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(57) ABSTRACT 

The present invention provides a novel method to isolate and 
expand pure progenitor/stem cells from a primary tissue 
explant, which produces a population enriched in multipotent 
functional progenitor/stem cells free of contaminating fibro 
blasts and other cell types. Cardiac progenitor/stem cells iso 
lated by this method maintain their self-renewal and clono 
genic character in vitro and differentiate into normal cells in 
myocardium, including cardiomyocytes, endothelial cells, 
and Smooth muscle cells, after transplantation into ischemic 
hearts. The present invention also includes Substantially pure 
populations of multipotent progenitor/stem cells, e.g., car 
diac progenitor/stem cells, and their use to treat and prevent 
diseases and injuries, including those resulting from myocar 
dial infarction. 
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ENRICHED STEM CELL AND PROGENITOR 
CELL POPULATIONS, AND METHODS OF 

PRODUCING AND USING SUCH 
POPULATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a Continuation application of 
U.S. Ser. No. 1 1/983,431, filed Nov. 7, 2007 (now allowed), 
which claims the benefit under 35 U.S.C. S 119(e) of U.S. 
Provisional Patent Application No. 60/857,661 filed Nov. 7, 
2006, where these applications are incorporated herein by 
reference in their entireties. 

STATEMENT OF GOVERNMENT INTEREST 

0002 This invention was made with government support 
under Grant No. NIH 1 RO1 HL 077602-01 awarded by the 
National Institutes of Health. The government may have cer 
tain rights in this invention. 

BACKGROUND OF THE INVENTION 

0003 1. Field of the Invention 
0004. The present invention relates to highly purified 
populations of multipotent mammalian stem cells and pro 
genitor cells, including cardiac stem cells and progenitor cells 
having the capacity for expansion and differentiation into 
cardiomyocytes, endothelial cells or Smooth muscle cells. 
The present invention further relates to methods of isolating 
and expanding multipotent mammalian stem cells and pro 
genitor cells, and therapeutic uses thereof. 
0005 2. Description of the Related Art 
0006 Ischemic heart disease accounts for 50% of all car 
diovascular deaths and is the leading cause of congestive 
heart failure (reference 1). A new approach to cardiac repairis 
cellular therapy with stem cells, such as bone marrow-derived 
mesenchymal stem cells (references 2-4), skeletal myoblast 
(reference 5), adipose derived mesenchymal stem cells (ref. 
erence 6), and hematopoietic stem cells (reference 7). 
Recently, resident cardiac progenitor/stem cells (CSCs) were 
discovered in the adult heart (references 8-13). Resident 
CSCs are characterized by their capacity to self-renew in 
culture, and are multi-potent for forming normal cell types in 
hearts. Accordingly, they hold great promise for clinical 
applications, because they are normal components of adult 
heart and capable of differentiating into cardiomyocyte or 
vascular lineages. 
0007 Previously, populations of cardiac stem cells 
(c-kit--, Sca-1+) were isolated from adult hearts by cell sort 
ing from enzymatically digested hearts based on cell Surface 
markers (references 8,9, and 11). However, enzymatic diges 
tion of myocardium compromises the integrity of important 
Surface antigens of resident CSCs and leads to dysfunctional 
sorted cells, which makes the method hard to be reproduced. 
More recently, Messina et al. (reference 10) demonstrated 
that Some CSCs migrated from human myocardial biopsies 
could form cardiospheres that expressed Sca-1, c-kit, Flk, and 
CD31. However, these cardiospheres contained a mixture of 
cells, including cardiac fibroblasts, which grow faster than 
endogenous cardiac stem cells in the cardiosphere. Contami 
nation of resulting cardiospheres with fibroblasts limits the 
therapeutic use of CSCs prepared from explants, because the 
contaminating fibroblasts are less efficient for heart repair and 
may facilitate the scar dilation (reference 14). 
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0008 Accordingly, there is a need in the art for purified 
CSCs and substantially free of other cell types, including 
fibroblasts, as well as improved methods of isolating and 
expanding multipotent mammalian stem cells and progenitor 
cells. 

BRIEF SUMMARY OF THE INVENTION 

0009. The present invention provides novel methods of 
purifying stem cells and progenitor cells from a tissue sample, 
resulting in a cell population greatly enriched in functional 
stem cells and progenitor cells. These cell populations may be 
used for a variety of therapeutic uses, including the reconsti 
tution of injured, dead, or diseased tissue. The methods of the 
invention may be used to purify stem cells from any tissue, 
including, e.g., cardiac, brain, kidney, liver, skin, umbilical 
cord matrix, etc., at any stage of development. In certain 
embodiments, the tissue sample is obtained from a juvenile or 
adult mammal, and, particularly, a human. 
0010. In one embodiment, the present invention provides a 
method of preparing an isolated cell population enriched in 
stem cells or progenitor cells, comprising culturing a tissue 
sample; obtaining cells that migrate above adherent fibro 
blasts during said culturing; cloning one or more cells 
obtained to produce one or more clonogenic populations; 
isolating stem cells or progenitor cells from one or more 
clonogenic populations obtained by cell sorting using one or 
more cell Surface or internal markers of stem cells or progeni 
tor cells; and culturing the isolated stem cells or progenitor 
cells in conditioned media in the absence of feeder cells; 
thereby obtaining an isolated cell population enriched in stem 
cells or progenitor cells. 
0011. In one embodiment, the tissue is cardiac tissue. In 
another embodiment, the tissue is adult mammalian tissue 
(e.g., adult human tissue). 
0012. In one embodiment, the tissue sample is subjected to 
enzymatic dissociation. In another embodiment, the tissue is 
cultured for a time sufficient to allow fibroblasts present in the 
tissue to adhere. Thus, in various embodiments, the tissue is 
cultured for at least one week, at least 10 days, at least two 
weeks, or at least three weeks. 
0013. In certain embodiments, the methods are performed 
using an agent that binds a cell Surface or internal marker of 
stem cells selected from the group consisting of Sca-1, c-Kit, 
ATP-binding cassette transporter, B1-3, Flk-1, CD31, CD34, 
Isl1, GATA4, Nkx2.5, and the markers listed in Table 1. 
0014. In particular embodiments of these methods, the 
stem cells or progenitor cells are cultured in the absence of 
additional cells, such as feeder cells or Support cells. In one 
embodiment, the stem cells or progenitor cells are cultured in 
cell growth medium comprising conditioned medium, which 
may be fibroblast-conditioned medium. In related embodi 
ment, the isolated stem cells or progenitor cells are cultured in 
cell growth medium supplemented with fibroblast growth 
factor, heregulin, IGF-1, activin A, SB203580, or BIO. 
0015. In certain embodiments, the cell population isolated 
using the methods provided herein contains at least 90% stem 
or progenitor cells. 
0016. In another aspect, the present invention provides an 
isolated population of mammalian tissue-derived cells, 
wherein at least 90% of the cells are stem cells or progenitor 
cells capable of undergoing differentiation. 
0017. In one embodiment, at least 90% of the cells are 
cardiac stem cells or cardiac progenitor cells. In particular 
embodiments, the cardiac stem cells and cardiac progenitor 
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cells are capable of differentiating into one or more cells 
selected from the group consisting of cardiomyocytes, 
endothelial cells, Smooth muscle cells, and cardiac neural 
crest cells. In one embodiment, at least 90% of the cells are 
Sca-1+. In a related embodiment, at least 50% of the cells 
express GATA4 or Nkx2.5. 
0018. The present invention further includes an isolated 
cell population enriched in stem cells or progenitor cells 
prepared according to a method of the present invention. 
0019. In a further related aspect, the present invention also 
includes a method of preparing an isolated population of 
differentiated cells comprising: preparing an isolated cell 
population enriched in stem cells or progenitor cells accord 
ing to a method of the present invention; and inducing the 
stem cells or progenitor cells to differentiate. In one embodi 
ment, the differentiated cells include cardiomyocytes, endot 
helial cells, Smooth muscle cells, and cardiac neural crest 
cells. The cardiac stem cells and progenitor cells may be 
induced to differentiate by exposure to a differentiation fac 
tor. The differentiation factor may be, e.g., a member of the 
transforming growth factor B Superfamily, Such as transform 
ing growth factor B, bone morphogenic protein 2, bone mor 
phogenic protein 4, and activin A. 
0020. The present invention further provides a pharma 
ceutical composition comprising an isolated cell population 
according to the present invention and a biologically compat 
ible carrier or excipient, such as 5-azacytidine, cardiogenol C, 
and ascorbic acid. 

0021. The present invention also includes methods of 
treating or preventing a tissue injury, comprising providing a 
pharmaceutical composition of the present invention to a 
patient having an injured tissue or at risk of tissue injury. In a 
related embodiment, the present invention includes a method 
of treating a patient diagnosed with a cardiac injury or dis 
ease, comprising providing the pharmaceutical composition 
of the invention to said patient. In another related embodi 
ment, the present invention provides a method of reconstitut 
ing cardiac tissue comprising providing a pharmaceutical 
composition of the present invention to injured or dead car 
diac tissue. In one embodiment, the cardiac tissue is myocar 
dium. In another embodiment, the pharmaceutical composi 
tion comprises cardiac stem cells and/or cardiac progenitor 
cells. In particular embodiments, the cardiac injury or disease 
is myocardial infarct, left ventricular hypertrophy, right ven 
tricular hypertrophy, emboli, heart failure, congenital heart 
deficit, heart Valve disease, arrhythmia, or myocarditis. In 
certain embodiments, the biological sample is obtained from 
the patient to be treated. 
0022. In a further aspect, the present invention provides a 
kit useful for the preparation of an isolated cell population 
enriched in stem cells or progenitor cells, comprising an agent 
that binds a cell Surface, oran internal, marker of stem cells or 
progenitor cells and conditioned medium. 
0023. In certain embodiments, the kit is useful for the 
preparation of an isolated cell population enriched in cardiac 
stem cells or progenitor cells, and comprises an agent that 
binds a cell Surface, or an internal, marker of cardiac stem 
cells or progenitor cells and conditioned medium for cardiac 
stem cells or progenitor cells. 
0024. In a related aspect, the present invention provides a 
kit useful for reconstituting cardiac tissue, comprising puri 
fied cardiac stem cells or cardiac progenitor cells, and a vector 
with a reporter gene (e.g., GFP) under the control of a cardiac 
specific promoter (e.g., GATA4 promoter). 
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0025. In another aspect, the present invention provide a 
method of preparing a cell population enriched in stem cells 
or progenitor cells, comprising: (a) culturing a tissue sample 
following transient enzymatic treatment to facilitate the 
release of stem cells or progenitor cells; (b) obtaining cells 
that migrate above adherent cells during said culturing; (c) 
cloning one or more cells obtained in (b) to produce one or 
more clonogenic populations, by culturing the cells obtained 
in (b) at a one cell or one cell clone per well ratio; (d) 
identifying a clonogenic population produced in (c) that pro 
liferates and expresses one or more stem cell or differentia 
tion markers; (e) culturing the clonogenic population identi 
fied in (d); (f) isolating stem cells or progenitor cells from the 
clonogenic population cultured in (e) by cell sorting using 
one or more cell Surface (or internal) markers of stem cells or 
progenitor cells; and (g) culturing the isolated stem cells or 
progenitor cells in conditioned media in the absence offeeder 
cells; thereby obtaining an isolated cell population enriched 
in stem cells or progenitor cells. 
0026. In yet another aspect, the present invention provides 
a method of determining whether a tissue sample contains 
tissue-specific stem cells or progenitor cells, comprising: cul 
turing a tissue sample; obtaining cells that migrate above 
adherent cells during said culturing; diluting and culturing the 
cells obtained at a one cell or one cell clone per well ratio: 
identifying cells that proliferate; and determining whether a 
cell that proliferates expresses one or more cell surface (or 
internal) markers of stem cells or progenitor cells and one or 
more tissue-specific markers, thereby determining whether 
the tissue sample contains tissue-specific stem cells or pro 
genitor cells. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0027. The patent or application file contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawing(s) will be pro 
vided by the Office upon request and payment of the neces 
sary fee. 
0028 FIGS. 1A-1G depict morphological and growth 
characteristics of Sca-1+ cells derived from heart tissue. 
FIGS. 1A-1G are micrographs of cells: FIG. 1A shows phase 
contrast microscopy of cells migrated from a primary culture 
of a mouse ventricular explant; FIG. 1B shows migrated cells 
aggregated and proliferated above the coating of fibroblasts 
(white arrow indicates new round bright cells migrated off the 
explant; green arrow indicates fibroblast layer); FIG. 1C 
shows a culture of purified Sca-1+ cells after MACS enrich 
ment; and FIG. 1D shows spheres formed from isolated Sca 
1 + cells. FIGS. 1E-G show a single Sca-1+ cell forming a 
sphere without cardiac fibroblastic cells at the periphery 
(X20), at three different time points (E=0 days; F=10 days; 
and G=three weeks). FIG. 1H is a graph depicting cell growth 
curves of unsorted cardiosphere derived cells, Sca-1+ cells 
grown in CGM medium, and Sca-1+ cells grown in condi 
tioned CGM (CCGM) medium. 
(0029 FIGS. 2A-2E graphically depict flow cytometry 
analysis of Sca-1+ cell populations using antibodies specific 
for the following cell surface markers: A: Sca-1 and CD45; B: 
Sca-1: C: c-kit; D: CD31; and E: CD34. 
0030 FIGS.3A1-3E3 show immunofluorescent images of 
purified Sca-1+ cells grown on coated wells and counter 
stained with Draq.5 (blue) or PI (red). Cells were stained using 
primary antibodies specific for stem cell markers, c-kit (A) 
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and ABCG2 (B): an endothelial cell marker, FLK-1 (C); 
GATA4 (D), a cardiac specific transcription factor; and phos 
phor-H3 (E), a marker of mitotic Cdc2 activity. A1-E1 show 
antibody-specific staining; A2-E2 show draq.5 or PI counter 
staining; and A3-E3 show both antibody-specific staining and 
counterstaining. 
0031 FIGS. 4A-4D provide micrographs showing immu 
nofluorescence staining of an Sca-1+ cell sphere formed in 
vitro after 2 days of exposure to low serum medium. FIGS. 4A 
and 4B show the sphere stained with anti-myosin (red; A) or 
anti-connexin 43 (green; B). FIG. 4C shows the sphere coun 
terstained with Draq.5 (blue), and FIG. 4D shows the sphere 
stained with both anti-connexin 43 and anti-myosin and 
counterstained with Draq5. 
0032 FIGS. 5A-5D provide micrographs demonstrating 
engraftment and multilineage differentiation of graft Sca-1+ 
cells in ischemic myocardium. FIG. 5A shows B-gal-express 
ing Sca-1+ cells. B-gal staining in vitro demonstrated that 
most of cells express B-gal. FIG. 5B provides merged images 
of double staining of sections for 3-gal (green) and the car 
diac-specific protein, cTnI (red), which demonstrate the colo 
calization of reporter with cardiac-specific protein (yellow). 
FIGS. 5C-D provide merged images of double staining of 
sections for B-gal (green) and either CD31 (red; C) or SM-C.- 
actin (red; D), which demonstrate that Sca-1+ cells integrated 
into new blood vessels (yellow). The arrows indicate grafted 
Lacz-labeled Sca-1+ cells. 

0033 FIG. 6 is a diagram depicting one embodiment of a 
method of the present invention for purifying, expanding, and 
isolating stem cells and progenitor cells, to prepare a purified 
cell population enriched in stem cells and progenitor cells. 

DETAILED DESCRIPTION OF THE INVENTION 

0034. The present invention provides novel methods for 
purifying and expanding multipotent stem cells and progeni 
tor cells from mammalian tissues. These methods may be 
used to prepare a Substantially pure population of stem cells 
and progenitor cells, essentially free of other contaminating 
cell types, from a tissue sample obtained from a patient or 
donor. The resulting cell population is enriched in stem cells 
and progenitor cells capable of differentiating along two or 
more differentiation pathways and is, therefore, useful for a 
variety of therapeutic applications. In addition, the methods 
of the present invention are highly efficient, resulting in the 
expansion of millions of stem cells from a few tissue stem 
cells. 

0035. As described herein, in one embodiment, the meth 
ods of the present invention may be used to purify and expand 
cardiac stem cells and cardiac progenitor cells (CSCs) and 
prepare a cell population enriched in CSCs having the ability 
to expand in vitro and in vivo and differentiate along two or 
more differentiation pathways to produce cardiomyocytes, 
endothelial cells, Smooth muscle cells, or cardiac neural crest 
cells. However, it is understood that the present invention may 
also be used to purify and expand stem cells and progenitor 
cells from other tissues to produce populations enriched in 
multipotent cells. For example, multipotent stem cells and 
progenitor cells may be isolated from adult, juvenile, or fetal 
tissue. In addition, it may be isolated from Somatic tissue or 
embryonic tissue. 
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0036. As used in the specification and appended claims, 
unless specified to the contrary, the following terms have the 
meaning indicated: 
0037. A “stem cell refers to an undifferentiated, multipo 
tent, self-renewing, cell. A stem cell is able to divide and, 
under appropriate conditions, has self-renewal capability and 
can include in its progeny daughter cells that can terminally 
differentiate into any of a variety of different cell types. 
Hence, the stem cell is “multipotent” because stem cell prog 
eny have multiple differentiation pathways. A stem cell is 
capable of self maintenance, meaning that with each cell 
division, one daughter cell will also be on average a stem cell. 
0038. The non-stem cell progeny of a stem cell are typi 
cally referred to as “progenitor cells, which are capable of 
giving rise to various cell types within one or more lineages. 
The term “progenitor cell refers to an undifferentiated cell 
derived from a stem cell, and is not itself a stem cell. Some 
progenitor cells can produce progeny that are capable of 
differentiating into more than one cell type. A distinguishing 
feature of a progenitor cell is that, unlike a stem cell, it does 
not exhibit self maintenance, and typically is thought to be 
committed to a particular path of differentiation and will, 
under appropriate conditions, eventually differentiate along 
this pathway. 
0039. The term “precursor cells” refers to the progeny of 
stem cells, and thus includes both progenitor cells and daugh 
ter stem cells. 
0040 Stem cells and progenitor cells derived from a par 
ticular tissue are referred to herein by reference to the tissue 
from which they were obtained. For example, stem cells and 
progenitor cells obtained from cardiac tissue are referred to as 
“cardiac stem cells' and “cardiac progenitor cells.” respec 
tively. 
0041. A “clonogenic population” refers to a population of 
cells derived from the same stem cell. A clonogenic popula 
tion may include stem cells, progenitor cells, precursor cells, 
and differentiated cells, or any combination thereof. 
0042. The term “purified” or “enriched indicates that the 
cells are removed from their normal tissue environment and 
are present at a higher concentration as compared to the 
normal tissue environment. Accordingly, a “purified’ or 
“enriched” cell population may further include cell types in 
addition to stem cells and progenitor cells and may include 
additional tissue components, and the term “purified’ or 
“enriched' does not necessarily indicate the presence of only 
stem cells and progenitor cells. 

A. Methods of Purifying and Expanding StemCells 
0043. The present invention provides methods of purify 
ing from mammalian tissue, multipotent cells (e.g., stem cells 
and progenitor cells) that retain the ability to proliferate and 
differentiate along two or more pathways. These methods do 
not require harsh enzymatic treatment of the tissue, which can 
result in the loss of certain cell Surface proteins and markers 
and an associated decreased ability to proliferate and differ 
entiate. In addition, the present invention provides methods of 
culturing, expanding, and cloning stem cells to produce a 
population highly enriched in stem cells and progenitor cells. 
These populations are Substantially free of contaminating cell 
types, such as fibroblasts, which can result in Scar formation 
and can compete with stem cells and progenitor cells in 
repopulating an injured tissue. Accordingly, the present 
invention provides highly efficient methods of generating a 
population of multipotent stem cells from a small number of 
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tissue stem cells. These methods are particularly useful in 
generating therapeutic amounts of multipotent stem cells 
from the small number of stem cells available in certain 
tissues, such as heart tissue. 
0044. In one embodiment, the present invention provides a 
method of purifying stem cells or progenitor cells from a 
tissue sample, comprising culturing a mammalian tissue 
sample comprising stem cells or progenitor cells in vitro 
under conditions suitable for cell growth and for a time suf 
ficient to permit cell adherence to the culture dish, obtaining 
non-adherent and weakly adherent cells present in the culture 
medium or loosely attached above the layer of adherent cells, 
and isolating from the obtained cells those cells expressing a 
Surface or internal marker of stem or progenitor cells. 
0045. In another embodiment, the present invention fur 
ther provides a method of expanding purified stem cells or 
progenitor cells in the absence of Support cells or feeder cells, 
Such as fibroblasts. This method comprises culturing the puri 
fied stem cells and/or progenitor cells in cell growth medium 
Supplemented with conditioned medium, purified growth fac 
tors, or both, in the absence of exogenously supplied Support 
or feeder cells, such as fibroblasts. The method may be used 
to clone individual stem cells by culturing purified stem cells 
in isolating, e.g., one cell or one cell clone per culture well, 
during expansion, thereby producing clonogenic populations 
of stem cells. 
0046. The purification and expansion methods described 
above may be used in combination to obtain a population 
enriched in stem cells, progenitor cells, or both stem cells and 
progenitor cells. Accordingly, in one embodiment, the 
present invention provides a method of preparing a popula 
tion enriched in mammalian stem cells, progenitor cells or 
both stem cells and progenitor cells, comprising culturing a 
mammalian tissue sample comprising stem cells or progeni 
tor cells in vitro under conditions suitable for cell growth and 
for a time sufficient to permit cell adherence to the culture 
dish, obtaining non-adherent and weakly adherent cells 
present in the culture medium or loosely attached above the 
layer of adherent cells, isolating from the obtained cells those 
cells expressing a Surface or internal marker of stem or pro 
genitor cells, culturing and culturing the isolated cells in cell 
growth medium Supplemented with conditioned medium, 
purified growth factors or both conditioned medium and puri 
fied growth factors. The method may be used to prepare a 
clonogenic population of stem cells by culturing the isolated 
cells individually, e.g., one cell or one cell clone per culture 
well. Thus, in one embodiment, the population is a clono 
genic population derived from a single tissue-derived stem 
cell. 

0047. In one embodiment, the present invention provides a 
method of purifying stem cells, progenitor cells, or both stem 
cells and progenitor cells and a related method of preparing a 
cell population enriched in stem cells, progenitor cells or both 
stem cells and progenitor cells, comprising: (1) culturing a 
tissue sample; (2) obtaining cells that migrate above the layer 
of adherent cells during culture; (3) cloning one or more cells 
that migrated above the adherent cells to produce clonogenic 
populations; and (4) isolating stem cells or progenitor cells 
from one or more clonogenic populations by cell sorting 
using one or more cell Surface markers or internal markers of 
stem cells or progenitor cells. This method may further 
include identifying one or more clonogenic populations hav 
ing a desired phenotype, such as, e.g., growth or expression of 
stem cell markers or markers of differentiation downa desired 
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pathway. Markers listed in Table 1 may be used for this 
purpose. In certain embodiments, the desired phenotype is the 
expression of one or more genes associated with a desired 
differentiation pathway or cell type, e.g., a cardiac cell. 
0048. In one embodiment, the present invention includes a 
method of preparing an isolated cell population enriched in 
stem cells, progenitor cells or both stem cells and progenitor 
cells, comprising a three step procedure. The first step 
includes culturing a tissue sample obtained from an animal, 
Such as a mammal or human patient or donor. The second step 
includes clonegenic screening, which can be performed by: 
obtaining cells that migrate above adherent fibroblasts during 
culturing; dispersing a single obtained cell or a single 
obtained cell clone per well for clonegenic screening; Screen 
ing to identify clones having a desired phenotype; and cul 
turing one or more clones to produce one or more clonogenic 
populations. Screening to identify clones having a desired 
phenotype may be performed, e.g., by Sampling a few cells 
from one or more clonogenic populations and staining the 
cytoplasm with one or more antibodies and markers associ 
ated with a desired cell type. For example, when cardiac stem 
cells are desired, clones having the desired phenotype may 
express one or more stem cells markers, as well as or more 
markers of cardiac tissue, such as, e.g., GATA4, NkX2.5, 
myosin, actin, and troponin. Selected clones may then be 
cultured to increase their number. The third step includes cell 
sorting using one or more cell Surface or internal markers of 
stem cells, progenitor cells, or both stem cells and progenitor 
cells; and culturing the isolated stem cells or progenitor cells 
in conditioned media in the absence of feeder cells; thereby 
obtaining an isolated cell population enriched in tissue spe 
cific stem cells, tissue specific progenitor cells, or tissue spe 
cific stem cells and tissue specific progenitor cells. An exem 
plary method according to this embodiment is shown in FIG. 
6 

0049. In particular embodiments, preferred clonogenic 
population for further expansion are identified based upon 
their having one or more desirable characteristics, such as, 
e.g., ability to proliferate; formation of foci or cardiospheres; 
or expression of one or more stem cell or progenitor cell 
markers, or one or more markers of differentiation down a 
desired pathway. In certain embodiment, clonogenic popula 
tions are screened for a desired characteristic using high 
throughput methods. Screening may be performed using a 
variety of techniques available. For example, Screening for 
cytoplasmic or nucleic markers may be performed by immu 
nocytochemistry-based assays or polymerase chain reaction 
(PCR)-based assays, such as reverse transcriptase-PCR (RT 
PCR), using antibodies or oligonucleotides that bind to a 
polypeptide or gene more highly expressed in cells having the 
desired phenotype as compared to other cells. 
0050. In certain embodiments, clonogenic populations are 
expanded prior to cell sorting, by culturing the cells in Suit 
able cell growth medium, preferably in the absence of a feeder 
layer, and, in certain embodiments, in the presence of condi 
tioned media. 

0051. In particular embodiments, cell sorting to purify 
stem cells, progenitor cells or both stem cells and progenitor 
cells is performed using an agent that binds one or more cell 
Surface oran internal markers of aparticular Subpopulation of 
stem cells, progenitor cells, or both stem cells and progenitor 
cells, e.g., those that express one or more markers associated 
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with differentiation down a particular pathway, in order to 
obtain a Subpopulation of stem cells, progenitor cells, or both 
stem cells and progenitor cells. 
0052 Purified stem cells and progenitor cells, and cell 
populations comprising the same, may be expanded in num 
ber by culturing the isolated stem cells and progenitor cells in 
conditioned media in the absence offeeder cells prior to use. 
Thus, in one particular embodiment, the present invention 
includes a method of preparing a cell population enriched in 
stem cells and/or progenitor cells, comprising: culturing a 
tissue sample following transient enzymatic treatment to 
facilitate the release of stem cells and progenitor cells; obtain 
ing cells that migrate above adherent cells during said cultur 
ing; cloning one or more cells obtained to produce one or 
more clonogenic populations, by culturing the cells obtained 
at a one cell or one cell clone per well ratio; identifying a 
clonogenic population produced that proliferates and/or 
expresses one or more selected stem cell or differentiation 
markers; culturing the identified clonogenic population; iso 
lating stem cells and progenitor cells from the cultured clo 
nogenic population by cell sorting using one or more cell 
Surface (or internal) markers of stem cells and/or progenitor 
cells; and culturing the isolated stem cells and/or progenitor 
cells in conditioned media in the absence of feeder cells. 
0053 Certain steps of the methods of the present inven 

tion, including obtaining tissue samples and culturing cells, 
may be performed using procedures and reagents known and 
available in the art. 

0054) The methods of the present invention, therefore, 
provide a variety of advantages over the prior art. First, the 
purified stem cells and progenitor cells are not subjected to 
enzymatic treatment. When enzymatic treatment is per 
formed, only the tissue sample is transiently treated with 
enzymes. Second, isolated purified stem cells and progenitor 
cells are expanded in the absence of support or feeder cells, so 
Such cells do not contaminate the resulting purified cell popu 
lation. Third, the methods of the present invention, in certain 
embodiments, include the cloning of individual stem cells, 
which allows the selection of clonogenic populations having 
desired attributes. Such as, e.g., expression of specific cell 
markers, including Surface markers present on desired Sub 
populations of stem cells and progenitor cells and robust cell 
growth, and cytoplasmic markers such as myosin, nucleic 
makers and transcription factors. Selection of clones having a 
desired attribute may be performed by high throughput meth 
ods, which allows the rapid screening of a large number of 
clones. Fourth, the final sorting and purification of the stem 
cells and progenitor cells based upon expression of a stem cell 
or progenitor cell marker (and optionally a differentiation 
marker) may be adapted to purify Subpopulations of stem 
cells having a desired phenotype or expressing a marker that 
indicates it will differentiate down a desired pathway. 
0055. The enriched mammalian stem cell populations of 
the present invention have a variety of uses, including both 
autologous and allogeneic therapeutic uses. Accordingly, tis 
sue samples may be obtained from patients to be treated with 
the purified stem cells or donors. Tissue samples may be 
obtained from any animal, including, e.g., humans, primates, 
and domesticated animals and livestock. In preferred embodi 
ments, tissue samples are obtained from mammals. Tissues 
may include any tissue comprising stem cells, including, e.g., 
cardiac tissue, adipose tissue, bone marrow, gastrointestinal 
tissue, epidermal tissue, hepatic tissue, neural tissue, skin 
tissue, livertissue, or umbilical cord tissue. In related embodi 
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ments, tissue may be ectodermal, mesodermal, or endoder 
mal in origin. Typically, the tissue source is selected based 
upon the anticipated use; e.g., if the tissue sample is being 
used to purify stem cells for treatment of a cardiac disease or 
injury, it will typically be obtained from cardiac tissue. How 
ever, it is understood that a tissue sample may be obtained 
from a tissue type different than the tissue to be treated, so 
long as the stem cells obtained from Such tissue have the 
capacity to differentiate into a cell type appropriate for treat 
ing the diseases or injured tissue. 
0056. A tissue sample may be isolated from a patient or 
donor by any means available in the art. In one embodiment, 
the tissue sample is a primary tissue explant. In certain 
embodiments, tissue is isolated by Surgical removal or with 
drawal using a needle and Syringe, e.g., a needle biopsy. A 
variety of additional procedures are described in U.S. Pat. 
Nos. 6,020,196 and 5,744,360. Furthermore, tissue may be 
isolated from any suitable location on an animal, depending 
upon the type of tissue being isolated. Cardiac tissue may be 
obtained, e.g., from the myocardium or a coronary blood 
vessel. Adipose tissue may be isolated from locations includ 
ing, e.g., the tail head, the omentum or other abdominal 
location, the stomach, hips or thighs. Umbilical cord matrix 
cells are typically isolated from the matrix of the umbilical 
cord, including Wharton's jelly. In one embodiment, cardiac 
tissue is obtained as described (reference 10). 
0057 Tissue samples may be placed into culture without 
further processing, or they may be processed to release cells 
from other tissue components by any of a variety of different 
means or combinations thereof. In many embodiments, tissue 
is physically processed, e.g., by cutting or mincing a tissue 
sample into Smaller pieces. Cutting may be performed by any 
means available, including, e.g., the use of scissors, scalpels, 
razor blades, needles, and other sharp instruments. 
0058. In certain embodiments, tissue is processed by 
exposure to an enzyme preparation that facilitates the release 
of cells from other tissue components. Examples of Such 
enzymes include matrix metalloproteinases, clostripain, 
trypsin-like, pepsin-like, neutral protease-type and collage 
nases. Suitable proteolytic enzymes are described in U.S. Pat. 
Nos. 5,079,160; 6,589,728; 5,422,261; 5,424,208; and 5,322, 
790. In one embodiment, the enzyme preparation is a colla 
genase preparation or comprises collagenase. In related 
embodiments, the enzyme preparation comprises one or more 
of trypsin-like, pepsin-like, clostripain, and neutral protease 
type enzymes. For example, one Suitable enzyme preparation 
comprises a mixture of 0.2% trypsin and 0.1% collagenase 
IV. 

0059 Stem cells and progenitor cells are purified from 
other tissue components after or concurrent with the process 
ing of a tissue sample. In one embodiment, stem cells and 
progenitor cells are purified from other cells and tissue com 
ponents after the tissue sample has been cultured under con 
ditions suitable for cell growth and for a time sufficient to 
allow cells to adhere to the culture dish. In certain embodi 
ments, purification of cells comprises obtaining cells that 
migrate from the tissue sample during culture and are present 
in the culture media or loosely adhered to the adherent fibro 
blast layer. In certain embodiment, these cells are Small, 
phase-bright cells. These cells may be obtained by routine 
methods, such as removing and centrifuging the media to 
pellet cells therein, and washing the cells remaining in the 
culture dish with a solution such as phosphate-buffered saline 
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(PBS) or D-Hanks to remove those cells loosely attached to 
the adherent cell layer. This wash solution may then also be 
centrifuged to obtain cells. 
0060 Tissue samples may be cultured in any of a variety of 
culture media capable of Supporting cell viability, growth 
and/or attachment, such as serum-supplemented DMEM. In 
one embodiment, explant media (Iscove’s Modified Dulbec 
co's IMDM with 10% fetal calf serum (FBS), 100 U/ml 
penicillin G, 100 ug/ml streptomycin, 2 mmol/L 
L-glutamine, and 0.1 mmol/L 2-mercaptoethanol) is used. 
Tissue samples are cultured under standard environmental 
conditions such as 37° C. and 5% CO. Tissue samples are 
cultured for a time sufficient for adherent cells to adhere and 
stem cells to migrate above the adherent cell layer, which may 
be, e.g., approximately one week, two weeks, or three weeks. 
Generally, the age of donor tissue determines the time for 
culture: the older the tissue, the longer the time it takes for the 
stem cells to migrate out from the explant. 
0061. In certain other embodiments, purification of stem 
cells and progenitor cells may further comprise separating 
cells from certain insoluble tissue components, including 
residual tissue material. Such as lipids. Cells may be separated 
from other tissue components by any means known and avail 
able in the art, including, e.g., the use of density gradients, 
centrifugation, and filtration or combinations thereof. 
Examples of specific methods of purifying cells are known 
and described in the art, e.g., in U.S. Pat. No. 6,777,231. In 
certain embodiments, negative separation methods are 
employed to remove one or more particular types of cells. 
0062. In order to enrich for stem cells and/or progenitor 

cells, the cells purified from the tissue sample are sorted using 
one or more reagents that bind to cell Surface (or internal) 
markers indicative of stem cells (or progenitor) cells (“cell 
Surface stem (or progenitor) cell markers'). For example, the 
present invention contemplates any Suitable method of 
employing monoclonal antibodies to separate stem cells or 
progenitor cells from other cells recovered from the tissue 
sample. These methods include, e.g., contacting a cell Sus 
pension comprising the cells purified from the tissue sample 
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with one or a combination of monoclonal antibodies that 
recognize an epitope on stem or progenitor cells; and sepa 
rating and recovering from the cell Suspension the cells bound 
by the monoclonal antibodies. In one embodiment, cells are 
selected using antibodies bound to magnetic beads and a 
magnetic cell sorter device. In one embodiment, cells are 
selected by fluorescence activated cell sorting (FACS) using 
fluorescently labeled antibodies. In other embodiments, the 
monoclonal antibodies may be linked to a solid-phase and 
utilized to capture mesenchymal stem cells from tissue 
samples. The bound cells may then be separated from the 
Solid phase by known methods depending on the nature of the 
antibody and solid phase. Examples of monoclonal antibody 
based systems appropriate for preparing the desired cell 
population include magnetic cell sorting, FACS, magnetic 
bead/paramagnetic particle column utilizing antibodies for 
either positive or negative selection; separation based on 
biotin or streptavidin affinity; and high speed flow cytometric 
sorting of immunofluorescent-stained stem cells mixed in a 
Suspension of other cells. 
0063 Exemplary cell surface or internal markers of stem 
cells or progenitor cells include, but are not limited to, Sca-1, 
c-Kit, ATP-binding cassette transporter, B1-3, Flk-1, CD31, 
CD34, Isl1, GATA4, nkX2.5, and the markers listed in Table 1. 
0064 Monoclonal antibodies that specifically bind to 
stem or progenitor cells are known and available in the art, 
and many of these are specific for stem or progenitor cells 
derived from one or more tissue types. For example, Sca-1 is 
a Surface marker of cardiac and other somatic stem cells. In 
certain embodiments, stem cells, e.g., cardiac stem cells, are 
isolated using antibodies specific for Sca-1. Anti-Sca-1 
microbeads suitable for such use are commercially available 
from Miltenyi Biotec. Cardiac stem cells express additional 
cell Surface markers that can be used in their isolating, includ 
ing, e.g., c-kit, Flk, CD31, sca-1, ABCG2, CD133 and Stro-1. 
Other cell surface markers that may be used according to the 
present invention include, but are not limited to, those cell 
surface markers listed in Table 1 as being associated with 
stem or progenitor cells, which may be used to select cells of 
their associated cell types. 

TABLE 1. 

Exemplary markers and their associated cell types (from The National 
Institutes of Health resource for stem cell research 

Marker Name Cell Type Significance 

Blood Vessel 

Fetal liver kinase-1 (FIk1) Endothelial Cell-surface receptor protein that 
identifies endothelial cell progenitor; 
marker of cell-cell contacts 

Smooth muscle cell-specific myosin Smooth muscle Identifies smooth muscle cells in the 
heavy chain wall of blood vessels 
Vascular endothelial cell cadherin Smooth muscle Identifies smooth muscle cells in the 

wall of blood vessels 
Bone 

Bone-specific alkaline phosphatase Osteoblast Enzyme expressed in osteoblast; 
(BAP) activity indicates bone formation 
Hydroxyapatite Osteoblast Mineralized bone matrix that provides 

structural integrity; marker of bone 
formation 

Osteocalcin (OC) Osteoblast Mineral-binding protein uniquely 
synthesized by Osteoblast; marker of 
bone formation 
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TABLE 1-continued 

Exemplary markers and their associated cell types (from The National 
Institutes of Health resource for stem cell research 

Marker Name Cell Type Significance 

Bone Marrow and Blood 

Bone morphogenetic protein Mesenchymal Important for the differentiation of 
receptor (BMPR) stem and committed mesenchymal cell types 

progenitor cells from mesenchymal stem and 
progenitor cells; BMPR identifies early 
mesenchymal lineages (stem and 
progenitor cells) 

CD4 and CD8 White blood cell Cell-surface protein markers specific 
(WBC) for mature T lymphocyte (WBC 

Subtype) 
CD34 Hematopoietic Cell-surface protein on bone marrow 

stem cell (HSC), cell, indicative of a HSC and 
satellite, endothelial progenitor; CD34 also 
endothelial identifies muscle satellite, a muscle 
progenitor stem cell 

CD34"Sca1" Lin profile Mesencyhmal Identifies MSCs, which can 
stem cell (MSC) differentiate into adipocyte, osteocyte, 

chondrocyte, and myocyte 
CD38 Absent on HSC Cell-surface molecule that identifies 

Present on WBC WBC lineages. Selection of 
lineages CD34/CD38 cells allows for 

purification of HSC populations 
CD44 Mesenchymal A type of cell-adhesion molecule used 

to identify specific types of 
mesenchymal cells 

c-Kit HSC, MSC Cell-surface receptor on BM cell types 
that identifies HSC and MSC: binding 
by fetal calf serum (FCS) enhances 
proliferation of ES cells, HSCs, MSCs, 
and hematopoietic progenitor cells 

Colony-forming unit (CFU) HSC, MSC CFU assay detects the ability of a 
progenitor single stem cell or progenitor cell to 

give rise to one or more cell lineages, 
Such as red blood cell (RBC) and/or 
white blood cell (WBC) lineages 

Fibroblast colony-forming unit Bone marrow An individual bone marrow cell that 
(CFU-F) fibroblast has given rise to a colony of 

multipotent fibroblastic cells; such 
identified cells are precursors o 
differentiated mesenchymal lineages 

Hoechst dye Absent on HSC Fluorescent dye that binds DNA; HSC 
extrudes the dye and stains lightly 
compared with other cell types 

Leukocyte common antigen (CD45) WBC Cell-surface protein on WBC 
progenitor 

Lineage Surface antigen (Lin) HSC, MSC Thirteen to 14 different cell-surface 
Differentiated proteins that are markers of mature 

RBC and WBC blood cell lineages; detection of Lin 
lineages negative cells assists in the 

purification of HSC and hematopoietic 
progenitor populations 

Mac-1 WBC Cell-surface protein specific for mature 
granulocyte and macrophage (WBC 
Subtypes) 

Muc-18 (CD146) Bone marrow Cell-surface protein (immunoglobulin 
fibroblasts, Superfamily) found on bone marrow 
endothelial fibroblasts, which may be important in 

hematopoiesis; a subpopulation of 
Muc-18+ cells are mesenchymal 
precursors 

Stem cell antigen (Sca-1) HSC, MSC Cell-surface protein on bone marrow 
(BM) cell, indicative of HSC and MSC 
Bone Marrow and Blood cont. 
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TABLE 1-continued 

Exemplary markers and their associated cell types (from The National 
Institutes of Health resource for stem cell research 

Marker Name 

Stro-1 antigen 

Thy-1 

Collagen types II and IV 

Keratin 

Sulfated proteoglycan 

Adipocyte lipid-binding protein 
(ALBP) 
Fatty acid transporter (FAT) 

Adipocyte lipid-binding protein 
(ALBP) 

Albumin 

B-1 integrin 

CD133 

Glial fibrillary acidic protein (GFAP) 

Microtubule-associated protein-2 
(MAP-2) 

Myelin basic protein (MPB) 

Nestin 

Neural tubulin 

Neurofilament (NF) 

Neurosphere 

Noggin 

O4 

Synaptophysin 

Tau 

Cell Type 

Stromal 
(mesenchymal) 
precursor cells, 
hematopoietic 
cells 

HSC, MSC 

Cartilage 

Chondrocyte 

Keratinocyte 

Chondrocyte 

Fat 

Adipocyte 

Adipocyte 

Adipocyte 

Liver 

Hepatocyte 

Hepatocyte 

Nervous System 

Neural stem cell, 
HSC 

Astrocyte 

Neuron 

Oligodendrocyte 

Neural progenitor 

Neuron 

Neuron 

Embryoid body 
(EB), ES 

Neuron 

Oligodendrocyte 

Oligodendrocyte 

Neuron 

Neuron 

Significance 

Cell-surface glycoprotein on Subsets 
of bone marrow stromal 
(mesenchymal) cells; selection of 
Stro-1-- cells assists in isolating 
mesenchymal precursor cells, which 
are multipotent cells that give rise to 
adipocytes, osteocytes, Smooth 
myocytes, fibroblasts, chondrocytes, 
and blood cells 
Cell-surface protein; negative or low 
detection is suggestive of HSC 

Structural proteins produced 
specifically by chondrocyte 
Principal protein of skin; identifies 
differentiated keratinocyte 
Molecule found in connective tissues; 
synthesized by chondrocyte 

Lipid-binding protein located 
specifically in adipocyte 
Transport molecule located 
specifically in adipocyte 
Lipid-binding protein located 
specifically in adipocyte 

Principal protein produced by the liver; 
indicates functioning of maturing and 
fully differentiated hepatocytes 
Cell-adhesion molecule important in 
cell-cell interactions; marker 
expressed during development of liver 

Cell-surface protein that identifies 
neural stem cells, which give rise to 
neurons and glial cells 
Protein specifically produced by 
astrocyte 
Dendrite-specific MAP: protein found 
specifically in dendritic branching of 
(Oil 

Protein produced by mature 
oligodendrocytes; located in the 
myelin sheath Surrounding neuronal 
Structures 

Intermediate filament structural protein 
expressed in primitive neural tissue 
Important structural protein for neuron; 
identifies differentiated neuron 
Important structural protein for neuron; 
identifies differentiated neuron 
Cluster of primitive neural cells in 
culture of differentiating ES cells; 
indicates presence of early neurons 
and glia 
A neuron-specific gene expressed 
during the development of neurons 
Cell-surface marker on immature, 
developing oligodendrocyte 
Cell-surface marker that characterizes 
mature oligodendrocyte 
Neuronal protein located in synapses; 
indicates connections between 
leOS 

Type of MAP: helps maintain structure 
of the axon 
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TABLE 1-continued 

Exemplary markers and their associated cell types (from The National 
Institutes of Health resource for stem cell research 

Marker Name Cell Type Significance 

Pancreas 

Cytokeratin 19 (CK19) Pancreatic CK19 identifies specific pancreatic 
epithelium epithelial cells that are progenitors for 

islet cells and ductal cells 
Glucagon Pancreatic islet Expressed by alpha-islet cell of 

8Ce3S 

Insulin Pancreatic islet Expressed by beta-islet cell of 
8Ce3S 

Insulin-promoting factor-1 (PDX-1) Pancreatic islet Transcription factor expressed by 
beta-islet cell of pancreas 

Nestin Pancreatic Structural filament protein indicative of 
progenitor progenitor cell lines including 

pancreatic 
Pancreatic polypeptide Pancreatic islet Expressed by gamma-islet cell of 

8Ce3S 

Somatostatin Pancreatic islet Expressed by delta-islet cell of 
8Ce3S 

Pluripotent Stem Cells 

Alkaline phosphatase Embryonic stem Elevated expression of this enzyme is 
(ES), embryonal associated with undifferentiated 
carcinoma (EC) pluripotent stem cell (PSC) 

Alpha-fetoprotein (AFP) Endoderm Protein expressed during development 
of primitive endoderm; reflects 
endodermal differentiation Pluripotent 
Stem Cells 

Bone morphogenetic protein-4 Mesoderm Growth and differentiation factor 
expressed during early mesoderm 
formation and differentiation 

Brachyury Mesoderm Transcription factor important in the 
earliestphases of mesoderm 
formation and differentiation; used as 
he earliest indicator of mesoderm 
formation 

Cluster designation 30 (CD30) ES, EC Surface receptor molecule found 
specifically on PSC 

Cripto (TDGF-1) ES, Gene for growth factor expressed by 
cardiomyocyte ES cells, primitive ectoderm, and 

eveloping cardiomyocyte 
GATA-4 gene Endoderm Expression increases as ES 

ifferentiates into endoderm 
GCTM-2 ES, EC Antibody to a specific extracellular 

matrix molecule that is synthesized by 
undifferentiated PSCs 

Genesis ES, EC Transcription factor uniquely 
expressed by ES cells either in or 
uring the undifferentiated state of 
PSCs 

Germ cell nuclear factor ES, EC Transcription factor expressed by 
PSCs 

Hepatocyte nuclear factor-4 (HNF- Endoderm Transcription factor expressed early in 
4) endoderm formation 
Nestin Ectoderm, neural Intermediate filaments within cells: 

and pancreatic characteristic of primitive 
progenitor neuroectoderm formation 

Neuronal cell-adhesion molecule Ectoderm Cell-surface molecule that promotes 
(N-CAM) cell-cell interaction; indicates primitive 

neuroectoderm formation 
Oct-4 ES, EC Transcription factor unique to PSCs; 

essential for establishment and 
maintenance of undifferentiated PSCs 

Pax6 Ectoderm Transcription factor expressed as ES 
cell differentiates into neuroepithelium 

Stage-specific embryonic antigen-3 ES, EC Glycoprotein specifically expressed in 
(SSEA-3) early embryonic development and by 

undifferentiated PSCs 
Stage-specific embryonic antigen-4 ES, EC Glycoprotein specifically expressed in 
(SSEA-4) early embryonic development and by 

undifferentiated PSCs 
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TABLE 1-continued 
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Exemplary markers and their associated cell types (from The National 
Institutes of Health resource for stem cell research 

Marker Name Cell Type Significance 

Stem cell factor (SCF or c-Kit ES, EC, HSC, Membrane protein that enhances 
ligand) MSC proliferation of ES and EC cells, 

hematopoietic stem cell (HSCs), and 
mesenchymal stem cells (MSCs); 
binds the receptor c-Kit 

Telomerase ES, EC An enzyme uniquely associated with 
immortal cell lines; useful for 
identifying undifferentiated PSCs 

TRA-1-60 ES, EC Antibody to a specific extracellular 
matrix molecule is synthesized by 
undifferentiated PSCs 

TRA-1-81 ES, EC Antibody to a specific extracellular 
matrix molecule normally synthesized 
by undifferentiated PSCs 

Vimentin Ectoderm, neural Intermediate filaments within cells: 
and pancreatic characteristic of primitive 
progenitor neuroectoderm formation 

Skeletal Muscle? Cardiac Smooth Muscle 

MyoD and Pax7 Myoblast, Transcription factors that direct 
myocyte differentiation of myoblasts into 

mature myocytes 
Myogenin and MR4 Skeletal myocyte Secondary transcription factors 

required for differentiation of 
myoblasts from muscle stem cells 

Myosin heavy chain Cardiomyocyte A component of structural and 
contractile protein found in 

contractile protein found in skeletal 

cardiomyocyte 
Myosin light chain Skeletal myocyte A component of structural and 

myocyte 

0065 According to the methods of the present invention, 
the purified stem or progenitor cells may be expanded and/or 
cloned in tissue culture. The present invention provides meth 
ods of expanding and cloning purified stem cells in culture in 
the absence of support cells, such as fibroblasts. 
0066. In one embodiment, purified stem or progenitor 

cells, e.g., those obtained after cell sorting using a stem or 
progenitor cell specific antibody, are cultured in cell growth 
medium. A variety of media suitable for cell growth are 
known in the art. Such media typically contain fetal bovine or 
fetal calf serum at 5%, 10%, 15%, or 20%, L-glutamine, and 
nonessential amino acids. 

0067. In certain embodiments, purified stem or progenitor 
cells are cultured in cell growth medium supplemented with 
an additional active agent, such as fibroblast growth factor, 
heregulin, IGFD-1, activin A, SB203580, or BID. For 
example, in one embodiment, the medium used is cell growth 
medium (CGM; DMEM/F12, 10% fetal bovine serum, 200 
mmol/L L-glutamine, 0.1 mmol/L B-mercaptoethanol, 1% 
nonessential amino acids, 1000 units/ml LIF, 0.1 unit/ml 
thrombin and 5 ng/ml fibroblast growth factor). 
0068. In certain embodiments, the purified stem or pro 
genitor cells are cultured in conditioned growth media. Con 
ditioned growth media may be prepared, for example, by 
exposing media for at least 24 hours, preferably 48 hours, to 
a fibroblast culture, thereby allowing it to dissolve and take up 
paracrine factors from the fibroblasts. 

0069. In certain embodiments, the purified stem or pro 
genitor cells may be expanded in cell growth media Supple 
mented with conditioned growth media, e.g., to achieve a final 
ratio of 1:1, 1:2, 1:3, 1:4, or 1:5 (cell growth media:condi 
tioned growth media). 
0070. In certain embodiments, the purified stem or pro 
genitor cells may be expanded in cell growth media Supple 
mented with both conditioned growth media and an addi 
tional active agent, such as bFGF (e.g., at 5 ng/ml), heregulin, 
IGF-1, activin A, SB203580, or BIO. In one particular 
embodiment, purified stem cells are expanded or cloned in 
conditioned CGM (CCGM) mixed with CGM at a 3:1 ratio 
and supplemented with additional bFGF at 5 ng/ml. 
0071. To produce clonogenic populations of stem cells 
and progenitor cells, purified cells may be plated a one cell or 
one cell clone per well ratio. In certain embodiment, cells are 
plated in plates, e.g., multiwell plates, precoated with base 
ment membrane or extracellular matrix components, such as 
the solubulized basement membrane preparation, BD Matri 
gelTM (BD Biosciences). 
0072. When culturing cardiac tissue explants, cardiac 
fibroblasts, which are the majority cell population in the 
normal adult heart (reference 19), tend to spread in sheet-like 
extensions. They provide a feeder layer for cardiac stem cell 
proliferation and migration from explants (reference 10). 
Considering that the soluble paracrine factors produced by 
cardiac fibroblasts may be important for the proliferation of 
cardiac stem cells, the present invention provides for the use 
of cardiac fibroblast-free conditioned medium to support car 
diac stem cell growth. For example, cell culture medium may 
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be conditioned by exposing it for 48 hours to fibroblast cul 
ture to extract paracrine factors from fibroblasts. In addition, 
purified stem cells and progenitor cells may be grown on 
BD-MatrigelTM, which provides the required adhesion for 
Survival and growth of cardiac stem cell, because it contains 
mostly lamanin, collagen IV, and heparin Sulfate proteogly 
can. As demonstrated in the accompanying examples, stem 
cells and progenitor cells could be expanded using the fibro 
blast-free conditioned cell medium and BD-MatrigelTM 
coated plates, while avoiding the contamination of fibro 
blasts. 

0073. As described above, the methods of the present 
invention may be used to prepare a cell population enriched in 
multipotent stem cells and progenitor cells. Thus, in various 
embodiments, the purified cell population comprises at least 
75%, at least 80%, at least 85%, at least 90%, at least 95%, at 
least 96%, at least 97%, at least 98%, at least 99%, or 100% 
stem cells and progenitor cells, as indicated by the presence of 
one or more stem cell markers, such as Sca-1. 
0074 The cell populations prepared according to the 
methods of the present invention comprise multipotent cells 
capable of undergoing differentiation into two or more spe 
cialized cell types. For example, purified CSCs are capable of 
differentiating into two or more of myocytes, endothelial 
cells, Smooth muscle cells, and cardiac neural crest cells. In 
particular embodiments, at least 75%, at least 80%, at least 
85%, at least 80%, at least 95%, at least 96%, at least 97%, at 
least 98%, at least 99%, or 100% of the cells in the cell 
population have the capacity to undergo differentiation into 
two or more specialized cell types. Cardiac stem cells give 
rise to a variety of cells, including, e.g., myocytes, endothelial 
cells, Smooth muscle cells, and cardiac neural crest cells. 
Hematopoietic stem cells give rise to all types of blood cells, 
including red blood cells, B lymphocytes, T lymphocytes, 
natural killer cells, neutrophils, basophils, eosinophils, 
monocytes, macrophages, and platelets. Bone marrow stro 
mal cells give rise to a variety of cell types: bone cells (osteo 
cytes), cartilage cells (chondrocytes), fat cells (adipocytes), 
and other kinds of connective tissue cells Such as those in 
tendons. Neural stem cells in the brain give rise to its three 
major cell types: nerve cells (neurons) and two categories of 
non-neuronal cells: astrocytes and oligodendrocytes. Epithe 
lial stem cells in the lining of the digestive tract occur in deep 
crypts and give rise to several cell types: absorptive cells, 
goblet cells, Paneth cells, and enteroendocrine cells. Skin 
stem cells occur in the basal layer of the epidermis and at the 
base of hair follicles. The epidermal stem cells give rise to 
keratinocytes, which migrate to the Surface of the skin and 
form a protective layer. The follicular stem cells can give rise 
to both the hair follicle and to the epidermis. 
0075. The ability to differentiate may be readily deter 
mined by exposing a population of cells to Suitable environ 
mental conditions and/or differentiation inducers for a time 
sufficient to allow differentiation to occur, and then examin 
ing the cells for their expression of differentiation markers. 
Such conditions and differentiation markers are known and 
available for a wide variety of cell types. For example, a 
variety of cell surface markers are expressed in different cell 
types and at different stages of differentiation, including 
those listed in Table 1. The presence of one or more of these 
cell surface markers may be determined by routine methods, 
including, e.g., flow cytometry and PCR-based assays, using 
antibodies or primers that bind to the markers or encoding 
nucleic acid sequences. By determining the presence or 
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absence of markers associated with various paths and/or 
stages of differentiation, the skilled artisan can readily deter 
mine the differentiation path and/or stage associated with a 
particular cell or cell population. 
0076 Examples of suitable cardiac differentiation mark 
ers include GATA4, NkX2.5, cTnI, C31, SM-actin, con 
nexin43, and myosin. Examples of adipocyte differentiation 
markers include C/EBPalpha, PPARgamma, adipsin, leptin, 
and UCP1. Examples of osteogenic differentiation markers 
include osteopontin, sialoprotein, osteocalcin, and osteonec 
tin. Examples of chondrogenic differentiation markers 
include collagen II, and aggrecan. Examples of neural differ 
entiation markers include B-III tubulin, Pax6 expression, 
GFAP, and nestin. 
0077. The methods of the present invention are particu 
larly useful in preparing populations of stem cells and pro 
genitor cells derived from tissues containing a relatively small 
number of stem cells and progenitor cells, such as cardiac 
tissue. Thus, in one particular embodiment, the present inven 
tion provides a method to prepare a population enriched in 
multipotent CSCs and progenitor cells, comprising purifying 
endogenous CSCs and progenitor cells from a primary heart 
tissue explant, isolating CSCs and progenitor cells from 
fibroblasts by cell sorting with stem cell markers, and cultur 
ing the isolated CSCs and progenitor cells. A fibroblast-free 
culture system is used for the culturing of CSCs and progeni 
tor cells. As described in the following examples, this method 
yielded 97.6% pure Sca-1+ cells that retained the capacity to 
form new cardiospheres, indicating that they can renew them 
selves, and were clonogenic. These cells were further char 
acterized by immunostaining for cardiac-specific transcrip 
tion factor (GATA4) and were capable of undergoing 
differentiation both in vitro and in vivo. When systemically 
injected into mice Subjected to a myocardial infarction, the 
cells gave rise to cardiomyocytes, endothelial cells, and 
Smooth muscle. 

0078. Accordingly, the present invention provides meth 
ods for the isolation of intact CSCs and CPCs, using antibod 
ies specific for Sca-1. This method avoids the possible enzy 
matic destruction of functional stem cell markers at cell 
surface by culturing the Sca-1 cell in a fibroblast-free culture 
system comprising conditioned medium, which Supports the 
growth of CSCs. The resulting Sca-1+ cells were demon 
strated to be functional in vitro and in vivo. After been 
injected into mice with myocardial ischemia, Sca-1+ cells 
were detectable in the heart for up to one month after injec 
tion, and differentiated to cardiomyocytes, endothelial cells 
and smooth muscle cells. The methods of the present inven 
tion can also be used to isolate other possible types of CSCs, 
e.g., by isolating cells using antibodies specific for c-kit or 
ABCG2. 

0079 Cells prepared according to the methods of the 
invention may be used immediately or stored prior to use. The 
cells may be used without any further culturing, or they may 
be cultured and/or differentiated prior to use. The cells may be 
stored temporarily under cool conditions, e.g., under refrig 
eration, or at approximately 2-10°C., or the cells may be 
frozen under liquid nitrogen for long term storage. A variety 
of methods of freezing cells for long term storage and recov 
ery are known in the art and may be used according to the 
invention, including freezing cells in a medium comprising 
fetal bovine serum and dimethylsulfoxide (DMSO). 
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0080. In certain embodiments, cells are differentiated 
prior to use. Thus, any of the methods described herein may 
further include differentiating isolated or purified stem cells 
and progenitor cells. Cells may be induced to differentiate 
using any method available in the art. Typically, cells are 
induced to differentiate by contacting them with one or more 
differentiation agents or factors, which may be chemicals, 
polypeptides, nucleic acids, or environmental conditions. 
Examples of differentiation factors include, but are not lim 
ited to, member of the transforming growth factor B Super 
family, such as transforming growth factor B, bone morpho 
genic protein 2 or 4, or activin A; chemical inducers, such as 
5-azacytidine and DMSO; compounds that activate develop 
mental signaling pathways, such as Wnt and Notch; and other 
growth factors, such as VEGF and bFGF. 

B. Purified Stem Cells and Methods of Use Thereof 

0081. The present invention also provides populations of 
cells enriched in multipotent stem cells and progenitor cells, 
e.g., cardiac stem cells and progenitor cells, which are Sub 
stantially free of or free of contaminating fibroblasts and 
other cells. These populations are advantageous over previ 
ously described populations of purified stem cells and pro 
genitor cells, including those prepared using harsh enzymatic 
treatment, since they retain cell Surface molecules involved in 
biological activity and retain the ability to differentiate into 
two or more specialized cell types. In addition, these cell 
populations do not include fibroblasts, which lead to undes 
ired scarformation when administered to a wound or disease 
site. In addition, contaminating cells, such as fibroblasts, can 
proliferate more rapidly than stem cells and compete with 
stem cells in repopulating a tissue site when administered 
therapeutically. Accordingly, the cell populations of the 
present invention include two desirable features not previ 
ously present in populations of stem cells and progenitor cells 
prepared using a mammalian tissue sample: (1) functional 
activity characterized by the ability to differentiate into two or 
more different specialized cell types, e.g., Smooth muscle 
cells, myocytes, endothelial cells, or cardiac neural crest 
cells; and (2) free of contaminating fibroblasts and other cell 
types. 
0082. Thus, in various embodiments, a purified cell popu 
lation of the present invention comprises at least 75%, at least 
80%, at least 85%, at least 90%, at least 95%, at least 96%, at 
least 97%, at least 98%, at least 99%, or 100% stem cells and 
progenitor cells, as indicated by the presence of one or more 
stem cell markers, such as Sca-1. 
0083. In particular embodiments, at least 75%, at least 
80%, at least 85%, at least 90%, at least 95%, at least 96%, at 
least 97%, at least 98%, at least 99%, or 100% of the cells in 
a cell population of the present invention have the capacity to 
undergo differentiation into two or more specialized cell 
types. 
0084. In another embodiment, a cell population of the 
present invention comprises CSCs and CPCs, wherein at least 
75%, at least 80%, at least 85%, at least 90%, at least 95%, at 
least 96%, at least 97%, at least 98%, at least 99%, or 100% of 
the cells in the cell population have the capacity to form 
cardiospheres. 
0085. In another embodiment, a cell population of the 
present invention comprises CSCs and CPCs, wherein at least 
75%, at least 80%, at least 85%, at least 90%, at least 95%, at 
least 96%, at least 97%, at least 98%, at least 99%, or 100% of 
the cells in the cell population express GATA4. 
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I0086. In one specific embodiment, a cell population of the 
present invention comprises CSCs and CPCs, wherein at least 
95% of the cells are Sca-1"CD45. In particular embodi 
ments, at least 75%, at least, 85%, or at least 95% of the cells 
are capable of differentiating into a cardiomyocyte, endothe 
lial cell. Smooth muscle cell, or cardiac neural crest cell. 
I0087 As shown in the accompanying examples, the 
present invention provides cell populations enriched in Sca 
1 + cells lacking the hematopoietic stem cell markers CD45, 
and expressing GATA-4, which is a cardiac transcription 
factor (references 13 and 21). GATA4 activates the promoters 
of several cardiac genes, such as myosin light chain, NkX2.5, 
troponin T. troponin I, C-MHC, and ANP (reference 9). Sca 
1 + cells facilitate the expression of cardiac structure proteins, 
Such as myosin and connexin43. These cells also possess 
multipotency. After being given intravenously to mice post 
MI, these stem cells homed to injured myocardium and dif 
ferentiated into cardiomyocytes, endothelial cells, and 
smooth muscle cells in the border Zone at four weeks post 
transplantation. 
I0088. In related embodiments, the cell population com 
prises clonogenic cells, i.e., cells derived from the same stem 
cell. 
I0089. In certain embodiments, the purified cell popula 
tions of the present invention are present within a composi 
tion, e.g., a pharmaceutical composition, adapted for and 
Suitable for delivery to a patient, i.e., physiologically com 
patible. Accordingly, the present invention includes compo 
sitions comprising a stem cell population of the present inven 
tion and one or more of buffers (e.g., neutral buffered saline or 
phosphate buffered saline), carbohydrates (e.g., glucose, 
mannose, Sucrose or dextrans), mannitol, proteins, polypep 
tides or amino acids such as glycine, antioxidants, bacteri 
ostats, chelating agents such as EDTA or glutathione, adju 
vants (e.g., aluminum hydroxide), Solutes that render the 
formulation isotonic, hypotonic or weakly hypertonic with 
the blood of a recipient, Suspending agents, thickening agents 
and/or preservatives. 
0090. In related embodiments, the present invention pro 
vides a pharmaceutical composition that comprises the puri 
fied cell populations provided herein and a biological com 
patible carrier or excipient, Such as 5-azacytidine, 
cardiogenol C, or ascorbic acid. 
0091. In related embodiments, the purified cell popula 
tions are present within a composition adapted for or Suitable 
for freezing or storage. For example, the composition may 
further comprise fetal bovine serum and/or dimethylsulfox 
ide (DMSO). 
0092. The present invention further provides methods of 
treating or preventing injuries and diseases or other condi 
tions, comprising providing a cell population of the present 
invention, i.e., a population enriched in stem cells and pro 
genitor cells, to a patient Suffering from said injury, disease or 
condition. In particular embodiments, the cell population was 
generated using a tissue sample obtained from the patient 
being treated (i.e., autologous treatment). In other embodi 
ments, the cell population was obtained from a donor, who 
may be related or unrelated to the patient (i.e., allogeneic 
treatment). The donor is usually of the same species as the 
patient, although it is possible that a donor is a different 
species (i.e., Xenogeneic treatment). 
0093. In various embodiments, the stem cell populations 
and related compositions are used to treat a variety of differ 
ent diseases, including but not limited to inflammatory dis 
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eases, cardiovascular diseases, nervous system diseases, 
tumors, demyelinating diseases, digestive system diseases, 
endocrine system diseases, reproductive system diseases, 
hemic and lymphatic diseases, immunological diseases, men 
tal disorders, musculoskeletal diseases, neuromuscular dis 
eases, metabolic diseases, skin and connective tissue dis 
eases, and urological diseases. 
0094. In other embodiments, the purified stem cells and 
related compositions are used to treat a variety of different 
wounds, including but not limited to, abrasions, avulsions, 
blowing wounds, incised wounds, burns, contusions, punc 
ture wounds, Surgical wounds and Subcutaneous wounds. 
0095. In specific embodiments, the present invention pro 
vide a methods for treating or preventing cardiovascular dis 
eases and injuries, including but not limited to diseases of the 
myocardium, abscess, congenital heart deficit, heart valve 
disease, arrhythmia, left ventricular dilatation, emboli, heart 
failure, congestive heart failure, subendocardial fibrosis, left 
or right ventricular hypertrophy, acute myocardial infarct, 
organizing myocardial infarct, and myocarditis. These meth 
ods comprise providing a cell population of the present inven 
tion, wherein said cell population is enriched in multipotent 
CSCs and CPCs, to a patient diagnosed, Suspected of having, 
or being at risk of a cardiovascular disease or injury. In a 
preferred embodiment, the CSCs and CPCs were isolated 
from the patient being treated. 
0096. In a related embodiment, the present invention 
includes a method of reconstituting or repopulating dead or 
injured myocardium in a patient. This method comprises 
contacting a patient having injured or dead myocardium with 
a cell population of the present invention, enriched in CSCs 
and CPCs. In one embodiment, the patient previously suf 
fered a myocardial infarction and/or has been diagnosed with 
congestive heart failure. As shown in the following examples, 
Sca-1+ cells extracted and purified by methods of the present 
invention are multipotent and can be used to reconstitute dead 
myocardium by differentiating to normal components of 
adult hearts after being transplanted into ischemia-induced 
heart of mice. 

0097. Myocardial infarction is one of the leading causes of 
congestive heart failure in the United States, with median 
Survival after onset only 1.7 years in men and 3.2 years in 
women (reference 16). The irreversible loss of myocytes 
induced by myocardial infarction leads to a sequence of con 
gestive heart failure. The longstanding dogma of the heart as 
a terminally differentiated tissue incapable of regeneration 
has recently been challenged. Investigators from different 
laboratories have only recently discovered stem cells in the 
adult heart (references 8, 10-13, 17, and 18). These cells are 
rare, but might have appropriate regenerative potential for 
repairing injured hearts. However, myocardial failure is usu 
ally irreversible. This may be due to the inadequate numbers 
of resident cardiac stem cells to replace injured heart issue 
and the negative environment of ischemic heart for stem cell 
proliferation and survival. 
0098. Although the small number of resident cardiac stem 
cells may not be sufficient to restore heart function after MI, 
their presence has raised the possibility of regenerating dam 
aged heart tissue by using them, if they can be expanded and 
purified in vitro. Oh et al. (reference 9) has reported cardiac 
Sca-1+ cells lacking hematopoietic stem cell markers CD45, 
and also lacking transcripts for cardiac structural genes (myo 
sin light chains), but expressing the cardiac transcription fac 
tor GATA-4. Matsuura et al. (reference 17) showed that adult 
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cardiac Sca-1 + cells can differentiate into beating cardiomyo 
cytes with multipotency. However, for treatment, the techni 
cal difficulties lie in collecting the endogenous stem cells 
from adult hearts, because they are rare in the heart and 
enzymatic digestion can destroy the integrity of stem cell 
markers, which leads to sorted cells losing their potential as 
stem cells. 

0099. The methods of the present invention can be used to 
isolate and culture large number of CSCs free of contaminat 
ing fibroblasts, which is important for clinical applications. 
Messina et al. (reference 10) recently reported a method to 
culture cardiospheres from human myocardial biopsies that 
expressed Sca-1, c-kit, Flk and CD31. Myocytes constitute 
the majority of cardiac tissue volume, however, fibroblasts 
dominate in number, and their proliferation is associated with 
many cardiac pathologies (reference 19). Excluding fibro 
blasts from cardiac stem cell culture is important, because 
fibroblasts maintain high proliferative potential and will over 
grow cardiac stem cells in cardiosphere. To avoid the con 
tamination of fibroblast, the methods of the present invention 
combine primary tissue explant with cell sorting to produce 
large numbers of purified Sca-1+ cells. In certain embodi 
ments, these methods are used to isolate and purify cardiac 
stem/progenitor cells that migrate from heart explants, not 
from enzymatically-digested heart. This avoids the direct 
enzymatic digestion of cardiac stem cells, and maintains the 
integrity of stem cell marker at the cell Surface. 
0100 Cell populations and related compositions of the 
present invention may be provided to a patient by a variety of 
different means. In certain embodiments, they are provided 
locally, e.g., to a site of actual or potential injury or disease. In 
one embodiment, they are provided using a syringe to inject 
the compositions at a site of possible or actual injury or 
disease. In other embodiments, they are provided systemi 
cally. In one embodiment, they are administered to the blood 
stream intravenously or intra-arterially. The particular route 
of administration will depend, in large part, upon the location 
and nature of the disease or injury being treated or prevented. 
Accordingly, the invention includes providing a cell popula 
tion or composition of the invention via any known and avail 
able method or route, including but not limited to oral, 
parenteral, intravenous, intra-arterial, intranasal, and intra 
muscular administration. 
0101 The development of suitable dosing and treatment 
regimens for using the cell populations and compositions 
described herein in a variety of treatment regimens, including 
e.g., oral, parenteral, intravenous, intranasal, and intramus 
cular administration and formulation, will again be driven in 
large part by the disease or injury being treated or prevented 
and the route of administration. The determination of suitable 
dosages and treatment regimens may be readily accom 
plished based upon information generally known in the art 
and obtained by a physician. 
0102 Treatment may comprise a single treatment or mul 
tiple treatments. In particular, for preventative purposes, it is 
contemplated in certain embodiments that purified cell popu 
lations of the invention are administered during or immedi 
ately following a stress that might potentially cause injury, 
Such as, e.g., myocardial infarction. 
0103) The present invention also provides kits useful in the 
preparation and/or use of the purified cell populations of the 
present invention, which are enriched in stem cells and pro 
genitor cells. For example, in one embodiment, a kit useful in 
the preparation of the purified cell populations is provided 
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that comprises an agent that binds a cell Surface marker of 0107 Newly isolated cardiac Sca-1+ cells were seeded in 
stem cells or progenitor cells, and conditioned medium. For 
example, a kit may include: a first container comprising an 
antibody specific for a stem cell Surface marker, wherein said 
antibody is adapted for isolation or detection, e.g., by being 
conjugated to a fluorescent marker or magnetic bead; and a 
second container comprising conditioned medium. In various 
related embodiments, the kits may further comprise one or 
more additional reagents useful in the preparation of a cell 
population of the present invention, Such as cell culture 
medium, BD-MatrigelTM coated cell culture dishes, and 
enzymes Suitable for tissue processing. The kit may also 
include instructions regarding its use to purify and expand 
stem cells obtained from a tissue sample. In other embodi 
ments, the kits may further comprise a means for obtaining a 
tissue sample from a patient or donor, and/or a container to 
hold the tissue sample obtained. 
0104. In another embodiment, a kit for using the purified 
cell populations (e.g., for reconstituting injured or damaged 
cardiac tissue) is provided that comprises purified cardiac 
stem or progenitor cells and a vector Suitable for transducing 
the purified cardiac stem or progenitor cells that comprises a 
reporter gene (e.g., green fluorescent protein (GFP)) under 
the control of a cardiac specific promoter (e.g., GATA4 pro 
moter). For example, a kit may include: a first container 
containing purified cardiac stem or progenitor cells; and a 
second container containing a vector (e.g., a retroviral vector) 
that comprises the GFP gene under the control of GATA4 
promoter. 

Example 1 

Isolation and Characterization of Cardiac Stem Cell 
and Progenitor Cell Populations 

0105 Populations of Sca-1+ cardiac stem cells were iso 
lated and expanded using a two-stage method involving puri 
fication of CSCs from a primary tissue explant and cell 
enrichment. Mouse heart tissue was cultured as previously 
described (reference 10) with minor modification. Heart tis 
sues were obtained from male mice (2 month old) with 
approval of the Institutional Animal Care and Use Committee 
of University of South Florida. Tissues were minced into 
Small pieces and Subjected to enzymatic dissociation with a 
mixture of 0.2% trypsin and 0.1% collagenase IV (Worthing 
ton Biochemical Corp.) in PBS three times for 5 minutes at 
37°C. After treatment, the remaining tissue fragments were 
cultured as explants in explant medium (Iscove’s Modified 
Dulbecco's IMDM with 10% fetal calf serum (FBS), 100 
U/mL penicillin G, 100 ug/ml streptomycin, 2 mmol/L 
L-glutamine, and 0.1 mmol/L 2-mercaptoethanol) at 37°C. 
and 5% CO. 
0106. At 2-3 weeks after explanting of minced mouse 
heart tissue, a layer offibroblasts covered the culture dish, and 
round, phase-bright cells with different size migrated from 
the adherent explants (FIG. 1A). These cells were loosely 
attached to the fibroblast layer, and were collected periodi 
cally by simply washing with D-Hanks, to avoid damaging 
the integrity of cell Surface antigen, and centrifuging (FIG. 
1B). The cell suspension was filtered through a 40-um cell 
strainer (BD Falcon), and cell numbers were counted. To 
enrich for cardiac progenitor cells, Sca-1+ cells were sorted 
from the collected cells by positive selection with anti-Sca 
1-microbeads (Miltenyi Biotec) using a magnetic cell sorter 
device from Miltenyi Biotec. 

multiwell plates precoated with Matrigel (BDBiosciences) in 
media designated cell growth medium (CGM) (DMEM/F12, 
10% FBS, 200 mmol/L L-glutamine, 0.1 mmol/L B-mercap 
toethanol, 1% nonessential amino acids, 1000 units/ml LIF, 
0.1 unit/ml thrombin and 5 ng/ml basic fibroblast growth 
factor (bFGF)). This medium was conditioned by exposing it 
for 48 hours to fibroblast culture to dissolve paracrine factors 
from fibroblasts. The conditioned medium (CCGM) was 
mixed with fresh CGM medium at a 3:1 ratio, sterilized by 
filtration, and supplemented with additional bFGF at 5 ng/ml. 
0.108 Contrast microscope examinations showed that 
Sca-1+ cells were bright, round without fibroblast contami 
nation (FIG.1C). Some of them proliferated and became 2- to 
3-cell aggregates in Suspension after 3 to 5 days (FIG. 1C). 
These aggregates slowly increased in size, and gradually 
attached to the plate. The adherent cells sprouted new round 
bright cells at their cell body. After 2 weeks, the Sca-1+ cells 
formed three-dimensional spheres (FIG. 1D). These results 
demonstrate that CCGM culture medium can be used to 
expand Sca-1+ cells from mouse myocardium. 
0109 Limiting dilution assays were performed to test 
whether a single Sca-1+ cell from cardiosphere was able to 
form a sphere. Sorted Sca-1+ cells were seeded into 96-well 
plates at 1 cell/well (FIG.1E). Only wells containing a single 
cell were observed daily for proliferation. They started to 
proliferate 3 days after seeding, and a small aggregate devel 
oped after 10 days (FIG.1F). A typical cardiosphere appeared 
after approximately 3 weeks (FIG. 1G), indicating their 
capacity for self renewal. Sca-1+ cells maintained sphere 
forming capacity in the fibroblast-free CCGM medium, and 
then they gradually became flattened and stopped proliferat 
1ng. 

0110. The growth characteristics of the Sca-1+ cells were 
determined by seeding Sca-1+ cells or unsorted cells in a 100 
cm dish at the seeding density of 1x10" with CGM medium 
or conditional CGM medium, which was replaced every 3 
days. Cell growth curves were constructed based upon mean 
values measured by cell counting on day 4, day 7, day 10, day 
14 and day 17 (n=4/time point). FIG.1H shows growth curves 
demonstrating the effect of CCGM medium on proliferation 
dynamics of Sca-1+ cell. Compared to CGM medium, it was 
observed that the absence of cardiac fibroblast inhibited the 
proliferation of Sca-1+ cells, but the presence of CCGM 
medium improved the growth of Sca-1+ cell, resulting in cell 
growth similar to the growth curve of unsorted cardiosphere 
derived cells. The CCGM grown Sca-1+ cells were, however, 
fibroblast-free, unlike the unsorted cells. 
0111. The purity of sorted Sca-1+ cells was demonstrated 
by flow cytometry. Cultured Sca-1+ cells were blocked with 
5% BSA and stained with a panel of antibodies specific for 
Sca-1, CD45, c-kit, CD31, or CD34 (BD Pharmingen), or 
isotype controls. Cells were subjected to flow cytometry 
using BD LSRII flow cytometer and BD FACSDivaTM soft 
ware. As shown in FIGS. 2A-2B, 97.6% of sorted Sca-1+ 
cells were Sca-1+ CD45. The Sca-1+ cells lacked CD45, a 
marker of hematopoietic stem cells. Additional marker 
expression analysis indicated that Sca-1+ cells also expressed 
another stem cell marker, c-kit (19.8% FIG. 2C). The profile 
further suggested that a minority of cells expressed CD31 
(4.1%; FIG. 2D) or CD34 (6.5%: FIG. 2E) markers. 
0112 Phenotypic analysis of newly developing mouse 
Sca-1+ cells using immunofluorescence confocal micros 
copy was performed essentially as previously described (ref 
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erence 3). Cells and tissue were fixed with 4% paraformalde 
hyde. Primary antibodies specific for ABCG2 (Biotinylated 
antihuman, 1:100; R&D System), c-kit (Biotinylated anti 
mouse, 1:100; BD Pharmingen), VEGF R2 (Flk-1) (Biotiny 
lated anti-mouse, 1:100; R&D System), GATA4 (goat poly 
clonal, 1:100: Santa Cruz), Phospho-Histone H3 (Ser10) 
(rabbit polyclonal. 1:100: Upstate), Myosin (rabbit poly 
clonal, 1:100: Sigma-Aldrich), and Connexin 43 (mouse 
monoclonal. 1:100; BD Transduction Lab) were used in 
immunocytochemistry staining. Isotype-matched antibodies 
were used as control. These studies indicated that the Sca-1+ 
cells expressed other stem cell markers, including c-kit 
(FIGS. 3A1-3), ATP-binding cassette transporter (ABCG2), 
which is a marker for side population stem cells (reference 
15) (FIGS. 3B1-3), and the endothelial marker, Flk-1 (FIGS. 
3C1-3). 
0113 To further characterize the Sca-1+ cells, the pres 
ence of GATA4, a cardiac specific transcription factor, was 
examined by immunostaining. There were many GATA4 
positive cells among the Sca-1+ cells (FIGS. 3D1-3) with 
approximately 55% of the cells expressing detectable levels 
of GATA4. These results demonstrate that the cells express 
both a stem cell marker (Sca-1) and a cardiac specific tran 
Scription marker (GATA4). This finding is strong evidence 
that Sca-1+ cells from cardiospheres have entered a differen 
tiation pathway toward a cardiomyocyte phenotype. In addi 
tion, some of Sca-1 + cells expressed the serine-10 phospho 
rylation of histone H3 (FIGS. 3E1-3), a marker of mitotic 
Cdc2 activity and proliferative potential. 

Example 2 
In Vitro Differentiation of Cardiac Stem Cell and 

Progenitor Cell Populations 

0114. To analyze the spontaneous differentiation of Sca 
1 + cell-formed spheres, cardiac Sca-1+ cells isolated as 
described in Example 1 were exposed to low-serum medium 
(2% FBS) for 2 days, and assayed for the expression of the 
cardiomyocyte structure proteins, myosin and connexin43, 
by immunofluorescent staining. As shown in FIG. 4A-D. 
confocal immunofluorescence analysis of a cardiosphere 
using anti-connexin43 (green) and anti-myosin (red) antibod 
ies revealed spontaneous differentiation present in the periph 
eral Zone of sphere (FIG. 4A arrow). These results suggest 
that, in an in vitro low serum environment, Sca-1+ cell 
formed spheres are capable of differentiating into cardiomyo 
cytes. 

Example 3 
In Vivo Differentiation of Cardiac Stem Cell and 

Progenitor Cell Populations 

0115 The ability of Sca-1+ cells to differentiate and 
reconstitute the myocardium in vivo was examined in mice 
treated with Lac7-labeled Sca-1+ cells. To track the cells after 
transplantation in the heart, Sca-1+ cells were genetically 
engineered to express the Lac Z reporter gene. Sca-1+ cells 
were transduced with the retroviral reporter vector packaged 
from pCL-MFG-Lacz plasmid (Imgenex). Retronectin 
dishes (Takara Bio Inc.) were used to increase the transduc 
tion ratio of retrovirus. The transduction efficiency was evalu 
ated by Lacz detection kit for cells (InvivoGen). Transduc 
tion was measured at greater than 90% efficiency by B-gal 
staining (FIG. 5A). 
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0116 Male C57/BL6 mice (4 month old) were anesthe 
tized with sodium pentobarbital (40 mg/kg, i.p.) and 
mechanically ventilated. Myocardial infarction was induced 
via ligation of the left anterior descending coronary artery 2 
mm from the tip of the normally positioned left auricle as 
described previously (reference 2) (n=8). 10 min after liga 
tion, a 200 ul solution containing 1x10 Sca-1+ cells in PBS 
was intravenously injected into the mice through rightjugular 
vein. Hearts were harvested from the mice 1 month after cell 
injection. 
0117 The hearts were embedded in OCT compound and 
sectioned at 5 um. Incorporated Lacz-labeled cells were 
detected by the FITC conjugated anti-Laczantibody (1:500, 
Abcam). An anti-cTnI (1:100, Santa Cruz), anti-CD31 biotin 
antibody (1:100, BD PharMingen) and anti-SMA (1:100, 
Zymed Lab) were used for tissue sections. Primary antibody 
binding was detected via corresponding Streptavidin Alexa 
Fluor 488-conjugated, goat anti-rabbit Alexa Fluor 555-con 
jugated, goat anti-rabbit Alexa Fluor 488-conjugated or don 
key anti-goat Alexa Fluor 488 secondary antibodies (1:500; 
Invitrogen). Nuclei were counterstained with either Draq.5 
(Alexis Biochemicals) or PE (Vector Lab) to show nuclei. 
Staining was observed using a Leica TCS confocal micro 
Scope. 
0118 Donor cells were detected in the myocardium by 
laser confocal microscopy 1 month after cell transplantation. 
Double staining of sections for Lac Z and cardiac-specific 
proteins indicated that Lacz colocalized with cTnI (FIG. 5B), 
indicating that Sca-1+ cells developed into cardiac myocyte 
like cells after transplantation. Graft cells expressing B-gal 
also integrated into blood vessels and expressed endothelial 
cell marker-CD31 (FIG.5C) and smooth muscle cell marker 
smooth muscle O.-actin (SM-actin) (FIG.5D), demonstrating 
that grafted Sca-1+ cells also differentiated into endothelium 
and Smooth muscle. 
0119) All of the above U.S. patents, U.S. patent applica 
tion publications, U.S. patent applications, foreign patents, 
foreign patent applications and non-patent publications 
referred to in this specification and/or listed in the Application 
Data Sheet, are incorporated herein by reference, in their 
entirety. 
0.120. From the foregoing it will be appreciated that, 
although specific embodiments of the invention have been 
described herein for purposes of illustration, various modifi 
cations may be made without deviating from the spirit and 
Scope of the invention. Accordingly, the invention is not lim 
ited except as by the appended claims. 
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1. A method of preparing an isolated cell population 

enriched in stem cells or progenitor cells, comprising: 
(a) culturing a tissue sample; 
(b) obtaining cells that migrate above adherent fibroblasts 

during said culturing; 
(c) cloning one or more cells obtained in (b) to produce one 

or more clonogenic populations; 
(d) identifying one or more clonogenic populations having 

a desired phenotype; 
(e) isolating stem cells or progenitor cells from the one or 
more clonogenic populations identified in Step (d) by 
cell sorting using one or more cell Surface or internal 
markers of stem cells or progenitor cells; and 

(f) culturing the isolated stem cells or progenitor cells in 
conditioned media in the absence offeeder cells; 

thereby obtaining an isolated cell population enriched in 
stem cells or progenitor cells. 

2.-34. (canceled) 


