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entitled METHODS FOR IDENTIFYING FACTORS FOR 
DIFFERENTIATING DEFINITIVE ENDODERM, filed 
Jun. 23, 2005, which is a continuation-in-part of U.S. patent 
application Ser. No. 1 1/115,868, entitled PDX1 EXPRESS 
ING ENDODERM, filed Apr. 26, 2005, now abandoned, 
which claims priority under 35 U.S.C. S 119(e) as a nonpro 
visional application of U.S. Provisional Patent Application 
No. 60/566,293, entitled PDX 1 EXPRESSING ENDO 
DERM, filed Apr. 27, 2004; U.S. Provisional Patent Applica 
tion No. 60/587,942, entitled CHEMOKINE CELL SUR 
FACE RECEPTOR FOR THE ISOLATION OF 
DEFINITIVE ENDODERM, filed Jul 14, 2004; and U.S. 
Provisional Patent Application No. 60/586,566, entitled 
CHEMOKINE CELL SURFACE RECEPTOR FOR THE 
ISOLATION OF DEFINITIVE ENDODERM, filed Jul. 9, 
2004; U.S. patent application Ser. No. 1 1/165.305 is also a 
continuation-in-part of U.S. patent application Ser. No. 
11/021,618, entitled DEFINITIVE ENDODERM, filed Dec. 
23, 2004, now U.S. Pat. No. 7,510,876, issued Mar. 31, 2009, 
which claims priority under 35 U.S.C. S 119(e) as a nonpro 
visional application to U.S. Provisional Patent Application 
No. 60/587,942, entitled CHEMOKINE CELL SURFACE 
RECEPTOR FOR THE ISOLATION OF DEFINITIVE 
ENDODERM, filed Jul 14, 2004; and U.S. Provisional 
Patent Application No. 60/586,566, entitled CHEMOKINE 
CELL SURFACE RECEPTOR FOR THE ISOLATION OF 
DEFINITIVE ENDODERM, filed Jul. 9, 2004. and U.S. 
Provisional Patent Application No. 60/532,004, entitled 
DEFINITIVE ENDODERM, filed Dec. 23, 2003. The dis 
closure of each of the foregoing priority applications is incor 
porated herein by reference in its entirety. 

REFERENCE TO SEQUENCE LISTING 
0002 The present application is being filed along with a 
Sequence Listing in electronic format. The Sequence Listing 
is provided as a text file entitled CYTHERA45CP1C2.TXT, 
created Jul. 9, 2012, which is 5.55 KB in size. The informa 
tion in the electronic format of the Sequence Listing is incor 
porated herein by reference in its entirety. 

FIELD OF THE INVENTION 

0003. The present invention relates to the fields of medi 
cine and cell biology. In particular, the present invention 
relates the identification of factors that are useful for differ 
entiating definitive endoderm cells into other cell types. 

BACKGROUND 

0004 Human pluripotent stem cells, such as embryonic 
stem (ES) cells and embryonic germ (EG) cells, were first 
isolated in culture without fibroblastfeeders 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 inacti 
vated mouse feeder layers (Reubinoffet al., 2000; Shamblott 
et al., 1998; Thomson et al., 1998). 
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0005 Human ES and EG cells (hESCs) offer unique 
opportunities for investigating early stages of human devel 
opment as well as for therapeutic intervention in several dis 
ease states, such as diabetes mellitus and Parkinson's disease. 
For example, the use of insulin-producing B-cells derived 
from hESCs would offer a vast improvement 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 B-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 islet cells needed for 
transplant. Cell therapy for a single Type I diabetic patient 
requires a transplant of approximately 8x10 pancreatic islet 
cells. (Shapiro et al., 2000; Shapiro et al., 2001a; Shapiro et 
al., 2001b). As such, at least two healthy donor organs are 
required to obtain sufficient islet cells for a successful trans 
plant. Human embryonic stem cells offer a source of starting 
material from which to develop Substantial quantities of high 
quality differentiated cells for human cell therapies. 
0006 Two properties that make hESCs uniquely suited to 
cell therapy applications are pluripotence and the ability to 
maintain these cells in culture for prolonged periods. Pluri 
potency is defined by the ability of hESCs to differentiate to 
derivatives of all 3 primary germ layers (endoderm, meso 
derm, ectoderm) which, in turn, formall Somatic cell types of 
the mature organism in addition to extraembryonic tissues 
(e.g. placenta) and germ cells. Although pluripotency imparts 
extraordinary utility upon hESCs, this property also poses 
unique challenges for the study and manipulation of these 
cells and their derivatives. Owing to the large variety of cell 
types that may arise in differentiating hESC cultures, the vast 
majority of cell types are produced at very low efficiencies. 
Additionally, success in evaluating production of any given 
cell type depends critically on defining appropriate markers. 
Achieving efficient, directed differentiation is of great impor 
tance for therapeutic application of hESCs. 
0007. In order to use hESCs as a starting material togen 
erate cells that are useful in cell therapy applications, it would 
be advantageous to overcome the foregoing problems. Addi 
tionally, it would be beneficial to identify factors which pro 
mote the differentiation of precursor cells derived from 
hESCs to cell types useful for cell therapies. 

SUMMARY OF THE INVENTION 

0008 Embodiments of the present invention relate to 
methods of identifying one or more differentiation factors 
that are useful for differentiating cells in a cell population 
comprising PDX1-positive (PDX1-expressing) endoderm 
cells and/or PDX1-negative endoderm cells (endoderm cells 
which do not significantly express PDX1), such as definitive 
endoderm cells, into cells that are useful for cell therapy. For 
example, some embodiments of the methods described herein 
relate to methods of identifying factors capable of promoting 
the differentiation of definitive endoderm cells into cells 
which are precursors for tissues and/or organs which include, 
but are not limited to, pancreas, liver, lungs, stomach, intes 
tine, thyroid, thymus, pharynx, gallbladder and urinary blad 
der. In some embodiments, such precursor cells are PDX1 
positive endoderm cells. In other embodiments, such 
precursor cells are endoderm cells that do not significantly 
express PDX1. 
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0009. In some embodiments of the methods described 
herein, cell cultures or cell populations of definitive endo 
derm cells are contacted or otherwise provided with a candi 
date (test) differentiation factor. In preferred embodiments, 
the definitive endoderm cells are human definitive endoderm 
cells. In more preferred embodiments, the human definitive 
endoderm cells are multipotent cells that can differentiate into 
cells of the gut tube or organs derived therefrom. 
0010. In other embodiments of the methods described 
herein, cell cultures or cell populations of PDX1-positive 
endoderm cells are contacted or otherwise provided with a 
candidate differentiation factor. In preferred embodiments, 
the PDX1-positive endoderm cells are human PDX1-positive 
endoderm cells. In certain embodiments, the human PDX1 
positive endoderm cells are PDX1-positive foregut/midgut 
endoderm cells. In more preferred embodiments, the human 
PDX1-positive endoderm cells are PDX1-positive foregut 
endoderm cells. In other preferred embodiments, the human 
PDX1-positive endoderm cells are PDX1-positive endoderm 
cells of the posterior portion of the foregut. In especially 
preferred embodiments, the human PDX1-positive foregut 
endoderm cells are multipotent cells that can differentiate into 
cells, tissues or organs derived from the anteriorportion of the 
gut tube. 
0011. As related to the methods described herein, the can 
didate differentiation factor may be one that is known to cause 
cell differentiation or one that is not known to cause cell 
differentiation. In certain embodiments, the candidate differ 
entiation factor can be a polypeptide, such as a growth factor. 
In some embodiments, the growth factor includes, but is not 
limited to, FGF10, FGF4, FGF2, Wnt3A or Wnt3B. In other 
embodiments, the candidate differentiation factor can be a 
Small molecule. In particular embodiments, the Small mol 
ecule is a retinoid compound. Such as retinoic acid. Alterna 
tively, in some embodiments, the candidate differentiation 
factor is not a retinoid, is notaforegut differentiation factor or 
is not a member of the TGFB superfamily. In other embodi 
ments, the candidate differentiation factor is any molecule 
other than a retinoid compound, a foregut differentiation fac 
tor, or a member of the TGFB superfamily of growth factors, 
such as activins A and B. In still other embodiments, the 
candidate differentiation factor is a factor that was not previ 
ously known to cause the differentiation of definitive endo 
derm cells. 

0012. Additional embodiments of the methods described 
herein relate to testing candidate differentiation factors at a 
plurality of concentrations. For example, a candidate differ 
entiation factor may cause the differentiation of definitive 
endoderm cells and/or PDX1-positive endoderm cells only at 
concentrations above a certain threshold. Additionally, a can 
didate differentiation factor can cause the same cell to differ 
entiate into a first cell type when provided at a low concen 
tration and a second cell type when provided at a higher 
concentration. In some embodiments, the candidate differen 
tiation factor is provided at one or more concentrations rang 
ing from about 0.1 ng/ml to about 10 mg/ml. 
0013 Prior to or at approximately the same time as con 
tacting or otherwise providing the cell culture or cell popula 
tion comprising definitive endoderm cells and/or PDX1-posi 
tive endoderm cells with the candidate differentiation factor, 
at least one marker is selected and evaluated so as to deter 
mine its expression. This step may be referred to as the first 
marker evaluation step. Alternatively, this step may be 
referred to as determining expression of a marker at a first 
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time point. The marker can be any marker that is useful for 
monitoring cell differentiation, however, preferred markers 
include, but are not limited to, sex determining region Y-box 
17 (SOX17), pancreatic-duodenal homeobox factor-1 
(PDX1), albumin, hepatocyte specific antigen (HAS), pros 
pero-related homeobox 1 (PROX1), thyroid transcription fac 
tor 1 (TITF1), Villin, alpha fetoprotein (AFP), cytochrome 
P450 7A (CYP7A), tyrosine aminotransferase (TAT), hepa 
tocyte nuclear factor 4a (HNF4a), CXC-type chemokine 
receptor 4 (CXCR4), von Willebrand factor (VWF), vascular 
cell adhesion molecule-1 (VACM1), apolipoprotein A1 
(APOA1), glucose transporter-2 (GLUT2), alpha-1-antit 
rypsin (AAT), glukokinase (GLUKO), and human hemato 
poietically expressed homeobox (hHEX) and CDX2. 
0014. After sufficient time has passed since contacting or 
otherwise providing cell culture or cell population compris 
ing definitive endoderm cells and/or PDX1-positive endo 
derm cells with the candidate differentiation factor, the 
expression of the at least one marker in the cell culture or cell 
population is again evaluated. This step may be referred to as 
the second marker evaluation step. Alternatively, this step 
may be referred to as determining expression of a marker at a 
second time point. In preferred embodiments, the marker 
evaluated at the first and second time points is the same 
marker. 

0015. In some embodiments of the methods described 
herein, it is further determined whether the expression of the 
at least one marker at the second time point has increased or 
decreased as compared to the expression of this marker at the 
first time point. An increase or decrease in the expression of 
the at least one marker indicates that the candidate differen 
tiation factor is capable of promoting the differentiation of the 
definitive endoderm cells and/or the PDX1-positive endo 
derm cells. Sufficient time between contacting or otherwise 
providing a cell culture or cell population comprising defini 
tive endoderm cells and/or PDX1-positive endoderm cells 
with the candidate differentiation factor and determining 
expression of the at least one marker at the second time point 
can be as little as from about 1 hour to as much as about 10 
days. In some embodiments, the expression of the at least one 
marker is evaluated multiple times Subsequent to contacting 
or otherwise providing the cell culture or cell population 
comprising definitive endoderm cells and/or PDX1-positive 
endoderm cells with the candidate differentiation factor. In 
certain embodiments, marker expression is evaluated by 
Q-PCR. In other embodiments, marker expression is evalu 
ated by immunocytochemistry. 
0016. Additional embodiments of the present invention 
relate to a method of identifying a differentiation factor 
capable of promoting the differentiation of PDX1-negative 
definitive endoderm cells to PDX1-positive foregut endo 
derm cells. In such methods, PDX1-negative definitive endo 
derm cells are contacted with a candidate differentiation fac 
tor and it is determined whether PDX1 expression in the cell 
population after contact with the candidate differentiation 
factor has increased as compared to PDX1 expression in the 
cell population before contact with the candidate differentia 
tion factor. An increase in the PDX1 expression in the cell 
population indicates that the candidate differentiation factor 
is capable of promoting the differentiation of PDX1-negative 
definitive endoderm cells to PDX1-positive foregut endo 
derm cells. In some embodiments, PDX1 expression is deter 
mined by quantitative polymerase chain reaction (Q-PCR). 
Some embodiments of the foregoing method further com 
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prise the step of determining expression of the HOXA13 
and/or the HOXC6 gene in the cell population before and 
after contact with the candidate differentiation factor. In some 
embodiments, the candidate differentiation factor is a small 
molecule, for example, a retinoid, Such as RA. In others, the 
candidate differentiation factor is a polypeptide, for example, 
a growth factor, such as FGF-10. 
0017 Still other embodiments of the present invention 
relate to a method of identifying a differentiation factor 
capable of promoting the differentiation of PDX1-positive 
foregut endoderm cells. In such methods. PDX1-positive 
foregut endoderm cells are contacted with a candidate differ 
entiation factor and it is determined whether expression of a 
marker in the population is increased or decreased after con 
tact with the candidate differentiation factor as compared to 
the expression of the same marker in the population before 
contact with the candidate differentiation factor. An increase 
or decrease in the expression of the marker indicates that the 
candidate differentiation factor is capable of promoting the 
differentiation of PDX1-positive foregut endoderm cells. In 
Some embodiments, marker expression is determined by 
Q-PCR. In some embodiments, the candidate differentiation 
factor is a Small molecule, for example, a retinoid, such as 
RA. In others, the candidate differentiation factor is a 
polypeptide, for example, a growth factor, such as FGF-10. 
0018 Yet other embodiments of the present invention 
relate to cells differentiated by the methods described herein. 
Such cells include but are not limited to precursors of the 
pancreas, liver, lungs, stomach, intestine, thyroid, thymus, 
pharynx, gallbladder and urinary bladder. In some embodi 
ments, the cells may be terminally differentiated. Other 
embodiments described herein relate to cell cultures and/or 
cell populations comprising the above-described cells. 
0019. In certain jurisdictions, there may not be any gener 
ally accepted definition of the term “comprising.” As used 
herein, the term “comprising is intended to represent “open’ 
language which permits the inclusion of any additional ele 
ments. With this in mind, additional embodiments of the 
present inventions are described with reference to the num 
bered paragraphs below: 
0020) 1. A method of identifying a differentiation factor 
capable of promoting the differentiation of human definitive 
endoderm cells in a cell population comprising human cells, 
said method comprising the steps of: (a) obtaining a cell 
population comprising human definitive endoderm cells; (b) 
providing a candidate differentiation factor to said cell popu 
lation; (c) determining expression of a marker in said cell 
population at a first time point; (d) determining expression of 
the same marker in said cell populationata second time point, 
wherein said second time point is Subsequent to said first time 
point and wherein said second time point is Subsequent to 
providing said cell population with said candidate differen 
tiation factor; and (e) determining if expression of the marker 
in said cell population at said second time point is increased or 
decreased as compared to the expression of the marker in said 
cell population at said first time point, wherein an increase or 
decrease in expression of said marker in said cell population 
indicates that said candidate differentiation factor is capable 
of promoting the differentiation of said human definitive 
endoderm cells. 

0021 2. The method of paragraph 1, wherein said human 
definitive endoderm cells comprise at least about 10% of the 
human cells in said cell population. 
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0022. 3. The method of paragraph 1, wherein human 
feeder cells are present in said cell population and wherein at 
least about 10% of the humancells other than said feeder cells 
are definitive endoderm cells. 
0023 4. The method of paragraph 1, wherein said human 
definitive endoderm cells comprise at least about 90% of the 
human cells in said cell population. 
0024 5. The method of paragraph 1, wherein said human 
feeder cells are present in said cell population and wherein at 
least about 90% of the humancells other than said feeder cells 
are definitive endoderm cells. 
0025 6. The method of paragraph 1, wherein said human 
definitive endoderm cells differentiate into cells, tissues or 
organs derived from the guttube in response to said candidate 
differentiation factor. 
0026 7. The method of paragraph 1, wherein said human 
definitive endoderm cells differentiate into pancreatic precur 
Sor cells in response to said candidate differentiation factor. 
0027 8. The method of paragraph 7, wherein said marker 

is selected from the group consisting of pancreatic-duodenal 
homeobox factor-1 (PDX1), homeobox A13 (HOXA13) and 
homeobox C6 (HOXC6). 
0028 9. The method of paragraph 1, wherein said human 
definitive endoderm cells differentiate into liver precursor 
cells in response to said candidate differentiation factor. 
0029, 10. The method of paragraph9, wherein said marker 

is selected from the group consisting of albumin, prospero 
related homeobox 1 (PROX1) and hepatocyte specific anti 
gen (HSA). 
0030) 11. The method of paragraph 1, wherein said human 
definitive endoderm cells differentiate into lung precursor 
cells in response to said candidate differentiation factor. 
0031) 12. The method of paragraph 11, wherein said 
marker is thyroid transcription factor 1 (TITF1). 
0032) 13. The method of paragraph 1, wherein said human 
definitive endoderm cells differentiate into intestinal precur 
Sor cells in response to said candidate differentiation factor. 
0033. 14. The method of paragraph 13, wherein said 
marker is selected from the group consisting of Villin and 
caudal type homeobox transcription factor 2 (CDX2). 
0034 15. The method of paragraph 1, wherein said first 
time point is prior to providing said candidate differentiation 
factor to said cell population. 
0035. 16. The method of paragraph 1, wherein said first 
time point is at approximately the same time as providing said 
candidate differentiation factor to said cell population. 
0036) 17. The method of paragraph 1, wherein said first 
time point is Subsequent to providing said candidate differ 
entiation factor to said cell population. 
0037 18. The method of paragraph 1, wherein expression 
of said marker is increased. 

0038. 19. The method of paragraph 1, wherein expression 
of said marker is decreased. 

0039. 20. The method of paragraph 1, wherein expression 
of said marker is determined by quantitative polymerase 
chain reaction (Q-PCR). 
0040 21. The method of paragraph 1, wherein expression 
of said marker is determined by immunocytochemistry. 
0041) 22. The method of paragraph 1, wherein said marker 

is selected from the group consisting of pancreatic-duodenal 
homeobox factor-1 (PDX1), homeobox A13 (HOXA13) and 
homeobox C6 (HOXC6). 
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0042. 23. The method of paragraph 1, wherein said marker 
is selected from the group consisting of albumin, prospero 
related homeobox 1 (PROX1) and hepatocyte specific anti 
gen (HSA). 
0043. 24. The method of paragraph 1, wherein said marker 

is selected from the group consisting of villin and caudal type 
homeobox transcription factor 2 (CDX2). 
0044, 25. The method of paragraph 1, wherein said marker 

is thyroid transcription factor 1 (TITF1). 
0045 26. The method of paragraph 1, wherein said differ 
entiation factor comprises a foregut differentiation factor. 
0046 27. The method of paragraph 1, wherein said differ 
entiation factor comprises a Small molecule. 
0047. 28. The method of paragraph 1, wherein said differ 
entiation factor comprises a retinoid. 
0048. 29. The method of paragraph 1, wherein said differ 
entiation factor comprises retinoic acid. 
0049. 30. The method of paragraph 1, wherein said differ 
entiation factor comprises a polypeptide. 
0050 31. The method of paragraph 1, wherein said differ 
entiation factor comprises a growth factor. 
0051 32. The method of paragraph 1, wherein said differ 
entiation factor comprises FGF-10. 
0052 33. The method of paragraph 1, wherein said differ 
entiation factor comprises FGF-2. 
0053. 34. The method of paragraph 1, wherein said differ 
entiation factor comprises Wnt3B. 
0054 35. The method of paragraph 1, wherein said differ 
entiation factor is not a foregut differentiation factor. 
0055 36. The method of paragraph 1, wherein said differ 
entiation factor is not a retinoid. 
0056) 37. The method of paragraph 1, wherein said differ 
entiation factor is not retinoic acid. 
0057 38. The method of paragraph 1, wherein said differ 
entiation factor is provided to said cell population at a con 
centration of between about 0.1 ng/ml to about 10 mg/ml. 
0058 39. The method of paragraph 1, wherein said differ 
entiation factor is provided to said cell population at a con 
centration of between about 1 ng/ml to about 1 mg/ml 
0059 40. The method of paragraph 1, wherein said differ 
entiation factor is provided to said cell population at a con 
centration of between about 10 ng/ml to about 100 Oog/ml. 
0060 41. The method of paragraph 1, wherein said differ 
entiation factor is provided to said cell population at a con 
centration of between about 100 ng/ml to about 10 g/ml. 
0061 42. The method of paragraph 1, wherein said differ 
entiation factor is provided to said cell population at a con 
centration of about 1 ug/ml. 
0062) 43. The method of paragraph 1, wherein said differ 
entiation factor is provided to said cell population at a con 
centration of about 100 ng/ml. 
0063. It will be appreciated that the methods and compo 
sitions described above relate to cells cultured in vitro. How 
ever, the above-described in vitro differentiated cell compo 
sitions may be used for in vivo applications. 
0064. Additional embodiments of the present invention 
may also be found in U.S. Provisional Patent Application No. 
60/532,004, entitled DEFINITIVE ENDODERM, filed Dec. 
23, 2003: U.S. Provisional Patent Application No. 60/566, 
293, entitled PDX 1 EXPRESSING ENDODERM, filed Apr. 
27, 2004; U.S. Provisional Patent Application No. 60/586, 
566, entitled CHEMOKINE CELL SURFACE RECEPTOR 
FOR THE ISOLATION OF DEFINITIVE ENDODERM, 
filed Jul. 9, 2004; U.S. Provisional Patent Application No. 
60/587,942, entitled CHEMOKINE CELL SURFACE 
RECEPTOR FOR THE ISOLATION OF DEFINITIVE 
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ENDODERM, filed Jul. 14, 2004; U.S. patent application 
Ser. No. 1 1/021,618, entitled DEFINITIVE ENDODERM, 
filed Dec. 23, 2004, and U.S. patent application Ser. No. 
11/115,868, entitled PDX 1 EXPRESSING ENDODERM, 
filed Apr. 26, 2005 the disclosures of which are incorporated 
herein by reference in their entireties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0065 FIG. 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 also represents the first step prior to 
further differentiation events to pancreatic endoderm, endo 
crine endoderm, or islet/beta-cells. The second step in the 
pathway shows the conversion of SOX17-positive/PDX1 
negative definitive endoderm to PDX1-positive foregut endo 
derm. Some factors useful for mediating these transitions are 
italicized. Relevant markers for defining the target cells are 
underlined. 
0066 FIG. 2 is a diagram of the human SOX17 cDNA 
which displays the positions of conserved motifs and high 
lights the region used for the immunization procedure by 
GENOVAC. 
0067 FIG. 3 is a relational dendrogram illustrating 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 SOXgroup F 
Subfamily within the same species. 
0068 FIG. 4 is a Western blot probed with the rat anti 
SOX17 antibody. This blot demonstrates the specificity 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 mem 
ber, SOX7 (lane 3). 
0069 FIGS. 5A-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. 
0070 FIGS. 6A-C are micrographs showing parietal 
endoderm and SOX17. Panel A shows immunocytochemistry 
for human Thrombomodulin (TM) protein located on the cell 
surface of parietal endoderm cells in randomly differentiated 
cultures of hES cells. Panel B is the identical field shown in A 
double-labeled for TM and SOX17. Panel C is the phase 
contrast image of the same field with DAPI labeled nuclei. 
Note the complete correlation of DAPI labeled nuclei and 
SOX17 labeling. 
(0071 FIGS. 7A-B are bar charts showing SOX17 gene 
expression by quantitative PCR (Q-PCR) and anti-SOX17 
positive cells by SOX17-specific antibody. Panel A shows 
that activin A increases SOX17 gene expression while ret 
inoic acid (RA) strongly suppresses SOX17 expression rela 
tive to the undifferentiated control media (SR20). Panel B 
shows the identical pattern as well as a similar magnitude of 
these changes is reflected in SOX17 cell number, indicating 
that Q-PCR measurement of SOX17 gene expression is very 
reflective of changes at the single cell level. 
0072 FIG. 8A is a bar chart which shows that a culture of 
differentiating hESCs in the presence of activin A maintains 
a low level of AFP gene expression while cells allowed to 
randomly differentiate in 10% fetal bovine serum (FBS) 
exhibit a strong upregulation of AFP. The difference in 
expression levels is approximately 7-fold. 
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0073 FIGS. 8B-C are images of two micrographs show 
ing that the Suppression of AFP expression by activin A is also 
evident at the single cell level as indicated by the very rare and 
small clusters of AFP cells observed in activin A treatment 
conditions (bottom) relative to 10% FBS alone (top). 
0074 FIGS. 9A-B are comparative images showing the 
quantitation of the AFP cell number using flow cytometry. 
This figure demonstrates that the magnitude of change in AFP 
gene expression (FIG. 8A) in the presence (right panel) and 
absence (left panel) of activin A exactly corresponds to the 
number of AFP cells, further supporting the utility of Q-PCR 
analyses to indicate changes occurring at the individual cell 
level. 

0075 FIGS. 10A-F are micrographs which show that 
exposure of hESCs 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 

0.076 FIG. 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. 
0077 FIGS. 12A-C are bar charts which demonstrate the 
effect of activin A on the expression of MIXL 1 (panel A), 
GATA4 (panel B) and HNF3b (panel C). Activin A dose 
dependent increases are also observed for three other markers 
of definitive endoderm; MIXL1, GATA4 and HNF3b. The 
magnitudes of increased expression in response to activin 
dose are strikingly similar to those observed for SOX17, 
strongly indicating that activin A is specifying a population of 
cells that co-express all four genes (SOX17', MIXL1. 
GATA4" and HNF3b). 
0078 FIGS. 13 A-C are bar charts which demonstrate the 
effect of activin A on the expression of AFP (panel A), SOX7 
(panel B) and SPARC (panel C). 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 supports the fact that the increased 
expression of SOX17, MIXL1, GATA4, and HNF3b are due 
to an increase in the number of definitive endoderm cells in 
response to activin A. 
0079 FIGS. 14A-B are bar charts showing the effect of 
activin A on ZIC1 (panel A) and Brachyury expression (panel 
B) Consistent expression of the neural marker ZIC1 demon 
strates that there is not a dose-dependent effect of activin A on 
neural differentiation. There is a notable suppression of 
mesoderm differentiation mediated by 100 ng/ml of activin A 
treatment as indicated by the decreased expression of 
brachyury. This is likely the result of the increased specifica 
tion of definitive endoderm from the mesendoderm precur 
sors. Lower levels of activin A treatment (10 and 30 ng/ml) 
maintain the expression of brachyury at later time points of 
differentiation relative to untreated control cultures. 
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0080 FIGS. 15A-B are micrographs showing decreased 
parietal endoderm differentiation in response to treatment 
with activin. Regions of TM" 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. 

I0081 FIGS. 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 Band triple labeled with SOX17, AFP and TM 
antibodies. Panel A SOX17; Panel B AFP; Panel 
C TM; and Panel D. Phase/DAPI. Notice the numerous 
SOX17 positive cells (A) associated with the complete 
absence of AFP (B) and TM (C) immunoreactivity. 
I0082 FIG. 17 is a micrograph showing the appearance of 
definitive endoderm and visceral endoderm in vitro from 
hESCs. The regions of visceral endoderm are identified by 
AFP"/SOX17 while definitive endoderm displays the 
complete opposite profile, SOX17"/AF'. This field was 
selectively chosen due to the proximity of these two regions to 
each other. However, there are numerous times when 
SOX17"/AFP' regions are observed in absolute isolation 
from any regions of AFP" cells, suggesting the separate origi 
nation of the definitive endoderm cells from visceral endo 
derm cells. 
I0083 FIG. 18 is a diagram depicting the TGFB family of 
ligands and receptors. Factors activating AR Smads and BR 
Smads are useful in the production of definitive endoderm 
from human embryonic stem cells (see, J Cell Physiol. 187: 
265-76). 
I0084 FIG. 19 is a bar chart showing the induction of 
SOX17 expression over time as a result of treatment with 
individual and combinations of TGFB factors. 
I0085 FIG. 20 is a bar chart showing the increase in 
SOX17 cell number with time as a result of treatment with 
combinations of TGFB factors. 
I0086 FIG. 21 is a bar chart showing induction of SOX17 
expression over time as a result of treatment with combina 
tions of TGFB factors. 
I0087 FIG.22 is a bar chart showing that activin A induces 
a dose-dependent increase in SOX17 cell number. 
I0088 FIG. 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. 

I0089 FIGS. 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 contain 
ing 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 endo 
derm marker MIXL 1 (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. 
(0090 FIGS. 25A-D are micrographs which show SOX17" 
cells are dividing in culture. SOX17 immunoreactive cells are 
present at the differentiating edge of an hESC colony (C, D) 
and are labeled with proliferating cell nuclear antigen 
(PCNA) (panel B) yet are not co-labeled with OCT4 (panel 
C). In addition, clear mitotic figures can be seen by DAPI 
labeling of nuclei in both SOX17 cells (arrows) as well as 
OCT4", undifferentiated hESCs (arrowheads) (D). 
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0091 FIG. 26 is a bar chart showing the relative expres 
sion level of CXCR4 in differentiating hESCs under various 
media conditions. 

0092 FIGS. 27A-Darebarcharts that show how a panel of 
definitive endoderm markers share a very similar pattern of 
expression to CXCR4 across the same differentiation treat 
ments displayed in FIG. 26. 
0093 FIGS. 28A-E are bar charts showing how markers 
for mesoderm (BRACHYURY. MOX1), ectoderm (SOX1, 
ZIC1) and visceral endoderm (SOX7) exhibit an inverse rela 
tionship to CXCR4 expression across the same treatments 
displayed in FIG. 26. 
0094 FIGS. 29A-F are micrographs that show the relative 
difference in SOX17 immunoreactive cells across three of the 
media conditions displayed in FIGS. 26-28. 
0095 FIGS.30A-Care flow cytometry dot plots that dem 
onstrate the increase in CXCR4 cell number with increasing 
concentration of activin Aadded to the differentiation media. 

0096 FIGS. 31A-D are bar charts that show the CXCR4" 
cells isolated from the high dose activin A treatment (A100 
CX--) are even further enriched for definitive endoderm mark 
ers than the parent population (A100). 
0097 FIG.32 is a bar chart showing gene expression from 
CXCR4" and CXCR4 cells isolated using fluorescence-ac 
tivated 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. 
0098 FIGS. 33A-D are bar charts that demonstrate the 
depletion of mesoderm (BRACHYURY. MOX1), ectoderm 
(ZIC1) and visceral endoderm (SOX7) gene expression in the 
CXCR4+ cells isolated from the high dose activin Atreatment 
which is already Suppressed in expression of these non-de 
finitive endoderm markers. 

0099 FIGS.34A-Marebar charts showing the expression 
patterns of marker genes that can be used to identify definitive 
endoderm cells. The expression analysis of definitive endo 
derm markers, FGF17, VWF, CALCR, FOXQ1, CMKOR1 
and CRIP1 is shown in panels G-L, respectively. The expres 
sion analysis of previously described lineage marking genes, 
SOX17, SOX7, SOX17/SOX7, TM, ZIC1, and MOX1 is 
shown in panels A-F, respectively. Panel M shows the expres 
sion analysis of CXCR4. With respect to each of panels A-M, 
the column labeled hESC indicates gene expression from 
purified human embryonic stem cells; 2NF indicates cells 
treated with 2% FBS, no activin addition; 0.1A100 indicates 
cells treated with 0.1% FBS, 100 ng/ml activin A; 1A100 
indicates cells treated with 1% FBS, 100 ng/ml activin A; and 
2A100 indicates cells treated with 2% FBS, 100 ng/ml activin 
A 

0100 FIG. 35 is a chart which shows the relative expres 
sion of the PDX1 gene in a culture of hESCs after 4 days and 
6 days with and without activin in the presence of retinoic 
acid (RA) and fibroblast growth factor-10 (FGF-10) added on 
day 4. 
0101 FIGS. 36A-F are charts which show the relative 
expression of marker genes in a culture ofhESCs after 4 days 
and 6 days with and without activin in the presence of retinoic 
acid (RA) and fibroblast growth factor-10 (FGF-10) added on 
day 4. The panels show the relative levels of expression of the 
following marker genes: (A) SOX17; (B) SOX7; (C) AFP; 
(D) SOX1; (E) ZIC1; and (F) NFM. 
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01.02 FIGS. 37A-C are charts which show the relative 
expression of marker genes in a culture ofhESCs after 4 days 
and 8 days with and without activin in the presence or absence 
of combinations of retinoic acid (RA), fibroblast growth fac 
tor-10 (FGF-10) and fibroblast growth factor-4 (FGF-4) 
added on day 4. The panels show the relative levels of expres 
sion of the following marker genes: (A) PDX1; (B) SOX7; 
and (C) NFM. 
(0103 FIGS. 38A-G are charts which show the relative 
expression of marker genes in a culture of definitive endo 
derm cells contacted with 50 ng/ml FGF-10 in combination 
with either 1 uM, 0.2 uM or 0.04 uM retinoic acid (RA) added 
on day 4. The panels show the relative levels of expression of 
the following marker genes: (A) PDX1; (B) HOXA3; (C) 
HOXC6; (D) HOXA13; (E) CDX1; (F) SOX1; and (G) NFM. 
0104 FIGS. 39A-E are charts which show the relative 
expression of marker genes in a culture ofhESCs after 4 days 
and 8 days with and without activin in the presence of com 
binations of retinoic acid (RA), fibroblast growth factor-10 
(FGF-10) and one of the following: serum replacement (SR), 
fetal bovine serum (FBS) or B27. The panels show the relative 
levels of expression of the following marker genes: (A) 
PDX1; (B) SOX7; (C) AFP; (D) ZIC1; and (E) NFM. 
0105 FIGS. 40A-B are charts which show the relative 
expression of marker genes for pancreas (PDX1. HNF6) and 
liver (HNF6) in a culture of hESCs after 6 days (just prior to 
addition of RA) and at 9 days (three days after exposure to 
RA). Various conditions were included to compare the addi 
tion of activin Bat doses of 10 ng/ml (a10), 25 ng/ml (a25) or 
50 ng/ml (a5O) in the presence of either 25 ng/ml (A25) or 50 
ng/ml (A50) activin A. The condition without any activinA or 
activin B (NF) serves as the negative control for definitive 
endoderm and PDX1-positive endoderm production. The 
panels show the relative levels of expression of the following 
marker genes: (A) PDX1 and (B) HNF6. 
01.06 FIGS. 41A-C are charts which show the relative 
expression of marker genes in a culture of hESCs with 100 
ng/ml (A100), 50 ng/ml (A50) or without (NF) activin A at 5 
days (Just prior to retinoic acid addition) and at 2, 4, and 6 
days after RA exposure (day 7, 9, and 11, respectively). The 
percentage label directly under each bar indicates the FBS 
dose during days 3-5 of differentiation. Starting at day 7, cells 
treated with RA (R) were grown in RPMI medium compris 
ing 0.5% FBS. The RA concentration was 2 uMonday 7, 1 
uM on day 9 and 0.2 uM on day 11. The panels show the 
relative levels of expression of the following marker genes: 
(A) PDX1; (B) ZIC1; (C)SOX7. 
01.07 FIGS. 42A-B are charts which show the relative 
expression of marker genes in a culture ofhESCs treated first 
with activin A in low FBS to induce definitive endoderm (day 
5) and then with fresh (A25R) medium comprising 25 ng/ml 
activin A and RA or various conditioned media (MEFCM, 
CM#2, CM#3 and CM#4) and RA to induce PDX1-express 
ing endoderm. Marker expression was determined on days 5, 
6, 7, 8 and 9. The panels show the relative levels of expression 
of the following marker genes: (A) PDX1; (B) CDX1. 
0.108 FIG. 43 is a chart which shows the relative expres 
sion of PDX1 in a culture of hESCs treated first with activin 
A in low FBS to induce definitive endoderm and followed by 
fresh media comprising activin A and retinoic acid (A25R) or 
varying amounts of RA in conditioned media diluted into 
fresh media. Total volume of media is 5 ml in all cases. 
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0109 FIG. 44 is a Western blot showing PDX1 immuno 
precipitated from RA-treated definitive endoderm cells 3 
days (d8) and 4 days (d9) after the addition of RA and 50 
ng/ml activin A. 
0110 FIG. 45 is a summary chart displaying the results of 
a fluorescence-activated cell sort (FACs) of PDX1-positive 
foregut endoderm cells genetically tagged with a EGFP 
reporter under control of the PDX1 promoter. 
0111 FIG.46 is a chart showing relative PDX1 expression 
levels normalized to housekeeping genes for Sorted popula 
tions of live cells (Live), EGFP-negative cells (Neg) and 
EGFP-positive cells (GFP+). 
0112 FIG.47 is a chart showing relative PDX1 expression 
levels normalized to housekeeping genes for Sorted popula 
tions of live cells (Live), EGFP-negative cells (Neg), the half 
of the EGFP-positive cell population that has the lowest 
EGFP signal intensity (Lo) and the half of the EGFP-positive 
cell population that has the highest EGFP signal intensity 
(Hi). 
0113 FIGS. 48A-E are a charts showing the relative 
expression levels normalized to housekeeping genes of five 
pancreatic endoderm markers in Sorted populations of live 
cells (Live), EGFP-negative cells (Neg) and EGFP-positive 
cells (GFP+). Panels: A NKX2.2: B GLUT2: 
C HNF3 B: D. KRT19 and E. HNF4C. 
0114 FIG. 49 are a charts showing the relative expression 
levels normalized to housekeeping genes of two non-pancre 
atic endoderm markers in Sorted populations of live cells 
(Live), EGFP-negative cells (Neg) and EGFP-positive cells 
(GFP+). Panels: A ZIC1 and B GFAP, 
0115 FIGS. 50A-D show the in vivo differentiation of 
definitive endoderm cells that are transplanted under the kid 
ney capsule of immunocompromised mice. Panels: A heta 
toxylin-eosin staining showing gut-tube-like structures; 
B-antibody immunoreactivity against hepatocyte specific 
antigen (liver); C antibody immunoreactivity against Villin 
(intestine); and D—antibody immunoreactivity against 
CDX2 (intestine). 
0116 FIGS. 51A-C are charts showing the normalized 
relative expression levels of markers for liver (albumin and 
PROX1) and lung (TITF1) tissues in cells contacted with 
Wnt3B at 20 ng/ml. FGF2 at 5 ng/ml or FGF2 at 100 ng/ml on 
days 5-10. DE refers to definitive endoderm. Panels: A al 
bumin, B PROX1, and C TITF1. 
0117 FIGS. 52A-L are charts showing the normalized 
relative expression levels of markers for liver (AFP, AAT, 
hHEX, GLUT2, APOA1 and VCAM1) and lung (VWF and 
CXR4) tissues in cells contacted with Wnt3A at 20-50 ng/ml, 
FGF2 at 5 ng/ml or FGF2 at 100 ng/ml on days 5-10 and 
BMP4 on days 9 and 10. DE refers to definitive endoderm. 
Panels: A AFP B AAT, C GLUKO, D hHEX, 
E TAT, F hNF4a, G CYP7A, H GLUT2, I APOA1, 
J. VCAM1, K VWF, and L. CXCR4. 

DETAILED DESCRIPTION 

0118. A crucial stage in early human development termed 
gastrulation occurs 2-3 weeks after fertilization. Gastrulation 
is extremely significant because it is at this time that the three 
primary germ layers are first specified and organized (Lu et 
al., 2001; Schoenwolf and Smith, 2000). The ectoderm is 
responsible for the eventual formation of the outer coverings 
of the body and the entire nervous system whereas the heart, 
blood, bone, skeletal muscle and other connective tissues are 
derived from the mesoderm. Definitive endoderm is defined 
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as the germ layer that is responsible for formation of the entire 
gut tube which includes the esophagus, stomach and Small 
and large intestines, and the organs which derive from the gut 
tube such as the lungs, liver, thymus, parathyroid and thyroid 
glands, gallbladder and pancreas (Grapin-Botton and Mel 
ton, 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 tis 
Sues, mainly the parietal and visceral endoderm portions of 
the placental yolk sac and the extracellular matrix material of 
Reichert’s membrane. 
0119) During gastrulation, the process of definitive endo 
derm formation begins with a cellular migration event in 
which mesendoderm cells (cells competent to form meso 
derm or endoderm) migrate through a structure called the 
primitive streak. Definitive endoderm is derived from cells, 
which migrate through the anterior portion of the streak and 
through the node (a specialized structure at the anterior-most 
region of the streak). As migration occurs, definitive endo 
derm populates first the most anterior guttube and culminates 
with the formation of the posterior end of the gut tube. 
0120 Definitive endoderm and endoderm cells derived 
therefrom represent important multipotent starting points for 
the derivation of cells which make up terminally differenti 
ated tissues and/or organs derived from the definitive endo 
derm lineage. Such cells, tissues and/or organs are extremely 
useful in cell therapies. As such, the methods described herein 
for identifying differentiation factors capable of causing the 
differentiation of definitive endoderm cells and/or PDX1 
expressing endoderm cells to other cells types derived from 
the definitive endoderm cell lineage are beneficial for the 
advancement of cell therapy. 
I0121. In particular, some embodiments of the present 
invention relate to methods of identifying one or more differ 
entiation factors that are useful for differentiating cells in a 
cell population comprising PDX1-positive endoderm cells 
and/or definitive endoderm cells into cells that are capable of 
promoting the differentiation of definitive endoderm cells 
into cells which are precursors for tissues and/or organs 
which include, but are not limited to, pancreas, liver, lungs, 
stomach, intestine, thyroid, thymus, pharynx, gallbladder and 
urinary bladder. 
I0122) Additional aspects which relate to compositions of 
definitive endoderm cells, PDX1-positive endoderm as well 
as methods and compositions useful for producing such cells 
are also described herein. 

Definitions 

I0123 Certain terms and phrases as used throughout this 
application have the meanings provided as follows: 
0.124. As used herein, "embryonic' refers to a range of 
developmental stages 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. 
0.125. As used herein, “multipotent” or “multipotent cell 
refers to a cell type that can give rise to a limited number of 
other particular cell types. 
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0126. As used herein, “expression” refers to the produc 
tion of a material or Substance as well as the level or amount 
of production of a material or Substance. Thus, determining 
the expression of a specific marker refers to detecting either 
the relative or absolute amount of the marker that is expressed 
or simply detecting the presence or absence of the marker. 
0127. 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 tran 
Script of a specific gene, a polypeptide product of a gene, a 
non-gene product polypeptide, a glycoprotein, a carbohy 
drate, a glycolipd, a lipid, a lipoprotein or a small molecule 
(for example, molecules having a molecular weight of less 
than 10,000 amu) 
0128. When used in connection with cell cultures and/or 
cell populations, the term "portion” means any non-Zero 
amount of the cell culture or cell population, which ranges 
from a single cell to the entirety of the cell culture or cells 
population. 
0129. With respect to cells in cell cultures or in cell popu 
lations, the phrase “substantially free of means that the 
specified cell type of which the cell culture or cell population 
is free, is present in an amount of less than about 5% of the 
total number of cells present in the cell culture or cell popu 
lation. 
0130. As used herein, “retinoid” refers to retinol, retinal or 
retinoic acid as well as derivatives of any of these compounds. 
0131 By “conditioned medium' is meant, a medium that 

is altered as compared to a base medium. 
0.132. As used herein, “foregut/midgut’ refers to cells of 
the anterior portion of the gut tube as well as cells of the 
middle portion of the guttube, including cells of the foregut/ 
midgut junction. 
Definitive Endoderm Cells and Processes Related thereto 

0133 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, definitive endoderm cells do not differenti 
ate into tissues produced from ectoderm or mesoderm, but 
rather, differentiate into the guttube as well as organs that are 
derived from the gut tube. In certain preferred embodiments, 
the definitive endoderm cells are derived from hESCs. Such 
processes can provide the basis for efficient production of 
human endodermal derived tissues such as pancreas, liver, 
lung, stomach, intestine, thyroid and thymus. For example, 
production of definitive endoderm may be the first step in 
differentiation of a stem cell to a functional insulin-producing 
B-cell. To obtain useful quantities of insulin-producing 
B-cells, high efficiency of differentiation is desirable for each 
of the differentiation steps that occur prior to reaching the 
pancreatic islet/B-cell fate. Since differentiation of stem cells 
to definitive endoderm cells represents perhaps the earliest 
step towards the production of functional pancreatic islet/B- 
cells (as shown in FIG. 1), high efficiency of differentiation at 
this step is particularly desirable. 
0134) In view of the desirability of efficient differentiation 
of pluripotent cells to definitive endoderm cells, some aspects 
of the differentiation processes described herein relate to in 
vitro methodology that results inapproximately 50-80% con 
version of pluripotent cells to definitive endoderm cells. Typi 
cally, such methods encompass the application of culture and 
growth factor conditions in a defined and temporally specified 
fashion. Further enrichment of the cell population for defini 
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tive endoderm cells can be achieved by isolation and/or puri 
fication of the definitive endoderm cells from other cells in the 
population by using a reagent that specifically binds to defini 
tive endoderm cells. As such, some embodiments described 
herein relate to definitive endoderm cells as well as methods 
for producing and isolating and/or purifying Such cells. 
0.135. In order to determine the amount of definitive endo 
derm 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 spe 
cific for definitive endoderm and methods for detecting and 
determining the expression of Such markers. 
0.136. In some embodiments described herein, the pres 
ence, absence and/or level of expression of a marker is deter 
mined by quantitative 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, 
FOXO1, CMKOR1, CRIP1 and other markers described 
herein is determined by quantitative Q-PCR. In other embodi 
ments, immunohistochemistry is used to detect the proteins 
expressed by the above-mentioned genes. In still other 
embodiments, Q-PCR and immunohistochemical techniques 
are both used to identify and determine the amount or relative 
proportions of Such markers. 
0.137 By using methods, such as those described above, to 
determine the expression of one or more appropriate markers, 
it is possible to identify definitive endoderm cells, as well as 
determine the proportion of definitive endoderm cells in a cell 
culture or cell population. For example, in some embodi 
ments of the present invention, the definitive endoderm cells 
or cell populations that are produced express the SOX17 
and/or the CXCR4 gene at a level of about 2 orders of mag 
nitude greater than non-definitive endoderm cell types or cell 
populations. In other embodiments, the definitive endoderm 
cells or cell populations that are produced express the SOX17 
and/or the CXCR4 gene at a level of more than 2 orders of 
magnitude greater than non-definitive endoderm cell types or 
cell populations. In still other embodiments, the definitive 
endoderm cells or cell populations that are produced express 
one or more of the markers selected from the group consisting 
of SOX17, CXCR4, GSC, FGF17, VWF, CALCR, FOXQ1, 
CMKOR1 and CRIP1 at a level of about 2 or more than 2 
orders of magnitude greater than non-definitive endoderm 
cell types or cell populations. In some embodiments 
described herein, definitive endoderm cells do not substan 
tially express PDX1. 
0.138 Embodiments described herein also relate to defini 
tive endoderm compositions. For example, Some embodi 
ments relate to cell cultures comprising definitive endoderm, 
whereas others relate to cell populations enriched in definitive 
endoderm cells. Some preferred embodiments relate to cell 
cultures which comprise definitive endoderm cells, wherein 
at least 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 
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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. In other preferred embodiments, conversion of a 
pluripotent cell population, such as a stem cell population, to 
Substantially pure definitive endoderm cell population is con 
templated. 
0.139. The compositions and methods described herein 
have several useful features. For example, the cell cultures 
and cell populations comprising 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 mellitus. For example, since 
definitive endoderm serves as the source for only a limited 
number of tissues, it can be used in the development of pure 
tissue or cell types. 
Production of Definitive Endoderm from Pluripotent Cells 
0140 Processes for differentiating pluripotent cells to pro 
duce cell cultures and enriched cell populations comprising 
definitive endoderm is described below and in U.S. Ser. No. 
11/021,618, entitled DEFINITIVE ENDODERM, filed Dec. 
23, 2004, the disclosure of which is incorporated herein by 
reference in its entirety. In some of these processes, the pluri 
potent cells used as starting material are stem cells. In certain 
processes, definitive endoderm cell cultures and enriched cell 
populations comprising definitive endoderm cells are pro 
duced from embryonic stem cells. A preferred method for 
deriving definitive endoderm cells utilizes human embryonic 
stem cells as the starting material for definitive endoderm 
production. Such pluripotent cells can be cells that 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 with 
out Substantial differentiation using methods that are known 
in the art. Such methods are described, for example, in U.S. 
Pat. Nos. 5,453,357, 5,670,372, 5,690,9265,843,780, 6,200, 
806 and 6,251,671 the disclosures of which are incorporated 
herein by reference in their entireties. 
0141. In some processes for producing definitive endo 
derm cells, hESCs are maintained on a feeder layer. In such 
processes, any feeder layer which allows hESCs to be main 
tained in a pluripotent state can 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/ 
00721 17, the disclosure of which is incorporated herein by 
reference in its entirety). Alternative processes for producing 
definitive endoderm permit the maintenance of pluripotent 
hESC without the use of a feeder layer. Methods of maintain 
ing pluripotent hESCs under feeder-free conditions have been 
described in US Patent Application No. 2003/0175956, the 
disclosure of which is incorporated herein by reference in its 
entirety. 
0142. 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 replace 
ment is used. In others, serum free culture techniques, such as 
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those described in US Patent Application No. 2003/0190748, 
the disclosure of which is incorporated herein by reference in 
its entirety, are used. 
0.143 Stem cells are maintained in culture in a pluripotent 
state by routine passage until it is desired that they be differ 
entiated into definitive endoderm. In some processes, differ 
entiation to definitive endoderm is achieved by providing to 
the stem cell culture a growth factor of the TGFB Superfamily 
in an amount sufficient to promote differentiation to definitive 
endoderm. Growth factors of the TGFB Superfamily which 
are useful for the production of definitive endoderm are 
selected from the Nodal/Activin or BMP subgroups. In some 
preferred differentiation processes, the growth factor is 
selected from the group consisting of Nodal, activinA, activin 
Band BMP4. Additionally, the growth factor Wnt3a and other 
Wnt family members are useful for the production of defini 
tive endoderm cells. In certain differentiation processes, com 
binations of any of the above-mentioned growth factors can 
be used. 

0144. With respect to some of the processes for the differ 
entiation of pluripotent stem cells 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 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. 
0145. In certain processes for the differentiation of pluri 
potent stem cells to definitive endoderm cells, the above 
mentioned growth factors are removed from the cell culture 
Subsequent to their addition. For example, the growth factors 
can be removed within about one day, about two days, about 
three days, about four days, about five days, about six days, 
about seven days, about eight days, about nine days or about 
ten days after their addition. In a preferred processes, the 
growth factors are removed about four days after their addi 
tion. 

0146 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 serum concentration of the 
medium can be less than about 0.05% (v/v), less than about 
0.1% (v/v), less than about 0.2% (v/v), less than about 0.3% 
(v/v), less than about 0.4% (v/v), less than about 0.5% (v/v), 
less than about 0.6% (v/v), less than about 0.7% (v/v), less 
than about 0.8% (v/v), less than about 0.9% (v/v), less than 
about 1% (v/v), less than about 2% (v/v), less than about 3% 
(v/v), less than about 4% (v/v), less than about 5% (v/v), less 
than about 6% (v/v), less than about 7% (v/v), less than about 
8% (v/v), less than about 9% (v/v), less than about 10% (v/v), 
less than about 15% (v/v) or less than about 20% (v/v). In 
Some processes, definitive endoderm cells are grown without 
serum or with serum replacement. In still other processes, 
definitive endoderm cells are grown in the presence of B27. In 
Such processes, the concentration of B27 Supplement can 
range from about 0.1% V/v to about 20% V/v. 
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Monitoring the Differentiation of Pluripotent Cells to Defini 
tive Endoderm 

0147 The progression of the hESC culture to definitive 
endoderm can be monitored by determining the expression of 
markers characteristic of definitive endoderm. In some pro 
cesses, the expression of certain markers is determined by 
detecting the presence or absence of the marker. Alterna 
tively, 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 qualitative 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 the 
marker gene product of interest. In certain processes, the 
expression of marker genes characteristic of definitive endo 
derm as well as the lack of significant expression of marker 
genes characteristic of hESCs and other cell types is deter 
mined. 
0148. As described further in the Examples below, a reli 
able marker of definitive endoderm is the SOX17 gene. As 
such, the definitive endoderm cells produced by the processes 
described herein express the SOX17 marker gene, thereby 
producing the SOX17 gene product. Other markers of defini 
tive endoderm are MIXL1, GATA4, HNF3b, GSC, FGF17, 
VWF, CALCR, FOXO1, CMKOR1 and CRIP1. Since defini 
tive endoderm cells express the SOX17 marker gene at a level 
higher than that of the SOX7 marker gene, which is charac 
teristic of primitive and visceral endoderm (see Table 1), in 
some processes, the expression of both SOX17 and SOX7 is 
monitored. In other processes, expression of the both the 
SOX17 marker gene and the OCT4 marker gene, which is 
characteristic of hESCs, is monitored. Additionally, because 
definitive endoderm cells express the SOX17 marker gene at 
a level higher than that of the AFP, SPARC or Thrombomodu 
lin (TM) marker genes, the expression of these genes can also 
be monitored. 
0149 Another marker of definitive endoderm is the 
CXCR4 gene. The CXCR4 gene encodes a cell surface 
chemokine receptor whose ligand is the chemoattractant 
SDF-1. The principal roles of the CXCR4 receptor-bearing 
cells in the adult are believed to be the migration of hemato 
poetic cells to the bone marrow, lymphocyte trafficking and 
the differentiation of various B cell and macrophage blood 
cell lineages Kim, C., and Broxmeyer, H. J. Leukocyte Biol. 
65, 6-15 (1999). The CXCR4 receptor also functions as a 
coreceptor for the entry of HIV-1 into T-cells Feng, Y., et al. 
Science, 272,872-877 (1996). In an extensive series of stud 
ies 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 Brox 
myer, H., J. Leukocyte Biol. 65, 6-15 (1999), were delin 
eated 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., etal Immunity, 10,463-471 (1999) 
it resulted in late embryonic lethality. McGrathet al. demon 
strated that CXCR4 is the most abundant chemokine receptor 
messenger RNA detected during early gastrulating embryos 
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(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 migration of primitive-streak germlayer cells and is 
expressed on definitive endoderm, mesoderm and extraem 
bryonic mesoderm present at this time. In E7.2-7.8 mouse 
embryos, CXCR4 and alpha-fetoprotein are mutually exclu 
sive indicating a lack of expression in visceral endoderm 
McGrath, K. E. et al. Dev. Biology 213,442-456 (1999). 
0150 Since definitive endoderm cells produced by differ 
entiating pluripotent cells express the CXCR4 marker gene, 
expression of CXCR4 can be monitored in order to track the 
production of definitive endoderm cells. Additionally, defini 
tive endoderm cells produced by the methods described 
herein express other markers of definitive endoderm includ 
ing, but not limited to, SOX17, MIXL1, GATA4, HNF3b, 
GSC, FGF17, VWF, CALCR, FOXO1, CMKOR1 and 
CRIP1. Since definitive endoderm cells express the CXCR4 
marker gene at a level higher than that of the SOX7 marker 
gene, the expression of both CXCR4 and SOX7 can be moni 
tored. In other processes, expression of both the CXCR4 
marker gene and the OCT4 marker gene, is monitored. Addi 
tionally, because definitive endoderm cells express the 
CXCR4 marker gene at a level higher than that of the AFP. 
SPARC or Thrombomodulin (TM) marker genes, the expres 
sion of these genes can also be monitored. 
0151. It will be appreciated that expression of CXCR4 in 
endodermal cells does not preclude the expression of SOX17. 
As such, definitive endoderm cells produced by the processes 
described herein will substantially express SOX17 and 
CXCR4 but will not substantially express AFP, TM, SPARC 
or PDX1. 

0152. It will be appreciated that SOX17 and/or CXCR4 
marker expression is induced over a range of different levels 
in 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 SOX17 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 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 the SOX17 marker and/or the CXCR4 
marker in non-definitive endoderm cells or cell 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, for example pluripotent stem cells. 
0153. It will also be appreciated that in some embodiments 
described herein, the expression of markers selected from the 
group consisting of GATA4, MIXL1, HNF3b, GSC, FGF17, 
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VWF, CALCR, FOXQ1, CMKOR1 and CRIP1 in definitive 
endoderm cells or cell populations is increased as compared 
to the expression of GATA4, MIXL1, HNF3b, GSC, FGF17, 
VWF, CALCR, FOXQ1, CMKOR1 and CRIP1 in non-de 
finitive endoderm cells or cell populations. 
0154 Additionally, it will be appreciated that there is a 
range of differences between the expression level of the 
SOX17 marker and the expression levels of the OCT4, 
SPARC, AFP, TM and/or SOX7 markers in definitive endo 
derm cells. Similarly, there exists a range of differences 
between the expression level of the CXCR4 marker and the 
expression levels of the OCT4, SPARC, AFP, TM and/or 
SOX7 markers in definitive endoderm cells. As such, in some 
embodiments described herein, the expression of the SOX17 
marker or the CXCR4 marker is at least about 2-fold higher to 
at least about 10,000-fold higher than the expression of 
OCT4, SPARC, AFP, TM and/or SOX7 markers. In other 
embodiments, the expression of the SOX17 marker or the 
CXCR4 marker 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 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 embodi 
ments, OCT4, SPARC, AFP, TM and/or SOX7 markers are 
not significantly expressed in definitive endoderm cells. 
0155. It will also be appreciated that in some embodiments 
described herein, the expression of markers selected from the 
group consisting of GATA4, MIXL1, HNF3b, GSC, FGF17, 
VWF, CALCR, FOXQ1, CMKOR1 and CRIP1 in definitive 
endoderm cells is increased as compared to the expression of 
OCT4, SPARC, AFP, TM and/or SOX7 in definitive endo 
derm cells. 
Enrichment, Isolation and/or Purification of Definitive Endo 
derm 

0156 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 antibodies, ligands or other binding agents that are 
specific to a marker molecule. Such as a polypeptide, that is 
present on the cell surface of definitive endoderm cells but 
which is not substantially present on other cell types that 
would be found in a cell culture produced by the methods 
described herein. In some processes, an antibody which binds 
to CXCR4 is used as an affinity tag for the enrichment, iso 
lation or purification of definitive endoderm cells. In other 
processes, the chemokine SDF-1 or other molecules based on 
SDF-1 can also be used as affinity tags. Such molecules 
include, but not limited to, SDF-1 fragments, SDF-1 fusions 
or SDF-1 mimetics. 

0157 Methods for making antibodies and using them for 
cell isolation are known in the art and Such methods can be 
implemented for use with the antibodies and definitive endo 
derm cells described herein. In one process, an antibody 
which binds to CXCR4 is attached to a magnetic bead and 
then allowed to bind to definitive endoderm cells in a cell 
culture which has been enzymatically treated to reduce inter 
cellular and substrate adhesion. The cell/antibody/bead com 
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plexes are then exposed to a movable magnetic field which is 
used to separate bead-bound definitive endoderm cells from 
unbound cells. Once the definitive endoderm cells are physi 
cally separated from other cells in culture, the antibody bind 
ing is disrupted and the cells are replated in appropriate tissue 
culture medium. 
0158. 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 inter 
cellular and substrate adhesion. The cells are then washed, 
centrifuged and resuspended. The cell Suspension is then 
incubated with a secondary antibody, such as an FITC-con 
jugated antibody that is capable of binding to the primary 
antibody. The cells are then washed, centrifuged and resus 
pended in buffer. The cell suspension is then analyzed and 
sorted using a fluorescence activated cell sorter (FACS). 
CXCR4-positive cells are collected separately from CXCR4 
negative cells, thereby resulting in the isolation of Such cell 
types. If desired, the isolated cell compositions can be further 
purified by using an alternate affinity-based method or by 
additional rounds of sorting using the same or different mark 
ers that are specific for definitive endoderm. 
0159. In still other processes, definitive endoderm cells are 
enriched, isolated and/or purified using a ligand or other 
molecule that binds to CXCR4. In some processes, the mol 
ecule is SDF-1 or a fragment, fusion or mimetic thereof. 
0160 Inpreferred 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. 
0.161. In addition to the procedures just described, defini 
tive endoderm cells may also be isolated by other techniques 
for cell isolation. Additionally, definitive endoderm cells may 
also be enriched or isolated by methods of serial subculture in 
growth conditions which promote the selective survival or 
selective expansion of the definitive endoderm cells. 
0162. Using the methods described herein, enriched, iso 
lated and/or purified populations of definitive endoderm cells 
and or tissues can be produced in vitro from pluripotent cell 
cultures or cell populations, such as stem cell cultures or 
populations, which have undergone at least Some differentia 
tion. In some methods, the cells undergo random differentia 
tion. In a preferred method, however, the cells are directed to 
differentiate primarily into definitive endoderm. Some pre 
ferred enrichment, isolation and/or purification methods 
relate to the in vitro production of definitive endoderm from 
human embryonic stem cells. Using the methods described 
herein, cell populations or cell cultures can be enriched in 
definitive endoderm content by at least about 2- to about 
1000-fold as compared to untreated cell populations or cell 
cultures. In some embodiments, definitive endoderm cells can 
be enriched by at least about 5- to about 500-fold as compared 
to untreated cell populations or cell cultures. In other embodi 
ments, definitive endoderm cells can be enriched 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 popula 
tions or cell cultures. In yet other embodiments, definitive 






























































