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20 characterization, culturing, differentiation, and mani pul ation of stem
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40 using the markers of this invention. Alterations in expression profiles
were tenporary and reversible, showng that the cells are stil

undi fferentiated. 4 Figure 7 shows analysis of the undifferentiated hES cel
mar kers SSEA-4, TRA 1-60 and Oct-4 by antibody staining and flow cytonetry.
Oct-4 is detected by perneabilizing the cells before staining. Figure 8
shows the results of the i munocytochem cal analysis for stronal cel

markers CD44, STRO-1 and Vinentin, which |abel cells in the hES cel

cul ture that have undergone differentiation. 5 Figure 9 shows the relative
gene expression levels for cell populations in which undifferentiated hES
cells were mxed with BJ fibroblasts in increasing anounts. DETAI LED
DESCRS PTI ON 10 The propensity of pluripotent stemcells to differentiate
spont aneously has made It challenging for investigators to work with these
cells. Consistent cultures of undifferentiated stemcells are required to
conpare results obtained fromnultiple experinments performed within or

bet ween | aboratories. Unfortunately, norphol ogical characterization is

subj ective and especially difficult for cultures that often contain 10-20%
diffﬁ%entiated cells. Nevertheless, having a set of standardized criteria
wll e inportant 15 in qualifying these cells for use in clinical therapy.
The marker systemidentified In this disclosure provides the basis for
establishing these standards. 148,453 different transcripts were anplified
and sequenced fromundi fferentiated human enbryonic stemcells, and three
types of progeny. As a result of this sequencing effort, 532 genes were
identified having substantially higher EST counts in undifferentiated cells,
and {812 genes were identified 20 having substantially higher EST counts
after differentiation. Gt her differentially expressed genes were identified
by mcroarray analysis of undifferentiated cells, conpared with cells at the
begi nning of the differentiation process. 25 Definitions 30 "Pluripotent
Stemcells" (pPS cells) are pluripotent cells that have the characteristic
of being capable under appropriate conditions of producing progeny of
several different cell types that are derivatives of all of the three
gern%%al | ayers (endoderm nesoderm and ectoderm, according to a standard
art-accepted test, such as the ability to forma teratoma in 8-12 week old
SCID mce, The term includes both established Iines of stemcells of
various kinds, and cells obtained fromprimary tissue that 35 are
pluripotent in the manner described. For the purposes of this disclosure,
the pPS cells are not enbryonal carcinoma (EC) cells, and are not derived
froms malignant source. It is desirable (but not always necessary) that
the cells be euploid. Exenplary pPS cells are obtained from enbryonic or
fetal tissue at any tine after fertilization. "Human Enbryonic Stem cell s”
(hES cells) are pluripotent stemcells derived froma human 40 enbryo in

t he bl astocyst stage, or human pluripotent cells produced by artificial
nmeans (such as by 5 WD 2004/083406 PCT/ US2004/008883 nucl ear transfer)

t hat have equival ent characteristics. Exenplary derivation procedures and
feat¥ es are provided In a later section. hES cell cultures are described
as "undifferentiated" when a substantial proportion (at |east 20% and
possi bly over 50% or 80% of stemcells and their derivatives in the

popul ati on di spl ay norphol ogical 5 characteristics of undifferentiated
cells, distinguishing themfromdifferentiated cells of enbryo or adult
origin. It is understood that colonies of undifferentiated cells within the
popusation will often be surrounded by neighboring cells that are
differentiated. It is also understood that the proportion of cells

di splaying the undifferentiated phenotype will fluctuate as the cells
proliferate and are passaged fromone culture to another. Cells are

recogni zed as proliferating in an undifferentiated state when they go
through 10 at | east 4 passages and/or 8 popul ati on doublings while retaining
at | east about 50% or the same proportion of cells bearing characteristic
mar k€ s or nDrphoIogicaI characteristics of undifferentiated cells. A
“differentiatedongsl thé diffsreatiatiebiprdsbat madars eotiee s et desrsua ale\sel rapeains al

pat hway, fq.[ng' 1€ nal |y

di ffer enstela%r%agécfwmﬁq’%%on%{ @?ﬁ\‘gig }MRQ Fﬁ Eesgrgrgdrﬂé&saw%r gﬁéég%@@%g&‘éﬁ%ﬂo descri be
cells of one type that are co- cultured with 15 cells of another type, to
provi de an environment in which the cefls of the second type can grow. hES
cell populations 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 gromh of pPS cells. The




by norphol ogical criteria and cell markers detectable by

i mmuunocytochem stry. A cell "marker" is any phenotypic feature of a cel

that can be used to characterize it or discrimnate it fromother cel

types. A marker of this invention nmay be a protein (including secreted, cel
surface, or internal proteins; either synthesized or taken up by the cell);
a nucleic acid (such as an nRNA, 25 or enzymatically active nucleic acid

nol ecul ) or a polysaccharide. Included are determ nants of any such cel
conponents that are detectable by antibody, lectin, probe or nucleic acid
anplification reaction that are specific for the cell type of interest. The
mar kers can also be identified by a biochem cal or enzyne assay that depend
on t'he function of the gene product. Associated with each marker is the gene
t hat encodes the transcript, and the events that |ead to marker expression.
30 A marker is said to be "preferentially expressed” In an undifferentiated
or differentiated cell population, if it is expressed at a level that is at
| east 10 tines higher (in terns of total gene product neasured in an

anti body or PCR assay) or 10 times nore frequently (In terns of positive
celis In the population). Markers that are expressed 100, 1,000, or 10,000
times higher or nore frequently are Increasingly nore preferred. 35 The
ternms "pol ynucl eotide"” and "nucleic acid" refer to a polyneric form of

nucl eotides of any |length. Included are genes and gene fragnments, nRNA,
cDNA, plasmds, viral and non-viral vectors and particles, nucleic acid
probes, anplification prinmers, and ghe h% gchem cal equivalents. As used in
this disclosure, the term pol ynucl refers interchangeably to doubl e-
andf%lngle stranded nol ecul es. Unl ess ot herw se specified, any enbodi nent
of the i nvenkigwa 1tshats the prafilp of genesalraatntidly erpreszam masdierbraibied Arim@dtent stem

doubl e- &hé IPGeGeiin®t dx@é?éim%ﬁ I E.E cau'a% tcm d@oﬁp&ﬁ&?%l@g}/mﬁ?aglL@ve?Bf V%H&'ed

forms known  or tran

2004/ 08@‘&@85'?56‘/‘6%%&1'8@88’5% ”}&a%‘éqdl byl ’§a’§‘5‘F dGoas50-" §BHEE I e8P SIPVIRG ed” or
"t r ansf sibstedial Jowenegalafian ypvo aliffecentiaiien harsbebesed to tch%msefree treduridifferenttated ceel | by

anyzesui so@ftnh&n Nepa BtuRf maiddb éanﬁu@ior mmhlﬁwé @brh n uRGiMIREEY &Ete cel lis a

progeny o

Dy o ek s forB BEERReSE i WA er e BESTHlL B i i e

sequencdftdrenlighdestls. i Thisdive-inarkerrrardl providesfrobug qualificatien @ ¢hetunditferentipted phsoaters. t o t he

functional regsatdnen raflitstof AR |e¥;5bkh<ﬁérﬁ@\t Wik, hESNHR IS IROHT &Rl WekdnbiRBined for

gglpl :_]ﬁgpultg;[lé D tggaaggsafrjrdl if %elntovtg dia. q\/l(?_?ﬁ.:m drg)hdltfio%?gl w&haftfeéa%r celi§ rBrog'gt%Js fgc%lc% gf? S vlggonts Elep
bet2Reendlige &S eelie locpralierate i ﬁU'WFﬁ eihouthdiffarentiating.o WOWPV%n@’“@’i”éH% rh't’CO”ij'WP‘he nces

t he funeédim icalis an@chasedepdtnabe of Gdlls @XMREGRRING ,COBN afK fHeedskib | HESedel Ochirkap
sequencgsdpy be operatively linked to a pronoter that drives gene
transcription. 10 The term "anti bod as used in this disclosure refers to
bot h pol ycl ofig#re 4iystanidea ?‘J‘ﬁ%tf"%‘?ftm%%"él?m S/4r frarta iR reptPiarABd peorBrikher at el y
enconpassteis (makurembyrealifitrea@CR) agamogis obdetdrmining the clegresof difietentdtieroof shechlis.

fragments, ai |95Ha'sééaéé 1 EshoHaitb BRGNP B nmeécéﬁloﬁsexf)r@?&onr {ﬁataaae Reflesi red
b|nd|ng al Techni ques 15 Methods 1 n nolecul ar genetics and

S
genet i c*% éﬁﬁPW@%?WHét%y%“ﬁéscrlbed generally in the current editions of
Mol ecul ar Cl Iaira@:shewd @budts af ar sxpivtarentih whiclsthethES k!l fine Rl wis gr@n grodifiecdneot i de

'Sl'y nt h]ff‘sﬂe@d\e}( il dres: f@?E'Fta méde bmbrﬁdﬂ&fﬂobl@ﬁi IhmEU =thdnén (BsehenyaBssdines; UfSiAd Cene
ransfer \Vector or n : n

Pr ot ocol S8 SWB?Sﬂéc quleN&g%TgY o hum M{Oblﬂrg%t 5%8%0% uﬁﬁféﬁ ? |S§I %g y, 3rd
Edi 35 onsuitgie f uspasigeder colip toalmmo%*t?sg cpH prefiiiatice wisies! difierntidiom Met hodol ogy (R Wi
ed., Acadeni Eigite 8389ws résits boahyexpdimpntadweith diferérs meldis epichested for tRiarsdblityet hods

in Ant ';gg-g%? QF%‘J%F heg c@ﬂsd ﬁ‘P: ﬁfgrEfio%at h%ntegll'mé\@rﬁ Qe ﬁ&t &@é&dltlcﬁgé but CRC
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eds., Canbridge University Press, 1998); and Ml ecul ar Genetics of Cancer
(J.K. Cowell ed., Bios Scienti fic Publi shers, 1999). Sources of Stem Cells
30 This invention is based on observati ons made with established |ines of
hES cells. The markers are suitable for identifying, characterizing, and
mani pul ating related types of undifferentiated pluripotent cells. They are
al so suitable for use with pluripotent cells obtained fromprimary enbryonic
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Enbryonic stemcells can be isolated from bl astocysts of nenbers of primte
species (U S. 40 Patent 5,843,780; Thonmson et al., Proc. Natl. Acad. Sci.
USA 92: 7844, 1995). Human enbryonic stem (hES) cells can be prepared from
human bl astocyst cells using the techni ques descri bed by Thonson et 7 WO
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calculated as follows: (# ESTs of the gene in hES cells = total unique genes
in hES cells) es= (# ESTs of the gene in differentiated cells = total

uni que genes in differentiated cells) (# ESTs for the gene in hES cells r
37,081) (# ESTs for the gene in differentiated cells Y 111,372) 5 The es
vallfe is substantially >1 for genes marking the undifferentiated phenotype,
and <1 for genes indicating differentiation. The Fisher Exact Test was used
to determ ne whet her changes were statistically significant. 10 S. Siegel &
N.J. Castellan. Nonparanetric Statistics for the Behavioral Sciences (2nd
ed., MGawH Il 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
spagge. For anal ysis of EST sequences, the tables were of the follow ng
form 20 WD 2004/ 083406 PCT/ US2004/ 008883 TABLE 4: Fisher Exact Test for
Statistical Analysis of Differential Expression Gene X All O her CGenes Tota
a = nunber of sequences A = nunber of sequences N =a + A Pool Ain Pool A
assigned to in Pool A NOT assigned total nunber of Gene X to Gene X
sequences in Pool A b= nunber of sequences B = nunber of sequences M= b +
B Pool B in Pool B assigned to in Pool B NOT assigned total number of Gene
X teh Gene X sequences in Pool B Total c=a+b C=A+B N+M=c+C where Pool A
contains the sequences derived fromthe undifferentiated hES cells and Pool
B contains the sequences fromthe other three cell types (EB, preHep,
preNeu). Nis equal to the nunber of sequences 5 derived fromthe

undi fferentiated hES cells (37,081) and Mis equal to the sumof all ESTs
fromthe three differentiated cell types (111,372). For any given pair of
pookg si zes (N, M and gene counts (c and C), the

35

Use of cell markers to assess and manipulate culture conditions

The markers and marker combinations of this invention provide a system for monitoring
undifferentiated pPS cells and their differentiated progeny in cufture. This system can be used as a
40 quality control, to compare the characteristics of undifferentiated pPS cells between different passages or
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extrapeulgy madrixgs, bage media, agiditlvg;; 10 }r® meglial qiture vessels, or other features of the culture
as illustrated in WO 99/20741 and PCT application PCT/US02/28200. Ilustrations of this technique are
provided below in Example 6 (Figures 3 to 6).

In a simitar fashion, the markers of this invention can also be used to monitor and optimize
conditions for differentiating cells. Improved differentiation procedures will lead to higher or more rapid
expression of markers for the differentiated phenotype, and/or lower or more rapid decrease in
expression of markers for the undifferentiated phenotype.

It V
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20

Use of markers for cell separation or purification
25 Differentially expressed markers provided in this disclosure are also a means by which mixed cell

populations can be separated into populations that are more homogeneous. This can be accomplished
directly by selecting a marker of the undifferentiated or differentiated phenotype, which is itself exptessed
on the cell surface, or otherwise causes expression of a unique cell-surface epitope, The epitope is then
used as a handle by which the marked cells can be physically separated from the unmarked cells. For

30 example, marked cells can be aggregated or adsorbed o a solid support using an antibody or lectin that
is specific for the epitope. Alternatively, the marker can be used to attach a flucrescently labeled antibody
or lectin, and then the cell suspension can be subject to fluorescence-activated cell sorting.

An alternative approach is to take a fissue-specific promoter chosen based on its expression

pattern (as described in the last section), and use it to drive transcription of a gene suitable for separating

35  the cells. In this way, the marker from which the promoter is chosen need not itself be a cell surface
protein. For example, the promoter can drive expression of a fluorescent gene, such as GFP, and then
cells having the marked phenotype can be separated by FACS. In another example, the promoter drives
expression of a heterologous gene that causes expression of a cell-sutface epitope. The epitope is then
used for adsorption-based separation, or to attach a fluorescent label, as already described.

40
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20 The examples that follow are provided for further ilfustration,

and are not meant to limit the claimed invention.

EXAMPLES

25 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 aiso 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).

30 The hES cell fines 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 10 x 10° cells/well onto Matrigei™-coated six well plates in conditioned
medium supplemented with 8 mg/th bFGF. ¢DNA libraries were made after culturing for 5 days after the
{ast passage.

35 EBs were prepared as follows. Confluent plates of undifferentiated hES cells were treated briefly
with collagenase IV, and scraped 10 obtain small clusters of cefls.  Cell clusters were resuspended in
4 mUiwell 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 mlL

40 fresh differentiation medium every two days after replating. Cells were used for the preparation of
cytoplasmic RNA on the eighth day afier plating.

15
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N - 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 cDNA library. Overlapping ESTs were assembled into
cohjoined 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 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

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.

16
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regulated upon differentiation with a significance of p <0.05, as determined by the Fisher Exact Test

10  (explained below). 193 genes were found to have 4-fold more ESTs in hES cells, relative to each of the
three cell types. 532 genes were found that were 2-fold greater hES cells, with a confidence of over 95%
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 1D 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 ] 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
(KCNKS5), 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 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

l_-l_omo s_a_piens cDNA clone IMAGE:5497491

17
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GA_2945 NM_005232 Ephrin type-a receptor 1 (EPHA1) 5 1 1 1
GA_2962 NM_005314 Gastrin-releasing peptide receptor (GRP-R) 4 0 0 0
GA_2988 NM_005397 Podocalyxin-like (PFODXL) ‘ 59 23 5 8
GA_3337 NM_006159 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) (ZIC2), mRNA
GA_35037 NM_004426 Homo sapiens polyhomeotic-like 1 34 9 5 4

{Drosophila) (PHC1), mBRNA

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

5  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.

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),

10  Podocalyxin-like (PODXL), and gastrin-releasing peptide receptor (GRPR). These genes were not only

18
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By similar reasoning, genes that show a higher frequency of ESTs in differentiated cells can be

10

used as specific markers for differentiation. ESTs that are 2-fold more abundant in the sum of all three

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. ESTSs 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_006203 Inorganic pyrophosphatase (PPASE) 5 5 6
GA_38563 NM_021005 Homo sapiens nuclear receptor subfamily 2, 9 8 9
graup F, member 2 (NR2F2), mRNA
GA_38570 NM_001844 Collagen, type )}, alpha 1 (COL2A1), transcript 15 31 B
variant 1
GA_1476 NM_002276 Keratin type | cytoskeletal 19 (cytokeratin 19) 26 14 38
GA_34776 NM_002273 Keratin type Il 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 (PSMC6),
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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co ta
GA_6 136” rnMU 163%8 Homo sapie -inositol 1 phospha?e 0Cro 0 (a

synthase A1 (ISYNA1), mRNA

5 16

GA_6165 NM_015853 Orf (LOC51035) 1 5 9 5

GA_6219 NM_016139  16.7Kd protein (LOCS51142), 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 celis + total unique genes in hES cells)

es

It

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

(# ESTSs 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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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:

p=[N!' M c!CI]/[(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 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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10 (Telechem Sunnyvale CA) according to manufacturer instructions. Product was dried down,
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resuspended in 50% DMSOQ and Arraylt™ Microprinting solution (Telechern, Sunnyvaie CA) and arrayed
onto GAP3™ amino silane coated slides (Corning Inc., Acton MA) using a GMS 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, embryeid body cells (EB), retinoic acid treated
(preNeuy, and DMSO treated (PreHep) cells S, EB, RA-treated, and. DMSO-treated cells {10 g, 15 Hg,
and 20 ug for sensitivity) was then reverse transcriptase labeled with Cy3 or Cy5 fluorophores, and
competitively hybridized to the microarrays ovamight at 42°C in 50% formarmide and Sigma hybridization
buffer. Undifferentiated ES RNA was directly and indirectly compared with IRNA from all other cell types.

20  Experiments were repeated at least 5 times each, and dye reversed. SStratagene 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 exiraction 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. Extracted 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 exampie.
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GA 37606 NM 019012 phosphglno ol 3-phosphate-binding 296 -9.99 4 2 0 0
protein-2 (PEPP2)
GA_1470 NM_003740 potassium channel, subfamily K, member -2.93 -2.47 4 0 0 1
5 (KCNKS5)
GA_2937 NM_005207 v-crk sarcoma virus CT10 oncogene 229 -3.78 6 1 0 0
homolog (avian)-like (CRKL)
GA_10513 NM_033209 Thy-1 co-transcribed (LOC94105) -2.21  -3.39 7 2 2 1
GA_36957 NM_024642 N-acetylgalactosaminyitransferase 12 -3.24 -5.05 4 0 1 1
(GalNAc-T12) (GALNT12)
GA_36420 NM_001064 transketolase (Wermicke-Korsakoff 225 -2.28 14 17 11 17
. syndrome) (TKT)
GA_1677 NM_003712 phosphatidic acid phosphatase type 2C 246 271 1 0 0 0
(PPAP2C)
GA_36793 NM_152295 threonyl-tRNA synthetase (TARS) 218 -3.5 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 -213 4 2 2 0
variant beta-6a
GA_36775 NM_000918 procollagen-proline, thyroid hormone 201 -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 279 -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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GA_33829 NM_002081 glypican 1 (GPC1) -2.61 -2.32 3 9 4

GA_5549 NM_014600 EH-domain containing 3 (EHD3) -2.39 -2.81 1 5 1 1

GA_9269 NM_021074 NADH dehydrogenase (ubiquinone) -2.26 -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
(DAPK3)

GA_37240 NM_007029 stathmin-like 2 (STMN2) -4.37 -2.37 0 4 0 1

GA_4617 NM_012289 Kelch-like ECH-associated 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 arginyitransferase 1 (ATE1) -3.03 -3.22 1 1 0 2

GA_38392 NM_006597 heat shock 70kDa protein 8 (HSPA8), 8.8 2.7 39 20 48 62

transctipt 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
{LY6H)

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 (PLXNBs) -3.56 -3.04 0 2 0 0

GA_35992 NM_001402 eukaryotic translation elongation factor1  -555 -2.22 419 467 454 428
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, partialcds  -7.55 -3.52 0 2 0 2

BQ023180 NCI_CGAP_PI6 cDNAclone UI-1-BB1p- -296 -21
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 -25

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

NM_000160 glucagon receptor (GCGR) -3.94 -2.18

NM_003181 T, brachyury homolog (mouse) (T) 915 2.1

NM_014620 homeo box C4 (HOXC4), transcript -9.54 -21
variant 1

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

NM_014310 RASD family, member 2 (RASD2) -272 -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) -2.083 -2.41
(NEFH)

NM_012407 protein kinase C, alpha binding protein -5.44 -256
(PRKCABP)

NM_000201 intercellular adhesion molecule 1 (CD54), -2.18 -2.06
human rhinovirus receptor (ICAM1)
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GA_1055 NM_001134 alpha-fetoprotein (AFP) 6.45 3.71 0 4 0 0
GA_1055 NM_001134 alpha-fetoprotein (AFP) 258 267 0 4 0 0
GA_1213 NM_001884 cartilage linking protein 1 (CRTL1) 457  8.71 3 1 17 3
GA_1476 NM_002276 keratin 19 (KRT19) 209 521 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) 3.77 4.04 1 0 0 1
GA_1280 NM_001957 endothelin receptor type A(EDNRA) 305 6.37 2 2 1 0
GA_37308 NM_003068 snail homolog 2 (Drosophila) (SNAI2) 224  4.68 4 3 0 0
GA_5909 NM_014851 KIAA0469 gene product 277 2.03 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 25 3.55 1 0 0 0
protein (ZAP)

Example 4: Spegificity 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 sulioxide (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™ 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, ABI). Probe oligonucleotides were synthesized with the

fluorescent indicators 6-carboxyfluorescein (FAM) and 6-carboxy-tetramethylrhodamine (TAMRA) at the

73



ZdTO mmd) as N, (~aC'ocol~-mC/ctat O al- . NNOC L (N)
AN~ .11 r 001 pa~Fr N C Ci EDLOpOOO0OO0OtoO-0O O CDzz Zzzz
z Z Z Z ZWO1004188460 LO co N co COr N co CD N C N CO wir/Gono¥oeossssW OL O
© 0 111 Cy (7 Cal Cal Ca"3 (7 (‘3 U 0 (DOO 68 W 20041083406

PCT/ US2084/,d@8&R3, refpeafiRlye A¥iatidd ﬂaﬂﬁ&tk@%f 51| SxSressich Yetidbh flutipte fsbapenhasal |y

expressed penes I n anqgther series of eri s, .the level of gone

expr ossi BTeVeDY nateliertan adajral peRnqUs A PR e A BT 2L PR ARLIRO oct ed
f r om t heAfrimathod 9heHaniitation (ARRE Fgidishange inewispysion lavelwias cdiaulatagipas 2¢ENA 5
libraries desvidtagsibdisw seaBTHeFoslits damsseﬂalgars. tdiRb kholtansaialy/baah du|1|arz>a$i R4 gnd

i ntergst r | e- Iy n e

ot ai hod Pe e asetperel A MRy bgody ORGHRNG Ko URSelte BSBaLEG
array wilere! ig lessiframestic &ep itgrouldgiRifeiiter AiterediRiapi O pagjetias dnteresi daf flPWRGOfwas

gr own ovewdulagig the differSiatie drodesy drainadkard tHahkhopuiddifie® epressiogwithingthé Jirstgeek 86- wel |
DNA Wt. 4 ; I S 3 Rl fafad N Q.pL reactions. PCR

pr oduct %ﬁ%ﬁ“@ﬁ%ﬁ‘?@fﬁ?ﬁ'ﬁ% fﬁ )Aﬁb@et t %‘E/Ip]ldggio%ﬁr i)fi cation Kit 10

(Tel echem Sunnyval e CA) according to nmanufacturer instructions. Product was
dried down, resuspended In 50% DVSO and Arraylt TM M croprinting solution
(Tel echemm, SUABME/%I QuantliativendT-RER2paiysis ¢fgete eRFESTRD BESE diffarentationoat ed

sl i des (CorAtRg—hRe—Actor—MA)—ustHRgG—a—OVE—4—Ar+ayer—AHHetHe—Sant a
Cl ara, CA)GeroiAfiDer GenBartkildg, Namdes were humi di fied and snap hEad @shnge baked
at 80 for 4 h, then blocked with succinic anhydride. 15 TotaTl‘ f$§m

undi fferentiated ES cells. enbryoid body cells (EB). retinoictci P¥¥%ated
(preNeuy, and DMSO treated (PreHep) cells S, EB, RA-treated, and.

DVBO-t r eat ed. cel | , 15 d .sensitivit t
rever scrae@r%—ré@s% pmgﬁigel %tﬂb'ﬁﬁ? ﬁ°"%?7’3“9§r9 (%1’% u?)regf)lholr \éls yghgas Ll
conpet i ti @ y199% biNMliogRMst QybBiRetich Gl FLBVE4®WRr Ni ght at 42C.pR S0%p 0

formarni de and Sigma hybridization buffer. Undifferentiated ES RNA was
directly &id1338i NMOBRA4¢orMBaiMind with RNA fromall other cell types. 20
Experi ment rer | east I JTes eac and dye reveysed.

Strat agenéﬁtﬂ\r@\?er@@ﬁ%ﬁ}%naﬁ%’%ﬁﬁfgﬁﬁﬁaﬁeﬁ@Qb§%%00) was {Jged a3t he

I ndi rect at y atedly and scann usi_pg. a
GenePi xTM(éA%gB%R m%%‘ggzﬁo?iyﬁ?\ggél%eaﬁ?@%ﬁ&%ﬁgt runments, Frenont ‘F%A). IEl'?rage
processi n@GA_thyoa e_0ad740 orPosssiurp ci@nnatsutdanyly g mainbdénb (Ta8K2pl webe pet.d or ned
using GenePixTM Pro 3.0.6 (Axon Instrunents). %al i tTy control _cal cul ati ons
i nvol ved {fatit’?f yiNYGOBR787 al C%‘%ﬁ'a@ng tagsqripton At PROCT3ANt i st B4l me&hs and
medi ans of, pixel i ibi X . Logi Extracted, dat a_was
further ar%‘%/dz&gd @s@%ﬂaé s(&rﬁwércggﬁ%d%%%?&tﬁ%gﬁa si gnal -td‘}'ﬁoi se&%
sensi ti Vi tgh bf89e .NVRBOB41 8 PTASHGyhdnibkds (zid3pt+a was then | oadedyynto §ge
GeneSpri ngTM dat abase and anal ysis program O particular interest were
genes t hatGAsasded N p0@2d6 C i Hallinparmsprdesrs osequintd KAktices of 2-fol.dl i n -8Bt her

direction, especially when fhe hange occurred upon differenfpLation,to all
three dif é#t%? at 8¥7c9é?| t W&?‘S%’ 108Y938) | owi ng tabl e Ii sts'%'genes'ﬂghat

ver e i dentdsf bd asPebsE1 dMBER GrdsRb BbspHatdd @@ty Rz i n theiqz expggssion

| evel upon differentiation gogpeptifiB (PpPR2EP, or preNEU cells. EST counts are
provi ded faae367t heMla0392g e rRerkagazitbok ! FOEHPrevi ous exanpl e. 691.8W0 20841083406
PCT/ US2004/ 008883  TABLE 7: M croarray. Ana i es that Decrease

- CGe
Expr essi offAupti DINM-GPER?P | %@Eg@ 0 ' B'°@}é‘)r/{%%ﬁ"19r' Pvee }%ame Fol d®€hang®*EST
Co RA ES 701 PQU d i n, 5,
trggtszri ptdl%lc\r/gﬁ act@oe@sgi 108 &d\&sﬁr %ﬁ%’%ﬁy%Fl) GA_QSQF.‘\IR/I_O(Z:—}JSS?

| ef t - ri ghtgadedssr mNnab0s232 fERRIiOWpe reddptol HIEPHA1B8 -5.48 4 0 1-03 GA-8§788
NM 133631 Gerggrggabout, axon gui dance receptor, -7.93 -2.9 7 4 6130

NM_005314 astrin-releasing peptide receptor (GRP-R) ** -9.1
GA_2988 NM_005397 Podocalyxin-like (PODXL) * -2.6 -4.3
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GA_3559 NM_005629 Solute carrier family 6, member 8 (SLC6A8) ~1.1 -1.1
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Example 5: Selection of markers for monitoring ES cell differentiation
Genes that undergo up- or down-regulation in expression levels during differentiation are of

5 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 cuiture conditions to
maintain the undifferentiated celi phenotype — and hence, the pluripotent differentiation capability of the
cells,

Particular genes were chosen from those identified as having differential expression patterns,
10  because they are known or suspected of producing a protein gene product that is expressed at the cell
surface, or is secreted. These atiributes 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
supematant. Genes were chosen from the EST database (Groups 1), microarray analysis (Group 2), and

other sources (Group 3).
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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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7

the test conditions, expression of all four markers returned essentially o original levels. This shows that
alterations in expression profiles in media Conditions 4 to 8 are temporary and reversible — consistent
with the cells retaining full pluripotency.
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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the detectable exprgsist 0 mieddry Relib&yaon s uiHydifdradiarbicaiied cells in the
popul ati on. The_one exception observed in this experinment was the hTERT
transgene, expressed at el evated | ev expect eqh | e BJ-5TA cel | s.
15 Hi gh-1evel expressi o%ﬁ% Cripto, GRP egﬁcg PODXL i%alfjar%itﬁpferenti ated hES
cells reveals intsgr@Sting aspects of gitesyeieplogy of thrsgomells. Cripto has
been inplicated in normal manmmalian devel opment and tunor growth. Cripto
encodes a gl ycosylHumaxpryaiupdisereal ancRBPeaMmgen ei n t hat ¥8PA%ai ns an EGF
repeat and a cystej rich nmotif, whi @gh jt a nmenb t he EG-- CFC
famly. It has be?r?%dermnstrat ed tha B |p§1§er{serves asegéoggg receptor for
Nodal , which is egPenti al for nesoder BD&hamQerendoder m f&85838t i on i n
vertebrate devel o ep.et al., Mlecular Cell 7:949, 01). The finding
that Cripto is e%&&@é‘g’gﬁpeferenti al 158 °Undi fferenﬁ%i% hESC suggest s
that Nodal is an iomees fveRi-15i gnal i ng BpPhatingéh for st emaspsbdss, perhaps to
pronote survival and/or proliferation. PODXL encodes for transmenbrane

si al oprotein that Vimenhysi cal ly |inked t89he cytoskel et ¥8255 PCDXL i s
suspected to act as an inhibitor of cell-cell adhesion and has been

i mpl gcat ed | Nrg e s SRR feSuilts of the immunocytochemical analysis. CD44, STRO-1 and Vimentin
stain stromal-like cells in the hES cell populations cultured with mEF conditioned medium.
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25 devel opnent of the kidney podocyte. The anti-adhesion properties of PCODXL
when exp "213% d on undifferentiated hESC may be an inportant feature rel ated
to stemc M%34446i on. The receptor for gastrin rel easPEE/USRHHOMSSY GRP) i s
a Gprotein coupled receptor that medi at es nunerous biol ogical effects of
Bonbesi BX8 : tiyiplakthe qspg ’ Jf‘c"‘lon of gut acid secretion and

satiety. A cpeﬁaut.@e Fpgssa%aaee'p%ﬂ%rg\ o RSP G AACLSTER B

control _grow ture nor na eve opnment. GRP
and GRPEPRRSSE dﬁﬁﬁ?j?"etf‘%?e”a'ﬁwQetﬂ%ais%f?r tagRresgrce %H%ﬁ'&@&"‘%e ®n nor nal

devel opnent &rehly barested cBlisavend edontbinetoen ol of @ixl 10haelkpri9% incrernahitsf of e&eB celil |
cul tyre 9”?'+t£|'ém\5w;@1§o? &:?(meQSdléhL)Hﬁﬁ r g%nttrlaﬁedljgvltﬂ bNXs to rQrﬁove _potential

di fferenti al dent | accor 35 i.nvention in

enes
IR PRINA D g St e Rt SHE] Y BHPhot ent
st em celR/§ 43N1g®rte aa‘mglhthmeecé @bk abh canversafi@y of @M forwardh prirterhtBQIME edvérse of t he

Ht 1 ne piRdrer o1 ;5}5&1 Br?oddb@h? RRA/ bh@'aﬁalﬁ&%@ﬁ%rméb @tntgftﬁef&mparaﬁ/él@me%dil um
condi ti oned ve to ow hES cells

DI
o RS 1 R B on s e o, oS B | ©
uncdtdi vsednéngteadreslichngd eegidis fikpspmals prgteint rBeacuthyMoe!mléhtG&T ‘edphysiveganasg,pe; Wit h
an incrgaﬁﬁﬂ@k@@mpentage of the cells 40 show ng decreased expression of CD9

(a marker fo I

ol 1'5) - and FAGRCY s o refle chondel o B8 @b Wilaigh B BE ke

PCT/ US2 @Dwr@bse@gemmeg HFS cgllsi gampared yiteundifiprentisied FEBicglisiajongs Thepeftr, matkars 3/ 4,
Cri pt o, afe3Blene@sytos chasded intbel propdriio iofundifkrentiate@ telsn (measured by real -tine
PCR,assay) as a neans of determ ning the degree of differentiation of the
ceIIs After 4 passages in unconditioned X-VIVOIM 10 nedi um cont ai ning 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, 103, or

104-fold. Figure 5 shows results of an experinment in which the hES cell |ine
HL was grown on different feeder cell lines: nEF = nouse enbryonic
fibroblasts; hMSC = human nesenchymal stemcells; U SMC = human uterine

snmooth muscle cells; W-38 = an established |ine of human [ung fi brobl asts.
As nonitored by RT-PCR assay of Cripto, Cct 3/4, and hTERT, at |east under
the conditions used In this 10 experinent, the hMSC are better substitutes
for nEF feeders than the other cell lines tested. Figure 6 shows results of
an experinent in which different nedia were tested for their ability to
pronote grow h of hES cells without differentiation. Expression of

Podocal yxin-1i ke protein, Cripto, GFP Receptor, and hTERT were neasured by
RT-PCR. The test nmedia were not preconditioned, but supplenented with the
gromh factors as follows: 15 TABLE 11: G owh Conditions Tested for Marker
Expression Standard conditions: DVEM preconditioned with nEF+ bFG- (8
ng/m.) Condition 3 X-VIVOTM 10 + bFGF (8 ng/m.) Condition 4 X-VIVOIM 10 +
bFGF (40 ng/nm.) Condition 5 X-VIVOIm 10 + bFGF (40 ng/nL) + stemcell factor
(SCF, 15 ng/nmL) Condition 6 X-VIVOIM 10 + bFGF (40 ng/nL) + FItS ligand (75
ng/ m.) Condition 7 X-VIVOIM 10 + bFG- (40 ng/nm) + LIF (100 ng/nl)
Condition 8 QBSFTM 60 + bFGF (40ng/ L) The results show that the markers
selected to nonitor the undifferentiated phenotype showed simlar changes
in each of these culture conditions. By all criteria, XVIVO 10TM '
suppl ement ed according to 20 Condition 6 was found to be suitable for
culturing hES cells w thout having to be preconditioned. As shown on the
right side, when cells were put back into standard conditioned nmedi um after
8 passages in the test conditions, expression of all four markers returned
essentially to original levels. This shows that alterations in expression
profiles in media Conditions 4 to 8 are tenporary and reversible -
consistent wth the cells retaining full pluripotency. 25 Exanple 7:
Measuring undifferentiated cell markers by flow cvtonetrv Cells fromthe
undi fferentiated hES cell line HL were grown in nEF conditioned nediumin
Matrigel (r) coated 6-well plates. Cells were harvested using 3.0 nL of 0.5
mM EDTA and resuspended in PBS containing 5% fetal calf serum and 0.05%
NaN3 at a concentration of 5 x 106 celis/nL. For SSEA-4 78 WD 2004/ 083406
PCTI US2004/ 008883 and TRAL- 60 stainig@, 1 g of antibody (Chem con
International) was used. Cells were ifcubated 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 | al of fluorochronme conjugated secondary anti body. For
intracel lular Cct-4 staining,



the cells were fixed wth 2% PFA (final concentration) for 15 mn at room

t enper at urgo 20¥4fo8s5409ne wash, 5 cells were resuspended in_a perneabilization
buffer (PBS-FCS plus 90% col d nethanol) followed by 15 HCA/YSROGLR888%a5hed
again, and then resuspended the cell pellet in blocking solution (20% goat
serumin perneabilization buffer @@&%6 or 1.0 x 106 perneabilized
cells were stained with 1 g of anti-Cct-4 antibody (Santa Cruz

Bi ot echnotogy)y—m10—tt—of—btockimy—sotut+om—ncobated—omr—+ce—for—30 ni n.
After rewashing, the cel iSsquentes Bdfertadaslinwhié Distledued ed secondary anti body. 10
Figure 7—shaws that SSFA-4_ TRA 1-60 and Oct-4 narkers were all strongly

expressed di iated cells under thes itions. Solid areas in
cach pa fl%‘ Ip N&: ﬁthEE 'S I ﬁeISrQEb | o

i sot ype- mat ched coRtERJIINANAlsaqemet , gr eat er t hanG&®EmioAcckdsion REl dosi2expr essed
all three markers. 15 Exanple 8: Measuring differentiated cells using

stromal narkers ThBTEEX(PEYRIN $5AYeATe f er ent i ati on cOfME3RKk LRseseiPRNMAIEY det ect i ng
or neasuring mar keps sfaqrrnabaglichdser enti at ed cel | GenBahk ARERIANR @80 t h
markers for differentiated cells of the type expected in early
differentiation cuPetdddstensepyenesr by anti body sEenBanipcession Ny_opgiR!
anplification (Taq T r a conbination i gue nthis
exanpl e, screeni ngl%@?b us"é'?%lqu‘is?‘?er omal cell mar kegénB%gg g%s%gn ﬁ'i"/“()%&&

i mMmunocyt ochemi st r grippd protéifc&eqoenkcd s cul t ured i n X&éen#ankiAdbksaiod KMDBSIT2 or nedi um
condi ti oned using nouse enbryonic fibroblasts. _Antibodies were obtained

from comerci al sofFeRYXadepiA sprisree 12:  pRPRARS ATEPBENPOFSF Measuri ng
Differentiated Cel hsocalyiih i@ prodiigHito a&?@&eghéage NO. GenBhRk hckesEloNMYBERPE MAB 1038
Human Thynus Stroma BD Phar m ngen 55582 CD44 BD Phar m ngen 550988 CD90 BD
Phar m ngen 555593 G@Preosriqr RN geduence Cheni con MABTB30k AcCsioBNY\OENA 1) BD
Phar m ngen 555645 i i 255 25 Fig %ﬁ ults of

t he i munocyt ochemﬁéﬁg%ﬁldépvg!ng%%ﬁ%, STRO 1 aﬁ%“ I n%n‘?l n &'2508%3??

stromal -1i ke cel | sPinferd fgotiekfr eealtine popadsag | ons Thid discloadle Wi t h MEF condi ti oned
medi um 79 WO 2004 0834Q6 PCTI US2004/ 008883 Exgrrplge 8. Sensitivity of the
assay for undiffer BHPAEUYREPTEE Real -ti me PCR HSsRAE WP ®er f or med usi ng
m xtures of ungdi ff@ér@rﬂéeiq@én@éhe&ﬁn%ti&ﬂiﬂ_&oaﬂd B) fHiddieBlasts, to determ ne the
sensitivity of the assay for the presence of differentiated cells. Freshly
harvested cel |3 weFPeonesatanprdesipestion G026 of 2 xThigdsclealr¢ s in 10% i ncrenents
of each cell ty Bl;@ A ated ( i ation kit), and then
treated with D{lAsee%or{%égéegh%ve S}l)@erﬁt\t'?éaa}i DNA Sgﬂﬁlﬁsﬁgoﬁg%ts. (Ambi on kit).
Anplification 4n xt Geressengmes desigheationBA_2B4GRT- PCR Thesdisslosure X buffer (P/ N

4309169) to a final, volunme of 25 a concentration of 10 pMforward
priner, 10 pM5reveP‘%’%"seﬂ?ﬁ"ﬁee‘ie?'g'fﬂg%—%%“g"be, ang‘h‘-'sl(%ﬁﬁmﬁ”ée RNA. Data anal ysis
was performed ¢isi NGerbhigqenBREGatioHzACka4B8t hod  1d di@lodfiS r RNA endogenous
control. (Qher suitable housekeepi ng genes for standardi zati on can be 10

used instead, BuchCeen weuaredespisd a4l ot ei n, Thisdisglesyrs, cycl ophilin, G3P
dehydr ogenase, g or G%ﬁ@g&én@egéeﬁ?:g&éhén@k odzbgure 9 ﬁ@mm%ﬁg rel ati ve change of
gene expression neasured In mXxtures of differentiate (BJ) and

undi fferenti at®ed hESocshlence desipptiondih_2048% undi f Thérdiseloswsé ed hES cel | s al one.
These five markers  are able to ra % changes.in the proportion of

undi fferenti aﬂ‘gd c8?’?%?‘3“"1‘33%‘&5'%{"2‘3%‘4%3%&3406 Pcﬁ‘?ijg‘f{ﬂﬂﬁ? 008883 SEQUENCE
DATA Sequence$i Ref gérbresbqlidicd desibrhatich dA_ssabosur e fHilQiscbfardNO  Desi gnat i on

Ref erence hTERT nRNA sequence GenBank Accession_NM 003129 hTERT protein
sequence GenBihk ABHRLIEARCNIGPINRINSA 284 3/ 4 nFgTsSledionce GenBank
Accession NVMDQ2701ge6k eqitinfe REBintaseBuence CeffRafkodrsessi on NMD02701
Cripto nRNA sequence CGenBank Accession NM 003212 Cripto protein sequence
GenBank Acces$4 on SpOg@mhoe depionitiandiA33526 | | ke pFhistdisclasuriRNA sequence GenBank

Accessi on NM—QQ 539geron sequence designation GA_23572 This disclosure
16 Geron sequence designation GA_23577 This disclosure
17 Geron sequence designation GA_23579 This disclosure
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podocal yxi n-1i ke protein am no acid sequence GenBank Accessi on NM 005397

GRP rece r W equence GenBank Accession NM 005314

pr ot ei nsIO“’-svngl(}erllcg40 nBank Accessi on NM 005314 Prinmers ggérlp%%g(g&p%érgg

r eal - t i mre—RER—-assay—Fhi-s—di-sel-osure—Hdran—-t-el-orerte—Frepeats—U-S—PRatent
5,583, 016 1 Geron sequencgeslanididiirl dHulefidosi s di sclosure 2 Geron
sequence designation GA 23176 This disclosure 3 Geron sequence designation
GwvB468 Thi g di scl osure 4 Geron sequence designation GA 23476 This

di scl osur eéE%'Eté¢’onB%sé9ﬂ?}'8?lce desi gnati on G\VB484 THF€"Ri scl osure 6 Geron
sequence desi gpat i Ofebifsedit@edifafionE S 8ds@S Ur € TrfiEdiids@equence designation
GA 23486 This disclosure 8 Ceron sequence designation GA 23487 This

di scl osure 9 r onGererrsayries deaignation A _SIF9GA 234 8BnisThsclosu scl osure 10 Geron
sequence desi gpati og, GA 23489 Thi s di,s ure 11. equence designation
GA 23490 This di scl osur ea ﬁ% ée'gugnonseq%gg%e desi 1glzjhr'lsa slrc@)gr}”%A_ZBSM Thi s

di scl osure 1321Cer oGersrespy@ncaiesigmiignea 23684 GA 235Tis dideiosureli scl osure 14 Geron
sequence designation GA 23525 This disclosure 15 Geron sequence designation

GA 23572 This tf scl B0} el EoBirnéytBite desi JIrdsel/™A 23577 This

di scl osure 1724%er OBersR S RRcLIcS Gt beBs GA 2357 dlddlosurgli scl osure 81 WO
2004/ 083406 PCT/ US2004/ 008883 Sequences Referred to in this D sclosure SEQ
| D NO Desi gna24 on Rerpreseaisbes degonatiangif3¥8lience dBY dpslasyon GA 23585 Thi's

di scl osure 19 ro e b ti GA 235 ' i sclosure 20 Geron
sequence desi g%%tei oﬁerﬁg_&g%g%%de%g&g%s‘%@%sur e 21%@5 Téra%%"ésjequence desi gnati on
GA 23634 Thi s g6 scl 6gur ®qued@ dedgrationsdqigsme desi ThisatisclosurédGA 23673 Thi s

di scl osure 23_Ceropn sequence, desi. t] GAJ3683.Thi s disclosure 24 Geron
sequence desi gfatio erewgﬁ%eg%edjeﬁ’?ﬂagg'&a&%%%g%ur e 2%'€$§Wr%equence desi gnati on
GA 24037 This gd scl &bk &quedét desifondsdpse desi gmadidosurd5A 32842 Thi s

di scl osure 27 CGeron sequence designation GA 32860 This disclosure 28 Geron
sequence desi gAht i oferepsegyeperFieyignationfiAs3®bsur e  2YisiscBtirs equence desi gnati on
&X32913 This disclo 0N u desi gpat i 32917 Thi s

di scl osure 31!3025er oﬁ&érgsdeﬁ%ﬁ%eg&% sf'g%ﬁ?g?\ﬁGA_SZQ% dﬁggaséugg\l sclosure 32 CGeron
sequence desi ganat i oGerGifsegdRBde/dedifiationdiAssdoedur e SBrisGitloswresequence desi gnati on
GA 32979 This djsclqsure 34 Ge_roP seq#|2§n7ce desi nacﬁsi“ion GA 32985 This
disclosure 35%%er ofCSLFIEALHEE YT TH GA 354 P®"Yi scl osure 36 Geron
sequence desi ggat i OQerbmseditdtedifiafondirssdopsur € vhisecRsures equence desi gnati on
GA 7542 This disclosure 38 CGeron sequence designation GA 8667 This

di scl osure 393%er ofierartriieneariepignalion it $298° GA 901HisHifcesYR scl osure 82 WO
2004/ 083406 PCI US20041000883: ok QSATERs 4015 bghdtRMAukd near PRI

31- OCT- 2000 DEFI NI TION Hono sapi ens At'el onerase reverse transcriptase
(TERT), nRNA. 2CCESStrahsehildnGOeaidratioNlGAHEIRE Nak anmuThés discibéure Mori n, G B. ,
Chapman, K. B. , inrich, S L. Andr ews, ., Lingper,J.. Harley, CB. and
Cech, T.R TITL¥ Tel ?r'%’fsig‘ée"%ea‘{eﬁ{?%?['ci"\(?ﬁ‘sz%g‘ni t ho%-lgh'soc{':]ss"b Ym fission yeast and
human  JOURNAL3$5Ci eQértn sbduenécaid@dhation®5s6829 ( 199 7jnisdidtodifte . 3454

39 Geron sequence designation GA_9014 This disclosure
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LOCUS POUSF1 1158 bp nRNA |inear PRI 31-OCT-2000 DEFIN TION Hono sapi ens
POU donmain, class 5, transcription factor 1 (PClJSFl) MRNA.  ACCESSI ON

NM 002701VR39448%9%¢ akeda, J., Seino, S. and Bell, TI TRETHAM/00$883 gene
fam |y: cONA sequences, alternative splicing, gene or gani zati on,

chronosonal ILoWat i on,JERANd expr essi on 4ats bpow hR8Vel Sinepr &BLBL-0¢T-8Ues JOURNAL
Nucl ei ¢ Aci dgE @%ﬁf’"@ ;%\%g‘e"%*i‘smeztmw(ewgz)a"sccmS&GEERTBQ@N/LOCUS TOGF1 2033
bp mRNA | i nedfy; 2 wo PR, Thehb 0D RARIENS. .,

t er at ocar ci noma- der i wedewgriowt NLihaet,or, dar(ey [ 13nd cabNAR. ACCESSI ON NM 003212
AUTHORS Dono, RITLENDNntTelordrasy, Catﬂmbemublmt hOIIDéO!F!oﬁW Fsidn| yepst, anCihewndi col a, A.
and Persi co, M@Rngﬂ TI§EEFC§047ét Eﬁﬁ At Chatbt eri zati on of the CRIPTO

aut osomal gene and its X-ltnked rel ated sequence JOURNAL Am J. Hum Genet.
49 (3), 555-565 (1991) CDS 248..814 LOCUS PODXL 5869 bp nmRNA Ilnear PRI

01- NOV- 2000 LE%8F| NI TIPEYRFHono sapi ens @d'@j’c I‘})Wrn IH“I@E"\?\%P Xlﬂ%

ACCESS| ON NMPEA¥EEH  ApteHeRen E‘?“s?fﬂ%” CHSE 5 AtaRseaineion RABAF aEPFY.

Wggins, J. E. AcGonre . Mioo27dhomas, P. E. and ngl ns, R C. TITLE Mol ecul ar

cl oning and chdirars erTal@aat,lJonSe(brfo $Hruamelrse @ld)cal yX| n-1i ke protein. Ort hol ogous
rel ationship tTdTHEabbl”ﬁ"‘aP@E‘lﬂlgeé dand by CDEO eO‘@IJFQNA gingppRse. Chem 272
(25), 15708-15714 (194732 oSyl ﬁesf‘fﬂe"‘tEB |'i near PRI
05- NOV- 2002  DichanNI T|N@\|e1|d0lmi)d58|&@l emmas&mxmzorabmm ng peptide receptor
(GRPR), nmRNA.  ACBESSI ON NML@O&814 AUTHORS Xi ao, O., Wang,J., Hanpton, L. L.
and Weber, H. C. TITLE The hunan gastrin-rel easing pept| de recept or gene
structure, itgysti SSygrexpression ancpr gt gia JOURMAL GRNEs.#R%002L) . 95- 103
(2001) CDS 389urTidnSdombheapRudj@etociratnbir depivay beb@th fadtdriu sTodfisCchamsure can be
nodi fi ed as ACGEERIGNer Nwmwu ne optim zation, w_thout departi ng fromthe
spirit of the ”I”H%Sntl r“°'ttH§ é"coﬁ%“&fv” e e PappEntidd - cIChicAtco18:783 CLAI MB

1. A nethod fOrYITL@SSG-?%w\Qo@arQU nhrberRhibN ot kfedrebi At LehaPIgbd¥Bdn@ 1B Ur i pot ent
stem (pPS) cells, conprinketnglateat eqiendtg or mneasuri ng expressi on of

gastrin-rel easﬁOﬁ%ALpelbm dle Hum( @RFE} ﬂ%é@pt%? 5652(199the net hod of claim 1, wherein
the nmethod furt H& conpri sé88 n¥asur | ng or detecting a marker in any one of
Tables 5 to. 9. 3. The method of claiml1l or claim2, wherein the GRP
receptor expredsi on Pexel is neasur edssap t heNTRNAiesvelPRI d1-noVFasoaret hod of
claim 3, V\her'zé‘il?'\qme H@ggap;@e%mdmﬂwwé@éi’@ﬁul @M. is neasured at the nmRNA
level by PCRUGHHM oGl B Seadhe MRENGHAQL Sl@ind e OTcofhial, m 2. Wher ei n the
CGRP receptor expressnﬁmag e\ieland mggmga;sure at the prot eln level. 6. The

met hod of cl aimms, whekailar tiveingGRR ciecepdrorat X PIf eemin paddcelrein-Tike measur ed at
the protein |evel byp ET”b@dS}“’b?g%’aye”?w"sl“Wét?ré"’cbh‘r}dp%'fl #¥ldfiztn 1 or claim 2,
wherein the GRpsacell@lnEbresss o, qey,gg 1479, (f¥8Asured using flow cyt onetry.
8. A nmethod forciessessing sicudsture of undifferentiated primate pluripotent
stem (pPS)

Locus GRPR 1726 bp mRNA linear PRI 05-NOV-2002
DEFINITION Homo sapiens gastrin-releasing peptide receptor (GRPR), mRNA.
ACCESSION  NM_005314
AUTHORS  Xiao,D., Wang,Jd., 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 maodified as a matter of routine optimization,
without departing from the spirit of the invention, or the scope of the appended claims.
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cells substantially as hereinbefore described with reference to the
Exanpl es. 84 '

CLAIMS
L. A method for assessing a culture of undifferentiated primate pluripotent stem (pPS)

cells, comprising detecting or measuring expression of gastrin-releasing peptide

(GRP) receptor.

2. The method of claim I, wherein the method further comprises measuring or

detecting a marker in any one of Tables 5 t0.9.

3. The method of claim 1 or claim 2, wherein the GRP receptor expression level is

measured at the mRNA level.

4.  The method of claim 3, wherein the GRP receptor expression level is measured at

the mRNA level by PCR amplification.

5.  The method of claim ] or claim 2, wherein the GRP receptor expression level is

measured at the protein level.

6.  The method of claim 5, wherein the GRP receptor expression level is measured at

the protein level by antibody assay.

7. The method of claim 1 or claim 2, wherein the GRP receptor expression level is

measured using flow cytometry.

8. A method for assessing a culture of undifferentiated primate pluripotent stem (pPS)

cells substantially as hereinbefore described with reference to the Examples.
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