06 April 2006 METHODS OF SCREENI NG FOR TOXI CI TY OF TEST COVPOUNDS Thi s
application clains priority fromU. S. Provisional Application Serial No.
60/ 336,509 filed on COctober 31, 2001, which is incorporated herein by
reference inits 5 entirety. Field of the Invention The invention rel ates
to met hods of screening test conpounds to determne their effect on cells.
In particular, the present invention relates to nethods of 1% Aprildiithg
potential drug candidates for toxic effects on human cells. Background of
the Invention Human cell |ines have been used in a variety of |aboratory
applications. For eMBETHDES ORMHOREENING BORUIGKICITY OF TBST GOMPOENESN used
in nmetabolic studies with 15 different chem cal classes of carcinogens.
Bronchial epithelial cells have been used in studies of the control of
squanous differentiatjion, and identifjcatjon of chem cal and, bjal.qgical
agent s whi ch i nduce ts—[la\h%"’rPBE%mﬂ’i‘ Flrimsapriorit from U-srayisgnak Arpdigatinnpgral - |
types have been 603%3%,500 fifl ReRidtr $HODDLC AhfehSHintHbrited Rereih B rdfbeaden®Rt Of
cancer and related di seases, by growing themin vitro in nedi um contai ni ng
the chemical %o P80 tested and then, after a suitable period of exposure,
determ ni ng whether and to what extent genotoxicity, DNA adduct formation,
mut agenicity, cell transformation and/or cytotoxicity has occurred
foll ow ng exposure to a carcinogen, ﬁieg"dfﬁ!?? ‘t)En}i&gn bl ue excl usion assay
or related assays. These cell I|ines used for identifying
agents that induce pibgimaasted rdatkd tocaslidds of scageoipt ¢si @mpotuids ho dagrniideve an
rogr ammed

| nportant 25 i Gl _on prevention of | i gnant transformatiopon, P
cell death is g@@‘“’é@%‘c t nyceEN%P F‘%‘ﬁﬁ%’n@tﬂ’ Al gpveptign relalgs foa{B%‘g%tof gen
anal ysi s. Hifan saetding poresialdiiecaaifmeDRe foxitscdfdctk on BlighycelNA mut agenesi s.
Substances known or suspected to be nutagens, or precursors of nutagens,
may be added to the growth nmediumof the cells and then nutations may be
assayed, e.g., by detection of 30 Hj Rk QEn drug resi stant mnut ant
cell colonies. Simlarly, cell-nediated DNA nutagenesis has been

i nvesti gated by co- cbmasenllilings have bes ysed Watwieféloglab?p@gf applications. For

example, immortalized human liver cells have been used in metabolic studies with

| 15 different chemical classes of carcinogens. Bronchial epithelial cells have been used in
studies of the control of squamous differentiation, and identification of chemical and
biological agents which induce squamous differentiation. Both of these human cell
types have been used in screening chemicals svitable for the treatment of cancer and
related diseases, by growing them in virro in medium containing the chemical to be
20  tested and then, after a suitable period of exposure, determining whether and to what
extent genotoxicity, DNA adduct formation, mutagenicity, cell transformation and/or
cytotoxicity has occurred following exposure to a carcinogen, e.g., by trypan blue
exclusion assay or related assays. These cell lines have also been used for identifying
agents that induce programmed cell death or apoptosis, which may have an important
25  impact on prevention of malignant transformation. Programmed cell death is assayed
by DNA fragmentation or cell-surface antigen analysis.

Human cell lines have also been used to study DNA mutagenesis. Substances
known or suspected to be mutagens, or precursors of mutagens, may be added to the
growth medium of the cells and then mutations may be assayed, e.g., by detection of

30  the appearance of drug resistant mutant cell colonies. Similarly, cell-mediated DNA

mutagenesis has been investigated by co-cultivating the cells with cell types known or
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-1 06 April 2006 suspected to be capable of secreting nutagenic conmpounds.
Human cell lines have also been used in studies of chronosone damagi ng
agents, studies of malignant transformation, screening for potenti al
chenot herapeuti c agents, studies of cellular biochemstry, studies of
cellular responses to growth factors and production of growth 5 factors,
studi es of intracellular comruni cati on, characterization of (IBEAanSMGGiCG
antigens, hybrid studies for identification of tunor suppressor activity,
and identification of novel genes. In all of the aforenentioned studies,
the human cell |i nespusdd t&rcepabapahﬂc&tiﬁg muﬁg@ﬁmﬁipﬁ@dﬁmyﬁaﬁeﬂrmhm50.

Cytochronmes P450 are a | ar of henoprotein .capabl e of
met abol i zi ng xenobi ot 7% U %@ﬁtug’ses 8??5‘@?“058‘3?@7%5@&%”%?5“%% H?Hfﬁi al

pol l utants as wel |trailsfoﬁl‘ﬂaﬂ1@hlsa"e¢n®fg feiifentisl chémdtRdrsiuticlgédty stagiedlsr caldar

prost agl andi ns. QIre menber s of%ft h&mc tochrorre P45E) fam | \B/r sre | nggpgigl e-in
both ani mals and mhF‘E}PEH stadict & celilrrresparshti SRR fareRand BrofsHipg obgraw

non-i nduci bl e. 5Th|f$ctongsmdlﬂ:s of ineRginaSohamndRid, hahitihicCdficwl §ur@ss such as

t he nmetabolic conver.si on of, 15 ng nobi Q*Ll cs to toxic, nutagenic and
car ci nogeni ¢ f or ne UEHS ]‘B@Wéf rideppficAipR eldumar uppressas apfdY A8foxi f i cat i on

of xenobiotics. | ﬂdénhﬁcgﬁhaﬁﬂ}ﬁGngédega| I ndustry, screening drug candi date
conpounds for toxici t{_{ls acritical step in the drulgl devel opnent process.

It is highly desirabl eltdylof figaforgpaptioned swiies.jhedwmap edlippeused grsarsRle Sl t hat

have an increased ekpklnsRRAdcHEmd PI$HC O %rbbchrglgesﬁql'ﬁo et TR eEramily Mﬁrentoge&é;dty ,
such as acute_liver failure, is curren | eadi ng cause” of drug

renoval from tHe SRFREE capehiféﬂﬁreeaarboiiﬁpwvwbl@ﬂ@srsechqssi@gs,psrmaosﬁm #d f acet ed

phenorenon i nvol vem@:&@@mpguummagbﬁoeﬁhwsﬁcms s&rb?dst Ay iRkgeat, the
nmechani sms of injury, the nature of exposure and the suscmf)tl bility of

the host. A vari ePSPSESIa%@ntSQm%@ﬂmbgaﬁf thecyieshremied 432G agilsratgandusilie in hoener al
conpounds that ar gniglis@nd Quebith HOE, \tJIhE cltﬂcy %ns%t:%ﬁnsra&q{oﬂlxﬁﬁ%ﬁle i@

variety of species are called "true" or “intrinsic' |iver toxicants. Agents
that depend on ubiymafenaymesbpttop harmipl etivitien stabos theanetabolisstonyéreipr ofdanagi ng

potential arefs xenobiotics to toxic, mutagenic and carcinogenic forms, and beneficial activities, such
as the detoxification of xenobiotics.

In the pharmaceutical industry, screening drug candidate compounds for
toxicity is a critical step in the drug development process. It is highly desirable to
identify, as early as possible, compounds that have an increased likelihood of toxicity.

20 For example, liver toxicity, such as acute liver failure, is currently the leading cause
of drug removal from the market.

Chemical injury to the liver is a multi-faceted phenomenon involving faciors
such as the nature of the toxic agent, the mechanisms of injury, the nature of the
exposure and the susceptibility of the host. A variety of agents can lead to hepatic

25  damage, but in general compounds that are able to injure the liver of most recipients
in a variety of species are called “true” or “intrinsic” liver toxicants. Agents that
depend on unusual susceptibility of the host to unmask their damaging potential are
called “idiosyncratic” hepatotoxins. This increased sensitivity of the host’s liver to the
damaging effects of the chemical can be linked to two broad categories of

30  mechanisms. The first category is accompanied by clinical and physiological
symptoms suggesting the involvement of an immune response and is usually

designated as “drug hypersensitivity.” The second category consists of liver damage
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called "idiosyncratic" hepatotoxins. This increased sensitivity of the
host's liver to the damaging effects of the chemcal can be linked to two
broad categories of 30 nechanisns. The first category is acconpani ed by
clinical and physiol ogical synptons suggesting the involvenent of an

I mmune response and is usually designated as "drug hypersensitivity." The
second category consists of liver damage -2 06 April 2006 apmAprin20t t he
absence of concom tant imune reaction, and has been called "netabolic

i di osyncrasy” (Zi nmerman, H., Hepatoxicity, 2d ed., Lippincott, Wllians &
W | ki ns, Phi | adebkperang iRLhe(abSR83 of coRdrenituypininnes iractiong erd hak bepntchlded” met abol i ¢

i di osyncrasy" the IS .t.hat sone..product drug. netsaholismare, .. .
responsi bl e for tﬁé‘xgdlﬁéér%%sggcra%’ggzlﬁgnepﬁé“’Ii{‘&g‘?pa@é'fg'ltg? thqupor{,ﬁ«ggléams
met abol i tes are #&oWilpinaduieRdipha, PAYTIIOPL Rt hepsRrtis had8ying tehthemBbRy i ty of
the population tp.result, in overt hepatic injury. In some patients,

however, the met HRSYICEasyahrRK IS (B3t spme Prpdus pldrus metabpbisyafaeronsble §1r they

toxi c speci ess I @mtgt GBI th melli'v&_ecreu'&,%tltrhéﬁ-thﬁ%f‘abéﬁ:@s R pRRRk&Ghes to
predicting netabolite-related liver toxicity of 10 ar n&ceut | cal s.
Prediction of |$iciensguantities ip gheghajerity af the pppulation & wedrin duert hapage mjenper  of

factors, includipg.hkahiRR! pRtLaN ' : 0 tion,.dfferences

met abol i sm betmeen‘aglﬁﬁﬁ’ﬁ&%éﬁéhgﬁg&ﬁﬁﬁgﬁggwgﬁ%% FF#Q?E%%&%PT u%§?6@hrone

P450 expressi on atduie spwieggeaitingamtivadguryl n addi tion, in vivo studies are

expensive and tinme-cqusum ng. Cﬁe f the mjor ogﬁiacles Ln the drug

Qeyelopnent.proce;s.ﬁgmﬁfgﬂﬁEWP 8m&¥§°RﬁFEﬁL%Fﬁ§ 5%5%%%“5@‘%FFF¥8 hi bi t

i di osyncrat it® t ghashdcyuticAls."PedieticinéHllivengSicityin dihieliteils BpobddROA hémber

I di osyncrasy is E?t to.find npdels that are representative of the majority

of the popul at i &h 2B MeddmeMighpolymPhita én bhe porplation.dliffeprces wrpeitiolieam of

those Tew subj Qeled imifthoddis'ad bREALR dflrt el SREROE PATH Lol b1 Y-

As conpared to intrinsic toxicity, rdiosyncratic toxicity is Rromor e

difficult to prdHetxgendriand age: Freaddgionakuvive soidies he expeusioe and timatorismeing.

toxicity is: (1) typpgabide rty.o h rua; a__const ant

occurrence; (3) dose-gepen%eﬁ?%8¥§¥k%Ia&%% gﬁ??% eégéog?%gfﬁ%ﬁ%5§ of

toxicity, ahd @3)chpingriasdidaesoyillahibitlidicydeatisc tokiding sy afathalebgdnci ty, on

h her han 1 S:..(1 . .

the othe and, p}eﬁlctlag )netabohc idiosyncrasy is not to find models that are representative of the

majority of the population, but rather to find models that are representative of those

few subjects for which the metabolism is oriented toward toxicity. As compared to

intrinsic toxicity, idiosyncratic toxicity is far more difficult to predict, due to the

20  nature of the toxicity. Intrinsic toxicity is: (1) typically a property of the drug; (2) a
constant occurrence; (3) dose-dependent; (4) characterized by a clear onset of toxicity;
and (5} predicted by animal models. Idiosyncratic toxicity, on the other hand, is: (1)
typically a result of interaction between the drug and patient specific factbrs; )a
relatively rare occurrence (< 1/10,000); (3) usually independent of dose; (4)

25  characterized by a delayed onset; and (5) difficult (if not impossible) to predict with
animal models,

Thus, there is a need for rapid, affordable, accurate methods of screening
compounds for toxicity. Specifically, there is a need for methods to predict
idiosyncratic toxicity of a drug candidate. In particular, there is a need for methods to

30  identify idiosyncratic toxicity early in the drug development process. There is also a
need for methods of screening compounds for toxicity which reflect human

metabolism and are representative of the diverse human population.
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typically a result of interaction between the drug and patient specific
factors; (2) a relatively rare occurrence (< 1/10,000); (3) usually

i ndependent of dose; (4) 25 characterized by a del ayed onset; and (5)
difficult (if not inpossible) to predict with animl nodels. Thus, there
is a need for rapid, affordable, accurate nethods of screening conpounds
for toxicity. Specifically, there is a need for nmethods to @&Apdt2006
idiosyncratic toxicity of a drug candidate. In particular, there is a need
for methods to 30 identify idiosyncratic toxicity early in the drug

devel opnment process. There is al so aSummany of the Invettivpds of screeni ng

compounds for toxi oty il ULGG! IR oIELANGLL S A00 AR o dcrine

representative of the rse
the Invention The twiesientfed nf/tbntormmuﬁcttataaneslnmhpdm tlm‘mmn@qmui@sa

conpound to deter ffect of t cells. In one
aspect, the i nvenﬁ%ﬁo ptrfggtim%?nm%wgn%efﬁﬁ%fn%%"%gth&‘ cﬁ?sﬁrbcrwﬁé Xﬁcétlyié conpound
exhi bits idiosgnc rcamﬂtmng@xascazdn;poma vaithcodell &tich Rgprasstsesithaedrpiagcontattinga cel |
whi ch expresses a f n tacti the. c with a
viability indicatoF %ﬁ%detaerlﬁn%%@h c{']%éq’t‘}%%r‘f"é‘gf”hﬁtg%%ﬂﬁﬁcﬂﬁ@““%%er ated a
toxic nmetabolite, gwh:mmi aloglelﬂ&lfa&(blltﬂﬁvhelfemégeﬁ@ﬁﬂoﬁ offB tiaRQhdtitelite Mdicart éae t hat
t he test corrpound bits i atic toxicit I n rred
embodi nent, the a?népouf"g ’gﬁ% Wéaﬁ‘icéo"t‘btﬁpﬁ\ﬁﬂ“f %f@%ﬁ&%% By, a
g eE z ag o:jl urnt (r:]OrrpOll‘nlﬂ:,atoai‘tdl chfbnivpadic wn@f)afdaﬁbﬁé,préfé}emy NdérEablRim dofapound, and

i me

h |
car boxymet hoxié%eh&%‘%‘?ﬂfﬁy’s‘m lf’é)’ﬁ"ﬁ‘érrﬁ/ﬁ“ Dilimegwhtbisg! 29h5-Bnner salt). The

most preferred C&l:boxb(mﬂmokﬁ)ﬁ&yl)Q-@G@lfd’ﬁéﬂ%ﬂfﬂpfﬂrﬁbﬁumm’iﬂi‘%eﬂ@ NTheSmbshe
THLE-5B cell 1ine 1%%' 59 ref erred to as "THLE-5" ). Preferred clyt ochr ones

P450 i ncl ude 3A4,P Sthline usgdn the mgfhod TWQ“"ZBB‘O“ZSGR%SQE&“ wy(alspese,

3Ad4, 209, 2Cl9, amper2Dio BrTHLBS TUSdferidd cwoa&%ms@yﬁcmas@m@%@ ji9g, use
with the inventi OE%I[ ﬁﬁgsz net hods of the invention nﬁﬂ@@dger or med manual | y.

Preferably, the B 2¢ Heand RELNPS BeseadAd. gEPH Bf arg thermestit onat ed

system to achi®veprBie@& cytochromes P450 for use with the invention.
The methods of the invention may be performed manually. Preferably, the

methods of the invention are performed using an automated system to achieve high

throughput.

20 Brief Description of the Drawings
Figure 1 is a graphical representation of mRNA expression levels in THLE-S

cells for key Phase I (left) and Phase I (right) enzymes, as compared to primary
human hepatocytes (PHH).

Figure 2 is a graphical comparison of the metabolism of buspirone by human

25  liver microsomes, 3A4 Supersomesg, 3A4 and TCS cell lines.

Figure 3 shows the results for control samples used in a high throughput assay
of the invention.

Figure 4 depicts sample data obtained from a method of the invention.

Figure 5 demonstrates reduced toxicity of a parent compound by CYP 2C19 .

30  metabolism.

Figure 6 shows increased toxicity following CYP 2C19 metabolism.
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t hroughput. 20 Brief Description of the Drawings Figure 1 is a graphical
representation of nRNA expression levels in THLE-5 cells for key Phase |
(left) and Phase Il (right) enzynmes, as conpared to primary human

hepat ocytes (PHH). Figure 2 is a graphical conparison of the netabolism of
buspi rone by human 25 liver mcrosones, 3A4 Supersones(r), 3A4 and TC5
cell lines. Figure 3 shows the results for control sanples wEdptiGEti gh
t hroughput assay of the invention. Figure 4 depicts sanple data obt ai ned
froma nethod of the invention. Figure 5 denonstrates reduced toxicity of
a parent conmpound by CYP 2C19  Fkuiled HloairipGsh offthedténtin Shows i ncreased
toxicity followng CYP 2C1l9 netabolism -4 06 April 2006 Detail ed
Description of the | nVeHEiaR5eY the BrRgnLExention f"ﬁ%"‘ v angagsof themebpirationkie s

advant age of t hech¥gfi@P&npoahds®y iREr ceﬁ?e@élﬁ?allly %mgg”'lﬁt:selm}in:hfo“%f a Sblic
General ly speaking, the elimnation of a chenical “conpound by the |iver
usual Iy i nvol vesCoamgurd eyybe liyay usypdly frvelyes tS‘tOéﬁPS skortee @I@Wﬂp@iﬂpmﬁpoﬂmﬁ

compound’ s chem ekl el Ul AL R 01 EhSTNEALL Ko aggt  ve"

end. In the second step, arge Cc group
reactive porti onlnitee ﬁe@hlﬂrscy;piahatge ttykiroepbmdgnmpsmﬂdai toshat watmreq)omifonttMe par ent
conmpound and fac te elim.nation in biological I.ds.. These steps
formthe two phdelé o ?het ?‘U& "Slﬁ’g’i‘]g%ﬂ‘fl' thﬁﬁﬁ“&f&“‘@%ﬂf‘ﬂ aﬂi#ﬁﬁ'ﬁ‘é’&s by
specific famli eﬁnnﬁ:iauem&waSgchQEhﬂﬁéﬁeswﬂﬁoRAEﬁtﬁbeplﬁ.ﬁmﬂgfarhg enzymes
responsi ble for "Pha E reactions, or the formation of a reactive

entity. In sonme % Smﬁ‘iér"@eﬁﬂ}ﬁ r25d Besppeifin fasmilissaf eaaymset Giehremes

production ab IPa3GhieUhoRPRE RS RY rdsPShsBRABE TRRE 18 AAYTRs, o Rl tb@iiRion §H
subsequent elimnation by conjugation during phase two. For exanple,

desynchroni zat | GPRCBYCEY. when there is
In some cases, there may be a desynchronization between the production of

reactive species by the phase one enzyme reactions, and subsequent elimination by
conjugation during phase two. For example, desynchronization occurs when there is
15  an increase in the amount of Phase I enzymes, causing an increase in reactive
metabolites, but no corresponding increase in Phase Il enzymes. Alternatively,
desynchronization may result from an absence or depletion of Phase II enzymes, such
as results from polymorph_ism. However, depletion of Phase II enzymes may also
occur in subjects who are treated with an additional substance, such as a blood-

20  thinning compound or an herbal supplement. In these subjects, metabolites of the
additional substance may compete for the Phase Il enzyme that otherwise would be
present to act on the reactive metabolites formed by the Phase I enzymes. As a result
of desynchronization, reactive species may accumulate inside the cytoplasm and may
bind to macromolecules, i.e., proteins, involved in cell structure or metabolism. The

25  alteration of these macromolecules may result in the loss of critical functions and
cellular toxicity.

In one embodiment, the present invention provides a method of screening
chemical compounds for toxicity by increasing the amount of Phase I enzymes of a
specific type, while taking advantage of a reduction in the Phase Il enzyme production
30  in the host cells (See Figure 1). In a preferred embodiment, the amount of Phase
enzymes in a ce]l is increased through the use of an expression vector. According to

the method of the invention, the transfected cells have a vastly increased potential to
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15 an increase in the anbunt of Phase | enzynes, causing an increase in

reactive netabolites, but no corresponding increase in Phase Il enzynes.

Al ternatively, desynchronization may result from an absence or depletion
of Phase Il enzynes, such as results from pol ynorphism However, depletion
of Phase Il enzynmes may also occur in subjects who are treated with an

addi tional substance, such as a blood 20 thinning compound g Aprileydel
supplenment. In these subjects, nmetabolites of the additional substance may
conpete for the Phase Il enzyme that otherwi se would be present to act on
the reactive net alpehdritesafive mecthbbijted dictBhiagRir byteplZymad deMbnsirate @subtic  Of

desynchroni zation, .reactjve specjes ccunul at e inside . the t opl asm and
my bind to nacr(?ﬁ%?t'eﬁu#'ﬁé‘}anﬁqe‘b?m 'gg‘%/%fﬁ't‘%‘f“’ei”’ﬁ?fbﬁ“v‘élﬁte? ¢poditiops tg%{r“ﬁ‘ e or
met abol i sm The 25n skliesral inaividubis tWhe SR STREFBIAb Rt RFalidBIkidiSS I 4 préfarrddhe

| oss of critical fcﬁgc dons and. cellular toxicity. In one enbodi nent, the

| y one
present invention PgRisthe metbpd et M ventiPR BAPERG @ celh B P ereas S BHRHOf or

toxicity by inereaseRef i PRis@N&Ndthe. Ofor BRATR, IncRR6Y BBfesibn 3f a BHAQQichiymetiy Pe,
whi | e taki ng advantage of a reduction in the Phase Il _enzyme production 30

in the host cell s 2('eskahepgifaldmore, morgpisferplypat lggst ehopbif feldiroreepdmasiount of

Phase | enzynes phfdabh ki ledsPatoBCI0DINE thotd AU Prelsitd i8R s@he &RyRXRAr €SSi ON
vector. According to the nethod of the invention, the transfected cells

have a vastly i ncPeB¥¥dupat kapeieytes(BHEE lpgnotsy prefeppdembnsitasnstee pabrdiafy e
met abol i tes di recideYnveRidofdiides Y EQAP9m B AN LUROS h A £ PRIZY mlefhfe. k& f eCt .

In this manner, the nmethod of the invention sinulates conditions that nmay
arise int hel®i verample, feseraged gprrssiopieba Bhase B arzyep s 2o Jeestabout dPBeperer at i c
toxicity. Ina pr Eé§?dﬁ§ﬁ%éic§§mg&ftg@ﬂtand%§tﬂ§§%r%ﬁg aPlead: Mot 6046 ¥sd @8, | NCl udes

a cell having increase Xpressi on B.Ievel a Phase | enzyne. For
exanpl e, i ncr easetkrexpereidhonmeenzymeimBHH| enzyne is at | east about 20

fold nore, nore prefeng | ?[ﬁé;r
preferably, at |east abgtl%ém%%noy%@Iﬁ%ﬁleangrp%%{ega#ﬂig‘?@é% nrg%?c e sane enzyme
in  primry humanP48peay de pteddn hPiNEationn Calh bads deriyed Ebmrhugdn dndspaierabymal t he

met hod of thesi néégg‘&k BR e F HeSpricifoh or YRGS GRS G A NG R Rle LT 2

Phase Il enzyne.
for use in the method of the invention may be obtained through methods known in the

art. For example, human hepatocyte cell lines may be immortalized by transformation
with simian viras 40 large T antigen, as described in Pfeifer, A.M., et al., “Simian
virus 40 large tumor antigen-immortalized normal human liver epithelial cells express
20 hepatocyte characteristics and metabolize chemical carcinogens,” Proc. Natl. Acad.
Sci. US.A. 90, 5123-5127 (1993), hereby incorporated by reference in its entirety.
The immortalized human cells are reported to be similar to quiescent normal human
hepatocytes, are non-tumorigenic when injected into nude mice, have near-diploid
karyotypes, do not express alpha-fetoprotein, and are free of Hepatitis B or human
25  immunodeficiency virus (Pfeifer et al, 1993). The THLE-5 cell line (also sometimes
referred to as “THLE-5B™) was deposited under the terms and conditions of the
Budapest Treaty at the American Type Culture Collection on Apr. 23, 1992, and was
assigned the accession number CRL11113. The parent cell line, THLE-5B-c15 (T5-
¢15) does not express Phase I metabolizing activity, but retains normal expression of
30  mwost Phase IT metabolizing enzymes, such as glutathione S-transferase, epoxide
hydrolase, N-acetyl transferase type I, aldehyde reductase, and quinone reductase, as

well as-detoxification systems, such as superoxide dismutase (SOD) and catalase.
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10 exanpl e, decreased expression of a Phase Il enzyne is at |east about
70%, nore preferably at |east about 80% and nost preferably, at |east
about 90% | ess than expression of the sane enzyme in PHH |n general, any

cell line that expresses or is nmade to express a cytochrone P450 may be
used in the invention. Cell lines derived fromhuman |iver parenchymal 15
cells are preferred for the prediction of hepatotoxicity. | gaApail2008d
human cell lines for use in the nmethod of the invention may be obtained
through nethods known in the art. For exanple, human hepatocyte cell |ines
may be immortalized huatpfaaﬁemm&meﬁk mmt%xl} c%u.meédn e*br@ééﬁlg‘!lqm*féérge T
antigen, as described in Pfeifer, A , "Siman~ virus 40 | arge

tumor antigen-i Wh@lmezpé‘éor?@?m "Hb?rﬁlﬁthpﬁ v@the @r!mthml Feur separdtsscelhlipesss 20
h t t h t
P eyt 61 NS S S Sl SRR

reference in |tsdlffmmtrcetoyhromﬂ?éSOsnmdnratedlblyzl&akﬂam(BMelzdis,zene, anépbﬁt ed to be

simlar to quy escent np he Ly unop eni ¢ when

i nj ect ed |ntol§ nuasé’ecrﬁvgé' %cé?/%er 8‘2?’“&'1“8%8#%0 M@ﬁ&o‘“ﬂh‘b ﬁ‘if’f’gexpr ess

al pha- f et opr ot eidontaining 2CM Vi dxpsddn amummscm@rcomugﬁﬂ kS pedifapgsdef i ci ency
Yo}

virus (Pfeifer et al, 1993). The THLE-5 cell line (a sonetines referred
to as " THLE- 5B" )SQriRymecine ajselaciion maeker. waiag metheds kownap Aiafti ons of t he

Budapest Treaty at tIyRe (VORI Heqd foRYRA LTt JIGE F&rhd SefdrinRRHSHoAARY s geaﬁe rold92,
and was assigned the accession nunber CRLI 1113. The parent c l'I ne,

THLE- 5B- c15 (1" f each 5y thespeanzyimes in s igenssatioh a6 oxic mesttwlitsh ovdatexifmatipnoftay, but
A e nor 1] PARAERSII T30 B incF LS ddn OREERALE L RIZN R i ICT 2

gl ut at hi one S-transfer .epoXi de ase ransferas (fype I,
al dehyde reduct astbf;rctahxdﬂmmﬂbmmofrtmduwanaexemaﬁbe umétd pradactdbet likelihooglalf i on

systens, such ag, su elqo di Sy t ase ?D} . taI g 06 April 2006
In a preferred enpodi m"?’f:lﬂo?ll" [fogg{: B %’%‘H’ee ﬁP’é‘ Eﬁtﬁ?@ At er ent

cyt ochrone P450corap$(mnd 8¢ wpmnﬂmymwmh@&n b} 8 dédie4edin cen viabiy wisiepar at e
cell lines, THLE-5B-3A4, THLE-5B-2C9, THLE-5B-2C19, and THLE-5B- 2D6,
expressi ng t he H§TeRsed dayg copsangratinndiiheparsnisTChenlldie apd tyeerother daughivelinesa s,

209, 2C19, #md BKot in the 2D6 cell line. These results suggest, in a population that is deficient in
this enzyme, an increased likelihood of hepatic liability.

The invention is based, in part, on the effect cytochrome P450 polymorphism
can have on drug metabolism. Six isoenzymes of cytochrome P450 (2El, 2C19, 2C9,
3A4, 2D6, 1A1, and 1A2) account for about 95% of all cytochrome P450-mediated

20  reactions. Of these, 2D6, 2C9, and 2C19 are the cytochromes P450 that account for
the majority of polymorphism associated with clinically relevant changes in drug
effects. See Evans, W.E. and Relling, M.V,, “Pharmacogenomics: translating
functional genomics into rational therapeutics,” Science 286(5439): 487-91 (Oct. 15,
1599).

25 FIG. 1 depicts mRNA expression levels for key Phase I (left) and Phase II
(right) enzymes, as compared to primary human hepatocytes (PHH). In FIG. 1, the
level of expression of the metabolism enzymes have been normalized to the level of
expression of the same enzyme in primary human hepatocytes. As shown on the left
graph, the cells express many fold more mRINA of the respective P450 than primary

30  human hepatocytes. In addition, phase Il enzymes, such as UDPGT, are
approximately 10 fold less expressed. This differential expression enhances the

formation of potential reactive metabolites as well as their ability to react with critical

.



5 respectively), were derived by transfection of THLE-5B-c15 with a plasmd
contai ning a CW expression vector, human cDNA coding for the specific P450
i soenzyne and a sel ection marker, using nethods known in the art. The use
of these four cell lines allows for the determ nation of the specific role
of each of these enzynmes in the generation of toxic netabolites or
detoxification of a 10 parent conpound. Thus, in another emggotipmEaQ0ocof the
present invention, information gathered by this nmethod of the invention may
be used to predict the |ikelihood of toxicity in particular popul ation
groups. For exanplefludetompohdneat i on of a parent conpound by CYP 2D6 only
may be shown by a decr incell viapility with .increased dru
concentration in the p}?@% copparcy.f F‘eiagﬂjéma‘ﬁgu?PHP'EQY&PW%’}?EV(%%CHS%P%i nes,
15 but not in the Q%S@eisbméspm4 dHIERES deB didest The mggesic profile of tp@R4l alli on
that is deficient ncr eased. | i kel i hood atlc
liability. The i m)aﬁﬂ%‘%]w&‘c sf'ée es“?'f']"lﬁ%‘f’?d Wi FWéO’%Wé‘amﬂ@&"S'gw 8he P450
pol ynor phi sm  @an 1Raxer Qﬁedﬂ&dlﬂmﬂﬁieﬁbﬁdtﬂaﬁﬂi@ thinetdbSIey prydiesd i theassting s ene
P450 (2E1, 2C19, 2C9, 3A4, 2D6, I A, and 1A2) account for about 95% of all
cyt ochr one P450- né’&?‘éf’t%lﬂk"éﬂolbéé‘é‘ﬁ’faﬂé?ed’(Bf“f’Wé‘éé""?D@“‘?Eféed travserdlare ¢ he

cytochronmes PA450 tiA8do@GoPMBY ahPhetabdi8m BRI idst donPburd@hon e P4 Soltsassoci at ed
with clinically relevant changes in drug effects. See Evans, WE. and

Relling, MV., " PH%ﬁ“Hﬁl?&genom cs: translating functional genomics into

rational ther apeut ics, @@'s%h@éﬁﬁ@ﬁ%bu&oﬁ%p%& ukddGh a hizPthroubBS hssay?st FI G

| depicts expressmn | evel s for key Phase (Ieftz and Phase ||
(right) enzynd§, é’?lé‘éﬁ?ﬁ&?E@lIPBlYﬁP‘FWﬁ‘F‘?’OHMﬁ%WOHé?FQ(thW”é%d‘(“FfHFI)YPaFenI'FIG 1,

the level of expra@eﬁgbnom@émﬁ;}a@nﬁeetg,a%meﬁ%@@é&mowefteﬁ&reyﬂmdml ized to
the level of expression of the sanme 'enzyne In pri mar%( human hepat ocyt es.
P¥

As shown on the | éppan JgYeamica@th@dé@opkvll@;qﬁmstsvemﬁwlf> Cif may RRIEEEd ¢ he

respective PAS0 t BamcR ki interiih J‘%ﬁbﬁ%@ﬁ%ﬁ&%% @ﬁcula{éa fRfeliioaf -an@hase ||
enzynmes, such as UDPGI, are approximately 10 fold | ess expressed. This

differential expr esdiawnlyerila present erheach pleiermt | on of potential reactive
met abol ites agswel | aSFIw3HéplépéaHpIeydaEa%b[aﬁ'@&E’roWatnhbtﬁbrd'oi’ it #veatfon. The

compound on the left exhibited toxicity in the TC5 cell line as well as all the
transfected cell lines. It is therefore predicted to be an intrinsic liver toxicant. The
compound on the right is not predicted to have increased likelihood of clinical liver
liability.

20 FIG. 5 demonstrates reduced toxicity of a pareat compound by CYP 2C19
metabolism. The assay shows a marked amelioration of the parent compound toxicity
following metabolism by cytochrome P450 2C19. This compound might be harmless
for a majority of the population. However, increased liver toxicity may appear in the
subpopulation of poor CYP 2C19 metabolizers.

25 FIG. 6 demonstrates increased toxicity following CYP 2C19 metabolism. In
such a case, it might be helpful to test the compound on primary human hepatocytes to
assess the importance of the 2C19 route in the overall metabolism of the drug
candidate.

The following solutions and reagents were prepared and used in the

30  experiments described herein.

Culture Medium (CM)
Low calcium medium, PMFR-4, supplemented with 2 mM L-glutamine, 50

-8-



06 April 2006 cellular conponents. FIG 2 conpares the netabolism of

buspi rone by human |iver mcrosones, 3A4 Supersoneso, 3A4, and TC5 cel
lines. The netabolic profile of the 3A4 cell [Iine closely matches the
results obtained with mcrosones extracted fromhuman 5 livers or insect
cell line, denonstrating that netabolites produced in the testing system
are very likely to be also produced in a subject's liver. Apeexpeos the
parent cell [|ine does not show any netabolismof the test conmpound even
after 44 hours incubation. FIG 3 shows the results for control sanples

used in a hight . Iy AV Welpl | | -.onl. n
medi a-only cont r@@ﬂ%&@%é‘ﬁﬁﬁﬁsﬁg Séﬁn’tgv r yﬂﬁﬁg%dé& %P%ge“gdﬁ'? Plf%erﬁ,%aftjvm
conpounds, e. g.,gpethifector 1pg/trhasinifexm, S0INHM phosphoridbinblainjhesethanslifine hUNMaN

| i ver toxicant) t heophyl |.i ne_(negative control of toxicity) my be
included in each? Ef'?'?"ﬁ%‘“l'?ﬁ’éﬁ H%lélqeb%’éﬂeipé&"it%he%@é‘f’9-5%!’@#13“’?%‘3 ‘t%!%fém at ed

fromcell-only a3 ferBevide QAlnf (WBhHhids)Pr esent on each plate. 15 FIG 4
depicts sanple data obtained froma rnethod of the invention. The conpound

on the left &xhibitednmsinEITA 1XK0.05%), Ti Tedhnplogiene as wel | as all the
transfected cell lin . ' er. r,a.Rred to be an_ intrinsi.ec |iver
Soyibls dr3 3R ANEBLEING T SRR UIE

toxi cant. The conpound on t S no
| i kel i hood of clsbMopbedyl}-2N-gatrazdlivahinniet saltc (2ATH) @nd Pheaerimivatthodutfse (RMSY ed

toxicity of a parent conpo by .CYP 2C1 abolism The assay shows a

mar ked anel i or at‘ﬁ’%erlpr%‘?a“fdrf’é?@g‘rwénpeﬁad’ﬁ%%ﬁngjat‘epfss}‘ghf LR R Hd’agret abol i sm

by cytochronme P4bar€i8sh fhhéash ennarendsayl ght be harnless for a mpjority of

t he populatiﬁn. ver, increased liver toxicity nay appear in the

subpopulatia o¢£g§§¥¥€¥P 2C19 netabolizers. 25 FIG 6 denonstrates

I ncreased toxicity fplglwg.ﬁsg(golgg@,- _,,%E,tr ; :?gmsﬁdmn%gwgggrga@gﬂ,meg m ght
rs unman

be hel pful to test the conpound on pri epatocytes to assSess the
i nportance of t RerdeawdardniP mh of RalbosceisdIBS (et ates! fresrhifefTe¢hnelogleshigThe

candi dat e. solution was warmed as necessary to dissolve the powder, then filtered through a 0.22
pm filter.
15  PMS Solution
A 0.92 mg/mL solution of phenazine methosulfate (PMS, Sigma) in PBS was
prepared and filtered through a 0.22 um filter.
The two solutions are combined at a ratio of 20ml of MTS to 1m] of PMS for use.
Coating Media
20 To 500 mL of LHC basal medium (Biofluids, #118) was added human
fibronectin 5 mg (Collaborative Biomedical Products, #40008A), Vitrogen 100
(purified bovine collagen) 5 mL (Collagen Corp #PC0701), BSA stock 0.1%, 50mL,
(Biofluids #343). The solution was filtered through a 0.22 um filter.
A sufficient amount of coating medium is added to cover the well or flask,
25  followed by incubation for at least for 15 minutes at 37°C. Coating media was
removed prior to seeding flask or well.
Cell Preparation and Culture
Cells were grown at 37°C, under 5% CO,. The cells were serially passaged in
175¢m’ culture flasks, split 1:10, every 7 days. Approximately every Sth passage,
30  cells were selected by addition of 150 pg/ml of G418. Periodically, metabolic activity

of the daughter lines were verified by usage of P450-specific fluorescent substrates,
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The follow ng solutions and reagents were prepared and used in the 30
experinments described herein. Culture Medium (CM Low cal ci um nedium
PMFR- 4, supplenmented with 2 mM L-glutam ne, 50 -8 06 April 2006 gg/niL
gentanycin, 1.75 pMinsulin, 0.2 pM hydrocortisone, 5 ng/nL epidernal
grow h factor, 10 gg/nL transferrin, 500 nM

phosphor yet hanol am ne/ et hanol am ne, 50 nM triiodot hyroni ne06l&pr/2€06bovi ne
pituitary extract, 0.33 nMretinoic acid, and 3% fetal bovine serum
(Biofluids). 5 Trypsin EDTA I X (0.05%, Life Technol ogi es. Sol utions of

3- (4, 5-di met hyl t hi Rz odll gassgke, 1Ha-cEIB-vae ipxd with PBS Vipdobngd J mibu(ed with trypsin

sul f ophenyl )-2H-tetrazal.i i I "MIS") and phenazine net.hosul fate
(PVB) were pr epar’ &Psé{'gé‘?m%\@%%ﬁﬁﬁt@?%' §"‘£‘b i Ciu{sgurf’ fght™ _
sensitive, it was Fopexppamedalfteasint eelloethsceded aof 5 khe' eigesl] ih@6MES Sol uti on

A 2 ng/nL MIS sol utjon was prepared by dissolving 240 ng MIS ( Pronega
Corp.) powder in ﬁk“rﬁﬂgggqs( OBé’B@dOQZ'PB@”TEaZt Mjt' free, Life

Techno) ogi es). 5Thqesl%&hm#@&[mgmngﬁjsm@@ssar y to dissolve the
powder, then filtered through a O. mfilter. 15 PM5 Sol ution A 0.92
my/ ni L sol ution of pheftesheontpernts sigrefdipse vedpnBMSE gayme/mL CRHO0HE ™Y epar ed
Fati o of 2omt of MRS T RFMEN) Farion 8 bl B KB EReAEE AL 000 T oF
LHC basal nedi um ¢8iceftratipuisf 1%(18) Befae: tetidg dtahimguenceftiaipomé 260 #d50ny
(ol aborat | ve B gURl 0L 23 S0HSh B85 Bl BT Hfom (L B
(Bi of l ui ds #348) . sditigligokutdompoidSvak hotisalnblel at Joru@uglh, serid dikRiops werk picpaed
and tested to determine the highest soluble concentration. For testing in the robotic
system, the initial concentration in the mother plate was 250 pg/mL or 50 pg/mL (2X
concentration). These two starting concentrations will produce overlapping curves.
The first dilution and highest concentration tested was 125 pg /mL or 25 pg /mL in
15 0.5% DMSO and the final volume was 100 uL. The further serial dilutions were 2-
fold, 62.5, 31.25, 15.6, and 7.8 pg/mL (12.5, 6.25, 3.125, 1.625 pg/mL) and the
DMSO was diluted 2-fold in the same pattern. Culture medium containing test
compound {100 pL) was added to the cells after a confluent monolayer had formed.
Positive {e.g. perhexiline) and negative (e.g. theophylline) reference agents were
20  included in each test.

In the antomated or “robotic” procedure, a “mother plate” (36-well) containing
test articles in triplicate at twice the highest concentration to be tested (25 mg/mlL),
served as the supply of compounds for the assay. From this mother plate, five
successive 2-fold serial dilutions (100 L) were made, vsing the robotic arm (CRS

25  Robotics, Burlington, Ontario) and Quadra pipettor for each cell line. For example, a
compound made at a concentration of 200 uM into the mother plate would be tested
on the cells in plate I at 100 pM, at 50 uM in plate 2, at 25 pM in plate 3, at 12.5 uM
in plate 4 and at 6.25 uM in plate 5. These 5 different concentrations would be
repeated for each of the 5 cell lines, for a total of 25 different plates. The plates were

30 incubated in a Hotpack incubator at 37 °C under 5% CO; for 20 hrs. Following the
incubation period, 22 pL of the combined PMS-MTS solution was added using the

-10-



A sufficient amount of coating nmediumis added to cover the well or flask,
25 followed by incubation for at least for 15 mnutes at 37C. Coating nedi a
was renoved prior to seeding flask or well. Cell Preparation and Cul ture
Cells were grown at 37C, under 5% CO2. The cells were serially passaged in
175cn2 culture flasks, split 1:10, every 7 days. Approximately every 5th
passage, 30 cells were selected by addition of 150 g/m of G&18pril 2006
Periodically, nmetabolic activity of the daughter lines were verified by
usage of P450-specific fluorescent substrates. -9 06 April 2006 For cell

passage, the cel loboldsrfh dnbi O e&}ayprehmPE}’ﬁetesm&t@@&(ﬁeiagmm%ﬁédwtﬁéﬁ trypsin
(trypsin EDTA 1X (0.05%, Life chnol ogi es), and harvested in culture

medi um  For exp®Frhaiast éfte'tar"él&ﬁ"ﬁﬁmlg hr E’éill?aélovvé’ﬂb Ml thedp!ates Wergingdividyally
cel I s/well in 96gRbdred e gl'ahrc eddbS ﬂla& E%té}qaios) alld Qbsgu%gnn%lmt&%ttgu}g > Test

Conmpound Preparation and Adm nistration S wer I ssol ved
in DVBO at 25 nymedsutedst490@m.t g/ rrL) and 5 ng/nL (5, OOOItg/ rrL) whi ch was

added to the culture di um ;Elo % 23%; conce trtatlon f. 1% V%? Bef or e
testing, starting contaRt7afs c?ﬁ%e%‘f' HeapRyUEE 2 ying thgAiehest gangenugtign to

SPECTRANMBxT s pe Cliertesndel) tepvedita® theatippP Of doipbande Y&t thisdsayt Feond issadthrigldagy. 1f a
m., serial dilutions were prepared and

conmpound was not_ sol ubl e 0 p.g/
tested to deter rﬁ"ﬁé"%ﬁﬁ'Vﬁaigfﬁgiﬁﬂé&{ﬂaB?*@ werreadsdeneeribepll lingrFor gammig i n t he
robotic systemcolpBurddihddeal a EMBERALISPS 200 Mnto IR MBLEGiatdbBlI8 b¥"?c§te§59l g/ L

or 50 gg/nL (2X concentration g These two starti ng concentrations wil
produce over | apphorflle inplae ] at M1 41 80 ui| inpldte? abdiMiig platst3, eohZcmlriat i on

wos 100'L. The Pkt E29AM il oot Gl s slslfior) o (T
and 7.8 jtg/nL each & thet) @4 lings, 15, total 25 differdn) platesl Alhend-RBAuKagipetidrut ed
R e T e
Positive (e.g. peddné COnfey20hd inegaidarddaiceatgry iiddBapH Hollbwi) thedhaibaise
agents Were  oiod, 22 uL of the combined PMS-MTS solution were added to each well. After an
15  additional 2 hr incubation, absorbance intensity was measured at 490 nm using a
Wallac Victor 1420 plate reader.
Cell Viability Assessment
MTS is an indicator of mitochondrial function. The assay is thus a
colorimetric method for determining the number of viable cells in proliferation. MTS,
20  in the presence of an eleciron coupling reagent (phenazine methosulfate), is
bioreduced by cells into a formazan that is scluble in tissue culture medium. The
conversion of MTS into the aqueous soluble formazan is accomplished by
dehydrogenase enzymes found in metabolically active cells. The quantity of formazan
product as measured by the amount of absorbance at 490 nm is directly proportional to
25  the number of metabolically active cells in culture.
Analysis of Results
Validation of the run was made by comparing three criteria (perhexiline ICs,
theophylline ICsp and plate-to-plate coefficient of variation) with historical references.
If a test was rejected, then all data from this particular run were discarded and all test
30 articles were rerun. Data from validated tests were adjusted for background
absorbance (defined by the “medium-only wells) as well as plate-to-plate variability,

expressed as percentage of the viability observed in the cell-only wells and examined
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20 included in each test. In the automated or "robotic" procedure, a

"not her plate" (96-well) containing test articles in triplicate at tw ce

t he hi ghest concentration to be tested (25 ng/nlL), served as the supply of
conpounds for the assay. Fromthis nother plate, five successive 2-fold
serial dilutions (100 L) were nade, using the robotic arm (CRS 25 Roboti cs,
Burlington, Ontario) and Quadra pipettor for each cell Iine.gsRaprile2006pl e, a
conmpound made at a concentration of 200 Minto the nother plate would be
tested on the cells in plate | at 100 M at 50 Min plate 2, at 25 Min
plate 3, at 12.5 Morjignifanteencniipna¢iated @EnmmﬂthMIOSheéﬁh&@ n;fﬁawrffd‘ er ent
concentrations wo f t ot al
of 25 different IL%)? egﬁ %@ﬂ&?ﬁ ?%git%?éﬁgg Clgrﬁcgh%a%& ?Ans{"é rgggm (?(?nngubator
at 37 C under 5% aopthe dlrffe@ﬁt dallbneslﬁodi hrolﬂs(nc@ldrdnmcd usmalfanurrmnpm logi$t1c22 pL of
t he conbi ned PMs- | u n 10 06 robotic
arm and Quadra pi gg%"tﬁ%% 8 g%efds ;ﬂgcoém%mﬁn ansrer r'légcfgg%?h

i ncubator. Aftér auabadﬂort lhereafess’iormnej n(:umtand)nan&aﬁdmewﬂ't&n (8heis pdlatiasd wer e

individually tra 0 der lctor 142

absor bance |nten5|r}Solo b E“wﬁéa@% 3 6“3[1? ateg: hﬁ“fﬁ?%%ﬁ?ﬁd&%ﬁ%&é@ﬁ%,
test conpounds at cbmpmdleharehla.gﬂmﬂtveﬁmmvéabnm&.to be tested, served as
t he supply of compounds for IEhel assay. Fromthis nother plate, five
successive 2-fol dié%q%ﬁ?—@t eigtio ns were made for each cell line. For
exanple, a COWpO(H’Bdc@ﬁndﬁﬁmtﬁnﬁQﬁﬁﬁ:ﬂid]u.&ﬁliJreﬁlErtHﬁDﬂﬂﬂMlt0 the nother plate
woul d betestqg on ceIIs% Iatel at 100 M MS g&gate 2, at
25 Min plate at 12 URAMPRUTES With 3p LCsa inAgy o 'th"Be“ZlS‘e ehsiham R aPgerhese 5
di fferent concent p&ﬂic&ﬂsodeeaﬁm&easb@ﬂkdméodcﬂ%ﬁ:hc@fueﬁah@hsﬁnlﬁiek|Telst nes, for a
total of 25 different plates. A hand- ti-pipettor was use

to
perform the steps¢RPYAE ‘ﬁ‘ﬁ%ﬂ?&?’”é‘é%‘h‘iﬂl l’Fﬁ%ngﬂ‘%{t”@é'5 ReMygneedaeato 37 ¢

under 5% C02 for Bﬂehrrgdubajmceﬁﬁoaadpag@g{agg@tmﬁmu@ncubator Fol | owi ng t he
i ncubation period, 22 gL of the conbl ned PI\/S— |vrrs solution were added to
each well. After s with,p solub it 0uMysor bance i nt ensi ty was

measured at 499 nm usi th @mpounds with an ICsg in any of the cell lines were predicted to have an

increased likelihood of clinical hepatic liabilities. If the dose response curve allows
extrapolation to 50 pM, test articles with an extrapolated ICsp in all cell lines greater
than 50+SD uM were predicted to have a reduced likelihood of clinical hepatic
liabilities and test articles with an extrapolated ICsp less than 50 pM in any of the cell
20  lines were predicted to have an increased likelihood of clinical hepatic liabilities. If
the maximum solubility reached in the assay does not allow extrapolation to 50 uM,

the likelihood of clinical hepatic liabilities cannot be predicted.

EXAMPLES
25
Exampie 1
Immortalized human hepatocytes were plated at 1.5 x10* cells per well in 100
pL culture media on coated plates. These cells were incubated overnight at 37 °C
under 5% CO;. A confluent monolayer formed during this incubation. Cells were
30  exposed to test compounds by adding 100 pL of test compound to cells at 2X the
concentration to be tested. Serial dilutions were made for lower concentrations {1

concentration per plate). Cells were then incubated at 37 °C under 5% CO; for 20 hrs.
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Wal |l ac Victor 1420 plate reader. Cell Viability Assessnent MIS is an

i ndi cator of mtochondrial function. The assay is thus a colorinetric
nmet hod for determ ning the nunber of viable cells in proliferation. MIS,
20 in the presence of an el ectron coupling reagent (phenazine

met hosul fate), is bioreduced by cells into a fornmazan that is soluble in
tissue culture medium The conversion of MIS into the aque@gsAprl20gee
formazan is acconplished by dehydrogenase enzynmes found in metabolically
active cells. The quantity of formazan product as neasured by the anount
of absorbance at MB®reagenk svagiddedinl 22 b @Doe th @kl well0 C2Bs Whe thitd itabat&f for

net abolically ac&'ve cel]ls in culture. Analysis of Results Validation of
the run was made b? ?fl‘ilrf%a? sorganer AP0 vasdegtmiged-hexi | i ne | C50,

t heophylline ICso and plate-to-plate coefficient of variation) with
historical references. |If a test was rejected, then all data fromthis
particular run were dtipdiigeipnspatepis,)and patent agglications aieationgd irethiser un. Dat a
from val i dat t . i IO rhance. i ned by
the "medi um ﬁl y%ﬁf%?ﬁg?%%ﬁﬁhas 5&%‘% gf’t%(@%ﬁ%%{&ghgga?n%a ?" t|z’tes\f/i,(e(%gﬁexpr essed
as percent age ofindépendentiblicdtipn,qlamer, veghténnagphieationlwas specificaii and and exami ned

- 11 06 April 2006. f .sh.gni ficant concentration-related changes with '
respect to the éﬁ%glgfﬁiy’ﬂ%’gagﬁ{lgﬁ?’"C?@Pmécgg)ﬁ[&érﬁ?‘iecate of the test conpound,

concentration-response curves were plotted for the different cell |ines
and an 1 C50 determ ned using a four-paranmeters logistic regression nodel.
The 1C50 is defined as the concentration corresponding to a 50%5 viability
on the regression line. A nean and standard deviation (SD) is cal cul ated
fromthe three 1C50 obtained fromthe replicates. These data are reported
for each test conpound, as well as positive and negative controls.
Interpretation of Results For conpounds with maxi mnum solubility greater
than 50 uM 10 Test conpounds with an 1C50 in any of the cell lines |ess

t han 50+SD were
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predi cted to have an increased |ikelihood of clinical hepatic liabilities.
Test conpounds with an 1C50 in all cell lines greater than 50+SD M were
predicted to have a reduced |ikelihood of clinical hepatic liabilities.

For conmpounds with maxi num solubility less than 50 uM 15 Test conpounds
with an 1C50 in any of the cell lines were predicted to have an increased
|i kel i hood of clinical hepatic liabilit4des. If the dose respgagrica006
allows extrapolation to 50 ttM test articles with an extrapolated 1C50 in
all cell lines greater than 50+SD ItM were predicted to have a reduced

|'i keli hood of clinical hepatic liabilities and test articles wth an
extrapol ated 1C50 less than 50 Min any of the cell 20 lines were predicted
to have an i ncrealsed 1A ledtliddood] determuhingi whdthan ep avinpounidabibibitsi dinsyrctatict he
maxi mum sol ug dﬁ&%%ed in the assay does not allow extrapolation to 50
uM  the |i ke inical hepatic liabilities cannot be predicted.
EXAMPLES 25 Exarrp!l)e 1cpmtn®u1galttae@1MHQnuShepmcnfdmieg idiesyecpliatosditawith. 5 X
104cel I's per,, u di oat ed I at.es. - These..cells
were 1 noubat sttt the S RS BBl SORYRE oy MR <R B
fornmed duri n‘glutlhfits35|nnte.xlpaets$@Hhas@ehrkzsmwere 30 exposed to test corrpounds by
addi ng 100 p.L of., tes c X the trat tqQ_ be
tested.  Seri al 171) uti tg?]lggé?v\gglﬁ?e f‘xgpar]gdeéec nclaccH% (‘;Vétﬁta ce{ v6a llt%!i 1Chtar Jo
concentrati dhrtqwrnep‘lvbﬁt@r.th@éiritscc%elme lbdsegmmtedbatcaeb atetaBdli€ fiomd erid 584 CO2
for 20 hrs. - 09? jil 2006 MIS reagent was added in 22 pL volume to each
wel | . Cells e dr’len i ncubated for 2 firs, and the absorbance at 490 nm
was determ ned. A}l pubde'r\cim foonsy regadtiontis celbndbipatdEniie Bppddlldakirandie to
mentioned in,this at.ion arehrelnlncr refer nce to
The same. extBhovRa? oP e htHh o e RiEn R ITP /e GReb G Brice 6% cBlad B

appl i cati on nasvespebe tlC albijityaditkhe sévdhd cellibhd ¥ thdickiticatod thet @enbRtidmeompor at ed

by reference, . . e e . "
y Qoxic metabolite and that the test compound exhibits idiosyncratic toxicity.

2. The method of claim 1, wherein the first cell line is THLE-5B-3A4,
THLE-5B-2C9, THLE-5B-2C19, or THLE-5B-2D6.

3. The method of claim 1, wherein the Phase [ enzyme is a cylochrome
P450.

4. The methed of claim 3, wherein the cytochrome P450 is 3A4, 2C9,
2C19,2D6, 1Al, 1A2, 2B6, 2C11 or 2E1.

5. The method of claim 1, further comprising a plurality of first cells

lines wherein each cell line expresses a different Phase I enzyme.

6. The method of claim 5, wherein the plurality of cells lines comprises
THLE-5B-3A4, THLE-5B-2C9, THLE-5B-2C19, and THLE-5B-2D6.



14 06 April 2006 1. A nethod of determ ning whether a conpound exhibits
idiosyncratic toxicity conprising: a) contacting a test conpound suspected

of having idiosyncratic toxicity with at |east one first cell |ine which
expresses a Phase | enzyne and with a second cell line which does not
express a Phase | enzyne; b) contacting the first and second cell lines

wth a. cell viability indicator to deerm ne whether the fig Apriczids | i ne
has generated a toxic netabolite fromsaid test conpound; and c) observing

for any reduction in cell viability of the first cell line relative to the
second cell line, wherein a greater reduction of cell viability of the
first cell line relative to the cell viability of the second cell line is

i ndi cative of théd.gendhat imehash theﬂiﬂllﬂoxl c whsteabolliet dngigiion hat 3t(He-t est

compound exichSubitl PINRES R4-EGnb Qb didyphey)- 15%.5[{1‘?6;1&%1 fcl aim 1, wherein

the first ce ne 1's E-5B- 3A4, THLE- 2C19 or

THLE- 5B- 2D6. te@azolitwe, inetriseld of cl ai mt wherein the Phase | enzyne is a
cytochronme P450. 4. The method of cl ai m 3, wherein the cytochrone P450 is
3A4, 2C9, 2C19, 2D6, | A, 1A2, 2B6, 2Cll or 2El. 5. The nethod of claim1,
further conprisirkg a ghamadthdadyobflaimi dswhereinl the cklt nies ewpresses theclivhe el | | i ne

expresses a di e , LI rein the
ol aral ity ofieen By HREE a IGRAKER potoio it fh Wl B af B hion pfHELE D o
and THLE- SB-BB&IéhE)’IﬁﬁirAmmdryﬂOﬂﬁn Hepaibagtesret hod of claim 1, wherein the
indicator is 3-(4,5-

di net hyl t hi azol - 2-yl ) -5-(3-car boxynet hoxyphenyl ) - 2- (4-sul f ophenyl) - 2H
tetrazolium inne; salThe nBethobhef ¢mithodwhtre@l the weil linveepessas tHeePized [ | i ne

%P;ef ﬁgﬁ t Eegaz;ggét?a llgxfel Q){’b%@é at Btlftesﬁﬁ%!dtn?o% thlaﬁ ti%t[c\'le?gts éxpg:ss:on ot2 tg fold

Phase | enzyme in primary human hepatocytes.

10. The method of claim 1, wherein the cell line expresses the Phase |
enzyme al a level that is at least about 100 fold more than the level of expressioh of

the Phase [ enzyme in primary human hepatocytes.

. The method of claim 1, wherein the cell line
expresses a Phase Il enzyme at a level that is at least about 70% fess than the level of

eexpression of the Phase 1T enzyme in primary human hepatocytes.

12. ' The method of claim 1, wherein the cell line
expresses a Phase I enzyme at a level that is at least about 80% less than the level of

~ expression of the Phase H-enzyme in primary human hepatocytes.

13 The methéd of claim 1, wherein the cell line
expresses a Phase 11 enzyme at a level that is at least about 90% less than the level of

expression of the Phase II enzyme in primary human hepatocytes.

14, A method of determining whether a compound exhibits

idiosyncratic toxicity comprising:



Phase | enzyne in primary human hepatocytes. 9. The nmethod of claiml,
wherein the cell line expresses the Phase | enzyne at a |level that is at

| east about 50 fold nore than the | evel of expression of the Phase |
enzynme in primary human hepatocytes. to. The nethod of claim 1, wherein the
cell line expresses the Phase | enzyne at a level that is at |east about
100 fold nore than the | evel of expresggon of the Phase | egipEl 2006

pri mary human hepatocytes. 11. The nmethod of claiml, wherein the cell line
expresses a Phase Il enzyne at a level that is at |east about 70% I ess than
the | evel of expression of the Phase 11 enzyne in primary human

hepat ocytes. 12. The nmethod of claim1l, wherein the cell line expresses a
Phase || enzyme @&t a dPeigdingtaiet canpoaid sheagtd efthavitg Bﬂs%rdcam'smbchamwithe | evel
of expressi hepat pcytes. 13. The
met hod of Claﬁ%&%{sili;h@gﬁ’gtﬁﬁ%%ﬁ Sge F%gpﬂéger g% Sses Irab aés%g&qo‘f ehrrl’§ me at a
level that i"dickdopseiesexpatspueytotmedsdOehamet he | evel of expression of the

Phase |1 enzyne in prebifdidie MBS term ni ng
“whet her a corrpoun)d exchl blttig i di o@?%%%g‘tg%%ﬁﬁ]gigqg? aAeIFEEE'iﬁ@ .93103‘90% .06 April

2006 a) confHETTRy A tEste Eipseitia: das puerisd aoﬁrmﬁawﬁ@htsdﬁmynértw c
toxicity W thmpand;iangt cell Ilne V\/m ch expresses a cytochrone P-450 enzyne
and with a secon( ceIL | i.ne does not express a cytochrorne P-450
enzyne; b) contactin§ Tha" of %‘F" rﬁ‘?’rﬂ“%&éﬂb"‘&@“b’ of tha &igst Gk linegelare|to vi abi ity
i ndi cat or t te detmdroail hige,whistdien drdaer frédistoncdden lviaB@ithasmeaiRaral ¢de a toxic
netabolite moun nd; observing, for any reduction in
cel | viabil H“ﬁ‘%? {hﬁ Ce!ﬁ“rag” cel'l he P CFigf“él‘% Fysiedve ¢ithe sBEBRY ¥t 1 ne,
wher ei n a grogEtrestabobidwed thetrthokst cehpound edditits tdyos@fcraibexddity st cel | [ine
relative to the cell viability of the second cell line is indicative of the
generation of the toxic nmetabolite and that the test conpound exhibits

i diosyncratic to®icity. A method of determining idiosyncratic toxicity of a compound

comprising:

a) contacting a lest compound suspected of having idiosyncratic toxicity with
a plurality qf ﬁrs_t cell lines and with a second cell ling which does not cxpréss a Phase |
enzyme, each first cell line expressing a different Phase [ enzyme;

b) contacting the first and second cell lines with a cell viability indicator to
determine whether the first cell line has generated a toxic metabolite from said test
compound; and

c} observing for any reduction in cell viability of the first cell lines relative to

~ the second celi line wherein a reduction of cell viability in any of the first cell lines
_ relative to the second cell line is indicative of the generation of the toxic metabolite and

that the test compound exhibits idiosyncratic toxicity.

io. A inethod for determmmg the likelihood of hcpatm habmt}r ina
pOpulataon following administration of z test compound comprising:

a) contacting a test compound with a plurality of first cell lines, each first cell
line expressing a different cyiochrome P-450 enzyme, and with a second celi line which

does not express a cytochrome P-450 enzyme;



15. A method of determ ning idiosyncratic toxicity of a conpound
conprising: a) contacting a test conpound suspected of having idiosyncratic

toxicity with a plurality of first cell lines and with a second cell line
whi ch does not express a Phase | enzyne, each first cell line expressing a
different Phase | enzyne; b) contacting the first and second cell lines

with a cell viability indicator to de|17erm ne whether the figgapgaedod i ne
has generated a toxic netabolite fromsaid test conpound; and c) observi ng

for any reduction in cell viability of the first cell lines relative to
t he second cell line wherein a reduction of cell viability in any of the
first cell lines relative to the second cell Iine is indicative of the

Yo osyncrat Lo Poxi cibfmg Bt R dob ke ool §3s wieh sl b Tt oo of
hepat i c | idatoming yi'lmtmrafhe icsp wElatingrha Qlhepardng tﬁM}Bhﬁdlﬂtaaﬂ'blﬁrhmﬂftes@ test

conpound g u‘n&aﬂﬁ’ a) contacting a test conpound with a pl urality of
first cell nes, each first cell line expressing a different cytochrone

P- 450henzyrre And whtehviag &emummi\anm lin Viabidiéty whihe firet dﬂEﬁneﬁlﬁHaﬁﬁéPﬁﬁ&S a g
cytochro % A acting t I.rst an
second CSF’ fﬁE1’|fgﬁ%stR€m oeill i 'f/h%g%‘? PO c‘eHd%a(I?ﬁ ﬁ"“{“i)f“‘gﬁx@ﬁ?? A& whet her t he
first cel leelf fimsgelitive tgéwaeadndcte& linoisi |wcaﬁeé taph phikie® Refoaindint @St
conpound; j changes jn vjability of the first cel
fines rel an?‘?%gﬁ% ?ﬁ@‘é;\(é\}zﬁ% %?53@51’ “{%gpﬁl&%ﬂﬁal&@ﬁ?‘ heving erspfrecdll n greater
col t vi abiviability &ftenirtest faompam;i mfitatthigas fd tilsdlihosziebt h&pa.tn@ﬁau"ﬁxg &bl]d(ﬁn%]o t he ‘
second ce cative ,that a ulatlon deficient int

abbigfiol B 0 RLCQL NG i pohufie

cyt ochr ome f the first call |ines having
greater cell viability after test conpound contact has a |ikelihood of
hepatic liability Followng admnistration of the test conpound to |Iho

popul ati on.




