WO 20061041488 PCT/ US2004/ 033091 | MMORTALI ZED HEPATOCYTES RELATED
APPLI CATI ONS Thi s application clains the benefit of U S. provisional
application serial nunber 60/510,509, filed on Cctober 10, 2003, which is

hereby incey@seafosdsg N its entirety by reference. 5 GOYeRNNENI0SEPANTS Thi s
invention was nmade in part with United States governnent support under grant

nunber 70- NANB7H3 070 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 I NVENTION 10 This invention relates to novel
nontunorigenic virally-imortalized normal human hepatocyte cell |ines and
to the use of these cell lines for toxicity and netabolismtesting of
potential therapeutic drugs and chem cal entities, for the replication of
viruses and for the production of therapeutic plasma proteins. BACKGROUND
OF THE I NVENTI ON 15 Toxicity and Metabolism Testing of Potential Therapeutic
Drugs and Chemcal Entities Drug-induced liver toxicity is an inportant
clinical problem and several drugs have been withdrawn fromthe market
because of their ability to cause rare but severe (even lethal) 1 fi WO
2006/ 041488 PCT/ US2004/ 033091 cases of hepatotoxicity. Induction of
cytochrone P450 (CYP) and rel ated drug-netabolizing enzynmes (DMVES),

including transporters, is a well-recogni zed cause of clinically significant
drug-drug interactions, aslﬂEﬂQBEALEQHgEEEAﬂQEXEE§of ef fi cacy
(pharmacoki netic tolerance) or auto-induction (the process whereby a drug
i nduces its own hepatic netab D g ONBug devel oprent, in vitro
assays can be used to avoid inducers, and characterize drug-drug
i nteracti on pdhisapplichtion plaimpthe heneltof&LS. @Fyisicopleanplingtien sepialimymber ver . I n vitro
i nduction studies traditionallg use primary hepatocyte cultures and enzyne
activity wh¥/fl058Pdeden Qetober t0, 2003, which is hereby incorporated in its entirety by
reference.
5 GOVERNMENT GRANTS
This invention was made in part with United States government support under grant

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
10 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

15  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)



compounds. CYPs are involved in the netabolismof drugs, primarily in the
liver. For exanple, 10 induction of CYP3A gene expression is caused by a
vari ety of marketed drugs including rifanpin, phenobarbital, clotrimzole,
and dexanet hasone and represents the basis for a nunber of common drug-drug
i nteracti onYOCRPA148% et al ., Expression and inducti on JACT/YS2PM4MBF0IN2,
CYP2A6 and CYP3A4 in primary cul tures of human hepatocytes: a 10 year

fol | ow up, casedstpbmtdidits O tfihetion®PcRbthromé3A60 (C3er) landieladdd-drughhétolizif)

troglitazone on cytochrome 15 PA50 enzymes in prinmary cultures of human and
rat hepat oepdymgs (DNEEN, M dipraabioibrs, i2d Well-R8¢knize® Ofdise dflinillyignificanfP3A4
i nduction by drugs: correl ation between a preghane X receptor reporter gene

assay and GriP3Adg iRSRERRS a9 Well Bs 416408 bf (RPHeR ¢y Pharihdiltintid BRrancdYios POS .
30(7): 795-804, 2002; Madan et al., Effects ofprototypical mcrosonmal enzyne

i nducers 0gut6Xidacivh QRE pfod&l whsBbyesEhMdicss {Eswinthepdlic MuamblReP Buftfyt €s, Drug
Met ab. 20 Di spos. 31(45): 421- 431, 2003). Cuidelines for assessing enzyne

i nducti gn idfug\dbielopmBRYH WIFERsaYS tdn eRSkditdlavbidlGik@icerS; and tharactdaRé &ip-aiugg dr ug
devel opnment: Strategies to assess drug netabolismtransporter Interaction

potenti al mtérwﬁ@ﬁ%t)téhti‘ﬁ%%%ﬂa'r%ase&’ﬂﬁé BR&AEL b the BOSr. Il fiiro HAddtioh@Bies 2001) and
Bj orsson et al. The conduct of in vitro and in vivo drug-drug interaction

studi es:  AnRRRMAIPEkSRBAL MBatockte ARured dul endy B abBEY withddectdfdad§9, 2003).
These two "consenﬁus%r epor}%ég"o%enti fy primary 2 WD 2006/ 041488

PCT/ US2004/, &. cul tures of human hepatocytes as the nethod of choice -
the gold standard - for assessing the enzyne-inducing potential of chem cal

entities and drogpcaORlsladEa the Hbtsbolidin ¥ dnigs, FHRRKBASR fhe 1ivBAIRHAMpR,
human- deri ved test system 1is superior to an in vivo approach based on tests

in | aber abfudtion’st CRPSA DefeRMpBsstn iGuRE By K WAHMY dfhaARARNGE IeMRingnduction in
a species-specific 5 manner. For exanple, the two prototypical inducers,

nanel y Omep; Bheabbhrbital 3HRitRazoR! id d6iabeMAGhOMD rkibldms B bafis ApEN CYP1AZ
and CYP3A4 and yet they do not induce the corresponding enzynes in rats or

m ce. HUMRuHGR3IF QmthdSirky-@dg HRfRivhs (MRUnER: 813 E%ﬁ}eﬂfo%c&%tji lds@londF U9

devel opnent. They can be uséd to assess the effects of drug candi dates on

the liver igypdq SIADCEPIAYTRAYVINY f‘dﬁﬁrﬁ%ﬁ%res of human hepatocytes: a 10-year

Jollow-up, Xenobiotica 30(6): 589-607, 2000; Sahi et al., Effect of troglitazone on cytochrome

15  P450 enzymes in primary cultures of human and rat hepatocytes, Xenobiotica 30(3): 273~
284, 2000; 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(7): 795-804, 2002; Madan et al., Effects of prototypical microsomal enzyme
inducers on cytochrome P450 expression in cultured human hepatocytes, Drug Metab.

20 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, .

25  Clin. Pharmacol. 43: 443-469, 2003). These two “consensus reports” identify primary



10 (e.g., the induction and cellular toxicity) and, conversely, they can be
used to assess the effects of the liver on chemcal entities (e.g., drug

met abol i sm and speci es conparisons). Primary cultures of human hepat ocytes
have the distinct advantage of exhibiting species- specific induction of CYP
i sof orms; hWRASMWO4148he utility of cryopreserved or pl at RCGWI2A6409309hunan
hepatocytes is restricted by the limted and erratic supply of human |iver
and by 15 gjianrk bf imih higaideyted Adhethéibed of dhdidell RO SRS sthriatdSfof }REsGRghen of DMEs
and responses to toxicants. Cell lines of tunorigenic origin, such as HepQ&
and HAI | E, efRe-irdubihgSdtohtibiSes Shdnfiéal etBioPaidstatfidatdd © Thid invilrb Qpprétsh,Ci ty Of
candi dat e conpounds. Such cells are unlikely to retain many or nost of the

factors thgisedérthueian Qerived SRESAEMSis b6t ¥n i apfloachGlisell B8 8B G, NDSt
tunor-derived cells are not highly differentiated; they rapidly proliferate

in cul tur elahiofi hnBihld RG4S &EgLROkITMAT0 GRS ynie REicEONRWEPLJiRRpecERd Whi Ch
may increase their sensitivity to cellular insult conpared to

non- pr o5 i f gbadet. Vitor €inipfe, mI%pmﬁo:isl%kIal ihducérs HaREy bfleprazdaHdHIRApiH AR C

imortalized human hepatocyte ce ine that retains the properties of a

nor mal  hunpgcReRainactlsr HAsECYPIRE AR CYPS AR B yfef MBP@ORt Hducd HOCL i ON, while
offering the distinct advantages of reproducibility and unlimted

avai | abi | | EotrespoRdiiPeryAbY id4aké!&8niBCT/ US2004/ 033091 Therapeutic Plasma
Proteins There is a great demand for therapeutic plasm proteins (TPPs),

such as al bum Nyundimhepa@dtidet P Sviral &9 Idles iRbRAthical Bhf §8810pAEAOTReyah | and | X,
and inter-a-inhibitor proteins (lalp). The production of TPPs By cell-based

systems Woyd ghe@iQisshsd e MRBAE Bitg OfndlaROsh HE TiveY §h inRbFMEdntngfill HabinedS

potential contam nation wth viruses or other pathogens. Currently, the

™3 Of | 4 Ofe Iy Aok Bilccll oS arRDRAGUEN, 18 cidoBbrth 438 e her apeut i

use are mass-produced by reconbi nant protein technol ogy. Although these

products hape:ReeR 1REDHentitdl SnttiRd g%,{@@ﬁ&&ogg}q%%ﬁéﬁ?&%ﬁ ﬁ'is% ntically to

their native counterparts. For ex reco actofs (rF) vill and

| X are mor gp, iﬂ%ﬁfﬁ%ﬁ%@%ﬁﬁ?&é@%ﬁﬁ%ﬁb@%ﬁ BPélhfblﬁln' ::s%&le@-srm‘ deri ved

counterparts. Shapiro, A, E orp, ( briini, nmental recovery
s A SR AP SRR, R R AR AR L) ot
human hepatocytes is restricted by the limited and erratic supply of human liver and by
15  significant inter-individual differences in the expression of DMEs and responses to toxicants.
Cell lines of tumorigenic origin, such as HepG2 and H4IIE, are routinely used for
comparison of the in vitro toxicity of candidate compounds. Such cells are unlikely to retain
many or most of the factors that predict cell-specific toxicity in vive. For instance, most
tumor-derived cells are not highly differentiated; they rapidly proliferate in culture, which
20  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.



Recent findings suggest that this is the result of inconplete or

i nappropriate post-translational nodification. 15 Henophilia A (Factor VIII
deficiency) occurs in 1in 5 000 tolO, 000 nmales in the United States. In
contrast, the incidence of henophilia B (Factor | X deficiency) is 0.25 in
10, 000 mal X0 200694486t | y, pl asma- derived and reconbi nantPQTAE2¢4/088091 and | X
concentrates are used for the lifetine treatnent of henophilia. It is
estimat ed Thaipelty MamarRstkigg s of the worl dw de henophilia popul ation
receive little or no treatnment due to a shortage of these TPPs. Thus, there

is a clear needriefis & BehtdedBnd foFBérkied pladmal proteiRALTPPS, bR akilkiingh, ld-ng factors

that overcome the shortcom ngs of reco i nant or bl ood-derived TPPs.
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suppl emental Afudsaf Widhgak! Yr SLEREbLE, Iseagggk&\ggo&'cﬁqﬁlaﬁd del et eri ous
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modification.

15 Hemophilia A (Factor VIII deficiency) occurs in 1 in 5, 000 to10, 000 males in the United
States. In contrast, the incidence of hemophilia B (Factor IX deficiency) is 0.25 in 10,000 males.
Currently, plasma-derived and recombinant Factor VIII and IX concentrates are used for the lifetime
treatment of hemophilia. It is estimated that three-quarters of the worldwide hemophilia population
receive little or no treatment due to a shortage of these TPPs. Thus, there is a clear need for fully

20 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 150,060-200,000 individuals in Europe and the
United States. Many respiratory diseases including AAT congenital deficiency, cystic

25 fibrosis and chronic obstructive pulmonary disease are characterized by an imbalance of AAT
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15 cancer netastasis. Bost, F., M D ana-Mehrpour, and J.P. Mrtin,

I nt er-al pha-trypsin inhibitorproteoglycan famly-a group of proteins binding
and stabilizing the extracellular matrix. Eur J Biochem 1998. 252: p.
339-346. lalp is believed to have a predictive value in septic patients.
Lim Y.P., %82%6/.0‘,‘141’% er-trypsin inhibitor: decreased plPAIfHS2904(08081 | n
septic patients and its beneficial effects in an experinental sepsis nodel.
Shock, 2008hd eladtageSt el lung, Adehigistratibrlof sipplemevial AATHBdlinfdallgleffstivesdtng a sepsi s
rat nodel have shown that administration of lalp dramatically inproved
survival r afiesfatingthe geléiergdus affectsAd tie Ming thiadddcayin tesddiseasesi nt er -

al pha-inhi bitors maintains henodynam c stability and inproves survival
during sepsis. Curehtly, GRteSs Mg oneXfiiimaibrived AX(I3cefistd intBe Utited Sttésiwhish St rongl y
support the therapeutic potential of lalp in the managenent of severe

Sepsi s. Yehas vedifih FerySintied EPPHY THudjxBéry is@fclehidepd fop b fillly\WehctiohHB, fOMf 1xthE Fe

PCT/ US2004/ 033091 admi nistration to septic patients. Thus, there is a clear

need f ok f WaAhdt viiCiveRBRAE thefshidricymitgs dfrecombinhiit of Blosd@érbe@EPRdIEe short comi ngs
of reconbi nant or bl ood-derived TPPs. There are a nunber of patents and

publ i cati ons t I'sepsis)@disedsb Chdrd¥aRizédetyiad 0 Ger@Bdlhink sysbsinic Hsonse f0aifedtion,¥an strike
6, 107,043 (Jauregui); U S. Patent No. 5,665,589 (Harris); U S. Patent App.

No. 5 2002&Radad2ar'be thifEred vygveity suclbdiPniuiidhial Biuntd) srgdey ld tadis] sabyNo. WO
99/ 55853 (Manba). However, to date, anong other things, the prior art cel

| ines do neéndiioRydudiascai®aBSAIDS. Sathe Uyiited Sdtésp Sphiy Bthe leddith cagsslof @dath ifktRNt | y
performthe protein post-translational nodifications, such as

gl ycosyl at néeardiad ditensive c4é iutit £idlthe 1™ teaEinPéAASHITIdeAR oRrall, L0VElehtD) Gbatthéift fpeut i C
pl asma proteins; produce- sinultaneously nultiple therapeutic plasna

proteing, e&ki6 s 1dlitell td ARtndts td/nbhagPthe udeflyifg ir&@ﬁa@@dlsx%@a@emrammeai n the

conti nuous expression of active levels of cytochrone P450 enzyne in a

serum f r ee infePEeh Rads IO bigan BBfRCtich. BespRSititehsiVe leditAldakd)Rp tod5OM 6f phtieiystiR diezed
human hepatocyte cell l'ine that retains the properties of a normal human

hepat ocyt e fomnikls @mBssbe used to produce properly processed therapeutic
pl asma proteins. SUMWARY OF THE | NVENTI ON 15 The present invention rel ates

to nont unor i geniyfer.oMhKiBitdr Yrote R dIR) are uhird] YERRIB pRAARE RiRibitsrs € in | | Nes, that
can be maintained in serumfree nedia, and produce endogenous pl asma

P9 AR Sy Sl 514 SRS Sl > V111 o
15  cancer metastasis. Bost, F., M. Diarra-Mehrpour, and J.P. Martin, Inter-alpha-trypsin
inhibitor proteoglycan family-a group of proteins binding and stabilizing the extracellular
matrix. Eur J Biochem, 1998. 252: p. 339-346. lalp is believed to have a predictive value in
septic patients. Lim, Y.P., et al., Iuter-trypsin inhibitor: decreased plasma levels in septic
patients and its beneficial effects in an experimental sepsis model. Shock, 2000. 13 (Suppl.):
20 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



a preferred enbodi ment, the nontunorigenic, inmmortalized cell lines conprise
the Fa2N-4 (ATCC Accession Nunmber 5566) and EalC- 35 (ATCC Accessi on Nunber
5565) cell lines deposited under 20 the terns of the Budapest Treaty at the
Anerican Type Culture Collection (ATCC), 12301 Parklawn Drive, Rockville,
Ml., on COct'¥®2e06/841488003. I n a preferred enbodi ment of tRETAISAWAAIMNIvent i on,
the cell lines are derived from normal hepatocytes. Preferably, the cel
lines are daihiseddioh EseptitOaiBits, [Thus thekecip 8 tlear hbefor fulp fimctionel, Giliglabtve t he cel
lines are derived fromcryopreserved normal human primary 25 hepatocytes. 6

WO 2006/ 04148 dverborlSitie QhdrR3mflgd of redomdiditReblogd-adrived TRPsenbodi ment of the
present invention, the cell lines proliferate easily in nedia. Preferably,

the cell lines TeRldd LhaitRr Spatehtd ahd\piBlichB6rdMhat B QEriBEERnRtallded 6ell IR f8g.abl y,
the cell lines proliferate easily in MFE nedia (MiultiCell Technol ogies Inc.,

Provi dence patflt Nol 653097,048 TRERER); Urﬂ_‘r.@ateﬁt@ﬂi?&%Sl,il@a(Hh@@: U.9 phigntpt Rer preferred

enbodi nent of the present invention, the ce l'ines contain a substantially

pure SV40 Bhi/ooks2eh an qpﬂayhmﬁslk\llg arMhrRbha P Rckeisn NDEWW JorbskyP@am¥a0 |arge T
and small t antigens (TAg). re preferably, the DNA encodes the wild type

TAg and  deRgeRplo &S AEnPdh& thimdé4Be SR Grt BEIDIEHIS B not pfbvRRAMaRs Bsgbigr red
enbodi nent of the present invention, the cell lines retain their 0 hepatic

functions kfechvelf abddst SRcibRE i rRrfort 8 SbRAIpést-tARNAIhA rhddichiiRSuel £ t he
ability to continue to expréss enzynatic activity and produce proteins.
More pref epRBlViatidie BRE dré critichih e PRRIuttdA bERiBctiohA tipdpehticpiistha GRIM A P8 dilce
mai ntai n cytochronme P450 (CYP) enzymatic activities and produce

fully-f uncEﬁxfaﬂaleo&si}ﬂm&ﬁume&pmtfﬁwﬁre&%,%e@ﬁf&w} VIfprointdPricir 8x; AAE I .
15 In another preférred enbodi nent of the present invention, the cell |ines

can be 1¢Sechaiin @S SGRifudul @xﬁésﬁll%ﬁ %Pacﬁf'e 18Vl Bf EROHF SR 1450 @RzyiidGn & behhi-free

Preferably, the cell lines wl e used to ‘assess enzyne I nduction and

cel lular t okl frifus thefe 28 AbUFEr PhREAKESiSHRRALITRE huBin ﬁebstloé?,&e%%ﬁﬁme fmgventi on,

the_cell | i nes can be used to assess ;he effects of the li'ver on chem cal
entities. Righah@ftbyertidsda fstiral tuinfAf Sephhokyte, 38d SR ubdd to produce properly processed

therapeutic plasma proteins.
SUMMARY OF THE INVENTION
15 The present invention relates to nontumorigenic, virally-immortalized human hepatocyte cell
lines, that can be maintained in serum-free media, and produce endogenous plasma proteins, such as
albumin, a-1 antitrypsin, blood clotting factors VIII and IX, and inter-a.-inhibitor proteins (Iolp). In
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
20 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

25  hepatocytes.



20 assess drug netabolism and speci es conparisons. In another preferred
enbodi nent of the present invention, the cell lines continue to produce
proteins. Preferably, the cell lines continue to naturally produce plasm
proteins. More preferably, the cell lines continue to naturally produce
TPPs corrpri‘¥9ﬁ2?6gﬂf}§§m n, a-1- antitrypsin, blood clotti F§TIEH24/083094 | | and
D{, transferrin and inter-a-inhibitor proteins 25 (lalp). 7 WO 2006/ 041488

PCT/ US2004/ 03308 inotted pRRipiel ebddirtént bf thélpregtidfiventiot, thefcell lifespradiferate | nventi on,
production of TPPs by the cell lines is nmeasured. Preferably, production of

TPPs by t heasflpin mddia @EeférgblyRiRsdéll tidespyolifeiftt eaily G shei-freqheli€ M6rei N t he
serumfree nedia. Mire preferably, production of TPPs by the cell lines is

measur ed aprefehudlyp thoc€ll Mnek profferdtedabityl in MEB média (MutiCeRNFschidlogies Ile.,| N anot her
preferred enbodi nent of the present invention, the cell |ines produce TPPs

i n serum f PrREidERE] ”I, UPAEX&b@édhyLLC 1enexe) KS,lUsags si nul t aneously produce TPPs
out of the sane fraction in serumfree nedia. Mire preferably, the cell

| i nes sgmul t aneaufdter prefiiéa emiiddiaent ofihe presehtiGveRfidit; tHercall lihedRontfinger um fr ee
media without the reoccurring risk of viral contam nation. 10 BRI EF

DESCRI PTI Obtibstantialiiz plaR8VHINGR AF-| Fgeferably, thd $W4DUDMA Encdbéivhd Witd fype SR laigeduct s f or
the expression analysis of several nRNA transcripts in EalC 35 and Fa2N-4

cell's. TheTlaa@shdl tfagfigeh\ @ ARR! Mofeqséferablp(BEIDNA $ncodeiithd widltype TAgRdes 1 and 2
bel ow. Figure 9a shows i munostaining of the EalC-35 immortalized hepatocyte

cell line ddés nbencdddiofer Jvaiehdpddickat confirns the integration of SVAODNA
into genomc DNA of the immortalized cell. Figure 9b shows i nmunostai ni ng

of cultured Fale‘aﬂotH&Ffe?erfeh@hb&ﬁﬁ&ﬂ%f&@ﬁ@&nf @vdntibh) ehe cBll Ghdsfresiatieng cel |'s
continue to express albumn. Figure 9c shows the norphol ogy of the

i mort abi z@epati@tunétions i séRilfrébahdde Prafotatly Bbpatic ARicidnd altReubilay &d cyt opl asm
whi ch are characteristic features of normal primary hepatocytes. Figure 10
shows the ichfied Biekprbsd eRdyniaBSicBSIHPARADEOINRL ARBTh, bR ptedérably,@BpatiBg Fa2N- 4
functions include the ability to continue to maintain cytochrome P450 (CYP) enzymatic
activities and produce fully-functional therapeutic plasma proteins (TPPs) in a serum-free
media.
15 In another preferred embodiment of the present invention, the cell lines can be used to
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
20  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-a-inhibitor proteins

25  (lolp).



itz

cells with different CYP3A4 inducers. Figure 11 shows an i nmunobl ot
denonstrating the induction of CYP3A4 consequent of treatnment of Fa2N-4 and
Eal G35 with Rifanpin (RIF), beta-naphtoflavone (BNF) and 8 WD 2006/ 041488
PCT/ US2004/ 033091 phenobarbital (PB). Cis the untreated control. It should
be noted t V¥ 20068414880er band is nonspecific and that BRET/US20¥EM0L nducer,
does not induce CYP3A4 protein expression. Figure 12.shows the norphol ogy of

human hepat ocytIf snofti¢ppreferredipbodinzbint ¢F thegirésent ifventival produictibin 6f TRRgIbY thei cr oscopy
| evel. Note that Fa2N-4 cells | ook remarkably simlar to 5 hunman

hepat ocyt egell linegis i@astedS PRYEably) prodictionoOIPPEY P the &Y lifes idueasurepbynzol e and
rifampin in Fa2N-4 «cells, cultured in 6-well plates. Figure 14 shows the
r epr oduci bddtéctiyg théir pré&ARSN ithieGerint fige medial Moz preferablyepro@dtib@FRrPs bgekel s. 10
Figure 15 shows reproducibility of CYP enzyme induction in Fa2zN-4 cells

across  sesefiiliabs ip amssagpdst thbpioteadevel naRr thapit@eaiRNAdsiebn fol d i nduction in
fresh human hepatocytes. Figure 16 shows the effect of cell culture formt

on i ndugtion ofin éadRtBprefeired ebddinent 6 thepresehtdhvetiticn/ the belnkines prodedelPPE of cel |
culture format (6-, 12-, 24-, or 96- well plate) on 15 CYP1A2 and CYP3A4

i nducti on inefuffttednedr). [Preferkiilg Whecell EndsRmStaeoldlyProdued TPEs @ft of kP2 and
CYP3A4 induction in Fa2N-4 cells. Figure 19 shows concentrati on-response

curves f or fricHbd Akemirifrée it Matel prieferddly, the OelFiaBsithubflebissly grodiids FPR0 shows t he
effect of various enzyne inducers on CYPI A2 and CYP3A4 20 activity in

Fa2N-4 cel bif of the gdiefradfiorSi Q¥EmIfE8 niedid §6theit tie et drihgHikCifividil i n pri mary
cultures of human hepatocytes. Note the difference between the nedi an and
mean i nducgdn@inationle. Figure 22 shows the utility of Fa2N-4 cells in
differentiating toxicants fromnon- toxicants by neasuring the rel ease of

a- GST iqgto nedia fol | oWBRIEF DESCRIPEDN OF EHE DRAWINGS

Figures 1 through 8 show the RT-PCR products for the expression analysis of several
mRNA transcripts in EalC-35 and Fa2N-4 cells. The legend for the gel loading order is
outlined in Tables 1 and 2 below.

Figure 9a shows immunostaining of the EalC-35 immortalized hepatocyte cell line

15  for large T antigen that confirms the integration of SV40DNA into genomic DNA of the
immortalized cell.

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

Figure 9c 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



25 conpounds. 9 1 WD 2006/ 041488 PCT/ US2004/ 033091 Figure 23 shows the
dose-response dependence of CYP3A4 induction by rifanmpin in Fa2zN-4 cells.
Measur enent of induction of CYP3A4 was perfornmed in Fa2N-4 cells treated
with 100 nMto 50 pMrifanpin. Data was fitted using SigmaPlot (version 8)
using a 3- YOn8eMEBs si gnoi dal curve. (A) Total RNA was ROTAUS29@D33091
determ ne the |l evel of CYP3A4 5 transcript and then conpared to vehicle

Gara of 1 rPRREAFRIE) G u R TRl R Aol e Rt Setha e BB id ' f O on
Co ' veni o Aol B BB o b AR, e B A e o 5D
i fer ent - padet Eibgys BiSihiBREr Pl ol e oAU FARMENC] O 1M
50 o doxanerRLEdictElmBiiag? | BPC NRRA R tReoti il Bt o [ OP°" A T

| evel s 9f 1941'33'%4 att‘;cg{lgcri pts were quantified fromisolated total RNA Pl ot
represents PN L SD fromthe data of quadrupl i cate sanples. (B)

CYP3A4 activity.was asured b [ i of t t st er tabolite
6- bet a- hydr oxyt &Y %lsfsg‘f’gﬁg‘%uﬁ%? E%%gg%%ﬁbgr}}“hegramgg%f%?&@ﬂ%ffacagf‘gﬁsarrpl es.
Al'l conpoun showed stati.stically significant increase in transcript
versus vehf% ,é:u%g\é\ﬁnoq?w%i}ggtfsmm (Student's t-Test, p<0.05). Figure 25 shows

t he conparison of CYP3A4 i.nductian...n LQus Jtiwell plate.  formats.
| nducti on of C\Fg%ﬁll P{éh}eirW#ﬂg‘ﬁhfﬂﬁ-@&’égh“é‘H%ﬂPé‘}né&g'P’“‘}a{fPtCQE stire to 10
pM 20 rifanpin (closed bars) in conmparison with vehicle (open bars). Data

is from st 'es conducted in each nultiwell plate format as indicated. Pl ot
represents the

an D from, t. d of quadyupli.cat anmpl es. All
conpourtds showdd8¥e 13 § YVFEegfqd9°’6ﬁ'§r??ti§g§mygieﬁ'&‘{"8§%nén$ﬁ&’§ F‘gﬁsaﬁ'ipfspt ver sus
vehicle contro] treatpgent. (Student's t.-Test,.p<0,053). Figure 26 shows the
ol | ow g FeafLeseages o Ties Emzsens hedspri i e AT et o B ¢ iy o
Vedi um (Controld. 6 o ettt DRl Saibas Retaton indndtion of CYpNE BFaoNy F31C 35

cells.

Figure 17 shows the effect of cell culture format (6-, 12-, 24-, or 96- well plate) on
15 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
20  activity in Fa2ZN-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

25  compounds.



10 WD 20061041488 PCT/ US20041033091 nonol ayer, 72 hrs culture; 6) EalC- 35,
roller bottle, 7-day culture; 7) EalC-35 roller bottle 114-day culture; 8)
Fa2N-4 nonol ayer /72 his culture; 9) Fa2N-4 roller bottle /7-day culture;

10) Fa2N-4, roller bottle /14-day culture. Figure 27 shows an i munobl ot

usi ng an a0 2006/841488errin anti body with the fol | owing BCTHRMAYOIMOI\pr ker;

2) Eal C-35pl5; 3) EalC- 35p24; 4) EalC- 35p29; 5) EalC-35 p43; 6) Faz2N-4pl G
7) Fa2N- 4- p23; FighrePa 2howHBd dosSiesponNiep@idnce bOTYPRAvbindidtias byrifafmpipine 28 shows
t wo- di nensi onal gel analysis of secreted proteins of the Fa2N-4 and EalC- 35
cel | |i nesFagNdt cals tMeasurbimeit ofindicyion of CYP3Adevaspdrformbd pdia2Midtdellsatndated Fact or - | X
anti body. Figure 29 shows the expression of plasma proteins al bumn, Ialp,
and AAT i nyitra@bnMQ 50 detitaspil Do was filiebysing ShgmaPrs (vEishdh 8) hsings3- Fi gure 30
shows total album n secretion by Fa2N-4 cells after three and six days in

cul ture i Npafagiter figMoiddEvE L B TotaR RIA. wesiafiilyRd Bldefhais thd 19BDéfTVmpR of the

ELI SA plate 1 containing a colorinetric enzyne i mmunoassay for the

quant i tat i ¢899t SkdMhendbinplledh vaIBAS Eon@el] tb Glerlind folLildhchSie DadWiesehits15 ELI SA
principle. The key for this plate is shown below in Table 13. Figure 32

shows a phatadrsiPRom theldaf oFkpithtddamibRs. 2B OYPIAS kAt tA waPhedsiie®by | C enzyne
| mmunoassay for the quantitative determnation of secreted h utilizing the

sandwi ch  folshaf6n Bf th ektBiterone hdtatofité 6f&ﬁ-l?lbfo§w9§t@§e@oﬂe$n§{h9ﬂ\ébuﬁﬁ{e§\ﬁbi n Tabl e
13. Figure 33 shows a photom crograph of Fa2N-4 cells i munstai ned for CD31.

Note = 20 t\RgicleR¥RtEd KSdeiimiie féHiEhludton) Dﬁ@%dépﬁshtéxﬁe&ﬂeswhaﬁm dmeerane. 11 WO
2006/ 041488 PCT/ US2004/ 033091 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Abbr evi at i ipfcafti@mgied, s | n accordance with the present invention and as used
herein, the followmng ternms and abbreviations are defined with the

fol | owimg neanipifise 24 MALWSRARKEN bICTHPIN4HE &H@Qnt‘%ia&%_r%éé’ioﬁ Ba2N-bcellf €9 8rious
expl anations are intended to be exenplary only. ey are not intended to
limt the passages of Fa2N-4 cells were plated in 24-well plates and exposed to 0.1% DMSO vehicle
(open bars), 50 pM dexamethasone (striped bars), and 10 pM rifampin (black bars). (A) The
levels of CYP3 A4 transcripts were quantified from isolated total RNA. Plot represents the
mean x SD from the data of quadruplicate samples. (B) CYP3A4 activity was measured by
15 formation of the testosterone metabolite 6-beta-hydroxytestosterone. Plot represents the
mean of duplicate samples. All compounds showed statistically significant increase in
transcript versus vehicle control treatment (Student’s t-Test, 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 pM
20  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)

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

10



G

terms as they are described or referred to throughout the specification.

Rat her, these explanations are neant to include any additional aspects
and/ or exanples of the terms as described and clainmed herein. The follow ng
abbrevi ations are used herein: 10 AAT = a-l-antitrypsin DVE = dru

met abol i zi NO@MEP#AS8 | al p = i nt er-al pha-i nhi bitor proteiB¢I/USKRIF0IB0RY| t | Cel |
Technol ogi es MFE = Mul ti - Functi onal Enhancing nedia 15 RT-PCR = reverse
transcri pt idfolayeR b WRRGRES; 6) kA1 0135, esllet bodle, 7-3MAEUlre ST Ex0-3Yirblus béle SVA0 TAg =
Siman Virus 40 T antigen and t antigen SV40 tAg = Siman Virus 40 t

anti gen TPH4=a) batusd) 81 kLN -PingsliyeN DS biltuzs) 9) e Nt Eloller Yorlel/7-UdyRiueef ers to a
popul ation or m xture of cells of common origin grow ng together after

sever al pasggggﬁ4@mu&nbﬁg4uﬁmwgﬁgmtng together in the sanme nedium and

culture conditions, the cells of the cell line share the characteristics of
general |y sim |@gure 97 $hoWE ad AkiRShobloR¥IAg ad hit-ans B o withhe follévangl and
surface requirenents. The presence of cells in the cell |ine expressing

certai nssulppbAm ¥sker WE&&@SFH?:&?E&I@@S&Q G P 1035939 ) EA18p4328) provi ded a
not all,

sufficient proportion, if I of the cells in the line produce a

measur abl e puA4M6: AQAHA40ISH FRET 29 MANIRH9 10) HuAR Plhdnso! the subst ance.

An enriched cell line is one’in which cells having a certain trait, e.g.

expressing al butpie 28£1RwB HWsi8iffendithalgeLatlaRkis Bf Rbreiell poteimfdf e FAR4@hd NOT €
subcul ture steps, than the original cell line. The term"clonal cells" are

those, whi gh1@58clamEEHANE Yt BndysRDF fhe B81d-35 £ wathAnRFAGS LIRS bRy L er, 1t
is difficult to obtain pure cloned cell cultures of mammalian cellS. A high

d f |1 i j : ' .
ent| chmont - As ‘G2 APER RSBH R IF i pUGRESOINE, 1Ly BOART BB0Ner e
cel 15 pRSSQxandrsial 139, FALardiTiS6 Alsks 15 termed a

Figure 30 shows total albumin secretion by Fa2N-4 cells after three and six days in

culture in T25, T75, and T150 flasks.

Figure 31 shows a photograph of the ELISA plate 1 containing a colorimetric enzyme

immunoassay for the quantitative determination of secreted hGH utilizing the sandwich
15 ELISA principle. The key for this plate is shown below in Table 13.

Figure 32 shows 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

20  that expression of CD81 is localized to the plasma membrane.

11



cloned cell culture. Preferably, a cell culture in which at |east 90% of the
cells possess a defined set of traits is terned a cloned cell culture. Mre
preferably, a cell culture in which at 10 | east 98% of the cells possess a
defined set of traits is termed a cloned cell culture. The Fa2N-4 and

Eal C- 35 celWORP06041488 ai ned in this invention are cl onal PEAYUS2004{883991 The term
"imortalization" is defined as the acquisition of an indefinite
proliferative capaci tDETAIﬂElTDESCRETI@NﬂFSI‘MVENPmNI n primary cul tured
cells and finite cell Tines trantfectron w tel onerase, oncogenes, or
the large T antigen of the SV40, or by infection 15 with SVv40.

| mor t al | zAbbeviatichs et Teggessari ly a mal i gnant transfornation, though it may
be a conponent of malignant transformation. The term"immortalized" refers

to the cell ”rlfiaEJb?éan&r\Pi‘ﬂ‘?thggféEén'i‘HﬁHu%n‘éﬁéJ}%édhe?é?ﬁ‘%ﬁﬁ&»?m s tured in

vitro in a suitable growmth nedium The term"virally-imorta |zed refers to

hepat ocyt esyheliiiind k8 aBARANGEh o oINS Ridanidl, Widsh Rbiloiey slBY bundidkle vi ral

genome of a wild type or nutant virus. Preferably, e virus is a

virus, NorenieekRiRbé ard BRendbd #Sbd Scem¥AR: on\ iThBy RieNRb® idtehdBdD ARAM gD t unor

suppressor _proteins, leading to inactivation of® their tumor suppressor

pathways. {ds g1ty #ebas@ibbd %'ﬁéfePrUd o thblghbst e @e%ﬁ%' Ritndaeleen

purified fromthe sequences which flank it"1n a naturally occurrlng st at e,

i.e., a DNGhLAGHR" e WBint o Hﬁﬁldpﬁﬁﬁadd?tﬁmﬁlﬁﬁgééﬁdanﬁfop esSRAHERGRS a9 Ch are

normal |y adjacent to the fragnent,” e.qg., sequences 13 WO 2006/ 041488

PCT/ US2004 303309 % 4 & to the fragnment in the genone in which it
naturally occurs, %h&g ﬁnhas been substantially purified from ot her

CO”pO”e”tsTﬂ@hﬁBwﬁ_BMﬁéhh%n€%€9ﬁ3ﬂ8¥mihe DNA, e.g., .DNA which has been
purlfled fromthe proteins natural |y acconpany it in the cell. The
term"he payggylngm&gﬁgﬁﬁ to liver cells that are capable of considerable 5
regeneration in respofise to |l oss of liver mass (e.g., through hepatotoxic
processes, Iﬂy@g surge and constitute about 80% of the cel
popul ati on™0 tﬁ%gﬁﬁgé?h y“ére | arge pol ygonal cells neasuring between
20- 30 gin. toc tes have as.nmany as 200-300 peroxisomes per cells, which
are invol vd¥P élﬁﬂgﬁﬁgﬁﬂﬁﬁﬂ? hydrogen peroxide, produced in many of the
gener al Cy%&@+aiHhKhHTbc gk%%sact|V|t|es I n addition, peroxisonmes have

MFE = Multi-Functional Enhancing media

15  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

20 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,

25  provided a sufficient proportion, if not all, of the cells in the line produce a measurable
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10 specific oxidative functions in gluconeogenesis, mnetabolismof purines,
al cohol and lipids. The snooth endoplasmc reticulum (sER) in hepatocytes
contain enzynes involved in degradation and conjugation of toxins and
drugs. Under conditions of hepatocyte challenge by drugs, toxins or

met abol i ¢ SWOAM6AHMES t he SER rmay becone the predom nantPCIESAMM08I9Y n  t he
cells. Hepatocytes performnultiple finely-tuned functions which are

critical tquakfityh@eReabs@sEs AnGhridhbdcelldint loyie B wieH delld hRihg aicortdif@aifarmal i an
body, only hepatocytes conbi ne pathways for synthesis and breakdown of

car bohydr at@sexplebsigtSbuntiiaftCpreset b grefiér@idpoftion Biélofe 6r mér€ bbulanélsteps; enzymes
si mul taneously to acconplish a unique biological task. The term "isol at ed
hepat ocyt e'thah @le@riginkleeR ik pat ocyt e t hat has been physically separated from
other cells to which it is attached in its natural environnment. 20 The term

"prinmary hepat orpettérm ‘cRhsllcslls @redhdie;petichGyd dsdeRd@dd fdasta Sfacellesaeat |y i sol at ed
fromintact liver tissue. The term"normal primary human hepatocyte" refers

to a hepat ggyfical Metter,veid difficalbtslobtiln Pt SloAEREl Bulfieds of nk@makdhttelRiATHigh ned in
vitro for a finite period when cultured in a suitable nedium 14 3 WO

2006/ 041483egdrbeldfILRRiH 4230 Btaindd 1y subdebbiveGounaPsRse embimbntnBsusB@ patiacyt e”
refers to a nornmal primry human hepatocyte that was cryopreserved prior to

bei ng cul t dc@iflcultiredn SHich aakAt S086lofind celliifosieds MdctiBl @Rb6K thalts RGrinea hy" refers to
the sumtotal of the chem cal reactions that proceed in a cell, including

cat abol i smclohédcl ciltirs Pystdratly) @ caiNaldatel ift Which b 143 90Y6 sfithe celllfossdas AL abol i ¢

activity in a hepatocyte includes, but is not [imted to, the ability to

process polgfiret 8étlo¥ rdi@fd ternfe@ ARMETISEL cBltie. . Mére Preofdalily, aRBIOHRRAH SWhivRkaDbO! i t €,
into a |l ess toxic or non- toxic conpound. The term "cytochrone P450 enzyne"

or "CYRb I @fa@98%4 oF i RN oksbssdf delifeiTaaih is RithéiRsctorel I Bsuie0 URs

predom nantly in the liver. These enzymes formthe first line of 10 defense
agai nst t OFaIN-4ARCEL1TEY5 @RIl Enést¥ithadBid thidinbdadon'®E aiBAM1 caiMmiE. hydr ophobi ¢ drugs,

carcinogens, and other potentially toxic conpounds and netabolites
circulating in thaekl @Rfhortalization” is defined as the acquisition of an indefinite proliferative
capacity. Immortalization may be induced in primary cultured cells and finite cell lines by
tranfection with telomerase, oncogenes, or the large T antigen of the SV40, or by infection
15  with SV40. Immortalization is not necessarily a malignant transformation, though it may be
a component of malignant transformation.
The term “immortalized” refers to the cell line that grows continually without
senescence when cultured in vitro in a suitable growth medium.
The term “virally-immortalized” refers to hepatocytes being transfected or infected
20  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

25 removed from the sequences which are normally adjacent to the fragment, e.g., the sequences
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They are found tethered to the surface of the endoplasmc reticulum where
they attach a chem cal handle onto carbon-rich toxins. Then, other enzynes
may further nodify the conpound, making the entire nol ecul e nore water
soluble. This allows the toxins to be 15 elimnated by the urinary and

di gestive Wwos0e6i6t1488he CYP fanmily is divided i nto subf aR€T/I8204/033§%lch

i nclude, but are not limted to, CYP1lA, CYP2A, CYP2C, CYP2D, CYP2E, and

CYP3A. W tdajaBerk RaREfrsstkthomitd georidia which fittha lb6ouSs, MMavericHdE bemzy mes, of ten
termed "isozymes" or "isoforms."” The human CYP3A, CYP2D6, CYP2C, and CYPl1lA

i sof or mB A Bstanki BV ritied REmioteRdolpBhentshibh@tafilly abelnp&iy theORA, €g.9. , Mirray,
M, 23 din. Pharmacokinetics 20 132-46 (1992). CYE?AA is by far the major

i sof or m i QA RAEhIbbYBYen Biekied BRmSHSrbteind Whith hitrElly acesripuny Stiifthe 38R0 and 70%
respectively of the total CYP450 protein in those tissues. Based primarily

on in vitro stygi Rem “hdpatBéiies? ffdts @virBAAHataRAhpdblteordBisfieRblesm of 40% to 50%
of all drugs used in hunmdns involve CYP3A4 catal yzed oxi dations. See

Thumels  Keodheraffon iHitdskdns RNoss GF liver madsie./] thicagphigbatotdxidipydtedbs) disdald @f act i ons
I nvol vi ng F%nan CYP 3A, 38 Ann. 25 Rev. Pharnmacol. Toxicol., 389-430

(1998) . 15002008 LOIARANRERIHSLA0UINAA0%Mon oFOR 1561 FhcyiePBighe functi on”

refers to liver specific biological functions, which include, but are not

limted topoz)%)ﬂal INERAGRAE PR bch 2008l HUGRANSRS XA LD RN s 286 300.0¢,  and

br eakdown; synt hesi s serump ing, but not limted to,
| buni n, : : : _ : _ incl udi ng,
but ot 1Y g I hiB ;2 I h 0 e Ry S Bl BBl Rochb T 1 10
fibri - - i i , i . i- i I 4
conj ugat: o Bt e ereAlbiragiR ek iERTREL i sBtksombctll D 0. 1 0 (Y
i i 1 S; [ j | i . .chol est I
syht el o: SO RS funblohy 1 A0 HUBAE HELANRS, A P lld) ECT T
t hesi s; (10 ' id .. net i, i ncl udi t abol i [ d
el ui 1 2 aPteomea SRR oG St el bR AR s ef Bt on and dr ug
t abol i I talized H He t |1 Li Thi. s ] ti | at
Fo viral | ySrmiRrant ol iR By FBRL R ProBecnaiioe e YaPhesca ' from

nor mal rijm human 1iver..cell hav he abili t roliferate in a
serum f P e eby sat?mg? or thetaholi€ gﬂmu?dnts, e EEIE may fedome Eh% pre%m%mant organgl{e in

the cells. Hepatocytes perform multiple finely-tuned functions which are critical to
15 homeostasis. Of the variety of cell types in the mammalian body, only hepatocytes combine
pathways for synthesis and breakdown of carbohydrates, lipids, amino acids, protein, nucleic
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.
20 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 in vitro for a finite period when cultured in a

suitable medium.
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nont unori geni c, and are capabl e of produci ng endogenous pl asma proteins,
such as albumn, a-1 15 antitrypsin, blood clotting factors VIII and D1,
transferrin and inter-a-inhibitor proteins (lalp) but do not express

al pha-fetoprotein when neasured at the protein level. In a preferred

enbodi nent W@ R96/041488t unor i geni c, imortalized cell |inePCTARPHEBIhe Fa2N- 4
(ATCC # PTA-5566) and EalC-35 (ATCC # PTA-5565) cell lines deposited under

the terms of t%e%m&aggﬁmtfﬁawmﬁheﬁm W?e?éremnoﬂagﬁ Hihan Col | ecti on,
12301 Parklawn Dr., Ro kV|7 e, M., on tober 6, 2003. 20 In a preferred

enbodi ment ab b ASHR R RfoplelHR ko to béiAEculiBlel i 4 Sifdviemedidar i ved from nornal
hepat ocytes.” Preferably, Fhe cell lines are derived from normal human

hepatocytes.  Mig g GlabaR! a\étivi%yh BefG®lolthd sulQStaBfrehe bRl MR dedc iRtk Y OPT eser ved
normal human primary hepatocytés. In another preferred enbodi mrent of the

present i nyaptha, celh, c16Gthg cdtdBfisn eakihg &‘wah? 8nd b IRR (bildidd Wb iR -

Preferably, the cel Ines proliferate easily in a serumfree nedia. Mre

10 YD 2906 kel gt & B %é%ﬁ@ﬁx@l%&eg,l{%ﬁfn@ﬁﬁme\im,meabﬁﬁ}% dg&s proliferate

easily In I Mu Technol ogies Inc., Providence, R, USA
XenoTech, . : ] : i f the
present in gﬁ??%ﬁﬁﬁ%%gn?gPFy?é%gg£%8ﬁ§§%§£gmgéﬁ%§§%ﬁﬁPgFF§q%ﬁﬁgh%840 DNA
Preferably, themadd DNA encodes the wild type Sv40large 5 T and snall t
anti gens (?ﬁg). re preferably, the DNA encodes the wild type TAg and does
not encode ot hofye a0 H6HFRE P ChAme TRy S8 1sy RN oFfRtElaRRd 2 Iarge
nunber of proprietary immortall ze uman hepatocyte cel I nes. The

Corit . . ! _
mrort | 7 SERRE SRy fopnd ERply GFEARE MEMpmthel e BRI, 01 of human
cells wath I - | [ and in
nont urr;i/'r0 i gg%flgtg%‘%ré;mﬁ%ttxg‘ﬁf g@ﬁl %ﬁa?%’#nﬁcg%eﬂ #ﬁé{ng{gwlgﬁlgo? gyse h%gizlrdﬁ‘l&g’si veI to viral
i nfection. ' . ' ' -t al.] . f man
nepat ocyt e TRt pt ot Ehiatly R4 Hal St Plng BRI Ao F D0 il
imortali i ] ' 1 he di gt ed
LharacteLfgﬂﬁﬁﬁgggég%@%?ég}@%?ﬁﬁgﬁgmgg?%§%§hgéﬁkuygbgﬂgﬁgﬁggﬂ%g? di spl ay

Lumori geni i bl b bR PRI SRR SAAR ks il Ho8l me T- and N

Huh, Wy are human cells resi's [ to ralig

compound, making the entire molecule more water soluble. This allows the toxins to be

15  eliminated by the urinary and digestive systems. The CYP family is divided into subfamilies,
which include, but are not limited to, CYP1A, CYP2A, CYP2C, CYP2D, CYP2E, and
CYP3A. Within these subfamilies there are numerous human CYP enzymes, often termed
“isozymes” or “isoforms.” Th.e human CYP3A, CYP2D6, CYP2C, and CYP1A isoforms are
known to be important in drug metabolism. See, e.g., Murray, M., 23 Clin. Pharmacokinetics

20 132-46 (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 CYP3A4 catalyzed oxidations. See Thummel, K. E. &
Wilkinson, G. R., In Vitro and In Vivo Drug Interactions Involving Human CYP 3A, 38 Ann.

25  Rev. Pharmacol. Toxicol., 389-430 (1998).
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transformation in vitro? Jpn J Cancer Res, 1993. 84: p. 1091-1100. The
normal human liver primary cells can be made to grow conti nuously by
transfecting the cells with the SV40 TAg gene. Transfection or infection can
be acconplished by use of a virus or a plasm d containing the SV40 TAg

gene, and ™Y200¢/6414880 transformati on 20 of the cell |in@CTASHEH033091
transformation vectors may also be useful, such as papilloma virus or
Epstein Barr ViThdferm™ aﬁ@ﬁbéﬂoﬁﬂ@M@M&Eiﬁcﬂﬁbﬁ%gﬁdanﬂﬂbﬁmﬁlwmdh cell lines

are described in the followng references: Gahm F. L., Smley J.,

Russel |, Vincltde, Bitdreidt fimitedTo, (1§ #l@doncdgeriekis;i(2 ceger@yﬁmémmsteﬁ ¢, ahd Ne
transforrred by DNA from human %enow rus t(y)(p:)gzy . J. Gen. Virol. , 36:59-72

(1977); ZubredtQbw&N3) mé?ib(&g&&h%rd?@ﬁsﬁ&ﬁu&ﬂgrblﬁﬁaﬂnﬂtedio aﬂiﬁﬂnﬁﬁ‘ (ed.), 25 DNA
tunmor viruses, Rev. Ed, 2, pp 747-798. Cold Spring Harbor, NY., Cold Spring

Har bor 17hé%p8ﬁ9%ﬁ$%ﬂ§&n3@6fd§?&9ﬁﬁ@ﬁé’t@@ %nnclﬁ’dlﬁ% %ut(nb@ﬁﬁa}ted B,CB%@tbtsW, M,

Lange-Wantein, G, Sarin, P. , Transformation

of a husranvnnvm i, at, Fdﬂ&émbihoﬁﬂﬁ_ﬁnﬁ@%)salﬁﬁél %Qﬁhéfeﬂnﬂ%ﬁ@ﬁﬁ-a/ | yni phon
Vi rus (HI\N)) Proc. tl. Acad. Sci. USA 80:5402- 5406 (1983) D Paol 0, 1. A

Pirisi, thronﬁQ:PﬁI?Rg) coh}ug&ﬁon of/ﬂﬁeueﬁm Q5) converdie Yt ﬂéﬁle tolbile BigRFHBS@) Ve changes

i nduced in human and nouse 5 cells by human Papi | | omavi r us Type 16 DNA,

Cancer Cel il?o proteir synthedis; (AR inin legé’eszinli%tagtﬁhsﬂp(@ﬁholmr&yﬂﬂlééﬁr oyas performed

invitrowth pre-perfusion of oxygen- saturafed, calci umfree uffer at

37C. Pre pghinbsh fetab6id! MHGEng Beh bynttiSs Add\tRitani¥RSs {h@HQ S amieQcfao! | oned by

perfusion wth oxygen-saturated, coll agenase buf until the I'iver was

t hor oughl ynfé{agagheﬂclﬁaﬂgﬁl%&ﬁtceﬁ%mﬁ alld RUiGSkion A%Jaa&ml&%hs the

liver was mnced Into cnpi eces with the resulting suspension filtered
throughpa #Hi9asbxifcalGl £8Aruglnhtidbofidn .t €red again through a 253m nylon nesh.
The suspensi on was centrlfguged at 20 x g for five mnutes at 4C to sedi nent
intact par GRGINVIBId i@l iepatd al1i8ds was resuspended at 4C and washed with
washi ng buifter (3)Q 1o renove a col | agenase. The cell pellet was

resuspended i n FpO0fentibSroidtes wh}aug%ﬂ&%@edtﬂepaxw{e%ﬁthﬁésn@imﬂé ?'94 dsBFeOf

400-500mL. with a density of 3-4x107 cells/m . Trypan blue and 1actate
dehydr ogenggf ng l-n?zﬁ’ h &% ?Jﬁ i#0tedh | 9&9% © fneliifl! o5
suspensi on. The gﬁ% ?@o uman erl)a tes F’so'a te Sf%er oreh oneor liver

as describ ﬁgntlﬂg&'}/ggmc, and are capable of producing endogenous plasma proteins, such as albumin, a-1
15  antitrypsin, blood clotting factors VIII and IX, transferrin and inter-o-inhibitor proteins (Ialp) but do
not express alpha-fetoprotein when measured at the protein level. In a preferred embodiment, the
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.
20 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

25 easily in media. Preferably, the cell lines proliferate easily in a serum-free media. More
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were washed with washing buffer three tinmes by centrifuging at 50 x g for 5
m nutes. The cell pellet was resuspended in chilled freezing nedi um
(serumfree MFE nedium 20 FBS:DMBO (8:1:1) at a final cell density of 5x
106/ . Aliquots of the cell suspension were transferred to Nunc Cryovials
(1.0 m/1. %0 2060414883l , 4.5m /5 m cryovial). The cel | s PCA/US2004/6330H] s wer e
equilibrated at 4C for 15-30 m nutes, and the cryovials were then placed in

a styrof ogup£8Mt &b BaT iRt proBfetd dasilydh MFEARdd; N TedldRlogied ., Wer e t hen
plunged in liquid nitrogen for storage. 18 2006/ 041488 PCT/ US2004/ 033091

Cyr opr eserm%ohdaiém,bs&akﬁsyécﬁmmenmmmm?.hamd in a 42C water bath,

washed and pl ated in MI's proprietary MFE culture medium Two days | ater

the inmortali ZifhgndlRP Bread etbYdird 68 He privert ihvRRtiGE the SelPlines contain a
| i pof ection-medi ated transfection. The Eal C-35 cell |ine (ATCC # PTA-5565)

was derivegyh ) b M&bﬂqﬁg p\é\é\%rgblﬁ RheSVATTNA 8idodd thedRild§he W4§§§’*‘§5 ai ni ng

the 2.5kb early region of t genone, which enconpasses t he

| ar ge- Tsang aﬁ&ﬁﬁdll‘ttﬁ?tzélg% @g@i,m@@ﬁm)e,@m&% 0B} théwﬂae e'ygf%gm he SV40

early pronoter. T region was inserted into t agene

pBl uescri p&oegléot\éﬁ&;dgﬁthgmgéﬁe béhcvas named pBl ueTag. Neonycin resistance
on the transfecte

was conferre cells as a selectable marker by co-

transfection ofma el Ihgggeqelopghgwgceﬁﬁﬁ&&gﬁ%&éﬁ@gﬁ%{: sed on their

ability to growin (418 10 contal ni ng I a. I ne was

establ i sh ege,apﬁfwytg@émg@%. ;‘12% n&/&ibélgﬁv{%gsgwﬁ%es waig cﬂéﬁgd\hsﬂlg%qhb TlACg{}? t‘r(eATCC #

PTA- 5566) S 1’mmort ection-nedi ated transfe on with a

single i ”“H:{i&rxl&kaﬁ%ﬁ‘ggg&evﬂﬁé &rateg%_ ?@s Gdbdnedalif! s iOioh B&u@ﬁéggﬁ% e,

cont ai ned ueTag vec was i nserted Into a one based upon

g on 10’ ST, PAT BHERy e Rplitec ity Rt Benk; iaimln 0 COULTD,
21 50 encodgs o M ATUEL a3 VBl BR6RGI 0B, WAl aBELERE D1 © mar ker.

Cl ones were selec ase elrr a row | gro contai ni ng
nmedi a. The,Fa2N-4 cel |, lin s, est.abl i she TRl ied in MFE. The
Fa2N- 4 (ATB@'%T%?KP %Q/Ldé‘f"“a?%%”"vfé’%r (o g‘gua%&'}' é@sgz ogﬁl]_iz_sggbgg?écje%” lines were
deposi ted under_th rns .of the Bu est, Treaty at_ t Terican, Type
ol tur e ol 1 ectob SV e Sttt el Re e R eloe! T et her 6,

2003.

characteristics associated with the primary cell type and do not display tumorigenicity prior to
15 extensive passage in vitro. Kuroki, T. and N. Huh, Why are human cells resistant to malignant cell
transformation in vitro? Jpn J Cancer Res, 1993. 84: p. 1091-1100.

The normal human liver primary cells can be made to grow continuously by
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

20 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 Naim, 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.),

25 DNA tumor viruses, Rev. Ed. 2, pp 747-798. Cold Spring Harbor, N.Y., Cold Spring Harbor
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Both the Fa2N-4 (ATCC # PTA-5566) and EalC-35 (ATCC # PTA-5565) cell lines
have been maintained in culture for up to 18 nonths through 150 popul ation
doublings. Both of these cell lines went through a crisis stage between
passages 15-20. The immortalized cell lines that energed grow and function
when mai nt VAS6IOM4BECT s proprietary MFE nmedia 25 wi t ho RCTEERIMH0ZNM can be
cryopreserved indefinitely without detrinment. The cell lines will 19 WO
2006/ 04148 8reR{T194153096¥i€) 380 Pahge-W 8@ingGQBara) 8. §. N &dn, DhardGallbJRIC.serum free
medi a. The EalC-35 cell line will also grow and function in nedia with
serum The 1egbfbritdtior sf davsan In@ Mokl corddpldod Tecelld bylmah ThellleakenReBpiphsn T rom
nude m ce transplantation studi es have indicated that both the Fa2zN-4 (ATCC
# PTA- 556 6jusqHUL Bafoc 3%t ATLICSH. TG 503)5406(1b83)] DiPaoleJeArRifisif ynor i genic. 5
Toxicity and Metabolism Testing of Potential Therapeutic Drugs and Chem cal
Entities | pogsal NeC., Vasihid, 84 Peiiiedi PRpressdle chdi@edimmeiin iumr bid msuse t he cel |
lines retain hepatic function in a sermn-free nedia. Preferably, hepatic
functi on i seilshp hiid Papylichvs@ b EDNA, Cafidd CeBsSs: 293226mqIg8g). act i vity. More
preferably, hepatic function includes the ability to continue to maintain
cytochrome P450DigksHBh ofdbai)Rithéh 136l wasipbif@me@d i With prélpedusiiiotBRigesi ng 10
enzynes (DMES) in a serumfree nmedia. In another pre?erred enbodi nent of the

present i N¥gnhie® RalciitfréHukfed dt 3%°E. Papelfsiotb@tinued umfRSs/ef W viinbeat s of drug

candi dates on the liver. Preferably, the cell lines will be used to assess
enzyne i ndugd foRowel sy peffhdistl with 6x9¥dnCdaturhted] cbllagakde BuffRuafithe Bébr @adodi ment of
the present invention, the cell lines can be used to 15 assess the effects

of the |i veHorsughly afpettedlapsbiinbieRsts nftiddspr ably, the cell lines will be used
to assess drug metabolismand species conparisons. Fa2zN-4 (ATCC # PTA-5566)

and Eal@g- 35 ( ATf&hdriestttis, dRifvkr walntindel i®1 6@ipidtes wids B rdstliin€sugpenBion nduct i on
studies and to exam ne conpounds for their ability to cause «cellular

toxicity. GxEtiiciEHa$YPRsd jﬂ&éﬁﬂlteieaa'gd?ﬂﬂkfdiugﬁﬁzﬁ 16h héshNTHle and Eal

C-35 20 cells which distinguishes these cell Irnes from other hepatic cell

i nes. CYPiJsur“]%ens E%E@anﬁi@éﬁ%??? X ggﬁ ﬁwﬁﬁﬁéﬁé’%&: \1’6 deYinlefit i ?&‘ﬂi}ehéh?l%'hf; Faz2N-4,

whi ch di st ul shes this cel fromthe EalC- 35 ce I"I ne.

I mmor t al | zegyNeRabaeY s redibpendddREPCUha Wiinga Wit GRHibuBRERFS remove all
collagenase. The cell pellet was resuspended in 150ml tissue culture media to yield a final

15  volume of 400-500ml with a density of 3-4x10’ cells/ml. Trypan blue and lactate
dehydrogenase viability assessment was performed on aliquots of this suspension.

The freshly isolated human hepatocytes isolated from donor liver as described above
weré washed with washing buffer three times by centrifuging at 50 x g for 5 minutes. The
cell pellet was resuspended in chilled freezing medium (serum-free MFE medium:

20 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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sufficient CYP for enzyne induction to be assessed based on neasurenents of
enzymatic activity, as well as nRNA |evels. Furthernore, the cell |ines of
this present invention have 20 WO 2006/ 041488 PCT/ US2004/ 033091 been shown
to conjugate acetam nophen with glucuronic acid and/or sulfate. Thus, the
cell 1inedvV@2096M8488sed i n assessing the netabolic stabiPCI{Up29f/03peUg

candi dates. Fa2N-4 cells in culture are norphologically and functionally

simlar to pri rytdpresérvéd MinR hegatdayisierd Rpidlyahiywedin a 42°€ wats Pahiswashdd dnfli S cel |
line to enzyne inducers closely 5 resenbles that observed in cul tured

pri mary hupiaed mNIeT e pytpfiStary\ MIFE fultdfencdinitts I Ty dagls lafeethe timmuitdlizing gyitves of
choice - the gold standard - for assessing the enzynme-inducing potential of

drug candi ih@rbdiged RN £NEBY ligpfaiitemediatéd tdnsfectioh. advant ages over prinary
human hepatocytes; some of which nmake Fa2N-4 cells a promising in vitro

test system f orThBEgI®8S5 cdliine (ADOO¥ PTAr5365)ivag derived roni tatfectioh withes. 10 In
contrast to human liver, the supply of which is limted and erratic, Fa2N

cells ape inancHaliskibevdctor dottiifiing 6 2 SKPETY regfndE ehe VA0 gendMe, iwhikh trRompRsl human
hepat ocytes is reliant on availability of a suitable liver tissue donor, it

can take abétRihg ldrgePatddnfallt Ahitidens; ¥iRPWHOSPEXbfessioSih Bivendp eBWH0REMY siohaked from
three different Iivers to verify that a certain conpound is an inducer. In

addi tion, wWhigkdrlyGegidd WaiimeaNd g thy Rahghe PBUBRYIHESK Vértd! BRIkBEHeGh@Whenan@ it 1S
not 15 unconmmbn to have a suitable donor, but find that the cells are not

usabl e du eBBmengpNe&hdﬁﬂ 1R8istaiRb iWas ERRENEA B1 the tidGteaed 361 a8 & bdledtBRIthatker bR\ 4
cells can be passaged and used over several passages while retaining the

activity OfradstestiohRif @ hed Pthstnid. V& lohesiweRsihitily RRcIBERAEDEYhEBabil§ td Sow &GHIRl Y be
used one tinme, nmaking it difficult to conpare data between studi es.

Pl at eahbe 6dnydnEBedia/ eThelBal OB Yel EtWASs dftablishied btPoidifGined B GEM WAy enent by
theoretically allowing nultiple experinents at different tinmes froma

singl e donor, OfhePiNeR IRl AITE HIBIA - 9566 WastinRloftalEhed Ofa SipafectdRGnddiali
However, pl ateable cryopreserved prinmary hepatocytes are in limted supply.

donor - { o e T D o e Ty RoRa ohar fave
envi r onmenty thepBludiag WRArCwds ifeRed ATdRLECLBER bistAtupsh hé BvRGRS p@160mes plasmid
and was named pTag-1. The SV40 TAg coding region is under the influence of a hybrid hEF1-
15 HTLV promoter. The vector also encodes a hygromycin resistance gene as a drug selectable marker.
Clones were selected based on their ability to grow in hygro containing media. The Fa2N-4 cell line
was established and maintained in MFE.
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,
20 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

25  without serum and can be cryopreserved indefinitely without detriment. The cell lines will
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WO 2006/ 041488 PCT/ US2004/ 033091 seen in the DVE profile of donors, |eading
to the current recommendati on of obtaining data fromthree donors before
reaching a conclusion for induction potential of a chem cal. I|nduction of
CYP enzyne activity in Fa2N-4 cells is nore reproducible than it is in

human hepatWepe0s@41488,r t her nore, CYP i nduction in Fa2N- 4 FCE[YS300443308e
nmeasured in a 5 variety of cell culture formats, including 96-well plates,
wher eas t hiaso %,swraga fudbtvAYS otRESerul fibe nbtifa N The IR C-35apR liBE wilkdso gidwiand t he
immortalized hepatocytes of this present invention, nanmely the Fa2N 4

cel I's, canffetich if dieliia bith s&rS trhé ¢elldinésHavd & Gsublidptifbeof TRPGhoty! Results

i nduction studies, and provide the additional attribute of being anenable
for hi gher froifiadigiee thnsplanteliciSstudfed BiVedndicatel] thatboth the PeIN-Q(ATOC BIPIW- ous| y
published immortal cell lines, as 10 they show i nduction of a varied nunber
of genes. Thessand®ICS5GATCOR PIRESH 65 cetl Gihéyafd iva-thitherigehiaduct i on potential of a
drug, with findings consistent wwth nonitoring increased enzyne activity in
pri mary shunggicifeia MsabbEen TétisfeNPotdhfin TaéMshtiCBiuks &idl (hdmidapEi@itids anal ysi s vi a
MRNA endpoi nt enabl es nore conmpounds to be tested and reduces the cost per

compound;  two hau&heRleferteld 3inb&dihexit ofithe Brestinfinpen€ion, tiRSceA Yifies réthin higRtiee! | 11 nes
of the present invention are uniquely suited for many in vitro applications

and t est i Nggnctibr i b Y6HuAGiee Métlia2 PRIy, hépatié Rflctiof is th1bilitgtd eotim@:to ( 1)
I dentification of potential chenotherapeutic drugs: These cells are useful

for screegfgss eRSihcAdchivibl INIGH bRy, hitid fuBionRitludey the ai§ o eunfimiee! at ed

di seases, by growng themin vitro in nmediumcontaining the.chemcal to be

tested and id R@ifaindhtotiroRe §4§0F(@W§e&%&&(ic@@tie@fan&éftﬁ&%lﬁfg&netﬁ&liﬁﬁgg‘ ni ng whet her
and to what extent cytotoxicity has occurred, e.g. by trypan | ue excl usi on

assay Ofp  @hahR6IMMEHYSa {RRh-GESMBdia Vet hods Enzynol, 58:141 (1979)), or by
grow h assays such as colony formng efficiency (MacDonald et al, Exp. Cell.

Res., 50:417 ({h98&her pretérted@nb¥liineit o218 pRban Mol W Uel GiHGTadBe hse HOWN | N

the art. (2) ldentification of new drug targets. Potential new drug targets

can be i denjdedsitcbiitms pé’cﬁug;&h@iam{kﬁnbéﬁ)deﬁ%sﬁiablgﬂﬂe sdNa e wil aaReHts for their

ability to induce or inhibit genes and 22 WD 006/ 041488 PCT/ US2004/ 033091

net abol i ¢ pakWaMsne ikdWBidnRk caftthr RIxRitpgi cal substances are screened for
their ability to

In another preferred embodiment of the present invention, the cell lines can be used to

15  assess the effects of the liver on chemical entities. Preferably, the cell lines will be used to
assess drug metabolism and species comparisons.

Fa2N-4 (ATCC # PTA-5566) and EalC-35 (ATCC # PTA-5565) cell 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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i nduce or inhibit gene expression or netabolic pathways by adding themto
the gromh nediumof these liver cells and then after a suitable period of
time, determ ne whether a conplex of changes, including cessation of DNA
synthesis, induction or inhibition of gene 5 expression (as neasured by

RT- PCR analW@pee/041488cnoni ¢ expression profiling) and pREEHSRW04PS3EN | ver
specific proteins (as determ ned by i mmunochem cal techni ques) occurs.

| denti fi cafde Bhovn tb bjidhibAsdtdmifdphed With gladurchittheldl saliopiutfate. THikSthavges on the

i nduction or inhibition of gene expression and netabolic pathways is a way

to identiflmeseall Bruadl ih 8&s8Ring themibtabbEcstbilitgoftirseasdigatéich as cancer. 10 (3)
St udi es of netabolism of carcinogens and ot her xenobiotics: Carcinogens and

ot her  xenobi OtFaZS-4158NYs iﬁ@ulﬁﬂéjﬁélmb@hélbgcﬂl&(aﬂ‘dﬁndiﬂb@l&lgfﬂ'xﬂﬂarft&ﬂﬂﬂaryﬂ s and the

appearance of netabolic products of these conpounds nmay be nonitored by

t echni quescuitifel oftfuniall hBpatRYRE. THe Méspotiaé OXihis BéIMireto éﬂz?xhe prRtdesy gigage | i quid
chromat ography and the 1like, and the interaction of the conpounds and/or
their nmet aRgdnt@ShatbbsBrvEiNd cufturbtEirifay Afkhn hipatdcHtes, Wil atsconbiddb¥ et agenesi s:
Subst ances known or suspected to be nutagens may be added to the growth

nmedi um of §;h8 sffinl & cRGiCe L e BoldiamiatdNfor msihgmaswdndﬁm? ¥oteml offet ection

of the appearance of drag resistant nutant cell col onies honpson, Met hods

Enzymol ,  5&:u804hdidd89 Wa2N(40el1sb 1 b @SmSYr oﬁ%@&% PRy hidagent s:

Subst ances known or suspected to cause _ or chronosonmal damage may be
added t o tQ@atebitdstSotne B Whithnirke FSCcMh brolishfSn vidddest bysRh thhagiRxt ent  of

chronosonmal danmage nmay be neasured by techniques well known in the art,

such as nMegsiHpRIR Hrectting bP&hehicarisangy of sister chromatic exchange (Latt et
al. In: Tice, R R and Hollaender, A, Sister Chromati c Exchanges, New

York: phenum Prig3sntratfo himdn livér, the dpBBAOwhicHY lirfitddRRA Grrdtie, Fa2WEAdellflar®f BT hods
for differentiating between sister chromatids, a 25 few sinple techni ques

can suffi cguafigdie iﬁ%ﬁmﬁé&k‘ﬁgﬁg- SiRRRCRIARiF s H&shhERRhPBSytesAEREM bAY 23 VWO
2006/ 041488 PCT/ US2004/ 0330 33258 Hoéechst fluorescence (S. A Latt et

al ., Proc. o ahtility OF 26hitai€ liver tis¥e déhoB ¥¥an {aldd Bhg time to Dndlefbpeherdd - -
Cytochem 25:913°(1977)) or 33258 Hoechst followed sequentially by

iS I \lm nat | Qfing ISSG0dyRE WoRddPdm BRE (S RIBIR RS dHEP haf ALARN 86mpduMisRn Perry and

inducer. In addition, plating efficiency of fresh hepatocytes is unpredictable, so it is not
15 uncommon to have a suitable donor, but find that the cells are not usable due to poor plating
efficiency or substandard cell health.

Fa2N-4 cells can be passaged and used over several passages while retaining the
activity of the major DMEs. With fresh human hepatocytes, cells can only be used one time,
making it difficult to compare data between studies. Plateable cryopreserved primary human

20  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 pnmary
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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Nat ure 261: 156 (1974); S. Wl ff (1981), Measurenent of sister chromatid
exchange in 5 manmalian cells. In DNA Repair: A Laboratory Mnual of
Research Procedures, Vol. 1, Part B (E. C Friedberg and P. C. Hanawalt,
Eds.), Dekker, N.Y.) are just two exanples of such techniques that nay be
used. (6) SNQA06841488 cyt ot oxicity of drugs, chenical entPF'trﬂ]éi",O“/%?P%li nogens,
and xenobiotics: Drugs, chem cal entities, carcinogens, and xenobiotics may
be added t g@ei indheDMIBtpofileolf dofors,1€ding td thecudrehi recoaientstion\of alitaihing datof t he
cells as a function of tinme of exposure nay be ascertai ned using gene

expr essi onfrph @réd dofigrs befpR reaching 8 camdlusiemvy dudtion sagtial 6fd cheicklor m ng
efficiency, etc. assays. (7) Studies of gene expression: drugs and chem cal

entities may bdndud@cbfiQYH dhgyrfeidctivitycin FADN4 télls Of mérb eepeceiutible dtindl itdhiimanges i n
gene expression as a function of exposure may be 15 nonitored using RNA and
prot ei n expmessegiocsss. liethegiotsd CYenthaciontisFa2Bhaculle santtymdaeirtdiata ei t her

I nduction or inhibition of specific genes. For exanple, cells may be

cul turesl Wdraty off télnsultare dorgdae]linclading9d- wéll sifted, @hérekdhik {syhot 19858 pagibd S t hat
nodul ate the expression of drug netabolism enzynes including but not

limted towdYenaaspasstesdTRXRB dnnirtai2éR hépatociteeof thiblpiebenthinuhtiogSi St ance
gene, biliary transporters, glucuronyl transferases, glutathione 20

t r ansf er aspmelysté FNAS €€ls, dah Be a fulthbld fubstitite et @bl MMthn Gedatseyte® be used to
identify new drugs to treat hepatitis Cvirus (HCV) infection. The

i nventors hawdios kadiss, bitBirolad the hdaiomA hiribh® c¥®bing hinBRibRTék Higher Fa2N-4  cel |
line express CD81; CD81 is required for HCV nediated viral infection

(Cormier, koughput stidiésS.FadY:céBs/de shgeribr to3ROAdusly Pablishéd inSor@Pdlliges, & ect ed by
culturing the cells with HCV 25 positive sera. Cell |ines propagati ng HCV

virus mey By seednduetiGitéfasariédumbensf @énesl STHese dellSdn be déed\ W60 (K1 488
PCT/ US2004/ 033091 this chronic infection. Therapeutic Plasma Proteins(TPPs)

I n anot her inaidtof pétEiktiaPoRARRI g Rth fifdindsEnsieABRIIK mbAloRIng ifefeasciBfzyar! | |1 nes
continue to produce proteins. Preferably, the cell Tines continue to

natural |y ptQRymSrifladSiinalhepabdciss. HighelMhksighiue tar alkling dn @nalylslvid | nes
continue to naturally produce therapeutic plasna proteins
mRNA endpoint enables more compounds to be tested and reduces the cost per compound;
two favorable traits for drug discovery assays.
15 The cell lines of the present invention are uniquely suited for many in vitro
applications and testings, including, but are not limited to, the following;:
(1)  Identification of potential chemotherapeutic drugs: These cells are useful for
screening chemicals suitable for the treatment of cancer and related diseases, by growing
them in vitro in medium containing the chemical to be tested and then, after a suitable period
20 ofexposure, 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.

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

25  screening biological and chemical agents for their ability to induce or inhibit genes and
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(TPPs) conprising albumn, a-l-antitrypsin, blood clotting factors VIII and
I X, transferrin and inter-a-inhibitor proteins (lalp). In another preferred
enbodi ment of the present invention, production of TPPs by the «cell |ines
is neasured. Preferably, production of TPPs by the cell lines is neasured by
10 det ect i MYORMGI04148% esence in the serumfree nmedi a. MPETHIS2004/033991,
production of TPPs by the <cell lines is neasured at the protein |evel

rat her thape@boli PRhWBNACABNA and tloladieil fiBktalRbSfré SR beCiBb e BBIRE 1of the

present invention, the cell lines produce TPPs in senimfree nedia.

Pref er abl yindlide@r fmbiblt ghetPresioilibrinRdid uggpwaamzﬁféﬁl 3ule Réwthhe sane

fraction in serumfree nedia. Mire preferably, the cell lines

si mul t aneoygkiymBE @ElGRer CoftPand Yien AfterlaRitabRIPRridPofitiRC ddtéthide iRkt f ree nedi a
Wi t hout the reoccurring risk of viral contam nation. Hepatocyte-derived

protei ns peayiickefahahddsSincluBE SestaBBH SN RintheSiBRARBEdH JrMhilhiRIGhRY native
plasma proteins for therapeutic applications. This finding is based upon
Appl i capt’ gxpdtion fab'Akasuid® 'B?RTIF@% £lykib Sr JShARiE eRrékivn plofBY)laad | zed human
hepatocyte cell lines, continue to produce inter-a- inhibitor proteins, a
conpl ex f aB?olecﬁQri oﬂllvélss‘ﬁ@ciﬁé PbfinS as Bk ikt by hBnddhdniied SR hnipekyReRs.] des t hat
are 20 produced fromfour different genes. Salier, J.-P., ét al., The

i nt er - a- i Niyehlificfion R lele¥roct] H1UMbrRicAI%Ad bibRgicdl SubsBAKs 8h i mduBligchem J, _
1996.351: p. 1-9. In contrast to heterol ogous proteins produced by genetic

reconbi nat o pqap =10 i : ells, TPPs
! krffbitiod oFBRE BhirétBiofk Bd xﬁemboﬁélﬁiﬂnﬁa’?s Qa'v&?%&ldhtﬁﬂi gﬁvg slng %%@tsc

derived fromthe c I nes of the prese I nventi o e normal ly

since the §£¢eARSaNRASheH dsaRskat i onal nodifications required for conplete
25 function was prefornmed by the native hepatocyte nmanufacturing process. A

si gni fijgans)advagti&Ge refabolikm éﬁ%%ﬂ%é%@ﬁ%ﬁ& Pﬂﬂi&&g%&ﬂ%&%d gtlléf' ng the

cells of thé present 1nvention roduce TPPs Is that t producer cel

108 1S OF xidFBfcs o i kot BRG] R SAHSo bt SprRBiede DY Ot 1 1

Therefore, since unber of TPPs are s esl zed man hepat ocyt es,

hunan Nepateule hanedoEaL BRI . BonRlind BPORldoed LEPS Bh ke present

i nvention are us to pro therr "ndtive

Post - t ' £ cat] : f i i _

race i n i caonBBRpaEheh bt Binid el uifhe B 364 il ool 021 200 e
cel | "”eso%e&lsﬁfrgﬁ&o%%ﬁé}{:rthé)f/ﬁ boliths Wit DN bdteRfifidgOr M the protein

nodi fi cati ons, as glycosylation, that are critical in the production
15 (4  Studies of DNA mutagenesis: Substances known or suspected to be mutagens may be

added to the growth medium of the cells and then mutations may be assayed, e.g., by
detection of the appearance of drug resistant mutant cell colonies (Thompson, Methods
Enzymol, 58:308, 1979).
(5)  Studies of chromosome damaging agents: Substances known or suspected to cause
20 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 {f.
(1984)). While there is a wealth of methods for differentiating between sister chromatids, a

25  few simple techniques can suffice for most studies. Representative techniques, employing
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of functional TPPs. The cell lines simnultaneously produce multiple TPPs in
culture, thus a sequential protein purification schenme will generate

mul tiple products simlar to plasna-derived proteins 10 without the
reoccurrinq%risk of viral contam nation. TPPs secreted by our

hepat ocyt e-WASMKWOEBE essi on systens of the present inverRGTOFS2H4Q33081 nore
natural ly than reconbi nant counterparts. For exanple, the inventors

denonst r at £gs¢ Haéchﬁt@ﬁb&sceﬁdgg@m. At 804!, ProsTARNNERAIRE USA RRidos (1esspr oduce
n

biologically active lalp and are therefore a strong comercial 'source for

thi's prot eAn aiteail, CaobRim. D5:98E11Y17) 0833 HbeaRELNYWIREQIRRINRM, t echnol ogy. 15
Thus, the inventors® production of lalp inits "native" formleads to a nore

ef f ecti ve, ingafnBiior28SC GRoMatior hiEGlenYLstfifthg/{aifeditfont P SREd BEH .1V et hr eat eni ng
di seases such as sepsis. The hepatocyte-derived TPPs of the present

i nventi on N&E%260156 @949;S. WJI&Q@BD?Me&'ﬂﬁén&wsist@'féfi}'&hcﬁﬂtexﬁahg’ﬂiﬁgy to
commercially produce native TPPs, which overcones the shortcom ngs of the

prior ast. 2lmExA bk YA e AQlabérB@ryMhdual dfR@Seath PideBduRdsCHSINE, Paftvent i on
as production platforns, include, but "are not |limted to, the foll ow ng:

(1) Producgiert. efiedbeizah®P )t Sradswd1y B& PDAKS!, RSy ) @{dsﬁtvﬂ%&ﬂhﬁ&%@u&h” sui tabl e
mediumwi || ~ natural 'y express proteins such as blood clotting factors (e.qg.

factor Vi |ﬂectﬁaﬂ{ieﬁﬁ£ttr&?bk@ed. albumn, a-l-antitrypsin, transferrin,

inter-a-inhibitor proteins, growh factors, etc. that may 25 be purified

and used. @6 WRnefldotQAkGEF RS 2R Srtfdid carkifdgehs GndPhenbBib@ED nant  DNA

expression vectors to produce proteins of interest. For exanple, the gene

encodi ng aDHng,TcﬁérﬁichenﬁdéﬁchrBﬁHéénE, a¥@kdtBbibR% nPi§ bE SRR R thESroWi dedidePNnt r ol | i ng
DNA segnents (i.e. containing a pronoter with”or w thout an enhancer

Sequenge) , of thAQRE Sld' trviiits of € o aé a AAEioh 3 fmd E‘F‘exPJisﬁie%ﬁ RQLHARG MYy be

harvested fromthe 5 culture supernatant or a cellular éextract by routine

procedur esyael den msi'ﬂbrsﬁlﬁltgﬁaye-exaﬁgi&, %b{amag@,qm} RRRRg BMicialyN9 One or

nore reconbi nant vectors that i'nclude: he“gene ‘encoding the protein to
be expressgd.as@ysubunit of the protein to be expressed, or a precursor of
the protein to %e expressed; and (2) at |east one control elenent affecting

the transﬁ:’?]ieptﬁ;n%les%FgénQ@x&@sQﬁn:cﬁ-&k@aﬁ@&feﬁl@ﬂ&lhﬁ&%b@%&gt@ﬁw&ﬁw linked to

t he gene. contro
medium of the cells and changes in gene expression as a function of exposure may be

15 monitored using RNA and protein expression as biological endpoints. Changes may reflect
either induction or inhibition of specific genes. For example, cells may be cultured with
drugs and chemical entities to identify those agents that modulate the expression of drug
metabolism enzymes including but not limited to CYPs designated CYP3A4 or CYP1A2, the
multi drug resistance gene, biliary transporters, glucuronyl transferases, glutathione

20 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

25 positive sera. Cell lines propagating HCV virus may be used to screen for new drugs to treat
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10 element is typically a pronoter or a pronoter-enhancer conbination. The
characteristics of a suitable vector also include: (1) an origin of
replication; (2) restriction endonucl ease cleavage sites allow ng the
insertion of DNA encoding the desired genes; and (3) a sel ection marker,
typi cal |y OV@200W8414880nfers anti biotic resistance. | n on®CHABRIOYAAH, y
preferred enbodi nent, the control elenents conprise at |east one pronoter
and at | eass chrofic @iféwibger. 15 Suitabl e reconbi nant vectors include, but are
not limted to, SV40-derived vectors, nurine polyoma-derived vectors, BK

Vi r us- der | meehoWiRizPRisia PRRSEQTPPSBar r virus-derived vectors,
adenovi rus-derived vectors, adeno-associ ated virus-derived vectors,

bacul ovirus- dex knbefdr pefetred SmbodRieRES \th pissekl Shvetes, 16 641Plirs continue to _
| entiviral -derived vectors, retrovirus-derived vectors, alphavirus-derived

vectors, Va6dichptets! Bfefdfbly, W el Bk 06rtinuetd Ratalallf poducePdimy Botediss 20 _
typically include a strong and constitutive pronbter, at |least one intron in

the DNAs t OMBR pretesibl @ Tl 1R omtinRe o ehedly bRfduey therhy 08¢ pl&imalpiGeids - t er mi nus  of

t he sequence to be transcribed. The addition of a signal peptide to ensure

appropri at @ppg%sm{,ﬁmm%éi-mm%ﬁ, BRbd eleuing;h%{arsa@m £l YR asub@hion, can be

desirabl e.” These vectors and characteristics vectors are described in

S.B. Prinrgse et . " Princi s of Gene Manipulation" (6'h ed., 2001,
Bl ackwel | ,%u?t%r%i, oﬁéﬁelgﬁggi,pipp. 174-201, G L. Buchschacher, "Lentiviral

Vectors" (1St ed, 2003, .Landes ..27 2006/.041488 PCT/ US2004/ 033091
ii olsci gnceA Gelg?tb‘b(’%}?dﬁﬂliefefri? erg??glr?eﬁ; . eépmvgmtl(ﬁeﬂr%ﬁggtfﬂéﬁgﬁé%wl B al
nal ysi s: . I ntroductign a o ac . or ngl and), a
of by ch o nFAt PR A Prodisyon Ff LPEs bY B ERL e IRPHOUE! Wor | sol al | ng
Tt o HGsc EBREREr mpiehes o de et s AP RearbD: FROSEoR G aaly Be
descri bed, r exanmple, in S. B, Prinrose, "Principles of Gene Manipul ation”
(62 ed. , colilize3iaappsuredst te Botshyleve] mier it fBIMNAISFI n by this reference.
In general, suitable DNA for cloning can be obfained fromrever )
t L ansclri ption ﬁ;%&ergeﬁM}m%ﬁ?fghe H&ﬁ??tﬂf%"emi‘%ﬂ’ Bﬁ\ﬁ%‘&ﬂwp‘ﬁ’aﬁeiﬁgf PPon of
goner al |y FABHACHEE N BEoTR, BhFAILbet HEBRRERISY Riesuee Py aBt Bk 3896 TRRhIELes
that generally _involve cleavaqf of tp? vectors with specific restriction
endonucl| easegun-fpgmedia. More preferably, the cell lines simultaneously produce TPPs out of the same

15  fraction in serum-free media without the reoccurring risk of viral contamination.

Hepatocyte-derived proteins provide a safer, more reproducible approach for producing
native plasma proteins for therapeutic applications. This finding is based upon Applicant’s data that
demonstrates its proprietary, immortalized human hepatocyte cell lines, continue to produce inter-o-
inhibitor proteins, a complex family of plasma proteins made by three different polypeptides that are

20 produced from four different genes. Salier, J.-P., et al., The inter-a-inhibitor family: 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

25 function was preformed by the native hepatocyte manufacturing process. A significant advantage of
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insertion of the DNA at the cl eavage sites. Methods for transform ng or
transfecting the virally-imortalized human hepatocytes are well-known in
the art and need not be described further in detail here. In general, such
15 met hods include, but are not limted to, |ipofection,

cal ci um pho¥PRa6@4 8% at ed transfection, transfection RGI/ER2004/083091

DEAE- dextran, transfection by electroporation, transfection by biolistics,

and transf ggld fdlcdl§ bfde %ﬁée)ﬁbih%ﬁon thipRsaBcel THRE &t teQrodibdrdaEneas 6r HimaR 1 | bed
inJ. Sanbrook & D.W ssell, "Ml ecular Coning: A Laboratory Manual (3d

ed., Cold &I@%ﬁ Y@l thdrexoR0Eadk BIhEE Ritialr6tsis. THeRkdle, SRké A Gurkistr BOTRPshRW Yor K,

2001), vol. ch. 16, incorporated 20 herein by this reference. |In many

cases, it pymid8sddbshbMat Bephid6REsPRinmh AefaiRytebad¥B ErésSibR kfsBins GEHE Seli IiePof he
vector to assess the efficiency of transtection. The gene of choice is

under the @RRtdkéH indéntidh bRRGed tb BiodlideTPRS inhed TRhBIe” RfHARNCEr combi nat i ons.
These includé those fromthe i mredi ate early genes of human

cyt omegal ovi r uspost tisImfohal HeHifcAiBns\of TP thay et Bioabtidty, JIARRAE rateQk vivbd)e human
25 P-actin gene. An exanple of a suitable reporter gene is the

chl or anphe ginbop @il ehd/bARbIIRY. 2BR mABrMEPRBHOEA] HAFinE N2 IBRRAAL
(CAT) gene founé in the Escherichia coli transposon. Detection of expression

of the repaitiBily pdBRE tHedrotblf nid@ikatidts, Suck 3¢ kIPdosyl@fon! BetUN SHIRALin e pRddddtion
detection of fluorescence or detection of rad¥oact|ve products. Reporter

genes and bRghdtioRA TRPs. ATHR cblfihdd SimulterkstyiR6tucemitifle THPS kifdhitet, thidla sequehifiil
Transfer and Expression in Tissue Culture Cells of H gher Eukaryotes," in 5

Mol ecul ar  Bidaphhsesidiasike ki tReraRanl duclsinV¥lr kPBflasnidQierivddppgidlas Pr ess,
Tot owa, hgleersey, 1998), ppé 235- 25 ,eﬁgcorporate %ereinvby this

referenge. WiNGR HebocPirRhElidk FIRalkERMmiRaRheSSed, it is then necessary to
isolate the expressed protein. This is typically perfornmed by standard

nmet hods for pr ofysRedpdtsd li}J ﬁﬁ%ﬁcﬁbﬁé@eng@ﬁ&@ﬁeﬁ?@ﬂ ﬂiéjﬁ'ese%veﬁﬁl'% teRive

limted to, precipitation wth salts such as ammoni um sul f at e,

| on- exchange CRhRITH R 8 hbinat&buridrhdrs AFbrQRariiE, WRE AR AP YhondtaR IRLHER S €

hi gh pressure I qui d chromat ography, el ectrofocusing, chromatofocusing,
and/ or i nm i 03 [ ' Lakpabls
roporty. SuapR ien ROSRRE OE RRRHoali3 LR Ry BRIy e A B ANy

purificati of, HEHAPHR 8k ot Sidtelti 1R Parinbt prddEnt'ob prodh¥h By RecBitbinkt fedho?dy.

15  Thus, the inventors’ production of Ielp in its “native” form leads to a more effective, safe, and cost
effective solution to treating life threatening diseases such as sepsis.

The hepatocyte-derived TPPs of the present invention provide a safe, effective, and cost
efficient strategy to con;mercia]]y produce native TPPs, which overcomes the shortcomings of the
prior art.

20 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-a-inhibitor proteins, growth factors, etc. that may

25 be purified and used.
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met hods are described, for exanple, in R K Scopes, "Protein Purification:
Principles and 15 Practice" (3d ed., Springer-Verlag, New York, 1994),
i ncorporated herein by this reference. In sone cases, the expressed protein

can be secreted fromthe cell into the surrounding culture nedium The

ef fici ency Y99 200004148% ocess depends on the pattern of pofCI/USEYHABPLt | onal
nodi fi cation, such as glycosylation, that the protein undergoes. This
pattern af) ectize vfrecombiaasBNAgxméssioh @eqiorotograduvd firbiteins bhiaterestiBér endopl asm ¢
reticulumand the Golgi 20 apparatus and its subsequent secretion. This is
descri bed é¢xampleJthe f3ne edodikg Rprbieirkaf theiapeutic vala &lay ¢ secarhbifgdwittesi s,

Processing, and Secretion of Proteins Expressed in Mammalian Cells" in Gene
Expr essi oncoheollingDNg\segridnié. (i. Soentalging a pdmoteAwithl enwithokt esemhanSan Di ego,  1991),
pp. 577-598, incorporated herein by this reference. The cloning vector can
al so be cieqeenhce)Sttansfbradd it eheuelh toed therte protemipodasaianay be bhrvegel fram thaot her
protein, called a tag, which can 25 be used to facilitate protein

puri fi cat i aiburesypermtadsorafcelig®xiraee bydetirg prdcaduiésored] kiedmn &ithé at.ase, 29 WO
2006/ 041488 PCT/ US2004/ 033091 the Mal E mal tose-binding protein, and a

pol yhi sti di ne Smueiybe acchiplishesd by isinpdné bSherd reebmbigam vedta s thatigcludee(1y| eaved
wWith specific proteolysis to renove the tag and result in purified protein.
Q her Usesthebedeleficoiing therpasteid o TbeCexpiessad, lagubuitof thepiotetitho e pprexsad; 6raCel | Li nes
O her exanples of uses for the cell lines of the present invention include,

but ar e noprecusokr bfithé FrbteinGo bé Exprdssrld] MA(2)@t ledsi dneTohieh] @emeiht affddting Nt
transformati on by chem cal, physical and viral agents, and transferred
genes i ncl tigliseigptiomefiBegens, thdnhol@lenizh] being bperabheingled tahe getie C ThANASnfrslom
tunors, using standard assays such as anchorage i ndependent growth or tunor
formatilon tlememistypitally 8 pfbenoter 0fa profibtetéthbiteCoontbinatiet) €Xhe ¢haradteristid@@ene k-ras
(an oncogene present in 10 many liver cell cancers) can be introduced into

t he hepat ogjifakle G&xtdr also'ficRide: §1)r2@ diFid BF rephatisit) &) eestricltsérdehiclase cldatags Ubsequent
ability of the newy transfected cells to formtunors in mce as well as

grow i n ansies ailWwinife inBHERAITINK efcodiby BB d&aEd RRes asB@Fesbleclien mikka, of cells

altered by transfer of oncogenes as in paragraph (1) of this section above
to screen tygrcamne tHat @nfepd @BloRSTeipRALE] ﬁl(ﬁﬁﬁ&ﬂir@)bréfsﬁedte%ﬁ)bﬂlhﬁh@&e descri bed
p

in paragraph (1) 15 of the "Toxicity and Metabolism Testing of Potenti al
Ther apeut i gondoldéineat@ofbigsdiaERAst one promoter and at least one enhancer.

15 Suitable recombinant vectors include, but are not limited to, SV40-derived vectors,
murine polyoma-derived vectors, BK virus-derived vectors, Epstein-Barr virus-derived
vectors, adenovirus-derived vectors, adeno-associated virus-derived vectors, baculovirus-
derived vectors, herpesvirus-derived vectors, lentiviral-derived vectors, retrovirus-derived
vectors, alphavirus-derived vectors, vaccinia virus-derived vectors, and others. Such vectors

20 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” (6" ed., 2001, Blackwell, Oxford,

25  England), pp. 174-201, G.L. Buchschacher, “Lentiviral Vectors” (1* ed, 2003, Landes
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Entities" section above) especially those which nmay be specific for cells
transforned by the activation of particul ar oncogenes or conbi nation of
oncogenes. (3) Studies of cellular biochem stry, including changes in
intracellular pH and calcium levels, as correlated with cell growth and
action of &¥%Q3WHB4id88gent s includi ng but not 20 |im t edPCAUSAYWLEINYscri bed
i n paragraphs (1) and (2) of this section above and paragraphs (1) through
(5) of t heBioddietice; iGeyrgatodn, M) ahdini BA) Broth, “GeneClofag aid DINA AhaBsiepaiit i ¢ Drugs
and Chemcal Entities" section above. To study intracellular pH and cal ci um
| evel s, celnksduction”g4ft éda120@1, Blickwit1E Oxfosd; Bhelarm), &ll@f phisk dretifcofdotitede s cent

i ndi cator dyes and then fluorescence em ssions are detected with a

f | uor escengseits petisiropRateonet er (G ynkiewicz et al, J. Biol. 25 Chem,

260: 3440- 3450 (1985)). 30 WO 2006/ 041488 PCT/ US2004/ 033091 (4) Studies of

cel | ul ar respomnge&iods for @ohtihd DNAGherdingplEmp protiidtté bBoexpfes@d and for f act or s:
I dentification and purification of growh factors inportant for growh and

di ff er ent i ibdrip saéh DNARO tHeberREtofs QI CHII&n6wh InShe att) efheseafdthads afee
particularly useful for such an application since they growin serumfree

medi a. Thedeébe, for RERPIB,SES.B. Pridifodd)t PridoifldsOF SeseMaripulatioid{e®@di n 5 precisely
defined growth nmedi um and any factors produced by the cells may be

i denti fi edpRBEvellPOkfotd, 200 1)VidcBRiated MeremMyhis feldrdnde) Bigedda, NItsRDRA of serum
(5) Studies of intracellular conmunication e.g., by dye scrape |oading

assays, t Ofor 6iRhiaf BAn'tR oBRARENBEm rdVerse BhilsEripfion ¥f PecifidmRNAL Grilicv@nbée ability to
communi cate via gap junctions. The cultures may be scraped, e.g., with a

scal pel , i fllbWed B #ppRdat6h 6TftheFpolymendse Siapitkackibn OR) | ﬂlﬁ?'mémmbsﬁmdi um Cells
n

at the edge of the wound are nechanically disrupted a t herefore take up

dye; whet hPNAi Riegehcdllylngkn BDRA DRAicRbd iasertoC ity thefbcitbdbylRechaiear t ai ned by
determ ning whether cells distant fromthe wound al so contain dye. (6)

Char act er i gai defétalBf infoiVd cldavdpge JE fhe FEWtdrG RIS spedifie res@ictich eAlghubasdPaided Wi th an
anti body against the cell surface antigen of interest, and then reacted

with a secpipgdtaldritRIMNA athé Silbavhge sitdd conj ugated to a fluorescent dye. The
cells are then evaluated using a fluorescence activated cell sorter to

g ﬁ{ e 5 ren'n ne whet haethddigor thFordintYr @akSettinglelvitdIS iR RIRORSEEM HepRocgRs | Surface

are well-known in the art and need not be described further in detail here. In general, such

15  methods include, but are not limited to, lipofection, calcium-phosphate-mediated transfection,
transfection mediated by DEAE-dextran, transfection by electroporation, transfection by
biolistics, and transfection using polybrene. These transfection methods are described in J.
Sambrook & D.W. Russell, “Molecular Cloning: A Laboratory Manual (3d ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York, 2001), vol. 3, ch. 16, incorporated

20  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

25  B-actin gene. An example of a suitable reporter gene is the chloramphenicol acetyltransferase
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(7) Cell-cell hybrid studies for identification of tunor suppressor activity
(Stranbridge et al, Science, 215:252-259 (1982)). To determ ne whet her
these cell lines contain tunor 20 suppressor genes, they are fused to
mal i gnant tunor cells. The presence of tunmor suppressor genes is indicated
by | oss of WREAHASy e.g., as detected by |oss of abil PCYUSMBIEMNY unors in
athym c nude mce, in the hybrid cells. (8) Identification of novel genes,

i ncl udi ng (CAT) geRfeuddn §R Bechetithid &vdi thadposonl Detettivnilof Expighsion aftherepotezcri bed in
paragraph (1) of this section above, growh factor genes as described in 25
par agr aph gehg caafbetdohesbysevairiety of etiagmes, buchas de3scipn effhnres@atec® dasctidasLr i bed in
paragraph (7) of 31 WD 2006/041488 PCT/ US2004/ 033091 this section above,
usi ng st anfadibsttivopredudta Reporeek genecaid thetrcisday gredariieDdsstribed in MlA. Akehetds i n

Mol ecul ar Bi ol ogy, New York: Elsevier (1986)) and techni ques such as cDNA
subtract i o4l, “Génemrdigfenmndd Bxiptesdia in fisaecubtere Ce(lO)f KoglsnEnkadfotds@ih i cat i ng
hepatitis virus (as e.g., HBV, HCV, non-A non-B, HAV and 5 other

| i vertr®pi MolktulatBiomethods Hehihook (s Raplky &ITNEIWalkdr, ail., ¢iuaiadd Pres| Totbwa)e of hunan
liver hepatocyte cells containing replicating Hepatitis virus using nethods

of transf eNew PétseyEBO8Y bp. 285050, Gicofbra®Ra hért by tidefetmcsel | s 1ines (Sells, M

A. et al, Proc. Natl. Acad. Sci., 84:444-448). Using human |iver hepatocyte
l'ines, which captcaite pt¥iin histhertdxplebsed, it thelPhecesdhrd Bisaltte R lekprassed N
conjunction with chem cal liver carcinogens such as aflatoxin B, can be 10

eval uat ed p@teinTBithisdfFPically FRiroined bR bthktard thdthls e phadiapaificastapanelent growt h
assays as well as growh in athymc nude mce. Cell-cell hybrid techniques

simlar tomefe&SndlitiePbit a@mnafitinifed)o, pfecipitdtion with GdlisQiichad Afofiath siFfatejsed to
eval uate possible inactivation of tunor suppressor genes by fusion with

mal i gnapt ibﬂlek%a?f&fcﬂm&%ﬁpﬂfgtg&rﬁlﬁMnEﬁr@aﬂ&ﬁ@ﬁﬁﬂy@i&yergaﬂa&% isdge ki ts are
e

easily assenb as other screening kits containing cell Tines with other

convent i ONfdui® HIRRNEHHphy, eleetrafdBustngDdirdnitiorbdusing, Wad/oOREmmedimg  f or m ng the
test. (10) The immortalized cells nay be used to identify new drugs to treat

hepatitis GhrhétbgraptyHisiil ahifeadilyl ddbrtaihiile propeR! QAEBasRNBass fid\@dtecPOt h t he
EAL1C- 35 cel |l Iin% pé‘(ﬁd t he a2N—y{4 cel l Ifl)rne express CD8 1, 1 is required

for HCV ”Edk?fo@éi'n.Vd)ﬂh@J putifitatioh nethodsed do¥now tn (A art. IR puAfichtid 70- 7274,
2004). Cell Tines can be infected by culturing the cells with HCV

methods are described, for example, in R.K. Scopes, “Protein Purification; Principles and
15  Practice” (3d ed., Springer-Verlag, New York, 1994), incorporated herein by this reference.
In some cases, the expressed protein can be secreted from the cell into the
surrounding culture medium. The efficiency of this process depends on the pattern of post-
transcriptional modification, such as glycosylation, that the protein undergoes. This pattern
affects the processing of the protein within the rough endoplasmic reticulum and the Golgi
20  apparatus and its subsequent secretion. This is described in A.J. Dommner & 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

25  be used to facilitate protein purification. Examples of tags include glutathione S-transferase,
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20 positive sera. Cell lines propagating HCV virus may be used to screen for
new drugs to treat this chronic infection. (11) The inmmortalized cells may
be used as a way of expanding cells for liver transplant and |iver function
assi st devices, both inplanted and extracorporeal. Also, these cells can
have addi tlmaﬂ%/g@ﬂ@s transfected/infected into them foPCM’ééﬂQ“/P:’r?'&ﬂspl ant
for therapy of 25 inherited nmetabolic disorders, especially those diseases

associ at edthéiMalE ReRRé-bmdig prodsia bh®dpolyhistiding se\ﬁ@xﬁ@oﬁ{e%sll ﬁBGﬁ/fpwfﬂQOAf{ 033991
particul ar

(i.e., certain diseases are due to a deletion or abnormality o

gene) . Thi sangRde clRaed with@pecti® prdteslyilsesicidvd the g @b refil ih purifedprdtéi. cel | s
then expanded for organ transplant. (12) Studies of |liver parasites: The

i mmort al | ZetheBRAbS the NBAthmbri 6% Vifll-HnRéti¥icedHdphtoaRé QHBLinéOr Studying the
life cycle of parasites that i1nvade hepatocytes, including, but not [imted

to, anebiasis,othéleRdnhples of Q588 FR URcell Bt of Bl Pdveat iMBentibd Mkludd, Wit @Snddf |1 ver
di seases: The immortalized hepatic cell lines could be used to st udy

di seases ohmhggohmyﬁnowh?cludlng, but not limted to, infectious |iver

di seases (such as schistosonriasis, yellow fever, echinococcal cysts,

anebi asi s, (gnd Sfddis%'ofﬂﬁﬁ@fahtt&aﬁéfomﬁﬁbigo dhexidfIeshykie ahd Firallhge@BSMd(such as that
fron1traan|I|zers (phenot hi azi nes), antlblotlcs (i soniazid), and

anest het | cgar(sﬂ%&géﬁmémamg cbyenbd Aﬁahgﬁwuwwélmtgeﬁo&rﬁabmml ve caloric
intake usually in the form of ethanol, hepatotoxins (Cd4 and P04), and

system ¢ MeifdRObdifg sﬂﬂé@%ﬁ?ﬁ%u%'@n@@mk@ﬁ%&ﬂd&hﬂ lofREHof BordRldniid US and

toxemia of pregnancy); cirrhosis (such as that fromdietary factors

(usual l'y ahﬁﬁhﬁ lnhde thied. 'FeMEafpRBSS1bne8 v Ch&dpémt ﬂé@{ih%héo%&neﬁﬁ&éﬁthﬁ i's,
associated wth pignent dep05|t|on associated wth disease of the bile

ducts, _lgndnﬁﬁmercéi‘f'c%&:%}sé @ﬁ%tﬁ&oweah@&ﬁ@m%m&wéalsu RflstfoRtRg Or omat osi s (a
rare di sorder” of iron netabolism. 33 WO 2006/°041488 /' US2004/ 033091

EXAVPLES Thg, s{maké B GioR PRI S et G bty i SEw M %éafceﬁset%%thggmspem fic
enbodi nents o the present |nvent|on w thout “intending to I'Irmt the scope

of the i nVENcOR Jdll 226w @Y%n anchorage-independent fashion can be assessed.

(2)  Use of cells altered by transfer of oncogenes as in paragraph (1) of this section above
to screen for potential chemotherapeutic agents (by the techniques described in paragraph (1)
15  ofthe “Toxicity and Metabolism Testing of Potential Therapeutic Drugs and Chemical
Entities” section above) especially those which may be specific for cells transformed by the
activation of particular oncogenes or combination of oncogenes.
(3)  Studies of cellular biochemistry, including changes in intracellular pH and calcium
levels, as correlated with cell growth and action of exogenous agents including but not
20  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.

25  Chem., 260:3440-3450 (1985)).
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Exanple 1 5 Characterization of Inmmortalized Human Hepatoc tyes Over 100

human hepatocyte clonal cell lines were established by transfecting human
hepat ocytes with the SvV40 large T and small t antigen genes under control of
the Sv40 early pronoter. Two cell lines designated EalC- 35 and Fa2N-4 are

descri bed. W52086/64438 | i nes were created by |ipofecti on- REHUAREHOBIUNsf ecti on
of primary cryopreserved 10 human hepatocytes with vectors containing the
SV40 | ar ge®) an@tdieabf cetlulanrrespgesesto gidveth Eafogs-anb produdtion bf grewthefsctater i ved from
transfection of cryopreserved human hepatocytes with an i mortalization

vect or conidentificatipn Bhd yurifiagion af grewthnfactora iripopthrt $ori gtbwih atddifferentiatibeofear | y

region of wild-type Sv40. The Blue Tag vector was constructed as foll ows:
PBR/ SV ( ATitimjan line&r hepagregie @€llsviTicse cells hre iparticudaily wsefibesickKamapplicutioBsifiddl t 0

rel ease a 2338 bp fragnment (the 239-2468 bp fragnment was di scarded, 15 with
t he r.emai nitley grow tirederuntifred ediee Thergfores feepotlses ¢ growthifectas cadbestudied i ence,
273:113-120) containing the SV40 early pronoter and the coding regions from

smal | t5 angtediglygiefidedpidwih @id8iumbnd any figods pddindal bf the geltsihaywesdentiSeydnéd i Nt o
the Bl uescript SK vector (Stratagene) to produce Blue Tag; a Bluescript

based vectgiified@#ithdus®e céhislicTivhbf fHe@rasémnee ot eruéli. i ve T anti gen expression. This
early region was inserted into the Stratagene pBluescript SK vector

backbone a@y watudivs oEigtrgBlluer emmuridatiNa@E), 6 Byd efpsSloadifgassds, toonferred on the
transfectind cells as a sel ectable marker by co-transfection of a neo

plasm d. Cletimme Whetherithd dellfgrowingeh b Babe aebilitdtd cofffiicabdiiaighyy to grow in
418 containing nedia. The EalC-35 cell line was established in MCT's

propri et aaixin&i%ﬁ&l Thé Qulkhieh iy Be sERiPbd o.gCMth a sdalijR], EathEprdfencedtla fluofecesiin be
mai ntained in either CSMor WE. The Fa2N-4 cell line was imortalized via

|'i pof e i odyerithe gioReh e Gk bQBe gk bf the weiind Std 1dcBarli¢thllP disAdpted @hd ON vect or.
The early region of the SV40 genone, contained in the 34 WD 2006/ 041488

PCT/ US2004thedfaedtike updlyslSxidtherigfetc@llular@mmuniofioh 885 debirfedand)de kensinddased upon
the I nvivoGen pGreOnts plasm d and was naned pTag- 1. The T-antigen coding

region is y@RiminkR whethetRNEEstadt fdm thyWound aREEImdill k¢, pronot er. The vect or
al so encodes a hygronycin resistance gene as a drug sel ectable marker.

Cl ones wer @) selCHafabieriZaa6est comsirfaBd dntigéis! THe XellsQrdlinétibated withl @4 ShtodONt ai ni ng
medi a. The Fa2N-4 cell line was established and nmaintained in E.
against the cell surface antigen of interest, and then reacted with a second antibody, which is
15  conjugated to a fluorescent dye. The cells are then evaluated using a fluorescence activated
cell sorter to determine whether they are fluorescent and therefore posses the cell surface
antigen.
(7)  Cell-cell hybrid studies for identification of tumor suppressor activity (Stranbridge et
al, Science, 215:252-259 (1982)). To determine whether these cell lines contain tumor
20  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

25  paragraph (4) of this section above, tumor suppressor genes as described in paragraph (7) of
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Exanpl e 2 Expression of Liver Specific Transcription Factors Since retention
of liver specific transcription factors is a prerequisite for expression of
hepatic functions, clonal cell lines were initially screened by RT-PCR using
prinmers for 10 human HNF I, HNF3, HNF4ac, HNF4y and C/ EBP and al bum n.
Briefly, toWQl200[QA48hs prepared from 106 cells of each RITHEW04(H8IP1 | i ne
using the mcro-isolation nethod of Brenner et al. (Message anplification

phenot ypi ngis (AAGTANIGN, usifg stﬁﬁmim&ufgpbiélbgum&ﬂﬁw avid B &S Mefhod4ht i pl e
MRNAsfrom snmal | nunbérs of cells, Biotechniques 7(10): 1096-1103, 1989). 50

jig of E Molkdudr %@m&ﬂﬁﬁeﬁ&?wﬁﬁ aﬁ’dﬁaﬁﬁciugﬂ’suélpasfcmﬁl hdb@thioh he
I solation of RNA 15 Troma small nunber of cells. RT-PCR reactions were
carried Ouhodidi A sitdir fr6dekdef) El mer Cetus, GeneAnp RNA PCR Kit. One g of
total RNA was Teverse transcribed using random hexaners and M M.V reverse
transcri ptgse kR | @) o.0. HBGT tdoR! IRey BeRq reaction
was carri e(gfouf%(E é&@?%%@g%%%@?@é?ﬁfﬁ{ﬁ?h%?&? a’tdogeqzc§ Iimr?eﬁlcf nucl edot | de
fragnmend s ks Yol b 104 Wan=Yg re

S qht? hoéfe%ﬁ‘é@%SI nzﬁe?&%,n%ﬂ%%ﬁt&blﬂﬁng:g OE@%&& celﬁﬁ% oPhulnR1fvete

commerci ally synt d puri y Cruachem (Fi sher Scientific).

The FOR ¢ SRR A YA UGS TGk ARl 110
agar ose OSB! ot hbline: dhdcDesth Bl ML NON 1R, PEOSIA! Xepaogat o] sanpl es

i ncl uded anal ysis of tota I sol at'ed human hepat ocyt es
transor pr e s, Gfbe nuhd 13 IKREGARS, Shlon obitfn BEV YRR IR Ot Fon vas
2006/ 041430 e BBl PR LAt SHREAT S Bllbe, %) 11T
assay (i ri b kPR Qe e G A L B A SRR Y i -
I ANE - BN i NGy m e R o M Wby b5 1 Rnides MR thds@hnPalbrapNoft + * + +

+ 2.79

this section above can be used to evaluate possible inactivation of tumor suppressor genes by
fusion with malignant cells before and after HBV transfection. The screening kits are easily
assembled as other screening kits containing cell lines with other conventional components
15 and labeling instructions for performing the test.
(10) The immortalized cells may be used to identify new drugs to treat hepatitis C virus
(HCYV) 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
20 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

25  inherited metabolic disorders, especially those diseases associated with hepatic degradation
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EalC-35 + + + + + 0.3 5 Exanple 3 Reverse-Transcription Pol ynmerase Chain
Reaction Anal ysis for Expression of nRNA Transcripts RT-PCR anal ysis was
performed on two inmortalized human hepatocyte cell lines designated

EalC- 35 and Fa2N-4. Cells were plated on type |I collagen coated di shes and
10 mai nt ai NEQ2006/04¥#88 nedi um Cultured cells were treat e§CHMUSHMPEMpin (10
M for 3 days or an equal volunme of DMSO (control). The follow ng priners
wer e Ubsgreftan distasestdfo RER adeldtips osabngintalityi of a partisilarigend)yBiggene ei n H r ecept or,
I NF-l1a, HNF-3, HNF-4 a, HNF4y, c/EBP, UGT 1A, UGT 2B4, SXR, RXR a, RXR(3,
CAR, Cvéld fRn beymBLeSted DUPREOsHSCYR el OhRpRganded foyRaEInsplpttochr one ¢, and
NADPH. RT-PCR anal ysis was perforned on two inmmortalized human hepat ocyte
cel | [(l2)es Studiesvf PeBparasitesc Thedmsodialized hepatieestl liney copldpres sifizaciofs hepat ocyt e
specific transcription factors (e.g. FINE-la, HNF-3, HNF-4 a, HNF4y,

C/ EBP)fpr tidyig thedide cclenf gamaiies that igvadehdpaterytesaindludiag,ibat mog liitedtoot ei n

receptor), transcription factors controlling drug netabolizing genes (e.g.
20 S) RmepiX§is, maldiRfeatodssRyndaowhdphmse | and phase |1 DVEs (e.g. CYP 1 A2,
CYP2A6, CYP2C9, CYP3A4, CYP2D6, CYP2E1l, and UGT 1Al, UGT 2114,

r espedid)veSiyies 3HIVOLIRARS Thé 1B8rt#Zed hep@xirOé!l HBB300dld bé\nsl ysstedywas per f or med
with and wi thout exposure to rifanpin, a known pharnacol ogi cal inducer of
CYP3Addiseases efthe Liver, ifTadB(ERbiua nail linsited to, nfectibedivehditeasb (suth @nscri pt s exani ned
were expressed by both cell lines but to various levels, as seen in Figures
1 t hr cuohisto@midsis{ gatfoivifevier) dehitideouval aysts, aaskbiasig, hmd vifal kepptitaysingn of CYP3A4
transcripts. The | egend for the gel |oading order for Figures 1 through 8 is
out | i niedicedhepatid disease (suohl asthindtomrandeilizess (Bhdnethanied) amtivieticsl oadi ng order for
Figures 1 through 4 PCR Product Cel #1 Cel #2 CGel #3 Cel #4 #1 100bp marker
5 1 51(isbniazid), arlilahesthetics (halothane)); fatty liver (such as that from excessive caloric

intake usually in the form of ethanol, hepatotoxins (CCl; and POy), and systemic metabolic
disorders such as uncontrolled diabetes mellitus and toxemia of pregnancy); cirrhosis (such as
that from dietary factors (usually alcohol), following massive necrosis from viral hepatitis,
associated with pigment deposition, associated with disease of the bile ducts, and other

miscellaneous cirrhoses); tumors; and hemochromatosis (a rare disorder of iron metabolism).

33



#2 EalC-35 pl7, DVSO Ctrl UGI 1A1 SXR HNF-1a Al bumn #3 Eal G35 pl7, R fam
in UGT 1A1 SXR HNF-la Albumin #4 Fa2N-4 34 DVSO Ctrl UGT 1A1 SXR HNF- la
Albumn #5 p34, Rifamin UGT 1At SXR HNF-la Albumn #6 Enpty NA NA NA
N A #7 EalC-35 pl DVSO Ctrl UGT 2B4 RXRa HNF-3 ASGPR || #8 Eal C-35 pl7,
Rifamin UGYO20844R8&a HNF- 3 ASGPR |1 #9 Fa2N-4 p34, DWEHWR004/08581 264 RXRa
HNF-3 ASGPR 11 #10 Fa2N-4 p34, Rifanmpln UGT 264 RXRa HNF-3 ASGPR || #11
Empty NA NA NANA #12 EalC 35 gkANMEESCtr1 CAR RXR HNF- 4a GAPDH #13
EalC- 35 pl7, Ri fam I n CAR RXR HNF-4a GAPDH #14 Fa2N-4 DMSO Ctrl CAR RXR

HNF- 4a GAPDH g;éé%%wﬁ&&&% AR o ibseofising ¥debiic efhbbuitmemd yf N A N A
NANA #17 EalC-35 pl O Ctrl c/EBP GAPDH HNF-4y N'A #18 EalC- 35 17

Rifamin clisBRSbtkbhtidhRithiut Miéhding 191a dRbséopd 6f fb/Bdton lin &lyFRE, GAPDH HNF-
N A #20 p34, Rifanpln c/EBP GAPDH HNF-4y kit Crl Exanple 4710 SV40

Medi ated Proliferative Activity Pri ggaMplednan hepat ocytes have |imted
proliferative activity when cultured. Tn order to overcone this

characteri @h&ﬁcm%dfmgﬂlzgd]ﬂuﬁmgpa&q%t i gens were introduced into the
genone. The resulting clona I nes, Fa2N-4 and EalC- 35 have

subsequent |y beggr 16®MaAin gﬁ‘a@ocyte cIBHilQ:&lfﬁleE Qere $RtalRhebhy TR Ring Bhdh

i mMmmortalized lines grow and fuhction when 15 maintained in E medi um and

can be cry@pfe@bieih AP dvb@ﬁkg%@t anll eﬂm Eintigen PeReR %&ea O6fFStithe SV A APy USI NG
pol yval ent antibodi es against” large T antigen and al bumn 37 WO 2006/ 041488
PCT/ USZOO4{)Q)§§)@:9.1TWO cell lines designated EalC-35 and Fa2N-4 are described.
Both cell lines were created by lipofection-mediated transfection of primary cryopreserved
10  human hepatocytes with vectors containing the SV40 largeT and small t antigens. The Ea1C-35 cell
line was derived from transfection of cryopreserved human hepatocytes with an immortalization
vector containing Blue Tag, a recombinant plasmid containing the early region of wild-type SV40.
The Blue Tag vector was constructed as follows: PBR/SV (ATCC) was digested with restriction
enzymes Kpnl and BamHI to release a 2338 bp fragment (the 239-2468 bp fragment was discarded,
15  with the remainder retained; numbering according to Fiers, W et al Science, 273:113-120) containing
the SV40 early promoter and the coding regions from small t and large T antigens. This
Kpnl/BamHI fragment was inserted into the Bluescript SK vector (Stratagene) to produce Blue Tag;
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,.
20 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

25 single immortalization vector. The early region of the SV40 genome, contained in the
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denonstrated that the cell lines continue to express the nuclear |ocalized

I mmortalizing gene (Figure 9a) as well as express a hepatocyte specific
gene characteristic of differentiated function (Figure 9b). The norphol ogy
of the Eal CG3 5 cell line is shown below (Figure 9¢c). 5 Table 3 Legend for
gel | oadi n WPaW6/041d88 Fi 5 t hrough 8 PCR Product Gel #5 ®ET/USR0048I30%7 Cel #8
#1 1006 marker-5 #-5-5-5 #2 EalC-35 pl7, DVMBO Ctrl CYP 3A4 CYP 2D6 GAPD RT +

60C Kit Em ubTeg vediot, W& infertd@inkola'backBoh BN dipbn fhe %ﬁ‘ﬂvo@ﬁ?gé@@orﬁ%PDH RT +, 60C
Kit Ctr160C #4Faznid 34 DVBO Ciri GYP 3A4 CYP 2D6 GAP +60Cit Crl 9C

#5 Fa2N-4 gﬁéhud%é WiB afhe§Ta g T Y tand c&ﬁ\ﬁ’ i6d is un8@¢hdhiludntd JROC #6 Enpty

N A I\VAN/ N A #7 Eat C-35 17 DMSO C9 CYP 2E1 GAPD RT + 61C WA
#8 Ea | %Eﬁhm réniSter? ERe ve¥ior a@m@aemﬁ x@clﬁé&tﬂcé\ geritas £a2N-4 p34,
DI\/SOGlrI P 2C9 CYP El GAPD RT + a2N-4 34, "Rifamin CYP 2C9

GYP 2El GARR¥sérdctableGddricdV élon#é&er@gei&tédws@dwﬁelm‘m oft i hfgad C 35 pl7, DMBO
Crl CYP I A2°Cybo ¢ GAPD RT+,59 NNA #13 Eal G35 pl7, Rfamin CYP 1A2 Cyto

c CAPDHST* o506 fneid i aiech cifine PASEMFdd S Rahefi@g BYkgfme GAPDH RT -+ 50C
N A #15 Fa2N-4 p34, Rfamin GYP Cyto ¢ GAPDH, RT+ 59CN/ A #16 Enpty N A
NIA NV A WA #17 Eat C 35 pl7v, DIVBO %%F—}%? 2A6 NADPH GAPDH RT - 60C WA #18
EalC 35 pl7, Ri fam I n CYP2A6 NADPH L RI- 60CN A #19 Fa2N-4 p34, DVMSO
Grl CYP 246D Q Fa2N-4 p34, RifamlIn CYP 2A6 NADPH
GAPD RT - 60T \F4 cells for al bunin expression was

per formed. Cel 'ﬁnegﬁ%u nonlofmg @&ﬁtgr@gg epgsgga'c@ng a Bidfbafidhd Hf Gidrcdforiddl UM 1 e

medi um for 72hr m n was I su I rmunof F'uorescence with

a T} uorescehas At4Aa L iuIes B it/ ibbRd Yy RSO dddd @ e 90 bel ow

virtually S express
10  human HNF1, HNF3, HNF4a, HNF4y and C/EBP and albumin. Briefly, total RNA was

prepared from 106 cells of each clonal cell line using the micro-isolation method of Brenner
et al. (Message amplification phenotyping (MAPPing). a technique to simultaneously
measure multiple mRNAs from small numbers of cells, Biotechniques 7(10): 1096-1103,
1989). 50 pg of E. coli IRNA (Sigma) was used as a carrier to facilitate the isolation of RNA
15 from a small number of cells. RT-PCR reactions were carried out using the Perkin Elmer

Cetus, GeneAmp RNA PCR Kit. One pg of total RNA was reverse transcribed using random
hexamers and M-MLYV reverse transcriptase according to 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

. 20 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

25 1. Albumin production was measured as an indicator of hepatocyte specific gene expression.
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. Clopsst anpi [HNEah ssayH¥Fby { FOFRT- pOR/ERR nigAbemimbei fi ¢
et ect CYP3A4 cDNA|3oRi f anpfa- i ndlided CYR3A4 enz)/B&e8 c pctivity
asured Py the production of the 60-ChH-testos W& et abol i te
FB2NHhcubgtted wi t htt est ofter one| *As shdwn bel opd-Th Taple 4, the
EQ@_;;:T more Ssengitive (@ CyP fgducer g rhan thg; EatC 35 cel |
r to denonstrateithat the cell |lines dontinuel to _express Phase

conj ugating 15 enzynes,

cells were exposed to acetam nophen for 24 hours
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conj ugat es.
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acet am nophen sul fate
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t he

pr oduct i onTrafiscaptet ami nophen 20 gl ucuroni de and acet ami nophen sulfate was

measur ed for

Fa2N- cells after

11, 14, 27, 32,
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For

passage 41, amRPGR ehabysisares perfrmedbsivorimmenialized snanrhepatatiytsaelblinesof ni t r ogen
netabolism The results are shown in Table 5. These results indicate that

bot h

10

an equal volume of DMSO (control).

The following primers were used for the RT-PCR analysis: Albumin,

designated EalC-35 and Fa2N-4. Cells were plated on type I collagen coated dishes and

maintained in MFE medium. Cultured cells were treated with rifampin (10 pM) for 3 days or

Asialoglycoprotein II receptor, HNF-1c,, HNF-3, HNF-4 o, HNF4y, ¢/EBP, UGT 1A1, UGT

2B4, SXR, RXR a, RXRB, CAR, CYP1A2, CYP2A6, CYP2C9, CYP3A4, CYP2D6,

15

CYP2E1, 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-1a, 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 [ and phase Il DMEs (e.g. CYP1A2, CYP2AS6,

CYP2C9, CYP3A4, CYP2D6, CYP2E], and UGT 1A1, UGT 2B4, respectively).
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DME conj ugative pathways are intact and that the Fa2N4 cells can renove
ammoni a. 39 WD 2006/ 041488 PCT/ US2004/ 033091 Table 4 Characteristics of the
Fa2N-4 and EalC-35 cell lines. Cell line R fanpin Control Rifanpin

Acet am nophen Acet am nophen treated (ug 6j 3-OH (ug 60-OH gl ucuroni de

sul fate CYWWGAM6{0EHEHSt er one/ ng t est ost erone! (ug/ ngpr otRETAJS2004{483N f ol d
protein)**-nmg protetn) -¢14+9Fmy-protein) induction)* ** Fa2N-4 15.4 5.44
15.28 20.9 16. Janaflis Fadperaned vitrend ¥itBowd BxpbRurd fo rifampif 2 notmCel | s wer e

exposed to vehicle or rifampin for 72 hours. Data is expressed relative to

vehi cl e t r siabfdolbpidilifluSer oPCYP3ALedpEessi®r. € exposed to vehicle or rifanpin for
72 hours and then i ncubated with testosterone for 24 hours. Production of

the 60- OH t est GELPCRARIYIRIARAEA thet AlERnHAE bianihedtver HEJe@b?Bé\h)ééli s and data
Is expressed per ng total cell protein. 10 Table 5 Effect of.Passage Number

for Fa2N- 41ifeg bhito PioYEicadQhi &8 ﬁfFi%e@tlatmo 190fanfpf ihduchasmaeRed @t am nophen
Acet am nophen Ammoni a 3 ucuroni de Sul fate earance mProtein) mtein (ng

NH3/ g Proégkéaéi&ﬂ&}fdwsﬁa%éﬁﬂé. 7-1%%:1& f&m@%elglgadﬁr%:c?degf%h sffa2N-4 14 16.43

t 1.26 29.87f 1.83 ND Fa2N-4 27 f 2.3 Fa2N-4 32 10.42
f 1.45 25. @doufh 0 iHthEY in" BBl FadiB tefowp8 f 2.76 25.25 t 1.99 ND Fa2N-4 41
21.4 f 4.5 36.6 f 1.2 246 f 5.87
Table 2 Legend for gel loading order for Figures 1 through 4
PCR Product Gel #1 Gel#2 | Gel#3 Gel #4
#1 100bp marker 5ul 5ul 5ul 5l

#2 Ea1C-35 p17, DMSQ Ctrl UGT 1A1 SXR | HNF-la | Albumin
#3 Ea1C-35 p17, Rifampin UGT 1A1 SXR HNF-la |  Albumin
#4 Fa2N-4 p34, DMSO Ctrl UGT 1A1 SXR | HNF-la | Albumin
#5 Fa2N-4 p34, Rifampin UGT 1A1 SXR HNF-1c. | Albumin
#6 Empty N/A N/A N/A N/A
#7 Ea1C-35 p17, DMSQ Citrl UGT 2B4 | RXRa HNF-3 [ ASGPR I
#8 Ea1C-35 p17, Rifampin UGT 284 | RXRo HNF-3 | ASGPRII
#9 Fa2N-4 p34, DMSO Cirl UGT 2B4 | RXRa HNF-3 | ASGPRII

#10 Fa2N-4 p34, Rifampin UGT2B4 | RXRa HNF-3 | ASGPRII
#11 Empty N/A N/A N/A N/A
#12 Ea1C-35 p17, DMSO Ctrl CAR RXRB | HNF-4a | GAPDH
#3 Ea1C-35 p17, Rifampin CAR RXRB | HNF-40. | GAPDH
#14 Fa2N-4 p34, DMSQ Cirl CAR RXRB | HNF-4a | GAPDH
#15 Fa2N-4 p34, Rifampin CAR RXRB | HNF-4a | GAPDH
#16 Emptly N/A N/A N/A N/A
#17 Eai1C-35 p17, DMSO Ctrl c¢/EBP GAPDH | HNF-4y N/A
#18 Ea1C-35 p17, Rifampin c¢/EBP GAPDH | HNF4y | . N/A
#19 Fa2N-4 p34, DMSOQO Cirl ¢/EBP GAPDH | HNF-4y N/A
#20 Fa2N-4 p34, Rifampin c/EBP GAPDH | HNP-4y kit Ctrl
Example 4

10  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
15 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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ND = Not determ ned 15 Exanple 6 Use of Immortalized Hepatocytes to ldentify
and Rank CYP I nducers Two lines of evidence indicate that imortalized human
hepat ocytes can be enployed to identify and rank CYP3A4 inducers based on
“induction potency”. 20 First, exposing Fa2zN-4 cells to rifanpin (10 )IM
resul ts i n V06841488 producti on of the 6-0 testoster on@CRASA9HINY t han
treating eels with weaker CYP3A4 i nducers such as dexanethasone (50 pM or

phenobar bi deplondtehtelt)hat 88 NS coHiih@Vio bxprésh Bhd nficlde? localBe® ﬂﬁ!rh&tanm%yéhebl ot

anal ysis denonstrated in Figure 11 that exposure of each of the cell lines

to rifanpiigate dahanedieesRijrads aheatodfe drcifio gérk chilth@REEOf EXReRRRION of CYP3A4
40 WO 2006/ 041488 PCT/USZ004/033091 protein in conmparison to .

vehi cl e-t r gadiRd (GRS 98). The :hw@r%@,ofeﬁ BREGLE £cdlIQin isf sAGWh Bel6 @ Biflr&9k)i N a
greater increase expression of P3A4 protein. The upper band in'the

I mmunobl ot is nonspecific, and thus BNF, a CYPlA inducer, does not induce

CYP3A4 $r ot BidB exprg@h@ﬁfjaq&gﬁgbﬂg%mgmegmgﬁ gsults clearly indicate

that the i nmmoftTali_zed human h§pat ocyt e cert_rines [provide] an i nval uabl e
nodel to detebt cERBEredyet vo HrQR ¥R GUBS 4 VORI ov, Gol¥8 o Exanple 7
Mor phol ogi|c#l 1808 i LAl arli St g briAitky Qllt3dbs Lultured Fa2N- 4
cells are |utd (Fatd-36 W7 AMSO Cirl beavh3 P QEARBHRTCFICKit Gt 6 ©hal | y, to 10
pri nﬁrly cql#aluseﬁc-sﬁp1f7,rmrsrhpmg Ph@ph PP ﬁsunﬁm,wdﬁt@mm t hi Is)cl oze
mor phol ogi[cal | A\EFAPbIRES BrD IR SD TILiBR: NERMHIEW BRclk; panel ) an
Fa2N- 4 celft _f wr pﬁ\ el,‘.r ﬂ\lu rous. _CYPS,. ] T 0..C 21 CYP2B6,
CYP209, artdchpenap3d Riampiny, o yuT 404 .CYF’?B%&%QP@ ST e bdur e for
assessi ng o, E’\i AetE oA P2 N4 e e g s—Fermf \y stHri lar to that
for primar JL#7P Fa1G85n17 BAMSQ Gin QYB 6Pt geYR2EY GARDW&)QE"%’L‘A_@_ s were

pr opagat ed_#n [Ea1G:8H g1 Rifamsini b s {avaeeem |[CYP 25F HCAMBRIGD.6 16 i um [The cells were

det ached Hysd [FuRei piazEMS@ON | Sovb aée oot CoArDHMgakirGWA and fe- attached to
col I agen inyb RENESIA REmbR" MlcvbSed (cvie1 |dAspH Rt 61°EWA96- we) | pl ates).

After a tviaq [Empty N/A NA N/A NIA
#12 [Ea1C-35 p17,DMSO Ctrl _ |CYP1A2 |Cytoc  |GAPDH,RT(),56°C|V/A
#13 |[Ea1C-35 p17, Rifampin ___ |cCYP1A2 _|Cytoc __ |IGAPDH,RT(+),59°C[V/A
#14 [Fa2N-4 p34, DMSO Cirl  |cCYP1A2 ICytoc  |GAPDH,RT(),59°CINV/A

#15 [Fa2N-4 p34, Rifampin CYP1A2 |cywc  |GAPDH,RT(+),59°CVA
#16 [Empty N/A N/A N/A N/A

#17 |Ea1C-35 p17, DMSO Cirl _|cYP2A6  [NADPH _|GAPDH,RT(-),60°C [N/A
#18 [Ea1C-35 p17, Rifampin  lcYP2A6  INADPH  [GAPDH,RT(-),60°C [NV/A
#19 [Fa2N-4 p34, DMSO Ctrl _ |cYP 246 [NADPH _|GAPDH,RT(),60°C [N/A
#20 |[Fa2N-4 p34, Rifampin CYP2A6 |NADPH |GAPDH,RT(-),60°C [N/A

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

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

Drug Metabolism Data

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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day adaptation period, the cells were treated once daily for three
consecutive days with test article or the appropriate negative and positive
controls. Enzyne induction was assessed 24 20 hours after the | ast
treatment. CYP activity nmeasured in mcrosones prepared fromthe cultured
hepat ocyt esWORIW6P#MEH activity) was conpared with that RETAIH2e04/033991

m crosones: =prepared directly formhuman livers (ex vivo activity). Enzyne

i nduction 1t PSS Péhzied iR ENPIAL Slhich idspoBIO R tHRAndtdbBlisnebt S W th
phenacetin (to nmeasure CYP1A2), bupropion (to nmeasure CYP2B6), dicl ofenac

(to measur &pr&ﬁa@Yf?@ber%sdaﬂﬁle ssloR o EPBINsa ¥ER0dulated By BAN case, the
final concentration of 41 2006/ 041488 PCT/ US2004/ 033091 ‘“substrate was

100 M Met pp@isidcfidfrig mitiil Srud Bake Sttty Rkl cdbr i95iEme Bebral dxpiéaich #f the cell

culture nmediumat various tines (up to 8 hours) by LG MS/M5. To facilitate a
conpar i sonmfcyrdithbRideE Hhe e HACTEAbdutiEost! BTru s YetEinRhed iR barfRyNdi ti ONS, the
results were expressed relative to control activity determned at the

8- hour §i meypdAddcpremsidia2\-4 cell's respond appropriately to enzynme inducers.
As in the case of human hepatocytes, CYP1A2 is highly inducible by those

agents that actdvwi3ie njdaflatdd cah 85 RBktHHed by MBRIEAS the haser@iemt S that activate
PXR and/ or CAR cause i nduction of CYP3A4 and, To a |esser extent, CYP2B6

and CYP2C9 RO | el By hiasulifgSALIRAE afivity &idh nfddbl stbstafey!| tured in
6-wel | pl a%eg@)ﬁslvm teét%nalglggﬁleorrep}r’az%sl‘l%ﬂ caused rrarvggd I n%ucti on sg]@ CYP1A2 10

activity, M%%&réng%aﬁ&%%c%wﬁpm!ésasmivenésptA%&éwﬁXﬁSA4 and, to a

| esser extent, CYP2B6 and 2C9 activity. Enzyne I ndlction in Fa2N-4 cells

I s reprOdugﬁa})&&ofogﬂmmﬁmemmﬁmﬁmmne@ii&ayed gmewp@ﬁu&i ferent sized

mul ti-well plates.” Figure 14 depicts the results of” a conparison of the

reprodygi bi kggﬁﬁ&%&%&gﬁgmﬁ‘@% a&gﬂ ﬁ@é@ﬁ%;%@@g%@g“vity by

rifanmpin, 1 0ss three erent plat or mat s. y of CYPlA2
and CYP3A4 | i i S Al sed, and
hose T oourHai P ufhured S A3t ddu e S0 BAAAGRSMARRIR R BIRERC T 701
i nduction acr,o sages 32;:47 is,excel t, 9 t,h YR _enzymes, and is
superior t &° %ﬁear“g%r%e(%’g%foﬂf'l ﬁf/o‘(’)‘?biglﬂ gt a;% er?’h?%f‘@i‘f’lcj?u g%eelrs'nm\?\fe%/h i ndi vi dual
prepar at i ogg il SRS A8 HeFic itk on of CYP2B6 in Fa2N-4 cell's by

In order to demonstrate that the cell lines continue to express Phase II conjugating

15 enzymes, cells were exposed to acetaminophen for 24 hours and conditioned culture medium
was collected and analyzed for the production of acetaminophen glucuronide 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

20  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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20 rifanpin is the sane in 6-, 12-, and 24-well plates, as shown in Figure
16. ldentical results were obtained for CYP2C9 (results not shown). These
results indicate that differentiated properties of immortalized hepatocytes
are highly stable. In terns of reproducibility, the imortalized hepatocyte
cel | |ines WV 2006P448%r esent invention are superior to prPEEUVS2EHIPMes of
human hepat ocytes, where the magni tude of CYP induction can vary

subst ant i afablé 4 r OM ChdBcRARicH bEREF@N-PihdiFa1 €136 célEkdes. 42 WO 2006/ 041488

PCT/ US200/4ZeWid09T Restidpri 1€ | | NOGhatdl ON |1 Mifipin/ 19 Ayetetihophel € AcdninbphélaN hepat ocyt es
Is affectied by the ealei cul twge-GDr Matug 6pIGHIS ,glu@;bnigg'ne (el lsulsfeze decr eases,
there is j{a decli pe G¥@3Ade | nesgrisrénelole |Odstosteema y e | nduct | a/migprogin) frary cul t ur es
of human hepat oc\ t@@éf‘;tdgureprswn)%ovsm&m"éf {e@ergeink el | culture format on

t he i nduction of 1 C¥ |5 onepradolerandlthe jpduction—of CYP3A4 by
rifanpin. Ya2Nr ¢ il t P £ on nat Séﬁpears {¥%haye a26'gl I ght i Hﬂ uence on CYP 1A2
I nduct i onr_(ﬂbﬁt_ha.l_t_he_nagm_t_ude of inducti oy \Aﬁs_Sg.n:.ea.l_er__i_n_a_ﬁ wel | than
in a 12-,|BMC:35) 9624el | [for . HweWe?, iln alld cases, %praéol e induced
CYP1A2 ac 219)1“\]/ by at least 9 fold dver contirol Figute 17 al sol shows, that
in the case of CYP3A4, induction by rifanmpin_is simlar in the 6-, 12-,

24-, and 9HCelsmereregpased to veirele af Biampin for 72haurs cP4ta jsiexrgssed relaize 9 esent

i nvent i on Yshisleitegatedgantrolse| i abl e enzyme i nduction across many cell culture
formats’than do primary cul tures_of human hepatocytes. The tine course of
CYP1A2 and**Critapere prnaerdite wahidlgrorrifzmpin for &7 hapreand thepigonbgted with t hose obser ved

i n pri mar ytegestareneder 24thowrs.nBredwetipmoiGbe 6fOH-tstagterane rRtabplisosyas quentititad cour se -
of CYP 1A2byHRL@yelysis andditads expresied pramgtotpl eddiprefeing 5 Enzyne i nduction in
Fa2N-4 cells occurs over an appropriate range of inducer concentrations.
The cohtenTablets on- rEfgsbefRassege Nember fur Fa>4 Aells andesabodismiof Acstaminephet ¢ and
for CYP3A4 induction by rifanmpin in Fa2N-4 cells are shown in Figure 19.

Simlar s ot i tro ' ooyt Fa2iN4—cetts— espond
appropri a[—gﬁé t()P%%geg‘%%%%s t 1J§Lﬁé§g§ﬁc§aﬁ%ﬂ’dc "ggo{gduce 20 CYP enzynes
i n human hepat o¢yt es. ormgﬁggt le, [aS, 1N tge cash g}ﬁ gﬁg)ocyt es,
conpounds g e 1?.'124:&).‘74'5%)""“%%&1%%*. F1) uman

D

hepat ocyt Bgo7 117 1643 1.26 2087+ 1.83 ND
Fa2N4 |27 793 £ 2.37 274822 ND
Fa2N-4 |32 1042 % 145 25.37%0.84 ND
Fa2N-4 | 40 12.68=2.76 2525%1.99 ND
Fa2N4 | 41 214 % 45 36.6% 12 246 £5.87

ND = Not determined

15 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”.

20 First, exposing Fa2N-4 cells to rifampin (10 pM) results in a greater production of the
6-P testosterone metabolite than treating cells with weaker CYP3 A4 inducers such as
dexamethasone (50 pM) 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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(Luo et al., CYP3A4 induction by drugs: Correlation between a pregnane X
receptor reporter gene assay and CYP3A4 expression in human hepat ocytes,
Drug Metab. Dispos. 30: 795-804, 2002) induce CYP3A4 activity in Faz2N-4
cells, whereas Ah receptor agonists do not, as 25 shown in Figure 20. Note
t hat cl ot r iW@2e166845488 bot h a CYP3A4 i nducer and i nhi bit oPCTAIS2004/333691 43 WO
2006/ 041488 -PCT/ US2004/ 033692 CYP3A4 induction is masked by its inhibitory
ef fect. Al 56inds cd ﬂi%t&@?ﬁcl@& @d%@ﬁholé“ﬁﬂ@év ¥ippsure fo Yiddigin ketulblai Y

i nduci bl e by ?hogéﬂagents at gktivate’t e gﬁ %%ce%tor ag ghomn in Figure
20) . Tabl oS UIRBE] 66 i THPING BORIR T S blodin B YR 1.CYP2B6,
CYP2C9, an 5 CYP3A§1$fers1$tl(E§°£ cePI S anﬂiep??é?nary cgﬁ tures of lshu.man

hepat ocyt %saeeiﬁtcmaﬂ%% IaC’@(ﬂg'i%aucef,g@esi B E%trc!:’@ﬁ’PQIM AL ARsidd) Fa2N

cells was greater than the average fo {1 on 1n human hepatocytes. In

t he case of CYﬁgﬁ%, : i A j in Fa2N-4
cells was conpara tg&ﬁi'%%ﬁéﬁépﬁ#l n ﬁc@g%ﬁﬂﬂg&eggﬁﬁﬁﬁg%%cyt es, but
| ess Lhan LiBtadiaiNalabB G4 P ikioc Ellithive A B, EY3LL S 10 _
consi der ably From nmean 1 nduction in human hepat ocytes %ecause the latter is
mar kedl y R@ﬁ&rﬁ_d by the occasional sanples with extrenely high val ues of
fold inductron. This is illustrated in Figure 21 for CYP3A4 induction,

whi ch ranges from zero (less than 1.5%%8!% sto 145 fold. Although the nean
fold induction of CYP3A4 in human hep s is 10 fold, the nedian

7 e S R, 2 T, 2 15T
Fﬂé;?? o Aver o SEAFH QI bR miasly ey ?%ﬁ%féﬁéﬁégsli%#gﬁ%§§3“&®é?i§‘g?8 fol d
13 8.4. 5 - g .5 4.1
11000 o SRR A i S T 1

resemblance between human hepatocytes (upper panel) and Fa2N-4 cells (lower panel).

Numerous CYPs, including CYP1A2, CYP2B6, CYP2C9, and CYP3A4, are inducible in
Fa2N-4 cells. The procedure for assessing enzyme induction in Fa2N-4 cells is remarkably
similar to that for primary cultures of human hepatocytes.

15 The Fa2N-4 cells were propagated on a collagen substratum in MFE Support
Medium. The cells were detached by trypsinization, isolated by centrifugation, and re-
attached to collagen in the desired format (e.g., 6-, 12-, 24-, or 96-well plates). After a two-
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

20  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

25 CYP2C9) or midazolam (to measure CYP3A4). In each case, the final concentration of
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CYP2C9 2.0 fold 3.5 fold 3.1 fold Rfamin (1.6-2.8) (1.5-10) CYP3A4 5.1
fold 10 fold 3.8 fold (Rifamin (4.0-6.9) (0-145) * Data from Maden et al .,
Ef fects of prototypical mcrosomal enzyne inducers on cytochrone P450
expression in cultured human hepatocytes, Drug Metab. Dispos. 31: 421- 431,
2003. BNF WO A6/PAI#8f | avone) was the inducer for human ﬁ@ﬁ@?ﬂ@?@@@? wher eas
oneprazole 20 was the inducer for Fa2N-4 cells. *** CYP2B6 activity based

on 7- et hoxybsfrate fwak 1 000 M RicBpbIae Bimktion wes S@ehiiet 8% hanyingalighéts 89 thoéell
S- mephenyt oi n N-denet hyl ation (13 fold). 44 WO 2006/ 041488 PCT/ US2004/ 033091

Exanpl e 8 e fleditiiat V4HERS fifdd (F9R sHRRRI OM/RISERb! T EREatd AcohPXiisohlby St udies

Fa2zN- and EalC-35 cells provide a human hepatocyte-derived system for
conduct i NGyifgld cknsae@viﬁé%h&eﬁaxa&%s&neandiﬁbny,Iﬂserxesmeweﬁprfas%ed I:eilaﬁ%tbat es the

use of Fa2N-4 cells in 5 toxicity testing. Treatnent of cells with toxic

concent I atdopns adtivily H@erkiitddMhe 8thos@itRRlnt. agent s (nanel y _
3-net hyl chol ant hr ene, net hotrexate, nenadi one, rotenone and troglitazone)

caused s | 0SS RfoN-HBLRTEPEnd dpbBptididly 1o ehBpidl ihduBéts.! As fnltfe da§d &3ifiad Nt O the
medi um of an intracellular enzyne, " nanely al pha-gl utathione S-transferase
((x-GsT), t&@temsiyﬁigﬂymdhﬂblg b ihbic gkt OMat WOvatthd Ah YcbplorNl Pha GST EI A
(Biotrin International, Dublin, Ireland). 'In contrast, littl'e or no a-GST

was el easgl oL BPlgeMhs ﬁgt%%Ja& BXEEAHARY CARIBudd Bl bl of CHPBAS Md] ild ONS Of

oneprazol e, acetam nop probenecid, felbamate or ritanpin. It should be

dth i ,
not ed 't hatie STl cYbAsFuAIIEy. AHGRWAS AEELIT RN AR ek e, | cause

clinically significant liver toxicity, but on and hence at

much hi ghe('_éulﬁ%er% it 9-%?1%@%} %@Q@gﬁ&n%%ﬁﬁ cHés@QPL&e& Bucibhgyceepicted in

Fi gure 22) I nsta op oXIcity 1s assoclated wth doses
exceed 1¢'9 a%ti {y(,jv%{ergasé tr\é&lnlenta\'a%thcktow rifampin induces CYP3A4 and, to a lesser extent,

CYP2B6 and CYP2C9 activity.

Enzyme induction in Fa2N-4 cells is reproducible from one experiment to the next,
and across different sized multi-well plates. Figure 14 depicts the results of a comparison of
the reproducibility of induction of CYP2B6 (bupropion hydroxylase) activity by rifampin,

15  across three different plate formats. Reproducibility of CYP1A2 and CYP3A4 induction
across multiple cell passages was also assessed, and those results are shown in Figure 15.
The reproducibility in magnitude of induction across passages 32-47 is excellent for 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

20 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

25  one preparation to the next.
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concurrent environnental conditions. Exposure of the imortalized

hepat ocytes to the known toxicants 3-nethyl chol ant hrene, nethotrexate,
nmenadi one, rotenone, and troglitazone produced significantly greater

rel ease of a-GST fromthe cells, 20 Additional studies were conducted to
conpare t havo dMpBH48 of the Fa2N-4 cells with those of PET{US20§0H0Han
hepat ocyt es,~f-ol -ow ng-treatment with 22 structurally diverse chem cals.

Toxicity was amg&&qﬂdﬁﬂoﬂrﬁmwlﬁ:&%fh&hﬂﬂ@?amﬁdsmfﬁhﬁd geiydeipgenase
m

(LDH) into the nediumand a di Ssruption of ochondrial respiration (based

on a decr eq#freifétmat. €585, W5 ihB wWefl 9146 HdcRides, thonSis b Q¥dlk tnthPmagditu@Sofof Fa2N-4 and
primary hepatocytes were simlar 25 for nost conpounds, as sunmarized in

Tabl e 7 belpyme 20uHEoRlinf a%n&ﬁgreggfﬂuhﬁnﬁ Bep&e of 45 WD 2006/ 041488
PCT/ US2004/ 033091 the1%§£ cell types mé?g observed. The Fa2N-4 cells were

nore sensitive Fidia 7RhbWPhY efFRERER 6ilfuftSornft PR IALAMh RECTHEAD BF
troglitazone, hyperforin and benzo[a] pyrene, but were |ess sensitive to

menadi ogle. onlRizBle ind'thé RFRGoL SPOYPIAL ﬁ@ﬁi.@mh.ct&wcme%&nﬁ@ww%am Fa2N- 4

cells and primary 5 human h ato es. | ul ar Response Non-toxi c Conpound

Toxi ¢ ConpgishdnfiueAdEon R Y IAMR iftudndrh ¥t €ORb@hY SThRiuctiAGNR BRARE indl6-

Met hotrexat e Phenytoin Rotenone Carbamazepi ne Ef avirenz rol eandonycin
Lansopr azol,g i RRM13Z 94-Eor FLPAERBk SHow b BBl CRlepRLAORARRa O gl i tazone

Sul fi npyrazone
CYP1A2 activity by at least 9 fold over control. Figure 17 also shows, that in the case of
CYP3A4, induction by rifampin is similar in the 6-, 12-, 24-, and 96-w¢11 format. Therefore,

10  the cell lines of the present invention provide more reliable enzyme induction across many
cell culture formats than do primary cultures of human hepatocytes.

The time course of CYP1A2 and CYP3A4 induction in Fa2N-4 cells are similar to
those observed in primary cultures of human hepatocytes. Figure 18 shows the time course
of CYP1A2 and CYP3 A4 induction in Fa2N-4 cells.

15 Enzyme induction in Fa2N-4 cells occurs over an appropriate 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

20 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
(Luwo et al.,, CYP3A44 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 CYP3 A4 activity in Fa2N-4 cells, whereas Ah receptor agonists do not, as

25 shownin Figure 20. Note that clotrimazole is both a CYP3A4 inducer and inhibitor, and thus
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Sinvastatin Fexofenadine Different Troglitazone Benzo[ a] pyrene Hyperforin
Menadi one ** * Fa2N-4 cells nore sensitive than human hepatocytes ** Fa2N-4
cells less sensitive than human hepat ocytes Thus, these imortalized

hepat ocytes will be suitable for specific in vitro toxicit screens.

Fur t her mor 80 2096/04148for t al i zed hepat ocytes offer the dis?Fﬁ%F”%ﬂ@%ﬂ?%ges of
10 reproduci bility and access. Exanple 9 Induction of Drug Metabolism
Enzymes ( DYVEBIA%iachclibl ik nfdsied biRits inkibaowg @ ffdct.( Mebilap inlthé ei@e of Hughafra2N- 4 Cel |
Treatment of the Fa2N-4 cells with drug was initiated 48 hours after

pl ati ng. Rigpatodyltes RINVP 126 B hilghlly GrlatiBle, by @dkd femethat 2 yudsihe Ah@ecdpto(ag Or 48
hours. Gene expression was nonitored in Fa2N-4 cells by the |Invader assay
(Thi rd VaveowetdFiglregh)es, Madi son, W), a robust, yet sinple,

hi gh-t hroughput system for quantification of mRNA transcripts. 46 WO
20061041488 PCTabiodGhiAmaadd)tht magnitiliéd\ef indu¥irief CYPYR2 (OYPANE] CXP2@9) dndVDRI
transcripts were quantified fromtotal RNA extracts from Fa2N-4 cells

t r eat eds Wi E¥PIAQIRFeIN-0Lellnad\Prilnie U610 of REmGRPAcS s Vinlthe cayesti cl e control s.
Enzynme activity assays were al so used to nmonitor the induction of CYP 1 A2,

5 CYP209, @Wl@YBﬁ%gniﬁﬂé o£MdN0iBn Al N4t KlIsSad Gredter thathe SvetBiedol@xposed to
drug for 72 hours. CYP3A4 activity was determ ned by neasuring the extent

of 6-bet a- inBydHibR KiHufah REHhRERES Th (e BBk bPOYPIEYICYRIC DI IIA 4D e MBS S
spectronmetry. CYP2C9 activity was determ ned by neasuring the extent of

4' - hydr oxy gl &litndestasaubtnFd 2N cdHY¥Rhdompafable Yd thy mé@isn f3d RAWGHBEH by neasuring
the extent of O deai kyl ati on of 7-ethoxyresonfin.

human hepatocytes, but less than the average fold induction. Median induction differs

Li ne

10  considerably from mean induction in human hepatocytes because the latter is markedly
affected by the occasional samples with extremely high values of fold induction. This is
illustrated in Figure 21 for CYP3 A4 induction, which ranges from zero (less than 1.5 fold) to
145 fold. Although the mean fold induction of CYP3A4 in human hepatocytes is 10 fold, the

median induction, which is a more meaningful comparator, is about 4 fold.

15 Table 6 Comparison of CYP enzyme induction in Fa2N-4 cells and human hepatocytes
Enzyme Fa2N-4 Human hepatocytes * Human hepatocytes *
(Inducer) Average induction Average induction Median induction

(range) (range)

CYP1A2 20 fold 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
20  was the inducer for Fa2N-4 cells.

dekk

fold) or S-mephenytoin N-demethylation (13 fold).
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10 Metabolites were quantified by conparing neasurenents to standard curves.
The Fa2N-4 cells responded in a simlar manner as primary human hepat ocytes.
Treatment with 10 pMrifanpin resulted in increases in CYP3A4 nRNA (17-fol d)
and activity (6-beta-hydroxytestosterone formation, 9-fold); and in CYP2C9
MRNA (4- f o[V 2006/841488ct i vity (4' - hydr oxydi cl of enac f or naPCEHNS2004PHPY) .

Treat nent w-th 50 pM bet a- napt hof | avone 15 resulted in increases in CYPlA2
MRNA (15-fold) and activity (7-ethog og ufin 0- deal kyl ation, 27-fold).
UGT1A nmRNA was i nduced by beta-naphthofTavone (2-fold), and MDR

(P-gl ycopr@&%ﬂkmlmn%%ﬁg' gelmneéihmb@étaaiésol d). Table 8 summarizes
the induction data in Fa cells for three S expressed as
fol d-increase ipmNIRit EATPH! @Mk Sﬁd%daﬁm@ﬂtdé%fdeﬂiﬁdﬁzdtdmfd hepat ocytes. 20
Table 8 Summary of reported inductive response’ in Fa2N-4 cells as conpared
to respong@dfiindéeiBased t&ﬁ@ﬁ@ssﬁf‘s ih 98ro€ $ighR 22 MRlsRited e OF FARMedIs &E! | S
Primary cells ol d-increasé Fol d-increase CYPLA2 B-Na hthoflavone 1.5 13
CYP2C9 i fafbitytesting 3- 5 Phenobarbital 2.6 1.8 CYP3A4 Rifanpin 17 10
Phenobarbital 9.3 3.3 47 WO 2006/ 041488 PCT/ US2004/ 033091 In addition to
exam ning the i ' ‘;m : ' ' he Fa2N-4
"Igéemﬁésn'é %f:"cteg vidr gmg%orgerﬁfaﬂ&s?uggtggg@glg? %ée@&al‘%&eﬂ el§

cells can al so ose-res at1onshrps.” For” exanpl e,

ECS0 - val o H@l@ﬁ“ol&%ﬁ%@Etﬁgaegﬁﬁ,‘?%n?@%r%hﬁt&g&%@ﬁ&lﬁ%z&&?%%&sﬁﬁf&%é q§°0dosed

with multip gV éoncen I'ons o f'n rangl ng pM

Fi 23 ' Q F el | | ' d CYP3A4

e anscr | g arelofeiy todloh o o Lfteee 6 e ncllin St HBLASILBELTIRET P00 i1y
Fi 23B). . Th | | at ed 0 0, .4 M =9 d Q.77 pM
(12254, papebyaip e R romman oy eDa b PRy ess TR PR Al Bdai ¢ on,

e cal ¢ul gl o ok Tt BV Ok SIS oS 1 o h e e

t ransc?‘

o-GST was released from Fa2N-4 cells treated with non-toxic concentrations of omeprazole,
acetaminophen, probenecid, felbamate or rifampin.

It should be noted that some of these agents, such as acetaminophen and felbamate,
cause clinically significant liver toxicity, but only at high doses (and hence at much higher

15  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.

20 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

25  for most compounds, as summarized in Table 7 below. Some differences in the response of
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9.7-fold for the enzyne activity endpoint. 10 Multi pl e passages of the
Fa2N-4 cells have been tested for CYP3A4 induction. Figure 24 shows
response of mnultiple passages of Fa2N-4 cells to a CYP3A4 inducer with a
weak response (50 pM dexanet hasone - striped bars) and a CYP3A4 inducer that
exhi bits awa200a0g488esponse (10 pMrifanpin - black bar BET/USHE/ERE par s
denote the values for cells treated with DVBSO vehicle alone. Treatnent with

dexanet hamoicsngsass@&e 6béB6dt T FhoNMA S6llsivikSmord séishtivb thafPiimdry 5- f ol d at

passages 21 and 3 respectively. Treatnment with 10 pM rifanpin increased
CYP3A4 tr 6dyitk o hepatoto@inslsudh 86 tidptifaging, iyberfonin 9AUBSza ]pifle, Bt werd €SpECt i vel y
(Figure 24A). CYP3A4 enzyne activity vvashglbncreased 2. 1-?15 d and 2.0-fold for
dexanet hageygemsifide B enh@bst. and 4. 9-fold for 10 pMrifanpin at passages 28
and 36, respectively (Figure 24B). 20 Figure 25 conpares various nultiwell
formats. RegRrdl essa @bmpdiRoéHheofify L2 cdnfpdbhdsdn FEIN-& célls Rhdpimary DSt ant i al
CYP3A4 4 nducti ve 1 eaRRRREpatdRytes.f ampin. Fol d changes in CYP3A4 transcript
were 17. 1-cHig) ofise! 10 Ngifitolfe Comtpoiee: Q- 0 1 O FoibEbm 283 vel |
pl ate, an — Ga g : y Wel T pifat e SR chEattdene S0 t hat the
immortalized hepatocytejcel |l IpghAeeaBitait NE Priesent Qi ! On,
specifically Fa2N-4 cells, can ﬁl@nﬁoiﬁel i abl @ surrogatglfhe Pri mary ihuman 48
WO 2006/ 041488 PCT/ US2004/ 033@%%&;@ ocyteas, and cagpffgyi de for

Qb

fazd

reliable assessnment of |nduct}gp.d s and transporters. Exanple 10

Expressi on of Plasma Proteins 4 and |Eal G35 Cell Lines 5 The¢

wel I -differentiated nature of pHpese eell lines is further supportediby their

continued secretion of adult hepgtacyte funqti on specific plasna prﬁbt ei ns

(Figure 26). Culture di um wggphgiyested firom Fa2zN-4 and Eal C-35)cells

seeded intfo either 60 pl at g5 oh | er Qottles and anal yzed by Western
e

bl ot anal ysis. Medi um was conc ei ﬁ;nﬁi 50X gy wultrafiltration and 40 g of
3 cept for| albumin (10 g total 10

total protein was |oaded per hg‘ i
R th eitlher nonocl onal or affinijty

D
.

proteintlane). Blots were i ncuRg
purified pol ycl onal Fexofenadine

Different Troglitazone *
Benzo[a]pyrene *
Hyperforin *
Menadione **

* Fa2N-4 cells more sensitive than human hepatocytes
** Fa2N-4 cells less sensitive than human hepatocytes

Thus, these immortalized hepatocytes will be suitable for specific in vitro toxicity
screens. Furthermore, the immortalized hepatocytes offer the distinct advantages of

10  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
15 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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anti bodi es against albumn, a-l-antitrypsin, Factor VIIlI and Factor |X and
vi sual i zed using secondary anti bodi es conjugated to horseradi sh peroxi dase
foll owed by incubation with DAB substrate. As shown below in Figure 26,
both cell lines continue to express al bumn, a-1- antitrég%jn, and Factor |X
at similar WQ08641#8r i when maintained in roller bottPEYUSEINY ¢ yres

mai nt ai ned i-n -pl ates. The expression of Factor VIII was variable and highly
dependent ©OYPIR@| CYP3AE GYRICO UG TIL aidMORY !u@ﬁls%riﬂntg'h@feelumﬁﬁie@ﬁbﬁrt&ﬂenei ty in
the processing of Factor |X, an observation also seen in the human

pl asma- derRNA extpe® fidin Fa2Rot del1dAdatedWithladhiit] af Wofrh asliCerPdndicOinpaed Wil | nhi bi t
the proteolytic activity of trypsin. As shown in Figure 26 bel ow,

i mmunobl ot veaidRIcyRioss. Cl early denonstrated the presence of 20 AAT in the
condi ti oned nedium fromboth cell Iines. Taken together, all the above

exanpl es strongly imgymeh&ivithadsaysiRerd diddREddab mofitbr oTRductiGiesrranbe cel |
lines of the current invention, including but not limted to the Fa2N-4 and
Eal C 3% cevP2del RTYPIAANFS} shziB¥ctibit Wiidies WRils wérk Expordaas drldsraret er i sti ¢ of
hepatocytes in vivo and are an invaluable in vitro systemto produce TPPs.
49 WO 20064dafk]l 6393 RELtag Qadadistaiidd by msanmigheldktdnt ofBdd-on of al bumin.
Fa2N-4 cells were grown to confluence in T-150 flasks in serumfree nedi um
and  al bungyaro

fteddsbteror TotAGion BE WsRbterbie Hyindst dpabirdhishy CYPDES ity ts of this
assay are found in 5 Table 9 below At passages 13 and 16, the Fa2N-4 cells

produced appdikimRdElymersiigihe RienBdfBUnjdroxyditloRABSRARatRR. CRP1ARZN-4 cel s
produced approximately 9 g/m of albumn and at passage 41 the Fa2N-4 cells

B d¥Rb@InYin& 1yGhdtkuriblg Mérbkidnt of BedeflkPlafon Jfl1Rthox £, | zed

produced ap@y;
hepat ocyte cel’l lines of the present invention, specifically Fa2N-4 cells,

Concent a1 e P e e o2 nesay  Oolls
y ELI SA assay Cells

Passage Al bum rrui BadMedl ks M spbiidinth similad mémhei &b frithary Bddin hepatocPs. 10. 11

Treatment with 10 uM rifampin resulted in increases in CYP3A4 mRNA (17-fold) and

activity (6-beta-hydroxytestosterone formation, 9-fold); and in CYP2C9 mRNA (4-fold) and

activity (4’-hydroxydiclofenac formation, 2-fold). Treatment with SO pM beta-napthoflavone

15 resulted in increases in CYP1A2 mRNA (15-fold) and activity (7-ethoxyresorufin O-

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.

20 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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Fa2N 33 9.50.5 Fa2N 41 6.170.29 Exanple 12 Expression of

i nter-al pha-inhibitor proteins (lalp2 Inter-a-inhibitor proteins (ladp),
natural serine protease inhibitors found in relatively 15 high
concentration in plasma have been shown to play roles in inflammtion, wound
heal i ng arY¥02WHe8A88 et astasis. lalp is a fanmily of pl alkA/YPRYHEIPY nade and
secreted by tepatocytes. —The major fornms of lalp are inter-a-inhibitor
(I'ad, containi kgadafRnkd %ﬁﬁ@@m@&ﬂw éifecCotha lsiRgle chidéhtRition 8f\dlug, W heavy
chains) and pre-a-inhibitor (Pal, containing one |light and one heavy

chain). Rexc@Rt4 s nTRBBE LAY 108104t bR IVspbria teldtRAMRI Fofexhiifle) Bt chai n of
human | alp 20 (MAb 69. 31) was devel oped by scientists at Prothera Biol ogics

(Provi dencguefierd 8abfthtedibhsed o fid faghoMdf BN cd1R dBsel ViR SMIdglye ELI SA, these
i nvestigators denonstrated that plasnma lalp |evels were significantly

decr eased .56 Usg%%g% 6%@1%?%&5106 ARG 56 M Fidheddd JMFE%%E"S%PI%@O WO

oy e i

el TR DU AP EREPER) SR RS, ol o
o6, 51 1 oveArEHETRAP AR R p Ay ool R 1o
of I al p se endhad M @%%bﬁﬂ%wwmmg i Fespetiiy y-u’é'i’aﬂé;‘n%ﬁa BLI SA

assay (see exanple 14 below), Thus, iype Fa2N-4 and EalC-35 cells are a
potential @pealeuateddpaximpm mdpciion Kimaxhvalyes vere 136pd foaths trapsegiptAndpojng ag
Production of transferrin by imuortalized hunman hepatocytes In order to
det er ni ne 1-7-fql¢hfor fhgiepzyms agHityRINQIBE cel|s from various passages made and
secreted transferrin, the cells were cultured in serumfree medi umw t hout
transfdPrin foMultiplepissagesofiibs Ka2lirfcglichave been tosted for i YRR 44 dnslustiont ed after 7

days and i nmunobl ot anal ysis was perforned using a comrercially avail able
anti body aff&#mRst showssespese phmultiplppassagpef Fa2Ned gells to a CYP3A4 inducer with a

weak response (50 pM dexamethasone — striped bars) and a CYP3A4 inducer that exhibits a

strong response (10 pM rifampin — black bars). The open bars denote the values for cells
treated with DMSQO vehicle alone. Treatment with dexamethasone increased CYP3A4

15  transcripts, 1.6-fold and 1.5-fold at passages 21 and 36, respectively. Treatment with 10 puM
rifampin increased CYP3A4 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 uM 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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15 used as the positive control. |Imunoblots using an anti body agai nst
transferrin revealed that the cells fromall passages continue to express
this plasma protein, as shown in Figure 27. Lanes -2-5 show Eal C- 35 cells
fromdifferent passages produce transferrin that is nearl identical to

pl asma- der WROSPHAS errin. Lanes 6-9 show Fa2N-4 cel | s PEIARW#HPBEHent
passages produce transferrin that is nearly identical to plasma-derived

t r ansf er r i Kepdtbéifes, dnb Sarraidedr 2R1iAREds@hdnZ &dndue s TDNESandi NCl udi ng but not
limted to the BalC- 35 and Fa2N-4 cell lines, are a potential source for
the produckdngporteds. transferrin. 51 WO 2006/ 041488 PCT/ US2004/ 033091 Exanpl e
14 Trypsin Inhibition Assay and Quantitati on of inter-alpha inhibitor

protein al ) present conditioned qgﬂ?&%ughe total trypsin inhibitory
activity of the conditioned media includes the activity 5 fromthe major

serine proggaGSon sHPIdink Prciein®ByY FAN dnd WARE-35 @BLinad p- The amount of trypsin
inhibition activity secreted into the condition medi um by Eal G 35 and

FaZN-4 gel | s wape woRAFHfcAfatbtPhafe b test QRS Rirther & umsbﬂeab gilgtrate L- BAPA
(N(al pha) - Benzoyl - L-argi ni ne-4- nitroanilide hydroc i de, Fluka Chemni cal s)

(see Tabl eohned Id3R:1i0R SEMult Be C}Jﬂ e ﬁﬁ&&l}ﬁeclfﬁ%ﬂdshﬁ Yro®lins{PighRQ6pP CRingas e

inhibitors to inhibit the hydrolysis of I nhi bition can be 10

moni t or edfyyidm 4RCHLRRRd fremtﬁawzz%@aﬂfc-fb%n@se@&a%be;afe%mnmﬁaesa& 410 nm
The speC|f|c activity was cal cul ated based on the biological activity per g

cel Iul ar oﬂgr%gﬂles ﬁﬁ]a&l%zg%d ‘Bg I eterdBidta ﬁafP%%dM\]:d@m-Qa%merateWS@k% n and Fa2N-4

cell's expresse protein. Trypsin inhibition activity

(%PSF)L?L By E@tﬁ e Gl e SR 1?%?1%[(@%@53 Acti Vit y
af ter ZJS) af tf%m.il [ﬂ-lotg/ wan 1*1‘[,u|b§ﬁ% mth elﬁqcl;l‘ lgon gloﬁlrﬂp a n@g %8?8)1?/'01 FI{El?N- 4 9.02

45. 10 annunt 0 a conpetltlve

ELI SA u_SI_Ih 2&% a&ﬁgs% é‘lgi@&, ?ﬁéﬁ sm, %ac?or \&H CP 19ac¥or ?JQGCA \fnguc hzaegalilsaplgs t human

I al p).

secondary antibodies conjugated to horseradish peroxidase followed by incubation with DAB
substrate. As shown below in Figure 26, both cell lines continue; to express albumin, a-1-
antitrypsin, and Factor IX at similar levels per ml when maintained in roller bottles as
15  cultures maintained in plates. The expression of Factor VIII was variable and highly
dependent on cell line and culture conditions. There was heterogeneity in the processing of
Factor IX, an observation also seen in the human plasma-derived protein.
Both AAT and Iop are plasma proteins that inhibit the proteolytic activity of trypsin.
As shown in Figure 26 below, immunoblot analysis clearly demonstrated the presence of
20  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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follows: 96 well Imunolon-4 plates (Dynex, USA) were coated with purified
lalp (300 ng) in 50 nM carbonate buffer pH 9.6 and i ncubated overni ght at
4C. A serial dilution of purified human plasnma derived lalp in PBS
containing 1%rat serumwas used to establish a 20 standard curve. For the
quantitati WO W0604488s of lalp levels in culture media, BOU/ESI00433¢Mddia or
serially diluted lalp were added to individual wells of a 96 well plate.
After the addition of 50 L of MAbERSmmé1i0 each well, plates were incubated
for 1 hr at 37C and subsequently washed using an autonated pl ate washer
(Labsyst erprodudiith dealidinMAb 69. 31 was detected 52 WO 2006/ 041488

PCT/ US2004/ 033091 by addi ng HRP-conj ugated goat anti-nouse |gG (human

absor bed) (Bi OB£N-4 6ells WerkRkdw 16 conflabuce WS 56 Diskd inleruifred Aediuef 4n@r Washi ng,
100 pL 1-Step ABTS (Pierce, Rockford, IL, USA) was added to the wells and

t he absor hffuasn prbdutféh Wil nASurEEH S ET IS O Bssdsl- ITRé rdalist of this Sed)aie oBhdiek) . Each
sanple was tested in triplicate. Unconditioned culture nedia was used 5 as

basel i [ Th I FIRC4 ofucdd 1A fcells
expr esggde%gfeg%ﬁom glp 55?%%13;&#3 llgz’atgﬁl- 4 ce‘l'ze?gpﬂg%r egéspg%x 4at§lgg’l¥g{)n1§l%l al p. These

;esstléé oo Pkt Ao TR Bob EEran R QRN D Boor bilig a8 72 5 ©
Exanple 15 10

vae sed daseel i RSP e el S P sl FRe R a1 o5 col 1

i nes. Using lnyitrogen's OM | PGRmmer . system the fir I separ ati on of
the prot o opalbed hepfiogns Efﬁt?gwe%?fﬁlge RIPSRR SRRy s&awg??ﬂlﬁeﬁﬁ °€EIEP-FIFénge of
3-10) foll owed by#e second di rension separation using 4-12% Tri s-Gyci ne
SDS- PAGE. Refeniigsepiraeforthe proyctign of i TPEABNER Gt s of proteins coul d be
identified as possible candidates for TPPs. (Fig.28A._Fa2N4; 28B, Eal C35).
After ithe Bablei%ensitnsentation of albumin in EA2Ny cellemeasiredby BLISAASHY of the EalC35
cel | lingGillEe [Rea598s pAlbuminimMediai(g/mbel | il ose and Western bl ot anal ysis
using ant|iFaP¥ek|ol3 | X ph7iH864 was performpd. Reactive protein with MWVof 70
KD and p|Fa@N5-{7160 wals3efst@dted (Fig.28C) ) Thus, the clained i mortalized
hepat ocyt|FagNl || 33i nes| 20+0f5 t he present imvention are a potential source of
TPPs, suc|Fa2N Hadt or ] &17+0.29

Example 12
Expression of inter-alpha-inhibitor proteins (Ialp).
Inter-o.-inhibitor proteins (Ialp), natural serine protease inhibitors found in relatively
15  high concentration in plasma have been shown to play roles in inflammation, wound healing
and cancer metastasis. IaIp is a family of plasma proteins made and secreted by hepatocytes.
The major forms of Ialp are inter-a-inhibitor (Ial, containing one light chain peptide called
bikunin and two heavy chains) and pre-a-inhibitor (Pal, containing one light and one heavy
chain). Recently, a monoclonal antibody that recognizes the light chain of human Iolp
20 (MAD 69.31) was developed by scientists at Prothera Biologics (Providence, Rhode Island).
Using MAb 69.31 in a competitive ELISA, these investigators demonstrated that plasma Iap

levels were significantly decreased in severe septic patients compared to healthy controls

50



Exanmpl e 16 Cell Line Expansion and Quantitation of Plasnma Protein Secretion
The econom cal production of TPPs using cultured inmmortalized human

hepat ocytes as producer cells can only be acconplished if the cells
continue to nake and secrete these 25 TPPs when expanded in mass culture,
In order t&VQO6NHHI8y eval uate this question, Fa2N 4 53PEDUSHIEPIIANASS

PCT/ US2004/ 033091 cells were grown to confluence in T25, T75 and T150

cul ture fl@sksyreBenddiasC Gsh BME SEpapdih Bl Hiidsn I, PaREB M. (BheMnssi Ng ELI SA
assays in conbination with capture anti bodi es t hat recogni zed al bum n, AAT

or Ialp. %neeqywtlawtggﬂ).g‘@wezs e I ld pﬁfzmﬁmw Plihk ?{&L&E@@eﬂ?ﬁr square cm

5, 15 and 30 mllion respectively. Conditioned nedi umwas col |l ected

for 35 dqya?ientgqgtlgrﬁfggf%\%&ﬁ&ﬁtﬂi&s@dwl&@&f’é{20632.r afiltration and assayed. As

shown in Figure the total expression of each plasma protein was

i mat el ' £ 0.call +/ - SD

T O Tl ont o AR o aRRyeid Bl BUTP Rhealed (it 5 sl HRSEA EANESETAT -
d QX .al | 1N, I T. Thi

produc ﬁﬂataa%p F{ﬂé&!cgﬁ&nﬁk}g %g@%@% iR aRtived @t L& sﬂovﬁg;’snuég;%%q{,% s

shows e | mmor epatocyte ce nes ¢ he present
invention are a potent.ial. sout.ce for the production of s. Example 17
rfect of PR pBRIA B e pue aeivh FRofe0aHEs Wik S THEA Fithbrs ol | zod
human hepat ocyt e i of gctories r e co rcial roduction of TPPs.
Ther ef or e?(S?ete’y‘?rgﬁai‘iBa?‘r%a| P%%%Wgﬁigﬂﬂ'ﬁgﬁiﬁ? aH?fP‘P%g”g{cﬁ frittecant 1y 15
decreased in_long-termculture. We recently initiated a study in order to
eval uat e tMipductioneefitheotPP IploN- 4 cel|s were grown in T25,175 and T150 cul ture
fl asks, as described above in the previous exanples, and al bum n production
was neasured as an indicator of ovﬁaﬂwérot ein secretion. Conditioned
medi um was col | ected on Day 3; cells were re-fed and resanpled on Day 6.

Al bum H s creductiemofiizaasferrin by itemiorts mpn Eenatgedesy. The results 20 indicate
that al bumi n secretion continues to increase over the 6 day coll ection
period irrespdrerdedo detenine ibthe Eal{y3 T and Fa2N-¢ selds fring varioug@psagefmadar t i cul ar
note, there is a dramatic increase in albumn when cells were cultured in
the T75 arahdPacsded transferin, ¢ erdle werstcalturedin|sereyfree medium without transferrin for

ER1Z0QMUTHRAT HEA

7 days. Conditioned culture medium was collected after 7 days and immunoblot analysis was
performed using a commercially available antibody against transferrin. Human plasma was

15  used as the positive control. Immunoblots using an antibody against transferrin revealed that
the cells from all passages continue to express this plasma protein, as shown in Figure 27.
Lanes -2-5 show EalC-35 cells from different passages produce transferrin that is nearly
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

20 immortalized hepatocytes, including but not limited to the EalC-35 and Fa2N-4 cell lines, are

a potential source for the production of transferrin.
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protein does not significantly increase with tinme in culture (data not
shown), it seens likely that these results are due to enhanced production
as a result of adaptation to culture 25 conditions and not the result of a
dramatic increase in cell nunber per flask. 54 WO 2006/041488

PCT/ US2004M0B30¢04148x anpl e 18 Ef fect of Tunor Necrosis PEEUSR0HOPANFL' on

Pl asma Protein Secretion Production of sone plasna proteins can be nodul at ed
by acute phase proteins, such as TE¥mmplel4vi vo. The effect of treatnment with
TNFa on the secretion of AAT was studied. 5 Fa2N4 cells were naintained in

serum f r eepRE AOhBHRA W s My Bn BN GOSTiRLIIIH ifthfir f8teinl(TalpPpre@hit i#0 N9/ M )
for 3 days. shown i n labl e elow, the secretfon o Was nost

notably i n&?ﬁﬁ«?&ﬁr&%ﬂiuhfe inclusion of 5 ng/mM TNFa in the serumfree culture
ues €

medi um e average of duplicate sanples. Thus, it may be

poSSIbLe 10,1 NARERRR ol A0 L Mol RTKOR, wlBGAL T

et 60 b b TR SRS SE VGl 10 DRGblR PEIHEL! OO
o T bl A RS o R AP SRy SRS 0 (1 9
oxpr oosi orPuER g AivmpeEe Ryt S EEA e AR 32 TRE S b o
cxbr ess1 on S SO ST ASLLCOLS Rt age L Bl promoter

the effect 3,8 of serine protease inhibitors to inhibit the hydrolysis of L-BAPA. Inhibition can be

10 monitored by a decrease in the rate of delta absorbance/minute at 410 nm. The specific
activity was calculated based on the biological activity per pg cellular protein, EalC-35 cells
expressed 115 TIU/mg of protein and Fa2N-4 cells expressed 45 TIU/mg of protein.

Table 10 Trypsin inhibition activity and Ialp in EalC-35 and Fa2N-4 cells

Cultured Protein Conc. after 50x | Trypsin Inhibition | IaIp conc.
media | ultrafiltration (UF) [mg/mL] | Activity after UF after UF

[TIU/mg] [sg/mL]
EalC-35 4.50 115.0 20.08
Fa2N-4 9.02 45.10 4.03
15 The amount of IaIp in thie media was measured by a competitive ELISA using MAb

69.31 (e.g. a polyclonal antibody specific against human Ialp). The ELISA was performed as
follows: 96 well Immunolon-4 plates (Dynex, USA) were coated with purified IaIp (300 ng)
in 50 mM carbonate buffer pH 9.6 and incubated ovemight at 4°C. A serial dilution of
purified human plasma derived IoIp in PBS containing 1% rat serum was used to establish a
20 standard curve. For the quantitative analysis of Ialp levels in culture media, 50 pL of media
or serially diluted Ialp were added to individual wells of a 96 well plate. After the addition
of 50 pL of MAb 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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dexanet hasone on the production and secretion of albumn by imortalized
human 20 hepatocytes, Fa2N-4 cells (passage 32) were cultured on type |
col l agen dishes with or wthout dexanethasone in the culture medium for
48hrs and al bum n expression was neasured by an ELI SA assay. Val ues
represent tWO200604H8% of duplicate sanples. As 55 WO 2RSG729046983091

PCT/ US2004/ 033091 summarized in Table 12 bel ow the secretion of al bum n was
signi ficanty k’ddi}%qﬂ@i&ﬁ ghtBd EdaantiSRE G @AmAIHdTEId) Asiostarce, [uiaiie) €,
treatment wth dexanet hasone nmay be an effective way to increase the
product i oncaf USEPer i fr dt 3% C: ki Widhing 100 LB iSEpABEP@icdceyReckERbL] | nes of this
present 5 invention. Table 12 Effect of dexanethasone on TPP expression

Concent r at iUSRA) ¥hs daeBERicRANS BRI the Mdotbihclht 408 nfhQvad mbaddreli MELPSA BlateEXxanpl e 20
Ability to Produce and Express Therapeutic Plasma Protei-ns (TPPs) 10 The

ability of rQudr (fi@'?&k?.‘ﬁa@l?éa!mp'lé WA thsBdGPfripRdate. Ynbérriened cultule HHBARGIRUs<aal | Y
reactive TPP was illustrated with the production of inmuno-reactive human

growt h Bor gPRRelnd &dxdkrol. 188 réstifes AR¥iniariddd ih Talé B0 Ha2CL35lcbBY xpREed 201, Fa2N-4

cells were plated at a density of 0.5-0.8xI06 <cells per well in six-well
Nunc pl at e ohdioPRIHheraRGa-MifexpRtleld Mgl of 13gp. day of transfection the cells
were washed one tine to renove Serum and a -based plasm d, 15 containing

th | et y i ] Ea2N- 4 |
€ conpl et e C%J rg{ultp@ﬂmo : pO%@?%%%%e& B@Q&E@E&Q&glake ﬁﬂ%ﬂ%ﬁ'ﬁm ad cells

using either a nvi trogen us “or ectene

transfecti gg%d'p%@egg{i%%%%tsfmt&%'ﬁkgdﬁcqjgggigﬁ%%&g&s&wlemgqgﬁor med as per the

manuf act ur pro rtrone Ila was W t hdfawn from each wel |
after 24 and/or 48 hours and was s gﬁptly used for an ELI SA-based
i munodet ecti on assay. The ELI SA as 20 colorinetric enzyne

 Trunosge bR ARkl e ot o 1"t of seereted b wiilzing

bi nd 2-D gel electrophoretic analysis was used to separate the secreted proteins of the
Fa2N4 and Eal1C35 cell lines. Using Invitrogen’s ZOOM IPGRunner system, the first [EF
separation of the proteins was carried out using fixed pH gradient strip (pH range of 3-10)
followed by the second dimension separation using 4-12% Tris-Gycine SDS-PAGE. In both

15  cell lines multiple spots of proteins could be identified as possible candidates 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

20  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

25 TPPs when expanded in mass culture. In order to initially evaluate this question, Fa2N-4
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to secreted hGH contained in the conditioned nedia. Subsequently, a

di goxi genin | abel ed hGH anti body binds to a second epitope of the hGH
pepti de contained in the conditioned nedia and retained on the microtiter
plate. An anti body to digoxigenin, which is conjugated 56 WO 2006/ 041488
PCT/ US2004M03¥064414880 per oxi dase i s then added and fol | BAEYSHY4/933e01

per oxi dase substrate ARTS. The peroxi dase- catal yzed cl eavage of the

substrat e gilewérs gRdwad QntencERCIASOTT SHnd FYSH culthhs Flasks Bnd'R1c6R8 bladna det ect ed
using a mcroliter plate reader. Qur results confirmthat using either

transf ect i éteikt werd Geantifited @5ihg BOISANRsGOREbinbRANAA with caftfieanfodRk thaer 24 or 48
hours post-transfection, the Fa2N-4 cells produce extraordinarily |arge

quant i t i eSeQfgnidddbinih, MAMNGAELE CAL SquaentWiinlber 6frcél[§30fre$&ﬁﬁﬂaﬂ¥ wﬁ%gp&f\cz or no

plasm d negative controls produced no detectable levels o

phot 09" aPqdee LS5, B b0 Seth, redRh A Con A rk B LBIka#RY T ouT e

32, respectively. e y Figures 3 32 1s shown below i n Table 13.
10 Tabl ' ' ] ait 112
34678 %yéi'gg%&?‘igzﬂnﬁp gﬁkws‘?%%ﬁ% YR e, %ﬁ%’%%ﬁ %%%?%30) 1

14112 i SRR b o A8y 1 0 S
Thao3' 100 190y 110y 163757 36 5105 s abeb bt Sentdirtinte st sl 6 10
20( 1 30) 2 Y Bk ST et pnlebibte sl B4 s B0 ) 1)

igﬁ 1720 1 %8@@85 gt MB{epAL6ies B SR P BEEBL 58 4 40) 1 20 120) 2
18& igga"? 2‘83"5‘8 @z“f?%ﬁiéi?as@&%ﬁzﬁ#’%( %Négl)'z ﬁo(BllzzagLBSﬁlljbg|10L22(zl'11%(21: 10) 2
10(120)3 1Nagl' 10(1:10)2 10(1:20)§. 20Lcz 1 20(1:10)2 20(120)3 29591

Plate 2 123456789 10 11 12%&-&&‘* k 2NegY 20(1:20)1' 20(190)2 t acZ

31 '(Zo)ﬁcﬁ_&m—mjm__sﬂ_m

We plan to use immortalized human hepatocytes as biofactories for the commercial

production of TPPs. Therefore, it is essential that TPP secretion must not be significantly

15  decreased in long-term culture. We recently initiated a study in order to evaluate this
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

20 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

25  conditions and not the result of a dramatic increase in cell number per flask.
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0.6x10(8) Erfdt dtSiutifdr NBGodi BRRPo (T10F0) S0 Plastt) BrorfBlirefion DI @l ned X dry, alter

| ranaf atl bn ofa ralc o ens raepard Iinto 0%x10(6) wk using the
Ad agen kit X 25! | I nto
0. &10(6) M keNg’g);ang tﬁg%&%%éﬁggﬁtteﬁfgﬁﬁe\}g V-u}a%%iﬁgl%gﬁ%%]sb?%rg glgi’Q?(&days alter
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Bl ankBuf f e anpl e .21 nonhehe i.c.characterizatjon of the EAL1C- 35
and Fa2N- 4§’6’Ei<q£g?’f‘ﬁé‘§3f{§yq3 ﬁh"c“ﬁénE%iﬁé/%-b??“(’aﬁég‘ﬁﬁ@nfgéﬂh‘@s?&?l\l-4 (passage
30) cell lines were phenotyped by indirect immunofluorescence analysis
using a pa‘?PéﬂblYo‘f“’fa‘ﬁFCF Bode @ﬁlu’&@lh?ﬁ'éftg/fﬂli Yoy ia the ssmm frse splbge pedinms
PCT/ US2004/ 033091 hepatocyte or bile duct nmarkers as well as _against the
SV40 i mor Y&lresarethe ayerage offdypliqatesgmples. Thusnif mpy be posbl & incregse Addinmar i zed in
the Table 14 bel ow. Table 14 Expression of various hepatocyte and bile duct
mar ker s angfodustiorsying thippireling. i Therafpre, feqiment of the immprbizesdhepatecyiecalicel | s Mar ker
EalC- 35 Fa2N-4 positive Cells /o positive Cells)

10  lines of the present invention with TNFo. may be an effective way to increase the production

—

of TPPs.
Table 11 Effect of TNFa, on TPP expression
Antitrypsin
Concentration of Tumor (ng)/p g [Antitrypsin

Sample Necrosis Factor Alpha Protein | (ng)/ well
#1  [TNF 0 ng/ml 0.21 14.00
#2  |TNF | ng/ml 0.34 21.00
#3  [TNF 5 ng/ml 0.43 44.73
#4 10 ng/ml 0.4 32.93

Example 19

15  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
20  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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Al bum n 90 100 Al pha Fetoprotein 0 0 Connexin 32 50 80 CD 81 100 100

CD49f (integrin O O alpha 6 chain) Sv40 T-anti en 100 100 5 The expression
of connexin 32 was density dependent. \Wen cells grew to confl uent

nonol ayers, a subpopul ati on of EalC 35 and Fa2N-4 cells express this gap
junctional WP 280604488t hat i s only expressed by hepat ocyt 86TIUS204¢/033091] | ver
tissue. 10 All cells expressed Sv40 T-antigen, the inmmortalizing gene.

Expr essi ongygfmariédimh M@ﬂfsélé\bhﬁ se¥éhion It AMUiD RS @SHidaAbAdccreeld segi fically to

the nucleus. The well- differentiated nature of the inmortalized liver cells

I S I ndi cat gdendy of deRarSdithae6ld. €Xpressi on of the adult hepatocyte specific
| i neage markers, al bumin and connexin 32 and the |lack of the fetal

hepat ocyte mar mérefoaé RBAmER Wil dekafethasohdRar BY dnSeffdétive May exinbresss teDA9f , a bile
duct 15 marker. The cells express CD8 1, the putative receptor for hepatitis

C virus 9'iﬁ@&ﬁﬁ&f&"’l’l’?sHﬁﬂééﬁuﬁﬁidM&hl&d&%@ﬁa&&?@celﬂu&@@fﬁmﬂs&ﬂraph of Fa2N-4
cells imunostained for CD81 is shown in Figure 33. Note that expression of
CD81 issl opdntiged to the plasma nmenbrane. OTHER EMBODI MENTS Al |l references
di scussed above are herein incorporated by reference in their entirety 20

for all purpRsesereVifldexdnlstiBsdne Y& TPP Hpréadén been particularly shown and

descri bed CohdIntrdifoh 6f BE¥aRettaldn®| ©1 Aibunty nts thereof, it will be
under st oof—by—those—gkrted—Tmt tre—ar L4@% 6/ 041488 PCT/ US2004/ 033091

t hat vari pus bllallg!i,'b ! formandg——det oll_tobollbly belmade therein w thout
depart i ng-Homthe—spt++t—and—scope—of—the—+nventi on as defined by the
appended clains. 59 We clained :

Example 20
Ability to Produce and Express Therapeutic Plasma Proteins (TPPs

10 The ability of our Fa2N-4 cell line to correctly produce an immunologically reactive
TPP was illustrated with the production of immuno-reactive human growth hormone (hGH).
On the day prior to transient transfection, Fa2N-4 cells were plated at a density of 0.5-0.8x10°
cells per well in six-well Nunc plates using 10% NBCS-MFE medium. On the day of
transfection the cells were washed one time to remove serum and a CMV-based plasmid,

15  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

20 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

56



1. Avirally-imortalized hepatocyte, wherein said hepatocyte: (a) is
derived froma normal liver cell; (b) is nontunorigenic; (c) naturally
produces endogenous therapeutic plasma proteins (TPPs); and (d) is stable
in culture and does not undergo dedifferentiation in culture. 2. The

hepat ocyt e WO2M6@I#M488 t 0 cl ai m 1, wherein said hepat ocyt POTAISIN03388L f r om a
human liver cell. 3. The hepatocyte according to claim1l, wherein said
hepat ocyt eipsrogifiist Y&iHerf 41060 6 iFSTRR¥%A b thy PR6:88RE Mdstrdid ABTS NERAlRKIdagS. 4. The
hepat ocyte according to claim 1, wherein said hepatocyte conprises

subst ant i atakatyzeddléaRagel TR Jubstrald Fiefdd a CsIMER teabWif product th clifRah@Ryt € accordi ng
to claim4, wherein said DNA encodes wld type SvV40 large T and small t

antigens (def@led ufing d RRrdMRR 4R according to claim5, wherein said SV40
TAg interacts with a tunor suppressor. 7. The hepatocyte according to claim

6, wherein sai ¢hut HERHs cSIHRR! BR 2Ghg SiRPEdnSBtioR kil SMtEharShiRGhehnfifigiBgt he group
consi sting of human Rb and human p53. 8. The hepatocyte according to claim

1, whergi nmsdl & elied 34 8O HouR o stitRRstadabn, telFadQ-4Re1s gFBdudE SithRGMidaflySer um free
media. 9. The hepatocyte according to claim8, wherein said serumfree nedia

s MCTS  RERREABHAI adidifink R haH wHle rdifochGPRRIDE Sy AEFRAAENY O

claim9, wherein said MCT"s proprietary serumfree nediais

Mul ti - Funcaégemlcoﬂw@p?ﬁdue& 1t eBmblV RS ofhbH. T&ﬁhd?@%%ﬁl%ﬂe%ﬁ%%ﬁfa%% 29 to

claim1l1l, wherein sald hepatocyte retalins hepatic uncti on.

hepat ocyt e, AGCH! SR i Heb 31 MalFgurdWiE tkpedtivedy. Al kBt Pighidd 61 %@@ziﬁ R he

ability to continue to express hepatic enzymatic activity.
hepat ocyt estﬁ%%él?&ﬂ?{&b‘?e @ aim12, wherein said hepatic enzymatic activity is
C

cytochronme P45 YP) enzymatic activity.
10

Table 18 Legend for ELISA plates shown in Figures 31 and 32
Plate 1

1 2 3 4 5 6 7 8 9 10 " 12
A Blank  Sido Sid80  1QlecZ 2 1Q(1:10)3 1Q(4:30)8 iNeg2  1Q(3:10)3' 1Q(1:30)9' 2QlacZ 2 20(1:40)3 2Q(1:3011
B Blank  Stdo Std80  1QlacZ 2 1Q(1:10)3 1Q{1:3011 1NegZ  1Q(1:10)3' 1Q{1:30)"' 2QlacZ 2 2Q(1:10)3 2Q(1:30)1
c Blank  Std10  Std160 1QlacZ 3 1Q(1:20)1 1Q(4:30)2 1Negd  1Q(120)1' 1Q(4:30)2 2QLacZ 3 2Q(1:201 2Q(1:30)2
D Bank  Std10  Std160 1QlacZ 3 1Q(1:204 1Q(1:30)2 1Negd  1Q(1:201' 1Q(1:30)2 2QLscZ 3 2Q(1:201 2Q(1:30)2
E Blank  SWd20  Std320 1Q(#:108 1Q(#:20)2 1Q(1:308 1Q(1:10)#' 1Q(1:20)2 1Q(1:30)3 2Q(4:10)1 2Q(1:20)2 2Q(1:30)3
F Blank  Std20  Sd320  1Q(1:10)]1 1Q(120)2 1Q(1:30)3 1Q(1:1011' 4Q(1:20)2 1Q(1:30)3' 2Q(4:101 2Q(1:20)2 2Q(1:30)3
G Bank  Std40  1QLacZ 1 1Q(1:10)2 1Q(120)3 1Negt  1Q(1:10)2 1Q(1:20)3' 2QlacZ 1 2Q(1:10)2 2Q(1:20)3 2Negt*
H Blank  Std40  1QLacZ 1 4Q(1:10)2 1Q(1:20)3 1Neg®  1Q(4:10)7 1Q(1:20)3' 2QlacZ 1 2Q(1:10)2 2Q(1:20)3 2Neg1'
Plate 2

1 2 3 4 5 6 7 8 9 10 1 12
A Blank 2Negd  2Q(1:20)1' 2Q(1:30)2 WacZ3  W1.00  l(2.0)2 Blank
B Blank 2Negd  2Q(1:20)1" 2Q(1:30)2" LacZ 3 K108 N2.0)2 Biank'
c Blank 20(1:10)1" 2Q(1:20)2 2Q(1:30)3' 05 1102  K2.0)3 Blank'
D Blank 20(1:10)? 2Q(1:20)2' 2Q(1:30)3' K084  I1.0)2 2013 Blank'
E Blank 2Q(1:10)2 2Q(1:20)' LacZ 1  NO52  K1.0)3 Blank'
F Blank 20(1:10)2 2Q(1:20)3 WacZ1  05)2  1(1.0)3 Blank
G Blank 2Neg2  2Q(1:10)3' 2Q(4:30)1" LacZ2 {05)3 2.0} Blank'
H Blank 2Neg2  2Q(1:10)3' 20(4:30)1' LacZ 2 053 K201 Blank'
Key-
Blank=Substrate
Std X=Standard of X ng/ml hGH
XQlacZ Y=Sample Y oblained X days after transfection of a LacZ control plasmid inlo 0.5x10(8) celis using the Qlagen kit
XQ(1:Y)Z=Sample Z obtalned X days afer transfection of a 1.Y rallo of DNAEffectane rsagent lnto 0.5x10(6) cells using the Qlagen kit
XNeagY'=Sample Y cbtained X days after transfection of no DNA Into 0.8x10(6) cells using the Qlagen kit
XQ(1:Y)Z'=8ample Z oblalned X days after transfection of a 1.Y rallo of DNA:Effectene rsagent inlo 0.8x10(8) cells using the Qlagen kit
ILacZ X=Sample X ohialned one day after transfection ofa LecZ control plasmid into 0.7x10(8) celis using the invitrogen kit
(X)Y=Sampla Y obtained one day after transfection of Xug DNA Into 0.7x10(6) celis using the Invitrogen kit
Blank'=Buffer

Example 21
Immunophehenotypic characterization of the EA1C-35 and Fa2N-4 cell lines
15 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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14. The hepatocyte according to claim 12, wherein said hepatic enzyne
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monolayers, a subpopulation of EalC-35 and Fa2N-4 cells express this gap junctional protein

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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anount of transferrin. 28. The hepatocyte according to claim22, wherein
said TPPs consist of at least a significant anmount of inter-a-inhibitor
proteins (lalp). 29. The hepatocyte according to claim1l, wherein said

hepat ocyte is used to performa procedure selected fromthe group

consi st i ng W 2006/94148% udi es of nmlignant transfornmati on BETAISREMEII1 physi cal
and viral agents, and transferred genes including oncogenes and high

mol ecul ar Wi eibuRRATS f N wdd RS Mbl B mBide élein \PithoBf depitihSréth iRr ed by

transfer of oncogenes to screen for potential chenotherapeutic agents; (3)
studi es of g6 dnlkddbe 6F RCHGIRLST £deARIADY R aPpended AR €MENt Oof a change
selected from intracellular pH and calciumlevels, as correlated wth cel
grow h and action of exogenous agents; (4) studies of cellular responses to
grow h factors and production of growh factors; (5) studies of
intracel | ular conmuni cation; 61 (6) characterization of cell surface
antigens; (7) cell-cell hybrid studies for identification of tunor
suppressor activity; (8) identification of novel genes; (9) growh of a
replicating selected fromthe group consisting of hepatitis virus and ot her
livertropic virus, wherein the hepatitis virus is selected fromthe group
consisting of HAV, HBV, HCV, and non-A non-B hepatitis virus and the other
livertropic virus is CW,; (10) identification of new drugs to treat
hepatitis C virus (HCV) infection; (1 1)expanding of cells for |iver
transplant and |iver function assist devices, both inplanted and
extracorporeal; (12) studies of liver parasites; (13) studies of liver

di seases; (14) identification of potential therapeutic drugs;
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(15) identification of new drug targets; (16) identification of chem cal and
bi ol ogi cal agents that induce termnal differentiation; (17) studies of the
met abol i sm of carci nogens and ot her xenobiotics; (18) studies of DNA

mut agenesi s; (19) studies of chronobsone danmagi ng agents; (20) studies of
cytotoxicity of drugs, chem cal entities, carcinogens, and xenobiotics;

(21) prodtwgidg&ecaf_ hepat ocyt e-deri ved proteins; and (22) use of reconbi nant
DNA expression vectors to produce proteins of interest. 30. The hepatocyte
according tqQ claim1, erein said hepatogyte is Fa2N-4 (ATCC # PTA-5566).
31. The helpg,t" @5{' e%%@eﬁiﬁ ?f‘ifytéi‘éi{‘]‘ﬁgﬂ,sala%éﬁaé‘?%eéai d hepatocyte is Eat C 35
(ATCC # I@A‘S SE'S .f“?SfQ%n bvfsgelbf using the inmortal i zed hepatocyte of
clai m 1 tdbkissesmmerigenicibol i c  ef fect sel ected fromthe group consisting of

t he ef f ect(s) murdlygitedicentndogtriouy thempehtéc plaspmrproteanYPBs)ianduct i on, cel | ul ar
toxicity, (dnislstableirefflmed aralfdogs homerdergn dadiffeentiamin ientlnity.. 33. The net hod of
claim 32, wherein the netabolic effect is the effects of a chemcal entity

on the |i\vEThe 8gfoperetddsgis cleirenivitei®lid kepatozyte icldied BB dalgan 34. The
met hod of glkade 32, wherein said hepatocyte retains hepatic function. 35.
The nethod of claim 34, wherein said hepatic function conprises the ability
to expre e kG BNZYIB2GE L)t Y 138 40 hod.of claim 35. wherein
sai d hepat%? E:F ngﬁ%lﬁ%égecat% %/Ml (E(!(;:ttc)pf{rlf)r% ?/’s“éhse §e(§/?aécg%e$§%n§yteﬁ4é§§vf%§fﬁ§n peﬂﬁrzl%/r?{mt iC
activity. FPPPHECHBTREY P CT S m 36, wherein said i mortalized hepatocyte

is selected fromthe group consisting of the Eat G35 cell |ine (ATCC #

PTA- 5565) ‘ande peretqeaencepresgto Flaiel, Whetaosyd kepatasisspmpgess sybgantaithod of
cl ai m 32, puetieian ite4rEVA9bNA-ef fect is the effect of a liver on a
chemi cal entity and wherein said liver effect on the chemcal entity
conpri ses diTbhghepmicatzalct@ding 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 a gene
selected from the group consisting of human Rb and human p53.

8. The hepatocyte according to claim 1, wherein said hepatocyte has the ability to be
maintained in serum free media.

9. The hepatocyte according to claim 8, wherein said serum free media is MCT's
proprietary serum free media.

10. The hepatocyte according to claim 9, wherein said MCT's proprietary serum free
media is Multi-Functional Enhancing media (MFE).

11. The hepatocyte according to claim 1, whetein said hepatocyte retains hepatic
function.

12. The hepatocyte according to claim 11, wherein said hepatic function is the ability to
continue to express hepatic enzymatic activity.

13. The hepatocyte according to claim 12, wherein said hepatic enzymatic activity is
cytochrome P450 (CYP) enzymatic activity.

14. The hepatocyte according to claim 12, wherein said hepatic enzyme activity of said
hepatocyte is used to assess the effect of chemical entities on the liver.

15. The hepatocyte according to claim 12, wherein said hepatic enzyme activity of said
hepatocyte is used to assess the effects of drug candidates on the liver.

16. The hepatocyte according to claim 12, wherein said hepatic enzyme activity of said
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-62 39. The nethod of claim 38, wherein said drug netabolismis nmeasured by
the formati on of an acetam nophen conjugate. 40. A nethod using the
immortalized hepatocytes of claiml to performa procedure selected from
the group consisting of: (1) studies of malignant transformati on by

chem cal, physical and viral agents, and transferred genes including

oncogenes h@gg {}k&@u@&i' %gegsre glguggom ¢ DNA from tunors; (2) use of
of

cells alter trans 0 cogenes to screen for potenti al
bi ochem stry. conpri sing a

chenot her tic e ts S
measur em&*all;}eiﬂlha léepc?? %Igtéwor helc]iamg’rl(a Wg'frﬁlf’rs?;\ggﬁatﬂcaﬁ’zw i ltycéﬁ Ri%m | evel s,
as correl Bﬁoﬁ?ﬁtet‘ﬁ“ P AFFSWERY ®tion of exogenous agents; (4) studies
of cellular responses to growh factors and production of growh factors;
(5) studi d$ Bhe happiosiie Rrerdins otiimniZe Whetein;said ppatisapaunerdtyix pionidof cel |
surface arepaeerss is @yed toabsessctbt Effenyiof the liven i dhemiicat eritiient i fi cati on of t uror
suppressor activity; (8) identification of novel genes; (9) growh of a
replicating. Sid lephedytt hodordihe togdlanmpl 2c ohakmtshid Gepdtodyepiatubdd to avdessuidrugnd ot her
| i vertropiketidlitks, Wherein the hepatitis virus is selected fromthe group
consi sting of HAV, HBV, HCV, and non-A non-B hepati ti s virus and the ot her
livertropi t t treat

%. ‘Y‘hé aioﬁﬁ}gﬂ%upﬁ%@ cHiffe {v LER 551831 gigto F#&a abRsd

hepatitis Eec‘{é # tion; expan for 1iver
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di seases: OZ@ 1’31; ‘?%é#ﬂ  pecordia ﬁlauaoﬁew FIEH Selﬂiﬁa%ﬁ?%ﬂoaﬁh aﬁﬂl@f@)
i dent i fi cdPTBAR afetanapPRIenORERYRL S

22. The hepatocyte of claim 1, wherein said TPPs are selected from the group consisting
of albumin, a-1 antitrypsin, blood clotting factors, transferrin
and inter-a -inhibitor proteins (lalp).

23. The hepatocyte according to claim 22, wherein said TPPs consist of at least a
significant amount of albumin.

24. The hepatocyte according to claim 22, wherein said TPPs consist of at least a
significant amount of a-1 antitrypsin.

25. The hepatocyte according to claim 22, wherein said TPPs consist of at least a
significant amount of a blood-clotting factor.

26. The hepatocyte according to claim 25, wherein said blood clotting factor is factor
VIII or factor IX.

27. The hepatocyte according to claim 22, wherein said TPPs consist of a significant
amount of transfertin.

28. The hepatocyte according to claim 22, wherein said TPPs consist of at least a
significant amount of inter-a-inhibitor proteins (lalp).

29. The hepatocyte according to claim 1, wherein said hepatocyte is used 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
tumots,

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

(3) studies of cellular biochemistry comprising a measurement of a change selected from
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;
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(16) identification of chem cal and biol ogical agents that induce term nal
differentiation; (17) studies of the nmetabolism of carcinogens and ot her
xenobi otics; (18) studies of DNA nutagenesis; (19) studies of chronosone
damagi ng agents; (20) studies of cytotoxicity of drugs, chemcal entities,
carci nogens, and xenobiotics; (21) production of hepatocyte-derived
prote!ns;( ngggg&mﬂgﬁop&mgggggQEHQQ& DNA expression vectors to produce
proteins ) LSS l%r%}id studie® Por identification of tumor supptressor activity;

(8) identification of novel genes;

(9) growth of a replicating selected from the group consisting of hepatitis virus and other

livertropic virus, wherein the hepatitis virus is selected from the group consisting of

HAV, HBV, HCV, and non-A non-B hepatitis virus and the other livertropic virus is

CMV;

(10)  identification of new drugs to treat hepatitis C virus (HCV) infection;

(11)expanding of cells for liver transplant and liver function assist devices, both

implanted and extracorporeal;

(12)  studies of liver parasites;

(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

diffetentiation;

(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.

30. The hepatocyte according to claim 1, wherein said hepatocyte is Fa2N-4 (ATCC #
PTA-55606).

31. The hepatocyte according to claim 1, wherein said hepatocyte is Ea1C-35 (ATCC #
PTA-5565).

32. A method of using the immortalized hepatocyte of claim 1 to assess a metabolic
effect selected from the group consisting of the effects of a chemical entity on the liver,
enzyme induction, cellular toxicity, and the effect of a liver on a chemical entity.

33. The method of claim 32, wherein the metabolic effect is the effects of a chemical
entity on the liver, and wherein said chemical entity is a drug candidate.

34. The method of claim 32, wherein said hepatocyte retains hepatic function.

35. The method of claim 34, wherein said hepatic function comptises the ability to
express hepatic enzyme activity.

36. The method of claim 35, wherein said hepatic enzyme activity comprises cytochrome
P450 (CYP) enzymatic activity.

37. The method of claim 36, wherein said immortalized hepatocyte is selected from the
group consisting of the Eal C-35 cell line (ATCC # PTA-5565) and the Fa2N-4 cell line
(ATCC # PTA-5566).

38. The method of claim 32, whetein the metabolic effect is the effect of a liver on a

chemical entity and whetein said liver effect on the chemical entity comprises drug
metabolism.
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39. The method of claim 38, wherein said drug metabolism is measured
by the formation of an acetaminophen conjugate.

40. 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;

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

(3) studies of cellular biochemistry comprising a measurement of a change selected from
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;

(8) identification of novel genes;

(9) growth of a replicating selected from the group consisting of hepatitis virus and other
livertropic virus, wherein the hepatitis virus is selected from the group consisting of
HAV, HBV, HCV, and non-A non-B hepatitis virus and the other livertropic virus is
CMV;

(10)  identification of new drugs to treat hepatitis C virus (HCV) infection;

(11)  expanding of cells for liver transplant and liver function assist devices, both
implanted and extracorporeal;

(12)  studies of liver parasites;

(13)  studies of liver diseases;

(14)  1identification 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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