
WO 2005/097977 PCT/US2005/010766  DIFFERENTIATION OF STEM
CELLS TO ENDODERM AND PANCREATIC LINEAGE
CROSS-REFERENCE TO RELATED APPLICATIONS 100011 This
application claims priority from provisional patent application number
60/559,209 filed April 1, 2004. STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH DEVELOPMENT  [00021 To be determined.
BACKGROUND OF THE INVENTION 100031 Type I diabetes is an
autoimmune disease of humans caused by destruction of  pancreatic islet
beta cells. At present the disease is irreversible, although its symptoms
are  controlled by the administration of exogenous insulin. Type I diabetes
is one of the most  common autoimmune diseases in human populations
and is a major public health concern. [0004] It has previously been found
that transplantation of a whole pancreas or of isolated  islet cells is an
effective treatment for Type I diabetes to restore insulin independence,
when  combined with immunosuppressive therapy. The success of
existing therapies with isolated islets  from human cadaver donors is a
proof in principle that a cell-based therapy for human diabetes  can be
successful. However, the lack of available organs or islet cells has
restricted this therapy  only to very selected patients. The amount of islet
cells which can be harvested from human  cadavers is extremely limited.
Therefore, a technology that is capable of producing significant  quantities
of islet cells would be highly desirable with regard to potential therapies for
this  disease. [00051 Primate and human embryonic stem cells have been
isolated and proliferated in  culture. Embryonic stem cells are stem cells
that can be maintained indefinitely through self- renewal and proliferation
in culture, but which also retain the ability to differentiate spontaneously
into cells of many different lineages. Under nonselective conditions, it has
been  previously demonstrated that a wide variety of stem cells, including
mouse and human  embryonic stem cells, will differentiate spontaneously
into cells of many lineages including the  pancreatic lineage. It has been
previously shown that such differentiated cells can express the  pancreatic
duodenal homeobox 1 (PDX 1) gene, a transcription factor specifying the
pancreatic  lineage and can also express the insulin hormone. However,
without selective conditions, stem  cells will spontaneously differentiate
into a wide variety of different lineages and only a small  proportion of the
cells will be differentiated towards any particular lineage. In addition, -I_
unselected stem cell populations are tumorigenic, meaning that they will
generate non-malignant  



tumors, known as teratomas, in immunodeficient animals in that same
way that undifferentiated  cells ES cells will. BRIEF SUMMARY OF THE
INVENTION [0005a] In a first aspect, there is provided a method to enrich
a culture derived from  human embryonic stem cells for cells of endoderm
and pancreatic lineages, the method  comprising the steps of (a) culturing
human embryonic stem cells to form whole, intact embryoid bodies
surrounded by visceral yolk sac (VYS) cells, wherein the human
embryonic stem cells  express Oct-4, surface stage-specific embryonic
antigen-3/4 (SSEA 3/4) and epithelial cell  adhesion molecule (EpCAM);
(b) culturing the embryoid bodies of step (a) under conditions that permit
the  embryoid body cells to differentiate into a cell population containing
cells of the endoderm  and pancreatic lineages; (c) dispersing the cell
population of step (b) into single cells; (d) selecting against the expression
of SSEA 3/4 positive cells to remove  undifferentiated cells from the cells
of step (c); (e) selecting against the expression of SSEA-1 positive cells to
remove VYS cells  from the remaining cells of step (d); and (0 selecting
from among the remaining cells of step (e) for the expression of  EpCAM
positive cells to enrich for cells of endoderm and pancreatic lineages.
[0005b] In a second aspect, there is provided a method to enrich a culture
derived from  human embryonic stem cells for cells of endoderm and
pancreatic lineages, the method comprising the steps of (a) culturing
human embryonic stem cells to form whole, intact embryoid bodies
surrounded by visceral yolk sac (VYS) cells, wherein the human
embryonic stem cells  express Oct-4, surface stage-specific embryonic
antigen-3/4 (SSEA 3/4) and epithelial cell  adhesion molecule (EpCAM);
(b) culturing the embryoid bodies of step (a) under conditions that permit
the  embryoid body cells to differentiate into a cell population containing
cells of the endoderm  and pancreatic lineages; (c) treating the cell
population of step (b) with an effective amount of  fibroblast growth factor
10 (FGF 10); and -2 (d) dispersing the cell population of step (c) into
single cells enriched for cells of endoderm  



and pancreatic lineages. 10005e] In a third aspect, there is provided an
enrichment method for the creation of a  stem cell derived cell population
which does not have tumorigenic capability comprising the  steps of (a)
culturing human embryonic stem cells to form whole, intact embryoid
bodies  surrounded by visceral yolk sac (VYS) cells, wherein the human
embryonic stem cells express Oct-4,  surface stage-specific embryonic
antigen-3/4 (SSEA 3/4) and epithelial cell adhesion molecule  (EpCAM);
(b) culturing the embryoid bodies of step (a) under conditions that permit
the embryoid  body cells to differentiate into a cell population containing
cells of the endoderm and pancreatic  lineages; (c) dispersing the cell
population of step (b) into single cells; (d) selecting against the expression
of SSEA 3/4 positive cells to remove undifferentiated  cells from the cells
of step (c); (e) selecting against the expression of SSEA-1 positive cells to
remove VYS cells from the  cells of step (d); and (f) selecting from among
the remaining cells of step (e) for the expression of EpCAM  positive cells,
the resulting cells not forming teratomas when injected in
immunocompromised mice.  10005d] In a fourth aspect, there is provided
a method to enrich a culture derived from human embryonic stem cells for
cells of endoderm and pancreatic lineages, the method comprising the
steps  of (a) culturing the human embryonic stem cells to form whole,
intact embryoid bodies  surrounded by visceral yolk sac (VYS) cells,
wherein the human embryonic stein cells express Oct-4,  surface
stage-specific embryonic antigen-3/4 (SSEA 3/4) and epithelia] cell
adhesion molecule  (EpCAM); (b) culturing the embryoid bodies of step (a)
under conditions that permit the embryoid  body cells to differentiate into a
cell population containing cells of the endoderm and pancreatic  lineages;
(c) treating the cell population of step (b) with an effective amount of
fibroblast growth  factor 10 (FGF10) to enrich for cells of endoderm and
pancreatic lineages; (d) dispersing the cell population of step (c) into
single cells; (e) selecting against the expression of SSEA-3/4 positive cells
to remove undifferentiated  stem cells from the cells of step (d); (f)
selecting against the expression of SSEA-1 positive cells to remove VYS
cells from the  



cells of step (e); and -2a (g) selecting from among the remaining cells of
step (f) for the expression of  EpCAM positive cells to enrich for cells of
endoderm and pancreatic lineages. [00061 Disclosed are methods for
directing the differentiation of human embryonic stem  cells to the lineage
of pancreatic islet cells. 100071 Also disclosed are methods for deriving
endoderm enriched populations of cells  that do not from teratomas when
transplanted into hosts. 100081 Also disclosed are cultures of cells that
have committed to the endoderm lineage,  can differentiate further into
pancreatic islet cells, and do not form teratomas upon transplant.  [0009]
The disclosure herein is believed to be the first demonstration that cell
based  selection can be used in cell cultures derived from human
embryonic stem cells, to remove the  tumorigenic potential from the
cultures without the use of exogenous genes inserted into the  cells.
1000101 The disclosure herein enables the production of endoderm and
pancreatic cells in  large numbers while overcoming one of the largest
hurdles to potential use of stem cell derived  cells for transplant, the
tumorigenic character of undifferentiated stem cell. 100011] Other object
features and advantages of the present disclosure will become  apparent
from the following specification. BRIEF DESCRIPTION OF THE
SEVERAL VIEWS OF THE DRAWINGS  1000121 Fig. I is a graphical
illustration of some of the results from the examples below  showing the
characteristics of sorted embryoid bodies. [00013] Fig. 2 is another
graphical presentation of some of the results from the examples  below
showing proportions of cells which are positive for PDX1. [000141 Fig. 3 is
another graphical illustration of results illustrating the effect of the use of
FGF10 on PDXI expression in cell cultures. [00015] Fig. 4 is another
graphical illustration of data showing QPCR analysis of Pdx I
transcription. [000161 Fig. 5 is a graphical illustration of the results
obtained characterizing sorted cells.  [00017] Fig. 6 is a graphical
illustration showing the tumorigenic capability of sorted cells.  -2b WO
2005/097977 PCT/US200 5/0 10 766  [00018] Fig. 7 is a chart and table
showing the characteristics of islet precursors from  murine ES cells
sorted using the enrichment processes described below. 



DETAILED DESCRIPTION OF THE INVENTION [00019] Techniques are
described here for guiding the differentiation of primate and  human
embryonic stem cells such that the population of cells is enriched for cells
which are  committed to an endoderm fate, including cells dedicated to a
pancreatic 1'ieage. In other words,  the process results in a mixture of
cells that are enriched for the percentage of pancreatic  progenitor cells.
Three separate techniques are described here, each of which acts
independently  to enrich the percentage of pancreatic progenitor cells
produced by the culture. In total, the three  methods represent the best
techniques known so far to enrich differentiated cell cultures  produced
from human embryonic stem cells to have the highest possible
contribution of  pancreatic progenitor cells. It is also taught here that
sorting cells to remove undifferentiated  cells by binding cell surface
antigens, using methods that do not involve inserted exogenous  genes, is
effective within this cell population to eliminate teratoma formation, a
highly important  attribute for any cell population which might someday be
introduced into human patients. It is  believed that this might be the first
demonstration that the tumorigenic capability of  undifferentiated ES cells
can be effectively removed from ES cell differentiated progeny by
intelligent choice of selection criteria. [00020] In one of our standard
methods for producing pancreatic progenitor cells from  human embryonic
stem cells, we first differentiate embryonic stem cells in vitro by putting
single  undifferentiated ES cells into suspension cultures. In the
suspension cultures the ES cells  aggregate and form two layered
structures called embryoid bodies (EBs), which resemble pre- implantation
stage embryos and which possess cells partially committed to the three
embryonic  germ layers, mesoderm, ectoderm and endoderm. Based on a
study of normal embryos, early  embryonic inductive interactions that
promote diverse tissue differentiation events begin at this  stage of
development. Many of these important tissue inductive interactions may
occur at this  stage and in embryoid bodies. After 7-14 days of suspension
culture, EBs are plated onto a tissue  culture substrate and are allowed to
proliferate and differentiate further under routine tissue  culture conditions.
Considerable differentiation of some neural and mesenchymal cell types
happens spontaneously at this stage, requiring little further intervention.
The appearance of  embryonic endoderm cells giving rise to the
pancreatic lineage, however, appears to be more  complex, involving
numerous and multifaceted interactions which have been only partially
defined by classical developmental studies. -3 WO 2005/097977
PCT/US20051010766  [000211 We have developed three interventions
that increase the percentage of pancreatic  



lineage cells in a stem cell culture undergoing differentiation. The first
method involves a  selection of EBs that have greater potential for
developing into definitive endoderm cells, the  lineage from which
pancreatic cells derive. The second enrichment methodology involves the
use of a medium using a growth-enhancing factor which promotes the
growth of pancreatic cell  types. The third technique involves the three-tier
approach of both positive and negative  selection to both eliminate
unwanted cells and to select for cells of the ddsiccd lineage. The three
techniques may be used together or independently to increase the
percentage of cells in a culture  differentiating into the pancreatic lineage.
[000221 Some of the procedures described below were first performed
with mouse ES  cells. These procedures can be readily adapted for use
with human ES cells. While the  derivation and some of the cell surface
markers of mouse ES cells differ from that of human ES  cells, the cell
selection methods described below are equally applicable to human ES
cells, with  the only significant change being that the markers used for
selection must be altered to be those  appropriate for human cells as
opposed to murine cells. For example, the selection criteria for  selection
against undifferentiated ES cells is based on the cell surface antigen
SSEA-1 in mouse  ES cells and SSEA3/4 markers in human ES cells.
Similarly, to remove visceral yolk sac (VYS)  cells from the culture, one
selects against expression of SSEA-3 in mouse cell cultures and  against
expression of SSEA-1 in human cell cultures. Endothelial cells of both
mouse and  human will express the epithelial cell adhesion molecule
(EpCAlv), the expression of which can  be used for positive selection to
identify murine or human cells which are committed to the  endothelial
lineage. [000231 For performing these selections, an instrument capable
of selecting larger particles  in general, and whole EBs in particular, is
desirable. One such instrument is the COPAS  instrument (Union
Biometrica, Inc.), which operates on principles similar to those of a
fluorescence-activated cell sorter (FACS) machine, but which accepts
cellular particles of larger  size. Any instrument capable of sorting cellular
aggregates should be adaptable for use in the  present methodology.
Magnetic activated cell sorting (MACS) has also be successfully adapted
for use in this kind of cell sorting procedures as well, [000241 Another
attribute of the processes described here is the finding that the
tumorigenic tendency of stem cell cultures can be removed effectively
solely by selection. When  injected into immunocompromised mice, ES
cells will form teratomas, which are non-malignant  growths or tumors
made up of many different tissue types in a poorly organized structure.
While  the generation of teratomas is not thought to be life-threatening to
the host, the teratomas can be  -4 



WO 2005/097977 PCT/US2005/010766  large, unsightly and wasteful of
metabolic energy to the host. A characterization of the teratomas  formed
by human ES cells is found in Gertow et al., Stem Cells and Development,
13:421-435  (2004). If human ES cells are to be used ultimately for
transplantation of cells or tissues into  human patients, the cells which are
so introduced would presumably be preferred to be free of  tumorigenic
capacity. In the art, the main techniques which have been taught to
eliminate this  capability are based on inserting exogenous gene
constructs into ES cells and then selecting for  differentiated cells based
on expression characteristics of the introduced gees. However, the use  of
exogenous genes inserted into human ES cell cultures carries another set
of safety concerns  that are best avoided. Here it is taught, perhaps for the
first time, that cell selection based on cell  surface markers is sufficient at
a practical level to produce a stem cell derived cell culture that is  not
tumorigenic and does not form teratomas. As the risk of redundancy, and
to avoid  misunderstanding, the use of the phrase tumorigenic is intended
to apply to the teratoma-forming  characteristics of undifferentiated human
ES cells and is not intended to imply malignancy of any  kind since ES
cells do not produce malignancies when injected into mice. The removal
of the  tumorigenic trait simply by selection is another important step in the
progression of stem cell  derived from laboratory model to useful human
therapy. [00025] EXAMPLES [00026] General culture conditions: [00027]
Undifferentiated murine ES cells were grown in DMEM-High Glucose
medium  supplemented with 15% FCS, L-glutamine, NEAA (non-essential
amino acids), mercaptoethanol  (MES medium) and LIF on irradiated
feeder cells as described previously (Kahan et al., 2003).  To produce
EBs, ES cell monolayers were treated with 2mM EDTA with 2% chicken
serum for  15 min. Cells were resuspended in MES medium and filtered
though a 20 pm Nitex filter to  obtain a single cell suspension. 2 x 106
cells were placed in a siliconized non-tissue culture P60  dish in 5 ml MES
medium in 10% CO2. Cultures were renewed daily and split into larger
dishes  to prevent medium acidification. 7-day EBs were collected,
counted and placed at a density of  30-50 EBs in 24 well plates containing
13 mm glass gelatin-coated coverslips for  immunohistochemical staining,
or in proportionately larger numbers in gelatinized tissue culture  dishes
for other analyses including quantitative PCR (QPCR). EBs were plated in
DMEM-high  glucose medium with 10% FCS in 5% CO2. [00028]
Conditions for the culturing of human ES cells were similar, except that
the  undifferentiated cells were maintained on feeder cells in DMEM/F12
medium supplemented with  15 % Serum Replacement (SR), NEAA,
L-glutamine, mercaptoethanol and bFGF (4nd/ml). 



-5 WO 2005/097977 PCT/US2005/010766  Human EBs were initiated
from intact colonies of ES cells, rather that from single cells, by  lightly
treating cultures with dipase and collagenase just until the colonies
loosened. The EBs  were maintained in suspension in the previous
medium which was supplemented with 15% fetal  calf serum (FCS) and
which was lacking bFGF. After fourteen days of suspension culture, the
EBs were plated in DMEM/F12 medium containing 10% FCS in 5% CO2.
[00029] 1. Selection for intact EBs expressing a cell surface antigen,
Stage-Specific  Embryonic Antigen-3 (SSEA-3). - [000301 Not all ES
aggregates successfully mature into EBs with an outside cell layer of  fully
differentiated visceral yolk sac (VYS) cells, which express SSEA-3. After
briefly  incubating live EBs with a monoclonal anti-SSEA-3 antibody and a
fluorescently tagged  secondary antibody, high-expressers in the
population were separated using a COPAS instrument  (Union Biometrics,
Inc.), which operates on principles similar to those of a fluorescence-
activated cell sorter (FAGS) machine. However, the COPAS instrument,
which can be thought  of as a large particle cell sorter, has a much larger
aperture and can sort entities on the size order  of whole pancreatic islets
and entire C. elegans worms. EBs selected by the machine were  sorted
into tissue culture wells, cultured further to allow differentiation and
analyzed for  expression of pancreatic markers. [00031] SSEA-3 staining:
[000321 The 7 day EBs were incubated for 15 min at 40C with monoclonal
anti-SSEA-3  ascites (Developmental Studies Hybridoma Bank, U Iowa)
diluted 1:50 in DMEM with 10%  FCS, and then rinsed with a 20-50 fold
excess of cold DMEM with 10% FCS. Next, the EBs  were incubated with
secondary antibody (Alexa-fluor 488 goat anti-rat IgM (1:1000) (Molecular
Probes)) in DMEM with 10% FCS for 15 min at 40C and rinsed as before.
For COPAS sorting,  stained EBs were suspended in cold PBS containing
Ca++, Mg++ and 1% FCS and sorted into  wells containing medium
supplemented with gentamycin. [000331 Results: [000341 After
differentiating for 21 additional days following sorting, cultures initiated
using the highest 5-10% SSEA-3 EB expressers showed many more cells
(estimated 10 fold)  staining for YY, a marker of early pancreatic cells,
than did unsorted cultures containing mainly  SSEA-3 negative EBs.
Figure 1 illustrates that the SSEA-3 high cells, sorted by the large particle
cell sorter contained more endoderm transcripts (Sox 17 and Pdx I) and
indicators of islet  differentiation (NGN3 and insulin(Insl)) than did SSEA-3
negative or low cells. These results  



indicate successful enrichment of the culture for cells of the endoderm and
pancreatic lineage. -6 WO 2005/097977 PCTIUS2005/010766  [00035] 2:
Treatment of differentiating cells with medium supplemented with FGFIO.
[000361 Fibroblast growth factor 10 (FGFIO) has been reported in the
literature to be  necessary for normal development of the pancreas and
may act by promoting proliferation of  early pancreatic precursor cells
(Shushan, et al., 2001.) FGFIO is expressed in the mesenchyme
surrounding the early pancreatic epithelium in mouse and human
embryos. It was decided to  explore the effect of this growth factor on
differentiation of ES cell cultures. [00037] Culture in medium
supplemented with FGFIO: [000381 The EBs were developed as
described above and plated on day 7 in DMEM-High  glucose with 10%
FCS. Two days later, this medium was replaced by DMEM-High glucose
with  1% FCS medium containing 50 ng/ml FGFIO. Medium containing
FGF10 was renewed daily for  5-19 additional days, until the cells are
analyzed for pancreatic markers by immunofluorescence  and/or
quantitative PCR methods (QPCR). [000391 Results: [00040] Analysis of
the resulting fluorescent and QPCR tests revealed a significant
enhancement ofPDXI expressing pancreatic progenitors. Table 1 below
shows supporting  QPCR data indicating a 5 and 2.5 fold enrichment
ofpdxl transcripts at 7 and 14 days after  plating, as compared respectively
to untreated cells. Similarly, there was a 2.5 fold increase of  insulin
transcripts by 14 days after plating compared to cells grown in the
absence of FGF10.  FGF10 used at a concentration of at least 50 ng/ml
was effective. Figure 2 illustrates an  increased number of cells staining
for PDXI (2 to 3 fold more) after 12 days growth in FGF10  supplemented
medium. Table 1 shows supporting QPCR data. Fig. 3 illustrates QPCR
data  exhibiting enhanced pdxl transcript abundance in FGFI O treated
cell cultures. Relative to  undifferentiated human ES cells, differentiated
derivatives exposed to 50 ng/ml FGF10 exhibited  70 fold morepdxl
transcript mRNA. The FGF1O effect was more pronounced when cells
were  exposed to the FGF10 in the phase following EB culture. 7 WO
2005/097977 PCT/US2005/010766  expression relative to undifferentiated
D3 mES cells using cpantitatve real time Pct 5 4 - E Afvt ~ sox77 p Deft
~pidxl n9n3v 1)eptideYY gtis1  



R37-7 2.06 625,99 -9.45 13.00 2.38 14.12 -2.66  ~B +7 FOF,10 ,
E-,=Cp5?' i _i83W48 1 60 4 15 17 171`.  L'L EB7+14 1.11 256.59 -12.52
40.13 2.80 85.04 9.62  EB7+G~ c TCC . rT',x -a 1. .:$ 2 ;.4T1 a2 -9`' ~.. Q;
i1,1, 2 'til:, EB7+21 1.09 1024.00 -739.29 16.11 5.66 28,7 1.33  EBn1+n2
03embryoidbody,nl=days in suspension, n2=days on gelatin;
FGF1O=6Ong/ml;  AP--Adult Pancreas; number are reported as the mean
of three technical replicates [000411 3: Enrichment of pancreatic
precursor cells and reduction in teratogenicity  using Magnetic Activated
Cell Sorting (MACS) separation. [000421 Previously, it has been shown
that ES cell progeny express the pancreatic  duodenal homeobox (PDXI,
IPFI), an essential pancreatic transription factor. It is now reported  here
that ES cell derived cells expressing PDX1 were found to reside in
discrete loci within the  ES cell differentiation cultures among sheets of
epithelial-like cells that expressed the cell  surface antigen, epithelial cell
adhesion molecule (EpCAM). While the majority of EpCAM  expressing
cells were PDXI negative, all of the PDXI-expressing cells also
co-expressed  EpCAM. Significantly, many of the other cell types within
these cultures, including neural and  mesenchymal cells, did not stain for
EpCAM. Therefore, we reasoned that by selecting for  EpCAM positive
cells, it might be possible to enhance the relative proportion of the PDXI
positive cells. However, some undifferentiated ES cells and visceral yolk
sac (VYS) cells also  co-stained for EpCAM. The strategy devised was to
first remove undifferentiated ES cells, based  on their exclusive
expression of the cell surface antigen SSEA-1 (in mouse ES cells) and
SSEA3/4 (in human ES cells). Then the VYS cells were removed, based
on their exclusive  expression of SSEA-3 in mouse cultures and SSEA-1
in human cultures. Finally, an endoderm  population expressing EpCAM
was selectively isolated using a positive selection for EpCAM  positive
cells. The MACS method used is based on attaching magnetic beads to a
secondary  antibody, and then passing the cells through a separation
column that is placed in a strong  permanent magnet. The magnetically
labeled cells were retained in the column and separated  from the
unlabeled cells, which pass through. After removing the column from the
magnetic  field, the retained fraction was eluted. Both negative and
positive selection strategies are  possible, depending on whether one
keeps the retained cells or the pass-through cells. -8 WO 20 0 510 9 79 7
7 PCTIUS20 0 510 10 7 6 6  [000431 The MACS Separation Protocol is a
detailed protocol described below, outlining  



the steps involved in the process for mouse ES cells using two negative
selection columns (using  SSEAI and then SSEA3 primary antibodies) to
remove ES and VYS cells, and finally a third  positive column selection for
EpCAM expression. For human ES cell cultures, the three  separation
strategy is similar, except that the first negative selection is with SSEA3/4
to remove  undifferentiated human ES cells, followed by removal of VYS
cells by SSEA1 negative  selection, and then by the EpCAM positive
selection step. [000441 MACS Separation Protocol [000451 Cell
Preparation for First Negative Separation [000461 The procedure began
with rinsing 3 P60 plates EB7+n with PBS, 2X. Then we  incubated the
plates for 15 min in 1.5 ml 2 mM EDTA and aspirated the EDTA. We then
added  1.5 ml 0.05% trypsin for 5 min, 37 C, followed by adding 1.5 ml
DMEM/HEPES + 10% FCS  and resuspending cells gently. We then
added additional DMEM + 10% FCS to make total of  10-15 ml. The cells
were then filtered through a 40 m filter into a 50 ml tube and re-filtered
with 20 m Nitex filter. The filtrate was diluted 1:5 with Toluidine Blue (TB)
and the cells were  counted (50 l + 150l + 501 TB). We added 2 x 107
cells to 2 15 ml tubes and centrifuged the  tubes in clinical centrifuge for 3
min, speed #5. We then resuspended each pellet in 100 l  DMEM/IIEPES
+ 10% FCS containing SSEA-1 antibody and incubated in refrigeration
(4-8 C)  for 15 min. Then 5 ml cold DMEM/HEPES + 10 % FCS was
added per tube and centrifuged 3  min, 210 C. Then the supernatant was
completely removed. The cells were resuspended in 160  l DMEM/HEPES
+ 10% FCS/tube and 40 l rat anti-mouse 1gM Magnetic beads were added
to  each tube. This mixture was mixed well and incubated in refrigeration
(4-8 C) for 15 min. To  this was added 5 ml cold DMEM/HEPES + 10 %
FCS/tube followed by centrifuging for 3 min,  210 C. The supernatant was
removed completely. The each pellet was resuspended in 0.5 ml  cold do
a~ ssed DMEM/HEPES + 10% FCS. To do this, about 40 ml
DMEMIHEPES + 10% FCS  was degassed for 10 min at R.T using
vacuum followed by chilling the mixture. [000471 First Negative Selection
[000481 To prepare the instrument the magnet was attached to the stand
and the LD  column was placed in magnet with collection tube
underneath. Each column was thoroughly  washed, by applying 2 ml of
cold degassed DNMM/HEPES with 10% FCS and letting the  medium run
through each column. The medium was transferred to sterile 15 ml
collection tube  in ice. Then cells were added to medium followed by
adding 1 ml cells to LD column and  collecting the effluent. We then
washed the column with 2xl nil degassed medium and collected -9 WO
2005/097977 PCTIUS2005/010766  



total effluent as the depleted fraction. We then removed 10 l cells and
diluted them 1:10 to  count (10 l + 40 l + 50 l TB), followed by
centrifugation at 3 min, 21 C. 1000491 Cell Preparation for Second
Negative Separation [00050] Aliquots of cells from the previous procedure
were suspended in 160-240 41  DMEM/IIEPES + 10% FCS (80U107
cells). To that we added 40-60 p1 goat anti-rat IgG  magnetic beads
(20l/107 cells). This combination was mixed well and incubated in
refrigeration (4-8 C) for 15 min. Then 5 inl DMEM/HEPES + 10 % FCS
was added and the  mixture centrifuged for 3 nun, 21 C, followed by
removal of the supernatant completely. The  pellet was resuspended in 1
ml cold degassed DMEM/FIEPES + 10% FCS. [00051] Second Negative
Separation Column [00052] The second LD column was washed by
applying 2 ml of cold degassed  DMEMIBEPES + 10% FCS and letting it
run through. The medium was transferred to sterile 15  ml collection tube
in ice. Then we applied the cells to the LD column and collected the
effluent.  We washed the column with 2x 1 ml degassed medium and
collected the total effluent as the  depleted fraction. The cells were then
counted and diluted 1:4 = 10 l + 101 + 20 pl TB. The  mixture was then
centrifuged for 3 min, 21 C. [00053] Cell Preparation for Positive
Separation [00054] The pellet from the previous procedure was
resuspended in 100 pl  DMEM/HEPES + 10% FCS containing
anti-EpCAM antibody and incubated in refrigeration (4- 8 C) for 15 min. To
this was added 5 ml cold DMEM/HEPES + 10% FCS and the combination
was centrifuged 3 min, 210 C. The supernatant was removed. The cells
were resuspended in 80- 1600 DMEM/HEPES + 10% FCS to which was
added 20-40 l goat anti-rat IgG magnetic  beads. The combination was
mixed well and incubated in refrigeration (4-8 C) for 15 min. The  we
added 5 ml cold DMEM/HBPES + 10 % FCS and centrifuged 3 min, 21 C,
followed by  removal of the supernatant completely. The cells were
resuspended in I ml cold degassed  DMEM/HEPES + 10% FCS. [00055]
Positive Separation Column [00056] We first washed the LS column by
applying 3 ml cold degassed DMEM/HEPES +  10% FCS and letting it run
through. The medium was transferred to 15 ml collection tube. We
applied the cells to LS column and collected the effluent. We washed the
column with 3 x3 ml  DMEM/HBPES + 10% FCS and let the entire 3 nil
pass through before adding more. The LS  column was removed and
placed in a sterile 15 ml centrifuge tube. To the column we added 5 ml
DMEM/HEPES + 10% FCS and firmly flushed out the attached, positive
fraction using plunger  supplied with the column. The cells were
centrifuged for 3 min, 210 C and resuspended in 1-2 ml 



-10 WO 2005/097977 PCTIUS2005/010766  MES/HEPES medium +
gentamycin. We then performed a cell count on collected cells and  diluted
the cells 1:2 with TB. The cells were plate at 1-2 x 105 cells/well in 24 well
plates.  1000571 The antibody dilutions were as follows: [000581 For
negative selection: SSEA-3: Add 4 l to 200 p1 to dilute 1:50 using ascites-
unk to a final dilution of 1:50. SSEA-1: Add 40 lal to 200 p1 to dilute 1:5 to
dilute a stock of  500 g/ml to a final of 10 g/ml. [000591 For positive
selection: EpCAM: Add 2 l to 100 p1 for a dilution of 1:50 to  dilute a stock
of 500 g/ml to 10 tg/ml. [00060] To test whether EpCAM+ cells (-98%
pure) selected by the MACS sorting  strategy were enhanced for
endoderm and pancreatic lineages, QPCR analyses were performed  on
cells immediately following sorting and also after 4 days of growth in
DMEM + 15 % SR and  FGF 10 (post sort, day 4; Figure 5). At this time,
further enhancement of pancreatic  differentiation of post-sorted cells was
achieved by switching cultures to conditions representing  a modification
of the pancreatic progenitor differentiation protocol of Bonner-Weir et al;
(2001),  consisting of a Matrigel substrate and DMEM/F12 medium
containing BSA, ITS, beta- mercaptoethanol, NEAR, L-glutamine,
nicotinamide, exendin 4 and FGF 10. Post-sorted cells  were further
analyzed by QPCR and IHC after 21 days in differentiation medium
(post-sort day  25, Figure 5). [00061] To test whether the sorting strategy
reduces teratoma formation after growth of ES  cells in vivo, we
transplanted either undifferentiated mouse ES cells, or differentiated,
unsorted  ES cell-derived cells or differentiated, freshly sorted ES cell
progeny into immunodeficient  (NOD-SCID) mice. Graded numbers of
cells were injected under the renal capsule or  subcutaneously. Animals
were monitored for tumor formation for up to 10 weeks, subcutaneous
tumors were measured every 3 days, and histology was performed on
kidneys of injected  animals. [00062] Results: [00063] Figure 4 and Figure
7 show enrichment of PDXI-expressing cells insorted  populations as
assayed by QPCR. In Figure 4, mouse ES cells were cultured to different
stages  as indicated on the x-axis and then sorted for EpCAM+ cells as
noted above. Pdxl gene  expression was assessed by QPCR and
compared to undifferentiated ES cells (column 1 and  normalized to 1.0
fold). All data are also normalized to GAPDH control levels and data
points  represent biological duplicate or triplicate samples. These data
show that without sorting, pdal  



transcripts increase only slightly over time as the cells differentiate in
culture and eventually  pdxl expression plateaus, indicating the absence of
further relative increase in pdxl transcription -11 WO 2005/097977
PCTIUS2005/010766  in later stage cultures. In contrast, pdxl transcripts
continue to accumulate over time in  EpCAM+ cells. Ultimately, sorted
cells demonstrate a >95- fold enrichment of pdxl gene  expression
compared to undifferentiated ES cells and a 4-5 fold enrichment
compared to  unsorted cells. Figure 7 shows the results of another sorting
experiment which demonstrates a  significant increase in endoderm
markers Sox17, and reduction in Oct 4, an undifferentiated stem  cell
marker, over time that is enhanced using this sorting strategy. Again, pdxl
expression in  EpCAM+ sorted cells was increased 3-10 fold over that in
unsorted populns. [000641 EpCAM+ cells that were approximately 98%
pure were placed in culture medium  as indicated above containing l5%SR
(serum replacer) and FGF10 for 4 days, followed by  culture for an
additional 21 days of culture in serum free medium containing
nicotinamide,  exendin4, and FGF10. Figure 5 demonstrates that this
differentiation protocol for post-sorted  cells results in a progressive trend
away from undifferentiated cells and endoderm towards more
differentiated islet phenotypes. More specifically, and as shown in a
previous experiment,  sorting results in a significant enrichment of pdxl
and YY transcripts (post-sort day 0 vs unsorted). After 4 days in FGF10
supplemented medium, cultures exhibited a -300 fold increase  in Sox17
transcription (post-sort day 4 vs. post-sort day0). This was accompanied
by a -4-5 fold  increase in total cell number over 4 days without a
reduction in pdxl or Epcanz transcription that  was likely due to
proliferation. Subsequent culture of this expanded population in serum
free  medium for 21 days (up to 25 days post-sorting) as indicated in the
methods resulted in a  dramatic decrease in the expression of
undifferentiated stem cell markers (Oct 4), indicating  committed
differentiation of undifferentiated stem cells. In addition, there was a
maturation of  endoderm, based on the reduction in Sox 17 transcription.
Simultaneously, we observed a  consistent and significant increase in the
levels of pancreatic marker gene expression (Pdxl, YY  and Insulin).
Under these differentiation conditions, cells altered their morphology in a
striking  way, coalescing and eventually forming tubule-like or duct-like
structures. Overall, compared to  unsorted cells, the sorting scheme and
culture protocol to induce further expansion and  differentiation resulted in
an increase in pancreatic precursors cells, an estimated 12 - fold from
0.07 % of the total population to 0.9% of the total population. Furthermore,
it is estimated that  the protocol can successfully produce a 50- fold
increase in insulin expressing cells. Such  changes in gene expression
and morphology mirror many of the cellular and molecular changes  



that occur in the embryo during pancreaticogenesis. [000651 Based on
the significant reduction in Oct4 expression, we hypothesized that
EpCAM+ cells would be less likely to form teratomas. Therefore, we
designed an experiment to  test this hypothesis. First, we transplanted 0.5
x 106 undifferentiated murine ES cells or unsorted  -12 WO 2005/097977
PCT/US2005/010766  populations of differentiated murine ES cells under
the kidney capsule of immunodeficient 8  week-old NOD-SLID mice.
Kidneys were harvested 3 weeks after injection. All such animals
developed grossly visible tumors. In contrast, animals injected with 0.5 x
106 SSEAl negative,  SSEA3 negative, and EpCAM positive cells did not
develop teratomas either grossly or  histologically (0 of 5 animals).
Therefore, MACS-sorted cells do not generate teratomas when  injected
under the kidney capsule in immunodeficient mice. Figure 6 shows
another experiment  in which cells were inoculated subcutaneously. This
experiment also included another control  cell population, SSEAl-,
SSEA3-, and EpCAM- sorted cell populations and examined growth for
up to 10 weeks. In the subcutaneous location, undifferentiated ES cell
inoculated into the mice  rapidly grew into large teratomas (>10 mm), and
differentiated sorted cells also readily formed  tumors (Figure 6).
Importantly, undifferentiated ES cells also generally form teratomas in
immuno-competent mice (data not shown). Strikingly, EpCAM+
differentiated cells that had  been previously sorted by the three-stage
strategy failed to form tumors (Figure 6). Stable  nodules less than 3 mm
in size formed in all cases of EpCAM+ sorted cell injections, remaining
unchanged tip to 10 weeks after inoculation. Histological analysis of the
nodules showed a  prevalence of glandular structures, suggestive of
endoderm derivatives. The multiple varied  derivatives of other germ
layers typically seen in teratomas were not present in the nodules.
Although sorted cell populations did not form teratomas in vivo, cells
survived and proliferated in  vitro under specific conditions identified in this
application, indicating that death or apoptosis of  the sorted population
was not the reason for lack of teratoma formation. It also indicates that
conditions for expansion of the cells in vitro have been devised while
simultaneously reducing  the tumorigenicity of the resulting cell
populations. [000661 All of the three methodologies recited above resulted
in increasing the proportion  of cells directed to endoderm and the
pancreatic lineage from initially undifferentiated stem cell  cultures. In
particular, the MACS sorting strategy both enhanced pancreatic
differentiation and  reduced tumorigenicity of differentiated ES cell
derivatives by removing residual undifferentiated ES cells. Thus, EcCAM
positive cells selected by the MACS sorting scheme, in  addition to
providing the ability to enrich for endoderm and pancreatic lineages, are
less  



tumorigenic, an important attribute for eventual clinical therapeutic
applications. This is believed  to be the first demonstration or reduced or
eliminated tumorigenic capacity for ES cell progeny  that does not involve
the introduction of exogenous genes into the ES cells. -13 CLAIMS  1. A
method to enrich a culture derived from human embryonic stem cells for
cells of endoderm and pancreatic lineages, the method comprising the
steps of  (a) culturing human embryonic stein cells to form whole, intact
embryoid  bodies surrounded by visceral yolk sac (VYS) cells, wherein the
human embryonic stein  cells express Oct-4, surface stage-specific
embryonic antigen-3/4 (SSEA 3/4) and  epithelial cell adhesion molecule
(EpCAM); (b) culturing the embryoid bodies of step (a) under conditions
that permit the  embryoid body cells to differentiate into a cell population
containing cells of the  endoderm and pancreatic lineages; (c) dispersing
the cell population of step (b) into single cells; (d) selecting against the
expression of SSEA 3/4 positive cells to remove  undifferentiated cells
from the cells of step (c); (e) selecting against the expression of SSEA-1
positive cells to remove VYS  cells from the remaining cells of step (d);
and (f) selecting from among the remaining cells of step (e) for the
expression of  EpCAM positive cells to enrich for cells of endoderm and
pancreatic lineages. 2. The method of claim I wherein the selecting is
performed by magnetic  activated cell sorting. 3. A method to enrich a
culture derived from human embryonic stem cells  for cells of endoderm
and pancreatic lineages, the method comprising the steps of (a) culturing
human embryonic stem cells to form whole, intact embryoid  bodies
surrounded by visceral yolk sac (VYS) cells, wherein the human
embryonic stem  cells express Oct-4, surface stage-specific embryonic
antigen-3/4 (SSEA 3/4) and  epithelial cell adhesion molecule (EpCAM);
(b) culturing the embryoid bodies of step (a) under conditions that permit
the  embryoid body cells to differentiate into a cell population containing
cells of the  endoderm and pancreatic lineages; (c) treating the cell
population of step (b) with an effective amount of  fibroblast growth factor
10 (FGF10); and 



(d) dispersing the cell population of step (c) into single cells enriched for
cells  of endoderm and pancreatic lineages. -14 4. The method of claim 3
further comprising the steps of (e) selecting against the expression of
SSEA-3/4 positive cells to  remove undifferentiated stem cells from the
cells of step (d); (f) selecting against the expression of SSEA-1 positive
cells to remove VYS  cells from the cells of step (e); and (g) selecting from
among the remaining cells of step (f) for the expression of  EpCAM
positive cells to enrich for cells of endoderm and pancreatic lineages. 5.
The method of claim 4 wherein the selecting is performed by magnetic
activated cell sorting. 6. An enrichment method for the creation of a stern
cell derived cell  population which does not have tumorigenic capability
comprising the steps of (a) culturing human embryonic stem cells to form
whole, intact embryoid  bodies surrounded by visceral yolk sac (VYS)
cells, wherein the human embryonic stem  cells express Oct-4, surface
stage-specific embryonic antigen-3/4 (SSEA 3/4) and  epithelial cell
adhesion molecule (EpCAM); (b) culturing the embryoid bodies of step (a)
under conditions that permit the  embryoid body cells to differentiate into a
cell population containing cells of the  endoderm and pancreatic lineages;
(c) dispersing the cell population of step (b) into single cells; (d) selecting
against the expression of SSEA 3/4 positive cells to remove
undifferentiated cells from the cells of step (c); (e) selecting against the
expression of SSEA-1 positive cells to remove VYS  cells from the cells of
step (d); and (0 selecting from among the remaining cells of step (e) for
the expression of  EpCAM positive cells, the resulting cells not forming
teratomas when injected in  immunocompromised mice. 7. The method of
claim 6 wherein the selecting is performed by magnetic  activated cell
sorting. 8. A method to enrich a culture derived from human embryonic
stem cells  for cells of endoderm and pancreatic lineages, the method
comprising the steps of (a) culturing the human embryonic stem cells to
form whole, intact embryoid  



bodies surrounded by visceral yolk sac (VYS) cells, wherein the human
embryonic stem  cells express Oct-4, surface stage-specific embryonic
antigen-3/4 (SSEA 3/4) and  epithelial cell adhesion molecule (EpCAM);
-15 (b) culturing the embryoid bodies of step (a) under conditions that
permit the  embryoid body cells to differentiate into a cell population
containing cells of the  endoderm and pancreatic lineages; (c) treating the
cell population of step (b) with an effective amount of  fibroblast growth
factor 10 (FGFI 0) to enrich for cells of endoderm and pancreatic
lineages; (d) dispersing the cell population of step (c) into single cells; (e)
selecting against the expression of SSEA-3/4 positive cells to remove
undifferentiated stem cells from the cells of step (d); (f) selecting against
the expression of SSEA-1 positive cells to remove VYS  cells from the
cells of step (e); and (g) selecting from among the remaining cells of step
(f) for the expression of  EpCAM positive cells to enrich for cells of
endoderm and pancreatic lineages. -16 


