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hancing neovascularization. In an aspect,
the invention relates to compositions and
methods for attenuating vascular apoptosis.
In an aspect, the invention relates to com-
positions and methods for inhibiting vascu-
lar apoptosis. This abstract is intended as a
scanning tool for purposes of searching in
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METHODS AND COMPOSITIONS USING FGF-9 TO ENHANCE
NEOVASCULARIZATION AND REGENERATION

CROSS REFERENCE TO RELATED PATENT APPLICATIONS
[0001] This application claims priority U.S. Provisional Application No. 61/618,280 filed
March 30, 2012, which is herein incorporated by reference in its entirety, and is related to
U.S. Provisional Application No. 61/617,985 filed March 30, 2012, titled “Methods and
Compositions using FGF-8 to Enhance Cardiac Regeneration and Attenuate Adverse Cardiac
Remodeling,” by Dinendar Singla, which is herein incorporated by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
[0002] Parts of this invention were made with government support under SRO1HL090646-04
awarded by the National Institutes of Heath. The United States government has certain rights
in the invention.
BACKGROUND

[0003] Myocardial infarction (MI) leads to heart failure implicated by complex mechanisms
of cardiac myocyte cell death, hypertrophy and fibrosis. The common therapeutic preferences
to inhibit further deterioration of MI leading to end stage heart failure are very restricted.
While heart transplantation is required to manage end stage heart failure patients, it is not
readily available. Moreover, the development, progression and pathogenesis of myocardial
infarction (MI) in type II diabetes are complex and severe compared with age and sex
matched non-diabetic patients.
[0004] Therefore, new cellular therapies to repair and regenerate injured myocardium as well
as to prevent the progression of adverse cardiac remodeling are under diligent examination.
Cell therapy has emerged as a potential therapeutic approach for repairing injured
myocardium. Thus far, cell transplantation in the mouse, rat, and human infarcted hearts has
been studied employing a wide variety of cell types such as skeletal myoblasts, embryonic
stem (ES) cells, c-kit positive cardiac stem cells, CD45™° bone marrow stem cells,
mesenchymal stem cells (MSC), and hematopoietic stem cells. Indeed, adult stem cells in
clinical trials have furnished significant insights into cell transplantation; however, their
cffectiveness is still in question. In contrast, ES cells have never reached clinical trials due to
ethical and additional concerns. Thus, the optimal cell types for transplantation in the injured
myocardium has yet to be identified.
[0005] Despite advances in understanding the physiology and pathophysiology of cardiac
dysfunction, including myocardial infarction, there is still a scarcity of compounds that are

both potent, efficacious, and safe in enhancing neovascularization and regeneration of the
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heart following MI. These needs and other needs are satisfied by the present invention.
SUMMARY
[0006] Disclosed herein is a method of enhancing neovascularization following cardiac
dysfunction in a subject in need thereof, the method comprising (i) administering to the
subject fibroblast growth factor-9 primed induced pluripotent stem cells; (ii) administering to
the subject conditioned medium of fibroblast growth factor-9 primed induced pluripotent
stem cells; (iii) administering to the subject fibroblast growth factor-9; and/or (iv)
administering to the subject fibroblast growth factor-9 and fibroblast growth factor-8; and
determining neovascularization in the heart.
[0007] Disclosed herein is a method of attenuating vascular apoptosis and/or apoptosis-
related mechanisms following cardiac dysfunction in a subject in need thereof comprising (i)
administering to the subject fibroblast growth factor-9 primed induced pluripotent stem cells;
(i1) administering to the subject conditioned medium of fibroblast growth factor-9 primed
induced pluripotent stem cells; (iii) administering to the subject fibroblast growth factor-9;
and/or (iv) administering to the subject a composition comprising fibroblast growth factor-9
and fibroblast growth factor-8; and determining apoptosis and/or apoptosis related
mechanisms in the heart.
[0008] Disclosed herein is a composition of enhancing neovascularization in a subject, the
composition comprising (i) fibroblast growth factor-9 primed induced pluripotent stem cells,
(i1) conditioned medium of fibroblast growth factor-9 primed induced pluripotent stem cells;
(ii1) administering to the subject fibroblast growth factor-9; and/or (iv) administering to the
subject a composition comprising fibroblast growth factor-9 and fibroblast growth factor-8.
[0009] Disclosed herein is a composition of attenuating vascular apoptosis and/or apoptosis-
related mechanisms in a subject, the composition comprising (i) fibroblast growth factor-9
primed induced pluripotent stem cells; (ii) conditioned medium of fibroblast growth factor-9
primed induced pluripotent stem cells; (iii) administering to the subject fibroblast growth
factor-9; and/or (iv) administering to the subject a composition comprising fibroblast growth
factor-9 and fibroblast growth factor-§.
[0010] Disclosed herein is a method of generating cardiac induced pluripotent stem cells, the
method comprising (i) inserting one or more nucleic acid constructs capable of expressing
stem-cell like factors into a cardiac cell type, wherein the stem-cell like factors comprise
Oct3/4, KIf4, Sox2, c-Myc, and/or a combination thercof; and (ii) obtaining the cardiac

induced pluripotent stem cells stably expressing the stem-cell like factors in the cardiac cell

type.
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[0011] Disclosed herein is a method of inhibiting vascular apoptosis and/or apoptosis-related
mechanisms comprising administering conditioned medium from induced pluripotent stem
cells, wherein the conditioned medium is administered with or without fibroblast growth
factor-9.
[0012] Disclosed herein is a method of inhibiting vascular apoptosis and/or apoptosis-related
mechanisms comprising administering fibroblast growth factor-9.

BRIEF DESCRIPTION OF THE FIGURES
[0013] The accompanying figures, which are incorporated in and constitute a part of this
specification, illustrate several aspects and together with the description serve to explain the
principles of the invention.
[0014] Figures 1A-D shows indicia of untransfected H9¢2 cells and indicia of stably
transfected iPS cells.
[0015] Figures 2A-I shows that iPS cells generated from embryoid bodies differentiate into
cardiac myocytes, smooth muscles cells, and endothelial cells.
[0016] Figure 3A shows that FGF-9-treated EBs stained positively for markers specific for
ECs, VSMCs, and iPS cells; Figure 3B provides a quantitative analysis of ECs and VSMCs
following iPS and FGF-9 treatment.
[0017] Figure 4A shows that iPS cells transplanted following MI differentiated into ECs and
VSMC s in diabetic and non-diabetic mice and demonstrated neovascularization; Figure 4B
provides a quantitative analysis of ECs (bottom panel) and VSMCs (top panel) following
treatment with iPS cells.
[0018] Figure SA shows c-kit positive cell activation in neovascularization in VSMCs (actin)
and ECs (CD31) in diabetic and non-diabetic mice; Figure 5B provides a quantitative
analysis of positive c-kit+VSMCs (top panel) and c-kit+ECs (bottom panel) following MI
and treatment with iPS cells or FGF-9.
[0019] Figure 6A shows caspase activity and cell death detection following treatment with
glucose, conditioned medium, FGF-9, and a combination thercof.
[0020] Figures 7A-F show the effect of iPS cells or FGF-9 following MI on artery/capillary
formation.
[0021] Figures 8 A-B show the effects of treatment with iPS cells and iPS cells with FGF-9
on cell differentiation.
[0022] Figure 9 provides a quantitative analysis of FGF-9 treatment on miR-126 expression
following MI.
[0023] Figures 10A-B show that treatment with iPS cells or FGF-9 blunted remodeling and
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improved cardiac function following ML
[0024] Additional advantages of the invention will be set forth in part in the description
which follows, and in part will be obvious from the description, or can be learned by practice
of the invention. The advantages of the invention will be realized and attained by means of
the elements and combinations particularly pointed out in the appended claims. It is to be
understood that both the foregoing general description and the following detailed description
are exemplary and explanatory only and are not restrictive of the invention, as claimed.
DESCRIPTION

[0025] The present invention can be understood more readily by reference to the following
detailed description of the invention and the Examples included therein.
[0026] Recently identified induced pluripotent stem cells (iPS cells) possess tremendous
potential to treat heart disease, but their basic mechanisms of neovascularization in diabetic
infarcted myocardium are largely unknown. Moreover, no attention has been paid to the
dynamic and concurrent processes underlying post-MI neovascularization (angiogenesis and
vasculogenesis), or the interaction of these processes with transplanted fibroblast growth
factor-9 (FGF-9) primed neovascular committed iPS cells in non-diabetic and diabetic mice.
The role of transplanted FGF-9 primed differentiated iPS cells or their conditioned medium
(CM) in the endogenous activation of c-kit"** and FLK1™° cardiac progenitor cells (CPCs)
and c-kit" Flk-1"° progenitor cells (c-kit" FLK-1"°-PCs) has never been determined in non-
diabetic and diabetic mice.
[0027] Using four (4) factors (Oct3/4, Sox2, KIf4, and c-Myc), iPS cells were generated from
HO9¢2 cells (originally isolated from embryonic rat heart ventricular tissue). These cells,
which are referred to herein as “4F-iPS cells” or “iPS cells,” have the potential to
differentiate into cardiac myocytes in vitro and in vivo. Following myocardial infarction,
transplanted cardiac iPS cells inhibited post-MI remodeling and demonstrated cardiac
regeneration.
A. COMPOSITIONS

1. COMPOSITIONS FOR ENHANCING NEOVASCULARIZATION
[0028] Disclosed herein are compositions for enhancing neovascularization. In an aspect,
disclosed herein is a composition for enhancing neovascularization in a subject, the
composition comprising (i) fibroblast growth factor-9 primed induced pluripotent stem cells;
(i1) conditioned medium of fibroblast growth factor-9 primed induced pluripotent stem cells;
(iii) fibroblast growth factor-9; and/or (iv) a composition comprising fibroblast growth factor-

9 and fibroblast growth factor-8; and determining neovascularization in the heart. For
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example, a disclosed composition for enhancing neovascularization in a subject comprises
any one of the following combinations of fibroblast growth factor-9 primed induced
pluripotent stem cells (FGF-9 primed iPS cells); conditioned medium of fibroblast growth
factor-9 primed induced pluripotent stem cells (CM of FGF-9 primed iPS cells); fibroblast
growth factor-9 (FGF-9); and a composition comprising fibroblast growth factor-9 and
fibroblast growth factor-8 (FGF-9 and FGF-8).

[0029] Table 1 — Listing of Disclosed Compositions for Enhancing Neovascularization

Components for Disclosed Compositions for Enhancing Neovascularization
R I I e
iPS cells) iPS cells) (i.c., FGF-9) FGF-8)
A B C D
A+B B+A C+A D+A
A+C B+C C+B D+B
A+D B+D C+D D+C
A+B+C B+A+C C+A+B D+A+B
A+B+D B+A+D C+A+D D+A+C
A+C+D B+C+D C+B+D D+B+C
A+B+C+D B+A+C+D C+A+B+D D+A+B+C

[0030] Thus, as detailed in the above table, a disclosed composition for enhancing
neovascularization comprises one or two or three or all four of the following: (A) fibroblast
growth factor-9 primed induced pluripotent stem cells; (B) conditioned media of fibroblast
growth factor-9 primed induced pluripotent stem cells; (C) fibroblast growth factor-9; and
(D) a composition comprising fibroblast growth factor-9 and fibroblast growth factor-&.
[0031] In an aspect, a disclosed composition for enhancing neovascularization enhances cell
engraftment. In an aspect, a disclosed composition enhances cell proliferation. In an aspect, a
disclosed composition enhances cell differentiation. In an aspect, a disclosed composition
enhances cardiac myocyte differentiation in iPS cells or any other source of stem cells in
regenerative medicine including, but not limited to, mesenchymal stem cells, adipocyte stems
cells, and any other types of stem cells known to be effective by those of skill in the art. In an
aspect, a disclosed composition enhances c-kit positive cells or any other endogenous heart
stem cells.

[0032] In an aspect, a disclosed composition enhances cell proliferation, cell differentiation,



WO 2013/148122 PCT/US2013/030082

and/or cell engraftment. For example, in an aspect, a disclosed composition enhances both
cell engraftment and cell proliferation. In an aspect, a disclosed composition enhances both
cell engraftment and cell differentiation. In an aspect, a disclosed composition enhances both
cell proliferation and cell differentiation. In an aspect, a disclosed composition enhances cell
engraftment, cell proliferation, and cell differentiation.

[0033] In an aspect, a disclosed composition for enhancing neovascularization enhances
angiogenesis and/or vasculogenesis in the subject. For example, in an aspect, a disclosed
composition enhances angiogenesis in the subject. In a further aspect, a disclosed
composition enhances vasculogenesis in the subject. In an aspect, a disclosed composition
enhances both angiogenesis and vasculogenesis in the subject.

[0034] In an aspect, a disclosed composition for enhancing neovascularization enhances
cardiac function in the subject. In an aspect, enhancing cardiac function comprises increasing
cardiac blood flow. In a further aspect, enhancing cardiac function comprises increasing
cardiac capillary density. In yet another aspect, enhancing cardiac function comprises both
increasing cardiac blood flow and increasing cardiac capillary density.

[0035] In an aspect, a disclosed composition for enhancing neovascularization attenuates
vascular apoptosis and/or apoptosis-related mechanisms. In an aspect, the apoptosis and/or
apoptosis-related mechanisms occurs in the induced pluripotent stem cells. In an aspect, the
apoptosis and/or apoptosis-related mechanisms occurs in the cardiac tissue of the subject. In
an aspect, a disclosed composition attenuates apoptosis and/or apoptosis-related mechanisms
occurs in the iPS cells. In an aspect, a disclosed composition attenuates apoptosis and/or
apoptosis-related mechanisms occurs in the cardiac tissue of the subject. In an aspect, a
disclosed composition attenuates apoptosis and/or apoptosis-related mechanisms in both iPS
cells and the cardiac tissue of the subject.

[0036] In an aspect, a disclosed composition for enhancing neovascularization increases
miR-126 expression, decreases SPRED1 expression, and/or decreases PIK3R2 expression.
For example, a disclosed composition increases miR-126 expression and decreases SPRED1
expression. In an aspect, a disclosed composition increases miR-126 expression and
decreases PIK3R2 expression. In an aspect, a disclosed composition decreases SPRED1
expression and decreases PIK3R2 expression. In an aspect, a disclosed composition increases
miR-126 expression, decreases SPREDI1 expression, and decreases PIK3R2 expression.
[0037] In an aspect, the conditioned media of a disclosed composition for enhancing
neovascularization comprises one or more anti-apoptotic and anti-fibrotic factors. In a further

aspect, the one or more anti-apoptotic and anti-fibrotic factors comprise fibroblast growth
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factor-8 (FGF-8), fibroblast growth factor-9 (FGF-9), interleukin-10 (IL-10), and tissue
inhibitor of matrix metalloproteinase-1 (TIMP-1).

[0038] In an aspect, the iPS cells differentiate into endothelial cells and/or vascular smooth
muscle cells. In an aspect, the iPS cells differentiate into endothelial cells. In an aspect, the
iPS cells differentiate into vascular smooth muscle cells. In an aspect, the iPS cells
differentiate into endothelial cells and into vascular smooth muscle cells. In an aspect, the iPS
cells are cardiac-committed. In an aspect, a disclosed composition enhances cardiac myocyte
differentiation in iPS cells or any other source of stem cells in regenerative medicine
including, but not limited to, mesenchymal stem cells, adipocyte stems cells, and any other
types of stem cells known to be effective by those of skill in the art. In an aspect, a disclosed
composition enhances c-kit positive cells or any other endogenous heart stem cells.

[0039] In an aspect, the subject has experienced cardiac dysfunction. In an aspect, the cardiac
dysfunction is a cardiac ischemia/reperfusion event. In an aspect, the ischemia/reperfusion
event is myocardial infarction, myocardial ischemia, myocardial reperfusion, subendocardial
ischemia, Takayasu’s arteritis, atrial fibrillation, hemorrhagic stroke, an event that occurs
during cardiac surgery where a heart lung machine is used such as coronary artery bypass, or
an event that occurs during the preservation of an organ for transplant. In an aspect, the
subject has a congenital heart defect. In an aspect, the congenital heart defect is hypoplasia or
pentalogy of Cantrell.

[0040] In an aspect, a disclosed composition for enhancing neovascularization in a subject is
administered to the subject prior to cardiac dysfunction. In an aspect, a disclosed composition
is administered to the subject during cardiac dysfunction. In an aspect, a disclosed
composition is administered to the subject following cardiac dysfunction. For example, in an
aspect, a disclosed composition is administered to the subject within 10, 15, 20, 25, 30, or
more minutes following cardiac dysfunction. In an aspect, a composition is administered
within 1, 2, 6, 12, 18, 24, or more hour following cardiac dysfunction.

[0041] In an aspect, a disclosed composition for enhancing neovascularization in a subject is
administered to the subject one or more times. For example, in an aspect, a disclosed
composition is administered to the subject prior to and during cardiac dysfunction. In an
aspect, a disclosed composition is administered to the subject during and following cardiac
dysfunction. For example, in an aspect, a disclosed composition is administered to the subject
prior to and following cardiac dysfunction. In an aspect, a disclosed composition is
administered to the subject prior to, during, and following cardiac dysfunction.

[0042] In an aspect, a disclosed composition for enhancing neovascularization in a subject
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comprises between 5,000 and 500,000 induced pluripotent stem cells (iPS cells). In an aspect,
a disclosed composition comprises approximately 100,000 iPS cells. In an aspect, a disclosed
composition comprises less than 100,000 iPS cells. In an aspect, a disclosed composition
comprises more than 100,000 iPS cells.

[0043] In an aspect, a disclosed composition for enhancing neovascularization in a subject is
administered to the subject in one intramyocardial injection. In an aspect, a disclosed
composition is administered in two or more intramyocardial injections.

[0044] In an aspect, a disclosed composition for enhancing neovascularization in a subject in
a subject is administered into a peri-infarct zone of the injured myocardium. In an aspect,
disclosed composition is administered into an infarcted zone of the injured myocardium. In
an aspect, a disclosed composition is administered into both a peri-infarct zone of the injured
myocardium and an infarcted zone of the injured myocardium.

[0045] In an aspect, a disclosed composition for enhancing neovascularization in a subject
comprises one or more immunosuppressive drugs. Immunosuppressive drugs are known in
the art. In an aspect, the one or more immunosuppressive drugs comprise corticosteroids,
calcineurin inhibitors, anti-proliferatives, and mTOR inhibitors. In an aspect, the one or more
immunosuppressive drugs can be a combination of immunosuppressive drugs. In an aspect,
the one or more immunosuppressive drugs is cyclosporine A.

[0046] In an aspect, the induced pluripotent stem cells (iPS cells) of a disclosed composition
are obtained from an autologous source. In an aspect, the iPS cells are obtained from an
allogeneic source. In an aspect, the iPS cells are obtained from a syngeneic source. In an
aspect, the iPS cells are obtained from a combination of sources.

[0047] In an aspect, the induced pluripotent stem cells of a disclosed composition for
enhancing neovascularization in a subject are obtained from fibroblast cells. In a further
aspect, the induced pluripotent stem cells are obtained from H9¢2 cells. In an aspect, the
fibroblast cells or the H9¢2 cells are transfected with a vector comprising a nucleic acid
molecule encoding at least one stemness factor. In an aspect, the at least one stemness factor
comprises c-myc, oct 3/4, KIf4, nanog, or Sox2, or a combination thereof. For example, in an
aspect, the stemness factors are c-myc, oct 3/4, KIf4, and Sox2.

[0048] In an aspect, a disclosed composition for enhancing neovascularization inhibits
fibrosis and/or fibrosis-related mechanisms.

[0049] In an aspect, a disclosed composition for enhancing neovascularization protects
myocardium including, but not limited to human myocardium, with or without the

administration of iPS cells.
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[0050] In an aspect, the subject is a mammal. In an aspect, the mammal is a primate. In an
aspect, the mammal is a human. In an aspect, the human is a patient. In an aspect, the subject
is diabetic.

2. COMPOSITIONS FOR ATTENUATING VASCULAR APOPTOSIS
[0051] Disclosed herein is a composition for attenuating vascular apoptosis and/or apoptosis-
related mechanisms in a subject, the composition comprising (i) fibroblast growth factor-9
primed induced pluripotent stem cells; (ii) conditioned medium of fibroblast growth factor-9
primed induced pluripotent stem cells; (iii) fibroblast growth factor-9; and/or (iv) a
composition comprising fibroblast growth factor-9 and fibroblast growth factor-8. For
example, a disclosed composition for enhancing neovascularization in a subject comprises
any one of the following combinations of fibroblast growth factor-9 primed induced
pluripotent stem cells (FGF-9 primed iPS cells); conditioned medium of fibroblast growth
factor-9 primed induced pluripotent stem cells (CM of FGF-9 primed iPS cells); fibroblast
growth factor-9 (FGF-9); and a composition comprising fibroblast growth factor-9 and
fibroblast growth factor-8 (FGF-9 and FGF-8).
[0052] Table 2. Listing of Disclosed Compositions for Attenuating Vascular Apoptosis

Components for Disclosed Compositions for Attenuating Vascular Apoptosis
(i.cgogﬁ);s;ﬁiﬁqed (i.e(.: Oéﬁr losi‘nﬁgGBm (Ef?plﬁl(s}lgggf 52“%%“5 ?L
iPS cells) iPS cells) ’ FGF-8)
A B C D
A+B B+A C+A D+A
A+C B+C C+B D+B
A+D B+D C+D D+C
A+B+C B+A+C C+A+B D+A+B
A+B+D B+A+D C+A+D D+A+C
A+C+D B+C+D C+B+D D+B+C
A+B+C+D B+A+C+D C+A+B+D D+A+B+C

[0053] Thus, as detailed in the above table, a disclosed composition for attenuating vascular
apoptosis comprises one or two or three or all four of the following: (A) fibroblast growth
factor-9 primed induced pluripotent stem cells; (B) conditioned media of fibroblast growth
factor-9 primed induced pluripotent stem cells; (C) fibroblast growth factor-9; and (D) a
composition comprising fibroblast growth factor-9 and fibroblast growth factor-§.
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[0054] In an aspect, a disclosed composition for attenuating vascular apoptosis and/or
apoptosis-related mechanisms enhances angiogenesis and/or vasculogenesis in the subject.
For example, in an aspect, a disclosed composition enhances angiogenesis in the subject. In a
further aspect, a disclosed composition enhances vasculogenesis in the subject. In an aspect, a
disclosed composition enhances both angiogenesis and vasculogenesis in the subject.

[0055] In an aspect, a disclosed composition for attenuating vascular apoptosis and/or
apoptosis-related mechanisms further enhances cardiac function in the subject. In an aspect,
enhancing cardiac function comprises increasing cardiac blood flow. In a further aspect,
enhancing cardiac function comprises increasing cardiac capillary density. In yet another
aspect, enhancing cardiac function comprises both increasing cardiac blood flow and
increasing cardiac capillary density.

[0056] In an aspect, the apoptosis and/or apoptosis-related mechanisms occurs in the induced
pluripotent stem cells. In an aspect, the apoptosis and/or apoptosis-related mechanisms occurs
in the cardiac tissue of the subject. In an aspect, a disclosed composition attenuates apoptosis
and/or apoptosis-related mechanisms in the iPS cells. In an aspect, a disclosed composition
attenuates apoptosis and/or apoptosis-related mechanisms in the cardiac tissue of the subject.
In an aspect, a disclosed composition attenuates apoptosis and/or apoptosis-related
mechanisms in the iPS cells and the cardiac tissue of the subject.

[0057] In an aspect, a disclosed composition for attenuating vascular apoptosis and/or
apoptosis-related mechanisms increases miR-126 expression, decreases SPREDI expression,
and/or a decreases PIK3R2 expression. For example, a disclosed composition increases miR-
126 expression and decreases SPRED1 expression. In an aspect, a disclosed composition
increases miR-126 expression and decreases PIK3R2 expression. In an aspect, a disclosed
composition decreases SPRED]1 expression and decreases PIK3R2 expression. In an aspect, a
disclosed composition increases miR-126 expression, decreases SPRED1 expression, and
decreases PIK3R2 expression.

[0058] In an aspect, the conditioned media of a disclosed composition for attenuating
vascular apoptosis and/or apoptosis-related mechanisms comprises one or more anti-
apoptotic and anti-fibrotic factors. In a further aspect, the one or more anti-apoptotic and anti-
fibrotic factors comprise fibroblast growth factor-8 (FGF-8), fibroblast growth factor-9 (FGF-
9), interleukin-10 (IL-10), and tissue inhibitor of matrix metalloproteinase-1 (TIMP-1).
[0059] In an aspect, the iPS cells differentiate into endothelial cells and/or vascular smooth
muscle cells. In an aspect, the iPS cells differentiate into endothelial cells. In an aspect, the

iPS cells differentiate into vascular smooth muscle cells. In an aspect, the iPS cells
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differentiate into endothelial cells and vascular smooth muscle cells. In an aspect, the iPS
cells are cardiac-committed. In an aspect, a disclosed composition enhances cardiac myocyte
differentiation in iPS cells or any other source of stem cells in regenerative medicine
including, but not limited to, mesenchymal stem cells, adipocyte stems cells, and any other
types of stem cells known to be effective by those of skill in the art. In an aspect, a disclosed
composition enhances c-kit positive cells or any other endogenous heart stem cells.

[0060] In an aspect, the subject has experienced cardiac dysfunction. In an aspect, the cardiac
dysfunction is a cardiac ischemia/reperfusion event. In an aspect, the ischemia/reperfusion
event is myocardial infarction, myocardial ischemia, myocardial reperfusion, subendocardial
ischemia, Takayasu’s arteritis, atrial fibrillation, hemorrhagic stroke, an event that occurs
during cardiac surgery where a heart lung machine is used such as coronary artery bypass, or
an event that occurs during the preservation of an organ for transplant. In an aspect, the
subject has a congenital heart defect. In an aspect, the congenital heart defect is hypoplasia or
pentalogy of Cantrell.

[0061] In an aspect, a disclosed composition for attenuating vascular apoptosis and/or
apoptosis-related mechanisms in a subject is administered to the subject prior to cardiac
dysfunction. In an aspect, a disclosed composition is administered to the subject during
cardiac dysfunction. In an aspect, a disclosed composition is administered to the subject
following cardiac dysfunction. For example, in an aspect, a disclosed composition is
administered to the subject within 10, 15, 20, 25, 30, or more minutes following cardiac
dysfunction. In an aspect, a composition is administered within 1, 2, 6, 12, 18, 24, or more
hour following cardiac dysfunction.

[0062] In an aspect, a disclosed composition for attenuating vascular apoptosis and/or
apoptosis-related mechanisms in a subject is administered to the subject one or more times.
For example, in an aspect, a disclosed composition is administered to the subject prior to and
during cardiac dysfunction. In an aspect, a disclosed composition is administered to the
subject during and following cardiac dysfunction. For example, in an aspect, a disclosed
composition is administered to the subject prior to and following cardiac dysfunction. In an
aspect, a disclosed composition is administered to the subject prior to, during, and following
cardiac dysfunction.

[0063] In an aspect, a disclosed composition for attenuating vascular apoptosis and/or
apoptosis-related mechanisms in a subject comprises between 5,000 and 500,000 induced
pluripotent stem cells (iPS cells). In an aspect, a composition comprises approximately

100,000 iPS cells. In an aspect, a composition comprises less than 100,000 iPS cells. In an
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aspect, a composition comprises more than 100,000 iPS cells.

[0064] In an aspect, a disclosed composition for attenuating vascular apoptosis and/or
apoptosis-related mechanisms in a subject is administered to the subject in one
intramyocardial injection. In an aspect, a disclosed composition is administered in two or
more intramyocardial injections.

[0065] In an aspect, a disclosed composition for attenuating vascular apoptosis and/or
apoptosis-related mechanisms in a subject is administered into a peri-infarct zone of the
injured myocardium. In an aspect, disclosed composition is administered into an infarcted
zone of the injured myocardium. In an aspect, a disclosed composition is administered into
both a peri-infarct zone of the injured myocardium and an infarcted zone of the injured
myocardium.

[0066] In an aspect, a disclosed composition for attenuating vascular apoptosis and/or
apoptosis-related mechanisms in a subject comprises one or more immunosuppressive drugs.
Immunosuppressive drugs are known in the art. In an aspect, the one or more
immunosuppressive drugs comprise corticosteroids, calcineurin inhibitors, anti-proliferatives,
and mTOR inhibitors. In an aspect, the one or more immunosuppressive drugs can be a
combination of immunosuppressive drugs. In an aspect, the one or more immunosuppressive
drugs is cyclosporine A.

[0067] In an aspect, the induced pluripotent stem cells (iPS cells) of a disclosed composition
for attenuating vascular apoptosis and/or apoptosis-related mechanisms in a subject are
obtained from an autologous source. In an aspect, the iPS cells are obtained from an
allogeneic source. In an aspect, the iPS cells are obtained from a syngeneic source. In an
aspect, the iPS cells are obtained from a combination of sources.

[0068] In an aspect, the induced pluripotent stem cells of a disclosed composition for
attenuating vascular apoptosis and/or apoptosis-related mechanisms in a subject are obtained
from fibroblast cells. In a further aspect, the induced pluripotent stem cells are obtained from
HO9c¢2 cells. In an aspect, the fibroblast cells or the H9¢2 cells are transfected with a vector
comprising a nucleic acid molecule encoding at least one stemness factor. In an aspect, the at
least one stemness factor comprises c-myc, oct 3/4, KI1f4, nanog, or Sox2, or a combination
thereof. For example, in an aspect, the stemness factors are c-mye, oct 3/4, Kif4, and Sox2.
[0069] In an aspect, a disclosed composition for attenuating vascular apoptosis and/or
apoptosis-related mechanisms inhibits fibrosis and/or fibrosis-related mechanisms.

[0070] In an aspect, a disclosed composition for attenuating vascular apoptosis and/or

apoptosis-related mechanisms protects myocardium including, but not limited to human
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myocardium, with or without the administration of iPS cells.
[0071] In an aspect, the subject is a mammal. In an aspect, the mammal is a primate. In an
aspect, the mammal is a human. In an aspect, the human is a patient. In an aspect, the subject
is diabetic.

3. PHARMACEUTICAL COMPOSITIONS
[0072] In an aspect, the invention relates to pharmaceutical compositions comprising a
disclosed composition for enhancing neovascularization. In an aspect, the invention relates to
pharmaceutical compositions comprising a disclosed compositions for attenuating vascular
apoptosis and/or apoptosis-related mechanisms. That is, a pharmaceutical composition can be
provided comprising a therapeutically effective amount of at least one disclosed compositions
and a pharmaceutically acceptable carrier.
B. METHODS COMPRISING A DISCLOSED COMPOSITION

1. ENHANCING NEOVASCULARIZATION
[0073] Disclosed herein are methods of enhancing neovascularization. In an aspect, disclosed
herein is a method of enhancing neovascularization following cardiac dysfunction in a
subject, the method comprising (i) administering to the subject fibroblast growth factor-9
primed induced pluripotent stem cells; (ii) administering to the subject conditioned medium
of fibroblast growth factor-9 primed induced pluripotent stem cells; (iii) administering to the
subject fibroblast growth factor-9; and/or (iv) administering to the subject a composition
comprising fibroblast growth factor-9 and fibroblast growth factor-8. For example, in an
aspect, a disclosed method of enhancing neovascularization in a subject comprises
administering to the subject any one of the following combinations of fibroblast growth
factor-9 primed induced pluripotent stem cells (FGF-9 primed iPS cells); conditioned
medium of fibroblast growth factor-9 primed induced pluripotent stem cells (CM of FGF-9
primed iPS cells); fibroblast growth factor-9 (FGF-9); and a composition comprising
fibroblast growth factor-9 and fibroblast growth factor-8 (FGF-9 and FGF-8).
[0074] Table 3 — Listing of Disclosed Compositions for Methods of Enhancing

Neovascularization
Components for Disclosed Compositions for Methods
of Enhancing Neovascularization
Comprising A Comprising B . . Comprising D
(i.c.. FGF-9 primed | (i.c., CM of FGF-9 (Efg’plﬁlgg?gf (i.c., FGF-9 &
iPS cells) iPS cells) v FGF-8)
A B C D
A+B B+A C+A D+A
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Components for Disclosed Compositions for Methods
of Enhancing Neovascularization
(i.cgogﬁ);-s;ﬁiﬁqed (i.e(.: Oéﬁr losi‘nﬁgGBm (Ef?plﬁl(s}lgggf g%m%rg;ng ?L
iPS cells) iPS cells) ’ FGF-8)
A+C B+C C+B D+B
A+D B+D C+D D+C
A+B+C B+A+C C+A+B D+A+B
A+B+D B+A+D C+A+D D+A+C
A+C+D B+C+D C+B+D D+B+C
A+B+C+D B+A+C+D C+A+B+D D+A+B+C

[0075] Thus, as detailed in the above table, a disclosed method comprises administering one

or two or three or all four of the following: (A) fibroblast growth factor-9 primed induced

pluripotent stem cells; (B) conditioned media of fibroblast growth factor-9 primed induced

pluripotent stem cells; (C) fibroblast growth factor-9; and (D) a composition comprising

fibroblast growth factor-9 and fibroblast growth factor-8.

[0076] In an aspect, a disclosed method of enhancing neovascularization comprises

enhancing cell engraftment. In an aspect, a disclosed method comprises enhancing cell

proliferation. In an aspect, a disclosed method comprises enhancing cell differentiation.

[0077] In an aspect, a disclosed method enhances cardiac myocyte differentiation in iPS cells

or any other source of stem cells in regenerative medicine including, but not limited to,

mesenchymal stem cells, adipocyte stems cells, and any other types of stem cells known to be

effective by those of skill in the art. In an aspect, a disclosed composition enhances c-kit

positive cells or any other endogenous heart stem cells.

[0078] In an aspect, a disclosed method enhances cell proliferation, cell differentiation,

and/or cell engraftment. For example, in an aspect, a disclosed method enhances both cell

engraftment and cell proliferation. In an aspect, a disclosed method enhances both cell

engraftment and cell differentiation. In an aspect, a disclosed method both cell proliferation

and cell differentiation. In an aspect, a disclosed method enhances cell engraftment, cell

proliferation, and cell differentiation.

[0079] In an aspect, a disclosed method enhances cardiac myocyte differentiation in iPS cells

or any other source of stem cells in regenerative medicine including, but not limited to,

mesenchymal stem cells, adipocyte stems cells, and any other types of stem cells known to be

effective by those of skill in the art. In an aspect, a disclosed composition enhances c-kit
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positive cells or any other endogenous heart stem cells.

[0080] In an aspect, a disclosed method of enhancing neovascularization comprises
enhancing angiogenesis and/or vasculogenesis in the subject. For example, in an aspect, a
disclosed method comprises enhancing angiogenesis in the subject. In a further aspect, a
disclosed method comprises enhancing vasculogenesis in the subject. In an aspect, a
disclosed method comprises both enhancing angiogenesis and vasculogenesis in the subject.
[0081] In an aspect, a disclosed method of enhancing neovascularization further comprises
enhancing cardiac function in the subject. In an aspect, enhancing cardiac function comprises
increasing cardiac blood flow. In a further aspect, enhancing cardiac function comprises
increasing cardiac capillary density. In yet another aspect, enhancing cardiac function
comprises both increasing cardiac blood flow and increasing cardiac capillary density.
[0082] In an aspect, a disclosed method of enhancing neovascularization comprises
attenuating vascular apoptosis. In an aspect, the apoptosis occurs in the induced pluripotent
stem cells (iPS cells). In an aspect, the apoptosis and/or apoptosis-related mechanisms occurs
in the cardiac tissue of the subject. In an aspect, the apoptosis and/or apoptosis-related
mechanisms occurs both in the iPS cells and cardiac tissue of the subject. In an aspect, a
disclosed composition attenuates apoptosis and/or apoptosis-related mechanisms in the iPS
cells. In an aspect, a disclosed composition attenuates apoptosis and/or apoptosis-related
mechanisms in the cardiac tissue of the subject. In an aspect, a disclosed composition
attenuates apoptosis and/or apoptosis-related mechanisms in the iPS cells and the cardiac
tissue of the subject.

[0083] In an aspect, a disclosed method of enhancing neovascularization comprises
increasing miR-126 expression, decreasing SPRED1 expression, and/or decreasingPIK3R2
expression. For example, a disclosed method increases miR-126 expression and decreases
SPREDI1 expression. In an aspect, a disclosed method increases miR-126 expression and
decreases PIK3R2 expression. In an aspect, a disclosed method decreases SPRED1
expression and decreases PIK3R2 expression. In an aspect, a disclosed method increases
miR-126 expression, decreases SPREDI1 expression, and decreases PIK3R2 expression.
[0084] In an aspect, the conditioned media of a disclosed method of enhancing
neovascularization comprises one or more anti-apoptotic and anti-fibrotic factors. In a further
aspect, the one or more anti-apoptotic and anti-fibrotic factors comprise fibroblast growth
factor-8 (FGF-8), fibroblast growth factor-9 (FGF-9), interleukin-10 (IL-10), and tissue
inhibitor of matrix metalloproteinase-1 (TIMP-1).

[0085] In an aspect, the iPS cells of a disclosed method of enhancing neovascularization
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differentiate into endothelial cells and/or vascular smooth muscle cells. In an aspect, the iPS
cells differentiate into endothelial cells. In an aspect, the iPS cells differentiate into vascular
smooth muscle cells. In an aspect, the iPS cells differentiate into both vascular smooth
muscle cells and endothelial cells. In an aspect, the iPS cells are cardiac-committed. In an
aspect, a disclosed method enhances cardiac myocyte differentiation in iPS cells or any other
source of stem cells in regenerative medicine including, but not limited to, mesenchymal
stem cells, adipocyte stems cells, and any other types of stem cells known to be effective by
those of skill in the art. In an aspect, a disclosed composition enhances c-kit positive cells or
any other endogenous heart stem cells.

[0086] In an aspect, the subject has experienced cardiac dysfunction. In an aspect, the
cardiac dysfunction is a cardiac ischemia/reperfusion event. In an aspect, the
ischemia/reperfusion event is myocardial infarction, myocardial ischemia, myocardial
reperfusion, subendocardial ischemia, Takayasu’s arteritis, atrial fibrillation, hemorrhagic
stroke, an event that occurs during cardiac surgery where a heart lung machine is used such
as coronary artery bypass, or an event that occurs during the preservation of an organ for
transplant. In an aspect, the subject has a congenital heart defect. In an aspect, the congenital
heart defect is hypoplasia or pentalogy of Cantrell.

[0087] In an aspect of a disclosed method of enhancing neovascularization, fibroblast growth
factor-9 (FGF-9) is administered to the subject prior to the administration of the induced
pluripotent stem cells (iPS cells). In an aspect, FGF-9 is administered to the subject during
the administration of the iPS cells. In an aspect, FGF-9 is administered to the subject
following the administration of the iPS cells. In an aspect, the administration of FGF-9 is
repeated. For example, in an aspect, FGF-9 is administered to the subject prior to and during
the administration of the iPS cells. In an aspect, FGF-9 is administered to the subject prior to
and following the administration of the iPS cells. In an aspect, FGF-9 is administered to the
subject during and following the administration of the iPS cells.

[0088] In an aspect of a disclosed method of enhancing neovascularization, a disclosed
composition comprising fibroblast growth factor-8 (FGF-8) and fibroblast growth factor-9
(FGF-9) is administered to the subject prior to the administration of the induced pluripotent
stem cells (iPS cells). In an aspect, a disclosed composition comprising FGF-8 and FGF-9 is
administered to the subject during the administration of the iPS cells. In an aspect, a disclosed
composition comprising FGF-8 and FGF-9 is administered to the subject following the
administration of the iPS cells. In an aspect, the administration of a disclosed composition

comprising FGF-8 and FGF-9 is repeated. For example, in an aspect, a disclosed composition
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comprising FGF-8 and FGF-9 is administered to the subject prior to and during the
administration of the iPS cells. In an aspect, a disclosed composition comprising FGF-8 and
FGF-9 is administered to the subject prior to and following the administration of the iPS
cells. In an aspect, a disclosed composition comprising FGF-8 and FGF-9 is administered to
the subject during and following the administration of the iPS cells.

[0089] In an aspect of a disclosed method of enhancing neovascularization, the conditioned
media is administered to the subject prior to the administration of the induced pluripotent
stem cells (iPS cells). In an aspect, the conditioned media is administered to the subject
during the administration of the iPS cells. In an aspect, the conditioned media is administered
to the subject following the administration of the iPS cells. In an aspect, the administration of
the conditioned media is repeated. For example, in an aspect, the conditioned media is
administered to the subject prior to and during the administration of the iPS cells. In an
aspect, the conditioned media is administered to the subject prior to and following the
administration of the iPS cells. In an aspect, the conditioned media is administered to the
subject during and following the administration of the iPS cells.

[0090] In an aspect, a disclosed method of enhancing neovascularization comprises
administering iPS cells to the subject prior to cardiac dysfunction. In an aspect, a disclosed
method comprises administering iPS cells to the subject during cardiac dysfunction. In an
aspect, a disclosed method comprises administering iPS cells to the subject following cardiac
dysfunction. For example, in an aspect, a disclosed method comprises administering iPS cells
to the subject within 10, 15, 20, 25, 30, or more minutes following cardiac dysfunction. In an
aspect, a disclosed method comprises administering iPS cells to the subject within 1, 2, 6, 12,
18, 24, or more hour following cardiac dysfunction.

[0091] In an aspect of a disclosed method of enhancing neovascularization, the
administration of induced pluripotent stem cells to the subject is repeated. For example, in an
aspect, a disclosed method comprises administering iPS cells to the subject prior to and
during cardiac dysfunction. In an aspect, a disclosed method comprises administering iPS
cells to the subject during and following cardiac dysfunction. For example, in an aspect, a
disclosed method comprises administering iPS cells to the subject prior to and following
cardiac dysfunction. In an aspect, a disclosed method comprises administering iPS cells to the
subject prior to, during, and following cardiac dysfunction.

[0092] In an aspect, a disclosed method of enhancing neovascularization in a subject
comprises administering between 5,000 and 500,000 induced pluripotent stem cells (iPS

cells). In an aspect, a disclosed method comprises administering approximately 100,000 iPS
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cells. In an aspect, a disclosed method comprises administering less than 100,000 iPS cells. In
an aspect, a disclosed method comprises administering more than 100,000 iPS cells.

[0093] In an aspect, a disclosed method of enhancing neovascularization comprises
administering iPS cells to the subject in one intramyocardial injection. In an aspect, a
disclosed method of enhancing neovascularization comprises administering iPS cells to the
subject in two or more intramyocardial injections.

[0094] In an aspect, a disclosed method of enhancing neovascularization in a subject
comprises administering the iPS cells into a peri-infarct zone of the injured myocardium. In
an aspect, a disclosed method of enhancing neovascularization comprises administering the
iPS cells into an infarcted zone of the injured myocardium. In an aspect, a disclosed method
of enhancing neovascularization in a subject comprises administering iPS cells into both a
peri-infarct zone of the injured myocardium and an infarcted zone of the injured myocardium.
[0095] In an aspect, a disclosed method of enhancing neovascularization in a subject
comprises administering one or more immunosuppressive drugs. Immunosuppressive drugs
are known in the art. In an aspect, the one or more immunosuppressive drugs comprise
corticosteroids, calcineurin inhibitors, anti-proliferatives, and mTOR inhibitors. In an aspect,
the one or more immunosuppressive drugs can be a combination of immunosuppressive
drugs. In an aspect, the one or more immunosuppressive drugs is cyclosporine A.

[0096] In an aspect, the one or more immunosuppressive drugs is administered to the subject
prior to, during, and/or following the administration of the induced pluripotent stem cells (iPS
cells). In an aspect, the one or more immunosuppressive drugs is administered to the subject
prior to the administration of iPS cells. In an aspect, the one or more immunosuppressive
drugs is administered to the subject during the administration of iPS cells. In an aspect, the
ong or more immunosuppressive drugs is administered to the subject following the
administration of iPS cells. In an aspect, the administration of the one or more
immunosuppressive drugs is repeated. In an aspect, the one or more immunosuppressive
drugs is administered to the subject prior to and during the administration of the iPS cells. In
an aspect, the one or more immunosuppressive drugs is administered to the subject during
and following the administration of the iPS cells. In an aspect, the one or more
immunosuppressive drugs is administered to the subject prior to and following the
administration of the iPS cells.

[0097] In an aspect, the induced pluripotent stem cells (iPS cells) of a disclosed method are
obtained from an autologous source. In an aspect, iPS cells are obtained from an allogeneic

source. In an aspect, iPS cells are obtained from a syngeneic source. In an aspect, iPS cells
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are obtained from a combination of sources.

[0098] In an aspect, the iPS cells of a disclosed method of enhancing neovascularization in a
subject are obtained from fibroblast cells. In a further aspect, the iPS cells are obtained from
HO9c¢?2 cells. In an aspect, the fibroblast cells or the H9¢2 cells are transfected with a vector
comprising a nucleic acid molecule encoding at least one stemness factor. In an aspect, the at
least one stemness factor comprises c-myc, oct 3/4, KI1f4, nanog, or Sox2, or a combination
thereof. For example, in an aspect, the stemness factors are c-mye, oct 3/4, Kif4, and Sox2.
[0099] In an aspect, a disclosed method for enhancing neovascularization inhibits fibrosis
and/or fibrosis-related mechanisms.

[00100] In an aspect, a disclosed method for enhancing neovascularization protects
myocardium including, but not limited to human myocardium, with or without the
administration of iPS cells.

[00101] In an aspect, the subject is a mammal. In an aspect, the mammal is a primate.
In an aspect, the mammal is a human. In an aspect, the human is a patient. In an aspect, the

subject is diabetic.

2. ATTENUATING VASCULAR APOPTOSIS AND/OR APOPTOSIS-RELATED

MECHANISMS
[00102] Disclosed herein are methods of attenuating vascular apoptosis and/or
apoptosis-related mechanisms. In an aspect, disclosed herein is a method of attenuating
vascular apoptosis and/or apoptosis-related mechanisms following cardiac dysfunction in a
subject in need thereof, the method comprising (i) administering to the subject fibroblast
growth factor-9 primed induced pluripotent stem cells; (ii) administering to the subject
conditioned medium of fibroblast growth factor-9 primed induced pluripotent stem cells; (iii)
administering to the subject fibroblast growth factor-9; and/or (iv) administering to the
subject a composition comprising fibroblast growth factor-9 and fibroblast growth factor-8.
For example, in an aspect, a disclosed method of attenuating vascular apoptosis and/or
apoptosis-related mechanisms comprises administering to the subject any one of the
following combinations of fibroblast growth factor-9 primed induced pluripotent stem cells
(FGF-9 primed iPS cells); conditioned medium of fibroblast growth factor-9 primed induced
pluripotent stem cells (CM of FGF-9 primed iPS cells); fibroblast growth factor-9 (FGF-9);
and a composition comprising fibroblast growth factor-9 and fibroblast growth factor-8
(FGF-9 and FGF-8).
[00103] Table 4 — Listing of Disclosed Compositions for Methods of Attenuating
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Vascular Apoptosis
Components for Disclosed Compositions for Methods
of Attenuating Vascular Apoptosis
(i.cgogﬁ);s;ﬁiﬁqed (i.e(.: Oéﬁr losi‘nﬁgGBm (Ef?plﬁl(s}lgggf g%m%rg;ng ?L
iPS cells) iPS cells) ’ FGF-8)
A B C D
A+B B+A C+A D+A
A+C B+C C+B D+B
A+D B+D C+D D+C
A+B+C B+A+C C+A+B D+A+B
A+B+D B+A+D C+A+D D+A+C
A+C+D B+C+D C+B+D D+B+C
A+B+C+D B+A+C+D C+A+B+D D+A+B+C
[00104] Thus, as detailed in the above table, a disclosed method comprises

administering one or two or three or all four of the following: (A) fibroblast growth factor-9
primed induced pluripotent stem cells; (B) conditioned media of fibroblast growth factor-9
primed induced pluripotent stem cells; (C) fibroblast growth factor-9; and (D) a composition
comprising fibroblast growth factor-9 and fibroblast growth factor-8.

[00105]

apoptosis-related mechanisms comprises enhancing angiogenesis and/or vasculogenesis in

In an aspect, a disclosed method of attenuating vascular apoptosis and/or

the subject. For example, in an aspect, a disclosed method comprises enhancing angiogenesis
in the subject. In a further aspect, a disclosed method comprises enhancing vasculogenesis in
the subject. In an aspect, a disclosed method comprises both enhancing angiogenesis and
vasculogenesis in the subject.

[00106]

apoptosis-related mechanisms comprises enhancing cardiac function in the subject. In an

In an aspect, a disclosed method of attenuating vascular apoptosis and/or

aspect, enhancing cardiac function comprises increasing cardiac blood flow. In a further
aspect, enhancing cardiac function comprises increasing cardiac capillary density. In yet
another aspect, enhancing cardiac function comprises increasing cardiac blood flow and
increasing cardiac capillary density.

[00107]

induced pluripotent stem cells (iPS cells). In an aspect, the apoptosis and/or apoptosis-related

In an aspect, the apoptosis and/or apoptosis-related mechanisms occurs in the

mechanisms occurs in the cardiac tissue of the subject. In an aspect, the apoptosis and/or
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apoptosis-related mechanisms occurs in both the iPS cells and the cardiac tissue of the
subject. In an aspect, a disclosed composition attenuates apoptosis and/or apoptosis-related
mechanisms in the iPS cells. In an aspect, a disclosed composition attenuates apoptosis
and/or apoptosis-related mechanisms in the cardiac tissue of the subject. In an aspect, a
disclosed composition attenuates apoptosis and/or apoptosis-related mechanisms in iPS cells
and the cardiac tissue of the subject.

[00108] In an aspect, a disclosed method of attenuating vascular apoptosis and/or
apoptosis-related mechanisms comprises increasing miR-126 expression, decreasing
SPREDI1 expression, and/or decreasing PIK3R2 expression. For example, a disclosed method
increases miR-126 expression and decreases SPRED1 expression. In an aspect, a disclosed
method increases miR-126 expression and decreases PIK3R2 expression. In an aspect, a
disclosed method decreases SPREDI expression and decreases PIK3R2 expression. In an
aspect, a disclosed method increases miR-126 expression, decreases SPREDI1 expression, and
decreases PIK3R2 expression.

[00109] In an aspect, the conditioned media of a disclosed method of attenuating
vascular apoptosis and/or apoptosis-related mechanisms comprises one or more anti-
apoptotic and anti-fibrotic factors. In a further aspect, the one or more anti-apoptotic and anti-
fibrotic factors comprise fibroblast growth factor-8 (FGF-8), fibroblast growth factor-9 (FGF-
9), interleukin-10 (IL-10), and tissue inhibitor of matrix metalloproteinase-1 (TIMP-1).
[00110] In an aspect, the iPS cells of a disclosed method of attenuating vascular
apoptosis and/or apoptosis-related mechanisms differentiate into endothelial cells and/or
vascular smooth muscle cells. In an aspect, the iPS cells differentiate into endothelial cells. In
an aspect, the iPS cells differentiate into vascular smooth muscle cells. In an aspect, the iPS
cells differentiate into both vascular smooth muscle cells and endothelial cells. In an aspect,
the iPS cells are cardiac-committed. In an aspect, a disclosed method enhances cardiac
myocyte differentiation in iPS cells or any other source of stem cells in regenerative medicine
including, but not limited to, mesenchymal stem cells, adipocyte stems cells, and any other
types of stem cells known to be effective by those of skill in the art. In an aspect, a disclosed
composition enhances c-kit positive cells or any other endogenous heart stem cells.

[00111] In an aspect, the subject has experienced cardiac dysfunction. In an aspect, the
cardiac dysfunction is a cardiac ischemia/reperfusion event. In an aspect, the
ischemia/reperfusion event is myocardial infarction, myocardial ischemia, myocardial
reperfusion, subendocardial ischemia, Takayasu’s arteritis, atrial fibrillation, hemorrhagic

stroke, an event that occurs during cardiac surgery where a heart lung machine is used such
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as coronary artery bypass, or an event that occurs during the preservation of an organ for
transplant. In an aspect, the subject has a congenital heart defect. In an aspect, the congenital
heart defect is hypoplasia or pentalogy of Cantrell.

[00112] In an aspect of a disclosed method of attenuating vascular apoptosis and/or
apoptosis-related mechanisms, fibroblast growth factor-9 (FGF-9) is administered to the
subject prior to the administration of induced pluripotent stem cells (iPS cells). In an aspect,
FGF-9 is administered to the subject during the administration of iPS cells. In an aspect,
FGF-9 is administered to the subject following the administration of iPS cells. In an aspect,
the administration of FGF-9 is repeated. For example, in an aspect, FGF-9 is administered to
the subject prior to and during the administration of iPS cells. In an aspect, FGF-9 is
administered to the subject prior to and following the administration of iPS cells. In an
aspect, FGF-9 is administered to the subject during and following the administration of iPS
cells.

[00113] In an aspect of a disclosed method of attenuating vascular apoptosis and/or
apoptosis-related mechanisms, a disclosed composition comprising fibroblast growth factor-8
(FGF-8) and fibroblast growth factor-9 (FGF-9) is administered to the subject prior to the
administration of the induced pluripotent stem cells (iPS cells). In an aspect, a disclosed
composition comprising FGF-8 and FGF-9 is administered to the subject during the
administration of iPS cells. In an aspect, a disclosed composition comprising FGF-8 and
FGF-9 is administered to the subject following the administration of iPS cells. In an aspect,
the administration of a disclosed composition comprising FGF-8 and FGF-9 is repeated. For
example, in an aspect, a disclosed composition comprising FGF-8 and FGF-9 is administered
to the subject prior to and during the administration of iPS cells. In an aspect, a disclosed
composition comprising FGF-8 and FGF-9 is administered to the subject prior to and
following the administration of iPS cells. In an aspect, a disclosed composition comprising
FGF-8 and FGF-9 is administered to the subject during and following the administration of
iPS cells.

[00114] In an aspect of a disclosed method of attenuating vascular apoptosis and/or
apoptosis-related mechanisms, the conditioned media is administered to the subject prior to
the administration of the induced pluripotent stem cells (iPS cells). In an aspect, the
conditioned media is administered to the subject during the administration of iPS cells. In an
aspect, the conditioned media is administered to the subject following the administration of
iPS cells. In an aspect, the administration of the conditioned media is repeated. For example,

in an aspect, the conditioned media administered to the subject prior to and during the
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administration of iPS cells. In an aspect, the conditioned media is administered to the subject
prior to and following the administration of iPS cells. In an aspect, the conditioned media is
administered to the subject during and following the administration of iPS cells.

[00115] In an aspect, a disclosed method of attenuating vascular apoptosis and/or
apoptosis-related mechanisms comprises administering iPS cells to the subject prior to
cardiac dysfunction. In an aspect, a disclosed method comprises administering iPS cells to the
subject during cardiac dysfunction. In an aspect, a disclosed method comprises administering
iPS cells to the subject following cardiac dysfunction. For example, in an aspect, a disclosed
method comprises administering the iPS cells to the subject within 10, 15, 20, 25, 30, or more
minutes following cardiac dysfunction. In an aspect, a disclosed method comprises
administering the iPS cells to the subject within 1, 2, 6, 12, 18, 24, or more hour following
cardiac dysfunction.

[00116] In an aspect of a disclosed method of attenuating vascular apoptosis and/or
apoptosis-related mechanisms, the administration of induced pluripotent stem cells to the
subject is repeated. For example, in an aspect, a disclosed method of attenuating vascular
apoptosis and/or apoptosis-related mechanisms comprises administering iPS cells to the
subject prior to and during cardiac dysfunction. In an aspect, a disclosed method comprises
administering iPS cells to the subject during and following cardiac dysfunction. For example,
in an aspect, a disclosed method comprises administering iPS cells to the subject prior to and
following cardiac dysfunction. In an aspect, a disclosed method comprises administering iPS
cells to the subject prior to, during, and following cardiac dysfunction.

[00117] In an aspect, a disclosed method of attenuating vascular apoptosis and/or
apoptosis-related mechanisms in a subject comprises administering between 5,000 and
500,000 induced pluripotent stem cells (iPS cells). In an aspect, a disclosed method
comprises administering approximately 100,000 iPS cells. In an aspect, a disclosed method
comprises administering less than 100,000 iPS cells. In an aspect, a disclosed method
comprises administering more than 100,000 iPS cells.

[00118] In an aspect, a disclosed method of attenuating vascular apoptosis and/or
apoptosis-related mechanisms comprises administering the iPS cells to the subject in one
intramyocardial injection. In an aspect, a disclosed method of attenuating vascular apoptosis
and/or apoptosis-related mechanisms comprises administering iPS cells to the subject in two
or more intramyocardial injections.

[00119] In an aspect, a disclosed method of attenuating vascular apoptosis and/or

apoptosis-related mechanisms in a subject comprises administering iPS cells into a peri-
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infarct zone of the injured myocardium. In an aspect, disclosed method of attenuating
vascular apoptosis and/or apoptosis-related mechanisms comprises administering the iPS
cells into an infarcted zone of the injured myocardium. In an aspect, disclosed method
comprises administering the iPS cells into both a peri-infarct zone of the injured myocardium
and an infarcted zone of the injured myocardium.

[00120] In an aspect, a disclosed method of attenuating vascular apoptosis and/or
apoptosis-related mechanisms in a subject comprises administering one or more
immunosuppressive drugs. Immunosuppressive drugs are known in the art. In an aspect, the
ong or more immunosuppressive drugs comprise corticosteroids, calcineurin inhibitors, anti-
proliferatives, and mTOR inhibitors. In an aspect, the one or more immunosuppressive drugs
can be a combination of immunosuppressive drugs. In an aspect, the one or more
immunosuppressive drugs is cyclosporine A.

[00121] In an aspect, the one or more immunosuppressive drugs is administered to the
subject prior to, during, and/or following the administration of the induced pluripotent stem
cells (iPS cells). In an aspect, the one or more immunosuppressive drugs is administered to
the subject prior to the administration of iPS cells. In an aspect, the one or more
immunosuppressive drugs is administered to the subject during the administration of iPS
cells. In an aspect, the one or more immunosuppressive drugs is administered to the subject
following the administration of iPS cells. In an aspect, the administration of the one or more
immunosuppressive drugs is repeated. In an aspect, the one or more immunosuppressive
drugs is administered to the subject prior to and during the administration of iPS cells. In an
aspect, the one or more immunosuppressive drugs is administered to the subject during and
following the administration of iPS cells. In an aspect, the one or more immunosuppressive
drugs is administered to the subject prior to and following the administration of iPS cells.
[00122] In an aspect, the induced pluripotent stem cells (iPS cells) of a disclosed
method of attenuating vascular apoptosis and/or apoptosis-related mechanisms are obtained
from an autologous source. In an aspect, the iPS cells are obtained from an allogeneic source.
In an aspect, the iPS cells are obtained from a syngeneic source. In an aspect, the iPS cells are
obtained from a combination of sources.

[00123] In yet another aspect, the iPS cells of a disclosed method of attenuating
vascular apoptosis and/or apoptosis-related mechanisms in a subject are obtained from
fibroblast cells. In a further aspect, the iPS cells are obtained from H9c2 cells. In an aspect,
the fibroblast cells or the H9¢2 cells are transfected with a vector comprising a nucleic acid

molecule encoding at least one stemness factor. In an aspect, the at least one stemness factor
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comprises c-myc, oct 3/4, KIf4, nanog, or Sox2, or a combination thereof. For example, in an
aspect, the stemness factors are c-myc, oct 3/4, KIf4, and Sox2.

[00124] In an aspect, a disclosed method for attenuating vascular apoptosis and/or
apoptosis-related mechanisms inhibits fibrosis and/or fibrosis-related mechanisms.

[00125] In an aspect, a disclosed method for attenuating vascular apoptosis and/or
apoptosis-related mechanisms protects myocardium including, but not limited to human
myocardium, with or without the administration of iPS cells.

[00126] In an aspect, the subject is a mammal. In an aspect, the mammal is a primate.
In an aspect, the mammal is a human. In an aspect, the human is a patient. In an aspect, the

subject is diabetic.

3. GENERATING INDUCED PLURIPOTENT STEM CELLS
[00127] Disclosed herein is a method of generating cardiac induced pluripotent stem
cells (iPS cells). In an aspect, the method of generating cardiac induced pluripotent stem cells
comprises (i) inserting one or more nucleic acid constructs capable of expressing stem-cell
like factors into a cardiac cell type, and (ii) obtaining the cardiac induced pluripotent stem
cells stably expressing the stem-cell like factors in the cardiac cell type. In an aspect, the
stem-cell like factors comprise Oct3/4, KIf4, Sox2, nanog, and c-Myc, or a combination
thereof. In an aspect, the iPS cells differentiate into cardiac myocytes. In a further aspect, the
iPS cells are cardiac-committed.
[00128] In an aspect, a disclosed method enhances cardiac myocyte differentiation in
iPS cells or any other source of stem cells in regenerative medicine including, but not limited
to, mesenchymal stem cells, adipocyte stems cells, and any other types of stem cells known to
be effective by those of skill in the art. In an aspect, a disclosed composition enhances c-kit
positive cells or any other endogenous heart stem cells.
[00129] In an aspect, the iPS cells are obtained from an autologous source. In an
aspect, the iPS cells are obtained from an allogeneic source. In an aspect, the iPS cells are
obtained from a syngeneic source. In yet another aspect, the iPS cells are obtained from
fibroblast cells. In an aspect, the iPS cells are obtained from a combination of sources. In a
further aspect, the iPS cells are obtained from H9c2 cells. In an aspect, the fibroblast cells or
the H9¢2 cells are transfected with a vector comprising a nucleic acid molecule encoding at
least one stemness factor.
[00130] In an aspect, the disclosed induced pluripotent stem cells are used in a method

of enhancing revascularization in a subject. In an aspect, the disclosed induced pluripotent
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stem cells are used in a method of attenuating vascular apoptosis and/or apoptosis-related
mechanisms in a subject. In an aspect, the subject is a mammal. In an aspect, the mammal is a
primate. In an aspect, the mammal is a human. In an aspect, the human is a patient. In an
aspect, the subject has diabetes. In an aspect, the subject has experienced cardiac dysfunction.
In an aspect, the cardiac dysfunction is a cardiac ischemia/reperfusion event. In an aspect, the
ischemia/reperfusion event is myocardial infarction, myocardial ischemia, myocardial
reperfusion, subendocardial ischemia, Takayasu’s arteritis, atrial fibrillation, hemorrhagic
stroke, an event that occurs during cardiac surgery where a heart lung machine is used such
as coronary artery bypass, or an event that occurs during the preservation of an organ for
transplant. In an aspect, the subject has a congenital heart defect. In an aspect, the congenital
heart defect is hypoplasia or pentalogy of Cantrell.

[00131] In an aspect, the disclosed iPS cells are primed with fibroblast growth factor-9.
In an aspect, the iPS cells are administered with one or more of the following: conditioned
media of fibroblast growth factor-9 primed induced pluripotent stem cells, fibroblast growth
factor-9, and a disclosed composition comprising fibroblast growth factor-8 and fibroblast
growth factor-9.

[00132] In an aspect, the disclosed induced pluripotent stem cells (iPS cells) improve
angiogenesis in a subject. In an aspect, the disclosed iPS cells enhance cardiac function in a
subject. In an aspect, the disclosed iPS cells improve angiogenesis and enhance cardiac
function in the subject. In an aspect, enhancing cardiac function comprises one or more of (i)
improving left ventricular function, (ii) improving fractional shortening, (iii) improving
gjection fraction, (iv) reducing end-diastolic volume, (v) decreasing left ventricular mass,
and/or (vi) normalizing of heart geometry.

[00133] In an aspect, iPS cells inhibit fibrosis and/or fibrosis-related mechanisms.
[00134] In an aspect, iPS cells protect myocardium including, but not limited to human
myocardium, with or without the administration of iPS cells.

[00135] In an aspect, the disclosed induced pluripotent stem cells inhibit or decrease
necrosis. In an aspect, the disclosed induced pluripotent stem cells inhibit or decrease
apoptosis and/or apoptosis-related mechanisms.

4. INHIBITING VASCULAR APOPTOSIS AND/OR APOPTOSIS-RELATED MECHANISMS
[00136] Disclosed herein is a method of inhibiting vascular apoptosis. In an aspect, the
method of inhibiting vascular apoptosis comprises administering to a subject conditioned
medium from induced pluripotent stem cells. In an aspect, a disclosed method of inhibiting

vascular apoptosis comprises administering to a subject fibroblast growth factor-9. In an
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aspect, the subject is a mammal. In an aspect, the mammal is a primate. In an aspect, the
mammal is a human. In an aspect, the human is a patient. In an aspect, the subject is diabetic.
[00137] In an aspect, the subject has experienced cardiac dysfunction. In an aspect, the
cardiac dysfunction is a cardiac ischemia/reperfusion event. In an aspect, the
ischemia/reperfusion event is myocardial infarction, myocardial ischemia, myocardial
reperfusion, subendocardial ischemia, Takayasu’s arteritis, atrial fibrillation, hemorrhagic
stroke, an event that occurs during cardiac surgery where a heart lung machine is used such
as coronary artery bypass, or an event that occurs during the preservation of an organ for
transplant. In an aspect, the subject has a congenital heart defect. In an aspect, the congenital
heart defect is hypoplasia or pentalogy of Cantrell.

[00138] In an aspect, a disclosed method of inhibiting vascular apoptosis and/or
apoptosis-related mechanisms comprises enhancing angiogenesis and/or vasculogenesis in
the subject. For example, in an aspect, a disclosed method comprises enhancing angiogenesis
in the subject. In a further aspect, a disclosed method comprises enhancing vasculogenesis in
the subject. In an aspect, a disclosed method comprises both enhancing angiogenesis and
vasculogenesis in the subject.

[00139] In an aspect, a disclosed method of inhibiting vascular apoptosis and/or
apoptosis-related mechanisms comprises enhancing cardiac function in the subject. In an
aspect, enhancing cardiac function comprises increasing cardiac blood flow. In a further
aspect, enhancing cardiac function comprises increasing cardiac capillary density. In yet
another aspect, enhancing cardiac function comprises both increasing cardiac blood flow and
increasing cardiac capillary density.

[00140] In an aspect, a disclosed method of inhibiting vascular apoptosis and/or
apoptosis-related mechanisms further comprises increasing miR-126 expression, decreasing
SPREDI1 expression, decreasingPIK3R2 expression, and/or a combination thereof. For
example, a disclosed method increases miR-126 expression and decreases SPRED1
expression. In an aspect, a disclosed method increases miR-126 expression and decreases
PIK3R?2 expression. In an aspect, a disclosed method decreases SPRED1 expression and
decreases PIK3R2 expression. In an aspect, a disclosed method increases miR-126
expression, decreases SPRED1 expression, and decreases PIK3R2 expression.

[00141] In an aspect, the conditioned media of a disclosed method of inhibiting
vascular apoptosis and/or apoptosis-related mechanisms comprises one or more anti-
apoptotic and anti-fibrotic factors. In a further aspect, the one or more anti-apoptotic and anti-

fibrotic factors comprise fibroblast growth factor-8 (FGF-8), fibroblast growth factor-9 (FGF-
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9), interleukin-10 (IL-10), and tissue inhibitor of matrix metalloproteinase-1 (TIMP-1).
[00142] In an aspect, a disclosed method of inhibiting vascular apoptosis and/or
apoptosis-related mechanisms further comprises administering one or more of the following:
(1) fibroblast growth factor-9 primed induced pluripotent stem cells; (ii) conditioned medium
of fibroblast growth factor-9 primed induced pluripotent stem cells FGF-9 primed iPS cells);
(iii) fibroblast growth factor-9; and/or (iv) a composition comprising fibroblast growth factor-
9 and fibroblast growth factor-8.

[00143] For example, in an aspect, a disclosed method of inhibiting vascular apoptosis
and/or apoptosis-related mechanisms comprising administering to the subject conditioned
medium from induced pluripotent stem cells further comprises administering (i) fibroblast
growth factor-9 primed induced pluripotent stem cells (FGF-9 primed iPS cells); (ii)
fibroblast growth factor-9; and/or (iii) a composition comprising fibroblast growth factor-9
and fibroblast growth factor-8 (FGF-9 and FGF-8).

[00144] For example, in an aspect, a disclosed method of inhibiting vascular apoptosis
and/or apoptosis-related mechanisms comprising administering to the subject FGF-9 can
further comprises administering (i) fibroblast growth factor-9 primed induced pluripotent
stem cells (FGF-9 primed iPS cells); (i) conditioned medium of fibroblast growth factor-9
primed induced pluripotent stem cells; and/or (iii) a composition comprising fibroblast
growth factor-9 and fibroblast growth factor-8 (FGF-9 and FGF-8).

[00145] Thus, as detailed below, a disclosed method of inhibiting vascular apoptosis
and/or apoptosis-related mechanisms comprises any combination (such as one or two or three
or all four) of the following components: (A) fibroblast growth factor-9 primed induced
pluripotent stem cells; (B) conditioned media of fibroblast growth factor-9 primed induced
pluripotent stem cells; (C) fibroblast growth factor-9; and (D) a composition comprising

fibroblast growth factor-9 and fibroblast growth factor-8.

[00146] Table 5 — Listing of Disclosed Compositions for Methods of Inhibiting
Vascular Apoptosis
Components for Disclosed Compositions for Methods of Inhibiting Vascular Apoptosis
Comprising A Comprising B . . Comprising D
(i.c.. FGF-9 primed | (i.e., CM of FGF-9 (Efg’plﬁlgg?gf (i.c., FGF-9 &
iPS cells) iPS cells) v FGF-8)
A B C D
A+B B+A C+A D+A
A+C B+C C+B D+B
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Components for Disclosed Compositions for Methods of Inhibiting Vascular Apoptosis
Comprising A Comprising B . . Comprising D
(ie., FGF-9 primed | (ic. CMofFGF-9 | (PTPLARES (i.c., FGF-9 &
iPS cells) iPS cells) T FGF-8)
A+D B+D C+D D+C
A+B+C B+A+C C+A+B D+A+B
A+B+D B+A+D C+A+D D+A+C
A+C+D B+C+D C+B+D D+B+C
A+B+C+D B+A+C+D C+A+B+D D+A+B+C
[00147] In an aspect, the iPS cells of a disclosed method of inhibiting vascular

apoptosis and/or apoptosis-related mechanisms differentiate into endothelial cells and/or
vascular smooth muscle cells. In an aspect, the iPS cells differentiate into endothelial cells. In
an aspect, the iPS cells differentiate into vascular smooth muscle cells. In an aspect, the iPS
cells differentiate into both endothelial cells and vascular smooth muscle cells. .In an aspect,
the iPS cells are cardiac-committed. In an aspect, a disclosed method enhances cardiac
myocyte differentiation in iPS cells or any other source of stem cells in regenerative medicine
including, but not limited to, mesenchymal stem cells, adipocyte stems cells, and any other
types of stem cells known to be effective by those of skill in the art. In an aspect, a disclosed
composition enhances c-kit positive cells or any other endogenous heart stem cells.

[00148] In an aspect, the induced pluripotent stem cells (iPS cells) of a disclosed
method of inhibiting vascular apoptosis and/or apoptosis-related mechanisms are obtained
from an autologous source. In an aspect, the iPS cells are obtained from an allogeneic source.
In an aspect, the iPS cells are obtained from a syngeneic source. In an aspect, the iPS cells are
obtained from a combination of sources.

[00149] In yet another aspect, the iPS cells of a disclosed method of inhibiting vascular
apoptosis and/or apoptosis-related mechanisms in a subject are obtained from fibroblast cells.
In a further aspect, the iPS cells are obtained from H9¢2 cells. In an aspect, the fibroblast
cells or the H9¢2 cells are transfected with a vector comprising a nucleic acid molecule
encoding at least one stemness factor. In an aspect, the at least one stemness factor comprises
c-myc, oct 3/4, KIf4, nanog, or Sox2, or a combination thereof. For example, in an aspect, the
stemness factors are c-myc, oct 3/4, KIf4, and Sox2.

[00150]

induced pluripotent stem cells (iPS cells). In an aspect, the apoptosis and/or apoptosis-related

In an aspect, the apoptosis and/or apoptosis-related mechanisms occurs in the
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mechanisms occurs in the cardiac tissue of the subject. In an aspect, the apoptosis and/or
apoptosis-related mechanisms occurs in both the iPS cells and in the cardiac tissue of the
subject. In an aspect, a disclosed method inhibits apoptosis and/or apoptosis-related
mechanisms in the iPS cells. In an aspect, a disclosed method inhibits apoptosis and/or
apoptosis-related mechanisms in the cardiac tissue of the subject. In an aspect, a disclosed
method inhibits apoptosis and/or apoptosis-related mechanisms in both the iPS cells and the
cardiac tissue of the subject.

[00151] In an aspect, a disclosed method of inhibiting vascular apoptosis and/or
apoptosis-related mechanisms comprising administering iPS cells to the subject comprises
administering between 5,000 and 500,000 induced pluripotent stem cells (iPS cells). In an
aspect, a disclosed method comprises administering approximately 100,000 iPS cells. In an
aspect, a disclosed method comprises administering less than 100,000 iPS cells.

[00152] In an aspect, a disclosed method comprises administering more than 100,000
iPS cells. In an aspect, iPS cells are administered to the subject in one intramyocardial
injection. In an aspect, iPS cells are administered to the subject in two or more
intramyocardial injections. In an aspect, iPS cells are administered into a peri-infarct zone of
the injured myocardium. In an aspect, iPS cells are administered into an infarcted zone of the
injured myocardium. In an aspect, iPS cells are administered into both a peri-infarct zone of
the injured myocardium and an infarcted zone of the injured myocardium.

[00153] In an aspect, the administration of the conditioned media to the subject is
repeated. For example, in an aspect, the conditioned media is administered to the subject
prior to and during cardiac dysfunction. In an aspect, the conditioned media is administered
to the subject during and following cardiac dysfunction. For example, in an aspect, the
conditioned media is administered to the subject prior to and following cardiac dysfunction.
In an aspect, the conditioned media is administered to the subject prior to, during, and
following cardiac dysfunction.

[00154] In an aspect, the administration of the FGF-9 to the subject is repeated. For
example, in an aspect, the FGF-9 is administered to the subject prior to and during cardiac
dysfunction. In an aspect, the FGF-9 is administered to the subject during and following
cardiac dysfunction. For example, in an aspect, the FGF-9 is administered to the subject prior
to and following cardiac dysfunction. In an aspect, the FGF-9 is administered to the subject
prior to, during, and following cardiac dysfunction.

[00155] In an aspect of a disclosed method of inhibiting vascular apoptosis and/or

apoptosis-related mechanisms comprising administering FGF-9 to the subject and further
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comprising administering one or more other components (such as, for example, fibroblast
growth factor-9 primed induced pluripotent stem cells, conditioned media of fibroblast
growth factor-9 primed induced pluripotent stem cells, and/or a composition comprising
fibroblast growth factor-9 and fibroblast growth factor-8), the FGF-9 is administered to the
subject prior to the administration of the one or more other components. In an aspect, FGF-9
is administered to the subject during the administration of the one or more other components.
In an aspect, FGF-9 is administered to the subject following the administration of the one or
more other components. In an aspect, the administration of FGF-9 is repeated. For example,
in an aspect, FGF-9 is administered to the subject prior to and during the administration of
the one or more other components. In an aspect, FGF-9 is administered to the subject prior to
and following the administration of the one or more other components. In an aspect, FGF-9 is
administered to the subject during and following the administration of the one or more other
components. In an aspect, FGF-9 is administered to the subject prior to, during, and following
the administration of the one or more other components.

[00156] In an aspect of a disclosed method of inhibiting vascular apoptosis and/or
apoptosis-related mechanisms comprising administering the conditioned media of fibroblast
growth factor-9 primed induced pluripotent stem cells to the subject and further comprising
administering one or more other components (such as, for example, fibroblast growth factor-9
primed induced pluripotent stem cells, fibroblast growth factor-9, and/or a composition
comprising fibroblast growth factor-9 and fibroblast growth factor-8), the conditioned media
is administered to the subject prior to the administration of the one or more other
components. In an aspect, the conditioned media is administered to the subject during the
administration of the one or more other components. In an aspect, the conditioned media is
administered to the subject following the administration of the one or more other
components. In an aspect, the administration of the conditioned media 9 is repeated. For
example, in an aspect, the conditioned media is administered to the subject prior to and
during the administration of the one or more other components. In an aspect, the conditioned
media is administered to the subject prior to and following the administration of the one or
more other components. In an aspect, the conditioned media is administered to the subject
during and following the administration of the one or more other components. In an aspect,
the conditioned media is administered to the subject prior to, during, and following the
administration of the one or more other components.

[00157] In an aspect, in a disclosed method of inhibiting vascular apoptosis and/or

apoptosis-related mechanisms comprising administering to the subject FGF-9, the FGF-9

31



WO 2013/148122 PCT/US2013/030082

and/or the one or more other components are administered to the subject within 10, 15, 20,
25, 30, or more minutes following cardiac dysfunction. In an aspect, in a disclosed method of
inhibiting vascular apoptosis and/or apoptosis-related mechanisms comprising administering
to the subject FGF-9, the FGF-9 and/or the one or more components are administered to the
within 1, 2, 6, 12, 18, 24, or more hour following cardiac dysfunction.

[00158] In an aspect, in a disclosed method of inhibiting vascular apoptosis and/or
apoptosis-related mechanisms comprising administering to the subject the conditioned media,
the conditioned media and/or the one or more other components are administered to the
subject within 10, 15, 20, 25, 30, or more minutes following cardiac dysfunction. In an
aspect, in a disclosed method of inhibiting vascular apoptosis and/or apoptosis-related
mechanisms comprising administering to the subject the conditioned media, the conditioned
media and/or the one or more components are administered to the within 1, 2, 6, 12, 18, 24,
or more hour following cardiac dysfunction.

[00159] In an aspect, a disclosed method comprise administering one or more
immunosuppressive drugs. Immunosuppressive drugs are known in the art. In an aspect, the
ong or more immunosuppressive drugs comprise corticosteroids, calcineurin inhibitors, anti-
proliferatives, and mTOR inhibitors. In an aspect, the one or more immunosuppressive drugs
can be a combination of immunosuppressive drugs. In an aspect, the one or more
immunosuppressive drugs is cyclosporine A. In an aspect, the one or more
immunosuppressive drugs is administered to the subject prior to, during, and/or following the
administration of the induced pluripotent stem cells (iPS cells). In an aspect, the one or more
immunosuppressive drugs is administered to the subject prior to the administration of the iPS
cells. In an aspect, the one or more immunosuppressive drugs is administered to the subject
during the administration of the iPS cells. In an aspect, the one or more immunosuppressive
drugs is administered to the subject following the administration of the iPS cells. In an aspect,
the administration of the one or more immunosuppressive drugs is repeated. In an aspect, the
one or more immunosuppressive drugs is administered to the subject prior to and during the
administration of the iPS cells. In an aspect, the one or more immunosuppressive drugs is
administered to the subject during and following the administration of the iPS cells. In an
aspect, the one or more immunosuppressive drugs is administered to the subject prior to and
following the administration of the iPS cells.

[00160] In an aspect, a disclosed method for attenuating vascular apoptosis and/or
apoptosis-related mechanisms inhibits fibrosis and/or fibrosis-related mechanisms.

[00161] In an aspect, a disclosed method for attenuating vascular apoptosis and/or
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apoptosis-related mechanisms protects myocardium including, but not limited to human
myocardium, with or without the administration of iPS cells.

5. NON-MEDICAL USES
[00162] Also disclosed herein are uses of a disclosed composition and methods as
investigational and/or research tools in the development and standardization of in vitro and in
vivo test systems for evaluation in laboratory animals such as cats, dogs, rabbits, monkeys,
rats and mice, as part of the search for new therapeutic approaches for the enhancement of
neovascularization as well as for the attenuation of vascular apoptosis and/or apoptosis-
related mechanisms. In an aspect, these approaches apply to subjects with cardiac
dysfunction.
C. DEFINITIONS
[00163] Before the present compounds, compositions, articles, systems, devices,
and/or methods are disclosed and described, it is to be understood that they are not limited to
specific synthetic methods unless otherwise specified, or to particular reagents unless
otherwise specified, as such may, of course, vary. It is also to be understood that the
terminology used herein is for the purpose of describing particular aspects only and is not
intended to be limiting. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, example
methods and materials are now described.
[00164] Unless otherwise expressly stated, it is in no way intended that any method or
aspect set forth herein be construed as requiring that its steps be performed in a specific
order. Accordingly, where a method claim does not specifically state in the claims or
descriptions that the steps are to be limited to a specific order, it is no way intended that an
order be inferred, in any respect. This holds for any possible non-express basis for
interpretation, including matters of logic with respect to arrangement of steps or operational
flow, plain meaning derived from grammatical organization or punctuation, or the number or
type of aspects described in the specification.
[00165]
[00166] As used in the specification and the appended claims, the singular forms “a,”
“an” and “the” include plural referents unless the context clearly dictates otherwise.
[00167] The word “or” as used herein means any one member of a particular list and
also includes any combination of members of that list.
[00168] Ranges can be expressed herein as from “about” one particular value, and/or

to “about” another particular value. When such a range is expressed, a further aspect includes
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from the one particular value and/or to the other particular value. Similarly, when values are
expressed as approximations, by use of the antecedent “about,” it will be understood that the
particular value forms a further aspect. It will be further understood that the endpoints of each
of the ranges are significant both in relation to the other endpoint, and independently of the
other endpoint. It is also understood that there are a number of values disclosed herein, and
that each value is also herein disclosed as “about” that particular value in addition to the
value itself. For example, if the value “10” is disclosed, then “about 10” is also disclosed. It is
also understood that each unit between two particular units are also disclosed. For example, if
10 and 15 are disclosed, then 11, 12, 13, and 14 are also disclosed.

[00169] As used herein, the amino acid abbreviations are conventional one letter codes
for the amino acids and are expressed as follows: A, alanine; B, asparagine or aspartic acid;
C, cysteine; D aspartic acid; E, glutamate, glutamic acid; F, phenylalanine; G, glycine; H
histidine; I isoleucine; K, lysine; L, leucine; M, methionine; N, asparagine; P, proline; Q,
glutamine; R, arginine; S, serine; T, threonine; V, valine; W, tryptophan; Y, tyrosine; Z,
glutamine or glutamic acid.

[00170] “Peptide” as used herein refers to any peptide, oligopeptide, polypeptide, gene
product, expression product, or protein. For example, a peptide can be an enzyme. A peptide
is comprised of consecutive amino acids. The term “peptide” encompasses naturally
occurring or synthetic molecules.

[00171] In general, the biological activity or biological action of a peptide refers to any
function exhibited or performed by the peptide that is ascribed to the naturally occurring form
of the peptide as measured or observed in vivo (i.e., in the natural physiological environment
of the protein) or in vitro (i.e., under laboratory conditions). For example, a biological
activity of caspase includes caspase enzymatic activity.

[00172] The term “enzyme” as used herein refers to any peptide that catalyzes a
chemical reaction of other substances without itself being destroyed or altered upon
completion of the reaction. Typically, a peptide having enzymatic activity catalyzes the
formation of one or more products from one or more substrates. Such peptides can have any
type of enzymatic activity including, without limitation, the enzymatic activity or enzymatic
activities associated with enzymes such as those disclosed herein.

[00173] References in the specification and concluding claims to parts by weight of a
particular element or component in a composition denotes the weight relationship between
the element or component and any other elements or components in the composition or article

for which a part by weight is expressed. Thus, in a compound containing 2 parts by weight of
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component X and 5 parts by weight component Y, X and Y are present at a weight ratio of
2:5, and are present in such ratio regardless of whether additional components are contained
in the compound.

[00174] A weight percent (wt. %) of a component, unless specifically stated to the
contrary, is based on the total weight of the formulation or composition in which the
component is included.

[00175] As used herein, the terms “optional” or “optionally”” means that the
subsequently described event or circumstance can or can not occur, and that the description
includes instances where said event or circumstance occurs and instances where it does not.
[00176] As used herein, the terms “transformation” and “transfection” mean the
introduction of a nucleic acid, e.g., an expression vector, into a recipient cell including
introduction of a nucleic acid to the chromosomal DNA of said cell. The art is familiar with
various compositions, methods, techniques, etc. used to effect the introduction of a nucleic
acid into a recipient cell. The art is familiar with such compositions, methods, techniques, etc
for both eukaryotic and prokaryotic cells. The art is familiar with such compositions,
methods, techniques, etc. for the optimization of the introduction and expression of a nucleic
acid into and within a recipient cell.

[00177] As used herein, the term “subject” refers to the target of administration, e.g.,
an animal. Thus, the subject of the herein disclosed methods can be a vertebrate, such as a
mammal, a fish, a bird, a reptile, or an amphibian. Alternatively, the subject of the herein
disclosed methods can be a human, non-human primate, horse, pig, rabbit, dog, sheep, goat,
cow, cat, guinea pig or rodent. The term does not denote a particular age or sex. Thus, adult
and newborn subjects, as well as fetuses, whether male or female, are intended to be covered.
In one aspect, the subject is a mammal. A patient refers to a subject afflicted with a disease or
disorder. The term “patient” includes human and veterinary subjects. In an aspect of a
disclosed method, the subject has been diagnosed with cardiac dysfunction, such as, for
example, a cardiac ischemia/reperfusion event, prior to the administering step.

[00178] As used herein, the term “treatment” refers to the medical management of a
subject or a patient with the intent to cure, ameliorate, stabilize, or prevent a disease,
pathological condition, or disorder. This term includes active treatment, that is, treatment
directed specifically toward the improvement of a disease, pathological condition, or
disorder, and also includes causal treatment, that is, treatment directed toward removal of the
cause of the associated disease, pathological condition, or disorder. In addition, this term

includes palliative treatment, that is, treatment designed for the relief of symptoms rather than
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the curing of the disease, pathological condition, or disorder; preventative treatment, that is,
treatment directed to minimizing or partially or completely inhibiting the development of the
associated disease, pathological condition, or disorder; and supportive treatment, that is,
treatment employed to supplement another specific therapy directed toward the improvement
of the associated disease, pathological condition, or disorder. In various aspects, the term
covers any treatment of a subject, including a mammal (e.g., a human), and includes: (i)
preventing the disease from occurring in a subject that can be predisposed to the disease but
has not yet been diagnosed as having it; (ii) inhibiting the disease, i.e., arresting its
development; or (iii) relieving the disease, i.c., causing regression of the disease. In an aspect,
the disease, pathological condition, or disorder is cardiac dysfunction, such as, for example, a
cardiac ischemia/reperfusion event.

[00179] As used herein, the term “prevent” or “preventing” refers to precluding,
averting, obviating, forestalling, stopping, or hindering something from happening, especially
by advance action. It is understood that where reduce, inhibit or prevent are used herein,
unless specifically indicated otherwise, the use of the other two words is also expressly
disclosed.

[00180] As used herein, the term “diagnosed” means having been subjected to a
physical examination by a person of skill, for example, a physician, and found to have a
condition that can be diagnosed or treated by the compounds, compositions, or methods
disclosed herein. For example, “diagnosed with cardiac dysfunction” means having been
subjected to a physical examination by a person of skill, for example, a physician, and found
to have a condition that can be diagnosed or treated by a compound or composition that
alleviates or ameliorates cardiac dysfunction. As a further example, “diagnosed with a need
for “improving or enhancing neovascularization” refers to having been subjected to a
physical examination by a person of skill, for example, a physician, and found to have a
condition characterized by cardiac dysfunction and/or cardiac impairment and/or cardiac cell
death wherein improving or enhancing neovascularization would be beneficial to the subject.
Such a diagnosis can be in reference to a disorder, such as myocardial infarction, and the like,
as discussed herein.

[00181] As used herein, the phrase “identified to be in need of treatment for a
disorder,” or the like, refers to selection of a subject based upon need for treatment of the
disorder. For example, a subject can be identified as having a need for treatment of a disorder
(e.g., a disorder related to cardiac dysfunction or myocardial infarction) based upon an earlier

diagnosis by a person of skill and thereafter subjected to treatment for the disorder. It is
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contemplated that the identification can, in one aspect, be performed by a person different
from the person making the diagnosis. It is also contemplated, in a further aspect, that the
administration can be performed by one who subsequently performed the administration.
[00182] As used herein, the terms “administering” and “administration” refer to any
method of providing a disclosed compositions or pharmaceutical preparation comprising a
disclosed composition to a subject. Such methods are well known to those skilled in the art
and include, but are not limited to, intracardiac administration, intramyocardial
administration, oral administration, transdermal administration, administration by inhalation,
nasal administration, topical administration, intravaginal administration, ophthalmic
administration, intraaural administration, intracerebral administration, rectal administration,
sublingual administration, buccal administration, and parenteral administration, including
injectable such as intravenous administration, intra-arterial administration, intramuscular
administration, and subcutaneous administration. Administration can be continuous or
intermittent. In various aspects, a preparation can be administered therapeutically; that is,
administered to treat an existing disease or condition. In further various aspects, a preparation
can be administered prophylactically; that is, administered for prevention of a disease or
condition.

[00183] The term “contacting” as used herein refers to bringing a disclosed compound
and a cell, target receptor, or other biological entity together in such a manner that the
compound can affect the activity of the target (e.g., receptor, transcription factor, cell, etc.),
either directly; i.e., by interacting with the target itself, or indirectly; i.e., by interacting with
another molecule, co-factor, factor, or protein on which the activity of the target is dependent.
[00184] As used herein, the term “determining” can refer to measuring or ascertaining
a quantity or an amount or a change in expression and/or activity level, e.g., of a nucleotide
or transcript or polypeptide. For example, determining the amount of a disclosed transcript or
polypeptide in a sample as used herein can refer to the steps that the skilled person would
take to measure or ascertain some quantifiable value of the transcript or polypeptide in the
sample. The art is familiar with the ways to measure an amount of the disclosed nucleotides,
transcripts, polypeptides, etc.

[00185] As used herein, the term “level” refers to the amount of a target molecule in a
sample, e.g., a sample from a subject. The amount of the molecule can be determined by any
method known in the art and will depend in part on the nature of the molecule (i.e., gene,
mRNA, cDNA, protein, enzyme, etc.). The art is familiar with quantification methods for

nucleotides (e.g., genes, cDNA, mRNA, etc) as well as proteins, polypeptides, enzymes, etc.
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It is understood that the amount or level of a molecule in a sample need not be determined in
absolute terms, but can be determined in relative terms (e.g., when compare to a control or a
sham or an untreated sample).

[00186] As used herein, the term “prevent” or “preventing” refers to precluding,
averting, obviating, forestalling, stopping, or hindering something from happening, especially
by advance action. It is understood that where reduce, inhibit or prevent are used herein,
unless specifically indicated otherwise, the use of the other two words is also expressly
disclosed.

[00187] As used herein, the phrase “identified to be in need of treatment for a
disorder,” or the like, refers to selection of a subject based upon need for treatment of the
disorder. For example, a subject can be identified as having a need for treatment of a disorder
(e.g., a disorder related to cardiac dysfunction or myocardial infarction) based upon an earlier
diagnosis by a person of skill and thereafter subjected to treatment for the disorder. It is
contemplated that the identification can, in one aspect, be performed by a person different
from the person making the diagnosis. It is also contemplated, in a further aspect, that the
administration can be performed by one who subsequently performed the administration.
[00188] As used herein, the term “neovascularization” is the formation of functional
microvascular networks with red blood cell perfusion

[00189] As used herein, the terms “effective amount” and “amount effective” refer to
an amount that is sufficient to achieve the desired result or to have an effect on an undesired
condition. For example, a “therapeutically effective amount” refers to an amount that is
sufficient to achieve the desired therapeutic result or to have an effect on undesired
symptoms, but is generally insufficient to cause adverse side affects. The specific
therapeutically effective dose level for any particular patient will depend upon a variety of
factors including the disorder being treated and the severity of the disorder; the specific
composition employed; the age, body weight, general health, sex and diet of the patient; the
time of administration; the route of administration; the rate of excretion of the specific
compound employed; the duration of the treatment; drugs used in combination or
coincidental with the specific compound employed and like factors well known in the
medical arts. For example, it is well within the skill of the art to start doses of a compound at
levels lower than those required to achieve the desired therapeutic effect and to gradually
increase the dosage until the desired effect is achieved. If desired, the effective daily dose can
be divided into multiple doses for purposes of administration. Consequently, single dose

compositions can contain such amounts or submultiples thereof to make up the daily dose.
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The dosage can be adjusted by the individual physician in the event of any contraindications.
Dosage can vary, and can be administered in one or more dose administrations daily, for one
or several days. Guidance can be found in the literature for appropriate dosages for given
classes of pharmaceutical products. In further various aspects, a preparation can be
administered in a “prophylactically effective amount”; that is, an amount effective for
prevention of a disease or condition.

[00190] As used herein, the terms “effective amount” and “amount effective” refer to
an amount that is sufficient to achieve the desired result or to have an effect on an undesired
condition. For example, a “therapeutically effective amount” refers to an amount that is
sufficient to achieve the desired therapeutic result or to have an effect on undesired
symptoms, but is generally insufficient to cause adverse side affects. The specific
therapeutically effective dose level for any particular patient will depend upon a variety of
factors including the disorder being treated and the severity of the disorder; the specific
composition employed; the age, body weight, general health, sex and diet of the patient; the
time of administration; the route of administration; the rate of excretion of the specific
compound employed; the duration of the treatment; drugs used in combination or
coincidental with the specific compound employed and like factors well known in the
medical arts.

[00191] By “modulate” is meant to alter, by increase or decrease. As used herein, a
“modulator” can mean a composition that can either increase or decrease the expression level
or activity level of a gene or gene product such as a peptide. Modulation in expression or
activity does not have to be complete. For example, expression or activity can be modulated
by about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99%, 100% or any
percentage in between as compared to a control cell wherein the expression or activity of a
gene or gene product has not been modulated by a composition.

[00192] As used herein, “ECsp,” is intended to refer to the concentration or dose of a
substance (e.g., a compound or a drug) that is required for 50% enhancement or activation of
a biological process, or component of a process, including a protein, subunit, organelle,
ribonucleoprotein, etc. ECs also refers to the concentration or dose of a substance that is
required for 50% enhancement or activation in vivo, as further defined elsewhere herein.
Alternatively, ECsg can refer to the concentration or dose of compound that provokes a
response halfway between the baseline and maximum response. The response can be
measured in an in vitro or in vivo system as is convenient and appropriate for the biological

response of interest. For example, the response can be measured in vitro using cultured
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cardiac cells or in an ex vivo organ culture system with isolated cardiac cells, e.g.,
cardiomyocytes, vascular smooth muscle cells, endothelial cells, etc). Alternatively, the
response can be measured in vivo using an appropriate research model such as rodent,
including mice and rats. The mouse or rat can be an inbred strain with phenotypic
characteristics of interest such as, for example, obesity or diabetes. As appropriate, the
response can be measured in a transgenic or knockout mouse or rat wherein a gene or genes
has been introduced or knocked-out, as appropriate, to replicate a disease process.

[00193] As used herein, “ICsp,” is intended to refer to the concentration or dose of a
substance (e.g., a compound or a drug) that is required for 50% inhibition or diminution of a
biological process, or component of a process, including a protein, subunit, organelle,
ribonucleoprotein, etc. ICsg also refers to the concentration or dose of a substance that is
required for 50% inhibition or diminution in vivo, as further defined elsewhere herein.
Alternatively, ICs also refers to the half maximal (50%) inhibitory concentration (IC) or
inhibitory dose of a substance. The response can be measured in an in vitro or in vivo system
as is convenient and appropriate for the biological response of interest. For example, the
response can be measured in vitro using cultured cardiac cells or in an ex vivo organ culture
system with isolated cardiac cells (e.g., cardiomyocytes, vascular smooth muscle cells,
endothelial cells, etc). Alternatively, the response can be measured in vivo using an
appropriate research model such as rodent, including mice and rats. The mouse or rat can be
an inbred strain with phenotypic characteristics of interest such as, for example, obesity or
diabetes. As appropriate, the response can be measured in a transgenic or knockout mouse or
rat wherein the a gene or genes has been introduced or knocked-out, as appropriate, to
replicate a disease process.

[00194] The term “pharmaceutically acceptable” describes a material that is not
biologically or otherwise undesirable, i.e., without causing an unacceptable level of
undesirable biological effects or interacting in a deleterious manner. As used herein, the term
“pharmaceutically acceptable carrier” refers to sterile aqueous or nonaqueous solutions,
dispersions, suspensions or emulsions, as well as sterile powders for reconstitution into sterile
injectable solutions or dispersions just prior to use. Examples of suitable aqueous and
nonaqueous carriers, diluents, solvents or vehicles include water, ethanol, polyols (such as
glycerol, propylene glycol, polyethylene glycol and the like), carboxymethylcellulose and
suitable mixtures thercof, vegetable oils (such as olive oil) and injectable organic esters such
as ethyl oleate. Proper fluidity can be maintained, for example, by the use of coating

materials such as lecithin, by the maintenance of the required particle size in the case of
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dispersions and by the use of surfactants. These compositions can also contain adjuvants such
as preservatives, wetting agents, emulsifying agents and dispersing agents. Prevention of the
action of microorganisms can be ensured by the inclusion of various antibacterial and
antifungal agents such as paraben, chlorobutanol, phenol, sorbic acid and the like. It can also
be desirable to include isotonic agents such as sugars, sodium chloride and the like.
Prolonged absorption of the injectable pharmaceutical form can be brought about by the
inclusion of agents, such as aluminum monostearate and gelatin, which delay absorption.
Injectable depot forms are made by forming microencapsule matrices of the drug in
biodegradable polymers such as polylactide-polyglycolide, poly(orthoesters) and
poly(anhydrides). Depending upon the ratio of drug to polymer and the nature of the
particular polymer employed, the rate of drug release can be controlled. Depot injectable
formulations are also prepared by entrapping the drug in liposomes or microemulsions which
are compatible with body tissues. The injectable formulations can be sterilized, for example,
by filtration through a bacterial-retaining filter or by incorporating sterilizing agents in the
form of sterile solid compositions which can be dissolved or dispersed in sterile water or
other sterile injectable media just prior to use. Suitable inert carriers can include sugars such
as lactose. Desirably, at least 95% by weight of the particles of the active ingredient have an
effective particle size in the range of 0.01 to 10 micrometers.

[00195] Disclosed are the components to be used to prepare the compositions of the
invention as well as the compositions themselves to be used within the methods disclosed
herein. These and other materials are disclosed herein, and it is understood that when
combinations, subsets, interactions, groups, etc. of these materials are disclosed that while
specific reference of each various individual and collective combinations and permutation of
these compounds can not be explicitly disclosed, each is specifically contemplated and
described herein. For example, if a particular compound is disclosed and discussed and a
number of modifications that can be made to a number of molecules including the
compounds are discussed, specifically contemplated is each and every combination and
permutation of the compound and the modifications that are possible unless specifically
indicated to the contrary. Thus, if a class of molecules A, B, and C are disclosed as well as a
class of molecules D, E, and F and an example of a combination molecule, A-D is disclosed,
then even if each is not individually recited each is individually and collectively
contemplated meaning combinations, A-E, A-F, B-D, B-E, B-F, C-D, C-E, and C-F are
considered disclosed. Likewise, any subset or combination of these is also disclosed. Thus,

for example, the sub-group of A-E, B-F, and C-E would be considered disclosed. This
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concept applies to all aspects of this application including, but not limited to, steps in
methods of making and using the compositions of the invention. Thus, if there are a variety of
additional steps that can be performed it is understood that each of these additional steps can
be performed with any specific embodiment or combination of embodiments of the methods
of the invention.
D. EXPERIMENTAL
[00196] The following examples are put forth so as to provide those of ordinary skill in
the art with a complete disclosure and description of how the compounds, compositions,
articles, devices and/or methods claimed herein are made and evaluated, and are intended to
be purely exemplary of the invention and are not intended to limit the scope of what the
inventors regard as their invention. However, those of skill in the art should, in light of the
present disclosure, appreciate that many changes can be made in the specific embodiments
which are disclosed and still obtain a like or similar result without departing from the spirit
and scope of the invention.
[00197] Efforts have been made to ensure accuracy with respect to numbers (e.g.,
amounts, temperature, etc.), but some errors and deviations should be accounted for. Unless
indicated otherwise, parts are parts by weight, temperature is in °C or is at ambient
temperature, and pressure is at or near atmospheric.
1. GENERAL EXPERIMENTS
a. ESTABLISHMENT OF IPS CELL LINES AND DIFFERENTIATION OF CARDIAC CELL
TYPE

[00198] Stably transfected iPS cell lines expressing red fluorescence protein (RFP)
were generated. (Park et al., 2008). H9¢c2 cells were transfected with an expression vector
expressing mouse stemness four factors (i.c., the 4F expression vector). The four stemness
factors were c-Myc, Oct 3/4, KIf4 and Sox2. Figure 1 (panel A) shows that untransfected
HO9c¢2 cells are elongated (Figure 1, left panel, scale bar = 50 um). Following transduction
with the 4F expression vector, these cells appeared morphologically distinct (Figure 1A, right
panel) from the untransduced H9¢2 cells. To determine whether these four factors were
present in the generated iPS cells, western blot analysis was utilized to show expression for
these four stemness factors in the iPS cells. Western blot analysis did not show the presence
of any one of the four factors in the untransfected H9¢2 cells, but showed increased
expression of 4Fs was present in transduced H9c2. (Figure 1, panel B). Next, whether

generated iPS cells expressed pluripotency markers, such as alkaline phosphatase and Oct3/4,
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was next determined. iPS cells expressed alkaline phosphatase in 100% of growing cells.
Similar expression was observed in ES cells, which were used as a positive control (Figure 1,
panel C, scale bar =250 pm). In contrast, H9c2 cells were negative for alkaline phosphatase
staining (Figure 1, panel C). Growing iPS cells were positive for the undifferentiated
pluripotent marker Oct3/4, which was compared with the positive control - ES cells (Figure
1, panel D, scale bar = 100 um). These data indicate that generated iPS cells were
reprogrammed and expressed pluripotent markers. (Singla et al., 2011)

[00199] Whether the iPS cell lines retained the capability in vitro to differentiate into
all three major heart cell types (i.e., cardiomyocytes, vascular smooth muscle cells and
endothelial cells) present and still express the desired reporter protein was evaluated. Figure 2
shows that iPS cells formed embryoid bodies (EBs) and differentiated into cardiac myocytes,
smooth muscle cells and endothelial cells. Here, EBs were differentiated for 17 days. A
beating area was stained with anti-myosin /Alexa 488 (panel A), anti-RFP/Alexa 568 (panel
B) and DAPI (panel C). The merged image (panel C) shows co-expression of myosin and
RFP. Smooth muscle cells were stained with anti-smooth muscle actin /Alexa 488 (panel D),
anti-RFP/Alexa 568 (panel E) and DAPI (panel F). The merged image (panel F) shows
overlap of expression of smooth muscle a-actin and RFP. Endothelial cells that have formed
a capillary-like structure were stained with anti-von Willebrand Factor/Alexa 488 (panel G),
anti-RFP/Alexa 568 (panel H) and DAPI (panel I). The merged image (panel 1) shows co-
expression of von Willebrand Factor and eGFP.

b. FGF-9 ENHANCEMENT OF EC AND VSMC DIFFERENTIATION FROM IPS CELLS
[00200] Normal embryonic cardiogenesis from mesodermal tissue requires growth
factors and cytokines, including fibroblast growth factors (FGFs), wnt proteins, bone
morphogenic proteins (BMPs), and transforming growth factor (TGF) B (Singla et al., 2005).
Several cytokines have been shown to favor cell specific differentiation in mouse ES cells.
IL-3 promotes differentiation to macrophages, mast cells, or neutrophils (Wiles et al., 1991),
IL-6 to erythroid lineages (Biesecker et al., 1993), retinoic acid to neurons (Slager et al.,
1993), and TGFp to cardiac myocytes (Singla et al., 2005). Recombinant mouse insulin
growth factor (IGF-1) was added to a suspension of undifferentiated mouse ES cells and
subsequently transplanted into mouse hearts (Kofidis et al., 2005). This study demonstrated
restoration of infarcted areas (increased donor graft/infarct ratio) with increased connexin-43
expression (Kofidis et al., 2005).

[00201] Similarly, FGF family members play an important role in various cell signal

transduction pathways associated with embryo development (Dyer et al., 2009; Yun et al.,
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2010). Reports on other FGF isoforms (FGF2, FGF4, and FGF-9) indicate a potential role in
angiogenesis Yun et al., 2010; Frontini et al., 2011) in the heart whereas FGF-8 has been
reported to be pro-cardiac myocyte growth factor in the developing heart (Dyer et al., 2009;
Marques et al., 2008). Specifically, FGF-9 recently been reported to decrease mortality in
mice following MI (Korf-Klingebiel et al., 2011). However, the role of FGF-9 or iPS cells in
the injured diabetic adult heart has not yet been characterized. Therefore, whether iPS cells
primed with FGF-9 increase neovascularization and regenerate the injured diabetic
myocardium merits further investigation.
[00202] The iPS-EB system was used to determine whether direct treatment with FGF-
9 would promote EC and VSMC differentiation. EBs derived from iPS cells were treated
with 0, 25, and 50 ng per mL of the bio-active form of recombinant mouse FGF-9 and were
examined by microscopy from day 0 (DO) through day 14 (D14) after plating. Figure 3A
shows that FGF-9-treated EBs stained positive for CD31 specific for ECs, smooth muscle o-
actin for VSMCs, anti-RFP for iPS cells, and DAPI for nuclear staining (panel A-B).
Additionally, the bottom panel of Figure 3 shows positive staining for von Willebrand factor
VIII for ECs. Figure 3B shows a histogram providing a quantitative analysis of ECs and
VSMCs, demonstrating a significant increase in the number of positively stained cells at D14
following FGF-9 treatment.

¢. IDENTIFICATION OF FACTORS RELEASED FROM IPS-CM
[00203] Whether cytokine/growth factors were present in the iPS-CMs and could
provide protection from H,O;-induced apoptosis was examined. 69 cytokine/growth factors
were analyzed with the use of Luminex technology. (Singla et al., 2008; Singla et al., 2009).
Cytoprotective proteins released into iPS-CM were present at higher levels as compared with
the H9¢2-CM, ES-CM, or cell culture media used as controls. Notably, FGF-9 was
significantly increased in the iPS-CM as were FGF-8, IL-10, and TIMP-1.

[00204] TABLE 6. IDENTIFICATION OF FACTORS RELEASED FROM IPS-CM
Released | Control ge9l;s2- ES Cells- | iPS- | FGF-8- Comments
Factors # CM CM CM | iPS-CM
FGF-9 L 140° 140 370 | 370 | Procardiac growth factor
in embryonic heart
IL-10 L L L 45 R4 Antl—appptotlc factor in
cardiac myocytes
TIMP-1 | 7 19 130 | 380 | 3g0 | Anti-apoptotic;alsowell
known as anti-fibrotic
FGF-§ Pro-cardiac growth factor in the embryonic heart; its anti-apoptotic and pro-
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cardiac characteristics in apoptotic cells and in iPS-EB cell culture system
established herein

*Values are expressed as pg/mL
*L=lowest detectable dose by the assay
“Cell culture medium used to grow ES cells

d. ESTABLISHMENT OF THE MYOCARDIAL INFARCTION MODEL AND CARDIAC
NEOVASCULAR REGENERATION
[00205] A previously characterized mouse MI model (Singla et al., 2006; Singla et al.,
2007; Singla et al., 2001) was used to study iPS cell transplantation. MI was produced in
C57BL/6 and db/db mice by left coronary artery ligation. Immediately after coronary
ligation, two intramyocardial injections of 10 uL of medium + 2.5 x 10* iPS cells were
delivered into peri-infarct zone areas of the LV. (Singla et al., 2006; Singla et al., 2007;
Singla et al., 2001). iPS cells were injected in the LV of MI animals in both groups and
compared with controls (Figure 4).
[00206] The fate of donor cells was determined with the use of co-immunolabeling for
the donor cell marker and neovascular cell type-specific proteins. For example, an anti-
smooth muscle anti-actin antibody was used to identify VSMCs, and an anti-CD31 antibody
was used to identify ECs. In iPS cell transplanted hearts, anti-RFP immunolabeling
demonstrated areas of donor cell engraftment in the infarct and border zones. Co-
immunolabeling with an antibody specific for VSMCs and ECs revealed small and large
artery regeneration. (Figure 4).
[00207] In Figure 4, transplanted iPS cells following MI demonstrated
neovascularization (panels A-D show vascular smooth muscle cells and panels E-H show
endothelial cells). Panel A shows smooth muscle cells stained with anti-smooth muscle a-
actin/Alexa568, and panel E shows endothelial cells stained with anti-CD31/Alexa568.
Panels B and F show donor-derived cells stained with anti-RFP/Alexa 488 (in green) and
panels C and G show nuclei stained with DAPI. The co-localization of cell type-specific
markers and donor cell RFP in merged images (yellow) indicated that transplanted iPS cells
became vascular smooth muscle (panel D), and endothelial cells (panel H). The arrows in
panels D and H indicate enlarged areas in right hand corner. In the histogram shown in Figure
4B, the quantitative data indicate that there was a significant (p < 0.05) increase in the
number of positively stained VSMCs (top panel) and ECs (bottom panel) in the MI + iPS
group as compared with MI hearts.
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e. EFFECTS OF TRANSPLANTED IPS CELLS AND FGF-9 oN c-ki1T*-CPCs
[00208] MI was produced in C57BL/6 and db/db mice by left coronary artery ligation.
Cells were transplanted as described above whereas FGF-9 (1 ng/20 pL in two injections)
was intramyocardially injected immediately after M1 in two different injections in the peri-
infarct zone. After D14, we examined c-kit"*® cardiac progenitor cells (CPCs), CD31 ™ ECs,
SMa-actin and vascular cell apoptosis. Evidence of activated c-kit ™ cells and their co-
staining with mature VSMC marker SM a-actin was identified. These findings indicated that

+ve

transplanted iPS cell released factors or that FGF-9 activated c-kit ™ cells, which then
differentiated into mature VSMCs.
[00209] In Figure 5, panels A-D show c-kit positive cell activation in

+ve

neovascularization in vascular smooth muscle and panels E-H show activated c-kit ™ cells
and co-staining with the mature EC marker CD31. Cell type-specific immunolabeling is
indicated in red for smooth muscle (panel A) with anti-smooth muscle a-actin/Alexa568, and
for endothelial cells with anti-CD31/Alexa568 (panel E). Activated c-kit positive cells were
identified by anti-c-kit/Alexa 488 in green (panels B and F), and nuclei were stained with
DAPI in blue (panels C and G). Co-localization of cell type-specific markers were merged
images (yellow) indicating that activated c-kit positive cells have become VSMCs (panel D)
and ECs (panel H). The arrows in panels D and H indicate enlarged areas. Figure 5B shows a
histogram presenting a quantitative analysis of positive c-kit+VSMCs (top panel) and c-
kit+ECs (bottom panel). This quantitative data shows a significantly (*p < 0.05) increased
number of c-kit ™ +VSMCs and c-kit™® +ECs in the MI + iPS and MI + FGF-9 groups as
compared with MI. Moreover, a cytokine growth analysis that iPS cells secrete pro-
angiogenic growth factor FGF-9 was confirmed.

f. EFFECT OF FGF-9 ON CASPASE ACTIVITY AND CELL DEATH
[00210] Figure 6A shows caspase activity following treatment with glucose and H,O,
(GH202), or glucose and iPS cell conditioned media (GHICM), or glucose and iPS cell
conditioned media and FGF-9 (GHICM+F9), or FGF-9 (F9). Control is represented by C.
[00211] Figure 6B shows cell death detection following treatment with treatment with
H,0, (H), or glucose and H,O, (GH), or glucose and H,O, (GH) and iPS cell conditioned
media (GHICM), or H,0; and iPS cell conditioned media and FGF-9 (HICM+F9), or glucose
and H,O; and iPS cell conditioned media and FGF-9 (GHICM+F9), or FGF-9 (F9). Control
is represented by C. In Figure 6B, black bars indicates that H9¢c2 cells were treated with H,O,
to induce cell death while gray bars indicated that glucose was provided to the H,O, treated

cells.
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g. FORMATION OF VESSELS FOLLOWING IPS CELL AND FGF-9 TRANSPLANTATION
[00212] To determine the effect of transplanted iPS cells and FGF-9 on coronary artery
formation, the total number of small, medium, and large vessels was counted using H&E and
Masson’s trichome staining. (See, e.g., Figure 7A showing Masson staining in db/db mice
following sham-MI (panel a), MI (panel b), MI + iPS cell treatment (panel c¢), and MI + FGF-
9 treatment (panel d). The total number of vessels in the transplanted iPS cell and FGF-9
groups were compared with MI in both C57BL/6J and db/db mice following MI. The
histogram in Figure 7B shows a significant increase in the number of vessels in the MI + iPS
cells group and the MI + FGF-9 group as compared to the MI group (* p <0.05). An increase
in vessel formation following iPS cell or FGF-9 transplantation was confirmed. (X9 = FGF-
9).
[00213] Figure 7C shows staining for smooth muscle (anti-alpha-actin antibody) in
C57BL/6J mice following MI (panel a). Figure 7C also shows TUNEL staining in panel b
and DAPI staining in panel c. The merged images of shown in panel d. The histogram in
Figure 7D shows a significant decrease in the % of apoptosis in the vessels in the both the
C57BL/6J and db/db mice following MI and treatment with either iPS cells or FGF-9 (* p <
0.05 compared to the M1 group).
[00214] Moreover, Figure 7E shows staining for endothelial cells (anti-CD31
antibody) in C57BL/6J mice following MI (panel a). Figure 7E also shows TUNEL staining
in panel b and DAPI staining in panel ¢. The merged images of shown in panel d. The
histogram in Figure 7F shows a significant decrease in the % of apoptosis in the capillaries in
the both the C57BL/6J and db/db mice following MI and treatment with either iPS cells or
FGF-9 (* p <0.05 compared to the MI group).

h. EFFECTS OF TREATMENT WITH IPS CELLS AND IPS CELLS WITH FGF-9 ON CELL

DIFFERENTIATION

[00215] Figure 8A shows the percentage of total stem cells positively stained for
vWF8 and the total number of smooth muscle cells positively stained for vWFS in the iPS
cell-treated group, the iPS cell-treated group with FGF-9 (25 nanograms), and the iPS-cell
treated group with FGF-9 (50 nanograms). Figure 8b shows the percentage of total stem cells
positively stained for CD21 and the total number of smooth muscle cells positively stained
for CD21 in the iPS cell-treated group, the iPS cell-treated group with FGF-9 (25
nanograms), and the iPS-cell treated group with FGF-9 (50 nanograms).

i. EFFECTS OF FGF-9 ON MIR-126 EXPRESSION

[00216] Following M1, there is a significant decrease in cardiac neovascularization.
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The data presented herein show that this decrease is blunted following FGF-9 treatment.
Furthermore, the data presented herein indicate that levels of miR-126 expression
significantly decreased following MI and this decrease was modulated following FGF-9
treatment. The histogram in Figure 9 shows a decrease in miR-126 levels in the MI group as
compared to sham control. This decrease in the MI group was reversed following FGF-9
treatment. (*p < 0.05 v. sham and #p < 0.05 v. MI). These data indicate that miR-126 is
involved in FGF-9 mediated neovascularization.

j- ECHOCARDIOGRAPHIC EVIDENCE OF IMPROVEMENT IN LV FUNCTION
[00217] M-mode echocardiography was used as previously reported to determine the
effect of iPS cells and FGF-9 transplantation on LV size and function in C57BL/6 and db/db
mice 2 weeks following MI. Figure 10 shows that iPS cell and FGF-9 treatment blunted post-
MI remodeling and improved cardiac function two weeks following MI. Figure 10A shows
the fractional shortening (FS) for the iPS cells or FGF-9 treatment groups were significantly
different from the MI group. (*p < 0.05). Figure 10B shows the ES for the iPS cells or FGF-9
treatment groups were significantly different from the MI group. (*p < 0.05). (X9 = FGF-9).

k. AVOIDANCE OF TERATOMA FORMATION
[00218] Both human and mouse ES cells form complex teratomas when engrafted into
an immune deficient host, which is a characteristic of ES cells resulting from their
pluripotential capacity (Damjanov 2004; Thomson et al., 1998). Teratoma formation has been
considered a major potential limitation in the therapeutic use of ES cells especially when the
transplanted undifferentiated number of cells is higher than 100,000 (Nussbaum et al., 2007).
A recent study suggests that intramyocardial transplantation of 1x10° ES or iPS (generated
from fibroblasts) cells in the mouse heart causes teratomas (Nelson et al., 2009; Nussbaum et
al., 2007). In contrast, no teratoma formation was observed with transplantation of 300,000
cells (Bhfar et al., 2002).
[00219] The transplantation of 3x10* undifferentiated ES cells did not result in the
formation of teratomas after 2 (Singla et al., 2006) and 4 weeks. Importantly, generated iPS
cells from various cell sources might have varied in their epigenetic alterations; therefore
formation of teratomas may vary. No teratoma formation was observed in the infarcted heart
following H9c2 cell-induced iPS cell transplantation (5x10” undifferentiated iPS cells)
(Singla et al., 2011). Noticeably, the number of transplanted iPS cells was dramatically less
compared with the studies reporting teratoma formation (i.e., range varies from 100,000 to

one million undifferentiated ES or iPS cells) (Nussbaum et al., 2007).
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I. EXAMINATION OF IMMUNOGENICITY OF IPS CELLS
[00220] iPS cells from various sources may vary in their epigenetic alterations (Kim et
al., 2010). One study suggested that iPS cells generated from fibroblasts using retroviral and
episomal approaches are immunogenic in nature (Zhao et al., 2011). However, generated iPS
cells by the episomal approach were less immunogenic compared with the cells generated by
the retroviral approach (Zhao et al., 2011). iPS cells generated from H9c2 cells using plasmid
transfection were used herein, but the immunogenicity of these cells is not well understood.
Importantly, the method, the number of cells, and the location of injections described herein
differ from recent reports on the immunogenicity of iPS cells (Zhao et al., 2011). Moreover,
ES cells transplanted in the sheep heart were compared with and without the
immunosuppressant drug cyclosporine A, suggesting there was engraftment and cardiac
regeneration in both groups (Menard et al., 2005).
2. DETERMINATION OF WHETHER TRANSPLANTED FGF-9 PRIMED IPS CELLS
ATTENUATE VASCULAR CELL APOPTOSIS AND ENHANCE NEOVASCULAR REPAIR
AND REGENERATION FOLLOWING M1
[00221] Diabetes mellitus (Type 1) combined with MI leads to severe cardiac and
vascular remodeling, which is a complex, dynamic, and time-dependent process (Glass et al.,
2010; Abel 2005; Amos et al., 1997). Recently, neovascularization has been achieved in MI
with transplanted endothelial progenitor cells (EPCs) isolated from peripheral blood as well
as adult and ES cell sources (Jujo et al., 2008; Tillmanns et al., 2008; Urbanket et al., 2003).
Mobilization of EPCs in pigs, mouse, and rat models of MI demonstrate an increase in
capillary density and improved heart function (Jujo et al., 2008; Tillmanns et al., 2008;
Urbanket et al., 2003). Next, experimental evidence indicate that in diabetic animals
increased blood glucose levels inducing oxidative stress lead to cardiac and vascular
apoptosis, hypertrophy, and vascular remodeling (Abel 2005; Urbanek 2005). Angiogenesis
abnormalities have been shown to be present in the infarcted non-diabetic and diabetic heart
(Fatma et al., 2010; Abel 2005; Urbanek et al., 2005) How much neovascularization can be
achieved in the infarcted non-diabetic and diabetic hearts following transplantation of iPS
cells primed with pro-angiogeneic factor FGF-9 is unknown
(1) DETERMINATION OF THE EFFECTS OF FGF-9 PRIMED IPS CELLS ON
NEOVASCULAR REGENERATION IN NON-DIABETIC AND DIABETIC MICE
FOLLOWING M1
[00222] These experiments assess the effects of FGF-9 primed iPS cells following

transplantation in infarcted myocardium (non-diabetic and diabetic mice) on stem cell
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survival, engraftment, and differentiation into neovascular cell types. An established mouse
myocardial infarction (MI) model (Singla et al., 2006; Singla et al., 2007; Singla et al., 2011)
to inject RFP labeled differentiated iPS cells primed with FGF-9 (total of 1x10° cells in two
different intramyocardial injections in the peri-infarct zone of the infarcted heart. For
example, differentiated iPS, ES cells, fibroblast reprogrammed iPS cells, H9¢2 cells, FGF-9
(1 ng/20 pL in two injections or 50 ng/mL, or cell culture medium (as a control) are injected
The subsequent effects on neovascularization are quantified.
[00223] C57BL/6 and db/db (Jackson Laboratories) mice are used and the mice are
separated into groups receiving or not receiving Cyclosporin A. Animals are treated with
cyclosporine A (250-300 mg/kg) for 5 days before cell transplantation and are treated with
cyclosporine A for 28 days after cell transplantation (see, e.g., Menard et al., 2005; Giralt et
al., 1997). Drug dose are increased or decreased based on average cyclosporine serum
concentration of 300-400 ng/L. (Menard et al., 2005; Giralt et al., 1997). Moreover, before
and after M1, db/db mice are regularly monitored for glucose and given insulin injection (0.75
U/kg i.p. as reported (Kobayashi et al., 2008) if glucose levels exceed 350 = 25 mg/dL to
climinate the variation of observed differences due to glucose levels. Animals are killed
humanely at short-term (72 hrs and 14 days) and long-term (3, 6, 12, and 16 weeks) for
histological, immunohistochemistry, and physiological (blood flow) analysis.
[00224] FGF-9 primed-iPS cells are treated as follows. FGF-9 (50 ng/mL) is added to
the iPS cells in the differentiation medium (a medium that does not contain iPS cell self-
renewal growth factors such as activin A, leukemia inhibitory factor and mouse embryonic
fibroblast condition medium) for 48 hours. These iPS cells are considered as FGF-9 primed
differentiated iPS cells. Control iPS or ES cells are cultured for 48 hrs in a differentiation
medium without FGF-9. Infiltration of T-cells is determined using anti-CD3 and anti-CD4
antibodies (Zhao et al., 2011). H&E stained sections are examined to identify the presence of
any inflammatory cells. Additionally, heart sections are analyzed to determine the effect of
FGF-9-iPS cells on capillary density and formation of coronary arteries. Heart function is
examined via echocardiography (Singla et al., 2006; Singla et al., 2011)

(2) DETERMINATION OF TOTAL NUMBER OF TRANSPLANTED FGF-9 PRIMED

IPS CELLS ENGRAFTMENT FOLLOWING MI
[00225] Serial sections containing right ventricular (RV), LV free wall, and
interventricular septum are immunostained for RFP (Evrogen, Russia), Oct3/4, or Sox2
(Santa Cruz Biotechnology) to determine early engraftment up to 24 hrs. Cells that stain
positive for RFP, but not for Oct3/4 or Sox2 antibody, are considered as non-engrafted iPS
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cells. Sections are counter-stained with DAPI (Sigma) to delineate the nuclei. Fluorescence
microscopy is used to acquire images. NIH image J processing and analysis software are
employed for these analyses.

(3) DETERMINATION OF PROLIFERATION OF ENGRAFTED CELL

PROLIFERATION FOLLOWING M1
[00226] To determine the number of engrafted iPS cells that have started EC and
VSMC proliferation, BrdU (50 mg/kg body weight, i.p (Beltrami et al., 2003) is
administered. BrdU identifies nuclei in S phase in order to label actively dividing cells.
Active cell growth of engrafted cells is identified using double-label immunostaining for RFP
and BrdU (Dako) antibodies. RFP identifies donor engrafted cells whereas BrdU labels DNA
synthesizing cells. Furthermore, to determine how many cells have started cell division and
cell types at any given time, double-label immunostaining is performed using a Ki-67
antibody (Dako) and an RFP antibody. Ki-67 is a nuclear antigen, which is associated with
cell division and labels proliferating cells (G1-, S-, G2-phase and mitosis), but not in
quiescent or resting cells (GO-phase), and as stated above, RFP antibodies identify donor
grafted cells. Slides are analyzed using fluorescence (Olympus) and confocal microscopy.
[00227] Cell stage differentiation is determined. Using double or triple-label
immunostaining to detect donor cells (RFP antibody) and early, late, and mature
differentiated EC cell types using their marker cell specific antibodies, the number of early
and mature endothelial cells that form following engraftment at various time points following
MI is assessed. If cells stain positive with CD14" or CD1a" antibodies and are negative for
vWF antibody staining, then these cells are considered early EPCs. If cells stain positively for
CD34" or CD133" antibodies and are negative for vWF antibody staining, then these cells are
considered late EPCs Mature endothelial cells are identified with antibodies such as factor
VIII antibody (Sigma), CD31/PECAM-1 (Santa Cruz), and Griffonia simplicifolia lectin
(Sigma).
[00228] Reports state that EPCs have the potential to differentiate into ECs and
VSMC:s. To confirm that EPCs differentiated from transplanted iPS cells are also positive
with both newly formed EC and VSM progenitor cells, sections are immunostained with
endothelial and smooth muscle specific markers (e.g., FLK-1/VEGF-R2, CD34, VEcad, and
endoglin). Sections are stained with respective FITC or rhodamine-conjugated secondary
antibodies and counterstained with DAPI for nuclear visualization. Slides are analyzed using
Olympus and confocal microscopy. Western blotting and RT-PCR are be used to determine

the SM cell markers such as SM-MHC-11, calponin and SM22 alpha. The early and late EPC
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marker antibodies are commercially available (Krenning et al., 2008).

(4) IDENTIFICATION OF CORONARY ARTERY FORMATION FOLLOWING M1
[00229] New cell differentiation and capillary and coronary artery formation are
determined using double-label immunostaining to detect donor cells (RFP antibody) and
differentiated cell types using neovascular cell specific antibodies. Endothelial cells are
identified using cell specific antibodies such as factor VIII antibody (Sigma), CD31/PECAM-
1 (Santa Cruz), and Griffonia simplicifolia lectin (sigma). For the identification of smooth
muscle cells, a-smooth muscle (SM) actin (Sigma), SM22q, calponin, and SM-myosin heavy
chain (MHC)-11 antibodies are used. Sections are stained with respective FITC or rhodamine
conjugated secondary antibodies and counterstained with DAPI for nuclear visualization.
Slides are analyzed using confocal microscopy.
[00230] Whether newly formed vessels are functional, and whether the vessels survive
long term (or whether the vessels have atrophied or been eliminated due to apoptosis) are
examined. Immunostaining is performed and the size and number of vessels is determined.
To distinguish the extent of cell survival versus apoptotic cell death at long term time points,
newly formed coronary arteries are identified using a combination of RFP staining, cell
specific staining, and TUNEL and caspase-3/Bax antibody. Sections are stained with
respective FITC or rhodamine conjugated secondary antibodies and counterstained with
DAPI (15 pg/mL for nuclear visualization. Slides are analyzed using Olympus fluorescence
and confocal microscopy. Furthermore, animals are treated with rhodamine-labeled dextran
to determine whether newly generated coronary vessels are functional and have blood
circulation. (Fatma et al., 2010; Singla et al., 2006; Singla et al., 2008; Singla et al., 2011
(Mol. Pharm); Singla et al., 2011 (Am. J. Physiol. Heart Cir. Physiol.).

(5) DETERMINATION OF REGIONAL BLOOD FLOW FOLLOWING MI
[00231] To determine if transplanted stem cells give rise to increased blood flow
through new vessel formation, the commonly used non-radioactive isotope-labeled
microspheres procedure is performed as described in Tillmans et al., 2008).

(6) FUNCTIONAL ASSESSMENT OF THE REGENERATED HEART
[00232] Echocardiography is an accurate noninvasive tool for the determination of
quantitative characterization of heart remodeling following MI (Singla et al., 2008; Singla et
al., 2011 (Am. J. Physiol. Heart Circ. Physiol.). Echocardiography is performed on infarcted
hearts at short term post-MI time points (72 hrs and 14 days) and at long-term post-MI time

points (3, 6, 12, and 16 weeks). M-mode images in a short axis view are performed to
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measure LV mass, LV mass to body ratio, LV anterior and posterior wall thickness, and
fractional shortening.
3. DETERMINATION OF WHETHER FGF-9-1PS-CM ENHANCES ENDOGENOUS
ACTIVATION OF C-KIT' FLK-1-VE CPCs AND FLK1""*-PCs FOLLOWING MI

[00233] Factors released from Akt transfected mesenchymal stem cells inhibit cardiac
myocyte apoptosis (Gnecchi et al., 2005; Gnecchi et al., 2006). Some studies indicate that
MSCs following transplantation in the infarcted heart restores c-kit positive CSCs niches
(Hare 2007) and inhibit apoptosis. CPCs proliferation and differentiation was also activated
by intramyocardial injection of HGF and IGF-1 in the infarcted myocardium (Tillmanns et
al., 2008; Urbanck et al., 2003). Factors released from ES cells are different than those factors
released from adult stem cells and inhibit H9C2 cell apoptosis (Singla et al., 2007; Singla et
al., 2008). Following transplantation of ES-CM in the infarcted heart, cardiac myocyte
apoptosis was significantly inhibited and function was improved. (Fatma et al., 2010; Singla
etal., 2011 (Am J Physiol Heart Circ Physiol). Following transplantation of ES-CM in the
infarcted heart, there was enhanced activation of CPCs and FLK-1""°-PCs. (Fatma et al.,
2010; Singla et al., 2011). The enhanced activation contributed to cardiac neovascular
regeneration via improved cardiac function. Moreover, following the intramyocardial
injection of FGF-9 in the infarcted heart, there was enhanced neovascularization mediated via
c-kit positive cells.

(1) DETERMINATION OF THE EFFECTS OF FACTORS RELEASED FROM IPS

CELLS ON C-KIT"* CPCs AND FLK-1""*-PC FOLLOWING MYOCARDIAL

INFARCTION
[00234] Using a cell culture model system (Fatma et al., 2010; Singla et al., 2007;
Singla et al., 2008; Singla et al., 2011), iPS-CM is produced from iPS-cells primed with and
without FGF-9. Preparation of CM is well reported by us. A mouse myocardial infarction
(MI) model (Fatma et al., 2010; Singla et al., 2007; Singla et al., 2008; Singla et al., 2011) is
used as well as C57BL/6 and db/db mice with and without cyclosporine A to inject FGF-9-
iPS-CM (15x (Fatma et al., 2010; Singla et al., 2011), FGF-9 (1 ng/20 pL in two injections
(50 ng/mL) or cell culture medium (as a control) using two intramyocardial injections
following MI. Moreover, additional cell specific CM such ES-CM and H9¢2-CM are used for
comparison purposes. The effects on cardiac neovascularization are quantified. Animals are
killed humanely at short time points (72 hrs and 14 days) and long-term time points (3, 6, 12

and 16 weeks) following MI treatment for histological, physiological analysis, and
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preparation of tissue homogenates. To analyze the effect of iPS —CM, heart sections are
prepared for immunostaining to determine CPCs and FLK-1-PCs niches and cell proliferation
and differentiation. Echocardiography is used to examine heart function
(2) IDENTIFICATION OF C-KIT""* CPCs AND FLK-1""*-PCs AND THEIR
PROLIFERATION AND CELL DIVISION
[00235] Following transplantation in the infarcted heart, resident CPCs have been
identified and the role of these CPCs in neovascular regeneration has been determined. CPCs
are lineage negative and are identified with cell specific markers. CPCs specific antibodies
such as c-kit, MDR1 and sca-1 (Molecular Probes) are used to identify CPCs. To distinguish
whether CPCs are migrated from the bone marrow, sections are stained for markers of
hematopoietic cell lineage (such as CD34, Cd8, and CD45 (Molecular Probes, Santa Cruz)).
FLK-1 specific antibodies such as CD34 and FLK-1/VEGF-R2 (Santa Cruz) are used to
identify FLK-1 cells. The number of CPCs and FLK-1-PCs that have started proliferation and
differentiation is determined.
(3) IDENTIFICATION OF PROGENITOR NEOVASCULAR CELL TYPES LINEAGE
[00236] Using double-label immunostaining to detect CPCs (c-kit, MDR1 and sca-1
antibody) and using cell specific antibodies to detect neovascular specific progenitor cell
types such as VSMCs and ECs using (Fatma et al., 2010), cell specific lineage progenitor
cells are determined. To determine progenitor ECs, sections are immunostained with
endothelial specific transcription factors Ets-1, Fli-1, Etv2, and Ergl (Sigma, Molecular
Probes) and structural protein flk1 (Santa Cruz) antibodies. For progenitor smooth muscle
cells, transcription factors GATA 6 and GATA 2 and structural protein a-SM actin antibodies
(Sigma) are used. Sections will then be stained with respective FITC or rhodamine
conjugated secondary antibodies and counterstained with DAPI for nuclear visualization.
Slides are analyzed using Olympus fluorescence and confocal microscopy. The number of
CPCs in the acute and chronic cardiomyopathy is quantified. RT-PCR and western blot is
performed to confirm increased levels of endothelial and vascular smooth muscle cells
transcriptional factors and protein levels.
4. DETERMINATION OF WHETHER TRANSPLANTED FGF-9 PRIMED IPS CELLS OR
FGF-9-1PS-CM STIMULATES NEOVASCULARIZATION VIA ACTIVATION OF MIR-126
PATHWAY
[00237] miRNAs are small non-coding RNAs about 20-24 nucleotides in length that
play a major role in the regulation of a variety of cell processes including apoptosis,

hypertrophy, fibrosis, and cardiac differentiation (Care et al., 2007; Catalucci et al., 2008;
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Chen et al., 2006; Cimmino et al., 2005). The deletion of miR-126 was reported to
demonstrate loss in vascular integrity and defects in ECs proliferation in the mice with and
without myocardial infarction (Wang et al., 2008). Furthermore, miR-126 inhibited SPRED1
and PIK3R2, which are both negative regulators of the VEGF signaling pathway (Wang et
al., 2008; Heusschen et al., 2010).
[00238] These studies determine the role of the miR-126 pathway in
neovascularization in diabetic infarcted mouse hearts as well as determine the effect of
transplanted FGF-9 primed iPS cells or FGF-9-iPS-CM. The presence of decreased
neovascularization that leads to decreased cardiac function in the infarcted mouse heart was
demonstrated. Next, transplanted iPS cells enhanced neovascularization with improved
cardiac function. Moreover, the levels of miR-126 were significantly reduced following MI
and this decrease was reversed with cell transplantation.

(1) DETERMINATION OF THE EFFECTS OF FGF-9-1PS CELLS OR IPS-CM ON

MIR-126 MEDIATED NEOVASCULARIZATION
[00239] Using RT-PCR, the levels of miR-126 following MI are determined (Glass et
al., 2011) and miR-126 levels are confirmed with northern blotting (Dey et al, 2011;
Narducci et al., 2011; Small et al., 2010). To determine the role of miR-126 on
neovascularization, animals are injected with a selective inhibitor of miR-126 (locked nucleic
acid, LNA-antagomir-126, 80mg/kg, as this dose is used by other investigators (Hartley et al.,
2010; Patrick et al., 2010). To identify expression of miR-126 in the infarcted, non-infarcted,
and peri-infarcted region of the heart following MI, heart sections are stained using in situ-
hybridization for miR-126. In situ-hybridization employing LNA-miR-126 specific probes
(Exiqon) (Hosada et al., 2011) is utilized. Additionally, expression of miR-126 in major heart
cell types is characterized using double label immunostaining with cell specific antibodies. In
brief, after in situ hybridization, sections are co-labeled with neovascular cell specific
antibodies such as CD31 for endothelial cells and smooth muscle a-actin for VSM cells.
Sections are counter stained with DAPI to identify cell nuclei.
[00240] To determine the effects of miR-126 on downstream targeted protein
SPREADI1 and PIK3R2, SDS-PAGE and Western blot analyses are performed to determine
the protein expression of total and phosphorylated SPRED1 and PIK3R2 (Abcam, USA).
Densitometry is used to measure band density.
[00241] All of the compositions and/or methods disclosed and claimed herein can be
made and executed without undue experimentation in light of the present disclosure. It will

be apparent to those skilled in the art that various modifications and variations can be made in
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the present invention without departing from the scope or spirit of the invention.

[00242] More specifically, certain agents which are both chemically and
physiologically related can be substituted for the agents described herein while the same or
similar results can be achieved. All such similar substitutes and modifications apparent to
those skilled in the art are deemed to be within the spirit, scope and concept of the invention
as defined by the appended claims.

[00243] Other embodiments of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention disclosed herein. It is
intended that the specification and examples be considered as exemplary only, with a true
scope and spirit of the invention being indicated by the following claims.
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CLAIMS
What is claimed is:
1. A method of enhancing neovascularization following cardiac dysfunction in a subject in
need thereof, the method comprising:
(1) administering to the subject fibroblast growth factor-9 primed induced pluripotent
stem cells;
(i1) administering to the subject conditioned medium of fibroblast growth factor-9
primed induced pluripotent stem cells;
(ii1) administering to the subject fibroblast growth factor-9; and/or
(iv) administering to the subject a composition comprising fibroblast growth factor-9
and fibroblast growth factor-8; and
and determining neovascularization in the heart.
2. A method of attenuating vascular apoptosis and/or apoptosis-related mechanisms
following cardiac dysfunction in a subject in need thereof comprising:
(1) administering to the subject fibroblast growth factor-9 primed induced pluripotent
stem cells;
(i1) administering to the subject conditioned medium of fibroblast growth factor-9
primed induced pluripotent stem cells;
(ii1) administering to the subject fibroblast growth factor-9; and/or
(iv) administering to the subject a composition comprising fibroblast growth factor-9
and fibroblast growth factor-8; and
and determining apoptosis and/or apoptosis related mechanisms in the heart.
3. The method of claim 1 or claim 2, wherein the subject is diabetic.
4. The method of claim 1, wherein enhancing neovascularization comprises enhancing cell
engraftment.
5. The method of claim 1, wherein enhancing neovascularization comprises enhancing cell
proliferation.
6. The method of claim 1, wherein enhancing neovascularization comprises enhancing cell
differentiation.
7. The method of claim 1 or claim 2, wherein the induced pluripotent stem cells differentiate
into endothelial cells and/or vascular smooth muscles cells.
8. The method of claim 1 or claim 2, further comprising enhancing angiogenesis and/or
vasculogenesis in the subject.

9. The method of claim 1 or claim 2, further comprising enhancing cardiac function in the
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

subject.

The method of claim 9, wherein enhancing cardiac function comprises increasing cardiac
blood flow.

The method of claim 9, wherein enhancing cardiac function comprises increasing cardiac
capillary density.

The method of claim 1 or claim 2, wherein the conditioned media comprises anti-
apoptotic and anti-fibrotic factors.

The method of claim 12, wherein anti-apoptotic factors and anti-fibrotic comprise
fibroblast growth factor-8, fibroblast growth factor-9, interleukin-10, and tissue
inhibitor of matrix metalloproteinase-1.

The method of claim 1, further comprising attenuating vascular apoptosis and/or
apoptosis-related mechanisms.

The method of claim 2 or claim 14, wherein apoptosis and/or apoptosis-related
mechanisms occurs in the induced pluripotent stem cells.

The method of claim 2 or claim 14, wherein apoptosis and/or apoptosis-related
mechanisms occurs in cardiac tissue of the subject.

The method of claim 2 or claim 14, wherein miR-126 expression increases, SPREDI
expression decreases, PIK3R2 expression decreases, and/or a combination thereof.

The method of claim 1 or claim 2, wherein the induced pluripotent stem cells are cardiac-
committed.

The method of claim 1 or claim 2, wherein between 5,000 and 500,000 induced
pluripotent stem cells are administered to the subject.

The method of claim 19, wherein approximately 100,000 induced pluripotent stem cells
are administered to the subject.

The method of claim 19, wherein less than 100,000 induced pluripotent stem cells are
administered to the subject.

The method of claim 19, wherein more than 100,000 induced pluripotent stem cells are
administered to the subject.

The method of any one of claims 19-22, wherein the induced pluripotent stem cells are
administered in one intramyocardial injection.

The method of any one of claims 19-22, wherein the induced pluripotent stem cells are
administered in two or more intramyocardial injections.

The method of any one of claims 19-22, wherein the induced pluripotent stem cells are

administered into a peri-infarct zone and/or an infarcted zone of the injured
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myocardium.

26. The method of claim 1 or claim 2, further comprising administering to the subject one or
more immunosuppressive drugs.

27. The method of claim 26, wherein the one or more immunosuppressive drugs comprise
corticosteroids, calcineurin inhibitors, anti-proliferatives, and mTOR inhibitors.

28. The method of claim 26, wherein the one or more immunosuppressive drugs is
cyclosporine A.

29. The method of claim 26, wherein the one or more immunosuppressive drugs is
administered to the subject prior to, during, and/or following the administration of the
induced pluripotent stem cells.

30. The method of claim 1 or claim 2, further comprising administering fibroblast growth
factor-9 to the subject.

31. The method of claim 30, wherein the fibroblast growth factor-9 is administered to the
subject prior to, during, and/or following the administration of the induced pluripotent
stem cells.

32. The method of claim 1 or claim 2, further comprising repeating the administration of
induced pluripotent stem cells to the subject.

33. The method of claim 32, further comprising repeating the administration of fibroblast
growth factor-9 to the subject.

34. The method of claim 1 or claim 2, wherein the cardiac dysfunction is a cardiac
ischemia/reperfusion event.

35. The method of claim 34, wherein the ischemia/reperfusion event is myocardial infarction,
myocardial ischemia, myocardial reperfusion, subendocardial ischemia, Takayasu’s
arteritis, atrial fibrillation, hemorrhagic stroke, an event that occurs during cardiac
surgery where a heart lung machine is used such as coronary artery bypass, or an
event that occurs during the preservation of an organ for transplant.

36. The method of claim 1 or claim 2, wherein the cardiac dysfunction is a congenital heart
defect.

37. The method of claim 36, wherein the congenital heart defect is hypoplasia or pentalogy of
Cantrell.

38. The method of claim 1 or claim 2, wherein the induced pluripotent stem cells are
administered to the subject prior to, during, and/or following cardiac dysfunction.

39. The method of claim 38, wherein the induced pluripotent stem cells are administered

within 10, 15, 20, 25, 30, or more minutes following cardiac dysfunction.
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40. The method of claim 38, wherein the induced pluripotent stem cells are administered
within 1, 2, 6, 12, 18, 24, or more hours following cardiac dysfunction.

41. The method of claim 1 or claim 2, wherein the induced pluripotent stem cells are obtained
from an autologous, allogeneic, or syngeneic source.

42. The method of claim 1 or claim 2, wherein the induced pluripotent stem cells are obtained
from fibroblast cells.

43. The method of claim 1 or claim 2, wherein the induced pluripotent stem cells are obtained
from H9c2 cells.

44. The method of claim 42 or claim 43, wherein the fibroblast cells or the H9¢2 cells
transfected with a vector comprising a nucleic acid molecule encoding at least one
stemness factor.

45. The method of claim 44, wherein the at least one stemness factor comprises c-myc, oct
3/4, K1f4, nanog, Sox2, and/or a combination thereof.

46. A composition for enhancing neovascularization in a subject, the composition comprising
(1) fibroblast growth factor-9 primed induced pluripotent stem cells; (ii) conditioned
medium of fibroblast growth factor-9 primed induced pluripotent stem cells; (iii)
administering to the subject fibroblast growth factor-9; and/or (iv) administering to
the subject a composition comprising fibroblast growth factor-9 and fibroblast growth
factor-8.

47. A composition for attenuating vascular apoptosis and/or apoptosis-related mechanisms in
a subject, the composition comprising (i) fibroblast growth factor-9 primed induced
pluripotent stem cells; (ii) conditioned medium of fibroblast growth factor-9 primed
induced pluripotent stem cells; (iii) administering to the subject fibroblast growth
factor-9; and/or (iv) administering to the subject a composition comprising fibroblast
growth factor-9 and fibroblast growth factor-8.

48. The composition of claim 46 or claim 47, wherein the subject is diabetic.

49. The composition of claim 46 or claim 47, wherein the subject has experienced a cardiac
ischemia/reperfusion event.

50. The composition of claim 49, wherein the ischemia/reperfusion event is myocardial
infarction, myocardial ischemia, myocardial reperfusion, subendocardial ischemia,
Takayasu’s arteritis, atrial fibrillation, hemorrhagic stroke, an event that occurs during
cardiac surgery where a heart lung machine is used such as coronary artery bypass, or
an event that occurs during the preservation of an organ for transplant.

51. The composition of claim 46 or claim 47, wherein the subject has a congenital heart
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53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

defect.

The composition of claim 51, wherein the congenital heart defect is hypoplasia or
pentalogy of Cantrell.

The composition of claim 46 or claim 47, wherein the composition is administered within
10, 15, 20, 25, 30, or more minutes following the ischemia/reperfusion event.

The composition of claim 46 or claim 47, wherein the composition is administered within
1,2,6,12, 18, 24, or more hour following the ischemia/reperfusion event.

The composition of claim 46, wherein the composition enhances cell engraftment.

The composition of claim 46, wherein the composition enhances cell proliferation.

The composition of claim 46, wherein the composition enhances cell differentiation.

The composition of claim 46 or claim 47, wherein the induced pluripotent stem cells
differentiate into endothelial cells and/or vascular smooth muscle cells.

The composition of claim 46 or claim 47, wherein the composition enhances angiogenesis
and/or vasculogenesis in the subject.

The composition of claim 46 or claim 47, wherein the composition enhances cardiac
function in the subject.

The composition of claim 60, wherein enhancing cardiac function comprises increases
cardiac blood flow.

The composition of claim 60, wherein enhancing cardiac function comprises increases
cardiac capillary density.

The composition of claim 46 or claim 47, wherein the conditioned media comprises anti-
apoptotic and anti-fibrotic factors.

The composition of claim 63, wherein anti-apoptotic factors and anti-fibrotic comprise
fibroblast growth factor-8, fibroblast growth factor-9, interleukin-10, and tissue
inhibitor of matrix metalloproteinase-1.

The composition of claim 46, wherein the composition attenuates vascular apoptosis
and/or apoptosis-related mechanisms.

The composition of claim 47 or claim 65, wherein the composition attenuates apoptosis
and/or apoptosis-related mechanisms of the induced pluripotent stem cells.

The composition of claim 47 or claim 65, wherein the composition attenuates apoptosis
and/or apoptosis-related mechanisms in cardiac tissue of the subject.

The composition of claim 47 or claim 65, wherein the composition increases miR-126
expression, decreases SPRED1 expression, decreases PIK3R2 expression, and/or a

combination thereof.
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79.

0.
81.

82.

&3.

34.

85.

The composition of claim 46 or claim 47, wherein the induced pluripotent stem cells are
cardiac-committed.

The composition of claim 46 or claim 47, wherein the composition comprises 5,000 and
500,000 induced pluripotent stem cells.

The composition of claim 70, wherein the composition comprises approximately 100,000
induced pluripotent stem cells.

The composition of claim 70, wherein the composition comprises less than 100,000
induced pluripotent stem cells.

The composition of claim 70, wherein the composition comprises more than 100,000
induced pluripotent stem cells.

The composition of any one of claims 70-73, wherein the composition is administered to
the subject in one intramyocardial injection.

The composition of any one of claims 70-73, wherein the composition is administered to
the subject in two or more intramyocardial injections.

The composition of any one of claims 70-73, wherein the composition is administered
into a peri-infarct zone and/or into an infarcted zone of the injured myocardium.

The composition of claim 46 or claim 47, further comprising one or more
immunosuppressive drugs.

The composition of claim 77, wherein the one or more immunosuppressive drugs
comprise corticosteroids, calcineurin inhibitors, anti-proliferatives, and mTOR
inhibitors.

The composition of claim 77, wherein the one or more immunosuppressive drug is
cyclosporine A.

The composition of claim 46 or claim 47, further comprising fibroblast growth factor-9.

The composition of claim 46 or claim 47, wherein the induced pluripotent stem cells are
obtained from an autologous, allogeneic, or syngeneic source.

The composition of claim 46 or claim 47, wherein the induced pluripotent stem cells are
obtained from fibroblast cells.

The composition of claim 46 or claim 47, wherein the induced pluripotent stem cells are
obtained from H9c2 cells.

The composition of claim 46 or claim 47, wherein the fibroblast cells or the H9¢2 cells
transfected with a vector comprising a nucleic acid molecule encoding at least one
stemness factor.

The composition of claim 84, wherein the at least one stemness factor comprises c-myc,
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oct 3/4, KIf4, nanog, Sox2, and/or a combination thereof.

86. A method of generating cardiac induced pluripotent stem cells, the method comprising:

(1) inserting one or more nucleic acid constructs capable of expressing stem-cell like
factors into a cardiac cell type, wherein the stem-cell like factors comprise
Oct3/4, KIf4, Sox2, ¢c-Myc, and/or a combination thereof; and

(i) obtaining the cardiac induced pluripotent stem cells stably expressing the stem-
cell like factors in the cardiac cell type.

87. A method of inhibiting vascular apoptosis and/or apoptosis-related mechanisms,
comprising: administering conditioned medium from induced pluripotent stem cells,
wherein the conditioned medium is administered with or without fibroblast growth
factor-9.

88. A method of inhibiting vascular apoptosis, comprising: administering fibroblast growth

factor-9.
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