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Field of the Invention

[06002] The present invention relates to the fields of medicine and cell biology.
In particular, the present invention relates to compositions of definitive endoderm cells
which have been expanded either prior to or subsequent to enrichment, isolation and/or

purification as well as methods of producing and using such cells.

Background
[0003] Human pluripotent stem cells, such as embryonic stem (ES) cells and
embryonic germ (EG) cells, were first isolated in culture without fibroblast feeders in
1994 (Bongso et al., 1994) and with fibroblast feeders (Hogan, 1997). Later, Thomson,
Reubinoff and Shamblott established continuous cultures of human ES and EG cells using
mitotically inactivated mouse feeder layers (Reubinoff et al,, ZOOOi Shamblott et al,,
1998; Thomson et al., 1998j. '



over current cell therapy procedures that utilize cells from donor

pancreases for the treatment of diabetes. However, presently it is not

known how to generate an insulin- producing (3-cell from hESCs. As such,

current cell therapy treatments for diabetes mellitus, which utilize islet

cells from donor pancreases, are limited by the scarcity of high quality
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generate cells that are useful in cell therapy applications, it would be advantageous to

overcome the foregoing problems.

Summiary of the Invention

[6006] Embodiments of the present invention relate to cell cultures
comprising expanded definitive endoderm cells. Further embodiments described herein

relate to methods for expanding enriched, isolated and/or purified definitive endoderm

cells in culture.



populations of definitive endoderm cells are cultured under conditions that
permit the expansion of the definitive endoderm cells. [0008]_,., In. other
embodiments of the methods described herein, the. definitive.. endoderm
cells are multipotent cells that can djfferentiate into cells of the gut tube or
organs derived therefrom. In preferred embodiments, the definitive
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and the reagent is an antibody with an affjinity for CXCR4. In some
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cultures. As such, the at least some of the definitive endoderm cells are isolated from at
least some of the other cells which remain in the cell culture. In some embodiments, the
isolating step comprises providing the cells in the cell culture with a reagent which binds
to a marker expressed in said definitive endoderm cells but which is not substantially
expressed in said other cells present in the cell culture. The reagent-bound definitive
endoderm cells are then separated from the non-reagent-bound cells, thereby producing
an enriched definitive endoderm cell population. In some embodiments, the marker is
CXCR4 and the reagent is an antibody with an affinity for CXCR4. In some
embodiments, the definitive endoderm cells are separated by fluorescence activated cell
sorting (FACS).



the SOX17 or the CXCR4 promoter. [0011] In some embodiments, the
enriched definitive endoderm cell populations that are produced as
described above are substantially free of cells other than definitive
endoderm cells. In other embodiments, the enriched definitive endoderm
cell populations comprise from at least about 96% to at least about 100%
definjtive endoderm, cells. [0012] Additional embodiments of the methods
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combination of growth factors is present in the culture medium.

[6013] Additional embodiments described herein relate to methods of
expanding definitive endoderm cells in culture by obtaining a cell culture comprising
definitive endoderm cells and then passaging the definitive endoderm cells so as to
produce a plurality of cell cultures comprising definitive endoderm cells. In some
embodiments, the definitive endoderm cells obtained in cell culture are attached to a
substrate, such as the surface of a cell culture flask or the surface of a microtiter plate, In
some embodiments, the definitive endoderm cells are passaged using enzymatic methods.

In other embodiments, the definitive endoderm cells are mechanically passaged. In yet



definition of the term "comprising." As used herein, the term "comprising"
is intended to represent "open" language which permits the inclusion of
any additional elements. With this in mind, additional embodiments of the
present inventions are described with reference to the numbered
paragraphs below: [0016] 1. A methdd of expanding definitive endoderm
ells in culture, said methad comprising the steps of: (a) obtaining a cell
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endoderm cells being multipotent cells that can differentiate into cells of the gut tube or
organs derived therefrom.
- [6018] 3. The method of paragraph 1, wherein said definitive
endoderm cells are human definitive endoderm cells.

[0019] 4. The method of paragraph 3, wherein said definitive
endoderm cells are derived from human embryonic stem cells (hESCs).

{0020} 5. The method of paragraph 4, wherein the obtaining step
comprises contacting hESCs with at least one growth factor from the TGFB superfamily
so as to permit differentiation of at least some of said hESCs to definitive endoderm cells.

[0021] 6. The method of paragraph 5, wherein said at least one
growth factor from the TGF] superfamily comprises activin A.

[0022] 7. The method of paragraph 1, wherein the step of obtaining
said cell culture comprising definitive endoderm further comprises obtaining a portion of

an existing definitive endoderm culture.



enriched in definitive endoderm cells comprises at least about 97%
definitive endoderm cells. [0026] 11. The method of paragraph 1, wherein
said cell population enriched in definitive endoderm cells comprises at
least about 98% definitive endodernf5 cells. [0027] 12. The method of
paragraph 1, wherein said cell population enriched in definitive endoderm
cells comprises at least about 99% definitive endoderm cells, [00281 13. |
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separating fluorescently-labeled definitive endoderm cells from unlabeled
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of enhanced green fluorescent protein (EGFP) . [0036] 21. The method o
ceBaragraph 20, wherein the expression of EGFP is under control of the

SOX{bbrgpmotey. The method of paragraph 1, wherein said cell population
enriched in definitive endoderm cells comprises about 100% definitive endoderm cells.
[0029] 14 The method of paragraph 1, wherein said isolating step
comprises providing said cell culture with a reagent which binds to a marker expressed in
said definitive endoderm cells but which is not substantially expressed in said other cells
present in the cell culture, and separating said definitive endoderm cells bound to said
reagent from said other cells present in the cell culture, thereby producing a cell

population enriched in definitive endoderm cells.

{0030] 15. The method of paragraph 14, wherein said marker is
CXCR4.

[0031] = 1e. The method of paragraph 14, wherein said reagent is an
antibody. '

[0032] 17. The method of paragraph 16, wherein said antibody has
affinity for CXCR4.

[0033] 18. The method of paragraph 14, wherein said definitive

endoderm cells bound to said reagent are separated from said other cells present in the

cell culture by fluorescence activated cell sorting (FACS).



[0037_]...--22.._.- The method of paragraph 20, wherein the expression of

EGFP is under control of the CXCR4 promoter. [0038] 23. The method of

paragraph 19, wherein said fluorescently- labeled definitive endoderm

cells are separated from unlabeled c7ells by FACS. (0039] 24. The method

of paragraph 1, wherein said culturing step comprises plating said

population enriched in definitive endoderm cells or a portion thereof. .
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with human fibronectin.

[0041] 26. The method of paragraph 25, wherein said surface is coated
with poly-ornithine.

[0042] 27. The method of paragraph 1, wherein said culturing step
comprises incubating said population enriched in definitive endoderm cells or a portion
thereof in 2 medium comprising about 2% (v/v) serum.

[0043] 28. The method of paragraph 1, wherein said culturing step
comprises incubating said population enriched in definitive endoderm cells or a portion
thereof in a medium comprising greater than about 2% (v/v) serum.

[6044]  29. The method of paragraph 1, wherein said culturing step
comprises incubating said population enriched in definitive endoderm cells or a portion
thereof in a medium comprising less than about 2% (v/v) serum.

[0045]  30. The method of paragraph 1, wherein said culturing step
comprises incubating said population enriched in definitive endoderm cells or a portion

thereof in a medium comprising at least one growth factor,



in said medium at a concentration of about 100 ng/ml. [0051] 36. The
method of paragraph 30, wherein said at least one growth factor
comprises a combination of activin A and IGFI. [00521 37. The method of
paragraph 30, wherein said at least gne growth factor comprises bFGF.
[00531 38. The method of paragraph 37, wherein said bFGF is present in
said medium at a concentration of about 12 ng/ml.(50054] 39. The method
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of patitHph 382-whereir SaiPaPReh&f RGN FactbfEdmifid el deast one
erEMRITRAIORS BRIVEFD IR E-aNdE GowilAadibd Sohpra¥panstias A,

definitive endoderm cell population produced by the method of paragraph .
1. [088%813. A’hrethod o}?@xsﬁﬁ%‘?ﬂgmﬁmﬁé dodemaTeRsal! epttve A s
préaift iReHio d.eennprisingoihersiensmalf 48 @tadninga, cell culture

compyising definitive engpderm cells, and (b) passaging said definitive

endcﬁi‘gﬁgr?cell ,4therebyq§?om§’gﬁ‘? é’ﬁ%ﬂrg%ﬂ)?%?cf i 6”%?(’% &B ﬁfigﬁ?ﬁt one
graetinifive eadoptesen K&k, [0059] 44. The method of paragraph 43,

whergip.the step of passaging said definitive endpderm cells. cquprises

_ p'rov'igjl% tleg’Fs%f one éﬁ?@%ﬁ%@%ﬂﬂ%@fﬁ%ﬁﬁ%ﬁ%ﬁ%&ﬁ“ﬁé‘j‘lgﬁgﬂeﬁgﬁsem
in shidaragramhruacwhereiioaid shdensddnemdnzyme comprises at least

one pigiagse. 9¢[0061] 41%%‘&%9“5?%%%%?&?9@&“ é@er\é\{ﬁeg%i@ $ARAL one

least one "protease comprises trypsin. [( 7. The method o
TR dRraloR wsRtifes @irommBIRIE B tiesiviRyhgnddfeFdefinitive endoderm
cells osmrises mechanieally guptsTo HeHARS BEIWARRSAIdadefiniiug. one
endoderm cells. ,[00%%48. The method of paragraph 43, wherein the step
EBF R LA R RLRF YRR Hive endoderm cells comprises incubating said

defin[tes3gndoderm cellsTin anadbidlianersgtdpiTer, whetf0G4]d WMSE. isThesent
in TSRl RN SR e DR, 39 gfinitive |

[6654] 39. The method of paragraph 30, wherein said at least one
growth factor comprises EGF.

[0055]  40. The method of paragraph 39, wherein said EGF is present
in said medium at a concentration of about 10 ng/ml.

[0056] 41, The method of paragraph 30, wherein said at least one
growth factor comprises a combination of activin A, bFGF and EGF.

{0057} 42. An expanded definitive endoderm cell population produced
by the method of paragraph 1.

{0058] 43, A method of expanding definitive endoderm cells in
culture, said method comprising the steps of: (a) obtaining a cell culture comprising
definitive endoderm cells, and (b) passaging said definitive endoderm cells, thereby
producing a plurality of cell cultures comprising definitive endoderm cells.

{0059] 44, The method of paragraph 43, wherein the step of passaging
said definitive endoderm cells comprises providing at least one enzyme to said cell
culture.

[0060] 45. The method of paragraph 44, wherein said at least one

enzyme comprises at least one protease.



endoderm cells are attached to a substrate. [0065] 50. The method of
paragraph 49, wherein the step of passaging said definitive endoderm
cells comprises detaching said definitive endoderm cells from said
substrate. [0066] 51. The method ofgparagraph 50, wherein said substrate
is a surface of a tissue culture flask: [0067] 52. The method of paragraph

50, wherein sajd substrate is a surface of a microfiter plate. [0068] 53. An
exparidely defiél lve endo grfﬁeé%ﬂdpS FaSH i’oég’cé‘g’eﬁi}l}hsea‘%éfhge&%fom
prp@eag tapipAsks (096611t will be appreciated that the methods and
compgsitions cribed -ahove relate t lls ured in.vitro. Howev .
the SOV cosdiped i viLS HHRSC AR A SRR R SN anping
safd rdefinitiveapplvtaione: [0070pristditrshbeirtdhddsontsngf chatamiedetiveen said

déRP(;‘ﬁ%%ﬂc{E@éﬁﬁ@&iQe found in United States Provisional Patent
Application No. 60/532,004, entitled DEFINITIVE ENDODERM, filed

Decdff§é 23, 4503: U.STimreibieshal parasrmpbnblicahersinge st ebpomeing

sa @D IR RR %A BIRRES R M ENRRERMJlefoARH ATy 200 derSi-cells in a
Provisional Patent Application No. 60/586,566, entitted CHEMOKINE

ced BSpestiVERPE RECEPTOR FOR THE ISOLATION OF DEFINITIVE
END@BERM, filed July Ihe0a4kthodS oPrpaisionst Reterifpgtication Mdinitive
“?3%87,94}?, en%{eqﬁg EMOKINE CELL SURFACE RECEPTOR FOR

oD TR B A S DR SR D A RIS ENDODERM, filed July 14, 2004; U.S.

F_’aten[ﬂ%ﬁplicaﬁ@n No. 1%6%@%&,@@@‘@%9&%&6@%531@5@1%
R N L R v
sapdopilhstiasn No. 11/165,305, entitted METHODS FOR IDENTIFYING

FACT63Eey FOR; 10 DIFFEREMIATING DEEINITY R ENROLRGRIHEE is 2
June 23, 2005; U.S. Provisional Patent Application No. 60/693364,

susfanned PR MM IESS TREAK AND MESENDODERM CELLS, filed

June{8g’4005:5Y.S. Prowsiofakidaent pepiephSON@hHMO 3B Sdbstrate is a
e titleg EXPANSIOlN OF ISOLATED DEFINITIVE ENDODERM CELLS,
S‘ﬁ%ﬁef AEFICI08 %fd U.S. Provisional Patent Application No.
60/738068B, enfiilled MARKEREnGH BXEmiiiNE hAdddbi@E EfRipifitied produced
byN g%lnggga %?W%QHO?HP%‘IQ?’(;“SCDSUI’GS of. Which are incorpgrated herein by
reference in their @ntireties. Brief Description of the Drawings
{0069] It will be appreciated that the methods and compositions described

‘gbove relate to cells cultured in wiro. However, the above-described in vitro
differentiated celi compositions may be used for in vivo appiicaticms.

[60706] Additional embodiments of the present invention may also be found in.
United States Provisional Patent Application No. 60/532,004, entitled DEFINITIVE
ENDODERM, filed December 23, 2003; U.S. Provisional Patent Application No.
60/566,293, entitled PDX1 EXPRESSING ENDODERM, filed April 27, 2004; U.S.
Provisional Patent Application No. 60/586,566, entitied CHEMOKINE CELL SURFACE
RECEPTOR FOR THE ISOLATION OF DEFINITIVE ENDODERM, filed July 9, 2004,
U.S. Provisional Patent Application No. 60/587,942, entitled CHEMOKINE CELL
SURFACE RECEPTOR FOR THE ISOLATION OF DEFINITIVE ENDODERM, filed
July 14, 2004; U.S. Patent Application No. 11/021,618, entitied DEFINITIVE
ENDODERM, filed December 23, 2004; U.S. Patent Application No. 11/115,868,
entitted PDX] EXPRESSING ENDODERM, filed April 26, 2005; U.S. Patent
Application No. 11/165,305, entitled METHODS FOR IDENTIFYING FACTORS FCR



[0071] Figure 1 is a schematic of a proposed differentiation pathway for
the production of beta-cells from hESCs. The first step in the pathway
commits the ES cell to the definitive endoderm lineage and represents
one of the earliest known steps in the further differentiation of ES cells to
pancreatic endoderm, endocrine enbooderm, or islet/beta-cell. Some
factors useful for mediating this transition are members of the TGF[3

DIFSEREWRIAA NG BERNT BréEENPRIRERY, f8adifenaid 20031V SxErapisignal

patéiarkelspitaafiniNg. theoiedinitive endademprarBRIGEHR/E SEPREAK  AND
TA4, HNF3b, MIX] and CXCR4. [0072 ure 2 is a diagram of the

Fi
M CRERM CBNA wHRthTHRS Ay 34 et RsisniebpRiisgHon No.
60494, hightghiled EXRARI03E0 FOSEATEN DEEIQITIVEISIDSIBRM CELLS,
NOVAC 73] Figure 3 is.a relatjonal dendrogram_illustrating that
ﬁleggy%ﬁ zlé’r%égg ’ c%(sfe%%rrégrt%vd% ﬁ%ﬂﬁ%@?ﬁ%\ﬁﬁawfésgaﬂ OXigentitled
MAREEOY priotms aYE mdieO0esay fdtdtédhasndig S$perios hbmaiagssures
£ t0 ot f t X group F._subfamily within the same
o B e BB, e vt ant S0 7
antibody. This blot demonstrates the specificity of this antibody for human

SOX17 protein over- expressed i fiRropiasts.dgng.d) and a lack of

immunoreactivity with EG ane 2) or the most closely related SOX ™
familJHhtmbef 1@ty g aneshsmpsty7of] ryopesed Mliffereatintivn gatimey for the

prashioning audtasten ofs@ X ERCCelindiat: displayReSienilicd HoAMmRaLOES cell
AFP;fco-.IabeI%jé:ells QA% This |s in striking contrast to _other SOXI7+

o Bie SRty WA B0 RS PLEIE R L et 581 PIguTERS in the
furhr CleferenitadgnaphsEshovdlngpariatad tirdefdsterai) d-n@édde BagkAn, or

. QWS | nocytochemistry for human Thrombomodulin (TM) protein
e S 2T SRAL oL PAA L GERNHPEGH HOBR B Aghe TOFB
fandfifferdittabed clttbre smef i SméelsoPaneliB isthetentiBaLAPIASHaNYRR for
d ‘ilx le-labeled for and SOX17.Panel . Cist a e%igra%at
e@nua%léﬁﬁt e same Pe%o Wwith DABI ‘fggeﬁléedgn(l)jgle?? I@%‘E ias}\éﬂxl and
CX{ditelation of DAPI labeled nuclei and SOX17 labeling. [00771 Figures

TA- bar [ Qene.E4P [ ' titafjve
PCF?O(@Q@ILCR)Q};%&(? a%%gs\y(?)% 7%2étgsﬁ7ttive cellsby S %C%p%ﬁdérﬁl éa S.the

PosHinfs) A SPRIVE Y4 Befifn mdnbighliss S rrgiemeanesgrivssiba inihanization

proedneie acigiRA) astrongly suppresses SOX17 expression relative to the
undi%r&itiat control media _ (SR20). Panel B shows the identical

pattttn 2% well H87% st ARt AsadBegramglliustrating that SOX17 is most
closely related to SOX7 and somewhat less to SOX18. The SOX17 proteins are more

closely related among species homologs than to other members of the SOX group F
subfamily within the same species.

[0074] Figure 4 is a Western blot probed with the rat anti-SOX17 antibody.
This blot demonstrates the épecificity of this antibody for human SOX17 protein over-
- expressed in fibroblasts (lane 1) and a lack of immunoreactivity with EGFP (lane 2) or
the most closely related SOX family member, SOX7 (lane 3).

{0675] Figures SA-B are micrographs showing a cluster of SOX17" cells that
display a significant number of AFP” co-labeled cells (A). This is in striking contrast to
other SOX17" clusters (B) where little or no AFP* cells are observed.

[6676] Figures 6A-C are micrographs showing parietal endoderm and SOX17.

Panel A shows immunocytochemistry for human Thrombomodulin (TM) protein located



changes is reflected in SOX17+ cell number, indicating that Q-PCR

measurement of SOXI7 gene expression is very reflective of changes at
the single cell level. 100781 Figure SA is a bar chart which shows that a
culture of differentiating hESCs in t £ presence of activin A maintains a

low level of AFP gene expression while cells allowed to randomly
differentiate in 10% fetal bavine serum.(FBS) exhibi strong
d cultures of hES
on jRrsth aRprce P E?g.l?‘f%eenl PR SSTN é‘xﬁar{(laasosr%x evelsTisapproximate

|
cellsfakdnéD 870 e i mets: S5 €l dasioimmaige’s @uwghﬁd@gmwmm&tﬁat};aﬂei
¢ the, suppression of AFP@%W@ Sion P AGIWHATS B MRt akiheNote the
e PSR s (RES el by ¢

singlé as indiCated e very rare and small clusters of AFP+
coogilstoberelapirn AV Iabetadtnvelt asheliohs ldbstiagn) relative to 10%

FBS q@m 00%[9958%@9%@5&%&&{@ l?wa@@gaﬁwwagafe shigadagon by

the ation of the AFP+ cell number using flow cytometry. This fi%u[’e
queatitsistRERs (RRERS AR XA 7caaﬁa&fm9ééﬁ>rlwgé93<&ﬁ@§§6na tibody.

paFIONTE. 84 inthe RresRneeréahi somel) and absensen(wfilpasnalpiofacid (RA)
activin A exactly corresponds tqQ the number of AFP

+. cells, further .
SQEBOMRBrEHES B bF GEPRETSIGh dRIRRYe 40 nthe At %fﬁ‘g‘té%%géc?ﬁﬁrr% fpedia
~ (StarindivgeaBcsibleyehd Q8&kicstigunem| £AvElase mitnaiipaptwgnitidh of these
show that exposure s to nodal, activin.A a tiy]
CHRSER 1§ SR ST R ey 260 s B M (b emeny. of
SOy s08-Chr Byiao inparing fledie: e abisrgehatribasioglofcgOx e+ cells to

the t mber of cells pr t] i indi ke i
stain%@l?]gtﬁ:lei %@%ﬁﬁéﬁgg’%g&ﬁ '?ﬁg z;ili'} g%%%%?m%%eﬁ%&%@aﬁfggﬁg@g
hESErimibmprexsave foetiSD X mainkithe Jau tevid bR ke ppsession while

JROBRNRIO Bdolsig RatsbatwhichdemanskRiessiiakawBe) Atibild.strong
30 or 100 ng/ml) dose-dependently increases ?O_Xl? gene eﬁgyi}s}é&n in
upiReaietiemahd P Stis diferenesda SRpraSamIFTS SIS TOBEE aftel°F day s

of tregigrent orrasheseRBAU tifesiRagec@ftinuesihtaighpeabsienuent thad the

and 5 days_of suspensiaon culture .as well. 12 [0083] Figures 12A-C v
SRRCRARLCAER, EORGFALE 0 Ehebe B At Bt Do tipeal el =

inNiDflet (patel Ay CabcTdvd (naitict IBtern d NP3 be{rastsb@edstivitivin A treatment
dose-dependent increases A4y, 0 AV d for three other markers of

CO gﬁ%?t?\?& s (Sd]éerﬁ”tlwﬁﬁg(ﬁ?/%?’ﬁﬁﬁ Ra%]%rl-_l \F3b. The magnitudes of
incred8RRPExXprEmmios PArBspe oAt ese $evs Jraptipsiop of the

AROSEARSENEA LSRNy SHRRYY TRYISaIR0GRs AR Ads BResibinade of

a population of cells that co-express all four genes (SOX17+, MIXL1+,
clnrA ARB BRI TO06H] U4 DIhe@Iate U RETRER absence ek
paemIsiatedhe ifegy Qbactivind to the number of AFP” cells, further supporting
the utility of Q-PCR analyses to indicate changes occurring at the individual cell level.

[0081] Figures 10A-F are micrographs which show that exposure of hRESCs to
nodal, activin A and activin B (NAA) yields a striking increase in the number of SOX17
cells over the period of 5 days (A-C). By comparing to the relative abundance of SOX17"
cells to the total number of cells present in each field, as indicated by DAPI stained nuclei
(D-F), it can be seen that approximately 30-50% of all cells are immunoreactive for
SOX17 after five days treatment with NAA.

[0082]  Figure 11 is a bar chart which demonstrates that activin A (0, 10, 30 or
100 ng/ml) dose-dependently increases SOX17 gene expression in differentiating hESCs.
Increased expression is already robust after 3 days of treatment on adherent cultures and

continues through subsequent 1, 3 and 5 days of suspension culture as well.



on the expression of AFP (panel A),.SOX7 (paneLB)_and_SPARC.

(paneLC).. There-is an activin A dose-dependent decrease in expression

of the visceral endoderm marker AFP. Markers of primitive endoderm

(SOX7) and parietal endoderm (SPARC) remain either unchanged or

exhibit suppression at some time points indicating that activin A does not

act to specify these extra-embryonic endoderm cell types. This further =

supp8A&3ihe rfdeuirnd I intiehyetheip rdushofestontyrtehrmstest efasiiun A
onahelRPNERRAT MKIO aarBCrgasR N epaRENBS LRk dnlinritve ARMlaYettivin

cells in response to activin A. [0085] Figyres 14A-B are bar charts L
A SRR REHAT SR A SR Pl %ﬁgna%raéw&@s of definitive
en@xsaasPITX{pAn€l B) CoassENFaspra3sianaghthesteof dhonaskéreZEtsion in
redemongtrates Inat here 19,99t  dose-dependent eftect of ?&J'g&@ 9Nstrongly

ural Uifferentation- There 1&oa notapie suppression of nesoderm

indifierentiatiecriniediaiespbyi {100 nghpihlofiowthiineAstthatareat mssmelictueatzenes
(S_By(tihie %d&%q%eg Hﬁgpsﬁg@mff%ay_hyury. This is likely the result of the

increased spe ification of definitive endode_rm from the mesendoderm .
precif884%. Lofiartes/ Eid\df artiva shartihvichtdarocantagothe aiipet of activin A

onRRNAIRLER £XPIESSIgRE ARy (Bidate)ime pointe of iferaNtALoD is an

relative to untreated control cultures. [0086] Figures 15A-B are

2ot dyrdsRstepraning derassBTpRITSta e M Bet etk sRdRdaTBiaTker AFP.

MEgishonRTeriaiieadreedddatih etNMns «megigintaDEdddiemaristed ROJQEQKM cither
aﬁ found t%ﬁ h the culture §A§ when differentiated in serum alone, while ‘
UOS RSt CSURPTARO T S ARPRE AR ROARERE e ERahE Y Srgpes no

acovue saldifiethsity eefrdMhrimponioeedodiity ¢sllowess. [ONEY fhriteresdmisDhe fact
re. micrographs which sho rker. Ssion.in ,res 'ﬂﬁ?ﬁﬁ treatment

th%it eaclzrfﬁﬂgnas and acavin %@g&kgvﬁfgﬁiéﬁ%‘ o%’fgbl%riocons‘,ec&{f%/tg21 © o an

incragsentthectivibenof ddfadtivineBdadettriptd s ab edepbwith SOXET AAFP and

™ 3’66@9@95- @'P@& a0 (P ARk Rty RaRgkG of MushdPanohct
D 1 | |

Phase/DAPI. Notice the numerous SOXlg}_ positive cells (A)
(Parelodhtarf vRRImSIEORpIBIE GBS B ARPREStSH crprgesion of the neural

mHRGUNRY £ st IRA08A: gty e hétis doseiakperaph ShewiBg 4ievin A on neural
.appearance of definitive endoderm and vitsceral endoderm in vitro from

differeRiatiphs FR5T5AS BAORRI SPRNESHEHAL RIesodennliffggnuation mediated by

1 082 B6D4EL 10 Avhderslefinsviaditgied ésmhdisplaystiecprgleteof brachyury.
apposite.prafile, SOX17h'/AFPbO's. This field wa ctively chosen due

T B et e 16 e R R e e

mesemisrdumtipresivebien  SOX7 kPO [Hategivns dreoigdn(éd imd 30 ng/ml)

méﬁ%ﬁﬁ"&ésalﬁie%éﬁom %’P&’cﬁ?g{'?neﬁ UAF E{He points of differentiation relative to

untreated control cultures.

[6086) | Figures 15A-B are micrographs showing decreased parietal endoderm
differentiation in response to treatment with activins. Regions of ™" parietal endoderm
are found through the culture (A) when differentiated in serum alone, while
differentiation to TM" cells is scarce when activins are included (B) and overall intensity
of TM immunoreactivity is lower.

[0087] Figures 16A-D are micrographs which show marker expression in
response to treatment with activin A and activin B, hESCs were treated for four
consecutive days with activin A and activin B and friple lai)eled with SOX17, AFP and
TM antibodies. Panel A - SOX17; Panel B - AFP; Panel C - TM; and Panel D -



cells, suggesting the separate origination of the-definitive.-endoderm cells.
from visceral endoderm cells. [0089] Figure 18 is a diagram depicting the
TGF(3 family of ligands and receptors. Factors activating AR Smads and
BR Smads are useful in the producﬁign of definitive endoderm from
human embryonic stem cells (see, J Cell Physiol.187:265-76). [00901

' IS g;bar_chart showing the. ipduction of SOX17 expressjon over
Pﬁ%ﬁ@ﬁ?’resﬁﬁ%‘g trqe%trﬁen e\r/voi‘% %@r&%ﬁ"éﬁa‘f Roffitin Ao rStaciisg (it the
ceantis. afeo@ L jof iyHP BDasdIbA Channshmasagithe increase in SOX17+
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factor?ﬂ[o 92] g}gﬁ% %?L ?}ssragbgnr"]L chart s o%vﬁl“él?ﬁdlr})(lﬁioﬁ?%?%% 91 dehicive
epdgstesain siasertiraedadeamdauitof fremhRHtwiFheorpiinatbnsaAIGR¢8derm
factess: Q098] Rigprasaisabagchar.shawi vinAlngduces
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ofullidees fR6rassRAS @X ticaxRiassiORARaNg, hedRVels iNdHEEd Y RSV iINvhen
S@W;mm B alone. 1006)5] Figures 24A-C are bar charts showing b
ifterertiation TPHAANTR S PEANE6A MRS UHR AICIHIR IBAMEBY deBianfoRs AFP

cdllnamgersting RS Epanith adfiitingod anchB defimetiaca0pdeitingRYe6R Srisceral
eﬂﬁ&éhé{i‘éé% a 2-3 times greater level of SOX17 expression. as compared
to the same treatment in 10% FBS media (10AA) (panel A). Induction of

the dd#Rfiflle efpaeris niarkeliddiih | dppinth)ie ASFpifReias ibfthgands and
the. ressign of AER {vyisgeral endoderm). (panel C) is .
i e e g R S R SR e AL s apcdedin o
defiiitbis apsteslovmi o sHowr 8T yooslistameceliliding IhCeltBhesiSXTT265-76).
immu ctive:; ifferentiating. edge .
NESC poiy () A e el s b B e R 1 pspisio
VPR Esder o e ment sridoindidid with OO panc I b bdition,
clear atayc fiopras£a0 ke BHELIM %%{@bﬁ@ gLy %e%@’ggs cell number

SOX17+ cells (arrows) as well as OCT4+, undifferentiated
Wil BRmRAISS v Pl et meniguie cenbiasanenERGERR firtgrehe relative
exprasgyy) leved afrCXNGRA ta,diffgrenlialing HE%MHP%%@%:}F&%?&@‘ over

.conditions, [0098] Figures 27A-D are bar charts that show how a panel o

UE ARG U U RICEREERS AYitR combinationeed EioRifaptenern of expression to
CXCIrobesrossiia@rsaMeis a bar chart showing that activin A induces a dose-

dependent increase in SOX17" cell number.

[00G94] Figure 23 is a bar chart showing that addition of Wnt3a to activin A
and -activin B treated cultures increases SOX17 expression above the levels induced by
activin A and activin B alone.

[0095]  Figures 24A-C are bar charts showing differentiation to definitive
endoderm is enhanced in low FBS conditions. Treatment of hESCs with activins A and B
in media containing 2% FBS (2AA) yields a 2-3 times greater level of SOX17 expression
as compared to the same treatment in 10% FBS media (10AA) {panel A). Induction of
the definitive endoderm marker MIXL1 (panel B) is also affected in the same way and the
suppression of AFP (visceral endoderm) (panel C) is greater in 2% FBS than in 10% FBS
conditions. _

[0096]  Figures 25A-D are micrographs which show SOX17" cells are dividing

in culture. SOX17 immunoreactive cells are present at the differentiating edge of an



differentiation treatments displayed-in Figure 26. U
_._ ... [0099] Figures 28A-E are bar charts showing how markers for
mesoderm (BRACHYURY, MOX1), ectoderm (SOX1, ZICI) and visceral
endoderm (SOX7) exhibit an inverse relationship to CXCR4 expression
across the same treatments displa;)éd in Figure 26. [0100] Figures 29A-F

are micrographs that show the relative difference in SOX17

hEg{nfenedenly enfiaradibelsdrivish prolifeatiag stbmrattenanthepidfEdih) (panel
BQU RS 136088 alR 11} INOEMIBAnE ale flovsaton el ol BIiTitiads can be

demonstrate the_increase jn, CXCR4 cell number with increasing .
SeEBnREtrationBERGIh WEEhaY Rythe UiferesltidATRRSIa2 018 28 OCT4,
urdigferent 31A-BESIEs lbar ohlssiddhashow the CXCR4+ cells isolated from

the hj se activin A treatment (A100-CX+) are even further enriche

for d@f?gﬂﬁle e%c%lcrleeﬁrf(]’t r%?armég}asr t%%aﬁgtﬁgof)’gre%'ut p%ﬁ%%ﬁvoen ?%Hfaif)lf’ Fof%‘éﬁ‘ of
CRigRfaBdifeeitatogdt SOowidgr yerneve xprdssionditionsCXCR4 and

CXCRdggells i ing, fluor -agl Il sorting (EA .

well ﬁ:ﬁ gggﬁe e?? re§§igfﬁ’nﬁth%%ag%crﬁﬂp%ﬁ%ﬁ%&ﬁ%é%ean%%ls@tfrgt%?t a?we

enfrdaNeRaketiRrto AR dsylntkatieal cheXoxeSR & eRdreawisnthe same

dibFesRMidBLRcRaIR N QeRLatiopand sige . CXCR4' populations contain
very little or no CXCR4 gtgne' expression. [0104] Figures 33A-D are bar
charti9H denfoB¥EsShed ous| e P it sLelEn heyR At o fop, mesoderm

(BR@&H vegode X IG; ) candedscesd endgieny 20 X o8N erR¥assi®OX7)
in.the CXCR4+ cells isolated frogg{&ggigeh dose activin A treatment which
B} o 2 BTSSR BT R B 0 BB IR AFTEN o 6 gy catments

diepéarkedt $n [Fig0fe Figures 34A-M are bar charts showing the expression

patte magker. ge that can.be used to,identi finitive endoderm .
ceIIs.[%oea Sexprefjég‘l%(‘%s %%%Tgsfgeof%gfﬂ%rt?egse%dao %‘Pfr% %ggrlzeeiraﬁvﬁ ’&f,eme 1
SO, iOALEReRORGELCMKSRhugad ] 1eCReM wudivims idigrlawdd @-Fjgures
»degpectively. The expression analysis of previously described lineage _
marking genes, SOX17, SOX7, SOX17/SOX7, TM, ZICI, and MOM is
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[6103] Figure 32 is a bar chart showing gene expression from CXCR4" and
CXCR4" cells isolated using fluorescence-activated cell sorting (FACS) as well as gene
expression in the parent populations. This demonstrates that the CXCR4" cells contain
essentially all the CXCR4 gene expression present in each parent population and the
CXCR4 populations contain very little or no CXCR4 gene expression.

[0104] Figures 33A-D are bar charts that demonstrate the depletion of
mesoderm (BRACHYURY, MOXI), ectoderm (ZIC1) and visceral endoderm (SOX7)
gene expression in the CXCR4+ cells isolated from the high dose activin A treatment
which is already suppressed in expression of these non-definitive endoderm markers.

[0105]) Figures 34A-M are bar charts showing the expression patterns of
marker genes that can be used to identify definitive endoderm cells. The expression

analysis of definitive endoderm markers, FGF17, VWE, CALCR, FOXQI1, CMKOR! and



cells treated with 2% FBS, 100 ng/ml activin A. [0106] Figures_35A=<D
are. -bar-charts. -showing-the-expression- patterns of definitive endoderm
marker genes in cell cultures maintained for 36 days under various

growth conditions. The expression apalysis of definitive endoderm
markers SOX17, GSC, MIXLI and CR4 is shown in panels A-D,
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Figures 37A-F are bar charts showing the expression patterns of
various embryonic cell lineage marker genes in cell cultures that have been differentiated
to definitive endoderm then subsequently purified using the CXCR4 antibody in
conjunction with fluorescence activated cell sorting (FACS). The abbreviations are as
follows: p96 hESC refers to mRNA from the 96™ passage of CyT25 human embryonic
stem cells; d5 DE refers to mRNA from unpurified definitive endoderm cells on the fifth
day of differentiation from p96 hESCs; NF d6-FACS refers to mRNA taken 11 days post
differentiation from CXCR4 antibody/FACS purified definitive endoderm cells incubated
in the absence of activin A; A refers to mRNA taken 11 days post differentiation from
CXCR4 antibody/FACS purified definitive endoderm cells incubated in the presence of

100 ng/ml activin A; Al refers to mRNA taken 11 days post differentiation from CXCR4



post passage from CXCR4 antibody/FRCS purified definitive endoderm

cells incubated in the presence of 100 ng/ml activin A; Al refers to mRNA

taken 10 days post passage from CXCR4 antibody/ACS.

purified_definitive..endaderm__ cells..incubated. in the presence of 100

ng/ml activin A and-100 ng/ml IGF1; 6and AFE refers to mRNA taken 10

days post passage, from CXCR4 antibody/FACS purified definitive
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terminall
the organs >()vhmh derive from the gut tube such as the lungs, liver, thymus, parathyroid

and thyroid glands, gall bladder and pancreas (Grapin-Botton and Melton, 2000;
Kimelman and Griffin, 2000; Tremblay et al., 2000; Wells and Melton, 1999; Wells and
Melton, 2000). A very important distinction should be made between the definitive
endoderm and the completely separate lineage of cells termed primitive endoderm. The
primitive endoderm is primarily responsible for formation of extra-embryonic tissues,
mainly the parietal and visceral endoderm portions of the placental yolk sac and the
extracellular matrix material of Reichert’s membrane.

[0110) During gastrulation, the process of definitive endoderm formation
begins with a cellular migration event in which mesendoderm celis (cells competent to

form mesoderm or endoderm) migrate through a structure called the primitive streak.



differentiated tissues and/or organs derived from the definitive endoderm

lineage. Such cells, tissues and/or organs are extremely useful in cell

therapies. Because large numbers of cells are

usually _necessaryfor-successful-cell-ther-ap.y.-applications;

-it-is-beneficial to begin differentiatith procedures with large numbers of

cells of a single cell type. As embryonic stem cells in culture differentiate
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particular cell types. [0116] As used herein, "expression” refers to

andiQs R ARl Titses apEitn qEEans doaly el frasnclrbindt viradpdaesm cells

caPRQcioneiRinateralapsybstance. Thus, determining the expression
of a ﬁﬁ[elcific marker refers to detecting either the relative or absolute

amoliH 4l the PPk FIRALIRERSra50T GrsrRbIPIERbCHNEFIHE fretistheds of

expinding definitive endoderm cells in cell culture. In some embodiments, definitive
endoderm cells are enriched by separating these cells from other cells in a mixed cell
culture. The enriched definitive endoderm cells are then cultured under conditions which

permit their expansion.

Definitions
| [0113] Certain terms and phrases as used throughout this application have the
meanings provided as follows:

[6114] As used herein, “embryonic” refers to a range of developmental stagés
of an organism beginning with a single zygote and ending with a multicellular structure
that no longer comprises pluripotent or totipotent cells other than developed gametic
cells. In addition to embryos derived by gamete fusion, the term “embryonic” refers to

embryos derived by somatic cell nuclear transfer.



absence of the marker. [0117] As used herein, "marker"” refers to any
molecule that can be observed or detected._For.example,
a_marker_can_include,.but..is.not-limited.to,.a.nucleic acid, such as a
transcript of a specific gene, a polypeptide product of a gene, a non-gene
product polypeptide, a glycoprotein, a carbohydrate, a glycolipd, a lipid, a
lipoprotein or a small. molecule (for example, molecules ha},vinfg a
moll®akE] weidrtwpRe eHhn ol BRcRm a [tAABPow rels gt to 2 cell type
HAUIRSSHOR.With-aalies tiramanst eiee Repulatiansytiee. term "portion”

means any non-zero amount of the cell, culture or cell population erﬂigtgrial or
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ab%grlllcg%l rgr%&{%ll population. [0120] With respect to cell culture medium,

as used herein, ﬁ'ow serum RPMI" refers to a low serum containin
medilfitl TWherdin eseddesugin, Corrskertt aafamsiso grycuaigere bake g?e@béemd

ordelingdstime: Reriatk. FOLEXAMRIS (iR1AE SMBOHINEALaMs, SAHRR RN, such

comprises a concentration of about 0.2% fetal bovine serum (FBS) on the
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multipotent definitive endoderm cells. As described above, 19 definitive

“seletésy Eersodo mernsifferetheaembisdissti deps abtidid e fd@rmor cell

pSuriiRsodetd, MipralheriepatisieMisstiie.g dbliibs asonalasargantber of |
at are derived from the gut tube. In certain preferred embodiments, the

t
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W PR L S S g n
gradually increased over a defined time period. For example, in one embodiment, low
serum RPMI comprises a concentration of about 0.2% fetal bovine serum (FBS) on the
first day of cell growth, about 0.5% FBS on the second day of cell growth and about 2%
FBS on the third through fifth day of cell growth. In another embodiment, iow serum
RPMI comprises a concentration of about (% on day one, about 0.2% on day two and
about 2% on the third and subsequent days.

0121} As used herein, the terms “bFGF” and “FGF2” are used

interchangeably.

Definitive Endoderm Cells and Processes Related Thereto

[0122] Embodiments described herein relate to novel, defined processes for
the production of definitive endoderm cells in culture by differentiating pluripotent cells,

such as stem cells into multipotent definitive endoderm cells. As described above,



step in differentiation of a stem cell to a functional insulin-producing
[3-cell. To obtain useful quantities of insulin-producing (3-cells, high
efficiency of differentiation is desirable-for-each of the-differentiation-
steps-that-occur-prior to-reaching tl?g pancreatic islet/(3-cell fate. Since
differentiation of stem cells to definitive endoderm cells represents
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determine the expression, of one or more appropriate.markers, itis .. .
possilwé%liderﬁﬁ)?r&@?imtﬂféermme the amount 0? ge%?mtwe enc?ogérm cells in a cell

culture or cell population, a method of distinguishing this cell type from the other cells in
the culture or in the population is desirable. Accordingly, certain embodiments described
herein relate to cell markers whose presence, absence and/or relative expression levels are
specific for definitive endoderm and methods for detecting and determining the
expression of such markers.

[0125] In some embodiments described herein, the presence, absence and/or
level of expression of a marker is determined by quantitgtive PCR (Q-PCR). For
example, the amount of transcript produced by certain genetic markers, such as SOX17,
CXCR4, OCT4, AFP, TM, SPARC, SOX7, MIXL1, GATA4, HNF3b, GSC, FGF17,
VWF, CALCR, FOXQ1, CMKORL1, CRIP1 and other markers described herein is



endoderm cells, as well as determine the proportion of definitive
endoderm cells in a cell culture or cell population. For example, in some
embodiments of the present invention, the definitive
endoderm_cells_or-cell _populations..that_are produced. express.the
SOX17 and/or the CXCR4 gene atzaQIeveI of about 2 orders of magnitude

greater than non- defrnrtr doderm_cell types.or cell populatjons. In
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herein, definitive endoderm cells do not substantially express PDXI.
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Rﬁﬁér preferred embodiments, conversion of a plurlpotent cell population,

such ggg-ftem Eﬂt@&%@oﬂeé&ﬁggs%%ﬂ%%‘r?eﬂ?é”‘cﬂ"’@eﬁﬂﬂﬂgeé%odem

cell population is contemplated. 101281 The composrtrons and methods
HESEHBET her&ipr nekAEBky eFalis STOPOREMEHEs I elea bileCiifares | comprising

Jegitines anshasihDoRniaiansRORRESRC:SefimtiVEpulations enriched in definitive
endoderm cells. Some preferred embodiments relate to cell cultures which comprise
definitive endoderm cells, wherein at 1éast_ about 50-80% of the cells in culture are
definitive endoderm cells. An especially preferred embodiment relates to cells cultures
comprising human cells, wherein at least about 50-80% of the human cells in culture are
definitive endoderm cells. Because the efficiency of the differentiation procedure can be
~ adjusted by modifying certain parameters, which include but are not limited to, cell
growth conditions, growth factor concentrations and the timing of culture steps, the
differentiation procedures described herein can result in about 5%, about 10%, about
15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%,
about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about

90%, about 95%, or greater than about 95% conversion of pluripotent cells to definitive



endoderm as well as the methods for producing such cell cultures and cell
populations are useful for modeling the early stages of human
development. Furthermore, the compositions and methods described
herein can also serve for therapeutic intervention in disease states,
such-as-diabetes-melIitus-For-exan‘?ﬂ)le,-since definitive endoderm serves
as the source for only a limited number of tissues, it can be used in the

endRNGIRPMENNSF PHRrHa SRR AVEIGEH @W&%@E@Hﬂ!&i population,
g

Endoderm from Pluripotent Cells 101291 Processes for differentiating. . .
sugh 3 potam «dlind & btensiaihesusSeBnisireadedppn selbiepidation is

cofemprsag definitive endoderm is described below and in US Patent No.

11/0(5[5 618, entitled DEFINITIVE ENDORERM, filed December 23, 2004,
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_starting material for definitive endoderm production. Such'pluripotent cells
disease Setes) A shbmeraeilmstonrsamaleesingg dafinitine erdodammsienies as
thdhoseORpigg {rameMiiveBiGaRsadallidaes HUMRNRBYRIPGSIESE pure

. cells can be maintained in culture in a pluripotent state without substantial
s g QT SHitidiBFusing methods that are known in the art. Such methods are
described, for example, in US Patent Nos. 5,453,357, 5,670,372,
pSSIR%0 5.343:180.,0,200,806 ol 6,251, 62, the disclosures of which
reties. [01301 In some
proclB$&s for Prochsstadaetifiiticetamidgddunpotiie, ¢vHS @spavducaaiciiatndares
LA BER PSR SUCL RN, AN e SHSLIRMR Y RICH B i
anhESCs to b%éintaﬁned fﬁﬁg%ﬁu%po%ent state can%gellﬂ%g. ﬁg\‘gglow and in
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feeder layers have been developed for use in the cultivation of hE

of (88% DY SR HISAIERNEHING 263 £ 6'25Pe maighe|fse Ketreet wiicrrain
préseses/pleratipl 2 2nbedein iy leteranae dndtee keI Alepahts comprising
B8 Ses SLR D Rl chootem o P STRRSS
forndaintaigidefipitivip eteloti iESEYsunileefdedenfrednanditions baleabaanstarting
' mﬂ&% ”%%&&ﬁﬁ\%%ﬁd@ﬁﬂfé&%@f%g 2@80%(0 iR gégnttrg:%lgisccgr? Lé:recc Is that
which Is incorporated hereini by reference in its entirety.
originate from the morula, embryonic inner cell mass or those obtained from embryonic
gonadal ridges. Human embryonic stem cells can be maintained in culture in a
pluripotent state without substantial differentiation using methods. that are known in the
art. Such methods are described, for example, in US Patent Nos. 5,453,357, 5,670,372,
5,690,926 5,843,780, 6,200,806 and 6,251,671 the disclosures of which are incorporated
herein by reference in their entireties.

[0130] In some processes for producing definitive endoderm cells, hESCs are
maintained on a feeder layer. In such processes, any feeder layer which allows hESCs to
be maintained in a pluripotent state caﬁ be used. One commonly used feeder layer for the

cultivation of human embryonic stem cells is a layer of mouse fibroblasts. More recently,
human fibroblast feeder layers have been developed for use in the cultivation of hESCs

(see US Patent Application No. 2002/0072117, the disclosure of which is incorporated



101311 The human embryonic stem cells used herein can be maintained
in culture either with or without serum. In some embryonic stem cell
maintenance procedures, serum replacement is used. In others, serum
free culture techniques, such as
...those.described-in--US-Patent-Ap?&ication-No-2003/0190748, the
disclosure of which is incorporated herein by reference in its entirety, are
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routine passage until it is desired that they be differentiated into définitive
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In certain differentiation processes, combinations of any o

- - thogslrscrrtisnt ot/ raptisrsicanlpe 2088 () 10AB81 Wethisdspactdbwhich is - - -

in&RpRRLi e BrOE P SSRfciRE tnGidligientialionsed. pluripotent stem cells to
definjtive_ endoderm cells, the above-mentioned growth factors are
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.about 25 ng/m|, at.least about 50 ng/ml, at least about 75 n > i
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I, atl bqut 2000 ng/ml, at,.least about 3000 ng/ml|, at least about
W SR R AR ek el R R S e
seligieai] eme tlzin prove ssesiftnghetitfedehtiativniof pluripnitant StemdelspPa.
Adasigiimitive endader I - | -growth factors ar

remqveléJ fromthe geﬁlgcgﬁll&i r&eggu%z&e)\é%lgﬁc}){ gﬁﬁl%g}%hb%&{ ee?(?aer?nuélgr the
Prefectpawidf aebritiin sedpdsisyeeilithinlabostieime differabdaricmordeyssses,

comistidiesrdaysrabos Joslasn aPpr e Aays cabpuhsix days, about
sev ﬁé)t(s aQP?,ut eight days, about nine days or about ten days after
thEi?[g ion. I pFERrEFDriftae stk e RIRAREFa M ShsralifErravietion of

phalpotdrfostedaysls to definitive endoderm cells, the above-mentioned growth factors

are provided to the cells so that the growth factors are present in the cultures at

concentrations sufficient to promote differentiation of at least a portion of the stem cells
to definitive endoderm cells. In some processes, the above-mentioned growth factors are
present in the cell culture at a concentration of at least about 5 ng/ml, at least about 10
ng/ml, at least about 25 ng/ml, at least about 50 ng/ml, at least about 75 ng/ml, at least
about 100 ng/ml, at least abbut 200 ng/ml, at least about 300 ng/ml, at least about 400
ng/ml, at least about 500 ng/ml, at least about 1000 ng/mi, at least about 2000 ng/ml, at
least about 3000 ngfml, at least about 4000 ng/ml, at least about 5000 ng/m! or more than
about 5000 ng/ml.



after their addition. [0135] Cultures of definitive endoderm cells can be
grown in medium containing. reduced.-serum
-or-no--serum,---Under--certain - culture conditions, serum concentrations
can range from about 0.05% v/v to about 20% v/v. For example, in some
differentiation processes, the serunftoncentration of the medium can be
less than about 0.05% (v/v), less than about 0.1% (v/v), less than about

" 0.2940124), leshithemabprocesSofqy vy, delerantintisnonft Wuirpteny st sells to
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without serum or with serum replacement. In still other processes,
AL HRRALHEBderm cells are grown in the presence of B27. In such
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expression of _marker genes characteyistic of hESEs and other types
C%f&@fmaa%lwk@a@ﬂﬂéﬂ%m@ﬁmﬁ@é@ﬁﬁesﬁ A1
reliable marker of definitive endoderm is the SOX17 gene. As such, the
Misfiniting ®adndersacalimpttiudediebyCalisprobefsaiyeEsdritbethherein

expreﬁﬁ:t,%? SO,Z_%L Z;{anrg%%{o e fhteh%i:esqy Q&?tgyec'%gdtel}%iﬁve endoderm can be

monitored by determining the expression of markers characteristic of definitive

" endoderm. In some processes, the expression of certain markers is determined by
detecting the presence or absence of the marker. Alternatively, the expression of certain
markers can be determined by measuring the level at which the marker is present in the
cells of the cell culture or cell population. In such processes, the measurement of marker
expression can be gualitative or quantitative. One method of quantitating the expression
of markers that are produced by marker genes is through the use of quantitative PCR (Q-
PCR). Methods of performing Q-PCR are well known in the art. Other methods which
are known in the art can also be used to quantitate marker gene expression. For example,

the expression of a marker gene product can be detected by using antibodies specific for

H



SOX17 gene product. Other markers of definitive endoderm are MIXL1,

GATA4, HNF3b, GSC, FGF17, VWF, CALCR, FOXQ1, CMKORI and

CRIPI. Since definitive endoderm-cells. express

_the..SOX.1.7_marker-gene-at-a level-higher than that of the -SOX7 -

marker gene, which is characteristi@®f primitive and visceral endoderm

(see Table 1), in some processes, the expression of both SOX17 and
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dgﬁnes can also be monitored. [0138) Another marker of definitive

BBbEFRdRHE R s pRe A8 Rish Agetrdimites sad ooy wiis aseduced

bermenaktresee crpiEibyA sl gapeds dhesoRgmaatitaciRit Shreby i6ducing the
ipal roles qf the CXCR4 receptor-%%%tfi%gécells in the adult are

L GRFHS DS i G RRr R o DBt Lo S B8t MG Fw GATA,
HNHphoGHE FafickingvaRdthe ORfereM@LcDMKGRIDsIBORIP Bngince definitive

roph | W s [Kim, C.. and Broxmeyer, H. J
oA SO T e s RN o afdhessoxr-
rpykEE&ensy T ehd sethiyaeierigye bfpmTitiwslsnfeisgeraY eretoder@dieecisble 1), in

42 BRSPS A OLD e

PIREeSshR oRiFRSiPEcRhiBe botc e SAKKE mrkge fepmendStbE QR imaker gene,

vaiehBIOXRyaEdrstib SLUHIRYIE Rioh&Riobedd (108N URLe dRlingatetfinitive
e?hh:“ 8%{?22‘)( development and_adult life in the mouse. The’CXCR4/SDFI
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Nare, 382,.635-638 (1996)], Ma, Q., et al Immunity, 10, 463-471 (1999)]

b . . :
it resulted in late embryonic lethality. McGrath et al. demonstrated that

CXCHRai#he nigsttadsunderer clietelbkitieerendpdermmessengeX@MNdgene.  The

cogtegte g y gagstiplatipg.em £7. ing a combinatign of
RNase %ﬁg’iﬁ%ﬁgd ?n E%Eg %ﬁ&?za%%??‘nﬁ%o%%%%%% rﬁ%ﬁee tigind" 1 the

cheamE g eRRyb, Exeminspst roleifdhadapRanstepbu-hraiimg cells in the
abfiolvedtBlIAbICRY 125 tRigratian Rl BEMiiversiteak germlayercallhenddsow,

1ex5§essed- on _definitive endoderm, mesoderm and extraembryonic

G IBHACERE AthiS 6 elerEtion, of rsinys Brtlyiy exaepbagaplood
cellphaebgtopiGieinGrenduBaty exe|USivE Ndikaiing Bisick Hf 6epP@ssian in The
. ﬁ)a]tleggpqgrdglré@ Mgt%rnastgé gb%i'e%tegtlér o¥ 'thBei%}l(%%y o%jl—%f\;%zﬁ‘tlg) %»cells [Feng,
Y., etal Science, 272, 872-877 (1996)].  In an extensive series of studies carried out by
[McGrath, K.E. et al. Dev. Biology 213, 442-456 (1999)], the expression of the
chemokine receptor CXCR4 and its unique ligand, SDF-1 [Kim, C., and Broxmyer, H., J.
Leukocyte Biol. 65, 6-15 (1999)], were delineated during early development and adult
life in the mouse. The CXCR4/SDF1 interaction in development became apparent when
it was demonstrated that if either gene was disrupted in transgenic mice [Nagasawa et al,
Nature, 382, 635-638 (1996)], Ma, Q., et al Immunity, 10, 463-471 (1999)] it resuited in
late embryonic lethality. McGrath et al. demonstrated that CXCRA4 is the most abundant
chemokine receptor messenger RNA detected. during early gastrulating embryos (E7.5)
using a combination of RNase protection and in situ hybridization methodologies. In the

gastrulating embryo, CXCR4/SDF-1 signaling appears to be mainly involved in inducing



101391 Since definitive endoderm cells produced by differentiating

pluripotent cells express the CXCR4 marker gene, expression of CXCR4

can be monitored in order to track the production of definitive endoderm

cells. Additionally, definitive endoderm cells_produeed_by the- methods.

-described_her.ein..express.. other #Aarkers of definitive ----- endoderm

including,.but nat limited to, SOX17, MIXLI, GATA4, HNF3b, GSC, FGEI7,
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not preclude the expression of SOXI7. As such, definitive endoderm cells
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marker in non-definitive endoderm cells or cell populations, for example

betatsoteRnisiemdadenn clle e dhmiertR draaskes seqh oitrel igher than

{HE00f 1ie MEFKSTPARIO6 TR G 6dRb anaRkam) Hiaiteitive andademraalis of these
cell pog;!ati ns is at I%$st about 4-fold higher, at least about 6-fold
BRRGPEF At TR B&IABBITE fold higher, at least about 10-fold higher, at least

about{AB40ipld Highlt, tat lpastaiiedt0-fejddighen B KaRHanot dddold! cells

higher, at | t.about 80- fold r, at leas aao £.100-fol ?i her,at
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nBiGh8EAk %?%tpaﬁﬂ@rf@!dsbjgﬁerﬁﬂﬁ@g about 5000-fold higher, at
least about 7500-fold higher or at least about 10,000-fold higher than the

expreb¥idhlof tHerSEREPRFEREN AR SPIMLTERER LMk PiaTker expression is
inaRwdednit eranoge aiterls QveRllin definitive endoderm cells depending on the
differentiation conditions. As such, in some embodiments described herein, the
expression of the SOX17 marker and/or the CXCR4 marker in definitive endoderm cells
or cell populations is at least about 2-fold higher to at least about 10,000-fold higher than
the expression of the SOX17 marker and/or the CXCR4 marker in non-definitive
endoderm cells or cell populations, for example pluripotent stem cells. In other
embodiments, the expression of the SOXI17 marker and/or the CXCR4 marker in
definitive endoderm cells or cell populations is at least about 4-fold higher, at least about
6-fold higher, at least about 8-fold higher, at least about 10-fold higher, at least about 15-
fold higher, at least about 20-fold higher, at least about 40-fold higher, at least about 80-
fold higher, at least about 100-fold higher, at least about 150-fold higher, at least about
200-fold higher, at least about 500-fold higher, at least about 750-fold higher, at least



populations, for example pluripotent stem cells. In some embodiments, the
expression of the SOX17 marker and/or CXCR4 marker in definitive
endoderm cells or cell populations is infinitely higher than the expression
of the SOX17 marker and/or the CXCR4 marker in non-definitive
endoderm cells or cell populations, 16r example pluripotent stem cells.
[0142] It will also be appreciated that in some embodiments described
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7 markers. In some embodiments, OCT4, SPARC r
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higher, at least about 10-fold higher, at least about 15-fold higher, at least about 20-fold
higher, at least about 40-fold higher, at least about 80-fold higher, at least about 100-fold
higher, at least about 150-fold higher, at least about 200-fold higher, at least about 500-
fold higher, at least about 750-fold higher, at least about 1000-fold higher, at least about
2500-fold higher, at least about 5000-fold higher, at least about 7500-fold higher or at
least about 10,000-fold higher than the expression of OCT4, SPARC, AFP, TM and/or
SOX7 markers. In some embodiments, OCT4, SPARC, AFP, TM and/or SOX7 markers
are not significantly expressed in definitive endoderm cells.

[0144] It will also be appreciated that in some embodiments-described herein,
the expression of markers selected from the group consisting of GATA4, MIXLI,
HNF3b, GSC, FGF17, VWF, CALCR, FOXQI, CMKORI1 and CRIP! in definitive



Enrichment, Isolation and/or Purification of Definitive Endoderm [01451

Definitive endoderm cells produced by any of the above-described

processes can be enriched, isolated and/or purified by using an affinity tag

that is specific for such cells. Examples of affinity tags specific for

definitive endoderm cells are antibddies, ligands or other binding agents

that are specific to a marker molecule, such as a. polypeptide, '
epdadsspreleit-Beragiedell cumpmseddpdbe ﬁ%%%i@o%éﬂﬁ%éll@%ﬁmhﬁ:ﬁﬂ ™
arosubstantially pirsentssathengell types that would be found in a cell

culture produced not by the methods described herein. In some

processes, an antibody which binds to CXCR4 is used as an affinity tag
Efoidiieeannchapmataisniatorn fiapusi e digmehaedinibyanendoderm cells. In

other processes, the chemakine SDFE-| or other molecules based, on ,
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is then analyzed sorted usi fluorescence activated cell sprter
<o YRR ol g S SR PP 1% movae
mamﬁa-ﬁég'gt?\h@héﬂ_su@@ thexgbyate Sutihgdnth aidolationaofisdomcetils from
u%ﬁfdlfcgﬁé'r%ﬂicg]ﬁnésgéﬁﬁﬂ\%egndodem cells are physically separated from other

cells in culfure, the antibody binding is disrupted and the cells are replated in appropriate

tissue culture medium.

[{}]47] Additional methods for obtaining enriched, isolated or purified
definitive endoderm cell cultures or populations can also be used. For example, in some
embodiments, the CXCR4 antibody is incubated with a definitive endoderm-containing
cell culture that has been treated to reduce intercellular and subsirate adhesion. The cells
are then washed, centrifuged and resuspended. The cell suspension is then incubated with
a secondary aritibody, such as an FITC-conjugated antibody that is capable of binding to
the primary antibody. The cells are then washed, centrifuged and resuspended in buffer.
The cell suspension is then analyzed and sorted using a fluorescence activated cell sorter

(FACS). CXCRé4-positive cells are collected separately from CXCR4-negative cells,



compositions can be further purified by using an alternate affinity-based
method or by additional rounds of sorting using the same or different
markers that are specific for definitive endoderm. [0148] In still other
processes, definitive endoderm cells are enriched, isolated and/or purified
using a ligand or other molecule that®hinds to CXCR4. In some processes,

the molecule is SDF-I or a fragment, fusion or mimetic thereof. 01491 In
thegipie sepbfaEmiBn B o RN cebsusdssBribatherdindesimditifes isolated cell
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encodes SOX17 or CXCR4, is repgpzced by a nucleic acid encoding GFP )

iy presenpss GRS ERIESREGHBACHer B0 SRR BHIIGH ATBISI¢36id encoding
ggséﬁlzima;@&ﬁﬁcge#wri GBRrr arbasl@%@alﬁua@t?/eatﬁag gﬂ@ﬂ&ﬂ;@fﬁ@f & pressible
used in frame with at least ortjon e nucleic acjd encoding SOX|7
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Fluorescently. marked cells, such. as the abaye-described pluripotent .
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celbaloevBeausy HeffOKE ondodekh polsotoqredsitiae teaoresesmmodtkerGFP
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separated from the other cell types. In some embodiments, ce o
CHfsBarsrimeteoniprisiig sipdimenss.filis ederriling sretpastirnr aucteic acid,
wiidPdaenaseinand wlabeated nan:detipiive,LR0aMen S8USAEBERERSEP or a

using a FACS. Definitive endoderm cells are collected separately from

biripetiheaciitg TARMIRERHTC feSTtATEPMEBISNNG, Beduirisig geid encoding
Grdede innlditiasived ithefispiaiaoioatonfestianasandit fatribat a portion of

SR e A A T
sadfienibeiencidechm floeks: areténnctaed, asblateseaind/ayipusifiebiftoaither
non-defiagive epdpdermnes!ls ek eSS LA VIG5 Geéibed pluripotent
cells, are differentiated to definitive endoderm as described previcusly above. Because
definitive endoderm cells express the fluorescent marker gene, whereas other cell types
do not, definitive endoderm cells can be separated from the other cell types.” In some
embodiments, cell suspensions comprising a mixture of fluorescently-labeled definitive
endoderm cells and unlabeled non-definitive endoderm cells are sorted using a FACS.
Definitive endoderm cells are collected separately from non-fluorescing cells, thereby
resulting in the isolation of definitive endoderm. If desired, the isolated cell compositions
can be further purified by additional rounds of sorting using the same or different markers
that are specific for definitive endoderm.
[0151] In preferred processes, definitive endoderm cells are enriched, isolated

and/or purified from other non-definitive endoderm cells after the stem cell cultures are



induced to differentiate towards the definitive endoderm lineage. It will be

appreciated that the above-described enrichment, isolation and

purification procedures can be used with such cultures at any stage of

differentiation. [01521 In addition to the procedures just described,

definitive endoderm cells may alsode isolated by other techniques for cell
_isolation. Additionally, definitive endoderm cells may also be enriched or
indesstely Wiffereniotis toreatiabsutstiniiye endgdemihlicengtitiochswithishappreciated
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h]ﬁﬁgncé{ﬁﬂf 5&11%%?& gmgr embodiments, definitive endoderm cells can be
enriched from at least about 40- to about 80-fold as compared to

unt_re_E_?tb'ﬁ‘bell Hé@ﬂéh@ﬁ@&odelﬂmih@shmrmm popbladimentsgell cultures
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20-fold as compared to untreated cell populations or cell cultures.
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cebielisvitvensitniB@d from at least about 10- to about 200-fold as compared to untreated
cell populations or cell cultures. In still other embodiments, definitive endoderm cells
can be enriched from at least about 20- to about 100-fold as compared to untreated cell
populations or cell cultures. In yet other embodiments, definitive endoderm cells can be
enriched from at least about 40- to about 80-fold as compared to untreated cell
populations or cell cultures. In certain embodiments, definitive endoderm cells can be
enriched from at least about 2- to about 20-fold as compared to untreated cell populations

or cell cultures.

Compositions Comprising Definitive Endoderm

[0155]) Cell compositions produced by the above-described methods include
cell cultures comprising definitive endoderm and cell populations enriched in definitive

endoderm. For example, cell cultures which comprise definitive endoderm cells, wherein



at least about 50-80% of the cells in culture are definitive endoderm cells,
can be produced. Because the efficiency of the differentiation process
can be adjusted by modifying certain parameters, which include but are
not limited to, cell growth conditions, growth factor concentrations and the
timing of culture steps, the dlfferenﬁ%tlon procedures described herein

can result in about 5%, about 10%, about 15%, about 20%, about 25%,
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definitive endoderm cells for about every 1 puré)otent cell, at least about

Phatpaienhifivhseridolfarh don rbr dafisiit s R PRt SrthieeIRbave g¥ErY 1000
pRRpHdAQRILs, at least about 1 definitive endoderm cell for about every 500 pluripotent

cells, at least about 1 definitive endoderm cell for about every 100 pluripotent cells, at
least about 1 definitive endoderm cell for about every 10 pluripotcnt'célls, at least about 1
definitive endoderm cell for about every 5 pluripotent cells, at least about 1 definitive
endodcfm cell for about every 2 pluripotent cells, at least about 2 definitive endoderm
cells for about every 1 pluripotent cell, at least about S definitive endoderm cells for about
every 1 pluripotent cell, at least about 10 definitive endoderm cells for about every |
pluripotent cell, at least about 20 definitive endoderm cells for about every 1 pluripotent
cell, at least about 50 definitive endoderm cells for about every 1 pluripbtent cell, at least

about 100 definitive endoderm cells for about every 1 pluripotent cell, at least about 1000



31 definitive endoderm cells for about every 1 pluripotent cell, at least

about 10,000 definitive endoderm cells for about every | pluripotent cell,

at least about 100,000 definitive endoderm cells for about every 1

pluripotent cell and at least about 1,000,000 definitive endoderm cells for

about every | pluripotent cell are comemplated. In some embodiments,
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human feeder cells in the cell cultures or cell populations.

[0158] Further embodiments described herein relate to compositibns, such as
cell cultures or cell populations, comprising human cells, such as human definitive
endoderm cells, wherein the expression of either the SOX17 or the CXCR4 marker is
greater than the expression of the OCT4, SPARC, alpha-fetoprotein (AFP),
Thrombomodulin (TM) and/or SOX7 marker in at least about 5% of the human cells. In
other embodiments, the expression of either the SOX17 or the CXCR4 marker is greater
than the expression of the OCT4, SPARC, AFP, TM and/or SOX7 marker in at least
about 10% of the human cells, in at least about 15% of the human cells, in at least about
20% of the human cells, in at least about 25% of the human cells, in at least about 30% of

the human cells, in at least about 35% of the human cells, in at least about 40% of the



the human cells, in at least about 35% of the human cells, in at least about

40% of the 32 human cells, in at least about 45% of the human cells, in at

least about 50% of the human cells, in at least about 55% of the human

cells, in at least about 60% of the human cells, in at least about 65% of

the human cells, in at least about 76% of the human cells, in at least

about 75% of the human cells, in at least about 80% of the human cells, in
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SOX17 and the CXCR4 marker is greater than the expression of the OCT4, SPARC,

AFP, TM and/or SOX7 marker in at least about 10% of the human cells, in at least about
15% of the human cells, in at least about 20% of the human célls, in at least about 25% of
the human cells, in at least about 30% of the human ce;lls; in at least about 35% of the
human cells, in at least about 40% of the human cells, in at least about 45% of the human
cells, in at least about 50% of the human cells, in at least about 55% of the human cells, in
at least about 60% of the human cells, in at least about 65% of the human cells, in at least
about 70% of the human cells, in at least about 75% of the human cells, in at least about
80% of the human cells, in at least about 85% of the human cells, in at least about 90% of
the human cells, in at least about 95% of the human cells or in greater than 95% of the

human cells. In embodiments where the cell cultures or cell populations comprise human



the human cells, in at least about 95% of the human cells or in greater

than 95% of the human cells. In embodiments where the cell cultures or

cell populations comprise human 33 feeder cells, the above percentages

are calculated without respect to the human feeder cells in the cell

cultures or cell populations. [0161] B3l be appreciated that some

embodiments described herein relate to compositions, such as cell
feeddtureidso thoe ihoup peionis geo mprisikgl iradnwitiemitsrespett 4s theiinanan feeder
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in at least about 80% of the endodermal cells, in at least about 85% (;f the endodermal
- cells, in at least about 90% of the endodermal cells, in at least about 95% of the
endodermal cells or in greater than 95% of the endodermal cells.

~ [0163] It will be appreciated that some embodiments described herein relate to
compositions, such as cell cultures or cell populations comprising mammalian
endodermal cells, wherein the expression of one or more markers selected from the group

consisting of GATA4, MIXLI, HNF3b, GSC, FGF17, VWF, CALCR, FOXQl,
CMKOR1 and CRIPI is greater than the expression of the OCT4, SPARC, AFP, T™M



consisting of GATA4, MIXLI, HNF3b, GSC, FGF17, VWF, CALCR,
FOXQ1, CMKOR1 and CRIPI is greater than the expression of the OCT4,
SPARC, AFP, TM 34 and/or SOX7 markers in from at least about 5% to
greater than at least about 95% of the endodermal cells. 101641 Still
other embodiments described hereifrelate to compositions, such as cell
cultures or cell populations, comprising mammalian endodermal cells,

ang(RrSESK hamdere MU SeBHHAPREIRbORhETR IR STEASETReRcIbIFest BBRTY AR Of the

enSSaSl.padithe CXCR4 marker is greater than the expression of the
OCT4, SPARC, AFP, TM and/or SOX7 g};rkeh in at least about 5% of the

endodfab cehidll AtBthemaRMBaaIRS R BS5RLEIRIT & GRTPATEIOnS: ‘Such
as XX bh1anes the X GRAumarker dsrgpeisinr thaming exprasdiamsl i, such as
OCT4; SPARC, A and/or SOX7--mar Ie ut 109%--
PR SRS U AT ToARs SORLETBh (hr PR SHe DR e ChCRe
mighsat &bgtﬂa%%l&ﬂ five expaisciemma] tell 0T RRAREHAFRSIoimdéor SOX7
ke HA RIS, R 21 SPRSkARQUL I forffing fRdodemalCelididnts, e

s’i a%out e endoderm ells, in at least about 40% of the
emensumwfdbm I§le|ﬁ@Nb’é{%@&ﬁjCX@B%ﬂtﬁ@@ﬂé@Wa’lhéél@elﬁxﬂ?éﬁﬁfl of

th@bg'e‘fﬁocygé’&ﬁ@ egpdenalerlls. 4o Y 1easiabont RRILAT t8ut 10%- of the- -~ -

al'cells, in at least about 60% of the endodermal cells, in at

endoderasbae 5 6 stk cbneniodaaalstelisolht #0gashehqut 20% of
endadesmal eells, i Atdeasiraloptso9btaé Haﬂ&twmdl%eml gelisledst about 30%

least about 80% of the endoder east °/ of th
o hgodrAe e A& ﬁt%ﬁﬁaﬁ{;&w §§e}§ 8? fﬁ a??f?s% aﬁe Ené i { Tgost about
4dﬁasifahé>l&195&émfathene,nﬂodaamlabeus 5% g’rdﬁanﬂmdﬁrﬁﬁ%:eﬁsthm at least

d | lls..[Q16 il b
e(gscrl &d %(l:rglr?1 ;Ltng fo Cell PR @tegstg@tgﬂp £ ?néﬁs in at

ompoditions, such a% eell culttires or cell
lqastpnblmlrﬁ@/coﬁtpclsm@dmnmallannm traslerhnal 68fe Qﬁlﬁ?@r@IﬁQﬁ@mﬂ cells, in

at?_%gg? %&%@ ’RU h@f %A-gl‘f&%d%g)&hs HLN Et?’lga& %u{: bl 4 tngdﬁ%ﬁfecel Is,

I, CMKORI and CRIPI markers is greater than the expression of

intta kg@trabcsp/&@’c:of\ﬂ:p eripdenarcdlxip danest SR atk % dstodermel
A% i Oxealg: hanablpastAbouRBahiecendode mal GelindR108% of the

Usmg the methods described herein, compositions comprising definitive
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\ﬁﬁﬁ%‘ﬁ%ﬁ; ?&ﬁéqr,l @Mﬁ@f@ gr?ci'@ﬁ‘f?lerﬁgﬁg?sr m Et%!it@fiﬁﬁgt the expression of
the OCT4, SPARC, AFP, TM and/or SOX7 markers in from at least about 5% to greater
than at least about 95% of the endodermal cells.

[0166] Using the methods described herein, compositions comprising
definitive endoderm cells substantially free of other cell types can be produced. In some
embodiments described herein, the definitive endoderm cell populations or cell cultures
produced by the methods described herein are substantially free of cells that significantly
express the OCT4, SOX7, AFP, SPARC, TM, ZIC1 or BRACH marker genes.

[0167]  In one embodiment, a description of a definitive endoderm cell based
on the expression of marker genes is, SOX17 high, MIXL1 bigh, AFP low, SPARC low,
Thrombomodulin low, SOX7 low, CXCR4 high.



on the expression of marker genes is, SOX17 high, MIXLI high, AFP low,

SPARC low, Thrombomodulin low, SOX7 low, CXCR4 high. 35

Expansion of Definitive Endoderm Cells [0168] According to some of the

in vitro methods described herein, definitive endoderm cells are

maintained, grown, passaged and/&sexpanded while in cell culture. In

.some embodiments the definitive endoderm cells are maintained, grown,
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or germ tissues of a multicellular structure that has developed past the embryonic stage.

{0171} Methods of differentiating hESCs so as to produce cell culiures
comprising human definitive endoderm cells have been described throughout this
application and in U.S. Patent Application No. 11/021,618, entitied DEFINITIVE
ENDODERM, filed December 23, 2004, the disclosure of which is incorporated herein
by reference in its entirety. However, it will be appreciated that any known methods for
producing human definitive endoderm cells from hESCs or from other human cell types
can be used. In some embodiments described herein, the cultures of definitive endoderm
cells produced by differentiating hESCs can be mixed definitive endoderm cultures,
which comprise definitive endoderm cells and one or more types of other cells, enriched

- definitive endoderm cell cultures and/or purified definitive endoderm cell cultures. Some -



cells produced by differentiating hESCs can be mixed definitive endoderm
cultures, which comprise definitive endoderm cells and one or more types
of other cells, enriched definitive endoderm cell cultures and/or purified
definitive endoderm cell cultures. Some 36 methods for obtaining
definitive endoderm cells from hESE% comprise contacting or otherwise
providing the hESCs with at least one growth factor from the TGF(3
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cultures comprising definitive endoderm cells, some embodiments of th
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and ectoderm, [0174] In other embodiments described herein, the
SHOI SR SHBSEDrADIFEES SRSVt dRbeithis irpdod e callfupte Riiqigted from at
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cells b twla} is not substantially expressed in said other cel resent i
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defankbrecanibizanycdélksurtacey edaiioer thatdsibpeltific whdefatitivast some of the
o%ggoc%ﬁrsmeﬁ‘%g'igﬁ% cell culture. Other cells that are present in the cell culture can
include, but are not limited to, hESCs, primitive endoderm, trophectoderm, mesoderm
and ectoderm,

[0174] In other embodiments described herein, the isolating step comprises
providing the cells in the cell culture with a reagent which binds to a marker expressed in
said deﬁﬁitive endoderm cells but which is not substantially expressed in said other cells -
present in the cell culture. As described previously herein, in some embodiments, the
marker can be any cell surface marker that is specific to definitive endoderm cells. One
such marker that is described throughout this application (see especially the Examples
below) is the CXCR4 marker. As described previously herein, the reagent-bound

definitive endoderm cells can be separated from the non-reagent-bound cells by numerous



such marker that is described throughout this application (see especially

the Examples below) is the CXCR4 marker. As described previously

herein, the reagent-bound definitive endoderm cells can be separated

from the non-reagent-bound cells by humerous 37 methods. For

example, an antibody against the CXCR4 receptor that is selectively

present on the surface of definitive endoderm cells, can be provided to
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substantially free of cells other than definitive endoderm cells. In other embodiments, the
enriched definitive endoderm cell populétions comprise from at least about 96% to at
least about 100% definitive endoderm cells. In still other embodiments, the enriched
definitive endoderm cell populations comprise from at least about 96%, at least about
97%, at least about 98%, at least about 99% and at least about 100% definitive endoderm
cells.

[0177] According to further embodiments of the expansion methods described
herein a cell culture step is contemplated. For example, some embodiments include a
culturing step that comprises plating the population enriched in definitive endoderm cells
or a portion of the population. In some embodiments, the cells are pf%ted on a surface

coated with human fibronectin. In other embodiments the plates are coated with poly-



herein a cell culture step is contemplated. For example, some
embodiments include a culturing step that comprises plating the
population enriched in definitive endoderm cells or a portion of the
population. In some embodiments, the cells are plated on a surface
coated with human fibronectin. In ottter embodiments the plates are
coated with poly 38 ornithine, in still other embodiments, the plates are :
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Nodal, activin A, activin B and combinations of these growth factors.
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In other embodiments, the at least one growth factor can be bFGF, EGF

supesiapiter drowifagmhodimiatotiter ambaginfittsTeietht fagier gifethe TGFPR
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the TGFP superfamily. In each of the above embodiments, one or more
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gloash afapidt.7 SingyEl ottideasktaliomed 90 he/al least one growth factor can be a
combination of bFGF, EGF and a growth factor of the TGFp superfamily. In each of the
above embodiments, one or more of the growth factors can be present at a concentration
ranging from about 1 ng/mi to about 5000 ng/ml. In such embodiments, the concentration
of growth factor in the medium is at least about 5 ng/m, at least about 10 ng/mil, at least
about 25 ng/ml, at least about 50 ng/ml, at least about 75 ng/ml, at least about 100 ng/ml,
at least about 200 ng/ml, at least about 300 ng/ml, at least about 400 ng/ml, at least zbout
500 ng/ml, at least about 1000 ng/ml, at least about 2000 ng/ml, at least about 3000
ng/ml, at least about 4000 ng/ml, at least about 5000 ng/ml or more than about 5000

ng/ml. In certain embodiments, a combination of growth factors is present in the culture



at least about 200 ng/ml, at least about 300 ng/ml, at least about 400
ng/ml, at least about 500 ng/ml, at least about 1000 ng/ml, at least about
2000 ng/ml, at least about 3000 ng/ml, at least about 4000 ng/ml, at least
about 5000 ng/ml or more than about 5000 ng/ml. In certain
embodiments, a combination of gro@\?th factors is present in the culture 39
medium. In such embodiments, each growth factor is present in the

megiaiumint sicbopEBAMEDHo Petta SONER rRelos i PR IR iU TS digihat &
cofttdBASLAPORLLD ABhiatiJe T ALK 26000/MeAhleasiabOoMR0 AL, at

at least about 75 ng/ml, at least about 100 ng/ml, at least apout 200 0
leasy AbpuARRASITRL AL R MO a8eds phl5Eth HehirRE B ehitsssapt 190
ngP8P RAEN: AldeasirRon 1006 nafalianieagiiah e300 d/m00 agtehstt least

about 3000 ng/ml, at least ghout 4000 rig/ml, at | about 5000 ng/ml
SRR SR B G B N OO0 T SR AL MBS 2000
ng@pansiesmetwdd0n spme @mbkediventSWEfingive endacterthapetigpout 5000

Igﬁ--expanded .by-first-obtaining- a. cell. culture comprising definitive
ndoderm cells and then passaging the definitive endoderm cells so asto

prod &E8a] pluriditydditiet dgnmhesz@b@éﬁmsémda@mdge@ some

enfl %&&egag%‘aﬂmeemagw&ﬂ@%@%ﬂ&%%@ﬁﬂﬁ@&mﬁwemtr&lm

cells can be performed using-any definitive endoderm culture regardless

cosmsising definitiie Rade dBmATHE ard then antgine e deEtibiscrdpipan cells so
asPRrEned as e the cultiing stepihatiol QwsHiR ccaliinai aRIse PThese

in the above-described expansion mz%]é)% s, or alternatjvely, this methods

mehedeob SrRARERE JERRITDERATOLSER otk P RestaL & e RS S8R Regriprmed
nsiiffeseniRBdfrenedibfits. 082 ivyadiasdehbewitivhenbinaspeotamt. For
the expansion methods described herein, the.step of passagin initly.

RO ETEROTh L SFRTETED & it AL h S LI e
catbrisplisicg definitivéhe ninderdescebsd Fonpensinm|aethedat lenstitemetively, this

m%gf}%é@%gna%é’e ORS-QEANQLG, S NAVIER SelesiRa P Hie FEPUR CONRISHNGeshty

of papain, pronase, type | collagenase, type Il coliagenase, type Il
diéfsitengisted éompEPeeollagenase, trypsin, hyaluronidase, elastase,

DNasggAnd dignRssduhSOmeRadinsenis, dhmatlgastianpans¥ MR scribed
comprises at least one protease. In preferred embodiments, the at least

hejire. pheteER O BTEERS (R ORI el FeRRERT B ik tfisast one
etiRinitivescpUlein aaligriiayindintveulitsdevassalarépassagse withat least

trypsin bg first,removing the culture m 9&%@ rgmt}pee cglls.cNI(i:'s)%ﬁ% s'g?rilg ain
"W%E%%H‘& IR RS B it S R YRS (e e e TOT Sevarat Papain,
proinstespd fooiisgenaps e & coliegeppsintguidiiorik gearseg byl veenbogenase,
tr%)siahs, 3%1590%%%%? éﬂ%t&s%l,lﬁ}ﬂgg rI}QS&%QEAQe?%QQ&@%&%ﬂen& the at least

one enzyme comprises at least one protease. In preferred embodiments, the at least one

n

protease comprises trypsin. For example, in certain embodiments, definitive endoderm
cells growing in a culture vessel are passaged with trypsin by first removing the culture
medium from the cells, Next, a sterile trypsin solution is provided to the definitive
endoderm cells for several minutes at room temperature. The trypsin solution is then
gently removed so as not to disturb the cells. After the trypsin solution has been
removed, the definitive endoderm cells are provided with a culture medium, such as
RPMI with 2% (v/v) serum, and the cell culture vessel is then agitated so as to disrupt cell
adhesions and generate a cell suspension. In some embodiments, the cell culture medium

comprises trypsin inhibitor to inactivate residual trypsin.



removed, the definitive endoderm cells are provided with a culture
medium, such as RPMI with 2% (v/v) serum, and the cell culture vessel is
then agitated so as to disrupt cell adhesions and generate a cell
suspension. In some embodiments, the cell culture medium comprises
trypsin inhibitor to inactivate residué‘lutrypsin. 40 [0182) It will be
appreciated that trypsin can be provided in a varjety of sterile solutions,.for .
ek 3y psfh A STHGOIEIE ERHEV A A SR GRS TR L OF Serle
sdraiRnse thealt aphiionymichas ktapks rthnsatesatfeolivéomdatenmatilidyin a

trypsin can be provided to the definitive epdoderm in, a mediu ith
A RRSR LA TR B A AT SR SR P AR T G T A B De
patidedspeacisieithoerpduision methedindesctibedwitbosinscimstep ofmple in

Jassa ir%%ﬁfinitive endoderm cells comprises mechanically disrupting
10w s mgp . ) L )
contacts between said definitive endoderm cells. Such mechanical

disrufjtitsdiechhigerssrdinoe v ite other aspects of the expansion methods described
b féiﬂ?kﬁ@tgz%-éyp&@%ﬂﬂ'&aﬁﬁmtea%eaﬂt@as§ @@smu@&eanF disrupting

owever, these. technigues should not be so harsh as to affect cel

comdsitrpeitsen i Arfaifdrsrnpedumesiin e rchaictlidinpfiprigehniques
sMﬁWBéQu@Q?&%QE@@ﬁ%MM!Hl&ﬁb@.ogmcgﬁﬁ%i..h%%mmh VHbwyetr, these.
other aspects of the expansion methqds descripe: rein, the step,of. .
SRR ORI LB 2 RSP N e et
rngrgesneslls inaaetispdisalhufdosEhd oelldispddtialbbéfertcan be

any dispersal buffer kngwn in the art, for.example, commercially availa
chem@?4§isso%}aﬁ%°noi()&lmers?"[‘§18%ﬁtlnmS%Fnea %r?%so T?n%ﬁs%ﬁﬁ‘%lgﬁ R@ﬂmds
dexquitnesidrmaietiiod stefe s ke gingedefiit vel efidiniese ndbel epmurdshs angubating
HOMHIRR LU R NRERPL Col| AR WaTRE!S PRl dNalifie b a0k be

imited to, tissue culture flasks and cell culture plate, such as microliter
apjartisparsalobnEankBedmmisnthe tAe defrmtvaradsaems el it @ilibie ghgmical

Jpltachedqedeubstrate. In certain embodiments, 'the' step of passaging
said definitive endoderm cells comrf)#ses detaching sajd er{llt%ltl\[e d herein. h
endod@8tells oHTh rEbmLPSIS i HrtRART eRBERATe dEscied herein, the
Jeehatiateldaiauifacesofra asue puiuralllaskuln viltel. plelereltire vessels can
.embodiments, the substrate is.a surface of icrotiter plate, EXAMPLES
STORER N0 81T MR85 HeN Ry LR LIPS AR5 ST MG Rfiey sich. as
noelistitdtetiiads ofpsodiecimgbpiinpotantticutnBinitedisadedsmi Relbwin inuitere are
408 P&, BERA-0 R DRE B UB RTINS Bb DICBIRRS D CUid Btnitive
ot gg’[}ent Nos. 5,453,357, 5,670,37215,690,95%%] & s ey ’
eandiePbecHy torb RS dgtaghgigsgid gefinitive endoderm cells from the substrate. In

preferred embodiments, the substrate is a surface of a tissue culture flask. In other

Ep

preferred embodiments, the substrate is a surface of a microtiter plate.

EXAMPLES
[6187] Many of the examples below describe the use of pluripotent human
cells. Methods of producing pluripotent human cells are well known in the art and have
been described numerous scientific publications, including U.S. Patent Nos. 5,453,357,
5,670,372, 5,690,926, 6,090,622, 6,200,806 and 6,251,671 as well as U.S. Patent
Application Publication No. 2004/0229350, the disclosures of which are incorporated

herein by reference in their entireties.



Application Publication No. 2004/0229350, the disclosures of which are

incorporated herein by reference in their entireties. 41 EXAMPLE 1

Human ES cells [0188] For our studies of endoderm development we

employed human embryonic stem cells, which are pluripotent and can

divide seemingly indefinitely in cultffe while maintaining a normal

karyotype. ES cells were derived from the 5-day-old embryo inner cell

mass using either immunologicalps mechanical methods for isolation.. In

particular, the human embryonic stem %ell I{ne hESCyt-25 was derived

from a supernumerary frozen n in vitro fertilization cycle

followdngsnformed wonsexiday sheerdatient - development we employed human

-Upon-thawing-the-hatched-blastocyst- was-plated.qn mouse . emhryonjc, .
ST, 1 SRR DO oo B S ELebs pai g i
culividsyhidtanminiciapoethansl] knudEGE2 ET hellewhry deaiiaé ionatibé-day-old
enfA AP B AY W R AP BRI RGN P B OO et for isolation.

undifferentiated hESCswere t to new dishes wit

InTparisrdai 48ea bestep HbEY e AeehesliclineubBiffaihasa wrrefdetiyedtibom a
supdthuatiepaseriplavuat i neaNanica! 1 oNa AL HeCEl HURIBES INASNNGhed

and re-plating. Since derivation, hESCyt-25 has been Serially passaged

- COBHEH 1990 thdalighl- SnoRyBening s esiehas hirsmswhBAsoRieeiens depuse - |
enliBS @B OHbISEIBI(VAEY i BR the dRpdgsiEne§ TRt apdedeiBal amino

It will be appreciate rt that stem cells or,

189 e.0f skillin th
e T ARE LR AR A0 i et SR TP oA o tiare dish and
aftiffeppritiatiarely owe durelss, cegivifseaf heriiierBnt et NPIE; scoltseotinifeded to

] i nadal ridges, which can be isplated by methods knpwn .
S e R e S e S S
digesHpeEifh 25 0parklienediomiede]Fhemamanishursidnlostenmosling and
rel {18 dlE SEYE2R DARIMAIRERIESO A NRrRRL @E}{QWE}‘&/&#@X@Q%{)%&‘Q’@ We

and self-renewal properties over 18 months in culture. This cell line
eghigyed dhet FERE AT UMBRER Sy i ste eetllimos Aua prgineRmatarighfor the
profiigRnsfalbahiwiichdamgharacteristic of undifferentiated hESCs and

displ Ikalipe sphatase activity as well as a morphology identical

to otlf%/fsgitablﬁﬁ‘gé] Rt B SR AbTE P R ateTR S other
plfBCyt-28]atsn wadly fowheeirigidnitedi S¢Ebs) diffeenclalivtepritedures
de§%€§c{1ﬁé9&hfa‘§c% 9,? %?es’t{r:gﬂg) Qb(%gilxtzgdg #o%%%gg}ygg}y rgeo‘nadal ridges, which can

be isolated by methods known in the art, can be used as pluripotent cellular starting

material.

EXAMPLE 2
hESCyt-25 Characterization .

[0190] The human embryonic stem cell line, hBSCyt-ZS has maintained a
normal morphology, karyotype, growth and self-renewal properties over 18 months in
culture. This cell line dispiays strong immunoreactivity for the OCT4, SSEA-4 and TRA-
1-60 antigens, all of which, are characteristic of undifferentiated hESCs and displays
alkaline phosphatase activity as well as 2 morphology identical to other established hESC
lines. Furthermore, the human stem cell line, hESCyt-25, also readily forms embryoid
bodies (EBs) when culfured in suspension. As a demonstration of its pluripotent nature, -
hESCyT-25 differentiates into various cell types that represent the three principal germ
layers. Ectoderm production was demonstrated by Q-PCR for- ZIC1 as well as



hESCyT-25 differentiates into various cell types that represent the three
principal germ layers. Ectoderm production was demonstrated by Q-PCR
for ZIC1 as well as 42 immunocytochemistry (ICC) for Westin and more
mature neuronal markers. Immunocytochemical staining for (3-11l tubulin
was observed in clusters of elongatéd cells, characteristic of early
_neurons. Previously, we treated EBs in suspension with retinoic acid, to
imgpRes vRrSRERE R o5 pluriBbtertstifo nied || S9 is CBPRIEN RFIERRS! (VR§Tkers.
IS SERENeRIGINGAY For RALHGENE VMRS IR levslerdlof elongated
a-fetoprotein (AFP) and SOX7, two markers of VE, by 54 hours of .
cebattRarsctesishis RfSFEBEREPIY: nigRURIRLY, cXpriseid KBy iR sparehficn with

RGeS RS dSRanstr Aer-bytiso 8O GrEPRReMICabstalNNGo ASsVéthiDendoderm
described below, the hESCyT-25 cell line was also capable of formi

n
(Vi VB RPN S J ol LIS G esREs PG ey SR elggrotein
(AGT0I Bn HESTHON ik RiaRRYang WEb04 HecRemigtatieht Qelld diffihentiated in
absence of AFP expression. To demonstrate diﬁerentgggon.to mesodeﬁm, ical
RRAE SHRI B A dP ARRIRAB FHSES 2SS RAR S R o ayiochethic
ssiniapal tievdbints dBsadbydbelexprdssibbS T esedibiogressivaiy @appble of
the.course of the experiment. [n.vi ft o] ne. . T- s
O A I Rt 1RO eV RO e
repptien gl (Rje rande XoamimpeyRcPaothiiotidaroSOFX 1,7 inntisodp e 1 pA AFP

RADANOPSIACIgI MG A eALN IR NN SRHD IGTRARARRCEBs were
cultures is the lack of appropriate tools. We therefore undertook the )

2ppbaaduion BroehyantiBersy Tsrsedien Anssih s o0t pBiiRY 1oL gapression

16 $BRKBER N ISvexBie ssad dypnehautiie-gefinitiewe odadefsreasinl, the
forms during gastrulation and. its expressi%n IS maintaingﬁﬁin the gut tuglee hree

btholigh Hae&PHIRASFRSEI SRV BIGH G THEYAD SR T M PRIR L
genséiwfrorganogenesis. SOX17 is also expressed in a subset of
extra-embryonic endoderm cells. No expression of this protein has been
observed in mesoderm or ectoderm. It has now been discovered that

SOX17 is an appropriate markerB&ANE BEfhitive endoderm lineage when
used in conjunction withmﬁ@{&tgfmﬁﬂg%ﬁmbryonic lineages.

[0193] As described in detail herein, the SOXI7 antibody was utilized to
specifiedf¥l exarirsisrectebstaghyidudhecienifitatnm efifisbniiygopndoderm in

HEICRUURS: aied alk theap ieRoRfsSWE UlRESIIVE SHINIMEe production of
endoderm cells. Other antibodies reactive to AFP, SPARC and

AR ERYSeiAGHErL R Iy A ule out the production of

[0192] The marker SOX17 is expressed throughout the definitive endoderm as

it forms during gastrulation and its expression is maintained in the gut tube (although
levels of expression vary along the A-P axis) until around the onset of organogenesis.
SOX17 is also expressed in a subset of extra-embryonic endoderm cells. No expression
of this protei.n has been observed in mesoderm or ectoderm. It has now been discovered
that SOX17 is an appropriate marker for the definitive endoderm lineage when used in
conjunction with markers to exclude extra-embryonic lineages.

[0193] As described in detail herein, the SOX17 antibody was utilized to
specifically examine effects of various treatments and differentiation procedures aimed at
the production of SOX17 positive definitive endoderm cells. Other antibodies reactive to
AFP, SPARC and Thrombomodulin were also employed to rule out the production of

visceral and parietéi endoderm (extra-embryonic endoderm).



visceral and parietal endoderm (extra-embryonic endoderm). 43 [0194] In
order to produce an antibody against SOX17, a portion of the human
SOX17 cDNA (SEQ ID NO: 1) corresponding to amino acids 172-414
(SEQ ID NO: 2) in the carboxyterminal end of the SOX17 protein (Figure
2) was used for genetic immunizatié®h in rats at the antibody production
company, GENOVAC (Freiberg, Germany), according to procedures

devejgpsg theﬁﬁ-&&@@%é@ﬁ@%ﬂ%%{@éﬂﬂm@ﬁ% hedavreituman
US Patent Nos. 5,830,876, 5,817,637, 6,165,993 and 6,261,281 as well

SQE Al SRERPIRMPA bhRCAEHOSIR 28I S I BORAIIABER P NO: 2)
in WRO94EHd eerthmlisglaserag ofhahich @f@tmomgrﬁ\&egeh%%im@a for genetic

. reference in.their entireties.-.,--..-  W.... - ..... .. _....[0195] Other .
mﬁwgﬁfg?ﬂefﬁoﬁ%sfo?tg&eﬁetfmm}%qm eCQ@%scﬁgg{lj’)MAée(Frelb“g’
Gerorpagienttivedaty retoF qrreccdmpie, ddaetypet al tidescrib@ihrqueducipnghetic

onal_antibogdies,b ic immunizatian in, Biqt e :
o R e S A e e PR 165993 and
6.26ict8hee Wellseinbernatiswe Rt xappblesion GehbtatidmNumiPabiof29442 and
0 : bagh ajnst. ifi ins.can be-found,.for, .
e i CyB e RIS 90 e i e

RIS thyrotropin -receptor-causes thyroiditis-ant-atlows ‘production- of

monggiospl antiaedliasHBrOSRIENG e BAINSIIRGERIN I LRMWIHe kB ¥ed in

1458-1465; Kilpatrick et al (1998) Gene gun delivered DNA-based
the, AR AL S AR e SR Fo AT 3f FSSTIRS 6 RERurarTAtineRAeional

antibtidéef-tyFepetplatmdyhtitama 3/6:LhP:-hee 18chaaike, gbak, {HL8&osure of

Identification of hepatitis G virus particles in human serum by E2-specific .
Wlﬁw%n%"c’l%??a Oéantﬁgeogc?irgéng@néﬁg g%ﬁirbﬁf TR hizqgt{?éi 9 e%ﬂ?@ifle?fg; genetic
IS z4Gas ik thedmamrodued. anfRESs Gerivsatipreidicrpenteionat be found, for

%' je st rot ' [ 0 ntional nucleic acid-based .
o o e B Roreopin
reqepyon FAyaicTaaiibE apdonlsete mab duniisadgiioendelimati pptihicies frthegnizing

- th&18HERRGIREMACY, VARHAIRING @Y 1qteEN bys DR ImMRUNZAHORkobs) Gene gun
deElotgﬁgehnol. 51: 191-194, the disclosures of which are incorporated herein

VrEfe RN GER et mEm AR  TReE P S AR R GO of N | ¥meclonal

anfibodfamity tetatites te&pl’ Bsbaepiaiedrin tae-raticerdeRdQILAM (1998)
S n.in Figure 3. We employed the human SOX7 polypeptide as a
Id%%%%gﬁggncggtrg? ?8t5fe?r3ngn tgrggfégf t’ﬁ‘:gg%%l?e% @é’dyé%%%@édwod‘mal
angjbeditie fenenardd djoD6As pewificifed GOX Firahd720¢S$4n ot 589 dswitiin et al.,
1 Lfam _In partjcul QX7_and other proteins were .
O el AT AN S AR e AN O IR Wit griona
DUGIRIS greddeprd Tamubizdl s Wtaserh Biorahdol 73: 119-129; and Ulivieri et al., .

(1996} Generation of a monoclonal antibody to a defined portion of the Heliobacter

pylori vacuolating cytotoxin by DNA immunization, J. Biotechnol. 51: 191-194, the
disclosures of which are incorporated herein by reference in their entireties.

[0196]  SOX7 and SOXIS are the closest Sox family relatives to SOX17 as
depicted in the relational dendrogram shown in Figure 3. We employed the human SOX7
polypeptide as a negative control to demonstrate that the SOX17 antibody produced by
genetic immunization is specific for SOX17 and does not react with its closest family
member. In particular, SOX7 and other proteins were expressed in human fibroblasts,
and then, analyzed for cross reactivity with the SOX17 antibody by Western blot énd
ICC. For example, the following methods were utilized for the production of the -S_OXI’J,_,

SOX7 and EGFP expression vectors, their transfection into human fibroblasts and



ICC. For example, the following methods were utilized for the production

of the SOX17, SOX7 and EGFP expression vectors, their transfection into

human fibroblasts and 44 analysis by Western blot. Expression vectors

employed for the production of SOX17, SOX7, and EGFP were pCMV6

(OriGene Technologies, Inc., Rockvitte, MD), pCMV- SPORT®6 (Invitrogen,

Carlsbad, CA) and pEGFP-NI (Clonetech, Palo Alto, CA), respectively.
atkabyspr bte W predu blicn, Bipresias e donoro eiafiteykd/ foX the maidddokab ESBOX 17,

transi t ith iled DNA in th
A A0 i O R e g Jhs AR TR gaev-
SEORTie diedtingsrs Jowishednstetliomdn BOGRMIN RIS le@H¢pH Spld581mMCA),
réé&?e%&l}."(ﬁ%«o%%x@@&&%ﬁ]%&%ﬁ?@%ﬁ%ﬁ%‘f»‘%}%ﬁﬁ%ﬁ?&biagm

inhibitors (Roche Diagnhostics Corporation, Indianapolis, . Western
wisTstUansRmly-srsderd oridampaecind el istisarsssd a5y BB R fepi@mngh2000
(INMBAF@E; (éatidrra gredient pelyACaMIdR.sMtregen. G AERRBCAduAN Gost-
err

transferred by electro-blotting onto PDVF membranes (Hercules, CA),
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cAinHiGl ‘Mf&l’ dﬁﬁgz&h&d\iﬂﬁbﬁb@%k%‘ﬁéma%ﬁo%ﬁ&vmﬁpod 2468 ghdeanapolis,
ouis, MO), follow ine Phosphatase .conjugate ti-r
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BERXA 65 S (. eiELoFRigRNASE, WRIEPRRRd AMoWESEIN ARIR WL B hatase
SOX17 antibody. Only the protein extract from hSOX17 “transfected cells

COERtEd FAtbhdEST (Saakern ImMaBsety fhatabatrirrichr dlirstearawekBa), and
ravaleguiBfoveig Veafdh eSOt PrypiRitsd NRsRINES(NRHB RO Bhiries,
Bthf SOX17 1nt' o%o extracts mgde 1;;%%1 either human SOX7 or EGFP

HAREARE. & 24115 MERRHAPHUPE STHTER P9 RRniBEAs R APIghBF Hhd Sigma,
StilideispMiman fibroblast cells transfected with the hSOX17 expression

cons ut di | cellh transfected with .EGEP along, A ch

the Sti)bjﬁi?l'}‘; antlh%oq&%éﬁ%ﬁié As%glci ﬁsztﬁ%/cgyr?é(é? E%I\HBE?Z? Vﬁ?’é%%ocr? %% that
WeIR XER SRty Hynateetod anity SOXSnifRXE nolo 86TRY 19258] Partiallyprobed on
weifterprdiateimSEs Were1go4ahsla .Withﬁpeﬁwp@&féié%%%lﬂB%Q{eﬁs‘,%xn

demonstrate that the SOX17 antibody is spécific for human SOX17

UERSHRAT At sraradrttb P FARS e iR dderstinmptrhed Hepredicted 46 Kda
nidesnaastraight Bedhe Qdan SOX17 protein. There was no reactivity of the SOX17

antibody to extracts made from either human SOX7 or EGFP transfected cells:
Furthermore, the SOX17 antibody clearly labeled the nuclei of human fibroblast cells
transfected with the hSOX17 expression construct but did not label cellk transfected with
EGFP alone. As such, the SOX17 antibody exhibits specificity by ICC.

EXAMPLE 4
Vahdation of SOX17 Antibody as a Marker of Definitive Endoderm
{0198] Partially differentiated hESCs were co-labeled with SOX17 and AFP
antibodies to demonstrate that the SOX17 antibody is specific for human SOX17 protein

and furthermore marks definitive endoderm. It has been demonstrated that SOX17,
SOXT7 (which is a closely related member of the SOX gene family subgroup F (Figure 3))

and AFP are each expressed in visceral endoderm.. However, AFP and SOX7 are not



SOX7 (which is a closely related member of the SOX gene family
subgroup F (Figure 3)) and AFP are each expressed in visceral
endoderm. However, AFP and SOX7 are not 45 expressed in definitive
endoderm cells at levels detectable by ICC, and thus, they can be
employed as negative markers for nifide definitive endoderm cells. It
was shown that SOX17 antibody labels populations of cells that exist as

ediRsieleonrnings alcalsrrale aiQE‘%iQi@iH&?cQa\é{E% PSR CRISy Pan be

particular, Figure 5A shows that small numbers of SOX17 cells were
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SPARC markers, which are characteristic of parietal endoderm.

rapders, difETendRaeR ofBRS seltive for SOX17 but negative for AFP and
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antibody-labeled cell number (Figure 7B). Furthermore, as shown In
defipitie gadedein A treatment of hESCs suppressed AFP gene

ex?rqaz'mn by 6.8-fold Efﬁﬁﬂapari@?]i&ﬁdao tl;)%@tmf%'é- Tl' e\éliﬁgiwsiluaély the
- atic decrease in the number of AFP labeled cells in
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ressi as the result of a similar.,7-f crease inAFP, . .

AR R TP R AN RS D Brrpingiavisor
ergjadeimTinideeetu [bisasktremélydefinitive endoderm inducer), resulted in a 10-fold
difference in the level of SOX17 mRNA expression, This result mirrored the 10-fold

difference in SOX17 antibody-labeled cell number (Figure 7B). Furthermore, as shown
in Figure 8A, activin A treatment of hESCs suppressed AFP gene expression by 6.8-fold
in comparison to no treatment. This was visually reflected by a dramatic decrease in the
number of AFP labeled cells in these cultures as shown in Figures 8B-C. To quantify this
further, it was demonstrated that this approximately 7-fold decrease in AFP gene
expression was the result of a similar 7-fold decrease in AFP antibody-labeled cell
number as measured by flow cytometry (Figures 9A-B). This result is extremely
significant in that it indicates that quantitative changes in gene expression as seen by Q-

PCR mirror changes in cell type specification as observed by antibody staining.



significant in that it indicates that quantitative changes in gene expression
as seen by Q- PCR minor changes in cell type specification as observed
by antibody staining. 46 [0201] Incubation of hESCs in the presence of
Nodal family members (Nodal, activin A and activin B - NAA) resulted in a
significant increase in SOX17 antibé@y- labeled cells over time. By 5 days
of continuous activin treatment greater than 50% of the cells were labeled

with 0§17 (FigeinesidRAfhESkheke tepaedene O NUsRlFiabelatmbin AFdial,

after 5 days of actiyin tment. [0202] In summary, the antib :
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evaluated to gain a better un verall dynamics of t
nsahenaf pdisurbsinswithd ERengitedf- Q-PCR analysis includes its extreme
- sensitivity and relative ease of developing the necessary markers, as the

genome sequence is readily available. Furthermore, the extremely high

sensitivity of Q-PCR permits dewp&%éne expression from a relatively
small number of cells wiibprr el Basgespapuaion. In addition, the

abilit etect very low levels of gene expression provides indicatio
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understanding of the overall dynamics of the cellular populations. The strength of Q-PCR

analysis includes its extreme sensitivity and relative ease of developing the necessary
markers, as the genome sequence is readily available. Furthermore, the extremely high
sensitivity of Q-PCR permits detection of gene expression from a relatively small number
- of cells within a much larger population. In addition, the ability to detect very low levels
of gene expression provides indications for “differentiation bias” within the population.
The bias towards a particular differentiation pathway, prior to the overt differentiation of
those cellular phenotypes, is unrecognizable using immunocytochemical techniques. For
this reason, Q-PCR provides a method of analysis that is at least complementary and
potentially much superior to immunocytochemical techniques for screening the success of

differentiation treatments. Additionally, Q-PCR provides a mechanism by which to



differentiation treatments. Additionally, Q-PCR provides a mechanism by
which to 47 evaluate the success of a differentiation protocol in a
guantitative format at semi-high throughput scales of analysis. [0204] The
approach taken here was to perform_relative quantitation using SYBR
Green chemistry on a Rotor Gene 3000 instrument (Corbett Research)
and a two- step RT-PCR format. Such an approach allowed for the

YR Perues ol sitereruationyriatetol ddidomatiatie: (omet h tRpi-high
tttsBp b veaRY QitiRG yasiability in the reverse transcription efficiency

bet les. [0205] Pri desjgned to li - .
poundHED of < RSVHE STSEIREE 100, BT SEaTf AR s

Sm{b@ﬂ ._cﬂamﬁh’igaﬂy d@ewniGedk 1600-iefiminate dlopbificRioeafebirend a two-
st%omﬁl? gtnogﬁl %[21!1\"3‘ Vr\égc AP rﬁa?rtlﬁg gﬁﬁn eg}pclﬂfsﬁg E%&,@& for
B fhey pgg ase

not contain Introns or SESS pseudogenes, | treatment o

amijaisafrpsidisionab periforprngs D206 W dbusepiting @rRURYGn the reverse
[ ultiple markers of target and non-target
n%%@ﬁﬂﬁ%ﬁ@%fﬁ%%m 3%’%}59- .

cell types in order oad profile description of gene

exprelEiBBlin cEmmeR prsge THEIENRFkdrs He IVt ST ehiPpIiasiss oF span

ntfent oflifferentiationys berdicadyBHode ks es MdeEMntRfiBiNe determined. to. -
endoderm and extra- embryonic endoderm) an %W%E}ﬁvalid ted %rimer
eligynalp arplfieation SR, GRS RN iBoRUBis Phie B ety bivere

cithisgdaritherdecisthasalsdmess setronsitates pstirds garas, iDidastantkdaechent of
Iﬁkif}{:(se thethESCS:s were o ten grown on mouse feeder layers. Most
yplcgﬁly? r?ﬁﬁ%a?g samplées were taken for each condition and
indepéitdshtly Aelprdddly degliCaROD wsawssutieais gogi calpvesdaility/ multiple
: . itati minatio 207] PCR..
G g e S G e

of sieRs RIFSSFEENIMelb sl P robesaere rstevenh defiphio safo phase -sDDESC

aneRiiiabRNAWAG AT QEL ME NG LRSI RGN PHEBYSISE EANSEEASRKIt ex tra-
(BioRad), which contains a mix of oligo-dT and random primers. Each 20

eRPERHEPIRRdeEb B uRR TR S R ) ROBE (5 G ATRIaRIg grpiprovided
balas isadlii @achhd isha@ siRE RetgastitBsepniaieing 00 Bivb ieswadehaidtrated.

everse primers an 5tL.2X %dYBh %een master mix Qiagen?l. T\%%(%tega ‘
%%Il‘ﬁga%a“r%ﬁlétfgrs werdhige eerﬁip f}ir%erg $ 8L Benallife St 85°Gacavers-
Mepk ¢iffcedlyys etephed a.ceorpliesg teihaakmltifag tesvlp obtkdiiampiidomdtpendently
ot e@riﬂ‘8&@?&2&%&‘%&&%&‘%@0@8&qﬁlﬁiﬂ?ﬁ%}’&é&%ﬂeﬁt O each quantitative

Fluorescence data was collected during the last 15 seconds of each
GeigemsiBiPphase. A three point, 10-fold

[8207] To generate PCR template, total RNA was isolated using RNeasy
(Qiagen) and quantitated using RiboGreen (Molecular Probes). Reverse transcription
from 350-500 ng of total RNA was carried out using the iScript reverse transcriptase kit
(BioRad), \x;hich contains a mix of oligo-dT and random primers. Each 20 kL reaction
was subsequently diluted up to 100 pL total volume and 3 puL was used in each 10 pL Q-
PCR reaction containing 400 nM forward and reverse primers and 5 pL 2X SYBR Green
master mix (Qiagen). Two step cycling parameters were used employing a 5 second
denature at 85-94°C (specifically selected according to the melting temp of the amplicon
for each primer set) followed by a 45 second anneal/extend at 60°C. Fluorescence data
was collected during the last 15 seconds of each extension phase. A three point, 10-fold

dilution series was used to generate the standard curve for each run and cycle thresholds



dilution series was used to generate the standard curve for each run and
cycle thresholds 48 (Ct's) were converted to quantitative values based on
_ this standard curve. The quantitated values for each sample were
normalized to housekeeping gene performance and then average and
standard deviations were calculated®or triplicate samples. At the
conclusion of PCR cycling, a melt curve analysis was performed to
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éjéi éjulatlons representative of the early germ Iaéirs and in particular have
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@ﬂdpmsmaﬁl@waoemofyme@oﬁwﬂa@hﬂﬁaﬁﬁm@&la&wﬂilammetrmess
relative enri rofé? are highlighted in Table 1, 49 TABLE 1 Getm

aﬂamcr é?lse xr?e’%s,lo orﬁ’arler%%t oﬁ%?n??ﬁ%ff&@?s ritive, visceral and

parletﬁiﬁ?ﬂodemﬁer obtaining genes for use in normalization, Q-PCR was then
utilized to determine the relative gene expression levels of many marker genes across
samples receiving different experimental treatments. The marker genes employed have
been chosen because they exhibit enrichment in specific populations representative of the
early germ layers and in particular have focused on sets of genes that are differentially
expressed in definitive endoderm and extra-embryonic endoderm. These genes as well as

their relative enrichment profiles are highlighted in Table 1.



MIXL | endoderm and mesoderm GATA4 definitive and primitive
endoderm HNF3b definitive endoderm and primitive endoderm,
mesoderm, neural plate GSC endoderm and mesoderm Extra- SOX7
visceral endoderm embryonic AFP visceral endoderm, liver SPARC
parietal endoderm TM parietal endg'aerm/trophectodenn Ectoderm ZIC1
neural tube, neural progenitors Mesoderm BRACH nascent mesoderm

[0210] Slnce many genes are exﬁf*ﬁﬁe&dhn more than one germ Iayer |t IS

Eng. al III_}J.riICI X §6X17VI >\ac m V?h a?f’l%%cL I O ";‘\}.;bfl\aleméﬁgié& \l ULI lu I_\I I DlIC

expressed If er &htal time point.
SPARC and %%ex&%ﬁ%@ ot a]ggréggglgrm and Brachyury is
expressed ir @# ells

predicted toexpress hig &imre SOXl?atn?{ ﬁIr\l?}ltil %‘m ?\%gé%gg’
and SOX7 (yigagral en ), aﬁﬁ.’ dhatietal endoderm) and

ExBsachyury (megsggerny;eadditigni.4iC! was used here to further rule out
emb¥ugtion of parly ectdderm. Finally, GATA4 and HNF3b were expressed

in both definipiye and |exiarerehdyanis apdederm, and thus, correlate with
- SOXT7 exprespiorRan | defiadéaidaderm (Table 1). A representative =
experiment isEViown inpkitptiesdddddnrbieldedsanstrates how the
marker genes described in Table 1 correlate with each other among the
Ectpddons sam Ithug highlightiag:sjpet o gatiteras of differentiation to
Maeagedieritive enpB&exGHanthevdntrmmkisronic endoderm as well as to

mesodermal and neural cell types. [0212] In view of the above data it is

clea ‘ﬁ vm resulted in increasing SOX17 gene .. .
expr ssm Furt ert 8%%%1% egp?}é rs%%sﬁgpre%%?n%%& repgesen%é/ Fatis
usafb¥irievauendietiueh &aropposetbresdrn aavslbrodniesendgaesnwithhisthe same

expeARlERIONSHBMS fom the LRSANRIAN Al ROdhh 96e S PSSR WaSht in
mverselg carrelated with AFP, SOX7, and SPARC gene expression. 50
visceral and parietal endoderm. SOX7 and AFP are expressed in visceral endoderm at this

early developmental time point. SPARC and TM are expressed in parietal endoderm and
Brachyury is expressed in early mesoderm.

[0211} Definitive endoderm cells were predicted to express high levels of
SOX17 mRNA and low levels of AFP and SOX7 (visceral endoderm), SPARC (parietal
endoderm) and Brachyury (mesoderm). In addition, ZIC1 was used here to further rule
out induction of early ectoderm. Finally, GATA4 and HNF3b were expressed in Eoth
definitive and extra-embryonic endoderm, and thus, correlate with SOX17 expression in
definitive endoderm (Table 1). A representative experiment is shown in Figures 11-14
which demonstrates how the marker genes described in Table 1 correlate with each other
among the various samples, thus highlighting specific patterns of differentiation to
definitive endoderm and extra-embryonic endoderm as well as to mesodermal and neural
cell types,

[0212] In view of the above data it is clear that increasing doses of activin
resulted in increasing SOX17 gene expression. Further this SOX17 expression
predominantly represented definitive endoderm as opposed to extra-embryonic endoderm.
This conclusion stems from the observation that SOX17 gene expression was inversely

correlated with AFP, SOX7, and SPARC gene expression.




EXAMPLE 6 Directed Differentiation of Human ES Cells to Definitive
Endoderm 102131 Human ES cell cultures randomly differentiate if
cultured under conditions that do not actively maintain their
undifferentiated state. This heterog§§eous differentiation results in
production of extra-embryonic endoderm cells comprised of both parietal
and visceral endoderm (AFP, SPARC and SOX7 expression) as well as
early ectodermal and mesodermal derivatives as marked by ZICl and
Nestin (ectoderm) and EXAMPLE 6
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10-15-cell clusters of SOX17-positive cells were detected at random
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[0215] When undifferentiated colonies were examined by SOX17
irmnunocytdchemistry, occasionally small 10-15-cell clusters of SOX17-positive cells
were detected at random locations on the periphery and at the junctions between
undifferentiated hESC colonies. As noted above, these scattered pockets of outer colony
edges appeared to be some of the first cells to differentiate away from the classical ES
cell morphology as the colony expanded in size and became more crowded. Younger,
smaller fully undifferentiated colonies (< Imm; 4-5 days old) showed no SOX17 positive
cells within or at the edges of the colonies while older, larger colonies (1-2 mm diameter,
> 5days old) had sporadic isolated patches of SOX17 positive, AFP negative cells at the

periphery of some colonies or in regions mterior to the edge that did not display the
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classical hESC morphology described previously. Given that this was the
first development of an effective SOXI 7 antibody, definitive endoderm
cells generated in such early "undifferentiated" ES cell cultures have
never been previously demonstrated. 102161 Based on negative
correlations of SOX17 and SPARC ¥ene expression levels by Q-PCR,
the vast majority of these SOX17 positive, AFP negative cells will be
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cultures of undifferentiated human stem cell line h to begin the
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undifferentiated human stem cell line hESCyt-25 to begin the differentiation process.

10219} As shown in Figure 19, addition of activin A at 100 ng/ml resulted in a
19-foid induction of SOX17 gene expression vs. undifferentiated hESCs by day 4 of
differentiation. Adding activin B, a second member of the activin family, together with
activin A, resulted in a 37-fold induction over undifferentiated hESCs by day 4 of
combined activin treatment. Finally, adding a third member of the TGFj3 family from the
Nodal/Activin and BMP subgroups, BMP4, together with activin A and activin B,
increased the fold induction to 57 times that of undifferentiated hESCs (Figure 19).
When SOX17 induction with activins and BMP was compared to no factor medium

controls 5-, 10-, and 15-fold inductions resulted at the 4-day time point. By five days of



triple treatment with activins A, B and BMP, SOX17 was induced more
than 70 times higher than hESCs. These data indicate that higher doses
and longer treatment times of the Nodal/activin TGFP family members
results in increased expression of SOX17. [0220] Nodal and related
molecules activin A, B and BMP fadfitate the expression of SOXI7 and
definitive endoderm formation in vivo or in vitro. Furthermore, addition of
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. within 4 %ays of aqditio .({,02224 To determine the effect of TGFP factor
indgetion o 4R |?/‘%‘&E& L&iFHSel, a time course of TGFP factor

addgiaeivas é¥anhined desiiogsE@Al Thantibo dpnibbeling. A& prévioudly and B

shown.in Eigures 10A-F. there w Tl in IMBes e L
L T
endpdgurefogatows MBfeathitioa 50-foteldnged azsinds X Hryab dlegpaigation
withNiSd&aUK Ndicates fhakdletsdha Punbersaf £81ISRSWELRONHE GeRRIL as

expression level are’increasing with time of TGFP factor exposure. As
defapidm sdoiTR 210 SR RPNB S 05 JBEr &S Wb RYerLiORvilf AS ARersiire
valBaBRABMEBN dpaipyelah 8 KA inductiom s achedrkadifold over
undifferentiated hESCs. Fi%ure 22 shows H:E‘t the relative number of 1 cell
SOMP72Bbsitivke Leiramas Brsaesat bapBarer Seetmem 4J8adngtidey o
levaD/l phangssrivese qanadlaab-paieniy indy cingnSerd| (EeNSONIBSEiObody
and cell numb'er.é0223] In addition tq the TGFP famil%gemb,ers, the Writ
labelingy JrnRBTEIANEE Stlniny T MapecneisASh P AtstERERR & foe
relstefinitivebenaosionm7 Taelusedi Weit tinrle Tlile sstudseajsankificeficialHiguth €.0)
differentiation o s to definiti rm as.indicated by the,.
I A 2 TS os O L T ol et s paces tha
bodcthansuphesswht8Hsommew thia OKadtgins aipressiFiglensl gy, (G22a6juRIvothHEme

iments describe V. re. perfarm ' ' e
o SRR PRI R RSB TR ESspR o

actifisecheretivind tirel dOMIEhtatidevoff o AP A drdvetitactwated 166dbid over

und e A G SEEen 'nﬁ@ﬁr@%Zp EESRUGEPTRAdadiACIMR3S SHYWR 1A-positive
Figures 24A-C. When serum levels were reduced

cells was also dose responsive. activin A doses of 100 ng/ml or more were capable of

potently inducing SOX17 gene expression and cell number.

[0223] In addition to the TGFpB family members, the Wnt family of molecules
may play a role in specification and/or maintenance of definitive endoderm. The use of
Wnt molecules was also beneficial for the differentiation of hESCs to definitive
endoderm as indicated by the increased SOX17 gene expression in samples that were
treated with activins plus Wnt3a over that of activins alone {(Figure 23).

j0224] All of the experiments described above were performed using a tissue

culture medium containing 10% serum with added factors, Surprisingly, we discovered

that the concentration of serum had an effect on the level of SOX17 expression in the



from 10% to 2%, SOX17 expression tripled in the presence of activins A

and B. [02251 Finally, we demonstrated that activin induced SOX it cells

divide in culture as depicted in Figures 25A-D. The arrows show cells

labeled with SOXI7/PCNA/DAPI that are in mitosis as evidenced by the

PCNA/DAPI-labeled mitotic plate péﬁern and the phase contrast mitotic

profile. EXAMPLE 7 Chemokine.receptor_4 (CXCR4) expression
PESFRaaRisdfed ARHIKET 8SSRAEt tRtFierenh dblicrm Whanrsrurmlkess Ropre reduced
ARBSeYeIEeCtode M efprscRiRLeNdsiens [eeAdeAs AaseiibRAADRYe,

hESCs can be induced to differentiate to the defipitive endoderm germ

layer BFARE apBitafbr s SRRt et PE P RARF A Horells divide in
cepecifiealligfithe aotiviigoetal 3sfpmily TAelditienadly sheevhavshiavdled  with

fetal bayvine serum (FBS) in.th gﬁf t
R 25 e B B P s ARt
platmnp4iESCed Thipkffe coigrssiohithét atefilgiven concentration of activin A
in the medium, higher levels of FBS will inhibit maximal differentiation to

definitive endoderm. In the absence of exogenous activin A,
differentiation of hESCs to the d@fmw@leﬁaoderm lineage is very

f A an g d A | 2 s Zpit
CA, cmmw?OAQS&assﬁpe&eabe%edlmsoeé%ba %@édlfb"/qi&ﬁ&ﬁmiie to the
ejther with or without 100 n%ml act|V|n A for 6 days. In addition

TR B P AP0 5% ARBLS 9 S IRE RF in b, HETB Gpomily and

netiffespediatiginy mmamiuaﬁd»ﬂmcgmmﬁtgon AddickOQAIRG A BEACHNIWA that the

After the 6 icate s re c llected.from each cujfure
R SL e S T e CUBL A ke g effects the
effiraenitpivddPGRyd brelodenai ldnﬁ@neetlstwmfeoi:m&m}s |mhmjeﬁ§éhmmscﬁ tiiat at a

HRIEHIRN AL ARK 1 RIiein- 4 gﬂzﬁﬁﬁ nggd%rgrelﬁs on IRy O?fs gt GEER n inhibit

varled dramatically across the ure condltlo S Use igure 6)

n@éﬁéﬁéId@%@mt@%ptﬁeésfﬁntwaﬂdgﬁemnadmtheﬁabﬁ@mdfmnﬂmlemcmm A,
B JOM R ANDISRRK BIC B iR RS RERY € RIRESAAHR AN ANREr M ent and the

addition, among the A100 treated cultures, CXCR4 expression was

FRYFeRpSHHENOR S YAk BHIAST SO IR T ISBHEUPRP O FETH AARESES
decrepem CXﬁ%ie\éﬁbﬂﬁh&L@%EE@s %&@ﬂéﬁ&@tﬁh%@%\{h@g in RPMI

SRR R o e M PR S0
18)XBS @8G:futD @ity amdwxmout 1Uu ng/mi actwm A for 6 days. In addition, a
gradient of FBS ranging from 0.5% to 2.0% over the first three days of differentiation
was also used in conjunction with 100 ng/ml of activin A. After the 6 days, replicate
samples were collected from each culture condition and analyzed for relative gene
expression by real-time quantitative PCR. The remaining cells were fixed for
immunofluorescent detection of SOX17 protein.

{0228]  The expression levels of CXCR4 varied dramatically across the 7
culture conditions used (Figure 26). In general, CXCR4 expression was high in activin A
treated cultures (A100) and low in those which did not receive exogenous activin A (NF).
In addition, among the A100 treated cultures, CXCR4 expression was highest when FBS

concentration was lowest. There was a remarkable decrease in CXCR4 level in the 10%



HNF3[i genes is consistent with the characterization of a cell as definitive
endoderm. The relative expression of these four genes across the 7
differentiation conditions mirrors that of CXCR4 (Figures 27A-D). This
demonstrates that CXCR4 is also a marker of definitive endoderm. [0230]
Ectoderm and mesoderm lineages 2an be distinguished from definitive
endoderm-by-their-ext%ression of-variqus markers. Early mesoderm _

FERureRdibon Ry RSt PG RFRISAR RA AR hiRs LB PR RS- ERRgthamy thet
dekpsessesSalimAdIG 1. Figures 28A-D demonstrate that the cultures

Whichgg' ot receiye exogenpous activin A wer regﬁé jall ri%or
meso andé%tée 5%%%%@ ‘é?(p%g%%sllno%n%?tﬁ%t %Z’t%&e ctivinA”’ and
HIEEAGendiusesntivchO%ith B chaditioizaisa bial deltreakdthigvelsdbderm. The
soderm and ectoderm marker expressign,.These patterns, of \
e B e s R e A ok st
oA KigRYy Sigressad Animesdiier nd apnenstodier nthal e@MER# oin W&E @ snedrker of

dgﬁgiqgé/g}‘%g}: tal time period. [0231] Early during mammalian
development, differentiation to extra- embryonic lineages also occurs. Of

particli2?¥blevdittedroncns tresaifeare Hueanss ofnischyangyishrdefiomidefinitive
ANRIESHS IRFeSPIR LR BN ARR SRR SOMENRR, Wt ARAR WY Bresses the genes -

endoderm, including SOX17. To distinguish definitive endoderm from

BrgePaniph ing SRR tule Pas e RO AP S IR Ik BEa PRI tha e frat fdgures

2disthcadeinger theseryvoulEXWHRRrGRE AR JcarkekiidhineXpressed were
ir%fthe visceral e??gg%] erm bu(%Fnot in the definitive endoderm lineage. Thus,
g bl ili(o)

e t SHiBtTSD %‘@Q%L‘?’g%‘?‘?& BROTEEHH among the
aalaanteredt&O uzey ks dion diediketditine ailainadeficritisedbirdelodf mesoderm

Vi g endoderm. It is shown.n Fiqure 28E that SOX7 was hiaghl
Y RS RS O AR o BP0 W 00 o gt of

GAérB4sand angiratssi dhab (¥ CiR4hwaspres bighdyofetisapd Anvhesp (B8 wragstoderm

dnRludedatkade. Thisratehisdhainuesefthe CXCR4 expression
pattern and suggests that CXCR4 is not highl% expressed in visceral

endod@Htl[02 reingy & ATHRBEMDf PrigRufidiegetishon to  extra-

ctSPyohic IRRUS P IBSL BEM S aCH Pptha-aiferaatiatianeanditipRsimRdiangdn of
abov?n%sfsor&gtermined. When hESCs were differentiated in the .
VSR TR BTG O SEALE TR REBETF 180 FE BRI o ROER (A ORI B % i dsditive

efdAdh celisdugr8QKiquittuslisdheiriki tettition ghduidne Homcetttrembryonic
06D D SRR SETE RAESS 80 NEMH AL,
Séppeédrpteittommeaktostatsiy atmestrdnievdnly distib sreiddhmougtionettie the
d%%ﬁ'i@e@%@ﬁ@?ée@@g Gfﬁﬁs\!vﬁ.llllﬁ?e%mmns that exhibit robust SOX17 gene
expression in the absence of SOX7 expression are likely to contain definitive and not
visceral endoderm. It is shown in Figure 28E that SOX7 was highly expressed in cultures
that did not receive activin A, SOX? also exhibited increased expression even in the
presence of activin A when FBS was included at 10%. This pattern is the inverse of the
CXCR4 expression pattern and suggests that CXCR4 is not highly expressed in visceral
endoderm.

[0232] The relative number of SOX17 immunoreactive (SOX17%) cells
present in each of the differentiation conditions mentioned above was also determined.

When hESCs were differentiated in the presence of high dose activin A and low FBS
concentration (0.5% - 2.0%) SOX17" cells were ubiquitously distributed throughout the



E). A further decrease in SOX17+ cells was seen when no exogenous
activin A was used. Under these conditions the SOX17+ cells also
appeared in clusters and these clusters were smaller and much more rare
than those found in the high activin A, low FBS treatment (Figure 29 C
and F). These results demonstrate fRat the CXCR4 expression patterns
not only correspond to definitive endoderm gene expression but also t
o A GBS RGN YA B8 FHCBER. S RIRAED AR ), the

s@ﬁﬁ%@i@t@@wE&q&&mmmrﬁfé@ﬁ@ﬁ@&iﬂﬂtmﬁ@@d@gmimmﬁsmmmm
Proportion of CXCR4 itive cells [0233) The.dose ctivin,A als
o SR S I SH RS 6 LN AR B A PP 8 B and

ERES GsthiEhiizecas peSOsithsttateadsatrinehen singriteendos ectl activiresused.
increases the propqrti XCRA4+ cells in the.culture. [0234) h

R 7 ol B B Bl ver

sifisltre asd dnfren Bt thavthts fossdiehhbishse@iviays,.dbw FBS treatment

ag' LoRfiation) F?.neh?&@%&ﬂé%ﬁ{aﬁ%w{ﬁ% of etR A At ToAPYRRSs not

Ifferentiation thie cells were dissociated in PBS without Cat+/Mg2+
oplyneamAsELRds B R 2 rendqET ASORSr SHPRIFIGSS Wt rabim terfiseraiiRer of
. adibgsrlisueredtirddhiergb-3aign nylon filters, counted and pelleted.. .
Pellets were resuspended in a small volume of 50% human serum/50%
normal donkey serum and incubated for 2 minutes on ice to block non-
specific antibody binding sites. TexAiB{HILBEMouse anti-CXCR4 antibody
Boi\ SEntato t#é t(i)élgt_la?g TIC Sf%dcge%%igger: gdl (r)rglgrlg ¢ the proportion of
APDPITURX dlETy 1U C dl U 1dDE O proceeaeud1or 4 UES O c.
Cells were washed by addin@.E@RbpeS ceaiiaining 2% human serum

(PuTTeioraafl PERle Sost SRR R UM P ALY a?ncgig%ﬁtﬁgﬁnmve

then S were resuspe in 50 er per 105 cells. Séco

eadadsonycatr PrGievyrddaeat fbtkey Bhis-mrentde Jsnlafates that increasing the
dépe mﬁﬁﬁm@ea@%&#&ﬁ&%ﬁﬁé 1 wrerapdedsah megimuinal

concentration and allowed tg label for 30 minutes followed by two washes ]
in buff&34 abdveS e P TEataR HeB RS Mot BRI HG R AR Y-
20 BBB €thaBake techUsiFg & FACSY antageJdeskiandickansemgibigtigiation)

staff at the flow ometry core facility (The.Scripps.Research .Instjtute
e s ERHELR, BE T T oF T e BN WETGRTAHh e cels were
dsatrserdeint RRMticthafitdlal AR formfeiningxpYe $H6namh AysM HEDTA) for 5

ng%ﬁ‘:étén%? %ﬁ%?@ﬂ;{%ﬁ&g [%QSJeEQ%%nﬁcﬁ&% %S:%fi?rgeng«?na aﬂon filters,

etermined by flow cytometry were observed to increa amatically as
cematebsadinstieied. A RAsincremsathusnpisied in a small volume of 50% human
serum/50% normal donkey serum and incubated for 2 minutes on ice to block non-

specific antibody binding sites. To this, 1 pl of mouse anti-CXCR4 antibody (Abcam,
cat# ab10403-100) was added per 50 pl (containing approximately 10° cells) and labeling
proceeded for 45 minutes on ice. Cells were washed by adding 5 m! of PBS containing
2% human serum (buffer) and pelleted. A second wash with 5 ré)l of buffer was
cornpleted then cells were resuspended in 50 ul buffer per 10° cells. Secondary antibody
(FITC conjugated donkey anti-mouse; Jackson ImmunoResearch, cat# 715-096-151) was
added at 5 pg/ml final concentration and allowed to label for 30 minutes followed by two
washes in buffer as above. Cells were resuspended at 5x10° cells/ml in buffer and
analyzed and sorted using a FACS Vantage (Beckton Dickenson) by the staff at the flow
cytometry core facility {The Scripps Research Institute). Cells were collected directly



differentiation culture media (Figures 30A-C). The CXCR4' cells were

those falling within the R4 gate and this gate was set using a secondary
antibody-only control for which 0.2% of events were located in the R4 -
gate. The dramatically increased numbers of CXCR4+ cells correlates

with a robust increase in definitive éfdoderm gene expression as_activin

A. dose is increased (Figures 3 1A-D). EXAMPLE 9 Isolation of CXCR4

int@mlth@ﬁ@%ﬁ&ri&b"ﬁgef&}rf@@gﬁﬁgyﬁx@ﬁiqwﬂiﬁhQ@@@tﬁ%@‘é?@%&@expzessien

depletes cells expressing markers of mesoderm, ectoderm and visceral

analysit hE e OSSP HIIEYCR A and CXCR4' cells identified in Example 8

aboyezssye colleciranbad dArCHEZRA fosl e atite @aiiese X dRSIoDyIktRe were
ene, expression of.the parent populations was determined . .

oo TR Fo ST T 11 Ao SRS TSR oo TG vhcthe

difftramaticallyuincrensdch ttpins 83T d0BReoCXeIRiT AelRiguee 3R)sd Hadling
.correlated very well wi e activin A.dose- endent increase of

wifll IR e AL WA 06 M0 (050 SERRS MNADS81Y convral for

whth OR %+ odeisito i esa doc o inatie rR4cgsein (B faramagidygl bl infrgssed numbers

 of EXERS 9BMESKRIBSS AN E'B%RQHH’@AQQ&-dEhﬁ@@é%ﬁ@é&@ﬁ?g%éH@expwssion
efficiency of the FACS method for collecting these cells. [0238] Gene

- - 25 gER ARss AnfeTsased dBigeren dl P EXCRA4+ cells contain not only the
majority of the CXCR4 gene expression, but they also contained gene
expression for other markers of %efiﬁitiv endoderm. As shown in Figures
31A-D, the CXCR4+ cells Weréa |L§1?iched over the parent A100

Ispbyiolatid CREPSONNAiTivEETs ¢ANFRE fanidfiv e Entivdetditione thipeioRdnd

aclion.confained veny il gens cxprassion forhese ialniie, aogeny
a ATKE N O1TE a - Z]

displ&yatithe fﬁb@l@é{(@&ﬁ%md)ﬂ@@%éxfeédmmmme 8 above were
colﬁ@&%ﬁ%@nﬁwgﬁf@ éﬁ%v%éﬂé%‘m&%{{? a?a'aqgg ?é??e gﬂg%ﬁ%ﬁ%iﬁe parent

shows that thé CXCR4+ cells were depleted for gene expression of

PomyatRys MaaeIsamied Sinynsesty relative to the AIOO parent
popyiation. ThimALQRwa et fePstatiTaS e aghhlowiih expteasian@lally
. these markers relative to the low dose or no_activin A conditions. These
Incraatits KB WPHREASIAG SOSRIDACE Aot ENEYRs AP IO APRE G very well with
thediffévéniatiedeid ¢henpeasanea el HgKaRU/irAy Eidaes popuation dkisclear
highly.enriched f; suhstantially pure definitive endod . EXAMPL
e OB GEER X CRA - AINR ol PR S ST IO st O ne
CXCRA Reenf0 289 TonoiithatrerpatititatiGhiofdtreqmetmonti sneof ffiefmitivesf the
FA@RQ%H& for collecting these cells.

{0238]  Gene expression analysis revealed that the CXCR4™ cells contain not

only the majority of the CXCR4 gene expression, but they also contained gene expression
for other markers of definitive endoderm. As shown in Figures 31A-D, the CXCR4" cells
were further enriched over the parent A100 population for SOX17, GSC, HNF3RB, and
MIXL1. In addition, the CXCR4" fraction contained very little gene expression for these
definitive endodermn markers. Moreover, the CXCR4" and CXCR4 populations
displayed the inverse pattern of gene expression for markers of mesoderm, ectoderm and
extra-embryonic endoderm. Figures 33A-D shows that the CXCR4" cells were depleted
for gene expression of Brachyury, MOX1, ZIC1, and SOX7 relative to the A100 parent
population. This A100 parent population was already low in expression of these markers

relative to the low dose or no activin A conditions. These resulis show that the isolation



cells present in a cell culture or cell population as determined previously
herein and as determined in United States Provisional Patent Application
No. 60/532,004, entitled DEFINITIVE--ENDODERM, filed December 23,
2003, the disclosure of which is- incorporated herein by reference in its
entirety, cells expressing CXCR4 and other markers of definitive

endoderm were anal ACS. [0240] Using the hods sueh as ;a4
Site Ak B Sk T e S
pOsoEtce tefikitiyshravdbehfdnapd situtant el jnemeadefititvy ridedpapurity |

in differentiating cell cultures, the serum concentration of the medium was

controlled as follows: 0.2% FBS on dayl, 1.0% FBS on day 2 and 2.0%
FBS on days 3-6. DifferentiatecEéuftiisEndre sorted by FACS using

thre&g&ﬂ;ﬁ&&féﬁ%ﬁ BREORES FraGRaherinGXERA anslERRNTRap otiR4

Sorte populations were then analyzed by Q-PCR to detetj;mine
relati823%presForerRafisrs Hiaaausiiater génhiiperRprgon of de

EXlrBRmRIRNICANdeRaE AsYglbps albe e lbidptiaeC KERMu s tetetelind as
taken from optimall diﬁerentiatedf tures reSL{ltedin tge is&lg%'%rbgi ntifled
dgisrminGe dh \é‘é“%s thERVePal - R L (P TEENT T0IR"7 3Rows the
resuNErol e mabeERigsisifar Ddefinidye2 Bndotkrmheutisebothe whswhich is-
.differentiated from hESCs using the methods Cli [ I
LESBIRPBL c?ﬁefﬁlbe Thitive Erdoderm g‘ﬁﬁ%?ésc%ggrégﬁe{ 5%? egxégge?ﬁlt% other
rgkeentf désfivitard Eetraermtsryonliztits MAK®rs culture Endoderm

endo@é@jells ngcge 70:80,400. IhramBemosidinged Gn/me BBy Ethmples,
25 C 70-80 100 0 ECAD 10 0 100 other ECAD ne 10-20 Total 100

HEST 1 06 1e0bEB 02t tmpestiet REfn BRI AERe S RATIERERY fdease the

ARG RS 6 GalRAgNdade Rl camRES et drauf0d6nBee-tbih efomlisriedium

the cell culture. Of these SOX17- expressing cells, less than 2%
agreseiled ke (lruealeTad B an %?ﬁdﬂié%%& oﬁa&gr ‘i@fxfﬁs on days
{\dscaiarndatdronsAdiekstbimaedngyt e 0o peitip thefcTddipositive epitbpes, E-

Cadherin, CXCR4, and Thrombomodulin. Sorted cell populations were then analyzed by

initive endoderm

Q-PCR to determine relative expression levels of markers for definitive and
extraembryonic-endoderm as well as other cell types. CXCR4 sorted cells taken from
optimally differentiated cultures resulted in the isolation of definitive endoderm cells that
were >98% pure.

[0241] Table 2 shows the results of a2 marker analysis for a definitive

endoderm culture that was differentiated from hESCs using the methods described herein.

Table 2

Composition of Definitive Endoderm Cultures

Percent Percent Percent Parcent

of Definitive  Extraembryonic hES
Marker(s) culture  Endoderm endoderm cells
SOX17 70-80 100
Thrombomodulin <2 o 75
AFP <1 0 25
CXCR4 70-80 100 0
ECAD 10 0 100
other (ECAD neg.} 10-20
Total , 100 100 100 100




AFP-positive cells (combined parietal and visceral endoderm; 3% total)
from the proportion of SOX17/CXCR4 positive cells, it can be seen that
about 67% to about 77% of the cell culture was definitive endoderm.
Approximately 10% of the cells were_positive for E-Cadherin (ECAD),
which is a marker for hESCs, and alfbut 10-20% of the cells were of other

cell types. - .. -- . - [0243] We have discovered that the purity of definitive
endd@ea] in the pditievdartidihly Celhdioitigrebah SPEFR D brdidéPdriqomtive cells

{% 9&5@%@&%&9%@@%@%’% cannaed iitharbeveresaibadx 7.

w serum procedure by maintaining the FBS concentration at <0.5%

exprrstigaowl i dessethay diferstratrsh Thbdeatiet! Hadriram) mathlsinifyn 1%
exhiessell £ubyiesad:n0-A%B4braY g hedhrfidaydifRrentiatiar wmqﬁﬁuree and

also results in a reduced number of total definitive endoderm cells Sh are
ABPoRRsEE teBuATPTRRIREY PARESHEM RIS ToGBARIEEY mthdaE!
pxdﬁ&%laeﬂ“ RerelTGNERBGRRINAIbEHI) eccan texpantedaioatUYe tin dbeut 77%

resen activin fo reatert n.50 days withou ciab
Fh%r‘é"fli |§ﬁ e]nw tc cgéé‘ée ’E??T’?TDCX%E?A[ M‘Béﬁgéﬁ%Aﬂ%e% |£§u§ were
pmemmmmmmymm tuitarelpe fodhB&I0stiend #poTV 0—20% of the

ﬁPARC \Ip é}Fgfﬁ %OX? ZICl and BRACH were not detected in these
.cells wers &
cultures. it at such cells can be maintained and expanded in

cultul®Zét}su bé%émﬂraﬂy Idisesientsathsl hiayRUiithoft dasisrisidoderm in the
dx@f&@ﬁﬁgﬂﬂgggl EdAMP I 1l AoditienahMarken esReliniive, ERdedaiftoved as

Cells [0245] In the following experiment, RNA was isolated from purified

ccaapRTRfy S ribedaRY EndaSRUiRTAn 8P biFRTc BIEFARER fopuRipig Bsetle FBS
cENRRRSRION Wa), Hienabaliead by gepe cﬁymeﬂf@et&lsmﬁxthﬁdamaormwever

each purlfled pulation. Q R was also to, fyrther.
R D R 51 g SSU P, G e LREHevan Bpeedue
al@@tdm&mbWmdmsmeasommlmaimmmﬁamveeﬁnmnmmx[@m@
Hum ry em ¢ hES taln n RME
medi suénlplerglgnﬁ (&We ﬁné ncc‘)ec erum9 Ii%p géerf%esr?trl %%E%% fn have
beexomininard hodnexpbaiid frb:mb?a‘stxgrﬁwmr@@neﬁ @frefyinormgrgater than 50
JZANGEARIOS R0t dAMINGR]. NAN-SRIFNHALANROX AEIASPOR4, MIXLL,

penicillin/streptomycin. hESCs were differentiated to definitive endoderm

GATaAENG 3B resntasrian RPnginisEwd upplsniadias wetiedooAifivipngtly, TM,
stecembipant Rppasetvindy [gtebRaMewaim EBle@ M these cultures. It is

i % nicillin/streptomycin. The concentration of FBS was varied each da
1.

fp et eugl%c%g%w WQW@%% ew /Bn(alél)t;g fg} substannaigf longer

than 50 days without appreciable differentiation.

EXAMPLE 11
Additional Marker of Definitive Endoderm Cells

[0245] In the following experiment, RNA was isolated from purified
defimitive endoderm and human embryonic stem cell populations, Gene expression was
then analyzed by gene chip analysis of the RNA from each purified population. Q-PCR
was also performed to further investigate the potential of genes expressed in definitive
endoderm, but not in embryonic stem cells, as a marker for definitive endoderm.

[0246] Human embryonic stem cells (hESCs) were maintained in DMEM/F12
media supplemented with 20% KnockOut Serum Replacement, 4 ng/ml recombinant
human basic fibroblast growth factor (bFGF), 0.1 mM 2-mercaptoethanol, L-glutamine,



(0247] Cells were isolated by fluorescence activated cell sorting (FACE) in
order to obtain purified populations of hESCs and definitive éndoderm for
gene expression analysis. Immuno-purification was achieved for hESCs
using SSEA4 antigen (R&D Systems, cat# FAB1435P) and for definitive
endoderm using CXCR4 (R&D- ... é?/stems, cat# FAB170P). Cells were
dissociated using trypsin/EDTA (Invitrogen, cat# 25300-054), washed in

noRReshialehikterasisaling fRBS)IEAMaRRG AN hum SREMNGTEkentiated to
suspended in 100% human es to blog

de Bw‘epeﬁﬁﬁmamﬂ%ﬁ?ﬁ@%% ?fécﬁaf %ﬁa o ?{Hf&%ﬁv}ﬁbw ng/ml

of ackdvn@irf hofmphyedeiythrifietgojuantesant(fady, tand ychilbiiatisept8cin,
Al human seru lls. were washed twice with 8 f uff

ThFe%?JnSC e%nég‘a’w? Iﬁ%?&ﬁﬁe Samé: ﬁgqé |s%\gt|on vg:iso% é%‘???é‘fj%{ %rf&/ ﬂsecond

dambr%’%fe(dd}ty?eﬁ]l'he Scripps Research Institute using a FACS Vantage
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certain markers. Results are layed for cell cultures analyzed 1, 3
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(preMm@adpde:rénsceflésspwﬂ@@eatdﬂecﬂpd@stmﬁlmﬁ%@h&fegﬁmtmwwas
roc CXDE), nd |n urified hESCs. A comparisgn of Figures 34C
RS A e e T B Ko est (SR TP EOAVE. CALCR
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AR 59 S5 e L A BRI o
angr&lidd SRS OX 1igh- é%ﬁﬂdélss@ltgwmhttﬁfe dafyiitivédndodenteddaveligroup
coftpiilhe MRS dBURESSRINE: Qﬁﬁ@ré}mgwc@ﬂﬁr@&gg dRiecn! e R é%ﬂﬁl ations,
not expressed in the définitive endoderm, the ratio of SOX17/SOX
h%e,lag Sefinitle endoderm. Genes that exhibited a robust upward change in
expression level over that found in hESCs were selected as new candidate markers that
are highly characteristic of definitive endoderm. Select genes were assayed by Q-PCR, as
described above, to verify the gene expression changes found on the gene chip and also to
investigate the expression pattern of these genes during a time course of hESC
differentiation.

[0249] Figures 34A-M show the gene expression results for certain markers.
Results are displayed for cell cultures analyzed 1, 3 and 5 days after the addition of 100
ng/ml activin A, CXCR4-expressing definitive endoderm cells purified at the end of the
five day differentiation procedure (CXDE), and in purified hESCs. A comparison of
Figures 34C and G-M demonstrates that the six marker genes, FGF17, VWF, CALCR,

FOXQ1, CMKORI1 and CRIP1, exhibit an expression pattern that is almost identical to



estimate of definitive endoderm contribution to the SOX17 expression
witnessed in the population as a whole. The similarity of panels G-L and
M to panel C indicates that FGF17, VWF, CALCR, FOXQ1, CMKORL1
and CRIPI are likely markers of definitive endoderm and that they are not
significantly expressed in extra-emkﬁ@/onic endoderm cells. . [0250] It will
be appreciated that the Q-PCR results described herein can be further

cadIPMEP MGG s ERAMRLEILR BearaHrBrkpRdtibs BFemeRE Rk ratio
Transgenic hESC Lines and CXCR4 Promoter- EGFP Transgenic hESC

of SRe (098K AsndarEthetivEcdpshin SROA ofRmirtedendenta irudshigitive
entidefnde RAIBRERI fiBSUNOLIF i fuians b aitie e Has LK 1TiietBe X 7 is

CXCR4 promoters _can be used. In particular, this Example describes the
Do SKEHFERAOR P VM EGSHETTY BBl SRS o eB S e gble
estiepostef gefdtivrdedtieraontnatiblitivn $OKd BOHQ Ul aighysgeionitnessed in the

Additionally, the congtruction_of a vector comprising,a reporter cassette
P"%ﬂ?‘é O%c?rsn%r‘é}é%ﬁé rgé%r er %%% nggrrl ?ﬁe@g‘n r(;g? 0 tfwoe%g(%:lé}ngmms that
FGEQDI&/E&_‘% Kégmsﬂég&lbéﬂﬁm&Examlélﬁl;@rdé@waMS of definitive
enBERRAELAN e el SUCILESBniHRRN SRR M Ll NP ibaer

with one or more of these vectors as well as a cell having this‘one or bot
celdt-these reporter cassettes integrated into its genome. [02521

SOXbzspypressingidefiniive.pododainnmeel. ees At e ARG OMEHS NG be

f definitive endoderm_cell lines genetically tagged with a reporter gene are
U SORCEREBY hISéing a GFP reporter gene under the control of the
regulatory region (promoter) of the SOX17 gene or the CXCR4 gene,

respectively. First, a plasmid t in which EGFP expression is

driven by the human SOX17 ocrggi“é%ﬁ‘gévée promoter is generated by
ontsation oS PromudteEOI R CronseRGERPENC (Clastaoh XiiR 4 Meomoter-

human SOX17 or CXCW&@%& ﬂéﬁ&‘ﬁ o] ntrol regions contain

the characterized regulatory elements of elthe : SOX 17 or the CXCR4

gend833H they\is asutgastiis donmvificationrmbldsiipitveicndodamm wing the

CHOFEL GRNER UhENBIHUFIIGE oM & I8 ARVEDY MEGIALLERERI W oters
EFGP is driven by either the SOX17 promoter or the CXCR4 promoter. In

can B s BHRAEIRE Hh g ST L ERsTiRGs She AR I AR alcas §eio5 QP mpEsing
a BEPKbY premnteidhRRnpasaite ospheL ¥aRApiamateviaFPoCasseitsx 17
re iS}S chise%g tg%m tp\%ﬁ}govqlve or, and then subcloned into a selection

a0y SR ning YOIy 18 (SROEDHEPENS ePa e anE HRHS o AttsPEFter
cagbrstpholsichoplypersstea reporter gene under the control of the CXCR4 regulatory

region is described. This Example also describes the preparation of a cell, such as a

ation theC

human embryonic stem cell, transfected with one or more of these vectors as well as a
cell having this one or both of these reporter cassettes integrated into its genome.

[0252] SOX17-expressing definitive endoderm cell lines and CXRC4-
expressing &eﬁnitive endoderm cell lines genetically tagped with a reporter gene are
constructed by placing a GFP reporter gene under the control of the regulatory region
(promoter) of the SOX17 gene or the CXCR4 gene, respectively. First, a plasmid
construct in which EGFP expression is driven by the human SOX17 or CXCR4 gene
promoter is generated by replacing the CMV promoter of vector pEGFP-N1 (Clontech)
with the human SOX17 or CXCR4 control region. These control regions contain the
characterized regulatory elements of either the SOX17 or the CXCR4 gene, and they is

sufficient fo confer the normal expression pattern of these genes in transgenic mice. In



kinase-1 promoter. The selection cassette is flanked by.flp recombinase
recognition sites to allow removal of the cassette. This selection vector is *
linearized, and then introduced into hESCs using standard lipofection
methods. Following 10-14 days of selection in G418, undifferentiated
transgenic hESC clones is isolated &hd expanded. [0254] It will be
appreciated that reporter genes other than GFP or EGFP can be used in
tharsadfithievaboeycetnssiibe dCRRSPUstaRraV S dithat iheSoRoMer aiows dothe
C’E&% separation by FACS EXAMPLE 13 AIternaﬂ)ve Isolation of D%g' ive
SAEICIE258] PR FORSWIRG B> S B B PR st HESER S
compssny a SIhx BOXN IO GittepOG Rt ardbsEifPoc ahsalE CRA pomoter/EGFP
ifferentiated i efinitive endoderm cells _and then subsequently. .
co T O By s s MR SRR 8 el TR BB S, yector
coBXGRY PhromoteyrEGHPsphategefansenfesCunales cdifferkofidte glifosphoglycerate
kiRRBIPHBRIRLY, Ok ABdi bR DAULET HRNy e dY %&%ﬁm&@q&%@gjmm&m

activin A and no serum. The differentiated cells are then harveste

. y
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intOtRHINA l¥is bidHeranifiERtnsaAmplao! sisole e crlia igdaken withayh in
ating for EGFP and single live cells are gated into EGFP positive and
G‘%%P‘H‘@E@f%‘ﬁfiﬁﬁﬁ%ﬂfgﬁ%‘?|h5§€é&%ﬁaiésé§éﬂéﬁ‘?ﬂ@ﬂ?’iﬂ@é’éFP positive

fractign3gjsepdraititi batepproiegd alytsgest pogiialionsaanrGFR d0 EGFP can

fluorescence,iptensity (Hi and L0). [0257] Following soyting, cell
b e B Ao S T B R R b ek gy ool
seuPR BNBWERS, RNA is prepared using Qiagen RNeasy columns and
then converted to cDNA. Q-PCR is conducted as described previously.
For immunocytochemistry analysis, cells are sorted into PBS, fixed for 10
minutes in 4% paraformaldehyd&AdfBlddihred to glass slides using a
Cytospin centrifugg; iRt Raii GNEPEEN PR L Mt CR4. A

appropriate secondary antibody conjugated to FITC_}?@en) or
Rhod%atle (RERY O iusaad¥annle SreoneBithprinalys SARBSHRER SOX17

or[058l4Satedeg s aredishier sibirctefeddRE Ruanadysilive endoderm cells
ifferentiated cells show a cqrrelation of EGFP fluorescence, wi

o B S 1 B R SR SPE N BEA L TR A Sipared
to nol#FhfdrescragKdélls, athe EXER4popitmeotatBGERowtegneater thd#i$Cs  are

AN PR S SRNA 06 G i - Jhg.seqaration of
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diféstidt{ARE sorted on a Becton Dickinson FACS Diva directly into RNA lysis buffer or

PBS. A sample of single live cells is taken without gating for EGFP and single live cells
are gated into EGFP positive and GFP negative populations. In a separate experiment,
the EGFP positive fraction is separated into two equally sized populations according to
fluorescence intensity (Hi and Lo).

{0257} Following sorting, cell populations are analyzed by both Q-PCR and
immunocytochemistry.  For Q-PCR analysis, RNA is prepared using Qiagen RNeasy
columns and then converted to cDNA. Q-PCR is conducted as described previously. For
immunocytochemistry analysis, cells are sorted into PBS, fixed for 10 minutes in 4%
paraformaldehyde, and adhered to glass slides using a Cytospin centrifuge. The primary
antibody SOX17 or CXCR4. An appropriate secondary antibody conjugated to FITC
{green) or Rhodamine (Red) is used to detect binding of the primary antibody.



MRN,A analysis, sorted cells are subjected to immunocytochemistry
analysis of SOX17 or CXCRA4 polypeptide (in embodiments where
CXCRA4/EGFP fusions are used, SOX17 polypeptide expression is
analyzed and in cases where SOX171EGFP fusions are used, CXCR4
polypeptide expression is analyzed)."Substantial expression of either the
SOX17 or CXCRA4 polypeptides can be seen in the enriched in the EGFP
posifoasgiactiGaried ceirast fiftieexpipssdnoBHIR HRIHKRX 1Biffkrentiated
XCR4 polypeptides i in the EGFEP negative fractio q# QELG'

ce esséwfegu é&% ﬁleogs a@gﬁ%ﬂ%f%cg%eellg b%rgeggﬁ?%%%s %I %ﬁgn %ueeé? (%RQ'

exwetstultiges primeiosorimnanecs @XbHOXEER g silisctbe idiiPepositive cells

sho%@daolcé?ég{'etc %uﬁnpi-@%t}f%}g t99{’/<sgﬂ§ %%"%J%ﬂg y rtx%gs‘fgrlxlnlevels. The

populations are SOX17/CXCR4-positive definitive endoderm cells.
serEpwIFiEh el Pagdayebéilifetitvdycerllsdadivatsl it EGEEre{pReopn level

cordiReEXAMMD HeMapetiates thal the definitive gndodesm cedis edeseribed-r4

herein can be maintained in cell culture and passaged without further
mRe ABAtS 0109 ST TR ANRC KA dB SRR RIS HE PR AT SIR ARG 1 7 or
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the presence o n ctivin A in low seru . The low serum
DO s T DOS I T B 688 TGS i HEGE Gt fep vsed
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' tiation, the cells maintained in culture in ejth resence ofr.
or SRS 15 B B S 0 P R RBion.
comtrdstetisHeotxgiffenientietticithed thin § @&l 360t S2EURA rpabyreptides eisl efamitiine the
E@ﬂ?&%@e%ﬂﬁi}%ﬁre passaged twice. Furthermore, on days 29-36 the

cells of the group designated EV were additionally contacted with 50
mo/MREBF. rivamydese oresults ol depsieadpat e 0O P ORIy ¢ssat ¥ the

diﬁa@ﬁﬁu{&imzexm]s@p;};%m%k§5ﬂ§,@ewdg@5{§t¢/@m§@$yﬁﬁve- definitive
endoderm. 63 [02621 Figures 35A-D show that, in cell cultures provided
e RRRTT06HE/ MG A0kt eésith Be thelachhitivesariad dethporiktipgs are
SOSOHCRCREGoMbPE idfiantleGxdsBRénvadimaintained during the 32 day
culture period subsequent to the derivation of the definitive endoderm
cells from hESCs (days 4 to 36). Little expression of these markers was
observed in the cell cultures gigimMPiR Bbsence of activin A. Addition of
50 ng/ml EGF djd gt Apsakif;slonilicantly ingiease ihg gxpression of

any of the ]
[0260] This Example demonstrates that the definitive endoderm cells

described herein can be maintained in cell culture and passaged without further
differentiation.

{0261)] Definitive endoderm cells were differentiated from two related
passages, designated EB and EV, of the CyTZS hESC line in the presence of 100 ng/ml
activin A in low serum RMPL The low serum RPMI contained 0%(v/v) fetal bovine
serum (FBS) on day 1, 0.2% (v/v) FBS on day two and 2% serum on each day thereafter.
After four days of differentiation, the cells maintained in culture in either the presence or
absence of 100 ng/ml activin A for a total of 36 days as measured from induction of
differentiation. During the 36 day culture period, the definitive endoderm cells were
passaged twice. Furthermore, on days 29-36 the cells of the group designated EV were
additionally contacted with 50 mg/ml EGF. On days 4, 9, 23, 29 and 36 of culture, Q-
PCR was used to measure the expression of marker genes indicative of definitive

endoderm .



definitive endoderm markers. EXAMPLE 15 Expansion of Purified

Definitive Endoderm Cells 102631 This Example demonstrates that the

definitive endoderm cells described herein can be differentiated from

hESCs, purified and then regrown and expanded in cell culture. [0264]

Figure 36 shows the design of a defffitive endoderm

purification/expansion experiment. In particular, definitive endoderm cells

werggghffprentigipg Srosntine 86 fassaoe:nf ARStedipR GYdEXiththed ng/m!

presence of 100 ng/ml activin A in low serum RMPI. The low ser mg@PMI
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ng/ml activin A, 12 ng/ml bFGF and 10 ng/ml EGF (AFE). On day 11, the
expanded definitive endoderm cells were passaged using the standard
trypsinization method:-Each of@ﬁé”*&’éﬂ%i‘l{%res were then grown for an -

additional 10 daysafpnRasergrRdDigekiob Zhaamsuterquent to the

first contact with actjvin A). Samples of mMRNA were ohtained at days 0, 5,
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: exthedggrigplelti é)ints for each of the culture conditions. As shown in

I?i"f(:f]ures A , thé definitive endoderm markers SOX17 and GSC were

highl92$dbresdiguive ddy osbawrputified defigitiveo€ndodelefintitarestsioderm
quﬁiGR/te Eﬁﬁ?e&ﬁ%ﬁ‘iﬁ&qgs' T '%ﬁi‘c&ﬁﬁﬁé'%ﬁdﬂi&@ ”EE%%HE‘MP%HE thw?ere

_hESC marker, OCT4_(Figure 37%§x days after the purification of

diffpatiiated dina dbent Telessass afl RESE dineckyassigntlst mesrace shd ¢Wow/ml
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but not jn cell cultures grown in the absence of activin A (Figure

factor(s
S RO T Tt P00 T SEuEN MDD Th R Ahgeater
AftD faysissferpiteageriitdey, 21y iuesc3sidiBtellaccKAES o bfatRNAing

for markers s (OCT4), mesoderm.,(brachyury), or ectoderm (ZICI .
RT3 o R AN TV T T8 S AT AR R PopLston
wapUtlificaticiurehione SV iddicatem ttedt putlifipdigiafinitiee and 10 pg/ml human
fibronectin in RPMI containing 2% FBS under one of the following four growth factor
conditions: no added factor (NF); 100 ng/ml activin A (A); 100 ng/ml activin A and 100
ng/mi IGF1 (AD); or 100 ng/ml activin A, 12 ng/m! bFGF and 10 ng/ml EGF (AFE). On

day 11, the expanded definitive endoderm cells were passaged using the standard

trypsinization method. Bach of the cell cultures were then grown for an additional 10
days after passage (a total of 21 days subsequent to the first contact with activin A).
Samples of mRNA were obtained at days 0, 5, 11 and 21 as indicated in Figure 36.

[0265] Figures 37A-E show the expression of marker genes for various
embryonic cell types at each of the sample time points for each of the culture conditions.
As shown in Figures 37A-B, the definitive endoderm markers SOX17 and GSC were
highly expressed five day old unpurified definitive endoderm cultures but were not
expressed in hESCs. This expression is in contrast to that of the hESC marker, OCT4
(Figure 37C). Six days after the purification of definitive endoderm cells (day 11) the



endoderm cells do not form hESCs or cells of the other two embryonic cell
lineages even in the absence of activin A (Figures 37C-F). [0266] The
methods, compositions, and devices described herein are presently
representative of preferred embodi 4ents and are exemplary and are not
intended as limitations on the scope of the invention. Changes therein
and other uses will occur to those skilled in the art which are

ex resarn pelsE OX Withind tKiS Epinibofsthem invesitied aiygh dreesidfiopchbyctiecultures
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defincwihetatidarfiiarilthe TGFp superfamily of growth factors. 28. - The

ey o R AREIEn SR ALSRL NG Aol gy o the

TGF(3 super am'ﬁy oc} growlt]ﬁl actors comprises &N A-29" The method

of clafin 28Themetindeidlactivid, Alisrpresadirza saitinwedisibody.a

concentratipp, of ahos LFANRAIM!- F0. Shemethed:al 'Qﬁ%gﬁé%v%?@%m to

said at least one growth factor comprises IGFI. 31. The met claim

saidJeygRRlars sumrIetfienprabathior sallg PreseRinndbacebaebmedtofiugrescence

actRst d00shaim! (BRcEhe method of claim 26, wherein said at least one
growth factor comprises a combination of activin A and IGFI. 33. The

metH8d of (RPN RE I i RIEiReaide SHGHAR MRRGTOCBRHpFeRparating
flubfesrlenidvl ableiedrithiie f alaifeds chefiein aalshbleGEeik present in said

medi at.a. concentratjon of about 12 ngiml..35,, The method.of clai ..

26, vwhgrein Aig %‘F%asot#?)%%”é’rgmhwﬁé%%? Bt pﬂgggesgéﬁg?é’.él%e‘gﬁmtm
endndéhodcoliclain 8] adhmreinesaiddE B isxpressént if saldmatligieemtfmorescent
pr&g{ﬁ%@y)_n of about 10 ngiml.

18.  The method of claim 17, wherein the expression of EGFP is under control
of the SOX17 promoter.

19.  The method of claim 17, wherein the expression of EGFP is under control
of the CX.CR4 promoter. | _

20.  The method of claim 1, wherein said culturing step comprises plating said
population enriched in definitive endoderm cells or a portion thereof.

21, The method of claim 20, wherein said population enriched in definitive
endoderm cells or a portion thereof is plated on a surface coated with human fibronectin.

22.  The method of claim 21, wherein said surface is coated with poly-
ornithine.

23.  The method of claim 1, wherein said culturing step comprises incubating
said population enriched in definitive endoderm cells or a portion thereof in a medium
comprising about 2% (v/v) serum.

24. The method of claim 1, wherein said culturing step comprises incubating
said population enriched in definitive endoderm cells or a portion thereof in a medium

comprising greater than about 2% (v/v) serum.



37. The method of claim 26, wherein said at least one growth factor
comprises a combination of activin A, bFGF and EGF. 38. An expanded
definitive endoderm cell population produced by the method of claim 1.
39. A method of expanding definitive_endoderm cells in culture, said
method comprising the steps of. (a?obtaining a cell culture comprising

def|n| e endpderm cell 4 and ass said definitive endoder .
cells, erebi/igpro rﬁ%lﬁgzé ura ty (?F L?rgém%oﬁﬁ)ﬁ%mg Fetintive {R:atmg
saf qoegetshaebaridizdlinedniathod eﬁ@dﬁwmi%%&slmrelmﬁmstém@bf in a medium

c&% ?1%91 gegall;g gﬁgm\ﬁe/n ng%ﬁm cells comprises providing at least one

yme o said cell culture. 4 e method of claim 40, wherein said at
Ieast 3he enEhyeriaatend srisdaint leubetsie idtedsEinRsTheamptlitsd Bicubating

s&ﬂ@'ﬁ%ﬁﬁa{%%eéﬁ%l&%' GrAdEARE AN EREIG RS CPRMBP USRS Y RALRe 8 T Saedium

od of claim 39,.wherein the step of passaging. said.definitive
ceppaEaden %‘FrﬁS?@gﬂs At&hanically disrupting contacts between said

definitive erpledgrmeells ddint s MetRagobalain RsWhereiroth@ Sekor is a

of passaging said definitive endoderm cells comprlses incubating said

sthdeds Eherd CHIR SAPErEmN QT X Ih iRSE4TS45. The method of

claim 29, wheieimahid definitive? 2naaaeimsar]|staeastadtRchRUAR Actor from the
T(sgg%;trate 46, Th methoéd of claim 45, wherejn the step of passaging said

ﬁ\\P&fféWd%’ AR SR REBRI 18R ASHIAY 8aid definitive endoderm

cells fpom sailstilegisdter c‘PeZmTIE wieshitl aiclainyidt, WheeeinsRidaid medium
iubstrate is.a su %ce 3 g g culture flask. 48. The method of claim
2hBY tt ate’l

%cmﬁg%%lggl urface of a microtiter plate. 49. An

exparied ddimitebeddddtim 26| popeiataid prdshateckehydivthrfrethodombrises

&M 39. 1/2 SEQUENCE LISTING <110> CYTHERA, INC.

31.  The method of claim 30, wherein said IGF1 is present in said medium at a
concentration of about 100 ng/ml.

32, The method of claim 26, wherein said at least one growth factor comprises
a combination of activin A and IGF1. ‘

33.  The method of claim 26, wherein said at least one growth factor comprises
bFGF.

34, The method of claim 33, wherein said bFGF is present in said medium at a
concentration of about 12 ng/ml. |

35.  The method of claim 26, wherein said at least one growth factor comprises
EGF. _

36. The method of claim 35, wherein said EGF is present in said medium at a
concentration of about 10 ng/ml. |

37.  The method of claim 26, wherein said at least one growth factor comprises
a combination of activin A, bFGF and EGF,

38.  An expanded definitive endoderm cell population produced by the method
of claim 1.

39. A method of expanding definitive endoderm cells in culture, said method

comprising the steps of: (a) obtaining a cell culture comprising definitive endoderm cells,



Kelly, Olivia Baetge, Emmanuel, E. Carpenter, Melissa <120>
EXPANSION OF DEFINITIVE ENDODERM CELLS <130>
CYTHERA.050VPC <150> US 60/693,317 <151> 2005-06-23 <150> US
60/736,598 <151>2005-11-14 <150> US 11/021,618 <151>2004-12-23
<160> 2 <170> FastSEQ for Windows Version 4.0 <210> 1 <211> 1245

angt@: g?gg%gsgﬁ: 137 HOmR2RIENS A Afs! @1@@9&%‘%30 gagaﬁggity of cell

dcgaccaga gecagaccca gagegegety tga
cuiiyee gouprigipgcifgive cadpigmrgeliftcgctgag ceccatcggg 120

gacalgAAYOTARAAGRIR DORHACYSICH RACROAATAGS REIPEGSEM said definitive
gcggeggge 180 cgagccaagg gegagtceeg tatccggegg, ccgatgaacy
© GeltGaTpERS AT Rk dulfeeR At amRiga c UR A6t sy due
ccagagctgc aenacgcsdaDiigng cmae BEQimigRiagJeanaiediagnae comprises at
ggz:cgctgacg ctggcggaga ageggcecctt cgtggaggag 360 gcagagegge
lepy R4 €acatgcag gaccacceca actacaagta ccggecgegg 420
cggegeaagcraggtpaagcyfociangto s HGIRgEIL gigkteCtyramygestggaprises
480 gagcegeagg cggecgeget gggeeeegag ggeggeegeg tggecatgga
&§ectggge 540 ctecagttee cegageaggg cttccecgee gggecgetge tgctgectee
gcacédfgggc Beongterheofackigeglctyberegagictgtpcof qysstging said definitive
entggc%fgg%lgcggﬁ%ﬁggs6%0%98@%%’%?%8&&%%%@9 said definitive

gaccccgace cggctitctt cgccgeeeeg 720 atgecégggy actgecegge
englgeerpale tacagctacg cgcaggtcte ggactacget 780 ggecccecgg

agCC£CC THYRRARIE CRCIERRIZY; WHaCHEAHA QepCACYastaBd said definitive

TR L GURREa CUUBE b DAt AOLCgRAREA Ebdgtdbaigpere
buTeR.

45. The method of claim 39, wherein said definitive endoderm cells are
attached to a substxa.te.

46.  The method of claim 45, wherein the step of passaging said definitive
endoderm cells comprises detaching said definitive endoderm cells from said substrate.

47, The method of claim 46, wherein said substrate is a surface of a tissue
éulture flask.

48, The method of claim 46, wherein said substrate is a surface of a microtiter
plate.

49.  An expanded definitive endoderm cell population produced by the method

of claim 39,



caccagcacc agcaccaccc cccgggcccc ggacagecgt cgeccccctce ggaggceactg
1020 ccctgeecggg acggcacgga ccccagtcag cccgecgagce teetcgggga
ggtggaccgc 1080 acggaatttg aacagtatct gcacttcgtg tgcaagcctg agatgggcct
cccctaccag 1140 gggcatgact ccgg%gtgaa tctcceccgac agccacgggg
ccatttcctc ggtggtgtcc 1200 gacgccagcet ccgeggtata ttactgcaac tatcctgacg
tgtga 1245 <210> 2 <211> 414 <212> PRT <213> Homo sapiens <400>
2%2MmSaSm¢Wﬂ$pNaGQTWAmSaA$HSpGmSaGme
1510 15 Gin Ser Ala Leu PrE KA var Met Ala Gly Leu Gly Pro Cys Pro
ruefh25:80. Ala Glu Ser Leu Ser Pro lle Gly Asp Met Lys Val Lys Gly
Kshu AlacB5 40 45 Pro Ala Asn Ser Gly Ala Pro Ala Gly Ala Ala Gly Arg Ala
3aps ly BoT56b Elu Ser Arg lle Arg Arg Pro Net Asn Ala The Met Val
Gﬁ?ﬂgelfysméﬁlfﬁaﬁ 80 Asp Glu Arg Lys Arg Leu Ala GIn GIn Asn Pro
AsRneHirAsrAlaBYO@8b -6l keurSer Lys Met Leu Gly Lys Ser Trp
Lys Ala Leu Thr Leu Ala 100 105 110 Glu Lys Arg Pro Phe Val Glu Glu
Ala Glu Ar% Leu Arg Val GIn His 115 120 125 Met GIn Asp His Pro Asn
clerHE%"Pf}r Yb?r% Pro Arg Arg Arg Lys GIn 130 135 140 Val Lys Arg Leu
Lys Arg Val Glu Gly Gly Phe Leu His Gly Leu Ala 145 150 155 160 Glu
e GIhtAla Wla Ala Leu Gly Pro Glu Gly Gly Arg Val Ala Met 165 170 175

<110>

<120>

<130>

<150>

<151>

<150>
<151>

<150>
<151>

<160> 2
<170>

<210> 1

<211> 1245
<212> DNA
<213> Homo

<400> 1

atgagcagceo
ccecgeggtga
gacatgaaygg
cgagocaagg
gacgagcgea
atgcetgggca
gecagagogge
cggegeaage
gagcegeagy
ctecagttee
ggccactacce
acgecccgaca
atgecocegugyg
ggcceccegy
ccctcgattc
ggctegeecg
caccagcacc
cectgecgag
acggaattityg
gggcatgact
gacgecaget

<2i0> 2
<211> 414
<212> PRT
<213> Homo

<400> 2

11-14

Us 11/021,618
2064~

12~23

sapiens

cggatgcggg
tggceggdct
tgaagggcga
gcgagtecey
agcggetggc
agtcgtggaa
tgcgegtgea
aggtgaageg
cggeegeget
ccgageaggg
gcgactgcecea
cgteccceget
actgececgge
agcctooeygc
cgggectect
gggcgggcygy
agcaccacee
acggcacgga
aacagtatct
ceggtgtgaa
ccgeggtata

sapiens

atacgccagt
gggcecctge
ggecgeeggog
tatceggegg
gcageagaat
ggocgetgacy
gcacatgcag
gctgaagegg
gggecccgag
cttcececegec
gagtctgggce
ggacggegty
ggecggeacce
cggteccatg
ggogecacce
cgggcgegge
cecegggeoes
ceccagtcag
geacttegty
tctceoecgac
ttactgcaac

FastSEQ for Windows Version 4.0

gacgaccaga
cecctgggecyg
aacagcggag
ccgatgaacyg
ccagacctge
ctggoggaga
gacecacceca
gtggagyggey
ggcggecgey
ggecegeocge
gcgectocge
gaccccgace
tacagctacg
caccecegac
agcgccctte
ttccagatge
ggacagcoegt
ceegecgage
tgcaageoctg
agccacgggg
tatcctgacg

gecagaccea:

agtcgetgag
caccggecgy
ctttcatggt
acaacgccga
agcggcecctt
actacaagta
gectrectgea
tggccatgga
tgetgectee
tcgacggeta
cggetttett
cgcaggtcte
teggeeccaga
acgtgtacta
agccgeaaca
cgccecectee
teccteggygga
agatgggect
ccatttceete
tgtga

gagcgegetg
ceccatocggg
ggccgegggce
gtgggcetaag
gttgagcasag
cgtggaggag
ccggoegoegg
cggeetgget
cggcectgggce
gecacatygggce
cceogttgecee
cgcegececg
ggactacgcet
geeegegggt
cggcgegatyg
¢ccagcaceag
ggaggcactg
ggtggaccge
ceectaccag
ggtggtgtcce

N BR7Edu Gly Leu GIn Phe Pro Giu GIn Gly Phe Pro Ala Gly Pro

Us 60/736,598
2005~

60
120
180
240
300
360
420
480
540
600
660
720
780
B40
900
960
1020
1080
1140
1200
1245



Met
Gln
Ala
Pro
Glu
65
Asp
Glu
Glu
Met
Val
145
Glu
Asp
Pro
Leu
Ser
225%
Met
Ser
Arg

Pro

Ala

365

His
Pro
Glu
Phe
Gly

385
Asp

180 185 190 Pro Leu Leu Pro Pro His Met Gly Gly His Tyr Arg Asp Cys
GIn Ser 195 200 205 Leu Gly Ala Pro Pro Leu Asp Gly Tyr Pro Leu Pro
Thr Pro Asp Thr 210 215 220 Ser Pro Leu Asp Gly Val Asp Pro Asp Pro
Ala Phe The Ala Ala Pro 225 230 235 240 Met Pro Gly Asp Cys Pro Ala
Ala Gly Thr Tyr Ser Tyr Ala GIn Vaf 245 250 255 Ser Asp Tyr Ala Gly Pro
Pro Glu Pro Pro Ala Gly Pro Met His Pro 260 265 270 Arg Leu Gly Pro
Seg|Bepr8 TRl By Pro B Er T PrpGlgaL darL 8aPARL 2 782867288~ Pro Pro
seSeiAla Lo His\Yal Ty Tyr Gl Al Met Gly Set. Pro, 617,200,205 300 Ala
Gly Gig&ly Arg Gly The GinMet Gin Pro Gln His Gip His GIn 305 310
Glglggzcbd-l@elhrblismlmg_ﬁsms@s@m Rro Gly ?ng GhyGindPréSer Pro Pro
325°330 335 Praq Glu Ala1 ey Pro Cys Arg AspGly Thr Asp Pro Ser GIn
?éﬁrésﬂlag e§4gl§4%%§5§§&é aeg e%lé@]@h%yalpﬁgpﬁ?ghﬁ'ﬁr%}Iﬁ Phe Glu
sesInrfyrlewtiisa 3bP3060a36asPhe V/ahe e tysRraluMet &ly Leu Pro
Tyr GIn Gly His ®sp Ser 370 375 3807&ly Val Asn Leu Pro #&p Ser His
SBI AR BEF SBY VaPVaI"SEr 3B 3bte b 4By Adp At der'ser Ala Val
LergéE‘yrI.?sy%eAtsrLJLyrdﬂ;oL@§pS¥§|ME’]%JSOAla Leu Thr Leu Ala

100 105 110

Lys Arg Pro Phe Val Glu Glu Ala Glu Arg Leu Arg Val Gln His

115 120 - 125
Gln Asp His Pro Asn Tyr Lys Tyr Arg Pro Arg Arg Arg Lys Gln
130 135 ‘ 140
Lys Arg Leu Lys Arg Val Glu Gly Gly Phe Leu His Gly Leu Rla
150 155 160
Pro Gln Ala Ala ARla Leu Gly Pro Glu Gly Gly Arg Val Alas Met
165 17¢C 175
Gly Leu Gly Leu Gin Phe Pro Glu Gln Gly Phe Pro BAla Gly Pro
180 i85 180 -
Leu Leu Pro Pro His Met Gly Gly His Tyr Arg Asp Cys Gln Ser
185 200 205
Gly Ala Pro Pro Leu Asp Gly Tyr Pro Leu Pro Thr Pro Asp Thr
210 215 220
Pro Leu Asp Gly Val Asp Pro Asp Pro Ala Phe Phe Ala Ala Pro
230 235 240
Pro Gly Asp Cys Pro ARla Ala Gly Thr Tyr Ser Tyr Ala Gln Val
: 245 250 255
Asp Tyr Ala Gly Pro Pro Glu Pro Pro Ala Gly Pro Met His Pro
260 265 270
Leu Gly Pro Glu Pro Ala Gly Pro Ser Ile Pro $ly Leu Leu Ala
275 280 285
Pro Ser Ala Leu His Val Tyr Tyr Gly Ala Met Gly Ser Pro Gly
290 295 300
Gly Gly Gly Arg Gly Phe Gln Met Gln Pro Gln His Gln His Gln
310 315 329
Gln His Gln His His Pro Pro Gly Pro Gly Gln Pro Ser Pro Pro
325 330 335
Glu Ala Leu Pro Cys Arg Asp Gly Thr Asp Pro Ser Gln Pro Ala
340 345 350
Leu Leu Gly Glu Val Asp Arg Thr Glu Phe Glu Gln Tyr Leu His
355 360 365
Val Cys Lys Pro Glu Met Gly Leu Pro Tyr Gln Gly His Asp Ser
370 375 380
Val Asn Leu Pro Asp Ser His Gly Ala Ile Ser Ser Val Val Ser
380 385 400
Ala Ser Ser Ala Val Tyr Tyr Cys Asn Tyr Pro Asp Val
405 410



