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TREATMENT OF PLURIPOTERT CELLS

CROSS REFERENCE TO RELATED APPLICATION

The present application claims the benefit of U.S. Provisional Patent
Application Serial No. 61/741,776, filed June 14, 2012, which s incorporated

herein by reference in its entirety for all purpose.
FIELD OF THE INVENTION

The present invention ig directed to methods to treat pluripotent colls, whereby
the pluripotent cells can be efficiently expanded in culture and differentiated

by treating the pharipotent cells with an inhibitor of GSK-3B enzyme activity.
BACKGROUND

Advances in cell-replacernent therapy for Type 1 diabetes mellitus and a
shortage of transplantable islets of Langerhans have focused interest on
developing sources of msulin-producing cells, or  cells, appropriate for
engraftment. Oue approach is the generation of functional P cells from

pluripotent cells, such as, for example, erobryvonic stem cells.

In vertebrate embryonic development, a phuwipotent cell gives rise to a group
of cells comprising three germ layers (ectoderm, mesoderm, and endoderra) 1o
a process known as gastrulation. Tissues such as, for exampie, thyroid,
thymus, pancreas, gut, and fiver, will develop from the endoderm, via an
intermediate stage. The ntermediate stage in this process is the formation of
definitive endoderm. Definitive endoderm cells express a number of markers,

such as, HNF-3 beta, GATA-4, Mixll, CXCR4 and SCX-17.

Formation of the pancreas arises from the differentiation of definitive
endoderm inte pancreatic endoderm. Cells of the pancreatic endoderm express
the pancreatic-duodenal homeobox gene, PDX-1. In the absence of PDX-1,
the pancreas fails to develop beyond the formation of ventral and dorsal buds.

Thus, PDX-1 expression marks a critical step in pancreatic organogencsis.
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The mature pancreas contains, among other cell types, exocrine tissue and
endocrine fissue. bxocrine and endocrine tissues arise from the differentiation

of pancreatic endoderm.

[806] The generation of a sufficient amount of cellular material for transplantation
requires a source of the cellular material that can be cfficiently expanded in
culture, and efficiently differentiated into the tissue of interest, for exampie,

functional P cells,

186671 Current raethods to culture human embryonic stem cells are complex; they
require the use of exogenous factors, or chemically defined media in order for
the cells to proliferate without loosing their phinipotency. Furthermore
differcatiation of erabryonic stem cells often results in a decrease in the cells

to expand in culture.

33081 In one example, Cheon ef of (BioReprod DOL (. 1095/binireprod. 105.046870,
October 19, 2005) disclose & feeder-free, serumn-free culbure system in which
erobryonic stem cells are maintained v unconditioned serum replacement (SR)
medium supplemented with different growth factors capable of triggering

embryonic stem cell self-renewal,

(6669} In another example, US20050233446 discloses a defined media useful in
culturing stem cells, inchuding vodifferentiated primate primordial stern celis,
In solution, the media is substantially isotonic as compared to the stem cells
being cultured. In a given culture, the particular medium comprises a base
medium and an amount of each of bFGF, insulin, and ascorbic acid necessary

0 support substantially unditferentiated growth of the primordial stero cells,

{800318]  In another example, WO2005086245 discloses a method for maintenance of
an undifferentiated stem cell, said method comprising exposing a stem cell to a
member of the transforming growth factor-beta (TGF) family of proteins, a
member of the fibroblast growth factor (FGF) family of proteins, or
nicotinamide (NIC) in an amount sufficient to maintain the cell in an
undifferentiated state for a sufficient amount of time to achieve a desired

resutt,
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Inhibitors of glvcogen synthase kinase-3 {(GSK-3) are known to promote
proliferation and expansion of adult stem cells. In one example, Tateishi ef al.
(Biochemical and Biophysical Rescarch Commurucations (2007) 352: 635)
show that inhibition of GSK-3 enhances growth and survival of human cardiac
stern cells (hCSCs) recovered from the neonatal or adult human heart and

having mesenchymal features.

For example, Rulifson et af (PNAS 144, 6247-6252, (2007)) states “Wnt

signaling stioulates islet §§ cell proliferation.

In another example, WO2007016485 reports that addition of GSK-3 mmhibitors
to the calture of non-embryonic stem cells, inclading multipotent adult
progenitor cells, leads to the maintenance of a pluripotent phenotype during

expansion and results in a more robust differentiation response.

In another example, US2006030042 uses a method of inhibiting GSK-3, either
by addition of Wnt or a small molecule mhibitor of GSK-3 enzyme activity, to

maintain crubryonic stem cells without the use of a feeder celi layer.

In another example, WQ2006026473 reports the addition of a GSK-3B
inhibitor, to stabilize pluripotent cells through transcriptional activation of ¢-

myc and stabilization of c-myc protein.

In another example, WO2006100490 reports the use of a stem cell colture
medium containing a GSK-3 mmhibitor and a gp130 agonist to maintain a sclf-
renewing population of pluripotent stem cells, including mouse or human

embryonic stem cells.

In another example, Sato er /. (Nature Medicine (2004} 10:55-63) show that
inhibition of GSK-3 with a specific pharmacological compound can maintain
the undifferentiated phenotype of embryounic stem cells and sustain expression
of pluripotent state-specific transcription factors such as Oct-3/4, Rex-1, and

Nanog.

In another example, Maurer er of (Joumal of Proteome Research (2007)

&:1198-1208) show that adult, ncuronal stern cells treated with a GSK-3
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inhibitor show enhanced neuronal differentiation, specifically by promoting

transcription of P-catenin target genes and decreasing apoptosis.

16018] In another example, Gregory et @f (Annals of the New York Academy of
Sciences (2005) 1049:97-106) report that intubitors of GSK-3B cnhance in

vitro osteogenesis.

[6319] In another example, Feng er af (Biochemical and Biophysical Resecarch
Convnuncations (2004} 324:1333-1339) show that hematopoietic
differentiation from embryonic stem cells is associated with down-regulation

of the Wat/fB-catenin pathway, where Wt is a natural inhibitor of GSK3,

8028} Therefore, there still remains a significant need to develop methods for
treating pluripotent stem cell such that they can be expanded to address the
current clinical needs, while retaining the potential to differentiate into
pancreatic endocrine cells, pancreatic hormone expressing cells, or pancreatic

hormone secreting cells.
SUMMARY

18621} The present invention provides a method to expand and differentiate
pluripotent cells by treating the pluripotent cells with an inhibitor of GSK-3B

enzyme activity.

6022} In one embodiment, the present invention provides a method to expand and

differentiate pluripotent cells, comprising the steps oft
a. Culturing phuripotent cells, and

b. Treating the pluripotent cells with an inhibitor of GSK-3B enzyme

activity.

(6623} In one embodiment, the phiripotent celis are differentiated into cells

expressing markers characteristic of the definitive endoderm lincage.

16634} The plaripotent cells may be human embryonic stem cells, or they may be
celis expressing pluripotency markers derived from human embryonic stem

cells, according to the methods disclosed in 60/913475,
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3251 In one embodiment, the inhibitor of GSK-3B enzyme activity is a compound
of the Formuala (T):
Ra
fo
jg\ /> ------- R4
} N
Ri
Formulda (I}
60326} In one embodiment, the inhibitor of GSK-3B enzyme activity 1s a compounnd
of the Formula (1T}
Formouola (1)
(66271 In one embodiment, the inhibitor of GSK-3B cuzyme activity is 4 compound

of the Formula ({1}
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Formula (1)

BRIEF DESCRIPTION OF THE FIGURES

13628} Figure 1 shows the effect of a range of concentrations of the corpound #221
on cell mumber, as determined by the number of nuclet observed (Figure 1A)
and Sox-17 expression, as determined by intensity of immunofhiorescent
staining (Figure 1B). Results were obtained from cells of the human
embryonic stem cell line H1i (white bars), or cells of the human embryonic
stem cell line HO (black bars), using the IN Cell Analyzer 1000 (GE
Healtheare).

16029] Figure 2 shows the effect of a range of concentrations of the coropound #206
on cell number, as determined by the number of nuclei observed (Figure 24)
and Sox-17 expression, as determined by intensity of immunofhiorescent
staining (Figare 2B). Results were obtained from cells of the human
erbryonic stem cell line H1 (white bars), or cells of the human embryonic
stern cell line HO (black bars), using the IN Cell Apalyzer 1000 (GE

Healtheare).

16630} Figure 3 shows the effect of a vange of concentrations of the compound #223
on cell number, as determined by the number of nuclei observed (Figure 34)
and Sox-17 expression, as determined by intensity of immunofluorescent
staining (Figure 3B). Resuilts were obtained from cells of the human

erbryonic stem cell line H1 (white bars), or cells of the human embryonic
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stem cell line HY (black bars), using the IN Cell Analyzer 1000 (GE

Healthcare).

(6331} Figure 4 shows the effect of a range of concentrations of the compound #47
on cell number, as determined by the nursber of nuclet observed (Figure 4A)
and Sox-17 expression, as determined by imtensity of immunofhuorescent
staining (Figure 48). Results were obtained from cells of the human
embryonic stern cell line Hi (white bars), or cells of the human erabryonic
stem cell line HY (black barg), using the IN Cell Analyzer 1000 (GE

Healtheare).

18832} Figure 5 shows the effect of a range of concentrations of the compound #103
on cell mumber, as determined by the number of nuclet observed (Figure 5A)
and Sox-17 expression, as determined by intensity of imrounofiuorescent
staining (Figure 5B). Results were obtained from cells of the human
embryonic stemn cell hine Hi (white bars), or cells of the human embryonic
stem cell line HY (black bars), using the IN Cell Analyzer 1000 (GE

Healtheare).

18633} Figure 6 shows the effect of a range of concentrations of the compound #133
on cell mumber, as determined by the number of nuclet observed (Figure 6A)
and Sox-17 expression, as determined by intensity of immunofhiorescent
staining (Figare 68B). Results were obtained from cells of the human
embryonic stem cell line H1 (white bars), or cells of the human embryonic
stem cell line HO (black bars), using the IN Cell Analyzer 1000 (GE
Healtheare).

16034] Figure 7 shows the effect of a range of concentrations of the coropound #136
on cell mamber, as determined by the number of nuclei ohserved (Figure 7A)
and Sox-17 expression, as determined by intensity of immunofhiorescent
staining (Figare 7B). Results were obtained from cells of the human
embryonic stem cell line H1 (white bars), or cells of the human embryonic
stern cell line HO (black bars), using the IN Cell Analyzer 1000 (GE

Healtheare).
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Figure 8 shows the effect of a range of concentrations of the compound #198
on cell mumber, as determined by the number of nuclet observed (Figure 8A)
and Sox-17 expression, as determined by intensity of muonunofiuorescent
staining (Figure 88). Results were obtained from cells of the human
embryonic stem cell line H1 (white bars), or cells of the human embryonic
stem cell line HY (black bars), using the IN Cell Analyzer 1000 (GE

Healtheare).

Figure 9 shows the expression of CXCR4 on the surface of cells, ag
determined by immunoffuorescent staining and flow cytometric analysis, on
cells treated with the compounds shown, according to the methods described

in Example 8.

Figure 18 shows the expression of CXCR4 (Figure 10A), HNF-3 beta (Figure
108, and Sox-17 (Figure 10C), as determined by real-time PCR, in cells
treated with the compounds shown, according to the methods described n

Example 8.

Figure 11 shows the effect of a range of concenirations of the compounds
shown on cell number, as determined by the mamber of nuclei observed
{Figure 11A) and Pdx-1 expression, as determined by intensity of
immunoflyorescent staining (Figure 11B), asing the IN Cell Analyzer 1000
(GE Healthcare). Cells were treated according to the roethods described in

Example ©.

Figure 12 shows the effect of a range of concentrations of the compounds
shown on Pdx-1 expression {(white bars) and HNF-6 (black bars), as
determined by real-time PCR. Cells were treated according to the methods

described in Example 9.

Figure 13 shows the effect of 3 range of concentrations of the compounds
shown on cell number, as determined by the mumber of nuclei observed
(Figare 13A) and nsulin expression, as determined by intensity of
immunofluorescent staining (Figure 13B), using the IN Cell Analyzer 1000
(GE Healthcare). Cells were treated according to the methods described in

Example 10.
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341 Figure 14 shows effect of a range of concentrations of the compounds shown
on Pdx-1 expression (white bars) and insulin (black bars), as determined by
real-time PCR. Cells were treated according to the roethods deseribed in

Example 10.

16842} Figure 15 shows the effect of a range of concentrations of the compounds
shown on cell number, as determined by the number of nuclei observed
(Figure 154) and insulin expression, as determined by intenstty of
immunofluorescent staining (Figure 158), using the IN Cell Analyzer 1000
{GE Healthcare). Cells were treated according to the methods described in

Example 11
DETAILED DESCRIPTION

8043} For clarity of disclosure, and not by way of limitation, the detailed description
of the invention is divided into the following subsections that describe or
ilinstrate certain features, embodiments, or applications of the present

invention.
Pefinitions

18644} Stem cells are undifferentiated cells defined by their ability at the single cell
fevel to both self-renew and differentiate to produce progeny cells, including
seif-renewing progenitors, non-rencwing progenitors, and terminally
differentiated cells. Stem cells are also characterized by their ability to
differentiate in visre mto functional cells of various cell ineages from multiple
germ layers {endoderm, mesoderm and ectoderm), as well as to give rise to
tissues of multiple germ layers following transplantation and to contribute

substantially to most, if not all, tissues following injection into blastocysts.

16645} Stem cells are classified by their developmental potential as: (1) totipotent,
meaning able o give rise to all embryonic and extraerbryonic cell types; (2)
pluripotent, meaning able t© give rise to all embryonic cell types; (3)
multipotent, meaning able to give rise to a subset of cell lincages, but all
within a particular fissue, organ, or physiological systern (for example,

hematopoietic stem cells (HSC) can produce progeny that inchude HSC {self-
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renewal}, blood cell restricted oligopotent progentitors and ali cell types and
elements (e.g., platelets) that are normal coraponents of the blood); (4)
oligopotent, meandng able to give rise to a rore restricted subset of coll
lincages than multipotent stem cells; and (5) unipotent, meaning able to give

rise to a single cell lineage (e.g. , spermatogenic stem cells).

(6046} Differentiation is the process by which an unspecialized ("uncommitted”} or
less specialized cell acquires the features of a specialized cell such as, for
example, a nerve cell or a ruscle cell. A differentiated or differentiation-
induced cell is one that has taken on a more specialized ("committed") position
within the lineage of a cell. The term “committed”, when applied to the
process of differentiation, refers to a cell that has proceeded in the
differentiation pathway to a point where, under normal circumstances, it will
continue to differentiate into a specific cell type or subset of cell types, and
cannot, under normal circumstances, differentiate into a different cell type or
revert to a less differentiated cell type. De-differentiation refers to the process
by which a cell reverts to a less specialized (or committed) position within the
fimeage of a cell.  As used herein, the lineage of a cell defines the heredity of
the cell, Lo, which cells 1t came from and what cells it can give rise to. The
lineage of a celi places the cell within a hereditary scheme of development and
differentiation. A lineage-specific marker refers to a characteristic specifically
assoctated with the phenotype of cells of a hineage of interest and can be used

to assess the differentiation of an uncomumitted cell to the lineage of interest.

(3047} "B-cell linecage” refer to cells with positive gene expression for the
transcription factor PDX-1 and at least one of the following transcription
factors: NGN-3, Nkx2.2, Nkx6.1, NeureD, Ish-1, HNF-3 beta, MAFA, Pax4,

and Pax6. Cells expressing markers characteristic of the § cell lincage inchude

(6848} “Cells expressing markers characteristic of the definitive endoderm lincage™ as
used herein refer to cells expressing at least one of the following markers:
SOX-17, GATA-4, HNF-3 beta, GSC, Cerl, Nodal, FGFR, Brachyury, Mix-
fike homeobox protein, FGF4 CD48, eomesodermin (EOMES), DKKA4,
FGF17, GATA-6, CXCR4, C-Kit, CD99, or OTX2. Cells expressing markers

10
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characteristic of the definitive endoderm lineage include primitive streak
precursor cells, primitive streak cells, mesendoderm cells and definitive

endoderm cells.

60349} “Celis expressing markers characteristic of the pancreatic endoderm lineage”
as used herein refer to cells expressing at least one of the following markers:
PDX-1, HNF-1beta, PTF-1 alpha, HNF-6, or HB9. Cells expressing markers
characteristic of the pancreatic endoderm lineage include pancreatic endoderm

celis,

2%

13650} “Cells expressing markers characteristic of the pancreatic endocrine lincage
as used herein refer to cells expressing at least one of the following markers:
NGN-3, NeuroDy, Islet-1, PDX-1, NKX6. 1, Pax-4, Ngn-3, or PTF-1 alpha.
Cells expressing markers characteristic of the pancreatic endocrine lincage
include pancreatic endocrine cells, pancreatic hormone expressing cells, and

pancreatic hormone secreting cells, and cells of the §-cell lineage.

(0351} “Definttive endoderm” as used herein refers to cells which bear the
characteristics of colls arising from the epiblast during gastrulation and which
form the gastrointestinal tract and its derivatives. Definitive endoderm cells
express the following markers: HNF-3 beta, GATA-4, 30GX-17, Cerberus,
O1TX2, goosecoid, C-Kit, C199, and Mixil.

18052 “Extracmbryonic endoderm” as used herein refers to a population of cells
expressing at least one of the following markers: SOX-7, AFP, and SPARC.
R ERRY "Markers”™ as used herein, are nucleic acid or polypeptide molecules that are

differentially expressed i a cell of interest. In this context, differential
expression means an increased level for a positive marker and a decreasec
level for a negative marker. The detectable level of the marker nucleic acid or
polypeptide is sufficiently higher or tower in the cells of interest compared to
other cells, such that the cell of interest can be identified and distinguished

from other cells using any of a variety of methods known in the art.

11



WO 2013/192005 PCT/US2013/045617

B354} “Mesendoderm cell” as used herein refers to a cell expressing at least one of
the following markers: CD4R, comesodermin (EOMES), SGX-17, DKK4,
HNF-3 beta, GSC, FGF17, GATA-6,

[8055] “Pancreatic endocrine cell”, or “pancreatic hormoune expressing cell” as used
herein refers to a cell capable of expressing at least one of the following

hormones: insulin, ghicagon, somatostatin, and pancreatic poivpeptide.

LY

18656} “Pancreatic hormone secreting cell” as used herein refers to a cell capable of
secreting at least one of the following hormones: insulin, ghicagon,

somatostatin, and pancreatic polypeptide.

186571 “Pre-primitive streak cell” as used herein refers to a cell expressing at least

one of the following markers: Nodal, or FGFS

30581 “Primitive streak cell” as used herein refers to a cell expressing at least one of

the following markers: Brachyury, Mix-like homeobox protein, or FGF4,

80339} In one embodiment, the present invention provides a method for the expansion
and differentiation of pluripotent cells comprising treating the pluripotent cells

with an inhibitor of GSK-3B enzyme activity.

(6860} In one embodiment, the present invention provides a method to expand and

differentiate phiripotent cells, comprising the steps off
¢. Culturing plaripotent cells, and
d. Treating the pluripotent celis with an jnhibitor of GSK-3B enzyme
activity.
18061 In one embodiment, the pluripotent cells are differentiated into cells

expressing markers characteristic of the definitive endoderm lineage.

3862} Markers characteristic of the definitive endoderm lineage are selected from the
group consisting of SOX17, GATA4, Hnf-3beta, GSC, Cerl, Nodal, FGFE,
Brachyury, Mix-like homeobox protein, FGF4 CD48, eoraesodermin
(EOMES), DKKA4, FGF17, GATAGS, CXCR4, C-Kit, CDY9, and OTX2.

Contemplated in the present invention is a cell, derived from a phiripotent cell

12
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that expresses at least one of the markers characteristic of the definitive
endoderm lineage. Tn one aspect of the present invention, a cell expressing
markers characteristic of the definitive endoderm lincage is a prumitive stroak
precursor cell. In an alternate aspect, a cell cxpressing markers characteristic
of the definitive endoderm linecage is a mesendoderm cell. In an alternate
aspect, a cell expressing markers characteristic of the definitive endoderm

lineage is a definitive endoderm cell.

18663} The pluripotent cells may be treated with the inhibitor of GSK-3B enzyme
activity for about one to about 72 hours. Alternatively, the plaripotent cells
may be treated with the inhibitor of GSK-3B enzyme activity for about 12 {0
about 42 hours. Alternatively, the pluripotent cells may be treated with the

inhibitor of GSK-3B enzyroe activity for about 48 hours.

16864} In one embodiment, the inhibitor of GSK-3B cnzyme activity is used ata
concentration of about 130nM to about 100uM. Alternatively, the mmhibitor of
GSK-3B enzyme activity is used at a concentration of about 1pM to about
10uM. Alternatively, the inhibitor of GSK-3B enzyme activity is used at a

concentration of about 10uM.
Cempeounds suitable for use in the methods of the present invention

18065] In one ernbodiraent, the inhibitor of GSK-3B enzyme activity 15 a compound

of the Formula (I

R

N
)E/ /5 R4
\_'N
R
Formula (1)

wherein:

[30a66] Ry i phenyl, substituted phenyl wherein the phenyl substituents are selected
from the group consisting of Cysalkyl, halogen, nitro, trifluoromethyl and

nitrile, or pyrimidinyl;

13
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R is phenyl, substituted phenyl wherein the phenyl substituents are selected
from the group consisting of Cysalkyl, halogen, nitro, trifluoromethyl and
nttrile, or pyrimidiny! which is optionally Cpsalky! substituted, and at loast

ong of R, and R, s pyrinuidinyl;

Rs 18 hydrogen, 2-(trimethyisilvDethoxymethyl, Cisalkoxycarbonyi,
arvloxycarbonyl, arylCisalkyloxycarbonyl, arylC, salkyl, sobstitated

arylCy <alkyl wherein the one or maore aryl substituents are jndependently
selected trom the group counsisting of Cysalkyl, Cysalkoxy, halogen, amino,
y_satkylamino, and diC salkylamino, phthalimidoC, salkyl, aminoCysalioyl,
diaminoCy salkyl, succinimidoC salkyl, T salkylcarbonyl, arvicarbonyl,

CrsalkylearbonvlCy salkyl and aryloxyearbonylC, salkyl;

Ry is {A)(CH)¢ X

- ORs
%, /‘E\ R
oo ;&
A s vinylene, ethynvlene or AN ;

Rs is selected from the group consisting of hydrogen, Cysalkyl, phenyl and

phenyl(; salkyl;
qis 6-9;

X is selected from the group consisting of hydrogen, hydroxy, vinyl,
substituted viny! wherein one or more vinyl substitaents are each selected
trom the group cousisting of fluorine, bromine, chlorine and 1odine, ethyayl,
substituted ethynyl wherein the cthynyl substitucnts are sclected from the
group consisting of fluorine, bromine chlorine and iodine, C; salkyl,
substituted C; salkyl wheremn the one or more alkyl substituents are each
selected from the group counsisting of C ;_salkoxy, trihaloalkyl, phthalimido
and amino, Cs seyeloalkyl, Cy salkoxy, substituted Ci_salkoxy wherein the
alloyl substituents are selected from the group consisting of phthalimido and
amine, phthalimidooxy, phenoxy, substituted phenoxy wherein the one or
more phenyl substituents are each selected from the group consisting of

Crsalkyl, halogen and Cyisalkoxy, phenyl, substituted phenyl wherein the one

14
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or more phenyi substituents are cach selected from the group consisting of
Cysatkyl, halogen and Cy salkoxy, arylCy salkyl, substituted arylCy salkyl
wherein the one or more ary! substituents are cach selocted from the group
consisting of Cy salkyl, halogen and Cy salkoxy, aryloxy(y salkylamino,
Cosalkylamine, diCqsalkylaming, nitrile, oxime, benxyloxyiming,
Cysalkvloxyimino, phthalimido, succinimido, Cysalkylcarbonyloxy,
phenylcarbonyloxy, substituted phenylearbonyloxy wherein the one or more
phenyl substituents are each selected from the group consisting of Cy_salkyl,
halogen and Cy.salkoxy, phenylC salkylcarbonyloxy wherein the one or more
pheny! substitaents are cach selected from the group consisting of Cy salkyl,
halogen and Cy salkoxy, aminocarbonyloxy, Cy salkyilaminocarbonyloxy,
diCy_salkylaminocarbonyloxy, Crsalkoxyearbonyloxy, substituted

Cy satkoxyearbonyloxy wherein the one or more alkyl substituents are cach
selected from the group counsisting of methyl, ethyl, isopropyi and hexyl,
phenoxyearbonyloxy, substituted phenoxycarbonyloxy wherein the one or
more phenyl substituents are each selected from the group consisting of
Cqsalkyl, Cpsalkoxy and halogen, Cysalkyithio, substinuted Cy salkytthio
wherein the alloyl substituents are selected from the group consisting of
hydroxy and phthalimide, Cysalkylsulfonyl, phenyisulfonyl, substituted
phenylsalfonyl wherein the one or more phenyl substituents are each selected

from the group consisting of bromine, fluorine, chloride, Cysalkoxy and

trifhucromethyi; with the proviso that if A i RN ,qis Qand X s H,
then R may not be 2-(trimethylsilyliethoxymethyl; and pharmaceutically

acceptable salts thereof,

16674} An exaraple of the jovention includes a compound of Formula (1) wherein Ry

is substituted phenyl and R, 18 pyrimidin-3-ylL

18675} An example of the invention includes a compound of Formula (1) wherein By

is 4-fluorophenyl.

j3876] An example of the invention includes a compound of Formuia (1) wherein R;

is hydrogen, arylC salkyl, or substituted aryiCysalkyl.

15
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68771 An example of the invention includes a compound of Formmiia (1) wherein R;

is hydrogen or phenylCy satkyl.

(6378} An example of the invention includes a compound of Formmila (1) wherein A 1s

ethyoylene and q s §-5.

[6379] An example of the invention includes a compound of Formula (1) wherein X is
succinimido, hvdroxy, methyl, phenyl, C; salkylsulfonyl, Cs scvcloalkyl,
Cisalkyvlcarbonyloxy, Cisalkoxy, phenyicarbonyloxy, Cysalkylamino,

diCy salkylamine or nitrile.

16080} Corapounds of Fornula (1) are disclosed in comyuounly assigned United States
Patent Number 6,214,830, the complete disclosure of which is herein

mcorporated by reference.

3081 An example of the invention includes a compound of Formula (1) wherein the
comapound is selected from the group consisting of the compounds listed in

Table A, below:

Table A

Compeunds of Formula (I}

Compound Name

A-1 4-{5-(4-Fluorophenyl)- 1 H-imidazol-4-ypyridine

A-2 4-{4-(4-Fluorophenyl)-1-G-phenylpropyli- tH-imidazol-5-ylpyndine

A-3 4-{5-{4-Fluorophenyl)-1-G-phenylpropyli-1 H-imidazol-4-yljpyridine

A-4 4-{4-{4-Fluorophenyl}-2-iodo-1-(3-phenylpropyh-1H-imidazol-5-
yiipyridine

A-5 4-{4-(4-Fluorophenyi)-1-(3-phenylpropyi)-5-pyridin-4-yl- 1 H-imidazol-
2-yibut-3-yn-1-0l

A6 4-{4-(4-FluorophenyD)-1-({ [2-(trimethylsilyDethyoxy fmethyh-1H-
imidazol-5-ylpyridine

A-T 4-{5-{4-Fluorophenyl)-1-({{2-(trimethyisilyDethylioxy }methyl-1H-
imidazol-4-ylipyridine

A-8 5-{4-fluorophenyl)-2-iodo-4-{4-pyridyl)-1-[2-
{triraethylsiybiethoxymethyl]-imidazole

16
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Compound Mame

A-9 5-(4-fluorophenyh-4-(4-pynidyl)-2-(triroethylsiby Dethinyl- 1-{2-
{trimnethylsilyhethoxymethyl}-imidazole

A-10 2-(2-chloroviny!)-5-(4-fluorophenyl}-4-(4-pyridyl-imidazole

A-11 3-{(4-Fluorophenyl}-4-pynidin-4-vi-1-{{[2-
(rrimethyisilybethyljoxy} methyl)- 1 H-imidazole-2-carbaldehyde

A-12 4-[2-(2,2-DibromoethenyD-5-(4-fluoropheny - 1-({[2-

{trimethylsilyhethylloxy { methyD-1H-imidazol-4-yl]pyridine

A-13 -{4-(4-Fluorophenyl)-5-pyridin-4-yl-1 H-imidazol-2-vi}- 1 -phenylprop-

2-yn-1-ol

A-14 5-(4-Fluorophenyl)-4-pyridin-4-yi-1-{{2-
(irimethylsilyDethoxyimethyl} - TH-imidazole-2-carbaldehyde oxime

A-15 5-(4-fluoropheny)-4-(4-pyndyl)-2-imidazole oxime

TABLE A - CONTINUED

Compound Name

A-16 4-12-{5-Chloropent-I-yn-1-yi}-4-(4-fluorophenyl)-1-(3-phenylpropyl}-
1 H-iraidazol-S-ylipyridine

A-17 4-14-(4-Flyoropheny-1-3-phenylpropy)-5-pyridin-4-y1- 1 H-imidazol-
2-ylbut-3-yn-1-vi phenylcarbamate

A-18 4-12-(4-Chlorobut-1-yn- 1-yl)-4-(4-fluorophenyl}-1-3-phenvipropyl-
iH-imidazol-5-ylipyridine

A-19 4-{4-{4-Fluorophenyl)-1-(3-pheaylpropyi)-S-pyridin-4-vi-1H-imidazol-
2-91]-N M-dimethyibat-3-yvo-{-amine

30821 An example of the invention includes a compound of Formula (1) wherein the

compound is Compound A-S of the formmila:
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[0683]

[0684]

[0085]

[086]

Compound A-5

Wherein:

In one embodiment, the inhibitor of GSK-3B enzyme activity is a compound
of the Formulda (1)
H
Y. N £
\/ o
3 g 4
R~ /\ R
N/ ‘\B @
N N N
R*
R‘i
Formula (11
R is selected from the group consisting of R, -Cjsalkyl-R,, -Crsalkenyl-R,,
-y satkynyl-R, and cyano;
R, is selected from the group consisting of cycloalkyl, heterocyelyl, aryl and
heteroaryi;
R'is selected from the group consisting of hydrogen, -Cgalkyl-R’,

-Cagalkenyi-R’, -Cosalkynyl-R, -O{OCroalkyl-R, -C(O-aryi-R®,
C{OWO(C)allyt-R, ~C{OWO-aryl- R, -CLOWNH(Csalky - R,

18
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10087

1088

OO NHGaryE-RY), -C{OWN(Csalkyi-R™y, -80,-(Crgalkyl-R”,
-§On-aryl-RE, -cycloallyl-R®, -heteroeyelyl-R®, -aryl-R® and -heteroaryl-RE;
wherein heterocyelyvl and heteroaryl are attached 1o the azaindole nitrogen

atom in the one position via a heterocyclyl or heteroaryl ring carbon atony;

R%is 1 to 2 substituents independently selected from the group consisting of
hydrogen, -O-(Cy g)alky], -O-(Calkyl-OH, -0-(Cy sialky-0-{C4 5lalkyl,
-O~(C gyalkyl-NHz, ~O-(Cyg)alkyl-NH{C, salkyl),

-0 Cy g alky N(Cysalkyly, -O-(C sialky-S-(C shalkyd,

-0 3alky -SO-(Cosalkyl, -0-(Cig)alkyl-50,-NH;,

~O-{C1 )alky-SO-NH{Cgalkyl), -O-(Cg)alkyl-80,-N(Cy salkyl),,
-O-C{OM, -O-C(O3C gpalkyl, -O-C{O)}-NH;, -O-C{O»-NH(C galkyl),
~0-C{O)-N{Cyzalkyl), -O-{C12)alky-C(OH, ~-O-(C5)alky-C{O){ Ty g )alkyl,
-O~(Cy0alkyl-COoH, -O-{C 1 0)alkyl-C{G)-0-(C g )alkyl,

-0 C g alkyl-C{O-NH;, -O-(Crealkyt-C({O)-NH{C, zalkyl),

-0y atky -C{O)-IN(Cysaltkylh, ~-COMH, -CO-(Cy ghatkyl, -COH,
~C{O)-O-(Crgyalkyl, ~-C{ORNH,, -C(NH)-NH,, ~-C{O)}-NH(Csalkyl,
~C{OWN(Cysalkyl), -SH, -5-(C s)alkyl, -5-(C, gyalkyl-5-(C, sjalkyl,
~S-(Chra)alkyl-O-(Cyadalkyl, -S-(Che)alkyl-O-(Cy g )alkyl-OH,
-S-{Chp)alkyl-O-(Calioyl-NH,, -S+(C g)alkyl-O-(C g)alkyl-NH(Cy qalkyl,
-SH{Cre)aliyl-C-(Cg)alioyl-N{Csalkoyl)y, -S-(Crallyl-NH{C qalkyl),

-80-(Crodalkyl, -S0,-NH,, -80,-NH(C,salkyl), -SO2-N(Cygalkyly, -N-R’,

AN

‘ \ ; 3 6 § 3]
cyano, (halo), 2, hydroxy, nitro, oxo, -cycloalkyl-R®, -heterocyclyt-R®, -aryl-R

and -heteroaryl-R";

R%is 1 to 4 substituents attached to a carbon or nitrogen atom independently
selected from the group consisting of hydrogen, -Cyealkyl, -Cysalkenyl,
-Casalkynyl, -C{OH, -C{OW(Crglatkyl, -CO:H, -C(O}-O-(Cyglalkyl,
~C{O}-NH,, -C{NH-NH;, -C{(O}-NH(C)galky]), -C{O)-N(C s3alkyl),
-SO-(Crgalkyl, -SO-NH,, -SO:-NH(C; galkyl), -SO2-N{Cigalkylh,

~{Cy yalkylN-R, «(Cpalkyl-(halo)s, (Craalkyl-OH, -aryi-R®,

SOy palkylaryt-R® and -(C, g jalkyl-heteroary!-R®; with the proviso that, when

R is attached to a carbon atom, R® is further sefected from the group
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(3089}

[3050]

10001 |

[0092)

10693

consisting of -Cpgalkoxy, (Croalloxy-(halo) s, -SH, -8-(Coalkyl, -N-R’,

. g
cyano, halo, hydroxy, nitro, oxo and -heteroaryl-R®;

R’ is 2 substituents independently sclected from the group consisting of
hydrogen, -Cy salkyl, -C; galkenyi, -C; galkynyl, (C ¢alkyl-OH,
~(Cigyalkyl-O-(Cigalkyl, (U glalkyi-NH,, «(Ciglalkyl-NH(Cyealloyl),

~(Cy )alkyl-N(Cy salkyly, -(Calkyl-S-(Cy galkyl, -C{OM,
-C{O)(Cyz)alkyl, -C{OY-0-(Cy gyatkyl, -C{O)-NH,, -C{O-NH(C, qalkyl),
~C{ORN(Cygalky ), -SO-(Cigdalkyl, -SO,-NH,, -S0,-NH(C, qalicyl),
-$0-N(C salleylhy, ~C(N)-NH,, -cycloalkyl-RY, (T )alkyl-heterocyelyl-R®,

-aryl-R®, -(Co)alkylaryl-R® and «(Cp)alkyl-heteroaryl-R%;

RYis 1 to 4 substituents attached to a carbon or nitrogen atom independently
selected from the group consisting of hydrogen, -Cyealloyl,
~{Cialkyi-(haloy 5 and -{Cy ¢)alkyl-OH; with the proviso that, when RYis
attached to a carbon atom, R’ is further selected from the group consisting of
-Cy gatkoxy, -NH;g, -NH{C, salkyl), -N(C, salkyl), cyano, halo,

-{Cy gralkoxy-(halo)y 3, hydroxy and nitro;

R7is 1 to 2 substituents independently selected from the group consisting of
hydrogen, -Cy.salkoxy, -NH,, -NH(C; zalkyl), -N(Cealkyl), cyano, (halo)is,

hydroxy and nitro;

R’ is one substituent attached 1o a carbon or nitrogen atom selected from the
group consisting of hydrogen, -Cosalloyl-R°, -Cogalkenyl-R’, -Cygatkynyl-R’,
-CLOMH, -CO(C 1)alkyl-R’, -C{ONH;, -C(O)-NH(Cysalkyl-R™),
~C(ON(C salky Ry, -CLO)-NH{ary-R®), -C(O)-cyeloalkyl-R®,
-C(C)-heterooyelyl-RY, -C(O)-arvi-RE, -C(O-heteroaryl-RY, -COLH,
SC(O)0-(Cyalkyl-R?, -C(0)-O-aryl-RY, -80,-(Cyatkyl-R?, -80,-aryl-RY,
-eycloaliyl-RE, -aryl-R® and -(Co)alkyl-N-R’; with the proviso that, when R®
is attached to a carbon atom, R” is further selocted from the group consisting
of -Cysalkoxy-R’, -N-R’, cyano, halogen, hydroxy, nitro, oxo,

-heteroeyclyl-RE and -heteroaryl-RS;

3. N .. . ) ~
R7is I to 3 substituents attached to a carbon atom independently selected from

the group consisting of hydrogen, -Cysalkyl-R', -Coealkenyl-R",
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Oy aalkyny R, -Cgatkoxy-R', -CIOM, -COWCroalkyi-RY, «C(O)-NH,,
SC{O)-NH(C, salkyl-R™), -C{ON(Crsalkyl-R”),, -C{O)-cycloalkyl-RY,
-C{O)-heterocyely-R®, -C(O)-aryl-RY, -C(O)-heteroaryl-R®, -C(NH)}-NH;,
-COH, -C{O)-0-{(Cyp)alkyl- R, -C(O)-O-ary-R®, -80,(C 5 jalkyl-R’,
-80;-aryl-R®, -N-R’, cyano, halogen, hydroxy, nitro, -cycloalkyl-R,

“heteroeyelyl-R®, -aryl-R® and -hetercaryl-R%;

16694} R* s 1 to 4 substituents attached to a carbon atom independently selected froro
the group consisting of hydrogen, -Cypaalkyl-R'", -Cygatkenyl-R',
Oy aalkyny R, -Cgatkoxy-R', -CIOM, -COWCroalkyi-RY, «C(O)-NH,,
SC{O)-NH(C zalkyl-R”), -C(ON(Cysalkyl-R”Y,, -C{O)-cycloalkyl-R®,
-C({OY-heterocyelyl-RY, -C(O)-aryl-RY, -C{O)-heteroaryl-R®, -C(NH)-NH;,
-COH, ~C(OY-0-{Cy )alkyt-R’, -C(O)-O-aryi-R®, -SH, -8-(Cyg)alkyl-R',
-80-(C1)alkyl-R’, -80;-ary1-R®, -S0,-NH,, -SO,-NH(C, salkyl-R™),
-80,-N(Csalkyl-R™ ), -N-R, eyano, halogen, hydroxy, nitro, -cycloalkyl-R®,

-heterocyclyl-R®, -aryi-R® and -heteroaryi-R®;

130951 R is 1 10 2 substituents independently selected from the group consisting of
hydrogen, -INHy, -NH{C, salkyl), -N¢C,galkyt), cvano, (halo)s, hydroxy,

nitro and 0x0; and,

60396} Y and Z are independently selected from the group consisting of O, S, (H,OH)
and (H,H); with the proviso that one of Y and 7 15 O and the other ts selected
from the group consisting of O, 5, (H,0H) and (H,H); and pharmaceutically

acceptable salts thereof

16697} Embodiments of the present invention include compounds of Formula (1)
wherein, R is selected from the group consisting of R, -Cy aalkvl-R,,

-y gatkenyl-R,, - qalkynyl-R, and cyano.

16898] Embodiments of the present invention inchide compounds of Formula (11
wherein, R, 5 selected from the group consisting of heterocyclyl, aryl and

heteroaryl,

[8099] In one embodiment, R, 15 selected frora the group consisting of

dihydro-pyranyl, phenyl, naphthyl, thienyl, pyrrolyl, imidazolyl, pyrazoiyl,
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pyridinyl, azaindolyl, indazolyl, benzofuryl, benzothienyl, dibenzofuryl and

dibenzothienyl.

181606} Embodiments of the present invention include compounds of Formula (IT)
wherein, R’ is selected from the group cousisting of hydrogen, -Cyalkyi-R’,
-Caaalkenyl-R’, -Cosalkynyl-R®, -C{O-(Cypalky R, -C(O)-aryi-R®,
-C(0)-0O-(Cralkyl-R’, -C(O-C-aryl-R®, -C(O)}-NH(C salkyl-R),
~C(O)-NH(aryI-RY), -C{O)-N(C4alkyt-R™ ), -80,-(Craalkyt-R,
-80,-arvl-R®, -cycloalkyl-R®, -heterocyelyl-R®, ~aryl-R® and -heteroaryi-RY;
wherein heterocyclyl and heteroaryl are attached to the azaindole nitrogen

atom in the one position via a heterocyclyl or hetercarvl ring carbon atom.

(8161} In one embodiment, R' is sefected from the group consisting of hydrogen,
-Craalkyl-R, ~aryl-R® and -heteroaryl-R®, wherein heteroary! is attached to
the azaindole nitrogen atom in the one position via 8 heteroaryl ring carbon

alom.,

16162] In one embodiment, R is selected from the group consisting of hydrogen,

-Cy qatkyl-R’ and -naphthyl-R®,

16103} Embodiments of the present invention include compounds of Formula (1)
wherein, R is 1 to 2 substituents independenily selected from the group
consisting of hydrogen, -O-(C; y)alkyl, -O-(Cy4)alkyl-OH,
~O-{Calkyl-O-(Crgalkyl, -O-(Crpalkyl-NHs,
~O-(Crayalkyl-NH(C, qalkyh), -O-(Cy alkyl-N{Cyaalkyl),,
~O-(Crabloyl-5-(Calioyl, -O-(Crygalkyl-S0,-(Calloyl,
-O~{(C)aloy-50:-NHy, -0-(Cr)alkyl-S50-NH(C 4alkyl),

-O-{C alky -850, -N(Cyalky ), -O-C(OWH, -O-C(O)-(Cy gpalkyl,
-O-C{O-NH;, -O-C(O)-NH(Cy salkyly, -O-C{O)-N{Cygalkcyl),,

-0 Cyatky FCCOMH, -O-(Craalky -COO-(Chaalkyl, -0-(C)alky-CO0H,
-0 alky-C{O-O-(Cyalkyl, -O-(Caalkyl-C(O)»NH,,
~O-{Cypaliyl-COY-NH(Cy yalkyh), -O-(Cy p)alkyl-C(O)-N(Cy alkyl),,
-C{OMH, -C(O)-(Caalkyl, -COH, -C(O)-0-{Calkyl, -C{O)-NH,,
-C{NH-NH;, -C{O-NH{Csalkyl), -C{O}N{Csallyly, -SH, -S-(Cy 4)alkyl,
-SA{C 2 yalky-S-(Cyalkyl, -5-{Calkyl-0-(C alkyl,

r
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-S-{Calky -0-(Cypatky -OH, -5-(Ciyalkyl-O-(Cryalkyl-NH,,
-S-{Cr.0)alky -O-(C)alky ENH(C yalky]),

~S-(C)alkyl-O-(Co)alkyl-N(Cy salky )y, -S-{Cralkyl-NH(Cy qalkyD),
-SO:-{Cypalkyl, -SO»-NH,, ~SO-NH(Cyalkyl), -80,-N(C, salkyl),, -N-R,
cyano, (halo)s, hydroxy, nitro, oxo, -cycloalkyi-RY, ~heterocyclyl-RE, -aryl-R®

and -heteroaryl-R°.

16164} T one exobodirent, R is 1 to 2 substituents independently selected from the
group consisting of hydrogen, -O-(Cy_palkyl, -N-R’, hydroxy and

5

-heteroarvi-R

31051 In one embodiment, R’ is 1 to 2 substituents independently selected from the
group consisting of hydrogen, -O-(Cppalkyl, -N-R, hydroxy, -imidazolyl-R®,

-riazolyl-R” and -tetrazolyl-R.

18166} Embodiments of the present invention include compounds of Formula (11)
wherein, R is 1 to 4 substituents attached to a carbon or nitrogen atom
independently selected from the group consisting of hydrogen, -C, 4alkyl,
-Cyaatkenyl, ~Coaalkyayl, -C(O)H, -C{O(Calkyl, -COsH,
-C{O)-0-(Cyaalkyl, -C{ORNH,, ~-C(NH)-NH,, -C{O)-NH(C4alkyl),
~C{ORN(Cyyalky ), -SO-(Cigalkyl, -SO»-NH, -SOp-WNH{C salkyl),
-SO-N{(C aalky )y, (Crgalkyl-N-R7, «Calkyl-(halo)s, «(C 4 alky-OH,
-aryl-RE, (Craalkyl-aryt-RY and -(Ciaalkyl-heteroaryl-R®; with the proviso
that, when R® is attached to a carbon atom, R is further selected from the
group consisting of -Cygatkoxy, -(Cigjatkoxy-(halo), s, -SH, -S-(C; 4)alkyl,

-N-R, eyano, halo, liydroxy, nitro, oxo and -heteroaryl-R®.

161671 In one erobodirent, R® is hydrogen.
16168] Embodiments of the present invention include compounds of Formula (11

wherein, R is 2 substituents independently selecied from the group consisting
of hydrogen, -Cy alkyl, -Cq atkenyl, -Cogallynyl, (Cy gralkyl-OH,
(Cia)alkyl-0-(Cy alkyl, (Cyajalkyl-NH,, ~(Crpalky -NH(C galkyl),

A Cgyalkyl-N(Caalkyly,, Gy palkyl-S+Cy palkyl, -C{OMH,
~C{OYW(Cralalkyl, -C{O-O~(Crgyaliyl, -C{O)-NH,, -C(O)-NH{C 4alkyl),

~C(O)-N(C1.;gﬁn{yl)2, *SOZ-(Cl_Ig)EiH(yL "S(}Z'NE{Z, —SOQ—N}HCAMJ}(V \;,
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[169]

(0110}

(6111

[6112]

10113}

10114]

-$0-N(C paalleylyy, ~C(N)-NH,, -cycloalkyl-RY, (T palkyl-heterocyelyl-R®,

~aryl-R®, (C)allyl-aryi-R® and «(CLpalkyl-heteroaryl-RY,

In one embodiment R’ is 2 substituents independently selected from the group
consisting of of hydrogen, -Cysalkyl, -C(OMH, -C(O)-(Cy.palkyl,
~C(O}-O-{Cra)alkyl, -S0»-NHs, -8C;-NH(Catkyl) and -50,-N¢(Cyaalkyi).

Embodiments of the present invention include compounds of Foromita (11)
wherein, R¥is | to 4 substituents attached to 2 carbon or nitrogen atom
independently selected from the group consisting of hydrogen, -C salkyl,
<{Cy_palkyi-(halo)s and -(Ciu)alkyl-OH; with the proviso that, when RY is
attached to a carbon atom, R” is further selected from the group consisting of
~Craalkoxy, -NH,, -NH{Csallyl), -MN(Ciaalkylh, cyano, halo,

~(Ciayalkoxy-(haloh.s, hydroxy and nitro.
In one embodiment, R® is hydrogen.

Embodiments of the present invention include compounds of Formula (11)
wherein, R is 1 to 2 substituents independently selected from the group
consisting of hydrogen, -C; salkoxy, -NH;, -NH{C; salkyh), -N{C4alkyl)s,

cyano, (halo) 3, hydroxy and nitro.
- . S
Irt one erobodiment, R is hydrogen.

Embodiments of the present invention include compounds of Formula (11}
wherein, R” is one substituent attached to a carbon or nitrogen atom selected
from the group consisting of hydrogen, -Calkyl-R”, -Calkenyl-R7,
-Cogallynyl-R7, -C(OMH, -C(OCralkyl-R”, -C(O)-NH.,
-C(O)-NH(C_alkyl-R), -CO)}N(C;alkyl-R®Y,, -C(O)-NH{aryl-RY),
-C(O-cyeloatky-R®, -C{O)-heterocyelyi-R®, -C(O)-aryl-R°,
-C(O)-heteroaryl-RY, -COLH, -C(0)-O-(Calkyl-R, -C(O»C-aryl-RY,
-80-(Crpatkyl-R’, -80z-ary-R®, -cycloatkyt-R®, -aryl-R® and
~(:Cl_‘4_)all<yE~N~R7; with the proviso that, when R is attached to a carbon atom,
R’ is further selected from the group consisting of -Calkoxy-R>, -N-R’,

; . , S -5
cyano, halogen, hydroxy, nitro, oxo, -heterocyelyl-R® and -heteroaryl-R°,
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j3115] In one embodiment, R” is one substituent attached to a carbon or nitrogen
atom selected from the group consisting of hydrogen, -Csalkyl-R’,
-Cagalkenyi-R’, -Cyalkynyl-R’, -CO:H, -C({O-0-(Cy 4)alkyl-R’,
-cycloalkyl-R®, -aryl-R® and «(C_alkyl-N-R’; with the proviso that, when R
is attached to a nitrogen atom, a quaternium salt is not formed; and, with the
proviso that, when R? is attached to a carbon atom, R” i further sclected from
the group consisting of --C1_4aﬂ<oxy-vRi N-R cyano, halogen, hydroxy, nitro,
oxo, -heterocyelyl-R® and -heteroaryl-R®,

3116} In one embodiment, R” is one substituent attached to a carbon or nifrogen
atom selected from the group consisting of hydrogen, -Cp4alkyl-R> and
-ary]-R®; with the proviso that, when R” is attached to a nitrogen atom, a
gquaternium salt is not formed; and, with the proviso that when R is attached
to a carbon atom, R” is further selected from the group consisting of -N-R’,

halogen, hydroxy and -heteroaryl-R°,

18117} Embodiments of the present invention include compounds of Formula (11
wherein, R” is 1 to 3 substituents attached to a carbon atom independently
selected from the group consisting of hydrogen, -C_jalkyl-R'°,
-ChgalkenyiRY, <Coualkynyl-R', -Cpyalkoxy-R'®, -C(OVH,
-C(OHC L alkyl-R, -CO-NH,, -CIOY-NH(C,jalky1-RD,

-CLON-N(C salkyl-R Y, -C(O-cycloatkyb-RE, -C(O)-heterocyely-RE,
-C(O)-ary-R®, -C(O)-heteroaryl-RY, -CONH)-NH,, -CO,H,

OO0 Calkyl-R’, -C(0)-C-aryl-RY, -80,-(Cro)alkyl-R®, -80,-aryi-RY,
SN-R7, <(CyaatkyE-N-R’, cyano, halogen, hydroxy, nitro, -cycloafkyl-R,

“heterocyelyl-R®, -arvi-R® and -heteroaryi-R®.

81 18] In one embodiment, R is one substituent attached to a carbon atom selected
from the group consisting of hydrogen, -Calkyl-RY, -Cyalkenyl-R',
-Cagallynyl-RY, -Cyatkoxy-RY, -C(O)H, ~COH, -NH,, -NH(Calkyl),

-N{Cy.salkyl)y, cyano, halogen, hydroxy and nitro.

(6119} In one embodiment, R’ is one substituent attached (o a carbon atom selected
from the group consisting of hydrogen, -Calkyl-R', 2NH,, -NH(C, 4alkyl),

-N{Cyaalkyl), halogen and hydroxy.
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161281 Embodiments of the present invention include compounds of Formula (11}
wherein, R*is T to 4 substituents attached to a carbon atom independently
selected from the group consisting of hydrogen, -Cpalkyl-R',
-Cogalkenyl-RY, -Cpallynyl-RY, -Cyjalkoxy-R'Y, -C{O)H,
“C(OY(Cra)alkyl-R’, -C{ONH,, -C{O)-NH(C_jalkyl-RY),
~CLO)-N(C aalky bRy, -C(O)-cyeloallyl-R®, -C{O)-heterocyelyl-RE,
SC(Oyaryl-R®, -C{O)-heteroaryt-R®, -CONH)-NH,, -CO,H,
SC{OW0Cyalky R, -C(O)-0O-aryl-RY, -8H, -8-(Cpalkyl-RY,
-S§0-(Crg)alkyl-R’, -SO-aryl-RY, -80,-NH,, -SO,-NH(C4alkyl-R%),
-SO-N{C aalkyl-R™),, -N-R', cyano, halogen, hydroxy, nitro, -cycloalkyt-RY,

-heterocyelyl-RY, -aryl-R® and -heteroaryl-RY,

[612§] In one cmbodiment, R* is 1 to 4 substituents attached to a carbon atom
independently selected from the group consisting of hydrogen, -Cysalkyl-R',
-Cy gatkenyl-R ', -Coualkyny R, -Cpialkoxy-R', -C(OWH, -COLH, -NH,,
-NH(Cygalkyl), -N(Ciqalkyl), cyano, halogen, hydroxy, nitro, ~cycloalkyl,

-heterocyciyl, ~aryl and -heteroaryl.

1§122] In one embodiment, R' is 1 to 4 substituents attached to a carbon atom
independently selected from the group consisting of hydrogen, Cpalkyl-R",

Craatkoxy-R'%, -NH,, -NH(C alkyl), -N(C aalkyl),, halogen and hydroxy,

(6123} In one cmbodiment, R* is 1 to 4 substituents attached to a carbon atom
independently selected from the group consisting of hydrogen, Cyalkyl-R',
Craalkoxy-R', -NH,, -NH(C salkyD), -N(Csalky), chlorine, fluorine and

hydroxy.

16124} Embodiments of the present invention include compounds of Formula (11
wherein, R' is 1 to 2 substituents independently selected from the group
consisting of hydrogen, -NH,, -NH(C4allyl), -N(Callyi),, cvano, (halo)is,

hydroxy, nitro and oxo.

8125} In one embodiment, R' 18 1 to 2 substituents independently selected from the

group consisting of hydrogen and (halo)ya.
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6126} Inn one embodiment, R™ is 1 o 2 substituents independently selected from the

group consisting of hydrogen and (fluore)s.

8127} Embodiments of the present mmvention include compounds of Formuala (I1)
wherein, Y and £ are independently sclected from the group consisting of Q,
S, (H,OH) and (H,H}; with the proviso that one of Y and Z is O and the other

is selected from the group consisting of O, 5, (H,OH) and (H,H).

[6128] In one embodiment, ¥V and 7 are independently sclected from the group

other is selected from the group consisting of © and (H.H).

16129] In one embodiment, Y and 7 are independently selected from Q.
18130 Corapounds of Fornula (I} are disclosed in conmmonly assigned United States

Patent WNumber 7,125,878, the complete disclosure of which is herein

incorporated by reference.

(6131} An example of the invention includes a compound of Formula (I1) wherein the
compound is selected from the group consisting of the compounds listed in

Table B, below:

Table B

Compounds of Formula (1)

Compound Mame

B-1 3-(2-Chlorophenyh-4-[1-(3-hydroxypropyl)-1 H-pyrrole]2,3-bipyridin-3-
yii-1H-pyrrole-2,5-dione

B-2 3-(2-Chlorophenyl)-4- { 1-[3-{dimethylaminojpropyl]-1 H-pyrrolo{2,3-
blpyridin-3-y1}-1H-pyrrole-2,5-dione

3-[1-(3-Hydroxypropyl)-1 H-pyrrolof 2.3 -bpyridin-3-yl]-4-naphthalen-1-
vi-1H-pyrrole-2,5-dione

B-4 3-{1-[3-(Dimethylaminoipropyll-1H-pyrrolo[2,3-bipyridin-3-yi} -4-
naphthalen-1-yi-1H-pyrrole-2,5-dione

B-5 3-(5-Chloro-1-benzothiophen-3-yH)-4-[1-(3-hydroxypropyl-1H-
pyrrolof 2,3-blpyridin-3-yi}- 1 H-pyrrole-2,5-dione
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B-6 3-[1-(3- H»droxvp; opyl)-1H-pyrrolof2,3-blpyridin-3-yi]-4-(1H-indazol-3-
VE} iH-pyrrole-2,.5-dione

8.7 3-{1-Ethyl-1H-pyrrolo|[2,3-bipyridin-3-yH-4-[1-(3-hydroxypropyly-1H-
pyrrolof2,3-blpyridin-3-yi]-1H-pyrrole-2,5- diom

B-& 3-[1-(3-Hydroxypropyl-1H-pyrrolof 2,3-b]pyridin-3-yi]-4-(2-
methoxyphenyh-1H-pyrrole-2,5-dione

B-¢ 3-[1-(3-Hydroxypropyl)-1H-pyrrelof 2,3-blpyridin-3-y1]-4-(3-
mf‘tho‘(yphf‘nyi) iH-pyrrole-2,5-dione

B-10 3-(2-Chloro-4-flucrophenyD-4-[1-(3-hydroxypropyi)- 1 H-pyrrolo[2,3-
blpyridin-3-yij-1H-pyrroie-2,5-dione

B-11 3-[1-(3-Hydroxypropyly-1H-pyrrolof 2,3 -blpyridin-3-vi]-4-{2-
( tr;ﬂuoro;mi‘ny Yyphenyl]-tH-pyrrole-2,5-dione

Tabie B - CONTINUED

Compeound MName

B-12 3-[1-(3-Hydroxypropyi)-1H-pyrrelof 2,3-blpyridin-3-y1]-4-pyridin-2-y1-
iH-pyrrole-2,5-dione

B-13 3-[3-Chloro-5-(trithuoromethyDpyridin-2-y1-4-[ 1-(3-hydroxypropyh-1H-
pyrrolof2,3-blpyridin-3-yi]-1H-pyrrole-2,5-dione

B-14 3-11-(3-Hydroxypropyl)-1 H-pyrrolof 2. 3-bipyridin-3-yii-4-thiophen-2-yl-

iH-pyrrole-2,5-dione

-

B-15 3-(2,5-Dichlorothiophen-3-y1)-4-{1-(3-hydroxypropyh-1H-pyrrolo{2,3-
blpyridin-3-yij-1H-pyrrole-2,5-dione

B-16 3-[1-(3-Hydroxypropyl)- 1 H-pyrazol-3-y1}-4-{ 1-(3-bydroxypropy!)-1H-
pyrrolof2,3-blpyridin-3-yi]-1H-pyrrole-2,5-dione

I-(3-Hydroxypropyl)- 1H-pyrrolol 2, 3-blpyridin-3-yi}-4-(1H-imidazol-
[-1F

3
2-y-tH-pyrrole-2,5-dione

B-18 3-{1-(3-Hydroxypropyl)-1H-imidazol-4-y1]-4-{1-(3-hydroxypropyi-1H-
pyrrolof2,3-blpyridin-3-yi]-1H-pyrrole-2,5-dione

B-19 3-[1-(2-Hydroxyethy D- I H-imidazol-4-y11-4-[ 1-(3-hydroxypropyl)- T H-
pyrrolof2,3-blpyridin-3-vi]- I H-pyrrole-2,5-dione

B-20 3-{1-[3-(Dinethylaroino)propyti-1 H-indazol-3-y1} -4-( L-naphthalen-2-yi-
1H-pyrrolo[2,3-bipyridin-3-yh-1H-pyrrole-2,5-dione
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Table B - CONTINUED

Compound Name
B-21 3-[1-(3-Hydroxypropyl)-1 H-indazol-3-y1}-4-(1 -naphthalen-2-yI- 1 H-
p VIT 10 {2,3-blpyridin-3-yh-1H-pyrrole-2,5-dione
B-22 3-[{E}-2-(4-Fluorophenylethenyl}-4-{ 1-(3-hydroxypropyi)-1H-
pyrrolof2,3-blpyridin-3-yvi]-1H-pyrrole-2,5-dione

-~

B-23 3-(3,4-Dihydro-2H-pyran-6-y1}-4-[ 1-(3-hydroxypropy - 1H-pyrrolo[2,3-
blpyridin-3-yli-tH-pyrrole-2,5-dione

B-24 4-[1-(3-Hydroxypropyl)- 1 H-pyrrolof 2,3-blpyridin-3-y1]- 1 H, 1'H-3,3'-
bipyrrole-2,5-dione

B-25 3-{1-Benzofuran-2-vH-4-[1-(3-hydroxypropyl-1H-pyrrolo[2,3-bipyridin-
3-yi}l-1H-pyrrole-2,5-dione

B-26 3 1-(3-Hydroxypropyl-1H-pyroiof 2,3-bpyridin-3-v1|-4-(1-methyl- 1 H-
pyrazol-3-yh- 1H-pyrrole-2,5-dione

B-27 4-[1-(3-Hydroxypropyh)- 1 H-pyrrolof 2,3-blpyridin-3-yi]-2,5-dioxo-2,5-
dihydro- 1 H-pyrrole-3-carbonitrile

B-28 3-Dibenzolb,dithien-4-y1-4-[1-(3-hydroxypropyh)- 1 H-pyrrolof2,3-
blpyridin-3-yij-1H-pyrroie-2,5-dione

B-29 3-Dibenzolb,difuran-4-vi-4-{1-(3-hydroxypropyl)-1 H-pyrrolof2,3-
blpyridin-3-yil-1H-pyrrole-2,5-dione

B-30 3-(2-Hydroxyphenyi)-4-{1-[3-(methyloxyipropyll- 1 H-pyrrolo{2,3-
blpyridin-3-y1t-1H-pyrrole-2,5-dione

B-31 3-[3,4-Bis(methyloxyipheoyt]-4- { 1-[3-{methvloxy)propyl]-1H-
pyrrolof2,3-blpyridin-3-yi}-1H-pyrrole-2,5-dione

B-32 3-(3,4-Dibydroxyphenyl)-4-{1-(3-hydroxypropyh)-1H-pyrrolof{2,3-
blpyridin-3-yil-1H-pymole-2,5-dione

B-33 3-{2-(Methyloxy)phenyli}-4-(1-naphthalen-2-yil-1H-pyrrolo{2,3-blpyridin-
3 -yh-EH-pyrrole-2,5-dione

B-34 I -Dimethylethy! [3-(3- {4-[2-(methyloxyphenyl}-2,5-dioxo-2,5-
dihydro-1H-pyrrol-3-yi}-1H-pyrrolo{2,3-bipyvridin-1-yDpropyljcarbamate

B-35 3-[1-(3-Aminopropyh)-tH-pyrrolo[2,3-bpyridin-3-y1}-4-{2-

(mvthvioxy yphenyli-1H-pyrrole-2,5-dione

B-36 N-{3-(3- 14-[2-(Methyloxy iphenyl]-2,5 -dioxo-2, 5-dihydro-1 H-pyrrol-3-
yP [H-pyrrolo[2,3-bipyridin-T-yhpropyllacetamide
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Table B - CONTINUED

Compound Name

B-37 N-[3-(3- {4-[2-(Methyloxyphenvl]-2,5-dioxo-2,5-dihvdro- T H-pyrrol-3-
v E§ EH pyrrolof2,3-bipyridin-1-yDpropyiisulfamide

B-38 3-(2-methoxyphenyl}-4-[ 1-[3-(1 H-tetrazol-1-yUpropyll- 1 H-pyreolof2,3-
blpyridine-3-yl}-1 H-pyrrole-2,5-dione

B-39 3-(2-methoxypheny}-4-[ 1-[3-(2H-tetrazol-2-yipropyll- 1 H-pyrrolo{ 2,3-
Hlpyridine-3-yl}-HH-pyrrole-2,5-dione

B-40 3-[1-(3-HydroxypropyD-1H-pyrrolof 2,3-blpyridin-3-y1]-4-pyrazin-2-yi-
iH-pyrrole-2,5-dione

B-41 3-12,4-Bis(methyloxy)pyrimidin-5-yi-4-[ 1 -(3-hvdroxypropyb-1H-
pyrrolof2,3-blpyridin-3-yi]- 1 H-pyrrole-2,5- dione

B-42 4-(3-{4-[2 4-Bis(methyloxy jpyrimidin-S-yi}-2,5-dioxo-2,5-dihydro- 1 H-
pyrrol-3-yit-1H-pyrrolo[2,3-bipyridin- I-yDbutanenitrile

B-43 4-3-[4-(1 \:Lthvi tH-pyrazol-3-y1)-2,5-dioxo-2,5-dihydro- 1 H-pyrrol-3-
yiﬂ, iH-pyrrolof2,3-blpyridin-1-vi}butanenitrile

B-44 3-[2,4-Bis{methyloxypyrimidin-5-yii-4-[ {-(2-phenyiethy-1H-
pyrrolof2,3-blpyridin-3-yi]-1H-pyrrole-2,5-dione

16132} An exampie of the invention includes a compound of Formula (I} wherein the

compound is selected from the group consisting of:

H H H
o N._.0 AN Noo -
Oy \7// EF Q\:‘(\/ =00 OX \17:/0
------- I =N,/ _j\/ PN
N Foo/T = N \ T G .
TN ({/ \> \,\.,;’:"\ \k N/ § \K\N,Ji \& 4 \t\kz
N"::'*‘~~\i | R 4 ] j\j/ \iE\i« \I‘E\i/ u/'
/ - -
< J
,> HO™ HO
HO
Compound B-11 Compound B-26 Compound B-40
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H H
O’ O M 20 O NN 20
\‘ ﬁ \/% 3 7 -
f:» ------ /) i~ \ / “::\ /O—— /r:; / -:-\
P YaWaNRYsWs
NN NN ./ NN N A~
N N ?\::{ N N
J J | |
J/ _ O f/
HO = oz
HO NF N/
Corapound B-41 Compound B-42 Compound B-43
Compound B-44
61341 In one embodiment, the inhibitor of GSK-3B enzyme activity is a compound

of the Formala (111}

Formula (811)
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1135

z

1136]

16137]

[138]

(4139}

wherein

A and E are independently selected from the group consisting of a hydrogen

substitated carbon atom and a nitrogen atorn; wherein NT g
independently selected from the group consisting of [ H-indole,

1H-pyrrolo{2,3-blpyridine, 1 H-pyrazolof3,4-b]pyridine and 1H-indazole;

Z 1s selected from O; alternatively, Z is selected tfrom dihiydro; wherein each

hydrogen atom is attached by a single bond;

Ry and Rs are independently selected from Cysalkyl, ) salkenyt and

Crsalloynyl optionally substituted with oxo;

R; 1s selected from the group consisting of -Cy salkyl-, -C; salkenyl-,
~Cpgaboynyl-, -0-(Cy alkyl-O-, -O-(Cy Qalkenvt-G-, -0-(C; s)alkynyl-O-,
~C{OY{Cr5)alkyl-C(O)- {wherein any of the foregoing alkyl, alkenyl and
alkynyl linking groups are straight carbon chaius optionally substituted with
one to four substituents independently sclected from the group consisting of
Cygatkyl, Cealkoxy, Oy salkoxy({y siatkyi, carboxyl, carboxy{C g)alkyl,
~C{OYO-(Crgyalkyl, -Craalky-C{OY0-(Cyg)alkyl, amino (substituted with a
substituent independently selected from the group consisting of hydrogen and
Craalkyl), amino{C g jatkyl (wherein amino is substituted with a substituent
independently selected from the group consisting of hydrogen and Cyalkyl),
halogen, (haloq 5(Cy galkyl, (haloy (C, s)alkoxy, bydroxy,
hydroxy{Ci¢)alkyl and oxo; and, wherein any of the foregoing alkyl, alkenyl
and alkynyl linking groups are optionally substituted with one to two
substituents independently selected from the group consisting of heterocyelyl,
aryl, heteroaryl, heterocyely{Cogalkyl, arvi(Cy.gialkyl, heteroaryi{Cy gjatkyl,
spirocycloalkyl and spiroheterocyelyl (wherein any of the foregoing
cycloalkyl, heterocyelyl, aryl and heteroaryl substituents are optionally
substituted with one to four substituents independently selected from the group

consisting of Cy galkyl, Cyealkoxy, Cygalkoxy(Cy p)alkyl, carboxyl,
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carboxyl{Cis)alkyl, amino (substituted with a substituent independently
selected from the group consisting of hydrogen and Cy 4alkyl),

amino{C gjaikyl (wherein amino is substituted with a substituent
independently selected from the group consisting of hydrogen and Cyaalkyl),
halogen, (halo); 3(Ciglalkyl, (haloy 5(Cs gjalkoxy, hvdroxy and
hydroxy(Cygalkyl and, wherein any of the foregoing heterocyclyl
substituents are optionally substituted with oxo)), cycloalkyl, heterocycelyl,
aryl, heteroaryl (wherein cycloalkyl, heterocyclyl, aryl and heteroaryl are
optionally substitated with one to four substituents independently selected
trom the group cousisting of Cy zalkyl, C;salkoxy, Cyalkoxy{Cy gjatkyl,
carboxyl, carboxyl{Cig)alkyl, amino (substituted with a substituent
independently selected from the group consisting of hydrogen and Cyalkyl),
amino{Cy.g)alky! (wherein arnino is substituted with a substituent
independently selected from the group consisting of hydrogen and Cyualkyl),
halogen, (halo){Ci.galkyl, (halo) (T ¢)alkoxy, hydroxy and

hydroxy{Cy syatkyl; and, wherein heterocyclyl is optionally sebstituted with
ox0}, (O-(CH hslos-0-, -O-{CH}1.6-O-(CH h.6-0-,

“O-(CHy )y 6O~ CHy 31 6-0-(CH )1 6-0-, (O-{CHy)y 6 )05-NR-,
~O-(CHz)1.6-NRg-(CH2)1.5-0-, ~O-(CH3}16-0-(CHa Yy 5~ NRs-,
A{O-(CHa)i-6)0-5-5-, -O-(CH) 6~ S-{CH)1.6-0-, -O-(CH2 )1 6-O-(CH2)16-5-,
“NRg-, “NRg-NR -, -NRe{CHai.6-NR7-, ~NRe-(CH2)1.6-NR7-(CH2)1.6-NRs-,
“NRg-C(O)-, -C{O}NRg-, -C{OMCHa)os-NRe-(CHo Jo6-C{O -,
-NRe-(CHzo.5-C{O M CHo b 6-CLOHCHa Jo.e-NR -, -NRe-C(O}NR -,
NRs-CONR-NRg-, -O-{CH ) 6-NRe-{(CHa )i 6-5-,

-S-{CH )6 NR-(CHa 1 6-0-, -S-{CHy )i 6-NRe-{CH2 )y 6-5-,
“NRg-(CHa}i6-S-{CHj)i.6-NR7- and -SOs- (wherein R, Ry and Ry are
independently selected from the group consisting of hydrogen, Cisalkyl,
Cysatkoxv{Cy salkyl, carboxyi{(Cioalkyl, amino{C, gjalkyl (wherein aming is
substituted with a substituent independently selected from the group consisting
of hydrogen and Cysalkyl), hyvdroxy(Ci gjatkyl, heterocyelylC s)alkyl,
aryl{Cr.gdalkyl and heteroaryl(Cy g)alky! (wherein the foregoing heterocyelyl,
arvi and heteroary! substituents are opticnally substituted with one to four
substituents independently selected from the group consisting of Cy_galkyl,

Cisatkoxy, Cisalkoxy({Crgialkyl, carboxyl, carboxyl{C i sjalkyl, amino
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{substituted with a substituent independently selected from the group
consisting of hydrogen and Cygalkyl), amino{Cy¢)alkyl (wherein aming is
substituted with a substituent independently selected from the group consisting
of hydrogen and Cysalkyl), halogen, (halo), (T gjatkyl, (halo), 2(Cy5)alkoxy,
hydroxy and hydroxv{{; s)alkyl; and, wherein heterocyelyl is optionally
substitated with oxo)); with the proviso that, if A and E are selected from a
hydrogen substituted carbon atom, then R, is selected from the group
consisting of -C, sallynyl-, -O-(Cy Qalkyl-0-, -O~«(Cyalkenyi-0O-,
~O-{Cryalkyny-O-, -C{OW(Cyg)alky-C{O}~ (wherein any of the foregoing
alkyl, altkenyl and alkyny! hinking groups are straight carbon chains optionally
substituted with one to four substituents independently selected from the group
consisting of Cysalkyl, Cysatkoxy, Cjsalkoxy(Ci.g)alkyl, carboxyl,
carboxyl{Cya)alkyl, -C(OYO-(Croyalkyl, -Cpgalkyt-C{OYOH(C g dalkyl, amino
{substituted with a substitucnt independently selected from the group
consisting of hydrogen and Cyaalkyl), amino{Cyg)alkyl (wherein aming is
substituted with a substituent independently selected from the group consisting
ot hydrogen and CysalkyDy, halogen, (halo)y 5(Cy g)alkyl, (halo) 3{C; xalkoxy,
hydroxy, hydroxy(Ci.g)alkyl and oxo; and, wherein any of the foregoing alkyl,
alkenyl and alkynyl! linking groups are optionally substitited with one to two
substitaents independently selected from the group consisting of heterocyclyi,
arvl, heteroaryl, heterocyelyl{ Uy g)alkyl, arvi{C; g)alkyl, heteroarvi(Cy glalkyl,
spirocycloalkyl and spircheterocyclyl (wherein any of the foregoing
cycloalkyl, heterocyelyl, aryl and heteroaryl substitaents are optionally
substituted with one to four substituents independently selected frorn the group
consisting of Cy galkyl, Oy salkoxy, Oy satkoxy(Cygalkyl, carboxyl,
carboxy () gjalkyl, amino (substituted with a substituent independently
selected from the group consisting of hydrogen and Cy4alkyl),
amino{Cy_gyalkcyl (wherein amino is substituted with a substituent
independently selected from the group consisting of hydrogen and C;4alkyl),
halogen, (halo); +(Cig)alkyl, (halo) +(Cig)alkoxy, hydroxy and

hydroxy{Cy sjalkyl; and, wheremn any of the foregoing heterocyelyl
substituents are optionally substituted with oxo}), cycloalkyl (wherein
cycloalkyl is optionally substituted with one to four substituents independently

selected from the group consisting of Cysaltkyl, Cisalkoxy,
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Cysalkoxy{Cy shalkyl, carboxyi, carboxyl Ty g)alkyl, amino (substituted with a
substituent independently selected from the group consisting of hydrogen and
Craalkyl), amino(Cy gjatkyl (wherein amino s substituted with a substituent
independently selected from the group consisting of hydrogen and Cyaalkyl),
halogen, (halo); 3(Ciglalkyl, (haloy 5(Cs gjalkoxy, hvdroxy and
hydroxy(CygalkyD), (O-(CHo hoh 5-O-, -O~-{CH2)1.6-0-{CH)1.6-0-,

O CH )i 6-O-(CH )1 - O-{CH2 )y 60, (O-{CHh6)15-NRg-,

~O{CHR) 1 6-NR-(CH }1.6-0-, ~O-{CH2) 1 5-0-(CHy he-NRs,
~“{O-{CH)i6)05-5-, -O~(CH2)1.6-S-(CH)1 6-0-, -O-{CH2)1.6-O-(CH )1 6-5-,
NRg-NRyj-, -NRg-{CH).6-NR -, -NRg-{CHa 1 - NR7-(CH2)1.6-NRg-,
~NRo-C(O)-, -C(O}-NRg-, -CO{CHy o6 NRe-{CH2 o 6-C(O -,
“NRe-{(CH1)o6~C{OHCH 6T CHa dos- R 7+, -NRg-C(O)}-NR7-,
-INR6-C{NR7)}-NR -, -O-{CHz}i.6-NRs-(CHo 165,

-S-{CH2 16-NR6-(CHy h1.6-0-, -5-(CHz )y 6-NRo-(CHy h6-S- and
NR{CH ) 5-83-(CHy b o-NR - {wherein Rg, Ry and Ry are independently
selected from the group consisting of hydrogen, C;.ealkyl,
Crsalkoxy{Cy.s)alkyl, carboxvi{Cy gjalkyl, amino(Cy g)alkyl (wherein amino is
substituted with a substituent independently selected from the group consisting
of hydrogen and Csalkyl), hvdroxy(C g)atkyl, heterocyclyKCyg)alkyl,
arvi{Cy.gyalkyl and heteroarvl{Cy )alkyl (wherein the foregoing heterocyelyl,
aryl and heteroaryl substituents are optionally substituted with one to four
substituents independently selected from the group consisting of Cy galkyl,
Cysatkoxy, Cysalkoxy(Cy gdalkyl, carboxyl, carboxyWCysialkyl, aming
(substituted with a substituent independently selected from the group
consisting of hydrogen and C; 4alkyh), amino(C; ¢Jalkyl (wherein amino ig
substituted with a substituent independently selected from the group consisting
of hydrogen and C4alkyl), halogen, (halo)2(Crsyalkyl, (halo)x{(Crs)alkoxy,
hydroxy and hydroxy(Cy.¢alkyl; and, wherein heterocyelyl is optionally
substituted with oxo); and, wherein Ro is selected from the group consisting of
Crsalkyl, Cigalkoxy(Cyg)alkyl, carboxylCigjalkyl, amino{C) ¢)alkyl
(wherein anuno is substituted with a substituent independently selected from
the group consisting of hydrogen and C; sallyl), hydroxy(Cy gialkyi,
heterceyelyl{Cogiatkvl, arvl{(Ciglatkyl and heteroaryl{Cygalkyl (wherein the

foregoing heterocyelyl, aryl and heteroaryl substituents are optionally
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substituted with one to four substituents independently selected from the group
consisting of Cysalkyl, Cisalkoxy, Cisalkoxy{Cy g)alkyl, carboxyl,
carboxyl{Cy sjatkvl, amino (substituted with a substituent independently
sclected from the group consisting of hydrogen and €y salkyl),
amino(C.gjalkyl (wherein amino is substituted with a substituent
independently selected from the group consisting of hydrogen and C, ualkyl),
halogen, (halo){Cigalkyl, (halo) (T g)alkoxy, hydroxy and
hydroxy{Cy g )atkyl; and, wherein heterocyclyl is optionally substituted with

ox0)); and,

[6148] Ry and Ry are independently selected from the group consisting of hydrogen,
Crsalkyl, Cogalkenyl, Cygalkyny! (wherein alkyl, atkenyl and alkynyl are
optionally substituted with a substituent selected from the group consisting of
Cisalkoxy, alkoxy(C, s)altkyl, carboxyl, carboxyl{Cig)atkyl, amino
{substituted with a substituent independently selected froro the group
consisting of hydrogen and C;salkyl), amino{C, g)alkyl (wherein aming is
substituted with a substituent independently selected from the group consisting
of hydrogen and Oy 4alky), (halo)y s, (haloy 5(Cysiatkyl, (halo) 3{(Cy glalkoxy,
hydroxy, hydroxy(Cy.)alkyl and oxo), Crsalkoxy, Cysalkoxycarbonyl,
(halo).{Cigyalkoxy, Chgalkylthio, aryl, heteroaryl (wherein arvl and
hetercaryl are optionally substituted with a substituent selected from the group
consisting of C; salkyl, Cysalkoxy, alkoxy{C, )alkyl, carboxyl,
carboxyl{C¢)alloyl, amino (substituted with 3 substituent independently
selected from the group consisting of hydrogen and Cyalkyl),
amino{C g alkyl (wherein amino is substituted with a substituent
independently selected from the group consisting of hydrogen and €, salkyl),
halogen, (halo) 3(Cigalkyl, (halo) 2(Ci alkoxy, hydroxy and
hydroxy( Ty _ghalkyD), amino (substituted with a substituent independently
selected from the group cousisting of hydrogen and Cy4alkyl), cyano, halogen,

hydroxy and nitro; and pharmaceutically acceptable salts thereof.

16141} In one embodiment, a compound of Fornwula {(IH) is 2 compound selected from

the group consisting oft
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Formula (I{ic) Formula (115
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Formula (k) Formula (I111)

38



WO 2013/192005 PCT/US2013/045617

Formula (1 Formula (1n)

18142} wherein all other variables are as previously defined; and, pharmaceutically

acceptable salts thereof.

16143} In one embodiment, a compound of Formula {(IH) is a compound selected from

the group consisting of:

Formula (11if) Formaula ([11)
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Formula (1113}

16144} wherein all other variables are as previously defined; and, pharmaceutically

acceptable salts thereof.

16145] Cormpounds of Formmula (11 are disclosed in commonly assigned United
States Patent Number 6,828,327, the complete disclosure of which is herein

incorporated by reference.

64146} An example of the invention includes a corapound of Formula (1) wherein
the compound is selected from the group consisting of compounds listed in

Table C, below:

Table C

Compounds of Formuila (31D

Compound Name
C-1 6,7,9,10,12,13,15,16-Octabydro-23H-5,26:17,22 -di(methenoipyridof2,3-
k3 2-qlpyrrolof3,4-n]{1,4,7, 180,19 trioxadiazacyclohenicosine-23, 2 5(24H -
dione

C-2 10,11,13,14,16,17,19,20,22,23-Decabydro- 1 H-9,4:24,20-
di{metheno)dipyridof2,3-1:3". 2 tlpyrrolof 3,4~
qli1,4,7,10,13,22 tetraoxadiazacyclotetracosine-1,3(2H)-dione

C-3 10,11,13,14,16,17,19,20,22,23,25,26-Dodecabydro-1 H-9,4:27,32-
di{metheno)dipyrido[2,3-q:3".2-wipyrrolof 3 4-
ti[1.,4,7,10,13,16,25 pentaoxadiazacycloheptacosine-1,3(2H)-dione
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C-4

6,7,9,10,12,13-Hexahydro-20H-5,23:14,19-
di{ metheno)dibenzolh,nipyrrolo{3,4-k][1,4,7, 16 dioxadiazacyclooctadecine-
20,22(21H)-dione

-l

6,7,9,10,12,13,15,16-Octahvdro-23H-5,26:17,22-

di{methenoidibenzolk,glpyrrolo{3,4-n]{1,4,7,10, 19 irioxadiazacyclohenicosine-
23.25(24H)-dione

C-6

10,11,13,14,16,17,19,20,22,23-Decahydro-1H-9,4:24 26~
di{metheno)dibenzoln,tpyrrolo[3.4-
q|{1.4,7,10,13,22 itetraoxadiazacyciotetracosing-1,3(ZH)-dione

10,11,13,14,16,17,19,20,22,23.25,26-Dodecahydro-1H-9,4:27,32-
di{metheno)dibenzolg,wlpyrroiof3.4-
t11,4,7,10,13,16 25 pentaoxadiazacycloheptacosine-1,3(2H)-dione

C-8

4,12,14,22-
Tetraazaheptacyclof20.6.1.1-~7,14~1~16,20~.0-2,6~.0~&,13~.0~23,28~ [hentri
aconta-1{29),2(6),7(31),8,10,12,16(30),17,19,23,25,27-dodecaene-3,5-dione
(non-preferred name)

C-§

4121422 30-
Pentaazaheptacyclof20.6.1.1~7,14~1~16,20~.0~2,6~.0~8,13~0~23 28~ thentri
aconta-1(29),2(6),7(311,8,16,12,16(30),17,19,23,25,27-dodecaene-3,5-dione
{non-preferved name}

6,7,9,10,12,13-Hexahydro-20H-5,23: 14, 19-di{methenopyridof2,3-
klpyrrolof3,4-n]{4,7,1,10 benzodioxadiazacyciooctadecine-20,22{2 1 H)-dione

Table C - CONTINUED

Compound

Name

C-11

6,7,9,10,12,13,15,16-0ctabydro-23H-5,26:17,22-di(methenopyrido] 2,3-
nlpyrrolof3,4-g1i4,7,10,1,13 Ibenzotrioxadiazacyciohenicosine-
23.25(24H)-dione

C-12

11-Ethyl-6,7,10,11,12,13,15,16-0ctabhydro-9H,23H-5,26:17,22-
di{methenoydibenzolk,glpyrrolo{3.4-
1]{1,7,4,10,19]dioxairiazacyclohenicosine-23,25(24H -dione

C-13

1-Methyl-6,7,10,11,12,13,15, 16-octahydro-9H,23H-5,26:17,22-
di{metheno)dibenzoik.qipyrrolol3,4-
n{1,7.4,10, 19 dioxatriazacyclohenicosine-23, 25(24H)-dione

11-{1-Methylethy}-6,7,10,11,12,13,15,16-0ctahydro-9H 23H-5,26:17,22-
di{methenodibenzo{k,qlpyrrolo[3,4-
n]{1,7,4,10,19]dioxatriazacyclohenicosine-23,25(24 Hy-dione
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Table C - CONTINUED

Compound Name

C-15 8,11,14-Trimethyl-7,8,9,10,11,12,13,14,15,16-decabydro-6H,23H-
5,26:17,22-di{metheno Ydibenzoin, tipyrroiof 3 ,4-
qli1,4,7.10,1 3ipentaazacyclobenicosine-23,25(24 H-dione

C-16 11-Methyl-6,7,10,11,12,13,15, 1 6-octahydro-9H,23H-5,26-(azeno)-17,22-
{metheno)dibenzolk glpyrrolof3,4-
n]{1,7.4,10, 19 dioxatrniazacyelohenicosine-23,23(24H)-dione

C-17 11-Ethyi-6,7,10,11,12,13,15,16-0ctahydro-9H,23H-5,26-(azeno)-17,22-
{methenojdibenzolk,glpyrrolof3,4-
1]{1,7,4,10,19]dioxairiazacyclohenicosine-23,25(24H -dione

C-18 11-Ethyl-6,7.10,11,12,13,15,16-octahydro-9H,23H-5,26:17,22-
di{metheno)dipyrido[2,3-k:3".2-qlpyrrolo[3 4-
n{1,7.4,10, 19 dioxatriazacyclohenicosine-23, 25(24H)-dione

C-19 6,7,9,10,12,13,15,16-Octabydro-23H-5,26:17,22-
di{metheno)dipyrido[2,3-k: 3", 2-qIpyrrolo[3.,4-
n]{1,7,4,10,19]dioxathiadiazacyclohenicosine-23,25(24H )-dione

C-20 7.8,9,10,11,12,13,14,15,16-Decabydro-6H,23H-5,26:17,22-
di{metheno)dipyridof2,3-1:3". 2" tlpyrrolof 3,4~
ql{1,7, 13 triazacyelohenicosing-23,25(24H))-dione

C-21 1-Ethy-7.8,9,10,11,12,13,14, 15, 16-decabydro-6H,23H-5,26:17,22-
di{methenoidipyrido[2,3-0:3",2"tJpyrrolof3.4-
gl 1,7, 13} imazacyclohenicosine-23,25(24H)-dione

C-22 6,7,8,9,10,11,12,13,14,1 5-Decahydro-22H-5,25:16,21-
di{ metheno)dipyrido[2,3-m:2",2"-s Jpyrrolo[3,4-
pli1,6, 12 ltriazacycloicosine-22,24(23H)-dione

C-23 10-Ethyl-6,7,4,9,10,11,12,13,14,1 5-decahydro-22H-5,25:16,2 1
di{methenodipyrido[2,3-mu3",2-sjpyrrolo[3 4-
plil,6,12trazacycloicosine-22,24(23H-dione

{-24 6,7,9,10-Tetrahydro-17H-5,20-(azeno)-11,16-
{metheno)dibenzo[e, klpyrrolo3,4-h[1.4,13 Joxadiazacyclopentadecine-
17,19{18H)-dione

C-25 8,9,11,12,13,14,15,16-Octahydro-6H,23H-5,26:17,22-
di{metheno)dipyridof2,3-b:3", 2 hipyrrolo[3.,4-
el[1,10]diazacyclohenicosine-10,23,28(7H, 24H ) trione

C-26 R,9,11,12,13,14-Hexahydro-6H,21H-5,24:1 5 20-di(metheno)dipyridof 2,3-
b:3". 2% hipyrrolof 3,4-¢}{ 1, 1 diazacyclononadecine-10,21,23(7H,22H)-
trione
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Table C - CONTINUED

Compound Name

C-27 (TR, H4R)-7,14-Dihydroxy-6,7.8,9,10,11,12,13,14, 1 5-decahvdro-22H-
5,25:16,21 -di{metheno)dipyrido{2,3-b:3"2-h]pyrrolo{3.4-
el 1, 10]diazacycloicosineg-22,24(23H)-dione

C-28 6,7,9,10,12,13-Hexahydro-20H-5,23:14,19-di{metheno ydipyridof[2,3-
h:3 2 -njpyrroloe[3,4-k]{1,4,7,16]dioxadiazacyclooctadecine-20,22(2 1 H)-
dione

{-29 11-{2-Methoxyethy-6,7,18,11,12,13,15,16-0ctahydro-9H,23H-5,26-
{azeno)-17,22-(racthenojdibenzolk, qlpyrrolo[3,4-
1]{1,7,4,10,19]dioxairiazacyclohenicosine-23,25(24H -dione

C-30 11-(2-Hydroxyethyi}-6,7,10,11,12,13,15,16-0octahydro-9H,23H-
5,26:17,22-di{metheno)dibenzolk,qlpyrrolo]3,4-
n{1,7.4,10, 19 dioxatriazacyclohenicosine-23, 25(24H)-dione

C-31 14-Methyl-6,7,9,10,12,13,14,15,16,17-decalydro-24H-5,27:18,23-
di{methenodibenzo{Lrpyrrolo[3,4-
ol 1.4,7,11 20 dioxatriaracyclodocosine-24 26{2 5H)-dione

16147} An example of the invention includes a compound of Formmla (H1) wherein

the compound is selected from the group consisting of!

F::\,_< = \> (/
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Corapound C-1 Compound C-2 Coropound C-5

43



WO 2013/192005 PCT/US2013/045617

Compound C-6

18148} Other examples of the invention inciude a compound selected from the group

consisting of the compounds listed in Table D, below:

Table D
Additional Compounds

Compound Name

D-1a 11-Ethyl-6,7,10,11,12,13,15,16-octahydro-9H,23H-5,26:17,22-
di{methenoidibenzolk qlpyrrolo{3 4-
ul1,7.4,10,19]dioxatriazacyclohenicosine-23,25(24 H-dione

D-2a 3-(1-{3-[(2-Hydroxyethyl X methyhamino propyl} - 1 H-indazol-3-y1}-4-(1-
pyridin-3-yi-1H-indol-3-yl-1H-pyrrole-2,5-dione

D-3a 3,5-Dichioro-N-{3-chloro-4-(3,4,12 1 2a-tetrahydro-1H-{ 1,4 Jthiazinof3,4-
ci[l,4]benzodiazepin-1 1{6H)-yicarbonylphenylbenzamide

3\

D-4a 3-[1-(2-Hydroxyethyl)-1H-ndol-3-y1}-4-(1-pyridin-3-y}- 1 H-indol-3-y1)-
iH-pyrrele-2,5-dione

Table D - CONTINUED

Compouvnd Name

D-5a 3-[2-(Methvloxyphenyl}-4-( 1-pyridin-3-yi- 1 H-indol-3-y1)- 1H-pyrrole-2,5-
dione

D-6a 6-[(2-{[4~(2,4-Dichlorophenyl}-5-{(4-methyl-1H-imidazol-2-yDpyrimidin-
2-yiamino}ethyDaminojpyridine-3-carbonitriie

3-7a 3-(5-Chloro-1-methyl-1 H-indol-3-yb-4- 1 1-[3-(1 H-imidazol-1-yDpropvii-
iH-indazol-3-yi}-1H-pyrrole-2,5-dione
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Table & - CONTINUED

Compound Name

3-Ra 3-(5-Chloro-1-methyl-1H-indol-3-yh-4- { 1-[3-(1 H-1,2,3-tr1azol-1 -
yhipropyl]-1H-indazol-3-v1} - 1H-pyrrele-2,5-dione

-9a 3-[1-(3-Hydroxypropyl- 1 H-pyrrolof 2,3-blpyridin-3-yi]-4-(1 -mothyl- 1 H-
pyrazol-3-yh-1H-pyrrole-2,5-dione

D-10a N-{3-(3- {4-[1-(1-Benzothien-3-yl)- 1H-indoi-3-y1}-2,5-dioxo-2,5-dihy dro-
H-pyrrol-3-yb-1H-indazol-1-vhpropylsuifamide

D-ila 3-[1-(3-Hydroxy-3-methyibutyl-1 H-indazol-3-y1}-4-( -pyridin-3-vi- 1 H-
indol-3-yl)-1H-pyrrole-2,5-dione

3-12a -[1-(2-HydroxyethyD)-1H-1ndazol-3-vi-4-(1 -pyriroidin-5-yl- 1 H-indol-3-

3
vh-1H-pyrrole-2,5-dione

D-13a 3-{1-(2-Hydroxyethyl)}-1H-indol-3-y1]-4-{ L-pyrimidin-5-yk-1H-indol-3-y -
H-pyrrole-2,5-dione

D-ida {(112)-8,9,10,13,14,1 5-Hexahydro-2,6:17,2 1-di{methenoipyrrolof3,4-
hl[1,15,7]dioxazacyclotricosine-22,24(1 H,23H )-dione

3-15a 3-(5-Chloro-l-pyridin-3-yl-1 H-indol-3-yh-4-{1 -(3-hydroxypropyl- 1 H-
indazol-3-yil-1H-pyrrole-2,5-dione

D-i6a 3-{2-{Methyloxy)phenvi}-4- { 1-[3-(methyloxy)propyli-1H-pyrrolof3,2-
clpyridin-3-y1} -1 H-pyrrole-2,5-dione

D-17a 3 1-(3-Hydroxypropyl)-1 H-indazol-3-y1i-4-{ i-(tetrahy dro-2H-pyran-4
yh-1H-indol-3-vli- tH-pyrrole-2,5-dione

/

3-18a 2-{3-[4-(5-Chloro-1-methyl-1 H-indol-3-y1)-2,5-dioxo-2,5-dibydro- 1H-
pyrrol-3-yij-1H-indazol-1-vi}-N-{2-hydroxyethyhacetamide

D-i9a 4-(3-Chlorophenyl-6-{3-{dimethylaminoipropyli-5,6-
dibhydropyrrolof3'.4%: 5,6 pyrido{ 3,4-bhindole-1,3(2H 4H)-dione

D-20a 14-Ethyi-6,7.9,10,13,14,15,16-octahydro-1 2H,23H-5,26:17,22-
di{methenoidibenzolk,qipvrrolo[3.4-
n]{1,4,7,10, 19 dioxatriazacyclohenicosine-23,25(24H)-dione

D-21a 14-(Phenyimethy!}-6,7,9,10,13,14,15,16-octahydro- 12H,23H-5,26:17,22-
di{methenoydibenzolk,glpyrrolol3,4-
n]{1,4,7,10,19]dioxairiazacyclohenicosine-23,25(24H -dione

D-22a 3-[1-(2-Hydroxyethyl)-1H-indol-3-yi}-4- { 1-{2-{{2-[(2-
hydroxyethyhoxy lethylioxyjethyl]-1H-indol-3-y1} -1 H-pysrole-2,5-dione
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Table & - CONTINUED

Compound Name

D-23a R, -Dimethyl-6,7,8,9,10,11,12,13-octabydro-20H-5,23:14,19-
di{metheno)dibenzo{k,gipyrrolo{3.4-n}{1,4,7, 10ltetraazacyclooctadecine-
20,22(21H)-dione

D-244a 12,21 -Dimethyl-11,12,13,14,16,17,20,21,22 23-decabydro- 1 H, 10H, 19H-
9,4:24,29-di{maetheno)dibenzolk.qpyrrolof3,4-
n][1,4,7,10,19,221dioxatetraazacyclotetracosine-1,3(2H)-dione

D-25a 14-(Furan-2-yimethy1)-6,7,9,18,13,14,15,16-octahydro-12H,23H-
5,26:17,22-di{metheno)dibenzo[k,qipyrrolo[3,4-
n]{1,4,7,10,19 dioxatriazacyclohenicosine-23,25(24H)-dione

D-26a 14-(2-Thienylmethy1)-6,7,9,10,13,14,15,16-octahydro-12H,23H-
5,26:17,22-di{metheno)dibenzolk,qipyrrolo]3,4-
n]{1,4,7,10,19]dioxairiazacyclohenicosine-23,25(24H -dione

D-27a 14-(Naphthalen- I -yvimethy1)-6,7,9,10,13,14,15,16-octahydro-12H,23H-
8,26:17,22-di{metheno}dibenzolk,qlpyrrolo[3,4-
n|{1,4,7,10, 19 dioxatriazacyclohenicosine-23, 25(24H)-dione

D-28a 14-(Pyridin-4-vimethy)-6,7,9,10,13,14,15,1 6-octahydro-12H,23H-
5,26:17 22-di{metheno)dibenzo[k,qipyrrolo[ 3,4~
nl{1,4,7,10,19dioxatriazacyclohenicosine-23,25(24H)-dione

3-{1-[2-(1,2,3 4-Tetrabydronaphthalen-1-ylaminojethyl}- 1 H-indol-3-y1}-4-
{(1-12-[(2-{{2-(1,2,3 d-tetrahydronaphthalen-1-

viaminojethylloxy tethyDoxyiethyl}-1H-indol-3-yh- 1 H-pyrrole-2,5-dione
D-30a 3-{1-[3-(Dimethylamino)phenyi]- 1 H-indol-3-y1} -4-[ 1 -(2-hydroxyethy-
iH-indazol-3-yi]-1H-pyrrole-2,5-dione

3-29a

D-31a 3-{5-Chloro-1-{6-(dimethylamino)pyridin-3-yli-1H-indol-3-yi -4-[1-(2-
hydroxyethyl)-1H-ndazol-3-v1}- 1H-pyrrole-2,5-dione

D-32a Methyt 5-(S-chloro-3- {4-{1-(2-hydroxyethyl)-1H-indazol-3-yi]-2,5-dioxo-
2,5-dihydro-1H-pyrrol-3-y1} -1 H-indol- I-yUpyridine-3 -carboxylate

[6149] Gther examples of the mvention inchude a compound selected from the group

counsisting of!
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Compound -214
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Compound [3-19a
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Compound D-30a

Celis suitable for treatment according to the metheds of the present

10150

invention

Pluripotent cells, suttable for use in the present mvention express at least one

of the following pluripotency markers selected from the group consisting of:

ABCGZ, eripto, FoxD3, Connexind3, Connexind5, Gctd, SOX-2, Nanog,

ETERT, UTF-1, ZFP42, SSEA-3, SSEA-4, Tral-60, and Tral-R1,

(0151

In one embodiment, the pluripotent cells are embryonic stern cells. Inan

alternate embodiment, the pluripotent cells are cells expressing pluripotency

markers derived from embryonic stem cells. In one embodiment, the

embryonic stem cells are human,
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[4152]

[6155]

{zolation, expansion and culture of buman embryenic stem cells

Characterization of human embryonic stem cells: Human embryonic stem
cells may express one or more of the stage-specific embryonic antigens
(SSEA) 3 and 4, and markers detectable using antibodies designated Tra-1-60
and Tra-1-81 (Thomson ef @/, Science 2821145, 1998). Differentiation of
human embryonic stem cells in vitro resolts in the loss of SSEA-4, Tra- 1-60,
and Tra-1-21 expression (if present) and increased expression of SSEA-1.
Undifferentiated human cmbryonic stem cells typically have alkaline
phosphatase activity, which can be detected by fixing the cells with 4%
paratormaldehyde, and then developing with Vector Red as a substrate, as
described by the manufacturer (Vector Laboratories, Burlingaroe Calif)
Undifferentiated pluripotent stem cells also typically express Oct-4 and TERT,

as detected by RT-PCR.

Another desirable phenotype of propagated human embryonic stem celisis a
potential to differentiate into cells of all three germinal layers: endoderm,
mesoderm, and ectoderm tissues. Phuripotency of human erabryonic stom
cells can be confirmed, for example, by injecting cells into SCID mice, fixing
the teratomas that form using 4% paraformaldehyde, and then examining them
histologically for evidence of cell types from the three germ layers.
Alternatively, pluripotency may be determined by the creation of embryoid
bodies and assessing the embryoid bodies for the presence of markers

assoctated with the three germotnal layers.

Propagated human erabryonic stem cell lines may be karyotyped using a
standard G-banding technigue and compared to published karyotypes of the
corresponding primate species. It is desirable to obtain cells that have a
"normal karyotype”, which means that the cells are cuploid, wherein all human

chromosomes are present and not noticeably altered.

Sources of human embryonic stem ceils: Types of human embryonic stem
celis that may be used include established lines of human embryonic cells
derived from tissue formed after gestation, including pre-embryonic tissue

{such as, for example, 4 blastocyst), embryounic tissue, or fetal tissue taken any
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time during gestation, typically but not necessarily before approximately 10-
12 weeks gestation. Non-limiting examples are established lines of human
erubryonic stem cells or human embryonic gerr cells, such as, for example
the human embryonic sterm cell Hines HE, H7, and HY (WiCell). Also
contemplated is use of the compositions of this disclosure during the initial
establishment or stabilization of such celis, in which case the source cells
would be primary phuripotent cells taken directly from the source tissues. Also
suitable are celis taken from a phuripotent stem cell population already
cultared in the absence of feeder cells. Also suitable are mutant human
embryonic stem cell lines, such as, for example, BGO1v (BresaGen, Athens,

GA).

(6156} In one embodiment, Human embryonic stem cells are prepared as described by
Thomson e af. (U.S. Pat. No. 5,843, 783; Science 282:11485, 1998; Curr. Top.
Dev. Biol 38:133 1, 1998; Proc. Natl, Acad. Sci. U8 AL 92:7844, 1995).

18157} Culture of human embrvonic stem cells: In one erobodiment, human
embryonic stem cells are cultured in a culture system that is essentially free of
feeder cells, but nonctheless supports proliferation of human embryonic stem
cells without undergoing substantial differentiation. The growth of haman
erabryonic stem cells 1o feeder-free culture without differentiation is supported
using a medium conditioned by culturing proviously with another cell type.
Alternatively, the growth of human embryonic stem cells in feeder-free culture

without differentiation is supported using a chersically defined medium.

[6158] In an alternate embodiment, human embryonic stern cells are initially culture
fayver of foeder cells that support the human embryonic stem cells in various
ways. The human embryonic are then transferred to a culture system that is
essentially free of feeder cells, but nonetheless supports proliferation of human

erabryonic stem cells without undergoing substantial differentiation

[3159] Examples of conditioned media suitable for use in the present invention are
disclosed in USZ0020072117, US664204%, W(O2005014799, and Xu et af

(Stem Cells 22: 972-980, 2004).
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An example of a chemically defined medium suitable for use in the present

nvention may be found in US2007001001 1.

Suttable culture media may be made from the following components, such as,
tor exarople, Dulbecco's modified Eagle's roedium (DMEM), Gibeco # 11965-
(92; Knockout Dulbecco’s modified Fagle's medium (KO DMEM), Gibeo #
10829-018; Ham's F12/50% DMEM basal medium; 200 mM L-glotamine,
Gibeo # 15039-027; non-essential amino acid solution, Gibeo 11143-036; B-
mercaptoethanol, Sigma # M7522; human recombinant basic fibroblast growth

factor (bFGF), Gibeo # 13256-029.

In one embodimsent, the human embryonic ster cells are plated onto a suitable
culiure subsirate that B treated prior to treatment according to the methods of
the present invention. In one embodiment, the treatment is an extracelhilar
matrix coraponent, such as, for exarople, those derived from basement
membrane or that may forra part of adhesion molecule receptor-ligand
couplings. In one embodiment, a the suitable culture substrate is Matrigel®
(Becton Dickenson). Matrigel® is a soluble preparation from Engelbreth-
Holm-Swarm turnor cells that gels at room temperature to form a reconstituted

basement membrane.

Other extracellular matrix components and component mixturcs are suitable as
an alternative. This may include laminin, fibronectin, proteoglycan, entactin,

heparan sulfate, and the hike, alone or in various combinations.

The human embryonic stem cells are plated onto the substrate in a suitable
distribution and in the presence of a mediurg that promotes cell survival,
propagation, and retention of the desirable characteristics. All these
characteristics benefit from careful attention to the seeding distribution and

can readily be determined by one of skill in the art,

Iselation, expausion and culfure of cells expressing pluripsiency markers that are

16165]

derived from human embryenic stem cells

In one embodiment, cells expressing pluripotency markers are derived from

human embryonic stem cells by a method comprising the steps of!
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a. Culturing human embryonic stem cells,

b. Differentiating the human embryonic stem cells into cells expressing

markers characteristic of definitive endoderm cells, and

¢. Removing the cells, and subsequently colturing them under hypoxic
conditions, on a tissue culture substrate that is vot pre-treated with a

protein or an extracellular matrix prior to culturing the cells.

(6166} In one embodiment, cells expressing pluripotency markers are derived from

human embryonic stem cells by a method comprising the steps of:
a. Culturing human embryonic stom cells, and

b. Removing the cells, and subseguently culturing them under hypoxic
conditions, on a tissue culture substrate that is not pre-treated with a

protein or an extracellular matrix.

Cell culture under hypoxic conditions on a tissue culture substrate that is

not pre~treated with a protein or an extracellnlar matrix

[8167] In one embodiment, the cells are cultured under hypoxic conditions, on a
tissue culture substrate that is not coated with an extracellular matrix for about
1 to about 20 days. In an alternate embodiment, the cells are cultured under
hypoxic conditions, on a tissue culiure substrate that is not coated with an
extraceilular matrix for about 5 1o about 20 days. In an alternate ernbodiment,
the cells are cultured under hypoxic conditions, on a tissue culture substrate

that is not coated with an extracellular matrix for about 15 days.

1168} In one embodiment, the hypoxic condition is about 196 O to about 20% O,
In an alternate embodiment, the bypoxic condition 1s about 2% G, to about

10% O, In an alternate ermmbodiment, the hypoxic condition is about 3% O,

8169} The cells may be cultured, under hypoxic conditions on a tissuc culture
substrate that 18 not pre-treated with a protein or an extracelhular matrix, in
medium containing serum, activin A, and a Wt ligand. Alternatively, the

medium may also contain IGF-1,
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10174}

[8175)

10176

The culture medium may have a serum concentration in the range of about 2%

io about 5%. In an alternate embodiment, the serum concentration may be

ahout 2%,

Activin A may be used at a concentration from about Ipg/md o about
100ug/ml. In an aliernate embodiment, the concentration may be abowt
Ipg/ml to about 1ug/ml. In another alternate embodiment, the concentration
roay be about 1pg/ml to about 100og/mi. 1o another alternate embodiment, the
concentration may be about 50ng/ml to about 100ng/ml. In another alternate

embodiment, the concentration may be about 100ng/ml.

The Wnt ligand may be selected from the group consisting of Wnt-1, Wnt-3a,
Wnt-3a and Wnt-7a. In one embodiment, the Wnt ligand is Wot-1. Inan

alternate embodiment, the Wat lgand is Wnt-3a.

The Wat ligand may be used at a concentration of about 1ng/mil to about
1000mg/mi. In an alternate embodiment, the Wnt ligand may beused at a
concentration of about 108ng/mi to about 100ng/ml. In one ersbodiment, the

concentration of the Wit ligand 15 about 20ng/ml

IGF-1 may be used at a concentration of about lng/md to about 100ng/ el Tn
an alternate embodiment, the IGF-1may be used at a concentration of about
10ng/mi to about 100ng/ml. In one embodiment, the concentration of IGF-1 is

about S0ng/mi.

The cells expressing pluripotency markers derived by the methods of the
present invention are capable of expansion in culture under hypoxic
conditions, on tissue culture substrate that is not pre-treated with a protein or

an extraceliolar matrix.

The cells expressing phuripotency markers derived by the methods of the
present invention express at least one of the following pluripotency markers
selected from the group counsisting oft ABCG2, cripto, FoxD3, Connexind3,
Connexind3, Octd, SOX-2, Nanog, hTERT, UTF-1, ZFP42, SSEA-3, SSEA-4,
Tral-60, and Tral-81.
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Further ditferentiation of cells expressing markers characteristic of the

definitive endoderm lineage

6177} Cells expressing markers characteristic of the definitive endoderm lincage may
be differentiated into cells expressing markers characteristic of the pancreatic

endoderm linecage by any method in the art.

[6178] For example, cells expressing markers characteristic of the definitive
endoderm lineage may be differentiated into cells expressing markers
characteristic of the pancreatic endoderm lineage according to the methods

disclosed in I Amour ef g/, Nature Biotechnology 24, 1392 - 1401 (20006).

k=

16179] For example, cells expressing markers characteristic of the definitive
endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endoderm hineage, by treating the cells
expressing markers characteristic of the definitive endoderm lineage with a
fibroblast growth factor and KAAD-cyclopamine, then removing the medium
containing the fibroblast growth factor and KAAD-cyelopamine and
subsequently culturing the cells in medium containing retinoic acid, a
fibroblast growth factor and KAAD-cyclopamine. An example of this method

is disclosed in D” Amour et al, Nature Biotechnology, 24: 1392-1401, (2006},

1801 Markers characteristic of the pancreatic endoderm lineage are selected from
the group consisting of Pdx1, HNF-1beta, PTFla, HNF-6, HBY and PROX1.
Suitable for use in the present invention is a cell that expresses at least one of
the markers characteristic of the pancreatic endoderm lineage. In one aspect
of the present invention, a cell expressing markers characteristic of the

pancreatic endoderm lincage is a pancreatic endoderra cell

Further differentiation of cells expressing markers characteristic of the

pancrestic endoderm lneage

13181} Cells expressing markers characteristic of the pancreatic endoderm lincage
may be differentiated into cells expressing markers characteristic of the

pancreatic endocrine lineage by any method in the art.
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For example, celis expressing markers characteristic of the pancreatic
endoderm lineage may be differentiated into cells expressing markers
characteristic of the pancreatic endocrine lincage according to the methods

disclosed in D’ Amour ef @, Nature Biotechnology 24, 1392 - 1401 (2006).

Markers characteristic of the pancreatic endocrine lineage are selected from
the group consisting of NGN-3, NewroDs, Islet-1, Pdx-1, NKX6.1, Pax-4, Ngn-
3, and PTF-1 alpha. In one embodiment, a pancreatic endocrine cell i3 capable
of expressing at least one of the following hormounes: insulin, glucagon,
somatostatin, and pancreatic polypeptide. Suitable for use in the present
imnvention is a cell that expresses at least one of the markers characteristic of
the pancreatic endocrine lincage. To one aspect of the present invention, a cell
expressing markers characteristic of the pancreatic endocrine lincage is 3
pancreatic endocrine cell. The pancreatic endocrine cell may be a pancreatic
hormone expressing cell. Alternatively, the pancreatic endocrine cell may be a

pancreatic hormone secreting cell.

In one aspect of the present invention, the pancreatic endocrine cell is a cell
expressing markers characteristic of the P cell lincage. A ccll expressing
markers characteristic of the P cell lincage expresses Pdxl and at least one of
the following transcription factors: NON-3, Nkx2.2, Nkx6.1, NeuroD, Isi-1,
HMF-3 beta, MAFA, Paxd, and Pax6. In one aspect of the present invention, a

celi expressing markers characteristic of the B cell lineage s a B cell.

Betection of cells expressing markers characteristic of the deflinitive

endoderm linage

Formation of cells expressing markers characteristic of the definitive
cndoderm lineage may be determined by testing for the presence of the
markers before and after following a particular protocol. Pluripotent stem
cells typically do not express such markers. Thus, differentiation of

pluripotent cells is detected when cells begin to express them.

The efficiency of differentiation may be determined by exposing a treated cell

opulation to an acent (such as an antibody) that specifically recognizes a
pop & ¥ D Y g
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protein marker expressed by cells expressing markers characteristic of the

definttive endoderm lineage.

18187} Methods for assessing expression of protein and nucleic acid markers in
cultured or solated cells are standard in the art. These include quantitative
reverse transcriptase polymerase chain reaction (RT-PCR), Northern blots, in
sity hybridization (see, e.g., Current Protocols in Molecular Biology (Ausubel
et al., eds. 2001 suppleraent)), and tmmunoassays such as
immunohistochemical analysis of sectioned material, Western blotting, and for
markers that are accessible in intact cells, flow cytometry analysis (FACS)
(see, e.g., Harlow and Lane, Using Antibodies: A Laboratory Manual, New

York: Cold Spring Harbor Laboratory Press (1998)).

[G188] Examples of antibodies useful for detecting certan protein markers are listed
in Table IA and Table I8, It should be noted that alternate antibodics
directed to the same markers that are recognized by the antibodies histed in
Tabie A and Table ¥B arc available, or can be readily developed. Such
alternate antibodies can also be employed for assessing expression of markers

in the cells isolated in accordance with the present invention.

41891 For example, characteristics of pluripotent stem cells are well known to those
skilled in the art, and additional characteristics of pluripotent stem cells
continue to be identified. Pluripotent stera cell roarkers include, for exarple,
the expression of one or more of the following: ABCG2, cripto, FoxD3,
Connexind3, Connexind53, Octd, Sox2, Nanog, hTERT, UTF-1, ZFP42,
SSEA-3, SSEA-4, Tral-60, Tral-81.

16190} Afier treating pluripotent stem cells with the roethods of the present invention,
the differentiated cells may be purified by exposing a treated cell population to
an agent (such as an antibody) that specifically recognizes a protein marker,
such as CXCR4, expressed by cells expressing markers characteristic of the

definitive endoderm lineage.
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Betection of cells expressing markers characteristic of the pancreatic

endoderm Hnage

6191} Markers characteristic of the pancreatic endoderm hincage are well known to
those skilled n the art, and additional markers characteristic of the pancreatic
endoderm linecage continue to be wdentified. These markers can be used to
confirm that the cells treated in accordance with the present invention have
differcontiated to acquire the properties characteristic of the pancreatic
endoderm lineage. Pancreatic endodorm Hneage specific markers include the
expression of one or more transcription factors such as, for example, Hixb9,

PTF-1a, PDX-1, HNF-6, HNF-ibeta.

18192} The ethiciency of differentiation may be determined by exposing a treated cell
population 1o an agent (such as an antibody) that specifically recognizes a
protein marker expressed by cells expressing markers characteristic of the

pancreatic endoderm lineage.

8193} Methods for assessing expression of protein and nucleic acid markers in
cultured or isolated cells are standard 1u the art. These include quantitative
reverse trapscriptase polymerase chain reaction (RT-PCR), Northern blots, in
situ hybridization (see, e.g., Current Protocols in Molecular Biology {Ausubel
el al., eds. 2001 supplement)), and mmunoassays such as
immunchistochemical analysis of sectioned material, Western blotting, and for
markers that arc accessible in intact cells, flow cytometry analysis (FACS)
{(see, e.g., Harlow and Lane, Using Antibodies: A Laboratory Manual, New

York: Cold Spring Harbor Laboratory Press (1998)

16194} Exaroples of antibodies usetul for detecting certain protein markers are listed
in Table 1A and Table IB. It should be noted that alternate antibodies
directed to the same markers that are recognized by the antibodies listed in
Table A and Table IB are available, or can be readily developed. Such
alternate antibodies can also be emploved for assessing expression of markers

in the cells isolated in accordance with the present invention.
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Betection of cells expressing markers characteristic of the pancreatic

endocrine linage

[8185] Markers characteristic of cells of the pancreatic endocrine Hneage are well
known to those skilled v the art, and additional markers characteristic of the
pancreatic endocrine lincage continue o be identified. These markers can be
used to confirm that the cells treated in accordance with the present invention
have differentiated to acquire the properties characteristic of the pancreatic
endocrine lineage. Pancreatic endocrine lneage specific markers include the
expression of one or more transcription factors such as, for example, NGN-3,

NeuroD3, Islet-1.

16196} Markers characteristic of cells of the B cell lineage are well known to those
skilled in the art, and additional markers characteristic of the B cell hincage
continue to be identified. These markers can be used to confirm that the cells
treated in accordance with the present invention have differentiated to acquire
the properties characteristic of the B-cell lincage. B cell lincage specific
characteristics include the cxpression of one or more transcription factors such
as, for example, Pdx1 {pancreatic and duodenal homeobox gene-1), Nkx2.2,
Nkx6.1, Isli, Pax6, Pax4, NeuroDy, Hafib, Hnf-6, Hnf-3beta, and MafA,
amoung others. These transcription factors are well established in the art for
identification of endocrine cells. See, e.g., Edlund (Nature Reviews Genetics

3: 524-632 (2002)).

16197} The efficiency of differentiation may be determined by exposing a treated cell
population to an agent (such as an antibody) that specifically recognizes a
protein marker expressed by cells expressing markers characteristic of the
pancreatic endocrine lineage. Alternatively, the efficiency of differentiation
may be determined by exposing a treated cell population to an agent (such as
an antibody) that specifically recognizes a protein marker expressed by cells

expressing markers characteristic of the f cell lineage.

(6198} Methods for assessing expression of protein and nucleic acid markers in
cultured or isolated cells are standard 1u the art. These include quantitative

reverse transcriptase polymerase chain reaction (RT-PCR), Morthern blots, in
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situ hybridization (see, e.g., Current Protocols in Molecular Biology {Ausubel
et af., eds. 2001 supplement)), and immmoassays such as
mmmunohistochemical analysis of sectioned material, Western blotting, and for
markers that arc accessible in intact cells, flow cytometry analysis (FACS)
(see, e.g., Harlow and Lane, Using Antibodies: A Laboratory Manual, New

York: Cold Spring Harbor Laboratory Press (1998)).

16199] Exaroples of antibodies usetul for detecting certain protein markers are listed
in Tabie 1A and Table IB. It should be noted that alternate antibodies
directed to the same markers that are recognized by the antibodies listed in
Table 1A and Table IB are available, or can be readily developed. Such
alternate antibodies can also be emploved for assessing expression of markers

in the cells isolated in accordance with the present invention.

[6260] The present invention is further iHustrated, but not limited by, the following

examples,
Example {
Humasn Embryenie Stem Cell Culture

(6261} Stem cells are undifferentiated cells defined by their ability at the single celi
fevel to both self-renew and differentiate to produce progeny cells, including
seif-renewing progenitors, non-rencwing progenitors, and terminally
differentiated cells. Stem cells are also characterized by their ability to
differentiate in visre mto functional cells of various cell ineages from multiple
germ layers {endoderm, mesoderm and ectoderm), as well as to give rise to
tissues of multiple germ layers following transplantation and to contribute

substantially to most, if not all, tissues following injection into blastocysts.

162621 The human embryonic stem cell Hnes HE, H7 and HY were obtained from
WiCell Research Institute, Inc., (Madison, W) and cultured according to
mnstructions provided by the source institute. Briefly, cells were cultured on
mouse embryonic fibroblast (MEF) feeder cells in ES cell mediim consisting
of DMEM/F12 (Invitroger/GIBCO) supplemented with 20% knockout serum

replacement, 100 nM MEM nonessential amine acids, 0.5 mM beta-
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mercaptoethanol, ZmM L-ghutamine with 4ng/mi human basic fibroblast
growth factor (bFGF) (all from Invitrogew/GIBCO). MEF cells, derived from
E13 10 13.5 mouse embryos, were purchased from Charles River. MEF cells
were expanded in DMEM medium supplemented with 10% FBS (Hyclone),
2mM glutamine, and 100 mM MEM nonessential amino acids. Sub-confluent
MEF cell cultures were treated with 10ug/mi rmoitomycin C {Sigma, St Louis,
MO) for 3h to arrest cell division, then trypsinized and plated at 2x10%cm” on
0.1% bovine gelatin-coated dishes. MEF cells from passage two through four
were used as feeder layers, Human embryonic stero cells plated on MEF cell

~
I
i

teeder layers were culiured at 37°C in an atmosphere of 5% CQOy/ within a
hurnidified tissue culture incubator. When contluent {approximately 5-7 days
after plating), human embryonic stem cells were treated with 1mg/mi
collagenase type IV (Invitrogen/GIBCQO) for 5-10 min and then gently scraped
off the surface using a S-mi pipette. Cells were spun at 900 rpm for 5 mwin, and
the pellet was resuspended and re-plated at a 1:3 to 1:4 ratio of cells in fresh

culture medium,

In parallel, H1, H7, and HY human embryonic stem cells were also seeded on
plates coated with a 1:30 ditution of growth factor reduced MATRIGEL™
(B Biosciences) and culiured in MEF-conditioned media supplomented with
& ng/ml bFGF. The cells cultured on MATRIGEL™ were routinely passaged
with collagenase IV (Invitrogen/GIBCO), Dispase {(BD Biosciences) or
Liberase enzyme (Source). Some of the human embryonic stem cell cultures

were incubated under hypoxic conditions {approxirnately 3% On).
Example 2

Derivatien and Culture of Cells Expressing Pluripotency Markers,

Berived from Human Embryenic Stem Cells

Cells from the human embryonic stem celf lines HI and H® varicus passages
{Passage 30-54) were cultured under hypoxic conditions (approximately 3%
Oy) for at least three passages. The cells were cultured in MEF-CM
supplemented with & ng/ml of bFGF and plated on MATRIGEL coated plates

according to Example 1.
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2051 Cells were then treated with DMEM/F12 medium suppiemented with 0.5%
FBS, 20 ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systems, MN), and
100 ng/mi Activin-A (R&D Systerns, MN) for two days followed by treatraent
with DMEM/F12 media supplemented with 2% FBS and 100 ng/m! Activin-A
(AA) for an additional 3 to 4 days. This protocol resulted in significant

upregulation of defimitive endoderm markers.

16206] The cells were then treated with TrypLE ™ Express solution {Invitrogen, CA)
for 5§ mins. Released cells were resuspended in DMEM-FI12 + 2% FBS
medium, recovered by centrifugation, and counted using a hemocytometer.
The released cells were seeded at 1000-10.000 cells/cm?® on tissue culture
polystyrene (TCPS) treated flasks and cultured 1o DMEM-FI12 + 2% FBS +
100 ng/md activin-A + 20 ng/md WNT-3A under hypoxic conditions
{approximately 3% 0O,) at 37 °C in standard tissue culture incubator. The
TCPS flaks were not coated with MATRIGEL or other extarcellular matrix
proteins. The media was changed daily. In some cultures, the media was
further supplemented with 10-30 ng/mi of IGF-T (insulin growth factor-1 from
R&D Systerns, MN} or LX TS (Insulin, transferriv, and selenium from
Invitrogen, Ca). In some of the culture conditions the basal media (DM-F12 +
2% FBY) was further supplemented with 0.1 mM mercaptocthanol (Invitrogen,

CA) and non-essential amine acids (12X, NEAA from Invitrogen, CA).

162487} Following § to 15 days of culturing, distinct cell colonies appeared surrounded

by a large number of cnlarged cells that appear to be in senescence. At

to TrypLE™ Express sohition for § muns at room temperature. The released
cells were resuspended in DMEM-F12 + 2% FBS medium, recovered by
centrifugation, and seeded at 10,000 cells/cm’ on tissue culture polystyrene
{(TCPS) treated flasks in DMEM-FI12 + 2%FBS + 100 ng/ml activin-A + 20
ng/rol WNT-3A +/- 50 ng/rol of IGF-1. This media will be further referred to

as the “growth media”.
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Example 3A

Derivation of Cells Expressing Pluripetency Markers from 8 Single Cell

Suspension of Human Embryenic Stem Cells

(8208} Cells from the human embryonic stem cell Hines H1 P33 and HY P45 were
cultured under hypoxic conditions (approximately 3% O;) for at least three
passages. The cells were cultured in MEF-CM supplemented with 8 ng/mi of
bFGF and plated on MATRIGEL coated plates according to Example 1. At
approxirately 60% confluency, the cultures were exposed to TrypLE™
Express sohution (Invitrogen, CA) for 5 minutes. Released cells were
resuspended in DMEM-F12 + 2% FBS medium, recovered by centrifugation,
and counted using a hemocytometer. The released cells were seeded at 1000
to 10,000 cells/om” on tissue culture polystyrene (TCPS) treated flasks and
cultured in DM-F12 + 2% FBS + 100 ng/ml activin-A + 20 ng/ml WNT-3A +
50 ng/rol of IGF-1 + 0.1 mM mercaptoethanol (Invitrogen, CA) and non-
essential amino acids (1X, NEAA from Invitrogen, CA) under hypoxic

~
I
i

conditions (approximately 3% Og) at 37 °C i standard fissue culture
incubator, The TCPS flasks were not coated with MATRIGEL or other
extarcellufar matrix proteins. The media was changed daily. The first passage

celis are referred 1o as PI.
Example 3B

Varisus Growth Media Useful for Expansion of Cells Expressing

Pluripotency Markers Derived from Homas Embryenic Stem Cells

6209} Cells expressing pluripotency markers derived from haman embryonic stem
cells have been successtully culiured in the following roedia compositions for

at feast 2-3{ passages:
1. DM-F12+2% FBS + 100 ng/ml AA + 20 ng/ml WNT-3A

2. DM-F12 + 2% FBS + 100 ng/m! AA + 20 ng/ml WNT-3A + 50 ng/ml
IGF-I
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3. DM-FI12Z+2% FBS + 100 ng/mi AA + 20 ng/mi WNT-3A + 10 ng/ml
IGF-I

4. DM-F12+ 2% FBS + 50 ng/ml AA + 20 ng/mi WNT-3A + 50 ng/mi
IGF-1

(¥4

DM-F12 + 2% FBS + 50 ng/ml AA + 10 ag/ml WNT-3A + 50 ng/ml
IGF-I

6. DM-F12 + 2% FBS + 50 ng/ml AA + 20 ng/mi WNT-3A + 10 ng/ml
IGF-I

~3

DM-F12 + 2% FBS + 100 ng/mi AA + 10 ng/ml WNT-3A + 10 ng/ml
IGF-I

8. HEScGRO defined media (Chemicon, CA)

16210] The basal component of the above listed media may be replaced with similar

mmedia such as, RPMIL, DMEM, CRML, Knockout ™DMEM, and F12.
Example 4

Effects of Inhibitors of GSK-3[ Enzyme Activity on the Viability of Cells

Expressing Pluripotency Markers

16211} Derivation and maintenance of cells expressing pluripotency makers was
conducted as has been described in Example 2. Cells were grown in
DMEM:F12 supplemented with 2% FCS (Invitrogen), 100 ng/ml Activin A,
20 ng/md Wat-3a, and 50 ng/md IGF(R&D Biosysterns). Celis were seeded at
a density of 10,000 cefls/cm’ on Falcon polystyrene flasks and grown in
monolayer culture at 37°C, 5% CO,, low oxygen. Afler reaching 60-70%
confluence, cells were passed by washing the monolayer with PBS and
incubating with TrypLE (Invitrogen) for 3-5 minutes to allow detachment and

single cell dispersal,

6212} Screening was conducted osing test compounds from a proprictary library of
small molecules selected for thewr ability to 1uhibit GSK-3B enzyroe activity.

Corapounds from this library were made available as ImM stocks, in a 96-well
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plate format in 50mM HEPES, 30% DMSO. For assay, cells expressing
pluripotency markers were washed, counted, and plated in normal culture
medium at a seeding density of 20,000 cells per well in 96-well clear-bottom,
dark-well plates {Costar). This seeding density was previously determined {0
yield optimal monolayer formation in overnight culture. On the following
day, cultare medium was removed, cell monolayers were rinsed three times
with PBS, and test cornpounds were added to the wells 1o 20ul aliquots, cach
diluted into assay medinim at a final assay concentration of 10uM. On day 2
of the assay, medium was removed from each well and replaced with a fresh
aliguot of test compounds diluted into assay medium. Assay mediom on days
1 and 2 of culture consisted of DMEM:F12 supplemented with 0.5% FCS and
100ng/ml Activin A. On days 3 and 4 of culture, medium was removed from
each well and replaced with DMEM:F12 supplemented with 2% FCS and
100ng/ml Activin A (no test compound). On day 4 of assay, 15ul of MTS
(Promega) was added to cach well and plates were incubated at 37°C for 1.5 to
4 hours prior to reading optical density at 490 nm on a SpectraMax (Molecular
Devices) instrument. Statistical measures consisting of mean, standard
deviation, and coefficient of variation were calculated for cach duplicate set.
Toxicity was calculated for cach test well relative to a positive control (wells

treated with Activin A and Wnt3a on days 1 and 2 of culture).

8213} Table H is a compilation of all screening results. Cells expressing
pluripotency markers were plated initially as a confluent monolayer in this
assay; hence, the results are representative of a toxicity measure over the four-
day culture period. Results are expressed as percentage viability of control,
and demonstrate variable toxicity for some compounds at the 10uM screening
concentration used. A larger proportion of the compounds have roinimal or no

measurable toxicity in this cell-based assay.

16214} A small panel of select compounds was repeat tested over a narrow dose
titration range, again using celis expressing pluripotency markers in a similar
assay as described above. Table TH s a summary of these results,
demonstrating variable dose titration effects for a range of toxic and non-toxic

compounds.
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Example 8

Effects of Inhibitors of GSK-3p Enzyme Activity on the Differentiation
and Proliferation of Human Embryonie Stemm Cells Determined using a

High Content Screening Assay

168215} Maintenance of human embryonic stem cells (HY hine) was conducted as
described in Example 1. Colonies of cells were maintained in an
undifferentiated, pluripotent state with passage on average every four days.
Passage was performed by exposing ccll cultures to a8 solution of collagenase
{1 mg/mi; Sigma-Aldrich) for 10 to 30 minutes at 37°C followed by gentle
scraping with a pipette tip to recover cell chusters. Clusters were allowed to
sediment by gravity, followed by washing to remove residual collagenase.
Cell clusters were split at a 1:3 ratio for routine maintenance culture ora 114
ratio for immediate assay. The human embryonic stem coll lines used were
maintained at passage nurnbers less than passage 50 and routinely evaluated

for normal karyotypic phenotype and absence of mycoplasma contamination.

6216} Cell chusters used in the assay were evenly resuspended 1o normal culture
medium and plated onto MATRIGEL-coated 96-well Packard VIEWPLATES
{(PerkinElmer) 1n volumes of 100ul/well. MEF conditioned medium
supplemented with 8ng/ml bFGF was used for initial plating and recovery.
Daily feeding was conducted by aspirating spent culture medium from cach
well and replacing with an equal volume of fresh medium. Plates were
maintained at 37°C, 5% CO; in a humidified box throughout the duration of

2554y,

(6287} Screening was conducted using test compounds from a proprictary library of
simall molecules selected for their ability to mnhibit GSK-3B enzyme activity.
Corapounds from this library were made available as TraM stocks, in a 96-well
plate format in 50raM HEPES, 30% DMSO. Screening compounds were
tested in triplicate or duplicate sets. Primary screening assays were initiated
by aspirating culture mediom from each well followed by three washes in PBS
to remove residual growth factors and scrum. Test volumes of 30 1o 100ul per

well were added back containing DMEM:F12 base medium (Tovitrogen)
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supplemented with $.5% FCS (HyClone) and 1{0ng/ml activin A (R&D
Biosystems) plus 10uM test compound. Positive control wells contained the
same base medium, substituting 10-20ng/m! Wntda (R&D Biosystems) tor the
iest compound. Negative conirol wells contained base medium with 8.5%
FCS and activin A alone {(AA only) or alternatively, 0.5% FCS without activin
A or Wnt3a (no treatment). Wells were aspirated and fed again with identical
solutions on day 2 of assay. On days 3 and 4, all assay wells were aspirated
and converted to DMEM:F12 supplemented with 2% FCS and 100ng/ml
activin A {without test cormapound or Wnt3a); parallel negative control wells
were maintained in DMEM:F12 base medium with 2% FCS and activin A

{AA only) or alternatively, 2% FCUS without activin A (no treatment).

At the end of culture, cells in 96-well plates were fixed with 4%
paraformaldehyde at room temperature for 20 minutes, washed three times
with PBS, and then permeabilized with .5% Triton X-100 for 20 minutes at
room temperature. Alternatively, cells were fixed with ice cold 7% cthanol
overnight at -20°C, washed three times with PBS, and then permeabilized with
Triton X-100 for 5 minutes at 4°C. After fixing and permeabilizing, cells were
washed again three tumes with PBS and then blocked with 4% chicken serum
(Invitrogen) in PBS for 30 minutes at room teraperature, Primary antibodies
{(goat anti-human Sox17 and goat anti-human HNF-3beta; R&D Systems)
were difuted 1:100 in 49 chicken serum and added to celis for one hour at
room termperature. Alexa Fluor 488 conjugated secondary antibody (chicken
anti-goat 1g(G; Molecular Probes) was diluted 1:200 in PBS and added after
washing the cells three tirnes with PBS. To connterstain nuclet, 5 mM Dragh
(Alexis Biochemicals) was added for five minutes at room temperature. Cells

were washed once with PBS and left in 100 ml/well PBS for imaging.

Cells were imaged using an IN Cell Analyzer 1000 (GE Healthcare) utilizing
the 5100&8bs dichroic for cells stained with DraqS and Alexa Fluor 48K,
Exposure tiraes were optirnized using a positive control wells and wells with
secondary only for untreated negative controls. Twelve fields per well were
obtained to compensate for any cell loss during the treatment and staining

procedures. Total cell numbers and total cell intensity for Sox-17 and HNF-
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3beta were measured using the IN Cell Developer Toolbox 1.6 (GE
Healthcare) software. Segmentation for the nuclet was determined based on
grey-scale lovels (baseline range 100-300) and nuclear size. Averages and
standard deviations were calculated for replicates. Total protein expression
was reported as total intensity or integrated intensity, defined as total
fluorescence of the cell times area of the cell. Background was eliminated
based on acceptance criteria of grey-scale ranges between 300 to 3000 and
form factors greater than or equal to 8.4, Total intensity data were pormalized
by dividing the total intensities for cach well by the average total intensity for
the Wot3a/Activin A positive control. Normalized data was caleulated for

averages and standard deviation for each replicate set.

16228} Table IV is a representative sununary of all screcning results, Table Visa
list of hits from this screening. Strong hits are defined as greater than or equal
t0 120% of control vahues; moderate hits are defined as falling within the
interval of 60-120% of controf values. A significant number of compounds
induce both a proliferative response in this assay. In parallel, a significant
number of compounds induce differentiation in this assay, as measured by the

protein expression of Sox17 and Haf-3b transcription factors,
Example 6

Effects of Inhibitors of GSK-3p Enzyme Activity on the Proliferation of

Human Embryonic Stem Cells Determined using a Plate Reader Assay

8221} Maintenance of human embryonic stem cells (H9 or H1 hines) was conducted
as described in Example 1. Colonies of cells were maintained inan
undifferentiated, pluripotent state with passage on average every four days.
Passage was performed by exposing cell cultures to a sohution of collagenase
(1 mg/ml; Sigma-Aldrich) for 10 to 30 minutes at 37°C followed by gentle
scraping with a pipette tip to recover cell chusters. Clusters were allowed to
sediment and washed to remove residoal collagenase. Cell clusters were split
at a ratio of 1:3 monolayer area for routine culture or a 111 ratio for tmmediate

assay. The buman embryonis stem coll lines used for these examples were
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maintained at passage numbers less than 50 and routinely evaluated for normal

karvotypic phenotype as well as absence of mycoplasm contamination.
YPICT A 3

Cell clusters used in assay were evenly vesuspended in normal calture mediam
and plated into MATRIGEL-coated 96-well Packard VIEWPLATES
{PerkinFlmer) in volumes of 100ul/well. MEF conditioned medium
supplemented with Sng/rol bFGF) was used for inutial plating and recovery.
Daily feeding was conducted by aspirating spent culture medium from cach
well and replacing with an equal volume of fresh medium. Plates were
maintained at 37°C in a humidified box, 5% CO, throughout the duration of

assay.

Primary screening assays were initiated by aspirating culture mediom from
cach well followed by three washes in PBS to remove residual growth factors
and serum. Test volames of 80-100ul per well were added back containing
DMEM:F12 base medium (Invitrogen) supplemented with .5% FCS
(HyClone) and 100ng/m] activin A (R&D Biosystems) and 10uM test
compound. Positive control wells contained the same medium substituting 10~
20ng/m] Wnt3a (R&D Biosystems). Negative control wells contained base
redium with 8.5% FCS without activin A or Wut3a. Screening corapounds
were tested in triplicate. Wells were aspirated and fed again with identical
solutions on day 2 of the assay. On days 3 and 4, all assay wells were
aspirated and converted to DMEM:F12 supplemented with 2% FCS and
100ng/ml activin A with the exception of negative control wells which were

maintained in DMEM:F12 base medium with 2% FCS.

On day 4 of assay, 15-20ul of MTS (Promega) was added to cach well and
plates were incubated at 37°C for 1.5 t0 4 hours. Densitometric readings at
QD490 were determined using a Molecular Devices spectrophotometer plate
reader. Average readings for rephicate sets were calculated along with
standard deviation and coctficient of variation. Experimental wells were
compared to the Activin A/Wnt3a positive control to calculate a percent

control value as a measure of proliferation.
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{2251 Table VI is a representative summary of all screening results. Table Vil s a
list of hits from this sereening. Strong hits are defined as greater than or equal
to 120% of control values; moderate hits are defined as falling within the
interval of 60-120% ot control values. A significant number of compounds

induce a proliferative response in this assay.
Example 7

Effects of GSK-3P Enzyme Inhibitors on the Differentiation and
Proliferation of Human Embryeanic Stem Cells: Dose Titration of Lead

Compeounds

(6226} It was tmportant to confirm the activity of hits identified from primary
screening and further analyze the range of activity by dose titration. New
samples of a selective subset of primary screcning hits were obtained as dry
powders, solubilized to make fresh stock reagents, and diluted into secondary

confirmation assays to evaluate etfects on haman embryonic stem cells.

182271 Culture of two human embryounic stern cells (H1 and H9) was conducted as
described in Example 1. Colonies of cells were maintained in an
undifferentiated, pluripotent state on Matrigel' ™ (Invitrogen -coated
polystyrene plastic, using a 1:30 dilution of Matrige!™ in DMEM:F12 to coat
the surface. Cells were split by enzymatic passage cvery four days on average.
Passage was performed by exposing cell monolayers to a solution of
collagenase (1 mg/ml; Sigma-Aldrich) for 10 to 60 minutes at 37°C followed
by gentle scraping with a pipette tip to recover cell clusters. Clusters were
allowed to sediment by gravity, then washed to remove residual collagenase.
Cell clusters were split at a 1:3 ratio for maintenance culture ora 1:1 ratio for
subsequent assay. The human embryonic stem cell ines were maintained at
less than passage 50 and routinely evaluated for normal karyotypic phenotype

and absence of mycoplasma contamination.

18228} Preparation of cells for assay: Cell chusters of the H1 or HY human embryonic
stem cell lines used in the assay were evenly resuspended in culbure medium

and plated onto Matrigel V-coated 96-well Packard VIEWPLATES
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(PerkinElmer) in volumes of 100ul/well, MEF conditioned medium
supplemented with 2ng/ml bFGF was used for tutial plating and expansion.
Daily feeding was conducted by aspirating spent cultare medium from each
well and replacing with an equal volume of fresh medinum, Cultures were
altowed to expand one to three days afier plating prior to initiating assay.
Plates were maintained at 37°C, 5% CO; in 2 humidified box for the duration

of assay.

[6229] Freparation of compounds and assay medinm: A subset of hits resulting from
primary screcning was used for follow-up study and subsequent secondary
assays. Twenty compounds available as dry powders were solubilized as
10mM stocks in DMSO and stored dessicated at -20°C antil use. Immediately
prior to assay, compound stocks were dituted 11000 to make 10uM test
comapound in DMEM:F12 base mediurn (Invitrogen) supplemented with 0.5%
FCS (HyClone) and 100ng/mi Activin A (R&D Biosystems). This was further
diluted two-fold in series to make a seven point difation curve for each
compound, also in DMEM:FI2 base medium with 0.5% FCS and 100ng/ml

Activin A.

16230] Secondary screening assay: Assay was initiated by aspirating culture medium
from cell monolayers in cach well followed by three washes in PBS to remove
residual growth factors and serum. Test volumes of 100wl per well were
added back containing medium with 0.5% FCS and different concentrations of
inhibitor compounds with 100ng/ml Activin A, without Wnt3a. Positive
control wells contained the same base medium with 8.5% FCS and with
20ng/vol Wntda (R&D Biosystems) in the absence of test compound.

Negative control wells contained the same base medium with §.5% FCS, in
the absence of Activin A, Wnt3a, or test compound. Assay wells were
aspirated and fed again with identical concentrations of test compound or
control solutions on day 2 of assay. On days 3 and 4, all assay wells were
aspirated and fed with DMEM:F12 supplemented with 2% FCS and 100ng/mi
Activin A in the absence of both test compound or Wnt3a. Paralle] negative
control wells were maintained on days 3 and 4 in DMEM:F 12 base raedium

with 2% FCS.
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Assay evaluation: At the end of culture, cells in 96-well plates were washed
twice with PBS then fixed with 4% paraformaldehyde at room temperature for
20 rotmutes, washed three times rore with PBS, and then permeabilized with
0.5% Triton X-100 for 20 minutes at room tomperature.  After fixing and
permeabilizing, cells were washed again three times with PBS and then
blocked with 4% chicken serum (Tnvitrogen) in PBS for 30 minutes at room
teraperature. Primary antibodies (goat anti-human Sox17; R&D Systems)
were diluted 1:100 in 4% chicken serum and added to the cells for one hour at
room temperature. Alexa Floor 488 conjugated secondary antibody (chicken
anti-goat 1gG; Molecular Probes) was diluted 1:200 in PBS and added to cach
well after washing the celis three times with PBS. To counterstain nuclet,
Zug/ml Hoechst 33342 (Invitrogen) was added for ten minutes at room
temperature. Cells were washed once with PBS and left in 100 ul/well PBRS

for imaging.

Cells were imaged using an IN Cell Analyzer 1000 {GE Healthcare) utilizing
the 51008bs dichroic for cells stained with Hoechst 33342 and Alexa Fluor
483, Exposure times were optimized using positive control wells and wells
stained with secondary antibody alone as an untreated negative control.
froages from 15 fields per well were acquired to corapensate for any cell loss
during the treatment and staining procedures. Measurements for total cell
number and total Sox-17 mtensity were obtained for each well using IN Cel
Developer Toolbox 1.7 (GE Healtheare) software. Segmentation for the
nuclei was determined based on grey-seale levels {(baseline range 100-300)
and nuclear size. Averages and standard doviations were calculated for cach
replicate data set. Total Sox17 protein expression was reported as total
intensity or futegrated intensity, defined as total fluorescence of the cell times
area of the cell. Background was climinated based on acceptance criteria of
grey-scale ranges between 300 to 3000 and form factors greater than or equal
to (1.4, Total intensity data were normalized by dividing the total intensities
tor cach well by the average total indensity for the Waot3a/Activin A positive
control. Normalized data were calculated for averages and standard deviations

for each rephcate set.
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Resulis

Results are shown for eight GSK-3B enzyme inhibitors where activity was
confirmed and potency was determined by titration iu this secondary assay.
Data presented show compound effects on cell nsumber and Sox17 intensity
where respective data points were averaged from a duplicate set and mined for
cach parameter from identical fields and wells. To this example, Sox17
expression is indicative of definitive endoderm differentiation. Results for cell
nurmber and Sox17 intensity, respectively, using the HI human embryonic
stem cell line are shown in Tables VI and IX. Results for the H9 human
embryonic stem cell line are shown in Tables X and X1, Posttive control
values were normalized to 1000 for cell number and Sox17 mtensity.
Negative control values were less-than G.388 for cell number and less-than
0.065 for Sox17 intensity with both cell lines. A graphic portrayal of these
data, comparing both human embryonic stern cell Hines and including a dose
titration of cach compound, is provided in Figures 1 to 8. Cell number is
presented in panel A; Sox 17 intensity is shown in papel B. These data
confirm that each compound can promote hES cell proliferation and definitive

endoderm differentiation and wdentify an optimal range of activity.
Example 8

Effects of GSK-30 Enzyme Inhibitors on the Expression of Additional

Markers Associated with Definitive Endoderm

It was important to demoustrate that lead compounds could also induce other
markers indicative of definitive endoderm differentiation, in addition 1o the
transcription factor Sox17. A select subset of hits was tested for their ability
to promote expression of CXCRA4, a surface receptor protein, and HNF-3 beta,

a franscription factor also associated with definitive endoderra differentiation.

Preparaiion of cells for assay: Cell clusters from the H buman embryonis
stem cell line used in the assay were evenly resuspended in culture medium
and plated onto MATRIGEL ™. coated (1:30 dilution) 6-well plates {Corning)
in volumes of 2 ml/well. MEF conditioned medium supplemented with

8Sng/ml bFGF was used for initial plating and expansion. Daily feeding was
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10238

conducted by aspirating spent culture medium from cach well and replacing
with an equal voltume of fresh medinm. Cultures were allowed to expand one
to three days after plating prior to inttiating assay. Plates were maintained at

37°C, 5% CO, for the duration of assay,

Preparation of compounds and assay medium: A subset of seven hiis
resulting from primary screening was used for follow-up study and subsequent
secondary assays. Neat corapounds were solubilized as 10mM stocks in
DMSO and stored dessicated at -20°C until use. Immediately prior to assay,
compound stocks were diluted to a final concentration ranging between 1uM
and 5puM in DMEM:F 12 base medium (Tovitrogen) supplernented with 8.5%
FCS (HyClone) and 100ng/ml Activin A (R&D Biosystems).

Assav: The assay was initiated by aspirating culture medium from cell
ronolayers 1o cach well followed by three washes in PBS to remove residual
growth factors and serunt. Test volumes of 2mi per well were added back
containing medium with ¢.5% FCS and different concentrations of inhibitor
compounds with 100ng/ml Activin A, without Wnt3a. Positive control wells
contained the same base medium and 0.5% FCS with 1ng/ml Activin A and
20ng/ml Wnt3a (R&D Biosystems) in the absence of test compound.
Negative control wells contained base medium with .5% FCS, in the absence
of Activin A, Wnt3a, or test comapound. Assay wells were aspirated and fed
again with identical concentrations of test compound or control solutions on
day 2 of assay. On days 3 and 4, all assay wells were aspirated and fed with
DMEM:F12 supplemented with 2% FCS and 180ng/ml Activin A in the
absence of both test corapound or Wut3a. Parallel negative coutrol wells were

maintained on days 3 and 4 in DMEM:F12 base medivm with 2% FCS.

Assav evaiuation: At the end of cuitare, cell monolayers were washed with
PBS and harvested from colture plates by incubating 5 minutes with
TrypLE™ Express solution (Invitrogen, CA). Cells were resuspended in MEF
conditioned medium and split into two equal samples. One set of samples was
further stained with various fluorescent labeled antibodies and subjected to
tlow cytometric (FACS) analysis. A second parallel set of samples was

subjected to quantitative PCR,
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(8239}  Cells for FACS analysis were washed into PBS and blocked for 15 minuies at
4°C in 0. 125% hunan garoma-globulin (Sigma catt G-4386) diluted in PBS
and BD FACS staining buffer. Aliquots of cells (approximately 10° cells
each) were stained for 30 minutes at 4°C with antibodies directly conjugated to
a fluorescent tag and having specificity for CD9 PE (BD#555372), CD99 PE
{(CaltagMHCDO004), or CXCR-4 APC (R&D Systems cat# FAB173A).
After a series of washes in BD FACS staining buffer, cells were stained with
7-AAD (BD# 559925) to assess viability and analyzed on 3 BD FACS Array
mstrument (BD Biosciences), collecting at least 10,000 cvents. Mouse TgGik
isotype control antibodies for both PE and APC were used to gate percent

positive cells.

16246]  Cells for quantitative PCR were processed for RNA extraction, purification,
and cDNA synthesis. RNA samples were purified by binding to a silica-gel
raembrane (Rneasy Mini Kit, Qiagen, CA) 1o the presence of an cthanol-
containing, high-salt buffer followed by washing to remove contaminants.
The RNA was further purified using a TURBO DNA-free kit (Ambion, Inc.},
and high-quality RNA was eluted in water, Yield and purity were assessed by
A260 and A2R0 readings on a spectrophotometer. ¢DNA copies were made
from purified RNA using an Applied Biosystems, Inc. (ABIL, CA) high

capacity cBNA archive kit.

13241}  Unless otherwise stated, all reagents for real-time PCR amplification and
quantitation were purchased from ABI. Real-tirne PCR reactions were
performed using the ABI PRISM 7900 Sequence Detection System.
TAQMAN UNIVERSAL PCR MASTER MIX {ABI, CA) was used with 20
ng of reverse transcribed RNA in 3 total reaction volume of 20 ul. Each
cDNA sample was run in duplicate to correct for pipetting errors. Primers and
FAM-labeled TAQMAN probes were used at concentrations of 200 nM. The
level of expression for cach target gene was norroalized using a hurman
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) endogenous control
previously developed by ABI. Primer and probe sets are listed as follows:
CXCR4 (Hai0237052), GAPDH (4310884E), HNF3b (Hs(0232764), SOX17
{probe part # 4500235, forward and reverse part # 4304971,
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18242}  After an initial incubation at 50°C for 2 min followed by 85°C for 10 min,
samples were cycled 40 times in two stages, a denaturation step at 95°C for 15
see followed by an anmealing/extension step at 60°C for 1 min. Data analysis
was carricd out using GENEAMP 7000 Sequence Detection System software,
For each primer/probe set, a Ct value was determined as the cycle mamber at
which the flnorescence intensity reached a specific valoe in the middle of the
exponential region of amplification. Relative gene expression levels were
calculated using the comparative Ct method. Briefly, for cach cDNA sample,
the endogenous control Ct value was subtracted from the gene of interest Ct to
give the delta Ct valoe (ACt). The normalized amount of target was calculated
as 2-ACt, assuming amplification to be 10{(% efficiency. Final data were

expressed refative to a calibrator sample.
Results

6243}  Figure 9 displays the FACS analysis of percent positive cells expressing
CXCR4 surface receptor after treatment with various GSK3 inhibitors. Two
concentrations of cach compound, ranging between fuM and 5uM, are shown
relative to an unireated population of cells {negative control) or cells treated
with Activin A and Wnt3 (positive control). Figure 18 panels a, b, and ¢
show real-time PCR data for CXCR4, Sox17, and HNF3beta, which are also
considered to be markers of definitive endoderm. Both FACS and real-time
PCR analysis demonstrate a significant increase in cach of these markers
observed in differentiated cells relative to untreated control cells. Expression
fevels of these definitive endoderm markers were equivalent in some cases to
the positive control, demonstrating that a GSK3 inhibitor can substitute for

Wnt3a at this stage of differentiation.
Example 9

Effects of GSK-3( Enzyme Inhibitors on the Formation of Pancreatic

Endoderm

16244} It was important to demounsirate that treatment with GSK3§ inhibitors during

induction of definitive endoderm did not prevent the subsequent differentiation
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of other cell types, such as pancreatic endoderm, for example. A select subset
of hits was tested for their ability to promote expression of PDX | and HNFS,

key transcription factors associated with pancreatic endoderm.

Maintenance of buman embryonic stem cells (H1 and H9 lines) was conductcx
as described in Example 1. Colonies of cells were maintained in an
undifferentiated, pluripotent state with passage on average every four days.
Passage was performed by exposing cell cultures to a solution of collagenase
{1 mg/mi; Sigma-Aldrich) for 10 to 30 minutes at 37°C, followed by gentle
scraping with a pipette tip to recover cell clusters. Clusters were allowed to
sediment by gravity, followed by washing to remove residual collagenase.
Cell clusters were sphitat a 1:3 ratio for routine maintenance culture ora §:1
ratio for subsequent assay. The human embryonic stem cell lines used were
maintained at less than passage S0 and routinely evahuated for normal

karyotypic phenotype and absence of raycoplasma contaraination.

Cell preparation of assay: Cell clusters of the H1 human embryonis stem cell
fine used in the assay were evenly resuspended in culture medium and plated
onto MATRIGEL ™.coated {1:30 dilution) 24-weli plates (black well; Arctic
White) in vohumes of T m¥/well. MEF conditioned medium supplemented
with Sng/mal bFGF was used for inttial plating and expansion. In a second
experiment, clusters of hES cells from the HY line were plated in 96-well
plates on mouse embryvonic feeder (MEF) layers, previously inactivated by
treating with mitomycin C (Sigma Chemical Co). Culture medium for hES
celis on MEF monolayers consisted of DMEM:F12 with 20 Knockout
Serum Replacer (Invitrogen) supplemented with minimal essential amino
acids (Invitrogen), L-glutamine, and 2-mercaptoethanol. Daily feeding was
conducted by aspirating spent culture roedivm from each well and replacing
with an equal volume of fresh medium. Cultures were allowed to expand one
to three days after plating prior to initiating assay. Plates were maintained at

37°C, 5% CO; for the duration of assay.

Preparaiion of compounds and assay medium: A subsct of eight hits resulting
from primary screening was used for follow-up study and subsequent

secondary assays. Neat compounds were solabilized as 10mM stocks in
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DMSO and stored dessicated at -20°C until use. Immediately prior (o assay,
compound stocks were diluted to a final concentration ranging between 1uM

and SuM in base medium with additives.

Assav: o this assay, GSK3 inhibitors were included only on days 1 and 2 of
the definitive endoderm differentiation step, substituting for Wnt3a.
Embryonic stem coll cultures on MATRIGEL™ were initiated as deseribed in
Examples 7 and 8 above by aspirating culture medium from cell monolayers
in cach well followed by three washes in PBS to remove residual growth
factors and serum. For differentiation to definitive endoderm, test volumes
{00.5 ml per well for 24-well plates, 100 ul per well for 96-well plates) were
added containing DMEM F12 medivm with ) 0.5% FCS and different
concentrations of inhibitor comapounds with 100 ng/mi Activin A, without
Wntla. Positive control wells contained the same base medium with (.5%
FCS and with 100ng/ml Activin A and 20og/ml Wnt3a (R&D Biosystems) in
the absence of test compound. Negative control wells contained the same base
medium with 0.5% FCS, in the absence of Activin A, Wnt3a, or test
compound. Assay wells were aspirated and fed again with identical
concentrations of test compound or control solutions on day 2 of assay. On
days 3 and 4, all assay wells were aspirated and fed with DMEMF12
supplemented with 2% FCS and 100ng/ml Activin A in the absence of both
test compound or Wntda. Parallel negative control wells were maintained on
days 3 and 4 in DMEM:F12 base medium with 2% FCS. For differentiation to
pancreatic endoderm, cells were treated for three days, feeding daily with
DMEM:F12 base mediuom containing 2% FCS with (.25 uyM KAAD
cyclopamine (EMD Biosciences) and 20 ng/mi FGF7 (R&D Biosystems).
Cells were then treated for an additional four days, feeding daily with
DMEM:FI2 containing 1% B27 (Invitrogen) , 0.25 uM KAAD cyclopamine,
2 uM Retinoic Acid (RA; Sigma-Aldrich) and 20 ng/mf FGF7. Paralfel
negative control wells were maintained throughout in DMEM:F12 base
medium with 2% FCS {(stage 2} or 1% B27 (stage 3) and without any other

additives.
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62491 Parallel cultures of HY human embryonic cells were grown on MEF feeder
layvers, and differentiated to pancreatic endoderm. Definttive endoderm
differentiation was achicved by culturing the cells in medinm consisting of
RPMI-1640 (Invitrogen) containing no serum on day 1 and (.2% FCS on days
2 and 3 along with different concentrations of inhibitor compounds and 100
ng/ml Activin A, Positive control wells contained the same base medium
{with or without serum) with 100ng/m! Activin A and 20ng/ml Wnt3a (R&D
Biosystems) in the absence of test compound. Negative control wells
contained the same base medium with or without serum, i the absence of
Activin A, Wni3a, or test corapound. Assay wells were aspirated and fed
again with identical concentrations of test compound or control solutions on
day 2 of assay. On day 3, all assay wells were aspirated and fed with RPMI-
1640 supplemented with 2% FCS and 100ng/ml Activin A in the absence of
both test compound and Wint3a. Parallel negative control wells were
maintained on day 3 in RPMI-1640 base medium with 2% FCS. Cells were
differentiated into pancreatic endoderm by treating the cells for four days,
feeding daily with RPMI-1640 base medium containing 2% FCS with 0.25
mM KAAD cyclopamine (EMD Biosciences) and 50 ng/ml FGF10 (R&D
Biosystems). Subsequently, cells were treated for three days duration, feeding
daily with RPMI-1640 containing 1% B27 (Invitrogen), 8.25 mM KAAD
cyclopamine, 2 mM Retinoic Acid (RA; Sigma-Aldrich) and 50 ng/md FGF10.
Parallel negative control wells were maintained throughout in RPMI-1640
base mediam with 2% FCS (stage 2) or 19 B27 {stage 3) and without any

other adduives.

[6258] Assay evaluation: At the end the differentiation, cells were examined as
described in Example 8 for gene expression by real-time PCR. For high
content fluorescence staining, cells in 96-well plates were washed twice with
PBS then fixed with 4% paratormaldehyde at room temperature for 20
minuies, washed three times more with PBS, and then permeabilized with
.5% Triton X-100 for 20 minutes at room temperature. After fixing and
permeabilizing, cells were washed again three times with PBS and blocked
with 4% chicken seram (Invitrogen) in PBS for 30 miumutes at room

temperature. Primary antibody (goat anti-human Pdx1; Santa Cruz) was
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diluted 1:100 in 4% chicken serum and added to cells for two hours at room
temperature. Alexa Floor 488 conjugated secondary antibody (chicken anti-
goat Ig(G; Molecular Probes) was dituted 1:200 in PBS and added to cach well
after washing the cells three times with PBS. To counterstain nuclet, Zug/ml
Hoechsat 33342 (Invitrogen) was added for ten minuies at room temperature.

Cells were washed once with PBS and loft in 100 ul/well PBS for imaging.

2511 Cells were imaged using an IN Celi Analyzer 1000 {GE Healthcare) utilizing
the 51008bs dichroic for cells stained with Hoechst 33342 and Alexa Floor
48R, Exposure times were optimized using positive control wells and wells
stained with secondary antibody alone. Images from 15 fields per well were
acquired to compensate for any cell loss during the treatmoent and staining
procedures. Measurements for total cell nuroher and total Pdx | intensity were
obtained for each well using N Cell Developer Toolbox 1.7 (GE Healthcare)
software. Segmentation for the nuclet was determined based on grey-scale
levels (baseline range 100-300) and muclear size. Averages and standard
deviations were calculated for cach replicate data set. Total Pdx 1 protein
expression was reported as total intensity or integrated intensity, defined as
total fluorescence of the cell times area of the cell. Background wag
clirninated bhased on acceptance criteria of grey-scale ranges between 300 to
3000, Total intensity data were normalized by dividing the total intensitics for
each well by the average total intensity for the Waila/Activin A positive
control. Normalized data were calenlated for averages and standard deviations

tor cach replicate sct.

8252} Cells for quantitative PCR were lysed in RLT bufter (Qiagen) and then
processed for RNA extraction, purification, and cDNA synthesis. RNA
samples were purified by binding to a silica-gel membrane (Roeasy Mini Kit,
(Qiagen, CA) in the presence of an ethanol-containing, high-salt buffer
followed by washing to remove contaminants. The RNA was further purified
using a TURBO DNA-free kit (Ambion, Inc.), and high-guality RNA was then
eluted in water. Yield and purity were assessed by A260 and A28 readings
on a spectrophotometer. ¢YNA copics were made from purified RNA using

an Applied Biosystems, Inc. (ABI, CA) high capacity ¢cDNA archive kit.
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[0254]

Unless otherwise stated, all reagents for real-time PCR amphlification and
quantitation were purchased from ABIL Real-time PCR reactions were
performaed using the ABI PRISM 7900 Sequence Detection Systen
TAQMAN UNIVERSAL PCR MASTER MIX was used with 20 ng of reverse
transcribed RNA in a total reaction volume of 20 ul. Fach ¢DNA sample was
run in duplicate to correct for pipetting errors. Primers and FAM-labeled
TAQMAN probes were used at concentrations of 200 nM. The level of
expression for each target gene was normalized using a homan
glyceraldechyde-3-phosphate dehydrogenase (GAPDH) endogenous control
previcusly developed by ABL Primer and probe sets are listed as follows:
PEXT (Hs00236330 mi}, GAPDH (4310884E), and HNF6

(Hs004 13554 _ml).

After an utial incubation at 30°C for 2 min followed by 95°C for 10 min,
samples were cycled 40 times in two stages, a denaturation step at 95°C for 15
sec followed by an annealing/extension step at 60°C for 1 min. Data analysis
was carried out using GENEAMPO7000 Sequence Detection System
software. For cach priroer/probe set, a Ct value was determined as the cycle
number at which the fluorescence intensity reached a specific value in the
middle of the expouential region of amplification. Relative gene expression
levels were caleulared using the comparative Ct method. Brietly, for cach
cENA sample, the endogenous control Ct value was subtracted from the gene
of interest Ct to give the delta Ct value (ACt). The normalized amount of
target was calculated as 2-ACt, assuming amplification to be 100% cfficiency.

Final data were expressed relative to a calibrator sarople.
Results

Results are shown for eight GSK-38 enzyme inhibitors. Data presented in
Figure 11 from high content analysis show effects on cell number (panel A)
and Pdx | intensity (panel B) for the H1 BES cell hine, where respective data
points were averaged from a duplicate saraple set and rmoined for cach
parameter from identical fields and wells. Data presented in Figure 12 from
real-time PCR show effects of these small molecule inhibitors on induced

expression of two transcription factors, Pdx! and HNF6. In these examples,
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Pdxl and HNF6 expression are indicative of pancreatic endoderm
differentiation. GSK3p inhibitor compounds in these assays can substitute for
Watda during carly stages of cell lincage comumitment; resulting cells sustain a
capacity to form pancreatic endoderm during later sequential stages of

differentiation.
Example 10

Effects of GSK-3p Enzyme Inhibitors on the Fermation of Pancreatic

Endocrine Cellg

65236} It was important to demonstrate that treatment with GSK3 inhibitors during
induction of definttive endoderm did not prevent the subsequent differentiation
of other cell types, such as pancreatic endocrine cells, or insulin producing
cells, for example. A select subset of hits was tested for their ability (o

promote expression of pancreatic hormones.

18257} Cell prepavation for assay: Pancreatic endoderm cells obtained according to
the methods described in Example % (cultured on 96-wellplates and 24-well
plates) were subsequently subjected to agenis that cause the cells to

differentiate into pancreatic hormone expressing cells,

32538} Assay for caltures of the H1 human embryonic stem cell hine on
MATRIGEL™ was initiated as described in Examples 7 - 9 above by
aspirating culture medium from cell monolayers in each well followed by
three washes in PBS to remove residual growth factors and serum. For
differentiation to definitive endoderm, test volumes (0.5 mi per well for 24-
well plates, 100 ul per well for 96-well plates) were added containing medium
with §.5% FCS and different concentrations of inhibitor compounds with 100
ng/ml Activin A, without Wnt3a. Positive control wells contained the same
base medium and 0.5% FCS with 100ng/m! Activin A and 20ng/md Wot3a
{(R&D Biosystems) in the absence of test compound. Negative control wells
contained the same base medium with 0.5% FCS, n the absence of Activin A,
Wntla, or test compound. Assay wells were aspirated and fed again with

identical concentrations of test compound or control solutions on day 2 of
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259}

assay. On days 3, 4, and 5, all assay wells were aspirated and fed with
DMEM:F12 supplemented with 2% FCS and 180ng/m! Activin A in the
absence of both test compound or Wot3a. Parallel negative control wells were
maintained on days 3, 4, and § in DMEM:F12 base medium with 2% FCS,
For differentiation to pancreatic endoderm, celis were treated for three days,
feeding daily with DMEM:F12 base medium contaiming 2% FCS with 0.25
uM KAAD cyclopamine (EMD Bioscicuces) and 20 ng/md FGF7 (R&D
Biosystems). Cells were sabsequently treated for four days, feeding daily with
DMEM:FI2 containing 1% B27 (Invitrogen) , §.25 uM KAAD cyclopamine,
2 uM Retinoic Acid (RA; Sigma-Aldrich) and 20 ng/mi FGF7. Parallel
negative control wells during stages 2 and 3 weore maintained throughout in
DMEM:F12 base medium with 2% FCS or 1% B27 and without any other
additives. After formation of pancreatic endoderm, cells were treated further
for six days duration, feeding daily with DMEM:F12 base mediurn containing
% B27 with T uM DAPT (gamma secretase inhibitor: EMD Biosciences) and
50 ng/rol Exendin 4 (Sigma-Aldrich). Cells were then treated for another three
days duration, feeding daily with DMEM:F12 base medium containing 1%
B27, 50 ng/mi Exendin 4, 50 ng/ml IGF (R&D Biosystems) and 50 ng/mi
HGF (R&D Biosystoms). Parallel negative control wells were maintained
throughout in DMEM:F12 base medium with 1% B27 and without any other

additives.

Assav evaiuation: Atthe end of cultare, cells were treated as in Examples 7

and 8 above for evaluation by high content analysis or real-time PCR.

For high content fluorescence staining, cells in 96-well plates were washed
twice with PBS then fixed with 4% paraformaldehyde at room temperature for
2( minutes, washed three times more with PBS, and then permeabilized with
0.5% Triton X-100 for 20 minutes at room temperature. After fixing and
permeabilizing, cells were washed again three times with PBS and blocked
with 4% chicken serum (Invitrogen) in PBS for 30 minutes at room
temperature. Primary antibody (guinea pig anti-swine insulin, cross-reactive
with human insoling DakoCytomation) was diloted 1:500 in 4% goat serum

and added to cells for one hour at room temperature. Cells were washed three
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times with PBS and then stained with Alexa Fluor 488 conjugated secondary
antibody (goat anti-guinea pig [gG; Molecuolar Probes) diluted 1:100 10 4%
goat serum, To counterstain nuclel, 2pg/ml Hoechst 33342 (Invitrogen) was
added for ten minutes at room temperatare. Cells were washed once with PBS

and left in 100 ul/well PBS for imaging.

18261} Cells were imaged using an IN Cell Analyzer 1000 {GE Healthcare) utilizing
the 51008bs dichroic for cells stained with Hoechst 33342 and Alexa Fluor
48K, Exposure times were optimized using positive control wells and wells
stained with secondary antibody alone. Troages from 15 fields per well were
acquired to compensate for any cell loss during the treatment and staining
procedures. Measurements for total cell nursber and total insulin intensity
were obtained for each well using IN Cell Developer Toolbox 1.7 (GE
Healthcare) software. Scgmentation for the nuclei was determined based on
grey-scale levels (baseline range 100-300) and nuclear size. Averages and
standard deviations were calculated for cach replicate data set. Total insulin
protein expression was reporied as total intensity or infegrated intensity,
defined as fotal flucrescence of the cell times arca of the cell. Background
was eliminated based on acceptance criteria of grey-scale ranges between 300
t0 3000. Total intensity data were normalized by dividing the total intensitics
for cach well by the average total intensity for the Wnt3a/Activin A positive
control. Normalized data were calculated for averages and standard deviations

tor each triplicate set.

8262} Cells for quantitative PCR were lysed in RLT buffer (Qiagen) and then
processed for RNA extraction, purification, and ¢cDNA synthesis. RNA
samples were purified by binding to a silica-gel membrane (Roeasy Mini Kit,
Giagen, CA} in the presence of an ethanol-containing, high-salt butter
followed by washing to remove contaminanis. The RNA was further purified
using a TURBO DNA-free kit {Ambion, INC), and high-quality RNA was
cluted in water. Yield and purity were assessed by AZ60 and A280 readings
on a spectrophotometer. ¢DYNA copics were made from purified RNA using

an Applied Biosystems, Tnc. (ABL CA) high capacity ¢cDNA archive kit
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18263} Unless otherwise stated, all reagents for real-time PCR amplification and
quantitation were purchased from ABIL Real-time PCR reactions were
performed using the ABI PRISM® 7900 Sequence Detection System.
TAQMAN® UNIVERSAL PCR MASTER MIX® {ABI, CA) was used with
20 ng of reverse transcribed RNA in a total reaction volume of 20 ul. Fach
cDNA sample was run in duplicate 1o correct for pipetting errors. Primers and
FAM-labeled TAQMAN®probes were used at concentrations of 200 oM. The
level of expression for cach target gene was normalized vsing a human
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) endogenous control
previcusly developed by ABL Primer and probe sets are listed as follows:

PDX1 (Hs00236830 m1), Insulin (Hs00355773), and GAPDH (4310384E).

16264} After an initial incubation at 54°C for 2 min followed by 95°C for 10 min,
samples were cycled 40 times 1o two stages, a denaturation step at 95°C for 15
sec followed by an annealing/extension step at 60°C for 1 min. Data analysis
was carried out using GENEAMP®7000 Sequence Detection Systern
software. For cach primer/probe set, a C; value was determined as the cycle
aumber at which the fluorescence intensity reached a specific value in the
middle of the exponential region of amplification. Relative gene expression
levels were calculated using the comparative C; method. Briefly, for cach
cDNA sample, the endogenocus control C, value was subtracted from the gene
of interest C, to give the delta G value (AC). The normalized amount of target
was calculated as 27, assuming amplification to be 100% officicncy. Final

data were expressed relative to a calibrator sample.
Resulis

[6265] Results are shown for eight GSK-3B enzyme inhibitors. Data presented in
Figure 13 from high content analysis show compound etfects on cell number
{panel A) and insulin intensity (panel B) for the H1 hES cell line where
respective data points were averaged from a triplicate set and mined for each
parameter from ideuntical ficlds and wells. Data presented in Figure 14 from
real-time PCR show compound effects for Pdx! and insulin. In these

examples, Pdx1 and insulin expression are indicative of pancreatic endoderm
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differentiation and generation of hormonal positive cells. Sclective GSK3P
jnhibitor compounds in these assays can substitute for Wnt3a during early
stages of cell lingage commitment and can induce and sustain pancreatic beta
cell formation during later sequential stages of differentiation, as evident from

both sulin irununostaining and real-time PCR.

Example 11

Additive Effects of GSK-35 Enzyme Inhibitors on the Formation of Pancreatic

10266]

10267

10268

Endocrine Cells

It was tmportant to demonstrate that treatment with GSK3P inhibitors could
improve pancreatic beta cell differentiation if added during multiple phases of
cell fate commitment. A select subset of hits was tested by sequential timed
addition to enhance fusulin expression associated with pancreatic hormonal

positive cells.

FPreparation of cells for assay: Cell preparation for assay: Pancreatic
endoderm cells obtained according to the methods described in Example 9
and 18 {cultured on 96-wellplates) were subsequently subjected to agents that

cause the cells to differentiate into pancreatic hormone expressing cells,

Assay for cultures of the HI human erobryonic stem cell line on
MATRIGEL™ was initiated as described in Examples 7 - 9 above by
aspirating culture medium from cell monolayers in each well followed by
three washes in PBS to remove residual growth factors and serum. For
differcutiation to definitive endoderm, test volumes (100 ul per well for 96-
well plates) were added containing roedium with 0.5% FCS and different
concentrations of inhibitor comapounds with 100 ng/mi Activin A, without
Wntla. Positive control wells contained the same base mediim and .5% FCS
with 100ng/mi Activin A and 20ng/ml Wnt3a (R&D Biosystems) in the
absence of test compound. Negative control wells contained the same base
medium with 8.3% FCS, in the absence of Activin A, Wnt3a, or test
compound. Assay wells were aspirated and fed again with identical

concentrations of test compound or control solutions on day 2 of assay. On
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days 3, 4, and 5, all assay wells were aspirated and fed with DMEM:F12
supplemented with 2% FCS and 100ng/ml Activin A in the absence of both
test compound or Wntda. Parallel negative control wells were matntained on
days 3, 4, and 5 in DMEMF12 base medium with 2% FCS. For
differentiation to pancreatic endoderm, cells were treated for three days,
feeding daily with DMEM:F12 base medium containming 2% FCS with .25
uM KAAD cyclopamine (EMD Bioscicuces) and 20 ng/md FGF7 (R&D
Biosystems). Cells were sabsequently treated tor four days, feeding daily with
DMEM:FI2 containing 1% B27 (Invitrogen) , §.25 uM KAAD cyclopamine,
2 uM Retinoic Acid (RA; Sigma-Aldrich) and 20 ng/mi FGF7. Parallel
negative control wells were maintained throughout in DMEMF12 base
medium with 2% FCS or 1% B27 and without any other additives. After
formation of pancreatic endoderm, cells were treated further for six days
duration, feeding alternating days with DMEM:F 12 base medium containing
1% B27 with 1 uM DAPT (gamma secretase inhibitor: EMD Biosciences) and
50 ng/m! Exendin 4 (Sigma-Aldrich) and 1 uM TGFbeta R inhibitor 11
{ALKS inhibitor; EMD Biosciences). During this six day period, GSK3p
inlubitors were added back to respective wells, using the same concentration
as previous treatment at the initiation of differentiation. Celis were then
treated for another three days duration, feeding alternating days with
DMEM:F12 base mediurn containing 1% B27, 50 ng/md Exendiun 4, 50 ng/ml
IGF (R&D Biosysterns) and 50 ng/mol HGF (R&D Biosystems), and 1 uM
TGFbeta RY inhibitor U {ALKS inhibitor; EMD Biosciences). During this
three day period, GSK3 inhibitors were added back to respective wells, using
the same concentrafion as previous treatment at the mitiation of ditferentiation.
Parallel sets of positive controf wells were treated in the presence or absence
of 20mg/mi Wnila. Parallel negative control wells were maintained
throughout tn DMEM:FI2 base medium with 1% B27 and without any other

additives,

[6269] Assay evaluation: Atthe end of colture, cells were treated as in Examples 10

above for evaluation by high content analysis.
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18276] For high content flucrescence staining, cells in 96-well plates were washed
twice with PBS then fixed with 4% paraformaldehyde at room temperature for
20 rotmutes, washed three times rore with PBS, and then permeabilized with
0.5% Triton X-100 for 20 minutes at room tomperature.  After fixing and
permeabilizing, cells were washed again three times with PBS and blocked
with 4% chicken serum (Tuvitrogen) in PBS for 30 minutes at room
teraperature. Primary antibody {guinea pig anti-swine insulin, cross-reactive
with human insulin; DakoCytomation) was dituted 1:500 in 4% goat serum
and added to cells for one hour at room temperature. Cells were washed three
times with PBS and theo stained with Alexa Fluor 488 conjugated secondary
antibody {goat anti-guinea pig [gG; Molecular Probes) diluted 1:100 in 4%
goat serum. To counterstain nuclel, 2ug/mi Hoechst 33342 (Invitrogen) was
added for ten minutes at room ternperature. Cells were washed once with PBS

and left in 100 ul/well PBS for imaging.

6271} Cells were imaged using an IN Cell Analyzer 1000 {GE Healthcare) utilizing
the 51008bs dichroic for cells stained with Hoechst 33342 and Alexa Fluor
483, Exposure times were optimized using positive control wells and wells
stained with secondary antibody alone. Tmages from 15 fields per well were
acquired to compensate for any cell loss during the treatmoent and staining
procedures. Measurements for total cell number and total insulin intensity
were obtained for each well using IN Cell Developer Toolbox 1.7 (GE
Healthcare) software. Segmentation for the nuclet was determined based on
grey-scale lovels (baseline range 100-300) and nuclear size. Averages and
standard deviations were calculated for cach replicate data set. Total insulin
protein expression was reported as total intensity or integrated intensity,
defined as total fluorescence of the cell imes area of the cell. Background
was eliminated based on acceptance criteria of grey-scale ranges between 300
to 3000, Total intensity data were normalized by dividing the total intensities
for each well by the average total intensity for the Wotda/Activin A positive
control. Normalized data were calculated for averages and standard deviations

for cach triplicate set.
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Results

Results are shown for eight GSK-3B enzyme inhibitors. Data presented in
Figure 15 from high content analysis show compound effects on cell number
(pancl A) and insulin intensity (panel B) for the H1 hES cell line, where
respective data points were averaged from a triplicate set and mined for each
parameter from identical fields and wells.  In this example, insulin expression
is indicative of differentiation to hormonal positive pancreatic cells. Selective
GSK3P inhibitor compounds in these assays can substitute for Wut3a during
carly stages of cell lineage commitment and, when added at Iater stages of
differcntiation, appear to promote enhanced insulin expression relative to a

positive control sample.

Publications cited throughout this document are hereby incorporated by
reference n their eutirety. Although the various aspects of the invention have
been illustrated above by reference 1o examples and preferred embodiments, i
will be appreciated that the scope of the invention is defined not by the
foregoing description but by the following claims properly construed under

principles of patent law.
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TABLE [A: LIST OF PRIMARY ANTIBODIES USED FOR FACS AND
IMMUNOSTAINININGANALYSIES.

Antibody

Supplier

Isotype

Clone

SSEA-T

Chemicon {CA)

Mouse igM

MC-4K0

SSEA-3 Chemicon (CA) Mouse 1gG3 MC-631

SSEA-4 Chemicon (CA) Rat g MC-813.7¢
TRA 1-60 Chemicon (CA) Mouse JgM TRA 1-60
TRA 1-81 Chemicon (CA) Mouse IgM TRA 1-81

TRA -85 Chemicon (CA) Mouse igGl TRA 1-85
AP R&D Systems Mouse IgG1l B4-78
HNF3B R&D Systems Goat IgG
Santa Cruz
PDX1 Biotechnology, Goat IgG A-17
INC
GATA4 R&D Systems Goat IgG
Sox 17 R&D Systems Goat IpG
CDo B Mouse g1 M-1.13
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TABLE IB: LIST OF SECONDARY CONJUGATED ANTIBODIES USED FOR FACS
AND IMMUNOSTAINININGANALYSES,

Secendary Conjugated Supplier Dilution
Antibody
Goat Anti-Mouse 1gG APC | Jackson IrnmunoResearch (PA) 1260
conjugated
Goat Anti-Mouse 1gG PE | Jackson lromunoResearch (PA) 1:200
conjugated
Donkey anti~-rabbit PE or — | Jackson ImmunoRescarch (PA) 1:200

APC conjugated

Dionkey anti-goat PE or — | Jackson ImmunoRescarch (PA) 1:200
APC conjugated

Goat anti-mouse IgM PE SouthemBiotech (AL) 1200
Goat anti-Rat 1gM PE SouthermnBiotech (AL) 1:200
Goat anti-mouse IgG3 PE SouthermnBiotech (AL} 1260
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TABLE II: EFFECTS OF INHIBITORS OF GSK-3B ENZYME ACTIVITY
ON THE VIABILITY OF CELLS EXPRESSING PLURIPOTENCY

MARKERS,
Compound # Raw data Average 5.0, % €Y | % Control
{duplicate)

2 0.785  0.7901 0.78% 0.00382 .48 94.0
12 0.148  0.152 ¢ 0.150 0.00247 1.65 4.5

28 0427 04621 0444 0.02496 5.62 46.0
28 0.643 06381 0.641 0.00368 0.57 73.5
i 0.762  0.762 1 0.762 0.00007 0.01 90.4
46 0.850 08241 0837 0.01824 2.18 181.0
52 0.911 0.884: 0.898 0.01881 2.10 109.5
61 0.723 07431 0733 0.01421 1.94 86.4
3 0.161  0.1691 0.165 0.00559 3.39 6.9

13 0.767 07891 0.778 0.01556 2.00 92.6
28 (0.512  0.5551 0.533 0.03048 572 584
28 0.282  0.293: (.2¥8 0.00792 2.75 24.1
37 0764 07231 0743 0.02892 3.89 87.9
47 (.853 08587 0855 0.00382 0.45 1835
83 0.832  0.837 0.R34 0.00361 (.43 160.6
62 0.726 07251 0.7925 0.060042 8.06 85.3
4 0.132  §.137: 0.134 0.00368 2.74 2.6

14 0.797 07931 0.795 0.00346 0.44 951
21 0.776 07871 0782 0.00792 1.01 932
29 0.164 0.1481 0.156 0.61131 7.24 5.6

38 0.475 03831 0429 0.06548 15.26 438
47 0.823  0.774: 0.798 0.03444 431 95.6
54 0.781 0729 0.755 0.03649 4.83 89.5
63 0.143  §.149: 0.146 0.00396 272 4.2

5 0.716 07161 0.716 0.00014 (.02 84.1

14 0.804 0.802! 0.803 0.00148 .18 96.2
22 0.900  0.8771 (.8&8 0.01626 1.83 108.2
38 0.824 0799 Q812 0.01725 2.13 97.4
3% 0.744 08191 0781 0.05261 6.73 93.2
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TABLE II: CONTINUED

Compound # Raw data Average 0. Y% CV % Control
{duplicate)

48 0.952  0.9661 0959 0.00933 0.97 118.1
55 0.952 0919 0935 0.02277 2.43 114.8
64 0.776 07771 0777 0.00042 0.05 02.5
8 0.69]1  0.6171 0.654 $.05254 8.03 754
18 0.162  0.1341 0.148 0.02022 13.66 4.5
9 0.791  0.608! 0.700 .12947 18.50 K18
31 0.153  0.1291 0.141 0.01676 11.87 3.5
46 0.731 05851 0.658 0.10317 15.68 75.9

DMSO 0.78¢ 07001 0744 8.06279 8.44 RR.0
86 0.909  0.6750 4.792 0.16546 20.88 94.7
65 0.164  0.3511 0157 3.00926 5.89 58
) 0.706  0.6721 0.689 0.02404 3.49 83.9
16 0.641 06011 0621 0.0287% 4.63 73.7
23 0.882  {.7481 0.81S $.09504 11.66 102.5
32 0.822  0.802 0.812 0.01400 1.72 1021
41 0777 0.764 0.771 8.00919 1.19 8959

DMSO 0.798 0771 0.785 0.01916 2.44 98.0
57 0.791  0.789 0.790 0.00134 0.17 98.7
66 0.628  0.640 0.634 0.00806 1.27 75.6
7 0.149  0.135 0.142 0.00969 6.81 27
17 0.803  0.782 0.792 $.01492 1.88 9.1
24 0.125  0.129 0.127 $.00318 2.51 0.4
33 0.315  0.542 0.428 0.15995 37.34 452
42 0.820  0.74% 0.784 0.05091 6.49 97.9
48 0.154  0.165 0.160 0.00806 5.05 53
58 0.737  0.730 0.734 0.00481 0.66 90.4
67 0.659  0.647 0.653 0.00813 1.25 78.5
8 0.165  0.154 0.159 0.00785 4.93 5.2
18 0.637  0.554 0.595 0.05876 9.87 69.9
28 0.684 0.588 0.636 0.06809 19.71 76.0
34 0.750  0.624 0.687 .08945 13.02 83.5
43 0.678  0.618 0.648 .04285 6.61 77.8
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TABLE il: CONTINUED
Compound # Raw data Average S0, Y% CV 9% Contrel
{duplicate}

49 0.777  0.667 0.722 0.07757 16.74 §8.7

DMSO 0.799  0.649 0.724 0.10564 14.59 83.0
68 0.648  0.625 (.636 0.01662 2.61 76.0
18 0.601  0.620 8.611 .01308 2.14 72.2
19 0.695  0.702 {3698 0.00552 (.79 85.2
26 0.568  0.709 0.639 0.09956 15.59 76.4
35 0.623  0.765 0.694 0.10041 14.46 84.6
44 0.758  0.762 $.760 0.00297 (.39 94.3
58 0.487 0434 0.461 $.03769 8.18 49.9
59 0.690  0.686 {3.688 0.00262 (.38 83.7
69 0.535  0.550 0.543 0.01089 2.01 62.1
i1 0.743  0.638 0,691 0.07446 10.78 84.1
i9 0.694  0.603 (.649 0.06449 9.94 77.8
27 0.160  0.186 $.173 .01824 14,56 7.2
36 0.662  0.566 (.614 0.06788 11.05 72.7
45 0.600  0.514 0.557 0.06102 1896 64.2
51 0.685  0.524 0.605 0.11427 18.90 713
& 0.731  0.525 3.628 .14552 2318 74.7
74 0715 0.596 0.655 {.08436 12.87 78.8
74 0.592  0.572 {3.582 0.01393 2.39 70.0
86 0.614 0611 0.613 0.00177 0.29 74.6
bal 0.766  0.849 0,807 0.05869 7.27 104.3
89 0.830  0.813 (.822 0.01195 1.45 106.5
108 0.727 0.730 0.728 0.0019% .27 a2.2
117 0.713  0.836 (.774 0.08733 11.28 99.3
126 0.726  0.719 0.722 0.00523 0.72 913
138 0.646  0.681 0.663 0.02510 3.78 82.4
71 0.651  0.649 3.650 0.00120 (.19 80.3
81 0.642  0.622 $.632 .01447 223 77.5
81 0.843  0.672 {3.758 0.12099 15.97 96.7
180 0.734  0.815 0.774 0.05728 7.40 99.3
149 0.823  0.743 (.783 0.05699 7.28 100.6
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TABLE §I: CONTINUED

Compound # Raw data Average S0, Y% CV 9% Contrel
{duplicate}

118 0871 0.874 0.872 0.00219 0.25 114.2
152 0.652 0.642 0.647 0.00721 1.12 79.8
134 0.617  0.633 $.625 0.01174 1.8% 76.5
72 0.657 0.655 $.656 $.00134 $.20 81.2
B2 0.684  0.809 0.746 0.08803 11.80 95.0
92 0901 0.735 0.818 0.11731 14.34 106.0
181 0.791  0.768 0.779 0.01591 2.4 100.1
110 0,948  {.764 (.856 (.12982 15.17 1117
119 0.821  0.60% $.714 .15033 21.05 90.1
127 0.745  0.685 0.715 0.04243 5.94 90.2
135 0.624 0.61% 0.621 0.00417 0.67 76.0
73 0.652  0.624 .638 0.01916 3.00 78.5
83 0.773  0.662 8.718 0.07792 10.86 90.6
93 0.856 0.834 0.845 $.01570 1.86 1101
182 0.828  0.800 (.814 0.02008 247 105.4
113 0.821  0.841 0.831 0.01421 171 108.0
126 0.816  0.787 (.802 0.02072 2.58 103.5
127 0.744  0.737 8.741 0.00453 (.61 94.1
136 0.699  0.679 0.689 .01464 212 86.3
76 0.186  0.208 (.197 0.01541 7.83 11.3
84 0.665  0.699 0.682 0.02432 3.57 §5.2
94 0.810  0.683 .746 0.09030 12.10 95.0
183 0,141 0.162 8.151 0.01506 9.95 4.3

DMSO 0.784  0.605 0.605 $.12671 18.25 87.1
123 0.726  0.590 {3.658 0.09624 14.63 81.5
128 0.635  0.620 0.628 0.01068 1.70 76.9
136 0.697  0.695 .696 0.00113 0.16 87.3
75 0.154  0.153 $.154 0.00042 (.28 4.5
85 0.616  0.645 $.630 $.02872 3.29 82.1
78 0.909  0.830 {3.869 0.05614 6.46 121.0
184 0156 0.150 0.150 0.00028 0.19 3.9
112 0.951 1056 1.018 0.05303 5.21 145.3
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TABLE il: CONTINUED
Compound # Raw data Average S0, Y% CV 9% Contrel
{duplicate}

122 0166  0.189 0.177 0.01626 9.19 8.3

129 0.718 0451 0.584 0.188R7 32.34 74.6
137 0.652  0.647 (.649 0.00389 (.60 852
77 0.503  0.529 8.516 .01860 3.61 63.5
K6 0.603  0.609 .606 0.00424 (.70 78.1
95 0.856  0.793 0.824 0.04419 5.36 113.7
154 0.883  0.R4% 0.866 0.02503 2.89 123.5
113 0.779  0.784 8.781 0.00368 (.47 106.7
123 0.892  0.914 0.903 0.01591 1.76 126.6
130 0.544  0.537 {3.540 0.00460 (.85 67.5
139 0.532  0.682 0.607 0.10543 17.37 78.3
77 0.665  0.645 (.655 0.01400 2.14 86.1
87 0.676  0.677 8.677 0.00035 (.05 89.7
96 0.935  0.807 0.871 $.09115 14,47 121.3
185 0.916  0.859 {(3.887 0.03981 4.49 124.0
114 0.907  0.891 .89 0.01124 1.25 1259
124 0.909  0.896 (.902 0.00919 1.02 126.4
131 0.682  0.797 $.740 0.08118 10.98 99.9
140 0.679  0.644 0.661 $.02510 3.80 87.2
78 0.300  0.223 (.261 0.05452 20.88 22.0
88 0183 0.175 8.179 0.00573 3.20 8.6

87 0.741 0728 (.734 0.00884 1.20 99.1
186 0.935  0.906 (.921 (.02051 2.23 129.4
118 0131 0128 $.129 $0.00212 .64 (.5

128 0.138 0137 {3.138 0.00092 0.67 1.9

132 0241 0.227 $.234 0.01032 4.41 17.6
1585 0.604  0.639 0.622 0.02475 3.98 80.7
79 0.247  0.182 $.215 0.04617 21.52 14.4
89 0.659  0.634 0.647 0.0171% 2.66 84.8
98 0.75¢  0.575 (.667 0.12961 19,44 88.1
187 0166 0.170 0.168 0.00276 1.64 6.9

116 0.651 0.559 0.605 0.06541 10.81 78.0
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TABLE il: CONTINUED
Compound # Raw data Average S0, Y% CV 9% Contrel
{duplicate}

126 0803 0.694 0.748 0.07693 10.28 1013
133 0.823  0.634 0.728 0.13378 18.37 aR.1
141 0.624 0.618 8.621 0.00431 (.69 80.6
161 0.639  0.603 $.621 02553 4.11 73.6
171 0.143  0.149 {0.146 0.00403 2.76 2.9

251 0817 0818 0.818 0.00071 0.09 102.8
188 0.742  0.752 0.747 0.00679 8.91 a2.2
198 0.856  0.905 (.881 0.03479 3935 1121
267 0.650  0.576 0.613 0.05268 8.59 72.4
216 0.768  0.724 0.746 0.03097 4.15 92.2
225 0.556  0.549 0.553 0.00537 0.97 63.4
162 0.227 0.242 0.235 0.01103 4.70 161
172 0.634  0.663 (.649 0.02044 315 777
180 0.141  0.12% 0.135 $.00919 6.83 1.3

189 0.847 0.832 {3.840 0.01110 1.32 106.0
199 0803  0.845 0.824 0.02998 3.64 163.7
208 0.860  0.860 860 0.00035 0.04 109.1
287 0.528  0.497 $.513 0.02227 4.34 57.5
226 0.683  0.6R¥ 0.686 $.00332 .48 83.1

180 0.611  0.628 (.620 0.01202 1.94 733
173 0.719  0.749 0.734 0.02143 292 90.3
181 0.916  0.838 0877 0.035487 6.26 1116
1940 0.771  0.740 $.755 0.02178 288 93.5
260 0.820 0.852 $.836 .023035 276 105.5
249 0.971 0913 (0.047 0.04137 439 121.2
221 0.839  0.743 0.791 0.06746 §.53 98.8
227 0.562  0.527 (.544 0.02440 4.48 62.2
163 0.678  0.661 3.670 0.01195 1.78 80.%
174 0.722  0.713 0.717 .0065% .92 87.9
182 0.802  0.801 (.802 0.00106 (.13 100.4
191 0.854  0.857 0.835 0.00203 0.24 108.4
201 0.767  0.798 (.782 0.02157 2.76 97.5
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TABLE §I: CONTINUED

Compound # Raw data Average S0, Y% CV 9% Contrel
{duplicate}

218 0786 0.776 0.782 0.00870 111 97.5
218 0.720  0.709 0.714 0.00764 1.07 874
228 0.641  0.618 $.630 0.01619 2.57 74.9
164 0.603  0.584 0.593 $.01372 2.31 69.4
178 0.135  0.158 {0.146 0.01633 11.18 3.0

183 0.792  0.572 0.682 0.15563 22.83 §2.6
192 0.752  0.593 0.673 $.11292 16.79 81.2
282 0.805  0.598 $.702 0.14644 20.87 85.5
211 0.599  0.504 0.552 0.06682 12.11 63.2
219 0.714  0.593 0.654 0.08549 13.08 78.4
229 0.699  0.698 0.698 0.00099 0.14 §5.0
165 0.690  0.674 .682 0.01131 1.66 83.3
176 0.616  0.634 $.625 0.01301 2.08 74.8
184 0.809 0817 0.813 $.00552 .68 103.0
193 0128 0133 (.131 0.00361 2.76 8.7

263 0.821 0.8l 0.816 0.00721 .88 183.4
212 0.456 0474 .465 0.01223 2.63 S0.8
228 0.762  0.766 3.764 0.00304 (.40 95.7
236 0.680  0.663 $.671 $.011935 1.78 81.8
166 0.615  0.635 (.625 0.01400 2.24 74.8
169 0.681  0.698 0.689 0.01266 1.84 §4.5
185 0.830  0.807 818 0.01584 1.94 103.8
194 0.869  (.849 (.859 0.01442 1.68 109.9
204 0.821  (.841 $.831 .01428 1.72 105.7
213 0.819  (.840 {(3.430 0.01485 1.79 195.5
221 0.795  0.793 0.794 0.00078 0.10 1601
23 0.640  0.636 .638 0.00283 0.44 76.7
168 0.610  0.628 3.619 0.01266 2.05 73.9
177 0,143 0.144 .144 $.00035 (.25 2.0

167 0.804  0.903 (3.853 0.07000 8.20 109.0
185 0918  0.854 0.886 0.04483 5.06 113.9
208 0.105  1.080 (.593 0.68971 11637 70.0
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TABLE il: CONTINUED
Compound # Raw data Average S0, Y% CV 9% Contrel
{duplicate}

214 0877  0.860 0.868 0.01209 1.39 1113
222 0.808  0.695 0.751 0.07941 10.57 3.8
232 0.720  0.697 $.769 0.01648 2.33 87.3
169 0.636  0.621] $.629 $.01054 1.68 75.4
178 0.640  0.634 (.637 0.00474 (.74 76.6
186 0.833  0.833 0.833 0.00000 0.00 106.0
196 0.887  0.846 0.866 0.02934 3.39 111.0
286 0.845 0.877 3.861 0.02326 2.70 110.2
214 0.794  0.784 $.789 {3.00686 .87 994
223 0.770  0.786 (0.778 0.01138 1.46 97.8
158 0.629  0.659 0.644 0.02128 3.30 777
176 0.584  0.558 0.571 0.01817 3.18 66.8
179 0.707  0.679 3.693 0.01987 287 £5.0
187 0.727 0.578 0.652 $.10536 16,13 78.9
197 0.742  0.629 {3685 0.07969 11.63 83.8

DMSO 0.653  0.507 0.580 0.10310 17.78 68.0
218 0.722  0.568 0.645 0.10904 16.90 77.9
224 0.643 0.381 3.612 0.04384 7.16 72.9
233 0.608  0.590 0.509 3.01245 2.08 70.9
142 0.597  0.610 (.603 0.00926 1.54 71.2
143 0.687  0.668 0.677 0.01336 1.97 £§2.4
144 0.840 0.832 .836 0.00594 0.71 106.1
148 0.831 0.822 (.826 0.00587 (.71 104.7
146 0.863  0.856 0.860 .00509 .59 109.7
147 0886  0.802 {3.844 0.05954 7.05 197.3
148 0.753  0.687 0.720 0.04660 6.47 §8.8
149 0.455  0.463 3.459 0.00587 1.28 49.6
158 0.668  0.678 3.673 0.00764 1.13 g1.7
151 0181 0.171 0.176 .0065% 374 7.2
152 0.832  0.842 {(3.837 0.00658 (.79 106.3
153 0.795  0.802 0.798 0.00445 0.56 160.5
78 0.157  0.140 (.148 0.01202 8.11 3.0
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TABLE il: CONTINUED
Compound # Raw data Average S0, Y% CV 9% Contrel
{duplicate}

154 0153 0.153 0.153 0.00035 23 3.7
1588 0.168  0.154 0.161 0.00969 6.02 4.9
156 0.670  0.641 3.655 0.02079 3.17 79.1
159 0,706 0.679 0.693 {.0188K 273 84.7
234 0.788  0.666 (0.727 0.08627 11.86 89.¢
235 0.879  0.785 0.832 0.06640 7.98 105.6
236 0.168  0.176 0.172 0.00537 3.13 6.6
237 0.946  0.848 3.897 0.06972 7.7 1153
238 0.187  0.202 0.184 .01089 5.61 9.9
239 0.900  0.688 (.797 0.15394 19.31 100.3
248 0715 0.674 0.694 0.02850 4.10 §4.9
241 0.695  0.700 0,697 0.00339 0.49 853
241 0.665  0.631 (.648 0.02369 3.66 78.0
242 .50  0.613 0.601 $.01655 275 71.0
243 0.681  0.687 {0.684 0.00382 (.56 833
244 0.829 0.821 0.825 0.00530 8.64 164.5
245 0.822  0.790 .806 0.02270 2.82 101.6
246 0.671  0.684 8.677 0.00912 1.35 82.3
247 0.686  0.668 0.677 $.01266 1.87 82.3
248 0.212  0.197 (.204 0.01047 5.12 11.5
249 0.666  0.666 0.666 0.00007 0.01 §0.7
250 0.736  0.656 .696 0.05643 8.11 85.1
168 0.726  0.610 (.668 0.08217 12.30 £1.0
187 0.303  0.310 $.306 {00488 1.59 267

DMSO 0.786  0.659 (.722 0.09001 12.46 89.1

DMSO 0673 0.649 0.661 0.01676 2.53 79.9

DMSQ 0.701  0.686 0.693 0.01011 1.46 84.8
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ABLE Ili: EFFECTS OF INHIBITOHRS OF GSK-3B ENZYME ACTIVITY ON THE
VIABILITY OF CELLS EXPRESSING PLURIPOTENCY MARKERS,

empd
Compound # cong Haw data Average 5.0, Yo CV Yo
(M) {duplicate} Control
EXPRES 01 wediom 0.6379 06180 | 0.6280 0.0141 2.2 74.6
no treatroent 0.7412 07938  0.7225 0.0264 3.7 RE.7
AA only 4.7674 08047 | 0.7861 (.0264 3.4 98.3
AA + Wnt3a 0.7754 08200 { 0.7977 (L0315 4.0 106.0
144 10 4.1412  0.1515 | 0.1464 0.0073 5.8 2.4
144 5 0.1501 0.1444 | 0.1473 0.0040 7 2.5
144 2.5 0.1541  0.4254 | 0.289% 0.1918 66.2 23.9
145 10 0.1272 01282 | 0.1277 (.0007 0.6 -0.4
145 5 (.5862  0.5880 | 0.5871 (.0013 2 08.4
145 2.5 07613 0.7603 | 0.7608 0.0007 0.1 94.5
148 10 0.148F  0.1592 | 0.1537 0.0078 3.1 3.5
148 5 0.1479  0.163% | 01559 0.0113 7.3 33
148 2.5 0.2861 0.2477 | 0.2669 0.0272 1.2 20.4
150 10 0.2092 02426 | 0.2259 0.0236 10.5 14.3
158 5 0.6815 07128 | 0.6972 0.0221 32 84.9
156 2.5 3.738¢ 07870 | 0.7630 .0340 4.5 94.8
161 10 (.1381 $.1398 | 0.1390 3.0012 (.9 1.3
161 5 37826 07578 { 0.7702 3.0175 2.3 95.9
161 2.5 $.8231 $.7742 | 0.79%7 $.0346 4.3 1001
143 10 $0.1352  0.1326 | 0.1339 0.0018 1.4 8.5
163 5 8.2632 2604 (.2618 0.0020 3.8 197
163 2.5 04160  0.5314 0.4737 0.0816 17.2 51.4
198 10 0.4447 04791 g0.4619 0.0243 53 49.7
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TABLE Ui - CONTINUED
cmpd
Compound # cone Raw data Average 5.0, Yo CV Yo
{pi {duplicate) Ceontrol

198 5 0.6902 (.6884 0.6393 0.0013 0.2 83.8

198 2.5 0.7476 0.7483 0.7480 $.0005 3.1 92.5

116 10 0.6796 (3.6704 0.6747 4.0061 0.9 81.6

1ig 5 0.7833 (.7924 (.7879 $.0064 .8 98.5
118 x5 (0.8155 0.8389 0.8272 0.0165 2.0 104.4

13 10 (.6533 (.6884 0.6709 .0248 3.7 §1.0

§it ) 0.7697 0.7738 0.7718 0.0029 (.4 96.1
P11 25 0.8119 0.8219 0.8169 (.0071 0.9 192.49

12 10 0.1242 0.1323 0.1283 0.0057 4.5 -0.4

§i2 S 0.1263 0.13063 (.1283 0.0028 2.2 (1.3
1i2 2.5 {(.8480 0.7725 0.81063 0.0534 6.6 101.9

246 19 3.1695 01890 (.1793 0.0138 7.7 7.3

286 5 0.7217 (.7435 $4.7326 (.0154 2.1 80.2

286 2.5 (.7812 0.7221 7517 0.0418 5.6 93.1
EXPRES (lmedium 0.6294 0.6363 0.6329 0.0049 (1.3 70.3
no treatment (.7156 3.7356 0.7256 4.0141 1.9 83.3
AA only 0.8732 0.904¢6 .8889 0.0222 2.5 106.6
AA + Wntla 0.8415 0.8500 0.8458 0.0060 0.7 100.0

82 10 (.1403 .1493 0.1448 0.0064 4.4 2.3

52 5 0.4434 0.3878 0.4156 0.0393 9.5 40.1

52 25 0.7734 {.8038 (.7886 0.0215 2.7 §2.0

133 10 (.2693 0.3026 0.3010 0.0023 (.8 24.1

£33 ) 0.7023 0.6299 0.6661 0.0512 7.7 75.0

133 2.5 (.7835 (0.8043 0.7939 0.0147 1.9 92.8

223 10 (.7205 04,7369 0.7287 0.0116 1.6 §3.7

223 ) 0.7769 0.8272 0.8021 0.0356 4.4 83.9

223 2.5 (.8214 0.8640 0.8427 0.03G1 3.6 99.6
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TABLE Hi - CONTINUED
cmpd
Compound # cone Raw data Average S.. Yo OV Yo
{pid) {duplicate) Control

223 i0 (.6275 0.5980 0.6128 0.0209 34 67.5
22% 3 0.7159 0.7222 G.7191 (3.0045 0.6 82.3
223 2.5 .9245 0.9403 0.9324 0.0112 1.2 1124
226 ig (.7220 0.6670 (3.6945 0.038¢9 5.6 78.9
226 5 0.7526 (0.7486 0.7506 0.0028 0.4 86.7
226 2.5 (.7557 0.73%0 0.7474 0.0118 1.6 86.3
136 io 0.8214 (.8636 (0.8425 0.0298 35 99.5
136 3 0.7996 0.7873 0.7935 0.0087 i1 92.7
136 2.5 {(.8669 0.8195 .8432 0.0335 4.0 99.6
158 10 0.6195 {(1.5908 0.6052 (.0203 3. 66.5
i58 5 0.8047 0.8319 0.8183 0.0192 24 96.2
158 2.5 (.8041 0.7960 0.7971 0.0160 i3 832
233 10 0.1261 G.1520 G.1391 (.0183 i3.2 1.3
233 5 0.1303 0.1263 0.1283 0.0028 22 0.0
233 2.5 {(1.4482 (.4051 (3.4267 G.0305 7.1 41.6
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TABLE IV: EFFECTS OF INHIBITORS OF GSK-3B ENZYME ACTIVITY ON THE DIFFERENTIATION AND

PROLIFERATION OF HUMAN EMBRYONIC STEM CELLS.

Proliferative Response

SOX-17 Expression

Proliferative Response

HNF-3b Expression

Compound # | Total Fold over Total Fold over Total cells Fold over Total Intensity Fold over
cells | Wit 3a/AA | Intensity | Wnt 3a/AA Wat 3a/AA Wat 3a/AA

control control control control
142 1723 | 0.11244207 | 68870409 0.0708 1645 0.10460717 50143628 0.0453
143 1110 | 0.07245904 | 42978557 | 0.0442 94 0.00597755 0 0.0000
144 7990 | 0.521541R% | 339840000 | 0.3494 6833 (.43448539 231745000 0.2092
145 4914 | 0.3207454% | 238555000 | 0.2453 2907 0.18485859 82808745 0.0747
1486 3056 | 0.19945819 | 153145000 | 0.1575 2643 0.16807097 22246784 0.1103
147 3960 | 0.25850251 | 47669463 0.0490 4641 0.29512575 210730000 0.1902
148 12243 | 079917096 | 699160000 |  (.7189 6536 0.415508%7 248855000 4.2246
149 401 | 0.02614400 | 25580022 0.0263 27 0.00168516 0 0.0000
150 7958 | 0.51948561 | 351070000 | 0.3610 6992 0.44459636 288075000 0.2600
151 27 0.01808212 | 6558563 0.0067 12 0.00073130 535481 0.0005
152 1327 | 0.08662445 | 69037756 0.0710 1194 0.07589584 40478497 0.0365
153 791 | 0.05160259 | 24732475 0.0254 64 (.00406982 1092011 0.0010
70 0 0.00000000 0 0.0000 3 0.00019077 95784 0.0001
154 2 0.00013056 0 0.0000 0 0.00000000 0 0.0000
153 & 0.00033903 | 1092432 0.0011 2 0.00009539 150222 0.0001
138 2742 | 0.17899341 11220261991 0.1264 3166 0.20132905 120729987 0.1090
157 33 | 000212155 | 3835900 0.0040 8 0.00050873 208129 0.0002
213 2000 | 0.13055682 | 110080123 | 0.1132 116 0.00737655 4290889 0.0039
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TABLE IV,

CONTINUED

Proliferative Response

SOX-17 Expression

Proliferative Response

HNF-3b Expression

Compound # | Total Fold over Total Fold over Total cells Fold over Total Intensity Fold over
cells | Wnt 3a/AA | Intensity | Yt 3a/AA Wnt 3a/AA Wat 3a/AA

control control control control
214 3495 | 0.22814805 | 110559%16 0.1137 43% (.02782105 24450647 0.0221
214 3107 | 0.2027873%9 | 120098421 $.1244 6177 (.39276971 273965000 $.2473
215 658 0.04295320 | 37841044 0.0389 646 0.04167977 31352380 0.0283
216 3991 | 039108297 | 252690000 0.2398 8479 0.53915613 306520000 0.2767
217 1953 1 0.12745610 | 88653625 (.0912 641 0.04076182 18162585 (.0104
218 2024 1 0.13209087 | 128395000 0.1320 4923 $.31302661 232020000 0.2094
218 2979 | 0.19446439 | 93454696 0.0961 3582 0.22775118 137054653 0.1237
226 3703 | 0.24168332 | 138180000 0.1421 3980 0.25306032 1395350000 0.1260
221 21070 | 1.37538351 11089750000 1.1205 21203 134831961 12810060000 1.1562
222 (287 1 0.08466610 | 47445962 0.0488 30 (.00190773 0 $.0000
223 14529 | 0.94839741 1013360000 1.041%9 9871 0.62767480 340725000 0.4881
224 4063 | 0.26522619 | 207891758 0.2137 3973 0.25264697 177190000 0.1599
225 i 0.00006528 { (.0000 7 3.00041334 0 (.0000
226 9716 | 0.63421242 | 572520000 (.5887 7650 .48643522 3294235000 (.2973
227 916 0.05979503 0 0.06000 1976 0.06839210 40211776 0.0363
228 738 0.04817547 | 30943000 00318 503 0.03198626 0 0.0000
228 8307 | (.3461844% | 373185000 0.3837 7976 (.50720168 260000000 .2347
230 20079 | 1.31069260 (1104750000 1.1359 16884 1.07363836 1052345000 .9499
231 13789 | 0.90012403 | 789085000 0.8113 11369 0.72296588 347055000 0.4938
232 16652 | 1.08698348 1045395000 1.0749 14950 0.95065340 8543235000 0.7711
158 6376 | 0.41618252 | 324450000 (.3336 6058 .38523417 268025000 (.2428%
233 6470 | 0.42231869 | 327055000 .3363 4357 27766591 109160000 (.09¢5
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TABLE IV,

CONTINUED

Proliferative Response]  SOX-17 Expression Proliferative Response HNF-3b Expression
Compound # | Total Fold over Total Fold over Total cells Fold over Total Intensity Fold over
cells | Wnt 3a/AA | Intensity | Yt 3a/AA Wnt 3a/AA Wat 3a/AA
control control control control
No treatment | 349 $.25386566 | 97657703 $.1004 6091 (L3RT33268 109336609 3.0987
AA 4348 | 0.28379790 | 104735084 $.1077 122 0.00775810 5341271 0.0045%
AA/3a 15319 | 1.00000000 | 972593000 1.0000 15726 1.00000000 1107900000 1.0000
181 738 0.44211577 0 0.06000 0 0.00000000 0 0.0000
162 0 8.00000000 0 0.0000 0 (.00000000 0 0.0000
DMSO 56 | 0.03353293 | 454796 0.0148 211 0.16644754 4455058 0.1626
163 1313 | 0.78642715 | 28506437 $.9266 3485 4.32684722 85245671 3.1115
164 12 000738523 83944 0.0028 &7 0.05259006 1300640 0.0475
165 2890 1 1.73612774 | 32703235 1.0630 7460 588456482 149772525 5.4668
166 562 0.33632735 | 11388240 (4.3702 787 0.62108K01 10743082 (.3921
168 iig 0.07045908 | 2574279 0.0837 57 0.04522745 2584708 .0943
168 136 0.05163673 | 410648 0.0133 0 0.00000000 0 0.0000
176 19 0.01137725 0 0.0000 0 (.00000000 0 0.0000
171 3 $.001596K] 431883 0.0140 3 (.02419143 847186 0.0300
172 33 0.0197604% 0 0.0000 225 0.17749145 5223879 8.1907
173 16 0.00978044 0 0.0000 496 0.39127005 8366327 0.3273
174 26 001556886 | 459801 0.0149 189 0.14935577 1819533 0.0664
175 i 0.00039920 0 0.0000 2 0.03339469 16053538 0.0586
176 22 0.01297405 82062 (.6027 311 3.24506968 5749996 (.2099
177 0 0.00000000 ¢ (.0000 ¢ $.60060000 0 (.0000
178 26 0.01556886 0 0.06000 0 0.00000000 0 0.0000
179 202 012095808 | 627280 0.0204 1979 (.85143308 14326715 $.5229
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TABLE IV,

CONTINUED

Proliferative Response

SOX-17 Expression

Proliferative Response

HNF-3b Expression

Compound # | Total Fold over Total Fold over Total cells Fold over Total Intensity Fold over
cells | Wnt 3a/AA | Intensity | Yt 3a/AA Wnt 3a/AA Wat 3a/AA

control control control control

180 3 0.0017964] 0 0.0000 4 (.00315540 {01114 3.0037
181 1310 | 0.78423154 | 24382455 $.7926 3245 2.56323955 75834631 2.7680
182 20 0.01177645 0 0.0000 425 0.33526164 B8ROK5E 0.3242
184 9 0.00538927 37140 0.06012 134 0.10570602 2144545 0.0783
183 7 0.00419162 48154 (.06016 5 3.00420720 170177 (.0062
185 7( 0.04191617 | 589594 0.0192 ¢ $.60060000 0 (.0000
186 1215 | 972774451 | 7568849 (.2460 0 0.00000000 0 0.0000

no Treatment | 1145 | 068542914 | 6979814 0.226% not done

AA 100 005988024 | 1264807 0.0411 51 0.04049435 923625 0.0337
AA/3a 1670 | 1.00000000 | 30764293 1.0000 1268 100000000 27396787 1.0000
187 43 0.00510815 706614 0.00535 0 (.00000300 ) 3.0000
188 7 0.00079815 102445 0.000% 0 (.00000300 ) 3.0000
188 46 0.00546732 0 0.0000 46 (.00548446 518478 8.0044
186 5 0.00059861 284777 0.0022 32 0.00385502 2309043 0.0124
191 258 003092825 | 4009395 0.0312 391 0.04665766 14340307 0.0769
192 62 0.00742278 782261 (.6061 1312 0.01335347 2792473 (.0150
193 36 0.00431000 | 312039 0.0024 2 8.00027820 1731575 (.0093
184 59 0.00702371 397711 0.0031 163 0.01232017 3561761 0.0191
185 22 0.00267380 | 770128 0.0060 0 (.00000000 0 0.0000
196 7 0.00925852 | 1631067 0.0127 0 (.00000300 ) 3.0000
197 129 0.01540426 | 997620 0.0078 98 0.01164454 4138261 $.0222
198 2386 | 0.28563728 | 20866647 0.1625 2594 0.30231563 61161468 0.3280
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TABLE IV,

CONTINUED

Proliferative Response]  SOX-17 Expression Proliferative Response HNF-3b Expression
Compound # | Total Fold over Total Fold over Total cells Fold over Total Intensity Fold over
cells | Wnt 3a/AA | Intensity | Yt 3a/AA Wnt 3a/AA Wat 3a/AA
control control control control
195 172 0.02063213 | 625299 3.0049 133 (.0158969% 3578458 $.0192
200 8 0.00099769 | 394948 0.0031 530 0.06319053 16678849 0.08%94
201 17 0.00207519 g 0.6000 53 0.00627931 2270954 0.0122
202 11 0.00127704 ¢ 0.6000 36 0.00433193 2287281 (.0123
203 2 0.00023944 ¢ (.0000 ¢ 3.00000000 0 (.0000
204 174 0.02087158 | 1451727 0.0113 0 $.00000000 0 (.0000
205 80 0.00961769 | 940367 0.6073 333 0.03970273 5586343 0.0300
2086 11886 | 1.42305850 | 223646667 1.7415 10331 1.23173834 309900000 1.6618
207 545 0.06524862 | 58493K1 $.0455 404 (.04820761 67383035 $.0361
208 10 000115732 | 315367 0.0025 35 (.00421270 3072013 0.0165
208 2473 | 0.29603320 | 80676667 0.6282 4209 0.50182813 143916667 0.7718
216 8 000091787 | 233687 0.0018 6 0.00071536 {0 0.0000
217 i 0.00007981 | 13092098 (.0102 ¢ 3.00000000 0 (.0000
212 0 0.00003991 { (.0000 { $.00000000 0 (.0000
Notreatment | 7653 | 0.91619443 | 26272707 $.2046 12050 143665050 74453588 .3993
AA I3 0.00175593 0 0.6000 210 0.02503776 3777945 0.0203
AA/3a 8353 | 1.00000000 | 128424304 | 1.0000 8387 100000000 186480000 1.0000
168 7319 | 0.91843393 | 387695000 1.0342 5436 107644321 437495000 0.9520
185 6620 | 0.83065629 | 333205000 0.88%9 4767 (0.94393485 397435000 .8649
167 6217 | 0.78014807 | 337920000 $.9014 3013 (.99277156 437235000 .9515
reference 5934 | 0.74463546 | 363935000 (.9708 43122 (.81621943 348135000 0.7576
compound
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TABLE IV,

CONTINUED

Proliferative Response

SOX-17 Expression

Proliferative Response

HNF-3b Expression

Compound # | Total Fold over Total Fold over Total cells Fold over Total Intensity Fold over
cells | Waot 3a/AA | Intensity | wat 3a/AA Wnt 3a/AA Wat 3a/AA

control control epnirel control

47 10447 | 1.31089221 | 382680000 1.0208 6308 1.36805624 560475000 1.2196

2 10963 | 1.37570586 | 296920000 (.7921 5679 1.12456679 463525000 1.0087

3 1766 | 0.22160873 | 162790000 (.4343 2184 (.43241905 189875000 0.4132

4 2914 | 0.36566696 | 230965000 0.6161 2776 (.54975740 125125000 $0.2723

5 3600 | 0.45175053 | 276080000 $.7365 4121 (3.81612041 294665000 3.6412

5 1977 | §.24808633 | 164760000 3.4395 2266 (3.44865828 152060000 .3300

8 9964.5 | 1.25040783 | 363855000 $.9706 9728 1.92642836 635655000 1.3832

7 2536.5 | 031829590 | 179185000 $.4780 2397 0.47460145 150600000 $.3277

8 5706.5 | 0.71608734 | 319930000 {3.8534 5096 100920883 341360000 3.7428

10 4645.5 | 0.58294642 | 257295000 (.0864 4507 .89256362 312605000 (.6803

11 2892.5 | 0.36296900 | 213165000 (.5686 3043 0.60253490 269570000 (.5866

12 2460.5 | 0.30875894 | 203350000 0.5425 2410 (0.47727498 209795000 0.4565

13 4783 | 0.60020078 | 306085000 $.8165 4556 .90226755 326475000 $.7104

14 6916.5 | 0.86792571 | 377885000 1.0080 4504 (.89196950 365090000 3.7945

14 7370.5 | 0.92489647 | 365075000 $.9739 5300 1.04950985 399265000 {.8688

15 10533 | 1.32174677 | 475250000 1.2678 5186 1.02693336 4047100600 {(.8807

16 3513 | 0.44083323 | 242750000 (.6476 2522 3.49945539 214575000 {.4669
No Treatment | not done not done
AA not done not done

AA/3a 7969 | 1.00000000 | 374870000 1.0000 5050 1.00000000 459540000 10000

16 563 0.31250000 | 57351132 (.3295 1744 .03386884 165365000 1.1010

17 158 0.08777778 | 14786632 0.0850 83 3.00161234 14201404 0.0946
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TABLE IV,

CONTINUED

Proliferative Response]  SOX-17 Expression Proliferative Response HNF-3b Expression
Compound # | Total Fold over Total Fold over Total cells Fold over Total Intensity Fold over
cells | Wnt 3a/AA | Intensity | Yt 3a/AA Wnt 3a/AA Wat 3a/AA
control gonirol control control
18 3 (3.001666067 O §.0000 4 4.000G67770 28439 85,0002
15 5 0.0027777% O 0.0000 10 0.00019426 0 3.0000
14 15 0.00805556 548982 0.0032 O 4.00000000 0 0.0000
28 24 (0.01305556 689535 0.0040 11 0.000213068 it 0.0G00
20 94 0.05194444 | 11142426 (.0640 iz §.00022340 1767033 4.0118
21 i5 (.00805556 { 0.0000 21 §.00039823 4567590 0.0304
22 33 (0.01805556 | 2188847 0.0126 64 0.0013403% 13689421 0.0911
9 4 (3.00194444 O (3.0000 3 0.0000582% 291660 0.0010
23 K& (3.04888889 | 7121122 $.0409 399 4.00774117 65100086 $.4335
24 I (0.00583333 | 1073763 0.0062 5 0.00008742 0 3.0000
25 8 (4.00444444 O 0.0000 9 0.00016512 0 0.0000
28 109 0.06027778 | 15714170 (.0903 136 0.00263219 15725984 0.1¢647
27 5 0.00230000 125443 0.6007 5 $.00009713 it (4.00060
28 20 0.01083333 | 3135653 0.0180 8 (3.00015541 0 0.0000
28 9 (3.00472222 723R7 0.0004 17 0.00033424 736311 0.0049
29 6 (.00305556 644015 3.0037 4 0.00007770 ) 0.06000
36 77 (3.04277778 | 12632849 0.0726 28 (3.00054392 9312311 30620
31 14 (0.00750000 T TALE 0.0051 I 0.00001943 52047 03,0003
32 23 0.01277774 | 2117429 0.0122 i3 0.00024282 0 0.0000
No Treatment | ot done 432 0.00838222 42987388 0.2862
AA 147 (.08138889 | 20330009 0.1168 8 0.00014569 27206 0.0006
AA/Ia 1800 | 1.00000000 | 174052346 | 1.0000 1478 0.02870158 150190000 1.0000
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TABLE V: EFFECTS OF INBIBITORS OF GSK-3B ENZYME ACTIVITY ON THE DIFFERENTIATION AND
PROLIFERATION OF HUMAN EMBRYONIC STEM CELLS.

Proliferative Response — Strong Hils

SOX 17 Strong Hits

HBXNF3B Expression - Strong Hits

: Fold aver Fold over
Compound # E,?id {W“ Compound # Wt 3a/AA Compound # Wt 2a/AA

Wnt 3a/AA control control control
165 5.8846 206 1.7415 165 5.4668
163 3268 15 1.2678 163 31115
181 2.5632 SOX17 Expression -Moderate Hits 181 2.77650
6 1.9264 236 1.1359 206 16618
206 1.4231 221 11205 b 1.3832
2 1.3757 232 1.0749 47 1.2196

221 1.3754 165 1.0630 HNF3B Expression - Moderate Hits
47 1.3681 223 1.0419 221 11562
5 1.3217 169 1.0342 16 11010
236 1.3107 47 1.0208 2 10087
Proliferative Response - Moderate Hits 14 1.0080 {69 $.9520
2 1.1246 reference crapd .9708 187 .9515
232 1.0870 b .9706 230 {3.9489
169 1.0764 163 {.9266 15 .8807
236 1.0736 187 .9014 14 {3.8688
i4 1.0495 185 {}.8889 185 {3.8649
i5 1.0269 & {.8534 269 37718
& 1.0092 i3 .8165 232 8.7711
167 .9928 231 $.8113 reference cmand 3.7576
233 1.94%4 181 (.7926 & 7428
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TABLE V: CONTINUED

Proliferative Response - Moderate Hits

SOX 17 Moderate Hiis

HNF3B Expression -~ Moderate Hits

188 0.9440 2 0.7921 13 0.7104
14 0.9249 8 0.7365 14 0.6803
13 0.9023 148 0.7189 8 0.6412
231 0.9001 16 0.6864 i1 0.5866
19 0.8926 16 0.6476
179 0.8514 269 0.6282
reference cmpd 0.8162 4 0.6161
5 0.8161 226 0.5887
148 0.7992 it 0.5686
163 0.7864
181 0.7842
186 0.7277
226 0.6342
166 0.6211
i1 0.6025
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TABLE VI: EFFECTS OF INHIBITORS OF GSKE-3B ENZYME ACTIVITY ON
THE PROLIFERATION OF HUMAN EMBRYONIC STEM CELLS.

Compound # Raw Data Average S5, Ye OV | % Control
conditioned medium 1.1348 1.0099 1.1092) 1.0846 0.0660 6.1 116.3
no treatment 1.9344  0.5977 0.8454F 0.7928 {1.1745 22.0 85.2
AA/DMSO 0.3878  (.2434 0.2252F 0.2855 {(.0891 312 30.7
AA/ Wn3a/DMSO 0.6098  1.0804 0.76350 08179 0.2403 25.8 160.0
161 {.3418  (.4276 05751 0.4482 {0.1180 26.3 48.2
i62 0.1362  0.1531 0.13328 4.1475 0.6098 6.6 15.8
163 1.3764  1.2733 1.3208f 1.3242 {(1.0506 3.8 142.3
164 0.6923  (.5994 0.6134f 0.6350 {(.0501 7.9 658.2
i65 17896  1.4721 219081 1.8175 0.3602 19.8 195.3
166 1.7591 1.6274 1.6518f 1.6794 {.0701 4.2 180.4
i68 0.3702 0.3193 03368} (1.3421 0.0259 7.6 36.8
169 (.5876  0.6384 0.9154f 0.7138 (.1764 247 76.7
178 0.3074  0.2328 0.29200 0.2774 {.0394 14.2 9.8
i7t 01311 6.1245 0.1288F .12%1 0.0034 2.6 13.8
172 12706 02778 05,1916 0.1988 (L0757 38.1 21.4
173 0.2166 03062 0.2915F Q2714 {(.0481 177 292
i74 0.4362  0.3728 0.2481F 0.3524 0.0957 27.2 379
i78 (L1560 0.1481 01359 0.1467 {.0101 6.9 15.8
i76 .2932  0.3883 0.6258}F (L4358 0.1713 393 46.8
177 .1362 0.1479 0.1298F  0.1380 (.0092 6.7 14.8
178 0.2188  0.2159 0.23601 0.2219 0.0073 3.3 238
i7% 0.7624  Q.2705 0.2478F  0.4206%9 0.2908 68.1 45.9
188 (.1239  0.1233 01269 0.1247 {.0019 1.5 13.4
181 0127 0.1254 0.6980F 0.3170 (.3299 104.1 341
182 (.2665  0.3215 0.2605F  0.2823 (.0336 119 30.4
183 (.2395  (.3235 0.13337  9.2321 {.0953 41.1 4.9
i34 0.2646  0.1873 0.1293F 4.1937 0.0679 35.0 20.8
185 (13590 0.2790 015151 0.2632 {(1.1047 398 28.3
186 0.4690  (.5805 0.3349 04615 0.1230 26.6 49.6
Compound # Raw Data Average S5, Y £V % Control
conditioned medium 1.1528 1.1265 LE4GE 1131 0.0196 1.7 710
no treatment L2057 1.2358 131320 1.2516 (L0555 4.4 78.6
AADMIO (02622 02073 028301 0.2508 {(.0391 15.6 15.8
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Table VI: - CONTINUED

Compound # Raw Data Average S.B8, Y% £V § % Contrel
AA/Wnt3a/DMSO 1.3943  1.7976 18000 1.5922 02136 13.4 100.0
i87 0.1930 0.2223 021670 02107 (.0156 7.4 13.2
188 01757 0.1813 0.1835F 0.1802 {.0040 2.2 113
i3% 0.1473  0.I880 0.17328  4.1695 0.0206 122 10.6
198 (L1330 0.1362 018671 01520 (L0301 19.8 9.5
181 0.8181  0.5493 0.6526) 0.6737 (.1361 2.2 42.3
i92 0.4008  0.277 0.3869F (.3552 0.0673 18.9 22.3
193 (.1228 0.1248 01258 01240 {.0017 1.4 7.8
194 (0.2883  0.3303 0.5503F 0.389¢8 (.1406 36.1 245
185 (.2835  0.4024 0.5698F 0.4186 (.1438 344 26.3
196 0.3704 06073 (0.52801 05019 (0.1206 24.0 315
197 0.2266  0.1815 0.2289% 4.2123 0.0267 12.6 13.3
198 10820 1.1862 11076 11253 {(1.0543 4.8 70.7
198 (.3560  0.5457 0.6123F 0Q.5057 0.1313 26.0 318
208 0.2198  0.3564 03202 (.298% 0.0708 237 18.8
281 (.2928  0.2920 £.3659f 0.3169 {(1.0424 134 19.9
242 0.3349 03013 035077 0.3290 0.0252 7.7 20.7
283 .1852 0.i924 0.23491  §.2042 (.0269 13.2 12.8
204 0.2170  0.3003 01877 0.2350 {.0584 24.9 14.8
205 0.3094  0.2515 0.1881F  0.2497 0.0607 24.3 15.7
206 1.8452  1.771¢ 1.5591F 1.7251 {(1.1485 8.6 108.3
247 3.7385  0.7067 0.6250f (.6874 (.0553 8.0 432
208 2113 Q.1800 0.15470 01820 (.0284 15.6 1.4
209 1.5225  1.5912 01081 1.0739 {(.8371 78.0 57.4
pALL 0.4006  1.2807 0.1162¢  4.5992 0.6071 1613 37.6
211 (.1972  0.1§39 011627 0.1658 {1.0434 26.2 10.4
212 01351 01318 01169 0.1279 0.0097 7.6 8.0
Compound # Raw Data Average S5, Y £V % Control
conditioned medium 1.0568 10604 1.0586 (.06025 3.2 71.9
no treatment 1.1544 {.9576 1.0560 0.1392 13.2 71.7
AA only + DMSO 0.6329 0.8434 0.7382 {.148% 20.2 47.1
AA + Wnt3a +
DMSO 1.2704 1.8669 1.4229 0.2960 208 1606.0
213 0.5617 (.2098 {(.3858 {1.248% 64.5 19.9
214 (.6850 (1.5853 (.6352 0.0708 111 39.2
214 0.7496 .9187 {.8342 0.1196 14.3 54.5
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Table VI: ~ CONTINUED

PCT/US2013/045617

Compound # Raw Data Average S Yo £V 1 % Centrel
215 0.2320 02124 0.2222 (3.0139 6.2 7.3
216 0.8079 1.4391 11235 .4463 397 76.9
237 0.8310 07318 0.7814 0.0701 9.0 50.5
218 1.0646 1.1384 11013 0.0522 4.7 75.2
218 0.6344 1.0400 (.8372 {12868 343 54.8

no cells 0.1335  0.2070 0.1703 0.0520 30.5 33
228 0.8643  0.4060 0.6352 0.3241 51.0 38.2
221 1.7922 1.8533 1.8228 {1.0432 2.4 130.9
222 01914 02371 (.2143 $.0323 151 6.7
223 1.8401 1.7563 17982 0.0593 3.3 129.9
224 10301 10356 1.0329 0.0039 0.4 69.9
228 0.1306  0.133% (.1322 0.0023 1.7 0.3
226 1.7143 1.6506 1.6828 (.0450 2.7 120.0
227 0.4170  0.4956 (.4563 (.0556 12.2 254
228 0.1772  0.234% .2060 0.0407 9.8 6.0
228 1.0231 12392 1.1312 {(.1528 13.5 77.5
238 19718 2.0997 2.0358 3.0904 4.4 147.3
231 1.5168 1.6872 1.6020 0.1205 7.5 138
232 1.6935 19710 18323 {1.1962 10.7 1316
158 1.2655 11829 1.2242 0.0584 4.8 84.7
233 1.3481 13168 1.3325 (.0221 7 93.0
142 .60444  0.7239 (.6842 (.0562 8.2 43.0
143 0.2046 03076 1.2561 0.0728 28.4 9.9
144 1.3627 10693 1.2160 0.2075 17.1 %4.0
i45 08722 0.9660 (1.9191 0.0663 7.2 61.1
146 10332 .4554 (.7443 {14086 54.9 47.6
147 0.8775  0.7347 0.8061 (.10610 12.5 52.4
i48 1.7865 1.2008 1.4937 0.4142 277 1055
148 0.2396  0.1584 0.1990 (.0574 28.9 5.5
isg 0.8122 1.6827 (1.9475 3.1913 20.2 63.3
153 (.1342  0.1363 0.1353 0.0015 i 0.6
i52 10462  0.5838 0.8150 (013270 40.1 531
183 0.4586  .2503 (1.3745 0.1190 318 18.0
78 0.1277  0.1402 0.1340 (L.008% 6.6 0.5
154 01258 01324 (.12914 (.0047 36 0.
155 0.1219  0.1216 01218 0.0002 0.2 -0.5
156 0.4223 04721 0.4472 {1.0352 7. 247
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Table VI: ~ CONTINUED
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Compound # Raw Data Average S Yo £V 1 % Centrel
157 01514 0.1396 0.1455 0.0083 5.7 1.4
Compound # Raw Data Average SR, Yo LV % Control
conditioned medium (3.7423 {(.7081 0.7252 0.6242 33 87.7
no treatment 0.493¢6 (.5689 (.5313 {(1.0532 10.0 59.8
AA only + DMSO (.1433 (.1939 {.1686 (.0358 212 7.6
AA+Wnt3a +
DMSO (.6808 .9406 0.8107 0.1837 22.7 160.0
33 $.2447  0.1331 {.1889 (.0789 418 10.6
34 0.1837 41302 (1.1420 3.0166 11.7 3.8
1o cells (.1163 0.1147 0.1158 (.0011 1.0 0.0
35 (.2994 0.2592 0.2793 .02384 10.2 236
36 (3.1353 $.2121 (0.1737 (.0543 313 8.4
i 6.1267  0.1419 (.1343 (4.0107 8.0 2.7
37 6.1376  0.1676 (.1526 (.0212 13.9 53
3% 61134 3.1103 01119 0.0022 2.0 -0.5
39 (.1318 (.1478 0.1398 $.0113 8.1 3
46 4.2569 (.2124 (2.2347 3.0315 134 17.1
41 (0.2674  0.2635 (.2655 (4.0027 1.0 21.6
47 64337  0.3467 (0.39172 (3.0629 16.1 397
43 (.1265 (0.158% 0.1427 0.0228 16.6 3.9
44 G.1662  0.2521 (.2092 {.0607 29.0 13.5
45 0.1596  (.1566 (0.1581 3.00621 1.3 6.1
46 0.2725 (.1635 0.2181 (¢.0770 353 14.8
48 1.2256 1.0636 1.1446 0.1146 10.0 148.0
48 G.1134  0.1070 0.1102 0.0045 4.1 -0.8
4% G.1469%  0.1495 {0.1482 (3.0018 1.2 7
RiE G.11e% 01122 (.1146 0.0033 2.9 0.1
51 (.1595 0.1422 0.1509 0.0122 8.1 51
82 1.0484 1.0749 1.06617 {.0187 1.8 1361
53 43012 4.2347 {3.2680 3.0479 7.3 218
54 06.1267 0.1519 .1389 (4.0172 124 3.
85 11902 1.1487 1.1695 (.0293 2.5 1516
56 G0.6400 7076 (.6738 (.0478 7.1 8.3
57 G.1701 $.1752 0.1727 (.0036 2.1 3.2
58 (5.3435 (3458 .3462 (.0037 1.1 33.2
59 (.4032 (.3548 .3796 (.0342 8.0 379
6 G.1602  0.1502 0.1552 {.0071 4.6 57
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Table VI: ~ CONTINUED

Compound # Raw Data Average S Yo £V 1 % Centrel
61 0.1604 (.2079 0.1542 0.0336 18.2 9.9
62 0.1646 0.1592 0.1619 (.0038 2.4 5.7
63 G6.1779 0.2273 0.2026 {.0349 17.2 12.5
64 0.1225 {(1.1443 (.1334 0.0154 116 2.6
83 0.1300 0.1291 (.1296 (L0006 0.5 2.0
66 0.1263 (.1336 0.1300 0.0052 4.9 2.1
67 02778 {0.1326 0.2052 0.1027 30.0 12.9
68 2568 0.1219 0.1894 {.0955 50.4 10.6
68 0.1640 (1.115% (.1399 (0.0341 244 3.5
74 1.1486 (.8870 1.0228 4.1779 17.4 130.5
74 0.1358 0.1201 0.1280 0.0111 8.7 1.8
71 0.1257 (.1257 (.1257 0.6000 0.0 1.5
72 0.4676 {.4803 (.4740 {(1.0090 1.9 51.6
Compound # Raw Data Average s5.13, Y CV Yo Control
conditioned medinm (.6935 0.7803 0.7369 (0.0614 8.3 104.8
ng treatment 0.4735 {1.6069 (.5402 .0943 17.5 71.5
AA only + DMSO 0.1428 0.1656 .1542 (.0161 118 5.3
AA+ Wntda +
DMSO 0.57G2 (.8468 0.7085 {.1956 27.6 160.0
73 0.1599 {.2380 0.1990 0.0352 27.4 13.8
76 0.1287 0.1244 0.1266 {(.G030 2.4 1.6
no cells (.1241 (1100 01171 0.0100 8.5 0.0
75 0.1235 0.1152 0.1194 (.0059 4.9 0.4
77 0.1199 0.1278 0.1239 {.0056 4.5 1.1
77 01174 (L1162 (0.1168 0.0008 0.7 -0.1
78 1E100 (.9464 1.6282 (.1157 113 154.1
78 (.1247 1115 0.1181 {(0.0093 7.9 0.2
88 0.2640 {.1688 0.2164 0.0673 311 16.8
81 0.2313 0.1307 0.1810 .0711 393 10.8
82 .8639 (1.921% {(.8929 (.0409 4.6 131.2
83 0.2540 .2320 {.2430 (.0156 6.4 21.3
84 0.1809 0.3077 0.2443 {.0897 36.7 215
85 0.1892 (L1872 (.1882 0.0014 .8 12.0
86 0.1967 (.2492 (.2230 {(1.037 16.7 17.9
87 (.334¢6 .1619 {(.2483 0.1221 492 322
8% 01106 {0.113% 0.1122 0.0023 2.0 -(1.8
89 0.122 0.1445 0.1335 (.0156 117 2.8
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Table VI: - CONTINUED
Compound # Raw Data Average S Yo £V 1 % Centrel
96 6.1312 0.1270 0.1291 (.0030 23 2.0
o1 0.1653 0.2114 .1884 (0326 17.3 12.0
92 G.1732  0.1467 0.1600 0.0187 11.7 72
93 (.1618 (.2754 (.2186 (.0803 36.7 17.2
G4 10006 0.9631 (.9819 8.0265 2.7 146.2
95 6.6472 04319 .5396 0.1522 28.2 71.4
96 01539 (.1469 0.1504 (.0049 3.3 5.6
97 6.1127  0.1309 0.1218 (.0129 10.6 0.8
98 04,6887  (L.5860 (.6374 3.0726 114 33.0
9 (.1141 (.1094 01118 (0.0033 3.0 -0.9
188 G.2774 0.1690 0.2232 0.0767 343 17.9
191 (3.94582 1.1150 10316 (.1179 114 154.6
182 G.7687  0.6804 (.7246 (.0624 8.6 162.7
3683 67125 (.3347 .5236 (.2671 51.0 658.7
184 G0.0446 01221 0.1334 .0159 11.9 23
i88 10968 1.3108 1.2038 {$.1513 12.6 I83.8
ige 43167 03415 (1.3291 3.0175 5.3 358
187 (.1261 0.1144 0.1203 (.0683 6.9 0.5
1688 (4.2223 0.2930 0.2577 0.0500 19.4 238
i89 (3.1265 {8.1236 (.1251 (.0021 1.6 1.3
118 11940  0.9431 1.0685 (.1774 16.6 160.9
it 1068 0.6879 (.8784 (.2694 30.7 128.7
112 1.0444  (3.7603 .5024 (.2009 22.3 132.8
113 (.1443 0.1209 0.1326 0.0163 12.5 2.6
itd (.1152 (.1309 (.1231 0.0111 9.0 1.0
Compouond # Raw Data Average 5.0, Yo OV Yo Control
conditioned medium 07560 07451 0.7521 0.0098 1.3 98.0
no treatment 0.5687 (.4490 0.5089 {1.0846 16.6 60.4
AA only + DMSO 5.1938 (.1522 (.1755 0.0339 18.8 8.9
AA + Wnt34a +
DMSO (.6837 .8469 .7649 (1148 15.9 160.0
118 G.1911 01101 0.1506 0.0573 38.0 5.0
its (6.2772 #1151 (.1962 (.1146 584 12.1
no cells G.1278  0.1084 (.1181 (.0137 11.6 0.6
117 5.1443 (.2120 0.1782 (.0479 26.9 9.3
118 (.4413 (.2238% 0.3326 0.1538 46.2 332
118 $.1098 (.1085 (.1092 0.0009 0.4 -1.4
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Table VI: ~ CONTINUED

Compound # Raw Data Average S Yo £V 1 % Centrel
128 01389 02147 (.1768 (.0536 303 9.1
121 0.1852  0.1342 0.1597 0.0361 22.6 6.4
122 0. 114 01298 0.1205 0.0128 10.6 0.4
§23 0.5375  0.615% (.5767 0.0554 9.6 70.9
124 0.1259  0.1441 0.1350 (.0129 9.3 2.6
128 01266 01312 0.1259 0.0075 6.0 1.2
iZs 0.2269  (.2857 (0.2563 0.0416 16.2 21.4
i2s 0.114¢  0.10679 0.1110 (.0043 3.9 -1.1
i27 0.9589  (.886% (0.9229 3.0510 5.8 1244
127 10442 09622 1.0032 0.0580 5.8 136.8
128 0.1961 0.1735 0.1848 0.0160 8.6 16.3
2% 0.5732  0.5216 (.5474 0.0365 6.7 66.4
136 6.1273 41217 0.1245 {(.0040 3.2 1.0
131 0.5932  0.6671 (.6302 (.0523 8.3 79.2
132 (0.1444  0.1368 (.1406 0.0054 38 35
133 1.0786 1.0891 1.0839 (.0074 0.7 149.3
i38 0.5418  0.233% (1.3878% $.217¢ 56.2 41.7
134 0.1268  0.2052 0.1660 0.0554 334 7.4
138 01169 01184 0.1177 0.0011 G.9 0.1
136 (0.8618 10400 (3.9509 0.1260 13.3 128.8
136 0.8430 1.0187 (.9309 (.1242 13.3 125.7
137 0.3659 03168 0.3414 (.0347 10.2 345
139 0.9184 08116 (.8650 0.0758 3.7 1155
148 0.2384 03156 0.2770 0.0546 19.7 24.6
i41 0.2297  0.146%9 {(.1843 0.0585 311 16.9
159 G.1955  0.1256 0.1606 (.0494 30.8 6.6
134 01658 01704 0.1681 (.0033 i9 7.7
235 0.1399  0.1303 (.1351 0.0068 5.0 2.6
236 $.1234  0.1236 0.1235 (.0001 0.1 0.8
237 01397 02147 0.177 $.0530 28.9 9.1
238 G6.1218  0.1319 0.1264 0.0065 5.1 £.3
238 0.1456 01981 0.1719 0.0371 21.6 8.3
248 0.5412  0.189% {(1.3655 .2485 68.0 38.2
241 0.1996  0.124S 0.1621 (L0531 328 6.8
241 G6.1418 02014 0.1716 0.0421 24.6 &3
242 0.11066  0.1197 (.1152 0.0064 5.6 -0.5
243 0.1159  0.1272 0.1216 (.0080 6.6 0.5
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Table VI: - CONTINUED
Compound # Raw Data Average S Yo £V 1 % Centrel
Compound # Raw Data Average S.B, %% CV % Control
conditioned medium 0.8077 (.7210 0.7644 (.0613 8.0 74.7
no treatment +
DMSO 0.4638 (.4073 0.4356 (0400 8.2 36.7
AA/Wnt3a (.8466  0.9935 0.9830 .2592 26.4 160.0
i6 {(3.8095 {89055 (.8575 (.0679 7.9 85.5
37 $.3519 04708 0.4114 (1.0841 2.4 33.9
i8 61609 01275 {.1442 0.0236 16.4 3.1
1% $6.5020  (.2733 0.3877 0.1617 41.7 312
i% 0.3413 (0.4146 (.3786 (.051¢% 13.7 36.1
28 01176 01174 0.1175 3.0601 0.1 0.0
28 0.1148 0.1410 0.1279 (.0185 14.5 1.2
21 0.239%4 0.2450 0.2422 {.0040 1.6 14.4
22 (3.3672 {(3.309¢% {(.3345 (.0406 12.0 25.5
£ $.2722 3.1593 0.2158 (0.079% 37.0 113
23 0.5079  (.4349 (0.4714 0.0515 11.0 40.9
24 6.1076  G.1168 0.1122 0.06065 5.8 -0.6
25 02569  0.2151 (.2360 {.0296 12.5 13.7
28 (4.2846 (14376 (.3611 3.1082 30.0 28.1
27 G.1168 0.1136 0.1152 (.0023 2.0 -0.3
28 G6.116% (.1152 0.1160 0.0611 1O -0.2
2 61137 .1193 0.1166 0.0041 3.8 -0.1
2% 0.1154 01152 0.1153 0.6001 G.1 (.3
38 (3.2138 {(1.2353 (.2271 0.0117 5.1 12.6
31 (.4588 (.2521 .3558 (.1462 4i.1 27.5
32 (.3081 (.1961 0.2521 0.0792 31.4 15.5
Compound # Raw Data Average S.03, Y% OV % Ceontrol
conditiongd medium (.7914 1.1189 0.9552 (.2316 24.2 93.3
no treatment 0.4215 {.5259 (.4737 0.0738 15.6 39.8
ng cells 0.1152  G.1160 (.1156 (.0006 3.5 0.6
AA/Wnt3a (6.716% (1.8336 G151 (.2015 19.9 106.0
244 (2882 {(.2308 (.2844 0.0499 17.6 18.8
245 0.3049  0.2845 0.3127 {(.0282 6.0 21.9
246 .5403 {(.2570 {(.3855 $.1332 34.6 30.0
247 0.7323 (.3034 .438% (12041 465 359
24¥ 0.1185 0.1216 0.1199 {0.0018 1.5 0.5
249 (3.2496  {(.2683 (.2302 (.0376 16.3 12.7
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Table VI: ~ CONTINUED

PCT/US2013/045617

Compound # Raw Data Average S Yo £V 1 % Centrel
258 0.1548  0.1356 0.1513 (.0134 8.8 4.0
168 0.1555  0.1450 0.1581 0.0161 0.2 4.7
251 (4.2347  0.1920 0.3785 {12589 68.4 202
186 G.1842  0.2093 (.3793 (.2585 68.2 283
221 67223 0.8707 (.4291 {32452 57.2 34.8
169 0.6268 03192 (.3354 0.1667 49.7 24.4
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TABLE VI EFFECTS OF INHIBITORS OF GSK-3B ENZYME ACTIVITY ON
THE PROLIFERATION OF HUMAN EMBRYONIC STEM CELLS.

List Strong Hils List Moderate Hits
>=120% control 60-120% contrel
Compound # | % Control Value Compound # % Conirol Value

165 195.3 139 Fis.5
168 183.8 231 138
166 180.4 266 108.3
118 160.9 148 1055
188 154.6 162 102.7
78 1541 233 93.0
55 1516 98 88.0
133 1493 16 §5.5
48 148.0 158 847
238 147.3 144 84.0
94 146.2 56 80.3
163 1423 131 79.2
127 136.% 229 77.5
52 136.1 216 76.9
112 132.8 169 76.7
232 131.6 218 752
82 1312 PR 714
221 130.9 123 70.9
74 130.5 198 70.7
223 129.0 224 699
136 128.8 163 68.7
113 128.7 164 68.2
136 125.7 239 67.4
127 124.4 129 66.4
226 120.0 150 63.3

1458 61.1
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TABLE VUL DOSE-DEPENDANT EFFECTS OF INHIBITORS OF GSK-3B
ENZYME ACTIVITY ONM THE PROLIFERATION OF CELLS OF THE HUMAN
EMBRYONIC STEM CELL LINE HI.

Cong | compound # 198 | componnd # 206 | compound # 221 | compound # 223 | compound # 47
fuMj] | Cell SD Cell SB Cell SD Cell sb Cell 8D
number number number sumber namber
10 1.006 0.051 1 0.039 0.049 1 0,193 0.147 | 1.280 0.014 | 1.049 0.062
S 1.058 0.047 | 1.164 ¢.018 | (.888 0.035 | 1.344 0,007 | 1,104 0.014
2.5 1.031 0.054 | 1.022 0,023 | 0.896 0.035 | 1.318 0.028 | 0,932 0.087
1.25 | 0.899 0.040 | 1121 0.023 | 1120 0.072 | 1.159 ¢.041 1 1.006 0.023
0.625 | 0.742 0.095 | 1.092 0.044 | 1.107 0,093 | 1.029 0.018% | 0.832 0.026
0313 | 0.754 0,010 | 0931 $.056 1 1.132 0018 | 1.014 0.044 | 0,742 0,127
0.156 | 0.822 0.074 | 0.804 0,002 | 1.082 0.041 | 0.776 0.054 | 0,712 0.020
Cone | compound # 103 | compound # 133 | compound # 136 | compound # 226 | compound # 233
fub] | Cell Sp Cell sb Celf fubf] | Celt sB Cell SD
number number number number number
10 0.001 0.001 | 0.096 ¢.103 | 0.058 0.074 | 0.290 8,307 | 0,000 0.000
5 0.034 0.035 | 0.262 0,268 1 0.173 0.207 | 0.458 0.263 | 0,089 0.067
2.5 0.566 0.461 | 0.592 0.019 | 0.428 0.326 | 0.640 0,104 | 0,438 0.050
1.25 1 0.897 0.103 {1,124 0.101 | 0.850 0.238 | 0.739 0.129 | 0.636 0.016
0.625 | 0921 0,122 {1,196 ¢.056 | 0.910 0.061 | 0.805 0.036 | 0.736 0.025
0.313 ] 1.028 0.069 | 0.888 0,213 | 0.868 0.131 | 0.785 0.094 1 0,791 0.038
0.156 | 1.027 0.067 | 0,890 0.079 | 0,742 0.051 | 0.774 6,027 | 0.832 0.005
Cone | compoung # 582 compound # 161 | compound # 110 | compoungd # 111 | compound # 112
[y | Cell 5D Cell Sb Celi ful] | Celt SB Cell SB
nurnber minnber pamber numaber nuraber
10 0.000 0.000 | 0,496 0.690 1 0.129 0.170 | 0412 0.081 | 0.996 0.246
5 0.024 0.034 | 0.768 0.490 | 0.530 0.080 | 1.128 0.026 | 0.908 0.179
2.5 097 0.294 | 1.001 0.129 11,174 0.016 | 1.031 0.217 | 1.005 0.086
1.25 1.446 0,076 | 1.158 0.043 11113 0.057 | 0.914 0.100 | 1.200 0.085
0.625 | 1.296 0.183 | 0,699 0,248 | 1.188 0.041 | 0.801 0.136 | 1.111 0.300
0313 | 1.034 0197 {0617 0232 1 1.158 0,102 | 0.785 ¢.121 | 0.959 0.094
0.156 | 0.826 0.030 | 0.812 0.120 1 0974 0.065 | 0.659 0.068 | 0.912 0.059
Cone | compound # 144 | compound # 145 | compound # 148 | compound # 150 | compound # 158
fuM] | Cel SD Cell SB Cell fub] | Cel Sb Cell SD
number number number aumber number
10 0.000 0.000 | 0.021 0.027 | 0.002 0,002 | 0.052 0.067 | 0,053 0.024
5 0.000 0.000 | 0.339 0.254 1 1.011 0,499 | 1.161 0.134 | 0.905 0.036
2.5 0.192 233 1 1.350 ¢.170 1 1.724 0.042 | 1.293 0.020 { 1.019 0.015
1.25 | 0.552 0.458 {1.277 0,101 | 1.652 0.032 | 1.213 0.087 | 1,163 0.062
0.625 | (.895 0.054 | 0.713 0151 | 1.357 0,023 | 1.025 045 11,231 0.152
0313 | 0.734 0.075 | 0.665 0.207 11213 0,177 | 1.241 0.031 { 1.216 0.007
0.156 | 0.594 0,078 | (0.469 0.465 | 1.206 0.142 | 1.041 0.007 | 1.103 0.065
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TABLE IX: DOSE-DEPENDANT EFFECTS OF INHIBITORS OF GSK-3B ENZYME
ACTIVITY ON THE DIFFERENTIATION OF CELLS OF THE HUMAN EMBRYONIC
STEM CELL LINE HL

compponnd # 198

componnd # 206

comppound # 221

comppound # 223

sompound # 47

{nM] Sox17 8D Sox17 8D Sox17 5B Soxt7 8D Sexi7 SD
Intensity Intensity Intensity Intensity Intensity
10 0.889 0.144 0.029 0.034 0.140 0.095 1.183 0.044 $.969 0.040
5 1,004 0.021 0.824 0.0353 0.7453 8.077 1.171 0.010 1.613 ¢4.G02
2.5 1.023 (.092 .849 .003 3.842 0.032 1.169 (.031 0.838 0.068
1.25 0.954 0.100 0,985 0.082 1.028 $.043 1,106 0.006 0,940 0.071
(.625 0.793 0.135 0.985 0.059 1.016 0.000 0.931 0.033 6.767 0.014
0.313 0.803 0.048 0916 0.028 1.058 8.017 $.943 0.056 0,692 (.167
0.156 (.941 0.106 .822 0.036 1.039 0.015 0.789 0.074 0.651 0.032
Cone, compound # 183 compousnd # 133 compound # 136 compound # 226 compound # 233
{uhi Sexi7 SD Sexi7 SD Sexi7 SD Soxi7 SD Soxi7 SD
Intensity Intensity Intensity Indensity Intensity
10 0.001 0.001 0.034 8.027 0.054 8.063 8.267 0.280 0.000 ¢.001
5 0.017 0.020 0.071 0.054 0.141 0.169 .402 (.229 0.056 0.035
2.5 0.200 0157 0.497 0.076 0.373 $.326 0,605 0.041 0,286 0.034
1.25 0.792 0.065 (.993 0.144 0.783 0.282 0.686 0.185 0.587 0.023
0.625 0.824 0.118 1.061 0.066 0.887 8.062 8.786 0.061 0.695 (.001
0.313 (.934 0.127 (.937 0.136 .859 0.176 0.780 0.132 0.753 0.098
0.156 0.986 0.055 0.583 0.062 0.666 0015 0.782 0.061 0.816 0,043
Cone. compound # 82 compound # 181 compound # 116 compound # 111 compound # 112
{uhf} Rexi7 SD Rexi7 SD Rexi? SD Sox17 SD Sox17 SD
Intcnsity Intcnsity Intensity Indensity Intensity
10 0.000 0.000 .491 {.681 .281 .358 0.330 0.059 0.701 0.307
5 0.035 0.049 0,158 0.224 0.460 0.189 ¢.846 0.036 0,728 §.146
2.5 1.336 0.192 0.800 0.201 1.018 0.139 0.887 0.191 0.928 0.019
1.25 1.238 0.030 0910 0.043 0.960 8.106 0.819 0.179 1.159 0.093
0.625 (.997 .095 0.567 0.190 1.050 0.038 0.755 0.126 1.136 0.186
0.317 0.791 0.172 0515 0.276 1.032 0.063 0.667 0,125 1.006 0,009
0.156 0.669 0.037 0.708 0.148 0.950 0.087 0.628 0.053 0.922 0.096
Cone, comppound # 144 compound # 145 compound ¥ 148 compound ¥ 150 commpound # 158
NG Soxi7 SD Soxi7 SD Soxi? Sp Soxi7 SD Soxi7 5D
intensity intensity intensity Intensity Intensity
10 0.000 0.000 0.018 0.021 0.002 0.001 0.054 0.062 0,074 0.048
5 0.000 0.000 0.235 0.174 1.052 0.281 1.250 0.177 1.606 06.070
2.5 0.270 0.382 1,153 0.223 1.459 8.074 1.186 0.069 1.120 (.038
1.25 (.678 0.434 1.055 0.046 1.322 0.078 1.112 0.038 1.122 0.009
0.6253 0.978 0.021 0.569 0.124 1.173 0015 ¢.913 0.005 1.241 09,230
$.313 0.742 0.048 0.555 0.118 1.102 0.165 1.140 0.036 1.231 0.012
0.156 0.508 0.049 8.451 0.443 1,060 8.126 3.998 0.006 1.034 (.008
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TABLE X: DOSE-DEPENDANT EFFECTS OF INHIBITORS OF GSK-3B ENZYME
ACTIVITY ON THE PROLIFERATION OF CELLS OF THE HUMAN EMBRYONIC
STEM CELL LINE HS.

Cone. componng # 198 compound # 206 compoeund #2231 | compound #223 | compound # 47
[} Cell SB Cell SH Cell SB | Cell SB | Cell SB
number number mnber number number
10 0.164 0.209 0.001 0.000 0.049 0.028 0.123 0.106 0.770 0.077
3 ¢.147 ¢.141 £¢.618 0,497 0.583 §.155 0.954 ¢.146 $.496 8.011
2.5 $.149 8.112 1.295 0,402 1.108 0,170 0,795 8.101 0.384 0.247
1.25 0.307 0.19% 1.233 0.058 1.195 0.147 0.541 0.051 0.395 0.002
0.625 £¢.138 ¢.071 ¢.606 §.121 1100 0.014 0.332 £.049 0,221 0.009
0.313 8.063 0.008 $.397 0,020 0.887 0.078 0.206 0.085 0.172 0.071
0.156 8.069 $.001 $.214 6.625 0.699 6.109 0.142 8.039 0.138 0.048
Cone. compound # 183 compound # 133 cormppound # 136 | compound # 226 | compound # 233
{uM] Cell sb Cell SD Celt S Cell SB | Cell SB
sumber sumber nuaakber nurber namher
10 8.001 8.000 0.785 ¢.192 0.208 ©.134 0.377 $.049 0.000 0.000
5 0.023 0.024 1.067 0.236 0.320 0.087 0.336 0.081 0.052 0.009
2.5 (.681 0.223 1.368 05,025 $.388 0,019 0.296 0.016 0.089 0.003
1.25 1.011 3.461 1.477 ¢.147 0.334 ¢.113 0,22 $.035 0.106 £.003
0.625 06.927 0.10%8 0.899 0.108 0.267 0.148 0.282 0.096 0.169 0.041
0.313 0.686 0.022 0.540 0,094 0.192 0,056 0.208 0.003 0.119 0.026
0.156 $.458 8.001 0.206 0,089 0.147 0.067 0.174 8.051 0.067 0.015
Cone. componngd # 32 compound # 101 compound # 110 | compound # 1311 | compound ¥ 112
T Cell SB Cell SD Cell S| Cell SB | Cell SB
sumber pumber number number number
10 0.000 0.000 $.452 0.094 0.002 $.001 1.117 0.043 1.622 0,422
5 8.002 8.000 $.433 0.050 1.325 ¢.015 $.793 8.030 1.283 ¢.109
2.5 0.668 0.039 0.521 $,229 1.355 0,026 0.600 0.122 1.197 0.068
1.25 {.988 0.032 0.293 0,038 1,182 0,076 0.442 0.018 1039 8.213
8.625 $.390 8.032 8.200 €.122 3.928 0.127 0.371 8.072 0.686 0.014
0.313 0.250 0.090 0.072 0.025 0.772 0.050 0.100 0.00%8 0.437 0.066
0.156 6.095 0.020 0.057 0,044 $.336 0,056 0.072 0.015 0.276 0.043
Conc. compound # 144 compound # 145 compound # 148 | compound # 1530 | compound # 158
{uM] Celi SB Celi SB Cell S| Cell SB | Cel sb
nunaber number pumber numaher nymber
10 ¢.007 ¢.002 0.000 $.000 0.000 0,000 0.044 £.038 0,004 8.001
5 0.002 0.00] 0.127 0.069 0.415 0.023 0.382 0.110 0.017 0.003
2.5 $.001 8.001 8.151 6.059 0.425 0.082 (.345 8.001 0.033 $.037
1.25 0.090 6.097 £.108 §.051 0.325 $.042 0.284 6.076 0.044 0.028
0.625 (.248 0.058 0.230 0.168 0.314 0.062 0.266 0.021 0.100 0.099
0.313 8.264 $.048 $.086 0.033 0.267 0.098 $.347 8.084 0.057 0.032
0.156 £.133 0.069 £.063 4,004 02148 0,012 0.192 0.014 0.070 .048
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TABLE XI: DOSE-DEPENDANT EFFECTS OF INHIBITORS OF GSK-3B ENZYME
ACTIVITY ON THE DIFFERENTIATION OF CELLS OF THE HUMAN EMBRYONIC

STEM CELL LINE HS.

compounnd # 198

cerpponnd # 206

compound # 221

compound # 223

compounnd # 47

IR Soxi7 SD | Sexi” 5B | Sexi7 SD | Sox1t7 Sp Soxt7 Sp
Intensity Intensity Intensity Intensity Intensity
10 06.121 0.141 0.002 0.002 0.022 0.005 0.149 0.119 0.694 0.123
S ¢.105 0.089 0.450 $.423 0,432 0111 1.114 ¢.066 $.353 0,080
2.5 0.100 0.062 0.986 0.269 0.869 0.158 0.726 0.079 6.297 0.235
1.28 09,312 0,255 1.012 0.051 1.042 0.134 0.459 8.066 8.317 0.062
(5.625 06,103 0.058 0.453 0.076 1.160 0.013 0.277 0.06] 0.154 0.013
0.313 0.052 0.008 8311 0.003 0,951 0.010 ¢.135 04.071 0,110 0.030
0.156 0.051 0.603 0.132 0.003 0.678 0.093 0.116 0.047 0.095 0.025
Cong, compound # 103 | compound # 133 | compound # 136 compound # 226 compound # 233
b} Soxi7 SD | Sexi7 SB | Sexd7 SR | Sexd7 SB Soxi7 SB
intensity Intensity Intensity Intensity Intensity
19 ¢.001 0.001 0.129 0.037 0,129 0.067 $¢.200 0.022 0.000 0.000
5 0.019 0.019 0.194 0.007 0.154 0.023 0.174 0.070 0.038 0.001
2.5 0.559 $.238 0.857 0.012 (.209 8.045 8.177 8.036 $.053 0.005
1.25 $.943 0419 1110 0.042 0.202 0.103 0.129 0.029 0.075 0.017
0.625 (.985 0.072 0.678 0.197 $.212 0.134 0.196 0.084 ¢.137 0.049
0.313 0.577 0.062 0.398 0.166 .12¢ 0.018 0.146 0.005 0.070 0.027
0.156 0,364 0,044 0.149 (.058 ¢.125 0.051 8.132 8.063 8.039 0.0i0
Conge compound #52 | compound # 101 | compound # 116 compound # 111 compoung # 112
LREY Sexi7 5D | Seal? SB | Nexi7 S5 | Sexi7 S Sexi7 sB
Intensity Intensity Intensity Entensity Entensity
10 0.000 0.000 0.262 0.068 0.000 0.000 0.822 0.024 0.759 0.328
5 0.0¢1 0,001 0.251 0.082 1.185 0.012 $.543 8.004 1.127 0.121
2.5 0.914 0.038 0.408 0.279 1.305 0.066 0.432 0.154 1.146 0.137
1.25 (.981 0.075 0.155 80.010 1,119 0.045 $¢.332 0.006 $¢.936 0.186
0.625 0.246 0.036 0.150 0.095 $.941 0.111 0.268 0.050 0.563 0.019
0313 0.170 0,046 0.051 0.016 0.746 0.058 0.086 8.006 $.342 0.068
0.156 0.074 0.024 0.040 0.030 0.291 .086 0.054 0.014 0.186 0.040
Cone. comppound # 144 | compound # 145 | compounad ¥ 148 corpound # 150 corapound # 158
[HRZE Sexi7 50 | Soxi7 SB Sexitd SD | Sex17 sB Sex17 sB
Intensity Intensity Intensity Entensity Entensity
10 0.009 0,003 0.000 0.000 0.000 0.000 $.042 $.028 8.004 0.003
5 0,001 0.001 0.087 0.036 0.300 .095 0.234 0.078 0.016 0.001
2.8 ¢.001 0.001 0.120 0.066 $,299 0.019 $¢.205 0.002 ¢.042 0.049
1.25 0.114 0.134 0.076 0.034 0.202 0.002 0.165 0.030 0.053 0.035
0.625 0,165 0.043 0.222 0.201 0,220 0.070 8,202 8.013 8.073 0.066
(.313 $.240 0.030 0.068 0.010 $.203 0.061 0.282 0.135 0.054 0.040
0,156 0.085 0.041 0.049 0.011 0.173 0.009 ¢.146 0.041 ¢.039 0.051
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TABLE XI-RELATIONSHIP BETWEEN COMPOUNDS ON TABLES AND

COMPOUNDS
COMPOUND NO, TABLE-COMPOUND
15 C-12
2360 D-13a
221 D-6a
232 D-8a

165 C-6
223 D-11a
47 B-40
6 C-2

163 C-3
185 B-16
231 3-7a
2 C-1
148 D-31a
10 -29
16 B-11
226 D-12a
11 C-26
165 C-6
163 C-5
206 D-4a
5 C-2
47 B-40
2 -1
238 -13a
15 C-12
185 B-16
232 D-8a
10 C-20
i1 C-26
3 C-31
i1 C-26
12 B-2
17 B-14
18 B-15
19 B-21
22 B-30
23 B-33
26 B-34
27 B-36
28 3-9a
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TABLE X1 CONTINUED
COMPOUND NGO, TABLE-COMPOUND
33 B-29
34 B-28
4¥ 3-41
52 3-152
55 D-16a
74 B-42
78 D-17a
82 D-18a
G4 B-43
9% B-44
101 D-19a
103 D-20a
105 3-21a
118 D-22a
111 3-23a
112 D-24a
127 3-25a
33 D-26a
136 D-27a
139 D-28a
144 D-294
145 3-30a
150 D32a
158 A-5
164 -4
168 -3
175 B-4
180 28
182 B-1§
183 B-19
19§ D-2A
216 D-5A
233 3-14a
241 B3-25
242 B-24
2 C-1
6 C-2
10 C-29
i1 C-26
15 C-12
16 B3-11
47 B-40
148 D-31A
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TABLE X1 CONTINUED
COMPOUND NGO, TABLE-COMPOUND

163 C-5

165 C-6

166 3-3a
185 B-16

206 D-4A
221 D-6a
223 D-11a
226 D-12a
230 D-13a
231 D-7a
232 D-8a
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TABLE XUI-CHEMICAL FORMULAS OF OTHER COMPOUNDS TESTED

COMPOUND NQG.

CHEMICAL FORMULA

206

3-{1-(2-Hydroxyethyl)-1 H-indol-3-yi}-4-(1-
pyridin-3-yi- i H-indol-3-yl}- 1 H-pyrrole-2,5-
dione

3-11-[3-(Dimethylamino)propyl}-1H-indazol-3-
yit-4-(1-naphthalen-1-yl-1H-indol-3-v1}-1H-
pyrrole-2,5-dione

181

blocked

209

3-[1-(3-Hydroxypropyl}-1H-pyrrolof2,3-
blpynidin-3-y1}-4-(1-methyl-1H-pyrazol-3-yi)-
H-pyrrole-2,5-dione

3-[1-(3-Amunopropyl}-1H-indazol-3-y1}-4-{1-
{1-benzothiophen-3-yh-1H-indol-3-yl}-1H-
pyrrole~2,5-dione

221

6-{(2-{[4-(2,4-Dichlorophenyl)-5-(4~-methyl-
IH-imudazol-2-yDpyrimidin-2-
vllamine fethyDamino|pyridine-3-carbonitrile

16

3-[1-(3-Hydroxypropyl)- 1 H-pyrrolof[2,3-
blpyridin-3-y1j-4-[ 2-(triflaoromethylphenyli-
1H-pyrrole-2,5-dione

169

10.11,13,14,16,17,19,20,22.23-Decahydro- 1H-
9,4.24,29-di{methens)dipyridof2,3-n:3"2'-
tipyrrolo{3,4-

qli1,4,7.10,13,2 2 ltetraoxadiazacyclotetracosine-
1,3(2H-dione

14

3-(1H-Indazol-3-yl}-4-(1-pyridin-3-yi-1H-
indoi-3-y1)-1H-pyrrole-2,5-dione

167

6,7.9,10,12,13,15,16-Octahydro-23H-
5,26:17,22-di{methenodipyridof2,3-k:3".2'-
glpyrrolof3.4-

nii 1,4,7,10, [ 9krioxadiazacyclohenicosing-
23,25(24H ~dione

3-{1-{3-Hydroxypropy!}-1H-indazol-3-yi}-4-{1-
naphthalen-2-yl-tH-indol-3-yi)}- 1 H-pyrrole-2,3~
dione

3-[1-(1-Benzothiophen-3-yh-1H~indol-3~yl}-4-
[ 1-(3-hydroxypropyl)-iH-indol-3-yli-1H-
pyrrole~-2,5-dione
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What is claimed is;

1. A method to expand and differentiate plaripotent cells, comprising the

steps of:
a. Culturing plaripotent cells, and

b. Treating the plaripotent cells with an inhibitor of GSK-3B

enzyme activity.

2. The method of claim 1, wherein the pluripotent cells are embryonic

stem cells.

o3

The method of claim 1, wherein the pluripotent cells are cells

expressing phiripotency markers derived from embryonic stem cells.

4. The method of claim 3, wherein the cells expressing pluripotency
markers express at least one of the following pluripotency markers
selected from the group consisting oft ABCG2, cripto, FoxD3,
Connexind3, Connexinds, Oct4, SOX-2, Nanog, hTERT, UTF-1,
ZFP42, SSEA-3, SSEA-4, Tral-60, and Tral-81.

(¥4

The method of claim I, wherein the pluripotent cells are ditferentiated
into cells expressing markers characteristic of the definitive endoderm

lincage.

6. The method of claim 1, wherein the pluripotent cells are treated with
the inhibitor of GSK-3B enzyme activity for about one to about 72

hours.

7. The method of claim 1, wherein the pluripotent cells are treated with
the inhibitor of GSK-3B enzyme activity for about 12 to about 48

hours.

&. The method of claim 1, wherein the pluripotent cells are treated with

the inhibitor of GSK-3B enzyme activity for about 48 hours.
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The method of claim 1, wherein the inhibitor of GSK-3B enzyme

activity is used at a concentration of about 100nM to about 100uM.

The method of claim 1, wherein the inhibitor of GSK-38B enryme

activity is used at a concentration of about 1uM to about 10uM.

The method of claim 1, wherein the inhibitor of GSK-3B enzyme

activity is used at a concentration of about [0uM,

The method of claim 1, wherein the inhibitor of GSK-38 enzyme

activity is a compound of the Formula (T);

3
Ry E\’f\
W
P
N
F{{f

Formula (I}

. The method of claim 12, wherein Ry is pheayl, substituted pheayl

wherein the phenyl substituents are selected from the group consisting

of Cysalkyl, halogen, mitro, triflucromethyl and nitrile, or pyrimdinyl.

The method of claim 12, wherein R, 15 phenyl, substituted phenyl

wherein the phenyl substituents are sclected from the group consisting
of Cisallyl, halogen, nitro, trifluoromethyl and nitrile, or pyrimidiny
which is optionally Cy salkyl substituted, and at least one of Ry and R,

is pyrimidinylL

. The method of claim 12, wherein R 1s hydrogen,

2-(rimethylsilyliethoxymethyl, Cisalkoxycarbonyl, aryloxycarbonyl,
arvlCy salkyloxycarbonyl, arylCy salkyl, substituted ary1C; salkyl
wherein the one or more aryl substituents are independently selected
from the group consisting of Cisalkyl, Cyisalkoxy, halogen, amino,
Cy.salkylamino, and diCy_salkylamino, phthalimidoCy_salkyl,

amino(Cy salkyl, dtaminoC salkyl, succinimidoC) saliyvl,
Ci.salkylecarbouyl, arylearhonyl, CysalkylcarbouylCy salkyl and

aryioxycarbonylCy salkyl
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The method of claim 12, wherein Ry is -(A)-(CHy)-X..

. The method of claim 16, wherein A 18 vinylene, ethynylene or

./kJRg
N
L
Ho \\(55"
- AN

The method of claim 17, wherein Rs is selected from the group

consisting of hyvdrogen, Cisalkyl, phenyl and phenylC, salkyl.

. The method of claim 16, wherein g is §-9.

The method of claim 16, wherein X is selected from the group
consisting of hydrogen, hydroxy, vinyl, substituted viny! wherein one
or more vinyl substituents are each selected from the group consisting
of fluorine, bromine, chlorine and iodine, ethynyl, substituted ethynyl
wherein the ethynvi substituents are sclected from the group consisting
of fluorine, bromine chlorine and iodine, Cy_salkyl, substituted

Cy salkyl wherein the one or more alkyl substituents are cach selected
tfrom the group consisting of C salkoxy, trihaloalkyl, phthalimido and
aming, Cascycloatkyl, Cosalkoxy, substitited ) satkoxy wherein the
alkyl substituents are selected from the group consisting of phthalimido
and amino, phthalimidooxy, phenoxy, substituted phenoxy wherein the
one or more phenyl substituents are cach selected froro the group
consisting of C; salkyl, halogen and Csalkoxy, phenyl, substituted
pheny! wherein the one or more phenyl substituents are each selected
from the group consisting of Cysalkyl, halogen and C; satkoxy,

aryiC, salkyl, substituted aryiC, _salkyl wherein the one or more aryl
substituents are each selected from the group consisting of Cisalkyl,
halogen and Cjsalkoxy, aryloxyCisalkylamine, Cysatkylamino,
diCy.salkylamino, nitrile, oxime, benxyloxyimine, Cy salkyloxyimino,
phthalimido, succinimide, €y salkyicarbonyloxy, phenvicarbonyloxy,
substituted phenylcarbonyloxy wherein the one or more phenyl
substitucnts are cach sclected from the group consisting of Cysalkyl,

halogen and Cysalkoxy, phenylC, salkylcarbonyloxy wherein the one
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or more phenyl substituents are each selected from the group
consisting of C; salkyl, halogen and C salkoxy, aminocarbonyloxy,
Csalkylaminocarbonyloxy, diCy saltkylaminocarbonyioxy,
Cy_salkoxyearbonyvioxy, substituted Cisalkoxycarbonyloxy wherein the
one or more alkyl substituents are each selected from the group
consisting of methyl, ethyl, isopropy! and hexyl, phenoxycarbonyloxy,
substituted phenoxycarbonyloxy wherein the one or more phenyl
substituents are each selected from the group consisting of Cisalkyl,
Cisalkoxy and halogen, Csatkylthio, substituted C) salkylthio
wherein the alkyi substituents are sclected from the group consisting of
hydroxy and phthalimido, Cisalkylsulfonyl, phenyisulfonyi,
substituted phenylsuifonyl wherein the one or more phenyl substituents
are cach selected from the group consisting of bromine, fluorine,
chioride, Csalkoxy and triflucromethyl; with the proviso that if A 18
AR
I

??'z_“)\\ Sf“’
SRS . is O and X s H, then Rz may not be
Z2-{trimethylsilyDethoxymethyl; and pharmaceutically acceptable salts

thereof.

21. The method of ¢laim 12, wherein Ry is substituted phenyl and Ry is

pyrimidin-3-yL
22, The method of claim 12, wherein Ry is 4-fluorophenyl.

23, The method of claim 12, wherein Rj is hydrogen, aryiCisalkyl, or

substituted arylC; salkyl.
24. The method of claim 12, wherein Rs is hydrogen or phenyiCi salkyl.
25, The method of claim 16, wherein A is ethynylene and g is §-5.

26. The method of claim 16, wherein X 18 succinimido, hydroxy, methyl,
pheayl, Cysalkylsulfouyl, Ciecycloalkyl, Cisalkylearbonyloxy,
4 salkoxy, phenylcarbonyloxy, Cysalkylamine, diCy salkylamino or

nitrile.
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27. The method of claim 12, wherein the compound of the Formula 115 4-
{(4-flyorophenyD-2-(4-hydroxybutyn-1-yD-1-(3-phenylpropy)-5-(4-

pyridyljimidazole.

28. The method of claim |, wherein the inhibitor of GSK-3B enzyme

activity is a compound of the Formula (1)

Formula (1)

28, The method of claim 28, wherein R 15 sclected from the group
consisting of R,, -Cyealkyl-R,, -C; salkenyi-R,, -C; galkynyi-R, and

Cyana.

30, The method of claim 29, wherein R, is selected from the group

consisting of cycloatkyl, heterocyclyl, arvl and heteroaryl.

31. The method of claim 28, wherein R' is selected from the group
consisting of hydrogen, -Cypealkyl-R’, -Cy salkenyl-R°, -Cogalkynyl-R’,
-COCralicyl-RY, -C(Oy-aryh-RE, -C(O-0-(Cralkyl-R?,
-C(O)-O-aryl-R®, -C(O)-NH(Cy.salkyl-R?), -C(O)-NH(aryl-R),
~C{O)-N(Crgalkyl-R™ ), -80,-(Crgalkyl-R’, -80-aryl-R’,
~cycloalkyl-R®, -heterocyclyl-RY, -aryl-R® and -heteroaryl-R®; wherein
heterocyclyl and hetercaryl are attached to the azaindole nitrogen atom

in the one position via a heterocyelyl or heteroaryl ring carbon atom.

32. The method of elaim 31, wherein R is 1 to 2 substituents
ndependently selected from the group consisting of hydrogen,

-0-{Cyg)alkyl, -O-(Cg)alkyl-GH, -0+ 5)alkyl-0-(C gialkyl,
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-O-{Cyplallyl-NH,, -O<(C) glalky -NH(Cygalkyl),

-O-(Cyg)alkyb-N(Cy galkylh, -O-{Cialky-5-C g alkyl,
-O-(Cig)alkyl-80,-(Cyolalkyl, -O-(Cyg)alkyl-SO,-NH,,
-0-(Cigalkyl-S0,-NH{Cy salkyh), -O-{Cyz)atkyl-SO-N(Cysalkylh,
-0-C{OH, -O-C{O)(Cp)alkyl, -O-C{O)-NH,,

-0-C(O)-NH{C; galkyl), -O-C{O)-N(Csalkyl), ~-O-(Cyo)alkyt-C(OH,
-O-(Cylalkyl-C(O}{Crglalkyl, -O-(Crgalkyl-COH,
-0-{C12)alkyl-C(O)-0-(Cp)alkyl, -O~(Cyp)alleyl-C(O)-NH,,
-O-(Clally L CO-NH(Cysalkyl), -O-(Craalkyl-C{O)-N(Csalkyl)s,
-C(OH, -C(O-(Cygialkyl, -COH, -C{O}-0-(Cglalkyl, -C{O)-NH,,
~CNH}-NH,, -C(O)-NH(C galkyl), -C{O-N(Cisalkyly, -SH,
-5-(Cigyalkyl, -S-(Cig)alkyl-S-(Cigyalkyl, -S+{C)alkyl-0-(Cys)alkyl,
-S-{C.3)alkyl-O-(C g)alkyl-OH, -5-(Cyg3alkyl-O-(Cy g Jalkyl-NHs,
-S-{Cy)alkyl-O-{Cypalky - NH(C, salkyl),

-S-{Cy )alkyl-G-{Cy p)alkyl-N(Cy salkyl),,

-S-{Chgalky -NH(C Lsalky ), -SOx-(Cyg)alkyl, -SO»-NH;,

-S0,-NH(C satkyl), -SO-N(Cpgalkyly, -N-R', cvane, (haloys,
hydroxy, nitro, oxo, -cycloalkyl-R®, -heterocyelyl-R®, -aryl-R® and

~heteroaryl-R®,

33. The method of ¢laim 31, wherein R® is 1 to 4 substituents attached to a
carbon or nitrogen atom independently selected from the group
consisting of hydrogen, -Cygalkyl, -Cygalkenyl, -Cp galloynvl, ~-C{O)H,
~C{OYW{Cigalkyl, -COH, -C(O}-0-{Cyg)alkyl, -C{O}-NH,,
~C{NH)-NHy, -C{O-NH(Cy galkyl), -C{OMMN(CTy.)alkyly,
-SOu-(Crealkyl, ~SO-NH,, -80,-NH{C galkyD), -SO2-N(Cygalkyl,
ACy alkyl-N-R, <(Calkyl-(halo)s, -(Cr)alkyl-OH, -ary-R®,
<0y p)alkyl-aryl-R® and -(Cr.o)alkyl-beteroaryl-R®; with the proviso
that, when R® is attached to a carbou atorn, R® is further selected from
the group consisting of -Cy salkoxy, (Cy giatkoxy-(haloy 5, -SH,
-S-{Cy g)alkyl, -N R cvano, halo, hydroxy, nitro, oxo and

-hetercaryl-R”,

138



WO 2013/192005 PCT/US2013/045617

34. The method of claim 33, wherein R’ is 2 substituents independently
selected from the group consisting of hydrogen, -Csalkyl,
-Cogalkenyl, -Crealkyoyl, «Cy sjalkyl-OH, «(Ci¢)alkyl-0-(Cyg)alkyl,
Ay gralkyi-NH,, -(Cy ghalkyb-NHC galkyly, {Cy ¢ )alkyl-N{Cy galkyl),
- Cy g jalkyl-S-(Cy gralkyl, -C{OM, -C{O(C gralkyl,
~CLON-0-(Ch g)alkyl, -CLOYNH,, -C{O)-NH{Cygalkyl),
~C(OY-N{Cypalkyly, -SO-{Cr)alkyl, -SOp-NH,, -SO»-NH(Cysalkyh),
-SO-N(Cygalkyly, -C(N}-NH,, -cycloalkyi-R®,
-(C;_g}aikyi—hetemcyciyi—Rg, —aryi—Rg, —((ﬁfl._g)aikyi—aryi-RS and

~{Cy.alkvi-heteroaryl-R%,

. The method of claim 31, wherein R is 1 to 4 substituents attached to a

a
(¥4

carbon or nitrogen atom independently selected from the group
consisting of hydrogen, -Cyealkyl, {Ci.galkyl-(halo); s and
«(Co)alkyl-OH; with the provise that, when R® is attached to a carbon
atorn, R” is further selected from the group consisting of -C;_safkoxy,
“NH,, -NH{Cysalkyh), -N(Cisalkyly, cyano, halg,

-{Cs)alkoxy-(halo); s, hydroxy and nitro.

36. The method of claim 31, wherein R is 1 to 2 substituents
mdependently selected from the group consisting of hydrogen,
-Cysatkoxy, -NHy, -NH{Cgalkyh), -N{Cygalkyi),, cyvano, (halo)s,

hydroxy and nitro.

37. The method of claim 28, wherein R? is one substituent attached to a
carbou or nitrogen atora selected from the group consisting of
hydrogen, -Cysalkyl-RC, -Cygalkenyl-R°, -Cypalkynyh-RC, <C{O)H,
~COMCalkyl-RY, <C{O-NH,, -C(O)-NH(C, salkyl-R®),
~C(OYN(C eallyI-R ), -CO)-NH(aryl-RY), -C(O)-cycloalkyl-RY,
-C(O)-heterocyelyl-RY, -(( O}--a,ryi--iis, -Cf O)--heteroaryi--Rgﬁ -COuH,
AC{ON-0-(Cy g alkyl-R, -C{O}0Oraryl-RY, -80,-(Cralkyl-R7,
-§0y-ary-R®, -cycloalkyt-R®, -aryl-R® and -(Cre)alkyi-N-R: with the
proviso that, when R? is attached to a carbon atom, R” is further
selected from the group consisting of -Cygalkoxy-R°, -N-R’, cyano,

halogen, hydroxy, nitro, oxo, -heterocyclyl-R® and -heteroaryl-R°.
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38. The method of claim 28, wherein R is 1 to 3 substituents attached to a
carbon atorn independently selected from the group consisting of
hydrogen, ~Ci,gaikyl—Rm , -Cz._galkfmyLRm, —Cg,gaikynyi-R,m,
-Cygalkoxy-R', -CIOWH, ~C{O(Cyg)alkyl-R?, -C(O)-NH,,
SC(ONH(C Lealleyl-RY), ~CHON(C salkyl-R™ ), -C(O-eycloallyl-RE,
-C{O)-heterocyelyl-RY, ~C(O)~aiyﬁ—}?{8ﬂ ~C(O)~hetcmaryi~RS,
SC(NH)-NH,, -COH, -C(O)-O-(Crpalkyl-R®, -C{O)-O-aryi-RY,
SO ehalkyl-RY, -SOp-aryl-RY, -N-R’, eyano, halogen, hydroxy,

nitro, -cycloalkyl-R®, -heterocyelyl-R®, -aryE-R® and -heteroaryl-R°,

39. The method of claim 38, wherein R' is 1 to 2 substituents
mndependently selected from the group consisting of hydrogen, -WNH;,
~NH{Cgalkyl), -N{Crgalkyl), cyano, (halobis, hydroxy, nitro and

OXQ.

40. The method of claim 28, wherein R is 1 to 4 substituents attached to a
carbou atom independently selected from the group consisting of
hydrogen, -'Cg_gaﬂ{yi"R]Oﬁ --Cg,saikenyi--Rm, -Ch salkynyl-k m’
-Craalkoxy-R', -C(OMH, -COHCpallyl-R®, -C(O-NH,,
~C(O)-NH(C salky-RY), -C{O)-N(C ealky1-R™ ), -C(O)-cyeloalkyl-R®,
-C{O)-heterocyelyl-R®, -C(O)-aryt-RE, -C(O)-hetercaryl-R,
SC{NH-NH,, -COH, -C(O0-(Cigialkyl-R”, -C(O)-O-aryl-RY, -SH,
-§-(Cr)alkyl-RY ) -SO-(Cogialkyl-R’, -SOyp-aryi-RY, -S0,-NH,,
—SOZ—NH(CLgaEE{yLRQ), -50;-N{ Cg,_galkyLRg)b ~N~R79 cyano, halogen,
hydroxy, nitro, ~cycloalkyl-R®, -heterocyciyl-R®, -aryt-R® and

-hetemaryi—Rg.

41, The method of claim 40, wherein R'% is 1 to 2 substituents
independently selected from the group consisting of hydrogen, -WNH;,
-NH{Cygalkeyl), -N{Cygalkyl)z, cyano, (halo)is, hydroxy, nitro and

axQ.

42. The method of claim 28, wherein Y and Z are independently selected
from the group consisting of G, 8§, (H,OH) and (H,H); with the proviso

that one of Y and Z 18 O and the other is selected fror the group
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consisting of O, S, (H,OH) and (H,H); and pharmaceutically acceptable

salts thereof.

43. The method of claim 28, wherein R is sclected from the group
consisting of Ry, -Caalkyl-R,, -C; salkenyi-R,, -Cp qalkynyi-R, and

Cyana.

44. The method of ¢laim 29, wherein R, is selected from the group

consisting of heterocyelvl, aryl and heteroaryl.

45. The method of claim 29, R, 1s selected from the group consisting of
dihydro-pyranyl, phenyl, naphthyl, thienyl, pyrrolyl, tmidazolyl,
pyrazolyl, pyridinyl, azaindolyl, indazolyl, benzoturyl, benzothienyl,

dibenzoturyl and dibenzothienyl.

46. The method of claim 28, wherein R' is selected from the group
consisting of hydrogen, -Cy _4aEk3'E-R,5, —(ﬁz,.4aikeny'l-R5, -Cz._4alky;‘,ayi—}?isﬂ
SC{OHCalky R, -CO)-aryi-R®, -C(OY-0-(Cy)atkyl-R’,

(O -0-aryl-RY, -CION-NH(C Laalky-RY), -C(O)-NH(ary-RY),
SCION-N(C patkyl-RY),, -SOL-(Cypalkyl-R%, -SO,-aryl-RE,
-cycloalkyl-R®, -heterocyelyl-R®, -aryi-R® and -heteroaryi-R?; wherein
heterocyelyl and heteroaryl are attached to the azaindole nitrogen atom

in the one position via a heterocyclyl or heteroaryl ring carbon atom.

47. The method of claim 28, wherein R' is selected from the group
o . ; -~ ) 1 b G
consisting of hydrogen, -Cy qalkyl-R’, -aryl-R® and -heteroaryi-R®;
wherein heteroaryl is attached to the azaindole nitrogen atom in the one

position via a heteroaryl ring carbon atom,

48. The method of claim 28, wherein R' is selected from the group

consisting of hydrogen, -Csalkyl-R° and -naphthyl-R®,

4%, The method of claim 31, wherein R is 1 to 2 substituents
independently selected from the group consisting of hydrogen,
~O-{Calkyl, -O-(Craalkyl-OH, -0y jalky OOy hatkyi,
-O-{Crg)allybNH;, -O-(Cryalky-NH(Cy galkyly,
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~O-{Cr)alley b N{Caalky ), ~-O-(Craalloyl-S-{Cpallyl,
-O-{Calkyl-S0,-(C g)alkyl, -O-(Cyalkyl-SOp-NH,,
~0-(Ci4yalkyl-S0,-NH{Cy qalkyl), -0-(Cy 4)alkyl-80:2-N(Caallkylhy,
~O-CLOH, -O-C(O)-(Cra)alkyl, -0-C{O)-NH,,

~0-C(O)-NH{C; salkyl), -O-C{O)N(C4alkyi), ~-O-(Cya)alky-C{OH,
-0-(Cyp)alky-COYW(Cryalkyl, -0-(Cryalkylt-COH,

~0-{C; 2)alkyl-C(O)-O-(C s)alicyl, -0-(Cyp)alleyl-C(O)-NH,,

-O-{C alky-C(O)-NIH(C yalkyl), -O-(Cy 4 alkyl-C{O-N(Cy aiky i),
-C{OMH, -C(O(Craalkyl, -CO:H, ~-C{O)-0-(Cjalkyl, ~-C{O)-NH,,
~CONH)-NH,, -C(O)-NH(Caalkyl), -C{O-N(Ciaalkylhy, -SH,
-8-(Ciaatkyl, -8-(Cipalkyl-5-(Cipalkyl, -S4 Ciyatky-0-(Cy g alkyl,
=5-(Ciayalky -O-(Cispalky HOH, -S5-(Calkyl-O-(Croalkyl-NH,,
-S-{Cy 4)alkyl-O-(Cy palkyl-NH{Cy salkyl),

-S-{Cq alkyl-0-(Cy _alkyl-N(Cy _salkyl),,

-S-{CwalkyENH(C 4atky]), -SO-(Ciglalkyl, -SOp-NH,,

-SO-NH(C aalkyl), -SO-N(Craalkyby, -N-R’, cyano, (halo)ys,
hydroxy, nitro, oxo, ~cycloalkyl-R®, -beterocyelyl-RC, -aryl-R® and

-heteroaryl-R®.

50. The method of claim 31, wherein R® is 1 1o 2 substitucnts
independently selected from the group consisting of hydrogen,

-O-(Crajalkyl, -N-R', hydroxy and -heteroaryl-R,

51, The method of claim 31, wherein R is | to 2 substituents
independently selected from the group consisting of hydrogen,
-O-(Cyalkyl, -N-R', hydroxy, -imidazolyl-R®, -triazolyl-R® and

“tetrazolyl-R®,

. The method of claim 31, wherein R®is | to 4 substituents attached to a

j 21
N

carbon ot nitrogen atom independently selected from the group
consisting of hydrogen, -C;ualkyl, -Cyaalkenyl, -C;4alkynyl, -C{(O)H,
~C{ON-(Crpalkyl, ~COH, -CLO»-0-(Cyygjalkyl, -C{O-NH,,
-CANH)-NH;, ~-C{O-NH(C, salkyh), -C(OWN(C, galkyly,
-SO-(Cyajalkyl, -SO,-NH,, -SO-NH(Caalkyl), -SO;-N(Cysaltkyl),,
(Crpallyt-N-R, «(Cypalkyl-(halo).s, «(Cigalkyl-OH, -aryl-RE,
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-((31_4}aikyi-aryi-R8 and ~(C[_4)ﬁik}’l-hétefﬁai'}/}“RS; with the proviso
that, when R® is attached to a carbon atom, R® is further selected from
the group counsisting of -Cysalkoxy, -(Crajalkoxy-(halo) s, -5H,
-8-(Cy gyalkyl, NAR eyano, halo, hyvdroxy, nitro, oxo and

~heteroary-R®,
33. The method of claim 31, wherein R® is hydrogen.

54. The method of claim 33, wherein R is 2 substituents independently
selected from the group consisting of hydrogen, -Ciaalkyl,
-Cy.salkenyl, -Coaaltkynyl, (Ciaalkyl-OH, -{C alkyl-O-(C, palkyl,
{Crgyalkyl-NH, (Croalloyl-NH(C 4atkyh), {(Coalleyl-N{Csallkyl),,
{Cy yalkyl-5-(C patkyl, -CIOMH, -C(OWC alkyl,
-C{O-0-(Caalkyl, -C{O)-NH;, -COY-NH(C | salkyh),
SC{O3-N(Craalkyly, -SO-(Crayalkyl, -50,-NH,, -SO0-NH{Cyjalkyl),
-SO-N(C aalkyly, -CNI-NH,, -cycloalkyl-RY,
«(Cralkyl-heterocyelyl-R®, -ary-R®, «(Cppalkyl-aryi-R® and
«(Cra)aliyl-heteroaryl-R®,

55. The method of claim 33, wherein R’ is 2 substituents independently
selected from the group consisting of hydrogen, -Craalkvi, -C(O)H,
~C(OHCraallyl, -C(O)-O-{Cgalkyl, -S0:-NHy, -SO-NH(C 4alky)
and -SO,-N(C).sallkyl),.

56. The method of claim 31, wherein R® is 1 10 4 substituents attached to a
carbon or nitrogen atom independently selected from the group
consisting of hydrogen, -Ciaalkyl, {Coalkyl-(halo); s and
«(C1.4)alkyl-OH; with the provise that, when R” is attached to a carbon
atom, R is further selected from the group consisting of -Cy_satkoxy,
-NH,, -NH{Cq salkyl), -N{Cy4alkyl),, cyvano, halo,

-{Cy yyatkoxy-(halo); s, hydroxy and nitro.

2
~J

7. The method of claim 31, wherein R® is hydrogen.

. The method of claim 31, wherein R” s | to 2 substitucnts

&
>0

independently selected from the group consisting of hydrogen,
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-Craalkoxy, -NHj, -NH(Caalkyl), -N(Caalkyly,, cvano, (halo);,

hydroxy and nitro.
59. The method of claim 31, wherein R” is hydrogen.

60. The method of claim 28, wherein R? is one substituent attached to a
carbon ot nitrogen atom sclected from the group consisting of
hydrogen, -Caalkyl-R’, -Coalkenyl-R°, -Coalkynyl-R’, -C(OMH,
SC{ONHC Lpalkyl-R’, -C(O)-NH,, -C(O-NH(C salkyl-R™),
-CAONN(Cqalkyl-RY,, -C(O)-NH(ary-R®), -C(O)-cyeloalkyl-RY,
-C(O)-heteroeyelyl-R?, -C(OV-aryt-RE, -C(O)-heteroaryl-RY, -CO,H,
~C(OY-O(Cp)allyl-RE, -C(O)-0-arvi-RE, -SO,-(C 1 )alkyl-R°,
-SO;-aryl-RY cycloalkyl-RE, —aryl-R® and «(CpgalkyFN-R’; with the
proviso that, when R is attached to a carbon atom, R’ is further
selected from the group consisting of -Cy_jalkoxy-R’, -N-R’, cyano,

halogen, hydroxy, nitro, oxo, -heterocyelyl-R® and -heteroaryl-R°.

61. The method of claim 28, wherein R? is one substituent attached to 2
carbou or nitrogen atom selected frorn the group consisting of
hydrogen, -Cyialkyl-RC, -Cygatkenyl-R’, -Coalkynyl-R’, -COuH,
“C(O)-O-{Calkyl-R’, -cycloalkyt-R®, -aryE-R® and -(C_palkyl-N-R";
with the proviso that, when R” s attached to a nitrogen atom, a
quaternium salt is not formed; and, with the provise that, when R” is
attached to a carbon atom, R” is further selected from the group
consisting of -Cpaalkoxy-R>, N-R’, cyano, halogen, hydroxy, nitro,

. 5 - 0
oxo, -heterocyclyl-R” and -heteroaryl-R”.

62. The method of claim 28, wherein R? is one substituent attached 1o a
carbon or nitrogen atom selected from the group consisting of
hydrogen, -Cyalkyl-R and -ary1-R®; with the proviso that, when R is
attached to a nitrogen atom, a quaternium salt is not formed; and, with
the proviso that when R’ is attached to a carbon atom, R” is further
selected from the group consisting of -N-R”, halogen, hydroxy and

5

-hetercaryi-R
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63. The method of claim 28, wherein R” is 1 to 3 substituents attached to a
carbon atorn independently selected from the group consisting of
hydrogen, ~Ci,4aikyl—Rm , -Cz._4alkfmyi~Rm, —Cg,;;aiky'n},'E-R,m,
-Cyalkoxy-RY, -CIOWH, -C{O(Cyiakyl-RY, -C(O)-NH,,
SC(ONH(C Laalleyl-RY), ~CON(C galkyl-R™ ), -C(O-eycloallyl-RE,
-C{O)-heterocyelyl-RY, -C(O)-aryl-R®, -C(O)-hetercary-R®,
SC(NH)-NH,, -COuH, -C(O-0-(C alkyt-R’, -C(0)-0-aryl-RY,
-S()g—(C]_g)aikyLR?; -S()g—aryl—RS, N-R, ~(\'Cl_4_)alkyl~N~R7, cyano,
halogen, hydroxy, nitro, -cycloatkyl-R®, -heterocyclyl-R®, -aryi-R® and

~heteroaryi-R.

64. The method of claim 28, wherein R’ is one substituent attached to a
carbon atom selected from the group consisting of hydrogen,
—Cl._4a.1kyi—Rm, —Cg.;g&]kﬁiﬂyi—p&m, —Cg_,qaikynyl-Rm, —C;.@ikoxy—ﬁm,
CLOWH, -COoH, -NHy, -NH{Cy yalkyD), -N{Cy 4alkyl), cvano, halogen,

hydroxy and nitro.

65. The method of claim 28, wherein R is one substituent attached to a
carbon atom selected from the group consisting of hydrogen,
~CraalkylRY, NH,, -NH(C LsalkyD), -N(C_salky]), halogen and
hydroxy.

66. The method of claim 28, wherein R? is 1 1o 4 substituents attached to a
carbon atom independently selected from the group consisting of
hydrogen, -Crqalkyl-R' -Coalkenyi-RY, -Cosalkynyi-R™,
-Crsalkoxy-R'%, -C{OW, -CORCoalkyl-R’, -C{O)-NH,,
-C(OY-NH{C_salkyl-R™), -C(O)-N(Calkyl-RY),, -C(O)-cycloalkyl-RY,
-C(O)-heterocyclyl-RE, -C(O)-aryt-RE, -C(O)-hetercary-RY,
~C(NH)-NH,, -COH, -C(0)-0-(Calkyl-R’, -C(0)-C-aryl-R®, -SH,
S(Crpatkyl-RY) -80:(Cratkyl-RY, -80-aryh-RY, -80,-NH,,

-850 NH(C ialky1-R"), -8O2-N(C1alkyl-R™), -N-R”, cyano, halogen,
hydroxy, nitro, -cycloalkyl-R”, -heterocyelyl-R®, -aryi-R® and

“heteroaryl-RY.
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7. The method of claim 28, wherein R is 1 to 4 substituents attached to a
carbon atorn independently selected from the group consisting of
hydrogen, ~Ci,4aikyl—Rm , -Cz._4alkfmyi~Rm, —Cg,;;aiky'n},'E-R,m,
-Cygatkoxy-R', -CIOMH, -COLH, -NH,, -NH(Cyalkyl), -N(Csatkyl),
cyano, halogen, hydroxy, nitro, -cycloalkyl, -heterocyclyl, -aryl and

-heteroaryl.

68. The method of claim 28, wherein R* is 1 to 4 substituents attached to a
carbon atom independently selected from the group consisting of
hydrogen, € _.qalkyLR] ¢ (31_4aikoxy-R] ¢ NH,, SNHEC) 4aikyl),

-MN{Cy galkyl), halogen and hydroxy.

69. The method of claim 28, wherein R? is 1 to 4 substituents attached to a
carbon atom independently selected from the group consisting of
hydrogen, (31_4alky1—Rm, Cl_lq_a}kﬂxy—R”", -NH,, -WH{C salkyl),

-N{Ci.4atkyl), chlorine, flaorine and hydroxy.

. The method of claims 38 and 41, wherein R'% 18 1 to 2 substituents

~1
jound

independently selected from the group consisting of hydrogen, -NH,,
SNH(Cy aalky), -N{Cygatkyl),, cyano, (halo)y s, hydroxy, nitro and

OXO.

71. The method of claims 38 and 41, wherein R'% is 1 to 2 substituents
fndependently selected from the group consisting of hydrogen and

(haii})}_;u

72. The method of claims 38 and 41, wherein R’ is 1 to 2 substituents
independently selected from the group consisting of hydrogen and

{fluoro)s.

~d
[

. The method of claim 28, wherein Y and 7 ave independently sclecied
from the group consisting of O, 8, (H,OH) and (H,H); with the proviso
that one of ¥V and 7 is O and the other is selected from the group

consisting of O, §, (H,OH) and (H,H).
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74. The method of claim 28, wherein Y and Z are independently selected
from the group consisting of O and (H,H); with the proviso that one of
Y and Z is O, and the other s selected from the group counsisting of O

and (H,H).

75. The method of claim 28, wherein Y and 7 are independently selecied

from O.

~1
N

. The method of claim 28, where the compound of the Formuda 1T is 3-
[1-(3-hvdroxypropy -1 H-pyrrolo[2,3-blpyridin-3-yii-4-{2-

{(triftuoromethyiiphenyl]-14-pyrrole-2,5-dione.

~J
~3

7. The method of claim 28, where the compound of the Formula U is 3-
[1-(3-hydroxypropyl-1H-pyrrolo]2,3-bipyridin-3-y-4-( I -methyl- 1 H-

pyrazol-3-yh-1 H-pyrrole-2,5-dione.

78. The method of claim 2¥, where the compound of the Formula 1T is 3-
[1-(3-hydroxy-propyh-1H-pyrroloe{2,3-blpyridin-3-yl}-4-pyrazin-2-yi-

pyrrole-2,S-dione.

79. The method of claim 28, where the compound of the Foromla 11 1s 3-
(2., 4-dimethoxy-pyrimidin-5-yD-4-[ {-(3-hydroxy-propyl}-1H-

pyrrolof2,3-bipyridin-3-yil-pyrrole-2,5-dione.

80, The method of claim 28, where the compound of the Formula U is 4-
{3-{4-(2,4-dimethoxy-pyrimidin-5-y1}-2,5-dioxo-2,5-dihydro- 1H-

pyrrol-3-yll-pyrrolo]2,3-bipyridin-1-yi} -butyronitrile.

&1. The method of claim 28, where the compound of the Formula 11 is 4-
{3-[4-(1-methyl-1H-pyrazol-3-vi)-2,5-dioxo-2,S-dihydro- 1 H-pyrrol-3-

vi-pyrrolo{2,3-blpyridin-1-vi}-butyronitrile,

82. The method of claim 2§, where the compound of the Foromula 1 s 3-
(2., 4-dimethoxy-pyrimidin-5-y1-4-(1-phenethyl- 1 H-pyrrolof2,3-

blpyridine-3-yl-pyrrole-2,5-dione.
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&3. The method of claim 1, wherein the inhibitor of GSK-3B enzyme

activity is a compound of the Formula(HiT):

Formula (1H)

84. The method of claim 83, wherein A and E are independently selecte
84, Tt thod of claim 83, wi Aand E dependently selected
from the group consisting of a hydrogen sabstitated carbon atom and a
SN
nitrogen atom; wherein N s independently selected from

the group counsisting of H-indole, 1 H-pyrrolof2,3-blpyridine,

1 H-pyrazolo{3,4-blpyridine and 1 H-indazole.

85. The method of claim &3, wherein 7 is selected from O; alternatively, 2
is selected from dihydro; wherein each hydrogen atom is attached by a

single bond.

86. The method of claim R3, wherein Ry and R; are independently selected
from Cyalkyl, C; galkenyl and C; salkynyl optionally substituted with

OXO.

&7. The method of claim 83, wherein Ry is selected from the group
consisting of -C, galkyl-, -C; salkenyl-, -C; salkynyl-,
~O-(Cy alkyl-0-, -0-(Ch galkenyl-O-, -0-(C5 gjalkynyl-O-,
~C{ON-(Csaalkyl-C{O)- (wherein any of the foregoing alkyl, alkenyl
and alkynyl linking groups are straight carbon chains optionally
substituted with one to four substitucats independently selected from

the group consisting of Oy galkyl, Oy galkoxy, Oy satkoxy(Cygalkyl,
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carboxyl, carboxyKC galkyl, -C(CYO-{Cg)alicyl,
-Csalkyl-C{CYO-(Crg)alkyl, amino (substituted with a substituent
independently selected from the group counsisting of hydrogen and
Cyaalkyly, amino{Cy.¢)alkyl (wherein amino is substituted with a
substituent independently selected from the group consisting of
hydrogen and C;_salkyl), halogen, (halo) 5(Cy s)alkyl,
{(halo),.x{Cyg)alkoxy, hydroxy, hydroxy((C gjalkyi and oxo; and,
wherein any of the foregoing alkyl, alkenyl and alkynyi linking groups
are optionally substituted with one to two substituents independeutly
selected from the group counsisting ot heterocyelvl, aryl, hetercarvi,
heterocyelyl{(Cy ghalkyl, aryl{Cy galkyl, heteroaryi(Cyg)alkyl,
spirocycloalicyl and spiroheterocyclyl (wherein any of the foregoing
cycloalkyl, heterocyelyl, arvl and heteroaryl substitaents are optionally
substituted with one to four substituents independently selected from
the group consisting of Uy galkyl, O galkoxy, Ty satkoxy(Cs salkyl,
carboxyl, carboxyl{C.Jalkyl, amino (substituted with a substituent
mdependently selected from the group cousisting of hydrogen and
Cyaalkyl), amino(Cyg)alkyl (wherein amino is substituted with a
substituent independently selected from the group consisting of
hydrogen and Cyaalkyl), halogen, (halo):3(Cys)alkyl,
(haloh.5{Ci.x)alkoxy, hydroxy and hydroxy(Cy.¢)alkyl; and, wherein
any of the foregoing heterocyelyi substituents are optionally
substituted with ox0)), cycloalkyl, heterocyelyl, aryl, heteroaryl
{(wherein cycloalkyl, heterocyelvl, aryl and heteroaryl are optionally
substituted with onc to four substituents independently selected from
the group consisting of Cygalkyl, Cisalkoxy, Cieallioxy{Cigallyl,
carboxyl, carboxyl{C, s)alkyl, amino (substituted with a substituent
independently selected from the group consisting of hydrogen and
Ciaalkyl), amino{ Ty g)alkyl (wherein amino is substituted with 2
substituent independently selected from the group consisting of
hydrogen and C; galkyl), halogen, (halo) «(Ci.galkyl,

{(haloy 5(Cygalkoxy, hydroxy and hydroxy((y gjalkyl; and, wherein
heterocyclyl is optionally substituted with oxo), (O-(CHbis)05-0-,

O-(CH) 6-0-(CH:)1.6-0-, ~O-(CH1 6-O-(CH)1.6-0-(CHy)1 -0,
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{O-{CHz)1.6)o.5-NRs-, ~O-(CH1.6-NR6-{CH2 )1 -0,
-O-{CH2)1.6-0-(CH2)1 6-NRe, -(O-(CHa}i6)0-5-5-,
-O-(CH2)i.6-S-{CH2)1.6-0-, -O-(CH)i.6-O-(CH)1.6-5-, -NRg-,
-INR-NR -, -NRs-(CHi6-NR -, ~NRs-(CHy hi.6-NRy-{CH1 )y s-NR -,
-NR-C{OY-, -C(ONRs-, -CUO-(CHy Jos-NR6-(CHa Jo.s-C{O)-,
-NRs-(CH2)o.6-C{O)-(CHo )y - C{O{CH2 Jo.6-NR -, -NRs-C(O»-NR -,
“NRg-C(NR7 - NRg-, ~O-{CH)1 - NRe-(CHybi6-5-,

~S-{CH .- NRg{ CH2)1 6-0-, -S-{CH2)1.6-NRg-{CH2 ) 5-5-,
NReH{CH )1 6-S-{CH b 6-NR5- and -SO- {(wherein R, Ry and Ry are
mdependently selected from the group consisting of hydrogen,

Cy gatkyl, Oy gatkoxy(Cy giatkyl, carboxyl(Cygalkyl, amino{C, glalkyl
(wherein amino is substituted with a substituent independently selected
from the group consisting of hydrogen and €, salky?),

hydroxy(Cy s jatkyl, heterocyelyl{ Cy s jalkyl, arvi{Cy g)alkyl and
heteroaryl(Cy gjalkyl {(wherein the foregoing heterocyclyl, aryl and
heteroaryl substituents are optionally substituted with one to four
substituents independently selected from the group cousisting of
Cysalkyl, Oy gatkoxy, Csatkoxyv{Cy galkyl, carboxyl,

carboxyl{C alkyl, amingo (substituted with a substituent
independently selected from the group consisting of hydrogen and
Craalioyl), amino{Cy xjatkyi (wherein amino is substituted with a
substituent independently selected from the group consisting of
hydrogen and Cy4alkyl), halogen, (halo); (T g)alkyi,

(halo); (Cygalkoxy, hvdroxy and hydroxy{C, sjalkyl; and, wherein
heterocycelyl is optionally substituted with oxo)); with the proviso that,
if A and E are selected from a hydrogen substituted carbon atom, then
Ry is selected from the group consisting of -Co salkynyl-,
-0-{Cyp)alkyl-G-, -0-{Cyp)alkenyl-O-, -O-(Cy abloynyl-O-,
SC{O{Cealkvi-C(O)- (wherein any of the foregoing aloyl, alkenyl
and alkyny! linking groups are straight carbon chains optionally
substituted with one to four substituents independently selected from
the group consisting of Cy galkyl, Cygalroxy, Cyealkoxy(C, galkyi,
carboxyl, carboxyl(Cy gialkyl, -C{OY0-(C galkyl,

-C1salkyl-COYO-(Crgdalkyl, amino (substituted with a substituent
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independently selected from the group consisting of hydrogen and
Craalkyl), amino{Cys)alky! (wherein amino is substituted with a
substituent independently selected from the group counsisting of
hydrogen and Cy.salkyl), halogen, (halo) s(Cigalkyl,

{(haloy 5(Cysalkoxy, hydroxy, hydroxy{Cyg)alkyl and oxo; and,
wherein any of the foregoing alkyl, alkenyl and alkyny! linking groups
are optionally substituted with one to two substitucats independently
selected from the group consisting of heterocyclyl, aryl, heteroaryi,
heterocyclyl{Cy gallkyl, aryl{C sjalkyl, heteroarylCy.g)alkyl,
spirocycloalkyt and spiroheterocyclyl (wherein any of the foregoing
cycloalkyl, heterocyelyl, aryl and heteroaryl substituents are optionally
substituted with one to four substituents independently selected from
the group consisting of C; salkyl, Cy salkoxy, C; salkoxyv{C; g)atkyl,
carboxyl, carboxyl{C, s )alkyl, amino (substituted with a substituent
independently selected from the group consisting of hydrogen and
Craalkyl), amino{Cys)alky! (wherein amino is substituted with a
substituent independently selected from the group consisting of
hydrogen and Cy_satkyl), halogen, (halo); 3(Cygalkyl,

(halo)i 3(Cisalkoxy, hydroxy and hydroxy(C, sjalkyl; and, wherein
any of the foregoing heterocyclyl substituents are optionally
substituted with oxo)}, cycloalkyl (wherein cycloalkyl s optionally
substituted with one to four substituents independently selected from
the group consisting of T salkyl, Cysalkoxy, Cy salkoxy(Cs siatkyl,
carboxyl, carboxyl{(C gjalkyl, amino (substituted with a substituent
independently selected from the group consisting of hydrogen and
Cy.salkyl}, amino{Cy s )alloyl (wherein amino is substituted with a
substituent independently selected from the group consisting of
hydrogen and Cysalkyly, halogen, (halo) 5(C s)alkyl,

(halo); x(Cg)alkoxy, hyvdroxy and hydroxy(Cisjalkyly,
{O~(CH2)1.6h.5-0-, -O-(CHu )i 6-O-(CH2)1.6-0-,
-O-{CH21.6-O-(CH)1 6~-O-(CH2)1.6-0-, (O-{CHorg)1.5-NRe-,
~0-(CH2 )i NRe-{CH3 ) 6-0-, -O0-(CHz 1.6-0-(CHz)1.6-NRg-,
-(O-{CH)g)o5-S-, -O-«(CH2 )1 5-5-(CHp)6-0-,
O-(CHy ) 6-O-(CH)1.6-S-, -NRg-NR7-, -NRg(CHp)i.6-NR -,
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NRg{CHz)i 6-NR7-{CHy ) 5-NRg-, -NRo-C(O)-, -C{O)-NRo-,
~C{O}-{CHzo ¢ NRs-(CHz)o.s-C(O)-,

MR- CH2)0.6-C{O{CH W6~ C{O-(CH o 6-NR -, -NRe-C{O-NR -,
IR CNRy J-INR g, ~O-(CH 3.6 NRe-{CH )y -5,

~S-(CHy h6-NRg-(CH 1)1 6-0-, ~S+(CH, 1 6-NRe-(CH1 i 6-S- and
“NRg{CH 1 6-5-{CH) 6-NR - (wherein Re, Ry and Ry are
independently selected from the group consisting of hydrogen,
Ciealloyl, Crsalkoxy{Coallyl, carboxy (T g)alkyl, amino(Cy ¢alkyl
(wherein amino is substituted with a substituent independently selected
from the group consisting of hydrogen and Cjaalkyl),
hydroxy{Cyg)alkyl, heterocyelyi{Crgalkyl, arvi(Cigalkyl and
heteroary{Cyz)alkyl (wherein the foregoing heterocyclyl, aryl and
heteroaryl substituents are optionally substituted with one to four
substitucnts independently selected from the group consisting of
Ciealloyl, Crsalkoxy, Crsalkoxy{C galkyl, carboxyl,
carboxyl{Cy.g)alkyl, amino (substituted with a substituent
mdependently selected from the group cousisting of hydrogen and
Cyaalkyl), amino(Cy¢)alkyl (wherein amino is substituted with a
substituent independently selected from the group consisting of
hydrogen and Cyaalkyl), halogen, (halo):s(Cis)alkyl,
(haloh.5{Cyx)alkoxy, hydroxy and hydroxy(Cy.¢)alkyl; and, wherein
heterocyclyl is optionally substituted with oxo); and, wherein Ry is
selected from the group consisting of Cysalkyl, Cisatkoxy{Cys)atkyl,
carboxyl{Cys)alkyl, amino(Cygalkyl (wherein amino is substituted
with a substituent independently selected from the group consisting of
hydrogen and C;salkyl), hydroxy{Ci.sjalkyl, heterocyelyl{Cyq)alkyl,
arylCr.g)alky] and heteroaryl{(C g)atkyl {(wherein the foregoing
heterocyelyl, arvl and heteroaryl substituents are optionally substituted
with one to four substituents independently selected from the group
consisting of C; galkyl, Cisalkoxy, Cisalkoxy(Cysjatkyl, carboxyl,
carboxyl(Cy.s)alkyl, aminoe (substituted with a substituent
independently selected from the group consisting of hydrogen and
Cyqalkyl), amino(Cygjatkyl (wherein amino is substituted with a

substituent independently selected from the groop consisting of
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hydrogen and Cyalkyl), halogen, (halo): (T z)alkyl,
(halo); x(Cyg)alkoxy, hydroxy and hydroxy(C, s)alkyl; and, wherein

heterocycelyl is optionally substituted with oxo)).

RR. The method of claim 83, wherein Ry and R; are independently selected
from the group consisting of hydrogen, Cisalkyl, Cogallenyl,
Co.salkynyl (wherein alkyl, alkenyt and alkynyl are optionally
substituted with a substituent selected from the group consisting of
Cisalkoxy, alkoxy{Cy g)alkyl, carboxyl, carboxyl{C ¢)alkyl, amino
(substituted with a substituent independently selected from the group
consisting of hydrogen and Cy4alkyl), amino{Cy syatkyl {(wherein
amino is substituted with a substituent independently selected from the
group consisting of hydrogen and Cisalkyl), (halo).s,

(haloy 5(Cysatkyl, (halo) 5(Cyslatkoxy, hydroxy, hydroxy(C, sJalkyl
and oxo), C; galkoxy, Cisalkoxyearbonyl, (halo) :(C; ¢alkoxy,
Cisallylthio, aryl, heteroaryl (wherein aryl and heteroaryi are
optionally substituted with a substituent selected from the group
consisting of C;galkyl, Cysalkoxy, alkoxy(Ci.g)alkyl, carboxyl,
carboxyl(Cy.s)alkyl, aminoe (substituted with a substituent
independently selected from the group consisting of hydrogen and
Cy.aalkyl}, amino{Cys)alloyl (wherein amino is substituted with a
substituent independently selected from the groop consisting of
hydrogen and C; salkyl}, halogen, (haloy 5{Cy s)alkyl,

(halo); x(Cyg)alkoxy, hydroxy and hydroxy(Cisjalkyl), amino
(substituted with a sabstitaent independently selected from the group
consisting of hydrogen and Cy4alky?), cyano, halogen, hydroxy and
nitro; and pharmaceutically acceptable salts thereof.

89. The method of claim 83, wherein the compound of the Formula(lil} is
6,7,9,10,12,13,15,16-o¢tahydre-23H-5,26:17,22-dimetheno-5H-
dipyrido[2,3-k:3%,2-qlpyrroloi 3,4~

n]i1,4,7,10,19}trioxadiaracyciohenicosing-23,25(24H-dione.

00. The method of claim 83, wherein the compound of the Formula(1ll) is

10,11,13,14,16,17,19,20,22,23-decahydro-9,4:24,29-dimetheno- 1 H-
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dipyrido{2,3-n:3" 2t |pyrrolo] 3,4-

qli1,4,7,10,13,22 tetraoxadiazacyelotetracosing-1,3(2H -dione,

81. The method of claim 83, wherein the compound of the Formuuda(T1]) is
F0,11,13,14,16,17,19,20,22,23,25,26-dodecahydro-9,4:27,32-
dimetheno-1H-dipyridoi2,3-q:3",2"-wpyrrolo[ 3 4~

t][1.4,7,10,13,16,2 5 ipentaoxadiazacycloheptacosine-1,3(2H »-dione.

92. The method of claim R3, wherein the compound of the Formula(Ill) is
6,7,9,10,12,13-hexahydro-20H-5,23:14, 19-dimnetheno-5SH-
dibenzo[h,njpyrrolo]3,4-k]i 1,4,7, 16]dioxadiazacyclooctadecine-

20,22(21H)-dione.

93, The method of claim 83, wherein the compound of the Formula(ill) is
6,7,9,10,12,13,15,16-octahydro-23H-5,26:17 22-dimetheno-SH-
dibenzo[k.qlpyrrolof3.4-n]{1,4,7,10, 19 trioxadiazacycioheneicosine-

23,25(24H)-dione.

94. The method of claim 83, wherein the compound of the Formula(Ill) is
F0,11,13,14,16,17,19,20,22,23-decahydro-9,4:24,29-dimetheno-TH-
dibenzo[n tlpyrrolof3,4-

qli1,4,7,18,13,22 Hetraoxadiazacyclotetracosing-1,3(2H -dione.

95. The method of claim 83, wherein the compound of the Formula(ill) is

Compound la.

96. The method of claim 83, wherein the compound of the Formula(T1T) is
3-[1-13-[(2-hydroxyethvhmethylamino Jpropyl]-1 H-indazol-3-y1]-4-{ 1-

(3-pyridinyl)-1H-indol-3-y1]-1H-pyrrole-2,5-dione.

97. The method of claim &3, wherein the compound of the Formula (11 is
3,5-dichloro-N-{3-chloro-4-{(3,4,12, 1 2a-tetrabydro- 1 H-
[1,41thiazino[3 4-c]{1,4benzodiazepin- LI{6H)-yhicarbonyliphenyli-

benzamide.
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98. The method of claim 83, wherein the compound of the Formula (111} is

3-[1-(2-hydroxy-ethyl)-1 H-indol-3-y1]-4-( 1 -pyridin-3-yi- IH-1ndo}-3-

yh-pyrrole-2,5-dione.

99. The method of claim 83, wherein the compound of the Formula (1) 1s

100

101

102.

133,

104,

106,

3-(Z-methoxy-phenyii-4-(1-pyridin-3-yl- 1 H-indo!l-3-yh)-pyrrole-2,5-

dione.

The method of claim 83, wherein the compound of the Formula (IH)
is 6-[[2-[[4-(2 4-dichlorophenyD-5-(4-methyl- IH-imidazol-2-v1)-2-

pyrimidinyiiaminolethyljamino]-3-pyridinecarbonitrile.

The method of claim 83, wherein the compound of the Formula (1)
is 3-(S-chloro- I-methyl-1H-indol-3-y1)-4-[ 1-(3-imidazol-1-yl-

propyl)-1H-ndazol-3-vl}-pyrrole-2,5-dione.

The method of claim 83, wherein the compound of the Formula (11
i8 3-(5-chloro-1-methyl-1H-indol-3-y13-4-[1-(3-{1,2.3 }triazod- 1 -y1-
propyi)-1H-indazol-3-vij-pyrrole-2 5-dione.

The method of claim 83, wherein the compound of the Formula (D
is 3-[1-{3-hydroxy-propyh)-1H-pyrrolo[2,3-bpyridin-3-yii-4-(1-

methyl-1H-pyrazol-3-y-pyrrole-2,5-dione.

The method of claim 83, wherein the compound of the Formula (1)

is Compound 10a.

. The method of claim 83, wherein the compound of the Formula (HI}

ts 3-[1-(3-hydroxy-3-methyl-botyl-1H-indazol-3-y1}-4-(1-pyridin-3-
yl-1H-indol-3-vh-pyrrole-2,5-dione.

The method of claim 83, wherein the compound of the Formula (1H)
is 3-[1-{2-hydroxy-ethyl)-1H-indazol-3-yi}-4-(1 -pyrimidin-S-yi-1H-

fndol-3-yh-pyrrole-2,5-dione.
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. The method of claim 83, wherein the compound of the Formula (HI}

ts 3-[1-{2-hydroxy-cthyh- 1H-indol-3-y1]-4-(1-pyrimidin-5-y1- 1 H-

tndol-3-yl-pyrrole-2,5-dione.

The method of claim 83, wherein the compound of the Formula (11
i8 (1123-8,9,10,13,14,15-hexahydro-2,6:17.21-
di{methenopyrrolo[3,4-h|[1,15,7dioxazacyclotricosine-

22,24(1H,23H)-dione.

The method of claim 83, wherein the compound of the Formula (IH)
is 3-(5-chloro-1-pyridin-3-vi-1H-indol-3-y13-4-{1-(3-hydroxy-

propyli-1H-indazol-3-yl}-pyrrole-2,5-dione.

The method of claim 83, wherein the compound of the Formula (1H)
is 3-(Z-methoxy-phenyh-4-[ 1-G-methoxy-propyl}- i H-pyrrolof 3,2-

clpyridin-3-yi]-pyrrole-2,5-dione.

The method of claim 83, wherein the compound of the Formula (D
is 3-[ 1-(3-hydroxy-propyii-1 H-indazol-3-v1}-4-[ 1 {tetrahydro-pyran-

4-y1-1H-ndol-3-y]-pyrrole-2,5-dione.

The method of claim 83, wherein the compound of the Formula (IH)
is 2~ {3-[4-(S-chloro- I-methyi-1H-indol-3-y1)-2,5-dioxo-2,5-dihydro-

FH-pyrrol-3-ylj-indazol-1-vi} -N-(2-hydroxy-ethyl}-acetamide.

. The method of claim 83, wherein the compound of the Formula (HI}

is 4-(3-chloro-pheny!-6-(3-dimethylamino-propyi)-5,6-dihydro-4H-

2.4,6-tnaza-cyclopenta[cifhuorine-1,3-dione.

The method of claim 83, wherein the compound of the Formula (1H)
is 14-cthyi-6,7,9,10,13,14,15,16-octabydro-12H,23H-5,26:17,22-
dimethenodibenzo{k, glpyrrolo[3.4-

n}i1.4,7,18,191dioxatriazacycloheneicosine-23,25(24H-dioune.

The method of claim 83, wherein the compound of the Formula (IH)

is 14-benzyi-0,7,9,10,13,14,15,16-octahydro-12H,23H-5,26:17,22-
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di{metheno)dibenzolk.qlpyrrolo{3,4-

w]i1,4,7,10, 191dioxatriazacyclohenicosine-23 2 5(24H)-dione.

The method of claim R3, wherein the compound of the Formula (T11)
8 3-(1-{2-12-(2-hydroxy-cthoxy)-cthoxyl-ethyl} -1 H-indol-3-y)-4-

[1-Q-hydroxy-cthyl}-1H-indol-3-yl]-pyrrole-2,5-dione.

The method of claim 83, wherein the compound of the Formula (3D
is 6,7,8.9,10,11,12, 1 3-octahydro-&, 1 | -dimethyl-5,23:14,19-
dimetheno-20H-dibenzolk,qlpyrrolo{3,4-

nji1,4,7 10}tetraazacyclooctadecine-20,22(2 1H)-dione.

The method of claim 83, wherein the compound of the Formula (1)
is 7,8,9,10,12,13,16,17,18,19-decahy dro-8,1 7-dimethyl- 1 5H,26H-
5,29:20,25-dimetheno-6H-dibenzo[k,qipyrrolo[3,4-

n]i1,4,7,10,19,22dioxatetraazacyclotetracosine-26,28(2 7H )-dione.

The method of claim 83, wherein the compound of the Formula (D
is 14-(2-furylmethyl)-6,7,9,10,13,14,15,16-octahydro-12H,23H-
5,26:17.22-di{methenoydibenzolk, g lpyrrolo[3,4-

i 1,4,7,10, 19 dioxatriazacyclohenicosine-23,2 5(24H -dione,

The method of claim 83, wherein the compound of the Formula (1)
is 14-(2-thienyimethyi)-6,7,9,10,13,14,15, 16-octahydro-12H,23H-
5,26:17,22-di{metheno)dibenzolk.gipyrrolof3,4-

0ii1,4.7,10,19]dioxatriazacyclobenicosine-23,25(24H )-dione.

The method of claim 83, wherein the compound of the Formula (1H)
is 14-(1-naphthylmethy)-6,7,9,10,13,14,15 16-cctahydro-12H 23H-
5,26:17,22-di{methenodibenzo{k, g jpyrrole{3.4-

n]i1,4,7, 10,19 dioxatrizzacyclohenicosing-23,25(24H))-dione.

The method of claim 83, wherein the compound of the Formula (IH)
is 14-(pyridin-4-yimethy1)-6,7,9,13,13,14,15,16-octahydro-12H,23H-
5,26:17,22-di{metheno)dibenzolk qlpyrrole{3,4-

0}l 1,4,7,10,191dioxatriazacyclohenicosing-23,25(24H)-dione.
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123, The method of claim &3, wherein the compound of the Formula (111
18 3-[1-(2- {2-[2~(1,2,3 4~tetrabydro-naphthalen-T-ylamino)-ethoxy]-
cthoxy}-ethyl)-1H-indol-3-yl]-4- {1-[2-(1,2,3 4-tetrahydro-

naphthalen-1-ylamino}-ethyl]-1H-indol-3-vlt-pyrroie-2, 5-dione.

124. The method of claim 83, wherein the compound of the Formula (31
is 3-[1-(3-dimethylamino-pheny - i H-indol-3-y1]-4-[ 1-(2-hydroxy-
cthyh-iH-indazol-3-y1]-pyrrole-2,5-dione.

125, The method of claim 83, wherein the compound of the Formula (1)
is 3-[5-chloro-1-(6-dimethylanuno-pyridin-3-vi)-1H-indol-3-yi}-4-

{1-(2-hydroxy-ethyl}-1H-indazol-3-yi]-pyrrole-2,5-dione.

126. The method of claim &3, wherein the compound of the Formula (111
18 S-(S-chloro-3- {4-[1-(2-hydroxy-ethyl-1H-indazol-3-y1]-2,5-
dioxo-2,5-dihydro-1H-pyrrol-3-y1} -indol-1-yh)-nicotinic acid methyl

ester,
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