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ABSTRACT

This invention relates to an expandable population of amniotic fluid-denived cells that can
be differentiated into a B-cell lineage. This invention also provides methods for 1solating

and expanding such amniotic fluid-derived cells, as well as related methods and

compositions for utilizing such cells 1n the therapeutic treatment of diabetes.
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AMNIOTIC FLUID DERIVED CELLS

FIELD OF THE INVENTION

This invention relates to an expandable population of amniotic fluid-derived cells that can

be differentiated into a B-cell lineage. This invention also provides methods for 1solating

and expanding such amniotic fluid-derived cells, as well as related methods and

compositions for utilizing such cells in the therapeutic treatment of diabetes.
BACKGROUND

Loss of organ function can result from congenital defects, injury or disease. One
example of a disease causing loss of organ function is diabetes mellitus, or diabetes.
Most cases of diabetes fall into two clinical types: Type 1, also known as juvenile-onset
diabetes, or insulin dependent diabetes mellitus (IDDM), and Type 2, also known as
adult-onset diabetes. Each type has a different prognosis, treatment, and cause. Both
types are characterized by the patient’s inability to regulate their blood glucose levels.
As a consequence, blood glucose levels rise to high values because glucose cannot enter
cells to meet metabolic demands. This inability to properly metabolize blood sugar
causes a complex series of early and late-stage symptomologies, beginning with, for
example, hyperglycemia, abnormal hunger, thirst, polyuria, and glycouria, and then
escalating to, for example, neuropathy, macro-vascular disease, and micro-vascular

disease.

A common method of treatment of Type 1 diabetes involves the exogenous
administration of insulin, typically by injection with either a syringe or a pump. This

method does not completely normalize blood glucose levels and 1s often associated with
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an increased risk of hypoglycemia. More effective glycemic control can be achieved 1f
the function of the pancreas can be restored or rejuvenated via transplantation or cell-

based therapies.

There are many transplantation therapies currently used to treat diabetes: One such
treatment involves transplanting isolated islets of Langerhans into the diabetic patient.
One of the main hurdles to human islet transplantation has been the lack of sufficient
number of islets to treat the large number of diabetic patients. One possible solution to

the shortage of islets is the generation of islets from alternate cellular sources.

It has been documented that progenitor cells derived from adult tissues are capable of

differentiation into a pancreatic B-cell phenotype. See, for example, WO2004/087885 A2,
Hess et al. (Nature Biotechnology 21, 763 — 770, 2003), and Ianus et al. (J. Clin. Invest
111: 843-850, 2003), which report the capacity of adult bone marrow-derived cells

(mesenchymal and hematopoetic cells) to differentiate into cells having characteristics of a

pancreatic B-cell in vitro, or secrete trophic factors that help regenerate a damaged pancreas

In vivo.

Among other sources of progenitor cells that can be differentiated 1nto pancreatic cells
include rodent liver oval stem cells (W0O03/033697) and post-partum placenta (U.S.
Published Application 2004/0161419 Al).

The endocrine cells of the islets of Langerhans, including B-cells, are constantly turning
over by processes of apoptosis and the proliferation of new islet cells (neogenesis). As
such, the pancreas is thought to be a source of progenitor cells that are capable of
differentiating into pancreatic hormone producing cells. There are three distinct tissue
types, isolated from a pancreas, that are a potential source of pancreatic progenitor cells: an

islet rich fraction, a ductal cell rich fraction, and an acinar cell rich fraction.

[solation of progenitor cells or partially differentiated cells from crude pancreatic tissue
extracts may be achieved using antibodies raised against cell surface markers. For
example, U.S. Published Application 2004/0241761 discloses 1solation of murine cells
that expressed ErbB2, ErbB3, ErbB4, Msx-2, PDX-1 and 1nsulin.
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Gershengorn et al. (Science 306: 2261-2264, 2004) teach the production of proliferating
cells that were able to form islet-like cell aggregates. The cells were derived from a
heterogeneous population of adherent cells that emerged from the culture of isolated
human pancreatic islets in vitro. The isolated islets of Langerhans were imitially seeded
onto tissue culture dishes and cultured in medium containing 10% serum. Fibroblast-like
cells were observed to migrate out of the cultured islets and form a monolayer. These

cells expressed Nestin, smooth muscle actin and vimentin.

Pancreatic progenitor cells may also arise from the culture of pancreatic islet and ductal
tissue that has been dissociated into single cells, as disclosed by Seaberg e al. (Nature
Biotechnology 22: 1115 — 1124, 2004). The murine progenitor cells disclosed by Seaberg

et al. expressed Nestin during proliferation.

U.S. Published Application 2003/0082155 discloses methods to 1solate and 1dentify a
population of cells from the islets of Langerhans of human pancreas, which have the
functional and molecular characteristics of stem cells. In particular, these cells were
characterized by Nestin-positive staining, Nestin gene expression, GLP-1R-positive
staining, GLP- 1R gene expression, ABCG2 positive staining, ABCGZ2 gene expression,
Oct3/4 positive staining, Oct3/4 gene expression, latrophilin (type 2) positive staining,
latrophilin (type 2) gene expression, Hes-1 positive staining, Hes-1 gene expression,
Integrin subunits a6 and B1 positive staining, Integrin subunits a6 and 1 gene
expression, c-kit positive staining, c-kit gene expression, MDR-1 positive staining, MDR-
1 gene expression, SST-R, 2, 3, 4 positive staining, SST-R, 2, 3, 4 gene expression, SUR-
1 positive staining, SUR-1 gene expression, Kir 6.2 positive staining, Kir 6.2 gene
expression, CD34 negative staining, CD45 negative staining, CD 133 negative staining,
MHC class I negative staining, MHC class II negative staining, cytokeratin-19 negative
staining, long-term proliferation in culture, and the ability to ditferentiate into pseudo-

i1slets in culture.

In another approach, as disclosed in U.S. Patent 5,834,308, U.S. Patent 6,001,647 and
U.S. Patent 6,703,017, crude preparations of 1slet cultures from NOD mice may be used

to establish epithelial-like cultures, which can be maintained 1in growing cultures for
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greater than 1 year and which appear to demonstrate the ability to differentiate into 1slet-

like clusters, capable of secreting insulin.

[slet-like structures may be generated from fractions of digested human pancreata
enriched for ductal tissue, as disclosed in Bonner-Weir et al. (Proc Nat Acad Sci 97:

7999-8004, 2000) and U.S. Patent 6,815,203 B1. Islet-like clusters disclosed in these

publications stained positive for cytokeratin-19 and showed immunoreactivity for insulin.

W02004/011621 discloses the generation of insulin negative adherent cells from human

pancreatic ductal fragments.

WO003/102134 discloses the generation of an epithelial cell positive for cytokeratin-19
from an acinar fraction of a human pancreatic digest. The cells generated are capable of
limited expansion and differentiate into an insulin-producing cell in the presence of an

induction media.

U.S. Published Application 2004/015805 Al reports that a subset of human pancreatic
stem cells may be isolated using ligands to the cell surface marker CD56 (also known as
NCAM). These cells can differentiate into insulin producing cells and insulin producing

aggregates.

It has been documented that progenitor cells, derived from fetal or embryonic tissues, have
the potential to differentiate into a pancreatic hormone-producing cell. See, for example,
U.S. Patent 6,436,704, W0O03/062405, W0O02/092756 and EP 0 363 125 A2, which report
the potential of human fetal and embryonic derived cells to differentiate into a f3-cell

lineage.

Human Embryonic Stem cells (hES) are derived from the inner cell mass of the blastocyst,
the earliest stage of embryonic development of the fertilized egg. The blastocyst 1s a pre-
implantation stage of the embryo, a stage before the embryo would implant in the uterine
wall. When cultured on an inactivated feeder layer of cells according to conditions
described by Thompson and colleagues (Thomson, ef al. (Proc. Natl. Acad. Sci. U.S.A. 92:
7844-7848, 1995); Thomson, et al. (Science 282:1145-1147, 1998), Marshall, et al.,
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(Methods Mol. Biol. 158:11-18,2001), the inner layer cells of the blastocyst may be grown
in vitro indefinitely in an undifferentiated state. Properly propagated hES cells have
unlimited potential to double while maintaining their pluiripotency; namely their capacity of
differentiating into the three layers of the embryo, Ectoderm (Ec), Mesoderm (Me) and
Endoderm (En). When grown as pluripotent hES, the cells maintain a euploid karyotype

and are not prone to senescence.

Human embryonic stem cells display a distinct group of cell surface antigens, SSEA-3,
SSEA-4, TRA-2-54 (alkaline phosphatase), TRA-1-60 and TRA-1-81, 1n addition to
expressing specific transcription factors OCT-4, NANOG, SOX-2, FGF-4 and REX-1
(Henderson, et al., (Stem Cells 20:329-337, 2002), Draper, ef al., (J. Anat. 200:249-238,
2002), Mitsui et al., (Cell 113:631-642, 2003), Chambers et al., (Cell 113:643-655, 2003).

[t is important to note from these publications, however, that human embryonic cells often
require a feeder layer for expansion and maintenance of pluripotency or combination of a
complex extracellular matrix, such as, for example, MATRIGEL™, plus conditioned media.
These conditions do not allow the facile scale up of cells and an eventual cell therapy for

treating diabetes.

Researchers have found that non-embryonic types of stem cells ("adult stem cells") are
not as capable of differentiating into many different tissue types, as are embryonic stem
cells, so embryonic stem cells still have many advantages over the use of adult stem cells.

However, one obstacle with the 1solation of embryonic stem cells 1s that the cells are
derived from embryos at the "blastocyst" stage. Human embryonic stem cell research 1s
encumbered by an emotionally charged political and ethics debate and 1s likely to remain

so for years to come.

Additionally, human embryonic stem cells (hES) have been found to be tumorigenic
when injected into immunologically impaired animals, 1.e. in the context of post-natal
tissues, whereas adult stem cells are not. The tumorigenic attributes of hES cells are not
frequently addressed, though this issue may burden their use 1n replacement cell therapy

in the future. The political, moral and ethical 1ssues around hES cells and their
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tumorigenic properties, as well as the perceived difficulties of expanding undifferentiated
adult stem cells in culture, while maintaining a genetically normal genome, are major

barriers in the development of human cell replacement therapy.

Pluripotent or multipotent stem cells have been isolated from chorionic villus, and
amniotic fluid. Many amniotic and placental cells share a common origin, namely the
inner cell mass of the morula, which gives rise to the embryo itself, the yolk sac, the
mesenchymal core of the chorionic villi, the chorion and the amnion (Crane & Cheung,
Prenatal Diagnosis 8: 119-129, 1988). Embryonic and fetal cells from all three germ
layers have long been identified in the amniotic fluid (Milunsky, Genetic Disorder of the
Fetus. New York: Plenum Press, 75-84, 1979; Hoehn & Salk, Methods in Cell Biology
26, 11-34, 1982; Gosden, British Medical Bulletin 39, 348-354, 1983, Prusa et al, Human
Reproduction 18, 1489-1493, 2003). Thus, amniotic fluid may provide the least invasive

access to embryonic-like and fetal-like stem cells.

Amniotic fluid derived cells have been routinely used for detecting chromosomal
abnormality of the fetus. Amniotic fluid is typically sampled during the 2nd trimester (16
to 22 weeks of gestation). Previous art clearly demonstrates presence of three sub-
population with distinct cell morphologies: “fibroblastic” (F), “amniotic fluid” (AF)
cells, and “epithelial” (E) cells. The F and AF cells rapidly expand whereas the E cells

display a much slower growth curve and have poor clonal etficiency.

For example, PCT application W02003/042405 discloses 1solation of ¢-Kit positive stem

cells from chorionic villus, amniotic fluid and placenta (Cell 1, Table I).

In another example, U.S. Published Application 2005/0054093 discloses the 1solation of
stem cells from amniotic fluid. These cells express stage-specific embryonic antigen 3
(SSEA3), stage-specific embryonic antigen 4 (SSEA4), Tral-60, Tral-81, Tra2-54, Oct-4,
HLA class I, CD13, CD44 CD49b and CD105 (Cell 2, Table I).

In another example, fetal cells have been isolated from amniotic fluid (in’t Anker ef al,
Blood 102, 1548-1549, 2003). The cells disclosed were positive for expression of the
following markers: CD44, CD73, CD90, CD105, CD106, HLA-A,B, & C. The cells were
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negative for expression of the following markers: ¢-Kit (CD117), CD11, CD31, CD34,
CDA45 and HLA-D (Cell 3, Table I).

A population of mesenchymal stem cells isolated from amniotic fluid has also been reported
In a publication to Tsai et al (Tsai et al, Human Reproduction 19, 1450-1456, 2004). The
cells disclosed were positive for expression of the following markers: CD29, CD44, CD73,
CD90, HLA-A B, & C. The cells were also positive for the embryonic transcription factor

Oct-4. The cells were negative tor expression of the following markers: ¢-Kit (CD117),

CD34 and HLA-D (Cell 4, Table I)

/-’

Although recent publications and patents have suggested that within the fibroblastic,
amniotic fluid, or epithehial subpopulations there exists a cell population that display
some characteristics of human embryonic cells, such as expression of surface markers
SSEA3 and —4, expression of transcription factor Oct-4, strong expansion potential, and
differentiation into multiple cell types; none of the previously published art has
demonstrated the existence of a subpopulation of the cells that display expression of key
early endodermal markers, such as HNF-1 beta, HNF-3 beta, SOX-17, and GATA-6,

while maintaining expression of ES markers SSEA-4.

Co expression of HNF-1 beta, HNF-3 beta (also known as FOXa2), SOX-17, and GATA-
6 1s regarded as the key step to define the formation of definitive endoderm during

oastrulation. Thus, expression of these markers may be key in the generation of a

pancreatic 3-cell population, or a population of pancreatic hormone-producing cells, or a

out hormone-producing cell from an amniotic fluid-derived cell.

Therefore, there still remains a significant need to develop culture conditions for
establishing amniotic fluid-derived cell lines that can be expanded to address the current
clinical needs, while retaining the potential to differentiate into definitive endoderm, or a

population of pancreatic hormone-producing cells, or a gut hormone-producing cell, or a

B-cell lineage.
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SUMMARY

In one aspect, there 1s provided a substantially pure population of cells obtained from amniotic
fluid, wherein said cells are: negative for the expression of the CD117 and Oct-4 protein
markers, and positive for the expression of GATA-6 and SSEA-4, wherein the cells are negative
for a factor when the factor is not present or expressed 1n at least 70% of the cell population, and

the cells are positive for a factor when the factor 1s present or expressed in at least 50% of the

cell population.

DOCSTOR; 2776976\1
7a
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Also disclosed 1s a method for 1solating mammalian amniotic ﬂuid;derived cells.
According to one aspect, amniotic fluid-derived cells are obtained from amniotic fluid
samples of about 14 to about 23 weeks gestation. Alternatively, the amniotic fluid-
derived cells are obtained from amniotic fluid samples of about 23 to about 40 weeks

gestation.

In one embodiment, the cultures are left undisturbed for at least 5 to 10 days under
hypoxic conditions (3% O,). Alternatively, the cultures are left undisturbed for at least 5

to 10 days under normoxic conditions (approximately 20% O,).

In an alternate embodiment, amniotic fluid-derived cells are obtained from amniotic fluid
samples from the second trimester of gestation. Alternatively, the amniotic fluid-derived

cells are obtained from amniotic fluid samples from the third trimester of gestation.

In one embodiment, the cultured amniotic fluid-derived cells are isolated as single cells,

and clonally expanded.

The amniotic fluid-derived isolated according to the methods described herein can be
contacted, for example, with an agent (such as an antibody) that specifically recognizes a
protein marker expressed by amniotic fluid cells, to identify and select amniotic fluid-
derived cells, thereby obtaining a substantially pure population of amniotic fluid-derived

cells, i.e., wherein a recognized protein marker is expressed in at least 50% of the cell

population.

In one disclosed embodiment, the resulting amniotic fluid-derived cell population s
substantially positive for at least one of the following markers: HNF-1 beta, HNE-3 beta,
SOX-17, or GATA-6. The amniotic fluid-derived cell population is substantially negative
for at least one of the following markers: CD117, Oct-4, or Tra2-54. The amniotic fluid-

derived cell population can be expanded for more than 50 population doublings without

losing the capacity to express HNF-1 beta, HNF-3 beta, SOX-17, or GATA-6.

In one embodiment, the amniotic fluid-derived cell population is substantially positive for

the following markers: SSEA4 and CD44. The amniotic fluid-derived cell population can

DOCSTOR: 5008378\1 3
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be expanded for more than 50 population doublings without losing the capacity to express

HNF-1 beta, HNF-3 beta, SOX-17, or GATA-6.

In one embodiment, the amniotic fluid-derived cell population 1solated according to the
methods disclosed is substantially negative for at least one of the following markers:
SOX-17,CD117, Oct-4, or Tra2-54. The amniotic fluid-derived cell population 1s
substantially positive for the following markers: SSEA4 and CD44. The amniotic tluid-

derived cell population can be expanded for more than 50 population doublings.

In one embodiment, the amniotic fluid-derived cell population isolated according to the
methods disclosed is substantially negative for cytokeratin and at least one of the
following markers: SOX-17, CD117, Oct-4, or Tra2-54. The amniotic fluid-derived cell
population is substantially positive for the following markers: SSEA4 and CD44. The
amniotic fluid-derived cell population can be expanded for more than 50 population

doublings.

In one embodiment, the amniotic fluid-derived cell population isolated according to the
methods disclosed is substantially negative for SOX-17. The amniotic fluid-derived cell
population is substantially positive for the following markers: SSEA4 and CD44. The

amniotic fluid-derived cell population can be expanded for more than 50 population

doublings.

In one embodiment, the amniotic fluid-derived cell population isolated according to the
methods disclosed is substantially negative for the following markers: cytokeratin, and
SOX-17. The amniotic fluid-derived cell population is substantially positive for the
following markers: SSEA4 and CD44. The amniotic fluid-derived cell population can be

expanded for more than 50 population doublings.

In one embodiment, the amniotic fluid-derived cell population isolated according to the
methods disclosed is substantially negative for SOX-17. The amniotic fluid-derived cell
population is further negative for at least one of the following markers: CD117, Oct-4, or
Tra2-54. The amniotic fluid-derived cell population is substantially positive for the
following markers: SSEA4 and CD44. The amniotic fluid-derived cell population can be

expanded for more than 50 population doublings.
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In one embodiment, the amniotic fluid-derived cell population 1solated according to the
methods disclosed 1s substantially negative tor the following markers: cytokeratin, and
SOX-17. The amniotic fluid-derived cell population is further negative for at least one of the
following markers: CD117, Oct-4, or Tra2-54. The amniotic fluid-derived cell population
is substantially positive for the following markers: SSEA4 and CD44. The amniotic

fluid-derived cell population can be expanded for more than 50 population doublings.

In another embodiment, there is disclosed an 1solated pure population of amntotic fluid-

derived cells that are substantially negative for at least one of the following markers:

CDI117, Oct-4, or Tra2-54.

In another embodiment, there is disclosed an isolated pure population of amniotic fluid-

derived cells that are substantially negative for at least one of the following markers:

SOX-17,CD117, Oct-4, or Tra2-54.

In another embodiment, there is disclosed an isolated pure population of amniotic fluid-

derived cells that are substantially negative for SOX-17.

In another embodiment, there is disclosed an isolated pure population of amniotic fluid-
derived cells that are substantially negative for SOX-17, and substantially negative for at

least one of the following markers: CDI117, Oct-4, or Tra2-54.

In one embodiment, the amniotic fluid-derived cells isolated according to the methods

disclosed herein may also express at least one of the following: Musashi-1 and Hesl.

The amniotic fluid-derived cells isolated and expanded as described can be induced to
differentiate into cells of the B cell lineage under appropriate in vitro or in vivo conditions.
Accordingly, the amniotic fluid-derived cells selected and expanded as described herein,

as well as the differentiated cells derived from the amniotic fluid-derived cells, can be

useful for treating Type 1 and 2 diabetes.

The amniotic fluid-derived cells isolated and expanded according to the present disclosure
can be induced to gut hormone-producing cells under appropriate in vifro or in vivo

conditions. In one embodiment, the amniotic fluid-derived cells isolated and expanded as

10
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described herein can be induced to gut hormone-producing cells under appropriate in vitro

or in vivo conditions and may express insulin in a glucose responsive manner.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the isolation and culturing steps used to isolate the amniotic tluid derived

cells of the present invention.

Figure 2 shows three distinct morphologies of cells isolated from an amniotic fluid
sample at passage 0. a) AF morphology, b) epithelial morphology, and c) fibroblast
morphology.

Figure 3 depicts the expression of cell surface markers on AF-I cells derived from

amniotic fluid. The markers are indicated on panels a-n.

Figure 4 depicts the expression of cell surface markers on F cells derived from amniotic

fluid. The markers are indicated on panels a-I.

Figure 5 depicts the expression of cell surface markers on E cells derived from amniotic

fluid. The markers are indicated on panels a-m.

Figure 6 depicts immunofluoresence images of the F cells derived from amniotic fluid

samples. F cells stained positive for a) vimentin, b) SSEA-4, and c¢) beta I1I tubulin.

Figure 7 depicts immunofluoresence images of the E cells derived from amniotic tluid

samples. E cells stained positive for a) vimentin and nestin, b) SSEA-4, ¢) beta 111

tubulin, d) pan-cytokeratin, €) smooth muscle actin, and f) cytokeratin 19.

11
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Figure 8 depicts immunofluoresence images of the AF-I cells derived from amniotic
fluid samples. AF-I cells stained positive for a) vimentin and nestin, b) beta III tubulin,
¢) cytokeratin 19 and HES-1, d) pan-cytokeratin, e) SSEA-4, f) SOX-17 and Z0O-1, g)
GATA-6, h) HNF-1 beta, i) smooth muscle actin and HES-2.

Figure 9 shows the expression profile of AF-I, AF-II, and AF-III cells of the present

Invention.
Figure 10 depicts the population doubling curve of early passage AF-I cells.

Figure 11 depicts the expansion potential of AF, F, or E cell derived from different
donors. € shows the cell number of amniotic fluid-derived cells with AF-I morphology
obtained from amniotic fluid from one donor at 14-23 weeks gestation. Cells were
cultured in media number 5 (Table II). A shows the cell number of amniotic fluid-
derived cells with AF-I morphology obtained from amniotic fluid from a second donor at
14-23 weeks gestation. Cells were cultured in media number 5 (Table 11). B shows the
cell number of amniotic fluid-derived cells with F morphology obtained from amniotic
fluid from a third donor at 14-23 weeks gestation. Cells were cultured in media number
15 (Table IT). % shows the cell number of amniotic fluid-derived cells with F

morphology obtained from amniotic fluid from a fourth donor at 14-23 weeks gestation.
Cells were cultured in media number 16 (Table II). ® shows the cell number of amniotic

fluid-derived cells with E morphology obtained from amniotic fluid from a donor at 14-
23 weeks gestation. Cells were cultured in media number 5. + shows the cell number of
amniotic fluid-derived cells with AF-II morphology obtained from amniotic fluid from a
second donor at 14-23 weeks gestation. Cells were cultured 1n media number 5 (Table
II). A shows the cell number of amniotic fluid-derived cells with AF-III morphology
obtained from amniotic fluid from a second donor at 14-23 weeks gestation. Cells were

cultured in media number 5 (Table I11)

Figure 12 depicts the telomere length of an AF-I cell line cultured either in
AMNIOMAX or DM-LG + 10 % FBS at an intermediate passage level (approximately
40 population doublings). Lane 1 is the molecular weight ladder, lane 2 1s the high

12
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telomere length control, lane 3 is the low telomere length control, lane 4 1s amniotic
fluid-derived cells from a donor at Passage 12, cultured in DMEM-LG + 10% FBS, lane
5 is amniotic fluid-derived cells from the same donor at passage 12, cultured in media #5,

and lane 6 is an embryonic carcinoma cell line (NTERA cells) that serves as a positive

control.

Figure 13 shows the karyotype of a) AF-1, b) AF-1I, and c¢) AF-III cells cultured at
passage 7-9 (approximately 30-35 population doublings).

Figure 14 depicts the expansion potential of a single AF derived cell from one donor at

term (approximately 38 weeks). Cells were cultured in media number 5 (Table 1I).

‘Figure 15 depicts the scatter plot gene expression profiles between the different amniotic

fluid cell types. The Pearson correlation coefficient for each plot 1s also listed.

Figure 16 shows the effects of growth factors on gene expression in amniotic fluid-
derived cells. Amniotic fluid-derived cells were obtained from a single donor and
cultured for 12 days in conditioned media that was obtained from cultures of PANC-1
cells. The media was supplemented with the growth factors indicated. The levels of
expression of HNF-3 beta and somatostatin were determined by real-time PCR. Human
pancreas total RNA was included as a calibrator. Panel a shows the changes in HNF-3

beta expression. Panel b shows the changes in somatostatin expression.

Figure 17 shows the effects of L.685,458 on cultured amniotic fluid-derived cells having
the AF morphology. Panel a shows the relative differences in RNA expression of human
Hes-1 in cultured AF cells treated with the concentrations of L685,458 indicated. Panel b
shows the effects of L685,458 on the viability of the cultured cells following a treatment
with L685,458. Cells were treated for three days, at the concentrations indicated.
Changes in viability, corresponding to cytotoxicity were detected using an MTS assay,

where a decrease in cell viability corresponds to a decrease in A490nm.

13
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DETAILED DESCRIPTION

For clarity of disclosure, and not by way of limitation, the detailed description of the
invention is divided into the following subsections that describe or illustrate certain

features, embodiments or applications of the present invention.

The present invention is directed to methods for isolating an amniotic fluid-derived cell
population that is highly proliferative, and displays embryonic-like characteristics. Similar
cells may also be present in the chorionic villus. Some of the embodiments of the
invention disclosed herein describe three morphologically distinct populations of

amniotic fluid-derived cells: “fibroblastic” (F), epithelial” (E) cells, and “amniotic fluid”

(AF) cells.
Definitions

"B-cell lineage" refer to cells with positive gene expression for the transcription factor

PDX-1 and at least one of the following transcription factors: NGN-3, Nkx2.2, Nkx6.1,
NeuroD, Isl-1, HNF-3 beta, MAFA, Pax4, and Pax6. Characteristics of cells of the beta
cell lineage are well known to those skilled in the art, and additional characteristics of the
beta cell lineage continue to be identified. These transcription factors are well

established in prior art for identification of endocrine cells (Nature Reviews Genetics,

Vol3, 524-632, 2002).

"Pancreatic islet-like structure" refers to a three-dimensional clusters of cells derived by
practicing the methods of the invention, which has the appearance of a pancreatic islet.

The cells in a pancreatic islet-like structure express at least the PDX-1 gene and one

hormone selected from the list glucagon, somatostatin, or insulin.

The term "hypoxic" refers to oxygen levels less than 20%, preferably less than 10%, and

more preferably less than 5% but more than 1%.

The term "normoxia" refers to atmospheric oxygen levels of about 20%.
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The term "substantially positive," when used in connection with a population of cells
with respect to the expression of certain marker (such as a membrane receptor,
cytoplasmic or nuclear protein, or a transcription factor), means that the marker is present
or expressed in at least about 50%, alternatively at least about 60%, and alternatively at

least about 70%, of the total cell population.

The term "substantially negative," when used in connection with a population of cells
with respect to the expression of certain marker (such as a membrane receptor,
cytoplasmic or nuclear protein, or a transcription factor), means that the marker 1s not

present or expressed in at least about 70%, alternatively about 80%, alternatively about

90%, of the total cell population.

A "stem cell” as used herein refers to an undifferentiated cell that 1s capable of extensive

propagation either in vivo or ex vivo and capable of differentiation to other cell types.

A "progenitor cell" refers to a cell that is derived from a stem cell by differentiation and
is capable of further differentiation to more mature cell types. Progenitor cells typically

have more restricted proliferation capacity as compared to stem cells.

"Expandable population” refers to the ability of an isolated cell population to be

propagated through at least 50 or more cell divisions in a cell culture system.

By "undifferentiated cells," when used in connection with cells 1solated from a amniotic

fluid, are meant a population of amniotic fluid-derived cells that are substantially negative

for the expression of PDX-1, or insulin.

By "differentiated cells," when used in connection with cells 1solated trom amniotic fluid,
are meant a population of amniotic fluid-derived cells that are substantially positive for the

expression of PDX-1, or insulin.

"Markers" as used herein, are nucleic acid or polypeptide molecules that are difterentially
expressed in a cell of interest. In this context, ditferential expression means an increased

level of the marker for a positive marker, and a decreased level for a negative marker. The
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detectable level of the marker nucleic acid or polypeptide is sufficiently higher or lower 1n
the cells of interest, compared to other cells, such that the cell of interest can be identified

and distinguished from other cells, using any of a variety of methods known 1n the art.

"¢-Kit" and "CD117" both refer to a cell surface receptor tyrosine kinase having a

sequence disclosed in Genbank Accession No. X06182, or a naturally occurring variant

sequence thereof (e.g., allelic variant).

“CD9” is also referred to as “Motility-related protein-1 (MRP-1)" and 1s a

transmembrane glycoprotein that has been implicated in cell adhesion, motility,

proliferation, and differentiation.

“CD10” is also referred to as “Common Acute Lymphocytic Leukemia Antigen
(CALLA)”. CDI10 is a cell surface enzyme with neutral metalloendopeptidase activity
and it is expressed in lymphoblastic, Burkitt’s, and follicular germinal center lymphomas
and in patients with chronic myelocytic leukemia. It is also expressed on the surface of
normal early lymphoid progenitor cells, immature B Cells within adult bone marrow and
germinal center B Cells within lymphoid tissue. CD10 1s also present on breast

myoepithelial cells, bile canaliculi, fibroblasts, brush border of kidney and gut epithelial

cells.

"CD44" is also referred to as "Hermes antigen" and is the main cell surface receptor tor

hyaluronan. This CD is primarily expressed in most cell types, except for tissues/cells

such as hepatocytes, some epithelial cells, and cardiac muscle.

"CD491" is also referred to as "a6 integrin" and "VLA-6," and associates with integrin
subunit beta 1 to bind laminin. CD49f is expressed primarily on epithelial cells,

trophoblasts, platelets, and monocytes.

"CD73" is also referred to as "ecto-5'-nucleotidase” and 1s primarily expressed on a
subset of-B and T cells, bone marrow stromal cells, various epithelial cells, fibroblasts,

and endothelial cells.
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"CD90" is also referred to as "Thy-1" and is primarily expressed on hematopoietic stem

cells, connective tissue cells, and various fibroblastic and stromal cells.

“SSEA-1” (Stage Specific Embryonic Antigen-1) 1s a glycolipid surface antigen present
on the surface of murine teratocarcinoma stem cells (EC), murine and human embryonic

germ cells (EG), and murine embryonic stem cells (ES).

“SSEA-3” (Stage Specific Embryonic Antigen-3) 1s a glycolipid surface antigen present
on the surface of human teratocarcinoma stem cells (EC), human embryonic germ cells

(EG), and human embryonic stem cells (ES).

“SSEA-4” (Stage Specific Embryonic Antigen-4) is a glycolipid surface antigen present
on the surface of human teratocarcinoma stem cells (EC), human embryonic germ cells

(EG), and human embryonic stem cells (ES).

“TRA1-60” is a keratin sulfate related antigen that is expressed on the surface of human
teratocarcinoma stem cells (EC), human embryonic germ cells (EG), and human

embryonic stem cells (ES).

“TRA1-81” is a keratin sulfate related antigen that 1s expressed on the surface of human

teratocarcinoma stem cells (EC), human embryonic germ cells (EG), and human

embryonic stem cells (ES).

“TRA2-49” is an alkaline phosphatase 1sozyme expressed on the surface of human

teratocarcinoma stem cells (EC), and human embryonic stem cells (ES).

“Oct-4” 1s a member of the POU-domain transcription factor and 1s widely regarded as a
hallmark of pluripotent stem cells. The relationship of Oct-4 to pluripotent stem cells 1s
indicated by its tightly restricted expression to undifferentiated pluripotent stem cells.

Upon differentiation to somatic lineages, the expression of Oct-4 disappears rapidly.

“EPCAM?” " 1s also referred to as "Epithelial Cell Adhesion Molecule” 1s broadly

expressed on cells of epithelial origin and epithelial derived tumor cells.
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“Rex-1” is a developmentally regulated acidic zinc finger gene (4/p-42). Rex-1 message
level is high in embryonic stem cells and reduced upon induction of differentiation. As
expected for a stem-cell-specific message, Rex-1 mRNA is present in the mner cell mass
(ICM) of blastocyst, polar trophoblast of the blastocyst and later 1n the ectoplacental cone
and extraembryonic ectoderm of the egg cylinder (trophoblast-derived tissues), but its

abundance is much reduced in the embryonic ectoderm, which is directly descended from

the ICM.

“HNF-1 alpha”, “HNF-1 beta” and “HNF-3 beta” belong to the hepatic nuclear factor

family of transcription factors, which is characterized by a highly conserved DNA

binding domain and two short carboxy-terminal domains.

“GATA-4” and “GATA-6" are members of the GATA transcription factor family. This

family of transcription factors are induced by TGF B signaling and contribute to the

maintenance of early endoderm markers, Sox17a and HNF-1 beta, and the later marker

HNF-3 beta.

“SOX-17” is a transcription factor, which is implicated in the formation of endoderm

during embryogenesis.

By "basic defined cell culture medium" 1s meant a serum free or serum containing,
chemically defined cell growth medium. Such medium includes, but 1s not limited to,

Dulbecco's Modified Eagle's Medium (DMEM), alpha modified Minimum Essential
Medium (alpha MMEM), Basal Medium Essential (BME), CMRL-1066, RPMI 1640,

M199 medium, Ham’s F10 nutrient medium, KNOCKOUT™ DMEM, Advanced
DMEM, MCDB based media such as MCDB -151, -153, -201, and —302 (S1gma, MO),
and DMEM/F12. These an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>