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mar ker of the unglctrpabihlSshiPhaveiah mérﬁmai SidnBichepitRE AhY RBy haWBighBosligtioht sel f
expressed on the cell surface, or otherw se causes expression of a unique
cell -surface epl?S?)'e. The epitope is then used as a handl e by which the

mar k& cel | s canSuacepmgrbransl froteisepadf intesest, florenaroties bepanser theybap ok lused feFgell-

ex arrp{ eb (rjrar kedI Qﬁ{aées latsﬂfﬁg ad %ﬁnftﬁ@éﬁaﬁﬂo@ror%ﬁ?fsb&ﬁhyt fb‘ %ssr@édpﬂ)rss W{%@h&ll usi ng
an anti body or lgctin epito ernatively,

t he narker can bt anlsjcéuec}:t a'Fhe %a?eo &?&o%;p%g{u: gn a*ES Tbr%le Sﬁ?“'{'ﬂ? dreguon S

|l ectin, and thenMerkey 'ﬁ@ﬁlfOfﬁﬁiﬁémra@?mWfﬁ@f%b‘ngy {s@lescribed by Krogh etal, J.

fl uorescence- act w@ickdos:6d7i 2080r t i ng. An al ternative approach is to take a
tiss specifjc t ed 0O (S

desc&-r«tfbe PR E.f gﬂg & With rgnﬁ\?a%f{&n&%& Qor a»in;les eﬁéﬂ{egﬁm%l\?e% @.% Jyﬂmés ad gene
suitable for sep‘é?aé{f‘!ien‘g' in pRogtogis Imay '“ﬂP?Fc? Hiffereqiiagion. t%@°%ﬁﬂ€?’a$q5&%%?8ﬁ t he
pronoter i s chosem nea®ehnaaith Idtsﬂ@ufshlb@cabdhﬁdlrhte%pitobéﬁ:’ﬁat&ﬁa)pplﬁu Rirdle inFeliular
exanpl e, the pro e expression of a fluorescent gene, such as
GFP, and then gqa[ggémﬁ%ﬁ%ﬂoﬁe mar ked phenotype can be separated by FAGS.
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t hat 4gauses expr gsaiphined fated inCtbis |disslosuke CEhesdiatiois @omdtiiees Gavd imﬂmgsrsbhaner used

ol 1 ady doscr | bod e R Bba oAa0n - Refh ba3Rufs oI TR b B, T s

to influence differentiation In another enbodi nent of this invention, the

differentially expressed genes of this invention are caused to i ncrease or
decrease their expression level, in ord®r to either inhibit or pronote the
differentiation process. Suitable genes are those that are believed in the
normal case of ontogeny to be 5 active in maintaining the undifferentiated
state, active In the general process of differentiation, or active in




candi dates include those marked in Tables 5 and 6 with the synbol "(r)", and
other factors with zinc fingers or nucleic acid binding activity. GCenes

t hat inf w% 058 % interaction, such as those that encedengednesissss
nol ecul e enzynes that rrake substrates for adhesi on nol ecul es 15
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Expr essi pgmplemait®® associ ated with the undifferentiated phenotype may assi st
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usually required in the cul ture envi ronment . ExpreSS| ng a gene associ ated
wi t h t helUssof eellasersip gharagiasize,pRSgelis:and thelr differentiated oragenyi f f er ent i ati on, and/ or
Initiate a cascade benef|0|al for taini
popul + on. VAP Fgv i T LSRG Es5n 8 LS Greant B w53 U3 b e
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sequen
fact 89 pf"ﬁwsm nesepehymal cells; @B?%O'%?Odmﬁr"ﬁ @ﬂ@ﬁwersoﬁwee%ﬁ‘\'tefmtwelv,@rﬂomavaﬂemof For
exanpl e, mhttae chedtidibticlaf asveeal fypdsi obcell§ edrtensed; asiohgasiia) arapetbrdntidly exphasgi ng

expressi yjdual genes, or by invoking a high throughput analysis,
usi ng cDﬁ]stf@ enl)a%:cnesg froma suitable Ijbrary such as exenplified in Exanple

1. Cells that TETHISPERYC Markers@p ae ARIpriagtusing ARYtUiable 'E'HH"%%U% igsheiguemeuiasl ed
from mul fiow eyédchenpéteytier sell-sunfecd hakers spionsindsltectgeisey (foremamle, etifidey cdER tissue

anpl igki catdigHe) fof Mera&hiliSCor Bfi-suHace HEer'QWE‘xﬁr@él%h %tf NG ea%@ %ﬁl’g@ﬁ' i0fefifed as
particul ar |enfeﬁcan

de
P el oBhsilE 1 A ey JefeoBbe sitppittar B B DS 6, Eftoen it o siepdee | o
mar ker s. imnBmaéytbelemiginy onﬁwk@t@etrv ggsay optignally aften fixatiprs ofdiiesesli® s0d eptionaiusingader

may want nabaecf@b&r@&fytaMo@jJr%br&niuwtbhmplifyaabenﬁgelI types usi ng markers for

| ater - stage o ternlnal el Ti s fi rkers

sui bl et or TEh eSSl o] i asoras Bt e pEMETEVS

01/ 88004 Noitheqy biot apalysis; dot-iat Twiiidzgtiop Godiwis, proa revsrseatsanscriptade mﬁ@@d @hlyrnqase
cell's), Brali (e @ﬁaﬁtﬁq)(@a? dequencaaydctic brimdPE il s 2RPRbatibh ndiRERt SHAILEL i C
cells), PCT/US02/ 39089 (islet cells), and PCT/US02/ 39090 (chondrocytes).
Such markers can be anal yzed by PCR anplification, fluorescence |abeling,
or immunocytochenistry, as already desgribed. Pronoter-reporter constructs
based on the same markers can facilitate analysis when expression is being
altered in a high throughput protocol. 20 The exanples that follow are
provided for further illustration, and are not nmeant to limt the clained
invention. EXAMPLES 25 Exanple 1: An EST database of undifferentiated hES
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30 The hES cell lines H, H7, and H9 were muintained under feeder-free
conditions. Cultures were passaged every 5-days by incubation in 1 ng/nL
col | agenasveolzh{,“f §4 og- 10 min at 37C, dissociated and seegegisBodalobsEs at 2.5
to 10 x 105 cel well onto Matrigel TMcoated six well plates in conditioned
medi um suppl emrented with 8 ng/nL bFG-. cDNA libraries were nade after
cul-turi ndP a5t N 5@&@@%‘1&“&*‘9’?%@"3 | Spsense daiaigepartisylarparkeslisted iy tbis diseleputpsan

fol | ows. beebhinedidm mibikd dsbades sudtiakioer®mki at ed hES cells were treated briefly

with col |l agenaggsd My oﬁgpﬂﬁ%leagfsgy m&_)?teﬂlP LR dﬁf%ﬂ@d ih shdsRd Pe'fe?e Ete%l %2%1 ﬁ%%\/l

clusters were I’ESUSB erent| ati on

cont ai ni rig}loyiHg, FeR Glonipgiecls @r Ghfamep fhen gds. Ee'%@pﬁ’fesan%?% B?P' Cycle Real-
pr econldi tTmsnE@B Methohandaiphiizatians (G- Wikkdr epdl.adde sSHriGgs-Vardg. NYARDER); Idmolegssaysn
suspensi g Pra%h.%l ﬁBﬁ?&a‘%ﬁ‘t(:?an% G&*ﬁ@ ey bkford"‘@ﬁiv tP?ééQSéd%)bf %Jnfétrlcnﬂ{aﬁélg Welceiel | s

pr e- coat

B o ihaeh A i CYBC iy oy Do et Aadh) cHpscen i gonsuds  or

t he pr epdhese insrays Such@ptrogédiderpobddNA pdmers,hae spécifib ehtibddy carf bee pacpdgad imigh.fors WO
2004/ 0834)9@0n51 ith{PRRMR AR FRIse HrtRd 16E3eRS b the dNBFaBteiafidtdr RENRARES PP cdif &r
hepat geyte d’? ferg ntiation protocol described in WO 01/81549.  Confl uent

wel | §0%F TRISereala fg?'l:yd cells were prepared, and nedi um was changed to KO
DVEM plus 20% SR + 1% DMSO. The nedi um was changed every 24 h, and cells
wer e usedskof cell BEREE foRblinRA dlanésst opl asm ¢ RNA on day 5 of DMSO treatnment. 5
PreNEU cel | s were prepared based on the. neural differentiation protocol
descri bed in Sk ol 88U thelrEBn capldnishradnt artisseh@ ab i seur¢gd @plisviieat eanrifiecbntiate

Igﬁnter ate ..E@aef.%d &ﬁ%ﬁgé@e@aﬁ&w@s SIS RRL the RBility tolsBrf- FéMaﬁ'Huf ihékadR fogftfion@ssultsie | uded
{ anPer e PPt et o alp e pachl lvath P13 SPYhed aé*}gﬂgﬁwmﬁv%?h’ After

pl ati ng, arhknowe diowin reguators pidwne deliso TEPBé¢nomise detaprodided i thizdisclagere dhdicale thahe
pr epar at|gnmqré@fof%§e(m{ha,§yga¢e£ﬂwe.aiqtggaeng days of gromh 10 in EPFI. Parti al
o nond sequenGes | ARFARY &SRR SARNRG Sk 0%, o iR JELEASS SLORCHAY

conventi onal

Over | app@f@eﬁsq“@ wérffere@t@% Se‘EP"$ mrbaIS%*eﬁwymrﬁméaie%mé?@égentmL@ cqlls upon
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reHeP 3 I t nes
55 ed for Sasgocjg%taega ?%ﬁgnﬁ?ﬁg% ggﬁcgsaséﬁ)%fpﬁgg or éaggébr\gv\éf@ '%J%%dss Iﬁﬂe 'L'éﬁt"l‘
and |ni tth%ﬂeﬁ'ﬁdﬁf'fefﬁd@&{d@@%ﬁc dinflaplge? 5c7e‘1‘fld§ Accor di ngI Y, the | i brarl es
wer e anal yzed Hxpreshivh@f dach enadbiedf intatest is Hetyrmived et thomREAoN@bteid lewkl uinghasuitade

retrovir Lé%ﬁaz gﬁ@rﬁ sMCHsstﬁ&% JeEé?aBéJ efr %Q%enctﬁ‘é Lﬁaré@é\gn %U&ﬁégl’éc? hrl. }ﬁe?cﬁmcéu

infected t vi ral

sear ¢éR: IVB'PQ‘}HE)‘)“‘"HDP Pafient 'PéEﬁP@ﬁF%° \rﬂg‘Y‘ﬁ% AgbafQIey f WB'P?t‘r‘?BS Pfé'ﬁlll 'Harbei’? ey be'and
muri ne t yymee é¥ertivb inodoing Ui aslessmantc Pesened oha parfidugh makeronay akserpeovide wTdeangly NSt
any of tRgickIkic aaé}@omwﬁ@ﬁs@uw@m&mh a@amrtr%ca.gegsetﬁ@ Uni gene dat abase of

human genes. STs % i d ent i ¢ stretch of at
st 950 nuciTb b BBt e rer & BTalANE Pal a6 e syRhA e forsh i ne
wer e asssuiiett who has beemiieated Withica ¢all papuiation erdissuegenerated hyl differaatiatingi pSceelts. onmon
asserggl y. mstoﬂgvaalcs@mab edken saebr @ar 1Ssitd 2B alrifistratiet, lorRSsREl td Ahigh ﬂférbeﬂsedwl'tﬂ@é“ set

of 32, 764 as I

it o SpeeRa B Angr%% c 'E;ﬁaoer 2t {a%% a§§a e sr.bs'agfgktdxggﬁ%‘\%ntga?@“r‘r?ensa%a&&l !o%FseQ{ od
froma da'fhalﬁafs@)’w&?@c?d&'ﬂ'sct%%d F%@F@@VPWe"P thgr ungiifprentiaiey ROERPIESS | Rpggensier

f r equenc yomfuctiaf tiagriostic testy syumrasinocidotide ebve ocminmes, artspecifis ahtibady) earale pedieged Of
that mRNA, Pm'%n h@tl&ﬁhyj RittHRSEclds 9GRS Qéeeofttﬁ@re‘i% ! thS Bt¥rminkidhSor aa iscase
corrparl son Q uencl es of ESTS anong the braries 1 ndicates

rel at¥ve C%q}\‘?ﬁance of the associated nRNA in the different cell types 17 WO
2004/ 083406 PCT/ US2004/ 008883 Candi date nol ecul ar markers were sel ected

fromthe ;gercﬂeﬁﬁsmergﬁ%ségmmg@%ﬁ%médamn&neelr greater abundance in
undi fferentrate refafTve to erenti ated hES cells. Genes were
identified as Thawhdigrsaact triaftee BbmisthatienspofemB ioveniuat previde Gbgisiem 10pmoditoring

down-reg n@i&&gﬁla’tg&l h%@??llts NG ufbheld f%l:enn d%ré%ﬂy quxﬁfrg S T Ihfs slygtg'fﬁ ggrp H(?Pse(afas STS

sequence erenti at erentfrom
t he <9m Sualespatrql, ﬁP<t°ﬁ@aftemeé@aﬁﬁﬁw%?saﬁt"adaﬁe@at'atqdm*’§r°ﬁu§sbe%ee diigrant passagsg)or
dormai n-contai ning transcription factor) and tel onmerase reverse transcriptase
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(hTERT) are known to be expressed preferentially in undifferentiated hES
cells (WD 01/51616). Other genes suitable for characterizing or

mani pul at i we Jobgosaigi f ferenti ated phenotype are those thgc %O&ﬂwﬁhss
regul ated upon differentiation with a S|gn|f|cance of p:5 0

det er m negeRt ﬁattyﬁef CF als%@%éed-[@é:stse%g c(&fbg llr?duﬂ g cHligN) 1o d@t%ﬁmgéatﬂgéﬁéé?gf

found to have - nor e atlve to each of the three

cel | typdRech 5@2°@é’??é’§'d\‘x%r?‘§‘a7eﬂﬁﬂ‘d’h?'}?5f’emere 2- foI d greater hES cells, with a
confidence of Vihege the Sbiectésdto detiee nmdimlertisted talis, Fel@b'easeﬁxthelevélefsexprassbrad)fiane to

EI'ES fs um %dlﬁgﬁna@fi rlalk8r 5&35&@ oftRé hitetati 9@@}' 4 MolizBL iR fancfH 00ERIPis b @gsﬁleﬁlﬁésh Z 2] oy

|
o Gees AR, PRt s st h e S Teea N B TeTehe aeh s hegieney
GenBank liDmagkereexpesiangaythe qES EEepiabisEhinpedaiEboundaties, ifGBOCRINVA0PE Oabiligrto
domai N cagHmpredeng ol 4ll éﬂ?m&nﬁla)layh% & rétaifled, an@er2B6 Jovblydtahd) BiditferintiPEL BB is

FLJ14549 32447 Fibrillin3 6 000
GA 1322 I\ﬁ%/?‘gg%%i%eﬂ% E@;sétC([}M’[ vﬁ?eb?%%é% recg tor 3 precursor 9 1 51
(FGFR-3) GA 34w fus me@maMﬁmﬁmmmﬂowanaPe( m@x@ eygjuale djfferent feedgx celis7 0
NM_00@7 4 @xiparbiass mahikash B3 eledia sdbifvesid the iedidyeiiaes vebsets, 6 ofhedicat(rEEDR cultifRNA

GA 1674 3A
GO MNABLAY, S8 STy SOl S RISRRaR6 Byl ik i 57 39
(CRI PTO) Pesiided below\fEstae & (Fiaues B8N y nenber 3 ( ZI c3) 7010 GA?2334

NM 000216 Kal linrarsimisy fashionehel maeersientis iGiéAlich)cab alo beQusedid AaHERar\Mplin2a 42
hypot het i 6alyoRE £} & ﬁ”h&eﬂéﬁépc%ﬂsh '\{Pnﬂr%ve% drefentatiot %E%Géémé?a%)w hﬁgﬁ% %.:a%%é@

NM 002851 Proteln [ 0Sl tase, receptaor-
pol I'yp&pt |ed%'e?P'°(’PQ*F’Pé'E§’S f@*“?ﬁ*?’?ﬂmtﬁfb Phereps: rPé‘éM°r I'Qvﬁ)ef é’{)é%&’e pRig @Fcﬁeaaa "Bt ed
in 6 0 0 e3pressidnot makets tor fhaondifersptatetr prmPARVCE) GA 23578 BMA54360
AGENCOURT1- 6402318 NTH M3C 85 6 0 0 O Honp sapi ens cDNA cl one | MAGE: 5497491
18 WO 20410 06 P /US (%04/ 008883 TABLE 2: EST Frequency of GCenes that

2 PFon of hES cells Geron ID GenBank I D

Nanme EST count gy or ; MM 3
For khead box ﬁﬁ&é& {6% fggeemggerii%tgd ' %%&%gﬁdé&%ﬁéaenet |%qg
prot n (caRiEfiedby a f’?f’i?é”ﬂ“&"a*i reguitory e'e(‘BNﬁi@licﬂ)as(%E'RmSt?' &rt ’Mﬁ %@43%8’“%0%
mar r ow sthighemalbvetentti gxeresston( iBSindiRgreriidted cis Tomfke® Hitld dietasa 32lIsEphmcenvetr§q:)e a

;:gggt g{ Whe(wﬁt?é"@ér)es&m&n tr&nscr%ﬁor%%émé\’!}%%ﬁ%ﬂfég gg@%féd%ﬁeil ﬁé%é‘rbl uQ%FBoHﬂ§ .
8 GA_SSS‘%Q 5%5@1%@%%!‘L°2%FF@?°"I“P K%g‘%“r Yz‘ﬁ eﬁ’e%mﬁ)é?&ed‘ '"éﬁ""@é@@ NR)%%‘H 629

Sol ute camimicdat bidhe marked geneenber 8 (SLCBA8) 5 1 0 1 GA 3898 NM 006892 DNA
(cytosi ne-5-) MIH%UM'&&rﬁ’d‘l‘é’fs‘éﬁ&ﬁ&s%f RRhR ofe Forbslistell WCIO%W%OWAQ@ngSB

STF1-1 T4 d%iC’gb)&ﬁ%%‘“]?“f’%&"Beéﬁﬁﬁ'?W? AE&%“F%E%‘?“ i, shOtR g hoeh "
NM_152333amagvellyhesiieandy ddkino theSePrease saitspromediatelyl ipsijeara of thelirapslation giat sigg! for
(Cl4orf 69&6 mAFRENA t@g&@ﬁ%y,d}@%&ﬂ@ﬂ&ﬁt ch 1 (N1) 6 210 GA9183 NM OD7129
Horo sapi ens %lo expl%ég a)(\etg%Fbous e%ccgdm(aqegic% g(‘,cg'rdlgg to this embodiment of the invention, a

30 recombinant vector is constructed in which the specific promoter of interest is operatively linked to the
encoding region in such a manner that it drives transcription of the encoding region upon transfection into
a suitable host cell. Suitable vector systems for transient expression include those based on adenovirus
and certain types of plasmids. Vectors for long-term expression include those based on plasmid
lipofection or electroporation, episomal vectors, retrovirus, and lentivirus.

35 One application of tissue-specific promoters is expression of a reporter gene. Suitable reporters
include fluorescence markers such as green fluorescent protein, luciferase, or enzymatic markers such as
alkaline phosphatase and R-galactosidase. Other reporters such as a blood group glycosyltransferase
(WO 02/074935), or Invitrogen's pDisplay™, create a cell surface epitope that can be counterstained with
labeled specific antibody or lectin. pPS cells labeled with reporters can be used to follow the

40  differentiation process directly, the presence or absence of the reporter correlating with the

- undifferentiated or differentiated phenotype, depending on the specificity of the promoter. This in turn can
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pai red honol og, Drosophila) (ZIC2), nRNA GA 35037 NM 0D4426 Honop sapiens

pol yhoneot i c- ||ke 1 34 954 (Drosophila) (PHCI), nmRNA Only one EST for
hTERT was wﬁ) gk in undifferentiated hES cells and n /&%xgct ed
fromthe erentlated cells, which was not statlstlcal gnl

Thus, potentially useful mar ker s that are 5 expressed at I. ow | evel s could
have been bSqudtt%g’"?"hmt%’F‘@'Z&ﬁ'éltPS?s“P%@'t'%beWdeéfﬁﬂﬁate@d’Pﬁ cafsnerfifierepiatiproriptogoisTs .
It woul d bterpatiedly, okl comtainidlg prombigr-repreter cpesi@cts ban hesisefondriiescreesing) M vihibd S test
descri bed (gf, K@ﬁ%@mbtﬁ'eot\mh%he %\I Shb Qﬁﬂarsﬁgr} & Qﬁﬁﬁeﬁﬁﬁ@ﬁhg\ﬁ%ﬁot&q§€c{n’éﬁfedfmftﬁ)% EST

frequency ﬂuerl es wer e particu interest as potentrally use
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30  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
35 celltype.

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

40  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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amplification.

The effect of up- or down-regulating expression of a patticular gene can be determined by
evaluating the cell for morphological characteristics, and the expression of other characteristic markers.
Besides the markers listed later in this disclosure, the reader may want to follow the effect on particular
cell types, using markers for later-stage or terminally differentiated cells. Tissue-specific markers suitable
for this purpose are listed in WO 01/81549 (hepatocytes), WO 01/88104 (neural cells), PCT/US02/20998
(osteoblasts and mesenchymal celis), PCT/US02/22245 (cardiomyocytes), PCT/US02/39091
(hematopoietic cells), PCT/US02/39089 (islet cells), and PCT/US02/39090 (chondrocytes). Such
markers can be analyzed by PCR amplification, fluorescence labeling, or immunocytochemistry, as
already described. Promoter-reporter constructs based on the same markers can facilitate analysis when
expression is being altered in a high throughput protocol.

The examples that follow 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 cultured in
undifferentiated form. c¢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 caell 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 |V, and scraped to obtain small clusters of cells. Cell clusters were resuspended in
4 mi/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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changed to EPFI medium. Cells were used for the preparation of cytoplasmic RNA after 3 days of growth
10 in EPFL
Partial 5’ end sequences (an expressed sequence tag, or EST) were determined by conventional
means for independent clones derived from each ¢DNA library. Qverapping ESTs were assembled into
conjoined sequences.

TABLE 1: Non-redundant EST sequences

. Number
Library of ESTs
hESC 37,081
EB © 37,555
preHEP 35,611
preNEU 38,206
Total 148,453

15

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 ceils and subsequently
20 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 maiches 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
25  in Unigene, were assumed to be transcribed from the same gene, and placed into a common assembly,
The complete set of 148,453 ESTs collapsed o 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\

30 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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as determined by the Fisher Exact Test, relative to the sum of ESTs of the three cell types (minimum of 4
ESTs in hES cells). The following markers are of particular interest:

15
TABLE 2: EST Frequency of Genes that are Down-regulated upon Differentiation of hES cells
Geron ID GenBank ID Name EST counts
, ES EB  preHEP preNEU

GA_10902 NM_024504 Prdomain containing 14 (PRDM14) 12 1 0 0

GA_11893 NM_032805 Hypothetical 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), mRNA

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
(CRIPTO) '

GA_2149 NM_003413 Zic family member 3 (ZIC3) 7 0 1 0

GA_2334 NM_000216 Kalimann 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 g 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

l_—l_omg _gapiens cDNA clone IMAGE:5497491

18
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GA_2945 NM_005232 Ephrin type-a receptor 1 (EPHAT) 5 1 1 1
GA_2962 NM_005314 Gastrin-releasing peptide receptor (GRP-R) 4 0 0 0
GA_2988 NM_005397 Podocalyxin-like (PODXL) 59 23 5 8
GA_3337 NM_008159 NELL2 (nel-like protein 2) 5 3 2 0
GA_3559 NM_005629 Solute carrier family 6, member 8 (SLC6A8) 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) (Z1C2), mRNA
GA_35037 NM_004428 Homo sapiens polyhomeotic-like 1 34 9 5 4

10

(Prosophila) (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 techniques described elsewhere in this

disclosure.

potentially useful markers of hES cells.

Three genes were observed from EST frequency queries that were of particular interest as

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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co-transcribed, and Solute carrier 21 are other significant markers of the undifferentiated phenotype.
By similar reasoning, genes that show a higher frequency of ESTs in differentiated cells can be
used as specific markers for differentiation. ESTs that are 2-fold more abundant in the sum of all three

10

X pyapdrtionQof@ndiffereatiaied ceflsih @he\papulption. GABA(A) receptor, Lefty B, Osteopontin, Thy-1

differentiated cell types (EBs, preHEP and preNEU cells) and with a p-value < 0.05 as determined by the

Fisher Exact Test, compared with undifferentiated hES cells are candidate markers for differentiation

down multiple pathways. ESTs that are relatively abundant in only one of the differentiated cell types are

15  candidate markers for tissue-specific differentiation. The following markers are of particular interest:

TABLE 3: EST Frequency of Genes that are Upregulated upon Differentiation
Geron ID GenBank ID Name EST counts
EB preHEP preNEU
GA_35463 NM_024298 Homo sapiens leukocyte receptor cluster (LRC) 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 (prosoine, 7 7 8
macropain) 26S subunit, ATPase, 6 (PSMC8),
mRNA
GA_1843  NM_000982 60s ribosomal protein i21 7 48 42
GA_35369 NM_003374 Voltage-dependent anion-selective channel 5 8 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 6 7 12

Homo sapiens glypican 3 (GPC3), mRNA
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GA_4145 NM_002480 Protein phosphatase 1, regulatory(inhibitor) 1 6 6 6
subunit 12A (PPP1R12A) '
GA_5992 NM_014899 Homo sapiens Rho-related BTB domain 0 10 7 13
containing 3 (RHOBTB3), mRNA
GA_6136 NM_016368 Homo sapiens myo-inositol 1-phosphate 1 7 5 16
synthase A1 (ISYNA1), mRNA ‘
GA_6165 NM_015853 Orf (LOC51035) 1 5 9 5
GA_6219 NM_016139 16.7Kd protein (LOC51142), 1 5 13 14
GA_723 NM_005801 Homo sapiens putative translation initiation 1 14 15 19
factor (SUI1), mRNA
GA_9196 NM_000404 Homo sapiens galactosidase, beta 1 (GLB1), 0 - 6 10 7
transcript variant 179423, mRNA
GA_9649 NM_014604 Tax interaction protein 1 (TIP-1) 0 8 5 5

The relative expression levels were calculated as follows:

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

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

(# 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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b = number of sequences B = number of sequences M=b+B
Pool B  in Pool B assigned to in Pool B NOT assigned total number of
Gene X to Gene X sequences in Pool B
Total c=a+b C=A+B , , N+M=c+C

where Pool A contains the sequences derived from the undifferentiated hES cells and Pool B contains the
sequences from the other three cell types (EB, preHep, preNeu). N is equal to the number of sequences

5  derived from the undifferentiated hES cells (37,081) and M is equal to the sum of all ESTs from the three
differentiated cell types (111,372). For any given pair of pool sizes (N, M) and gene counts (¢ and C), the
probability p of the table being generated by chance is calculated where:

=[Nl Ml ¢l Cl]/[(N+ M)l 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 withp s
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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a 0- Clan?ﬁlifieWin {90 WL reactions. PCR product was then purified using the Arrayit™ PCR Purification Kit
10 (Telechem, Sunnyvale CA) according to manufacturer instructions.  Product was dried down,
resuspended in 50% DMSO and Arraylt™ Microprinting solution (Telechern, Sunnyvale CA) and arrayed
onto GAPS™ amino silane coated slides (Corning Inc., Acton MA) using a GIMS 417 Arrayer (Affymetrix,
Santa Clara, CA). After printing, slides were humidified and snap heated, baked at 80° for 4 h, then

blocked with succinic anhydride.

15 Total RNA from undifferentiated ES cells, embryoid body cells (EB), retinoic acid treated
(preNeu), and DMSO treated (PreHep) cells S, EB, RA-treated, and DMSO-treated cells (10 pg, 15 g,
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 RNA from all other cell types.

20 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 Instruments, Fremont CA).

Image processing, data extraction and preliminary quality comtrol were performed using
GenePix™ Pro 3.0.6 (Axon Instruments). Quality control calculations involved quantifying overall signal

25 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.

30 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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GA_37788 NM_133631 roundabout, axon guidance receptor, ~7.93 29 7 4 1 0
homolog 1

GA_12173 NM_021912 gamma-aminobutyric acid (GABA) A -3.37 -2.16 4 0 0 0
receptor, beta 3 (GABRB3)

GA_37606 NM_019012 phosphoinositol 3-phosphate-binding 296 -9.99 4 2 0 0
protein-2 (PEPP2)

GA_1470 NM_008740 potassium channel, subfamily K, member -2.93 -2.47 4 0 0 1
5 (KCNK5)

GA_2937 NM_005207 v-crk sarcoma virus CT10 oncogene -2.29 -3.78 6 1 0 0
homolog (avian)-like (CRKL)

GA_10513 NM_033209 Thy-1 co-transcribed (LOC94105) 221 -3.39 7 2 2 1

GA_36957 NM_024642 N-acetylgalactosaminyltransferase 12 -3.24 -5.05 4 0 1 1
(GalNAc-T12) (GALNT12) ‘

GA_36420 NM_001064 transketolase (Wemicke-Korsakoff -2.25 -2.28 14 17 11 17
syndrome) (TKT)

GA_1677 NM_003712 phosphatidic acid phosphatase type 2C  -2.46 -2.71 1 0 0 0]
(PPAP2C)

GA_36793 NM_152295 threonyl-tRNA synthetase (TARS) 218 -85 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 relatedto  -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 -2.13 4 2 2 0
variant beta-6a

GA_36775 NM_000918 procollagen-proline, thyroid hormone 201 -265 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 -3.45 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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CO M %8805 bo2481 Cé?yp?c 1(GPC1) 261 232 3 4 1
GA_5549 NM_014600 EH-domain containing 3 (EHD3) -2.39 -2.81 1 5 1 1
GA_9269 NM_021074 NADH dehydrogenase (ubiquinone) 226 -2.01 0 0 9 6
flavoprotein 2, 24kDa (NDUFV2)
GA_2934 NM_005180 B lymphoma Mo-MLYV insertion region 211 -3.24 1 2 0 1
(mouse) (BMI1)
GA_3522 NM_002415 macrophage migration inhibitory factor -2.04 -2.05 4 2 8 9
(glycosylation-inhibiting factor) (MIF)
GA_2465 NM_004364 CCAAT/enhancer binding protein -2.79 -4 0 1 0 0
(C/EBP), alpha (CEBPA)
GA_36793 NM_152295 threonyl-tRNA synthetase (TARS) -5.34 -2.98 8 4 1 6
GA_9259 NM_005539 inositol polyphosphate-5-phosphatase, -4.37 -6.54 1 0 0 2
40kDa (INPP5A) ‘
GA_2232 NM_001348 death-associated protein kinase 3 -29 -3.56 3 3 1 2
(DAPKS3)
GA_37240 NM_007029 stathmin-like 2 (STMN2) -4.37 -2.37 0 4 0 1
GA_4617 NM_012289 Kelch-like ECH-assoclated protein 1 -11,88 -2.59 2 4 2 2
(KEAP1)
GA_38021 NM_002111 huntingtin (Huntington disease) (HD) -10.84 -2.16 1 5 0 2
GA_9227 NM_001552 insulin-like growth factor binding protein4 -6.13  -3.06 5 4 0 2
(IGFBP4)
GA_267 NM_007041 arginyltransferase 1 (ATE1) -3.03 -3.22 1 1 0 2
GA_38392 NM_006597 heat shock 70kDa protein 8 (HSPA8S), -8.8 2.7 39 20 48 62
transcript variant 1
GA_1829 NM_002936 ribonuclease H1 (RNASEH1) 281 -2.11 1 0 1 2
GA_9228 NM_001664 ras homolog gene family, member A -3.21 -2.48 11 18 8 17
(ARHA)
GA_1495 NM_002347 lymphocyte antigen 6 complex, locus H -2.33 -2.57 0 0 0 1
(LY8H)
GA_3840 NM_006749 solute carrier family 20 (phosphate -54  -2.83 0 1 1 3
transporter), member 2 (SLC20A2)
GA_1045 NM_001105 activin A receptor, type | (ACVR1) 27 237 0 3 1 3
GA_36361 NM_020636 zinc finger protein 275 (ZNF275) -4.09 -2.07 0] 0 0 3
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GA_9258 NM_005393 plexin B3 (PLXNB3) -3.56 -3.04 0 2 0 0

GA_35992 NM_001402 eukaryotic translation elongation factor1  -5.55 -222 419 467 454 428
alpha 1 (EEF1A1)

GA_33537 NM_133259 leucine-rich PPR-motif containing 247 -3.41 8 7 5 3
(LRPPRC)

GA_6367 NM_016354 solute carrier family 21 (organic anion -2,08 -3.26 0 0 0 1
transporter), member 12 (SLC21A12)

GA_667 AB028976 mRNA for KIAA1053 protein, partial cds -7.55 -3.52 0 2 0 2

BQ023180 NCI_CGAP_PI6 cDNA cione UI-1-BB1p- -2.96 -2.1
aui-g-05-0-Ul 3' sequence

AA419281  Soares ovary tumor NbHOT cDNAclone -3.36 -2.59
IMAGE:755641 3' sequence

NM_006604 ret finger protein-like 3 (RFPL3) -269 -2.5

NM_012155 echinoderm microtubule associated -9.82 -6.65
protein like 2 (EML2)

NM_000160 glucagon receptor (GCGR) -394 -2.18

NM_003181 T, brachyury homolog (mouse) (T) 915 -2

NM_014620 homeo box C4 (HOXC4), transcript -9.54 -241
variant 1

NM_005583 lymphoblastic leukemia derived sequence -4.36 -2.79
1 (LYL1)

NM_014310 RASD family, member 2 (RASD2) -2.72 -3.13

NM_012467 tryptase gamma 1 (TPSG1) -2.63 -2.55

NM_000539 rhodopsin (opsin 2, rod pigment) (retinitis  -4.84  -5.53
pigmentosa 4, autosomal dominant)

(RHO)

NM_021076 neurofilament, heavy polypeptide (200kD) -2.03 -2.41
(NEFH) ‘

NM_012407 protein kinase C, alpha binding protein -5.44 -2.56
(PRKCABP)

NM_000201 intercellular adhesion molecule 1 (CD54), -2.18 -2.06
human rhinovirus receptor (ICAM1)
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GA_1213 NM_001884 cartilage linking protein 1 (CRTL1) 457 8.7 3 1 17 3
GA_1476 NM_002276 keratin 19 (KRT19) 209 5.21 1 26 14 38
GA_8674 NM_000598 insulin-like growth factorn binding protein  3.16  3.59 1 15 4 3
3 (IGFBP3)
GA_3283 NM_004484 glypican 3 (GPC3) 2.6 3.29 1 6 7 12
GA_37735 NM_058178 neuronal pentraxin receptor (NPTXR) 377 4.04 1 0 0 1
GA_1280 NM_001957 endothelin receptor type A(EDNRA) 3.05 6.37 2 2 1 0
GA_37308 NM_003068 snail homolog 2 (Drosophila) (SNAI2) 224 468 4 3 0 0
GA_5909 NM_014851 KIAA0469 gene product 277 2.08 3 3 0 1
GA_23450 XM_027313 ATP synthase mitochondrial F1 complex 248  3.55 3 1 1 1
assembly factor 1 (ATPAF1), :
GA_7286 NM_020119 likely ortholog of rat zinc-finger antiviral 2.5 3.55 1 0 0 0
protein (ZAP)

Example 4. Specificity of expression confirmed by real-time PCR

To verify the expression patterns of particular genes of interest at the mRNA level, extracts 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 (DMSQ) 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: 1x 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™ kit, 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, ABl). Probe oligonucleotides were synthesized with the

fluorescent indicators 6-carboxyfiuorescein (FAM) and 6-carboxy-tetramethylrhodamine (TAMRA) at the
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15 Total RNA fromundifferentiated ES cells, enbryoid body cells (EB),
retinoic acid treated (preNeu)', and DVSO treated (PreHep) cells S, EB,
RA-t r eat ¢y 2qdas346dVBG treated cells (10 pg, 15 pg, andp@Prukshi@sbEdess
sensitivity) was then reverse transcrl ptase |abeled with Q/B or Q/S
f | uor ophe+e 2% e ght at

42C in 50%ferr§eg@l gﬁgﬁggnvé'rzﬁ@cﬁ‘x r@}gg'oﬁﬁén'e%gp %%J.ﬁhesé"aﬁr tﬁnt' ated ES

RNA was dlrect y an irectly co red”w from al r cell types.
20 Experi we ted least 5 tines each, and dye r %

Strat agenggr nllﬁverégqgﬁlg?an %erence RNA (Cat . #740000) was F'S)se 2 t he

i ndi rect corrpar ator. Arrays wer e vvashed r epeat edI y and scanrre:d ugivMep a
GenePi xTivg#G > . ot LA e
processing, "~ ata extractlon an preli'm nary quallty control wer e per or ned
usi ng Ge@aBBxITM RKQ002968 GSéIAWQn(SAmmt)r uments). Quality contral4 cal e1d ati ons
i nvol ved guantl fyi ng overal nal 25 intensities, statisti caI nmeans and

nedi ans ofASP%%l ~ NMYALES | &abazwaf'@sbnmt%%'ﬂor ogi es. Extract ed Bat a~hhs
further apgalgged p,as%ggbzon %gﬁrlﬁ\hl)cal al gorithnms of signal-ta-foisg
sensitivity range, and reproducibility. Data was then | oade | nt o t e
GeneSpr i ngAdisht abéigesisnd inafingst wotgn ofigembeliu@iZIGeay ti cul ar i ntier est -agere
genes that showed reproduci bl e expression dlfferences of 2-fold in either

di rect i onGASSpdci HMH %nE?’W e"“@?ﬁg&%’@?ﬁ RO di f ferentfati P to all
three differentiated cell he followng table |Iists genes that
were identified as being domnregulated or upregulated in their expression
| evel upoaAdBES €T RMLA20D970N Leftiight ddbrmipationfiEtor O(LEFTBNEU cel Ts. 4EPT coppts are
provided from the data generated in the previous exanple. 70 WD 2004/ 083406
PCT/ US2004A0B8E8 3BCHIABHE 7Gamﬁbﬁpbwcﬂm@(%"%“@@ﬁes t hat -4cr eds®

Expression upon Differenti BR8N Geron |.D GenBank | D Nanme Fol d Chan e EST
Count s RAGHNBEISESNMEIIFe e Ayt eaiearscrieed "T674 NM 002701 POU doitéPn, ¢i-dss 5,
transcri pghogsf aCNWOUZ§4161H'oJ1%agt§t gfonémaarge bR URiblog ¢A_9384 4 NM_O%Q)997

| eft-right determnation, {rRos®N, B FTB) -4.88 -5. 48 4 010 GA37788

NM 133631@Acmadabwtoooeamn Sgﬂétd@mephbﬂﬁle'ﬁﬁQdSsteopantlﬁ)?}***-2 9 7 4480 hoovolog 1
GA 12173 NM 021912 ganmma- ani nobutyric acid é_GABA A-3.37 -2.16 4 0 0 0
recept or, GAcRAIS (MABRRE) ¢ PrdesinakthPIgen 0-RFH8Yphoi nosi tol -19 -8
3-phospha [ 6 2EPP2) GA, 4470 NM 003740
pot assi um bR Alossfad " Fg"i@?ﬂe‘%%@'ugwi%g&%%é IS0 1 2t GA 937
NM 005207 V- crr(sarcoma VI rus L,II U oncogene -2.29 -3.7/8 6 I U U nonol og
(avian)-like (CRKL) GA 10513 NM 033209 Thy-1 co-transcri bed (LOC94105) -2.21
-3.39 7C2GR 2B053GATBBYE7 NMESZAB42 N-acetyl gal act osami nyl t r arsfe8f asel00? - 3. 24

-5.0540 T1 GALNTI 2 6420 NM 001064 transket ol ase
(Weni cke- ﬁér%ﬁ%o?@h &%&5 @%ei%'q?e'ﬁkcﬁﬁ SVndronme) (TKT) C££]167'785
NM_003712gRhpsphanindédd2fei Gelparastalens talifasd Gern 46 -2. 71 1P

( PPAP2C) _GA_ 36793 NM 152295 threonyl -t RNA synt hetase (TARS) -2. 18 3 5841

6 GA 7151 NM 017488 adducin 2 (beta) (ADD2), transcript -4.21 -2.03 42 20
vari ant beta-4 GA 12053 NM_ 001986 ets var| ant gene 4 (El A enhancer binding

protein przdipnperfat é@ﬂers@ U on Gorinegpten SKPIESSIQT) leyaly ‘ﬁ'@rmﬂaﬂr{eaﬂtnﬂmpw of

( NMP200) intesést 2of a3aid 6QiifaRdt Gatrietiat applidatics heplesdribédedlief. OBieepainentyrovidds 78

-3.32 3 R el b vite I RIIAB e irlorind BANAY oA ons

{ransor 1 eraiel gh el ey o S e i Sl forind YA pfetagons

procol | a’@%‘ﬁa"ﬂ)F‘SI”f“i’i@e’erﬁ'ﬁ’W BRIPIARANREG et zheW f 2"@590192“ Q‘ge’i'ﬁ'aﬁ Ca'EﬁbWHPﬁ@e

protein qud) (PAHB) GA_1086 NM 133436 asparagi ne synthetase (ASNS),
transcript - Zpafitularlgends Qere choded froMdhids8Mentiied as having differential expression pattems,

10  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 cells 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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morphogens in normal development and cancer.

Example 6: Use of cell markers to modify ES cell culture conditions

This example illustrates the utility of the differentially expressed genes identified according to this
35 invention in the evaluation of culture environments suitable for maintaining pluripotent stem cells.

Figure 3 show results of an experiment in which hES cells of the M1 line were maintained for
multiple passages in different media. Medium conditioned with feeder cells provides factors effective to
allow hES celis to proliferate in culture without differentiating. However, culturing in- unconditioned
medium leads to loss of the undifferentiated phenotype, with an increasing percentage of the cells

40  showing decreased expression of CD9 (a marker for endothelial cells, fibroblasts, and certain progenitor
cells), and the classic hES cell marker SSEA-4.
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famly 6, nenber 8 (SLC6A8) -1.1 -1.1 75 WD 2004/083406 PCT/ US2004/008883
TABLE 9: Quanti t@dzrldmmfRT PCRBéﬁ'H’rB?&leGBﬂmeE) expr essi on [ n hESC

di fferenti at +on ‘ GA

Zinc finger protein, HSAL2 * -1.4 - 2 8 GA 5391 NM 002968 Sal -like 1
(SALL1), 1.4 -1.3 GA 6402 NM 016089 Krab-zinc finger protein SZF1-1 -1.8
-3.1  GAh® i6its ARGO B0 the Ndrins deldeiit)to noGitof #@ undifferontBBd AR RME Shded ssinfilanger

P;Ot f;? cRdn @se'lﬁ Pelaﬁ biisé! daituré cdndilions2- By al%ieglﬁ‘lﬁVIWJ@Mﬁ% eﬁéﬂtédyadé@rﬁnﬁé epment
i 8000 igh By R o8 efieh 5 sitrfe pES FBls o male '"&'P ttogtdtoRSd ‘as

GA 1917 ShBORUBAEhGideshen ElRORR it beck i slancerimapditanedmediiropiier 8 paBages 5 bet a
3 **  GA 6t Sorkivbiid3 S@R8sidat-all fPmbrkés Rtuidd@dsehiially tolotiginalHelvdls.1 This shows that

alterations in expression profiles in media Conditions 4 to 8 are temporary and reversible — consistent

with the cells retaining full piuripotency.
25
Example 7: Measuring undifferentiated cell markers by flow cytometry
Cells from the undifferentiated hES cell line H1 were grown in mEF conditioned medium in
Matrigel® coated 6-well plates. Cells were harvested using 3.0 mL of 0.5 mM EDTA and resuspended in
PBS containing 5% fetal calf serum and 0.05% NaNj at a concentration of 5 x 10° cells/mL. For SSEA-4
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GA- 1831 NM 002941 Roundabout, axon gui dance receptor, homplog 1 1.1 1.0
(ROBOL), GA 2753 NM 000582 Secret ed phosphoprotein 1 (osteopontin) *** -3.8
-10.0  GAWERH0093M06133259 130 kDa | eucine-rich protein (%gﬁ@)/omgﬂﬁ -1.9
GA 28290 AK055829 FLJ31267 (acetyl giucosam nyltransferase-like -2.3 -4.5

ﬁ.;;éfhzz?nggﬁm PO ot 3Ry [onemicd hipaycrais yoed (i s “Mzsu]bf?e?
rever se ReFighg ?Q mra@rercemwyd by ope waslp with 28xalnpl BBSFCSulfer i @Y Rﬂ'et?’rﬂ'le!%er s
for noni rtegrspémecﬁs 106 bl of liidrdcBFoRidt donflig <Y eBdHagy biRtbbdyl bR infBcelilar G4 stalnlng

down-r egtH? @éll‘s C\c)vréreI f{)](eéa \{\nm E’; %"FRR\‘ naFco%fentrgjlijfn |g1 5d rruL faﬂof)rrr]ltt&ﬁperacmrea fFer ees“(’ﬂ’Sh'be d

i nt er est

ear | i%r. Ce‘F’nY"@e @sp@en%ém a B?'W?H‘Eﬁtm“ehﬁff%!)(%ﬁﬁﬁ%s P'PP‘ p eqld methangl) ﬁOl@Eﬁe@ er e
sel ect Edmia?]n ide, ﬁ‘ﬁa}?lﬁ agéin, rﬁhﬂltﬁegrreslubiﬂanaéd thé bl pa,ﬁet cnuildourhg s@ﬁli@dl(ﬁd%)gﬁét §hum in

mai ntai n_t he i ren t not nce, e uri tent

di f fer enf At |bgﬁag%r}i£u§f r‘?I |bt5§ gf tﬁ6X1@&%Tmea¥' ?"gu At sa'%eh W'Ihh' rgD fe t(') %n from
t hose i d@ﬂlqufll(%amtaaﬁruhﬁwqqyicﬂngﬁ)f ler1@nﬂ-|@Ibloelmmblmromcmweqmlse for 80 rrb’ed\éterse

they ar ergk,agnwg tﬁgceﬂmesthm@h with Imem:égdoﬂ&r@arﬁmdap eIT R gene pr oguct that is

expr se at u , S.~Sec;r e tr| tes ar

hel f"a becaltl:Ji et hsém‘NS%’ ;fsgg ﬁé‘ géﬁdl G[OI ao"ﬁ o"‘% ?S%aéke(r:se atll ’8@" HHECI6red
easily ell"ldﬁéfle”tlﬁjﬁdeﬂfi’ﬂsl yneer,thesesgondifigns o fSolicharesap Iea@UlPEfnabléd'C%? bapfarpynghataiigs ay of
t he cul t ¢dsBrvedSwip i Tadpattive isCRPEMateRddeoftibRS @ fadts ddéatdr van BE%E ofl RESEMS Bxprdskdaups

m”%@@é%&%@' ysis (Group-2), and other sources (Group 3). 76 F WO
2004/ 083 2004/ 008883 TABLE 10: Additional Genes anal yzed by

real -time PCR Name GenBank or [ID No. Goup 1 Bone marrow stromal antigen
NM 0(54335@9@6@Clﬂéggwh@dlﬁéré(ﬂatéﬂ\deﬂm&ﬁi@¥tromElaﬁarlG§C/ gl ypi can-2 (cerebrogl ycan)
TA 5416486 Potassi um channel subfam |y k nmenber 5 _gTASK-Z NM 003740 Not ch
1 protein AF308eeent g5 dfiemralizton n@ﬁabﬂgg?mdg‘i‘yoﬁﬁtﬁm G Jreapunng, akeyy for
NM_0032 1éndifthentiafed| cellse in/ cohginkifon (Wikh| mdrkeksefop ditiereritiate@ yellsiv G@B¢HsOexpettesitin iearly

rel easi NGrdgRkiod QuRREEN! Sheb) BB staiRAg) Sr rsgrnaiwpgﬁﬂm&ahsn @fa%smn LEGFRL Or
NM 004329 bABCGZ ABC t ransporter Y017168 olute carrier famly 6, nenber
8 (SLOsAB™IRIBOEEIB M TERT NM 003219 Oct 3/ 4 oct amer - bi nding transcription
fact2r 3a (ocin3uy exaoele. streeNny 0DERI stemelgs! matkers twag jdghe: bydemunesitacteimisty ¢fact or

b ( LEFTEAeNAIORRREd in XPRG aire ditth Bregr) Bomédiineddndiflone® 8ie0Rsuat embryddid BRBRSL
Ganma- ar%n%bdi'esxvereo Iegffé{% rﬁ%erAal sﬁ&,?%é@l?‘peta 3 NM 021912 Roundabout,

axon gu e rece NM 002941 d ucagon receptor
NM_ 00160 Leucine-rich PPR- m)tlf hum 130 kDa hum 30l eu 130kd Leu MB2439
Thy-1 co-transcribed NM 033209 Solute carrier famly 21 NM 016354 LY6H

| ynphocyte antigen EEABtEribI eerm@mABtlhddY\M Memztrvg Dlmrestﬁaied(@_b(NBS) NM 005393

| CAM NM 000201 -G N ; sequence
(KAL1) NM 000216 Ar rrad‘wérk@ repeat prot ewmddel et ed |I"C&ia&dchcardl o-faci al
syndrome NM | 00 :6-F0—-ARVCH—Ephr-Hhr—type—aFeeeptor—+—{(EPHAL—NM 005232 77
WO 2004/ 083406 PCHTBP92004/ 008883 Fi gbnr@Swstentsows t he #¥Er1€3&e in expression

of the genes in GoUR, lnfilRREIMEANE!) B MaFieR ! 555825
CD44 BD Pharmingen 550988
CD90 BD Pharmingen 555593
CD105 (Endoglin) Chemicon MAB2152
CD106 (VCAM-1) BD Pharmingen 555645
Vimentin Sigma V 5255
25 Figure 8 shows the results of the immunocytochemical analysis. CD44, STRO-1 and Vimentin

stain stromal-like cells in the hES cell populations cultured with mEF conditioned medium.,



(Lower Panel) in H9 hES cells after culturing for 7 days wwth RA or DM GCene
expression of rhodopsin and | CAMwas below the limt of detection In

di f f er entwateey/mesdodss. KAL1 and EPHAL were not tested. Q?ﬁi and Cct
3/4, three other genes were selected as characteristic o {ﬁﬁﬁ%m%EEI

a1 50 S i 6L LMk MBa g Vo Torat ocarcipom-derived
pepti de rece[HealimeGPEIRRssdys Qureepetfon@dpaing snittires bfewelifezhtiaedphES s¢lleandBJt hese
five gerﬁgr%blhé?s lfbl':d%te%ﬁ'lné &e‘%ﬁshlww h¥ aﬁ&q]goff fAb Eﬂj@&én@é Q‘Qixf@%hha?ted t%ﬁs fibroblasts, BJ

fibroblasts transfected to express ( human enbryonlc
ki dney) cel | resiiydavesigd cey ""%{? Forphined &% & tolahefyg Wa%e"aﬂ“ 1085 werements of sachseliher
and 50 pywee MbiaBRNA waDisdateth dRochd Bolatbd Xit), Artd, thdrOtsated with @BtAseH do femgiecotdntial

pluri powcgg%ﬁmkﬁﬁ'(hﬁbubﬁﬁﬁ fA\vaquhéaﬁ%h“n&ﬁJré‘J\kér@hE&‘e uf B - Pé\h 'mafsﬂewﬁ.xrﬁﬁﬁéfef S

ret ai ne f ressi on 1 n |ate cul tures
LB " (PR Biaial v 025 HLoa AomErenraLgR o 1AV SERVAra SR 49 I pevere.

mar ker s primerdiG i\ probe, iand eth0ag|HNG, Data dnhlydismascetiamedbding the zqmpasdvedtt nehoi ved
from t hegHpdssd frNAEEHdognBEs EftrbiS (bifiet buﬁam&maéa@ép% gehELoP B@ndaidiAitni @R be

observed i trans d at an

el eVit ed® ?‘Q\}'Fpeais s'é%%péﬁt@bcpﬁ ﬁ'ﬁaﬁ?@agﬁ%ﬁ%ﬁgﬁups cyc?@ﬂﬁ? gﬁéP gé\y&gg?ﬁ?s@s Hon of
Cri pt o, PeRmfogiabdinRODXL i n undifferentiated hES cells reveals interesting
aspects of t hregupd 9'5@6}% hé ré]éﬁ@&&haﬁ@é begen@éipretssaloaﬁasb@arh inlkdsCoR biftstentiated O MR

mamal | ﬁlg.ﬂog Velf@% e(§’|h hsuggr aged% nndlffé}]en ated I-ﬁ:'{gg?eﬂseglor% Tgta_e five mark(tarsan d a

gl ycosy sp Ol oS 1

cyst ei neﬂfﬁr@bdﬁ"iofﬁﬂkm%ck)ﬂﬁ‘ﬂ%srin FF&IE’@@O ign ‘é”’ﬁ?éf?f?@?at@fcelishe EGF-CFC family. It has
beens denonstrated that Cripto serves as a co receptor for Nodal, which is
essential for mesoderm and 20 endoderm formation in vertebrate developnent
(Yeo at al., Mdlecular Cell 7:949, 2001). The finding that Cripto is
expressed preferentially on undifferentiated hESC suggests that Nodal is an
important signaling nolecule for stemcells, perhaps to pronote surviva
and/ or proliferation. PODXL encodes for transnmenbrane sialoprotein that is
physically linked to the cytoskeleton. PODXL Is suspected to act as an

i nhibitor of cell-cell adhesion and has been inplicated in the enbryonic 25
devel opment of the kidney podocyte. The anti-adhesion properties of PODXL
when expressed on wundifferentiated hESC may be an inportant feature rel ated
to stemcell magration. The receptor for gastrin releasing peptide (GRP) is
a Gprotein coupled receptor that nediates nunerous biological effects of
Bonbesi n-1i ke peptides, including regulation of gut acid secretion and
satiety. Acritical role has al so been established for GRP and GRPR i n
control growth of cultured cells 30 and normal mammal i an devel opnent. GRP
and GRPR may be oncofetal antigens that act as norphogens in nornal

devel opment and cancer. Exanple 6: Use of cell nmarkers to nodify ES cel
culture conditions This exanple illustrates the utility of the
differentially expressed genes ldentified according to this 35 Invention in
the evaluation of culture environnments suitable for naintaining pluripotent
stemcells. Figure 3 show results of an experinent in which hES cells of the
Hl line were maintained for nultiple passages in different nedia. Medium
conditioned wth feeder cells provides factors effective to allow hES cells
to proliferate in culture without differentiating. However, culturing in
unconditioned nediumleads to |oss of the undifferentiated phenotype, with
an increasing percentage of the cells 40 show ng decreased expression of CD9
(a marker for endothelial cells, fibroblasts, and certain progenitor

cells), and the classic hES cell marker SSEA-4. 78 G WD 20041083406

PCTI US2004/ 008883 Figure 4 illustrates the sensitivity of hTERT, Cct 3/4,
Cripto, CRP receptor, and podocal yxin-like protein (nmeasured by real-tine
PCR assay) as a neans of determning the degree of differentiation of the
cells. After 4 passages in unconditioned X-VIVOTM 10 nmedi um cont ai ni ng 8
ng/ mL bFGF, all 5 markers show expression that has been downregul ated by
about 10-fold. After 8 passages, expression has 5 decreased by 102, 10, or

10-fold. Figure 5 shows results of an experinent in which the hES cell Iine
H1 was grown on different feeder cell lines: nEF = nouse enbryonic
fibroblasts; hMSC = human nesenchymal stemcells; U SMC = human uterine

snmooth nmuscle cells; W-38 = an establ jshed Iine of human lung fibroblasts.
As nonitored by RT-PCR assay of Cripto, COct 3/4, and hTERT, at |east under
the conditions used in this 10 experinment, the hMSC are better substitutes
for nEF feeders than the other cell lines tested. Figure 6 shows results of
an experinent |n whi ch d|fferent nedla were tested for thelr ab|I|ty to

1| p—p~



Condition 3 X-VIVOIM 10+bFGF (8 ng/m.) Condition 4 X-VIVOIM 10 + bFGF (40
ng/ m.) Condition 5 X-VIVOIM 10 + bFGF (40 ng/nL) + stemcell factor (SCF, 15
ng/ mL.)  CAOYRIRa683466 X— VI VOTM 10+bFGF (40 ng/nlL) + Flt3ligap SQ(ZQE/O%
Condition 7 X-VIVO "' 10 + bFGF (40 ng/nL) + LIF (100 ng/ni 1on 8
OBSFrm 60 + bFGF (40ng/ nlL) The re&b&&cgﬁmthat the markers selected to
nonitor the undifferentiated phen d simlar changes in each of
these culture conditions. By all criteria, XVIVO 10TH suppl enent ed accordi ng
to 20 Condition 6 was found to be suitable for culturing hES celTs w thout
having to be preconditi on8eduepeesdieiamied émintiieDis¢lefvre si de, when cells were put
back i nt-e—st+andard——condtonred—rettumaiter—8—passages—+ha—thetest—

condi ti onsgq.@xRo:eSbés@fatoh al | four markers retursi@encessentially to original

| evel s. Fas—shows—that—alterattens—in—expression—prefites—i-hr—redia
Conditions 4 to 8 BFEETMHENIGPMWERceand reversi bl e GenBgnisAosessian NMyGi0B139t he cel | s
retaining full plu Exanple 7: Meas I i,ated cell
mar kers by fl ow cv%téﬁg%%%wée?'%ﬁcef romthe undi ffgédgr%ﬂ(%{a% m{}ﬁ@_%@%ﬁz line HL
were grown in nEF OcjrsdmiFerseqhemedl umin Matri geér(aa)kmabele@;onmloh pl at es.
Cells were harvestgd egbﬁ% 0O nL of 0.5 mM EDTA @n resuspended in PBS
containing 5% feta Ipfmt B4#'%end 0. 05% NaN3 af® cEer Mi9970bf 5 x 106
cel I s/mL. For SSEAcfhto mfinAMRqedasld/ 083406 PCT/ t J SZEHpaA0RRAREN NI RAL - 60
staining, 1 g of antibody (Chemicon International) was used. Cells were

i ncubated for a pEfRtQRIdteN selEeNAd n on i ce f ol | owEenBagk AvaessigmNM O@21A 2. 0 nlL of
PBS- FCS buffer . pended rochr one
conj ugat ed secondgﬁédl)ca gl‘ Lk%éﬁ)tewﬁ{ﬁ%se llgl%el | ul acrié%g%!{)%m!}s?ilg? ﬁ'{'lrg)%éé?t he cells
were fixed with Z%JdEanly@ﬁ hkealrotearmmmldahuema) f oGerBankAchessibn KI@Os3geTper at ur e.
After one wash, 5 ggl | s werg resusrgended in a Per ﬁ(bl | i zat| Qn buf f er

(PBS- FCS pl us 90% E8T Bo7RY AENOFSIUEEF | owed by 15CCTRRASRessigrNMAMdy agai n,
and then resuspendetp idhguighlenbslddbo I 1 bl 0Cki NGarBhikcbatlioh AYGARL serum i
perneabi | i zati on bufferi .5 x 106 or 1.0 x 106 perneabilized cells were
stained with 1 g ofrimgs Pf@?ﬁmfea’é‘ﬁﬂ’%a%ﬁa\( Sant aTtey dselogirdt echnol ogy) -in 10 gL
of bl ocking soluti On lce for 30 washi ng, the
cells were stai nedgl\n}mnatnﬁawgfes% secondary anti B%%y é?gnE {;__asgoﬁ?e 7 shows t hat
SSEA- 4, TRA 1-60 afeoCshushcadpsibretion Gherass4ql | strﬂﬂagdlsploex@r essed on

undi fferentiated cells under the conditions d areas in each panel

i ndi cate backgf oungergrf%ﬁqm"ﬁegdes' 'ﬁ‘i Q/Aega%é th theﬁ? Sﬁgﬁ‘t?ve i sot ype- mat ched
controls. In fact, cebesdg@incd dedignadén’Ga08346ES cel Iﬂ\.@@maﬁsed all three

mar kers. 15 Exanple 8: Measuring differentiated cells using stromal nmarkers
The extent of 4iff EprehtsadanradesignionftheR4(%r mi ned™digleewet i ng or neasuri ng
markers for — uadi f&%@%hhéﬁe@&s,gﬁhmuéze&onb' na’rq.soa?scgmr@ mar kers for

differentiated cells o e type expected in ear fferentiation cultures
- either by am i boGgosseguancedpsigmtion3A_FAZE6 arrpl i fThisawacbsuré TagmanTn), or by a
combi nation of_techni ques npl e, of useful stronal
cel | markers whs d ﬂg“ﬁ”ﬁ"ﬁf%ﬁ'ﬁ@?“% %é(eg”y ofﬁq%%[]% s cultured in XVIVO
10TM wi t h bFGRg or gemsliddiBneddedigiatisnardaadsi Nng NDUSHs dstlesyeni ¢ fi brobl asts.

Ant i bodi es were obtained fromcomercial sources as follows: TABLE 12:
Primary Antibody fGeromeequanrs JegfonafionGh&4es at ed CHI§ UsClog? ker Vendor Cat al og
No. STRO-1 Rpp Syégrg,g@e M%Eéd"eg tio gg hynmus fid sdpsRP Phar m ngen 555825
CD44 BD Phar m ngen 5509 BD Phar m ngen 555593 CD105 (Endogli n)

Chemi con MAB2162 emm&q(nemmugr)anmwaqn ngen BibdstBsurd/i nentin Sigma V 5255
25 Figure 8 shows the result nocyt o anal ysis. CD44,
STRO-1 and Vifenti o s ?egf’er?cesfes" "aﬁ# rﬁ%@%el | s |Jrl:1h ISGB%E% cel |l popul ations
cul tured withisEF cebelsdguenbedbsigmtinen 2805 WO 200MHidbswene PCT/ US2004/ 008883

Exanple 8: Sensitivity of the assay for undifferentiated cells Real-tine PCR
assays were péffor ﬁé’&"i@F?ﬁ‘ﬁeﬁ’?f'ﬁTﬁJ‘?’&A—@&%ndl f f eFUHP5CPEY hES cell's and BJ

fibroblasts, g deb%méagengms,ﬁ,%&;d&ygsw of t hfyafsRy,d or the presence of
differentiated cells Freshly harvested cells were conbined to a total of 2

X 108 cel | s i 6 10%Geme seanampd desigfationd@n2Bél | 5 tmmedxscro'mrel RNA was | sol at ed
(Roche | sol at I1'Pn i tl)oﬁ se%gencédeglgnattlone(ﬂ\t %?:79’“ th DN@SIS dlsclosure remove potenti al




DNA contam nants. (Anbion kit). Anplification m xtures were made up in
QRT-PCR master m x buffer (P/N 4309169) to a final volunme of 25 pL at a
concent r akbQoslssdeg pPM forward priner, 10 pMreverse prigeass2oddbopdys pr obe,
and -100 ng RNA. Data anal ysis was perforned using the conparative C nethod
using 18 ' e ' ' ' es for
standardi zati on can be 10 SspencasHetartd icineiis Bisclestiradi ¢ ri bosonmal protein,
(3-actin,—cyclophilin GP' dehydrogenase or R2-mcroglobulin) Figure 9

shows the g M iye sL@RLLnOf gene expression nmeagyrggei N M xtures of
differentiated (Bl) and undifferentiated hES cells conpared with

7

undi fferenti at & hESeroedehgencd derignatiohG@s 238585 ve mar Rdsdisclosre abl e to rank 10%

changes in the rop%réti on ofed}mdi fferentiated cells. éS 81 WD 20041083406

PCT/ US2004/ 008583 PRERKSECSRTHRSHARRE  Ref er FEF8SY"h this Di scl osure
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GenBank Accessfbn NRFBOESELC areC pr ot ei A& S@[ﬁf}%ce GenBank
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This disclosure 15 Geron sequehce designation GA 23572 This disclosure 16
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desi gnati on 3579 This discl.osur 2004,,083406 PCT/ US2004/ 008883
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This disclosur@® 21Ce8} FaueseafigaionationfssPaht i on GRISAisSRMrerhi s di scl osure 22

Ceron sequencegflesi gt iiknfduedGifch chysiadi scl osyfidgiscRsirder On sequence

designati on GA 23683 This disclosure 24 CGeron sequence designati on GA23969

Thi s di scl osur @8 25Geer eueneafiesigrationd¥sBiat i on GRIXBWLBIUreThi s di scl osure 26
I i scl os%sediscgzurgerpn sequence

eron sequence designatjion GA 32895

designation GA™
Thi s di scl osure




29 Ceron sequence designation GA 32913 This disclosure 30 Geron sequence
desi gnation GA 32917 This disclosure 31 Geron sequence designation GA 32926

Thi s di s¥®32004/083482 Ceron sequence desi gnation GA 32947pdHius20dymessgssure 33
Geron sequence desi gnati on GA-32979 This disclosure 34 Geron seguence

desi gnation GA,32985.This disclosure,, 35 Ceran sef %e.ﬁl anapd.on GA_35405
Thi s di scl osgHE@iTiah éa& Qb1 BRGUIIE R sE 68k QB o o oS di‘Scl osure 37
Ger on sequenteEsdmsi g Wamaazm GA 7542 This disclosure 38 Ger on sequence

desi gnati on GA8®E7 g;jgi cl 5@“?@ QhaWFdnB ﬁg%gmﬁ‘es -Hesi gnati on GA 9014
Thi s di scl osurg, ¢ 83 MQ%* -~ iﬁﬁg@sﬁ@/fé Son yRUS o Figh 4015 bp
MRNA | i near PRiurRL- Gl Q®7 ( NL—,EI’ Boyo sapi ens te ONEr ase reverse
transcri ptase (TBRT), nRNA56 ABEESS| ON NM_003219 AUTHORS Nakanura, T.M ,
Morin, G B., Chapman,K. B.. Winrich,S. L., Andrews, WH., Lingner,J.,

Harl ey, C. B. apgt Cechpolsfr Tl TLE Tel orlrﬁgq,ge Gafaal Yih&rSubyntochopml ogs from
fission yeasteramtiolumsan s dOLRBNAL 4Gl eNaess2y, 7tras3RA8Yion 95RO brquddy,/) '.. CDS
56..3454 LOCUS PClJSF‘lRNll158 bp MRNA |inear PRI 31-OCT-2000 DEFI NI TI ON Hono
sapi ens PQU ransg |31’1 on factor 1 (POUSF1l), nmRWA

’S i
ACCESSI ON NM G 01 4§ i"ﬁﬁqm <A F6HOReS. a184MatBRd L1 @ihg, FhJLE Human
Cct3 gene famly: cméarsmmncce&mosaﬂman ebaatohvendsqaabteesmg at geneesvemrigani zati on,
chronmosonmal | ocatl onaduln ession_at low levels in adult tissues JOURNAL
Nucl ei ¢ Aci ds JRELAL 2@5‘%@1%)“ gég;g P26 (Tébéﬁ” (438 102. . 899 LoCUS TOGFl 2033
bp nRNA |inear PRI 05- NO\/282 DEFI NI TI ON Hono sapi ens

t erat ocar ci noma-derived growh factor 1 (TDGF1), rrRNA. ACCESSI ON NM 003212
AUTHORS Donotdus De "Bi¥nt i pugll 'lll 05-NOV283di col a, A.
and Per si co, MLELTE *rrég@g&;ngsﬁeaw%anw.e DRty PUh PO 31 TP - O

aut osomal gen@um@ord | bofio,RX- hdnlﬂd@ednreﬂzoa&rﬂm seatn@menJQURl\I&lecoﬁmaonJA Hum Genet.
49 (3), 555-565 199&_!1)1 Pe B48..814 LOCUS POOXL 5869 by nRNA |inear PRI

OL- NOV- 2000 DE‘F NI T% d%é?{?@ﬁ"s”ﬁ@ﬂ‘o‘tfaﬂ‘?)@ﬁwl? P‘P&ésocnﬁom&)a"d ARNA.
ACCESSI ON NM ggﬁ,@@? ﬁ%gwegﬁ) %5L565q%,1§ G, \WarramB. L.
W ggins, J. E E. and Wggins, R C TI TLE Mol ecul ar

cl oning and char act er| zatl on of hurran podocal yxin-1ike protein. Orthol ogous
rel ati onshi phg rabbjt.,,PCLP1 and rat oDdocaI Xi n,.J ol 0 Chem 272
(25), 15708 YE1frok LEOT L or GRS BB b1 yht e LA R e B GRS near P
05- NOV- 2002 adoEsSsiaNI TiMOMsk4onmD sapi ens gastri n- rel easi ng pept| de receptor
(GRPR), nmRNAAUTHRRECESShOND 1M 868 316, AUINFI('RS'—M WHegims. ). E\/\arﬁg‘/aJJ M., Hanpton, L. L.

and Veber , H Cy 7L TLETH hordl, YASF 1 el eas] 0o, peptide, LaRgpLor gene
structure, ItsT%nssbfeteeprm@bgms RN R RS Ln%a%ne 3% (1), 95-103
(2001) CDs 399.. 155pdddagyxsubj ect matter provided in this disclosure can be

modi fi ed as aJ¢BY¥ALer J-obiot gfiteinn 72081 misZt 156H, (1997)
cbs 251..1837

Lacus GRPR 1726 bp mRNA linear PRI 05-NOV-2002
DEFINITION Homo sapiens gastrin-releasing pepiide receptor (GRPR), mRNA.
ACCESSION  NM_005314
AUTHORS  Xiao,D., Wang,J., Hampton,L.L. and Weber,H.C.

TITLE The human gastrin-releasing peptide receptor gene structure, its
tissue expression and promoter
JOURNAL  Gene 264 (1), 95-103 (2001)
CDS 399..,1553

The subject matter provided in this disclosure can be modified as a matter of routine optimization,
without departing from the spirit of the Invention, or the scope of the appended claims.



Wi t hout departing fromthe spirit of the Invention, or the scope of the
appended clains. 5 84 CLAIMS |. A nethod for assessing a culture of

undi fferentiated prinmate pluripotent stein (pPS) cells for the presence of
undi fferentiated cells, conprising detecting or nmeasuring expression of
podocal yxin-1i ke protein (PODXL). 2. The nethod of claim1, wherein the
nmet hod further conprises neasuring or detecting a narker in any one of
Tables 5 to 9. 3. The method of claipyh claim2, wherein the

podocal yxin-1i ke protein (PODXL) expression |level is neasured at the i nRNA
| evel . 4. The nethod of claim 3, wherein the podocal yxin-like protein
(PODXL) expression level is neasured at the nRNA | evel by PCR
anplification, 5aAnfdkdTetdseekingfa clid fuhdifféretiad Pintate WAQoRhIBIN@PS)

podocal yxin-1i ke protein (PODXL) expression |level is neasured at the
protein |evel. 6¢eelflie theplweoeeal uadifidrentifted whigrcemprisinigelepang ealnyasunimg| | ke
protein (PODXL) expression |evel is neasured at the protein |evel by

anti body assay. ®xpreFtien ofwpdrodydf-likslpedtein PODKLE| ai m 2, wherein the
podocal yxi n-1i ke protein (PODXL) expression |level is nmeasured using flow
cytonetry. 8. A nethod for assessing a culture of undifferentiated prinmate
pluripotent stein cells for the presence of undifferentiated cells,
conpri sing d@tecﬂ?%dw@Pdﬁéé¥ﬂPlndm“é%pW%§§ﬁBﬁfHW“bGﬂUE&ﬁy%FﬁmWﬂwﬁ protein

(PODXL), ‘subst anty all, 35, 1er o) RS] e 8507 o0 W Ch reference to the

The method of claim 1 or claim 2, wherein the podocalyxin-like protein (PODXL)

(OS]

expression level is measured at the mRNA level.

4, The method of claim 3, wherein the podocalyxin-like protein (PODXL) expression

level is measured at the mRNA level by PCR amplification.

5. The method of claim | or claim 2, wherein the podocalyxin-like protein (PODXL)

expression level is measured at the protein level.

6. The method of claim 5, wherein the podocalyxin-like protein (PODXL) expression

level is measured at the protein level by antibody assay.

7. The method of claim 1 or claim 2, wherein the podocalyxin-like protein (PODXL)

expression level is measured using flow cytometry,

8. A method for assessing a culture of undifferentiated primate pluripotent stem (pPS)
cells for the presence of undifferentiated cells, comprising detecting or measuring
expression of podocalyxin-like protein (PODXL), substantially as hereinbefore

described with reference to the Examples.
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