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agonists are disclosed to surprisingly and dramatically accelerate MSC-triggered regeneration of damaged tissues arid unexpectedly
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COMPOSITIONS AND METHODS FOR ENHANCING THE THERAPEUTIC
POTENTIAL OF STEM CELLS

RELATED APPLICATIONS

This application is the Australian national phase of international patent application No.
PCT/IB2014/001248 filed on 13 March 2014, which claims priority to patent application No.
EP 13159548.0 filed 15 March 2013, the disclosure of which is incorporated by reference in

its entirety.

FIELD OF THE INVENTION

The invention relates to stem cell compositions and methods.

BACKGROUND OF THE INVENTION

Stem cell therapy is a promising approach in bone marrow, skin, heart, and corneal
transplantation, graft versus host disease, hepatic and renal failure, lung injury, rheumatoid
arthritis, treatment of autoimmune diseases such as Crohn's disease, ulcerative colitis, multiple
sclerosis, lupus and diabetes; prevention of allograft rejection, neurological disorders and

cardiovascular medicine.

Mesenchymal stem cells (MSCs) and/or progenitor or precursor cells can be isolated from a
variety of tissues, such as bone marrow, skeletal muscle, dental pulp, bone, umbilical cord and
adipose tissue. MSCs are gaining increasing interest as a potential source for therapeutic
approaches in regenerative medicine. Stem cells can self-renew and have the capacity to
differentiate into specific cell types or can be therapeutically used for the production and
secretion of soluble factors that will promote tissue regeneration. In particular, adult
stem/progenitor cells from abundant autologous origin have the additional advantages over
embryonic stem (“ES”) cell types given their great availability, low tumorgenicity and

allowing for the avoidance of controversial ethical issues associated with ES cells.
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To facilitate an ability to efficiently repair or regenerate defective or diseased organs and
tissues, donor stem/progenitor cells should possess desirable therapeutic properties, for
example, minimal side effects, ability to integrate into host tissue, differentiation into desired
cell lineages, paracrine effects, regulation of tissue remodeling and activation of endogenous

repair/regeneration mechanisms.

MSCs have been employed in numerous preclinical studies in rodents, rabbits and baboon
monkeys among others, for bone marrow, skin, heart, and corneal transplantation, graft versus
host disease, hepatic and renal failure, lung injury, multiple sclerosis, rheumatoid arthritis,
diabetes and lupus diseases. Preliminary results from some of these studies have led to human
clinical trials that are currently being carried out. These trials involve treatment of
autoimmune diseases such as Crohn’s disease, ulcerative colitis, multiple sclerosis and type 1
diabetes mellitus; prevention of allograft rejection; and enhancement of the survival of bone

marrow and kidney grafts; and treatment of resistant graft versus host disease.

A major component of morbidity and mortality attributable to cardiovascular disease occurs as
a consequence of the partial or complete blockage of vessels carrying blood in the coronary
and/or peripheral vasculature. When such vessels are partially occluded, lack of blood flow
causes ischemia to the muscle tissues supplied by such vessel, consequently inhibiting muscle
contraction and/or per function. Total occlusion of blood flow causes necrosis of the muscle

tissue.

Peripheral artery disease (PAD) affects 8 million Americans. It is a result of narrowed arteries
in the legs. The most common symptoms of PAD are cramping, pain or tiredness when
walking. However, some PAD patients can lose the ability to walk and may suffer from

amputations.

In some individuals, blood vessel occlusion is partially compensated by natural processes, in
which new vessels are formed (a process often referred to as “angiogenesis”) and small vessels

are enlarged (termed “arteriogenesis”) to replace the function of the impaired vessels. These
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new conduits may facilitate restoration of blood flow to the deprived tissue, thereby

constituting “natural bypasses” around the occluded vessels.

However, some individuals with impaired angiogenesis are unable to generate sufficient
collateral vessels to adequately compensate for the diminished blood flow caused by
cardiovascular disease. There is a need for new therapeutic approaches to treat ischemic

diseases.

Various studies have evaluated the therapeutic effect of MSCs in preclinical animal models
and demonstrated great clinical potential. However, there remain major questions concerning

optimal MSC dosage, route of administration, and MSC cell fate following infusion.

As such, there is a great need for optimized therapeutic MSC compositions and methods of
using them, to ameliorate the symptoms of various diseases in general and in the treatment of

vascular disease in particular.

Walker et al., Nat Commun. Author manuscript; available in 2010, generally disclose that
treating human pluripotent stem (hPS) cells such as human embryonic stem (hES) and induced
pluripotent stem (hiPS) cells with the inhibitor of non-muscle myosin II (NMII), blebbistatin,
enhances the survival of hPS cells under clonal density and suspension conditions. U.S. Pub.
No. 20100216181 discloses cultivation of pluripotent stem cells in a medium that is free of
serum and feeder cells using blebbistatin as survival factor. Increased numbers of cells are
generated by cultivating the cells in spinner flasks or bioreactors. Published PCT application
WO02012062819 discloses a method for controlling binding of cells to a substrate using
blebbistatin as a promoter for adhesion of cells to which the cells usually have no or limited

affinity.

However, none of these references teach or suggest the unexpectedly superior results observed
when treating patients with a composition containing stem cells and a non-muscle myson 1II

antagonist.
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3A

SUMMARY OF THE INVENTION

Accordingly, in one broad aspect the invention relates to use of a composition comprising a
population of pluripotent stem cells and blebbistatin in treating a peripheral artery disease

(PAD).

In another broad aspect, the invention relates to a method of treating peripheral artery disease
(PAD) in a subject, comprising administering to the subject a composition comprising a

population of pluripotent stem cells and blebbistatin.

In another broad aspect, the invention relates to use of a composition comprising a population
of pluripotent stem cells and blebbistatin in the preparation of a medicament for the treatment

of peripheral artery disease (PAD).

In one example according to any aspect or embodiment or example described herein, the PAD
may be associated with an ankle brachial pressure index of about or less than 0.9, or an ankle
brachial pressure index of about or less than 0.7. In another example according to any aspect
or embodiment or example described herein, the PAD has resulted in critical limb ischemia
and/or the PAD has resulted in skin ulcerations or gangrene. In another example according to
any aspect or embodiment or example described herein, the stem cells are mesenchymal stem

cells (MCSs).

In another broad aspect, the invention relates to use of a kit for treating a peripheral artery
disease (PAD), said kit comprising (a) blebbistatin, (b) a pharmaceutically acceptable carrier,
and (c) a population of pluripotent stem cells, wherein a-c are provided in the same container.

For example, the stem cells are mesenchymal stem cells (MSCs).

Another aspect of the invention relates to a method of treating a vascular disease comprising
administering to a patient in need thereof, an effective amount of a composition comprising a

population of cells and non-muscle myosin II antagonist, thus treating the vascular disease.
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practice this invention, the preferred compositions, methods, kits, and means for

communicating information are described herein.

All references cited herein are incorporated herein by reference in their entirety. The
discussion of those references is intended merely to summarize the assertions made by their
authors. More specifically, any discussion of documents, acts, materials, devices, articles or
the like which has been included in the present specification is solely for the purpose of
providing a context for the present invention. No admission is made that any or all of these
matters form part of the prior art base or were common general knowledge in the field relevant
to the present invention as it existed before the priority date of each claim of this application.
Applicants reserve the right to challenge the accuracy and pertinence of any cited documents,

acts, materials, devices, articles or the like.

Throughout this specification the word "comprise” or “include”, or variations such as
"comprises” or "comprising” or “includes” or including”, will be understood to imply the
inclusion of a stated element, integer or step, or group of elements, integers or steps, but not the

exclusion of any other element, integer or step, or group of elements, integers or steps.
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CLAIMS

Use of a composition comprising a population of pluripotent stem cells and

blebbistatin in treating a peripheral artery disease (PAD).
The use according to claim 1, wherein the PAD is associated with an ankle brachial
pressure index of about or less than 0.9, or an ankle brachial pressure index of about or

less than 0.7.

The use according to claim 1 or claim 2, wherein the PAD has resulted in critical limb

ischemia and/or the PAD has resulted in skin ulcerations or gangrene.

The use according to any one of claims 1 to 3, wherein the stem cells are mesenchymal

stem cells (MCSs).

Use of a kit in treating a peripheral artery disease (PAD), said kit comprising:

a. blebbistatin:
b. a pharmaceutically acceptable carrier; and
c. a population of pluripotent stem cells,

wherein a-c are provided in the same container.

The use according to claim 5, wherein the stem cells are mesenchymal stem cells

(MSCs).

A method of treating peripheral artery disease (PAD) in a subject, comprising
administering to the subject a composition comprising a population of pluripotent stem

cells and blebbistatin.
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8. Use of a composition comprising a population of pluripotent stem cells and blebbistatin
in the preparation of a medicament for the treatment of peripheral artery disease

(PAD).

5 9. The method according to claim 7 or the use according to claim 8, wherein the PAD is
associated with an ankle brachial pressure index of about or less than 0.9, or an ankle

brachial pressure index of about or less than 0.7.

10. The method according to claim 7 or 9 or the use according to claim 8 or 9, wherein
10 the PAD has resulted in critical limb ischemia and/or the PAD has resulted in skin

ulcerations or gangrene.

11. The method according to any one of claims 7, 9 or 10 or the use according to any one
of claims 8 to 10, wherein the stem cells are mesenchymal stem cells (MCSs).

15
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