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USE OF A GSK-3 INHIBITOR TO MAINTAIN
POTENCY OF CULTURED CELLS

Related Application

This application claims priority from U.S. Provisional Application Serial

No. 60/704,169 filed July 29, 2005, which application is herein incorporated by

reference.

Field of the Invention

The present invention relates to the growth of cells in culture, specifically

to the culture of non-embryonic cells that can differentiate into more than one

embryonic lineage, in the presence of at least one GSK3 inhibitor, such as 6-

bromoindirubin-3'-oxime (also known as BIO).

Background of the Invention

Limitations in the development of therapies based on embryonic and

adult stem cells include the inability to grow the cells at high density and the

associated costs of large-scale cell culture. Coupled with the necessity for

supplementing stem cell culture medias with exogenous cytokines and growth

factors to maintain the cells in a pluripotent state, this makes the routine

maintenance, study and use of stem cells time, space and cost prohibitive. Three

of the four key scientific questions identified as "Barriers to Progress in Stem

Cell Research for Regenerative Medicine" by the 2002 Committee on the

Biological and Biomedical Applications of Stem Cell Research are applicable to

ex vivo culturing issues: what causes stem cells to maintain an undifferentiated

state, what cues do stem cells use to start and stop dividing, and what signals

affect/initiate differentiation. Answering or gaining insight into any or all of

these questions will aid in the realization of the therapeutic potential of stem

cells and stem cell derived products, as well as define potential commercial

products in the form of, for example, small molecule modulators.

The screening of small molecule libraries in high throughput drug

discovery campaigns is the overriding paradigm for identifying and developing

new therapeutics in the pharmaceutical industry. Once enough data has

accumulated demonstrating a protein or pathway is implicated and validated in

the biology of a disease, the target is assayed versus tens of thousands of



compounds in an effort to find specific small molecule modulators of the target.

Depending on the biology, either agonists or antagonists may be required to

modulate the target and the pathway of interest in attempts to generate a novel

therapeutic compound.

The idea of screening stem cells in a high throughput format to identify

small molecule regulators of pluripotency is fairly novel, and until recently has

been hampered by the scarcity of readily available stem cell sources as well as

basic scientific hurdles (Horrocks, C , et al. (2003); McNeish, J . (2004)). Most

research in the stem cell field has focused on identifying and isolating stem cells,

in and of themselves. Historically, research has then progressed to determining

the pluripotency or differentiated "nature" of a particular stem cell, the

conditions required for maintaining its most undifferentiated state, the markers

delineating stem cells from differentiated siblings, and then finally identifying

the targets and pathways regulating pluripotency. Only recently has enough

progress been made into understanding pathways mediating stem cell

pluripotency to even contemplate a search for small molecule regulators.

However, within the last few years, the first reports of successful

screening of small molecule libraries against stem cells to identify effectors of

differentiation have been published. Screening of a mouse embryonic mesoderm

stem cell line against a library of 50,000 compounds identified a novel small

molecule agonist that induced differentiation of the cells into an osteogeneic

lineage (Wu, X., et al. (2002)). When tested against several other mouse

mesenchymal cell lines, the compound induced the formation of pre-adipocytes

and myoblasts, indicating that it may bind to and activate multiple receptors and

pathways in different cells or that the same differentiation pathway may induce

multiple endpoints in different cell lines. This group has also screened a second

small molecule library of 100,000 compounds and identified another chemical

entity that acts to induce cardiomyogenesis in another stem cell line (Wu, X., et

al. (2004)).

Recent reports indicate that using stem cells to screen for small molecule

drugs that act to rescue or maintain pluripotent cell phenotypes are. also possible

and can be successful. The screening of a focused small molecule drug library

against a mouse mesodermal stem cell line, which had already been

differentiated into a myoblastic lineage, led to the identification of the small



molecule "reversine" (Chen, S., et al. (2003)). This molecule acted to "de¬

differentiate" the cell line from a committed myoblast, back to the multipotent

precursor, which could then be successfully induced to differentiate into 3

different lineages.

One interesting result centers on the identification of BIO as a small

molecule regulator of pluripotency in both mouse and human embryonic stem

cell lines. Following the identification of the Wnt family of proteins, there has

been a great deal of focus on understanding the role of Wnt signaling in cell

biological processes. Wnts are expressed in a diverse set of tissues and influence

numerous processes in development including segment polarity in Drosophila,

limb and axis development in vertebrates (Cadigan and Nusse (1997)).

Dysregulation of the Wnt signaling pathway plays an oncogenic role in colon,

breast, prostate and skin cancers (Polakis (2000)). More recently the canonical

Wnt signaling pathway has been identified as having a role in the maintenance of

pluripotency in a variety of stem cells (Zhu and Watt (1999); Korinek et al.

(1998); Chenn and Walsh (2002)).

Biologically, Wnts act by binding to two types of receptor molecules at

the cell surface. One is the Frizzled (Fz) family of seven-pass transmembrane

proteins (Wodarz and Nusse (1998)), the second a subset of the low-density

lipoprotein receptor related protein (LRP) family (Pinson et al. (2000)).

Experiments have demonstrated that both Fz and LRP are needed to activate the

downstream components of the canonical pathway. In the absence of Wnt

signaling, /3-catenin is associated with a large multi-protein complex composed

of adenomatous polyposis coli (APC), axin and glycogen synthase kinase 3 /3

(GSK-3/3). In this complex, /3 -catenin is phosphorylated at its amino terminus

by GSK-3/3, targeting it for ubiquitination and degradation by proteosomes

(Cadigan and Nusse (1997)).

Binding of Wnt to the co-receptors results in recruitment of the protein

Dsh (Disheveled), which relays the activation signal to the multi-protein

complex. Dsh interacts with axin, thereby inhibiting GSK-3/3 from

phosphorylating β -catenin and preventing its degradation (Willert and Nusse

(1998)). This stabilization and accumulation of /3-catenin results in its

translocation to the nucleus, where it binds to members of the lymphoid

enhancer factor/T-cell factor (LEF/TCF) family of transcription factors,



subsequently inducing expression of their associated target genes (Eastman and

Grosschedl (1999)). Interestingly, two genes up regulated by Wnt through this

pathway are Notchl and HoxB4, genes previously implicated in the self-renewal

of HSC (Reya et al. (2003)). Wnt signaling has also been implicated in the self-

renewal of epidermal progenitor cells (Zhu and Watt, 1999), gastric stem cells

(Korinek et al. 1998) and neural stem cells (Chenn and Walsh, 2002).

Recognizing GSK-3/3 plays a role in the canonical Wnt signaling

pathway and therefore a potential target in cancer therapies, a group of biologists

and chemists teamed up to screen a panel of naturally occurring small molecules

to look for inhibitors of GSK-3/3. A class of molecules called indirubins derived

from Mediterranean mollusks was identified as having GSK-3/3 inhibitory

activity. Synthesis of a defined library of synthetic indirubin analogues

followed, with one molecule, BIO, having 10Ox specificity for GSK-3/3 over

other related kinases, and an IC50 in the nanomolar range (Meijer, L., et al.

(2003)). Addition of BIO to developing Xenopus embryos indicated that BIO 's

activity mimicked Wnt signaling in developmental assays.

Subsequently, BIO was tested in both mouse and human embryonic stem

(ES) cell culture systems to determine if it had an effect in mammalian

embryonic systems, as well as to address the involvement of the Wnt signaling

pathways in ES cells. BIO was able to substitute for the addition of feeder

cultures or addition of exogenous cytokines in maintaining the ES cultures in an

undifferentiated pluripotent state as demonstrated by the expression of the

pluripotent state-specific transcription factors Oct-3a, Rex-1 and Nanog. In

addition, BIO-mediated Wnt activation was functionally reversible, as

withdrawal of the compound leads to normal multi-differentiation programs in

both human and mouse embryonic stem cells.

Stem Cells

The embryonic stem (ES) cell has unlimited self-renewal and can

differentiate into all tissue types. ES cells are derived from the inner cell mass

of the blastocyst or primordial germ cells from a post-implantation embryo

(embryonic germ cells or EG cells). ES (and EG) cells can be identified by

positive staining with antibodies to SSEA 1 (mouse) and SSEA 4 (human). At

the molecular level, ES and EG cells express a number of transcription factors

specific for these undifferentiated cells. These include Oct-4 and rex-1. Rex



expression depends on Oct-4. Also found are the LIF-R (in mouse) and the

transcription factors sox-2 and rox-1. Rox-1 and sox-2 are also expressed in

non-ES cells. Another hallmark of ES cells is the presence of telomerase, which

provides these cells with an unlimited self-renewal potential in vitro.

Oct-4 (Oct-3 in humans) is a transcription factor expressed in the

pregastrulation embryo, early cleavage stage embryo, cells of the inner cell mass

of the blastocyst, and embryonic carcinoma (EC) cells (Nichols J., et al (1998)),

and is down-regulated when cells are induced to differentiate. Expression of

Oct-4 plays a role in determining early steps in embryogenesis and

differentiation. Oct-4, in combination with Rox-1, causes transcriptional

activation of the Zn-finger protein Rex-1, also required for maintaining ES in an

undifferentiated state (Rosfjord and Rizzino A. (1997); Ben-Shushan E, et al.

(1998)). In addition, sox-2, expressed in ES/EC, but also in other more

differentiated cells, is needed together with Oct-4 to retain the undifferentiated

state of ES/EC (Uwanogho D et al. (1995)). Maintenance of murine ES cells

and primordial germ cells requires LIF.

The Oct-4 gene (Oct-3 in humans) is transcribed into at least two splice

variants in humans, Oct 3A and Oct 3B. The Oct 3B splice variant is found in

many differentiated cells whereas the Oct 3A splice variant (also designated Oct

3/4) is reported to be specific for the undifferentiated embryonic stem cell

(Shimozaki et al. (2003)).

Adult stem cells have been identified in most tissues. Hematopoietic

stem cells are mesoderm-derived and have been purified based on cell surface

markers and functional characteristics. The hematopoietic stem cell, isolated

from bone marrow, blood, cord blood, fetal liver and yolk sac, is the progenitor

cell that reinitiates hematopoiesis and generates multiple hematopoietic lineages.

Hematopoietic stem cells can repopulate the erythroid, neutrophil-macrophage,

megakaryocyte and lymphoid hematopoietic cell pool.

Neural stem cells were initially identified in the subventricular zone and

the olfactory bulb of fetal brain. Studies in rodents, non-human primates and

humans, have shown that stem cells continue to be present in adult brain. These

stem cells can proliferate in vivo and continuously regenerate at least some

neuronal cells in vivo. When cultured ex vivo, neural stem cells can be induced

to proliferate and differentiate into different types of neurons and glial cells.



When transplanted into the brain, neural stem cells can engraft and generate

neural cells and glial cells.

Mesenchymal stem cells (MSC), originally derived from the embryonal

mesoderm and isolated from adult bone marrow, can differentiate to form

muscle, bone, cartilage, fat, marrow stroma and tendon. Mesoderm also

differentiates to visceral mesoderm, which can give rise to cardiac muscle,

smooth muscle, or blood islands consisting of endothelium and hematopoietic

progenitor cells. All of the many mesenchymal stem cells that have been

described have demonstrated limited differentiation to cells generally considered

to be of mesenchymal origin. To date, the best characterized mesenchymal stem

cell reported is the cell isolated by Pittenger, et al. (1999) and U. S. Patent No.

5,827,740 (CD105+ and CD73+) . This cell is apparently limited in

differentiation potential to cells of the mesenchymal lineage.

Summary of the Invention

One embodiment provides a culture method comprising culturing non-

embryonic cells in the presence of at least one GSK-3 inhibitor, wherein said

cells can differentiate into cell types of more than one embryonic lineage. In one

embodiment, the cells exposed to at least one GSK-3 inhibitor maintain or

increase their capacity to differentiate (potency) to a greater extent than said

cells cultured in the absence of a GSK-3 inhibitor hi another embodiment, gene

expression of Oct-3A, telomerase, or combination thereof is maintained or

increased in cells exposed to at least one GSK-3 inhibitor compared to said cells

cultured in the absence of a GSK-3 inhibitor.

In one embodiment, the GSK-3 inhibitor is a compound of formula (I):

(I)



wherein each X is independently O, S, N-OR1, N(Z), or two groups

independently selected from H, F, Cl, Br, I, NO2, phenyl, and (d-C^alkyl,

wherein R1 is hydrogen, (Ci-C6)alkyl, or (C1-C6)alkyl-C(O)-;

each Y is independently H, (C1-C6)alkyl, (CrC^alkyl-CCO)-, (C1-

C6)alkyl-C(O)O-, phenyl, N(Z)(Z), sulfonyl, phosphonyl, F, Cl3Br, or I;

each Z is independently H, (C1-C )alkyl, phenyl, benzyl, or both Z

groups together with the nitrogen to which they are attached form 5, 6, or 7-

membered heterocycloalkyl;

each n is independently 0, 1, 2, 3, or 4;

each R is independently H, (C C6)alkyl, (C1-C6)alkyl-C(O)-, phenyl,

benzyl, or benzoyl; and

wherein alkyl is branched or straight-chain, optionally substituted with 1,

2, 3, 4, or 5 OH, N(Z)(Z), (d-C 6)alkyl, phenyl, benzyl, F, Cl, Br, or I; and

wherein any phenyl, benzyl, or benzoyl is optionally substituted with 1,

2, 3, 4, or 5 OH, N(Z)(Z), (d-C^alkyl, F, Cl, Br, or I;

or a salt thereof.

In one embodiment, X is O and the other X is N-OH. In another

embodiment, one Y is Br. In another embodiment, one Y is Br at the 6'-position.

In another embodiment, one n is Oand the other n is 1. In another embodiment,

each R is H.

In one embodiment, the GSK-3 inhibitor comprises

or a salt thereof. In one embodiment, the GSK-3 inhibitor comprises 6-

bromoindirubin. In another embodiment, the GSK-3 inhibitor comprises 6-

bromoindirubin-3'-oxime (BIO). In another embodiment, the GSK3 inhibitor

comprises LiCl, hymenialdisine, fiavopiridol, kenpaullone, alsterpaullone,

azakenpaullone, Indirubin-3'-oxime, 6-Bromoindirubin-3'-oxime (BIO), 6-

Bromoindirubin-3'-acetoxime, Aloisine A, Aloisine B, TDZD8, compound 12,

compound 1, Pyrazolopyridine 18, Pyrazolopyridine 9, Pyrazolopyridine 34,

CHIR98014, CHIR99021, CHIR-637, CT20026, SU9516, ARA014418,

Staurosporine, compound 5a, compound 29, compound 46, compound 8b,



compound 17, compound IA, GF109203x (bisindolyl-maleimide I), Ro318220

(bisindolyl-maleimide IX), SB216763, SB415286, CGP60474, TWSl 19, or a

thiazolo 5,4-f quinazolin-9-one.

In one embodiment, the GSK-3 inhibitor is in culture at a concentration

of about 100 nM to about 1 µM. One embodiment further provides for removing

or inactivating the GSK-3 inhibitor from culture and culturing said cells to allow

differentiation.

One embodiment provides a composition comprising non-embryonic

cells in combination with at least one GSK-3 inhibitor, wherein said cells can

differentiate into cell types of more than one embryonic lineage. One

embodiment further comprises a carrier. In one embodiment, the carrier is a cell

culture medium. In another embodiment, the carrier is a pharmaceutically

acceptable carrier.

Another embodiment provides a method for preparing a composition

comprising admixing non-embryonic cells and at least one GSK-3 inhibitor,

wherein said cells can differentiate into cell types of more than one embryonic

lineage. Bi another embodiment, the composition comprises a carrier. In one

embodiment, the carrier is a cell culture medium or a pharmaceutically

acceptable carrier.

The methods and compositions of the invention are applicable to all non-

embryonic cells that can differentiate into cell types of more than one embryonic

lineage. In one embodiment, the cell is a non-embryonic, non germ, non-

embryonic germ cell that can form cell types of two or more embryonic lineages.

Such a cell includes one that could form cell types of all three embryonic

lineages, i.e., endoderm, ectoderm and mesoderm. The cell may express one or

more of the genes reported to characterize the embryonic stem cell, i.e.,

telomerase or Oct-3A.

Cells for use in embodiments of the invention can be derived from any

non-embryonic source including any organ or tissue of a mammal, such as

umbilical cord, umbilical cord blood, muscle, umbilical cord matrix, neural,

placenta, bone, brain, kidney, liver, bone marrow, adipose, pancreas, oogonia,

spermatogonia or peripheral blood. In one embodiment, the mammal is a

human, mouse, rat or swine.

One embodiment comprises transforming the cells with an expression



vector comprising a preselected DNA sequence. Another embodiment

comprises culturing the cells in the presence of a cytokine or a growth factor.

Another embodiment comprises differentiating the cells by contacting the cells

with at least one differentiation factor.

Brief Description of the Drawings

Figure 1 depicts the time course of BIO stability in the presence or

absence of MAPCs under expansion conditions.

Figure 2 depicts the structure of some inhibitors of GSK-3 (Meijer, L. et

al. (2004)).

Figure 3 depicts the effect of BIO on total Oct-3A expression in MAPC

cultures.

Figure 4 demonstrates that addition of BIO leads to increased functional

Oct-3A expression in MAPCs.

Detailed Description of the Invention

One embodiment of the invention is directed to culture conditions for

non-embryonic cells that can differentiate into cell types of more than one

embryonic lineage.

Definitions

As used herein, the terms below are defined by the following meanings:

"MAPC" is an acronym for "multipotent adult progenitor cell." It is used

herein to refer to a non-embryonic stem (non-ES), non-germ, non-embryonic

germ (non-EG) cell that can give rise to (differentiate into) cell types of more

than one embryonic lineage. It can form cell lineages of at least two germ layers

(i.e., endoderm, mesoderm and ectoderm) upon differentiation. Like embryonic

stem cells, MAPCs from humans were reported to express telomerase or Oct-3/4

(i.e., Oct-3A). (Jiang, Y. et al. (2002)). Telomerase or Oct-3/4 have been

recognized as genes that are primary products for the undifferentiated state.

Telomerase is needed for self-renewal without replicative senescence. MAPCs

derived from human, mouse, rat or other mammals appear to be the only normal,

non-malignant, somatic cell (i.e., non-germ cell) known to date to express

telomerase even in late passage cells. The telomeres are not sequentially

reduced in length in MAPCs. MAPCs are karyotypically normal. MAPCs may



express SSEA-4 and nanog. The term "adult," with respect to MAPC is non-

restrictive. It refers to a non-embryonic somatic cell.

"Multipotent" refers to the ability to give rise to cell types of more than

one embryonic lineage. "Multipotent," with respect to MAPC, is non-restrictive.

MAPCs can form cell lineages of all three primitive germ layers (i.e., endoderm,

mesoderm and ectoderm). The term "progenitor" as used in the acronym

"MAPC" does not limit these cells to a particular lineage.

"Potency" refers to the differentiation capacity of a cell (e.g., the

potential to differentiate into different cell types, for example, a multipotent cell

can differentiate into cells derived from the three germ layers). Potency can be

demonstrated by testing for the expression of mRNAs and proteins associated

with a pluripotent state, such as telomerase (TERT; telomerase is composed of

two subunits, Telomerase Reverse Transcriptase (hTERT, the "h" is for human)

and hTR (Telomerase RNA)) or Oct-3A. Another way is by testing for the

presence/absence of markers (protein or mRNA) associated with a differentiated

state (e.g., wherein the cell is committed to one embryonic lineage). The marker

profile of cells can be determined by, for example, Q-PCR (e.g., of transcription

factors), immunofluorescence, FACS analysis, Western blot or a combination

thereof. Morphological assays can also be used to determine potency. These

and other in vitro assays are known in the art (see, for example, WO 01/1 1011,

which is incorporated herein by reference).

Additionally, cells can be assayed in vitro and in vivo to determine the

cell's ability to differentiate (e.g., in response to stimuli (including, but not

limited to, differentiation factors, growth factors, cytokines, culture conditions,

or location in subject)). For example, potency can be demonstrated by exposing

the cells to factors or cell culture conditions to differentiate the cells and then

tested to determine if the cells have differentiated and to what cell type(s) they

have differentiated (see, for example, WO 01/1 101 1, which is incorporated

herein by reference). Additionally, potency can be determined in vivo. For

example, the cells can be placed (e.g., injected) in a subject (e.g., a NOD/SCID

mouse). The cells can then be examined to determine if they differentiated and

to what cell type(s) they have differentiated. The cells can be injected into a

blastocyst. The cells of the developing or developed subject (e.g., mouse) can

then be examined to determine if they differentiated and to what cell type(s) they



have differentiated. For example, cells grown in the presence of a GSK-3

inhibitor can be tested for potency by injecting a cell (e.g., a genetically marked

cell) into a mouse blastocyst, implanting the blastocyst, developing it to term and

determining if the animal exhibits chimerism and in what tissues and organs the

progeny are present (Jiang, Y. et al. (2002)). In vivo assays to determine potency

are known in the art (see, for example, WO 01/1 101 1).

"Expansion" refers to the propagation of cells without differentiation.

"Self-renewal" refers to the ability to produce replicate daughter stem

cells having differentiation potential that is identical to those from which they

arose. A similar term used in this context is "proliferation."

The term "isolated" refers to a cell or cells which are not associated with

one or more cells or one or more cellular components that are associated with the

cell or cells in vivo. An "enriched population" means a relative increase in

numbers of the cell of interest, such as MAPCs, relative to one or more other cell

types, such as non-MAPC cells types, in vivo or in primary culture.

"Differentiation factors" refer to cellular factors, such as growth factors

(e.g., a substance which controls growth, division and maturation of cells and

tissues, including, but not limited to, granulocyte-colony stimulating factor (G-

CSF), granulocyte-macrophage colony stimulating factor (GM-CSF)5 nerve

growth factor (NGF), neurotrophins, platelet-derived growth factor (PDGF),

erythropoietin (EPO), thrombopoietin (TPO), myostatin (GDF-8), Growth

Differentiation factor-9 (GDF9), basic fibroblast growth factor (bFGF or FGF2))

or angiogenic factors, which induce lineage commitment.

"Cytokines" refer to cellular factors that induce or enhance cellular

movement, such as homing of MAPCs or other stem cells, progenitor cells or

differentiated cells. Cytokines also include small proteins released by cells that

have a specific effect on the interactions between cells, on communications

between cells or on the behavior of cells. Cytokines include, but are not limited

to, the interleukins, lymphokines and cell signal molecules, such as tumor

necrosis factor and the interferons. Cytokines may also stimulate such cells to

divide.

A "subject" or cell source can be vertebrate, preferably a mammal, more

preferably a human. Mammals include, but are not limited to, humans, farm

animals, sport animals and companion animals. Included in the term "animal" is



dog, cat, fish, gerbil, guinea pig, hamster, horse, rabbit, swine, mouse, hamster,

monkey (e.g., ape, gorilla, chimpanzee, organutan), rat, sheep, goat, cow and

bird.

An "effective amount" generally means an amount which provides the

desired effect. For example, an effective amount is an amount of the desired

compound sufficient to maintain or enhance the initial potency (differentiation

capacity) of the cells in culture.

The terms "comprises", "comprising", and the like can have the meaning

ascribed to them in U.S. Patent Law and can mean "includes", "including" and

the like. As used herein, "including" or "includes" or the like means including,

without limitation.

The Role of the Wnt Signaling Pathway in Maintaining the Pluripotency of Stem

Cells

I) Introduction

Stem cells, regardless of the species, tissue of origin or stage of

development at isolation, can be simplistically defined as cells that choose either

self-renewal or differentiation as a means to renew another more specialized cell

type. Although identified over 40 years ago, stem cells were, at the time, hard to

reproducibly isolate and therefore minimally characterized and poorly

understood. The identification and successful in vitro culturing of mouse ES

(embryonic stem) cells, human ES cells, and most recently MAPC (Multipotent

Adult Progenitor Cells), has given scientists a variety of homogeneous

pluripotent cell types as tools to study the regulation of self-renewal versus

differentiation. Subsequently, the last five years has seen a rapid advancement

in the identification of proteins and signaling pathways involved in the biology

of pluripotency.

II) The Role of the Wnt/β-catenin Signaling Pathway in Maintaining

Pluripotency

Self-renewal versus differentiation decisions made by stem cells are the

result of the intracellular processing of multiple independent extra-cellular cues

working through defined signaling pathways. Although multiple other

pathways, including the TGF-β and Stat 3 pathways, also play a role in

regulating cell fate, the Wnt/β-catenin appears to have a major influence on the

pluripotency of stem cells.



Wnt proteins represent a growing family of secreted signaling molecules

expressed in a diverse set of tissues and have been shown to influence multiple

processes in vertebrate and invertebrate development (Cadigan and Nusse

1997)). Aberrant Wnt signaling or dysregulation has been shown to contribute

to a number of human cancers (Polakis (2000)). Recent in vivo and in vitro

studies suggest that the canonical Wnt/β-catenin signaling pathway is also

involved in regulating the self-renewal in stem cells (Sato et al. (2004)).

Wnts act by binding to two types of receptor molecules at the cell surface. One

is the Frizzled (Fz) family of seven-pass transmembrane proteins (Wodarz and

Nusse (1998)), the second a subset of the low-density lipoprotein receptor

related protein (LRP) family (Pinson et al. (2000)). Experiments have

demonstrated that both Fz and LRP are needed to activate the downstream

components of the canonical pathway. In the absence of Wnt signaling, β-

catenin is associated with a large multi-protein complex composed of

adenomatous polyposis coli (APC), axin and glycogen synthase kinase 3β

(GSK3β) . In this complex, β-catenin is phosphorylated at its amino terminus by

GSK3β, targeting it for ubiquitination and degradation by proteosomes (Cadigan

and Nusse (1997)).

Binding of Wnt to the co-receptors results in recruitment of the protein

Dsh (Disheveled), and relay of the activation signal to the multi-protein

complex. Dsh interacts with axin, thereby inhibiting GSK3β from

phosphorylating β-catenin and preventing its degradation (Willert and Nusse

(1998)). This stabilization and accumulation of β-catenin results in its

translocation to the nucleus, where it binds to members of the lymphoid

enhancer factor/T-cell factor (LEF/TCF) family of transcription factors,

subsequently inducing expression of their associated target genes (Eastman and

Grosschedl (1999)).

Interestingly, two genes up regulated by Wnt through this pathway are

Notchl and HoxB4, genes previously implicated in the self-renewal of HSC

(Reya et al. (2003)). Wnt signaling has also been implicated in the self-renewal

of epidermal progenitor cells (Zhu and Watt (1999)), gastric stem cells (Korinek

et al. (1998)) and neural stem cells (Chenn and Walsh (2002)). Activation of the

canonical Wnt pathway by inhibiting GSK3β activity was shown to be sufficient



for maintaining pluripotency in both human and mouse ES cells in the absence

of any other exogenous growth factors (Sato et al. (2004)). Most recently,

inhibition of the Wnt pathway by a soluble GSK3 β inhibitor demonstrated

increased re-population and presence of pluripotent hematopoetic stem cells in a

mouse bone marrow engraftment study (Trowbridge et al. (2006)). Also

increased proliferation of a pluripotent stem cell population derived from retina

was dependent on the presence of Wnt or GSK3β small molecule inhibitors in in

vitro expansion studies (Inoue et al. (2006)). These results, taken as a whole,

suggest Wnt signaling is involved in maintaining a variety of stem cell

populations and may be at or near the hierarchical top of pathways that play a

role in maintaining stem cell pluripotency.

Ill) Research in Wnt Pathway Modulators

Since the Wnt pathway has been demonstrated to play a central role in

the physiology of stem and cancer cells, a great amount of research has been

devoted to identifying and understanding the endogenous modulators of this

pathway. Three groups of secreted proteins that inhibit Wnt signaling have been

identified and recently shown to play a role in modulation of stem cell biology.

A family of proteins called secreted frizzled related proteins or SFRPs, have

been identified and shown to act as negative modulators of extracellular Wnt

signaling by acting to bind to Wnt extracellularly thereby sequestering it and

inhibiting it from binding at the Frizzled receptor (Finch et al. (1997)). SFRPs

have recently been shown to block the role of Wnt in blocking differentiation in

in vitro and in vivo systems (Galli et al. (2006)).

A second family of proteins called dickkopf, or Dick, also acts to

antagonize Wnt signaling extracellularly as well. Dkk was shown to act as a

competitive inhibitor of Wnt (Fedi et al. (1999)) and subsequently been shown

that it acts upstream of the Wnt/Frizzled receptor formation by inhibiting Wnt

co-receptor formation with LRP (Mao et al. (2001)). More recently Dkk has

been shown to play a role in maintaining high levels of actively dividing

mesenchymal stem cells in multiple labs (Gregory et al. (2003); Etheridge et al.

(2004); Byun et al. (2005)). Darwin Prokop and associates have even gone so far

as to generate DkIc peptide fragments and determined which sequences of the

protein are involved in maintaining pluripotent stem cell expansion (Gregory et

al. (2005)).



A third protein that is not a member of either of the SFRP or Dkk

families, Wnt inhibitory factor- 1 or WEF-I, has also been shown to bind to Wnts

with high affinity (Hsieh et al. 1999)). Similar to SFRPs and DkIc WEP-I has

been shown to down-regulate Wnt activity in vivo and in vitro, as well as being

demonstrated to have tumor suppressor like qualities in several cancer models.

Researchers are begining to ask if WEF-I may be fundamentally involved in

maintaining pluripotency in stem cells or the stem cell niche.

EV) Summary

The promise of pluripotent cells for regenerative medicine, be they

embryonic stem cells or multipotent adult cells harvested from any number of

tissues, lies in their ability to self-renew in vitro indefinitely, while retaining

their ability to differentiate into specific cell types. To realize this promise, an

understanding of the molecular basis of pluripotency will be helpful. Ln regards

to the protein inhibitors of the Wnt pathway, what can be said regarding the

targets reviewed above? Why would inhibitors of a pathway that is

fundamentally involved in maintaining stem cell growth and pluripotency be

involved or advantageous biologically? The answers may lie in the fine tuning of

Wnt signaling that plays a role in maintaining these specialized cells in an

immortalized and pluirpotent state.

In 2004 Brandenberger et al., published a bioinformatic paper on the

transcriptome of ES cells in Nature Biotechnology where they compared over

148,000 EST from undifferentiated human embryonic stem cells and three

differentiated derivative subpopulations. When the proteins involved in the Wnt

pathway were examined, a total of 7 Wnt family members, 7 Frizzled family

members and 2 LRPs were found in one or more of the ES cell populations

examined. Interestingly one Dkk protein and 2 SFRPs were identified, including

statistically significant data from a Fisher Exact T test that both SFRP 1 and 2

were significantly expressed in the undifferentiated human ES cells when no

significance was found in any of the Wnts themselves. Similar ES transcriptome

analysis by a second group confirmed the finding on SFRPl (Wei et al. (2005)).

The concept of having a tightly maintained Wnt signaling pathway

makes sense in the context of its role as a morphogen in other biological

contexts. For example, high levels of Wnt pathway signaling leads to osteogenic

differentiation in human MSCs, while at low levels of Wnt signaling in the same



cell line, MSCs can be maintained and expanded in an uncommitted state

(DeBoer et al. (2004)).

Other pathways involved in maintaining pluripotency of stem cells

include LIF/STAT3 and BMP4/Id.

Agents that Inhibit GSK3

One embodiment provides methods of culturing non-embryonic cells that

can differentiate into cell types of more than one embryonic lineage with an

agent that inhibits GSK3, such as GSK-3 , GSK-3/3 or GSK-3/32. In one

embodiment, the agent inhibits GSK-3/3. Another embodiment provides

methods of culturing non-embryonic cells, that can differentiate into cell types of

more than one embryonic lineage, with an agent that has a role in the Wnt

signaling pathway. Cells can also be cultured with Wnt protein or /3-catenin

(e.g., via an expression vector expressing the proteins or by culturing in the

presence of the proteins directly). Agents of use in the methods of the invention

include, but are not limited to, those agents presented in Table 1 (Meijer, L. et al.

(2004)).

Table 1. Pharmacological inhibitors of GSK-3

Inhibitor Class IC50 (uM)
GSK-α and GSK-3β CDKl-cyclin B

complex
Hymenialdisine Pyrroloazepine 0.010 (β) 0.022
Flavopiridol Flavone 0.450 0.400
Kenpaullone Benzazepinone 0.023 (β) 0.400
Alsterpaullone Benzazepinone 0.004 (α); 0.004 (β) 0.035
Azakenpaullone Benzazepinone 0.018 (β) 2.000
Indirubin-3 '-oxime Bis-Indole 0.022 (β) 0.018
6-Bromoindirubin-3 '- Bis-Indole 0.005 0.320
oxime (BIO)
6-Bromoindirubin-3 '- Bis-Indole 0.010 63.000
acetoxime
Aloisine A Pyrrolopyrazine 0.650 0.150
Aloisine B Pyrrolopyrazine 0.750 0.850
TDZD8 Thiadiazolidinone 2.000 (β); 7.000 > 100; >10a

(α/β)
Compound 12 Pyridyloxadiazole 0.390 (β); 8.000 > 10a

(α/β)d

Pyrazolopyridine 18 Pyrazolopyridine 0.018 (α) Inhibits CDK2-cyclin
A (95% at 10 µM)

Pyrazolopyridine 9 Pyrazolopyridazine 0.022 (α) Inhibits CDK2-cyclin
A (90% at 10 µM)

Pyrazolopyridine 34 Pyrazolopyridine 0.007 (α) > 10 (CDK2-cyclin
A)

CHIR98014 Aminopyrimidine 0.00065 (α); 0.00058 3.700



Inhibitor Class IC50 (µM)
GSK-α and GSK-3β CDKl-cyclin B

complex

(α/β)a

CHIR99021 Aminopyrimidine 0.010 (α); 0.007 (β) 8.800
(CT99021)
CT20026 Aminopyridine 0.004 (α/β)
Compound 1 Pyrazoloquinoxaline 1.000 0.600
SU9516 Oxindole 0.330; 0.35 (α/β)a 0.040; 0.022a

(indolinone)
ARAO144 18 Thiazole 0.104 (β) > 100 (CDK2 and

CDK5)
Staurosporine Bisindolylmaleimide 0.015; 0.089 0.006; 0.008
Compound 5a Bisindolylmaleimide 0.018 (β) 0.24
Compound 29 Azaindolylmaleimide 0.034 (β) > 10
Compound 46 Azaindolylmaleimide 0.036 (β) > 10
GF109203x Bisindolylmaleimide 0.190 (β) 2.300a

(bisindolyl-
maleimide I)
Ro3 18220 Bisindolylmaleimide 0.003-0.038 (β)
(bisindolyl-
maleimide DC)

SB2 16763 Arylindolemaleimide 0.034 (α); 0.075 0.550a

(α/β)a

SB415286 Anilinomaleimide 0.078 (α); 0.13 (α/β)a 0.900a

15 Anilinoarylmaleimide 0.076 (α); 0.160 (β) > 10 (CDK2-cyclin
A)

CGP60474 Phenylamino- 0.010a 0.017; 0.0006d

pyrimidine
Compound 8b Triazole 0.280 (β) >250 (CDK2-cyclin

A)
TWSl 19 Pyrrolopyrimidine 0.030 (β)
Compound IA Pyrazolopyrimidine 0.016 (P)
Compound 17 Chloromethyl thienyl 1.00 (β)

ketone
Lithium Atom (competition 2000.0 No effect

with Mg2+)
Beryllium Atom (competition 6.00 Inhibits CDKl

with Mg2+ and ATP)
Zinc Atom 15.00 No effect

(uncompetitive)

Abbreviations; CDKl, cyclin-dependent kinase 1; GSK-3, glycogen synthase kinase 3.
(α) or (β) cited after individual values indicates which specific isoform was tested;
(α/β) cited after individual values indicates that a mixture of isoforms was tested. The
absence of (α), (β) or (α/β) indicates that the study cited did not specify which
isoform(s) was tested.
aL. Meijer et al., unpublished.

One embodiment provides a culture method in which non-embryonic

cells, that can differentiate into cell types of more than one embryonic lineage,

are cultured in the presence of a compound of formula (I):



(I)

wherein each X is independently O, S, N-OR1, N(Z), or two groups

independently selected from H, F, Cl, Br, I, NO2, phenyl, and (CrC 6)alkyl,

wherein R1 is hydrogen, (d-C^alkyl, or (C1-C6)alkyl-C(O)-;

each Y is independently H, (d-C^alkyl, (C1-C6)alkyl-C(O)-, (C1-

C6)alkyl-C(O)O-, phenyl, N(Z)(Z), sulfonyl, phosphonyl, F, Cl, Br, or I;

each Z is independently H, (Q-C^alkyl, phenyl, benzyl, or both Z

groups together with the nitrogen to which they are attached form 5, 6, or 7-

membered heterocycloalkyl;

each n is independently 0, 1, 2, 3, or 4;

each R is independently H, (Ci-C6)alkyl, (Cr C6)alkyl-C(O)-, phenyl,

benzyl, or benzoyl; and

wherein alkyl is branched or straight-chain, optionally substituted with 1,

2, 3, 4, or 5 OH, N(Z)(Z), (Ci-C6)alkyl, phenyl, benzyl, F, Cl, Br, or I; and

wherein any phenyl, benzyl, or benzoyl is optionally substituted with 1,

2, 3, 4, or 5 OH, N(Z)(Z), (Q-QOalkyl, F, Cl, Br, or I;

or a salt thereof.

While the compound of formula (I) is depicted above in the Z-double

bond configuration, another embodiment provides compounds in the E-double

bond configuration or a combination of compounds in the Z- and E-double bond

configuration.

Sterioisomers and tautamers of the compounds of formula (I) are also

included. Certain organic compounds may exist in two or more tautomeric

forms. As referred to herein, the terms "tautomer" or "tautomeric" refer to

organic structures in which the carbon and heteroatom connectivities are

unchanged, but the disposition of hydrogen atoms in the structures differ. For

example, the compound BIO may exist in either of the tautomeric forms as

shown below:



As can be seen, the proton, or hydrogen atom, bonded to the indole nitrogen in

the tautomer shown on the left side of the equilibrium is moved to a position on

the nitrogen atom of the oxime (hydroxylamine) in the tautomer shown on the

right side. Tautomers may or may not be in equilibrium with each other under a

given set of conditions. It is understood that when referring to either of the

tautomeric structures, the other tautomeric structure is included. This is also true

of other organic structures wherein tautomerism is a possibility.

For the compounds useful in the methods of the invention, the following

definitions are used, unless otherwise described: halo is fluoro, chloro, bromo,

or iodo. Alkyl, alkoxy, alkenyl, alkynyl, etc. denote both straight and branched

groups; but reference to an individual radical such as "propyl" embraces only the

straight chain radical, a branched chain isomer such as "isopropyl" being

specifically referred to. Aryl denotes a phenyl radical or an ortho-fused bicyclic

carbocyclic radical having about nine to ten ring atoms in which at least one ring

is aromatic. Heteroaryl encompasses a radical attached via a ring carbon of a

monocyclic aromatic ring containing five or six ring atoms consisting of carbon

and one to four heteroatoms each selected from the group consisting of non-

peroxide oxygen, sulfur, and N(R8) wherein R8 is absent or is H, O, (d-C 4)alkyl,

phenyl or benzyl, as well as a radical of an ortho-fused bicyclic heterocycle of

about eight to ten ring atoms derived therefrom, particularly a benz-derivative or

one derived by fusing a propylene, trimethylene, or tetramethylene diradical

thereto.

Specific and preferred values listed below for radicals, substituents, and

ranges, are for illustration only; they do not exclude other defined values or other

values within defined ranges for the radicals and substituents.

Specifically, (C]-C6)alkyl can be methyl, ethyl, propyl, isopropyl, butyl,

iso-butyl, sec-butyl, pentyl, 3-ρentyl, or hexyl; (C3-C6)cycloalkyl can be

cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl; (C3-C6)cycloalkyl(C 1-

C6)alkyl can be cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl,



cyclohexylmethyl, 2-cyclopropylethyl, 2-cyclobutylethyl, 2-cyclopentylethyl, or

2-cyclohexylethyl; heterocycloalkyl and heterocycloalkylalkyl includes the

foregoing cycloalkyl wherein the ring optionally comprises 1-2 S, non-peroxide

O or N(R8) as well as 2-5 carbon atoms; such as morpholinyl, piperidinyl,

piperazinyl, indanyl, l,3-dithiaii-2-yl, and the like; (d-C 6)alkoxy can be

methoxy, ethoxy, propoxy, isopropoxy, butoxy, iso-butoxy, sec-butoxy, pentoxy,

3-pentoxy, or hexyloxy; (C2-C6)alkenyl can be vinyl, allyl, 1-propenyl, 2-

propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 1,-pentenyl, 2-pentenyl, 3-pentenyl, 4-

pentenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, or 5-hexenyl; (C2-

C6)alkynyl can be ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3-

butynyl, 1-pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 1-hexynyl, 2-hexynyl,

3-hexynyl, 4-hexynyl, or 5-hexynyl; (C1-C6)alkanoyl can be formyl, acetyl,

propanoyl or butanoyl; halo(C1-C6)alkyl can be iodomethyl, bromomethyl,

chloromethyl, fluoromethyl, trifluoromethyl, 2-chloroethyl, 2-fluoroethyl, 2,2,2-

trifluoroethyl, or pentafluoroethyl; hydroxy(Ci-C 6)alkyl can be alkyl substituted

with 1 or 2 OH groups, such as hydroxymethyl, 1-hydroxyethyl, 2-hydroxyethyl,

1-hydroxypropyl, 2-hydroxypropyl, 3-hydroxypropyl, 1-hydroxybutyl, 4-

hydroxybutyl, 3, 4-dihydroxybutyl, 1-hydroxypentyl, 5-hydroxypentyl, 1-

hydroxyhexyl, or 6-hydroxyhexyl; (Ci-C6)alkoxycarbonyl can be

methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl,

butoxycarbonyl, pentoxycarbonyl, or hexyloxycarbonyl; (Ci-C6)alkylthio can be

methylthio, ethylthio, propylthio, isopropylthio, butylthio, isobutylthio,

pentylthio, or hexylthio; (C2-C6)alkanoyloxy can be acetoxy, propanoyloxy,

butanoyloxy, isobutanoyloxy, pentanoyloxy, or hexanoyloxy; aryl can be phenyl,

indenyl, or naphthyl; and heteroaryl can be furyl, imidazolyl, triazolyl, triazinyl,

oxazoyl, isoxazoyl, thiazolyl, isothiazoyl, pyrazolyl, pyrrolyl, pyrazinyl,

tetrazolyl, pyridyl (or its N-oxide), thienyl, pyrimidinyl (or its N-oxide), IH-

indolyl, isoquinolyl (or its N-oxide) or quinolyl (or its N-oxide).

In cases where compounds are sufficiently basic or acidic stable nontoxic

acid or base salts may be formed. Examples of pharmaceutically acceptable salts

are organic acid addition salts formed with acids which form a physiological

acceptable anion, for example, tosylate, methanesulfonate, acetate, citrate,

malonate, tartarate, succinate, benzoate, ascorbate, -ketoglutarate, and a-



glycerophosphate. Suitable inorganic salts may also be formed, including

hydrochloride, sulfate, nitrate, bicarbonate, and carbonate salts.

Salts may be obtained using standard procedures well known in the art,

for example by reacting a sufficiently basic compound, such as an amine, with a

suitable acid affording a physiologically acceptable anion. Alkali metal (for

example, sodium, potassium or lithium), alkaline earth metal (for example

calcium or magnesium) or zinc salts can also be made.

Non-embryonic cells, that can differentiate into cell types of more than

one embryonic lineage, can be cultured in the presence of expansion media with

one or more GSK-3 inhibitors at a final concentration of about 10 nM to about

10 µM. For example, the concentration of the inhibitor can be about 10 nM to

about 50 nM, about 50 nM to about 100 nM, about 100 nM to about 200 nM,

about 200 nM to about 300 nM, about 300 nM to about 400 nM, about 400 nM

to about 500 nM, about 500 nM to about 600 nM, about 600 nM to about 700

nM, about 700 nM to about 800 nM, about 800 nM to about 900 nM, about 900

nM to about 1 µM, about 1 µM to about 2 µM, about 2 µM to about 3µM, about

3 µM to about 4µM, about 4 µM to about 5µM, about 5 µM to about 6µM, about

6 µM to about 7 µM, about 7 µM to about 8 µM, about 8 µM to about 9 µM, or

about 9 µM to about 10 µM. For example, at about 0.25 to about 0.1 to about 1.0

to about 2.0 microM can be employed. Optimal concentration can be routinely

determined for each cell type based on routine assays known to those of skill in

the art, including, but not limited to, assays regarding pluripotency and

replicative ability of the cells.

The cells can be cultured and expanded indefinitely in the presence of a

GSK-3 inhibitor or other agent. The inhibitor or other agent is generally added

at the time fresh media is added or the cells are passaged (e.g., split); however,

inhibitor or other agent can be added at any time during culture of cells.

Additional agents to maintain non-embryonic cells in a pluripotent state

(undifferentiated state), include compounds which induce hypoxia (e.g., mimics

low oxygen conditions). In one embodiment, the compounds which induce

hypoxia inhibit prolyl hydroxlase, including but not limited to, the hypoxia

inducing factor (HIF) small molecule stabilizer FG0041 (Ivan M., et al. (2002)),

3-carboxy-N-hyroxy pyrollidine (Schlernminger I . et al. (2003)), 3,4

dihydroxybenzoate (Warnecke, C. et al. (2003)), and TGF-β family members,



including Cripto and Lefty. Compounds which induce hypoxia may be

complexed with a GSK-3 inhibitor, including BIO.

The concentration of GSK-3 inhibitors, other agents or culture conditions

can be adjusted to obtain the desired result, e.g., maintenance of cell potency

(differentiation capacity).

Non-Embryonic Cells

The methods of the invention are applicable to all non-embryonic cells

that can differentiate into cell types of more than one embryonic lineage. In one

embodiment, the cell is a non-embryonic, non germ, non-embryonic genu cell

that can form cell types of two or more embryonic lineages. Such a cell could

form cell types of all three embryonic lineages, i.e., endoderm, ectoderm and

mesoderm. The cell may express one or more of the genes reported to

characterize the embryonic stem cell, i.e., telomerase or Oct3A. Non-

embryonic, non-germ, non-embryonic germ cells that can form cells of more

than one primitive germ layer have been described, for example, in U.S. Pat. No.

7,015,037, which is incorporated herein by reference for teaching such cells and

methods of production.

Non-embryonic cells that can differentiate into cell types of more than

one embryonic lineage can be derived from any non-embryonic subject

including any organ or tissue, such as umbilical cord, umbilical cord blood,

umbilical cord matrix, neural, placenta, bone, brain, kidney, liver, bone marrow,

adipose, pancreas, oogonia, spermatogonia or peripheral blood. For example,

non-embryonic cells that can differentiate into cell types of more than one

embryonic lineage include non-embryonic stem cells, including but not limited

to MAPCs, and other progenitor cells.

The methods and compositions of the invention may also apply to tissue-

specific stem cells, such as neural, hematopoietic and mesencyhemal; using the

compounds of the invention maintains or improves the potency of the cells

compared to not using the compounds.

The methods of the invention apply to culturing heterogeneous, as well

as substantially homogenous, populations of cells in the presence of the

compounds of the invention so that the potency (differentiation capacity) of the

population is maintained or enhanced compared to the potency in the absence of

the compounds. These populations may contain mixed cell types where cells in



the population are of different potencies (e.g., some are committed to a single

lineage, others to two lineages, still others to all three lineages). Populations

maybe restricted to single lineage cells so that all of the cells are endodermal

progenitors, for example. Or there could be mixed populations where there are

two or more types of single-lineage progenitors, for example, endodermal and

mesodermal progenitors.

The methods of the invention may also apply to differentiated cells. The

inhibitors of GSK-3 may de-differentiate cells.

Multipotent Adult Progenitor Cells MAPCs

Human non-embryonic, non-germ, non-embryonic germ cells having the

ability to differentiate into cells of multiple primitive germ layers are described

in U.S. Patent Application Serial Nos. 10/048,757 (U.S. Pat. No. 7,015,037;

PCT/USOO/21387 (published as WO 01/11011)) and 10/467,963

(PCT/US02/04652 (published as WO 02/064748)), the contents of which are

incorporated herein by reference for their description of the cells and production

methods. MAPCs have been identified in other mammals and tissues. Murine

MAPCs, for example, are also described in PCT/USOO/21387 (published as WO

01/1 101 1) and PCT/US02/04652 (published as WO 02/064748). Rat MAPCs

are also described in WO 02/064748. In some documents, the cells were termed

"MASCs," an acronym for multipotent adult stem cells. Such cells have also

been reported to occur in cord blood, adipose and placenta.

Isolation and Growth

Methods of MAPC isolation for humans and mouse are described in the

art. They are described in PCT/USOO/21387 (published as WO 01/1101 1) and

for rat in PCT/US02/04652 (published as WO 02/064748), and these methods,

along with the characterization of MAPCs disclosed therein, are incorporated

herein by reference.

General Cell Culture Conditions

Non-embryonic cells can be maintained and expanded in culture medium

that is available to the art. Such media include, but are not limited to Dulbecco's

Modified Eagle's Medium® (DMEM), DMEM F12 medium®, Eagle's

Minimum Essential Medium®, F-12K medium®, Iscove's Modified Dulbecco's

Medium®, RPMI- 1640 medium®. Many media are also available as a low-

glucose formulation, with or without sodium pyruvate.



Also contemplated is supplementation of cell culture medium with

mammalian sera. Sera often contain cellular factors and components that are

needed for viability and expansion. Examples of sera include fetal bovine serum

(FBS), bovine serum (BS), calf serum (CS), fetal calf serum (FCS), newborn calf

serum (NCS), goat serum (GS) horse serum (HS), human serum, chicken serum,

porcine serum, sheep serum, rabbit serum, serum replacements, and bovine

embryonic fluid. It is understood that sera can be heat-inactivated at about 55-

650C if deemed necessary to inactivate components of the complement cascade.

Additional supplements can also be used advantageously to supply the

cells with the trace elements for optimal growth and expansion. Such

supplements include insulin, transferrin, sodium selenium and combinations

thereof. These components can be included in a salt solution such as, but not

limited to Hanks' Balanced Salt Solution® (HBSS), Earle's Salt Solution®,

antioxidant supplements, MCDB-201® supplements, phosphate buffered saline

(PBS), ascorbic acid and ascorbic acid-2-phosphate, as well as additional amino

acids. Many cell culture media already contain amino acids, however some

require supplementation prior to culturing cells. Such amino acids include, but

are not limited to, L-alanine, L-arginine, L-aspartic acid, L-asparagine, L-

cysteine, L-cystine, L-glutamic acid, L-glutamine, L-glycine, L-histidine, L-

isoleucine, L-leucine, L-lysine, L-methionine, L-phenylalanine, L-proline, L-

serine, L-threonine, L-tryptophan, L-tyrosine and L-valine. It is well within the

skill of one in the art to determine the proper concentrations of these

supplements.

Antibiotics are also typically used in cell culture to mitigate bacterial,

mycoplasmal and fungal contamination. Typically, antibiotics or anti-mycotic

compounds used are mixtures of penicillin/streptomycin, but can also include,

but are not limited to, amphotericin (Fungizone®), ampicillin, gentamicin,

bleomycin, hygromycin, kanamycin, mitomycin, mycophenolic acid, nalidixic

acid, neomycin, nystatin, paromomycin, polymyxin, puromycin, rifampicin,

spectinomycin, tetracycline, tylosin and zeocin.

Hormones can also be advantageously used in cell culture and include,

but are not limited to, D-aldosterone, diethylstilbestrol (DES), dexamethasone,

β-estradiol, hydrocortisone, insulin, prolactin, progesterone, somatostatin/human

growth hormone (HGH), thyrotropin, thyroxine and L-thyronine.



Lipids and lipid carriers can also be used to supplement cell culture

media, depending on the type of cell and the fate of the differentiated cell. Such

lipids and carriers can include, but are not limited to, cyclodextrin (α, β, γ),

cholesterol, linoleic acid conjugated to albumin, linoleic acid and oleic acid

conjugated to albumin, unconjugated linoleic acid, linoleic-oleic-arachidonic

acid conjugated to albumin, oleic acid unconjugated and conjugated to albumin,

among others.

Also contemplated is the use of feeder cell layers. Feeder cells are used

to support the growth of fastidious cultured cells, including stem cells. Feeder

cells are normal cells that have been inactivated by γ-irradiation. In culture, the

feeder layer serves as a basal layer for other cells and supplies cellular factors

without further growth or division of their own (Lim, J .W. and Bodnar, A.,

2002). Examples of feeder layer cells are typically human diploid lung cells,

mouse embryonic fibroblasts, Swiss mouse embryonic fibroblasts, but can be

any post-mitotic cell that is capable of supplying cellular components and factors

that are advantageous in allowing optimal growth, viability and expansion of

cells. In many cases, feeder cell layers are not necessary to keep the ES cells in

an undifferentiated, proliferative state, as leukemia inhibitory factor (LIF) has

anti-differentiation properties. Therefore, supplementation with LIF could be

used to maintain non-embryonic cells in an, undifferentiated state. Additionally,

a GSK-3 inhibitor may be used to maintain non-embryonic cells in an

undifferentiated state.

Cells in culture can be maintained either in suspension or attached to a

solid support, such as extracellular matrix components and synthetic or

biopolymers. Cells sometimes require additional factors that encourage their

attachment to a solid support, such as type I, type II and type IV collagen,

concanavalin A, chondroitin sulfate, fibronectin, "superf ϊbronectin" and

fibronectin-like polymers, gelatin, laminin, poly-D and poly-L-lysine,

thrombospondin and vitronectin.

The maintenance conditions of non-embryonic cells can also contain

cellular factors that allow the non-embryonic cells, such as MAPCs, to remain in

an undifferentiated form. It is advantageous under conditions where the cell

must remain in an undifferentiated state of self-renewal for the medium to

contain epidermal growth factor (EGF), platelet derived growth factor (PDGF),



leukemia inhibitory factor (LIF; in selected species), a GKS-3 inhibitor or

combinations thereof. It is apparent to those skilled in the art that supplements

that allow the cell to self-renew but not differentiate should be removed from the

culture medium prior to differentiation.

Cells can benefit from co-culturing with another cell type. Such co-

culturing methods arise from the observation that certain cells can supply yet-

unidentified cellular factors that allow the cell to differentiate into a specific

lineage or cell type. These cellular factors can also induce expression of cell-

surface receptors, some of which can be readily identified by monoclonal

antibodies. Generally, cells for co-culturing are selected based on the type of

lineage one skilled in the art wishes to induce, and it is within the capabilities of

the skilled artisan to select the appropriate cells for co-culture.

Methods of identifying and subsequently separating differentiated cells

from their undifferentiated counterparts can be carried out by methods well

known in the art. Cells that have been induced to differentiate can be identified

by selectively culturing cells under conditions whereby differentiated cells

outnumber undifferentiated cells. Similarly, differentiated cells can be identified

by morphological changes and characteristics that are not present on their

undifferentiated counterparts, such as cell size, the number of cellular processes

(i.e., formation of dendrites or branches), and the complexity of intracellular

organelle distribution. Also contemplated are methods of identifying

differentiated cells by their expression of specific cell-surface markers such as

cellular receptors and transmembrane proteins. Monoclonal antibodies against

these cell-surface markers can be used to identify differentiated cells. Detection

of these cells can be achieved through fluorescence activated cell sorting (FACS)

and enzyme-linked immunosorbent assay (ELISA). From the standpoint of

transcriptional upregulation of specific genes, differentiated cells often display

levels of gene expression that are different from undifferentiated cells. Reverse-

transcription polymerase chain reaction (RT-PCR) can also be used to monitor

changes in gene expression in response to differentiation. In addition, whole

genome analysis using microarray technology can be used to identify

differentiated cells.

Accordingly, once differentiated cells are identified, they can be

separated from their undifferentiated counterparts, if necessary. The methods of



identification detailed above also provide methods of separation, such as FACS,

preferential cell culture methods, ELISA, magnetic beads, and combinations

thereof. A preferred embodiment of the invention envisions the use of FACS to

identify and separate cells based on cell-surface antigen expression.

Effective atmospheric oxygen concentrations of less than about 10%,

including about 3% to about 5% O2, can be used at any time during the isolation,

growth and differentiation of cells in culture. Cells may also be cultured in the

presence of beta mercaptoethanol (BME), for example, at initial culture

concentrations of about 0.1 mM.

Compositions

The invention provides a composition comprising non-embryonic cells in

combination with at least one GSK-3 inhibitor, wherein said cells can

differentiate into cell types of more than one embryonic lineage. Compositions

include cells in culture medium. Compositions can be in vitro, ex vivo or in vivo.

The invention also provides a method of preparing a composition comprising

admixing non-embryonic cells with at least one GSK-3 inhibitor, and optionally

admixing a carrier (e.g., cell culture medium or a pharmaceutically acceptable

carrier), wherein said cells can differentiate into cell types of more than one

embryonic lineage.

Use of Non-Embryonic Cells

Non-embryonic cells, that can differentiate into cell types of more than

one embryonic lineage, grown in the presence of a GKS-3 inhibitor can be used

in preclinical, such as in large animal models of disease, and clinical, such as

therapeutic, settings (use of MAPCs isolated from humans and mice are

described in PCT/US0021387 (published as WO 01/1 101 1) and from rat in

PCT/US02/04652 (published as WO 02/064748), and these are incorporated

herein by reference).

Non-embryonic cells that can differentiate into cell types of more than

one embryonic lineage can be used to treat essentially any injury or disease,

particularly a disease associated with pathological organ or tissue physiology or

morphology which is amenable to treatment by transplantation in any

mammalian species, preferably in a human subject. Thus, non-embryonic cells

that can differentiate into cell types of two or more embryonic lineages or



progeny derived therefrom can be administered to treat diseases amendable to

cell therapy.

For example, non-embryonic cells that can differentiate into cell types of

more than one embryonic lineage have utility in the repopulation of organs,

either in a self-renewing state or in a differentiated state compatible with the

organ of interest. They have the capacity to replace cell types that have been

damaged, died, or otherwise have an abnormal function because of genetic or

acquired disease. Or they may contribute to preservation of healthy cells or

production of new cells in a tissue.

Additionally, non- embryonic cells that can differentiate into cell types of

more than one embryonic lineage or differentiated progeny derived therefrom

can be genetically altered ex vivo, eliminating one of the most significant barriers

for gene therapy. For example, non-embryonic cells that can differentiate into

cell types of more than one embryonic lineage can be extracted and isolated from

the body, grown in culture in the undifferentiated state or induced to differentiate

in culture, and genetically altered using a variety of techniques, especially viral

transduction. Uptake and expression of genetic material is demonstrable, and

expression of foreign DNA is stable throughout development.

Examples

The following examples are provided in order to demonstrate and further

illustrate certain embodiments and aspects of the present invention and are not to

be construed as limiting the scope thereof.

Example 1

Synthesis of BIO

3-Indolyl acetate (0.18 g, 1.0 mmol) and Na2CO3 (0.53 g, 5.0 mmol)

were added to a solution of 6-bromo-isatin (0.23 g, 1.0 mmol) in anhydrous

methanol (5 mL) at 0 0C. The reaction mixture was stirred overnight at room

temperature. The precipitate that formed during the reaction was filtered and

washed with H2O (20 mL) to give 0.2 g (59 % yield) of the desired intermediate,

which was used without further purification.

The intermediate from the first reaction (0.2 g, 0.59 mmol) and

hydroxylamine hydrochloride (45 mg, 0.65 mmol) were dissolved in pyridine (6



mL) and stirred overnight at 60 0C. The reaction solution was concentrated via

rotary evaporation, and the crude product was purified via preparatory LC-MS.

MS calculated for C16H11
BrN3O2+!!: 356, observed: 356.

Example 2

BIO Experiments on MAPCs

Summary

MAPCs were isolated, cultured and expanded as described herein above

and elsewhere (see, for example, Reyes et al. (200Ia)), from at least 20 different

human adult bone marrow cultures in either the presence or absence of BIO in

the culture media. The cultures were also compared in a number of assays to

determine whether BIO had efficacy in maintaining/regulating the pluripotent

quality of adult bone marrow derived stem cells (e.g., MAPCs).

Determination of Dose Range for BIO

MAPCs were cultured in the presence of expansion media with BIO

added at final concentrations between 10 nM-10 µM. Cell morphology and

viability were used as the criteria for determining dose efficacy. It was

determined that BIO concentrations between 100 nM and 1 µM were optimal for

MAPC culture growth and maintenance of a "stem-cell" like morphology (small

translucent cells growing in loose clusters).

Stability of BIO in Culture

The stability of BIO and its breakdown kinetics over the time course of

MAPC culture and manipulations thereto was determined. Additionally, it was

investigated if any BIO break down was due to cell metabolism or cell culture

conditions (37°C, 18% O2, 5% CO2, aqueous expansion media conditions).

Freshly prepared expansion media with 1 µM BIO was placed into two T-175

flasks. Into one of the flasks, 350,000 MAPCs were subsequently added

(MAPCs are generally plated at 2,000 cells/cm2) . The two flasks were placed in

a standard incubator and 100 µL samples were drawn from the media in each of

the two flasks at different time points until 72 hours after first plating. After

collecting the sample at each time point, the 100 µL samples were frozen at -

200C until samples from all time points had been collected. Samples were then

analyzed via mass spectroscopy to determine the amount of native BIO

remaining in the cultures as a function of time (Figure 1).



The data illustrate that in the absence of cells, BIO is approximately 95%

stable over a 72-hour period under the culture conditions described herein,

illustrating that BIO does not readily break down, oxidize or otherwise degrade.

In the presence of cells, however, active BIO levels diminish by roughly 50% in

72 hours, suggesting that the culture conditions maintain BIO concentrations at a

minimum of 500 nM. However, since breakdown peaks corresponding to BIO

fragments were not seen by mass spectrometry, BIO may not be degrading or

oxidizing. Rather, MAPCs may be taking up BIO, and thus, accounting for the

gradual decrease in the concentration over the time course of the experiment.

However, active BIO concentrations never fell below 500 nM during the test

period.

Increased Oct-3A in BIO Treated MAPCs

After ascertaining that active BIO was present during culture, the effect

BIO had on maintaining the protein level of the pluripotency marker Oct-3A in

MAPCs was investigated. Western blots were performed using protein-

normalized samples from BIO treated and untreated MAPCs from the same

donor to determine if BIO had any effect on the protein levels of Oct-3A in

MAPCs (the antibody used specifically recognized the Oct-3A splice variant in

human cells and was obtained from Santa Cruz). Figure 3 illustrates that BIO

increases or protects the amount of detectable Oct-3A.

After demonstrating an increase in overall Oct-3A protein expression by

Western, it was next determined if the Oct-3A present was functional, i.e.

capable of binding to its consensus transcriptional binding sites, in a TransAM

Oct-3A transcription factor ELISA assay (TransAM, Active Motif, Carlsbad,

CA). Figure 4 indicates that MAPCs treated with BIO have 3 times the active

amount of functional Oct-3A compared to MAPCs grown without the addition

BIO.

qPCR Pluripotency

Having demonstrated an increase in functional Oct-3A protein expression

in the presence of BIO, it was determined whether Oct-3A as well as other

markers characteristic of pluripotent stem cells, including but not limited to Rex-

1, Sox-2 and telomerase, were also increased in MAPCs cultured with BIO. 6

individual cell pellets were harvested for qPCR analysis. Each individual pellet

underwent RNA isolation, a separate RT reaction and an individual qPCR run.



The results are depicted in Table 2. The data indicate that in 5 of 7 MAPC

cultures treated with or without BIO, those grown in the presence of BIO have a

statistically significant up-regulation in RNA of at least one marker

characteristic of pluripotent stem cells.

Table 2: Expression of Markers of Pluripotency in

MAPCs Treated with or Without BIO



Differentiation qPCR

To determine if the up-regulation of pluripotency markers seen with the

addition of BIO correlated with a tri-valent phenotype (e.g., the cells can form

cell lineages of all three germ layers (i.e., endoderm, mesoderm and ectoderm)),

MAPCs were placed into assays for endothelium (MAPCs were cultured on

fibronectin coated plates in the presence of 10 ng/ml vascular endothelial growth

factor (VEGF-B), hepatocyte (MAPCS were cultured on matrigel coated plates

and treated with 10 ng/ml fibroblast growth factor-4 (FGF-4) and 20 ng/ml

hepatocyte growth factor (HGF)) and neuronal (MAPC neuronal differentiation

was induced by sequential treatment, first with 100 ng/ml bFGF, then with both

10 ng/ml FGF-8 and 100 ng/ml Sonic Hedgehog (SHH)) differentiation. These

differentiation methods are further characterized in U.S. Patent Application

Serial Nos. 10/048,757 (U.S. Pat. No. 7,015,037; PCT/USOO/21387 (published

as WO 01/1 101 1)) and 10/467,963 (PCT/US02/04652 (published as WO

02/064748)),, which are incorporated by reference for those methods.

MAPCs were set-up and harvested for qPCR in a protocol similar to that

performed for the pluripotency markers as described above (i.e., 6 individual

samples processed separately for each lineage) and each lineage was analyzed

for 2 markers indicative of differentiation into the specific cell lineages.

Generally, BIO treatment either improved the statistical significance of the

expression of a single marker, or lead to the expression of new markers

compared to cultures grown in expansion media without BIO.

Thus, the addition of BIO, or other GSK-3 inhibitors (including, but not

limited to, other indirubins), to non-embryonic cells, including MAPCs, leads to

the maintenance of a pluripotent phenotype for the cells, leading to more robost

differentiation responses. Thus, this class of compounds provides an

improvement in non-embryonic cell culturing and the ability to maintain

pluripotency during expansion.
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AUpublications, patents and patent applications are incorporated herein

by reference. While in the foregoing specification this invention has been

described in relation to certain preferred embodiments thereof, and many details

have been set forth for purposes of illustration, it will be apparent to those skilled

in the art that the invention is susceptible to additional embodiments and that

certain of the details described herein may be varied considerably without

departing from the basic principles of the invention.



WHAT IS CLAIMED IS:

1. A culture method comprising culturing non-embryonic cells in the

presence of at least one GSK-3 inhibitor, wherein said cells can

differentiate into cell types of more than one embryonic lineage.

2. The culture method of claim 1, wherein said cells maintain or increase

their capacity to differentiate to a greater extent than said cells cultured in

the absence of a GSK-3 inhibitor.

3. The culture method of claim 1, wherein gene expression of Oct-3A,

telomerase, or combination thereof is maintained or increased compared

to said cells cultured in the absence of a GSK-3 inhibitor.

4. The culture method of any one of claims 1-3 wherein the GSK-3

inhibitor is a compound of formula (I):

(I)

wherein each X is independently O, S, N-OR 1, N(Z), or two groups

independently selected from H, F, Cl, Br, I, NO2, phenyl, and (CrC 6)alkyl,

wherein R1 is hydrogen,

each Y is independently H, (C1-C6)alkyl, (C1-C6)alkyl-C(O)-, (C1-

C6)alkyl-C(O)O-, phenyl, N(Z)(Z), sulfonyl, phosphonyl, F, Cl, Br, or I;

each Z is independently H, (d-C 6)alkyl, phenyl, benzyl, or both Z

groups together with the nitrogen to which they are attached form 5, 6, or 7-

membered heterocycloalkyl;

each n is independently 0, 1, 2, 3, or 4;

each R is independently H, (C1-C6)alkyl, (C1-C6)alkyl-C(O)-, phenyl,

benzyl, or benzoyl; and



wherein alkyl is branched or straight-chain, optionally substituted with 1,

2, 3, 4, or 5 OH, N(Z)(Z), (Q-C^alkyl, phenyl, benzyl, F, Cl, Br, or I; and

wherein any phenyl, benzyl, or benzoyl is optionally substituted with 1,

2, 3, 4, or 5 OH, N(Z)(Z), (C1-C6)alkyl, F, Cl, Br, or I;

or a salt thereof.

5 . The method of claim 4, wherein one X is O and the other X is N-OH.

6. The method of claims 4 or 5, wherein one Y is Br.

7. The method of claim 6, wherein one Y is Br at the ό'-position.

8. The method of any one claims 4-7, wherein one n is 0 and the other n is

1.

9. The method of any one claims 4-8, wherein each R is H.

10. The method any one of claims 1-4, wherein the GSK-3 inhibitor

comprsies

or a salt thereof.

11. The method of any one of claims 1-3, wherein the GSK3 inhibitor

comprises LiCl, hymenialdisine, flavopiridol, kenpaullone, alsterpaullone,

azakenpaullone, Indirubin-3'-oxime, 6-Bromoindirubin-3'-oxime (BIO), 6-

Bromoindirubin-3'-acetoxime, Aloisine A, Aloisine B, TDZD8,

Pyrazolopyridine 18, Pyrazolopyridine 9, Pyrazolopyridine 34, CHIR98014,

CHIR99021, CHIR-637, CT20026, SU9516, ARA014418, Staurosporine,

GF109203x (bisindolyl-maleimide I), Ro3 18220 (bisindolyl-maleimide IX),

SB216763, SB415286, CGP60474, TWS119, or athiazolo 5,4-f qumazolm-9-

one.



12. The method of any one of claims 1-11, wherein the non-embryonic cells

are non-embryonic, non-germ, non-embryonic germ cells.

13. The method of any one of claims 1-12, wherein the GSK-3 inhibitor is in

culture at a concentration of about 100 nM to about 1 µM.

14. The method of any one of claims 1-13, wherein the cells are derived from

an organ or tissue of a mammal.

15. The method of claim 14, wherein the mammal is a human, mouse, rat or

swine.

16. The method of any one of claims 1-15 further comprising removing or

inactivating the GSK-3 inhibitor from culture and culturing said cells to

allow differentiation.

17. A composition comprising non-embryonic cells in combination with at

least one GSK-3 inhibitor, wherein said cells can differentiate into cell

types of more than one embryonic lineage.

18. The composition of claim 17, further comprising a carrier.

19. The composition of claim 18, wherein the carrier is cell culture medium.

20. The composition of claim 18, wherein the carrier is a pharmaceutically

acceptable carrier.

21. The composition of any one of claims 17-20, wherein the non-embryonic

cells are non-embryonic, non-germ, non-embryonic germ cells.

22. The composition of any one of claims 17-21, wherein the cells are

derived form an organ or tissue of a mammal.



23. The composition of claim 22, wherein the mammal is a human, mouse,

rat or swine.

24. A method to prepare a composition comprising admixing non-embryonic

cells and at least one GSK-3 inhibitor, wherein said cells can differentiate

into cell types of more than one embryonic lineage.

25. The method of claim 24 further comprising admixing a carrier.

26. The method claim 25, wherein the carrier is cell culture medium or a

pharmaceutically acceptable carrier.

27. The method of any one of claims 24-26, wherein the non-embryonic cells

are non-embryonic, non-germ, non-embryonic germ cells.

28. The method of any one of claims 24-27, wherein the cells are derived

from an organ or tissue of a mammal.

29. The method of claim 28, wherein the mammal is a human, mouse, rat or

swine.
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