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WD 2004/ 083406 PCT/ US2004/ 008883 GENES THAT ARE UP-

OR DOWN- REGULATED DURI NG DI FFERENTI ATI ON OF HUMVAN
WERBRVEMNC STEM CELLS 5 BACKGROUND A prom SiPQI/US2004/008883

devel opment in the field of regenerative nedicine has

been the iso stemcells

fromthe ear gél\lela‘r%‘:)ﬁrﬁg%#hlggz&ﬁgo% ﬁgggﬂﬁv\%b very

speci aDUBNEPRIFFERENTIATIONSIF, HumAn Ee1BRYDSIC SVEMTELLS
~mammal i an cell types, they can be propagated in

culture alnost indefinitely, 10 providing a virtually

unlimted supply. Second, they can be used to generate

a variety of tissue typesacRérounpt erest as a source of

repl acenent cells and tissues for use in therapy.

Thonson et al. (Science 282:114, 1998; U.S. Patent

6, > QM) daNElPRMankén therfield ¢f Jegeneralivesmesiging hassksenttie isplation and

propapatiop aifatren etenT getiniiram teesamcahin®. fThesa delisriave @ sdrp edibiSproperties:

First, Gﬁi@é Gﬂért réoifﬂg rngér?inw 11a<r?5e% t%%g Jwﬁ?%ta? gg @Bg@@ iyl gllﬂ uFé Qr%s%ndeﬂmtely,
enesaioa var@yg:g lissue types of

provndéng a vurfylal unllrméeidpuprik a%?cg@c hey ¢gg Re uges! tg
intereg, aSa sfuteeal tepBedISHDt GA23nd tibsveeionak indhathpyPat ent

Puiboinait d1Qin (5@&8@8@7 tl 1 49@90 @nngQﬁ 1B 2b0 g@é’} GletPRS first to successfully

sotad B 0o R SO AT bE el i tufren Db is aspnr apd eptgreers derived
humapgmrenicrgssh celbline® fiompta) g9rads igue (SRemblptt il pPrpc. patvAcdé $Sci. USA

95:13¢28C 1YIBYLE Patemtis,@0ext)h and differentiation of human

pl,\lg!'é n&%%%rgateﬂ gglli?a% !)rlu ﬁ/fg%iﬁr(gg%h%ogé c?égcrgggs %ethods and materials

{
fo 4 GRUEY & PIBEC GPORE ROV AT F3UF.oftarAaeTE Bem, Mhation WO 0151616
(Geroe 1@ my) dviies teehniquek i@ .grdueh iraveterenadtionlof hurfZanmeibotdnt stem cells. An
artlcle%g@let a12$n§§§e Blg@%low 1%@% %OB” %e&:ﬁtés%é%ier -free gr%wth of undifferentiated

erentlation
e BB SRR SEPIOMER! FolfGHER dt T S fOT) Gecuss the cuture
differemyfigdibn, cardi ganetic Toedi@tipubl howdni enlsyanepsierh @X efoplegenerative medicine
apphcﬁﬁgné Uﬁ'ﬁ‘esﬁﬁfuﬁ]@ﬁi&né prov@ %%P@;Qa%l duGre hﬁé’f%ﬂs ﬁ)mBFo}Sde‘hﬁb h@ﬁa@nr@mbryomc

stem %arﬁsé IB grr1 undlf%ren ?Qed ?t%g raﬁ€ Li ﬁlﬁst%hneqf%{) ing cﬁE%I}Rré}ug\a? gmlerapy
i oakers W ﬂf&nUw@Q pricffecantigtest @@r!pptprutratmp@htm@tdé rRSEAH4, Jra-1-60, and
Tra-1-8N CTHdmeonSSEA-ahd GEamad <08, said. TRdy a_létﬁeﬂpr&l hurhb® B Rra8 reverse

transcﬂhtaseaglqj %Wa%s&éﬂo%lfactor P§/9£WO-5 /$¥61§ Er% t gtx {?ng\g&?l 227:271,

OITEF ase reverse ran crip ase’
2000; X g4 c§4PIH-i on factor Oct 3/4 (WD 01/ 51616 Anit et
alLoringDelv al. BRaxitar. R&0Fo12 Rdyrosc? 0B3;, 2@D1Etre\@w ger®Upxpadssion profiles of
embrylar% 'st@rg cBils é%ti ES(Jgﬁ\%HQIEurorNe LHeQ%e et [3{6 #ﬁ' &§%gs 2(9'%228 4998?&%%’( on the

i 'tag | V%/%ene exgqp |t0n ) | 3 ¥0p| C L
potentiaf, [ofesof FRIFCRIRAOY iy, BB H‘reoﬂ%° e.&;egg Eslingtoyglf © iap- og‘gjg‘éﬁlgt al. (Exp.
Cell FEY: 7422138,11%998) repointahigersa axpresse@@ftgyorianaici axid-masliagedodifferentiation of
embrybid 0864 ar@tllkél’ﬁtofbacétx%ss@@ﬁurﬁg leFhb @Ge\fe@bﬂnmt ent ngcﬁernr& bil g%xmol in

Vitro 1(1%y 5%920812 Cﬁ%ll %%Iﬁceuéar g]ar%erg gsgal?rgwc sljerr} %e{ﬁf nla?ngerson etal. (Stem
Cells 2B13¢f M9 )a'tQE‘éﬂ RIE; fpeer'@ﬁf@nt@tton diimer embpes e ESD eelisekpve ragmparable
expre$sidi@f FSHAR. ITenaRX P8 IS&MImE Res.NY:1SITPI0N) FIENEIcRp aaj?éssnoimrmouse ES
cells tNl(ﬁqﬁVcé?\Eld% gel(e-g%kcg‘t% ed V\htn rﬁ)él}(;hotté’ngy %1% I%g%qg S%QCQ }ty ?rapﬁr et al.

ose certaln ryoni c
pnet. 3PP, SARIIENIEN rPrEheq Pf SL(”S‘t?eeﬁﬁ“'QG’,‘@I Pfshwnszrgbrymzt)em cells upon
differentgorin ctlfuet pre-i npl antati on human enbryos and ES

c Q{ehyset RAwol ﬁ@ﬁ@@ RbI=8:135 2@0()}? Feg&ﬁd)r@ﬁ(‘ meo?%lysez%Peéﬁ@s regulated

sutnfl Pl SRR iR 46 S0 Yot Hy B hySe St 2000 ror
retro-rgeambinatios Serepninged avihaupe PPRIYAN[SStearasy genochid libraesa gidonk et al. (Oncogene
specificity. Draper et al. (J. Anat. 299:249, 2002)
revi ew change of surface antigens of human enbryonic
stemcells upon differenti&tion in culture. Kelly et
al. (Mol Reprod. Dev. 56:113, 2000) report DNA
m croarray anal yses of genes regulated 40 during the
differentiation of enbryonic stemcells. Wltjen et
aI (Nucl AC| ds Res 28 E41 2000) report
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pl uri potent stem (pPS) cells or their progeny, in

whi ch expression of one or nore of the identified
wOoreookes®Bo6 | i sted in the disclosure is detect edP@F/US2004/008883

nmeasured. The | evel of expression can be neasured in

20:8bE0 b1} ﬁéﬂh@ﬁan%bﬁ@ﬂ'@@&%@ ré%%l%s%}{n Sdabdrabise T%ﬁaﬂ@@ﬁéld(ﬁenome Res.

12 1§%1€2?C%? glaCUS% 8%’2? %B%ﬁ%éne%rp(ﬂ a% ﬁﬁergtiryo Jﬂg \éelatsge ccgl? an canlda’ce genes
putativelyfaspasiated aith olvtipaiancys ensbiineade rsgediicitig ik @Jr A @epmenta' genes
iden@iRb o diff&rbhgibl oﬁ’e‘b[ay (RERybdbEer iedl 1385, J000MNatue ATCReprod. 122:687, 2001)

charé)%)rgg g(!)\ﬂ’l% b (ggtggt F@ Ex FJ@? or?p?a'ﬁgrﬁg éfc} ffe?ernﬁal nglaypﬁT PCR of

t el éP%V Pigl 215148 %@@rwsmhat eeof] Peietion oge omeoboscontining
gendd Pap blotis @life@hbtiatitrdof fefrbryemit stevh edlso rAbdeatRAlneanet &al. dued Reprod. 10:2787,

1995%doﬁ tllneneﬁrea%f Q)‘()ppéélsl% k@ cripdh éﬁulﬁ?ﬁf Hprleéw human prelmplantatlon embryos.

Jacl%gn gtuql e(g %?l g%e@ gé’{ %3&?6%%:2%8#%16% heoqontnﬂgugl cnarg/ctengahon of Ehox, a
homeotthi Hérerten teperteglyt plaenoteypES salildidfetertitién: om Cri pt o,

gasfh(e'faro{}v%b ed?s%l'oage B%plﬁééjﬁevs( %Rbrsre@i@ Qf’Hrler ,combinations that are effective
meag%}?,é(feﬁ |f¥ 8“%%%‘9”%9 tq?allﬁs%nd c8ntrol |on &ptlunﬁétent (:EI

conbi nations. G her cell mar kers can be neasur ed in

conj unction, includi sgvay efut kesntew! y descri bed

differentiation markers listed in this disclosure, or

traditional pPS cell markers |ike SSEA-4 and Tra-1-60.

35 This i@@dtiomi@ntjﬁeﬁamk@b% obgengRinRIAIR URY O funepgulaiRdeyringsthg course of
diffepdneioh )bp%Srlst‘fdgehﬂurEpSﬁﬁyﬁdn agllsa oftEidesiutra@m @fimates, exemplified by human

embg)%m: %Eg}rrn@eﬁl NQg %eltdn eqaggﬂe ﬁéﬁ}%ﬁ&earg \q?hlerentﬁémﬁéxpkgégédjlq Qndifferentiated

vers BB igEriscolone JBACHSRAY CBENT ShocthAeTEHor Lle Gty for idenicatn,
chaeetbizationTbuguingr difarantietn, del roaripeletiancbf stenyesdn and iheid pageny, and other

ngmgeﬁﬁgAﬁbgg@gnQMegCR anplification at the protein or
enz

Sui %{%zfié@ecﬁ @gm‘ﬁ &e@?oné,rﬁ a]_ﬁyg eﬁlaf(r?)ké?se%3|n§ i %;{%853 (¥hund|¥erentlated primate
plurippterd istemdpP %) aglls bethasnrdgemnn mm@rﬂxqu&@f 8" PR Pbine idspfified markers
liste@fn tHé‘ gidi Js@ré @ Hetedic dr mgRSre€ eTHeIever of dkdrdseibe tdnl Rtreshs@ed ih &olation or

oomgarg% (‘é‘vﬁrﬁ] garrlily %:0 tﬁ% ﬁ%n?arca ﬁ%bgézgg A{%%ﬁt@i{%&lﬂé é’ell? aﬁta‘ﬁ'llélj tthﬁeFr‘ specified
conqb@pp WsEE D4t @0’88"8'3 stagqqgrdgf@fen’r(%% RY ggbledergioq’(qgmdgfeqea@{egrcells such as:

mayCdél obialned mmlthu mroor Dégadieg orcweticther the marken) aieruppiSowetegsiated during
dlffér%n fan p\’@g?ﬂ gr'ké}g %@oﬁélﬁéoewlthftwpr@s%ﬁ(%%Fﬂagorﬁcrneof undifferentiated or

a cu ture system or component thereof
d'“%%'i‘d@%" Ce&? ipfhePRRHAIR-i on” of pPS cells into a culture of
| i nragemplary iranditnéidg) preiivatisnsuiteldé fosquatifyin@euttiea bl pPS cells are markers

of Hé fJn@iFf&EHtlbt@& Qﬂeno%@la's%lect@ﬂ toRr Cﬁgﬁ(y gﬂefﬁﬁfrelé’éﬁlh%rb@bﬁdee(GRP) receptor,

Podgﬁ&g[‘? ecprPtggggtﬁe /(gct 3'{4n E toS rfazn:,itc?as? %d ans %tho% fa&grzj in various
compfnatiohe Rericel markpre n@\/*@.ﬂ' megsyed psrqow@tlonmplsdmgrﬁnénf ihe Rewly described

diffeMri&tioP hakbid @te din IS 8B 8v8 S FadititPallphRe cgr @avkdis like SSEA-4 and Tra-1-60.
In ac!aﬂgr?c%a%erss to 95?.08! dﬁfe%ﬁ |altedp9e9 U;I)h%ndt@@s Q:Xn bqegségylebneg; Q" measure of

CO"@W”P@}ge‘i?gﬁ aIEF‘S/V gﬁﬁtﬁ %%'stéﬁfs r‘r%ﬁ“ig% rStreaa é’§"ﬁ (ﬂ'@fﬁef"fqye%m"'l gnd Vimentin),
fibrdbleists, rdéseadngsal cells, i eenbo/aid body @{ip| The thariets aanlby detected or quantified at
the YN QS bl y’@ﬁ%mﬂlfﬂc&%r$ a@@nle b teft oRfR8 ErBJJJcPIEve@@J dnfibdd assay, or by any
var| ous Stages of ferentiation, but alsoto

Sw%m?ﬁWEQFesanples fron1a di sease condition associ at ed

Wi t Fhelrrrighsusternedf thisdihventipn 6ot e, UsREfewelininggdheasiogien of undifferentiated
pP IR 8 diifefthtisted RlisAh kneadulurd) fetiabdeediRibd aiBCbr RREIMS MRBmMR¥omponent

be diagnostic of disease conditions such as cancer,

and can serve as a nmeans by which to target

therapeutic agents to the disease site. The marker

system can al so be used to ré&gul ate gene expression.

Transcriptional control elenents for the markers wl|l

cause an operatively |linked encoding region to be

expressed preferentially 15 in undifferentiated or

dlfferentlated ceIIs For exanple the encodlng

o - o o oy oy
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sequences which are not present in their entirety in

t he Uni Gene dat abase. These are listed in this 3 WO
wQo4/0888606 PCT/ US2004/ 008883 di scl osure as BEQUS10DI/008883

I\IOs 1 to 39. This invention |ncI udes novel nucleic

therecge( gn%ggss!é)ﬁhlfzﬂgctgrf c(alltur %FH | Ra@NYenPho tha‘?n?a@n pPS cells in an

enment ary sequences "ég 1o calse
undnffereragtee retate; tipreqsaessing 'Iﬁﬁﬁ goility Y, @ rpLiiusm SYeEh Of ﬁ‘tﬂ‘R&’a *??6% °
dlfferéi’nt?att&ﬁﬁ’ ePiHIRss RRCOE el o liidagsestseguaemesr ¢aifadetemiindie differentiated

ex ssin I
cells; S%F?f ﬁ'& gﬁtg Et te%no Ira%,g Tﬂfsgwellérﬁl'otqm?ﬁde@%(llt]séh%ggtlesﬁee %ftslpejcgig reagents in
order fqraepEUr bj}“e@éﬁt gesiop PUH%\P“a@erf YRHRYY ﬁ%oéc’pg?tet hrough a

C OTHERV@htidth a6 bioiites)a systanl asmeesingfthe dievdle charasteesties afcé g population by
detect?r% citr m%g%rlanMreQQ&t HRHE 65mdro bt th@d?ﬁbrénﬂ&i@%&ﬁres%bd marker genes identified
|

in thig, qul%ﬁl@ CT(5‘§0939|b8r?§plgﬁ dtoto?rﬁy “P vancqu %yﬁ;HQXfetl;Bé ?«ﬂs L& progenitor ceils in
variousCkeaues bi @itbrertigtiongout laiso fmelikied sgippleetiare A Otsﬁfi%e ‘ioﬁ@‘tlﬂ‘i‘tﬁsﬁcﬁ‘ated with
abnomﬁell ﬁfo@/ths Lﬁeﬁ&@d%xﬁr@é&oﬁ@f RkrRére bmgelaivep uodifidietiaibd pren@RS may be

: Sy whitH & tBget therapeutic
d'agr‘t’ﬁﬁﬁt‘t'%’a%ﬁ cPf’%‘l‘O@fﬁ?Lfc 2 %ﬁgagnggérfalwﬁ%% agﬁf‘%ny cul tu%ge erape
agentsamttle tise@pssite10 t est ed and val i dated according to this

| NYIRNIBRE 68 dah Lifidor Bt exedd iton rédutate@eaerpkmeg@ot i ranscriptional control

elem%} ﬁ{t{werrt:gr di 'mﬂ;taﬁs n Jplar%tl\}epf\flﬁt(etd'e%bdl kd loh@o @@&@Fe@éﬂd preferentially

escr
i ngiigeRteted oS HEREMIERE o of Pl 257 JE eI IR IRY P rovortercene
(sucteae GBS @t Gansasrtol delletoemiiti fiaorestensel nippRiive Feledfior matal (P‘sch as a drug
reSISHR’% HE) eLH éﬂwéb%ﬁ\)é s@|ef:tfoﬁ rn?dﬂ@et at/bean cestriidiecarlisisg RRyombinant elements

lmke@)krb Ft‘@;é?tgwl gﬁnr teeelt,| Igs ﬁl&%F ﬁxe gl seleql\@ degtegvﬁtglffgren&?&e dgferentlated or

cancEialt @fis g aAmyedqfopulat@ng)eme\gvosmqb@ onst%gqtgﬁtoif gne effector gene and
whet Wané'cﬁrglUrlt AlpoBr dtRaRegliafel @iuMBtdifRishizitore aThe @anugismbe wped to monitor
ter| ndff t ul ation,
cultugﬁ,f:anq,} n3 ?Lpég ﬁ%'[] hd(.l)f'\rj rent |atlo$ E(gwlrc“ Jn@ cﬁgoﬁgrfﬁ% tgcgeeﬁ?\% gl .
an Toediafkbepysien] oft big iRventiop cap @ispibgised ¥ §%€<§eft%'étet‘ &g rom
dlﬁe@ﬁtla@@ﬁélﬁs Themabr dahve uspeirdirsctly for kdiSeparatios by ednepéierausing an antibody

or le\é\%% g {)y hLJOYescaee N g&ggtgé Lat ﬁt:{ln?elA‘t@matJJV $hefsé \é@pambnk @Ehniques can be

ual 1 Tjcati
effeqipgiising @F@ngpﬁqr&or&q{gﬁa énarke}gpedﬁljréa %;og?t%rv\rle;?oggr ciopstruct
an Tax parkens/stemi af tidingdmtidrE8n del used iofmapiffergntigtiop, @atpugyes or influence
dlffe%gﬁcf%r@' lﬁ&gerg Qtfltemgr ‘tHleotl)LﬁpoQé‘ﬁﬁ@g&%s ltréhsdﬂmﬁnﬁrefe@mhtorﬁmileacode products

that gpiraaes qeﬁ gtr’?er%ptlerg{gtles(gweﬁ EIOI& eP Eells or hglr ;fgrgﬁtgﬁﬁ ptc%grtyoa{ré genetically

altereditotinorease\etprassion ofi e or epeichthp mntlfl%g\g\ege |=ls,|ngCr{1‘I rrttrﬁgenﬁgor to, decrease
expllé&?bg nfgr' thr%]@ lem@ En BRtidéndand sFadscoharude Altaasiey, pencrorustg évolved in
cel WEW%QP of %EE 3R EQ Qdu%%rrecﬁ\ﬁg tﬂe‘b@ltu‘?é rﬁéo%n‘? FHES116& bi this can be to help

mairgdin Htpgmrsfe@q ceg /i the@qdﬁerantna@%%ta&eiegﬂpgrc? ffez%ggtlon in gen%ral, or direct

dlﬁa%déllanahqmmlarpahnblkapamwm ein (nmeasured by real-tine PCR
d f ﬁn{gﬁec?gf tl‘#e%hx?eﬁmn@r@rgetﬁm tl @gﬁt%gQﬁese and other genes that are up- or
| e e

at1on

multi
dowpreaylaied Hfdt”tq'f@F?QEPt'ﬁ%aﬁaﬂ}‘rfe(ﬁ é)fp[a ?‘t?e\}tréettt}?g§ ‘%orlvse c%wgarf?\a%)%p?&@%n libraries
obtanep frrerm sHeaallst Heftre draisaitbredifferenti@ion) GWATaLeising treBECHRfS inpaghyof the libraries,
anda;%ﬁf' itfi I‘RJ g%nesﬁhﬁlﬁﬁ\% shatisfeansighesil diftredbesamthe xgnaive nEmer of transcripts (as

l Y, e method can
a pgresaiags ofctrgpecn[i)%? i ee§ch l}ﬁ‘—_‘%% a't_g' c%&en&rng\)’&‘of%'? Yo, ?g f & EZF"JZ Th thod

be ¢TivBCed-bihereeiing mslebiehM'Chétffét?ﬂfcﬁsﬂq%ceslﬂtw‘edf%fr@rsf“ﬁ% transcript i
hey‘aé'f@ Rolin BB REPorkth b Sing\rardBiptadeartivgiolptenigudly dompitedasstas .
s o rggnlg%totttee d ﬁlércét\ nﬁgé g(dr&tsgd m'élmgrs h&%eﬁ Stn i bk @R 48139 nucleotide

O| I f rat ergnlsted in this
ARG M e al‘ir‘én %e“%: ﬁ’é PE%f

an experinment in which different nedia were tested for
their ability to pronote grédwh of hES cells w thout
proliferation. The test nedia were not preconditioned,
but supplenented with 8-40 ng/nL bFG-, with or

wi t hout stemcell factor, FIt3 ligand, or LIF.
Effectlve conbl natlons of factors (Condltlons 4 to 8)
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differentiati on process. The system provided by this
i nvention can be used not only to qualify popul ati ons
wo@boo4ts3did f erenti ated cells, but in other powePETIUS204/608883
of mai ntaining and mani pul ating cells described | ater
discldstire &35Sk 1® HOSC @ SOr FhisCualdntidre il atwBel mavieic eidn consisting of or

conta'inql% Qa"l I)il tﬁg]e @&ﬂlg&%g Buqﬁé) 1‘, g@%&ﬁta&%ﬁ@xe%\é ealn@ H@\gl ﬂébm%?ﬁ@ %%of This

mven&%hﬂ@ﬂ&?‘%ef POl %P%'g%g%‘??qef’ e SN (G oy expressing tr
nuclefcesaorcly, pepiiteugynibesise eamiirglies apetific égahe pelipentiglesniuide i hyeconventional
techridabd &'tﬁrb@ﬂ% cor%Plerc;gll 4B bR se of tBE8e G8didiSacids AiRBtides | and hntibodies for
%@t uripotent cells that have the characteristic of
any | Pwﬂap%'%8%|e under appropriate conditions of
pr 8idelemhepliqyr o diis inventions awg euiiire dorfdftienseand agier [celt pprirulatipng identified

usmgatfu.(,e ma(ii@lC bystdd MfetﬁlsQrﬁveﬁbh tieth afsuithtls @F n@@idiingodr préserdtig pPS cells
thho(ﬂt anlowm$ 8lﬂererqe ts % grrcgh d’ﬂ]te rﬁ ?ot 3&?{{1@’@ u‘ta% geq{a@ f%@l o%o C%Iture conditions

art-accept
testeq gichalidated peqosting 19 iﬁlsslvgfﬁlov\efevé'ua{aéfded@wne'é Secrﬂe t er m
i Nothad@sbobifiehits ethaiblentdhed del appsern frors the ribsweidtios thaf follows.
various kinds, and cells obtained fromprimry tissue
that 35 are pluripotent in the manner described. For
the purposes of this di scPBNHE the pPS cells are not
enbryonal carcinoma (EC) cells, and are not derived

f r pfgrht% 1n§1|ow9{|1|@mofll§ %Hée(ﬁgs %rlaitereht%")d%we@all@ur{dmé;enﬁ%d pluripotent stem

yS necessar e ce

cells, ;Hﬂ@’ efe|'m'§aw§ef8f\ﬁa%ﬂnr9éél*efqeﬂﬁﬁve%?%m Bl et o PUEEF e of sene

expregtiora Al the | N Aa feved rwak emeablred by reahtime' PORessaEmbiny onite @tnesnshowing
subs@filal §owr(-|l§§§h§@ |ub<§\) dtﬁs,rrﬁwtl&loH rdaﬁ’ (Bfe Q@éd ﬁ)t &'ma@t@hﬂesthé1 @Fldhff’ee&tlated cell

T R e S
~ (shighread shgws He\ieyep @0@%@%@0@ Fﬁ@r/ngoom@o%%compamd with fully
differBifiale@ aélist T RE@ta)ket faab! ploides @blIst qalifigdtion of the undifferentiated phenotype.

ch ?@ﬁl%t £ £H0§/t r!escuﬁsf ofEe?ﬁ dé%er@r{e}{t lg %fcp( ﬂEé QQIS %¥ 918 ‘?—ﬂ Egg %&/el@rmamtamed for

multl@!e PRTRISS IR aEs? b UETUE Conﬁlﬁ'aﬂeﬁfveth &?P?fée%ofowﬂee F?CEQrS effective to
allowShESs telatid alolifpragpiorduitoa withdut ldéfarsbtia@@d®q Howaver, paitigind Inyunconditioned
medi% %aﬁgQﬁdgéreéggépe@éntaﬂee&pc@@ e@re@&ﬁb bB@ ' Jnd‘iﬁé cMadid NEBS cell marker
e popul ati on di splay norphol ogi cal
SSE%ﬁaracterlstlcs of undifferentiated ceIIs
di Sigureguillushiatergthe bamsitivity obh TERT f @qt 84t Criptoe GRE edceforpand podocalyxin-like

prote%%éé/s@re@ by ﬁéél—’t{rﬁe !ﬁtEF’. le @ mehhs éf%et@ﬂ?rﬂﬁfg&ﬁeo&e@re'e RedifidrHigith @Bthe cells.

differe ag Is mnt |l ati on wi
After d’f“t”éf’ﬁ Baeesagsete”lnr Bﬂﬁ? gn% mre%l}Jrah ,o \.ienmarkcprel HO\A{ ﬁ)g)tresswn tAat has been

downgkighiieg NG ati@dold) t i s also understood that the
Pr eRard 8 stiowdfesaied df an exbiegpérayn wigcht the hiEs ckiifihe He mias gto@d on different

feede?*aan%wﬁew }pug‘e e%trYHm for Ishmsfce' hﬁnﬂg;nﬁgse%e)(rﬁé( eemgus, UtSMC

passag ed fromo ture to anot

= “tef'%‘%:%f@ﬁ‘? ‘&C'%elﬁr% Ferehumen iy o fibrolipsty rﬁ?ﬂ"f"‘%‘?’@n‘ﬁ"ﬁtc}éﬁm “ine MSC is
suitalsie &t esevdsderdértvells tgEomdte DEQ) tell pbliatatidredibout diffparsatape s

ang{gife @sh%(%’ HJS@’ES' AN %Hmjnénﬂ BSwhh 'dlf@reﬁﬁﬁé@ﬂa%e’?@te%d toR @l ability to

promgﬁagrg\eg ec},fl réE%I Eellwtﬁcai sPrO(JiE ﬂ?fgr} ph'heg (t) d%e]dla were no? precgndltloned but
supptehanted wish B4 ng/mil SFGENYIT prewithayti e dellcledtdrs Fit3 fgand, or LIF.  Effective

comblrﬁiltl&fsetﬁ‘ %folrsa(t%ﬁhlt(bﬁé h'to B)Sw@e Qﬁhtlﬂecﬁ B@fo"é%ﬁﬁg tﬁé QsifRSshested phenotype
usmgf ﬂ?\e maq(e(r:l of%hls Fwenggr@l A|%%l exﬁ%snon gro dle% were temmrary and reversible,

genitor

VWWMWW¥3 ﬁﬁFéﬁéﬁ"@@Wﬁ@mmmﬁeeder cells" or feeders are
ternms used to describe cells of one type that are
co-cultured with 15 cells of another type, to provide
an environnent in which the cells of the second type
can grow. hES cell populatlfns are said to be
"essentially free" of feeder=cells if the cells have
been grown through at |east one round after splitting
in which fresh feeder cells are not added to support
the growmh of pPS cells. The term "enbryoid bodi es"”
refers to aggregates of dlfferentlated and

L Y e e 1 1. i e~ 1
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WD 2004/ 083406 PCT/ US2004/ 008883 A cell is said to be
"genetically altered" or "transfected" when a
wp@odoyngsabeot i de has been transferred into thePCEUE2004008883
any suitable neans of artificial manipulation, or
wheffigure [Teshowed dnalysis af the argitianeniaied HEB&eIDmMbgérd 8EEN-4aTRAT-80land Oct-4
by aﬁfPAoljy §t£ﬁﬁg Q@%loh@?%%t&e@cgﬂgdﬁgt% Vgerﬁ%éllgﬁ?t gcelg%gitoFeoétalnlng

e uence
S eqUIEE & 1o et T TTAYEPMechFBRel Graves Torsirgelicalimarkers CDa4,
STRhanddbmentin lynich dabeleeltshiethé ES ¢4l ontale tha aleanidcgone tifferentiation.

p0| Bigute bendiife relaﬂ\‘f‘el dend B)E])rersﬁ&{ l'e\‘/‘e"l’aI b2 poﬁﬁé%dsWﬁandlﬁerentla’ced

r , transl ation, degradati on
S, of %ﬂ@e% Jn&% yvr‘ﬁ'ﬁ]c ‘ﬁgrtc’h'as’[s . ESaTIR ALY | | nked refers to
an oper at ive relationship between genetic elenents, in
whi ch the function of pmeLed BreRbTon Nfl uences the
function of another elenment. For exanple, an
ex ressi bl e encodi ng sequence nmay be operatively
I{‘é@r"?@’sﬁy of er‘ﬁEﬁt@? sterh aglls ¢prdiffpeastisjespentanegnslchdspade it challenging for
mveﬂi@aﬂ)'lseo erkrwith aifelsé b@|dy Cor%tédﬁﬁﬂiurb@oﬂd’hbiﬁerdﬂltﬁféb @féhhrcﬁlls are required to
com §r£ efesurb ooMela P Vit X Ip%ﬂrqer{@rb%%r%gglwﬁmt b %e‘%/teen laboratories.

anbi t the term
oGy, GROREP A GHRSTHOIRIPY 5 SO Ansceso Ay dTe! S fufiures hat ofen
contgin 4 6-Re% Wifenithiadeselisv Atevarbslessf havmmarsegcbf chuddrdizaaelitetalie 8e important

in qual¥gihg thedeells far A6 Hiclifdh thér@ﬂt' ng SpeCI fici :y Gener al
ene

Te [
orldb i GRS Rk 0% b WBSAFPUR ryles 414 b patabning tose
stangqjesy: eMB 458 dlifteranh ganserivisovese @malifieClanth isenyencad lratmomgiffiereytiated human
emblVBiit stbm cbISpaHANRBKtyBds Rbrodeny QA!; 8 RUIELaRS ééé@engﬁgtemﬁs 532 genes were

|den&fgh ‘Aawn&e%%bgtainnglﬁ r‘%ghe%;gt%ir}tsé IR ndl Fi\/%h%];ﬁ‘? Fegﬁ aegﬂ fégenes we/re identified
havncqwqbptérpha@ higher 5ST caitis, gfter @Eﬁrer@ﬁton POYten gifierentially expressed genes were

idenfiflell &g wi@sarBy ahogis dnddifEhatiitedeait,cbsred WithBIe Gtharbeginning of the
dﬁeéhﬁh&gMomééd Edition (F.M Ausubel et al., eds.); and
gﬁ I nant DNA Met hodol ogy (R Wi ed., Academ c
r d08) St PBYLR B0 M SUAILPT SN ibe red lof 198l tonauBlfij Ropulations of
undlmmﬁ@tg@ cdllp, bihin iothedgowerfo dayst af oraingimthg Gha maxipueating adils described later in
this Glb"ﬂ%@(ed (&lltﬁr@tsbﬁer}ns h&dDeen Q&Qné%f %Sprotgcggor)ave éee?‘ll'%\fﬁypeg to expand

h
ook A BT SR 2t QA Bl RS o s,
d“@éﬁ@emwv@mm@%@ﬂﬁm@yym@n@ Gene Expression (P. Baldi et
al ., Canbridge U Press, 2002). For a description of

Demhgﬁsnnlecular bi ol ogy of cancer, the reader is
rred to Principles of 25 Ml ecul ar Oncol ogy (M H.

Br m@db@fénteﬁ‘;te@cellse%?’s, cehﬂ) RN AuiBoRfiSsell #80Nave Tlteecharactenstlc of being

cene A8 Glon I8 cSeslon FLlBlpcip deom) B85 ol s ot e
deer@/ﬁ@p]‘ gls ofgthe @eﬁ:@qupgl Igyers (Eenddem, egsodemi, gwd Setodanh), faceording to a
stand@uthéri-sdoenta) test XA as tHOLYIIGAS fdh a Br@bmORld & v?e@k 3RISBID mice. The term
|nclu8é'é\‘r}3mtés%8hsh§t1 lﬂééﬁ%teﬁﬁ e@%ﬁ Gan6 rﬁé I('QC!%San rr%f? Ml g from primary tissue that

est abl i she he Kere
are RYIPPEHI ' tedPanaesrspioptngor bRk Resee of Hisngjsclogwre, the pPS cells are not
embryenal gridiratrian§CY edlistaed ateypederiodd finda Haghemtsb@tedit is desirable (but not

alwaj r\&:és@%)etﬂit theC@ld B euplRRY Eﬁérﬁplé}il pPs etk LR Gee ?rﬂfgr%ﬁgmorgc or fetal

n cells obtained fromprimry e
t'ssu?atanﬁpme@v* F%S& %t st establi shi ng an

undivree reesmironic éidere eplls” (HER@ells) grei muripatatestapd edlle dlevieditfrom a human
embiyti@ 1W8.Ibleeiosystl 8¢, lobBEdnMpldrBbient cBIRPIrbdBsd BNaMdal mekhs (such as by

general be useful for other types of pluripotent

cells, including enbryonic germcells 35 (U S. Patents

6, 090, 622 and 6, 251,671), and ES and EG cells from

ot her mammal i an speci es, sug? as non-human primates.

Enbryonic Stem Cells Enbryoritc stemcells can be

i sol ated from bl ast ecysts of nenbers of primte

species (U S. 40 Patent 5,843,780; Thonson et al.

Proc. Natl. Acad. Sci. USA 92:7844, 1995). Human

enbryonlc sten1 (hES) ceIIs can be prepared fron1hunan

ey I
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i ndi vi dual col onies by mcropipette. Cunp sizes of

about 50 to 100 cells are optinmal. Propagation of pPS
w@elokesidne an Undi fferentiated State 25 pPS cel PGT/U8100b@08883

propagat ed continuously in culture, using culture

nucR@ftehnétbrpthat hahdbquNaRAheractbts®si EREndrPderiitioR Brébedures and features are

fferentl ation. Exenplary serum contai ni ng
proﬁ%8@§|a{agsegi, made with 80% DMEM (such as Knock- Qut

DIVEINES @l Béiyies apirs@sibedas Heskfergalatade tihanet sibsteydel prwpodien @hipast 20%,
and(po&3ly dvigiciOed @ )80 of s&aT deNs dn@ el aetvetves (ke ptR012HA dRdidymorphological
chaf%lcterdéh!:sf & u-ﬁgl%}gﬂia 8'08@ letfﬁgt)lshm@%ﬂd{rpﬁongﬁﬁfgﬂaﬂﬂa?eld B H%mbryo or adult

acCl
orgpg. e AT Rtch KA POIOTRSCRT e elprRiZisd s, i hsagpuiadon wil often be
surraghdedibyt weighbergpg wklls t84) ale\WBfe881i:2017 4tlis alGe nadersfo ttha) the proportion of cells

dlsp-l—r:{yiﬂéi lhb'uﬁcﬂ?éréry ateg§1éﬁ@twe5mﬁu§tu§tb‘ bd HE @QIS ‘beh@ralteaa)ﬁ@ lareHassaged from one

ooty TR oI el Erd i 50 SadEraniFGuarEihen thpgoo trovo
at lgasbp:pamg@eargi(or ﬁgpqmyy’@n Gfouqyn@g\mialﬁ gytalmng rah lea fteabpetdb 0P of the same
promshloﬁ biRR tdh kg bharadtbrded Markdr1§r@wbrphalbglcd Braraatialds & uRbiferéHiiated cells.

tcﬂfgl/é’n{: %%J éeﬁ” lggggﬂhat qg{’grcggsfessécg%@/} Bﬁ%ﬁﬁ% 5}5 Ep@gwa% aad includes

""e@er?ﬂ)mﬁ‘lﬁ@? a'ﬁﬂﬁ?"ﬂé‘" "‘?'!f aBS eﬂT‘ ingha filerentinted erRlE- cel | | ayer,
cel Feedar elisror gekdatseale tadms et I desgibekélk @f aiel tgye thettare co-cultured with

celld&": mtﬂer%lb@ttb ﬁr%lnﬁe erfv%mirsfn \wﬁwtthe (,seH?PfgﬁJ se'g&ndctﬁe can %rgw hES cell

pon RS 590 ol Erac A o feeosL s st e Py trvoh 1 e
onejrgund eliitea s@ittingraFvghich deshviedder, celiermle s edteB tdsupmridha@yveth af gPSreells.

pl afHerlQm “gmﬁryé\'@ ghdiy fe?ersf 15101 @&@és\M‘ tiferedtin®§ Qn@ﬁ%n@%ﬁﬁa‘t@@cens that
re,see Clen|StS at

<ortl iR e G G YRR RO PLY ST AP o doRgn cuturs.
Embiypifl Hodiep aretd aixeiep oftdiifeent gbtyessetypiodly fromtsefeeab derm laysts, distinguishable

by mdRghoRbiva! E@ETERMY céiafarfeppdiekable BRimpldhddba®nighg] udes a
sui A %Qﬂ elraqwr’t léra%ly p%gr‘?oyp%t fgature I\ﬁr t ¢elt %F%:cl)ax b%nllxsed .to characterize it or

extracel
disciigatp p&omethesceltwes| %\f”éﬂfefaf’(f thﬁl@/em@o mag bmpmnwwsmwcreted cel

surteeTdr W20 41008 SBer sprefidsizeduanakéroypt bynied del); HRucRdGicidNduciZas an mRNA,
or e‘hﬂmﬂa? Q:\ithchv& mjc?e)ic ?CTCV Hglgér’blle ¥p a 95] 5@15&0% hcglﬁ%& 'a%ndekeﬁ‘mlnants of any

| et el erse

suol 68, PR PG AEEHEREE o0 CIAGHFp €058 OLTHIoE 658 gpicton reacton
thated $recit Br theenell typk at Bradi r Betrhaykepntan didvebesivdysitigdaltyea biochemical or

enzithd af%@é&ttheft dsgehebn #b ﬁﬂ@cfoﬁ 3l the Jdnt BloB@L | Ns%bé(at?ofq W& e§§4t thker is the gene
re the plate

that egcgg%setge t&?ﬁ?r\pf@'?]d tge ntf ﬁ‘@“ﬁ%‘?ﬁ?ﬁ' rie@x?ﬁe ®n a solution
of A MarkgivisEETAtoshY mrmtlalw%ms%slh|angmﬁlff@rnmttat¢é or differentiated cell
pop@&tloh,Uf 1 isve@@eded dt BBeveethatSs atl€asph@tiesh higHeP (iR toAB3Vof total gene product

mea%‘ll]’rie ED éM’uBJW l{)'i PEEratsghﬁ or ﬁi)l tﬁ‘r‘?eg rm;@gé frec{%gnt@ é%%}ns Posmve cells in the

ustration, con
popgfiop, r Warkers tiah @reaprereszed 1(9?’ 19°¢9e6re1 OQrtEnep dyehee® Mere frequently are
incrédsipglp mategsefdinedi ncubating with a solution of 0.05%

(WFréQbons tr Béfﬁﬁélébnééa 46 QucRi qlmd Ore%ﬁ)b Q%IE‘P%@ bRl oquugig’otldes of any

lenqtrn ?R)C\}Jgag %[ﬁ ger{eﬁ én%%qnggraqﬂeg% gN/% GPQ?‘B‘Z{F wgl and non -viral vectors and
partisigs pwiplsi @pid uabps. i asiplifigation rrgjiners,caid| tBelract’@mmaéduwalbmmt @s Sised in this

discBfe, Lthe ReriR | RIyAEtIcdtidedieR Rl lht'el@ﬁan éablyltg o@@ol@%d%@@b@@%ded molecules.

8 b8t 05 PR AL i prggess b
a doab'ﬁatrarnﬂ%fprmréen eash el0hr Wie PR eatatyaingletstrantded fqypolrown or predicted to
makp upthi Heuvkt standeaforithe cel I's wi t hout differentiation.
Such factors nmay be introduced into the nedi um by
culturing the nediumwi th cells secreting such
factors, such as irradiated (-4,000 rad) primry nouse
enbryonic fibroblasts, telonrized nouse fibroblasts,
or fibroblast-like cells derived frompPS cells. 15
Medi um can be conditioned by plating the feeders at a
density of -5-6 x 104 CM -2 in a serumfree medi um
such as KO DNENIsuppIenented mnth 2096serum
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9 WD 2004/ 083406 PCT/ US2004/008883 In a parallel set

of experinents, nRNA from each of the cell types was
waeakpgroe f or binding to a broad-specificity EITURne€asss3

m croarray, perforned according to the nethod

des,x rdemdsa.m 10/t Oddneik@ifBaltered” G2 NBRsIAMRIIE vdh@ﬁ‘%t pa‘wn@&leoa& has been

‘crangfa r&é% gle &8 Z%ng? t gleﬁe)g r Eflt %zﬂp%gp %Iacl’ oor r\ﬁvh?rﬁ%}/e cell is a progeny of
the pginaticaiterag cellshashagrintieried e P@')@'F'@@@? .on differences

det grdshie dleMyntES Fodhe6 WehLehdRYis aMublEqias BayietBatvHedin aflinteraction of
molg&agrthatoupo%ﬁﬁb{tgé n&mﬁ‘e \ﬂﬁ\ t?onglogpulgtgﬁdof b% eléﬁf'ﬂcheB er EBP? replication,

In
R P ARG e P RIS FopgRivel e

refeBe QU Crdratiee cbldtibreshiangetweken gatetio rleperds] uic twhivhshe @att®otobane element

infludRdeB 9hd ARGLEY: SRAYEAERsR PG thn%pl@ réﬁh&ﬁr‘ess-rﬂ"@ ehdERE Eeq‘aénce may be
i ca n c ui red to reac hr eshol d

ore Bk SR B S AR Eoh T or ant 1 oy act os.
10 Dhiegermrgnibedy? argusatiinkis sclaglirk refang 19 bo®welyeonal and monoclonal antibody.

Thecaa{b@ 90thd Rfm d&h&&@y@ﬁcoﬁ@agsb@wt iy .hia&terhmﬁrtoglomh %%c&lél:ﬁ but also such
fragﬁlentﬁ 8'\% CF g\@éyeslolf |mmu o er e e%rglﬁss hat r%gn ﬁlfgd Eﬁ sgecmcqy

of the di fferentl ated cells, indicating
Ger@e¥Mech@guek at i on during di ffer entiation. The gene
products nmay be involved in nmaintaining the
undWéthesis ém moletuial gahrtind andogenstitenyjbgekieg gre described generally in the current

editehasaddIRUIBSCbRRY: IAVLB¥BIOE AR qearabrbﬂkgd% ar); beysalicidoidd §ifthesis (M.J.
GautI hé e?«f\lmalfé rC% &re F enle,\{/ ea?ﬂafe{\e Tllans%} \)thOIIsl?cg' Mammallan Cells {Miller &

EFent
CalqﬁqusﬁgCLmreptfPé@t@?ﬂq |raMplgcwlar $ﬁ@g)ggﬁ§horbf>r@@g@q |§ Mﬁgyulg@lology, 3rd Edition
(F.N1.AvSUbies all, Rd4. ) endyRatemBihantl DNA Memldldlo@t/ (R psdy @ ademic Press). Antibody
; o ST I
prom{ Jﬂ% ét'es?r'?)@é1 ﬂcl%g}t: g\/@{rhgﬁstqlh ék{tg)g tfos 6@&8 Cﬁar%]geg[?g él*ﬁ;e l’d & Bethell
edsg@ﬁ@fr??&)?o% i nvol ved in diff er entiation down
r esAsugtyed rélevasigemiqueis Ivkvided B soenstaide tbds e$ BN4I Seedcing (A.E.

Barl%ﬁ CObrh iy ! .@OE hend bhag Mcﬁﬁrré&fs &l Ge&e%r&?,x&d Hf tBal@f etlal. SCambridge U.

ety 2} ﬁ@aﬁsscaraeﬂaa GEbe me i BoPuct PR Moy Pt S FUFTat jprnoles o
Molpaular Opcoldgn{id.HrBonemnd gbalosddi, higmeng Rrers, zgpﬁ)gahqa( Bigtogieal Sagip of Cancer
(R. @mel eOEI 596, Uaaﬁﬁdgatunw&smme@p@%)“ eaoieecular aaretiad di€fancer (J.K.

et art gnal t hough the genetic code.
W ?Ué‘%%’s 'ficayléjblﬁhr érggé listed can be determ ned by

the descriptors give in the tables bel ow, or by using
Sodrdee opSr@R®8AIsON nunber or sequence data to reference 25
public information. Marker groups artijcul ar
i nt BFgBYenfionds Aped Pﬁ@bsﬁa(ﬁ‘f°awg‘ﬁi? W““§é@P'Ef‘%’d'”B‘~? gjthESf8lis. The markers
are @hitabla tf@ridestifying, charastaipd.eind hrecipuiiog tetptad tg@as ob endifeteptidtedpluripotent

cellpy'l'hei/ %H@Qﬁﬁtﬁﬁé( foPfisetvid p@lhﬂoﬁéﬂf RISIRF fbA ﬁmar@@r%r?@% tissue, without

st BRSSP A deh Kt SPTRRAO ey Mg dpsgoed n s
appigationwill inngeperalgeyesettylonethesriyres iot iyipotgl cglil; fralbdingrempyyenivegerm cells
(U.Patehts r6§>90 622f anki {281 851, antl @S A% EGTER frddERet Maninit@dh §RBbes, such as

nont}]%mgr?grﬁn Qr cell- surface labeling and affinity
separ or because they act as receptors for

si gnal transductl on. They may have gl ycosyl ati on
EmBiytrésStamdels menbr ane spanni ng regi on. A Markov nodel

gg;ggérgcgﬁc%%;ﬂ %?I%gq%ﬂsnen?ateadr}?np bl%éq%{/sgq thlo g%%sygfepflmate species (U.S.
Pato) 6.B43,3H; Hrompamest aM Priac.riNakl.eAcam tScif UBA B2:0844, Fa96). ebtamplegpryonic stem
(hESTEYSTES bb PBhAEE Horh nurﬁsrp&a%toeyssyéns DR e BEHIquEd QBYMEE b Thomson et

in apoptosis may influence differentiation.

dycosyl transferases decorate the cell nenbrane with

di stingui shing carbohydrate dpi t opes that may play a

role in cellular adhesion or |ocalization.

Transcription regulatory factors - of interest for

their potential to influence differentiation, 40 as

expl a| ned I ater in thi s d| scl osure. These fact ors.

T o o e r - I LY
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differentiated phenotype. Expression of genes that are
up-regul ated and/or |ack of expression of genes 20

WO bat/0sd4e6 down- r egul at ed upon differentiati on PCT/US2004/008883
correlates with an undifferentiated phenotype. The

al. (d8r Raers 6,2008U6ySdicen2d2f1i1 €5 1998; Ciiri. oyl DB [BRwE 38:2331Y1998) and Reubinoff

et ANiYE eliqotééﬂgqg &y, Jowd.t I'qul(/aléMt tclal?%{pew K %eﬁg]ﬁﬁ:lu%%e teir pluripotent

VI OUS |one eCIV

IR R T D TR A A T RGN
c onthSratls @n e obtained kT burgan ergimmantad edersirgswiAtersatively, tidwitgo fertilized

avrsl |eﬁ16*y@s$ bdrEoe GG, BELRLIEI MLAsh e%ﬂ?osu&q' lfefég Eiel A8 &R Gididoyst stage

BorP so fat alyﬂr enge rgl r‘%g%ﬁeg@b glf:'Tl@gag)are %ur{ag (f: tB? ggstocyst stage in G1.2 and
G2. ?pm%%(%@nﬁt ¢tiak.& e Stegh AO:342CE9R). ) Thezark fellvrida is emovasiimeaieveloped
blastoeyses 1y @rifleRps e toireise (SyfaRThe &Hn@r Rl frggsbl %18 isoRkdd!®§ fmmunosurgery,

in wﬁkrﬁﬂ% §%As %r@ e%%% ) Qt1 .FB i L}iﬂ_)rgg rgoeb é antLrl%maaC@ierrr]%%F gntlserum for 30 min,
thony S Peskiat § B HiTeR AR POk SN iposido aFis: digkancs AUl gig complement
(Gibeh) fidre3rrain { $cdtbreadl alc érdes Nata Ayadr@eik@$A zas09bet 975)s @dtet thaturihsr washes in

DMERR @'s@@ircﬁihéﬁ&deﬁn &dis Qr@%rﬁd%@%rh i wﬁ%lt Inﬁertcgl%agﬁx‘jl\@ %g tgentle pipetting,

on culture conditlons
and %SEE@B'@S?P” g‘gﬁégdeg@y?rsdl fferentiation generates cells
haAftlay9 thar days.enies celcwassfdested ongrowdel dres dis®iated into clumps either by
expcfsm}@rl@kﬂa&ﬁlh}sand'rﬁﬁ@féghbﬂ%b pﬁ@éph&e b@'féwdyg'hr% W vﬁﬁ%l $n EDTA, by

expo%ﬂlrg t<9 E'Q‘%rsﬁéey@?' e,rdlD %¥ Imgch tlgag éi{fac%cgf re/ \Q}Beasml(griopleeet}er gnd tg?.p replated on
mEFU@ffa%'éﬁPd'Uﬁs Greywitg eeionien bgvingruadifiererfiated moipbdlogy aeipsiddistsdiselected by
micropipetté, frieehapithilyafisestiatadllitts cluripss SidBeHes: IHs ike ﬁﬁfpk&&gﬁl i€dMAracterized as

com;p‘fét ﬁogtﬁlfégmg F[Fjp% eﬂ% Iﬁ%yrw%lgbst t@%gtgqlésmpq Tn(aglron%men nucneoll qf-l(IesuItlng ES

CG“Sn%[? Kgnsroutgely; W&@’ﬂ BREIR Bt Pef (tpinizalienmsrrosusfto fRuleero’s PBS
(cone@ings2 o EDEA)expo8ie S@ tipk dVicplldgenasé ritavacehll; Wisdo) @F by selection of
indiviBhi ool B Ficr PRI HE T GumiiRE %ﬁa%bﬂ%? & 108 cG6 !al;e. o?d'rﬁil ace
antigen i s defined as positive i significantly
det ect abl e anount of antibody will bind to the antigen
Propagatign efirBA dalidn an Wdifiepotjetesctigei stry or fl ow cyt onetry

as , i onal | fter fixation of
oprT brealt yArUEs hipeseh Sl b Bl 95 Eittscgprifione et promat
prO"fétaH@rW'@@}ﬁ P@g@w dtff@reamm fEyrempigyg pervg-conteningebpmediiam ismagdé with 80%
DMEM (Ssdiiexs 3qaeski-Gut OMERINEibEd) cumc&fsmﬁbaaefmb@fétab@ovdmets%tntha@tl-lydone) or

seruﬁwhﬁpl%tk@lﬁozmw4‘}g1 '*?iretTQ%r Qloggésch a'?? n\éﬁ' Ie s’entlaf %mlno aélds 1 mM

di zation ana ranscri
L- 9'“""’\‘?’!'% e 1pr6Myfrm?ra@é>ethew&| nluwé@torq v¥p. (RTrPOFGF usachigd to 4 ng/mL
(WOSegoRn c&eraP&eh.f.i ¢ primers in standard anplification

m&mﬂ&allﬁ%‘% cgrlssare] §éfh};e\4@nzaolgﬁ ggﬂié&a@ cg) l?rt/y;y%%g %%Igasgssc?enved from

Pat ent

e OF (19 i oS 5 HaMEA STBa Ph1 MR o Kb B flevrognancy
transéegnad to@emlotyipsin/BBTA, finaynmipedal arel irdabaadaessain as3red) €08+ FBS is added, debris
is allmﬁgﬁle Eh@%n% c@lﬁﬁar@hr@?&(gfa%lflﬂ 5’63/] BM%&S ?éé/o %Mﬁta%g% ﬁl(/l glutamine. To

edln

prep?rs |a|cf%%ern<§ We@ BRiFRgAsA 4R UE'B'f %rollfgﬁt@n Eat Reraheygthgsigefdaptors that
suppedES cellsiradrafy eigadiatR)0 Zulturépipteslar@y cdie iR al.5% Geldiinmeernight, plated
with 846800 h@ﬂlﬁ'@@iﬁEﬁé"&rﬁQp bih LRkl @H% 4 Gays Y BI%@ %e ﬂédlurﬁg‘?‘eMaced with

in rIa . I munoassays: “A Practi cal
freShigg oegcﬁmts %@? P C‘%% Oxford Univ Pr ess, 2000);
q/tselﬁfé*ﬁﬁs |abG%@rmay%qﬂlg:omefrecCé¢t IPPS e pat beenireaimkd Fruarotndifeventiated state

evené%diib@afebh‘éj célls. Ao erRithmentGaNEBEARS cldteY iR fu@ecssa suR@9 duiture substrate,
assa

part nu??gg%)ﬁr éémﬁl?rgrﬁge@y%{ch p?iMﬁ%ps, amm eSThF pg’ %a(i’?ﬁ § Fglted at >15,000
can be packaged in kit form optl onally with
instructions for the use of the reagents in the
characterization or noni tori§ng of pPS cells, or 10
their differentiated progeny. Use of cell markers for
clinical diagnosis Stemcells regulate their own
repl eni shnment and serve as a source of cells that can
d| ffer ent| at e [ nt 0 defl ned cell I [ neages. Cancer

o o, a o r N B
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40 quality control, to conpare the characteristics of

undi fferentiated pPS cells between different passages
W®@r004/023408 2004/ 083406 PCT/ US2004/ 008883 di f f BCEN$2004/008883

batches. It can al so be used to assess a change in
cellcerht (optmatigaoDed emst 1r@oaetrey. nTypeatyhenzghite algestion id lfted before cells
bec&%@é&@ple@é@ i Q)%rsH@ @'a)f f gm&hacgﬁ%«rnﬁa@a IIV pl& pr@& $Pe eIO tAAB 86(?cells are then

roduce un erent |a
plat%cj;elfe@g}sgnt? H’:et%:gsnia \)@iho‘ﬁffu@ibij'é%eéﬁabn l(t)efrnagyply, the ceIIs can be harvested
withaui@hfyines eefore dtegithtemaadies copiieatesy imhibdtihg~inhdr asdlgion biy0.5 mM EDTA

in P@S: Alt@r was%ﬁg frofhQRs ol v@&@p‘tﬁe‘}le% L8 p&'fe@%t@%ﬁ’le%eéu)furja @iiSout further

|ncreases
ciogioBt T AR AT BB SerE Rt RS ity Ae Hltrbiaghg absence of
feeders atfeRorecEsqaT @S Slaioh bmyubbt@gthtaesobmreqﬁowé%e(wwoo trywsin (Gibco) and
0.053 a1l EDIMA b Bridarih @53726.f TRdvemeaifihg Sells e{ #0é Platel@d ForRBdd dnbidthe cells are
trlturta%g /uﬁtgr rphpd’eﬁgcﬁp%(omgparﬁl sl.lng h&é&ﬁ? ?,%eg Il. cﬂrg%,: aMS t&urer? E)I Iecri] %fj densities of

erenti ated’ mar
50,00€-P9%. 300 spp Cfneé‘i RypraRte Wﬁ‘é‘f@' g F"@eré'&fﬁ'ﬂﬂnt ions are
r et Reederdret aulossmale. supporedity aranntiedt, médien raftkeing farfors that support
prolﬁelﬂaltr%n 'of%@ryellso\mlth%@crhlfgﬁenya?ﬁrq %gcrﬁfé@thrg%ﬁl t%' h rc%[lc,eer&t mta the medium by

er cel extracel triXe

0“"%'89131 | '{}"eCEJ"i 8'”1 T*F@s RREERNAE syely Ifﬁcﬁﬂ’% Sk‘fé‘s@é'fr%d'at%’r( 69%5‘"") p”mary mouse
embfyenit Libwblagi$, tehwerzed tmonse fitasblasis| ors fitwettiastllikie rceNAOIDVED 6T PPS cells.

dﬁﬂ'ﬁcaﬁg ceRiRbhdad bRfhg @géééégzalt g%@r@ﬁ)&r ofI 3 |6'4<Slb*c§‘r§ k 19 BSerh free medium

rovi ded bel o
suct; 4 0 PHEVE gt et R 2D AP RGRRT T o NG Bty that has
been pangitipneddertiienye Sreuptieenisd wilks utherdFEBMnd alsedain dupport pPS cell culture
for 1023&dy§n Klférnaﬁ\iéﬂ'd)k inia@difon | der fil'ctfofs%ﬁﬁm Aabd Agk r@@lsb rt proliferation without

dlffeﬁenp%tlgr\/ esucr:h as %emgsrqor %t I ex D r(glfj glreocﬁptgr lhqﬁgfisk é)F g ? ésHJcte A3 stem cell
factqy, igaBpiRL [egeRAsS pweww@ gPASRnewlin| draRsferti lipidsy ehoteaisfol nucleosides,
pyrutl€,r 488 s&eduding @¥ddt &8H b p-nfcapasthibs Aspéctd ithe feeder-free culture method

are Hjﬂgérfcf s%ﬁ&@(‘j ‘nalht@ﬁtatﬂ)ng %{%P%‘Jb %Q%Sns%o%ﬁ)z&ﬂaﬁlﬁ%ﬁ%&% Xu et al., Nat.

gene expressi expr
BiotghE i - 001 <56 BT PRPIORIoS FGTLISRSH00. EMAHARS eiuptigpeitns testc
and ealidatedreririgaine maker 2y3teca thisdhviestidn laxe rovide@beday in Ekangneos.
r eg.llHd@rt 138 WicRlsEIFB S cfeﬁé"%eéswnﬁ h@ﬁ QU@éa%y)opFaQtﬁtc rdtids, ik RSt nucleoli,

essi.on i n

an S et ol e P AP Ty G PRI Bk for NES colls
are gfedetspecifigrempiyoric edigena(SSEANfeandtdhandouarkeesqetastible gising antibodies Tra-1-60

and ﬁ'faaln@C(ﬁ'hd?r‘is'o@@tGHl Sc%&tl QN5 @é%ﬂﬁilﬁerérﬁatféﬁﬁbdlﬂgec‘élléfﬂw t/.ho Results in the
) O
oss (RSN PG FROPEHSP ool et Pol e 86 R

d| fferent cell types will mmc that of the rrarker
Marigede undferdvtistedpRE galiseno thelr diseaitiead esqaly many of the
genes listed in this disclosure are known and further-
desibeiters ¥ldsaiiglion. praied date iprtigergisdosuteayovidst miiserm that distinguish
undlffétér{t}ﬂeﬂbBS et Rérh weiEdiffdaged pregdny.anscri ption can

%JB e¥sn$ﬁ“1‘;b%ﬁés \fe!?e B! f%ﬁ I%é\ce §i0 5?9{;1%‘?‘ esrﬁne}yf rosbodles s WO 01/51616),
and F6'|~°' iferratiaiee Jouaraf foheatessier é\gq)wﬁiﬁwg og aeticel eNORY8106) ineage.

mRNXpaessers trupbaibel agaupliieaqodtiuciey &@aise s@@l!bﬁdidﬂﬂagtg(ESWs) occurring in
freqldnby pﬁﬂé?%hln{gr{ﬁe Rlel oh%xdr@%ﬁﬁ‘%ﬁf&ceﬁl ty gouel:ng e@anlthe ESTs were

“?‘1‘ constructed In eC| '&’{@
subjgfe tﬂta‘étP'B%"F SPReRgr F1d o9t ﬁcF?W%GU*Ot”E? qopsgspo d’aqu?;(”O" -redundant)
trangcgpfi o tatah of IEW58 namredendantHeansaripts oieieviegresantd ST leRqHt ofcie 4 libraries.

Gen6d wirb theR RIeRRbILS Ha@i@g Bfistpraial etxﬁr@&%%ﬁﬁér@?thb 'ﬂhr}?ber%f EST counts of the
stens 10r

tran%H 51"5 P %tﬁ¥5?caﬁ)b? ieéem betﬁ?éen crl%qh%”%sﬁ%'g% °YALES on adenovi rus
and certain types of plasn1ds Vectors for long-term
expression include those basgd on plasmd |ipofection
or el ectroporation, episonmal=vectors, retrovirus, and
lentivirus. 35 One application of tissue- speC|f|c
pronoters is expression of a reporter gene. Suitable
reporters include fluorescence markers such as green
fl uorescent protein Iu0|ferase or enzynatlc narkers
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Mul tiple pronmoters for the undifferentiated phenotype
can be |linked for inproved cancer specificity (USSN

wa 020834461 7). 20 Ot her useful applications of PCT/US2004/008883
ti ssue-specific pronoters of this invention wll cone

r elﬂqi' dayalk%I gettoh%pem&]\g MRNFA Iﬂ@m%géﬂ clf% c@l?@gé%rwas Q§§yz@c§ for binding to a

aration or purifi

oroaPe3 GRERFT EAsP PR DRl TR PR g P ks P e in WO OV5 6
. Gaes ekesidentfiicgr & wlvisg aadiffreential dxpresdinncitien xielteyc glowed 25comparatively

d,ﬁerQ@gbﬂa@M@@ﬁ,cgﬁn@be separ ated into popul ations that are
hed . di

oy G BTG " RPRBIS 6F CUME RG] PP ST Ba iy areies o ot
obserdatfoﬁsawefﬁ@qnawé bypiselrizieyisE anabisis hThe shANAgs Bmplifipd BisRER|using specific
forwafarid6vetsR| grimsid [cbSigRd from 1l BETBANIS Seqléids Exfid eEPIngiifidafidh Wdduct was

detec%dlﬂl h%llégelecnﬁseh &ﬁ&r%gg%ﬁﬁgoﬁl nu%g‘% o%)rhrgh ﬁon clé%@&hlred to reach a
thresfpﬂ'wwawa;? ﬂ@éﬁ%{?pafeé@ewmﬁflf%@t Lhﬁ‘%fﬁ?ked ceI s, For
exeisplgaishifgaumkoeels ¢l ihts seaetalbraieggips e giibsd ofopartiwdiao mieeadt tnolude the
followfhgSO! 1 d support using an antibody or | ectl n that 30 S
specific for the epitope. Alternativel )6
cah bUaes grersaical ey epd Al ibgrieveliny %@reé'aaf%e"%&%ﬁha“ any
or | ect ihe, difieredtisteniecells, hedicating dswrsipeuidivo nuggnditieersiatiohecthe gene

t 0 fl HRGRR ?%@mmewr%ma.aﬁé the amffewagatemewper native
roach | S o take a tiss

okl crierlsay e ot & Py RS dB BT RRE ool pes
| ast e ini tomindifiaredtiatesieells, indipatity iup-eegtirionsiyringpdifepentiagon.a The gene
gﬁne &Hadcabrha@ bé mr,olv%@ ﬁh’ih@één@ﬁl diffdréhtiggh b@eesé n this way,

e
1Sl PBEe S e Pt B TR T G oo Rboet bpes
pr onoTlerencesiad deney maxbeinvelysd oifigfentiatién dpwn esstriciad lingagrs,
SURBK&S crdbo RAsdifRe Rccofdtgl 16 thB Akt of 116 géMIpkRdct or its location in the

cell. pWﬁergtr%P e{r%@ n%%at%? 5t§$1 éﬂeng yprc!:dbbqs.s canl %eﬂ:rll%;cl%%rby referencing public

mforrpp@p@pc@prg@@ @Sth@ @ﬁ@aﬂihaqce%s&gglg@ngwbé ggns@ﬁngotpe gpen reading frame after
the trarlakiorsaidrf el tiqabi hp genclitiendepFéanpes df thetnfaekars lisise canfi@rdetermined by

the d?ﬁqﬁfg&gé‘wm ti%ac b%l%@ac{r@% UQrQ:; th&Lc cgégloﬂﬁwhrgﬁ‘eh oﬂseﬁﬁnce data to reference

cen , as. alrea escrl
pub"ozofeﬁvaé%@Mfé‘ep@wp@gm&wefd@%@é inclyde e ol markers to
i n§ | ussesed ipfofetis ent ioatintarest| hor agdainpler benabsed thepndanolbe detecied by
this jy et tﬂehﬁjlt%fsﬁﬁé'r%n't alnk Yna§ RN &5 5ha8 88 $8igoring cells.

e S S S S BN Sl SRRl St e v gheosviaton

pronotiest he differentiation process. Suitable genes

ar f t BAfse tneasra@r&otaﬁé Leaferﬁbrésm f&rréﬁarﬁkﬂ)é' 'E?Jaué‘eﬂﬁé%/ @@h be used for cell-
ont og

ona £ i, B and Al sabedToh " Bepud® gietcaes o Jpespioms for sona
of di franstustian. atriew may deveaglydogyation siteg ang @rmﬁf%{ﬁ spanriingt region. A

par t i mekéy méaRl tbr dréd%ﬁ@&ﬁsmd%a\?@rpﬁ)t@f topdtg@ ls@8écribsrby tkidg et al., J.
appl i ﬁité:o(?ns ALE % ¢ following: Transcription factors
and ot Rer” &l &RBNts t hat directly affect transcription
of * ot Reymgewidsrelewtbtinglign.  FreReaRIR) eawegpﬁpl\(ep@xmg)n synthesis and
Zi c f asdvhye dremrh@ibtosis Al GRYiencéidifebitiationc allycpsyniaadierases decorate the

FLJzO?e‘cﬁzmemeaT.% %Jlﬁ%%n&%mh&?{rﬁ g@% ’egi%iglgsﬁthé%@gy aZ irorl]% in cellular

proteln B-"zi nc
10 fi AYEHOMY ICAEFIOBF cer ebel | um ZI C2; and Coup

t r ansTmhgetiption rdyaletbyriaor§ SOMMAER Yor tilirpetentiat riofueadeatiferentiation,
' nCl ugseeipl%ﬂé@ aBREEE dlsBoslAd! BosPraBd sBmitntet hg\;bezu%yfﬁ‘:ﬁé)rg or other

ers or
aC| d HFW&%@‘O%?@@W?W@S '&%{‘m#ﬁ&wdwwq uéﬁ?e'@%%r’vc?e'c acids.
interaction, such as those that encode adhesion
nol ecul es, and enzynmes that make substrates for
adhesi on nol ecul es 15 Genesl@ncodi ng sol ubl e factors
that transmt signals within or between cells, and
specific receptors that recogni ze them and are
i nvol ved in signal transduction. One way of
nanlpulatlng gene expreSS|on |s to |nduce a tranS|ent

T L T o -
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be wi thdrawn once the process is conplete. 15 WO
2004/ 083406 PCT/ US2004/008883 Since differentiation
WO 200a/08a4bd¢ | - st ep process, changing the | evel 0OPCTHES®04/008883
product on a pernmanent baS| s may cause nultiple
Thredoh dst epursp 19f $ésnwork, rise mYleahngtpaMyystntaSUrﬁd’lhét@%yS(Sﬂik@ and Notch

eméﬂée‘d%@tre@%ﬂﬁs SOPERS of ;9% ce|lé1 Iﬁiek@tﬂﬁ@rtﬁés\é éjaﬁalgys%ve L SREN shown to

t
pIaySa rgI# nntEe ?rowﬂ?i o) ﬁe?q?r&eﬁ_ﬁ{? Vﬁlglfl% li\g%g fnég eg]%?yp@? gqyplogrﬂ%gf lqyfer species.
dl f"ﬁcé‘\f éhﬁtl @ﬂnre@rhawmeeex'amn@ thatirec¢ | prre@ifiated or down-regulated upon
differenagise,rd pliren of asHhms&al %ﬂlc%n%ﬁihb@t B&hkers B &J“é’;{abgr‘ the skilled

reao%ﬁ pfh@%ﬁétlgl% tﬁét f(%llg\g }J%\nge non- Il%eﬁ % t1085¥feﬂlowe/sg#+ S%Pﬁsg emgodlments can

rou anal'ys
be igplpPefide 1ibrary such as exenpl ified in Exanple 1.
Cells that undergo an alteration of interest can be
Use @t 1 8 rad & dHdlabBRzef P@ M thaiVV L’t@é ¥ and the
responsi bl e gene i cation. The
ef fThe maokrsippovided lndfﬂMde@%'cﬁ beﬂﬁe@%@.{ ﬁéa?n‘s‘?@ldé’rftlfy%oth undifferentiated

an s e i tsa oeorsm
d Bﬁél{aﬁtﬁ{éheéll geng, F%gi}&%{[ CZT er\&]ﬂ 'ﬂ %r Idé\?cloelsceﬁsavlsqmmtwpulat[on This

E é or nor charact
can Bs e ?S?VBIHathhec?f‘Wé’F'o'&?fd?aﬁﬁet”é@qeﬁ Pre-elaling eelsnopul@imss, dets characterize
the pldrvigotend niteredorllinestye conhraitment) bfrheWIDIoBtalddch;ﬁiipm&bh@, t he

r eaﬁ%ssﬁﬁyof\’\@%le tn‘?arlte?é how l% celfﬁf \In?cptr etnclzeC ul Wditrerentiated or

nmar Ker s ater-
aitotelgo APy r 2 eéareesanwgﬁerrrv%ewetersnpém dicpsure. A pluralty of
markegr (Rsh 9s 20V £.abeS, & 6r 10 h2,s!5parrp orssekess feont Talead-3 6 SMPwill provide a

mor@deﬁa‘ﬂécﬁeﬂsgedsl‘ﬂl@rﬂﬁf lﬂ@ YRt leristMOLe B 19)(15&‘65\ & ne%% 3 down regulated
andlgg%iﬂgg%%ég% Eg gge%‘ésre %%@%’?;Bg&gla’p en?ﬁcﬁﬁ%‘@wl; isrrelates with a

d'ffer(*ﬁt@f‘?ﬁtpaﬂ@ityé? i EX%Q?F'P'S P, geSTh4Y8B2/p300Bd(dngloetcked lekiBdssion of genes
that ara dow(TBGULSELiBE QRErehihE FraaYs A% an LRRErentXRLEREDYE&Mhe markers
newlf?’ %eﬂlﬂ?d i ?rﬁ:sdd &‘PGSLP %a@@éﬁa&&edq%e%er‘ (le gro ! %?L@ ggf}(ers that were previously

or I mm
knowél‘g'g &y ‘i?giﬁ'”atﬁ“ Gﬁﬁ'@rforr"@ﬁfé?t?f@m @eﬁglt%taj@w pheagieRk. on t he

s afrgenpiank eanwinatioms otubarkérs ak@raidad ysdvhedhiethis @&I@ét@es SFdP @etermmlng
the uh&ff@ﬁtlé‘tgd @élltpﬁErﬁ)@/pb NoRbiRiighs &tfa %h? E)n;?g ?q%%nn rereasmg peptlde (GRP)

ooy ‘B'}‘%PC’C‘EY{“ME‘* wirPapEr r*}%"awe'%rasp ri9verse HanselidseelalERT) are

effecivgy @ifher aiene, orEX ANPHiIESorPGithEoel sptaee frarkés likSSSEaBadsEdes, 9fa-1-60 and
Tra- 1810 bif iftRic@ntat &bﬂk@lrs hksSosted/d. SrRgteinfifly dnférénfugtﬁc?%llg aatn§ tharker can be

used Qﬁ,ﬁg %%Hé{raéi%'éfc of c?%@?ﬁe%mg %@ﬁp? LH?egq?eqeﬁtr oDr(?pendlng on culture conditions,
early $tagp f‘?ré?F@ﬁ'f'q B % eplif differantiatipNoerieialns aneliseimving charadtgistics of stromal cells,
fibroljasepragsedehlynal eel3l @Ry boSydyIs Ghd bifler RNty SAE ﬁltérheﬁvely, a combination of

mark% t:rﬁa‘?a[c?emtlc%? éé%@raﬁ?pe@ %pc,re)f@%aq b0 28l eS8 Ig?ga%)thegﬁé%prgferentlally expressed

e prelimnar ages of

in diffg ef’tfageggﬁltsl ation prot ocol s for neurons (preNEU) or
hepstuesyaciis markem ldiiPhe deBBted lngnddn$ scigble lrhmmﬁsﬁ)gibﬂl techHigque — such as

flow @fbdhehl%tr‘{'\@fr @ellfgﬁhiye%an@g Mnrqﬁﬂnotz)ggcﬁgrhsw o efa?n g fflé?,gs qep,F or tissue

a ever
sectno?gl) ftOlu {Tﬁacglg%r gé 8% acI%\}mqr )fOeSﬁlprh ohg cgliy@n‘ace antigen is defined as
positiyg gsa)@pgaflmtl)aﬁgtectm@edunt rof cdntjmp;s véilt bihd5tot e 14htigen1iSa standard

immusedyloseitistry oraRiv@ytiakiry &y Tddisaft £dr ffﬁ('z:'lt)ﬁan"g‘fe Ik }:grta%;ﬁéglonally using a

Bl
Iabeléa%@&hfiéng%@?od ?%qu%nﬁég erregffy%g%ngu“ ng for 5 days

af thBrexpiResion) of dipsug:gResiig @ene3modupls oar also ye efparied atitie MRNA level by
Northerg b{lobamlys@odtft-lbla’tehubrgiaadire&aqﬁls o @y frév@fs@ '?rtahs%ﬁﬁéjsehlﬁéted olymerase
hain G&Hc

scr éoge(g@-tbglqobﬁl %qus mgé %%%lf ”WS{Ss!” (S)t : @éqg?rgp?ﬁﬁgqq thethods. See U.S.

clusters were resuspended in 4 miwell differentiation

medi um ( KO DMEM cont ai ni ng 20% fetal bovine serumin

pl ace of 20% SR, and not condi ti oned) on | ow

adhesion 6-well plates (Costar). After 4 days in

suspensi on, the contents of each well was transferred

to individual wells pre-coated with gelatin. Each well

was re- fed with 3 nL 40 fresh dlfferentlatlon rredl um

I Y o, . o
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preNEU 38, 206 Total 148,453 15 Al of the stem cell
lines used for preparation of the expression libraries
woweeea/0gxdgi nal |y i solated and initially propap@rt/Es2004008883
nouse feeder cells. Accordingly, the libraries were
Patef’i‘trh%I é’ g&d786 %rﬁijﬁ%eg E‘i‘a&es u%%lhee at fgrh @i LYI\%r rk%%q% mq tgsclosure can
ne retroviruses that had she Fom the fae
be O‘EF%'Pefds”OﬁYRHb‘%’B’@%%?G%?HCF #s GenBapif.ect ed the stem cel | s.
ThiTeesecadpthatsaitabler abayggstanesre Wescabade standardareBleA&Ttexts, such as the
follovﬁﬁ@rlﬁ’!h Cleqi?&XcomJé”” E@ (Jallngé&( @ﬁ@naegg' Irltyﬁ‘ana EHS? Qg?\%}ﬂapﬂ%ycle Real-

ema Vi
Tine A, HBloodn 1 ARSI (Co W Gl 895 GORRFRBIPBAY 2 munosssays
A Piattisal ESPPoaciT lamse fiselingesd. wexferd tUnibn Preen Q0@ d Cyiometrie Analysis of Cell
Pheﬂé@b& @rﬂﬁFtﬂ@ﬁ)ﬁ‘ ertﬁgf etQ\U @B@ @%%ﬁ@ge drRTEredshadoq )Nq:ﬁé%ger@g for conducting

e, 583, Bk ol E i f St Rt iR e it o,
optiopajly Wi @ewetlons\i@r*ee aeesali e deagentdia therchgtadierizidion of menitpring of pPS cells, or
their aifiE@NtARBGrogépd pl aced into a common assenbly. The

conpl ete set of 148,453 ESTs col | apsed to a

non-r edundant set of 32,764 assenblies. Exanple 2:
M@ﬁk@ﬂ@ﬂ—b‘ﬂ%@ﬁ—%ﬁéenes specific for

#grgte]én:c%ﬁsergéulge %%é gvtv% gglfaél%h(r?ﬂregtn%gt%%rge %s a %ogécgﬁgei ﬁﬁ%can differentiate
into qeﬁfﬁﬁgltcgl{jlinp@ey Cyrergeleaisodgvethp rahist geif-remave bitasl gbrpgiatien results in
uncokifslied detilar Ryifefaddr iThitb Kby Ay Gah &L Al @SSMcthaddeRey (Shh), and Notch,

are l@lwgrm?egﬁ%tok%twnﬁwffs 'n(le e%m&eéétas prbk?c?eg n]i Qnsgl‘?sglggu% ﬁ?lcate that

son o requenci

all thES?Eth%ﬁ?tBﬁtBWi‘yﬁére aef "‘Sr”h'?';r%"ée"si nd| cat es the rel at ive
abirisl anypotiodsist di ehia $wadiva trad maRNg ha nidiersdiifdoesrento menbre highly
exprés)!ébeiﬁ unélqeré@@atgg Qéé Q&%@ﬁ anye %%2&;%&9%% ged;f%ﬁéﬂ@@%ﬁcelle upon

ecte romthe expressed

el e O oA BRI 1 AR oy PSR RMAURS ol condions
assogjpield WitheabeeimilzebgroniBSsucle e kyperplesiaipri cpacetsoof darfofiekiedst Matkerd meeting

the dB&rSd Srﬂér‘a%rclu@iﬂ@& ddﬁélﬂed ih deudsiof 5 edn@s. havi ng a

dl fE s ssno {)faeltach C{%’(BL o) l;’l’[%PeF[ﬁ agletteerrgxﬁecé a?e ? % r;i)r ej%lgveélésmg a suitable
assay ]sysgeﬁésng) @ thost d@sn%edseeq'afe ARk ten Heteprpr eﬁﬁml i$ p@r redatad; withettle clinical
conditiel hat tesatisnt s s pdcieail df Yiavirly. GsfdeRFee BémbitaBdAstdn euliplerafikers may be

morel;e%%—ﬁlve f dBlh&th% %E@e@srﬁienﬁ f Ierregé%é ataeﬁjarticblgr rﬁ]a(rl'(egﬁ‘say %5 pl%(llée gﬁﬁeans by |

domal n- cont al ni ng transcription

which joyRRTeq i onenfgraRevicdiyadeayibp faesed tg Wy dirgase é'Fee k nown to
be Inexgimilesisgitbnpthe merkem bf taik Inyention ean dé Tisedteaiiuak @thuhiSor non-human

subjeeﬁbfloshaé \ﬁ@nqpe/a@@ GHIS)N ce%&b@ﬁnongﬁ H€see E%Hregeﬁ% lglrcgf%'?elngatm% pPS cells. A
iso R SEDL Lt e PRt G SEUIALEny Bl B cols would be

expeeipd tfoewﬁe icatlil be hatiestedat & figmsubserment ¢o iggfatrpent, an@thebassayed to assess
whetfl®tafy 61 R dahiist-RA JiISRRY relokag to fﬁ@%ﬁdlﬂ@ﬂ(ﬂ@t&@'pﬂérﬁ@% Reagents for

condpc(ﬂ)gﬁé%gnogﬁ? ?esgeﬁfgﬁ' c%ot{dg %H)ge oq 8?%%4% 0% s;%eﬁmc arqgocieyl can-Ee packaged

Ve 1o reach
in kitg (91 oPtiogaly V@t@ﬁ'@é’“%@'i‘semf Harige 1oh K rersierts n fhe| deteypinaiir of a disease
condii&zS cells, with a confidence of over 95% as
det er mi ned by the Fisher Exact Test, relative to the
sum of ESTs of the three cel | types (mninumof 4
Use gteaimarierse-assgss g pylate euluie copditiansypr ker s are of

pa‘i‘ﬁé ﬁwldh(@rg An@t l%%oesrt COm%?\atﬂe%%B L? thls | %Ol%: ;lper llfljg naC s(t)em for fmomtonng

sntd 3t

““d'fif?rfst a&%’l RS Ce&?r&qth%ﬂ@ﬁ@aﬁﬁ proeemaaﬁemEeT E%FW?”ES”EB used as a
qualiyy cettitPtoppepdd the Glarddgittzs biMnOiRetatidie PpP SR bdwedrkfdieRi gagsages or

14 (PRDML4) 12 1 0 O GA 11893 NM 032805 Hypot heti cal

protein FLJ1 4549 25 0 0 0 GA 12318 NM 032447

Fibrillin3 6 00 0 GA 1322 NM 000142 Fi brobl ast

grow h factor receptor 3 prégursor 9 1 51 (FGR-3)

GA 34679 NM 002015 Forkhead box of a (FOXOL a) 4 0 1 1

GA 1470 NM 003740 potassi um channel, subfamly K,

menber 54 0 01 (KCNK5), nmRNA GA 1674 NM 002701

Oct amer-Bl ndi ndi ng Transcri pt| on Factor 3a 24 1 2 0

NN N AN\ PN NN A . Y. Y. Y. Y.
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Geron I D GenBank | D Nane EST counts ES EB preHEP
preNEU 5', nRNA sequence GA 2367 NM 003923 Forkhead
Wh0040H340cOXH1) 5 0 0 0 GA 2436 NM 004329 BoneECT/US2004/008883
nor phogenetic protein receptor, typela 7 3 11
differériBVEIRIe8) ItCAL-dsode USA 18 Ads2sINMHAAESE Dulideivenditivns, tstrminertie effect of
GA 2945 NM 005232 Ephr| n
the cfihat S fle é?‘:"g Rhidys %Eg%?@ 2, 1 GA 2962 NV 00531
Pﬁeﬁh%%leéﬁé °rfﬁ°%%eplmdt§%'e?‘@le€§€‘l§r (e 18 ﬁ’eb" 6"press'°” of an
undnf@én%@ﬂnmm@@ﬁgﬂof Peciteatioy oy A~ 1 0-k2b-,(1PGDRXH 1 0®Jold B phogBessively less

prefe%%sﬁ%s%ho%ﬁérégeé\ﬁ%@ke( %L&leﬁ‘ﬁaﬁﬁé}h@ré Ber%)lma'i’ ﬁo&r&e decreases

in ma(?%[%o'&@)slo%ﬂ?y ge iurte @;egtg@%cm é%%@é)@mrﬁﬁ&s if the CQFS) retaln their ability to
form (peogerys pirll- BEep -oRm [Rydre isaretinef.aaneliog tselpee! 4bthe udifferentiated marker is
relatlﬂm&& whe\ RRPLcBlidd0 2R68urhed ohbil. 1 (SALLL), 7 1 1 0

P RIS 5 TS APl s

extra@ﬂulsw%fiw st FsHICSa e apeioo G RSB OLings{istres of the culure
as iligtradi oV db9/Lo7u1 Ind Pcaaﬁallé'ﬁor( PLEAUS6BEBR00. niRIsAatiGAs & 164 technique are
E'M% 2 10 GA9183 NM 007129 Hono
prowéé!:dgb%%@qg fal] %I% (ﬂ‘l?t(ré\gé nber > (,odd 8 1 1 Gﬁl%? N
ho # 5@1"ar5@8§95‘pf‘i‘?|r%?fkemfé?§ in ﬁqﬁmc&al%a%ys @@M)é§nd optimize
condomstiorsdiferentiating obllsh bk diffbriektatioh [Bdce@urss will lead to higher or more rapid
exprés%r@so@pﬁ‘drlle@ fdr RRChireroRIRNA SPRhMtyRN@n&ES T1ole oM hBRTrap@Sdecrease in

i ed at ed hES cell s and none were
ex”%?é‘f"ée ”é%kefsrf8ﬂ'mlf?§'ﬁer8ﬁ?ggrpﬁ V2% ed cells, which was not
statistically significant. Thus, pot enti ally useful
Use SfREIKRsrRert RabguRiiende@wpsi@ssed at | ow | evel s coul d have
been omtted in this analysis, which required a
m Difiewenmiad fexifreagion BETe. mdrkersviridcdiniibis pissigsurd indicades Hhainedch ymarker is
contn%l'lé@rbygaef?&ﬁcrﬁyonldlsrbél%tm BI@%GK‘(Q&J&H la§l 4B ForfRS LIhhia®dssue specific, causing

Th
hlgh%B%VgFVZ C?x?rresosmn Eréxlmc?hd a{: a’tedS éjeﬁls? compaﬁe%%nﬁw%ﬁ?e?en%&e ]pells or vice versa.

uency
Whep et ¢oera$pandmmfra@ﬁ@9won@isregtﬁéﬁne ﬂ*@m@nt lisy cairbied (Withrg rheeraloggys encoding
regioR 50168 lelSressibh @Y thwe @ dif e fegion aBdnChd sl pattea igdittaserit cell types will

10 Podocal yxin-1ike (PODXL), and
m'm'g%%{oqghﬁ%%ep eg‘l)en pepti de receptorérGRPR These genes

We,l\/@nﬁlap p{j:mogﬁr schlew shmanvod s gene ?t%@d@a /dﬁgg@gesare known and
furthéfodeecriaéliclskanhbrel WVherech prb@otenttas abelockeo dilly sharaotdrizdd, specifiotranscription

can &hglfy%ﬁ Qfeh % %%n&‘tﬁ§5&)ec!als§pan§ H?tlm@} avdty @@ﬁé&%ﬁ trfe%nslatlon start signal for

felns gr essed on the surface of cells. Surface
the ”?f"éhek@rt@ecl‘?ﬁw g gﬁ’ﬁPHIéCQCQQavant age t hat they coul d be
eadbleypresied befereldgans ehcopingriasivh egéading todbig embedimepETisthé gwention, a

recor%nhemt Qec&fr‘qis %Bct\é@ fn%ﬂﬂdﬁ'tﬁ@sd’e@iﬁ& ﬁrbtﬁ‘abt@ndoftlrﬁerbﬁﬂis &Rlakigely linked to the

encopdlﬁ% re&‘og ]zn Srucé Ezng n%atﬁ% it d lves E;%gga_logégﬂé en%gu‘ﬁwrgggg[ tDa'ntyangifectlon into
a suigablg| Hostaelk ehyitahig yrsier sygtgfns %ggrtsgm qxaqepsspnﬂ@wg? trpge aged on adenovirus

and cdidi) tybés 6 prhem@nt Vestded foe ebriggermAblpresitre Bclody keses based on plasmid

hpof%ﬁér}adrgf‘ag{oﬁorta#ogt%&Fﬂglvgct&gyﬁ owpsbg a‘%ﬁ%’éﬁﬁrﬁ on in

tures o ere may be
| oW E @ordipatigp of t@%rsg%cglp Bwn’merstuﬁ @@@Sﬂ@n gélrrgpoirtﬁr gehe. Swtable reporters
includé fifoesseante mbreats aueh bsgreanrflubrageerbpprteals dicifmasd adr ecdymelticmeaykers such as

alkalpﬁ@ p%’s%hét@seaan@ Waiactoé?&ag@obfhbp@p&{ers%gﬁ £ enRB4 br@&pﬁ&ycosyltransferase
[ ation. I ecgﬁt or

WO@;{O@)‘)&@“Q Iplwtrowfys pDisplay™ tqre&;gsacqqll B@'&‘CG tap%?tﬁﬁréb%%ui)tlergpmed with
labe@d spedficodrtipady sirdextihi celi® cetrlitetes wifh teherters can be used to follow the

diffeteRib %rr&?:@gs' @Fré:éﬁly p‘ﬂ@”&és)éﬁ’c% ol GBS & {h@rreb&@$%hélﬁkmg with the
o R A 0l oo eV etseS SO0 SIS OUEE e ol Zpgin m can

for differentiation. ESTs that are 2-fold nore
abundant in the sumof all three differentiated cell
types (EBs, preHEP and preNI':@ cells) and with a
p-value <_ 0.05 as determ ned by the Fisher Exact
Test, conpared with undifferentiated hES cells are
candi date markers for differentiation down nultiple
pat hways. ESTS that are reI atlvely abundant in onIy

o Y a1 I L Y T T Y 1 o o o A - - a
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GA_1735 NM 002806 Honp sapi ens proteasone (prosone, 1

7 7 8 macropain) 26S subunit, ATPase, 6 (PSMC6), nRNA
W@2001883300NM 000982 60s ri bosonal protein 121 1PGr/U8204£2008883

GA 35369 NM 003374 Vol t age- dependent ani on-sel ective

be L@M @cﬁl)w b gbtlﬁnzégultu(e\@ﬁtﬁom foﬁﬁad#f%l%ﬁt?atéﬂ %I?s7gr d?%geﬂltlatlon protocols.

Altegugtaelé ﬁgll%ﬂamngP%wgtef-l]&ﬁ?r“eglconﬂ%lﬁts g?n-lv l{fe%N gdri%screenlng, |nrmn|0h a test
compyPAIYcPMbinecamiéicing ¢t apdekragesioB or SYRPERSSIGA OB BromNE 0 aBigted with an
effediafifbuBBIR kRS cdipyiiacan 3 (GPC3), nRNA 1 6 7 12 20 WO

20040834 pgaﬁgnTeH%gp SR8 AP BT FESASP oatve o

nes er en
seleglion gprken @WB%@S'PfE‘WSEth %WF%C'%@OEWOB?@H@G expressed under
conty eNEtdsuelIHedicIDorididr 0B R b3 Asddasrpostiagly sankt for uridiffhientated or differentiated

cell C% 5!%8%%\' %r Sln%g]thel'gor%sﬁondlg )(ger{é% @A élﬁ%a promot r with the

otern at or I N
S R R A rﬁ@%a 08y G501 baABOE o Jrtug i
a tokiomommapd Géosh EhthymidihakieaseBTB twbowrail to Geghlvely slBet against contaminating

und@&Bitalel A YdiferéiREEB EBR) in ATHNPUISHON Ok 3fe NWLESKS 3PENIIBETWO 02/42445;

s nyo-inositol 1-phosphate 1 7 5 16 synthase Al
GB%%@&%R mMRNA GA 6165 NM 015853 Orf (LOC51035) 1 5 9

5 Rmm@mepmﬂcdqrﬁtmegndﬁ@rem@eqamﬂt RYeROI(PE OEB BiEq P Used &5 agneans for
targdithg cefber 3alisNM (ARG 8REL plombter Bagdhive RSprdslon tof \eegehnk A istdokiO o the cell

(WCN{%M&B%S&W@ Bé42121%%)1§r 3% Snv£ gél"rtg@ catk?éﬂeﬂré in g@[}ﬁ %ﬁiﬁ E90/46855 For
4

exa@plqcﬁnﬁdev%ﬂgew%ﬂ Wﬁ? |ﬂ§n@RF1'?79@2‘3ter HRQ#R8ER, digesothe ETa gene should
specﬁﬂMbl(}]Jﬂ@OcﬁanH’éi)@ellmmehémﬁhm dedcotiegli in MajurtPetl)l., GeBe Bhds. 8:568, 2001.
Multﬁeeqrcgrﬁdté% oV gme?&ﬁétéybhe%‘{ﬁoe gan¥ie I|ﬁke§"j%r%r§\k§ gan@ér specmcny (USSN
# ESTs of gene in Scells =
10/20ff¢fke genes in hES ceIIs) (# ESTs of the gene |n
di f®teerausefuladpplitaticek logtissug- meaiic prevngjere ofythisaigventen will come readily to the
mm@“ﬁ&ﬁ%ﬁ&}@g&ﬁd cells) (# ESTs for the gene in hES
I's _ 37,081) (# ESTs for the gene in differentiated
ceIIs = 111 372) 5 The es value is substantially >1
e PRLna @ purifigaionf f er ent i at ed phenotype and

<1 for genes tin i ff entlatlon The

Exa%fferﬁ%@'{v Seressa B P R PR G 57 s Dy mived ol
popglatimhs eani beasebayated igigi popwatians. that e 18ore Bprwegehe®s.NTJs can be accomplished
dire&i By Qéléc@ﬁb a MaREt ﬁgﬁﬁcﬁﬁeﬁenﬁt@i dr%ﬁfbr@ﬁtnaﬁe@%héﬂ'@@p@ﬂ)ﬁﬁw is M expressed

on tse ceﬁ atg%ae it é‘tﬁeqviee auses ex ressmn of a 9Ueé:%?§|‘5Pai:e %1 &gae LI'ﬁe ltope is then

can treea?
used 8s & Hanslisrbyathiopdhe rnarhnéic,qe&ﬁqan §e paysigalyiseearedign the Heﬂ%ﬁdape"s For
exa@ple, PR Sells ce®be aggaﬂgyteﬂ 8r aforf=i ko 2 G4SN, usihd én 4rdikdd@ $r lectin that

is stLﬁg%%xﬁt?% %%@Wv@% %ﬁﬁﬁer ﬁ\%ﬁ%d&ggﬁcggﬁg&gfenﬂy labeled antibody

or leglin Apckifg-tag celguaPgrsion cajt bqju}?JFCé iodhpiesaenteasieiedcglsodahe X
Al | ACuiteenativEeapeadios dd take a tisquaisheific pfonpier wieasere baséd on its expression
pattbH &l sPbe iR e %P&%ﬂo% Andusd ithd f@@lrar@cﬂpﬁonp R alger su1table for separating

the E;eélﬁ.e g%%g ﬁa%eth% n'ﬁ(f(gr f%mktﬁe RI’O%I818" is '&%os[en nee]cgblﬁog gfeﬂ 6)]9 a cell surface

protgiag ferrfsaspla the miemdiercam firive eriessior of afluordscent @nPosch & GNP, and then
cellPRQIng BeafPed Bﬁeﬁhoiyﬁb dah bE’@éﬂara@d IH@-IEAQQSin&rﬂ@tﬁlerteQz!rrf}ﬁIe hd poter drives
exp%f_ ’&)ng? %ﬁﬁ}é(ro g?eet L%lélse QX%%%%I(I)n ofat ?Lsu%ace eplt?{)e "I"ﬁea epkﬂope is then
useg) ioF ﬁqferafmrh@ﬁthqaear@mmor Yoéiﬂ@ﬁtalﬂa‘?f@i?eﬁ@%%ﬂ qlrgadaﬁescwaﬁél B

contains the sequences fromthe other three cel

types (EB, preHep, preNeu). Nis equal to the nunber

of sequences 5 derived fromthe undifferentiated hES

cells (37,081) and Mis equal to the sumof all ESTs

fromthe three differentiated cell types (111, 372).

For any given pair of pool sizes (N, M and gene

counts (c and C), the probabillty p of the table

bei ng generated by chance is cal cul ated where: p = |

NN M c! C ] /7 [(N+M! a b Al B'] 10 and where

0! by default is set to 1. The null hypothesis of a

gene being equally represented in two pools
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Is rejected when probability p < 0.05, where 0.05 is
the level of statistical certainty. Thus, genes with p
W@ 20000880@r e considered to be differentially PCT/US2004/008883
represented. The follow ng markers were identified as
cheno|no t heir ex;re %lon | evel s significantly upon
I e
markers identified wth the

tsi/g%g{):tpl gtrr}bg(mﬁelﬁloﬁ%lsanv'éﬁ’doﬁ th%dﬁefﬂ&hél@@bdﬂ)r@ésb@@er@ﬁ oRiB hvention are
causgq [S) ‘ngre@%dor i:{ﬁcr_%s%ﬂ@lr e>3prep<6 fé\c/) deg%o%ﬁgo %ﬁl%?% BQSOte the
differ@ti@io®pcesd® GuiRbB gend® a B @t ge@e@vgd i tig nopmal cageyof prjtogeny o be
actlvé ih rda'nta‘nkngltllne l]nljlffbljentla{ed Istatel Actild in the geheral Glocess af diffearerdiatign, caactive in

dlfferﬁrglanon |r% pag%&arccﬁg N‘eﬁfﬁ Me% 81r %Qe%)f(gp ﬂl'lsgd:pﬁagucfn a% t@e Qlovxflng

o Cr Yrapscaption Jactrschng otfyer e'lqn@entsdjla)t dl(eﬁtly(qﬁfetftﬁra@cypt@ 5>f o@e@%es such as
U) FérkheBd bb) 0T GFOIANZIERINAY ri@)nbérD8 QUT3)OHyOietid@t protin) FLI20582;

f(%o%)bg IbH g&q\ﬁ 51 fﬁg‘% p'r\ste SEIZ[IARAE zmc ArQerl drédteid sfzfi- 1; Zinc
o {mger ,pro,teerobcge@lI@n)ZI@? Naqd @)upo ranfcrytua_facw dl%g'thé Other
r Gandilatcd RLIDICnddeGnaizd in Tbled 5/&nd 4)with Werynhb@@damﬂLe@factors with

zmcf@ggﬁ?dgcldggﬂmbl%%ctng%(? J-LOLQ N C OO0 . r

'N Geyegy thatCaflugnge cath intergetign, sHch aéghqa_lsﬁlth% ?c %i%%\?lo(nungﬁcules and
J B AhED nfkd bubsichids fbradiésdnMoecdies C 0 mQ ~ a' LO N
O 8enes enI §c&$9 soILBbe ct(ﬂg tHatEtra%ert Ebneﬁ% Wit ©F Eet@e& ée(llp ad specific

<n
receptors that recognize them and are lnvolved in S|gnal transtLtjlon

One way of manipulating gene expression is to induce a transient or stable genetic alteration in the cells
using a suitable vector, such as those already listed. Scientists at Geron Corp. have determined that the
following constitutive promoters are effective in undifferentiated hES cells: for transient expression CMV,
SV40, EF1a, UbC, and PGK; for stable expression, SV40, EFio, UbC, MND and PGK. Expressing a
gene associated with the undifferentiated phenotype may assist the cells to stay undifferentiated in the
absence of some of the elements usually required in the culture environment. Expressing a gene
associated with the differentiated phenotype may promote early differentiation, and/or initiate a cascade
of events beneficial for obtaining a desired cell population. Maintaining or causing expression of a gene
of either type early in the differentiation process may in some instances help guide differentiation down a
particular pathway.

Another way of manipulating gene expression is to alter transcription from the endogenous gene.
One means of accomplishing this is to introduce factors that specifically influence transcription through
the endogenous promoter. Another means suitable for down-regulating expression at the protein level is
to genetically alter the cells with a nucleic acid that removes the mRNA or otherwise inhibits translation
(for example, a hybridizing antisense molecule, ribozyme, or small interfering RNA). Dominant-negative
mutants of the target factor can reduce the functional effect of the gene product. Targeting a particular
factor associated with the undifferentiated phenotype in this fashion can be used to promote
differentiation. In some instances, this can lead to de-repression of genes associated with a particular
cell type.

Where the gene product is a soluble protein or peptide that influences cell interaction or signal
transduction (for example, cytokines like osteopontin and Cripto), then it may be possible to affect
differentiation simply by adding the product to the cells — in either recombinant or synthetic form, or
purified from natural sources. Products that maintain the undifferentiated phenotype can then be
withdrawn from the culture medium to initiate differentiation; and products that promote differentiation can
be withdrawn once the process is complete.
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Wc oY YcCl v) aa) cca) a -0 NwLA OCA a Lac) U
QO Ln2NCLO2aU WaOOOOCOQOaccl) ??
WO p00a/08340d. L N C .a 'd" @- co cL 0- O E> CO Ne@I/BS1004008883
CN> 0 ECODU.0 COEO cOE Ea nnoQnlLL.~,
t i Ginteifferentiation B acowti-Eeiprocdss) car@in@ire+eval d gihegrodict)ona permanent

basuse?’r'xae/J caus%%ultlfl@ -offlbtsS r?scf;rleQnéic%cQsd Rehay lb& Ed@%a&% tgoaQecﬁ gerd e\fpressmn
in a tR[“B‘ZSaerﬁﬁh‘@j‘ Ftt(ea)elb sqotuerN °n lf? tr}e pa}ﬂHvab uNcaselthe spme faetoroulayg different
effect€@ @fe@nChippsrrhififferDti@io® RprERRQT:, Mnci{bn@(}trm@cnp@)w f@otads ¢_a@)be evaluated
by c ng e 'reSS|5n Gﬂnc@lduaﬂ—@nes Co@ by nﬁbl@\g@h@ptlﬁ)@@t %@s@ (kg cDNAs

obtauag 6’6‘ ?11 suﬂalae lltfﬁ\rbauclh as (3X?\|m‘f_l8q_lﬁ Eéﬂnq_ec) LC&§S tﬁ%ungﬁzr% %n r%eratlon of
interelst ¢ANC® @dney endorylleg\from Mpuirwallrplates, pM therespensigleqyene @9@”@1 by PCR
ampn@a@)@OOOOOOO O11-rl rl 2-rl rl rl 1 - rl

rl TI"\le ef%Bt %f u a)orC§ w@rgg@ﬁ@ %S%IOﬁyﬁ&%aﬂl%@H %ng%ar? Ze getgrmmed by
e"a'uzwzt‘ﬁ)%eﬁﬁ%@‘oﬁ@?@%@tW@C@dﬁﬁﬁénd the@<pressign o efher chsracteyistiqanarkers.
Besides MermdkeksQistdd s inGhi© diclesue@, e@eddeOnd) vnOio@oIBw@he:ife@® dD particular

cell tﬁe@u@n@ngk&)s for Qe@t% Qr @rr@n@y QetentBited @elﬂslTlgéhe%gecih@ nfark@rs suitable
for th@ p%osecare [ésteQn W)((') q_@1 %9 (E %@?ﬁcfs),w%%ééﬂ Of} ae %I c&?% P(ﬁllllSOZ/ZOQQB
(ostegligsts) and~ rogBe@hynpal L@llsN (E’JCT(US@Z/@BAIQ (j(c)arcﬂlor@yoq:ytesa PCT/US02/39091
(hemQ@ﬂoxe‘tlc Qg;llsé\ bCT/US@ﬁQO@:XISIQt) c@k)) 4l ) PATYI9%02/850 90! Och&\frowtes) Such
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00 It LO) |The e)@n'geﬂthe( fp o&/)are provided for further illustration,

and are not meant to limit the claimed invention.
EXAMPLES

Example 1: An EST database of undifferentiated hES cells and their differentiated progeny

cDNA libraries were prepared from human embryonic stem (hES) cells culiured in
undifferentiated form. ¢DNA libraries were also prepared from progeny, subject to non-specific
differentiation as embryoid bodies (EBs), or taken through the preliminary stages of established
differentiation protocols for neurons (preNEU) or hepatocytes (preHEP).

The hES celi lines H1, H7, and H9 were maintained under feeder-free conditions. Cultures were
passaged every 5-days by incubation in 1 mg/mL collagenase IV for 5-10 min at 37°C, dissociated and
seeded in clumps at 2.5 to 10x 10° cells/well onto Matrigel™-coated six well plates in conditioned
medium supplemented with 8 mg/mL bFGF. cDNA libraries were made after culturing for 5 days after the
last passage.

EBs were prepared as follows. Confluent plates of undifferentiated hES cells were treated briefly
with collagenase IV, and scraped to obtain small clusters of cells. Cell clusters were resuspended in
4 mb/well differentiation medium (KO DMEM containing 20% fetal bovine serum in place of 20% SR, and
not preconditioned) on low adhesion 6-well plates (Costar). After 4 days in suspension, the contents of
each well-was transferred to individual wells pre-coated with gelatin. Each well was re-fed with 3 mL
fresh differentiation medium every two days after replating. Cells were used for the preparation of
cytoplasmic RNA on the eighth day after plating.
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preNEU 38,206

Total 148,453

All of the stem cell lines used for preparation of the expression libraries were originally isolated and
initially propagated on mouse feeder cells. Accordingly, the libraries were analyzed to determine whether
they were contaminated with murine retroviruses that had shed from the feeder cells and subsequently
infected the stem cells. Three complete viral genomes were used in a BLAST search: Moloney murine
leukemia virus, Friend murine leukemia virus, and murine type C retrovirus. No matches with a high
score were found against any of the ESTs.

The sequences were then compared to the Unigene database of human genes. ESTs that were
at least 98% identical, over a stretch of at least 150 nucleotides each, to a common reference sequence
in Unigene, were assumed to be transcribed from the same gene, and piaced into a common assembly.
The complete set of 148,453 ESTs collapsed to a non-redundant set of 32,764 assemblies.

Example 2: Selection of marker genes specific for undifferentiated and differentiated cells

Candidate markers were selected from a database based on the imputed level of gene
expression. The frequency of ESTs for any particular gene correlates with the abundance of that mRNA
in the cells used to generate the cDNA library. Thus, a comparison of frequencies of ESTs among the
libraries indicates the relative abundance of the associated mRNA in the different cell types.
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ldent@e(b ag l@am% aerghffe@ah% GLXB'%?' an[)Jg n @e@gl\lup or Flovgn rﬁ;_ulq?ﬁg) during the
differeiafidD mecess, )f the bbup) ofGST s| fequencedd] in thg llLﬂglffEl]gn’[IaWdQeHS Wapubstantially
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three@RIl §9PesC 8325enbé Wer®idOhhkiG)erd 2-OIdQrdateDnBs €118 with aCBhiidere ofover 95%
asd é’mlngd % té: )ébé(a%t 1lzeslZ {:%tlze t% tlé s%m%f EST?S & Q\emeé\l:ehla,% C@lmmum of 4
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TABLE 2: EST Frequency of Genes that are Down-regulated upon Differentiation of hES cells
Geron 1D GenBank 1D Name EST counts
. ES EB  preHEP preNEU
GA_10902 NM_024504 Prdomain containing 14 (PRDM14) 12 1 0 0
GA_11893 NM_032805 Hypathetical protein FLJ14549 25 0 0 0
GA_12318 NM_032447 Fibrillin3 6 0 0 0
GA_1322 NM_000142 Fibroblast growth factor receptor 3 precursor 9 1 5 1
(FGFR-3)
GA_34679 NM_002015 Forkhead box o1a (FOXO1a) 4 0 1 1
GA_1470 NM_003740 potassium channel, subfamily K, member 5 4 0 0 1
(KCNK5), mBNA
GA_1674  NM_002701 Octamer-Binding Transcription Factor 3a 24 1 2 0
(OCT-3A) (OCT-4)
GA_2024 NM_003212 Teratocarcinoma-derived growth factor 1 20 1 0 0
(CRIPTQ)
GA_2149  NM_003413 Zic family member 3 (ZIC3) 7 0 1 0
GA_2334 NM_000216 Kallmann syndrome 1 sequence (KAL1) 5 0 1 0
GA_23552 NM_152742 hypothetical protein DKFZp547M109 6 0 1 2
(DKFZp547M109), mRNA
GA_2356 NM_002851 Protein tyrosine phosphatase, receptor-type, 10 0 0 0
z polypeptide 1 (PTPRZ1),
GA_2357 NM_001670 Armadillo repeat protein deleted in 6 0 0 0
velo-cardio-facial syndrome (ARVCF)
GA_23578 BM454360 AGENCOURT_6402318 NIH_MGC_85 6 0 0 0

Homo _s_qpiens cDNA clone IMAGE:5497491
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a) a) Na) Or Ip.r cEdNNCOIF) L)Q) . RRGF‘EP preNEU

CA N ON ONmfNAsengn® Or N O Och—CM C-Wl)

OV=- OLOOONOT '"Kt OONNOTr zZt=CDCL QW
GA_236T0 NMODA90230 Farkhea@ bt &1 (OQXH1) N ' |- d° O5a) 70WN dO 0

cot LOCOIt COKt NCOLOCO a) 0 Qcucz Q
GA_243dy. NI_004329 No@® @ombogenstis pto@irapce@lor,@pglaW I= vl &) c U)
C- U- OOBMERMIMHLKEICL /~OOCY LLTr T_Li. CL U
GA_244%) anNw_00d2335) BdnemdrrovestOmal aNtigeh 2QBN-2n _ r 3 | Q0 CO 3
'/ (Dnn Omc =r COO0-,2LCLUQ 0Oo0a 0>-E
GA_2948 =N®_0d5k33)Ephriddype-a ﬂecé’ptdﬂ@EFlHAQ C?c Q>50U(u Qa
fn2LVvCLa) :0 0) (DEm~-0CQU(n) 0 Wa) C
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GA_2968) RM 005684 Nidelin-reididsify pepiide feteptr [RP-R) cO 4) as oC CO @ 0
(q-O+~ r C as No7CNCOOLUCLO-01=0 < FM™M
GA_2988) ®MCbos3s7 Polocalyxin-like (PODXL) 59 23 5 8
GA_3337 NM_006159 NELL2 (nel-like protein 2) 5 3 2 0
GA_3559 NM_005628 Solute carrier family 6, member 8 (SLCBAS) 5 1 0 1
GA_3898 NM_006892 DNA (cytosine-5-)-methyltransferase 3 beta 49 2 3 1

(DNMT3B)
GA_5391 NM_002968 Sal-like 1 (SALL1), 7 1 1 0
GA_33680 NM_016089 Krab-zinc finger protein SZF1-1 15 0 1 0
GA_36977 NM_020927 KIAA1576 protein 9 2 1 0
GA_8723 NM_152333 Homo sapiens chromosome 14 open reading 14 1 1 3
frame 69 (C140ri69), mRNA
GA_9167  AF308602 Notch 1 (N1) 6 2 1 0
GA_9183 NM_007129 Homo sapiens Zic family member 2 (odd- 8 1 1 0
paired homolog, Drosophila) (ZIC2), mRNA
GA_35037 NM_0044286 Homo sapiens polyhomeotic-iike 1 34 9 5 4

(Drosophila) (PHC1), mRNA

Only one EST for hTERT was identified in undifferentiated hES cells and none were detected from the
differentiated cells, which was not statistically significant. Thus, potentially useful markers that are
expressed at low levels could have been omitted in this analysis, which required a minimum of four ESTs.
It would be possible to identify such genes by using other technigues described eisewhere in this
disclosure.

Three genes were observed from EST frequency queries that were of particular interest as
potentially useful markers of hES cells. They were Teratocarcinoma-derived growth factor (Cripto),
Podocalyxin-like (PODXL), and gastrin-releasing peptide receptor (GRPR). These genes were not only
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TABLE 3: EST Frequency of Genes that are Upregulated upon Differentiation
Geron ID GenBank ID Name EST counts
ES EB preHEP preNEU

GA_35463 NM_024298 Homo sapiens leukocyte receptor cluster (LRC) 0 4 9 8

member 4 (LENG4), mRNA

GA_10492 NM_006903 Inorganic pyrophosphatase (PPASE) 5 5 6

GA_38563 NM_021005 Homo sapiens nuclear receptor subfamily 2, 9 8 9

group F, member 2 (NR2F2), mRNA

GA_38570 NM_001844 Collagen, type ll, alpha 1 (COL2A1), transcript 15 31 5

variant 1
GA_1476 NM_002276 Keratin type | cytoskeletal 19 (cytokeratin 19) 26 14 38
GA_34776 NM_002273 Keratin type [l cytoskeletal 8 (cytokeratin 8) 71 144 156
(CK 8)
GA_1735 NM_002806 Homo sapiens proteasome (prosome, 7 7 8
macropain) 26S subunit, ATPase, 6 (PSMCB6),
mRNA
GA_1843 NM_000982 60s ribosomal protein 121 7 48 42
GA_35369 NM_003374 Voltage-dependent anion-selective channel 5 6 10
(VDAC-1)
GA_23117 NM_004772 P311 protein [Homo sapiens] 5 7 6
GA_2597 NM_138610 Homo sapiens H2A histone family, member Y 5 5 14
(H2AFY), transcript variant 3, mRNA
GA_3283 NM_004484 Homo sapiens glypican 3 (GPC3), mRNA 6 7 12
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The relative expression levels were calculated as follows:

(# ESTs of the gene in hES cells + total unique genes in hES cells)

es

i

(# ESTs of the gene in differentiated cells + total unique genes in differentiated cells)

i

(# ESTs for the gene in hES cells + 37,081)
(# ESTs for the gene in differentiated cells + 111,372)

The es value is substantially >1 for genes marking the undifferentiated phenotype, and <1 for genes

indicating differentiation.

The Fisher Exact Test was used to determine whether changes were statistically significant.

10 S. Siegel & N.J. Castellan. Nonparametric Statistics for the Behavioral Sciences (2nd ed., McGraw-Hill

NJ, 1988). This is a standard test that can be used for 2 x 2 tables, and is conservative in declaring

significance if the data are sparse. For analysis of EST sequences, the tables were of the following form:
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p=[N'MclCl]/[(N+ M) al bl Al Bl]
10

and where 0! by default is set to 1. The null hypothesis of a gene being equally represented in two pools

is rejected when probability p < 0.05, where 0.05 is the level of statistical certainty. Thus, genes with p <

0.05 are considered to be differentially represented.

The following markers were identified as changing their expression levels significantly upon

15 differentiation. The markers identified with the symbol “®” may play a role in the regulation of gene

transcription.
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Ch dibothbisehbd 6P efserimpnt) 162 16¥eCbiQekd &pfAssibrivd £3sfdd @t tHelMRMA level in
microaf? OoCooOoo0o0ooO0oO0oO0O0 210 11 rerrre el
P11 111111 Qo C L Q o A aan aQO 0.
nGepps wergy, selgsteq\frem dies pgy-rpdunganbsey ) qepe @syorpblies fiqmy the Jour cDNA
libraries descf@e@iM\Exanple 1, b&3e@on GeiOn@ell) £Bd (PbssDIcOntEIeSt & MafReld. AG Additional
7,000 &a%ué&e-wrifﬁ %‘heg ReeVbRne@irdéh R&%Ia%ﬁ‘ Q@%etic@?&\-lludg_ﬂsvgl)a é@%}arﬁli)ir&forporated

into an&aﬁ@tf{nﬁ g trgé@a%{r%gol\lf% r?lz%s%eémiqg gRﬁe[sC %acl'hc):loze wap pro%otgrnight in
96-welhio@maDrnd ONEQuEIRANsingl thé Qisgen G-well(PNA ki Tige MNZOtapmplatesO@ere PCR
amplifi€n-108L tdattiohS) PER plodibtMas khen lurifidd ubify Re rradltM PoR Afrification Kit
Telecf?eo I\%(r)l I_quCQ J t cL(r)'T rt dmemu ac%?er Osfer‘ ctiCIns) Po }JNtOwaNs rdrir down
( e RYPO?‘@@W&) | . I\ria?OC?ﬂ?l.-.ﬁq ’
resusperidegt indd® %4 PMSQ and/Amgyitth Nigrersiniing sgl):tiqp Iechern.g Synyvale EAR3Nnd arrayed
onto GAP¥™mird s)lar catbx EideCahing I, Bcton MA) dsing@ @VS 417 WUrialer (Affymetrix,
Santa %;araéocg.mg‘r%gr}tzngzéida%%é Bu@diﬁac\hn%s’ngvhéa&%—, CSJagédOQt)osog fés] h, then
blockeghwith succinic anhydride. -

Total RNA from undifferentiated ES cells, embryoid body cells (EB), retinoic acid treated
(preNeu), and DMSO treated (PreHep) cells S, EB, RA-treaied, and DMSO-treated celis (10 pg, 15 ug,
and 20 pg for sensitivity) was then reverse transcriptase labeled with Cy3 or Cy5 fluorophores, and
competitively hybridized to the microarrays overnight at 42°C in 50% formarmide and Sigma hybridization
buffer. Undifferentiated ES RNA was directly and indirectly compared with FRNA from all other cell types.
Experiments were repeated at least 5 times each, and dye reversed. Stratagene Universal Human
Reference RNA (Cat. #740000) was used as the indirect comparator. Arrays were washed repeatedly
and scanned using a GenePix™ 4000A microarray scanner (Axon Instrumenits, Fremont CA).

Image processing, data extraction and preliminary quality cortrol were performed using
GenePix™ Pro 3.0.6 (Axon Instruments). Quality control calculations involved quantifying overall signal
intensities, statistical means and medians of pixel intensities and spot morphologies. Exiracted data was
further analyzed based on statistical algorithms of signal-to-noise, sensitivity range, and reproducibility.
Data was then loaded into the GeneSpring™ database and analysis prograrm. Of particular interest were
genes that showed reproducible expression differences of 2-fold in either direction, especially when the
change occurred upon differentiation to all three differentiated cell types.

The following table lists genes that were identified aé being downregulated or upregulated in their
expression level upon differentiation into EB, preHEP, or preNEU cells. EEST counts are provided from
the data generated in the previous example.
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LO LO L&Y CO COCOOCSI C CSI CSI co | CO Col
GA_12173 N@Y)21€8 g&on&LaniabbulBt agd (GABA) A a a.3B7a @/ a asa a § 0 g 0
0Cl) O GBe@orOBE3IGABBBY C 3 C3 C7 C7 64 WO
GA_37606 NRIOOMH B BKphoncdifoliSRdedaRdfdRg O Od9 N.g3dC) 4O N3 r g 0
O N N L@o@nQPEPEZ) O OO O O0OO0O000000000 co O
GA_1470 N 633ER GbtRsOm@n&ing), @b@n@r @n@mb@k llggl | 2‘47 LT 41 Tigllh g 1
I 11 1 BHANKS) |1 |1 1]. C Cc2 CL 0. Cl
GA_2937 N@LOC@@ vBrk skrborfa vnruQGT10>8nteﬁQ O M2@ O:5378O Oét Cq 0 0
CO N O ethdRgQuvianpiikd(€RID)O Ci 1 Or O O O 0] O O
GA_10513 N @3%90@ QeraQsc@oéa CSL6694(16‘5 yJ co Uy U) é"égu cry QOU) 2 1
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GA_36420 N@ 001%269 ﬁzﬁ% 80%% &é ﬁk@p ﬁgg Cg\%s C(,)4 CQ7 1M 47
GA_1677 NQ_003712 phosphatldlc acid phosphatase type 2C -2.46 -2.71% 1 0 0 0
(PPAP2C)
GA_36793 NM_152295 threonyl-tRNA synthetase (TARS) 218 -35 8 4 1 6
GA_7151 NM_017488 adducin 2 (beta) (ADD2), transcript 421  -2.03 4 2 2 0
variant beta-4
GA_12053 NM_001986 ets variant gene 4 (E1A enhancer binding -2.76 -2.04 0 1 0 4
protein, E1AF) (ETV4)
GA_1798 NM_000964 retinoic acid receptor, alpha (RARA) 276 -3.3 3 2 0 0
GA_5617 NM_014502 nuclear matrix protein NMP200 related to  -2.19  -2.33 5 3 4 2
splicing factor PRP19 (NMP200)
GA_2753 NM_000582 secreted phosphoprotein 1 (osteopontin) -3.78  -3.32 3 6 2 39
(SPP1)
GA_7151 NM_017486 adducin 2 (beta) (ADD2), transcript -3.34 -2.18 4 2 2 0
variant beta-6a
GA_36775 NM_000918 procoliagen-proline, thyroid hormone -2.01 -2.65 12 28 10 22
: binding protein p55) (P4HB)
GA_1086 NM_133436 asparagine synthetase (ASNS), transcript -2.27 -2.53 6 5 3 13
variant 1
GA_2928 NM_005163 v-akt murine thymoma viral oncogene -2.79 -345 2 10 2 5
homolog 1 (AKT1)
GA_33799 NM_003250 thyroid hormone receptor (THRA) -4.28 -4.44 0 2 0 1
GA_37861 NM_021784 forkhead box A2 (FOXA2), transcript -3.56 -2.99 2 0 0 0
variant 1
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Example 4: Specificity of expression confirmed by real-time PCR

To verify the expression patterns of particular genes of interest at the mRNA level, exiracts of

5 undifferentiated hES cells and their differentiated progeny were assayed by real-time PCR. Cells were

cultured for 1 week with 0.5% dimethyl sulfoxide (DMSO) or 500 nM retinoic acid (RA). The samples

were amplified using sequence-specific primers, and the rate of amplification was correlated with the
expression level of each gene in the cell population.

Tagman™ RT-PCR was performed under the following conditions: 1 x RT Master Mix (ABI),

10 300 nM for each primer, and 80 nM of probe, and 10 pg to 100 ng of total RNA in nuclease-free water.

The reaction was conducted under default RT-PCR conditions of 48°C hold for 30 min, 95°C hold for 10

min, and 40 cycles of 95°C at 15 sec and 60°°C hold for 1 min. RNA was isolated by a guanidinium

isothiocyanate method (RNAeasy™ Kkit, Qiagen) according to manufacturer's instructions, and

subsequently DNAse treated (DNAfree™ kit, Ambion). Gene-specific primers and probes were designed

15 by PrimerExpress™ software (Ver. 1.5, ABIl). Probe oligonucleotides were synthesized with the

fluorescent indicators 6-carboxyfluorescein (FAM) and 6-carboxy-tetramethylrhodamine (TAMRA) at the
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GA_1329 NM_002015 Forkhead box o1a (foxola) * -1.6 -2.9

GA_1470 NM_003740 Potassium channel subfamily k member 5 ( TASK-2) -1.6 1.0

GA_1674 NM_002701 Octamer-binding transcription factor 3a (OCT-3A) -3.7 -7.7
(OCT-4) **

GA_2024 NM_003212 Teratocarcinoma-derived growth factor 1 -4.0 -12.5
(CRIPTQ) ***

GA_2149 NM_003413  Zic family member 3 (ZIC3) ** -1.7 -5.3

GA_2334 NM_000216 Kallmann syndrome 1 sequence (KAL1) * -1.1 -2.5

GA_23552 BC027972 Glypican-2 (cerebroglycan) -1.5 -1.2

GA_2356 NM_002851 Protein tyrosine phosphatase, receptor-type, z -1.7 -3.3
polypeptide 1 (PTPRZ1) *

GA_2367 NM_003923 Forkhead box h1 (FOXH1) ** -1.8 -5.6

GA_2436 NM_004329 Bone morphogenetic protein receptor, type la -2.4 -2.4
(BMPR1A) (ALK-3) *

GA_2442 NM_004335 Bone marrow stromal antigen 2 (BST-2) 1.1 -1.9

GA_2945 NM_005232 Ephrin type-a receptor 1 (EPHA1) -1.3 -1.9

GA_2962 NM_005314 Gastrin-releasing peptide receptor (GRP-R) ** -6.3 -9.1

GA_2988 NM_005397 Podocalyxin-like (PODXL) * -2.6 -4.3

GA_3337 NM_006159 Nell2 (NEL-like protein 2) -1.3 -1.3

GA_355¢9 NM_005629 Solute carrier family 6, member 8 (SLCEGA8) -1 -1.41
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B. GA_9384 NM_020997 Left-right determination, factor b (LEFTB) ** -16.7 -25.0
GA_12173 BCO010641 Gamma-aminobutyric acid (GABA) A receptor, -2.8 -5.6
beta 3 *
GA_10513 NM_033209 Thy-1 co-transcribed *** -12.5 -11.1
GA_1831 NM_002941  Roundabout, axon guidance receptor, homolog 1 1.1 1.0
(ROBO1),
GA_2753 NM_000582 Secreted phosphoprotein 1 (osteopontin) *** -3.8 -10.0
GA_32919 NM_133259 130 kDa leucine-rich protein (LRP 130) -1.9 -1.9
GA_28290 AK055829 FLJ31267 (acetylglucosaminyliransferase-like -2.3 -4.5
__protein) *
C. GA_28053 T24677 EST **** <-100* <-100*
GA_26303 NM_138815 Hypothetical protein BC018070 *** -3.2 -10.0
GA_2028 NM_003219 Telomerase reverse transcriptase (TERT) * -2.1 -2.3

Example 5: Selection of markers for monitoring ES cell differentiation

Genes that undergo up- or down-regulation in expression levels during differentiation are of

interest for a variety of different commercial applications, as described earlier. This experiment provides

an example in which certain genes were selected as a means to monitor the ability of culture conditions to
maintain the undifferentiated cell phenotype — and hence, the pluripotent differentiation capability of the

cells.

Particular genes were chosen from those identified as having differential expression patterns,

because they are known or suspected of producing a protein gene product that is expressed at the cell
surface, or is secreted. These attributes are helpful, because they allow the condition of the celis to be
monitored easily either by antibody staining of the cell surface, or by immunoassay of the culture
supernatant. Genes were chosen from the EST database (Groups 1), microarray analysis (Group 2), and

other sources (Group 3).
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an E&E%p@&@ﬁ%n@@r%vr}églm%hfcﬁglc a|>ga9<g£ ?“a gwgmhé} of g lf':’fG%CéFl(l}rJgnjélly It has been

omesBIRMEE) ST AP FL HIAPNPLPISp/ NoF g Wigh (i F3AAl for mesoderm and
endoddie] ferolaton in HerebptealegesldBAenidieb @al, djotdulacTHliG:9@ARSBTITY] The finding that

CripB 8 dXPreSe G%%?er&w@ﬂ&?ﬁl urdiftefBBatd dPRISRI NG ek Ghat NEEH QQP M@ortant signaling
&% Is

t
mo"%ﬁé %9%?’? ["PS tﬂﬁro esg‘féga'\ﬁ%q/‘grp%fﬁfaﬂ?'?reg and snap

he&ZO8YL ean&e tr &rensB@mprane dialpproteihdimt isobhyeikadiy limeti Ho the cytoskeleton.
PODXU %@uwe&e@férh\éﬁdsl #AGnhibksr of &diaki e{a%lénrdﬁgha’sfweh frsii Ml ir4h 8 Embryonic

deveFng{T‘ of %he E%Kéo%;jgcyt%o%emg@eglg ro er? ﬁr nfﬁggli)ﬂt gﬁe‘l}n e@ressed on
und'fEBen’ﬂMh aycpe aampomeaweéa@t@@m@m ool migmetipy, 15 pg,
andh@ Re@orfi@rgasem elehsing peplideWBSPY I8 QIG-pReRI ®8pled receptor that mediates

numérE%nrﬁ&cfd OQF %@tslo@%hﬁggw%é B%Jgégé %clu@{gs refgljlgf?ornocp gg{ gc‘?’d secretion and

tivel

satleyvebrq.ril c‘g"l] oleahas é?@bp(ﬁ] @@%sﬁaﬁfﬁhqm P CGERE lrg;,ogm growth of cultured cells
and Inyioral cemakiiaondevbofriieat.. CGREI dleGBPR instycick BSofNA aviitens that act as
morﬂhb%e‘ﬁgﬁ|n¥rn%n&§vé15‘[gﬁern?&'hlc¥nc@ronpar ed with RNA from all
er cell types. 20 Experinents were repeated at
Ieast 5 ti mes each and dye reversed. Stratagene
2 2 2 2 Oditions#740000) was used

aSThlE' BXeinfbdal |lrtesQﬁHm|ﬁt§/ aﬁtﬁkf dlffe"énflﬁly SxNEsE YeASHBhtified according to this
inver(tlgrp ﬂff}\ %%IXatlor? Qf%uﬂch?e %Rgoqmgr?‘tls Q{i}alﬁe t%;? rqg rﬁzca?é-nq% P{ggﬁ%%%em cells.

| nﬁ@é’egﬁ art%rg?%@ of %Qxﬁe@?f“r'a&’f‘ic'@)ﬁE%ﬁ%llsﬁf et lipgmpre maintained for
multipfel @hdstges Goditigralt magin.e Mpditrh osrditiohed iith Geedéramravidds Richrs effective to
allom?’hé)s @ellg'%(%%lnleﬁﬁet FnUéEﬁmE %thougdﬁgr‘eht}étu@o [élé\.%verc %bl%h??n' HeBnditioned

i nvol ved quant i f overa tens
medidnJp498 {19 (3P OhHgn dg?{amﬁ@amaﬂawéa? Wity inprapsingshargeniags, plgthe cells
shov@gotecraasep kxrresgior sf. CIEX(E madkereidr ehdbtheliabs!id, Gisrbihiasts, ambdeytaie gdrogenitor
cellsP ARk SMysis has bsitnapl sedgpri thms of signal -to-noi se,

sensitivity range, and reproducibility. Data was then

| oaded into the GeneSpringTM dat abase and anal ysi s

program O particular interest were genes that

showed reproduci bl e expressiZ8n di fferences of 2-fold

in either direction, especially when the change

occurred upon differentiation to all three

differentiated cell types. 30 The follow ng table

Ilsts genes that vere |dent|f|ed as belng

e~ 1 N | L
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RA DVSO ES E8 preHep preNeu GA 1674 NM 002701 PQOU
domain, class 5, transcription factor -3.61 -10.68 24

WA 204083404 POUSF1) GA 9384 NM 020997 | ef t - ri ght PCT/US2004/008883
determi nation, factor B (LEFTB) -4.88 -5.48 4 0 1 0

ggrﬁguu%%ﬁ%g’%mﬁ@g %ﬁ%ﬂ‘r‘tm&% Qg f% bﬁﬁﬂ'ﬂ%ggféregr%% 88 calyxin-like

prote@élﬁ@?éurgﬁph@gldwrﬁ@ 3583VY ag m@g)s ofpdetesmiging ihe degyeerofdifigrepfiation of the
cells. Bite plpassagdsdb andBndifcABRBY)VOBA1 BABHEN bbAtAIROd ah/mL bFGF, all 5 markers
P ' bond 189
show &Bém lﬂ&sﬂa‘égeeﬁgd %@E%Ejg% Rlﬁl/lq0037lg‘r 0 Ag%tga %léugmé &pgssmn has
decreef?ﬁr?ﬁéi’ 1%0’6f1 rﬁ’rj K, menber -2.93 -2.47 4001 5
( KEIQK@)5 QBO\WQQBISWSMVB@G@EWWV incwhichgbg eitheeliVing t$ Wit grown on different

feedd? BAGEEN BnEF- %Quse%mmor@o fibr&na&s ol mgn&]%s%hynhw K8m cells; UtSMC

- roptRelpGRy g o T L BSSr ed g poroass. ns
moniiRfeg G r%g %@sogfa@ﬁptw Petr3én e EEY, atieasg uker thg cgmiitigngused in this
expermen, (E@hNSG—aTél@‘ter(sﬁ%nN& 2or rmBA 163042 thaNivie Qthd P lines tested.

t r ﬁB&Jé %l)\ﬁ? % in%ééfr%}‘l %égr{@[}rﬁ Wé Sg%rﬁtg‘%’c‘ha%ﬂeﬁ }eg‘tgd Po?thl]ﬂ;' ability to

Prom%l& B@Wé‘lﬂﬁ@ﬁﬁ Spligydtheuy gileraitiatiop. Jgpression pf '_’L°°(9C%YX{§‘ likg F‘PRPQ@)PW’ GFP
Recefdér, 36d HIENMwEE? R8&suted r yORT-PER R\Phestgstt thexliza siere (nbARBEonditioned, but
SUpp,en%er;Lé%w.ﬁt@gsovahﬂact@rsa%u&@@l NM 017488 adducin 2 (bet a)
, transcript -4.21 -2.03 42 2 0 variant beta-4
GA 12053 NM 001986 ets varl ant gene 4 (E1A enhancer

binding -2.76 -2.04 0 protein, ElAF% (ETV4)
GA 1798 NM_ (0BYBAT: r%PWHb@Qf‘d%ieﬂSdTQS@éé?it'Véﬂfkef P‘F?:FPr%?'o(‘RARA)

pr OSfe'ildalfd\WM’@mSZr ePMEM @recenditioneti ith MEBBbEGF8 Ag/mL)

SpHTI T factor PRPT9_(NVP200) —GA—2753NV-000582
secr et@udiings phopX-utvél h10+ BReSt@ogiht i n) -3.78 -3.32 3

6 2 39 (SPP1) GA 7151 NM 017486 adducin 2 (beta)

( ADD2)Congifianfscr i pFVIv 310 tBF GEg4Qngsmly o var| ant

bet a- 6a 36775 N\NM OQQ918 rocol | agen-

t hyr o&?”?%ne SVEP - @__p 2(4%@9/"1"3 m‘Eﬁ” OH@CF 15 ng/mL)

Syt ﬁ'%“g@@f’r%%(sﬁé)%@i‘ﬁ it W@sﬁsﬁﬂéﬁs oy
oncogustis g o P RGP irer AREARFLLOE ol 1

GA 337&%@%4-@03258%#1@"%6% QF r ecept or (THRA)

A2 (FOXAZ) transcrlpt 73.56 2,992 000 variant 1
71 WD 2004/ 083406 PCT/ US2004/ 008883 TABLE 7:
The MJ% %ﬁ'cw @Xt fﬁ‘@%a}ﬁé ssserectg@ %er%ortltG%e Qﬁ&ﬁe@@rﬁﬁeﬁﬁ%@@;ﬁé SHdwed similar

erenti at| on

chan@ﬁ dl’h §%Chl':(§'fh% &Hlfuga md%wréo B|¥§ E:gtem E)%Y)O bQTM ﬁégplemented according to
Cond@sn_84vB JouNi/itD B2 Btabl¢ fdp coivanst &S delig WUt having i be ipfetonditioned. As

showM 8f tham ht%ldé ZNT%A géllg \Ange pli¥ bab® fRitoBtandard c@ﬁmm%dM@r@&QsaQ% in
the te?grcon i |0F51ﬁ aexEr ?—ﬁ—?@ﬂ? ;) %‘fgj@tuﬂﬁfﬁ ﬁﬁ%@jﬁa quaffgve?sl This s%ows that

altera(hqgs@]_)exprezssngq_ profilegip nredig C@nqtnon@A 5823 BIPQArY 8@ reversible — consistent
with t-bellOmRIinmge@p@pstneg 3 (EHD3) -2.39 -2.81 151 1

GA 9269 NM 021074 NADH dehydr ogenase (ubi qui none)

-2 26 -2, 01 0 09 6 flavoroteln 2, 24kDa (NDUFV2)
Examg eppuiqiuechisrenisted colymaners RLlMOVBISIV nserti on regi on

- 2634!1: ﬂ’o?h l%é ulxdlﬁ)ergwtlgcted Gﬁ@%&lﬁhne(ﬁwgﬂs %315325%9@%&%ed|um in

Matnge?f%coafeg%g%%%%g,? I[’_)%l% weheﬂ'taB/F?t rsan g@f@? Sf O(sl\wlg%.Dé Tnggjspended in

PBS pivka0 09 38fe BRaATEem laathe.85% Nt A gonsemitationpf 5. 19%0celisiml) For SSEA-4
0 0 (CEBP), alpha (CEBPA) GA 36793 NM 152295
threonyl -t RNA synthetase (TARS) -5.34 -2.98 8 4 1 6
GA 9259 NM 005539 inositol 79
pol yphosphat e- 5- phosphatase, -4.37 -6.54 1 0 0 2
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40kDa (1 NPP5A) GA 2232 NM 001348 deat h-associ at ed

protein kinase 3 -2.9 -3.56 3 3 1 2 (DAPK3) GA 37240
wWORI080F0RO stathmin-like 2 (STM2) -4.37 -2. 37POI/BSH04008883

GA 4617 NM 012289 Kel ch-1i ke ECH associated protein 1

and 'I:]% 6%85’(&1"%1# ? ﬁéoﬂarab&i é%ﬁﬁ%ﬂr)nt%ﬂ&%@%s DMAO @2l dhere mcubated fora

ok (DU AL A o o s v
resudpendd g1 qoruobidiubrodhreris ddjug@ed§ecanddry@niibody. | REF BRAJe!@A QuG7 staining,

the C%Méwpeq‘%%éé é/\/gﬁg g%mAB(gr%p 5<§r1%5rﬁ‘r§ﬁ‘on9—fo( %TE%) at Tc%nptgmpéf'atgr% Aftet one wash,

MR- LT N e
min iGdce]l 82Bed\idadO 2836err iebspercked ts @elmell(tmggmg)solu@ngao% goat serum in
permfe;bllﬂz%hogi befeJ- % 5 %_%228 XNM_&Q%a@ﬁﬁbdrc@l% WVRATBhingh Wieug of anti-Oct-4

antig (8885 CRI BORARIo0) ooty S PR Hlio esiieng! op (s @ min. At
rewahhngthBBeHsEle@Etaﬁ)leQWGh lBbeldd s¢6drparGAntB&Y¥0 NM 006749 sol ute

Calpdufd 7 sAdNs! Hat 285 AHANAEE andPod-4- Rarksts Qleﬁb Al s¥rongly expressed on

undlfgeé%gias}?qwc@ P%c%’eég{aa? cor}déﬁrés L&f% GAeaﬁlrgf’}aSne n§1 q%%g&irognd staining
obsef3ad BEBH4 resPacHR0SBE-Matsbed ¢onies: lpfaét pepfertyan 8524\t pES pells expressed
all threb-i®kers2. 07 0 0 0 3 ° 72 WD 2004/ 083406

PCT/ US2004/ 008883 TABLE 7: M croarray Analysis -

Genes t hat Decr ease Expr ession upon Differentiation

Exanmmier 8 MMepquringsiiprspiiated pells using sirommalimankers ge EST Counts RA

DI\/§Q %%eﬁBofp Eilﬁ Hlaﬁ’cfnegﬁp be teAfifAR B{M&Qét%g TorC F‘lé&sﬂ'ﬁ?@o MRrkers for

undl@g\gn&%gcégqe{gﬂl%g tl?ﬂ Wli]}hmﬁrkw% fctr Idgfz ?éﬁ%& lgShOf(ﬂé Eyeﬁ, e>2pected in early
diffecRiaki®®) cult@re§ 3— Bhed By Gnfbotly Gtain@8, drOBBRCHRIRMEYEAtes (Tagman™), or by a

Comg%g,pg}q&ma@gn r egul at ed by mtogenic -4.74 -3.64 0 2

ﬁrxﬁ%@xa%\@é/ ggrgergng\é% u&eﬁﬁ %c?r‘%l @%\Qagigeég\gasm%tﬁ Egr%nocytochemlstry of

hES @eilsa‘plqu icXYIVar 8TV aniih GRGE| o Agditm SPndftigraddising moasemambryonie fibroblasts.
AntikbliBs #6é oBiBide Addh coahfelval doufcEEstoldlv: GA 33537 NM 133259
| euci ne-rich PPR-notif containing -2.47 -3.41 8 7 5 3
(LRPERC) GA 6367 NM 016354 solute carrier famly 21

(organic -3..26 . ,
member 12%%&1%15‘?“3’ t'é%"%%%’&?%@%‘?%bﬁ%@ﬂ%g& 8%47AA1053
protein, partial cdS -7.55 -3.52 0 20 2 5@23 80

NCl _CGAP_PI 6 MR cl one Ul -1- BBIH -2. 96 - 93409

aui - g-0-0=U" 3" sequence oares o0 nor
NoHOT c PcH:JI one -3.36 -2. %6% : 755641 W%e%gence
NM_0066 Bdmdrethyinu$reimapr ot ei BD Phakmlng'hn( RFPL3) - 258®5-2. 5
NM 012155 echi noderm m cr Otélg% associ at ed %5539%8
-6.65 fpPbtein like 2 (EM.2 69980 gl ucago

recept ogpfdCGR) - 3. 94 -2. 18sp MM@Ageh81 T, br achssesy
hormol og (rmouse) (T) -9.15 -2.11 NM_ 014620 homeo box
C4 (HOXCR)O5 (Endegler i pt - 9. 54 Ghgmigon yarj ant 1MAREG85583
| ynphobl ma deri nce -4.36 g5 9 1
(LYL1) ﬁﬁf@lg%}i@qEASD fam|§',§grﬁr§ﬁn@%{f‘ > (RASD?) ge2.372

-3.13  MWebti2467 tryptase ganmiigma (TPSGL) - 2. 685253. 55
NM 000539 1Hodopsim (opsin 2, rod pignment) (retinitis

NM d‘-’z%gé% s Jﬁeé%n?t o t%alm up {!}I‘o%ﬁ'e%‘ an 8/5%”@?%% C?ﬁf%?(?)and Vimentin

stain gropgl-likceig in tENES ! Nwl@tm%#wﬁii w'ﬂw senditeped medigNpha
bi nding protein -5.44 -2.56 (PRKCABP) NM 000201
intercel lular adhesion nolecule 1 (CD54), -2.18 -2.06
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human rhi novirus receptor (I CAML) 73 WD 2004/ 083406

PCT/ US2004/ 008883 TABLE 8: M croarray Analysis -
waemagssdoat | ncrease Expressi on upon Different Pariuszno4/008883

Geron I D GenBank I D Name Fol d Change EST Counts RA

ExartgMEO sERitiER ofthddedy i uad¥Rtentiated cd955 NM_ 001134

al pha-fetoprotein (AFP) 8.02 5.07 0 400 Bl
NMRea1img 4Pl pepavst g@remeg@r@pq] u%lmzpa)xt%eséﬂj ugdlfﬁ_rerﬁ'awd d1E§ cells and
ﬂbro%tsl QoatcMiVhOBd dhditiaty phiae dtyoiprind pesendeAlrBljfergnia@d2e167 0

4C%’ﬁfT %ﬁ;ﬁge@'\d@g&&zﬁﬁ g?or 44 ia?&i% ><'1b“$@||§‘ﬂ 1B%QF|§érﬁbn¥s of each cell

wpelgotelm@as g e 1.8 e eHET RGO B polent
DNA dostehinants. i(kebigT kit Ampldication mixiresdiengmpdeotpein RRT-PGR @ageg mix buffer

P/N]ﬁf&é%g 3 a3f1n(all \gI:LﬁP 3k 2%L%2§%o%%@&4§41 0@ R priner, 10 UM reverse

735 neur on
primi ARPHE AL EDPGR PR PRRENSR 1) B Eig0 e (e pq 3 Ot metnoc
usinNNB® ERNPSahdegedatshashirah - (@iberstitablet hppeekerpiRDIgRAGS far, gandgrdgation can be
useo2 n*?ste?ad 0 sudishas 73 Mﬁ&oﬁ%’[eﬁﬂaﬂ Actif O Bi@loﬁ@]llrﬁ G3P ' dehydrogenase, or

#ﬁ%éﬁ%'@@"a) (SNAI2) 2.24 4.68 4 3 0 0 GA 5909
48%1 Kl AA0469 gene product 2.77 2.03 3.3 0
GA Frpus9 SWSO@?@!@BVWPP”%%%@H%%‘Wﬁ%’%‘d?ﬁ?ﬁ‘&?? &) m'?ﬂfﬂres of differentiated
(BJ) %ﬁcﬂ%dﬂféreauaﬁﬁe%l h&sBlis3colnphred with SisiffetehyatddanESaelislalqnaT PAGSE fiye markers
t zinc-finger
aro S 6P LMY REDa Lt bEoor B R B “Eanpl 64
Specificity of expression confirnmed by real-tinme PCR
To verify the expression patterns of particul ar genes
of interest at the nRNA | evel, extracts of 5
undi fferentiated hES cells and their differentiated
progeny were assayed by real-time PCR Cells were
cultured for 1 week with 0.5% di net hyl sulfoxide
(DMSO) or 500 nMretinoic acid (RA). The sanples were
anplified using sequence-specific prinmers, and the
rate of anplification was correlated with the
expression | evel of each gene in the cell popul ation.
TagmanTM RT- PCR was perforned under the foll ow ng
conditions: 1 x RT Master Mx (ABI), 10 300 nM for
each prinmer, and 80 nM of probe, and 10 pg to 100 ng
of total RNA in nuclease-free water. The reaction was
conduct ed under default RT-PCR conditions of 48C hold
for 30 min, 95C hold for 10 mn, and 40 cycles of 95C
at 15 sec and 60C hold for 1 min. RNA was isol ated by
a guani di nium isothiocyanate nmethod (RNAeasyTM ki t,
Q agen) according to manufacturer's instructions, and
subsequent|ly DNAse treated (DNAfreeTM kit, Ambion).
Gene-specific prinmers and probes were designed 15 by
Primer ExpressTM software (Ver. 1.5, ABI). Probe
ol i gonucl eoti des were synthesized with the
fluorescent indicators 6-carboxyfluorescein (FAM and
6- car boxy-tetramnet hyl rhodam ne (TAMRA) at the 74 WO
2004/ 083406 PCT/ US2004/008883 5' and 3' ends,
respectively. Relative quantitation of gene expression
between multiple sanples was achi eved by
normal i zati on agai nst endogenousl| 8S ri bosomal RNA
(prinmer and probe fromABlI) using the MVCT nethod of
guantitation (ABI). Fold change in expression |evel
was cal culated as 2 -cl The table bel ow shows the
results of this analysis. Since the cells have been
cultured in RA and 5 DWVSO for a short period, they
are at the early stages of differentiation, and the
difference in expression level is |less dramatic than
it would be after further differentiation. O
particular interest for follé%ﬁng or nodul ating the
differentiation process are markers that show nodified
expression within the first week of differentiation
by nore than 2-fold (*), 5-fold (**), 10-fold (***),
or 100 fold (****) TABLE 9 ~Quantitative RT- PCR

o - 1 M~ ~ 1" rr a4 g, o= e



GA 23552 BC027972 d ypican-2 (cerebroglycan) -1.5 -1.2
GA 2356 NM 002851 Protein tyrosi ne phosphat ase,

w0 emepsanetype, z -1.7 -3.3 polypeptide 1 (PTRRZUF2004/008883
GA 2367 NM 003923 Forkhead box hl (FOXH1) ** -1.8 -5.6
GA_2436 NM 004329 Bone gprpispbepgmeti c protein receptor,
type la -2.4 -2.4 (BWRIA) (ALK-3) * GA 2442
NM 004335 Bone narrow stronal antigen 2 (BST-2) 1 1

1.9 GA 2945 NM 005232 E’%hri,na%%@e-a receptor 1
(EPHAL) -1.3 - §edengss Retpsisdfq\n YAt ri n-rel easi ng

peptide—receptor—(GRP-Ry—**—=6. 3 -9. 1 GA 2988

sedvh RB538&igradoacal yxi n-1i ke (PODXL) *Refgege- 4, 3

— Hr2—(NE=tTke prore G NG AP B

GA_3559hNgToidEeauseut e carrier fam fn)%la@f'&cr%r%fﬁ'ﬁréﬁ“ﬂé)&ég
(SLCGASé Eflr ;lote-.r{lseauengé WO 2004/ 083406enBank Accession NM_003129
PCT/ US2 B /6b8883 TABLE 9: Quantitative RT-PCR o1
anal ysi ©cii4 néieseayepteessi on i n hESC GPTERRF 5585591 (Y02
Geron | Bank_| me Fol d Change gefRAnDNB sio 48701
X98834 %Ct\?"zﬂ}'ﬁﬁ?{réseeﬁgﬁg%tei n, HSAL2 * -1.4 -2.8 "GA 5391
NM_002963ptSaRNA bdceente ( SALL1), 1.4 - 1GgnBaginpgegipn NM_003212
NM 016089 Krab-zinc finger protein SZEls 1 2 =L Bnudoder2
GA 9167 CAPRDIBEOSHERh 1 (N1) 1.3 1. 623‘9';]86,&“_6"1?%%“ -
AF19385G§on%Mh&infni<J}Q&£in RROL Qiiened  Cer eloehBankAdtk«ERn NM1008397
-2.9 9443 NM 004426 Early devel opment rqecgul ah&r00%397
( pol yhormedscilyxindike protgin emnegrcidigpayiic g)  (RFRAS Ascrssigh V-
GA_9384 M &fliehdeght det er m kAR Acchh OM_(05314
(LEFTB) g"%@?'%@%?%”e GA 12173 BOD10641 '
Ganma- ansRrokishigriraeidckalefcGABA) A r ec &spRank Accpssipn NKI (95314
beta 3 ** GA_ 10513 NM 03 Thy-1 copthRhsGakl bed ***
-12.5 - 1PI‘WirS&@K’%i%f%’iem%%%§aiiagRoundgglout . axon
gui danc ek epterkcredaaeol og 1 1.1 1.0 U.§. REBOEKSS3.GA 2753
NM_ 000582 Secreted phosphoprotein 1 (5§St e&psgrréti n) ***
- 3.9 - 10%qpen sepveeganplion $A33%Y 130

S S Se-ri ch
protein £LRR130) dachgnStion &aD317/6A_28290rhiARESDR9
FLJ3?1267 acetyl gl ucosam nyltransferase-like -2.3 -4.5
pr otsei n) Gadin sBNeRBOISINTRA GRR3PBET * + + » This diggigpurec . 100*
GA 26303 NM 138815 FE ti.cal prot e RO70 ***
-3. 2 - 109%°“@§’f5ﬁf§§%%%h%§2éfg%ml one?ﬂggg@ge%er se
transcr i gdrasRquetdeidEignation BA12348%, 3 ExalfisldisciésureSel| ect i on
of markers for nmonjtorin ell differ [ ation
Geneks t h‘é‘tm’lﬁ?&‘@f’ﬁ&eﬂ%‘ﬂw&%Aﬁgﬁﬁ- regul a{h%g%%gﬁjﬁe

expressi @hlod &Y&hse Ruina@ cdi 4 ent i atTheniisab@reof 5
interest for a variety of different comerci al

appl 4 cat PeoersseavescegisgignaliBEA-B487 i er . THISISERWLE i nent
Provd deS’Gerg‘r!1 seg&(e?lggjcleg r{aﬁbnm',ﬁ%é:ert al NTHEIReGISser €

sel etted“88" 5 eans T o monitor the ability of culture
congld t i oBsrok @quaned debigriafontGie2348ri f f er eHYs discledtrecel |
phenotype - and hence, .t i pot ent, . di: ntiation
capabi | i B§obTeNHe élé'%'faf'%'%ﬁ i cul ar nzhésgdésyoﬁféeree chosen
fronp t hOgEoh SRMNES detighalich drazdsmdy di f f eThesdisclabure
expression patterns, 10 because they_ar nown or
suspéct e@ewh sprPERESHFIY %‘%etsi? n geneT%sngsﬁﬁ?: “that is
expressed.ap qunﬁ'nc Glsignatis i 8spes or i sTiseddcRbRe. These
attributes are hel pful, because they allow the

condbt i 0iGenh sdchence edsioratien®H@3572rpni t or B E8YFYS ei t her
by anti baody st ai ni ng. of. | surf ; by

i m*rﬂﬁoass%ﬁién S?qu?rﬁ%g%ﬁ?{nﬁéeﬁzgﬁ%er nat aﬂ??dlscegﬁgs wer e
chosien f reemn thpercSdestedtioh@s 83579 oups This dissoswrdar r ay
analysis (Goup 2), and other sources (Goup 3). 76
WO 2004/ 083406 PCT/ US2004/ 008883 TABLE 10: Additi onal
Genes anal yzed by real-tine PCR Nane GenBank or ID
No. Group 1 Bone narrow str@mal antigen NM 004335
Podocal yxi n-1i ke NM 005397 Rat GPC/ gl ypican-2
(cerebroglycan) TA 5416486 Potassi um channel

subfam |y k nmenber 5 (TASK-2) NM 003740 Notch 1
protein AF308602 Teratocarci noma-derived growh
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Bone norphogenetic protein receptor NM 004329 ABCRX2-

ABC transporter AY017168 Solute carrier famly 6,
wWOoreenes3486 (SLC6A8) NM 005629 hTERT NM 003219 PCyUSBO41008883
oct aner - bi nding transcription factor 3a (oct-3a)

(oct-4) NM 002701 Goup 2 Left-right determ nation
factor b ( LEFTB)SeNNgrGopBerredSe dr tbis &iBclobwe phoprot ein 1

SEGABAJo: A DegigRRdnor , beta 3 NM_2912 Retshdabout , axon

VI-002941

Uz I

G uciigon Geevepauce NAVIIDDIRBOA_28%8Ci ne- r iTbdRERUED i f hum
130 kDa . 439 Thy- 1
co- t1|r§anscr:&ré %g%u%i%%%g%ﬁ#éég %/%t%e carr Fr)é? a'? céo%urfsy 21

NM_CD6 3543erdn ¥&idericy gslyomipn @A 2Adtsgen 6 Cbispbdosutocus H
NM 002347, Pl exi n ((PLXNB3 05393 _| CAM NM 000201
Gop 3 RIFGASHYFTEe ﬁﬁ\ﬂ_gﬁ?i‘ﬁ%é@%% | | mann Th'?ﬂ'a‘i”é\*@ 1
sequence dekohlsbqueMbbifiRRAidioca Assvadi | | 0 rreipeiadiosik Ot €i n
del eted in vel o-cardi o-facial syndrome NM 001670
(ARVEF) Geficeaeicy pelopatpr@esP®r 1 (EPITA] Yisdgw®05232
77 WD 2004/ N83A0R. BETAMS20046098883  RiigEdbsdre ShOWS

t he decrease in expression of the genes in Goup |
(Uppger Pd&iretnpemmenge Gsgoasion A RERer Pandhiy disatpst#® hES
cells after culturing f.or s wth or DM Gene
expr%ssi oc"n?a "of e(}uﬁng?jgeﬁ N %’%ﬁg@%ﬁ\M was TESQ B0t Re 1 it
of et ectdemn séquerde tidsenaiod Ganesbocel | s. TH&kidclcand EPHAL
were not tested. Besides hTERT and Cct 3/4, three

ot héf gefELM R R 1B RY RS2 har act el M8 HFASYP the 5
undikf er etdnatRehcb ERighfbh cRienat ype. Thedisduehe

Ter at ocar ci noma-derived growh factor (Cripto),
Podcd¥€al y)derpniseaeence peeppatipn GadePigast ri nThiefliegpsirag
pepti,de T, . i 2 co | evel
of ed;(pr es(%fogﬁéq%nc% ﬁ%{g(@ n? i gé‘%g%ﬁes [ nnﬁ@%&%@tspg with
ful I3g didefepsentricatiegnaiod 643283 fi br obhiadiscdsurB)
fibrgblasts transfected t xpress hTERT -5TA), and
203 B o ST B I RP A  Rel | s, THETIRET of ' al
mar kRrs shawkedieite adsighfiasta bfosbol d hi ghediscioane 10
potentially nore than 102, 103, 104, 105, or 106-fold
hi giér i (Pe[sn sP§6e eationalipeih-Ge40P s t han Thigfligojpsure

di f fS@r emdef%t'l @Querﬁ@hés@naﬁéﬂ (ISAj\Bédég, mar ,keﬁﬁs 5i§;ﬁo§ﬂxrged a
detectabl e I evel of éxpression in differentiated

cul t3dr es GefonhdgBDee fasignation G542 ear | f Thihdisosirg | ower

| ev of expression of th rkers th differentiated
celﬁ%, ofmrgS?ﬁ%m%%?@%?gﬁﬁggmgzpressiEWS%%%Fﬁ%d from

t he sandi fdemh esiliénat edigeaibd GA_ison4t he popuhiadisc@sure The one

transgene, expressed at an el evated | evel as expected
in the BJ-5TA cells. 15 Hi gh-1evel expression of
Cripto, GRPR and PODXL in undifferentiated hES cells
reveals interesting aspects of the biology of these
cells. Cripto has been inplicated in normal mammal i an
devel opnent and tunor growth. Cripto encodes a

gl ycosyl phosphoi nositol anchored protein that contains
an EGF repeat and a cysteine rich notif, which nmakes

it a nenber of the EG--CFC famly. It has been
denonstrated that Cripto serves as a co receptor for
Nodal , which is essential for nmesoderm and 20 endoder m
formation in vertebrate devel opnent (Yeo et al.

Mol ecul ar Cell 7:949, 2001). The finding that Cripto
is expressed preferentially on undifferentiated hESC
suggests that Nodal is an inportant signaling

nol ecul e for stem cells, peggaps to pronote survival
and/ or proliferation. PODXL ®ncodes for transnmenbrane
sialoprotein that is physically linked to the
cytoskeleton. PODXL is suspected to act as an

i nhi bitor of cell-cell adhesion and has been
inplicated in the enbryonic 25 devel opnent of the
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cells), and the classic hES cell marker SSEA-4. 78 WO
2004/ 083406 PCT/ US2004/008883 Figure 4 illustrates
wWo bw4ogaagd ti vity of hTERT, Cct 3/4, Cripto, GRRCT/US2004/008883
receptor, and podocal yxin-like protein (neasured by
regdeod | e HGR assay) as a E@@rbg ofprflet eripdani NgkitAeCT- 2000
de@mamm)ﬁ ghing fs &1 ent feddnk@Be odvetsherancelidtsse AERT@r mENA.
S W AT
con ng L BEGE Al INGETS ﬁg
eXPrressi OnTdhatsshas:snaen s GOWDEGWGALesh Bysiabostst and hunan
10- PalREAL Afdierce 8@&@3&39@55 IEX{Ip¥ssi on has 5 decreased
by 1089 i 03, 64%% ol d. Figure 5 shows results of
an experinment in which the hES cell line HL was grown
onidid f er emisFif eeder cel |l Lisres: mkR = mease iz yooni2mo
fi EﬁFUﬁTIé%t kpmo hWE@S:POMPmmn nBsenchyamkFrigtiemfeddd §;(POUSFL),
% Mterine smooth nuscle cells; W-38 = an
est Ho@he kd'anﬁ @binhyman bang.f.i brobl asts. As
noniTtoF ed byanRU'ctP@Reafasay offNA Gequptces, dDedrnBfivk, spaifdng, gene
hTERT, at Pré Fetime éProndsenad dpdt tor oAy PBYEES 1P at Agrslevel in
eXPEEJRIRN! yyc éAh BG.ar 8 {a%t@ﬁs -S4BSidobyt es for nEF
feederspst han the wthew cell lines tested. Figure 6
shows results of an experinent in which different

wer e %ﬁstedfor the|5 gll%l“tmxto F‘Jgrmg;c?ogr Wagb

D 3 NA R 2

gﬂa 68! heo Wit BAUL b df GEBRIL AL IO o EXRTES S @m;.m? TRNA,
Podme&atqnmm—d)askle protein, Cripto, G-P Receptor, and

hTERITHRSr eﬂmgiqﬁﬁmbyNRﬁOP@RM The Peoreisti e di aC‘\ﬁdeCOWM
preg '“Wé suhpl Wick Brd B8, LAMD

f act gliﬂg asy qovisatéiiaea;@‘a t(grc():v\{h& O%rn Y\%nes and Tts
TestadnALor Anvar. ker. BB e@sdB@nSSSStGQHGISmU condi tions:

DVEM pPecondi ti offd-% t h nEF+ bFGF (8 ng/ nL)

Condition 3 X-VIVOTM 10 + bFG- (8 ng/nL) Condition 4

X- McMOTM 1fhott. bFGF (40 ng/ edsy bonahiritai oniibeaX- VIRVOT Mod-Qoo0
+ PFOET MOHW%ﬁmynswogqcemwel kEfFé)@tL@Jr mNSCF, 15 ng/ nl)

|,gan3§ maga/sﬁrgfiog% S@Jﬁgi VB B (40

ng/ miLe + LthoFre o 1:0 Oc 1 ovg hgrhudd ch@en@rtzabbn 8f OBSFdvb &y x+n-hFk&H

(40ng/ m.) Fﬂj&mv e@f&hq?gg%héﬁﬂ/a&’hfétﬂptWefahbéii Ke’s s8erdct ed

to mRaikor bt e, Um#nfﬁﬁrﬁzﬁ‘)t'1%9(%d159ﬂe('1§’57ype showed

si m la@ag change35ﬂ Mugeac these culture conditions.

By all cri terl a, XVIVO 10T™M suppl enmented according to

d|t| vvasfoundto Sui t plefor c%l W L0002

R R os Wmﬁa%gnsr@Wrﬂgrglgas @F@@;@F&b&bpn@dm%i;\ et

shmmsnm thveousmght side, when cells were put back into
IT ; Wﬁ@ﬁhéd memgafat‘fbwet’g &s§a es ;unwre h?S

Fest éﬁmd.ﬁ Xpaggﬁ PBEFHISR AP PP AEF KPS

r et woures eseaerzsa ahl ys i3 orobgi nal [ evel's. This shows

that CBSterationsi nsyxpression profiles in nedia

Conditions 4 to 8 are, tenparary, and r.eversible -

consistent wth the cells retaining full

pl uri potency. 25 Exanple 7: Measurinci

e dididcemapt pratied itk bisdiRukeers bdyiodifle® ws a:mbmeit rBiitin€edtinfization,

fro A

| Rt irb R LR e B B e B e Licp o He B RaIbAME
6-well plates. Cells were harvest ed usi ng 3.0 nL of
0.5 nM EDTA and resuspended in PBS containing 5%
fetal calf serumand 0.05% NaN3 at a concentration of
5 x 106 cells/m. For SSEA-4 79 WD 2004/ 083406

PCT/ US2004/ 008883 and TRAl1-60 staining, 1 g of

anti body (Chem con International) was used. Cells were
i ncubated for a period of 30 mn on ice foll owed by
one wash with 2.0 nL of PBS-FCS buffer . Cell pellets
were resuspended in 100 | &% fluorochrome conj ugat ed
secondary anti body. For intracellular Qct-4 staining,
the cells were fixed with 2% PFA (final concentration)
for 15 min at roomtenperature. After one wash, 5
cells ver e resuspended |n a perneablllzatlon buffer
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Mar ker Vendor Catal og No. STRO-1 RnD Systens MAB 1038
Human Thynus Stroma BD Phar mi ngen 555825 CD44 BD
weharnsagen 550988 CDI0 BD Phar m ngen 555593 pADUSZH04/008883

(Endogl in) Chem con MAB2152 CD106 (VCAM 1) BD

Phar m ngen 555645 Vi nenti rcusivgma V 5255 25 Figure 8

shows the results of the i nmunocytochem cal anal ysis.

CD44, STRO-1 and Vinmentin stain stromal-like cells in

the hES cell popul ations cultured with nEF conditi oned

mecd'rnumd 8023463526 ALDBS 4G REENIISE POAALS DB BRBNt ExaripRS cells or their
pr@%ﬂys 'c&rjnﬁﬁsﬂhy d&@bctib 6 ARSIy e%reéél’@ﬁi bf thigé 8Nhbralohe GRIef in any of

assays were perforned using m xtures of

Tf‘ib'le?éf‘oe%tl ated hES cells and BJ fibroblasts, to

determ ne the sensitivity of the assay for the

2p r'ﬁéerﬂéﬂ%dQ:ff cRinf fi esiptisind Rdastfld SxpreEsi@BHi tireB@F ViRed 6fthe markers in

Calb%f‘revgritri %r%ngegghan Pt@elqgmé qhe eﬁqﬂrgis?gp ]%%ﬁﬁghl \ﬁlthI %18/ Sence of
i s‘lﬁ'ﬁ'ﬁ?fé'@i'ateRe@PféOﬁ“‘s%ﬁ"aﬁSb?ﬁ"R!“tﬂ)e CUlfi’i then treated with

DNAse 1 to renove potential DNA contam nants. (Anbion

k' -ﬁ)e éa}ﬁmlxdf QL&?H' %pg}ﬁ Eﬁ%%gn%fs%)@rew?fqpreé or %-rre aQRe markers in

inal vo
DETapioE 3210 & EBATEIERGEP B SHOL oBMET MtU\B‘Pd’reﬁF“Cﬁé’?g'ﬁﬁfﬂ“'ated cells
pNheveiuge priner, 10 pM probe, and -100 ng RNA. Data
anal ysi s vvas perfor med using the corrparative Ct rret hod

1
o TSTREEH) g e SN ASFAS 8 DRI CRIESTY G0 B qror of e
i nigtomind , m@mm aborgcingiray rsirgyo ontigenp rRedashlpdn-ike: diet |GPC/ glypican-2

CY(Gér@nﬂSHI)JcM); FeREsige NandrRO NRaMily QI member 5 (TASK-2); Notch 1 protein;
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di rprewr@meptai@é@eptersﬁyneaﬂwp*mmefﬂf pPieiRt 4\%9% AREdapsperter; Solute carrier
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proportion erenti at

DS S Al SoB o s S Gt R e
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o3 o il e i R SRR norome: ano

Actws typma MO0 2 TBRHAIDCt 3/ 4 protein sequence GenBank
Accessi on NM 002701 Cripto nRNA sequence CGenBank

Acc%éﬁ‘%ﬂgp? Magrg %%%pns og d%etteoflrp 8%%9@8 %&ﬁ%@%n %ﬁ&ﬁ%n& more of the
s efjrkaie e aneefBaliss %G\E(?é@ $iDranNMocn 318 P "hﬁ BageEinAw /L Tableg 3and 8
protein amino aci d sequence GenBank Accession

dM0QR3R4 of c%ﬁ TG HEPL iR R e e Ul ERABsion of hTERT and/or Oct
Accessi on NM 005314 G|5P receptor proteins sequence

GefiBank Accessi on NM 005314 Primers & probes for

real -time PCR assay This disclosure Human tel oneric

Geﬂ%th%d ko %sseg> &ultﬁre%@nd&fbﬁantnaleo@ﬁﬁr@ﬂ eﬁmB@éﬁﬁ’d"&@m (hES) cells or their
esli | osur e

deBP PO A 5376 oL i Tl Pk et SNl o, oesim
detsiegsing PeHdGIERR 488 PiPhi ROdeRayEIN-Hieupretein APEEKBN aQ%d?U@?R: delomerase
derigaatansnpted RAZAG This disclosure 5 Geron sequence

desi gnation GA 23484 This disclosure 6 Geron sequence

desi gnati on GA 23485 This disclosure 7 Geron sequence
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12 Geron sequence designati o?r-GA 23514 Thi s di scl osure

13 Geron sequence designati on GA 23515 This discl osure

14 Geron sequence designation GA 23525 This disclosure

15 Geron sequence designation GA 23572 This disclosure
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WO 2004/ 083406 PCT/ US2004/ 008883 Sequences Referred
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This disclosure 20 Geron sequence designation
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2ihe GBS cslissequence desi gnation GA 32860 This disclosure
28 Cer on sequence deS| gnation GA 32895 This disclosure
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alternative splicing, gene organization, chronosonal
17.] BAkbRN ofaagme‘?@)oﬁ\ﬁ%i'n%pt@&sw'nWSlS‘EKQﬂ Srd-1g0, AEiaLh %1 Cn to, Oct 3/4,
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k Tabl e
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29.3TiennetBod @.claime, wiidhhiod naethod @i assebsifigitht lsaitabiGiy IBP B ipBE REN culture for

dgk@g&bagsgpmm%ﬂgghhggmaxpreSS|on of hTERT and/or OCct

7. A nethod for assessing a culture of

undlfferentlated human enbryonic stem (hES) cells or
30.t higg methqsk S geiny 1. vderepr the jeme) ofl i ewtKerseof andiffeasiated hES taMamarkers is

Ofetermined e ek st fooliag higehr fa®mMBEThibmbiRts, 9ast ri n-

rel easi ng peptide (GRP) receptor, podocal yxin-Ilike

protein (PODXL), and human tel onerase reverse

transcri ptase (hTERT). 8. The nethod of claim7,

further conprising detectingor neasuring one or nore

mar kers selected from Oct 3/4, SSEA-3, SSEA-4, Tra-1

-60 and Tra-1 -81. 85 WD 2004/083406 PCT/ US2004/008883

9. The method of claim7, conprising detecting or

measur i ng CIlpto hTERT and Cct 3/4. 10 A nethod for
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14. The nethod of claim 10, wherein at |east one of
the markers expressed preferentially after
waledoesane i ati on of the hES cells is a stronmal PCEUS2004/008883
mar kers. 15. The nethod of claim 14, wherein the
3‘?t A gmﬂ;odo‘w dssavaing e grevils eﬂa)éeibteﬁ&icﬁ oDACE¥BpuIafoR1E8mprising detecting or
emeagh - . 1,
Vi mlligUorosic sk Yl Sng eRels o Y o mpbies 60 o o
claim 10, wherein expression of hTERT, Cct 3/4,
34y A pegiod GRRssesgegthe growPGDXtacterisBBM ¢, a @DhofBatioDonPBsingddetecting or

CDRBasungtieb OF B ridikeEsiddte8 Gromt criphe / I
g § e8Grom %r%atbé Pgagiﬁr%l(%fs\ﬁgmpgé\gile E&R’) receptor,

a i.fication,. . e t ho . W
ek oreafronyd] Spd RindRy dvepsze g visprrsass (e
Cct 3/4, CD44, CD105, CD106, CD90, STRO-1, Vinentin, or
33HUTremMeRiyin 8laiBt 320 Wherdis AR FEpRRLEY has HBESHiARddY ctifiing cells from a
antnBeBlaS¥REEessi on level by antibody assay. 18. A kit
for assessing a culture of pPS cells according to
claim11, conprising polynucl eotide probes and/or
34prTheemethdcopf gg@ci iwbiah liy aamgzhid for RIGteminingWRdtdr Rhe €A population is
t hm@gowkt Nore markers in any of Tables 5 to 9,
acconpanied by witten instructions for assessing the
pPS cells according to the expression of said markers
Soprelguraitpdiadiclagn 8hevhpreltes callr populativerhas beent dbeirked trrom1D hurfan patient
Kidusfeated 3SrRGIRGA BBicd cérdtibhicRiddfo MRomRRd rofmcor ding to
claim1, conprising an anti body specifiC for the gene
product of three or nore markers in any of Tables 5 to
369 Thg mediep atfilale 3 bywhigh is etmethod far sssesingivdatberftor patiens bassd majignancy.
the pPS cells according to the expression of said

ey . i_no , ' y.in.the kit. 86 WD
sl Sk
a CHP{UPENGPartrtehigneitvelat ed human enbryonic stem
(hES) Foedhka! bo; oktn% R gﬂiomopmo gie feynily ae@oérdi (AG3f; Aygotnadiiddl grdtein FLI20582;
CoNpr i iRey [ : - i cati ners . ,
specifi 8 foc?b t hr geaéﬁ{)'n%@'@%érhtgbéga&?R@E% é'ﬁ?grt‘gef 8r§tse{n SzZF1-1;
two arBdE0pIeSEYeRiePEPEHTiZH3 y in undifferenti ated
hES cells, and at |east one is expressed
38pIT@b Gie®bd bialalny 34, Ahsbih @BRbIsGR] dafeed4dlexpbEink b by%@étigglly altering
2Q,. . 1.1, ntd body or PCR anplification primers
s%e“gtﬁgiggﬁeftgért e%iog?seﬂé{esr{]ar o markers selected from
Cripto, gastrin-releasing peptide (GRP) receptor,
39p@ddmethodybor eeubind pPPEAS & differdri&PXNlid a phMETD tikBb QBT @RPrising causing

r ' 4. SSEA- 4,

RS By rd-R0REY IS Eg K el st “ep06

( VEAMFP§headisonOtARRX@Y A); A fapily merghars (EICH; Hypntistidalmeatein FLI20582;
Thy mugo@8teadrvax H2 ZFOXUBIE Dric géri gaaely, Hual2PRIRAB-zinc finger protein SZF1-1:

anpl i fjn%%ﬁqepﬂotgiﬁ io?@:éfe%elﬁl%r%g; bt EQY tr%%%?p%or? fractgnrinzl[] (§OUP-TF2).

mar kers sel ected from I pto, gast -rel ea
pepti de (GRP) receptor, podocal yxin-like protein
40 PEOXENO ¢ glatar39, viekaimibe adlle arevgses ® dxprasisitd infrk@He genetically altering
( R TRRE) gk thaBbrbodea e mArker] bewikr SPantidd@s %Em_?%c ac%jﬁét’ binds to mRNA
y-1),

g?&f%%lfg &\g/:’r}%%grll n), CD106 (VCAM 1), CD90

nentin, and Human Thynus Stroma, for
assessing a culture of undifferentiated human

41 'ﬁg nfémée:j)gﬂ If? calsegag &E&)\{i%g?e%bdeﬁc;@tb bb B?fegeg@aplg ?ﬁp%&g%dtaﬁ %mdiﬂr%%ntiated PPS
t ha br g%c;sr"ﬁ %ér?gﬂcc)% "yuand'? n%&g;s eCr??Sl g{?heg'e FBgding %F‘F”se"?ﬁ' dndercontro of a
dPPERERE "8 PERe Bakirslisted i #ny of Tableg Re?, a”U(CIThe net hod of
claim1, which is a nethod for assessing the ability
of a culture systemor conponent thereof to maintain
pPS cells in an undifferentiated state. 25. The net hod
of claim24, which is a net E%)d of assessing the
ability of a soluble factor~to maintain pPS cells in
an undifferentiated state. 26. The nmethod of claim 24,
which is a nethod of assessing the ability of a
culture nmediumto maintain pPS cells in an
undi fferentiated state. 27. The nethod of claim 24,

o o



suspected of having a clinical condition related to
abnormal cell growth. 36. The nethod of claim 31,

wakioghsisgs a net hod for assessi ng whet her the pe€T/E81004/008883
has a malignancy. 37. A nethod for maintaining pPS

42, Cghée itetﬁrtgﬁsif c%tnlt’ i, RPlcR Y a ﬁltet%@ior SMTR lﬁtHlﬁQerﬁl@fég 'CQE M@ﬁﬂé encoding
AR e b 0 Lok o it STl el st b conce, or

3 pesitivesglectiopnmarkds éuetoasl a givoesistancFug®P582;  For khead box
HL (FOXHL); Zinc finger protein, Hsal 2; KRAB-zinc

43. f H'Regx%t tcl%?vﬂ&%ﬁéﬂ' &?.ﬁqéeﬁtp@r&ei oﬁh%ﬁatl%d Lﬂ]%%greﬂ%%% %V\:E fr%In a I,{)opula’uon of
t H'@eré@ﬂafeg cgliseandAi1e 8eFOfing saypresds ¢ ﬁ%gaﬁ‘é?r%€ﬁt'°6y"af ke’ (SUCh as a gene

g thatdctiasdslagopgdstser cangertsiatpragiughnt@a crempeuridiedt iseetie:n thetse dehe
mar ker. 39. A method for causing pPS cells to

44, ngpﬁ?r, g t Iﬁg%ﬁ%ﬁlﬁqf’?gco WE g%u{elgc%é;éa %rgférseat?agy é@reeﬁ;%i in differentiated cells,
f obrhmuiging genetical e akering tenpRf cells exdth| they ehcoding-eeduheaduridenxcontrol of a
ObmbleROkBbi thd ngrkbra Mibdin MRIDEsr Tapié €1 C3) ; Hypot heti cal
protein FLJ20582; Forkhead box HL (FOXHl); Zinc
finger protein, Hsal2; KRAB-zinc finger protein

45. 57l method off qladm f4ripfaigh i ooyt B selestingtsifferanfiatedl eafls, andldhe encoding
Osathertobamseépopérlg@ﬂe {saert & a Jer(eGRAIRaUFR khe c/gms to lanet MBieb&dce), or a

t aused to express
© R e e e 2 gne
that encodes the marker, or with an anti sense nucleic
46.aThedmethat of lolaimal 84, MICNRI\hﬁrnethmddidp@tmdw‘fmﬂdtm cellg ftom A population of

AR c%ﬁ’éj shdde @hl:o@iﬂg? Qéa'u&@e %%SQRIQ sél&tt@?marker (such as a gene
pr referen resse I N ferenti a

c&¥ ?t'va&eSﬁB?‘t’“élsr‘fb PR AiPES ”Igy“%t t°@?pi°ﬂtj* t'ﬁhﬁ?%‘a' fodhagiefdn
t he encodi ng sequence under control of a pronoter for
47.0R@ncfodtidr@oMBd Hfdiréntibtes t&d 1rbm 1B YieEnikabas, c?omp?smgaé'égaratmg cells

ggﬁésg§€? glﬂac 0%&% %Bcﬁgf .,Pg}l;/ y ?29(%9)4%%9 ?exprsang %gcthe Warker
undi fferentiated cells, and the encodlng sequence is a

48.1 EEOMbiRGd Gfehem @tsw«ﬂareasma cglnee sditad usiaemtibdt® of RLlnSthatdinds the
ematkﬁ.fctr PRLREASRGIBh 1nedbn &riaR0ST L1 ve selection marker

drug resistance gene). 43. The net hod of

cIa|n141 mhlch is a method for depleting

49. unahettoe fae pdusiay ellS callb kesprélifeate withpopifteeeniiation, oémprising culturing them in a
dEfifiRlspaMrh selefRlcbhing ANFk hbtRoRERRI/NY sequence is a
negati ve sel ection marker (such as a gene that
activates apoptosis or converts a prodrug into a

50.c &rmethan &r e3vaIng PRS ¢alls ieaproliferate Withoet@iffelentiatien, compiieingerduringithem with
C Aufdnitgsaithgit &eth Bgissequence to be preferential ly
expressed in differentiated cells, conprising
genetically altering the pPS cells with the encodi ng
sequence under control of a pronoter for one of the
markers listed in Table 3 or Table 8. 45. The net hod
of claim44, which is a nmethod for selecting
differentiated cells, and the encoding sequence is a
reporter gene (such as a gene that causes the cells to
emt fluorescence), or a positive selection marker
(such as a drug resistance gene). 46. The net hod of
claim44, which is a nethod for depleting
differentiated cells froma popul ati on of
undi fferentiated cells, and the encodi ng sequence is a
negati ve sel ection marker (such as a gene that
activates apoptosis or converts a prodrug into a
conmpound that is lethal to the cell). 47. A method for
sorting differentiated cells fromless differentiated
cells, conprising separatin§2cells expressing a
surface marker in any of Tables 5 to 9 fromcells not
expressing the marker. 48. The nmethod of claim47,
wherein the cells are sorted using an anti body or
Iectln that bi nds the narker or product thereof on .
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54. The nethod of claim53, wherein the pPS cells are

human enbryonic stemcells. 90
WO 2004/083406 PCT/US2004/008883

51. A method for identifying genes that are up- or down-regulated during differentiation of pPS cells,
comprising:

a) sequencing transcripts in an expression library from undifferentiated pPS cells;

b) sequencing transcripts in one or more expression libraries from one or more cell types
that have differentiated from the same line of pPS cells;

c) determining the frequency of transcripts from each gene sequenced in each of the
libraries;

d) identifying the gene as being up- or down-regulated during differentiation of the pPS cells
if the frequency of transcripts in the library from the undifferentiated pPS cells is different from the
frequency of transcripts in one or more libraries from the differentiated cell types at a statistical
probability of at least 95%.

52. The method of claim 51, further comprising assessing a culture of pPS cells depending on the
expression level measured in cells from the culture of the marker identified in d).

53. The method of any of claims 1-52, wherein the pPS cells are obtained from a human blastocyst, or
are the progeny of such cells.

54. The method of claim 53, wherein the pPS cells are human embryonic stem cells.



