L SExAR e vealed that

the qeﬂaﬁw%%%e@o%%ﬁéﬁ Faless DR BTEpt Buh e 7.
Fact o

Lanes -2-5 show EalC-35 cells from different passages produce transferrin that is nearly

use

identical to plasma-derived transferrin. Lanes 6-9 show Fa2N-4 cells from different passages
produce transferrin that is nearly identical to plasma-derived transferrin Thus, the claimed
immortalized hepatocytes, including but not limited to the Ea1C-35 and Fa2N-4 cell lines, are

a potential source for the production of transferrin.
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Exanple 16 Cell Line Expansion and Quantitation of
Plasma Protein Secretion The econom cal production of

WO RPs/ousBs1g cul tured i nmmortalized human hepat oRgT/8S2084033091
producer cells can only be acconplished if the cells

continue to nmake and segf g}ngleﬂese TPPs when expanded

in mass culture. In ord tially evaluate this

T25,.
) 4 1 [ 1O {Iodp) present in
r.ot ei ns,.were quantitat ed usi ng ELI SA assays in
90—1@8%‘334%341—‘% with capt ure anti bodi es that recognized
AAT, or, | alp. equi val ent number of cells
© t%?ltmﬁlpm%%@tlw éﬁ%&qnélt@md media melydes thpactivity

m I lion cells, respectivel Condi ti oned nedi um was _

from Hie| g lesgrincprotgasg AgiEbitosp gt %@tﬂ%&m anft hodp.e dhg @moyyy of trypsin
ultrafiltration and assayed. As shown in Figure 29

inhibiion wetivith seqreedintaetop pesigion medfunelcha 1§l- 35 arel Fa2Ntdedells was
approxi mately proportional to cell nunber. Val ues

measeod esiemthe chiwmogenic typsinSDbstiate Ii-BABIAI @&4lphad-Beptoys L-atyigine-4-
the 3-day period cells cultured in Tl 50 fl asks

nitrgpmd e dgdioeltp pridex Fluks €hgmi24)§) (sag Tableun). MTheS9y igbased ¢n thad
150 ng AAT. This shows that the immortalized

abilitg phtedoy preteasd ihhibitere & iahibit hedy diol s DrRSPAL InhiBMRA L0k
are a potential source for the production of TPPs.

morfioadiblye dedrefdefli die ratt offddith dbsdridacd/ @thuternt Al (kA1 The specific
Secretion W plan to use imortalized human

actiigPRisQalciRfeddasddiRRCEiObEEA ability B s QIMRE ?io@ém EalC 35 cells
production of TPPs. Therefore, it is essen

expr-EEf d3¢¢ ‘Tﬁ.ﬁ/h‘%"bf WHidin BOI FRR-BLA0 LI ER0 AYT dﬁﬁx‘ﬁg gﬂﬂ n

| ong-termcul ture. V\érecentlylnltlate y|n

TabR 19€T t Qrﬁgﬁllﬂﬁﬁlﬁoﬁ £U %Eﬁiﬁpq A Eaf@%%‘l' fa fa%lNl 1§ cé/iﬁr €

Cul "Conb . aftet! %ﬁﬁ_ &E 1l Inhibitfon olp!
E‘?ascr B%ﬁln% ﬁ’ n@im Jpr%‘é (O e RP ez g allbum n
production as ilil di catp erclll
ar-ptetn secre For—Condi-tH-onegd—HEd-um-v Hl egt ed on

Balbed) 13. celts 2 e o fed and—]Lééanqgl_e

Fa2’ ﬁ% i 3 aLy7p45-1rQJ/ an_ELI Qﬁ:o%qqa\_ The
results

The amount of Talp in the media was measured by a competitive ELISA using MAb
69.31 (e.g. a polyclonal antibody specific against human Iolp). The ELISA was performed as
follows: 96 well Immunolon-4 plates (Dynex, USA) were coated with purified Ialp (300 ng)
in 50 mM carbonate buffer pH 9.6 and incubated overnight at 4°C. A serial dilution of
purified human plasma derived Iolp in PBS containing 1% rat serum was used to establish a
standard curve. For the quantitative analysis of IaIp levels in culture media, 50 pL of media
or serially diluted IaIp were added to individual wells of a 96 well plate. After the addition

of 50 uL of MAD 69.31 to each well, plates were incubated for 1 hr at 37°C and subsequently

washed using an automated plate washer (Labsystem). The bound MAb 69.31 was detected
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i ndi cate that al bum n secretion continues to increase
over the 6 day collection period irrespective of the

w@b@bionyss or mat (see Figure 30). O parti cul arPeDUB2004/033091
there is a dranatic increase in al bumn when cells

by av(’iﬁ ng I-fl@-(golﬂ gte& goafa Qﬁti-lgoﬁsqué éla]-l}l‘?]ﬁlgagg(%rﬁ% %Blos% &eclcilg&rﬂlo

oes not i'ncreaseé
{ t hat
LU P A0 O gl e
USA ev‘?’/é'ls: a%dded}‘to ?Ig a %ﬁa?ﬁ? @elaﬁ%orr :agt : t?r% grrﬁf\i;IYats In%ﬁ%ure on ]*E‘I?ItSA plaﬁe

reades HRETGES %ﬁ@@ﬁ%%%ﬁ%ﬁ ﬁf;é‘?%?t‘é{ RSB h%‘ﬁe la?cﬁgmused
o5 PR rBo e oea R B R g Tabie 0. b S Sepressea 20

treatpent with TNFa on the secretjion of AAT was
ug/@% efdPEAndEaNA cells pxpregendet waarhefdfed in serum free
oprietary MFE medi um containing TNFa (0, 1, 5, or 10
/ﬁpﬁ)e 1psyits dergpgigate fgt thia gwnoitalizqghipatogyipeefahis invhetion are a
secretlon of ATT was npbst notably increased by the
goofl petenitil spvresfionthe grodhctipNod TPPs, sush as dAdmnkddade. cul t ure
medi um Val ues are the average of duplicate sanples.
Thus, it may be possi bl Exampleddr ease ATT production
u5|ng thls cytoki ne. Therefore, treatnment of the
Pirpensa gedl Analysit ocyt e cell |ines of the present
|nvent|on with TNFa may be an effective way to
i nere galeldchephpraid uoilyiswad usddBsepafabihe sdckettd precinsaif the
TNFa on TPP expressi on Exanple 19 Effect of
Fa2tlid xadBi IC3S @ale lings. ExsingdadirogentiZQMIPGR ik &stesn, e first IEF
imortalized human hepatocytes Al bum n expression is
sepdreifpnl iR GroteinP @b cabiyedooutl Bstadiicd aofediem dutipi (PH@ange of 3-10)
pronoter (Nakmura, et al, J Biol Chem
follaodd B&Gﬁ@&c&ﬁl&ﬁ&ensl&ﬁs@ﬁ;araﬁdﬁ weing @r1 20 OTEeXEHIRESDEPAGE. In both
ef fects of dexanmethasone on the production and

cell 3R6d BHIHPIR sPits St ROInG cOMd boRBktifRl ag feksiBlérBaRdidates for TPPs.

(Fig.28A. Fa2N4; 28B, EalC35). After the 2-dimensional gel separation the secreted
proteins of the EalC35 cell line were transferred onto nitrocellulose and Western blot
analysis using anti-Factor IX antibody was performed. Reactive protein with MW of 70 KD
and pl 6.5-7.0 was detected (Fig.28C). Thus, the claimed immortalized hepatocyte cell lines
of the present invention are a potential source of TPPs, such as Factor IX.

Example 16

Cell Line Expansion and Quantitation of Plasma Protein Secretion

The economical production of TPPs using cultured immortalized human hepatocytes
as producer cells can only be accomplished if the cells continue to make and secrete these

TPPs when expanded in mass culture. In order to initially evaluate this question, Fa2N-4
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hepat ocytes, Fa2N-4 cells (passage 32) were cul tured
on type | collagen dishes with or w thout

waleoccaset4Basone in the culture medi um for 48hr sPEmUS2004/033091
al bum n expressi on was msasured by an ELI SA assay.

cellé/afgfé%?m“ 0 d ) nhclcaEqQ@ ?%ﬂf&é&e@aﬁfé n%i%ni@{;tgc?plasma
oI BR A ESR ?%chg Ao i RSl

reodied fin e AT ot :%Ia V?#&%W BERE ks PR B HaBger

sent_.i nvention. Tabl e 12 Effect of
Squﬁsﬁ%é lﬁéggﬁ%maho s ggSegiElo ﬁjoeilélﬁ’quén‘?@lwaﬁ pQllpeted for 3
Produce and ress Therapeutic Plasma Protein
dayg, m@i%)con%traé?ﬂo 10xtby wirafdiggtiop gpdpssayed) As phaya M igure 29 below,
correctly produce an i munol ogically reactive TPP was
the fofql ggression @f gtich Rlapha PyofcsR Wet pFPxsRattlRiARertioazlde pelbnumber.
human growth hornmone (hGH). On the day prior to
Valyesaersesenitthe meanst/ o3P iferritiplmaeamples (vt e Belap peniastrells cultured
density of 0.5-0.8xI06 cells per well in six-well Nunc
in Tpb@iflesks poidvgd 20 NBESINFR pesdhuonin, 500 ng helpday 153 ng AAT. This
transfection the cells were washed one tinme to renove
shosethantha inimertalkdd kxpsiecltp takliriesl clamudtiathe iphgertt ierettidires e
cDNA for hGH, was transiently transfected into the
potdnéiZNodrce &r kg pucdudgoresfttP®s. an | nvi trogen Li pof ect am ne
Plus or a Q agen Effectene transfection reagent kit.

The transfections were phn®ld®d as per the
manuf acturers' protocols. Conditioned nedi a was

Effoot $Cl@WPehib® b AduimiMBbdrettfnt €r 24 and/ or 48 hours and
was subsequently used for an ELI SA-based

| MuapER ikt iAo ey hunldehephibc3fesas ﬁﬁYac’[o%e@for the commercial
colorinetric enzyne | nmunoassay for the quant itative

prodl@tiGH &8 Tk ma,ra%res& ere%&e%@ialhﬁ%*m'sLargﬂdaganhﬁot%@@ggffg
ELISA principle. Mcrotiter plate pre-bound

dectefsell gﬁogé Ren LRILREGRE {re%gntgﬁﬂﬂtlg\?@ta@fuﬁfgl dr@er%]@valuafe this

condi tioned nedia. Subseduent di goxl geni n el ed
question, Fa2N-4 cells were grown in T25, T75 and T150 culture flasks, as described above

in the previous examples, and albumin production was measured as an indicator of overall
protein secretion. Conditioned medium was collected on Day 3; cells were re-fed and
resampled on Day 6. Albumin secretion was analyzed by an ELISA assay. The results
indicate that albumin secretion continues to increase over the 6 day collection period
irrespective of the plating format (see Figure 30). Of particular note, there is a dramatic
increase in albumin when cells were cultured in the T75 and T150 flasks. Since total cellular
protein does not significantly increase with time in culture (data not shown), it seems likely
that these results are due to enhanced production as a result of adaptation to culture

conditions and not the result of a dramatic increase in cell number per flask.
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hGH anti body binds to a second epitope of the hGH
WO edqoaionss on the mcrotiter plate. An anti bodyP€DUS2004/033091
di goxi geni n, which is conjugatedto peroxidase is then
of the substrate
Eff%’ ecroglg Factor: o CLTN on _:l;L- 2] C%?be easi 'y
confiymth ther transfection kit and )
h alP\%ﬁﬂf‘i‘%’gOftsﬂ@e BlgTER PetsHS &a%fumagla%te%bx 3rdfe Phasegyotaigs, such
as INForiaapai Abe plfset pifregmeghiyith TNFeondhe worghpeof AAT was studied.
i mmunodet ected hGH while transfection with LacZ or no
| evel s of hGH A photograph of the ELISA plates 1 and
5, o21GEui@m)Tondddys. A uwe indTabdntl teil@iirtee s3eretibreSYETT Wi Ehyst
notaia? indr3kdeg b%ﬁle LRARN Jr8 gkl B PndhEenih Q¥8cUltdreTh e S
31 and 32 Plate 11 23456789 101 1 12 A Blank
3 1730)1" 2QLacZ 2 2Q(1 10 1 30)1 B Blan
C . :
prodf ol PRy RSB e ot o ol oo B
ﬂ?kgnk Std 10 Std 160 IQacZ 3 1Q(1 20)1 1Q 1 30)2
N g3' 1Q(1 20)1' 1Q1 30)2' 2QacZ 3 2Q1 20)1 2Q(1
fieey of 1iifjoson TRY expagsyion 10y 1 30)3' 2QX1 10)1 2Q(1
20) 2 2%;; 30)3 F Bl ank St dAREnGsE (320 1Q1 10)1 1Q1
1§one
2 c

peptide contained in the conditioned nedia and
added and fol |l oned by tﬁ ﬁ’lﬁfe%i dase substrate ABTS.
SR Taiime e s eater— our results
at using ei
hours post-transfection, the Fa2N-4 cells produce
Fa2¥K aslid wera egattdined it emtm dles pppdetayedFB medatremhabligs TNFo (0, 1,
The key for Figures 31 and 32 is shown below in Table
ValndsArd b bR of @it fe Sandisl HAX3it 4G B %(9&%1 INGRLeasetAX
alo)r' 1qr 0@]5?1 (e o \ % e) as 't
: 10 St d. 160Q. | 1 20 1 30)2 1Nbg3' .
inebd 5 B nf g ST e 47 e byt properion
2 20 1Q1 1001 11 20)2 1Q1
Tab%?,lzlzlﬁE Bl ank Std 20 Std 320 1Q 0) Q 0) Q
20) 2 ggygionef Turwy1' | 1(gY120)|Antitp@sm| 30) 3' 2Q( 1

Samply 1| 2¢F s Faotor Algie) 3 G Brofeir St@owell acz 1 1Q(1
20) 2[TNB(OIngz@) 3 1Negl' 1Q(1 10)2023Q 1 PIB' 2Q.acZ 1
#2) 1 TNG) I2ng2@ 1 20) 3 2Negl]| H Bl 6A# St d2U@)| | QLacZ 1
£ 1TND)52ngh@ 1 20) 3 1Negl] 1Q(1048)2' 44Y3l 20) 3’

240 afXF102Qm1 10)2 2Q(1 20)3 2Negd Plaies2 1 2 3 4 5
6 78910 11 12

Example 19

Effect of dexamethasone on expression of plasma proteins by immortalized human

hepatocytes

Albumin expression is regulated in part by a dexamethasone inducible promoter
(Nakmura, et al, J Biol Chem, 261:16883-16888, 1986). In order to examine the effects of
dexamethasone on the production and secretion of albumin by immortalized human
hepatocytes, Fa2N-4 cells (passage 32) were cultured on type I collagen dishes with or
without dexamethasone in the culture medium for 48hrs and albumin expression was

measured by an ELISA assay. Values represent the average of duplicate samples. As
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Eéﬁ%@é&iﬁ%@g@. 2507597
e has

A Bl ank 2Neg3' 2Q(1 20)1' 2Q(1 30)2' IlacZ 3 1(1 0)1
| (2 0)2 Blank' B Blank 2Neg3' 2Q(1 20)1' 2Q(1 30) 2

WO baeB4Bsd (1 0)1 1(2 0)2 Blank' C Blank 2Q(1 1801/USDOH133091
20)2' 2Q(1 30)3' (0 5)1 1(1 0)2 1(2 0)3 Blank' D

oy 4p 0N Sk Y i Bt

SRS Bt PR K107 291203
e AL 5 L L

ol B R T

. transfection of a LacZ control plasmd Into O 5x10(6)
mVeliPYs using the Qiagen kit XQ(1 Y)Z=Sanpl e Z obt ai ned
after tr nsfect+ nof alYratio of DNA
_ BPEHTE). cells using the
Copge njof 4 | eAlpustin GigfiB) X |days aft er
t ransf ecfion_of no i nt 04®08x10(6) cells using the

Q agenlWigtMXQ(1 Y) Z' £Sanpl el02.0obt ai ngd X days after

transfection of a 1 Y ratio of DNA Effectene reagent

into O 8x1 0(6) cells using the Q agen kit |LacZ

X=Sanpl e X obtai ned one Exampifioer transfection of a

LacZ control plasmd into O 7x10(6) cells using the
Abiligub Prodgeandi BxplesXTNeEpr iy MashadhbRing €0Prane day after

transfection of Xug DNA into O 7x1 0(6) cells using

t herhk Ayility SFIRAFIIN-4 BEBIME 15 Bottdeaty plodaddingmébinologically reactive

| mmunophehenot ypi ¢ characterizati on of the EA C Sg and

TPHRZNHdst@ ek with thesroBediibn bhignnkab Geattivd RassagewRhbrAcd (hGH).
Fa2N-4 (passage 30) cell lines were phenotyped by

On {18 %{)5&& tb EFRRARAE {ARRREGE RSN -2 RIS plafeli s @enBRNEH 0.92b.8x10°
ant i bodi es agai nst differenthepat ocy?e or bil e ‘duct

cellTBerkRAISn 8- Wl NurR$1AGaIsHS 1 04cNes ABH ABREL 2 0nZhd Gy of

gene. The results fromthis analysis are summarizéd in
trankf3&tiohdRd &1 e RELANed one time to remove serum and a CMV-based plasmid,

containing the complete cDNA for hGH, was transiently transfected into the Fa2N-4 cells
using either an Invitrogen Lipofectamine Plus or a Qiagen Effectene transfection reagent kit.
The transfections were performed as per the manufacturers’ protocols.

Conditioned media was withdrawn from each well after 24 and/or 48 hours and was
subsequently used for an ELISA-based immunodetection assay. The ELISA assay is a
colorimetric enzyme immunoassay for the quantitative determination of secreted hGH
utilizing the sandwich ELISA principle. Microtiter plate pre-bound antibodies to hGH bind
to secreted hGH contained in the conditioned media. Subsequently, a digoxigenin labeled
hGH antibody binds to a second epitope of the hGH peptide contained in the conditioned

media and retained on the microtiter plate. An antibody to digoxigenin, which is conjugated
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Tabl e 14 Expression of various hepatocyte and bile

duct markers and the SV40 immortali zing gene in
wEa0608E88and Fa2N-4 cel |l s The expression of coPCEXE008@33091

was density dependent. Wen cells grew to confluent

to p%rpéiu 253 YEhan ad%e? n%otgﬂgvlve%t bargcge Jro (?asg Stﬁétrﬁg Qtl{ € peroiudase-

S express ona rotern

catagr)é%’ gagzg% o&ﬁlg B%?Hﬁﬁ%%f org rea(f‘thon prc?d’ucg tha Ztlscgn be galshy
nnunodet ect abl e SV40 T-antigen

[essi o

deteaﬁgufl%%g’ﬂ“f‘etgé‘s}jﬁ%tﬁfqafl%ral ly to the nucleus. The
S R
dul t h t f | I b d

e R 32083¥falrt t?fggﬁée'tﬂ%mi 51?39?1&4 : ﬁ&%&t%@gﬁt@rgmgr iy

mar ker , pha fetoprotein. ]t§ expr ess

largewmtm%aof @Ptﬂée HyBodaiered hGPtWélﬂe EPtS@CE%W& Lagzpypo nlasgud
putative receptor for hepatitis Cv

neggjivg cerpTobt EpdHIvad P deertably 1aVelﬁ et | %ﬁhotsagraph of the ELISA plates 1
phot om crograph of Fa2N-4 cells imunostained for CD8

and 2 aesshetypithEigvre il god Bigsw. 32Nstnectiveht Towker &uiFiguresi3l@pg 32 is
is localized to the plasma nenbrane. OTHER ENMBODI MENTS

showh pelpwfefade 5 di scussed above are herein incorporated
by reference in their entirety for all purposes. Wile
this invention has been particularly shown and

TabttelSdregtraldonELLS Ar ditey dowesn Figunes &f endr3@d enbodi nent s

ratet hereof, it will be understood by those skilled in the

ar tt,hat sm\fa r |s@seal S fhan g&é od ﬁ(ﬁo)@ r1rﬁ& a nﬂnﬁﬁ t&d 3!))15 20@34 2Q(é10)3 20(1 30)1

A
o ﬁgt trEgeel By tRege (geract) &‘Zé’éf 0 tof’i ‘%85%8? ] otz §8§ thon Zairaog
D SCOp 21t he 1|60nvent2|3 on: 2&810(3{@ Ime 12011 2Q(1:30)2
E | 5in:h'5 m [zt&é 110)1 Ag(m a, &1 3 1 10 1, zoz 1 ﬁwh %21 2 )&% 20(1230)3
Z c @ c om 18; 6) @ F“EDQ o 14 2t§ ( %1:30)3
ho sal .Sﬂk he§§§%€t OGYEE Xéﬁt)m H&d zﬁtégmtahr hSﬂéB@E 1“ ﬁt‘;‘nz& bbt%ﬁt@t (e oo
bite 2ceI i s nontunorigenic; and naturally

pr oduces zendogenous t her apefutll c?l asma rsot eims 2
Q (TEHS) 2. The hﬁiﬂht ég&é )ﬁzgaggédﬁcﬁ 2a| m 1, Buiﬂk:
5 wherein said hepBhaCyitd K .Q@ﬂ%ﬁ.%ed“t’t 04?2.833 Bl
E Blank 2Q(1:10)2' 20(1:20)3' lLacZ1 1(0.5)2 1(1.0)3 Blank'
F Blank 2Q(1:10)2' 2Q(1:20)3' lLacZ 1 1{0.5)2 1{1.0)3 Blank'
G Blank 2Neg2'  2Q(1:10)3' 2Q(1:30)1" lLacZ 2 1(0.5)3 1(2.0)1 Blank'
H Blank 2Neg2'  2Q(1:10)3' 2Q(1:3001' ILacZ 2 1(0.5)3 1(2.0)1 Blank'
Key-

Blank=Substrate

Std X=Standard of X ng/ml hGH

XQLacZ Y=Sample Y obtained X days after transfection ofa LacZ control plasmid into 0.5x10(6) cells using the Qiagen kit
XQ(1:Y)Z=Sample Z obtained X days after transfection of a 1:Y ratio of DNA:Effectene reagent into 0.5x10(6) cslis using the Qiagen kit
XNegY'=Sample Y obtained X days after transfection of no DNA into 0.8x10(6) cells using the Qiagen kit

XQ(1:Y)2'=Sample Z obtained X days after transfection of a 1:Y ratlo of DNA:Effectene reagent into 0. 8x10(6) cells using the Qiagen kit
\LacZ X=Sample X obtained one day after transfection of a LacZ control plasmid into 0.7x10(6) cells using the Invitrogen kit
1(X)Y=Sample Y obtained one day after transfection of Xug DNA into 0.7x10(6) cells using the Invitrogen kit

Blank'=Buffer

Example 21
Immunophehenotypic characterization of the EA1C-35 and Fa2N-4 cell lines

Both the EalC-35 (passage 26) and Fa2N-4 (passage 30) cell lines were phenotyped

by indirect immunofluorescence analysis using a panel of antibodies against different
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a human liver cell. 3. The hepatocyte according to
claim1l, wherein said hepatocyte is derived from

w@eiormusEr yopr eserved human hepat ocytes. 4. TPET/US2004/033091
hepat ocyte according to claim1, wherein said

inal i
ey SO B S BI  y ATh B 14

froﬂmﬁ{ﬁfapséafedsu%gT Ag;ﬁ?es%a\me ﬁgbte Sv40 large T and

antigens at ocyte according to

Tabfe| ﬁl' 'lr’ess1m 8%&5%&%%0 Qndw dhpctn?aélae% ac’r%dvﬂlé PV o | némorl%ahzmg
3|

genéﬂp@e{ and ocyt e accor

Ma gu et ersa suppresm“ ..p. -ses—human Rb. 8.
Re hepat oc é@ﬁlpg Qﬁ gzguvyherel n said
S s L es HIVR The
hepatoeyte—accordingtoclalm 1 \Ahnrm n{said

Albpmr . bility ]torq hp maintaimed in serum

Alp zr“é}ﬂomtﬁina 90 The hpnat n?ﬂe according|to claim9,
Conpreird? n sai d5Qerum free nedi% is MCT' s proprietary

CD&brumfree m¥ a. 11. The h¥Pat ocyte according to

CD#fginipgi®, whérein said MCT'& proprietary|serumfree
alphagidibain) s Mul[ti - Functi onal [Enhanci ng nedi a (MFE). 12.

SVaDHeaitigepat o¢cy8® accordi ng ti@ocl aim 1, wherein said

hepat ocyte retains hepatic function. 13. The

he [Tt egyésionof corbtig 32 &vac daishy dependohe 'Wheh @b grehap abrflient
function is the ability to continue to express hepatic

mor@MZ P4 subp&lilatich bYEall#35 dldFabNpiadens yrtpeesd EEOFH it tibMal protein
claim 13, wherein said hepatic en2ymatic activity

that is only expressed by hepatocytes in adult liver tissue.

All cells expressed SV40 T-antigen, the immortalizing gene. Expression of
immunodetectable SV40 T-antigen was localized specifically to the nucleus. The well-
differentiated nature of the immortalized liver cells is indicated by the strong expression of
the adult hepatocyte specific lineage markers, albumin and connexin 32 and the lack of the
fetal hepatocyte marker, alpha fetoprotein. The cells do not express CD49f, a bile duct
marker. The cells express CD81, the putative receptor for hepatitis C virus glycoprotein-
mediated viral infection. A photomicrograph of Fa2N-4 cells immunostained for CD81 is
shown in Figure 33. Note that expression of CD81 is localized to the plasma membrane.

OTHER EMBODIMENTS

All references discussed above are herein incorporated by reference in their entirety
for all purposes. While this invention has been particularly shown and described with

references to preferred embodiments thereof, it will be understood by those skilled in the art
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is cytochrone P450 (CYP) enzymatic activity. 15. The

hepat ocyte according to claim 13, wherein said hepatic
wepwgowi4seti vity of said hepatocyte can be useRCT/0S2004/033091

assess the effect of chemcal entities on the liver.

e cyte Or d] [: [ '
t ol R0 B o R R e BTt WORE R e B
.t 0 assess.the effect f .dr candi on the liver.
spinBSE e R ot By ioR 4 Belea P g BPERLT AR Unerei n' vai @
hepati c enzyne activity of said hepatocyte can be used
to assess enzyne induction. 18. The hepatocyte
according to claim 13, wherein said hepatic enzyne
activity of said hepatocyte can be used to assess
cellular toxicity. 19. The hepatocyte according to
claim 13, wherein said hepatic enzyne activity of said
hepat ocyte can be used to assess the effect of the
liver on chemical entities. 20. The hepatocyte
according to claim 19, wherein said hepatocyte can be
used to assess drug netabolism 2 1. The hepatocyte
according to claim19, wherein said hepatocyte can be
used to assess species conparisons. 22. The hepatocyte
according to claim 12, wherein said hepatic function
is the ability to forman acetam nophen conjugate. 23.
The hepatocyte of claim1, wherein said TPPs are
selected fromthe group consisting of albumn, a- 1
antitrypsin, blood clotting factors, transferrin and
inter-a - inhibitor proteins (lalp).24. The hepatocyte
according to claim 23, wherein said TPPs consi st of at
| east a significant anmount of al bumin. 25. The
hepat ocyte according to claim23, wherein said TPPs
consist of at least a significant anount of a- 1
antitrypsin.
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26. The hepatocyte according to claim 23, wherein said
TPPs consist of at least a significant anmount of a
whbwed4@Botti ng factor. 27. The hepat ocyte accPCTUAZP04/a33091
clai m 26, wherein said blood clotting factor is factor
we Mald: or factor I'X. 28. The hepatocyte according to
clarm 23, wherein said TPPs consist of a significant
amgunt qf_. n ' te according to
gl 2%.’ Vntvz\lgg-n%ﬁlg{tglizgd h%%‘gg%&%aﬁ%?ﬁt@&e

claim rern sald consi s at | east a

signifigant apnount. of - inter-a-i-nhi bitor proteins
(lalp). &’%o %%%g egb/% %%“9%‘210%‘%%%‘}’3 icgfglj to claim1l,
wher ei n,sai d._hepat ocyte can be used to performa
pr ocedu@ sellsél8$t816‘°‘? Bt ?I%e group consisting of: (1)
studi es '

f nal i £t f t by. Ccal |
physi ¢ aFCS) an gnaa\‘?‘il‘r alggﬂjﬁ%?%?mge{’?g&t ti‘%ﬁ%@é? ?’ng%ﬁﬁ&e&s (TPPs).

i ngl udi ncogenes apd hi gh | ecul ar  wei ght genonic
1 ronils BFBIPCT ASSPRUS ATy o "heeiy idhpiogge T derived from
anc .orra%ﬁ i ndependent growth or tunmor formation in
u

a huag de mce; (2) use of cells altered by
trgnsfer of oncogenes_to screen for potenti al
ch

mot hEPapRRorEe agrorting toclaimdy hpisin wid heppipgiigs derived from

. biochem stry, including changes in intracellular pH
PrimagyeryenTeserHer hupal epaigeyieor rel ated with cel | growt h and
action of exogenous agents; (4) studies of cellular .
r eépons&he hepaincyiat sroprdingoiosclaintl lpvdwisdn iseid hspatgeyssvchmprises
factors; (5) studies of intracellular conmunication;
substagyialishairre simagn vims #O(S\H0) DA, surface anti gens;
5. The hepatocyte according to claim 4, wherein said DNA encodes wild type
SV40 large T and small t antigens (TAg).
6. The hepatocyte according to claim 5, wherein said SV40 TAg interacts with a
tumor suppressor.
7. The hepatocyte according to claim 6, wherein said tumor suppressor
comprises human Rb.
8. The hepatocyte according to claim 6, wherein said tumor suppressor
comprises human p53.
9. The hepatocyte according to claim 1, wherein said hepatocyte has the ability
to be maintained in serum free media.
10.  The hepatocyte according to claim 9, wherein said serum free media is MCT’s
proprietary serum free media.

11. The hepatocyte according to claim 10, wherein said MCT’s proprietary serum

free media is Multi-Functional Enhancing media (MFE).

60



10

15

20

25

(7) cell-cell hybrid studies for identification of

tunor suppressor activity; (8) identification of novel
wQ@enwesn1148®) growt h of replicating hepatitis viPCBEUSHS4/033091

e.g., HBV, HCV, non-A non- 13, HAV and ot her

[ivertropi ¢ Vvirus, e.g. s (B0) i fication: .
e 38 Bt Kb SOt RGP B bor

fun 11) expanding of cells for liver transplant and |iver
Whction assist devices, both inplanted and

extracorporeal; (12 tudi es.of liver.parasites; 3) .

S o o ThY sy ickardbido SRy 12 bRt PG RhRE gplotdd i me

.potentij.al therapeuti.c drugs; (1 identification of
ability{o C@PE@Jett%F’ﬁﬁ?ﬁieW%f@yﬂgﬁ? f“&’iv ttion of chemical and

bi gl ogi cal . agents that, induce termnal . . . ..

di ffior e (bs BEEYS pdopyding (s 1or W iean it Bppte shpupatic activity

car.ci nogens and ot her, xenobiotics; (18) studies of DNA

is cytpehuRpen BT 0CYP) 9yzyarlie fe¥ihf chr onpsome danmgi ng

agents; (20) studies of cytotoxicjty of,

, dr ugs, ..
chdri calhehenatoces aceordieg eheRd 3. AR &HE BPR)"?IF guzymepghivity of
_ﬁ;oducti on of hepatocyte-derived proteins; and (22)
said hepatefyty eradatypestin esserthasifeief shopictleatibesonthe iredduce
proteins of interest.31. The hepatocyte according to_ .
cl diom 1 Thevhenatsicrite sedonlingiolaim 18 ewhaeip saifhgpatinpryme activity of
PTA-5566). 32. The hepatocyte according to claim1,
saidWfvpatedye caibd usaliatesesstbe ¢fEcEal BugFandidates on the liver.

17.  The hepatocyte according to claim 13, wherein said hepatic enzyme activity of
said hepatocyte can be used to assess enzyme induction.

18.  The hepatocyte according to claim 13, wherein said hepatic enzyme activity of
said hepatocyte can be used to assess cellular toxicity.

19.  The hepatocyte according to claim 13, wherein said hepatic enzyme activity of
said hepatocyte can be used to assess the effect of the liver on chemical entities.

20.  The hepatocyte according to claim 19, wherein said hepatocyte can be used to
assess drug metabolism.

21.  The hepatocyte according to claim 19, wherein said hepatocyte can be used to
assess species comparisons.

22.  The hepatocyte according to claim 12, wherein said hepatic function is the
ability to form an acetaminophen conjugate.

23.  The hepatocyte of claim 1, wherein said TPPs are selected from the group

consisting of albumin, o1 antitrypsin, blood clotting factors, transferrin and inter-ov -

inhibitor proteins (Jalp).
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(ATCC # PTA-5565). 33. Avirally-imortalized human

primary hepatocyte cell line Fa2zN-4 (ATCC # PTA-5566).
WQ@2006M4MB8 al | y-i rmortalized human primary hepaPOUYsm™04/033091
cell line Eal G35 (ATCC # PTA-5565). 35. A nethod of

usioag t hrge h%c&@lak&?&ing%oﬁﬁi&%t, @vh@lfeinﬁ%ﬁ% Tk ctog%j%‘%%.?ﬁléast a

the effects of a chemcal entity on t Iver.

igrnifdaROfn bt SaBlyMigd. Wherein said chemical entity is a
7 drjgp%%ngi dg?délml 7. The nmethod of claim 36, wherein

saixg heppt Qﬁﬁ{o%zt% %Eé%\%\%ﬁ {E)ec%}{nl 5 (&}I!;{Qr%}nlt s?urgd "J{ﬁ%'coﬁ%% of at least a

nmet hod of clal erei n said hepati unct

sign‘ﬁ?ﬁﬁ{ajn?o%ﬁt Ql%k;tiél it. hto express hepatic enzyne

activity. od of claim 38, wherein saiod
h ti tivity conprises. cytochronme P45
ST SRR S ot B srasosor s

. erein said.i rtalized hepatocyte is selected from
signgiicant gmoyt Qf&#@?@ql%%écfphe Eal C-35 cell line (ATCC #
PTA5556 nd the Fa2N-4 cell |ine (ATCC # PTA-5566). '
4127 ni])?%gﬂ’awytﬁé‘??fﬁdlpﬁéo FrivdbalVhoes spidpdeet glowingffactor is
claim1 to _assess enzyne induction, 42. The method of
factey) Gl frdactorfKer ei n sai d hepatocyte retains hepatic
function. 43. The nethod of claim42, wherein said
hep&t i cTheuheratesiitec etvprdinge chim a2 | Wheyein csaisk fPBs ssonsist of a
._hepatic enzyme activity.44. The nethod of claim 43,
10 significantameuntaf garsdprsini ¢ enzyme activity conprises
cytochronme P450 (CYP) enzymatic activity. 45. The
method Blie kebatoentd according teichnim &B dwhaerein sbid| TPPe donsist of at least a

hepat ocyte is sel ected
significant amount of inter-c-inhibitor proteins (IaiIp).
30.  The hepatocyte according to claim 1, wherein said hepatocyte can be used to
perform a procedure selected from the group consisting of:

15 €] studies of malignant transformation by chemical, physical and viral
agents, and transferred genes including oncogenes and high molecular
weight genomic DNA from tumors, using standard assays such as
anchorage independent growth or tumor formation in athymic nude
mice;

20 2) use of cells altered by transfer of oncogenes to screen for potential
chemotherapeutic agents;

3) studies of cellular biochemistry, including changes in intracellular pH

and calcium levels, as correlated with cell growth and action of

¢xogenous agents;
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fromthe group consisting of the Eal G35 cell |ine
(ATCC # PTA-5565) and the Fa2N-4 cell line (ATCC #

wPTReH5B68y . 46. A nethod of using the imort al P@EUS2004/033091

hepat ocyte of claim 1l to assess cellular toxicity. 47.

Th d of claim 46  wherei id h .
"ot af ns Cepattesai e e MeECHBARSH o1 ¥pdfipnst

wherein said hepatic function conprises the ability to
expr ess hepa%TPE’Phefﬁ%ﬁé activity. 49. The nethod of

clai m48, wherein said g)gapati C enzyme activity

conpri s&9 cyttedss o prapal BEar coprnisaimat i ¢ activity.

50. The nethaod of claim49, wherein said imortalized
hepat oc{e | Samsicaization of Pdkautiaee 4iams consi sting of

the Eal G35 cell |ine (ATCC # PTA-5565) and the Fa2N-4
cel | 1ih8 (Arteel hpmd stules)for ientifiatiqar ¢f demesrsuppssey acHuty;
immortalized hepatocyte of claim1l to assess the

ef fect 61 a dpntdicaignn of nevdgnesl entity. 52. The met hod
of claim51, wherein said hepatocyte retains hepatic
functi of?) 53growteofmenlisatghedfepatitisivims@s e.ah &8, HE4ingn-A non-
hepatic function conprises the ability to express

hepati ¢ enzyBeHA¥tand pthgr lidtropidraruset. iodMyD; cl ai m 53,
wherei n said hepatic enzynme activity conprises

cyt ochr ¢t PlEQific@yR) of mawydnes itactreat hépatbitiyC viss (HIENV) infection;
met hod of claim54, wherein said imortalized

hepat ocytle | sxpsslierdfedlld footivdrengiatmddomsiuattiongsaft devices,
the Eal G35 cell |ine (ATCC # PTA-5565) and the Fa2N-4
cell |ine (AIECIH#plINTA ddGR)racdfporebhe net hod of cl aim

51, wherein said liver effect on the chem cal entity
conpr i Ser)dr stgdiesifaied pagddites;

(13)  studies of liver diseases;

(14) identification of potential therapeutic drugs;

(15) identification of new drug targets;

(16) identification of chemical and biological agents that induce terminal
differentiation;

(17)  studies of the metabolism of carcinogens and other xenobiotics;

(18) studies of DNA mutagenesis;

(19)  studies of chromosome damaging agents;

(20) studies of cytotoxicity of drugs, chemical entities, carcinogens, and
xenobiotics;

(21)  production of hepatocyte-derived proteins; and

(22)  use of recombinant DNA expression vectors to produce proteins of

interest.
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57. The nethod of claimb56, wherein said drug

nmet abolismis nmeasured by the formation of an
waec@bam4sophen conjugate. 58. A nmethod usi ng tPET/US2004/033091

i mortalized hepatocytes of claiml to performa

D SRk Aoy b BCEOYD oFORA! SHd Mo B Faana

i es nsf orma
i cal d viral agents, and transferred genes
(ATEE%ftﬁgﬁaaﬁncogenes and hi gh nol ecul ar wei ght genom c
DNA_from tunors, using. standard, assays such .
anchor aﬁi&ﬁ ﬁﬂ&é‘ﬁ@‘ﬁd@ﬁ?fg@g it "8r1’t‘ﬁ}??6¥mf%¢é?rha ?%Wt? s BalC-35

athym c nude mce; (2) use of cells altered by
@ATpﬁﬁ%%‘%ﬁsﬁﬁ-oncogenes to screen for potentia
chenot herapeutic agents; (3).studies of cellu
5 bi ééhewﬁs‘t@yyﬂmﬁl@ﬁ%&?% Jumss prgaay ﬁﬁpf}t?ﬁﬁea%?g 11“8?3?%414”0(3 #
and calciumlevels, as correlated with cell growth and
PTA48%G60n of exogenous agents; (4) studies of cellular
responses to growh factors and production of grow h
f adttor sA Yisllysnmaitdizedhuman prigpasy E‘Eﬂa&}cy@éﬁ%ﬁ? E%ﬁ*%(,ATCC i

(6) characterization of cell surface antigens; (7)
PTA6565)cel | hybrid studies for identification of tunor

suppressor activity; (8) identification of novel
gends; (Onethodettusing ftherimpiorielizedhgpdieqyia dficladm }jtp aggessale effects
e.g., HBV, HCV, non-A non- B, HAV and ot her

10  of alchweictrenpiyonvhe iier. e. g., CW); (10) identification of
new drags to treat hepatitis C virus (HCV) infection;
( 1Bp. exaadiethgd of claiel 355 wherinl seidesherhicalrespityan s dagdandidags.
function assist devices,

37.  The method of claim 36, wherein said hepatocyte retains hepatic function.

38.  The method of claim 37, wherein said hepatic function comprises the ability to
express hepatic enzyme activity.

15 39.  The method of claim 38, wherein said hepatic enzyme activity comprises
cytochrome P450 (CYP) enzymatic activity.

40.  The method of claim 39, wherein said immortalized hepatocyte is selected
from the group consisting of the EalC-35 cell line (ATCC # PTA-5565) and the Fa2ZN-4 cell
line (ATCC # PTA-5566).

20 41. A method of using the immortalized hepatocyte of claim 1 to assess enzyme
induction.

42.  The method of claim 41, wherein said hepatocyte retains hepatic function.

43,  The method of claim 42, wherein said hepatic function comprises the ability to

express hepatic enzyme activity.
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both inplanted and extracorporeal; (12) studies of
l'iver parasites; (13) studies of liver diseases; (14)

w0 deavifBgati on of potential therapeutic dragspCT/USHP4/033091
identification of new drag targets; (16)

identifjcation of chemjcal, and bi.gl ogic ent.s: -

i n%ggel }?rmeﬁ’ﬁfi i "ﬁ"f”élr nt“(haefﬁl%ﬁ?ldgfg%lcs?{%%gsa%?m{ Eg&lpnses

net abal | s f carci.nogens and ot her xenobiotics; (18)
CwDQF@@Pgéﬂb&E EEETE s; (19) studi es of chronpsone

danmagi ng agents; stu%ies of Cﬁtot

dr 5@2, Heftetar bt J s VHERICIHD § ‘P?g’ftﬁgiﬁ‘g bt s solected
tics; (21 i _der
Fompiog BERSoVRBE OE U T o DR CARE IERG S BHLEE P4 ool

vectors to groduce proteins of interest.

line (ATCC # PTA-5566).

46, A method of using the immortalized hepatocyte of claim 1 to assess cellular
toxicity.

47.  The method of claim 46, wherein said hepatocyte retains hepatic function.

48.  The method of claim 47, wherein said hepatic function comprises the ability to

express hepatic enzyme activity.

49,  The method of claim 48, wherein said hepatic enzyme activity comprises
cytochrome P450 (CYP) enzymatic activity.

50.  The method of claim 49, wherein said immortalized hepatocyte is selected
from the group consisting of the EalC-35 cell line (ATCC # PTA-5565) and the Fa2N-4 cell
line (ATCC # PTA-5566).

51. A method of using the immortalized hepatocyte of claim 1 to assess the effect
of a‘liver on a chemical entity.

52.  The method of claim 51, wherein said hepatocyte retains hepatic function.

53.  The method of claim 52, wherein said hepatic function comprises the ability to
express hepatic enzyme activity.

54,  The method of claim 53, wherein said hepatic enzyme activity comprises
cytochrome P450 (CYP) enzymatic activity.

55.  The method of claim 54, wherein said immortalized hepatocyte is selected
from the group consisting of the EalC-35 cell line (ATCC # PTA-5565) and the Fa2N-4 cell

line (ATCC # PTA-5566).
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56. The method of claim 51, wherein said liver effect on the chemical entity
comprises drug metabolism.

57.  The method of claim 56, wherein said drug metabolism is measured by the
formation of an acetaminophen conjugate.

58. A method using the immortalized hepatocytes of claim 1 to perform a
procedure selected from the group consisting of:

(1) studies of malignant transformation by chemical, physical and viral
agents, and transferred genes including oncogenes and high molecular
weight genomic DNA from tumors, using standard assays such as
anchorage independent growth or tumor formation in athymic nude
mice;

2 use of cells altered by transfer of oncogenes to screen for potential
chemotherapeutic agents;

3) studies of cellular biochemistry, including changes in intracellular pH
and calcium levels, as correlated with cell growth and action of
exogenous agents;

4 studies of cellular responses to growth factors and production of
growth factors;

5) studies of intracellular communication;

(6) characterization of cell surface antigens;

(7)  cell-cell hybrid studies for identification of tumor suppressor activity;

€)) identification of novel genes;

® growth of replicating hepatitis virus (as e.g., HBV, HCV, non-A non-

B, HAV and other livertropic virus, e.g., CMV);
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identification of new drugs to treat hepatitis C virus (HCV) infection;
expanding of cells for liver transplant and liver function assist devices,
both implanted and extracorporeal;

studies of liver parasites;

studies of liver diseases;

identification of potential therapeutic drugs;

identification of new drug targets;

identification of chemical and biological agents that induce terminal
differentiation;

studies of the metabolism of carcinogens and other xenobiotics;
studies of DNA mutagenesis;

studies of chromosome damaging agents;

studies of cytotoxicity of drugs, chemical entities, carcinogens, and
xenobiotics;

production of hepatocyte-derived proteins; and

use of recombinant DNA expression vectors to produce proteins of

interest.
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