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USI NG EMBRYO D BODI ES TECHNI CAL FI ELD 5 Thi s invention provides S r
i dent i f ywyoadd2char acteri zi ng toxi ¢ conpounds as wel | as H@VUSERLEAI ng new
conpounds for toxic effects. BACKGROUND ART Sone 55,000 chemicals are
currently produced or used in the United States 10 15 20 every year.

Rel atively few of these conpounds have undergone conprehensive testing for
acute or chronic toxicities. One estimate is that |less than 1 percent of
commerci al chem cals have undergone a conpl ete health hazard assessnent.
Faster and | ess expeggwe ﬁqrﬂhéﬁﬁ@g“ﬁﬁm‘@ﬁ"ﬁ?w@é t hese conpounds
woul d be desirable. 't wou be particularly useful 11 such neans were al so
anenabl e to high throughput use. In addition to industrial and househol d
chemical s, a nunber of chem cal TEGHMCALJIELBr e devel oped each year for

use_as pharmaceuti cal s. | es regardi the.testing qf potential .
phafmmoaut 1 cal s ar AR KSRV THBOd G eRe g R e P
("FDA"), cd@ﬂp&ﬂxd@d& GRN%ak Yor s%?ééhh%%e%ﬂ%ﬁﬂﬁ&ssfowoxi@ﬁ’fécw of toxicity, _

mut agenicity, and other effects 1n at l'east two species, only one of which
can be marine, before a drug candi date can be entered into human clinical
trials. Preclinical toxicity tew,s sone hundreds of thousands
of dollars. In 1997, the pharna : i -y was estimated to have
spent over $4.5 25 gBplel95a1mohefifiéabOats BRr@fDFSdRE of Gselii thel Unifkt Sthees ne
toxicity. Despite this huge investnent, alnost one third of all prospective
hudfin t heveapeean Reldtiiely few offthesel coppophdsdave indengone cotripnehensive tastihg fdrecause
of unexpected toxicitw...lt s clear that .currently avail abl e tqgxicol ogical
cr oen hEHE s HRSHE thirivgh, OBe iRk IRk F LA ndte L eORrEl han

t her apy. clgghicals haPaisdedfoneq @Mple hpAliHEHzhRl assRSheR e Fhdt€SandQéssRRp&idived
toxicity would reduce the cost and uncertalmbof devel opi ngi new

t her apeufmears efifgstingthe taxieityef thesecomprnads w ¢/desirablar digwodlddepr i vat Ie
' | Ll 30 Cu
ova | abi BRIy ORI SRRl PHE D ahfbnfibil o BEK BRI uee™®, 510000

aniidal toxicity tedhaddition taididuftiibl andivasehblicchemivaty] a nuinber efchenlical Farr,

U S. Patent 5,811,231, provides nethods of_ identifyi n% and characterizing
toxi c coRpRpHYonsare devgloped eaghyear dor uipap ohaymacentioals; Rulpsregpsging Mifoosi ng.
sel ect edifih £ 58 phle AT phiudoBudDsl A€ HRIIBMESL R FoBShd Dt AfnlfighafH PUi on
of genes Tinked"to these pronbters in cefls of various ce I nes. IS

met hod t (E&FRA D) evhikdpemetatly requires dergpreberisovevtbsting off aixiicityh mutagenisiteyandnd t he

cell lineg arg representative of the effect. of the potentially toxic agent
on the opBhPORSH Solrst Btg Speptrs: QAIEoR ofhieR amm o ming Belije a firie
ol izgonucariiisle salPbO¥nteRA ifdHuntin dligithFtrials. Preclinical toxicity testing alone costs

some hundreds of thousands of dollars.

In 1997, the pharmaceutical industry was estimated to have spent over $4.5
billion on screening assays and testing to determine toxicity. Despite this huge investment,
almost one third of all prospective human therapeutics fail in the first phase of human

25 clinical trials because of unexpected toxicity. It is clear that currently available
toxicological screening assays do not detect all toxicities associated with human therapy.
Better means of screening potential therapeutics for potential toxicity would reduce the cost
and uncertainty of developing new therapeutics and, by reducing uncertainty, would
encourage the private sector to commit additional resources to drug development.

30 Currently available alternatives to traditional “single-reporter” cell lines and
animal toxicity testing do not fully meet these needs. For example, Farr, U.S. Patent

5,811,231, provides methods of identifying and characterizing toxic compounds by

TR AR

*]AA16A* *G00002*



H ”
for determning the potential toxicity of chem cal conpositions. Exposing
cells of a culture to a chem cal conposition and then conparing tHeq M Y 2003 .
expression pattern of the exposed cells to that of cells exposed to ot her
chem cal agmowmsysermts one to detect patterns of expressi @0TAiSed/2\84 t O
that of the test conpound, and thus to predict that t he toxicities of the
10 chem cal conpositions will be simlar. See, Service, R, Science

282: 396- 39 1998 se net hods, suffer from i.ndi vi dual cell
[ nes. my PRETBooksiR S ELafSe sdstert’we%%ﬁ&vgﬁofoths HaHBROR Rt act
organi sm géﬁbfs@ﬁﬂ(@d to tAYR proRBRA In@1lE BEvArRSS Sell Ind¥U MKiPhethe& terdfbRes does
not reproduce or account for the conplex interactions anong cells and

tissues t Hependsewthe degregrogvhienbashiheomater and theeeli disies are rensesgntative ofs

met hod of ;s C I .tions for potential
toxicity |thn eg%er%nnaftdéu%(’éex%lﬁﬁﬁk %Igfg'& t?' P%ﬁn& (?Hmc%ﬁsfs of other types.
What si s further needgd ulséoﬁhymﬂmucﬁ aﬂ@ysrtgoﬂgoﬁwesbttde§pxbeidey@rmthérctottee

ef fect of the conposition on whole oersms wi t hout the cost time, and

et hi cal r fendetesmining therposentizghioxicHy oh g lcelé@mmgltlomﬁeEm%mp § oleenliuse
dd |
vent  on O SR botrbSiiolaRE fron kot 8 dibrebgior buerd SHT skPhsfts

conposi t i enthat bfcetinexgosed o otheresheamicalapéts pdrinéts oRy &Nddtend patserﬁk sfected to
met hods of creating.a nolecular profile of a chem cal conpositjon,

conpr i si n§XPIEESIaR %@slabto thpt @ah%@ﬁt@etnqqu,@ﬁd ithusita peadictihatghe taxicitien P Bied
body;(f EB) -k &M&%ﬁgﬁ{t}ns%n%szmﬁﬂrt SQ?’eg?ES%r\me t@@&&k@@ ﬁh%@g@%ggfb% i n

gene expre55|on or I'nexpression 1n°t’he Ian e r

response tImesdIaethbémsufﬁ:Ir frzmmhesfadt itheat utdwxduai ath llﬁesrmhﬁ aod erfun)y m‘plrd:semaflvé he
chem cal ? 05|t|onb The nventlon furt enbodi es net hods of conpiling a
library of Bple 1§t9g|¥r°51a¥1l“§%° Sfesofish; M FeOV iy SV TePRAHE Mk ety In

predet er mﬂ‘ﬂﬂﬁ;g?‘g ﬁgéé dées n%ﬁ@Fddﬁb@Sr 4ddBurk 6 e Qémﬁl)eﬁ(fﬂ&ta@ﬁ(;ﬂsér}g‘t(ﬂ{g defig! ated

manmal i an e chem cal conpositio avi ng pr rm ned
toxi-citi eandh)ssueeﬁmtdcmsmarmrgamms in gene expre55| on or protein

exprgession 2 4325 Y 20203 P 9129384 in the i an
enbr&ts)l d body i n res ?Fs‘énf‘?zﬁi %I’fel\/&fl‘i‘étrﬁ gae égftF‘F‘BW’aEléf tiﬁtlééfgaralc | ecul ar
profile ofcohipdsifibfdior @bteﬁﬁﬂns,abi&y B ARG 16 WwhE R | 'uﬂgraé‘t Mﬂbééfs)bf‘éthcr _

mol ecul ar profiles by repeating steps a) and b) with at |east two chem cal

conposi t i dyiReshaVhatds encedpd Ieagmeansiof deing so which is seleeanb tthaefectof thae
present i o]

Compos t1 GaEioEEn B McE SreBRHD ket el fue PR RnI3h of sy
identifi edmdthammaésungnﬂ‘hs ptesemt inventiop addiedses theseeahdiathieraeéds. | n one as pect ,
the test chem cal conposition can be the sane as the chem cal conposition

havi predeterm ned toxicities. Fc~r exanple, the test chemcal is
identified through this test ke asui: Bt NTBN dentical nol ecul ar
profile as the known chem on further

enconpasses syst eni cThie iﬂwdtsorf providgpnongl tﬂuhotds forcissegsing the toxisity ofichrintiasl
COmPOS O s Tiane. fh GetterBi of arsbod B, BOMvinidh 2 alre el mEoRy &' N9
creating a molecular profile of a chemical composition, comprising the steps of a)
25 contacting an isolated mammalian embryoid body (EB) with the chemical composition; and
b) recording alterations in gene expression or protein expression in the mammalian
embryoid body in response to the chemical composition to create a molecular profile of the
chemical composition.
The invention further embodies methods of compiling a library of molecular
30 profiles of chemical compositions having predetermined toxicities, comprising the steps of
a) contacting an isolated mammalian embryoid body with a chemical composition having
predetermined toxicities; b) recording alterations in gene expression or protein expression
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-profiles of multiple chenical conpositions wth predetern ned ;@I)JI M'A\timg
“*Preferably, the chem cal conpositions conprised in a library e t simlar
t oxi citi &¥O0H348%ns of types and 15 target tissues or or gaRST/USPRRPBS4r ary
can be in the formof a database. A database may conprise nore than one
library for chem cal conpositions of different toxicity categories. In one

aspect ok, M&%Bﬁﬁﬁﬁ&’i eﬂfgené%ﬂi i:d(}i;" dintr&‘i)oh%'b%é heicd cbfg@BsiﬁBﬁ’fﬂ te a

conposition can be ran acc Ing'to a conpari son I'ts nolecular
profil e molédblagirdletod thedeenicd coinpositian; and eposnpilinga libirarly of aedestutarm ned
toxicities._ 20 Enbryoid bodies_ in the present _inyeption can be of hunan or
non- hunaR*efasRY ?Pegﬁkﬂﬂ HieRs) apd) bgwltgfat %ﬂﬁtitwe césly&agg?m%&slw| a¥8Ecani ne,

feline, @%&i -néaqu(i@ﬁ-es‘capri ne, equine, and sheep species. The
alterations 1n levels o* gene or protein expression can be detected by use
of & | abel sel ect edAfiathenearbpdiherttiof tHeqirksent myentidnyproeideemethodofartypagri c,

o ass. ot NSRS blERYERer A SPRPS HO BY CompTBIECES oltP st PR BRI FaLoreh
al terati RS of ah idntifie® endficBdothosifioNBwith Hre&témanEd fo&icitg.h n SHEANPEEY, the

conposition can be known (for exanple, a potential new drug) or unknown
(for exangsit ehemicsloompositfonanan ba itrsamecdsdhe chemital wothpdsitipetaviegr a r oadsi de

d of unk toxicity). 30 Further, th hen cal i ti b
her apeureiegRiReS Eriliss Bt oAl cheRipen ) ey g e s GoR B

toxj@i ti @gpi 8 3denBHAIh eI profiRResithe kWi \Shenfiat cBRpOSitie Tt Opoi eti ¢

ceIIs, n’yOtOXI S, CaI’C.I nogens, teratogens, or t(_)XI ns to one or nore .21
MAY 2003 WO 00/ 3457BheHavertiodottha3adompasseschysteiniemethygds for titing theankicity

conposi ti @n ap further be. agricul.tural chem cals, su estici.des,
Fung oi 8 et Aismigetetgtpazfighity Bhking it pro e Toibedtor ViR » JordRY SetpPH e
" cosmeceyrbfiies 6f multijfle Shdnhidal coRfpositioRs with pRidetbrtirfed toXicitiey.i PrRRuFRbBIY athe
contam nants. They can al so be animal therapeutics or potential aninal

t her apeutchemicalrpempesitionsicompriged ines libran) axgesimiardgxigities instegme aftypes and

co rin . e QL I f e LLLO Lhrary of
nol e%ul agmé?ﬁqu%ss&gaxgﬁg r'#] & é{b?%rg %@2?&%2@%@@%@% ‘g‘n&agarbrg%éyﬂnrggadgr
adapt ed toonipeizé nidie thaatone libray foradhemicadBorapositismyof diffemhbyicity cdtegbries. a

conputer conprising a data file having a plurality of gene expression or
protein expressi ong@rQS\eiaFE%c"ng\‘?ﬂ’ﬁ?ﬁl“ilﬁﬁe%f‘;éit‘éﬁlﬁ‘&ﬂi’ tegtahemicabd wit h
known or } L . I | 1 A6l

't eqr at Sy bRy BLEIEH o CRRRET L LORBrisb DN YR o0 BB 4RSS
cheni cal thosspdshemonal canposittonsgvitinpradetayminechtdaiciticbapt ed to read the pattern

dat Base 111e hayi iR ARy by DSt dntafoRbaTbe SONBRAGr R dmar 0 °
conposi t ipaamMs heliling 81068 6f Mufifslspeties,Gstvebasating, fRIif€pareind!ibbdies f or
nmol ecul ar profile-toxicity correlation.
caprine, equine, and sheep species.
The alterations in levels of gene or protein expression can be detected by use
of a label selected from any of the following: fluorescent, colorimetric, radioactive,
25 enzyme, enzyme substrate, nucleoside analog, magnetic, glass, or latex bead, colloidal
gold, and electronic transponder. The alterations can also be detected by mass
spectrometry. The chemical composition can be known (for example, a potential new
drug) or unknown (for example, a sample of an unknown chemical found dumped near a
roadside and of unknown toxicity).
30 Further, the chemical compositions can be therapeutic agents (or potential
therapeutic agents), of agents of known toxicities, such as neurotoxins, hepatic toxins,

toxins of hematopoietic cells, myotoxins, carcinogens, teratogens, or toxins to one or more
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The integrated systems of the invention can be capable of reading n@r ghan

500 I abels in an hour, and further can be opeably linked to an 6pMA aﬂ%u :

det ect or i ng t he pattern of |abels on an array. 20

DESCRI PTI%%%@ES@?—E DRAW NGS Figure 1 depicts differences |n§§?§§9é239§?40n of
nucl ear proteins between enbryoi d bodi es exposed to one of two drugs, and
control enbryoid bodies. Figure 1 Ais a half tone reproduction of a

r eadout fmpmdutté/ermgmss pawtchominabeomdsitionsieah firther be amm clegmaicalsum f or

trol nb h t he ab foeit
Che t est TEA PSS Bor GRS g R At Rl oA e Bgsbrarlift  or
the enbr yelgmbagiiess, g'iﬁlﬂ%tda'l‘ whabtes Bf BEpRsdRcR] 0ag986hrhéRAl dohRaRRSs. Ak gt he

bottom band of Figure 1 A shows the mass spectrum of nuclear protein ,
expr essecdcapyalserisrapinnal thordpeutice wppstentizlananalttherepapticss estol ate. Figures 1 B

and C are bar gr Es t hat ese ut téon I btractpo 30 of
“denti cal proteins bt e ERREDREAF R EEEEd SEMS JPHCHRRATES B t he
control etﬂbfe)é@liaﬂ;f)ﬂaﬁ‘ljé 6fa EientibaliceRipBsifibh Yo A By Bf AbRLWEr Wofike ofEemical

significantly different in expression between the test and the control
enbr yoi d dsuepastionfpompsising anreayaaeder ad@tqvfbwerepitbp@atﬁpramﬂlabels opENEOYaS4525 2

1 MAY 2003 _P 29384 th h
or ot ei s 0S Bk Orr @ utHlF ARl e Bl BeE B SR R on
conpar ed §:Oprbieen éippessionprefiles Sﬁﬂlabu’na@ﬁh leyibrfoil BediesScotpicterwits Rebwvof he

chem cal conposition. Figure 1B: protein expression of test enbryoid bodies
cond@ct equnkinownohemical aompesiéenspar ed to protein expression of controls.

crytnronyei n_cot of athe BRDEFEH T uRluckt B ep SR enoRY sP BT B LRIl
s a bar glofifdarsinexicity o@&&h@ﬁ&bbﬁbrﬁ}fosﬁm| dongwrshgam apra@ r€idesadipledad eshdby
mass spectronetry. X-axi s: rotein detected. Y-axis: anmount of 10

mass

protei n deedatter of labelsomin ey HP?@ lyinked to 2 digitahcomuuter SOWPESEE 8n of
control e Ebig‘g? «Figure 2B
Protein eﬁ%é%ésgg ?h on o e ng%%lﬁy Bgﬁ%?egg&éggggg%&{%gﬁc% I taz g;no(llalgglgl gure 2C
Profléi n epedetssnined oixicitits gndl ajprbgmnesxitabtwdbemoﬂcmular profil e toxiity cestlatiahe.

Bol d Iine I ndi cat otel ssed n di f f ereent,. anount s bet

orbryor o BBiuestass sEudms of e GRS G bbsapablec ER0irgaB0 than S00gebels in

eryt hronygh Ro@Shi RktBer &y (gncgblyf’unﬁe@ﬁf argéﬁtmal SHQArTer %H’ihg%?é }%teﬁf ofsmal |
cytopl asm c proteins detect by nmass spectrometry. X-axis: mass of protein

det ect ed. labelsxinsin asmayunt of protein detected, in relative units. Figure 3A
Protein expression of control enbryoid 20 bodi es not exposed to the
chem cal conposition. Figure 3B: Protein expression of

20 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts differences in expression of nuclear proteins between

embryoid bodies exposed to one of two drugs, and control embryoid bodies.
Figure 1A is a half-tone reproduction of a readout from the mass
spectrometer. The top band is the mass spectrum for control embryoid bodies, which were
25 grown in the absence of either of the test chemical compositions. The middle band is the
mass spectrum for the embryoid bodies grown in the presence of added troglitazone, and
the bottom band of Figure 1A shows the mass spectrum of nuclear proteins expressed by
embryoid bodies exposed to erythromycin estolate.
Figures 1B and 1C are bar graphs that represent computational subtractions
30 of identical proteins between the respective test embryoid bodies and the control embryoid
bodies to indicate only those proteins which are significantly different in expression
between the test and the control embryoid bodies. Each bar represents a single protein and
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.-enbryoi d bodi es exposed to troglitazone. Figure 3C. Protein expression of
-« enbryoi d bodi es exposed to erythronycin estolate. Bold lines indizdtMAY 2003
prot ei nsWXVaszed in different amounts between enbryoi d DUNE$998938dsed t o
troglitazone and those exposed to erythronycin estolate. 25 Figure 4 is a
bar graph show ng expression of |arge nuclear proteins detected by nmass

spectro e 12 AXT S | : S @KL S .pQrotein
dot ect ecie rkieCp R bar RRefs g Bhéie of loRih Etpresledby fhe AR B

enbr yoi dexposédete theteseeqruysmsitidnoconfparahiethe ahow exmsssed by .enfbirgnid bodiBs nér ot ei n
expression of enpryoi d bodies 30 exposed to troglitazone, Figure 4C
Protein @SPBF‘?&%‘QHB?I chgmigalfopnogitiogy @9‘ PGS PESSIPR PgWﬁ‘rﬁ r¥eido) ate.

Bold Ii L ndi b Z&{&q{@‘gﬁ%@' bt f : !:83'&1% : .
enbryoi gﬁﬁjéél egg%iego‘gfetg{rts%ht rogl |°t zonetbz)ﬁ(gbl%ﬁgg%%e?ggge t})st')girlé\tﬁﬁpgfryci n
est H| at eprotein expressiorilof\Bst eAb@Poid bodies YantAAQEBWHR BryfliiohlyShodsRAa8 4olphied) FOR
CARRYI NG OUT THE | NVENTI ON A.. DEFINITIONS 5 As used herein, "enbryoid
body", "ie@rolin exnsessianofcoptiolscal |y refers to a morphol ogi cal structure
conprised of a population of cells, the mgjority of which are derived from
enbryonic stem ("ES") cells that have undergone differentiation. Under

cul ture condi ti ons Figur¢ 2 @bdrcgrapiBshowingexpoession of siall mpcleanmotinsof Leukeni a
inhibitory facfor or other, siglar blocking.fgctors),, ES cells proliferate
and {or AP bR sHecliBiey 8Pt RRtkin BRPET ooy Bonit e 11 ro
phage of pididih BERBeH i reMtive T, | Bighire 2A8 SIetsh Prdstion A ebntest ¥mblydid Of
dlfferen{)latlon for humans, the snall mass of cells forns a | ayer of
endoder nb¢dicshatexposedite thechemi¢al gemposition. | Bigure28: Reoteih exptessiombf enbryoi d

body." In_the, d phase, || ing t t.d 3: 20
post - i £ FBPERid BodEr epdRce o thelhoote Bl R B SR at of GRES I g,
whi ch ar Bodibaéiosed toZdfthbompoih easiawe Héld tints RARAlipRbleR eRprefiel Ol @iffoRéntand

mesodermal cell's and derivative tissues. As used herein, the term"enbryoid
body" or ampm@its batwsep £mberoid bodies pxpased torisiogitazone andethope /eNpesesliai es unl ess

ot herw s ired ontext. The determ nation of when enbryoid bodies
ha\r/ig forgggﬁlgﬁllygﬁlcﬁwﬁtg'e of ES cells is routinely nade by persons of skill
in the art by, for exanple, visual inspection of the norphol ogy. Floating
nmasses of about 20 cells or_ nore 20 are consi dered taﬁ be %nbr,yoi d .bodi es.
See. e.g., Schnitt Figure 3dsahar grapkyshowinggxpressigm et small sytoplasmi¢proteibhrman,
T.C., et flg.gm | 52 EXp. r 12ilnddn. ALk nder st ood
t hat thedtgtle“r;t'fané'i)gﬁlt‘?t}r'%sl‘(;l;?e body; " x%,g"mgérg ﬂggtééldﬁts&ég's Ylu%xel%f er"Z’?‘r’fJ
enconpas peteia detaotedain relativé units. | Bigute BA :nByotain expressionhnfcontyeli emsprpoidr i pot ent

] le of d ing intq different_cell ' . wh | tured
ondS apBpss ndth e bEt itk sheiitoal StpSHER Elelie 1B: Hrelel Fo For o1 s ro
equi val e @fnb?;ltdi&' Gbiies expsbREd RoglitBne! FigRiks3 @) ProRide:§Rédsion oftbhydid e

primtive cells extracted from enbryonic gonadal regions. See, e.

Shanbl ot bodigs exposed 1westhremyeinestolateBald Hoes indisaty poseins vrmessed gudifferent

Prinordi al. ge ells, .sonsti I [ s ES cells or
erbr yoni AmgaRin betres eraRE todls RPGRA IS uBBHERrh Bl o BgRebd B
pl uri pot epfthiotyed tstolatedm Whi ch enbryoi d bodi es can 30 be derived. See,
e Hogan, U.S. Patent 5,670,372; Shanblott, et al., supra. "Toxicity,"
as ed herein, nmeans any adverse effect of a chemcal on a living organism
or portion fhereol piBl 4194/tat b¥pfidhoig'eRplotitnsie illchiproteinacidctate:

by mass spectrometry. X-axis: mass of protein detected. Y-axis: amount of protein

detected, in relative units. Figure 4A: Protein expression of control embryoid bodies not
exposed to the chemical composition. Figure 4B: Protein expression of embryoid bodies
30 exposed to troglitazone. Figure 4C: Protein expression of embryoid bodies exposed to
erythromycin estolate. Bold lines indicate proteins expressed in different amounts between
embryoid bodies exposed to troglitazone and those exposed to erythromycin estolate.
5



2 1 MAY 2003 PCT/ US99/ 29384 organ, or to an organ system A rreasgremt @é
toxicity is therefore integral to determning the potential effe tls 2 -
chem cal on human or animal health, including the significance of chenical '
exposur esW0w¥825envi ronnent . Every chem cal, and every dr ®RgT/Usa%2%384
adverse effect at some concentration; accordingly, the question is in part
whet her a drug or chem cal poses a sufficiently lowrisk to be marketed for
a stated purpose, or, with respect to an environnental contam nant, whether
the risk posed by its presence in the environnent requires speci al
precautions to preventMODE(REFORSCARBYINGOEM THENYVBNTIONEdI ati on once it
is released. See, e.g., Klaassen, et al., eds., Casarett and Doull 's

Toxi col ogy: The Basic Science of Poisons, McGawHi Il (New York, NY, 5 h

Ed. 1996) o ¥WrpeniaesNgerein, a chenmical conposition wth "predeternined

t oxi C|t|es neans that the type of toxicities and/or certain

phar fracodynani ¢ pr opsnisechereih, ténebrgbidrbodg?, “EBﬁan‘EBio@hs Mpealbyemfers toa

determ ned. For ex le, a chem osi tion t.0. i nduce
liver toxmemlsplomﬁgﬁ@%r@mnrﬁef g'lemn “}POBfOfIcFUgE}‘qu%PEm&] whigka® by the
chem cal J&weRGrdH efbhjoald &%X“B@?%Hl‘iseﬁapﬁlav[e *ﬂlﬂdé’rglé}hl@& AftfenﬁQﬁ&FrUﬁ@Jr' on of

the chemcal in contact wmth the l'tver tissu eration 1 n gene or
protein exphezs somdxtioxts(wuabierﬂg EB fartnatipn éesgmtheuamemllotﬁheuﬁmma ighibibkmpge i n

or pr ofei FIolsE g S0 e apeighe BRERIES SPUS rol{FPeR PR RSP 08580 anl y

to ngr mal tat Eégiﬁ’ t&&'i'ffe%nﬁaiée Gh B RBCHHASE HPthf@anhHﬁM ﬁs&.ﬂl?%hb e eg;i{?e ndi ng

on the cont ext’, p rase can nean an al teratlon in“the Ion of a
si ngl e pr ahait dayﬁrl-émﬁd;ffqenwdhmn forhumsns ythe smbld ayaseafedle forts adayérafi cal

t t t db L d,b t
o mean. PRDETE AP PRI AT R BrBRET o lishet R e dilbany ity (or
group of @émﬁaghakeb@waw LorrespBRding & aloRiBAR! j-z@post-dlﬁé}&ma%h for humans,

"conposition,"” and "agent," as used 25 herein, are generally synonynmous and
refer to acqmmipb gmbrmd bedies"ease formed, whishnteatharasterized by extc@sxmpl e, one

bei g CONGIACL AR oFoABIaNL Ala HRRLARGHIL: AP ARLENLIEA s S e hEAly a7

aII
envi ronnen ,on alm nan or an unknown su ance oun Cene

at a wast thedtefip 0&ribrysid ody0or HBBD efonipasies bSt}ﬁsim@fe andlcomplexAinbiseid Hodlesi N,
"mol ecul ar profile” or "profile" of a chem cal copposition 30 refers to a
pattern oRnigss @thaltvﬂ%@qu%edg@heoxﬁ?xtp A B¢ detsrmaingtien gf when espbryeidipodies haye

enbryoi d E&g% i ke
enbr g;m d dl n coﬁ{n%%tf@osn éy‘g\}\ﬁc {Bﬁma?ha?g %%%95@&%@%@%&%92%6 : WO
00/ 34525 E’iﬁiﬁpJSQﬁém &&@edtmmsf&ﬂe merpholngy’ d%a&hgsmdssaseif aboutt20 calls orniereed

system for _recordi nformatl .correl ati

o D1ty P rasteddp et aeies S, £ Sponidh ot AFoRd et 85y e

al ter at i 08572807400 ®oeRtkAR TOC. gmsve(mlsspy BrBrio R FRp. MI&pAN87:27-480s alsh an
enbryoi d body cont act ed by a chem cal EOSI tion conpared to a |ike

embryoi d Badersiond éhﬂﬁthﬁdsnb 13wa0!4wa§1|¥|.” i OER rﬁ’«llS& as Illﬁqﬂr kargin® as used

chen ob  EasapmedsSesth &bl ol BRNS e R, touRegbbingBrfipoBheodBitedelEa o

or protei de@NPpHiAE Ihte @hfféténtl&llhlar lifleagBs WhEH Mithiled Oibér eSPrbMEALE doktitiénsC iy cal
conposition to
rrp 25 used herein, the term also refers to equivalent structures derived from primordial germ

'_(

cells, which are primitive cells extracted from embryonic gonadal regions. See, e.g.,
Shamblott, et al. (1998) Proc Natl Acad Sci (USA) 95:13726-13731. Primordial germ
cells, sometimes also referred to in the art as ES cells or embryonic germ cells, when
treated with appropriate factors form pluripotent ES cells from which embryoid bodies can
30 be derived. See, e.g., Hogan, U.S. Patent 5,670,372; Shambilott, et al., supra.
“Toxicity,” as used herein, means any adverse effect of a chemical on a
living organism or portion thereof. The toxicity can be to individual cells, to a tissue, to an

6



the profiles of such expressions) caused by other chemecal conpo itiﬁ?szmﬁo
""Array" neans an ordered placenent or arrangenent. Mst conmonl 1i ' S

used her eMP WB428fer to an ordered placenent of oligonucl eSCT#SE892938¢| udi ng
cDNAs and genonmic DNA) or of ligands placed on a chip or other surface used
to- capture conpl enentary ol i gonucl eotides (including cDNAs and genom c DNA)

or substr@h&s of & ad H@ah SEREH. AThB4Bréntiit B 10XRINYGS BREER iffeglal @ANd at each
position in the arrangenent is 15 known, the séquence (of a nucleic acid)

or a physdetermining gherpogential efieqts of the ahersigal dychutearcenrnimal health.Hinclpdisg thon t o
whi ch the.nugﬁl‘)ei o ﬁgli}d al) substrate binds to {hbtre] ar&g . "IC?Y? ablﬁ?/ | i nked"
means t haleRERsF of hnigh GERTLe I eibibament D) sESienlatd SRR dienn
event OCCHHshhRavdrfe offdtt al W@on@&ﬁfﬂﬁoﬁ?a@ofcﬂ@?ﬁﬁe QilesfiBn PPini part wheBiRe@r ) to
be transmtted to and acted upon bm second el enent (such as a calculation

by aS conpdrug or gigemical peses mspfticicntly isintodystiarketed derchestated BurposeyBRAYIth

DESCRI PTI ON The i ti id t f ' toxicity of
cher cal EORLG 1 SEopmenBL R g g Ge roh PRI LRiERaEe 1 Beel y
nmodel st héhverRfRkR rediirdd speElall sradaufibml ©Firevendits fé]'éﬁé,@ﬁhh@x&ﬁtiﬁlﬁ%%m e
organi snms, including the human body. In one aspect, the invention is

especi al | gmediation opee il ilngleassde Sepreesis Klagssen, ¢fatl aade OtsararsandPoull’y t o

ey . oY L \ ! of
nuant 1y TRGA0R 208 PREEUREEY MYl Mshe i BRUE bt 3875 0 390610,
t henapeut A§ usddfittein, T B ehémicanéanipdsiohiveivte predutérthifablosicitiest xithy thatttie t he

properties of enbryoid 30 bodies. Enbryoid bodies represent a conplex group
of cells tpepEloxinitiestand(pricartain phammaceditnamie prapsrties of techeminslicorapasitiame

cells within,.an RY ar Lal ly.syn N Q i

di fferent ﬁ%i’teib%ﬁl? 5%?‘3’8?5‘%5&%&3@??% % %&g‘l&fkﬁt %o?ﬁ)\/%(%ég:f&ﬁ[rﬁg Erea%éra‘l%[ {9 léﬁl‘sctgﬁle‘{eé

~~~ 200~ WRIdHY FheBorntrd NEO B/vRABESK 1B/ toxicityi caaskd il the cHerhicarasy bate into
the three embryonic germlayers and further differentiate into nmultiple
tissue tyfeantitaiyely reasuredihy| theamopnsps consenationpfithe PP?f’alcébnﬁBE‘éFfe","lﬂaEE
neungl ti ﬁ§é+gissde'§.0| udi ng enbryonic ganglia. Thus, the cells within enbryoid
bodi es provide a nmuch closer nodel to the conplexity of whole organi sns

t han do traditional “Altetatigh én gemk lor protginaspressemiaccording t© the¢ piesenuviedtion t he

cost and difficulties associated w,th the use of mce and |arger ls.
Vor cover , TERE 4 ShabRE B8 SRBSFIT V6ol AR R TERBESISF BF BOUER ST Babt e
predi ct i vgerlirlprdteiexpiestion 1éval 6 in @fbryiidBody veHiBloha bedM @Rpsstoflly tyehi cl e
for nodeli'ng toxicity in human organ systens, and in humans. The enbryoid
body of t hermialtissveicy ihwged aogelliculiuring eenditionst Repeading po thetgpntsktnhi ch
bel i) Pl u{l{e%%tmggtcar? g{elm? aﬁ%ﬂt?rglign lcr)xfthcgi g}‘(’perlegs%nn& a srfrtléle (]jalrgtgi%ro? %Ene?gélw lcf;Jl hn

embryoid body exposed to a chemical agent expresses a protein not expressed by a control

embryoid body, or it can mean the overall pattern of protein expression of an embryoid
body (or group of embryoid bodies). .

9 &6

“Chemical composition,” “chemical,” “composition,” and “agent,” as used
25 herein, are generally synonymous and refer to a compound of interest. The chemical can
be, for example, one being considered as a potential therapeutic, an agricultural chemical,
an environmental contaminant, or an unknown substance found at a crime scene, at a waste
disposal site, or dumped at the side of a road.
As used herein, “molecular profile” or “profile” of a chemical composition
30 refers to a pattern of alterations in gene or protein expression, or both, in an embryoid body
contacted by the chemical composition compared to a like embryoid body in contact only

with culture medium.



| i neages when cul tured under appropriate conditions. It is pref 3r1q?imt 683
t he enbryoi d body conprises at |east 51% pluripotent cells derive rom )
toti potent ES cells. Mre preferably, the enbryoid body conprises at |east '
75% pl uri B @R45¥el | s derived fromtotipotent ES cells. AndCIUIP2%384 e
preferably, the enbryoid body conprises at |east 95% pluripotent 15 cells
derived fromtotipotent ES cells. Inits sinplest form the nethod of

creating a nol ecul ap sRE&f hdréinacdabibdidTdefes thag obd@s®§steni e Rédodding NVOl ves
contacting enbryoid bodies with a chem cal conposition of interest, and

t hen det einfidrniatign comelatinginfermationjahoydhrstoxiciy ethe ibimogieal ffests, anbstlbofiaon, or

bot h, i . i 3 i i.ti n
Do G RSP R GRbRBR LA i o5
agent (a éfbRbidbodgrdoniicd byarshienicafubipesition compartd foraile ensbrydid tadpanat ed

by conpiling nolecular profiles for two or nore different chem cal
conpdsi t i eantact enlyrwidk celfise meddyng sinilar toxicities. The nol ecul ar

profiles of these cQujgslhons coflubs CONPA PLLUARGRAEMALIEE orGibiGE 25

qualitatively or qu fvely, in ot scern comron erations in

their geng le4st BY@tIRdrhicEIpOSItions, peirhietingSa corvparissA oPihe altedatibss inhenever al |
gene or protein expression pattern for each chem cal conposition may be

uni que, tPrOtaingXRIESSioM OrRetheinAnMrygid body comtagted hy 3 ghemicalcogmesitiogto

pr ot ei ns Pl ar { £ j: im toxicities--sone
genes/ pr o{ﬂg*ﬁgﬁﬁ%ly’%‘lé’ﬁs?f‘ %P%Q?@P%Hggéde%’u@g;&e g%’;{flr‘\ tc ﬁ%ﬁ&e%gtgdrng. expressed in 30
hi ghér anount conpafAgray’dmeans arodrderediplacemeritive argagensehnr dest oemmnlét is
simlarly down regul gted and, t herefore expressing.in snal|er unt

Compar ed VSAdHRIR B Eefertn ad arassshpiacemins eloligorpelsPides fnshicips TN R sred
conpositi : : adEsh : } 3 WO 00/ 34525
PCT/ US99/ g@%ﬁep 3\)5(‘?2?{ %mﬁgﬂ%ﬁé erve %glng Ef?ﬂgggﬁuéfa%%%iégﬁéx?%ggassessi ng the
t oxi ci t i esoraplementavy oliggnueledbtides (Inclintimgs¢PNAs hrdgemimic Dpaportsubstrateufon as a
drug lead in.dryg _screening assays. Thousands, of .conpounds have undergone
pr 601 | i cHie GRSt i O EOU Ba e BRI s BTGP hr ETeMEeRhEng of her
things, texhwhlie 8dtdh&Sof B ndtleicRRRL) of ¥PhYFEAIBIdRRy PofR6tehd caRBE Of Which

is usually a nurine species, typically mce or rats, and clinical trials

al ways i ndetgrningd by thepessivnsa vihich thepaeleistacidoor substiate hindsiedthelarrabl e anount
of information is avgl . 4 |.Cl f [i0

conpounds. Based on ﬁ?@%m ili"?l%? y%}e%{]]sgtrh %gtﬂoodr{t%?/rgiellca ngs,aggﬁ(gxgnggtggﬁrrgg%a S can

be cl assi flia¢Perniitstandévehi sdehiingiatong eleiat @hich ava watling by ah@ptical 2egulet) tode
nunber of chenical conpositions are listed in Table 1 10 according to

tissues ofrapymiited to Andpstedunandyy asesend glement (such aspgslaulationdy agomnuter
DRUGRDEV RADE
NAVESt hal F%%%a%%gﬁlﬂ%ﬁ%h%pl asticsretinoic acid+. acneval proic

aci d+

+sei zur esDep eacet.oni +anal gesi ci soni azi d+anti bi oti cdi cl of enac
( NSAI DS) +gté- f .B&Wﬁ%&&%ﬁ?&r nbr onof enac
(NSAI DS) +ant i -i nf | anfyptiaieneh eévid@ahéthédsuTasstsahe taddig2fichemhdapsi gl i t azone

nt cdi abet esAvandi aTM r ovaf | ozaci n+anti bi oti cTrovanTMi pr of | oxaci nnt canti bi o
ti cG pr oTivempositionyon A gemmad-widetkasisi ini aosystepy thetelosely medélp the complex

| i ngP hal T/ i N+l i pied, | i nali pi tof. TMEL of i b lipjd
| o ngati R e a5t Rikre et Br e BAFeions. Bt Sfind s Rumio Gpd fn b
anti bi ot DRIURRhH R ESF R ke i1 D108 BEvbpra&H b0 batausd sritydbingap! ast

i cscycl osophospham de+ant i neopl ast i ¢s COMPOUNDScar bon .
t et r achl orviatidate satg¢ta ang hedapssipfitsphality s eapidly ideptifyand to quantify all the

Form de+di gl QL2 AL ERSSLiSRT ARG M D 8 1Rtaakib in8BbAGiE A | mer cury+ 10

The invention achieves these goals by exploiting the properties of embryoid

30 bodies. Embryoid bodies represent a complex group of cells differentiating into different
tissues. In one embodiment, the cells within an EMBRYOID BODY are substantially
synchronized for their differentiation. Accordingly, at known intervals, the majority of the

8



-2 1 MAY 2003 WD 00/ 34525 PCT/ US99/ 29384 trinmethyltim +—carbon di Qu‘ fAYe 2603
"acryl am de + hexachl oraphene + DMSO not well studied "ntc" = non-toxic,
limted MRP¥B45¥5 control "Dev" = devel opmental "CV' = car BFBVENEAr " CNS"
= central nervous systemIn one enbodi nent of the invention, conpositions
known for having liver toxicities are used for a systematic anal ysis of
their no ol (it hk}: B |{'Bidher CONpPOSi tions
causi ng %)giclﬂtﬁzlegs&zlgh?‘ﬁeerbrgﬁngg{gmeg?n@ﬁ g;t ar els}}gg\gﬁlg%at edcrf or their

mol ecul adiffererftiateemto mukitple dkdus typas, sueh asoartilage, bombioutin andstrigthd musslent i on,

conpositions causing.tqQxicities to the . .neyronal system are, eval.uated for
Chel 1 moPRBFUR et ineluding embrians ganghiny s e ety WL GROBPIARASS 2
drugs foprdvi®a] indeh RidR3kSRAE4 t@lihneqitaﬁm&igaa WiR1digehitms flahelo thitnaly St emat i ¢

anal ysi s of their toxicities. In thi's 10 regard, for exanple, anti-cancer
drufs ansingleugllcarydastassays,oulilastillavoidingthefcost ant difficultiss associatgd withethe

ient o1 SSoBER e RRob oD B A EleaPl G PR Dy PR G o ©
denmonst r gb&ids irproV8s the PReiaiVe Bbilfies ioff tHeURReétFion B providiak An e éIB&R conparing

the expression pattern of an enbryoid 15 body exXposed to a new or
pr evi ous vehigletfesmedelingtoxicity in hiingn argansystems,landimhumass. of expr essi on

i nduced by agents knqwn t.Qxi.cCi .predi cti ons can he as, to the
kel y type of t oxithagpigpoiief she BidHtopshiRtrarsl SoRBafofid ) of the
newoagentnajbrity 3 ¥whi€ePeiRE phuipbft siREpiYIE ok dldpin@Xh® difffRRatdelluRRS,

provi di n?. Information for prioritization in drug devel OfI)ment. 20 In

addi t i onlineages svhgnicultuxedjunder apprepsiats eppditions. Itiepriefareedithgihaembrypidbaodyes in
ot her ar N ' o I Gl ] . L L LNSa cern.
Thus, ¢ neomRtiachat MeSLatrApub it i dosaR ReBlos BRI L) Mort ot B87E

cheni cal she atibiyoitSbduysdongprites atidvabt 764 plurigaténm celld degivad fiobd totipotast ESed wit h
cosnetics. For e can be used _to screen, candi date cosnetics for

xample, it ) g
t oxi ci ty °p¥s-ohnd stilkppre groferably oths smbaoid hody eamprises aklgast 83% pluripgtentepy
potnt i al ifﬂﬂu TR ani mal s which need to be subjected to
pro%edurgéyss{ij% gs t g&%roal ze ecfgg'i rritancy test. Simlarly, the nethods of
t he i nvention can Ha issihplest formahe nieshaddfenchtidg hamolesdargaofile according to

"cosneceuticals,"” wherein ents which are, 11 ., , .2 1 _MAY 2003 " ...r
001 34605 R TFEHSeRGaR BNG T GreP Py RsEBY P teries il s eqrapesifion & s o
quasi - t NgrRRRUGLLE ﬁ%%%r&ﬁning W 1RkatiohS fn gdhéeR ﬂe@é?orﬁ%?ot@ﬁ e “?negsi&ﬁ’, oRrSSESS

the relative toxicity of environnental contam %an@_s, I ncl udi ng waste
pr oduct s boflgtin thetembiryeid bodyieapesed te thetnhemicahcompasitiondthedftest pmbdwgid s of

lig?bst r %lodgﬁ)oc%%spsé?gd toEaXeam rlygisd t?des\%& \%gsn }10 rgx;qgs%h%o rcl:calgléx(iite (ad}:gnéxl'orlls . PCBs,

embryoid body™).

Furthermore, a library can be generated by compiling molecular profiles for
two or more different chemical compositions, such as those having similar toxicities. The
molecular profiles of these compositions can be compared with each other, either

25 qualitatively or quantitatively, in order to discern common alterations in their gene or
protein expression patterns. For example, while the overall gene or protein expression
pattern for each chemical composition may be unique, the changes in expression level of
certain specific genes or proteins may be similar among compositions having similar
toxicities--some genes/proteins may be similarly up-regulated and therefore expressed in

30 higher amount compared to controls; while other genes/proteins may be similarly down-
regulated and therefore expressing in smaller amount compared to controls. These

common molecular features of the chemical compositions can then be correlated to their

9



5 hydrocarbons. In general, it is preferred that the nmethod used 23 mYemg '
the I evels of protein or gene expression provide at |east a relatTve .
nmeasure of the anmount of protein or gene expression. Mre preferably, the
net hod pr¥Qi%8@4528 quantitative neasure of protein or gene ESE’BP@%%?‘%%‘ to
facilitate the conparison of the protein or gene expression of the 10
enbryoi d bodi es exposed to the test chem cal conposition to that of

enbr yoi d thadities akk RaS€ sk iuvropaRthaRérs Formeshing stoicitles 0fR néwﬂr@&émus?
PREPARI NG EMBRYO D BODI ES I n one enbodi nent, the enbryoid bodies used in
t he pr esawtestadchamicnh cemposiiory sueledsi adryg feadiin drugstdening@ssays. enbryoni c st em

el 15 are undifef ohpiiapiorEHRofRE%ektE RRB: e BRI MFORR Bl =01

t

cells are undifferer Tt _

gi vi ng r irgecliricalshudidglifcludd) amloa bﬂﬁﬁtlﬁﬁ%s', tolk ey Stulied,in bl lehdt@dve Imamrhalian
termnally differentiated cells. ES cells axe typically derived fromthe
i nne? celspesies onepf whidhyis ysuadly aapwrine spseigs, dynicdly micewnrathaad clinical tyialsn

curture, fid et ibhiprtin B il BRI SR R0l |1

cul turi ndnfobmatibn & Aaitable hbout tigoxicity ol @artdus .of ege cémpoundRoBesddssinthe E. |
"Enbryo-derjived Stem Cel |, Lines" in Robertson, E, .ed., Teratocarcinopas and

ES cel | s:toxiciy infermaationaygilabiethesemompeunds canpe slassifiedintopartioday categosies R |

et al., : [ ' t}ﬁm{\% ; Qgg.rﬁ Q%r KR Wgzg@ 31 Cold
Spring Haedr%E%)Flc%{glE}o?g% ory l’tgss, E@fﬂ%@wgg’“ rbaggf ?gt , %)1 Met hods
f or 19r epaaccorginpptortissuesror @ngang dn ohichdheysexssionirites. cel | s are known in the
art. For exanple, Keller et al., supra, describes preparing EB cell

popul ation by culturing ES cells in an enbryoid body nedium Typically, ES
cells remain at an undifferentiated state in the presence of Leukem a

i nhibitory factor ("LIF'). LIF is 30ABEE lbed, for exanple, in Gearing,

U S. Patent 5,187,077. In vitro pro?CtIiTorsl of ES cells using LIF is taught
in WIligpse, U S. Patent —-MaY 2003 WO 00/ 3452

PCTNS99/ Z93drFa-rofrrence ete at+ot; cetH-s—afe—terovet i
LI F- cont ai nin{gg,olgyoni c stemcell nedium and re-gifebpidsed | n medi um which
does not comdiidbivadid F. See, +Keller, et al., supra,act 13. Cenerally, the
cell s are cuwhipraicacidi n pl asti cware whi ch has not Iseiedtest r eat ed Iepakeneonot e
adherence (scrtdmimphdpact eri al - gtade pl asticware, TsélgenT"" coated 5

pl asti cwar e isopipzibt her naterials known to decr easemtiittisr ence). The cells

t hen tend tdw!ﬁfﬂlieq”(N§gIDsénd thetinteracti on of thent:flammpterysVoltatglss act s
to induce t RETREPHANPOIPdT enbtyoi d bodies, whi cPEGIABHREYJ] Wt epti ating

n VATASLY

into the thr::)«%l ‘ltl‘gggsren layers and’further into cell sg:a e:‘c’joarti cul g Kissue
types, such gs quiscle cells, eprthelial cells, negpgfal cell sy an
hemat opoi et ic&r&ﬁgﬁcﬁr Snodgrasspy., et al., " Enbryog;,lﬁgot%t em Cel ¢igromResear ch
and d i ni calerdforiRin®atbla@! S” 1 n+Sm th and Sacher, g@soticPeri pheral Bl ood Stem
Cel I's Ameri gadvastinoci ation of + lipid lowering Pravachol™

atorvastin + lipid lowering Lipitor™

clofibrate ntc lipid lowering Atromid

clozapine + antipsychotic Clozaril

chloroamphenicol + antibiotic Chloromycetin

doxorubicin + antineoplastics

daunorubicin + antineoplastics

cyclosophosphamide + antineoplastics

COMPOUNDS ’

carbon tetrachloride +

cadmium *

phallodidin +

ethanol +

di-methy! formide +

dichlorethylene +

lead +

benzo(a)pyrene +

allylamine +

methylmercury +

W
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-“Bl ood Banks, Bethesda MD (1993). Thonmson, WD 96/ 22362, -descri bes Wrﬂéﬂﬁ@m
ES cell population that remains undifferentiated state indefini telayy i
presence WP 00/84529bl ast feeder cells. Feeder cells are cel |IRCTHSWRIHIve been
irradiated to renove their ability to divide, but which 1 S provide a
substrate and various factors supporting the culturing of ES cells. See,
;_;_*__._‘_;____;___;._;__;___;______.?.,-____»_,____-n____;ml__-_;___.__;;;____;_;;::___1

e.g., s
fibrobl ast EEF
used. E. g.,  1UEH al ., supra; Tadaro and Green (1963) J. Cell Biol.

17: 299; V\arﬂ%;y&g raémérad (1972) Virology 50:339. Upon renoval fromthe
feeder cel lgygbhe primate ES celd seiuddlegdi fferentiate into various cell
types 20 and) when grown at high densities, formenbryoid bodies. See,
Thomson, “gup+ mun-tdhe) e t&icit@lcontfol 1996) Bi ol . Reprod. 57:254-259; and
Thonmson &be” Melewlpment{] 1998) CaOVP =TopiotasmlaBi ol . 38‘CINE3 =1t&ral nbresuaBstemin  Of
enbryoi d bodies fromES cells of nunerous other mammal s, such as pigs, have
al so been reported. See, Shim et al. (1997) Biol. Reprod. 57:1089-95. 25
Enbryoi d bodi es obtai ned according to the present invention can be
identified visuall (N:H i ibfs kvt ribed
in Keller et al, sﬁﬁé‘?ﬁ‘."Eﬁ%ﬁé‘ﬁ%’é??ﬁ"éﬁﬁ’?ﬁ#ﬁ‘gﬁ@%ﬁ ti1ons, }gﬁngﬁgr@%i d
body has taxicjtingam| usad fpriaclysigmati€ anatysis bfthpin viodetulae prafiles indEB ¢elbgdnegat e or
cell_ mass, in whjch individual, cell-s are.not easily.detectable. The nunber
of Cel | s Bhofher CTBhodimsRt cprRgStions B toiitientd e CEGOBGNRESISISR 80 of ( he
cel | nmasgyAQskel F6r RBR miédMdrProfile@indER icBIl. Vih YefdnotR kiboiidnt 41186 from
about S to about 2,000, although preferably fromabout 10 to about 100. An
even nor ényentipp,gompasitiope causingtexiciies o the nentongloiystemoaty evaluatebfor tidr 13 2

~ ~av zo0Q3 001 34525 9 Alg ernativel he ryoi d bodies
obt af ned TRIBUET RIGNIRS T Rl sliEo BlEmafiveidy bBRA: pbEatiel dris BT BEAGES po

det ect i odisehseserashiofdeCcaliBE eSéBtogethbr in% sysemancamdysiefthéit foxicitics. Bamkikat i on
of enbryoid body cells at defined stage. For_exanple, Keller et al, supra,
dest} i besegandtfonexrypls, anti-canrer dyugs angtdrug candislates san be sereensd fortheiy tissie
anount s - it receptor and Class | H 2b and essentially no Thy 1,
VLA- 4, C%&gﬁg%gjt&ﬁgﬁésmus, the cells in a Day-4 EB have substantially the
same staini ng patt eAccotdiag te andaspedtiof tiv invattivhadlesniahpmefildslof dhetaichb t hese
surface antigens. If necessar enpryoi d bodi es, obt ai ned,and cul tured
accor di n§° _mnﬁ%ﬁwrf%e tqteﬁwﬁﬁfﬁ these papisARPISTRRE thONT®R e based
on their JRinakGalhutians/ 67 beth. ByO@ER bofparkdy tﬁéb‘.ﬁi?es%&n?a%t@m JTRASmbGHR Y,
specific antigen or gene expression), using nethods known in the art (such
as 13 ow dptdpesposed tealnewswprévigusly untested agent tora lhwanyraffsuguprofiles of I n a wi del y

not ed recent devel t. twWo groups ve reported the devel f ES
Col Ts 1 r GuprRasian Tnuagn By petl® o VS oRRNE FrERlorR tah BE piaf & RARE Bl

282: 11454}34df RRIEISIVTHR v ageédt. Bhrthefh3£) theRo6it\of the Aevhgdit] if ahip/dan be
95:13726-13731. 15 In Thomson et al. 's work, human enbryos produced by in
vitro feraakadamongtheknowntoyie sempesitieonserroyiding infmetion fy pripttizatiodns af t er
i nformed institutional review board approval. The enbryos were
cul tured cﬁgoggﬁigl%‘ﬁgg?tbcyst stage, inner nasses isgf)at ed, and ES cel>ll | i nes
obt 20 ned by essenti Bk additidietodanmiligemndrup devwlapnsdny, theRentivachidctiug used #y enced

above) for_nonhuman prinmate ES Cefl(ﬂlhggy'clfa?@ The cells were capabl e of 20
i

di f f er entQthriasgpasin gVhidy the Saxi¢ibs0 PRRRSItaRS i Rffoncerar Hhbaghs s, 1 d.
As with s Pr ! o ot n ES
cells fr g‘rhbﬁl{t%ogedrag% ﬁlé%ﬁ?%‘gﬁ): Ar? §%SF1 Ig{ é;tgiségﬁt% g?%wytﬁaggﬁa@tc 4 ’eségg?s lé%iﬁfis&ggut
di f f er entdndtferilereesn It cart faether bswsed avid casmbticsh IFas exdnald gt candiel wsedibe scrgerown

to confl uen and al l.owed . to pile in.the cul tur ish..ld., ..
canﬁﬁiate cosmetlcg\ﬁ)r toxxcle pnorLig moving the compoun%s C1Into ammaq studies,

25 thereby potentially reducing the number of animals which need to be subjected to

_ti:ﬁ{;“gtpreferre, aItoth mouse 3T3 or STO cells can be

\J

procedures such as the Draize eye irritancy test. Similarly, the methods of the invention

can be applied to agents intended for use as “cosmeceuticals,” wherein agents which are
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In Shanblott et al. 's work, gonadal ridges and nesenteries cont a|2 H}mYZ%[B
prinordial germcells ("PGCs"), taken from human enbryos obt ai nedf

ternmi nated pregnancies 5-9 weeks postfertilization, were cultured on nouse’
STO fi br oWOemt34$26eder | ayers in the presence of human r ec oORGTAEPE/29B84F,

human reconbi nant basic fibroblast growmh factor, and forskolin. Over a
period of 7-21 days, the PGCs gave rise to colonies of stemcells which

devel oped..i i 3
contai n iRy SERRURY Ao ARG aErod WREENOHI TR ERE RERRT, Bulier e | o
of all thhec'ntmﬂmwbamee@eramdsau&rrs].atwe toxicitg af entvieshniened! chmamm@ré;r yoi d

bodi es such as those creat ed by Thgqqson et al and Sh%;bl ott et al can be

used | n UREAMENGRIE Ripduate PEHOGIIEH residucs, oPMibuRHOn HFBGRE NG DTSRIt

PCT/ US99/: S t lgs i nto which-
t he nucl elﬁg %ﬁalﬁﬁ g&%és 55( R%%%grsm Joma%?gm{tgﬁﬂuaﬁas Egeﬁél %ggrted See,

e. d.5 Rolhydretarbdns, | nternational Publicati on Number WO 98/ 07841. The
enbryoi d bodies used to test.the. c can be qf any. |
vertebrate speci es.fj_ e@fydf @é’r?fF“P‘gﬁ;lab&F ‘iseéfﬁ—: t%"éqferblﬁﬁaﬁﬁ?@l‘?t@c“he
embryoi d Hasipelegpidedidn/sidvitleat 1éa¥tpa {eBtivY nfe g%dr@ﬁf‘th@ ahidl r@tfeuﬁ&gr%h
factors. Fitst, depending on the purpose of the study e species
may be of expaessionuMoreipntferably, theRoethed proyides alqumﬁrtatewtmgasunt dpdotem oni | | be
of particular interest,f e wth .co iti ons bei ng t est.ed potenti al
human t heBIBEPTRsSON fa fapitate e AOmRESe & thp BpeIE of RS SkRESSIERpF e, cani ne,
or 1. sheaRnGiah] ¥alict dpeleRto MteREhBhidHR SinpdihiRIG that efelﬂb@etoewax@sl
veterinary therapeutic. Second, even wth respect to testing of human

t her apeut ¢xpmsed tosthepmnol MnMsm@saxfrksDWmtmmtyns may dictate that some or all
testing be perforned with non-human, and even non-prinmate enbryoid bodies.
bt ai ni ng human ES cells, for exanple, currently requires not only inforned
consent agg PREPARINGCEMBRYOI®D'BOPAES review, but also very | S Labor
intensive tending. See, Marshall, Science 282:1014-10l 5 (Novenber 6,

1998) . bt ai ni ng pr imenecerabashimenty thesmbsxoid hadiee ussein Siegirgseabinvention sanng t he

samg sl ega r & a8 tal | s
Si gﬁl fi ca{rjl a‘g‘ﬂ‘%ﬁu’d f?&lﬁ??ﬁgmﬁ%}‘bﬁﬁgg bg‘r%;m%g%eﬁfgs t‘?’%‘ﬁ%ﬂ% l@@g‘(@h f &Qﬁ%r much
testing, all differéstintioab ES delis aeaundiffergmtiated) imimetaird toti tenmllsﬂmtax gui nea
pi gs, rabblo‘mlg deot her rea p\I]\"%S/ avai ] a g and Ies; exménswe %B' )
Iaboratorﬁaﬂiiﬂen&n Vmﬁﬁ‘??EPmP t specialized c %la tyges g YoelP derpriina peci es as
to which ganstAiaRfs! BS QEBhk bibal vt Rbf tﬁ@nﬁx@xecetll%hﬁ'&f%aﬁfl cheni cal

conposi tions, SO t serve ang s In gene and protein expression can
be correl htaewcysis,\aad lcmube glgopesmdéﬁmmbr inl qujtnreFlee,tdg. sKelleawoal., Wi 26/26k62r at s

"eadd onoEgFl R BRapLnE oaliRtsrErece b B, PERPLE 800526 el B =

i nformati e@tein éﬂs céldr€ Well kabwrdh (LSt qsz@rppg INHSbéioN,F.| ‘Rifibiyosdeived of nice
and on rats. enbryoi d bodi es derived frommce or rats permts the

correl ati §FPD@)\Ce!1Héﬂ¢§f freRabtrr@mg, ErﬁdgeTwéateearsmmes andk eebss daprariicalhe
enbryoid b, sgya se
poct os. EAREEhRb RS v bk, BTC B9 HioBh B, 0FR G ARl Bing DR
testing, Wose®EnbrPoglLabrairyManial) ToldSpririgddarbericabdeegery Rress, eﬂ:@ld Spring
preferred for the sane reason. Typically, enbryoid bodies of t hese speci es
wi | 12pe udtagbergNY, 1986); pass" screening, or where detailed information on

toxicity in humans. iyjeighs 8 BHSdrin® matielifin dnfefth bodilh GisPES RENOkreOt her

one 15

known in the art. For example, Keller et al., supra, describes preparing EB cell population
by culturing ES cells in an embryoid body medium. Typically, ES cells remain at an
undifferentiated state in the presence of Leukemia inhibitory factor (“LIF”). LIF is

30 described, for example, in Gearing, U.S. Patent 5,187,077. In vitro propagation of ES cells
using LIF is taught in Williams, U.S. Patent 5,166,065.
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.2 1’MAY 2003 WD 00/ 34525 PCT/ US99/ 29384 of these |aboratory speci @s| MAY 2003
-been-correlated to a known toxicity or other effect in humans. Fourth,

al t hough woigiBk®28 are not as widely used in preclinical tescragGoadsare
often nore expensive to purchase and to nmaintain than other |aboratory
animals, their biochem stry and devel opnental biology is considerably

closer to that of mans t han, . hose pof e re commpn, | aboratory anj nmals.
Enbryoi d bodi es deriQRPRERGHALFERIaton, égfﬁ‘g?%%%mfﬁdé?%? OYOTLHRING; ¢

testing fﬁﬁ@&@%ﬁ%@ﬁ%& b CLARIrbY i ABALEARRich Qods A AN, See,

addi tional cost an I ng considerations. Mdst preferred are hunman
enbr yoi d Kedldr, esql.,sups at bhcGendrally thiealls ardhaultuoed iniplastiowamgeiitls hasmdthese

enbryoi d bodi es can be 10 considered the npst directly releyant to {he

ef fect ofeeh Wf’é?ﬁc earoms F’E"F‘S‘?I&Bﬁh %Q@F@‘.aigfa FQ?aéH?‘%%‘iepJg?iﬁ‘q% feRe%t udi es
In prinm s ' ' fol r ts of
toxiol ¢y PRF GGyl Srouickhalds RAGETo Mrkesp BURFLICEY. Te (chs IR LALTI WiRkth

t hat hunmap, ardthy iiterabtich eStheiES| celle asis athssvts © ihdudeahé¢ formatibm obérabrysidf

sufficient interest to warrant undertaking the cost and | egal .hurd] es, and
Wil | bec&ﬁélew@%Pwp%d%{;&nﬂﬂ%mi@@ Fﬁsemgaaprswaﬂrﬁl e igtg cefigofise of

human_ ES pGald i BEGRTod-CORNABRALR el fehfinelith b1 RARGIEH cbils, BHaT2n

t herapeutics, reg ry agenci es gener y require ani ma ta before
human t r hamatopaietio eglls); Snddgrass,|, egeheiEnbryoie Sthas Celd IRes¢avclused €lihicyloi d

Cosi T s BotdgRls it SB D Spehet toPerieyel HobSru el fr R s o |

resear chgjjoGNBLAG, BEtHSHH 9D @993y ype of toxicity to anticipate during the
animal trials. Certain aninmal species are known in the art to be better

nodel s of human t oxFhomspnoWQIP6/R22362% desoyibessa primatediScall papudationnbatspeci es

also differ in their abjli £ bol ,ze drugs...Se O., WIlliLa

i ron. e upsF cpradledsiate is3eRRAAY T bf préseitias ReShio aihdencills HER
(1967). TBUSarelcBBs RAIhiHavt BEerSipREiabsl tBrerh6vd ®dir hbility ffdividegbllatiélc ul ar
preclinical toxicity study may vary 25 according to the intended use of the

dr ulp candreidea sybstrateandiasiovhfasiast supportingthe prlyingof ESseells afte egodel for a
d i nt i i t abl

odg | onSrestsdr st i Hgad EPAEMAN, B BT BeriQ epbiaT o8l 4871 © ©
sel ect i nprefepedithatgh mpess ¥B3 13T celld canitealsed.eBigl, Hpganpenud| Suprnogladare t he

fhe 30 | RRORERGR(19%D) Gl Bio! T7EkSRe Mean aaprared Qo Defieaipesias  Haos
05725 R0t kSRR 0 R S o

20 and, when grown at high densities, form embryoid bodies. See, Thomson, supra; Thomson
et al. (1996) Biol. Reprod. 57:254-259; and Thomson and Marshall (1998) Curr Top Dev
Biol. 38:133-165. Formation of embryoid bodies from ES cells of numerous other
mammals, such as pigs, have also been reported. See, Shim, et al. (1997) Biol. Reprod.
57:1089-95.

25 Embryoid bodies obtained according to the present invention can be
identified visually by their morphology, as known in the art and described in Keller et al,
supra. Under defined culturing conditions, an embryoid body has a general morphology of
tightly packed cells or cell aggregate or cell mass, in which individual cells are not easily
detectable. The number of cells in an embryoid body, which can be estimated by the size

30 of the cell mass and the approximate size of individual cells, can range from about 5 to
about 2,000, although preferably from about 10 to about 100. An even more preferred
number of cells in an embryoid body is about 20.
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WO 00/ 34525 PCT1US99/ 29384 bodi es used as controls and those used to tes't '

the effects of the chenical conpositions are derived fromES cel|$ 1oMAYh2(03- .

same species. D. CONTACTI NG EMBRYO D BODI ES W TH CHEM CAL COVPCSI TIONS 5 1.
Gener al Omaeoassnbryoi d body culture has been initiated, ipcTaEIohesss
contacted with a chem cal conposition. Conveniently, the chem cal
conposition is in an aqueous solution and is introduced to the culture

be by means of a pi BLEPBIVED TG BrBaN PORie oplaed piioqyRe T e atfrenyo” Y
appl i cat i gRenticHé &ﬁdé’ﬂtﬁ’fbdtlﬁ"tﬁé'ﬁ@@é&ion&ﬁfsﬁéﬁﬁe%mﬁé?@s&ﬁ%%%od% egkL ! ons
w Il be introduced by automated neans, such as autonmated pipetting systens,

whi ch naytdoaep@ulatmdxfuembaymd bodxn emmﬂeﬁmﬁﬂ@q iFon example A elsr bali supraduced

exci i ont SRR Bl Dafd 4 heP bodtulch o Breonbhygn Bl bt AP AESERE ol

conpési ti RitSecePror whd Cld@ﬁhﬂZE&ﬁdéﬁér&anWlxﬁhrw ghLA4, @@mmm nrhufshﬁe
i ntended use., For exanple, chem cal conpositions i ntended for use as

agri cul t ueells isladaychEB have substentialy thesame staipEsratteavhsa sueh Mlamstamnd 0
t he nedi uWn}P: hggﬂgﬁ@iﬁ%ﬁe sﬂrf&geséxﬁf%ﬁ# oxicity of those chem cals or agents,

or introdlced” I"on Wi materials with which they mght be

used or which ni ght Ifygectsuid embridié bedivd slsaied hnd Eltueel RcHIdRE tofthé PRsent
conbi nation of the chemcals or agents has a synergistic 20 effect.

Typi cal | yinveRdonmpy be ésplatpd fromethe ﬁ'allE‘é‘ﬁ based|aabeir physigal gr elemical pranedtinsct i on
of chhe"gns%@g agg%%asg | s SEHE %nﬁ%ﬁ &%ﬁ@g@ V&g@gﬁgﬁgmﬁé&mwﬁgghout

t he nedi u e ticne hem cal
conposi ti dnars(saddmﬂdw cytoeetny, tell wmmg,\ﬁlttrﬁndn driventtlifisgariony. on of the

Gonvent ent Ly, “the. cHRAMEAsy Boladdert BRvelgmerba v aiolps dave Gamisi tene
enbryoi d Begho rﬁﬁé&ﬁb@ﬁ% c%fl?ﬁ’oﬁf'ﬁnﬁérﬂ@fhﬁ@és)}s& sgsr'm&ns ot :aﬁ*@m}&r@&aﬂon of
the alteratio 0]

rotein or gene expression on th vel opment all the
ti ssues oR82: ﬂM%mewImmloﬁlataMW%chNatletced&;z (hlS\E)\%ﬂBﬁﬁ)—lB@&hs t he

t th ffect th t t
o1 eviSousl y mot ed. | AOTDPHRG SAvIce bt hufian S ras e by ot SRR | o

tissue, 3@raliRidaNpiPoded wt¥ abRRedby madau@aﬁérmnﬁéd Ednstit@né fEnRiohaody
has forned. Addition of the chem cal osition can therefore be staged to
occur at feMéew bpardiappravak sThe embriyas @46 ultured to the blastacyspgiage, innponesIes 4525
PGT/ US99/ 4 | r ncement
of that - douied, SAEESTER S REU AR csubly oI Tikal B LU ae SR
protei n exgrdasferaited abéved for ixmhemah printaer BS tells3. IdDThé ogllsokert bapabhess cal

conmpgsi ti
R %%fcrentiating into derivatives of all three embryonic germ layers., Id. As with other

.-n-

~g

primate ES cells, LIF was not sufficient to keep the human ES cells from differentiating in
the absence of fibroblast feeder cells, but differentiated even in the presence of fibroblast
feeder cells when grown to confluence and allowed to pile up in the culture dish. /d.
In Shamblott ef al. 's work, gonadal ridges and mesenteries containing
25 primordial germ cells (“PGCs”), taken from human embryos obtained from terminated
pregnancies 5-9 weeks postfertilization, were cultured on mouse STO fibroblast feeder
layers in the presence of human recombinant LIF, human recombinant basic fibroblast
growth factor, and forskolin. Over a period of 7-21 days, the PGCs gave rise to colonies of
stem cells which developed into embryoid bodies. The embryoid bodies were shown to
30 contain a wide variety of differentiated cell types, including derivatives of all three
embryonic germ layers. It is expected that human embryoid bodies such as those created
by Thomson et al. and Shamblott ef al. can be used in the methods of the invention.
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- Different anounts of a chemical conposition will be used to contact an 5
“enbryoi d body depending on the ampunt of information known about §Hhe MAY 2003
cyt ot oxi CWPW0RB4526 hat conposition, the purposes of the studPCTAURE/ 2938w
avai l abl e, and the resources of the practitioner. A chem cal conposition
can be adm nistered at just one concentration, particularly where other
studies or past OIS edlld duflafoBetB il frm UrPlehBPRTRRUACH A GLRAL 671 e
that a particular concentration is the one which I's nost conmonly Tound in
the 10 baedlesirédhemamwormmammaliaheclt henbeealinseotep.oSed &.gn Robl, ler bie, Iattdeatiohsl

di fferent ncentratjo ures of enbryoid bodies run in parallel, so
t hat tth iggtion Rym ?Fg\?@)ggéz#‘{lati on differences on gene or protein
expressi on and, henpg erhbi§oflf BddRsARECR te} ch@Ehdit ce&pgaﬁoﬁeﬂmscsffdngn at
di fferent concentrations, “can be assessed. Typically, "for exanple, the
cheni cal veorpas species.wih¢ cldceofiibel particalan spacies fiom whith tise embryerdtbodyiion, and

br acket ed, 15 by .t wof ol d f | d j d i
concent r gt Will BRichR gieet abelaBet pLevERT ket it drasidgon tharmasse
conposi t i gfihd Studydnelor HiYFE SYeRics YAt KA fPattiould iRERSY. TRoP 8kamSik UtitnadnS

conveniently first perforned to determne the concentration ranges at which
t he conposnbryeid bedids will beefipadicular interesitfpr use witloeamposiions beingéestadeisni ng

concentratiortl.ij sages 20 are kmqwn i. ti?\ﬁ art.. One common.procedure, for
exanpl e HoLeyit ARy fhefapeiitics. WR&avitle. fefine. hoving PORERS: CARFNg, FaRiRG: f
cyt ph OXi Cshed@nbrydfd bddi€iBhy b&eNmoRAnfesst Fhte ptadfiabvet@iifiry tefapaiiic. per f or ns

a dosing study, typically by adm nistering the agent of interest at
fivefold or twofol dSefionds¢venavitfrespegtioriesting ofhumen gherapent¢s, cestand es of

corpos: t i Bl P Rlerd RS i ctissa®n bt ik e BE BRATRRAN Rptrcomaa oh 1
i's found dnd dvBe neiprinitdEmbryofdbodi€s iGbthiniHgehuntdnBS ecllsSfor Sxkatiple,scupRaily ci des

whi ch | eave residues on foqQdstuffs, the agent will usually be tested at the
concent r defdiFesaot pplydptarmed censeptand iastitytional reyiew, boasd review hut alsp veryy be

t d at : tg . i o~ ' 3~ Y
200 €. - e ieeiR It 4 iell i nog st B S Emb s 20 U T
Det ect i ngObrabiing prifaerenstryoid baldies) whileootsviéushy rotrentmidjngthe same legal be det ect ed
b mber of t hods k inthe5 art. F I t t ei i

D o Ly B L e IO e 8 S0 Db UG i °
el ect r ophRBidty bbBRRIRACR boraRiklY, FSURALLE REHNS, itindy B dstallb fuRTnBRgsmSS| e

blue or a silver stain. Radioactive |abels can be detected by placihg a
sheet of bediesfrémmicerats, grineapigs, rabhitscqnssotbenreadilyavaidables pad lase gxpensivee
bas of it tric point via isoelectric focusing, and visualized
by g?ai niﬁgsﬁaE’#%ﬁgSD& PACGE can be perforned 10 in conbination with

i soel ectric focusi nFhirdsivalill pfiebé of vatak fonseheet Pspedies us @ which ecrsidersble t 0
provi de two-di nensional separation of the proteins,in a sanple. Proteins
can furt h&?ors@t@e;ﬁawﬁlehl_ew ﬁ&?‘t‘@&fﬁi‘ﬁ‘ﬁé‘éﬂ semppsiionsysadhatonsqryeg shanges
chromat ogy, ¥an§5lo@einte51 fés%]iéﬂ E4n GIEARHERODE “?TQ’IP& B‘ftbﬁic TYTRhiQIr aphy,
gel -filtration chfomatogtaphy, 1on exchange chro ography, " surface
enhanced teasmr, miesandutatsoare iprefered ¢rboditheidis DIMJst preedlinicel wstingsis pdrfafnddacrer

d tion/.ionization ("MALD." Lf the sedi t .
suf P01 en IR B Sperars ad tgfiibelire iRt gy ROROH IHbuTation A tie
al terati opsxidify dfMBbas ESmPEHdS i variBlsAfSha bt shd SiERE. B EHUSSiFan be

acconpl i shed, "for exanple, by running in parallel sanples from enbryoid
bodi es cohedies detived ftona mibeot ratsl peowitp theicormslation oEthe @ltérations ip gehe prprotein t
("test sanples.) a saml es, fr.om ry.oi d. bodies. cul t ured under ..i denti cal
50 cond 1 FREish B abe FEPRIREoodiTuR Batpk Eils ShiRiet i Bomasdi g oot
interest gpeepi! Ephbr§&idoases)of ofiRe speeids @EmMBhIF hdchi e prReRSichltedting, fichtagi NS
detected and the anpunt of the proteins detected. |nmmunodetection provides
a g8up oRuiRSRPigS, rabbits:Piseand dpesqare alspiprefered fur tha ssme easopr dyrically,
expressi o . i i i £S5« pi i LRst 25
the. pr ot ermobibil BEREs bEARR et WAtk B 5 BFpd PUEnbk, bEHES RaaLe

st andard mfotmatidnson euidityds htinaseistnetindeded forkeiekoamreanit il amarind\ot othedores, A
Laboratory Manual--(Col d Spring Harbor Laboratory, Cold Spring Harbor, NY,
1988). The antibodi es so raised can thentdbe used to detect the presence of
and quantitate the protein in a variety of imunol ogical assays known in
the art, such as ELI SAs, fluorescent imunoassays, Western and dot blots,
30 i munopreci pitations, and focal i mrunoassays. Alterations in protein
expressi on can be
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results between the sanples. Results of ELISAs, for exanple, can be

directly we@wdssto the anount of protein present. Taggi ngPOT@SBRIEBsANOL her -
way to detect and determ ne changes in protein expression. For exanple, the’
gene encoding the protein can be engineered to produce a hybrid protein

ot oot oo Oy R TRrrElY fet@Rbehoh ek lR CRREUE SRS TRFEHELOR | 1 e

di rect i rmaghang. and quantitation of radioactive |abels in, for exanple, gels
on which the proteins have been separated. Differences in exi)ressi on can be

det ermi ned by obser iiowdh, @lthgughgsimeates are pakasavidelytusest inpreclinigg! stisgand | n
t est d . i . 3l . d
br ot et n CHESRERImote ERhcSive Kpdrhlls® ofid of el BaBut? Mot Birph S8 |

per f Hr m ngogtichiiedy sid devdldpasengal violdpyt is epadideratity alobst! 10 dae 6fBurkany thhgase,
chynotrypsin, or other proteqlytic enzyme Di fferences, in expression can

be” det er nPAEICiIhe BoEs semgN #%aoaact?wnaﬁﬁlen%@bafoi@ hedigs dreived fropy pumates Is One

parti cul ) d di ' R, 15
Expr cosi oh i DHALRES (FOION (o Ring WhER B LRY, & sLIBITT SipthefIOhRS,
profil e ohetabditibhaladsisdndrhaniléng ahsidemtions) sMbstipréfered srehiumahlfembiryoilibr eover,
M5 permts pnot only accurate defection of proieins prese i.h a sanple, but
al so quanleqc{f?ﬁ, sigae © 15 @beiithe toxiFilyeo ggens in Ff@remhwmgioew? & 5 n

comipp nat | Qihsieldd tRE ot di%ﬂ?triag\rr]én? eerRt 19 dﬁ@ﬁmpéor{?gﬁﬁgﬂ)ggﬁp@%t e

physical properties to part e proteins present
Parti ti onisragtiGipated dhet studidsén primbeeror dinpnembryrsd bédies wilkbepdrfopmeditcal

D B S S b B ol SR R B

for metal hiRRsemBfyoidBoditdwRill beied whefe RXRIP ifhurhdlf iP6PhSfidient iftefestRTP! €
can be subjected to SDS-PACE and isoelectric focusing, and a resulting spot

of i nt er ewarrant undertafking thercostand legal bundiescansawillbersne moregesisred aver Bigleow,

Initkal pargitionin S 4De us.k 14ZJ |l um and a second
par Ellst [ on?sn%’e\iﬁsaph%’?if%ﬁﬂé@e %%%Egﬁéé%ls.cepg ges‘%gﬁ lggs@e%g‘f"ed that, in the
protocol followed i Fifiavi @spect foltRinpnctherapstios, rbpulgbscigendiesginghdlly snal | er
than 30 kD were analyzed. Alternatively, of _ course, fhe higher weight

f
prot ei ns ¥aHie apinal iy e hpman, rialeeatdergin it Willesenerplly be desiralledoruse
prot ei nsa%slabgﬁa&d DEGEs 6Pssane§ {vﬁfeklvap%eeéea{mﬁ greeriﬁea' IRAISfudics. PFRPAr ed to

anal yze tthe proteins 1n a sanple or, tor 30 exanple, it a prelimnary
anal ysi s sisolisof teaicity hesting imtheremblneeid bbdits Edrethemguide theaesegrchar en thenpl e i s

h t I d wit hout .Litioning. .20 .1 MAY,2003 WO
001 39525 TREFPR D8 SBION Ly ate ARibe edBiror s CodpiB bt D ey s
al so be URRSWA th BB NEDelboRerSAGIILSE Hutndnaekikity 8f SifféRinetypeditah afe Sthershet her
a change in protein (e;i;%resm on may be indicative of a particular toxicity.

For exanphRd speqiss absadbitfer inthaiy abilifyNs mesabolise deigsl See, 8., Williams, Environ
Health Perspect. 22:133-138 (1978); Duncan, Adv Sci 23:537-541 (1967). Thus, the

particular species preferred for use in a particular preclinical toxicity study may vary

determ ned by running parallel tests on test and control sanples 621:1 Mﬂf'mﬁs

25 according to the intended use of the drug candidate. For example, a species which provide
a suitable model for a drug intended to affect the reproductive system may not be as
suitable a model for a drug intended to affect the nervous system. Criteria for selecting
appropriate species for preclinical testing are well known in the art.

While ES cells from different species can be used in the methods of the

30 invention, in general, mammalian cells are preferred. In the discussions below, it is

assumed that in any given comparison of control and test embryoid bodies, the embryoid
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. "subtractive calculation" in which the protein expressian in cont :]fli 003
“+enbryoid bodies is S quantitated and then subtracted fromthe qua |t§&d2
protei n exyoewsdsgsn of enbryoid bodi es contacted with a chemarsesosss
conposition, with only the proteins expressed in greater or |esser
guantities than those expressed by the control enbryoid bodi es bei ng shown.
This met hod,.i mredi atel y focuses attention on differences in protein
expr essi QTP EBAS Sonagh 15 thasrpasd fuiert e Bt ptshe Chsitil Gulispiolng pre
conpari soggivt fromB3Relidlof the YarRe specBsand 1 C and 10 di scussed in detail in
Exanple 1, below. 2. Detecting Gene Expression Alterations A nunber of
nmet hods are known in the art for detecting and conparing | evels of gene

M s 18- CORTACEIGEEREIM BBty v FHEEAr colplRIIIoNs o oy
of asvarigtGeabrayel s suitable for RNA analysis, which are then run to

separate the RNA by size, accordi neg, to standard nethods (see, e.g., .
Sanmbr ook, J., et al Oncegn embrysid Wdyrrutiyre has baewinitiated, itvaan bgicontaeted wafiva ng

re then Bropa pompbaitn Eptkri leRbRRa oflpdson £ i it obffep®®' °
probes f ogndi8 iduced tol thé enlest meliien PThOBirodadtidaccah &dibyamy icofvedient

non-radi oactive, dependi ng on the practitioner's_ preference for detection
syst ens. meansRuhwillusupnbe by meepsef apipeite, ganigiopipstton o1 B SyBREse lp semand

e e SRR ERRONS, HENAS R M dlEhAR oo P SpolS A Co Rt B e |
f ol | owi ngintfoducaiby Akdriated nfeafls, seeh dsausomdted pipetting i iems, whible niaideion t he

| anes can bhe judged, for 25 exanple, by ethjdiumbrom de staining of the
r i bosomal TORQHC BEAY Cheapicalcomnpogitiops spbotpedecsr infe themedivabas Bposidar

det ect ed GiHARHAYNAHM oot PRl ARRAAGIARBIS tideld add8BNALRAYIsAl SO be

anplified by any of a variety S an hen det ect ed. r exanpl e,
Mar shal | , ceinBonBeatsed in pllarmacagialxompoditions, s adtht dikeer aayriers wbichinmghthe RNA

30 dSocr T pRldYHd iR i idrlae., FOr vaBitle, Shemisal Somppsiiod ind R 07 Vi 2. a1
Genomi cs, agrigfifirat @Rerhib8B Yk as @dh}z.‘midaﬂ%éc%i‘ﬁﬁ ddRtHaGAtPodiaEd ﬁn@tﬂeqaédi&a%é 1:5-16

(1991); and Barany, Proc. Natl. Acad. S USA, 88:189-193 (1991). O, the
RNA can bthemsgbies to testahe toxidiypihose chemicalspr agemsy op Gudweedily @ydimtion

PCT/ US99/ 29384, i nt t. i fii . chai
react i on (AR et WARAPE el TRk beie e Which BEUIFLERE LEAR O, g
rS e?/er ;;e t eAVisrindit, |16 defminbAf the cbﬁlbﬁhtigl? of tﬂe?he:ﬁmlﬁr aﬁfhts !iarulstw@nafgﬁsﬁc |

e 1 on appr lare priner n ro (0] S r a , or exa e,
in 4nis, G%I‘F?t' glfyp?ﬁg{ly’ téggt_ﬂ,tur ﬁkﬁ%ﬂ@gﬁ} %Bi%gﬁ %%&%%0&8% ,°I. Ban Di ggo
CA) (her eghdical gdragpgégﬁh t8ensuke tHel ohpo§ifibh & diSpericaRloAph&lt thEReGage” RNA

can al so be conp y reverse transcribing mRNA into cDNA, which is then
cl eaved bP. rEipting of comtaeting/nes and el ectrophoretically separated to permt

G814, 495, Typi oal |y Mesme ik hepicit Braposiod R M rharr R ViR 1 or

with any @fe disdiBtioHORRE prHctifibhdaRd GAN valyyfFh R HARRRIA SRidY ctive.| abel ed
wi th an enzyme, such as horseradi sh peroOxi dase (HRP) and™al kal i ne

phosdPhat as®nveriently, theethenrical sgamppsition wilbbe addedais sen as the pmbawidbedyes and

o1 ot n- priMBrS oiad e S EmiMble 8 sRunafth afBEARGaNbh fupilinfFFor
synt hesi zigege exprystionl cixht devqlomha ofiakt thiexisghiés dfithd @nbrysibailyd IGnanbe of upr a.

O, the 15 probes can also be | abheled with radi oactive i sotopes.

A
exenpl ar PRSTESE BPWew ©\fReWRIBE Siudy op e tret PLidE VOWH%TI%OW%WHI"‘R&%“& obes
is set f (I%rl{%b' | Rﬁ@%%kﬂﬁ&ggégf ﬁlél]jvid% Rs&es, QR bd Muscte Rekvbud Sl l{cﬂﬁtid afeti ng

DNA and pro met hods for
30 are known to develop at specific times after the embryoid body has formed. Addition of

the chemical composition can therefore be staged to occur at the time the tissue of interest

17



-
)

detection of PCR products are known. See, e.g., Innis, supra, which sets ’
forth a detailed protocol for detecting PCR products using non-isdt Q)ﬁﬁ,tYaIZﬂ%- .
| abel ed probes. Generally, 20 there is a step pernmitting hybridization of

t he probewamab/aderzs PCR product, follow ng which there are orrETaISIwRIIS4

devel opment steps to permt detection. For exanple, if a biotinylated

psoral en probe is used, the hybridi zed probe is incubated with streptavidin
HRP conj ugat e and th?n .l ncubat St hﬁn i u‘t:)at ed with a ch?f(gm) en tsuch as

t et r amet KHBAFCA AREIORRE)OF 2hf FAQSKA F‘%Fe%,’ Ppmepermsng of fhet dnEopmisat o5

chosen t cor@Bito@bséve At éfnset biy Sltatirigadent o plateih exprE¥sdnin ¥Rk Géste bPiniesth t he
probe has hybridized can be detected by autoradiography. As anot her

exanpl e, . bi Dosing loftheichpuripal @atpasHiph Resear ch Laboratories, MD) can be used

during anplificatiop...IThe |abel ed. P [ cits.can en be. run.on_an

agarose gel, Sout heﬁ#f?rflétr@?oéﬂn%e%atcgggﬁ?@?&cfﬂp?sﬂtl“fne‘?"ﬁ%enﬁegé? a2y for
exanpl e, @nbiybRIScEY dépBidih 84 tHeaniims BhmfaaRLEE keGih Sbbut Yisd &btoficity f ocol
30 for detecting incorporated biotinylated dUTP is set forth, e in Lo

et al., |thesomenasitionnthstpumases okthe sy b pmejavailabl, end thesesouress i@?ﬂie

Finally, . PLO : : . R O 003 WO

001 34525 é’%&“ﬁ%&gl f@%@i%é‘?’ﬁp%ﬁ%wn%ﬁé a?g‘glé@%gedﬁ{“es%?%%cdonﬁég‘“égg’, such as
et hi di um particilai¢y whsfecdthasealids arglabtyworkoo Gisldzeapetieiek evith the icompoidiinive f f e,
U S. Patent_ 5,807,680, teaches a nethod for E£§,3|nultaneous I dentification
of di f f er Bicated thataparicia FoReAUNSTAN i the 9ugWRIGE A§ MEst Gogimenly fougd in the
conggntr at. | . < i ' ' ' I ng
o8 by DGR Mo Ll RGAT, B EherhiGpbnistoh SR e acthTRitt Bht Shefifbllotte
MRNA expr &Sﬁﬁtﬂrdsmfentbm 'ﬂboﬁiss aundinparatlet, s@?mdt}mmfﬁctg of tlwfmh eenitrationsi t %/
correspongs,. roughly to the concentration of the . Anot her, group o

t echni queglf@FFpW%i/%n &706 QrreteinreXpEsssiop \?@3» hengss g}% erencesIp tRddtyRf ql"J‘gvel s.
Four such : ; eyt ' ( hensi ve,
i oh & hr oo s RARGNA R doRCalatiing SR b BN ORGP T e 1 e
RNAs in t tleensigatmionposisiondvil beiadet atra namwal erfreediviv soncentratiyn, and brasketpdct ed

to sikngle SS NG of the 5" a 3 ends.toe define.expressed
seqiince. PLOPEFoR TR nGeas ] Fadechies ipcBhiRuplorh FebBRuRfH B8 RGksg of
Enurer at i peecisin degiréd.i ve representation of the tags fromthe 15 different
sanpl es provi des an agproxi mation of the relative representation of the

gene transcript wt T?H@W’é@ﬁ 18@%Qﬁfd%nka°WQPﬁQWW@ﬁ PM“M?I“!%en
devel oped is &%%nﬁlgﬁgi fifst b%ﬁéﬁ%?k@nﬂfm%mﬁéﬁfaﬁﬁﬁ #8%35 A which§fle ~ Whi ch

al l ows the qua rve aneous anal'ysis 0
composition will be tested. A variety of procedures for determining concentration dosages

20 are known in the art. One common procedure, for example, is to determine the dosage at
which the agent is directly cytotoxic. The practitioner then reduces the dose by one half
and performs a dosing study, typically by administering the agent of interest at fivefold or
twofold dilutions of concentration to parallel cultures of cells of the type of interest. For
environmental contaminants, the composition will usually also be tested at the

25 concentration at which it is found in the environment. For agricultural chemicals, such as
pesticides which leave residues on foodstuffs, the agent will usually be tested at the
concentration at which the residue is found, although it will likely be tested at other

concentrations as well.
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| ar ge nunber of transcripts. The techni que enpl oys the-4sol ation of short

- di.agnosti c 20 sequence tags and sequencing to reveal patterns of nﬁ
expressi amoobradsasteri stic of a target function, and has bewrlusmz)a)s AY 2003
conpare expression |levels, for exanple, of thousands of genes in normal and
in-tunor cells. See, e.g., Velculescu, et al., Science 270:368-369 (1995);

Zhang, e ' ' < i ' s have been
devel opeg:%@ggwmlgﬁa@#zﬁllﬁiﬁ%%éﬁggm@ s, fragnments
defined EXPIRESSION sequence delimters can be used as unique identifiers
of genes, when coupled with information about fragnment length within the
expr essed- defecti oteinixpressiah AdEERionsi on of an expressed gene within a
cell can then be esijnnt . lad.] <) ' e. fragment
associated with thz%b{ggglne. r%é%’%%gs%ggeﬁgt\é%glgp{ “Pﬁg%@%@g?%ﬁé%ogc gs
devel opedrt! Foeupdraple, thBipfoteidie in asanplb eardbe sepatatddchy sodivbm dydseybdidphaté-s of
differentiall y-expressed sequences ("READS') enpl oyed by Gene Logic, Inc.,
and t ot alPolyasrylamide gekslegiropharepis Sés-feﬂ@E §) and visuplized with aptaicesyehas 2 1

MAY 2003 R / j :
(Pal o Al CgoHigile Bl o siben s SdReRARAT, O ol e et B6
for i den(-faydihi overahe gilf Pesteimsicah blgo ba pepassationgthe dasibpf AR isdetaetridpoinh
. preferred, enbqdi nents, . the detecti i s, perforned f nunper of
P et quais RORICHE Rocising Futmsalized Py S, ok thes S BARE anbaHOMES he 5
sanp e of, | \ ks fotRle r?&ﬁﬁ IFeLR oYl tain
I agig ed é%mﬁ%ﬁgé%mq%ch%%%ﬁg%ﬁgSillﬁg%lgop{ ypl cgiﬁ? f/)é 0 o(lgdikgé1 rlﬁg}léé%t) ?(ges or
cDNAs of pkovddmtveedimensivnal separation of theqoteingin a samples Brdteios camfusthknbawn

der. The | ' f 1h | i | eot i . whi ch t | ed cDNA
Pybr | i 2 RG] PH LIS HBALES 15 HEl FSTouB IS EEmlate i PLC Bl BfBne o
| abel o0 oyl Rulty GRS Ao B aBlrsbh isFbRbaig: 10

representation of t or c I nterest. Further, e technique

loer mts shromategreply shxfaoe thaa@dddhsemcswmtwioniznﬁmp(“aELDé’f)ematr‘;xeassist?ib| ﬁ
o e HEr Peedl T Bbizatol AR R E i SRR T RERATRAP ) ("

avai | abl differentdénsie)igiadiemtreeanifiyRion. DEbtifig KitératicislinVevelTiptdteimat i on of

specific RNA qr cDNAs on high density formats, 15 including filters,
m cr oscoFEPEYieR ysingithase tachpiques ean heacrompibiedsfor examnle, by fupgiag in parallel

SPeCt 1 OMELLYcs il ERAR@ bohLd YiiRhdiddith ASherh R Anfds oA wifol estBaik B S

GeneChi p e arrdys contal ning thous erent ol 1 gonucleotide
pr obes wiihterdsh(dvest sanplesi’) and saraplgs from enlstybiddwilies waltuved ndertidentiaal ay f or

hi Y. i f f int t. CLONT I ng. " Palo Alto,
Ca g | 5 R ioBR A el o S s i g e s feel Sone BT PG re0t C b pr a5l on
patterns @i&l/gﬁ%e), afd a6tifaredie®rentlSiadhe profeinsSdeteotsdiidah©ambuint oBae

Di scovery dule permts high throughput screening of RNA w thout previous
sequence Rroedisegtdctad. at a resol ution of 1 MRNA copy per cell. Incyte

Phar maceutical s, | : RIS &g, for
exanpl e, ordered orﬁ‘%ﬁ‘g@eg%ﬁ95§§°‘§@sﬁfg¥é‘?§ ?:%‘rglpgg'{l an dﬁégsg%g?&? lr"tgk duction
genes. Tedlferutions in potsn bypresdiei. Ihahisenéchaiques, afitibotfies dre hypicallg ralssdaguhest i n,

e.g., Service. R, .Science 282:396-399 (1998) .
25 the protein by injecting the protein into mice or rabbits following standard protocols, such

as those taught in Harlow and Lane, Antibodies, A Laboratory Manual (Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY, 1988). The antibodies so raised can then be used to
detect the presence of and quantitate the protein in a variety of immunological assays
known in the art, such as ELISAs, fluorescent immunoassays, Western and dot blots,

30 immunoprecipitations, and focal immunoassays. Alterations in protein expression can be

determined by running parallel tests on test and control samples and noting any differences

19



3. Labels Both proteins and genes can be |abeled to detect the al tergiﬁﬁh
in levels of expression in the nethods of the invention. The tedm" Mithd ’
refers to a conposition detectable by spectroscopic, photochem cal,

bi ochem c&NQ 0W/H#s3snochem cal, or chemi cal 30 neans. For exaerTITaJSWS@MI

nucl eic acid and protein |abels i ncI ude 32P, 3sS, fluorescent dyes,

el ectron-dense reagents, enzynes .g., as comonly used in an ELI SA),

and. prot eltigefiselftatE sty %%ﬁﬁﬁéfnoﬁ%i?%’&%ﬁﬁ%g R 8 A

wi de Varlmb)ambfun{@'ﬂ}ﬁb&nﬁﬁtésémm ugation techni ques are known and are
reported extensi veli in both the scientific and (fatent literature, and are
general Iy applicabl aggipg Prayides apatben Wanipadpischang ditermine chapaes lﬁg”@*le“hucl eic

aci ds, anmplyld ﬁ)‘iin "Haf leﬂ.rﬁgl@cﬂhg en@&féo@i‘i@ %@%teu?&ﬂnt&tkﬁgglemalté pJf- nakege

radi onucl €0t enzyne strates, ctors, 1In tor uor escent
noi ebi es, hyih&hpxbtem cesaiaig mdntmabé:stagmhemme proddih carl Bsspeaifdaliy detecticd .

Label i ng nts.optionally include e,dg., ocl on nti bodi.es, pol ycl onal
ant i bodi o8y d geoian ofdhe e GvaEms 3 Wﬂg@eéﬂ‘g pesmyithg ﬁ‘lm %&% sl
car bohydr gﬁa?ﬁxteﬁfonlo'f Pédi‘éactl%tlzﬁﬁfs' ifl rfoPExalep]E a%g (ﬁ-nd\ar Bk hﬁ‘e' qﬁv@ bedlf Ot €1 ns

may proceéd by any of a nunmber of methods I ng | lotting,
t racki ng sﬁparamﬂ daiffereneepm dz)ﬂpodssmn nashedttemnkdab)s obsﬁmmméuffcrdnﬂces inithg,

Northern bl ott.i | NGy Qr ot her. %% ‘LCh track a nol ecul e based upon size,
char ge or 2%P¥RLA ?@Ftagﬁéesﬁﬁtr‘fll cq agpleSiet ect abl e i ety used and the
par tjgcul ar assay ar ?r&%s@ﬁﬁb&%?ﬁﬁﬁﬁs%dm roeMEN unu t&c'im s For

detect abl e noi ety can be any nate havi n et ectab yS| o
cheni cal pxa@lpﬂc,tgrotew@hn@etae@lvaﬁgﬂw p@amnmgm@olyyemmmdmmsuped |n t he

field of d h | abel f ul
1 such norRBHoSaad Bopraftc. SRAHE b Bb& proRRbek Brihe togerdF Bl s
any comoaxﬁre@th%t@mmm BRReipatss edlhtive diinGITeRd @1gbstc hoatesi cal ,

i mmunochem cal, electrical, tical or chenical neans. ul labels in

the present inventi &meumstmépé nrafsrréé m.fmoddfyééete@lgmg daﬁf@rsm@g dmprptein

| sotslai ocy ' I 3H,
~2sl, 13 3s S@ﬁﬁ'ﬁ%ion 1§>ﬁih§§)§8 &gﬁ%} 5 (e %%@?v@#&%éra?gé&r‘g@gﬁ?g(er oxi dase
al kal i ne ptoadgdt atmber @ﬁ]ni-otmﬁsefbsbhedmsmflﬁduy Moegbvers Mi® peratiahioe onlyzigowmate

ei ther as ,mar ker?)tgignebgroducts or p&g LI SA nuclﬁhc acid intercal ators
(e.g., et AFEFHRRA Preseat id 9mple PPt #15¢ qusintitatiop. i he procedyrg cam be Bsedy o) g
or col or e@nﬂér%%tserf & ift Tohibirafiod mmnmm&@sfme%eecmgwémmkai&'ﬁ<, etc.)
beads, as as el ectronic transponder e.g., atent 5, 736,332). It
will be r@d%mez;é:dsxpaia:romrum @s@émonlth@emclas present insapeple.i Rartidning si ngl e

spe es or ni c e ud nor gani c ul es. muf Iecul ar
R o BB PRE ForoRih R S ER et R T Sl W st B o

2ng E)ggdl :ahknegerllfllsic‘agglfygﬁé)?(b egpgﬁﬁgéeecgm I gg? |p f/tg??szed fgr gougf?ﬁgahﬁc a

bi ol ogi calch#gp.caffinity fommetplionyor th ? i&%) orgxagipls thegprotesns)in 3 sopppls can

Simlarl y’bggh@@:t)ﬁd {d $B585£6R and &k%@kemc%é&u(gz, bfifa ?éélﬂftlhgﬁp&ao‘f@ﬁgregf“&mﬁém

sel eni de)
gel can then be subjected to MS. In Example 1, below, initial partitioning was performed

25 using a sizing column and a second partitioning was performed using SELDI. It should be
noted that, in the protocol followed in Example 1, the proteins with molecular weights
smaller than 30 kD were analyzed. Alternatively, of course, the higher weight proteins
could be analyzed in the methods of the invention, and the proteins do not need to be
fractionated if the practitioner is prepared to analyze all the proteins in a sample or, for

30 example, if a preliminary analysis shows that the total number of different proteins in a

sample is small enough to be analyzed without partitioning.
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"2 1°MAY 2003 WO 00/ 34525 PCT/ US99129384 have been coval ently coupl edM
* bi.onol ecul es for use in ultrasensitive biological detection. Var r @nl n'&ﬂlB

(1998) Soweens3l: 2016-2018. The |abel is coupled direct pyrRkodstdgd ectly
to the desired nucleic acid or protein according to nethods well known in

the art. As indicated above, a wide variety of |abels may be used, with the
choi ce of | abel depending on the sensitivity required, ease of conjugation

of the compound, st&emPRELs atiaghad tathemass spectiomerierean alse bgvsed t@ranglyze

di sposal [ S . P ' t] i ndirect
reans. coAasth Al ARE o WhelrBP bRl f ol Bt S e | 101 1O
pol yrer . indieativegafimipdriiadantoxidity t Bonexaapld, thel rgadvnlit from the MS edrr lepiasediinian)

mol ecul e whjch is either jnherently 10, detectable or iov | ent]y bound to a
signal sys# ctiyg cRlcylatign’ i, whic H}ee"’@ﬁ?%{es%lw I ERTREOE BRPTYO B or a

chent | um : SHaf m ' | '&aﬁrﬁgosq, used.
V\hep% a Iﬁggﬁ%[%?aés}ﬁarm nat quﬁegnt I - |c§gﬁlg%&?gpﬁé§§%%ﬁﬁ otln, §ﬁ>th§>%sne,
and cort icoatactddt witlna chemicslesbmposition) with bhlyrtheptokeihsdnprasdedhintgredtergarieser

Al ternatively, a apteni c or,antigeni onpqynd, can, be used.in

Conbi nat | BiRmifies ol S SfrFiselyy teane wyadRodiss boigk shgued bt mebedy ¢ o
signal g ‘] : ; ' ' :

71 tor ophar S S BERep M Tion Indi Toro S B IVEA A M bee g YilRrcbbnd o
parti cul aestypophlasiphataaaples of sushaxonparisons gteyshowndm FeguresdB and Homediuct ases,
partjcul ar.l er.oxj dase Fl yor escent conpounds include fluorescein and its
deritl ati \fi&'!@c?/us%{lpr%@rﬂ'?é‘% {’t §F°cYYeri vatives, dansyl, unbelliferone,

f 1 uor escent peteRfifig W énleExpresdith Alierdtichg. Cheni | um nescent conpounds incl ude
luci ferin, and 2, 3-di hydropht hal azi nedi ones, e.g., lumnol. Means of

detecting | abel s ar & number Rhmgthods aretkaownan theiart for detecting andtconipatisg f or
exanpl e, 1‘é’“ £8 th% | ab&%i S a radioactive | abel, neans for detection
i nclude a é’gﬁ?ﬂ | TP SR counter, proximty counter (mcrotiter plates

with scintillation Ongisendard iniethéy for siichagipagscRhis theNdrtheasblof) In this
aut or adi ogr aphy. \Were the | abel is a fluorescent |abel, it nmay be detected
by dxci ti%ghnigie, RNA ioewrasted fiam the samplgasd doaded oatoganyaf vgriptysif gelght and

et PO NA B RSO . BRSO Lo MeShng e
as char gestandapd exttiviels (e se. 80 SEBLOOK, by et php MotedularTloming, Aldboratoryi ke.
S o PRl e 5k PPt g8, M B Sy PRORE | 5,
tFlh 2 aI2 I6y sgml) tﬁ,& gféztgg% BRited Cas! RSGIbRdah SafbloBR, sApFACARThybridiell t&probes firvi Ng
20 RNAs of interest. The probes can be radioactive or non-radioactive, depending on the
practitioner’s preference for detection systems. For example, hybridization with the probe
can be observed and analyzed by chemiluminescent detection of the bound probes using the
“Genius System,” (Boehringer Mannheim Corporation, Indianapolis, IN), following the
manufacturer’s directions. Equal loading of the RNA in the lanes can be judged, for
25 example, by ethidium bromide staining of the ribosomal RNA bands. Alternatively, the
probes can be radiolabeled and detected autoradiographically using photographic film.
The RNA can also be amplified by any of a variety of methods and then
detected. For example, Marshall, U.S. Patent No. 5,686,272, discloses the amplification of
RNA sequences using ligase chain reaction, or “LCR.” LCR has been extensively
30 described by Landegren et al., Science, 241:1077-1080 (1988); Wu et al., Genomics,
4:560-569 (1989); Barany, in PCR Methods and Applications, 1:5-16 (1991); and Barany,
Proc. Natl. Acad. Sci. USA, 88:189-193 (1991). Or, the RNA can be reverse transcribed
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WO 001 34525 PCT/ US99/ 29384 col or associated with the | abel. Thus, 23 003
various dipstick assays, conjugated gold often appears pink, while aMfAXu% :
conj ugat ed beads appear the color of the bead. F. CORRELATI NG MOLECULAR
PROFI LES Wdlbo/34s%8 Cl TI ES The invention contenpl ates mul ti pleciieoabiggns of
conmpiling a library of nolecular profiles by contacting test enbryoid

bodies with an ever-w dening group of chem cal conpositions having

redetermne oxicities t es and biol o fects of man
Ehen cal R Hen Gl S KRR TRra RER A REFOGE I mi cal
testing. ﬂr&xhomc An! &Eﬁ{gmtpk&acdxSfownaﬁahﬁgyreoa%@féarﬁbmgonwmhsetaagmﬁat i ons

of gene 10 or protein expression in enbryoid bodies the data Tromtests
on a nunbék S.d?atelﬁélu 6;5/105;36&p6;lemmnsf appropanprimens an@HCRaJretsbpolsmq tgught,

nbl ed .t o f b b f h -
fvpe of -t Scarple. B ik By o o7 B ReR Prodls I Ak S i bR  or i ng
the resul m)%eﬁbﬁert‘mlg @ﬁ&ls’) Cim.%ﬁtm cﬂﬁfésﬁ&i/oﬁﬁédséﬁé%} RN SArCals0/be

i nformation‘on the agents to which the enbryoid bodies were exposed.
Pr ef er abl ypmpmdd,vg|rc\edrseetfrartsgmlsmandU&Asnt01®th which athen elﬁwdu byrresiriptaen

I ndi cat ed t hat bi ts oft beca ass.oci rkers
For. part chahss o ererpPhuBitTh s pEGR Ford et & 55 A radhellf it
understooq}au ghbi BAyARky 0.5 PRRITRb.8,854,44mt each iteration of contacting
test enbryoi d bodies with a chenical corrp05|t|on W | enerate a pattern of

gene or protein exprigpitad, rm)er@uarqol@bﬁedeh@mpéc&eenmngagmmqraﬂﬂtwm faal
conpRsi ti %{] ngﬂ?orgé @}5@; Oiiro% Lﬁ%ﬁ&bﬁaﬁﬂh&%ﬁx'&n%ﬁ é”sg fein
expre55| on o reasona noer chém cal odn simlar

toxicity lh@rsémlushqiatmdaz;et(ﬂan)) pﬁd dlkalivee pHospleatase pgee [Ileverson mp:thasg,i on, or
both, assoQciated with th t oxi mti,é]lcan be deterr}n ned. Changes
&-c HHRS

protein e ‘?Ri??“ﬁa&afb@ $ rP‘PFSE’BCI megs ihlpnisy efeal c Hippgbut Sa’biﬂé%g"e?% rugs
that have \Gifniehdxahpid, SidtinSsso Ol| t?&fﬁ‘fé‘d i ke{n‘&%%ﬁ fgﬁaﬂah‘rg;l%ﬂrgérg BhPFdr! es

useful for récogni zi ng conpounds at are to have re ogy
and t oxi cisyntbssizing enzyrérabeledpeotses |acmtaughttbydsaa'eadonandtﬂlemg suprag g ther

pr ot n ex r.essi o d.t.o |C|I|e l ves e |nv ntion its predictive
hove DS SR o6 B e FRinablls BetcBRn At et einisSebl Br Bt on ot
patter ns FYnGesiSing radibadtively ls‘wéc&pwoﬁhm prodeésik bdt gortie BNSaRbrosk pedif, or med
by any conveni ent neags. For exanple, visual conparisons of atterns can be

per f or ned sygr@elﬂwﬂv%gP queéﬁﬂrslab@m@%lmd\ﬁlﬂh naptes-eh @Hmbﬁwfergetbpds or
t t t
uaing one SteRRE o ECKTRRES dre kb L €2 1oBD, 6P SPGB REEE"
PCT/ US99/ aﬁ&&éoldbsdateahtg P(thph&iuptsmsmgumnaembpmaily Ebﬂédapmbbsy,Gbﬂwally,

t f d t
S e neurthrrereh s ReRRREINDAFEben S e ea Bt bk aisdh Y B RN

recogniti Qﬂere%én@oﬁﬁbfeede%lbﬁ&eﬁ’tf stépSR6 pemhiPBetB®IMEr S Whi ch are biomarkers
for a particular toxicity has been nmade, a conparison can be made, again

conveni ently by corrrﬂ:jraxmme ifrrobintindated pseralen prote ipusedetha hdbn@léﬁbrbpl@ e is
P ovi to ¢ rBoRTRee RebERaem e Biiulie A4 BRAInGRRA iR sSQTRRALUEE *°

revi ened téhrémBgdn; sudhvd thirkRbtylbendidint YTOIB)! haltdavvely, intke pruetiibiesrhaal . 10
G. TYPI NG AND RANKI NG TOX| Cl TIES OF TEST CHEM CAL CONMPOSI TI ONS A m)l ecul ar

prof BPe ofchesenstorerapleyipaadioacsivplydabaleshprobe, B{eR praduels toswhighphe probe has
hybridized can be detected by autoradiography. As another example, biotinylated dUTP

(Bethesda Research Laboratories, MD) can be used during amplification. The labeled PCR

products can then be run on an agarose gel, Southern transferred to a nylon filter, and

detected by, for example, a streptavidin/alkaline phosphatase detection system. A protocol
30 for detecting incorporated biotinylated dUTP is set forth, e.g,, in Lo ef al., Incorporation of

Biotinylated dUTP, in Innis er al., supra. Finally, the PCR products can be run on agarose
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:-detecting the alterations in gene or protein expression.in embryoiyd]bda¥ €§03
contacted by the test chem cal conposition as described in previous

secti ons.wowedss2be nol ecul ar profile of 15 the test conpospéEr/DBgBIgy
determned, it can be conpared to that of a chem cal conposition with
predeterm ned toxicities or, preferably, to a library of nolecular profiles

of chem ¢ o si tions, w redeterm ned.toxicities. . The out.c of such
conpar i s&ﬁfsﬁflgg‘pag‘ci%f%rdﬁ@fzfegﬁfao ALASIES °ﬁPé‘HF‘c‘E’° ie, I“fh%‘g\ Slpﬁ%ﬁ‘dﬁ&e whet her
the test (£QBRIPS AucM]c a8ids.OXi C, what type of toxicities, and how toxic it
woul d be as conpared to the other known toxic 20 conpositions. For the

purpose of practi ciSwtcliffee U.SnRatant 88071686, teachds & m fof thegundtangous t he
test composi.t.ion b on.its nol ecul rofiles in EB gell.s does not have
o be' To00maneton bRl e BResty MR filmERptherba Bae | o ency and
costss of cdhéearraye! amMEREGhniREWRIDhYcoRdSisésxheBstaftiby of BDN@aShol dikhor

probability that the Iess toxic and thus nore 25 successful drug candi dates

are, for pemenrpfodlowsd by RCR,@llowsthe wisualizptioroef nearly gvery saRNA exprosshdhy 2 eads.
As not ed i_n.pr.evjy: o) Latl oans. | r i SSion in
enbryoi d t‘gg(}‘(ﬁ a‘gga dé%‘%&@%’c‘%“ %ﬁ%lrygﬂrésgé@%so cggr?%% gﬁﬁ?&@@&%@t%@? éeﬁgfag@) any of
a nunber ofthemRNA.known in the art. Protein expression determned by M5 is

particularly convenient 30 for_such conparisons since_the output data is
typically fed di recdnaphergreppofischiiquss caploysanalysis of relativedragscsipict r onet er
andid s i ' Vi | j : -t he

al tledr ation ggsﬁélﬂseﬁglgégowgﬁtah é) ra ap%?%gﬁe?'ég%ﬁyegegh? g ?léh&ﬂgé)e l\l/l\.’trlulttan MS is 28
2 1 ~~A~ 2fpBchéfidiOf) hpgtbthvougGpniisady/sio Farkt, ¢ DNIA asn bdrevesananwfibedfroni then, a

direct c r{son can, b de.,of .the effect of the chemical conposition on
he  expr SUURBIT B SHRBles [ eeaikee b A 6 IerHE oS SRR bR RS UPUIOSABIEBoSSI 1 ¢ he
alterati %@ﬁue%ﬁxgq)?tﬂ?&S ShdY end o d%’fﬁa%kﬁresséﬂ sE(He% taé@f&?(xj@%eggééﬁ:gﬁcﬁed

numer i cal_ eadout, then the nuneri cal. readout§ can bé us titate
t he expr énshedasta@nd Sontnel spmplesi EEnummeratipgike relative sepiresentation ofithe tagsl foom theaan be

explEsei i@l RO Yo s ARG RRARh of e 156V SpresBRR or ¥ sk 9°n
hybri di zatdnedtigt a¥ithin!tHeafmpsi ds from the test and control enbryonic bodies

provi des a basis fox conparisaon. The conparison of nolecular profiles can
be done by a nunberSespndaayasiation RpEATsihas bera developeds kapwi as saiial gnalyts of
resultin cal.e HORR: . . L I, d: | ders
or the 115ke SRSt Bt EABE 0fich oW g ebfagLEbnc s feont Rl ifol £ P00
conpar ed largetnnmbenof trascripts. Thé kechaique efmploys tesisolatiny efishoptdiagnoktbsvever, t he

datil can be stored og and c.orrgar ed by a cog‘put er. Pr.ogrgms ar.e, avail abl e,

f or ZxampieBueTes 1485 Apd senicReiDe i perlAALEm; o) Bene cApresHipBSharalerisis of Acarsel,
exanpl e, ﬂﬁémﬁéﬁﬁ&ﬁfs Belag uH&?tojelé_nﬁgare" é&ﬂ?és%_ﬁﬁtlé\}é?s, f&'e‘kﬂlnﬁlé, Bf't'ho@sﬁﬂd%ﬁphl CQ'
representation to conpare protein expression in the control enbryoid bodies

(" cont r ol genesin sl anghiintumor eells. Seetaw, ¥elsulesiudetyddiSeisnee2lsih8=86%i t h
ei ther of ) ] C bk, A nples”). In this conparison,
t he am)un(tlbgﬁ’ gg%ﬁ?’Sf%lf’gélarggﬁggB?%‘ggé%'(l%?/f@?ggont rol sanples is subtracted

from the anount expTkisé eppiachdithave beerbdoveloped bdsed of différehtist dixplag. Ial ue is
represented by a horizontal |ine, 20 and any protein expressed in a,
di f 2er ent thesaapproaches; fisgments detinedsby specific seBuspee delimiterskan heused qs unique

Feapeot VEPRSEAESE fonkf e QAR R, BTSSRI PIRIR MR L1 ch
t he expr eegiressedgerieh dHeaslatieargpkesentation 6f &1 eprestedgant withinh célbearcthen bel .
ession. In

This nmethod, focuses attention on the differences in otein expr
a like na?ﬁ?@?ﬁtema‘ﬁfﬁl@?‘éﬁﬁe%ﬁ?e‘&?g%“ Bgt&xagr@gmpgt aggoc&; 3’?‘3 1?%8" pressi on of
two or NDERarhfied of¥iRY S15the SevehilapBiacklisde PEIBPSAS ekPlofttRIsGd& ddithRat t erns can
be readily discerned. It is e\ﬁgec ed that the nore simlar the pattern of

1

expBBssi orestrictien enzyme analysiy of differentialiyrexpregsed sequemees ( TREADS?) emplopsd by t v,

3 These FrBUFRLSpanANE e thE ke S SRaEhAR RGP HSed e Pt Bpf oo o™

and | arge cytoplasm c proteins
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30 expressed by control sanples and by test sanples exposed to one ofw i
chem cal conpositions, as well the anount of the protein expressedZHy 2003
sanpl es. These graphs can be conpared visually, and the proteins and the
anount s exwoessesisr ecorded nmanual ly. 29 2 1 NAY 2003 WO Of9d59dm9334

PCT/ US99/ 29384 Preferably, the results are placed into a conputer database,
with informati on about the known toxicities of the chem cal corrpositions
recorded in searchable data fields. Entries of data from gther_fornms of

det ect i ng T&Pkualagies dac.i GLENGEGH, Ine. (BalneAlin, A0 far gremmple, sslls thedeltadli ewed

and recor ¢ r val ues
fromb anqﬁﬁfﬁ?ﬁu@{%ﬁg Kp¢ f)btrgtllerq]@?? Eoﬁt? i e‘c?jxQ ‘:X e{%ﬁgetsge)&%{e g?y %(gﬁ be

regor ded to i fjent i fdedlm TnymefbnaddmﬁmmW& the d@te@t@:]fsq)eﬁgtlaﬁas@e&qd df}facont r ol
and test sa mlarly, atterns on Nor t her n ot, or the

hybri di zatniug%ebaf EeéllFquEﬁ? fahhsamdg@ﬁee realy$ig elndhesgapprogehas RINAEIME RE 1 o

| dentq fy | 0N
can be. NeptT R Ip{ErR SR iR b el ip ARP  in 1At SDRATRHER
form 10 SDiNwas dxedhyhimhsmi grpm@ilarrte phgmnjcle@sd&me:DNAsﬁf Knatva shturage nent
(Sybase, Inc., Eneryyvill or, Oracl e8 Re wood Shqr es,

CA) can b@Ta¥edion  chipgr ot au eﬁ?ﬁa@émpww ﬁ?ocmlérﬁéﬂaw gonpcleotide it 5
can be regidethe 1%e1fmbu qﬁqbnﬁfzep foRides ee ﬁ&' 1fnf6i-ﬁi|a{161n Qﬁ)ﬁql_e%%@dfi\{)\i%onaﬁé;

avail abl e, for exa Parte I nc. . Charl es,
conpani es agelunt nﬁlabdeégylatcbubcb&bmyqnomm pycsam estiroate af theaelstive S

Coeuld o sekrmosRig it aas A QDR Rl R R, Ko R Pt by ki e

Cor p. ( Norsphlfarfebhs h)QBrRi’*&'h@ﬁ Rvithl 1Y InSite diffdrent d@{%aiaele%ws @Pﬁa hybridiZdevh et t
Packard Corp. (Palo Alto, Siml arl% conpani es such as Incyte
er

Phar maceutrpgdisshen provide Painr@c jorRpagisgn of elating espregeinm of bosamples.

hybri di zati on servic tion algorithnms to
20 record and anal yzg%t ﬁg’ g(t(’:@&nl{r%eagé ?‘Bnéé‘g‘ts"?@ %nggoq%%oe@vg%?&ulz%ﬂor’laas}@% {
pref er r ed ‘HieboRitesidw idehtifickaion ofapedific RNAOSIBNASEN RighldeAss) foymaeur al

netvxﬁk technol ogy. Neural networks are conplex non-linear nodeling
equal? ons FPenediliers guetoscaps stiges gigrachins, pad teﬁa@qleslﬁs ehHBYAR Mash i n dat a

sets. r e %’?% #won

al gorit hmsﬁr‘gt x@\it?% yse{xg%gﬂGAﬁﬁeﬂﬁb%éﬁ )kmaﬁ%?sséédher neur al

net wor k prRygbaamays contaudng tholuearids ofrdlffergxt phg}amcklondé mobes With Knogen Sy st ens,

I nc. (Rednond WA andlilé SCH ut L ons, (AtI ta, Gé? H. ADAPTI NG ARRA
READERS | rPe@YRICEeREI e ARC °Fﬁ‘é°qsﬁ\’/‘gﬁ’ﬂf lé‘ghi“ Ufarg SF%‘FH&’PB BERCSAHr ay's
of 30 hybrjdjaedceihamneg! P4 o Rlto qFA?guaﬁu RDRIA ERSrel RorfRRAF befiignges |
gene or protein e€xpression, pectively. Such arrays can be st nne

read2®y armeyitorirggefithe cﬂﬁesswn pattems of 588 selected genes. Hyseq, Inc.’s (Sunnyvale,

CA) Gene Discovery Module permits high throughput screening of RNA without previous
sequence information at a resolution of 1 mRNA copy per cell. Incyte Pharmaceuticals,
Inc. (Palo Alto, CA) offers microarrays containing, for example, ordered oligonucleotides
of human cancer and signal transduction genes. Techniques used by other companies in the
25 field are discussed in, e.g., Service. R., Science 282:396-399 (1998)
3. Labels
Both proteins and genes can be labeled to detect the alteration in levels of
expression in the methods of the invention. The term "label" refers to a composition
detectable by spectroscopic, photochemical, biochemical, immunochemical, or chemical
30 means. For example, useful nucleic acid and protein labels include **P, **S, fluorescent

dyes, electron-dense reagents, enzymes (e.g., as commonly used in an ELISA), biotin,
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S~ <~ ' 21 MAY 2003 WO 00l 34525 PCT/ US99/ 29384 Typi cal Ly, the arra,z( rﬁzﬂei
*w.l | have an optical scanner adapted to read the pattern of | abels Jn 003

array, suyboassfk bound proteins or hybridized ol igonucl eoptf@goo 864 abl y
| i nked to a conputer which has stored on it, or accessible to it (for

exanple, on an external drive or through the Internet) one or nore data
files having a,plurality of gene 5 expression or prQtein expression

prof i | es GAXIBRMROF hapte Bptemsdar ¥ ‘Cvi‘cﬂ’?f‘%% Mﬁ?ﬁowmﬁ‘es@ﬁ?nom t oxi c
chem cal agﬁmpes_itions. The array reader can, however, be adapted with a
detection device suitable to "read" |abels that can not be read optically,
such as el ectroni c A made parietieoSlabdl® ahd coifpigatibn kiichhi queiROEHPUT aBTREENI NG The

thods of the inventij be . i |y, adapt.ed to high th hput,.
Tt oo ngepaeg e SR GO0 e Rt ARt et o fatn cehrally Bilisebles e of
t he 4 ar ggo HéHedenPinvemidiefor eedhbelRig dmmwuéﬁis,aémllﬂﬁvba Rk fedand t he

| arger pharmaceutical conpanies, as well as the flood of new conpounds now
bei ng symroteinsz Suitahje labalsiineluds 1adionucleetidasi enzymes, \subsivgtasheofagtotsnt i on,

ool ¢ ndtupRaTh e eR(mERlk. ShemfifintieEpbElel tEne i Bbiind'cd ¢ o°
toxiciti Qﬁ(epfl,aﬁélmyhg%fl@{&ﬁg@halﬁqmaé kigOeoroBloRAIMtiIBOiES) ol PRabdifiboars, bl y

the degree of toxicity new corrgo.unds possess. Those conpositions with
accept ablpsoteing; o5 atherpobirmers suchaas afhivity matriceh shibehydrates or Hpids.hBeteréoeos of

| 5 o dAbelc P 878 B Bt LG P PSR bR TR o

anal ysi s.imhig®blotiigs) srackifg b€ radévacfiveetbivluniifguém mdridracSouthesn bidttiigandar d
robotic arns, in nbre_rece

or ir ntly devel oped microchip and m crofluidic
devi ces, Negermglofting er adcemspheds B&%érch@rmoﬁmbass MBQn §igg, shargegro Alt o,
CA), descyi ' t - i 6l B lpe. 25
(Princet %Hﬁﬁ)m sc‘rnlﬂglz%ﬁiar? rtﬁ ﬁ%g%ggo %lrc&ég,g %@9@6&%{&@%%& gg[c’ﬂ?)gnd by
ot her conpiicalespecthofthe pmeentide net hods of aut omat ed anal ysis using very | ow
vol s of reagent See 0., .McCorm ck .. et _al., Anal em
69: 5526- 2630 (1997)%@‘&‘5%%?1?"19?‘?”%&@%@%&%! M&a%éi??éb’iggy.s“’fb%, page
1. 31 ?chénﬁ&\fp%@ﬁ%'. BRcHaétddame 1BEAYRNVEBedn REIPd&elope®l BieifietDogpd)i cal

conpounds for toxici 3/ screeni ng ] i
columns, and solid substrates, and in general, labels useful in such methods can be applied

to the present invention. Thus, a label is any composition detectable by spectroscopic,
photochemical, biochemical, immunochemical, electrical, optical or chemical means.

20 Useful labels in the present invention include fluorescent dyes (e.g., fluorescein
isothiocyanate, Texas red, rthodamine, and the like), radiolabels (e.g., 34, 151, 3%, "¢, or
32P), enzymes (e.g., LacZ, CAT, horse radish peroxidase, alkaline phosphatase and others,
commonly used as detectable enzymes, either as marker gene products or in an ELISA),
nucleic acid intercalators (e.g., ethidium bromide) and colorimetric labels such as colloidal

25 gold or colored glass or plastic (e.g. polystyrene, poly-propylene, latex, etc.) beads, as well
as electronic transponders (e.g., U.S. Patent 5,736,332).

It will be recognized that fluorescent labels are not to be limited to single
species organic molecules, but include inorganic molecules, multi-molecular mixtures of
organic and/or inorganic molecules, crystals, heteropolymers, and the like. Thus, for

30 example, CdSe-CdS core-shell nanocrystals enclosed in a silica shell can be easily
derivatized for coupling to a biological molecule. Bruchez et al. (1998) Science 281: 2013-
2016. Similarly, highly fluorescent quantum dots (zinc sulfide-capped cadmium selenide)
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PCT/ US99/ 29384 Conpositions that fall into particul ar categories of ' '
toxicity are used to 5 establish nolecular profiles and conpile Ii tZrArM@Ys 2003_
for particular toxicities. Table 1 lists a nunber of conpositions that are’
known to W dod%éxe to certain tissues or organs or during degehspssniial
stages. In particular, those conpositions causing liver toxicities are
assessed for their nolecular profiles by determning alterati ons of gene or

protei n expression patterns in enbryoi odi es contacted by each )
conposi t i e been Feyaieryly couplsrie g@m%ewgasgfewssrm aﬁwmsggfe&llole@ﬁﬂdiﬁqcﬁlens
havi ng | i%ﬁreﬁ%{iﬁiékﬁ)@%?ci@%rﬁfloﬁ?l@ i | ed. Those conpositions causing
cardi orvascular toxrcities are simlarly assessed for their nol ecul ar
profcles and a | i br Thy labehipicbepled Hirecthychrtindirgctlyud deldesiredoneiei¢ add and

l'i brary thereof for, conpogit,iong, having . toxicities on central neryous

syst em anRFOI<GR aceSRABE 1@ PEMOdH Ho1 AGOHB IR e Mt LIndicaier aPPY o2 VARE VRS Bhr | y
est aBl i Shgdeld$hdyhe R4 SN HRI Hofee &Y 15b¥BddRhd; g ohlife RARBVIYRRLALY REGESHUr es
as described above in general, and in nore detail in the Tollowng

exanpl es, canjegdtion|of tedcanposindyritabelity requireneents, avaijablsfinstauneatation; andar i es f or
conpositions wth particular .type af, toxicities. .Drugs with known or
suspect ed&éPoﬁ\%ﬁoﬁ 1015 ﬁ#ﬂnfﬁag@ggtbvfﬂﬁgﬁls ?)rgrqft‘ieg&ﬁgcfhea :‘l’géﬁcﬁ%gprgﬁ “be used to
est abl i shGeRd:aRy b Higaid fRoldcBR (224 bidth)a dovalehfly bbind ©idpolph&e STHPand 20
Ant i neuopl astics drugs with simlar toxicities, for exanple those listed in

Tabl e 1, then bindsite e anti-ligang(a 2, stsptavidiny mpleonlevdhicthig ettherdnbiarenthy t he

alterations i ene or, tein. expression patterns,in ryoi d bodies
expﬁ@ed tgetf"ﬁgglg oaf:gl\éaét_axﬁ@i%ﬂupg}(?§,lggﬁtsl)' Bﬁeg'rp F't‘:ci‘ %atc}?ke&aﬁﬁbeéz%ypgx? cities can
al so be agaessadit tenpdiliRd, br AthcpiiRinmifBsentt ar AntugilRt 6f Bdwde and aii-
patterns in enbryoid bodies. Also_ used are ru_g,s controlling, diabetes,

drugs f or ligesisican e psed. | Where adigand hag)a natyeal aptiigandrdergxomple, fiotinonce a
conposi t eyl j.br-ary. |8l I . Lifid pe of drugs
havi ng si piRg nfl3BRIseE it n BB uERHnenihlliod G ect@bfdankd P21 CTURE,
drug | eadalefnativelysamy haptertie/ prearttigenic lvempoyped eant bealsed oxcombinaion wiglaam, t he
experd nment al, ({}{ocedures as descri bed above in general, and in nore detail
in the fof’ﬁ_1 g exanples, are followed for conpiling nolecular profiles
and libraries, and fioheRQah ¥Rb B%&?Bgataydﬁeaﬂy%tsig@m efAfilg B6PokiRiR0S ., 32
2 1 ~I AY 2003 WO 001 34525 PCT/ US99/29384 Exanple 2. Establishing protein
profil es byconjugatiarawithgo snzymeonfiyargphase.| Enammesmfiinpreptas lqbﬂ%wgkma@ly
denonstra h |t LLE | ' odi.e S . ryoi d
bodi o 1 o PhTpPiSTeskl reHiouidly Pnoftatey Lo Rbeiing oS BRI Giired il

det er m natpaaitubirlyqieisiidsses. nFlporesasnn canpoesls imvludenfhidiesceintany ds debieatives,. Fi ve

th d CCE, enb ' t [ R i , E., et al., Nat
59: Hh. 4 JEeTORE 400 YRR drarat SRR IH P ieEen GrosiRiole . Rad s
(Keller, e, @hcﬂ%lumi%&gcmlg@w%bloﬁﬁdg!inelué@iuéi?@fiﬁ%ﬁdQlﬁ@iﬁ}droﬂﬁthglﬁ%%ﬁgdigﬁgki (r:ﬂel) I's

were cultured in f medi um 20% FCS, ascorbic aci
and nonot kigsghipgrelol (2.6 x 10-5 v/v) at 10 37C with 6% C02. On day 2,

troglitazone, a dr u%%sko%ld%gc{iggr lai)gles'\ atceov%ﬁ %0\% tod ﬁ\%?eeét%lg(ill in the art. Thus,

for example, where the label is a radioactive label, means for detection include a

25 scintillation counter, proximity counter (microtiter plates with scintillation fluid built in),
or photographic film as in autoradiography. Where the label is a fluorescent label, it may
be detected by exciting the fluorochrome with the appropriate wavelength of light and
detecting the resulting fluorescence, e.g., by microscopy, visual inspection, via
photographic film, by the use of electronic detectors such as charge coupled devices

30 (CCDS) or photomultipliers and the like. Similarly, enzymatic labels may be detected by
providing appropriate substrates for the enzyme and detecting the resulting reaction

product. Finally simple colorimetric labels are often detected simply by observing the
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“whi ¢h has shown rare but severe liver toxicity, was added at a final

- concentration of 20 p,Mto one group of plates (group "A") contai zihMAY 2003
enbr yoi d vbodi/egs2s On t hat sane day, erythronmycin estol ate (fgusvopaigl 09
E8630), a formof erythronmycin with known |iver toxicity, was added to a
second group of plates (group "B") at a final concentration of 50 15 pM A
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al ongsi de of those containing enbryoid bodies as a control for degradation
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the cul tyr , : ] RS, and lysed in
pBs, 0. 55 S RRELAINGTRILEEDE AR PROMER WL SRNIGSS, 207 VP e e
andst he super nat antThe ¢iNevifion sétflerplates tdfiple Hefations of conjalingsa Hbrafef nucl ei
were lysed in PBS with 0.2% SDS and, dounce honpgeni zed to shear the DNA
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until - anglazed. co%gﬂioi@ H% fin B@ﬁ&@ﬁh@?& 1YL STHARE RcitieS Bnd a%gigi&'i‘ day zero

prior to exposure-to an emc conpositions to serve addi ti onal
25 cont r effects dfimahy slidmisalasothpositionsrars atrpadysknosnethrbivgh pesvicisfaaimlalior buf f er

containing 50 mV] Tris-HCl, at. pH 8, .and 4 M ] . Aliquoted . sa es of
et PiiRtlaPainemay A SHeAah oLy abiet aprssh B Pligtionab! sene
fragti on . ST L hd | :

e o 8 SR SRR il Sia Boated RUUR dard BEnEs oh B pBBe: oftishidl

m nut es toampesitons, pragentsis gathered; itds assembledfto A5npd libragyr. Sepatateclibrarded or each

| i th | i librated buf . 33. 2.1 ~~AY 2003 ~ ..
501 Sam2t utle trdtrusied Y <5iltvpe ARt blstertily, X singlE dAgbase ot Y BEHEHGod
| aser de?&bﬂiih%ﬂ{ei resilBafial Ahd teStEbbhductednd aRy @V AlabRe tORICRy HES@EAtRA dIhEBSS

spectroscopy. SELDI permits proteins to be captured on a surface of choice,
whi ch cafgeiiete whichskaembryeidhodies wate sxpasedycPreferably, biolagical effegts prgradsd on
accardin i . | Sl f LA 0, l.@ns of
e sur £ agiet, S8 i GRAMACRIGR din LIGHCA e el bbb lss Xiie@l sl

Bi osyst enB mabladrofol| particuldy) toxieitizs us thd Hislogwof the itexicityhieecpines béttes i n t he
fractions Senerat ed by the spin colums. One pL aliquots of each fraction
were depY8fers@odn a spot on the chip, and the sanple was air dryed at room
tenperature for 5 ma4heStiof cBAtémplatesthatlach itbratbn SRLMRLIRS 31 AABHOIF aci d
10 ("SPA") in 50% acet.orutlrpﬁ\lce”vm 1.ﬂh 5 5a% ?ri%‘l Sronacetlc ac?_d ("TI@Z'B) was
appl i ed bodigamithspeliemiqal somppsitiomwilk gerieratpa pattern ofl gens eriprotdinyexprgssignii nut es

o 38 Ve PE BB, Bhashten SR CoPnBC G chBS, TR s RiBth e AR ° T
was used gkfi¢ ofigroteit expressionit a reéisohlilsly rgOhusibardfichemlcabhcdigidundgof sinilaget s

of protein 15 profjles were collected, one at |low |aser intensity (at 15
with fil texicigyisdesireblese that pattesns of gsae o protei expression, subaffuiasseciated Wiyt ) |

det ect or : . . ' : npl e
spot - wer iigBkity Jan LUGMEHAGE Qlantes BIUCHE obflorcPEfr A AnbilS i BERCR T, D
SELDI softhatarecdminphes glasseBohdmgs that haveasimild toxicitiedwill $érve apsurrpgata assunes
. ; : b o
T }[,\D%fﬂ ;gt % Efl‘f’inf:td{r}gglersmulsg(%lu l‘o% E'ec\ggrlﬁ rxlltg cvgmtpg{ng]dslthzé) a% 1i1‘?§l§ ?o lcl)gvréenralagard%igl%gy Sane.
and toxicities. It is the correlation of these alterations in gene or protein expression and

toxicities that gives the invention its predictive power with respect to previously untested
compounds.
The correlation of patterns of gene or protein expression with toxicities can
30 be performed by any convenient means. For example, visual comparisons of patterns can
be performed to determine patterns associated with different types of toxicities. More
conveniently, the correlation can be done by computer, using one of the database programs
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20 the results, conpares the te$t sanples against the control sanp} quAﬁng]m
prints a graph show ng the anount of each protein in the control as
horizontal line, with any reduction or the excess in the anmount of each
protein i WQo4Est sanpl e conpared to the anpbunt of that RCOTUS929384 t he
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PC T/ US99] 28384, ki 1Y ple dnheRGes in
protein etpresss?aglr;cg eveﬁe%be(lg{e\?vegg dﬁr%bryo?%‘l%ﬁ)g q%%‘r%ﬁf@?%% V\At8 one of the
t est chentlomhicalonpositions ("test enbryoid bodies") and control enbryoid
bodi es grown in standard tissue growh medi um w t hout added chemi cal
conposi tions. These panels present conput ati onal subtractions of 5

i denpi cal Rrpyei PAESIERIMICAgdi es and the
control embry ?dﬁgo‘gﬂes to I ndicate or’ﬁ (Rose pr ot ei ns (iTch are
signifi caﬁtOMPd)SIfl‘dONﬁ in expression bet ween the test and the control

bar 1 opresent & i ho AnBARCUBE BRIt &) AR entelothioTit Ghteysrbiteaeds .

exposed t @efebin tﬁ&falt&‘aﬂ&%sih RO oL HIBRAM BkbrésRionNf eABRIYM bENIES @heREdDY thbe
control enbryméd 10 bodi tgg bgr abovgﬂ)trhel centeer | i ne indicat esh%yhat t he

tﬁ;t en‘gr yest ehapaical cemoestgeas d@ﬂcgb@ﬁ intpreviows ssetéons. Onee thi mom@lat:mnﬁledgf o
cxpr Ssseatioes coppREpn B aserhctesaf be fObPRRE T biRlr A TPl kp BEOHSH o

nucl ear pm&ﬁbre@etaﬁﬁﬁasmﬁntas oermesefubqiy b@dﬂlﬁ&tﬂbﬂmlebﬁlaf pofidses ehasical
troglitazone caonpared to control enbryoid 15 bodies. Figure 1 C shows the

di f f er enc&empasitiors witk peedetepnined tordcitics, r Eecdrome ¢ wecleﬁwwisan mmf.l% gr own
in the pr f r st
and the conoroicl foF bkt BNt fle BRbGMGRH L AIEL D e R L bos ik ol Sl
Fi gures 1tﬁ)eaofdoﬂ1cnﬁe§ raathhbivetokiefit woutlddefas lcexhpduad tcethe otlrct &newn to;cuabove t he
Ilnf-?oat t he sarte osition for both Figures, but the height of the bar is

gr eaBMPPHIUBYjure 1 C. This indicates that both 20 groups of test
enbryoi d bodi es exprigs ARAuiB6R FiprdchtmgRhOmObmion)aR pldictidiB of RIxidi of thit
that the bodies contacted wth erythromycin estol at e expressed consi derably
nmor e t han teft gopositen basad anits analeaulartprefgies i nells does not have to be 100%

accurate. To have a major positive impact on the efficiency and costs of drug development,

one only has to modestly increase the probability that the less toxic and thus more
25 successful drug candidates are, for example, on the top half of a prioritized list of new drug
leads.

As noted in previous sections, alterations in gene or protein expression in
embryoid bodies exposed to a chemical composition can be detected by any of a number of
means known in the art. Protein expression determined by MS is particularly convenient

30 for such comparisons since the output data is typically fed directly into a computer
connected to the mass spectrometer and is immediately available for a variety of
calculations. If the alterations are susceptible to graphical representation, as when MS is
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- Continuing along the X, or nolecular weight, axis of- Figure 1 C, the MeK2003
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the X axiexprefsed sk test s@naples oThodoritiod spnple value ey reptateitbd by & boHzattaltllie,

protei ns expressed, by the enbrygid bodi es exposed to the two drugs tested
ar e29 he saalﬁl@pymtﬁmreﬁwﬁs&éfﬁwm fpaunt is repessented as a ing kove i°5hglo €t hat

ot hers ar ' y Egg}ﬁl,, : j r : ession
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shows t hewitlethel height @f thedlsnei desigoatingrthie lamopntlpy whithdhgexyiression of thettest 25 sane
t hree groups, of ryoj. d i as t hose discussed in the. precedi ng

par agr aph’ eelsﬁﬁ%e\ét g?@qg? rog %PHEIRRt l_é's odzﬁ)alésres ﬁée‘ﬁ}?%ﬁpgﬁ e 2. Once
agai n, t h@ffereRE&Sinigrttcirfii@resSion! Iea ke htinfer] fHe 2 afliibo lRhieéd A on the Y
axis is plotted against the nol ecul ar weight of the proteins, plotted on

t he2X axiemp@ne theggprassion of tweiar mertgsirsamples 50 that eny diffdrencesinexpressipnt some

of the proteins _expressed.by the 0l d Les exposed.to the t drugs
Cesteq Sorapmst B TRaRn tkated, O RREL PGS FaoF RARRE ek s essbon,
and that eiphasionaihe orkfsRhiditwilldR the effect, and the type of toxicity, of the two agents.

Another form of comparison is shown in Figures 2, 3, and 4. These figures

graphically depict the small nuclear, small cytoplasmic, and large cytoplasmic proteins
30 expressed by control samples and by test samples exposed to one of two chemical
compositions, as well the amount of the protein expressed by the samples. These graphs

can be compared visually, and the proteins and the amounts expressed recorded manually.
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s~ The’ gene expression pattern of a selected conpound ts measured and

» quantified using cDNA microarrays and is normalized with cellular 2 1 MAY 2003
di f f er entwatooams2sThe gene expression pattern of the conpoupdrusowxossaar ed
with a control EB culture not 5 exposed to the conpound or, where
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experinents and the nean and SEM determined. All results are normalized °
usi ng approximately 15 "house keepi ng" genes. This allows a quantiz]jt Méf 003 -
conparison of the effects of the test drugs to control compounds that e2

not toxic wooa4sans or aninals. Statistical conparisons proririesdonbgsnati on -
for determ ning whether a given drug affects 20 EB cel |l s gene expression )
conpared to control drugs or non-treated cells and for determ ning whet her

a change in RNAin the cells is rel GMEStabl i shing protein
expression profiles The protein expr ofiles of the selected
anti-cancer drugs are 25 established using C phergen's SELD nmass

spect roscxg (MB) - TOF system as described in Exanple 2. Total cell |ysates
f r om har vdéxasapled. Selectngchemicalnosppounds ifor toxidi@rscpeenin®@dS or Trit on- X100

(0.5% and directly Lied t r [.h_ar.r i bS. usikng. manuf acture's :
protocol s. Each chi péglﬁﬂositﬂ%}sggg f?@\@tﬁ P%&gﬁ%&{%ﬁ?ﬁ)&e? 82‘[02“."“)@{%‘!’86 ? ki ng out
t he s§ri ngap®YisleMoltchia® profilétchnd cRfipilkBiblaics fFiHaricldrafiacities) Pabké adiSts@

Pr ot ei nChi psTM per test conpound 30 are used. The C phergen technol ogy

al | ows f ornuniher of earapesitions thatareskngwetoths thxic tapertain tissuessorirgans onduripgri f i ed

5w 2003 BB edt” ARRRHAT A8 OBy S ERRT Y BBl iR AY 7 0
det er m nesaskdysed ok Gt blevdhgptofitds byrdetetiniifing Altdrixfons RPE1R orAftotais ONAL i C

readout of the nolecular weights of the purified proteins in_ the sanple can
then be asBPressign patfems ) gmbrypidbagliesicontapisd by eash egampasifion; falibragd, The

Ci phesgen . I i & Nt f e
St andbr ds sttt Tat R o SEBLLAGR lhlfeP dyfhitl i WdEieple TR BRE
f r om t hoseThdse domgositions @dsiag chrdiorviscalaritkivittesalry sinfilarle vsseksed #orotheir n

expression stinulated by the drugs as well as proteins only found in the

I
control cemplecylpprietilsssind adibsary compipd. pinaddition, medecylap profigsand dibrary; s
i d . : - . . - q
Proated or GoRBt i i BRI e o R Bl D R R0 Bl MR e B0 BBl g
i n prot ei nhaviyg dsslopmentall taxicitésdre semitapkysistablisifeduaimigale ¢mbryoididvdyisysteman be

represented as a.nea SEM whi ch, can provide a statistical asure of the
br ot 391 c i EERriTRR prRepgrLs dosEll iV Bedntihand it SRR e
i nduce si nrduameg)émp}és, @ fbRdwad focompiR ke ﬁal&alastﬁhe%ranahmm forh protein
expression in EB cell's. Each drug is analyzed on at |east 3 separate groups

of ES cel | eompasitions witlhparéabardyee effgxisifieant applications cited in this

0611 bat on or et onDRBSHIERHR Bt Shultled BB B ATek e e,
i ndi cated digedses ¢andse yred & @tablbish hitlevutid eofiléy drdditghridsiTor foricitg@bsegsmeitent i on
has been described in sone detail by way of illustration and exanpl e, for

pur péfes ofintinenoplasties drygewi similarigicities. fpn axample bas iisjedigpkablent. combe o

vent i on Fiia chmpllb Holiclek BBt oy Beftiping e ARGl PN RART Bt 5

wi t hout degxpressiom fatterstiinembpioid bodies expogeel tofthdsh dregsp Sirdidatly; landibistics with
similar toxicities can also be assessed for their alterations in gene or protein expression
patterns in embryoid bodies. Also used are drugs controlling diabetes, drugs for lowering

25 lipid levels, or anti-inflammatory drugs. Once a composite library comprising molecular

profiles of specific type of drugs having similar toxicities is established, it can be used to
screen for new drug leads of the similar type for their potential toxicities. Again, the
experimental procedures as described above in general, and in more detail in the following

examples, are followed for compiling molecular profiles and libraries, and for

30 typing/ranking toxicities of new drug leads.
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~ 41 © WD 001 34525 CLAIMS WHAT IS CLAIMED I S: 2 1 ~~~~,2003e , PCTNS99/ 29384
' 5 1. Anethod of creating a nolecular profile of a chem cal cor?pl)sMAYl 2A03
conpri si ngobtve4sss eps of : a) contacting an isol ated manmal i poT®SIe84 body
with the chem cal conposition; and b) recording alterations in gene
expression or protein expression in the 10 manmal i an enbryoid body in
response t o the.chem.cal.co sitiop,tqQ create nmol ecul ar profile of the
cheni cal €y iltgﬁ?lﬁis.k“% E@ﬁﬂ&d’%ﬁle@gﬂﬁfﬁlﬁﬁag"gef‘brr r“}"@r‘%dﬁ%cm ar

profil es ¢tgkiciizgm cal conpositions having predeterm ned toxicities,

conprising the steps of: 15 a) contacting an isolated mamul i an enbryoid
body with a cheni calhig Expmpletdemenpiaatesithe sultudegeigmbrpoiddbedisst the expaspre

el | At SFHBYRRGE o A EARERI Bals R SRERE AT ' T e &
nol e3ul ardepsr@iination of chiifpes eprotoin expRegss inithelembrydidbddigs, conpi | ing a

l'i brary of nolecular profiles by repeating steps a) and b) with at |east
two cheni cal conposﬁlw&%lsﬁ&ﬂﬂé i@ ptemrells (Rebegtsen, d5, e 3l., Wawreret hod of

expr ossi o3 He BB 0P, Wa b Pl MR el S 3o F BB ke S O e
the | abelMbE GeflIBi6L. £1B:4732486 (1999). BWide BN e &dllsveerdEulfurétPineSH& Y IMDM
colorinmetric, radioactive, enzyme, enzynme substrate, nucl eoside anal og,

magnet i ¢, mediams20%RES abaabic acidl (50ipgahl)gatdimonsthioglyeerot (06 & 10rawspander . 30
S. The nethod of claiml1l or 2, wherein the nol ecular profile conmprises
al t E(P at i HsCi witgé,ﬁ(eclggp Qndayzh .troggtaz:me:, adrug mrkeltjed for the cox|1trol of d%))e{es

which has shown rare but severe liver toxicity, was added at a final concentration of 20 M

to one group of plates (group “A”) containing embryoid bodies. On that same day,
erythromycin estolate (Sigma catalog E8630), a form of erythromycin with known liver
toxicity, was added to a second group of plates (group “B”) at a final concentration of 50
15 pM. A third group of plates containing embryoid bodies (group “C1”") was cultured without
any added drugs to serve as a control. Additionally, plates containing only tissue culture
medium (group “C2”) were cultured alongside of those containing embryoid bodies as a
control for degradation of proteins in the culture medium. After six days, and again at nine
days, the cultures were harvested, the cells washed twice with PBS, and lysed in PBS, 0.5%
20 Triton X100 for 10 minutes on ice. The nuclei were pelleted, and the supernatant removed
and stored at -80°C until analysis. The nuclei were lysed in PBS with 0.2% SDS and
dounce homogenized to shear the DNA. The insoluble material was pelleted and the
nuclear lysates stored at -80°C until analyzed. Cytoplasmic and nuclear lysates were also
taken on day zero prior to exposure to any test chemical compositions to serve as additional
25 controls.
The lysates and medium samples were diluted 3 fold in buffer containing 50
mM Tris-HCl at pH 8, and 0.4 M NaCl. Aliguoted samples of diluted lysate or medium
were placed in a sizing spin column that fractionated the sample with a 30 kD cutoff and
equilibrated in 50 mM Tris-HCI, pH 8 and 50 mM NaCl. The column was spun at 700 g
30 for 3 minutes for each fraction. Four fractions of 25 puL. were collected for each column

using the column equilibrated buffer.
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WO 00/ 34525 2 1 ~A~ 2003 PCT/ US99/ 29384 6. The nethod of clai nij ' 3 '
wherein the alterations in gene expression are detected by a nucl tMA\é ZUD
hybri di zati on assay. 7. The method of claiml| or 2, wherein the nol ecul ar
profile cONPPIR¥S gl terations in protein expression. 8. ThPGRY$IBH claim
7,-wherein the alterations in protein expression are detected by an

I mmunoactivity assay. 9. The method of claim7, wherein the alterations in
protein expression aﬁ%s‘ﬂﬁip%%ﬁ‘&e??[rtﬁoﬁ@&ﬁy %%EE%EE&’M@&S&Y 10. The

met hod of claim 2, wherein the isolated nanmal i an enbryoi d bodies 15 are of
hunan. 11 deSoretiowfidnization ({SELIDIL@nd proteine wewhdstesited byhmassspadtoatopy.

conposi ti det rmne xicities arge .selected f t he rou
Conersti oA BreiEs e BBk Lh §tutie of Foif Witk fanuhenhs e et
toxins, t %l‘eﬂﬁd@frlr\f,%ﬁ@i ePpiratid ﬁ'adii%hbﬁon AROrdinplo QRekingd chafhclefistids \icABs hod of
claim10, further erein the chem cal conpositions having predeterm ned

toxi i ti eaffinity fnsimestaldansofshe surfacgusashfor saptitet i ng of agents that are toxic

car ci nogens. 13, - TheoBeRgnard Pk AT releEn HiRgRR PHE ke P e

conposi ti QReq fAydrifortheDrGERE §8 ﬂi‘eri%tlbﬂé%&xbxtate%so)ﬁ&@ dﬁﬁ'c@ﬁﬁxﬁﬁ Ot he group
consisting of agricultural chem cals, cosnetics, envi ronnent al

cont am naraiguots4f eadhefrantiph (vctr@ﬂepdsmdm?a spdten elnenchlp,emdshﬂ satmpde wasram ldirysed
enbryoi d bodi es are of non-hunan ?8 i The rreélh_od .of claim 14,
wher ei n t HETORIR FFaﬁ%ﬁﬁF%m‘étF% rgo 3 L of5apated simapinicacigay 2003
CTNS® o ¢

chem(gal goﬁ%ggﬁ?‘ﬁsg n/os ;‘%é?/”uhﬁge gr%el g%ﬂﬁggé%%?lg | ?géhg‘?ae%ﬁlgﬁbe%aﬁ romthe
group consspet.i T cfip sas agdin phmmapdataan:éry foefinihutes atspomdermperhinmxd, mad ahepati ¢
toxi ns, toxi ns f heg&b SBI etJ cel | s, @n nyotoxins. 5 17. The met hod of
cl ai m 14, SFER‘% P 81‘?@5&? osi tions having predetermn ned

toxicities are sel eceﬁfgswemews é@@h@@@ﬁpﬁtélﬁsnl%éﬁgmﬁ 1t;la§aerarA%ta oxi ¢
to cells of one or re roduc rgans, teratogéni ¢ agents and
car ci nogermodel ®as Tied fqedmmltﬂ:ncm, ﬂieﬁELELquan’e’tatlm ecetting Twe seth ofiproddin

ConaTat i ngrO A gieRE e sl e S ot 8 vAUTHEG G, ool b sl ©7

cont am narihfensity (at 50 with filter out), detector set at 10. An average of 15 shots per location on

the same sample spot were made. Protein profiles from different lysates were compared
using SELDI software (Ciphergen Biosystems, Palo Alto, CA). This program assumes two
proteins with a molecular weight within 1% of each other are the same. It then quantitates

20 the results, compares the test samples against the control samples, and prints a graph
showing the amount of each protein in the control as a horizontal line, with any reduction
or the excess in the amount of each protein in the test sample compared to the amount of
that protein in the control sample as a line below or above the line representing the control.

The results of these analyses for the day 6 embryoid bodies are shown as

25 Figures 1 through 4. One portion of the results of this analysis, the differences in nuclear
proteins expressed by the embryoid bodies, is shown in Figure 1. The top panel, panel 1A,
is a half-tone reproduction of the readout from the mass spectrometer. Viewing the sheet
from along the long axis, the top band, is the mass spectrum for the control, the embryoid
bodies grown in the absence of either of the test chemical compositions, the middie band is

30 the spectrum for the embryoid bodies grown in the presence of added troglitazone, and the
bottom band of Figure 1A shows the mass spectrum of nuclear proteins expressed by
embryoid bodies exposed to erythromycin estolate.
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*19. ‘A library of nolecular profiles of chenical conpositions havijng MAY 2003
) predeterm ned toxicities, produced by a method according to any one of the
cl ai s 2,WQ0WB4528. 20. The Ii brary of claim 19, wherein thRCT/USAROIB4
conprises nolecular profiles for at |east 20 chem cal conpositions. 20 21.
A method of typing toxicity of a test chem cal conposition, conprising the

t f t : '
Scoording 1o ol ai mgees ki K pBPRIGict (ferb RS W PISIAF SprcQliael) o
with the bwwmmbryptddfadias cofitaated ithhanei of dlhe estrohemidal compasitiony (“test
redetermned 1 [ V\/ne e e 0 toxic of the test chem cal
(F:)orrp05| t |66‘ﬂ"7g dﬂ?é’fj Ij;lq"i‘gcf g ?8%d¥‘§§ﬁowlé%t@ﬁa@tlss&ﬁgm“ﬂﬁ)"EﬂWWSZS 2
1 ~—~AY 2%&ﬂé&&@&{e@%éoﬁmﬁo&vsma@ﬁarﬁlsrﬁmﬁﬂc&ﬁ Ut RInABsubBNbtfdrs)ofOf @

test chem cal conposition, conprising the steps of ) creating a nol ecul ar
profi | e dflentival p@Mnscbﬁwc@atheampp@tmettﬁss embeyid boqhgs and the contrahembrynid b)

conparin | ar ofile in a). W Ltellbrary of

ol boul aboghestp raienls StweheeproteihyBusi w8 iethichnfy ARFERE i Frpress

toxi ci ti esetwiédiPth€itdyt ANPhe QORASI dnfbrydid batiés C BAFH ba%@épr&staﬁtsrﬂvdlﬁgwbﬁﬁelﬁraﬁa' l'es
of at least two chem cal conpositions, said nolecular profiles are created

accor di nghe tengthuofthd pansepresents thceimqnmaomrotevxemrcs;ed)by theentbeyaid bodies cal

t d d1l th t th
Fanki ng. 19piR §TF e PEnoktieR pormtpr AR AR hrkesS 8y HisoBbETERAG
Crepdi Ny sbdigy eg Bluadbopé tHel deite? llint Rfidatsitha MR HeStEdm BT PR BBHY | bﬂgl-cékﬁﬁ ﬁ{cﬁ'é 89 15
to claiml; and b) ’rlgarlngthe nol ecul ar profile In ste

conposi t eth nrptguyﬂm ditbthe contae! grtsyeidbedies; abasbetosy thsémpwiwa‘t@rtbatnhqug
pr edet er rg %P}qo%dg e%‘bl%gsﬁ tﬁ'at&ap(ﬁ lSzlorrp03| te library conprises the

nmol ecul ar em cal conpositions,
Figure 1B shows the differences in the nuclear proteins expressed by

embryoid bodies grown in the presence of troglitazone compared to control embryoid

15 bodies. Figure 1C shows the differences in the nuclear proteins expressed by the embryoid
bodies grown in the presence of erythromycin estolate and the control. (Both the test and
the control embryoid bodies were at day 6 of development.) Reading Figures 1B and 1C
from the left, the first bar encountered is above the line at the same position for both
Figures, but the height of the bar is much greater in Figure 1C. This indicates that both

20 groups of test embryoid bodies expressed more of this protein than did the control, but that
the bodies contacted with erythromycin estolate expressed considerably more than did
bodies contacted with troglitazone.

Continuing along the X, or molecular weight, axis of Figure 1C, the next

four bars encountered also have a counterpart in Figure 1B. Moreover, in each of the

25 Figures, the bars representing the same three proteins are below the line, whereas the bar
for the same fourth protein is above the line. Once again, the height of the lines differs
between Figures 1C and 1B. Thus, for the first 5 nuclear proteins detected, the embryoid
bodies contacted with troglitazone and with erythromycin estolate displayed the same
pattern of protein expression, but at different levels of expression. Each of these proteins,

30 and the overall expression pattern, would be a candidate for inclusion in a profile indicating
that an unknown chemical composition, such as a new potential therapeutic, had some liver

toxicity. Conversely, the first protein detected in Figure 1C to the right of the 4000 Daltons
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said nmol ecular profiles are created according to claiml; 20 V\her?nnMﬂ\Y\eZ[][B,
toxicity of the test chem cal conposition is ranked by the conparison in.
step b). 24. The method of claim21, z2 or 23, wherein the test chem cal
conposi ti FHOPYBE known or unknown. 25. The method of cl ai MF{USHIB934 23
further wherein the. isolated manmal i an enbryoi d bodies are of human. 26.
The nmet hod of claim?25, further wherein the chem cal conpositions having 30
pr edet er m fgidcdipwEighi Bife ddeS nblIRABRUSUh@ABIBE 8t leAAEH CORMKPAR in feRARLS t OXIi NS,
hepatic toxins, toxi'ns of hematopoietic cells, or myotoxins. 45 WO

00/ 34525 Jeing-exprazoatat a lewetiffiseny fega gt of thezpntraltwdies) indtigwt 18, afhis 25,

further whergein t hepi cal. .conpasi ti,ons havj redetermned toxjicities
are el ectRET hABHECEIRE o a5 HERS Rk AP e B PR L bainen PESE o or
one or norgf lr\epfoa_ihi@tdﬂb@tmtrrg%mﬁzonbaﬁ@b@@&amgcmema%e.anep&ﬁhfgl Jxagens. 28.
The met hod of claim 25, further wherein the chem cal conpositions having

pr edel er mi GoEEation vith ¢xasesgioa pattiveays efjothenhspatie taxinsu i neights heweves, hsf

icult x| tiGs: | 1 N3 2Qq TN
et hod of Sratiey e RSG5 i B ARY e IR tor AR AT MM nafteg
enbryoi d bediheswageaphf. non- human manmmal s. 30. The net hod of clai m 29,

wherei n the non-human mammal s are rodents., 31. The nethod of claim 29,
further wherein the SHurtheravayctomsessntanoanglysisaltlee differpneesdn Protpingypression

FIsT o f A Pt LGS,
neur ot ox nh s e Weled?, rib NN Ebiefin FAnIR b OE AR S
and 0§ ot oxiheshredembriioid badyh@ousy destribed abBve. f i thésergraphs] &ich bahia agjagsl cal

conposi ti ons havi ng, . .
represents a single protein, but the length of the bar represents the relative amount of

protein expressed, rather than a comparison of the amount expressed compared to the
control embryoid bodies. In Figure 2, the top panel, 2A, graphs the level of protein
expression, as determined by mass spcctroscopy,. in the embryoid bodies not exposed to
15 chemical compositions in addition to those in a standard tissue culture medium. The
middle panel, 2B, shows the level of expression of proteins of embryoid bodies exposed to
troglitazone. And the bottom panel, 2C, shows the level of expression of embryoid bodies
contacted with erythromycin estolate. In these panels, the expression level of the protein,
plotted on the Y axis as a relative value, is plotted against the molecular weight, plotted on
20 the X axis. A visual comparison of the panels reveals that some of the proteins expressed
by the embryoid bodies exposed to the two drugs tested are the same, although perhaps at
different levels of expression, and that others are different, and that both show a different
pattern of expression than do the control embryoid bodies not exposed to either drug.
Figure 3 shows the level of expression of small cytoplasmic proteins in the
25 same three groups of embryoid bodies as those discussed in the preceding paragraph. The
panels are arranged in the same order as in Figure 2. Once again, the expression level of
the protéin for each group, plotted on the Y axis is plotted against the molecular weight of
the proteins, plotted on the X axis. Once again, a visual comparison of the panels reveals
that some of the proteins expressed by the embryoid bodies exposed to the two drugs tested
30 are the same, although perhaps at different levels of expression, and that others are
different.
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-~ predetermned toxicities are selected fromthe group censisting of agenis
“ttat” are toxic to 20 cells of one or nore reproductive oOrgans, ter%t‘lo@é i 03
agent s aNdo e@4Sehogens. 33. The nethod of claim 29, furthePCHEEI9IB4t he
chem cal conpositions having predetermned toxicities are selected fromthe
group consisting of agricultural chem cals, cosnetics, and environnental
contam nants. 25 34, L, Ngb: I

profile of a chem ?&Pﬁ%%g?{eﬁ%ﬁ%ﬁgta%q%grlg‘??%gw%f)g@lﬁl %Ee g%?fawé‘? of
chemi cal peateine ekjpriessed tyahe sanpgredps ef embrecidtbodiesidiscassed aboger iGriceGgaimn ar r ay
reader adapted to read the patt Ln of |abels on an a[ray, operably | inked
to a di githalev PESSSIER rrgxnﬁg ¥ theanass sRectiametniig platigd ande 1axisamhils of

nol ecul ar j ] Y ' : '

Foxi of t1 caPhiglichfaP vtigh WITHAGH of MERORLH ORE: NG Wb BRHBLAERSBTSo s o
The j nt egiifftrencesyeindva abservbdbetm@én thetyroteimextphessibatpatiérnk of therpibirgsid at | east
20 gene ro Pro')t{el n %xglr etSSIcﬁn rofiles,. 36. r{{% m%egg at edt .systemsiof claim
34, capa éeég P%S&dlﬁg et_;ér“é Y8 18ions, tfé‘?"f_d %G’Goﬁ’lnq’ff;]:eé PApel EI on
an array : X oper ably
| i nked t&ggﬁmogwglaﬁ% t<;It(=§‘t e?ﬂ#&?%ﬁ)&ﬁeg ing t elﬁgg?tﬁﬁogeﬁmleaﬁ*sf%tn an
array. 1G@h8sicabcompositiorst ed system for correl ating the nolecular profile

and toxicity for a gchenqical c osition ¢ ri sjng:.. an array reader adapted
to read the patteriigroIra s tiske Gaurss fhay ey diwes indhce ompley RdcmigHea
conpgit er }ﬁ?@g{] %)%‘&%bgiloﬂ Oﬁérﬁ?.?‘g_@mf: ?&cﬁeiﬁ@ﬂx’e'&gfbs%&ﬁh%{dlé‘r Shoyti @F ¥d&n

profiles o npositions wth predetermned toxicities and a

program srg'gulatbd’é) don;pamd t_e(th#Bgnotqim eXpressiondn ithg cgnt?n_d)cmbt)@ﬁd quieslﬁnd%@tiheﬁhe -
integrated system,of,claim Qrein »~data fi onprises at |east

gene or prOFXRFASSEd i b?rcﬁﬁn%%?e@ re&éape%hgc‘?rm’gﬁ‘ag’ttg‘ﬂrgg‘%‘ﬁ%m of claim 38,
capabl e oAddigasHINg tHeb@tiry Elientit A RbmPOsitohs T dce 56O bf the Yarfk prowifs hP@§ on an

array per hour. . The integrated system of claim 38, further operably
| i nked t chay¢ copmmembulypatiesnsor for reading the pattern of |abels on an

arrqy. 47 2 1 MAY;20 s t] | rofile of a
che%ycal conposi ti olr‘;grseg(gtﬂ)éget' é@@krﬁg%?g}eﬁ ?ﬁ% %c?g rl?}’se ;Hr%bg@%ﬂsntogeﬁgfaf)f a)
cont act i ngeight of2300Mltors) Thete fis £thlltine ponek i1 Afnite 6h theoY dxizpdbsignatifg & he

chem cal conposition susggpct ed of toxicity; and bé detecting and recordi ng
al t er at i oweongly exprsssedRiptsin. oFollowiag e ling aipdo pangls dBand 2 A, ane an seaiball i an
enbryoi d st;érﬂ. : 1 Gal | :

expr essi otﬁ 0 seg%réégfggzﬁreeééégtra?gl o? %}ﬁﬂibgﬁggﬁm%ﬂﬁgﬁ g&ggg& Iﬁ%%tédgg#%lact ed
wi t h t he trégitazoat and mpths icontool, embyyoid dadies aotpeintated with eitherdatg. dftdsi n gene

i . tein.ex i in th lj nbzyoid, b i
ooglo: s ofin Attt HBh G R obred p omid Roriss AGe BRALH SNG4 br ar y
of Nl ecUivBich Bheédniles WereGAlQM] SioupR RASisisofRSyafatbi lEﬁﬁ@?EﬁirBisﬁtﬁﬁ _
toxieities, conprising the steps of a) contacting an isolated mamal i an

enbr yoi d Gertinuing to the tighthinmanelcrpskmaking thessamecomparisenss howesgr.ithghertt i es;

protein present is also present, in approximately the same amount, in the embryoid bodies

exposed to troglitazone, but is not expressed at all by the control embryoid bodies. Thus,
25 this protein is a candidate for differentiating chemical compositions with liver toxicity from

other compositions and other kinds of toxicity.
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b) detecting and recording alterations in expression of Bats of genes or '
proteins in the mammal i an cnbryoid body in response to the chemcal { MAY 2003
corn~position coruparcd to expression of sots of gents or proteins in an )
ernbryoi d body not contacted with the ehernical conposition, to create a
pattern ofw‘ép%/’%‘ﬂséfti ons in gent expression or protein expresEfHHSIRIIMe
m~anmal i an enbryoi d body in response to the chem cal conposition; and c)
conpiling a library of nolecular profiles by repeating steps a) and b) with
at |east two chem cal conpositions having predeterm ned toxicities. 44. The
met hodg Q4 mphé3. MStLedding! of ankLearded drlgs PritRE@E AtNordall toIRRICEX PF €ssi on or
protein expression are detected by a | abel. 45. The nethod of claim 44,
wher ei n t he | abelThisexamipleillysiratesysingtbe FMBR YEIRBRD Y raystem for soeesngnt |,
colorinetrie, radioactive. enzyne nzywe substrate) nucl eosi de anal og,
magaet FH-CICRE _ECDfS é&‘%’e%f&l,’e%oqr%rf g’éf %t d) and el ectronic transponder.
46. The net hod oCoapduiidaddrudsibot@itieédhctn@diRdraseutio) thef Rivelk@o®anpr i ses
alterations in gene expression. 47. The nethod of claim 46, wherein the
abt er atoxipides andgaeeﬂegmpdms gnhunansqeféor aaignalyarg selected faricompilyng theirzat i on
assay. 48 2 1. PLAY 2003 0N thod. of .claj.m 42 or 43, wherein the
ol co B4 AP RiIn PR et sy iR BBA 1Sl SpPeoli A a0 The
met hodsedécted Wit réibted Mnewai mMechBsismk bEaciviiedand Wik ep 8 fo XRpSsRIsMatar e
detected by an inmunodetecti on assay_ 50. The nethod of claim4$) wherein
t he al hasedicennised in pyevious ﬁuwbtce@ﬂeifme elinica outcomes with hamemsis vitpeealk onet ry
assay. A ne of claim42 or 43, wherein the isolated mammal i an
enbryof'aglgggﬁggs'a?gﬁgiz'hurran. 52. The nethod of claimb51, furtb~x whc~rcin
tlIlo chem cal conpositions having predeterm ned tvxicities arc selectod from
the group consisting of therapeut TABIsI2S, neurot oxins) renal toxins,
hopati c toxins, toxins of hematopoietic cells, and nyotoxins. 53. Tlae
net hod of claimS 1) furthar whergificihgs ¢! Xem eal conpositions haviryg
predet gLl ned t oxi ci-ttesRk ; FOMERE—OESHP Conlsiald,ng of agents
that aEfiorbqfiokain® CEI TS O ONMe PX MOre T EPr OUUCtT Ve OTgars, teratogeni e
agent sgaRshnsid Ci nogens. ~4. The nethod of olaim51, fiuther wherein the
che~m @idémii®BpPoOSi ti ons havi ng predetterm ned toxicitaes?are sal octed fiom
t he gr oysfpsepbosphastideng of agri cul +ural chem cal s, cosnet akkgatorand
envi r obiadesital cont am nants. 55. 3' he nethod of claitm 42kygato43, wherein the
i sol at exibaplfital i an enbryoi d bodi es dze of non humad ~aaletPs. 56. The
net hod S8 ai m S5, wherein the non-human mantinal s tar e2k9#@hts. 57. The
met hod %P} ig%SS, fuith:er wherein the' chenical gonpd Y#Pns havi ng

ecteinascidin 743~ . . . alkylator__ . .
pr edet Qén@ﬁln@&ﬁ’e oxicities are selected fyomthe group Qﬁb@lmstl ng of ani nal
t her apgldthbfrexate NEUXOt 0Xi ns, jrenal toxins, hepatic toXi Ny fh@¥oilS
of hemarepabigd 1 € cells, and nyvtoxins. 58. The mret l4i od agf-mehRli@ 55, furfhcr
wr her eifladdrddechem cal conposi tions havi ng predet er M nednti-mxthtoiilei €S are
sel ect davdpiridoh t he group consisting of agents that are tdKiishititor cel | s of one
or nor doyogypicduct i ve or gans) teratogenac agents and caliNAiogesistor 49 21
| ~A' ~ 200®fid9. The nethod of claimb55, further whertei n DNfeinicteglatpi | cal
conposidtyngabicilavi ng predeterni néd toxicities are sél ectBH PRéWb he group
consi sBfRYEPPe agri cul tural *chemicals, cosmetics, arfd efR4 SRR al
cont an‘iﬁe(%( {5, 50 A library of polecular profiles of ¢ .;‘munﬁeéﬂ r'es%%gposi tions
havi ng c%%g‘:a%rnernni ned toxicities, produced by a ne,thodop%_qqé‘lﬁﬂwg to any
one of glaRnocanhdtiecig: 10-18. 61. Tha library of claim 60,\iqkgudr t he |ibrary
conpri s&petebdnl ecul ar profiles for at least 20 chem cal gffnGsidibons. 62. A
met hod nekbatonpi Ng toxicity of a | est chem cal gono~posi tibpgdi mkisgect ed of
t oxi ci tdglastetirmpr i Si ng the steps of-. a) cresting a mol eaubudisi inpibiedri | € of the
test chawl cal conposition suspected of toxicity, cotrpritshuliginhibigorst eps of i)
cont actvinklgsting i sol at edtmammal i an enbryoi d body with* t heutsliemhibiadr
conposivieasine and ii) détecting and recordi ng alterati orfgbulininhipieressi on of
sets of";‘rgéjﬂ,es or pntoifis in tho marm#lian enbryoid :f_)ody:“'i’“tli“_ S é;ﬁ;nso to the
cheni cal™EMRsi ¢ | on cOnpared-to expression—o e of -gant —protoins in
an enbtypi-d- RA¥pntftar CORERL L BkL-Webtalt he EMelicaRiioRAbuld O MOOSI L defiral AePvobd HA® A
pagstern of alteaations in gene expression or protein expression; and b)
conparing the nolecular profile in step a) with the nolecular profile of a
ch; cm cal conposition )teeing predeterm ned toxicities;
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~wherein the typo of toxicity of the test chenical conpesition) if 9anMA¥ 2003
dét onoi ned by the conparison in stop b). 63. A systemati'c nethod of typing
toxicity WP 0834588t chemi cal conposition suspected of to~ciRFEAYFIIMNIri sing
the steps of a) creating a nolecular profile of the tort chem cal
conrposition suspected of toxicity, conprising the steps of i) contacting an
i sol at ed g ' ggﬁgr ' tdsh the chem cal conposition; and ii)
detecti ngmgﬁg%?iesggirk ng %Pkéekrsia%?ﬁ%fg!sﬂe}sn expression of sets of genes or
proteins in the nanfibd gene exptession gatbon pf a selectehomspound is meastineshandal

conposition ¢ ar.ed expression of sets..of ne r oteLns ip,an

er nbr yoi dUBBIGoS GG SRR FRHOGrON A ds Bermplic MR st SR 1B e -
pattern en@bkﬁ‘fe@élbx‘?ﬂﬁt&rﬁ' of AR oRPBLAD & RthpRfed Rt £EShtfl BB R tuR hotand SO 2
1 MAY 20 b) conparing the nolecular profile in step a) with a conposite

| i brary cipasddgouhacompaind azswhére ahpropriate, BB epltures freated With irelgted dastvetini ned
toxicities, .wherei.n the ¢ site.l.j'hxary c I ses the nol ecular .profiles
of ‘&t | edunIFEngtSy P s dhEEs [ Sigls B Fapa e bR shEetPa b B (s are
creat ed afifeticd ofnti-2afider hgriPhaviiEsifiilar bfRlatedexieftics,0onfhdryalftratiohs i est

chem cal conposition is) rf any, determ ned by the conmparison irn step b)_

64. A metgenedxpiessiomprgrdiscemedand gorelatedivaith the kaxigities, asdangaised asonrrogaisect ed
of toxicit t he net hod .conmpri.si Ng« creat i a l,ceul ar profile of the
t est cherﬁ%glesgﬁ?%ﬁﬁﬁ'\gﬁgﬁF‘E‘ﬂﬂB%sc?q\éﬁs(i%fm'tcﬁl}ﬁe’éa%,Ca{}%ﬂﬁtﬁ?‘i sing the steps of
i) ggntactug an i soirpé GONPRMIGbArAY QRtYeYaY dndefimany kinds at &8 kRbaland

conposition; and ii) detecting and recording alterations in exprossion of

sets of gaatsblein themrbiferexampld, e desgribed indthalonnt pb(1896)k Genome Res6638e t o

or ot oi ns. 18- S0 RaP ke ARAEE Ik RrHBEAS it Bl B e ko BRI L0 1 on,

t o creat ethaugants of gerek, 1B difscatompaison oBasrtrod ¥nd elsemioallyotregieddetlsn 3°
eocpression; and b) conpari nsg_ flat nol ecu] ar %{rgfi I ? in.step a) with a
conposi t eEXPreseed sequencedre(BSs) presrmayedansd speRedpria glass micresqope slidasat Ang

ot 3201 ar CSfly b HfhASHD SRR fbr i GOEPRIBh bfoct rObGHCY. PREFELGRSDNIC
mol ecul ar probed are @enaaed from teatral and tadt RY Asaisiniga revetSe travseriptase relietionoxitlei t y

b b S RS i 3 i sl o BFESASHhek
conposi ti QbvrsSfor Mﬁﬂfﬁfiog Bk BOWthe Sdhtrol A RRUDQA J_@fthe%ﬂie for @itector 64"

further wherein theisolated manmal l.an enbryoid bodies are of >xuman. 67.
The et hoebmparisoniofirelative gane leypresgion in ¢ach hamplhe he Anoreseepbsignal andeteried ng

predgtermned toxigities are ther utd o.agent s, neur ot oxin repal toxins)

epadi o t e POl R e BT S S BHEb Bpen ot R Seasiote ' Dot Rk

of cl ai m guehdd Vetidied Matiadiclored and BP0 Mdlisewioried Sl botsedliaiakihgDdAt er mi ned

to~cicities are selected fromthe gro‘?ﬁ% consi st n? of agents that are toxic
a'dPy

to cel | s BRcCrep@ayy Thssemiprisaisare ids theanalysis of seperixpresgjen pattesnyin EB
carci nogeps é r gdavi E’%!\ri% gnts.The nmet hod of claim 66, further wherein

t he chem carureorﬁtpomtbl ons B{';)R?/fia g predcteimned toxicities are sel ected

fromthe gxoup consiBrieflygROAsa3e isoldidd frem cohedsli andlteated BB&lisC Thtad RINA
environnental contam nants. 70. The nethod of claim62, 63, or 64" further

wher%di n t A% Arepared Being e TRNASRSYdHLE YD, Qiagani Subsequently. RN arr labeledigithes) s
71. The : HTRTP ' . nts.

72 The momtyDor CLPUDTPIRa s fuld of forPAR Al Blloi TR CSuBAE LALORAN °.
havi ng pr eD¥As are meided bra edncentsated volumicand bybiitined todhgyamayp. Elybsidizations isf
ani mal thez~ geatics, neur ot oxi ns, renal t xh%gﬁ% L]epatic t oxi ns, toxins of
hcnat opoi éfl‘ﬁ“g ted oyvernight gt 19,3 qystonygesighgg AYPIENCHIS AVIRPTalN- t her
rwhorei n ] : L L L NG rd@hﬁﬁ NI RAN

sel ected F?g?n&pﬁgﬂ @3&%@@’2‘?%%@288@“ %dg;{;ehrgt?é%tqﬁg@ are tq lolélg% S'tg%ifngie §%@g¥ o]
or rddr e r prvidiuar owpusfhe interisity af eguhnipot mgbhatisayafod botrthe Cg§and Cy34. The

met hod of ¢claim 7Q, farfher wherein.the chem cal coppositi.ons, having

ot odet er e fRel s datuts S RENAEd POt & JOTONAFY FAPvgeRe LS SUcHipr

agri cul t UeMenSiBRY. MTRAE SxteHSIBRE AlGSW fGHHe RIRPrARINBIA fgnat BGb&HaBRYIcY; 52
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-$1090&" (9ffirblein ¢xpressien between a control and treated group. Analysis of multiple samples

provides an average fold change in protein expression and a relative measure of variability.

10 This can be represented as a mean + SEM which can provide a statistical measure of the
protein changes. This analysis is used to determine whether drugs that induce similar
forms of toxicity in humans cause similar changes in protein expression in EB cells. Each

drug is analyzed on at least 3 separate groups of ES cells.

15 All publications and patent applications cited in this specification are herein
incorporated by reference as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference.

Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent

20 to those of ordinary skill in the art in liéht of the teachings of this invention that certain
changes and modifications may be made thereto without departing from the spirit or scope

of the appended claims.
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a) contacting an isolated mammalian embryoid body with the chemical

composition; and

b) recording alterations in gene expression or protein expression in the

10 mammalian embryoid body in response to the chemical composition to create a molecular

profile of the chemical composition.

2. A method of compiling a library of molecular profiles of chemical

compositions having predetermined toxicities, comprising the steps of:

15 a) contacting an isolated mammalian embryoid body with a chemical

composition having predetermined toxicities;

b) recording alterations in gene expression or protein expression in the

mammalian embryoid body in response to the chemical composition to create a molecular

profile of the chemical composition; and

20 c¢) compiling a library of molecular profiles by repeating steps a) and b) with

at Jeast two chemical compositions having predetermined toxicities.

3. The method of claim 1 or 2, wherein the alterations in gene expression or

protein expression are detected by a label.

25
4. The method of claim 3, wherein the label is selected from the group
consisting of fluorescent, colorimetric, radioactive, enzyme, enzyme substrate, nucleoside
analog, magnetic, glass, latex bead, colloidal gold, and electronic transponder.
30 5. The method of claim 1 or 2, wherein the molecular profile comprises

alterations in gene expression.
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emical composmon ving predetermined toxicities;

wherein the type of toxicity of the test chemical composition is determined

by the comparison in step b).
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25. The method of claim 21, 22 or 23, further wherein the isolated mammalian

embryoid bodies are of human.
26.  The method of claim 25, further wherein the chemical compositions having

30 predetermined toxicities are therapeutic agents, neurotoxins, renal toxins, hepatic toxins,

toxins of hematopoietic cells, or myotoxins.
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O 30.  The method of claim 29, wherein the non-human mammals are rodents.

31.  The method of claim 29, further wherein the chemical compositions having
15 predetermined toxicities are selected from the group consisting of animal therapeutics,

neurotoxins, renal toxins, hepatic toxins, toxins of hematopoietic cells, and myotoxins.

32.  The method of claim 29, further wherein the chemical compositions having
predetermined toxicities are selected from the group consisting of agents that are toxic to

20 cells of one or more reproductive organs, teratogenic agents and carcinogens.

33.  The method of claim 29, further wherein the chemical compositions having
predetermined toxicities are selected from the group consisting of agricultural chemicals,

cosmetics, and environmental contaminants.

25
34.  Anintegrated system for comparing the molecular profile of a chemical
composition to a library of molecular profiles of chemical compositions having
predetermined toxicities, comprising: an array reader adapted to read the pattern of Iabels
on an array, operably linked to a digital computer comprising a database file having a
30 plurality of molecular profiles of chemical compositions having predetermined toxicities.
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48.  The method of claim 42 or 43, wherein the molecular profile comprises
alterations in protein expression,

49.  The method of claim 48, wherein the alterations in protein expression are detected
by an immunodetection assay.

50.  The method of claim 48, wherein the alterations in protein expression are detected
by a mass spectrometry assay.,

51. Themethod of claimm 42 or 43, wherein the isolated mammalian embryoid bodies
are of human.

52.  The method of ¢laim 51, further wherein the chemical compositions having
predetermined toxicities arc selected from the group consisting of therapeutic agents,
neurotoxins, renal toxins, hepatic toxins, toxins of hematopoietic cells, and myotoxins.
53.  Themethod of claim 51, further wherein the chemical compositions having

predetermined toxicities are selected from the group consisting of agents that are toxic to
cells of one or more reproductive organs, teratogenio agents and carcinogens.

54.  The method of claim 51, further wherein the chemioal compositions having
predetermined toxicities are selected from the group consisting of agricultural chemicals,
costetics, and environmental contaminants.

55.  The method of claim 42 or 43, wherein the isolated mammalian embryoid bodies
are of non-human mammals.

56. The method of claim 55, wherein the non-human maromals are rodents.

57.  The method of claim 55, further wherein the chemical compositions having
predetermined toxicities are sclected from the group consisting of animal thm'apcutms
neurotoxins, renal toxins, hepatic toxins, toxins of hematopoietic cells, and myotoxins.

58.  The method of claim 55, further wherein the chemical compositions having
predetermined toxicitics are selected from the group consisting of agents that are toxic to
cells of one or more reproductive organs, teratogenic agents and carcinogens.
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59.  The method of claim 55, fuxther wherein the chemical compositions having
predetermined toxicities are selected from the group consisting of agricultural chemicals,
cosmetics, and environmental contaminants.

60. A library of molecular profiles of chemical compositions having predetermined
toxicities, produced by a method according to any one of the claims 2, 10-18.

61.  The library of claim 60, wherein the library comprises molecular profiles for at
least 20 chemical corpositions.

62. A method of typing toxicity of a test chemical cornposition suspected of toxicity,
comprising the steps of:

) creating a molecular profile of the test chemical composition suspected of
toxicity, comprising the steps of:

i) contacting an isolated mammalian embryoid body with the chemical
composition; and

ii) detecting and recording alterations in expression of sets of genes or
proteins in the mammalian embryoid body in response to the chemical composition
compared to expression of sets of genes or proteins in an embtyoid body not contacted
with the chemical composition, to create a pattem of alterations in gene expression or
protein expression; and

b) comparing the molecular profile in step a) with the molecular profile of a
chemical composition having predetermined toxicitics;
wherein the type of toxicity of the test chemical composition, if any, is determined by the
compatison in step b).

63. A systematic method of typing toxicity of a test chemical composition suspected
of tokicity, comprismg the steps of:

a) creating a molecular profile of the test chemical composition suspected of

| toxicity, comprising the steps of:

i) contacting an isolated mammalian embryoid body with the chemical
composition; and

ii) detecting and recording alterations in expression of sets of genes or
proteins in the maromalian embryoid body in response to the chemical composition
compared to expression of sets of genes or proteins in an embryoid body not contacted
with the chemical composition, to create a pattern of alterations in gene expression or
protein expression; and
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m 65.  The method of claim 62, 63, 67 64, wgemm the test chemical composition is
known or unknown.

66.  The moethod of claim 62, 63, or 64,, further wherein the isolated mammalian
embryoid bodies are of human.

67.  The method of claim 66, further whereiu the chemical compositions baving
predetermined toxicities are therapeutic agents, neurotoxins, renal toxins, hepatic toxins,
toxins of hematopoietic cells, or myotoxins.

68.  The method of claim 66, further wherein the chemical compositions having
predetermined toxicities are selected from the group consisting of agents that are toxic to
cells of one or more reproductive organs, teratogenic agents and carcinogens.
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P HEY& (68 - The Aeaitbaithim 66; RieeWEEell thK chdkRsIRompositions having
predetermined toxicities are selected from the group consisting of agricultural chemicals,
cosmetics, and environmental contaminants.

70.  The method of claim 62, 63, or 64,, further wherein the isolated mammalian
embryoid bodies are of non-human mammals,

71.  Themethod of claim 70, wherein the non-human mammals are rodents.

72.  The mothod of claim 70, further wherein the chemical compositions having
predetermined toxicities are selected from the group consisting of animal therapeutics,
neurotoxins, renal toxins, hepatic toxins, toxins of hematopoietic cells, and myotoxins.

73.  The method of claim 70, further wherein the chemical compositions having
predetermined toxicities are selected from the group consisting of agents that are toxic to
cells of one or more reproductive organs, teratogenic agents and carcinogens.

74.  The method of claim 70, further wherein the chemical compositions having
predetermined toxicities arc selected from the group consisting of agricultural chemicals,
cosmetics, and environmental contaminants.
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