
METHOD FOR EXTRACELLULA.R MATRIX MEDIATED DIFFERENTIATION AND
PROLIFERATION OF STEM CELLS CROSS-REFERENCE TO RELATED APPLICATION
[0001]This application claims benefit of, and priority from, U.S.
provisional patent applications No. 60/996,816, filed on December 6,
2007, the contents of which are fully incorporated herein by
reference. FIELD OF THE INVENTION [0002]The present invention relates
to a method for culturing cells that can mediate differentiation and
undifferentiated proliferation of stem cells. BACKGROUND OF THE
INVENTION [0003] A major obstacle for various approaches in
regenerative medicine aimed at replacing lost organ functions is the
shortage of available cell sources. The availability of such
approaches is often limited by the shortage of donor tissue. Stem
cells, including embryonic or bone marrow derived mesenchymal stem
cells, are a potential cell source for regenerative medicine (1-4).
Human embryonic stem (hES) cells are capable of indefinite
self-renewal and are pluripotent; that is, these cells are able to
differentiate into practically every type of cell found in the
organism from which they are derived (17, 18). Human mesenchymal stem
(hMS) cells are multi-potent and can differentiate into various cell
lineages of mesenchymal tissues including, bone, cartilage, fat,
tendon, muscle, adipocytes, chondrocytes, and osteocytes (19,
20).1314,S and hMS cells accordingly have tremendous potential to
provide different cell types for use in a variety of medical and
research purposes. [0004]Techniques for in vitro differentiation of
stem cells into particular cell lineages using specific proteins or
chemical molecules have been well-studied. However, achieving a large
population of differentiated functional cells remains a challenge.  



[0005]To date, differentiation of stem cells in vitro has generally
been limited to reliance on non-directed cell differentiation or
inefficient methods for inducing differentiation that require the
addition of various growth factors and supplements to the cell
culture and that tend to produce a low percentage of desired
differentiated cells (21, 40). [0006]Similarly, achieving in vitro
undifferentiated proliferation of hES cells suitable for clinical
applications has been challenging. Traditional culture methods for
proliferating human stem cells require the use of mouse embryonic
fibroblasts (MEFs) as a feeder layer, which could result in
cross-contamination of the human stem cell population with animal
components (22). Contamination of stem cells or their differentiated
derivatives with animal components increases the likelihood of immune
rejection during regenerative therapies (23, 24). SUMMARY OF THE
INVENTION [0007]The present invention provides a method of directed
in vitro differentiation of stem cells. The method involves culturing
stem cells in conditioned medium and on an extracellular matrix (ECM)
extracted from cells to provide conditions that induce directed
differentiation into cells functionally comparable to the cells from
which the ECM was extracted. [0008]In addition, the method of the
present invention provides undifferentiated proliferation of stem
cell in vitro. Using the method of the present invention, hES cells
cultured, for example, on the ECM extracted from MEFs can be
proliferated without differentiation. [0009] Thus the present methods
have the potential to provide a much needed cell source for
regenerative medicine. The present methods may provide a high yield
of differentiated cells of a desired cell type at a low cost, and in
one embodiment also provide in vitro hES cell cultures that are free
of cross contamination with MEFs. Such cultures are thus less likely
to result in immune rejection when used in regenerative therapies.  



[0010]In one aspect, there is provided a method comprising culturing
a stem cell on extracellular matrix extracted from support cells and
in a stem cell culture medium comprising medium conditioned by the
support cells. [0011] In one embodiment, the stem cell culture medium
is free from the support cells. [0012]In one embodiment, the support
cells are differentiated. The support cells may be for example
proximal tubule cells, pancreatic insulin-secreting cells,
osteoblasts, neuronal cells, glial cells, hepatocytes, myoblasts or
human proximal tubule cells. [0013] In another embodiment the support
cells provide conditioned medium and extracellular matrix that
maintain the stem cell in an undifferentiated state and the culturing
comprises proliferation of the stem cell without differentiation. The
support cells may be for example mouse embryonic fibroblasts. [0014]
In different embodiments of the present method, the stem cell may be
for example an embryonic stem cell, a mesenchymal stem cell, a human
embryonic stem cell or a human mesenchymal stem cell. [0015]In one
embodiment, the stem cell is cultured in a tissue culture plate or
culture flask. [0016]In another embodiment, the support cells are
differentiated and the stem cell is cultured in a bioartificial
device. For example, the bioartificial device may be a bioartificial
tubule assist device and the support cells may be human proximal
tubule cells. 



[0017] In one embodiment the stem cell culture medium comprises about
45 % (v/v) to about 55 % (v/v) medium conditioned by the support
cells. [0018]In another aspect, there is providecta population of
cells differentiated from a population of stem cells on extracellular
matrix extracted from support cells and in a stem cell culture medium
comprising medium conditioned by the support cells, wherein about
30% or more of the cells are differentiated. [0019]In one embodiment,
the population of cells is prepared according to the methods of stem
cell culturing described herein wherein the support cells are
differentiated. [0020] For example in one embodiment, the population
of stems cells is a population of human mesenchymal stem cells and
the support cells are pancreatic beta cells, wherein about 30% or
more of the cells express insulin c-peptide. [0021] In another
embodiment, the population of stems cells is a population of human
embryonic stem cells and the support cells are pancreatic beta cells,
wherein about 30% or more of the cells express insulin c-peptide.
[0022]Other aspects and features of the present invention will become
apparent to those of ordinary skill in the art upon review of the
following description of specific embodiments of the invention in
conjunction with the accompanying figures. 



BRIEF DESCRIPTION OF THE DRAWINGS [0023] In the figures, which
illustrate, by way of example only, embodiments of the present
invention: [0024] Figure 1. Differentiation of hES cells into
proximal tubule cells. Light microscopy images of (A) Human proximal
tubule cells (HTTCs) cultured on fibronectin coated culture dishes,
(B) ECM from HPTC culture, and differentiation of hESCs on HPTC ECM
into proximal tubule cells after (C) 18 h, (D) 3 days, (E) 5 days and
(F) 12 days. (F) The differentiated hESCs were subcultured in tissue
culture treated dishes without any protein coating. [0025] Figure 2.
Gene expression analysis of hF,S cells (hESCs) differentiated on ECM
of HPTC. (A) RNA extracted from differentiated hESCs after the
specified days of culture was tested by RT-PCR (reverse transcription
PCR) for the expression of proximal tubule specific genes and stem
cell specific marker genes. UD represents undifferentiated liESCs; 1,
3, 5 and 15 represent the days of differentiation. (B) Proximal
tubule specific  gene expression pattern of (1) undifferentiated
hESCs, and (2) differentiated hESCs that have been subcultured 5
times on tissue culture dishes. [0026] Figure 3. Functional assays
for bES cells differentiated on ECM of HPTC. (A) Water transport
assay: fluorescence intensity of differentiated hF,SCs (A; upper
curve) and HPTCs (a; lower curve) (positive control) as a function of
time. Calcein-loaded cells were exposed to hypotonk solution (30
mOsm) and the loss of fluorescence intensity was measured with a CCD
camera and Metamorph software. (B) Tubule formation assay: cells were
seeded on 1VIATRIGELTm -coated dishes, and allowed to grow for 5
days. The differentiated cells were shown to form tubular structures.
[0027] Figure 4. Immunostaining of hESC differentiated on ECM of
HPTC. Cells were fixed with paraformaldehyde and stained with (A)
anti- Megalin antibody (B) anti-AQP1 antibody and (C) anti-PAX2
antibody. [0028] Figure 5. Gene expression analysis of stem cells
differentiated on ECM of insulin-producing cells. (A) RNA extracted
from differentiated h.MS cells (hMSCs) for analysis by RT-PCR of the
expression of beta cell specific genes. (1) No serum, with ECM, (2)
10% of serum with ECM, (3) 10% of serum with ECM and conditioned
media (1:1), and (4) co-culture with RINSE. (B) RNA extracted from
(1) differentiated and (2) undifferentiated hFSCs for analysis of the
expression of beta cell specific genes. (C) Table indicating the
positive expression of various genes involved in the beta cell
phenotype development. Highlighted are marker genes specific for the
pancreatic beta cell. [0029] Figure 6. Immunostaining of stem cells
differentiated on ECM of insulin-producing cells. The differentiated
hFSCs (A, B, G) and hMSCs (C-F, H) were fixed with paraformaldehyde
and immunostained with anti-PDX1 (A, C), anti-human insulin C-peptide
(B, D, E, G, H), and anti-Glut2 (F) antibodies. Images were obtained
with laser confocal microscopy. [0030]Figure 7. Flow cytometry
analysis of the insulin-secreting cells. The 



differentiated hMSCs (B) and hESCs (D) were analyzed with human
c-peptide antibody  using LSR II 31aser FACS analyzer, along with the
isotype control b_MSCs (A) and hESCs (C). [0031] Figure 8. Functional
assays for stem cells differentiated on ECM of insulin-producing
cells. The release of c-peptide as a function of insulin production
was measured using c-peptide ELISA for the differentiated (+) hFSCs
and (a) hMSCs. (A) The secretion of c-peptide in response to high
glucose concentration (20 mM) was assayed over a period of time. (B)
Cyclic response of c-peptide secretion to media of low glucose
concentration (LH = 5 raM) and high glucose concentration (HG = 20
mM). [0032]Figure 9. Differentiation of hMS cells into osteoblasts.
(A) Gene expression analysis by RT-PCR. Osteocalcin (0C), alkaline
phosphatase (ALP), type I collagen (COL-I) and cbfal genes were
analyzed using the specific primers. Lane 1 represents the
undifferentiated laMS cells and lane 2 represents the differentiated
WISC. (B) Light microscopy images of undifferentiated and
differentiated hMSCs on day 12 after induction of differentiation.
(C) Immunostaining showing positive expression of osteocalcin in the
differentiated hMSCs. [0033] Figure 10. Proliferation of hESCs grown
on ECM isolated from MiEFs. (A) Light microscopy image. (B)
Immunostaining with monoclonal Oct3/4 antibody. (C) Nuclear staining
by DAPI. (D) Tubulin staining by Phalloidin-FITC. (E) Composite of B
and D. (F) Composite of B and C. DETAILED DESCRIPTION [0034]The
methods described herein relate, in part, to the discovery that stem
cells can be grown in the absence of feeder cells, using a specific
extracted extracellular matrix. The extracted ECM, when used in
combination with medium conditioned by the same cell type from which
the ECM is extracted, provides support and growth factors to direct
the proliferation, and optionally the differentiation, of the stem
cells in culture. The inventors have discovered that using ECM
extracted from MEFs allows for undifferentiated proliferation of stem
cells, while the use of an ECM extracted from a differentiated cell
population results in directed differentiation of the cultured stem
cells.  



[0035]Proliferation and differentiation of stem cells are regulated
by the cellular microenvironment (21, 25, 26). Extracellular
regulators include soluble factors such as growth factors, insoluble
factors such as extracellular matrix (ECM) molecules and cell-cell
interactions and physical stimuli such as shear stress (21, 27).
Together these various factors form a complex niche of signals and
interactions that regulate the fate and function of a stem cell.
During embryogenesis, the development of specific tissue types from
stem cells is highly complicated and tightly controlled by various
transcription factors, signalling molecules and the presence of
particular ECM molecules at particular stages of development (5-8,
28). Similarly, during tissue repair in adults, stem cells, recruited
to the damaged sites by various chemoldnes and their receptors, are
induced to undergo differentiation under the influence of the
micro-environment of the specific tissue. The ECM provides the
mechanical stability, growth factors and signalling molecules
required for the differentiation of stem cells. [0036]Although in the
past, studies have focused on the role of growth factors in the
regulation of stem cells, there is an increasing recognition of the
critical role the ECM plays in stem cell regulation (21). Cellular
interactions with the ECM can induce cell signalling, modulate
cellular response to other signals and influence binding of the cell
to other factors (21). Studies have demonstrated a critical role for
the ECM in regulating stem cell differentiation and proliferation
during embryogenesis (28) as well as in the differentiation of
mesenchymal stem cells (27). Scientists have achieved on-site
differentiation by injecting stem cells directly into damaged tissue
(31, 32). For example, differentiation of stem cells into
cardiomyoblasts and neurons has been observed upon injection into
infarcted myocardial tissue and damaged brain tissue respectively
(9-16). These studies indicate that the microenvironment plays a role
in stem cell differentiation. [0037]Stem cells require adhesion to an
ECM for survival and growth (29). Traditional in vitro cell culture
conditions for stem cells involve culturing the cells on MATRIGELTm
Matrix (BD Biosciences, Germany), a solubilized basement membrane
secreted by mouse sarcoma cells that contains a combination of
laminin, collagen IV, heparin sulphate proteoglycans, enactin and
nidogen 1. While MATRIGELTm sustains undifferentiated growth of stem
cells, attempts have been made to define better matrices  for stem
cell proliferation and differentiation (23). [0038]To date,
differentiation methods have been limited to the use of purified or
recombinant ECM molecules. Recombinant ECM molecules by nature differ
from the ECM molecules found in the tissue; on the other hand,
purified human matrix components are expensive (36, 34). Further,
mixtures of purified ECM molecules will not provide the same
diversity of signals and interactions provided by the whole
complement of ECM secreted by cells to modify cell response and
activate protein expression. A suspension compiled from various
isolated ECM components will not provide the same combination of ECM
molecules as that naturally secreted by the cell, or the full range
of biological effects they provide. [0039]Human sera, which contains
ECM molecules including fibronectin, 



vitronectin and hyaluronic acid, has been used to sustain
undifferentiated proliferation of hF,S cells in vitro (37). However,
human sera does not provide ECM molecules in the same tissue-specific
combinations that are found in the ECM of particular cells, and thus
the same tissue-specific cell signals and interactions are also not
provided. In addition, access to human sera is limited by the
availability of blood donation and sera must be carefully tested for
the presence of blood-borne pathogens such as hepatitis B, hepatitis
C and the human immunodeficiency virus (37). [0040]The present
methods are based on the findings that culturing stem cells on an ECM
extracted from cells has the potential to induce the differentiation
or mediate the undifferentiated proliferation of the stem cells,
depending on the type of cell from which the ECM is extracted. [0041]
The present methods provide a method of culturing a stem cell, the
method comprising culturing a stem cell on ECM extracted from a
culture of cells of a selected cell type (hereinafter "support
cells") and in a stem cell culture medium containing medium
conditioned by a culture of the support cells. The stem cells may be
cultured in the absence of the support cells. The support cells of a
selected cell type are grown in medium under conditions sufficient to
allow for cell growth, in order to provide conditioned medium for the
stem cell culture. The support cells themselves are used as a  source
of ECM, which is extracted from a culture of the support cells and
then used as a substrate for culturing the stem cells. Thus, there is
no need to include cells in the culture conditions except for the
stem cells themselves. [0042]Using the present methods,
undifferentiated proliferation of stem cells is thus possible in the
absence of feeder cells, which are typically required in known
methods of culturing undifferentiated stem cells. In known methods of
undifferentiated proliferation of stem cells, the stem cells are
adhered on top of a layer of feeder cells, such as MEFs, and receive
signals from the feeder cells that facilitate undifferentiated
proliferation. Without being limited to any particular theory, it
appears that in contrast, in the present method, the stem cells
adhere onto the ECM extracted from support cells and receive signals
from the ECM necessary for undifferentiated proliferation. [0043]As
used herein, the term "cell", including when used in the context of
support cell or stem cell, is intended to refer to a single cell as
well as a plurality or population of cells, where context allows.
Similarly, the term "cells" is also intended to refer to a single
cell, where context allows. The cell may be a cell grown in batch
culture or in tissue culture plates. [0044]The support cells are any
cells that secrete ECM and can be cultured in 



medium to provide a cell culture from which an ECM can be extracted,
and on which ECM the stems cell are to be cultured to resemble the
support cells upon differentiation or to maintain an undifferentiated
state. The support cell may be from the same organism as the stem
cell to be cultured or may be from a different organism. [0045]By
selecting the specific cell type for the support cells, the growth of
the stem cell in culture can be influenced. Thus, depending on the
type of support cells used, the present methods of culturing a stem
cell can be used to induce differentiation of the stem cell or to
proliferate the stem cell. [0046]If the stem cell to be cultured is
to be differentiated, the support cell chosen is a differentiated
cell of an appropriate lineage or cell type that will provide
conditioned medium and ECM, and into which cell type the stem cell is
to be differentiated. That is,  by selecting a particular
differentiated cell type to condition the medium and provide the ECM,
the stem cell can be directed to differentiate to phenotypically and
functionally resemble, or be phenotypically and functionally
comparable to, the support cells used. "Phenotypically and
functionally" resemble or be comparable to as used herein means that
the differentiated cell has become the same cell type as the support
cell, or that the differentiated cell resembles the support cell in
that the differentiated cell has the same phenotypic markers that
identify the support cell and has the same biological function as the
support cell (excepting any genetic modification of the stem cell,
species differences if the stem cell and support cell are from
different organisms or limitations due to the level of commitment of
the stem cell). [0047]For example, the support cell may be a proximal
tubule cell, a pancreatic insulin-secreting cell, a bone cell
including an osteoblast, a brain cell including a neuronal cell or a
glial cell, a hepatocyte, a myoblast, a smooth muscle cell, an
endothelial cell, a cardiomyocyte or a keratinocyte. [0048] Depending
on the degree of commitment of a stem cell to a particular cell
lineage, the present methods may also be used to direct stem cells to
differentiate to phenotypically and functionally resemble a related
but different cell type from the support cell, for example if prior
to performing the present methods the stem cell is already committed
to differentiating into a particular cell lineage that is different
from the lineage of the support cells that provide the conditioned
medium and ECM. 



[0049]Alternatively, if the stem cells are to be proliferated in an
undifferentiated state, the support cells chosen are cells that
provide conditioned medium and ECM that maintain the stem cells in an
undifferentiated state. For example, the support cells used may be
MEFs, endometrial cells, or breast parenchymal cells. [0050]The term
"stem cell" refers to an undifferentiated cell that is capable of
indefinite cell renewal and differentiation into a variety of cell
types or a precursor cell that is partially differentiated along a
particular cell lineage and for which farther differentiation is
restricted to cells of that particular lineage. "Stem cell" as used
herein refers to any stem cell. The stem cell may be an embryonic
stem cell or an adult stem  cell, including for example a mesenchymal
stem cell. The stem cell may be from any animal, including a mammal,
including a human. [0051] Methods of obtaining stem cells are known
in the art. For example, undifferentiated liFS cells are typically
originally obtained from a blastocyst, as is known in the art, but
may be previously expanded while kept in an undifferentiated state
using known methods (22, 23). Mesenchymal stem cells may be obtained
from bone marrow, peripheral blood, skin, hair roots, muscle tissues,
endometrium and blood for example or from culture products of various
tissues in which undifferentiated mesenchymal stem cells are
expanded, as is known in the art (29, 31). [0052]In order to culture
the stem cell, the stem cell is grown in a stem cell culture medium
that contains conditioned medium obtained from the culturing of the
support cells. [0053] The stem cell culture medium comprises any
acceptable medium used to grow stem cells, including a basal growth
medium or an enriched and/or supplemented growth medium, and
including for example mesenchymal stem cell growth medium (MSGCM),
Dulbecco's modified Eagle's medium (DMEM), knock-out DMEM or DMEM/F12
medium. If the stem cell is to differentiate into a particular type
of cell, then the medium will be suitable for supporting the growth
of the differentiated cell type, for example renal epithelial growth
medium (REGM), renal epithelial basal medium (REBM), or RPMI-1640
medium. [0054] The stem cell culture is supplemented with medium
conditioned by a culture of the support cells. "Conditioned medium"
or "medium conditioned by" refers to medium in which particular
cells, in this case the support cells, have been cultured, releasing
secreted factors such as growth factors or other cellular factors
into the medium. It will be appreciated that the specific culture of
support cells used to condition the medium does not need to be the
culture used to extract the ECM; the support cells used for
conditioning the medium should be of the same cell type and from the
same species of organism as the support cells used as the source of
the ECM. The conditioned medium may be obtained by growing the
support cells in the medium for a single passage, for 



example for about 18 to about 24 hours, and then removing the medium
from the support cells, including for example by pipetting and then
centrifugation or filtration to remove remaining support cells.
[0055] The stem cell culture medium may comprise from about 20 %
(v/v) to about 70 % (v/v), from about 30 % (v/v) to about 60 % (v/v),
or from about 45 % (v/v) to about 55 % (v/v) medium conditioned by
the support cells. In a particular embodiment, the stem cell culture
medium comprises about 50% (v/v) medium conditioned by the support
cells. [0056] The growth substrate used to culture the stem cell is
ECM extracted from the support cells. The ECM is extracted from
support cells using methods of decellularization that leave the ECM
intact and able to adhere to the surface of the cell culture vessel
in which the support cells are lysed. Generally, the support cells
are collected and then lysed by applying a lysing reagent, for
example water, an ammonia solution or detergent solution. Protease
inhibitors may be included. After lysis, the cell culture vessel may
be rinsed with PBS to remove residual lysis reagents and cellular
debris that may detrimentally affect the stem cell culture. [0057]For
example, support cells may be lysed in a culture plate using 0.02 M
ammonium hydroxide, the culture plate may be rinsed twice with PBS
and the ECM on the culture plate can then be used as the growth
substrate on which to culture the stem cell. It will be understood by
those skilled in the art that a culture plate refers to any vessel in
which cells can be cultured in vitro including for example plates,
flasks or multi-welled plates. [0058]Thus, the stem cell is cultured
in a vessel that has been coated on an interior surface with the ECM
extracted from the support cells, using stem cell culture medium that
contains medium conditioned by the support cells. [0059]As will be
appreciated, culturing includes subjecting the stem cell to
appropriate conditions to support the proliferation and optional
differentiation of the stem cell, including cell passage, time,
temperature, aeration, atmosphere and humidity. 



[0060] When the present methods are performed to differentiate a stem
cell population such as a cell culture, not every stem cell within
the population or culture will necessarily differentiate. Thus, in
the present method some stem cells within the population or culture
may not differentiate and may retain their stem cell nature while
other cells within the same population or culture are induced to
differentiate and display the phenotype and functionality of the
cells from which the ECM was extracted. For example, about 30% or
greater, or about 35% or greater, or about 30% to about 45%, or about
35% to about 40% of the cells in the differentiated culture may have
differentiated or may resemble or be comparable to the support cells
used. For example, the present method may be used to induce
differentiation of a population of hMS cells or a population of hES
cells by seeding on ECM extracted from pancreatic insulin-secreting
cells, such that the percentage of cells in the population that
differentiate into cells that resemble pancreatic insulin-secreting
cells is about 30% or greater, or about 35% or greater, or about 35%
to about 40%, or about 36% or about 38%. [0061]The extent of
differentiation to cells of the desired cell type may be readily
determined by a skilled person using standard methodology, including
as described in the Examples below, such as immunostaining, PCR
techniques to confirm expression of particular marker proteins and
FACS analysis using an appropriate antibody. [0062]Conveniently, the
ECM used in the described methods is extracted from support cells
that can be readily grown in culture, and thus the use of expensive
purified or recombinant ECM molecules is not required. The use of an
ECM extracted directly from support cells together with conditioned
medium obtained from a culture of the support cells thus provides
culture conditions- containing the complete complement of ECM
molecules that are found in the ECM of that cell, along with secreted
factors  produced by the support cells. These factors allow for
quick, efficient proliferation and optional differentiation of the
cultured stem cells. [0063]Without being limited to any particular
theory, it appears that by extracting the ECM directly from a support
cell, the stem cell culture is provided with the same diversity of
biological signals and effects supplied by the ECM when associated
with the  cell. For example, a stem cell cultured, in the absence of
MPs, on an ECM extracted from MEFs will undergo undifferentiated
proliferation similar to the proliferation facilitated by MEFs.
Similarly, a stem cell cultured on an ECM extracted from human
proximal cells is induced to differentiate into proximal tubule cells
much as it would if recruited to a damaged kidney in vivo. [0064]The
present methods also permit undifferentiated proliferation in vitro
in the 



absence of an MEF feeder cell layer. Thus the present methods provide
a protocol that overcomes the problem of cross contamination of human
stem cells by MEFs by facilitating the undifferentiated proliferation
of stem cells without the use of a MEF feeder cell layer. [0065] The
differentiated cells produced in the present methods demonstrate
functional properties comparable to the support cells from which the
conditioned medium is collected and the ECM is extracted. In one
embodiment, stem cells induced to differentiate by seeding on ECM
extracted from human proximal tubule cells demonstrate the capability
to transport water comparable to human proximal tubule cells. In
addition, the differentiated cells are capable of forming tubules on
MATRIGELTm, indicating potential to form kidney tubules in the
presence of the appropriate ECM. [0066]In another embodiment, stem
cells induced to differentiate by seeding on ECM extracted from
pancreatic insulin-secreting cells demonstrate insulin production and
secretion of insulin upon glucose challenge. In secreting insulin,
the differentiated cells are responsive to glucose levels as
indicated by fluctuations in the amount of insulin secreted by the
differentiated cells throughout a cyclic exposure to media of low and
high glucose concentration. [0067]In another embodiment, stem cells
induced to differentiate by seeding on ECM extracted from osteoblasts
demonstrate expression of osteocalcin indicative of osteoblast
function. [0068]The functionality of cells differentiated in the
present methods may be determined using available techniques,
depending on the particular differentiated cell  type. For example,
as indicated in the Examples below, these techniques include
deteimining the capacity of the differentiated cells to transport
water by assaying for fluorescence before and after exposure to a
hypotonic solution, using a fluorescent marker such as calcein.
Techniques to determine the capacity of the differentiated cells to
produce insulin in response to glucose challenge include assaying for
expression of insulin during exposure to high and low glucose
concentration, using an insulin c-peptide 



antibody. [0069]Maintenance of undifferentiated cells following
proliferation may be readily determined by a skilled person using
standard methodology, including as described in the Examples below,
such as immunostaining with antibodies against the octamer-binding
transcription factors 3 and 4 (Oct 3/4) which are produced by hFS
cells but are down-regulated upon differentiation (35). [0070] The
present methods conveniently provide in vitro generation of cells
that phenotypically and functionally resemble differentiated cells of
a desired cell type. Thus, the present methods may be used to provide
a useful and relatively inexpensive cell source for various
biological applications including applications in cell therapeutics,
tissue engineering, artificial organs, bihybrid implants, cell
assays, drug screening and other research and development efforts.
[0071]It is known in the art that bioartificial devices can be used
to perform organ functions in patients suffering from lost organ
function (38-39). Bioartifical devices including biohybrid organs,
are comprised of a combination of biological and artificial
components (38). These devices can augment or replace organ function.
[0072]Due to their functionality, stem cells and differentiated cells
produced according to the present methods provide a readily
obtainable source of cells that may be used in bioartificial devices
in strategies to replace lost organ function. Thus the present
methods of culturing stem cells may be performed within a
bioartificial device to provide differentiated cells that are
functionally comparable to functioning cells of the organ sought to
be treated by the bioartificial device. The method thus may comprise
culturing stem cells in a bioartificial device in conditioned medium
collected from and on ECM  extracted from functioning cells of the
organ sought to be treated by the device. [0073]By performing the
present methods of culturing stem cells within such a 



device, the resulting differentiated cells may be used in clinical
applications while being separated by blood circulation via
artificial immunological barriers, reducing risk of immune rejection
or other immune complications and risk of possible tumourigenesis
which may occur with undifferentiated stem cells. [0074]In one
example, the present methods may be used to culture stem cells within
a bioartificial tubule assist device coated with ECM extracted from
and in conditioned medium collected from human proximal tubule cells
to provide differentiated cells that are functionally comparable to
human proximal tubule cells. The bioartificial tubule assist device
may then be used for the treatment of lost kidney function.
[0075]Cells cultured by the present methods may also be useful for
treating a disorder in a subject, the disorder related to decreased
cellular, tissue or organ function. A disorder relating to decreased
cellular, tissue or organ function refers to a disorder in which
cells, tissue or an organ of a subject has reduced or decreased
function, impaired function, or are dysfunctional or non-functional
compared to the cells, tissue or organ of an individual without the
disorder. [0076] Thus, stem cells cultured in conditioned medium
collected from and on ECM extracted from cells of the cell type,
tissue or organ affected in the disorder, and optionally
differentiated into cells that are functionally comparable to cells
of the cell type, tissue or organ affected in the disorder may be
implanted in an effective amount into the subject where cells
functionally comparable to said differentiated cells are required or
into a bioartificial device used to treat the subject. [0077]The
cells or bioartificial device may be implanted using standard
surgical or injection methods. The cells or device may be implanted
at a suitable site in the subject to provide therapeutic treatment of
the disorder related to lost cellular, tissue or organ function.
Alternatively, the bioartificial device may be connected externally
to the subject.  [0078] The term "effective amount" as used herein
means an amount effective, at dosages and periods of time necessary
to achieve the desired result, for example to treat the disorder
related to lost cellular, tissue or organ function. The total number
of cells to be administered will vary, depending on several factors,
including the severity and type of the disorder, the mode of
administration, and the age and health of the subject. [0079]The
subject may be any subject having a disorder related to lost
cellular, tissue 



or organ function or requiring treatment for lost cellular, tissue or
organ function. [0080]For example, the cells produced by the present
methods may be used to treat a  subject with a renal related
disorder. It is known that bioartificial tubule assist devices
containing proximal tubule cells can provide renal reabsorption
function to subjects with lost or impaired renal function (38, 39).
The cells produced by the present methods may be used to treat a
renal related disorder by providing subjects with differentiated
cells that are functionally comparable to proximal tubule cells and
that are provided in a bioartificial tubule assist device. [0081] The
cells produced by the present methods may also be used to treat
disorders related to insulin deficiency. Diabetes mellitus (DM) is a
disease that can be caused by an absolute insulin deficiency due to
the destruction of insulin secreting pancreatic cells (Type 1) or by
a relative insulin deficiency due to a combination of decreased
insulin sensitivity and impaired function of insulin secreting cells
(Type 2) (20, 41). A potential treatment for DM is the restoration of
sufficient insulin production through transplantation of insulin
secreting cells (41). Thus the cells produced by the present methods
may treat an insulin deficiency disorder such as DM by providing
subjects with differentiated cells that are functionally comparable
to pancreatic insulin-secreting cells. Furthermore, the
differentiated cells produced by the present methods may be used in
bioreactors, as part of a bioartificial device such as a
bioarrificial pancreas or insulin producing device, to treat
disorders related to insulin deficiency. [0082]It will be appreciated
that the cells produced by the present methods when administered for
treatment of disorders related to lost cellular, tissue or organ
function may be administered in combination with other treatments or
therapies, including drug  therapy and surgery. [0083]"Treating" a
disorder related to lost cellular, tissue or organ function refers to
an approach for obtaining beneficial or desired results, including
clinical results. Beneficial or desired clinical results can include,
but are not limited to, alleviation or amelioration of one or more
symptoms or conditions, diminishment of extent of disorder or
disease, stabilization of the state of disease, prevention of
development of disorder or disease, prevention of spread of disorder
or disease, delay or slowing of disorder or disease progression,
delay or slowing of disorder or disease onset, amelioration or
palliation of the disorder or disease state, and remission (whether
partial or total). "Treating" can also mean prolonging survival of a
subject beyond that expected in the absence of treatment. "Treating"
can also mean inhibiting the progression of disorder or disease,
slowing the progression of disorder or disease temporarily, although
more preferably, it involves halting the progression of the disorder
or disease permanently. 



[0084] The present methods are further exemplified by way of the
following non-limited examples. EXAMPLES [0085] Materials and Methods
[0086] Cell Culture [0087]Bone marrow mesenchymal stem cells: Bone
marrow mesenchymal stem cells were commercially obtained from Lonza
Inc. (Cat. #PT-2501), and cultured in mesenchymal stem cell growth
medium (MSCGM, Cat. #PT3001). [0088] MEF cells and hES cells (bESCs):
HUES-7 cell line (obtained from Howard Hughes Medical Institute, USA)
was cultured at 37C with 5% CO2 on neomycin-resistant primary mouse
fibroblasts (Cat. #PMEF-N, CHEMICON International, USA) in Knock-out
Dulbecco's modified Eagle's medium (DMEM) (Cat. #10829018,
Invitrogen, USA) and supplemented with 20% serum replacement (Cat.
#10828028, Invitrogen, USA), 1% Glutamax (Cat. #35050061, Invitrogen,
USA), 1% non-essential amino acid  solution (Cat. #11140-050,
Invitrogen, USA), 1% penicillin-streptomycin (Cat. #15070063,
Invitrogen, USA), 10 ng/ml of bovine fibroblast growth factor (bEGF,
Cat. #13526029, Invitrogen, USA) and 0.1% 2-beta mercaptoethanol
(Cat. #21985023, Invitrogen, USA). The primary mouse fibroblasts
(MEFs) were plated on a T75 flask coated with 0.1% gelatin (Sigma,
USA). The culture medium was changed every day, and cultured for 7-10
days. The conditioned culture medium from MEFs was collected, and
used for hESCs along with 10 ng/ml of bEGF. The hESCs cultured on the
fibroblasts were trypsinized (0.05% Trypsin, Invitrogen, USA),
scraped, and filtered through a 100- um mesh. The filtered cells were
cultured on a MATRIGELTml (BD Biosciences, Germany) coated (diluted
1:20 in Knock-out DMEM) culture flask containing conditioned medium
from MEFs. Upon expansion, the cells were used in the differentiation
protocol described below. [0089] Human proximal tubule cells (HPTCs)
: Primary HPTCs were obtained commercially from Lonza (Cat #CC-2553),
and cultured with renal epithelial growth medium (REGM, Cat #CC-3190,
Lanza). The culture medium was changed every other day. The
conditioned medium was collected, filtered, and used for the
differentiation process. [0090]Rat insulin-secreting cells (RIN5F): A
cell line from rat pancreatic beta cell was obtained from ATCC (Cat
#CRL-2058). The cells were cultured in RPMI-1640 medium containing 2
niM of L-glutamine, 1.5 g/L of sodium bicarbonate, 4.5 g/L of
glucose, 10roM of BEPES, 1.0 raM of sodium pyruvate, ITS supplement
(insulin, transferrin and sodium selenium) and 10% of fetal bovine
serum (PBS). The medium was changed every other day. The medium
collected from RINSE cells was filtered with 0.2- micron filter, and
used as conditioned medium. 



[0091]Mouse osteoblast cells: Mouse osteoblast cell line (MC3T3-E1)
was obtained from ATCC (Cat #CRL-2594), and cultured in DMEM
supplemented with 10% of PBS, 2 raM of L-glutamine and 1 mM of sodium
pyruvate. The medium was changed every other day, and collected as
conditioned medium. [0092] RNA isolation and two-step RT-PCR.  [0093]
The total RNA was isolated from the cells using GeneElute total RNA
isolation kit from Sigma (Cat. #RTN70) according to the
manufacturer's protocol. The total RNA was cleared of any genomic DNA
contamination by incubating with Rnase free Dnase I enzyme. The RNA
was further reverse transcribed into cDNA using Superscript ifi
reverse transcriptase enzyme (Invitrogen, USA). The specific gene of
interest was amplified by PCR using advantage 2 polymerase enzyme (BD
Biosciences, USA). [0094] Differentiation protocol [0095] ECM was
extracted from cultured committed cells, including HPTCs, rat
insulin-secreting cells and mouse osteoblasts, by lysing with 0.02
ammonium hydroxide. After complete lysis, culture plates were washed
twice with PBS, and stem cells were seeded onto the ECM laid by the
committed cells. The cells were allowed to differentiate for at least
5-7 days in the presence of conditioned media. [0096] Immunostaining
and flow cytonteny [0097] Immunostaining: For immunostaining, 50% of
confluent cells were grown on cover slips and fixed with
paraformaldehyde. Fixed cells were incubated with appropriate primary
antibody in the presence of 5% bovine serum albumin (BSA) at 4C
overnight. Upon washing with phosphate-buffered saline (PBS)
containing 1% of Triton X-100, the cells were incubated with
complementary secondary antibody (fluorescent-labeled) for 2 h. The
cover slips were then mounted and observed under laser confocal
microscope. [0098] Flow cytometry: About 1 million cells were
suspended in 1 ml of ice-cold PBS containing 10% of PBS. Primary
antibodies labelled with either fluorescein isothiocyanate (FITC) or
rhodamine was added, and the cells were incubated for 30 min at 4C.
The cells were washed 3 times at 400g for 5 min with ice-cold PBS
containing 10% of PBS. The cells were resuspended in 1 ml of ice-cold
PBS containing 10% of PBS. The sample was analyzed with a LSR IT
3-Laser PACS Analyzer (BD Biosciences, USA).  



[0099] Functional Assays [00100]Water transport assay using calcein:
Cells were cultured in a monolayer on tissue culture plates at least
24 h prior to the assay. The cells were washed with PBS (without
calcium and magnesium salts) 3 times for 1 min each. The cells were
loaded with calceinAM (Invitrogen, USA) (1.6 final) in PBS for 10
min. They were washed with PBS 3 times for 1 min each. The cells were
imaged under a fluorescent microscope with CCD camera. The medium was
changed to a hypotonic solution (0.06% of NaC1 in water). Time-lapse
images were taken at an interval of 10 sec for 10 min Metamotph
software (Molecular Devices Co., CA, USA) was used to measure the
fluorescence intensity. [00101]c-Peptide assay for insulin
measurement: Glucose-dependent insulin assay was used to check the
functional potency of the differentiated cells. The assay was
performed on the basic principle of sandwich ELISA. The c-peptide
ELISA kit was obtained from Alpha Diagnostics (Cat. #040). The medium
was collected and analyzed for the c-peptide secretion. For the
cyclic induction of insulin secretion, the cells were exposed to a
high glucose concentration (20 mIVI) for 1 h, followed by an exposure
to a low glucose concentration (5 mM) for 1 h.
[00102]Undifferentiated proliferation of hES cells s [00103]ECM was
extracted from cultured MEFs by lysing with 0.02 ammonium hydroxide.
After complete lysis, culture plates were washed twice with PBS. hF,S
cells grown on a 1VLEF feeder layer were trypsinized and seeded onto
the ECM laid by the MEFs. The liFS cells were cultured for 10-15 days
and then subcultured onto ECM laid by MEFs. The hES cells were
allowed to proliferate for at least 5-7 days in the presence of
conditioned media. [00104]Results [00105]Differentiation of hESCs
into proximal tubule cells: The ECM of human proximal tubule cells
(Lonza, Inc.) was used in the differentiation of hFSCs into 



proximal tubule cells. The cells were cultured in the renal
epithelial basal medium   (REBM) at 1:1 ratio with filtered
conditioned medium. The cells were allowed to differentiate for 10
days, and the medium was replenished every other day. The progress in
differentiation was observed under light microscope (Figure 1), and
monitored by gene expression analysis (Figure 2A and 2B). Various
markers for the differentiated proximal tubule cells increased
progressively during the differentiation period, while the stem cell
markers (0ct314 and Nanog) decreased gradually in expression.
Specific genes such as Pax2 and AQP1 were expressed in the
differentiated hESCs, indicating the proximal tubule phenotype of
these cells. Functional assays were performed to test the
functionality of these differentiated proximal tubule cells. A water
transport assay was performed to demonstrate that these cells have
the potential to transport water from inside to outside with the help
of AQP1 protein When the calcein-loaded cells were exposed to a
hypotonic solution, the surge in osmotic water into the cells
transported the calcein back to the outside of the cells. The cells
lost their fluorescence intensity during this process. Therefore,
calcein intensity was indirectly proportional to the water transport
efficiency. The intensity at various time points was plotted in
Figure 3A. Human proximal tubule cells, which served as a positive
control, took - 45-50 sec to lose 50% of the calcein intensity. In
comparison, the differentiated ifFSCs required - 95-100 sec to loose
50% of the calcein intensity (Figure 3A). Tubule formation on
MATRIGELTm (Figure 3B) was also an indication that the differentiated
hESCs have the potential to form kidney tubules in the presence of
the appropriate ECM. Immunostaining with specific antibodies such as
Megalin (Figure 4A), AQP1 (Figure 4B) and Pax2 (Figure 4C) showed
positive staining, indicating that the differentiated cells expressed
these proteins. [00106]Differentiation of hESCs and hMS cells (hMSCs)
into insulin- producing cells: The ECM from the rat insulin-producing
cells (RJN5F) was used for the differentiation of stem cells. hESCs
and hMSCs were seeded onto the ECM, and differentiated into insulin
producing cells with typical beta cell phenotype. Gene expression
analysis indicated that the presence of serum (10%) and ECM triggered
the differentiation of the stem cells. The expression of insulin,
Pax4, Glut2 and CK18 were detected when the stem cells were allowed
to differentiate in the presence of serum and ECM (Figures 5A and B).
The list of genes that were positively detected is shown in Figure
5C. Immunostaining with specific antibodies showed positive staining
for the  differentiated cells (Figure 6). Human insulin c-peptide
antibody also detected positive cells. Higher magnification images
revealed a typical secretory granular staining for the c-peptide
antibody (Figures 60 and H). Further staining with Glut2 antibody
showed typical plasma membrane localization (Figure 6F). In order to
identify the ratio of the insulin-producing cells in the
differentiated pool of cells, FACS was performed with c-peptide
antibody. FACS analysis indicated that - 36% and 38% of positive
cells were attained for the differentiated hMSCs and hFSCs,
respectively (Figure 7). These differentiated cells were analyzed for
their responsiveness towards insulin secretion upon glucose
challenge. Saturation of c-peptide secretion was observed after 60
min of exposure to a medium of high glucose concentration (20 m_M),
which remained saturated at later time points (Figure 8A). We also



[00109]All publications and patent applications cited in this
specification are herein incorporated by reference as if each
individual publication or patent application  were specifically and
individually indicated to be incorporated by reference. The citation
of any publication is for its disclosure prior to the filing date and
should not be construed as an admission that the present invention is
not entitled to antedate such publication by virtue of prior
invention. [00110]Concentrations given in this specification, when
given in terms of percentages, include weight/weight (w/w),
weight/volume (w/v) and volume/volume (v/v) percentages. [00111]As
used in this specification and the appended claims, the singular
forms "a", "an" and "the" include plural reference unless the context
clearly dictates otherwise. As used in this specification and the
appended claims, the terms "comprise", "comprising", "comprises" and
other forms of these terms are intended in the non-limiting inclusive
sense, that is, to include particular recited elements or components
without excluding any other element or component. Unless defined
otherwise all technical and scientific terms used herein have the
same meaning as commonly understood to one of ordinary skill in the
art to which this invention belongs. [00112]Although the foregoing
invention has been described in some detail by way of illustration
and example for purposes of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in light of the
teachings of this invention that certain changes and modifications
may be made thereto without departing from the spirit or scope of the
appended claims. References 
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WHAT IS CLAIMED IS: 1,A method of directing differentiation of a stem
cell into a pre-selected cell type, said method comprising culturing
the stem cell on extracellular matrix extracted from differentiated
support cells and in a stem cell culture medium cOmprising medium
conditioned by the differentiated support cells to promote
differentiation of the stern cell into said pre-selected cell type.
2. The method according to claim I wherein said stem cell culture
medium is free from the differentiated support cells.  3. The method
according to claim 1 or claim 2 wherein the differentiated support
cells arc proximal tubule cells, pancreatic insulin-secreting cells,
osteoblasts, neuronal cells, glial cells, hepatocytes or myoblasts.
4. The method according to claim 3 wherein the differentiated support
cells are human proximal tubule cells.  5. The method according to
claim 3 wherein the differentiated support cells are pancreatic
insulin-secreting cells.  6. The method according to claim 3 wherein
the differentiated support cells are osteoblasts.  7. The method
according to any one of claims Ito 6 wherein the stem cell is an
embryonic stem cell or a mesenchymal stem cell.  8. The method
according to claim 7 wherein the stem cell is a human embryonic stem
cell.  9. The method according to claim 7wherein the stem cell is a
human mesenchymal stem cell. 



10. The method according to any one of claims Ito 9 wherein the stem
cell is cultured in a tissue culture plate or culture flask.  ILThe
method according to any one of claims Ito 9 wherein the stem cell is
cultured in a bioartificial device.  12. The method according to
claim 11 wherein the bioartificial device is a bioartificial tubule
assist device and the differentiated support cells are human proximal
tubule cells,  13. The method according to any one of claims 1 to 12
wherein the stem cell culture medium comprises about 45 % (v/v) to
about 55 % (v/v) medium conditioned by the differentiated support
cells. 


