
5

COMPOSITIONS AND METHODS FOR USING

CELLS TO TREAT HEART TISSUE

CROSS.REFERENCE TO RELATED APPLIGATIONS

[0001] This application claims benefit of priority from lnternational Application No.

PCT/US200B/0&1895, filed on May 27,2OO8.

TECHNIGAL FIELD

[0002] This document relates to methods and mater¡als involved in obtaining and using

cardiac cells. For example, this document relates to methods and materials for

providing mammalian heart tissue wìth oells (e.9., differentiated cardioprogenitor

cells or cardiopoietic cells) that incorporate into the heart tissue as func'tional

cardiomyocytes.

BACKGROUND I NFORMATION

10

r5

20

[0003]

[0004]

Cardiovascular disease is a leading cause of morbidÍty and mortality worldwide,

despite advances in patient management. ln contrast to tissues with high reparative

capacity, heart tissue is vufnerable to irreparable damage. Cell-based regenerative

cardiovascular medicine is, therefore, being pursued in the clinical setting.

The recent advent of stem cell biology extends the scope of current models of

practice from traditional palliation towards curative repair. Typically, clinical

experience has been based on adult stem cells recruited from autologous sources

and delivered in an unaltered state. First generation biologics are naiVe human

stem cells, identified as readily acoessible cytotypes. lt has been shown that

particular individuals improve on delivery of naîVe human stem cells-

DEFINITIONS

25 [00051 Within the frame of the present document, and unless indicated to the contrary, the

terms designated below between quotes have the following definitíons.

[0006] Theterm'hMSCs' means human mesenchymal stem cells.
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The 'cardíogenerative potential' of a cell designates the ability of this cell to
succeed to generate cardiac cells for Ínstance myocardium, when injected ínto an

inffacted heart.

'Gardiopoietic cells' (GP) are celts engaged in the way of differentiation from a non-

differentiated cell. A 'cardiopoietic cell' exhibits a cardiac differentiation defined by

nuclear translocation of the early cardiac transcription factor Nkx2.5 and the late

cardiac transoiption factor MEF2C (Behfar et al. Derivation of a cardiopoietic

population from human mesenchymal stem yields progeny, Nature Clinical Practice,

Cardiovascular Medicíne, March 2006 vol. 3 supplement 1, pages S78 : S82).

Nuclear translocation of cardíac transcription factor GATA4 can be observed.

CardiopoietÍc cells can lack sarcomeres and can lack expression of sarcomerlc

proteíns. A cardiopoietic cell keeps the capacity to divide itself. Cardiopoietic cells

are also called 'cardiomyocyte precursors' or 'cardiomyocyte progenîtor oells'

because they may differentiate into cardiomyocytes. ln the context of the present

,document,..cardiopoietÌc.cells may be. derived fr.om.human .adult mesenchymal. stem.

cells (hMSCs). 'CP-hMSCs'designates such cardiopoietic cells derived from human

adult mesenchymal stem cælls.

A'cocktail'or'cardiogenic cocKail'designates a composition contaíning at least two

cardiogenic substances.

A'cardiogenic suþstanæ' is a substance which improves the cardiogenerative

potential of a cell-

A'cocktail-guided cell' or'cell guided towards cardiopoÞsis' is a cell which has

been put into contact with a cocktail and further enters into difierentiation.

The 'differentiation' is the process by which a less specialÞed cell beoomes a more

specialized cell.

The 'ejection fraction' means the fraction of blood pumped out during a heart beat.

l/Vithout a qualifie¡ the term ejection fraction refers specifically to that of the left

ventricle (lefi ventrícular ejection fraction or LVEF)-

The'change of ejection fraction'mëans the difference between ejec'tion fraction of

the heart of an animal treated with cells injeded into its infarcted heart, measured

after a given time and the ejection fraction measured prior to injection.
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[0015] Unless otherwise defined, all technical and scientífic terms used herein have the

same meaning as commonly understood by one of ordinary skill ín the art to which

this invention pertains. Although methods and materials similar or equivalent to

those described herein can be used to practice the invention, suitable methods and

materials are described belou All publications, patent applicatlons, patents, and

other references mentioned herein are incorporated by reference in their entirety. ln

case of conflict, the present specification, including definitions, will control. ln

addition, the materials, methods, and examples are illustrative onfy and not

intended to be limiting.

SUMMARY10
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The invention relates to compositions comprising TGFB-1, BMP4, o-thrombin, a

compound selected from the group consisting of Cardiotrophin and lL-6, and a

compound selected from the group consisting of CardiogenolG and retinoic acid. ln

a prefened embodiment, the ò:ompositionö of thé invéntibn comprise TGFB-I,

BMP4, q-thrombin, Cardiotrophin and Cardiogenol C, The compositions of the

invention may comprise at least one compound selected from the group consisting

of FGF-2, IGF-1, Actívin-A, TNF-q, FGF-4, LlF, VEGF-A and combinations thereof.

They may also comprise FGF-2, IGF-1 and Activin-A. Other prefened compositions

of the invention comprises Activin-A, FGF-2, lL-6, IGF-1 and retinoic acid.

According to an altemative embodiment, the compositions of the invention can lack

at least one oompound chosen in the group consisting of TNF-o, FGF-4, LlF, and

VEGF.A.

When one of the following compounds is present in a composÍtion of the invention,

it may be present in an arnount of between 1 and 5 ng of said TGFpI per ml,

between 1 and 10 ng of said BMP4 per ml, between 0.5 and 5 ng of said

Cardiotrophin per ml, between 0-5 and 5 units of said q-thrombin per ml, and

between 50 and 500 nM of said Cardiogenol C, between 1 and 10 ng of said FGF-2

perml, between 10 and 100 ng of said IGF-1 perml, þetween I and 50 ng of said

Activin-A per ml, between I and 50 ng of said TNF-q per ml, between 1 and 20 ng

of said FGF-4 per ml, between 10 and 100 ng of said lL-6 per ml, between 1 and 10

units of said LIF per ml, between 1 and 50 ng of said VEGF-A per ml, between 0.1

and 1.0 ¡rM of said retinoic acid per ml.

3



[00r8]

[001e]

l0 [0e20]

[0021]

15,

28

Ioo22I

[0023]

Iao24l
30

5

Prefened compositions according to the invention comprise recornþinant TGFB-

1(2.5ng/ml). BMP4 (5ng/rnl), cardiotrophin (1ng/ml), Gardiogenolc (100 nM),

used in a combinatorial fashion- Particularly prefened composîtions of the fnvention

comprises such compounds and further comprise q-thrombin, (1 u/ml), FGF¿
(10 ng/ml), lcF-1 {50 ng/ml) and Activin-A (5 ng/mt).

Other prefened compositions of the invention comprise recombinant TGFB-1

(2.5 ng/ml), BMP4 (5 ng/ml), Activin-A (5 ng/mt), FGF¿ (10 ng/mt), tL-6 (100 ng/mt),

Factor-lla (ha{hrombin, 1 u/ml), IGF-r (50 ng/ml), and retinoic acid (l gM) used in

a combinatorial fashion.

Preferably, the compositions of the invention are comprised in a medíum selected

from the group consisting of media containing of foetal calf serum, human serum,

platelet lysate, and mixtures thereof.

fie invention also relates to a method for obtaining from initial cells differentiated

cells expressing an elevated level of at least one of the mRNAs selected from the
g.rpup.so.nsisting oJ-MEF2c mßNA, ME"Sp:J m_RNA,.Iþx-'5 rn-RNA,_cÁTA4_mß}".,tA ,..

Flk-1 mRNA, GATA6 mRNA, Fog-1 mRNA, and combinations thereof, ancilor have

at least one polypeptide selected from the group consisting of Nkx2,5 poþeptides,

MEF2C polypeptides, Tbx-S polypeptides, FOG-2 polypeptides, GATA*4

pol¡rpeplides MESP-1 polypeptides, and combinations thereof, whereÍn saíd at least

one polypeptide is associated with the nuclei of saíd differentiated oells, wherein

said method comprises culturing initial cells in the presence of a composition

according to the inventÎon ln such methods, the differentiated cells express

preferably an elevated levelof MEF2c mRNA and MESp-l mRNA.

ln a prebned embodÌment of the invention, the initial cells are mesenchymal stem

ælls. Such cells can be bone marrowderived stem cells. They can express CDgo,

cÐ105, cD133, cD166, cD29, and cD44 on the cell surfaæ and do not express

CD14, CD3/., and CÐ45 on the cell surface.

Most preferably, the dÍfferentiated cells are cardiopoieticcells.

Another aspect of the invention is a method for delivering differentiated cells to a

mammal, wherein said method comprises:

25

4



5

(a) determining that a sample of cells from a population of differertiated cells

comprises cells that express an elevated level of at least one of the mRÈ{A selected

from the group consisting of MEF2c mRNA, MESP-1 mRNA, Tbx-5 mRNA, GATA4

mRNA , Flk-1 mRNA, GATA6 mRNA, Fog-| mRNA, and comb¡nations thereof

andlor have at least one polypeptide selected from the group cons¡st¡ng of Nkx2.5

poþeptides, MEF2C polypeptides, Tbx-S polypeptides, ME$P-1 polypeptides,

GATA-4 polypeptides, FOG-2 polypeptides, and comb¡nat¡ons thereol wherein said

polyæptide is associated with the nucleiof said differentiated cells, and

{b) administering cells from said population of differentiated celfs to said marnmal.

Said population of differentiated cells can be obtained from said original cells

cultured in the presence of any of said compositions according to the ir¡vention. ln a

particular embodiment, said step (a) may comprise using a reverse transcription

polymerase chain reaction or using immunocytochemistry. Said administering step

comprises may comprise administering said cells via an administration selected

from the group consistíng of svstemic, intfa-cat"dia-c. and intracoronary

admínistrations.

Another aspec't of the invention is a method for providing heart tissue with

cardiomyocytes, wherein said method comprises administering, to sa¡d heart tissue,

said differentiated cells of claims obtainable by contact with a composition

according to the invention.

Details of one or more embodiments of the invention are set forth in the

eccompânying drawings and the description below. Other features, objects, and

advantages of the invention will be apparent from the desøiption and ftom the

claims.

DETAILED DESCRIPTION

This document provides methods and materials related to cardiac cells

(e.g., differentiated cardioprogenitor cells). For example, thís document provides

cells having the ability to incorporate into heart tissue as functional cardiomyocytes,

methods for making such cells, compositions for making such cells, artd methods

for determining whether or not a population of cells (e.9., differentiated

cardioprogenitor cells) contains cells having the ability to incorporate into heart

tissue as functional cardiomyocytes. This document also provides methods and

materials for providing heart tissue (e.g., human heart tissue) with functional

cardiomyocytes.
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[0028] The differentiated cardioprogenitor cells provided herein can be from any species
including, without limitation, humans, monkeys, horses, dogs, cats, rats, or mice.
For example, differentiated cardioprogenitor cells can be mammalian (e.g., human)
differentiated cardioprogenilor cells-

[0029] fn some cases, differentiated cardioprogenitor cells provided herein have the ability
to incorporate into heart tissue as functional cardiomyocytes.

[t0301 Any appropriate method can be used to oþtain differentiated cardíoprogen3tor cells.
For example, differentiated cardioprogenitor cells can be derived frorn stem cells
such as mammalian (e.9., human) stem cells.

l003fl ln sorne casês, differentiated cardioprogenitor cells can be derived from embryonic
stem ælls. ln some cases, differentiated cardioprogenitor cells can be derived from
mesenchymal stem cells- Mesenchymal stem cells can be obtained from any
source. For example, mesenchymal stem cells can be obtained from mammalian
(e.9., human) tissue such as bone manow and trabecular bone- Mesenchymal stem
cells caa .be--4;llu¡-ed in vitm,.For .example, mesenohymal sle_m ce¡s--c3n-.be
expanded in number in vitto. Mesenchymalstem cells can express or not express a
pofypeptide marker on the cell surface. For exampte, mesenchymat stem cells can
express CD133, CD90, CDl05, CD166, CD29, and CDzl4 on the celt surface and

not express CD14, GD34, and CD4S on the cell surface.

100321 Any appropriate method can be used to derive differentiated cardioprogenitor celts
from stem cells (e.9., mesenchymal stem cells). For example, differentÍated
cadioprogenitor cells can be derived from mesenchymal stem cells by incubating
the mesenchymal stem cells with a composition (e.g., culture media). The
composition can be any appropriate composition containing one or more factors.
The factors can be any type of factors such as polypeptides, steroids, hormones,
and small molecules. Exarnples of such factors include, without limitatíon, TGFp,
BMP, FGF-2, IGF-I, Activin-A, Cardiotrophin, q-thrombin, and CardiogenolC.

[0033] ln one embodiment, media containing TGFF, BMP, Cardiotrophin, c-thrombin, and
CardiogenolC can be used to obtain differentiated cardioprogenitor cells from stem
cells (e.9., mesenchymal stem cells). ln such cases, FGF-2,lGF-1, Acfivin-A, ora
combination thereof can be added to the medium after an initial culture period (e.g.,

oDe or two days) with medium contaíning TGFB, BMP, Cardiotrophin, o-thrombin,
and CardiogenolC.
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TGFB can be any polypeptide havíng TGFÞ activity, such as human TGFB. For

example, TGFB can be recombinant TGFp or synthetic TGFP. ln one embodiment,

TGFP can be TGFP-1. Any appropriate concentratÍon of TGFB can be used. For

example, between 1 and 10ng of TGF-F perml (e.9., about 2.5n9 of TGFBI

per ml) can be used.

BMP can be any polypeptide having BMP activity, such as human BMP. For

example, BMP can be recombinant BMP or synthetic BMP. ln one embodiment,

BMP can be BMP4. Any concentration of BMP can be used- For exemple, between

1 and 20 ng of BMP per ml (e.9., about 5 ng of BMP4 per ml) can be used.

FGF-? can be any polypeptide having FGF-2 activity, such as human FGF-2. For

exampÞ, FGF¿ can be recombínant FGF-2 or synthetic FGF-2. Any concentration

ol FGF-2 can be used. For example, between 1 and 2A ng of FGF-2 per ml (e.9.,

aboul S ng of FGF-? per ml) can be used.

IGF-1 can þe any polypeptide having IGF-1 actfvity, such as human IGF-1. For

ergmp-l-e..-, IG-F:J can b,_e re."comþinan! lGF"-1t .-o-f Synlhe$_c- l_G__F:lt, A.ny,"COncentr"atj.on- of

IGF-1 can be used. For example, between 10 and 100n9 of IGF-f perml (e.9.,

about 50 ng of IGF-1 per ml) can be used

Activin-A can be any polypeptide having Aclivin-A actiuity, such as human Activin-A.

For example, Ac{ivin-A can be recombinant Activin-A or synthetic Activin-A. Any

concentration of Activin-A can be used. For exarnple, between I and 50 ng of

ActÍvin-A per ml (e.9., about 1O ng of Activin-A per ml) can be used.

a-Thrombin can be any polypeptide having o-thrombin actívÌty, such as human q-

thrombin. For example, c-thrombin can be recombinant a-thrombin or synthetic a-

thrombin. Any concentration of q-thrombin can be used. For example, between 0.5

and 10 units of o-thrornbin per ml (e.9., about I unit of q-thrombin per ml) can be

used.

Cardiotrophin can be any polypeptide having Cardiotrophin activity, such as human

CardÌotrophin-1. For example, Cardiotrophin can be recombinant Cardiotrophin or

synthetic Cardiotrophin. Any concentration of Cardiotrophin can be used. For

example, between 0.5 and 10ng of Cardiotrophin perml (e.9., about 1ng of

Cardiotrophin-1 per ml) can be used.

lL-6 can be any polypeptide having lL€ activity, such as human lL-6. For example,

ILS can be recombinant lL6 or synthetic lL€. Any concentration of lL€ can be

used. For example, between 100 and 200 ng of lL-6 per ml can be used.
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Any concentralion of CardiogenolC or a phannaceuticalþ acceptabte salt thereof
(e-9., Gardiogenol C hydrochloride) can be used. For example, between l0 and

1O@ nMof Cardiogenol C (e.9., about 100 nM of Cardiogenol C) can Þ used.

Retinoic acid can be any molecule having retinoic acid activity, such as synthetic

retinoic acid, natural retinoic acid, a vitarnin A metabolite, a natural derivative of
vitamin A, or a synthetic derÍvative of vitamin A. Any concentration of retinoic acid

can be used. For example, between 1 x 10-6 and 2 x f 0€ ¡rM of retinoic acid can be

used.

ln some cases, serum-containing or serum-free media suppÞmented with TGFp-f

(e.9., 2.5 ng/ml), BMP4 (e.9., 5 ng/ml), FGF-? (e.9., 5 ng/ml), IGF-1 (e.g., SO ng/ml),

Activin-A (e.9., 10 ng/ml), Cardiotrophin (e.9., I ng/ml), q-thrombin (e.9., 1 Unitlml),

and cardiogenolc (e.9., 100 nM) can be used to obtain dÍfferentiated

cardioprogenitor cells from stem cells (e.9., mesenchymal stem cells). ln some

cases, the media (e.9., serum-containing or serum-free media) can contain ptatelet

lysete-{e.9.-a J:umãn platelet lysate)

ln some cases, the composition used to obtain differentiated cardioprogenitor oells

fiom mesenchymal stern cells can contain additional optional faetors such as

TNF-g, LlF, and VEGF-A.

TNF{ can be any polypeptide having TNF-o activÍty, such as human TNF-a. For

example, TNF-c can be recombinanl TNF-u or synthetíc TNF-a. Any concentration

of TNF< can be used. For exarnple, between 5 and 50 ng of TNF-u per ml can be

used.

LIF can be any polypeptide having LIF activity, such as human LlF. For examfle,

LIF can be recombinant l-lF or synthetic LlF. Any conæntration of LIF can be used.

For example, between 2.5 and 100 ng of LIF per ml can be used.

VEGF-A can be any polypeptide having VEGF-A activity, such as human VEGF-A.

For example, VEGF-A can be recombinant VEGF-A or synthetic VEGF-A. Any

concentration of VEGF-A can be used. For example, between 5 and 200 rg of
VEGF-A per rnl can be used.
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A composition provided herein can contain any combination of factors. For

example, a composition provided herein can contain TGFB-1, BMP4. Activin-A,

Cardiotrophin, q-thrombin, and GardiogenolC. ln some c€¡ses, a composition

provided herein can contain TGFp-1 , BMP4, FGF-2, IGF-1, Cardiotrophin,

a,thrombin, and CardiogenolG. ln some cases, a composition provided herein can

contain TGFB-1, BMP4, FGF-?, IGF-1, Cardiotrophin, q-thrombin, and

CardiogenolC. ln some cases, a composition provided herein can lack TNF-c, lL-6,

LlF, VEGF-A, retinoic acid, or any combination thereof (e.9., lL-6, L¡F, VEGF"A, and

retinoic acid; LlF, VEGF-A, and retinoic acid; or TNF-q, lL-6, LlF, and VEGF-A).

A composition provided herein can be prepared using any appropriate method. For

example, a composition provided herein can be prepared using commercially

availab6 factors. ln some cases, a compositíon provided herein can be prepared to

contain cells lysates (e.g., a platelet lysate) or conditioned media from cells such as

cardiomyocyte cells or TNF-q-stimulated endodormal cells. For example, a

gqmpo--s-ltien pl'-o-v-id-e-d-!e-r-e-!n can be p¡epared uslng a pl.e!el.-el ly-SAte- S-tlppleCIe"nle-d.

wilh commercially available factors. ln sorne cases, a composition provided herein

can be prepared using factors isolated from conditioned med¡um, ln some cases,

the factors can be dissolved in media such as cell culfure media that does or does

not contain serum.

Any appropriate method can be used to incubate stern cells (e.9., mesenchymal

stem cells) with a composition provided herein to obtain diffierentiated

cardioprogenitor cells having the abílity to incorporate into heart tissue as functional

cardiomyocytes. For example, mesenchyrnal stem cells can be incubated with a

composition provided herein for 1,2,3,4,5,6,7,8,9, lO, 11,12,13,14,15, 16,

17, 18, 19,20,21,22, 23, 24, 25, 30,35, 40, 45, or 50 days- ln some casesr a

composition provided herein and used to incubate mesenchymal stem cells can be

replaced every day or every 2, 3. 4,5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

a9,2Ð,21,22,23,24,25, 30, 35, 40, 45, or 50 days.

ln some cases, mesenchymal stern cells can be incubated with a oomposition

provided herein In the presence or absence of serum. Any appropriate cell density

can be used when incubating stem cells wÌth a composition provided herein. For

example, between about 1000 and 2000 mesenctrymal stem cells per cm" 1e.g.,

between about 1500-2000 celts/cmz) oan be incubated with a composltion provided

herein to obtain differentiated cardioprogenitor cells-
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[0053] Once stem cells (e.9., mesenchymal stem celts) have ben incubated with a

composition provided herein or otherwise treated with dífferentíation factors, the
state of differentiation can be monitored to determine whether or not the stem cells

differentiated into differentiated cardioprogenilor cells having the ability to
incorporate into heart tissue as functional cardiomyocytes. For example, a sample
of cells can be collected and assessed using techniques such as Westem blotting,

fluorescence-activated cell sorting (FACS), immunostaining, Iaser confocal
microscopy, ând reveße transcription polymerase chain reaction (RT-PCR)

techniques (e.9., quanlitative RT-PCR). ln some cases, cells found to express an

elevated level of MEF2I, MESP-1, Tbx-S, Nkx2,5, GATA6, Flk-1, Fog 1 and Fog¡
PolyæptiOes or rnRNA can be selected for administration into a mammal to treat
heart tissue-

[0054] As described herein, differerrtiated cardioprogenitor cells derived from

mesenchymal stem cells cuftured with a platelet lysate containing TGFp-1, BMp4,

F.GF¿,-[GF_-I 
" 
AetMná,Cadiotrop,hin, s:thrombin _ard_Ç_aldlqg_enoL_G._exhiþitd_a

2 to 5-fold increase in MEF2c mRNA, MESP-1 mRNA, Tbx-s mRlrlA, GATA6
mRNA, Flk-1 or Fog'l mRNA levels as compared to the levels observed with pr+
treated mesenchymal stem cells. These differentiated cardioprogenitor cetts also
exhibiled the ability to incorporate into heart tissue as functional cardiomyocytes

when injected intramyocardially, subcutaneously, or intravascularly with heart pump

function improvement directly correlated with structural repair in both ischemic and

non-ischemic settings. Functional benefit was documented both

echocardiographically in vivo, and histologically on aulopsy through staining of
human specific proteins. Also as described herein, differentiated cardioprogenitor

cells derived from mesenchymal stem cells cultured with serum contaíning TGFF.1,
BMP4, FGF-Z, IGF-1, Activin-A, Cardiotrophin, q-thrombín, and CardiogenolC
exhibited a 5 to 1O-fold increase in MEF2c mRNA, MESP-1 mRl,lA, and Tbx-5
mRNA tevels as compared to the levels observed with pre-lreated mesenchymal

stem cells.
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These differentiated cardioprogenitor cells also exhibited the ability to incorporate

into heart tissue as functional cardiomyocytes when injected intramyocardially (e.9.,

through endocardíal or epicardial routes), into the coronary arteries, infused in the

heart, or administered systemically {e.9., subcutaneously). with heart pump function

improvement directly conelated with structural repair in both íschemic and non-

ischemic settings. Functional beneft was documented by cardiac ultrasound ín vivo,

and by microscopic analysis on autopsy through stainíng of human specífic

proteins. Thus, release criteria such as elevated polypeptide or mRNA levels of

MEF2o, MESP-1, Tbx-5, GATA6, Flk-í, Fog 1, FOG 2, or combinations thereof æn

be used to evaluate cells prior to administration into a mamrnal.

The term 'elevated level" as used herein with respect to polypeptide or mRNA

levels of MEF2o, MESP-1, Tbx-5, GATA6, Flk-1, or Fog (for instance FOG I for

mRNA, FOG 2 for the polypeptide) within a cell population refers to any level that ís

greater than a reference level for that polypeptide or mRNA.

Thelerm-Teference.le-v-ej:.as usred he;ein wilh r-espec{Jo polype.pti-de or- mRÀlA

levels of MEF2c, MESP-J, Tþx-5, GATA6, Flk-1, or Fog (for instance FOG 1 for

mRNA, FOG 2 for the polypeptide) within a cell population refers to the level

typically found in pre-lreated cells (e.9., pre-treated mesenchymal stem cells). For

example, an MEF2G rnRNA reference level, an MESP-1 mRl{A reference level, a

Tbx-5 mRÌ,lA reference level, a GATAO mRNA reference level, and a FOG 1 mRNA

reference level can be the average level of MEF2a, MESP-1, Tbx-5, GATA6, Flk-1

and FOG 1 mRNA, respectively, that ís present in a random sampling of

mesenchymal stem cells not treated with a compositíon provided herein or

otherwise treated with dÍfferentiation factors. lt will be appreciated that levels from

comparable samples are used when determining whether or not a particular level is

an elevated level.

Elevated polypeptide andlor mRNA levels af MEFZa, MESP-1, Tbx€, GATA 4,

GATA6, Flk-1, Fog 2 or FOG I can be any level provided that the level is greater

fhan a conesponding reference level.

For example, an elevated level of Tbx-5 mRNA can be 1.5, 2,3, 4, 5, 6, 7, 8, 9, 10,

or more fold greater than the reference level Tbx-5 mRNA observed in untreated

mesenchymal stem cells. lt is noted that a reference level can be any arnount. For

example, a reference level for Tbx-S mRNA can be zero. ln this case, any level of

Tbx-S mRNA greater than zero would be an elevated level.
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ln some cases, identification criteria can include microscopic analysis of cells prior

to admínístration Ínto a mammal. Such microscopic analysis can include assessing

the cells for transcription factor polypeptides associated with the nucleus. For

example, cells appropriate for release into a mammal can be assessed for tha

presence of Nkx2.5, MEF2c, GATA4, MESP-1, FOG 2, Tbx-S, or any combination

thereof associated with the nucleus before being released into the mammal.

Any appropriate melhod can be used to provide heart tissue with differentiated

cardioprogenitor cells having the ability to incorporate into heart tissue as functional

cardiomyocytes. For example, differentiated cardioprogenitor oells can be injected

intramyocardially (e.9., through endocardÍal or epicardial routes), Ínto the coronary

arteríes, infused in the heart, or administered systemically (e.g., suÞcutaneously).

Any heart tissue can be provided with differentiated cardioprogenitor cells. For

example, mammalian {e.9., human} heart tíssue can be provided with differentiated

cardioprogenitor ælls. ln some cases, heart tissue that has suffered ftom ischemic

.car-diomyopath¡¡,--rnyo.cardial infarction,- -,or - head- lailure-,can- be-provÌdd--røitfi-

differentiated cardioprogenitor cells.

Any tyæ of differentiated ærdioprogenitor cells can be administered to heart tissue.

For example, autologous or heterologous differentiated cardioprogenitor cells can

be administered to heart tissue. fn some cases, stem cells (e.9., mesenchymal stem

cells) that were incubated with a composition provided herein can be administered

to heart tissue.

The stem cells can be íncubated with a composition provided herein for any length

of time before being administered to heart tissue. For example, the stem cells cen

be incubated with a composition provided herein for 6 to 24 hours (e.g., B, 1rO, 12,

18, or22 hours) orfor 1, 2,3.4,5,6,7,8,9, 10, 11,12,13,14, f5, 16, '17, 14, 19,

20,21 , 22,23, 24, 25,30, 35, 40, 45, or 50 days before being administered to heart

tissue. ln some cases, stem cells that were incubated with a composition provided

herein can be administered to heart lissue together with a composition provided

herein.

The stem cells can be incubated with a composition provided herein for any length

of time before being administered lo heart tissue together with a composition

provided herein. For example, the stem cells can be incubated with a composition

provided herein for 6 to 24 hours (e.9., 8, 10, 12, 18, or 22 hourc) or for I ,2, g, 4, 5,

6, 7, 8, 9, 10, 11,',12, 13, 14, 15, 16, 17, 19, 19, 20, 21, 22, 23,24,25, 30, 35, 40,

45, or 50 days before being administered to heart tissue together with a
composition provided herein.
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[0066] ln some cases, differentiated cardioprogenitor cells can be assessed to determine

whether or not they meet particular release criteria prior to being administered to a

mammal. For example, differentiated cardioprogenitor cells can be assessed using

RT-PCR to confirm that the differentiated cardioprogenitor cells express an elevated

polypeptíde or mRNA level of MEF2c, MESP-1, Tbx-S, GATA6, Flk-1, Fog, (FOG 1

for mRNA, FOG 2 for the polypeptide) or combinations thereof before being

administered into a marnmal.

[00ôï The invention will be further described in the following examples, which do not limit

the scope of the invention described in the claíms.

BRIEF DESCRIPTION OF THE DRAWINGS

100681 Fig. I represents the change of ejection fraction (^EF) in oó, considered before and

after treatment with naiVe human mesenchymal stem cells (hMSCs) derÌved from

bone narrow of 11 patients with coronary artery disease.

F g. l obÇined on ænfocal microscopy after immunostainíng with DAPI. shows

protein expression of the cardiac transcription faclor content for patient 2 that

demonstrated no positive ejection fraction change (left) and for patient 9 (right) that

demonstrated a positive ejection fraction change after treatment.

Fí9. 3 shows the mRNA expressíon of two significant cardiac transcription factors

mRl,lA in the hMSCs of the eleven patients.

Fig. 4 shows the mRNA expression, in arbilrary units (4.U.) of cardiac transcription

factorc for respectively Nlo<2.5 mRNA, GATA-6 mRNA and Fog-1 mRNA, of

untreated, nalVe hMSGs {lefr) and on CP-hMSCs, treated with a cardiogenic

cocktail (right).

Frg. 5 shows images oþtained on confocal microscopy showing nucleartranslocation

of Nkx2.5, MEF2C, FOG-2 and GATA4 polypeptides in GP-hMSGs treated with a

cardiogenic cocktail (right), compared with naiVe hMSCs (left).

Frg. 6 illustrates the progressive conversion (at days D0, D5, D15, and day D20)

from natue hMSCs lo 'cocktailguided' CP-hMSCs and ever¡tually cardiomyocytes

(cM).

Fig.7 shows the transition electron microscopy ultrastruc{ure of naiVe hMSC and

cocktailg uided cardiomyocyte.

Fig. I shonts a cocktail-guided cardiomyocyte in light microscopy.
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Fig- 9 represents, on the first graph on the left, the Tbx-S mRNA expression (in AU)

for naive hMSC and CP-hMSC from each patient of Fig. l, the results for'the naiVe

cells being on the right and the one for the CP cells being on the left of the

histogram. The second graph in the middle presents MEF2C mRNA expression,

and the third graph on the right presents MESP-1 mRNA expression. The average

values for the naiìve cells from all patients and the one for the CP cells for all

patients are given in the background of the histogram.

Fg. 10 is a graph wh¡ch represents the ejeclion fraction change (ÂEjeclion Fraction)

after treatment of heart with different quantities of naiVe hMSC (right part of

histogram for each of twelve patients) versus treatment of hearts with CP-hMSCs,

i.e. cocktailguided hMSC (CP-hMSC).

Ftg. 11 represents the echocardíography of infarcted hearts untreated (left) and

treated with cardiopoietic cells (dght), which shows a fa¡ better anterior walf

rean¡mation upon treatment with CP-hMSGs.

F-'tg- 1.2jsa-graph-similarto.fig.. S-showing lhe ejection f¡:act'lon change-(ÂEE)-after

injection of naïve (on the left) and cardiopoietic cells (on the right) into infracted

myocardium. Sharn is injection without cells.

Fig. 13 shows murlne infarded hearts treated with naîve hMSC and CP-hMSCs six

monlhs following lreatment initiation. Aneurysms and scar, wtì¡ch remained

uncoreded ín naîve hMSCs treated hearts, were resolved with CP-hMSCs

treatment that induced re+nuscularÞation.

Fig- '14 shows that cor¡focal resolution revealed, in the cardiopoietic hMSC treated

rnudne myocardium, widespread presence of human-derived cells with positive

staíning for h-ALU-DNA sequences specific to the human species validated with

human-specific lamin immunostaining, allof which were absent ín infarcted controls.

Fig. 15 shows that cardiomyocytes of human origin were tracked by coJocalization

of human cardiac troponin-l and o-actinin in cardiopoietíc hMSG-treated hearts.

Cardiomyocytes of human origin were absent from naiVe hMSG-treated hearts,

Quantification within infarcted anterior walls revealed 3r2% and 25t5o/o of

myocardial nuclei in naiVe versus CP-hMsC-treated hearts, implying enhanced

engrafrment with cardiopoietic hMSC treatment.

Figure 16 contains photographs of naiVe and CP hMSC stained for human troponin,

ventricular myosin lþht chain rnlO2V, and DAPI. Ventricular cell phenotype was

corroborated with counter staining of human-troponin positive cells with ventricular

myosin light chain mlC2V immunostaining in repaÌred anterior wall, as shown in Fig.

15 or resolvíng scar as shown in Fig. 17.
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Figure 17 ls a photograph of a remnant scar stained for human troponin, ventricular

myosin light chain mlC2V, and DAPI.

Fig. 18 contains photographs of CP-hMSCs-treated regenerating myocardium

demonstrating angiogenesis distalto the occluded coronary vessel.

Fig. 19 demonstrates CP-hMSCs contribution to neo-vascularÞation via expression

of human PECAM-1 (CD-31) within the myocardial vasculature.

Fig. 20 is a graph plotting A ejectíon fraction relative to sham (%) versus time

(months) following cell delivery. The long-term impact of CP-hMSCs t¡eafrnent was

t¡acked for more than one l-year, or one third of murine lifespan which nrculd

translate into 2Syears of human life. Relative to sham, treatment wíth naiVe hMSC

showed a 5% and 2.5o/o e¡eclion fractíon effect at 6 and 12 months, respecttvely. In

contrast, cardlopoietic hMSC treated infarcted mice demonstrated significant

ejection fraction improvemenl of 25o/o at 6 and 12 months relative to sham.

Fig- 2'l is a graph plotting Â ejection fraction (%) versus tíme (months) post cell

transplantation. The infarcLe_d_Co_h_qü_Was çt_r_a_tü.ed.t-o_ -ev_al"u-ate -eff-ica.cy-j[--csbgt'_oups-

with documented overt heart failure (ejection fraction <45o/o, at the time of

intervention. Despite equ¡valent pre-treatment ejection fraction at 35Yo, only

cardiopoietic hMSC treatment improved absolute ejectíon fraction by lloÁ at 6 and

12-months, in contrast to a ío/a decline in ejection fraction in the naiVe

hMSC-treated cohort.

Fig. 22 is a bar graph plotting survivorship (o/o) for the indicated subgroups of mice.

ln overt heart failure subgroups at 400 days follow-up, no su¡vivors were p'resent in

the sham and mortality of >50% was recorded with naìVe hMSC treatment. ln

contrast, a >80% suruivalwas attained with cardiopoietic hMSC treatment.

Flg. 23 illustrates the safety of treatment with CP-hMSCs, determined by

pathological examination and electrocardiography.
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EXAMPLES

[0090] Patients undergoing coronary artery bypass for ischemic heart disease were

randomly selected for bone marrow harvest. They provided informed consent, and

study protocols were approved by pertinent lnstitutional Ethics Committee and

lnstitutional Animal Care and Use Committee. ls worth noting that no injections

were made to patients butto mice.
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Example 1

Mesenchymal stem cells were derived from human bone maffow withdrawn from

the posterior iliac crest of the pelvic bone of 18- Ìo 4$year-old heatthy lndividuals

(Cambrex, East Rutherford, New Jersey). Based on flow cytometry analysis, the

mesenchymal stem cells expressed CD90, CDl33, CD105, CD166, CD2g, and

CD44, and did not express CD14, CD34, and CD.zls.

Human bone marrow{erived mesenchyrnal stem cells were cultured in either

platelet lysate or serum supplemented with TGFF-1 (2.5 ng/ml), BMP4 (5 ng/ml),

FGF-2 (5 ng/ml), IGF-1 (50 ng/ml), Activin-A (10 ng/ml), Cardiokophin (1 ng/ml), a-

thrombin (1 UniUml), and CardiogenolC (100 nM). After 4-10 days in the ptatelet

lysal+contalnlng culture at a density of about 100G2000 cells per on2, the cells

were found to express 2-S-fold more MEF2o mRNA, MESP-1 mRNA, Tbx-S mRNA,

GATA6 mRNA, Flk-1 or FOG 1 mRNA than untreated mesenchymalstem cells.

After 5-15 days in the serum-containing culture at a density of about 1000-2000
-cellrper=cm2;-the -cells-were-found-to-express 5=10.fofd-more*MEF2c-mRNA;

MESP-1 mRNA, Tbx-5 ¡nRNA, GATA 4 mRNA, GATA6 mRNA, Flk-1 or FOG I
mRNA than untreated mesenchymalstern cells.

ïhe primer pairs used for the RT-PCR analysis were standard primers obtained

commercially from Applied Biosystems.

Results demonstrating that the differentiated cardioprogenitor cells have the abilÍty

to incorporate into heart tissue as functional cardiomyocytes were obtained both ¡n

vrvo within the beating heart, and in vÍio following autopsy . ln vivo, under isoflurane

anesthesia, direct myocardialdelivery of cardioprogenitor cells into diseased hearts

ímproved cardiac performance as monitored by echocardiography in the short axis

with a two-dimensional M-mode probíng in the long axis, Doppler pulse wave

analysis, and 1 2-lead electrocardiography.

Harvesled heart tissue was fixed in 3o/o paraformaldehyde, sectioned, and

subjected to immuno-probing for human cell tracking. New human derived

cardiomyocytes and vasculature, with functional improvement and scar resolution,

was documented on analysis in mice treated with cardioprogenitor cells fulfilling

release crìteria (e.9., elevated level of expression of MEF2c mRNA, MESP-1

mRNA, Tbx-S mRNA, GATA 4 mRNA, GATA6 mRNA, Flk-1 or FOG 1 mRNA), ín

contrast to absence of benefit with cells that did not pass the release criteria-

1ô



[0097] ln order to scale-up the production of cardiopoietic cells for autologous injection in

patients, an altemative method was considered as immunofluoreecence can be

time-consuming, qualitative and potentially operator-dependent. One method of

choice is real-time quantitative reverse transcription polymerase chain reaction (RT-

5 qPCR). This method gives faster results (within one day) that are operator-

independent and quantiFed relative to a reference standard- ln addítion, whi[e

immunostained samples require one by one fluorescent microscopy evaluation, up

to 48 diflerent samples (or ænditions) can be tested in duplicate by RTqPCR using

9ô-wellplates.

l0 [û098] ln order to identify suitable markers for RT-QPCR, cardiopoietic cells were derived

from bone rnarrow samples obtained from cardiac patients (n=7). Cells were

evaluated by immunofluorescence staining for MEF2C and Nkx2.5. RNA was

extracted from these cells and expression of Nkx2.5 and MEF2C measured by real-

time quantitative PCR.

15 J009-91 The refere_nce sta¡.dg¡d cons_isted of çells frqrn lhe æme_þ_A!ghjl9t,e4[.¿rej_jn_.the_

presenæ of the cardiogenic cocktail.

[0100] Results were calculated using the double delta-Ct method normalizing the data

obtained from treated cells to those from untreated cells.

[0101ì MEFZC was identified as suitable marker of cardiopoietic cells by both qPCR and

20 immunofluorescence (nuclear translocation) when compared to naive cells. By

contrast, the qualitative change in Nk¿.s seen at the protein level by

immunofluorescence (nuclear translocation) was initially not translated into a

guantitative change at the RNA level relative to untreated cells. Genes do/vnstream

of Nkx2.5 were then investigated, since induction of their expression would depend

25 on nuclear translocation of Nxk2.5. This led to the identification of MESP-1, Flk-î

and TbxS as addítional suitable genes for identification by QPCR.

[0102] Human bone manow aspirates (1ç2O rnl) were obtained during coronary artery

bypass surgery following stemotomy. Bone marrow was cryostored in a

DMSO-based serum-free lreezing solution. Mesenchymal stem cells were recruited

30 by platting of raw bone manow on plastic dishes with a wash at 12 h sefecting

adhesive cells with ídenti$ confirmed by Fluorescence-Activated Gell Sorting

(FACS) analysis using the CÐ34-ÆÐ457CD133. marker panel. Cells were cultured

al37o G in DMEM supplemented with 5% human platelet lysate (Mayo Clínic Blood

Bank, Rochester, MN).
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Myocardial infarction was performed in nude, immunocompromised mice (Harlan,

lndianapolis, lN)- Following a blinded design, one month post-infarction a total of

600,000 nalve or cardiopoiesis guided hMSC, suspended in 12.5 ¡rl of propagation

medium, was injected under microscopic visualízation in five epicardial sites on the

anterior wall of the left ventricle. Sham undenryent the same surgical procedure

wîthout cell injection. Myocardial injection of bone marrow hMSC into this chronic

infarction model demonstrated heterogeneity in outcome with transplantation of

cells from only two out of the eleven studied individuals improving ejec{ion fraction

on echocardiography.

Patients 3 and 9 were identified as individuals with a high cardiogeneratíve

potential. lt was first observed from Fig. '1 that the change of ejection fraction in

miæ (n=3) treated with hMSC from each patients 3 and g was significantly positive,

whereas the drange for each other patient was not.

The protein expression of cardiac transcription factors was observed in hMSC on

conûocal microscopy.-as-sho.$¿n-in.-Eig.-2.ßar -co-1æSBonds to -â0-Um-re-p-r-eaentatlve-

for all panels.

lmmunostaining was performed with antibodies specific for MEF2C (1:400, Cell

Signaling Technologies, Danvers, MA), Nkx2.5 (1:150, Santa Cruz Biotechnology

lnc., Santa Cruz, CA), GATA4 (Santa Cruz Biotechnology lnc.), Phospho-AKTser{7s

(1:100, Cell Signaling Technologies), TbxS (1:5000, Abcam, Cambridge, MA),

Mespl (1:25O, Novus Bio, Littlaton, CO), Fog-2 {1:100, Santa Cruz Biotecfrnology),

sarcomeric protein q-adinin (f :500, Sigma-Aldrich) and human-specific Troponin-l

(1:100, Abcam), mlO2v (1:500, Synaptic Systems, Gottigen, Germany), Sca-f

(1:100, R&D Systerns, Minneapolis, MN), CD-31/PECAM-1 (1:500, Beckman

CouJter, Fullerton, CA), c-smooth muscle actin (Abcam), human-specífic Troponin-l

(1:100, Abcam), human Lamin A/C {1:50, Novacastra, New Castle, UK), and Ki67

(1:500, Abcam) following fixation in 3o/o paraformaldehyde and permeabilization with

1% Triton X-100, and along w¡th ÐAPl staining to visualize nuclei on confocal

microscopy performed with a LSM 5,l0 Laser scanning confocal microscope (Garl

Zeiss lnc., Jena, Germany).
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Early cardiac transcription factors Nkx 2.5, Tbx-5 and MESPI late cardiac

transcription factor MEF2C were observed under staining with DAPI. The results for

patient 2 are on the left, the one for patient 9 on the right. The images obtained

show that the expression of the cardiac transcription factors is weak for the hMSC

from patienl2 and high for the one of patient g. This corroborates the fact that the

hMSC from patient 9 give an efficient therapeutic benefit whereas the hMSC frorn

patient 2 do not. The coloration afforded by DAPI is blue.

On Fig. 2 the first series of images for Nkx 2.5 show the nuclei of the cells colored

DAPI (left) soleìy blue for the hMSC of patient 2 (left). A weak green colouration

coresponding to lhe presence of Nkx 2.5 in the cytoplasm also appears. The

conespondíng image for patient I (r¡ght) shows a higher expression of Nkx 2-5

@reen) in the cytoplasm and also in the nucleiof the cells.

The second series of images show the cardiac transcription factors Tbx-5 (green)

and MESP-I (red) for patient 2, the nuclei of the cells and coloured in þlue by the

D.êPl, no_green g_r.{Èd cglo_Vr is visible, which conesponds to no exp_ression of

TbX-s and MESP-1. For patienl 2, the cytoplasms of the cells are coloured in red

and the nuclei in green, which conesponds to strong expression of both cardiac

transoiption factors and to a translocation of Tbx-S to the nucleiof the cells.

The third series of images gives results for MEF2C similar to the one for Nkx 2.5.

Fig. 3 shows the mRNA expression studied in qPCR revealing cardiac transcription

fac'tor expression (MEF2C and Tbx-5) for the hMSC of the eleven patients of the

study.

Quantitative polymerase chain reaclion (qPCR) was performed using a TaqMan

PCR kit with an Applied Biosystems 7,900HT Sequence Detection System (Applbd

Biosystems, Foster City, CA). TaqMan Gene Expression reactions were incubated

in a 96-well plate and run in triplicate. The threshold cycle (Cr) was defined as the

fractionalcycle number at which fluorescence'passes a fíxed threshold. TaqMan C¡

values were converted into relative fold changes determined using the 2+5
method, normalized to GAPÐH (P/N 435,2662-0506003) expression.

Genes listed in Table 1, which are representative of cardiac transcriptional activity

were evaluated.
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[0114] Cells were evaluated at the mRNA and protein levels priòr to and following a S-day

stimulation with a cardiogeníc cocktail comprising human recombinant TGFP-I

(2.5 ng/ml), BMP4 (5 ng/ml), Cardiotrophin (1 ng/ml), a-thrombin (1 U/ml), and

Cardiogenol C (100 nM). Both the MEF2C mRNA and the Tbx-S mRNA expressíons

(in arbitrary units AU) are much higher for the hMSC of patients 2 and g than for the

one of other patients.

Table 1

t0

15

[0115]

[0116]

Left ventricular function and structure were serially followed by transthoracic

echocardiography (Sequoia 512; Siemens, Malvern, PA and Visualsonics lnc,

Toronto, Canada). Ejection faction (%) was calculated as I(LWd -

LWs)/LWdlx 100, where LWd ls left ventricular en*diaslolic volume (pl), and

LWs is left ventricular end-systolic volume (¡rl).

Fig. 4 shovvs the mRNA expression, in arbitrary units (A.U-) of cardiac transcription

factors for respectively Nlo<2.5 mRNA, GATA-6 mRNA and Fog-1 mRNA, of

untreated, nai've hMSC (lefr) and on CP-hMSC, treated with a cardiogenic cocktail

(nght). lt is clear, in each case, that the results are far befier when using cells

treated with a cardiogenic cocktail.

Applied Biosystems
Assay lD

Gene name Gene symbol

Hs00231763_ml -Horneoþox transcription faclor or
-NK2 transcription factor related, locus
5

Nkx2.5 or NKX2-5
or NKX2.5

Hs00171403_m1 -zinc finger cardiac transcription factor
or
-GATA bindinq protein 4

GATA4 or,
GATA4 (AB)

Hs00231149 ml -mvocyte enhancer factor 2C MEF2c or MEF2C
Hs00361155_m1 -T-box transcrÌption factor or

-T-box 5
TbxS orTBXS

H s005¿12350:¡n{---- -- --- -GATA+o-fedo r-gpr¡"nd -of-GAT-,S) or.- -
-zinc finger protein, multÍtype 1

-FOGj-sf-FOG-l--
or FOGI

Hs@251489_ml -Helixloophelix transcrip,tion factor
-mesoderm posterior t homolog
(mouse) IAB)

Mespl or MESP1

Hs00232018 m1 -GATA binding protein 6 (AB) GATA-6 or
GATA6

Hs00911699_m'1 -Kinase ínsert domain receptor (a type
lll receptor tyrosine kinase)

Flk-1, or
FLK1 or KDR
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Fig. 5 shows images obtained on confocal microscopy showing nuclear

translocation Nkx2.5, MEF2c, GATA4 and FOG-2 polypeptides in nalVe CP-hMSC

treated with a cardiogenic cocktail. Nkx2.5, MEF2c, GATA4 and FOG-2 appear in

grêen and DAPI in blue. On the images of naiVe hMSCs, no transcription factor

appear. The polypeptídes are banslocated on the nuclei of GP-hMSCs (right) as

indicated by the concentrated green colour.

Fig. 6 illustrates the progressive conversion (at days D0, D5, D15, and day D20)

from naì'ye hMSGs to'cocktailguided' CP-hMSCs and eventually cardiomyocytes,

CM. On Ð0, nuclei are coloured in blue by DAPI. On D5, MEF2C polypeptide is

translocated on nuclei (green). On D15, sarcomeric q-act¡nin is present (red), which

shows that sarcomeres are present and hence that the cells are definitivety

engaged into the cardiomyorytic differentiation and are no longer cardiopoietÍc. A

large quantity of troponin-1 ìs present in cardiomyocytes on D20 (terminal

dífferentíation).

Fig--7-shorc-the-transition-elestron.microscop¡r ultrastruclure.olnaïuahMSG..(lefr)

and cocktail-guided cardiomyocyte (rigft). To this end, cells were cultured in lolo

platelet lysate fort5 days The cardiomyocytes present a mitochondrÍal maturation,

a sarcomerogenesis and formation of myotubes.

Fig. I shows a cocktailguided cardiomyocyte in light microscopy. Maturation of the

excitation-contract¡on syslem !,\ras assessed through induction of calcium transients.

To this end, cells were cultured for 15 days follouring 5 days of cocktail stimulation

and loaded for 30 min at 37oG with 5 pM of the calcium-selective probe

ffuo4-acetoxymethyl ester(Molecular Probes, Carlsbad, CA) for live imaging using

a temperature controlled Zelss LSM 510 microscope (Zeiss) and line-scan images

acquired during 1 Hz stimulation.

Fig. 9 shows a 3-, 8-, and 8-fold increase in Tbx-S, MEF?C and MESP-1 in treated

versus untreated hMSC.

As shown in Fþ. 10, CP-hMSCs meeting GARPI crÍteria, were delivered in vívo

one-month following infarction and significantly improved ejection frac{ion over

naive patient-matched hMSC.

Fig. 1'l represents an echocardiography of infarcted hearts untreated (left) and

treated with cardiopoíetic cells (right), which shows a far better anterior wall

reanimation upon treatment with CP-hMSCs. Electrocardiqrams were recorded

using four-limÞlead electrocardiography (MP150; Biopac, Goleta, CA) under light

anaesthesía (1 .5olo isofl urane).35
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On echocardiography, contractility improved by 15% and 2O% at one- and

tryo-months, respectively, following treatment with CP-hMSC (n=14), in contrast to

marginal change recorded with naîve hMSC (n=f 7) or sham (n=10; Figure 9). On

top: Echocardiography of infarcted hearts 4 weeks following coronary ligation and

lday prior to cellular transplant (4 wks post Ml - no Tx) revealed on M-Mode an

akinetic anterior wall in both study groups. Middle: 4 weeks after ceÍlular

transplantation (4 wks post Cell Tx), nalVe hMSG treated hearts demonstrated

maintained akinesis in the anterior wall, in contrast to re-animation ín the

CP-hMSCs treated group- Lower: 8 weeks following cellular transplantation (8 wks

post Gell Tx), naîve hMSC treated hearts continued to show limited evidence for

myoærdial repair versrrs robust contractile activity in ttie CP hMSC treated infarcted

hearts. Lefr panels represent para-sternal (PS) long axis viêws, with dash line

indicating level of 2-D M-Mode capture. Anowheads in right panels indicate anterior

wall re-animation.

F-iS.- 1Z shows- that on-average,-guided--car.diopoietic-J¡MSC- achieved.:..marked

improvement at the one and two month follow-up following injectíon into ir¡farcled

myocardium. ln contrast, naiVe hMSC or sham controls had limited impact on

ejec{ion fraction. Star and double star indicate a p < 0.01 over naiVe hMSC for the

two time points.

ln hearts treated with cardiopoìetic cells derived from hMSC, functional

improvement conelated on three-month and 18-month histopathological evaluation

with myocardial regeneration. Aneurysms and scar, vìih¡ch remained unconected in

naiVe hMSG-treated hearts, were resolved with cardiopoíetic hMSC treatment that

induæd re-muscularizatíon (Fig. f 3).

Gross pathological evaluation demonstrated resolulíon of scar downstream of left

anterior descending (LAD) artery ligation (yellow circle on the hearts) with, on

cross-seclion, robust re-muscularization and diminished remodeling in cardiopoietic

(CP, right) in contrast to naiVe (left) hMs0-treated infarcted hearts at 6-months

following treatment initÌatíon. These results are particularly good.

Probing for ALU-DNA was performed using human ALU-Proþe (Biogenex, San

Ramon, eA) by hybridization at 85"C for 5-10 minutes and incubation at 37"C

ovemight followed by anti-Fluorescein G FP-labeled seconda ry detection.

Confocal resolution revealed, in the CP-hMs0-treated murine myocardium,

widespread presence of humanderíved cells with positive staining for ALU DNA

sequences specific to the human species validated with human-specific lamin

immunostaining, all absent in infarcted controls (Fig. 1a).
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ln contrast to sham (left), cardiopoietic hMSC treated hearts on confocal

microscopy evafuation revealed dramatic presence of human nuclei as staÍned by a

human h-ALU DNA probe (middle) ímbedded within the murine infarcted

myocardium, further confirmed with additionaf staining for a human-specific lamin

antibody (right, insel shown in Fig. 14). Frozen myocardial sections were made from

super-oxygenated 3o/o paßÍormaldehyde in PBS perfusion fixed hearts. Bar

indícates 50 pm.

F¡9. 15 shows that human-specific troponin-l antibody revealed no staining in nafue

(left) rzersus sþnificant staining in the anterior wall of cardiopoietic hMSC treated

hearts (middle and right panels)

Moreover, as shown in Fig. 16 human troponin-l staining of naiVe (top) versus

cardiopoietÍc (bottom) hMSC treated hearts, counterstained with mlO2v,

demonst¡:ated generation of ventricular myocardium from engrafted human cells-

Bars indicate 20 pm (top) and 50 pm (bottom).

As illustrated in Fþ. 17 within the remnant scar of cardiopoietic derived from

hMSC-treated hearts, human stem cell derived myocardium could be distinguished

from native murine myocardium with human troponin colocalization with mlC2V. Bar

indicales 50 pm.

ln Fig. 18 surface m¡croscopy detected angiogenesis distalto the ligated LAD (black

circle) in CP-hMSGs-treated hearts arising from the right coronary artery (RGA; left

bottom) and circumflex (right bottom).

Fig. 19 shows confocal evaluation of collateral vessels from cardiopoietic hMSC

treated hearts demonstrated human-specific CD31 (PECAM-1) staining. Bar

represents 20 pm.

Fig.2O shows the evolution of the change of ejection fraction relative to sham Ín %,

during 12 months, for treatment with both naiVe and cocktailguided (CP) hMSC.

Relative to sham, treatment with naTve hMSC showed a 5o/o and 2.5o/o ejection

fraction effect at 6 and 12 months, respectively.

23



5

[0137] 'ln contrast, GP-hMsCs-treated infarcled mice demonstrated significant ejection

fradion improvemenl o1 25o/o at 6 and 12 months relative to sham (Fig. 20).

Furthermore, the infarcted cohort was stralified to evaluate efficacy in subgroups

with documented overt heatt failure (ejection fraction <45o/o) at the time of

intervention. Despite equivalent pre-treatment ejection fraction at 35%, only

cardiopoietic hMSC treatment improved absolute ejection fraction by 1Oo/o at 6 and

12-months, in contrast to a 5o/o decline in ejection fiaction in the naïve

hMSC-treated cohort (Fig. 23). As shown in Fþ. 22, superior survival benefit in the

cardiopoietic hMSG treated group in contrast to naiVe treated cohort and sham was

determined through applícation of the Kaplan-Meierfunction with censoring.

Efücacy of cardiopoietlc {cP) hMsc was demonstrated by echocardiography at

l-year follor-up (see Fig. 25). Long axis imaging of naîve stem cell treated hearts

revealed a fibrotic and hypokinetic anterior wall most evident on apical M-Mode

evaluation (Patient 11, lefr panels). In contrast, CP-hMSG-treated hearts revealed a

robust contractile prof,le throughout the anterior wall reflecting a sustained beneftt

from guided stem cell therapy (Patient 11, right panels).

fo138l

Example 2

f01391 Similar results have been observed by treating stem cells with a cocktail containing

recombinant TGFP-1(2.5 ng/ml), BMP4 (5 ng/ml), Cardiotrophin (1ng/mt),

CardiogenolC (100 nM) a¡d c-thrombin, (1 U/ml), FGF-2 (10 ng/ml), tcF-1

(50 ng/ml) and Acfivin-A (5 ngfrnl) used in a combinatorialfashion.

[0r40]

fxample 3

Similar results have been observed by heating stem cells with a cocktail containing

recombinant TGF-Bf (2.5 ng/ml), BMP4 (5 ng/ml), ActMn-A (5 ng/ml), FGF-2 (10

ng/rnì), lL-6 (100 nglml), Factor lla (ha-thrombin, 1 U/ml), IGF-1 (50 ng/mli, and

retinoic acid (l pM) used in a combinatorialfashion.

OTHER EMBODIMENTS

Í01411 lt is to be understood thal while the invention has been described in conjunction

with the detailed description thereof, the foregoing description is intended to
illustrate and not limit the scope of the invention, which is defined by the scope of

the appended claims. Other aspects, advantages, and modifications are within the

scope of the following claims.
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CLAIMS

1. The use ol a composilion comprising TGFÊ-1, BMP4, q'thrombin,

Cardiotrophin, and Gardiogenol C in rranufacture of a medicãment for the

treatmênt of ischemic cardíomyopathy, myocardial infarction, or heart failure,

P. The use ol clairn 1, wherein lhç composìtlon comprlses at least one

compound selected from the group consisting ol FGF-2, IGF-1, Activin-4,

TNË*u, FGF-4, LlF, VEGF-A and comþinations thereof.

g, The use of claim 1, whereín lhe composition comprises FGF-Z, IGF-1 and

ActÎvin-4.

4. The uss of claim 1, wherein the composition comprises Activin-A, FGF-2,

tL6, lGFl and retinoio acid.

S. The use of clairn "N, wheroin the composition lacks at lsast one compound

chosen in lhe group cot'tsisting of TNF-e, ËGF-4, LlF. and VEGF-A.

6. The r-¡se of any one of claims 1 to 5. wherein when one cornpound is presènt

in sald composition, it is prosent in an amount of between 1 and 5 ng of said

TGFB-1 per rnl, between 1 and 10 ng of said BMP4 per ml, between O*5 and

5 ng sf said Cardiotrophin per rnl, between 0.5 and 5 units ol said s-thrombln

per ml, and þetween 5O and 500 nM of said Cardiogenol C, betwesn 1 and

lOng of said FGF-Z permf, between 10 and 100n9 of said IGF-I perml,

bstwêon 1 and 50 ng of said Activin-A per ml, between 1 and 50 ng of said

TNF-g per rnl, between ! and 2O ng of said FGF-4 per ml- between 10 and

100 ng oi said lL-6 per ml, belween .1 and 10 units of said LIF per ml,

between 1 and 50 ng of said VEGF-A per ml, between 0.1 and 1.0 ¡lM of said

retinaic acÍd per ml.

T. The use al claim 1 whereín the composítian contains recombinant TGFP-I,

8MP4, Cardiotrophin, Cardiogenolü, used in a combinatorialfashion"

8" The use of claim 7, wherein the composilìon comprises 2,5 ng/nrl recor¡binant

TGËÊ-1, 5 r.rg/rnl BMP4, .1ng/rnl Cardiotrophin ar¡d 1t0 nM Cardiogenol G,

9. The use of any one of claims 7 or B. whereiü the composÌtion fu¡1her

comprlses a-thrombin , FGF-2, IGF'1 and Ac:ivin-4,

10. The use of claím 9, whereir: the composition comprises 1 U/rnl q-lhrombin, 10

ng/rnl FGF-2, 50 ng/ml {GF-1 and 5 ng/rnl Aclivin-A'

11. The use of claim 1 wlrerein lho ûomposition conlains recornbinanl TGFB-1,

BMP4, Activin-A, FGF-2, lL-6, Factoi lla, IGF l, al.ld retinoic acid used in a

combinatorial f ashion.
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12.

15.

16,

17"

The use of claim 11, wherein the compösllion comprises z.s ng/ml
recombinant TGFF-I,5 ng/ml BMp4, s ng/ml Activin-A, 10 nglml FGF-a, j00
ng/ml lL-6, 1 u/ml Facror lla, s0 ng/ml IGF-1, and I pM retínoic acid.
The use of claim 12, wherein Fac{or lla ís hq-thrombin

The use of clairn 1 wherain the composltion is comprised in a medium
selected from lhe group consisting of media conùaíning fetal calf sêrum,
human serum, platelet lysate, and mixtures lhereof,
The use of a population of c,ells guided towards cardiopoiesís in the
manufacture of a medieament for treatment of ischernic cardiomyopathy,
rnyocardial infarctlon, or hea¡'t lailure ln a mammal, whereln the population of
cells guided towards cardlöpoiesis aro obtaíned by a method comprising (i)
culturing inltlal cells in the presence of a composítion comprising TGF0-1,
BMP4, s-thromþin, Cardiotrophln, and Oardiogenol G and (ii) deterrnining that
a sample of cells from a population of cells guided towards cardiopoiesis
comprises cells lhat exprêss an elevated level of at least one ol the mRNA
selected from the group consisting of MEF2c mRNA, MËsp-1 mËlNA, Tbx-5
mRNA, GATA4 rnRNA , Flk-t mBNA, GATA6 mRNA, Fog-1 mRNA, and
combinatíons thereof, and/or have at lEast one polypepfide selected from the
group ccnsisting of Nkx2.5 polypeptldes, MEF2o polypeptides, Tbx-5
polypeptides, MESP-1 polypeptides, GATA-4 polypeptides, FOG,2
polypeptides, and combinations thgr€of, whereÍn said polypeptíde is

associated wilh the nuclel of saíd cells"

The use of claim 15, whereln the rnethod comprises using a reverse
transcriplion polymerase chain reactidn.
The use of any one of elaims 15 and 16, wherein the population of cells
guided towards cardíopoiesis are suitable far adminislration via a procedure
selected f rom thê group consisting of systemÍc, intracardíac, and
intraco ronary administrations,
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