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(7) ABSTRACT

The present invention provides a method of stimulating
vasculogenesis of myocardial infarct damaged tissue in a
subject comprising: (a) removing stem cells from a location
in the subject; (b) recovering endothelial progenitor cells in
the stem cells; (¢) introducing the endothelial progenitor
cells from step (b) into a different location in the subject
such that the precursors migrate to and stimulate revascu-
larization of the tissue. The stem cells may be removed
directly or by mobilization. The endothelial progenitor cells
may be expanded before introduction into the subject. The
present invention further provides a method of inducing
angiogenesis in peri-infarct tissue. The present invention
further provides a method of selectively increasing the
trafficking of human bone marrow-derived endothelial cell
precursors to the site of tissue damaged by ischemic injury
which comprises: (a) administering endothelial progenitor
cells to a subject; (b) administering chemokines to the
subject so as to thereby attract endothelial cell precursors to
the ischemic tissue. The present invention provides a method
of stimulating vasculogenesis or angiogenesis of myocardial
infarct damaged tissue in a subject comprising injecting
allogeneic stem cells into a subject. The present invention
further provides a method of improving myocardial function
in a subject that has suffered a myocardial infarct comprising
any of the instant methods. The present invention further
provides a method of improving myocardial function in a
subject that has suffered a myocardial infarct comprising
injecting G-CSF or anti-CXCR4 antibody into the subject in
order to mobilize endothelial progenitor cells.
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IDENTIFICATION AND USE OG HUMAN BONE
MARROW-DERIVED ENDOTHELIAL
PROGENITOR CELLS TO IMPROVE

MYOCARDIAL FUNCTION AFTER ISCHEMIC

INJURY

[0001] This application is a continuation-in-part and
claims priority of U.S. Ser. No. 09/587,441, filed Jun. 5,
2000, the contents of which are hereby incorporated by
reference.

[0002] Throughout this application, various references are
referred to within parentheses. Disclosures of these publi-
cations in their entireties are hereby incorporated by refer-
ence into this application to more fully describe the state of
the art to which this invention pertains. Full bibliographic
citation for these references may be found at the end of this
application, preceding the claims.

BACKGROUND OF THE INVENTION

[0003] Left ventricular remodeling after myocardial inf-
arction is a major cause of subsequent heart failure and
death. The capillary network cannot keep pace with the
greater demands of the hypertrophied but viable myocar-
dium, resulting in myocardial death and fibrous replacement.
The first series of experiments of the present invention,
described below, show that human adult bone marrow
contains endothelial cell precursors with phenotypic and
functional characteristics of embryonic hemangioblasts, and
that these can be mobilized, expanded, and used to induce
infarct bed vasculogenesis after experimental myocardial
infarction. The neo-angiogenesis results in significant and
sustained increase in viable myocardial tissue, reduction in
collagen deposition, and improved myocardial function. The
use of cytokine-mobilized autologous human bone marrow-
derived angioblasts for revascularization of myocardial inf-
arct tissue, alone or in conjunction with currently used
therapies, offers the potential to significantly reduce mor-
bidity and mortality associated with left ventricular remod-
eling post-myocardial infarction.

[0004] Although prompt reperfusion within a narrow time
window has significantly reduced early mortality from acute
myocardial infarction, post-infarction heart failure is
increasing and reaching epidemic proportions (1). Left ven-
tricular remodeling after myocardial infarction, character-
ized by expansion of the initial infarct area, progressive
thinning of the wall surrounding the infarct, and dilation of
the left ventricular lumen, has been identified as a major
prognostic factor for subsequent heart failure (2,3). This
process is accompanied by transcription of genes normally
expressed only in the fetal state, rapid and progressive
increase in collagen secretion by cardiac fibroblasts, depo-
sition of fibrous tissue in the ventricular wall, increased wall
stiffness, and both diastolic and systolic dysfunction (4,5).
Hypoxia directly stimulates collagen secretion by cardiac
fibroblasts, while inhibiting DNA synthesis and cellular
proliferation (6). In animal models, late reperfusion follow-
ing experimental myocardial infarction at a point beyond
myocardial salvage significantly benefits remodeling (7).
Moreover, the presence of a patent infarct related artery is
consistently associated with survival benefits in the post-
infarction period in humans (8). This appears to be due to
adequate reperfusion of the infarct vascular bed which
modifies the ventricular remodeling process and prevents
abnormal changes in wall motion (9).

Jul. 8, 2004

[0005] Successful reperfusion of non-cardiac tissues ren-
dered ischemic in experimental animal models has recently
been demonstrated by use of either circulating or bone
marrow-derived cellular elements (10-13). Although the
precise nature of these cells was not defined in these studies,
the presence of precursor cells in both adult human circu-
lation and bone marrow which have the capability to dif-
ferentiate into functional endothelial cells, a process termed
vasculogenesis (14-16), has been shown. In the pre-natal
period, precursor cells derived from the ventral endothelium
of the aorta in human and lower species have been shown to
give rise to cellular elements involved in both the processes
of vasculogenesis and hematopoiesis (17,18). These cells
have been termed embryonic hemangioblasts, are character-
ized by expression of CD34, CD117 (stem cell factor
receptor), Flk-1 (vascular endothelial cell growth factor
receptor-2, VEGFR-2), and Tie-2 (angiopoietin receptor),
and have been shown to have high proliferative potential
with blast colony formation in response to VEGF (19-22).
The subsequent proliferation and differentiation of embry-
onic hemangioblasts to adult-type pluripotent stem cells
appears to be related to co-expression of the GATA-2
transcription factor, since GATA-2 knockout embryonic
stem cells have a complete block in definitive hematopoiesis
and seeding of the fetal liver and bone marrow (23). More-
over, the earliest precursor of both hematopoietic and endot-
helial cell lineage to have diverged from embryonic ventral
endothelium has been shown to express VEGF receptors as
well as GATA-2 and alpha4-integrins (24). The first series of
experiments of the present invention shows that GATA-2
positive stem cell precursors are also present in adult human
bone marrow, demonstrate properties of hemangioblasts,
and can be used to induce vasculogenesis, thus preventing
remodeling and heart failure in experimental myocardial
infarction.

[0006] Growth of new vessels from pre-existing mature
endothelium has been termed angiogenesis, and can be
regulated by many factors including certain CXC chemok-
ines (47-50). In contrast, vasculogenesis is mediated by bone
marrow-derived endothelial precursors (51-53) with pheno-
typic characteristics of embryonic angioblasts and growth/
differentiation properties regulated by receptor tyrosine
kinases such as vascular endothelial growth factor (VEGF)
(54-57). Therapeutic vasculogenesis (58-61) has the poten-
tial to improve perfusion of ischemic tissues, however the
receptor/ligand interactions involved in selective trafficking
of endothelial precursors to sites of tissue ischemia are not
known. The second series of experiments of the present
invention, described below, show that vasculogenesis can
develop in infarcted myocardium as a result of interactions
between CXC receptors on human bone marrow-derived
angioblasts and ELR-positive CXC chemokines induced by
ischemia, including IL-8 and Gro-alpha. Moreover, redi-
rected trafficking of angioblasts from the bone marrow to
ischemic myocardium can be achieved by blocking CXCR4/
SDF-1 interactions, resulting in increased vasculogenesis,
decreased myocardial death and fibrous replacement, and
improved cardiac function. The results of the experiments
indicate that CXC chemokines, including IL.-8, Gro-alpha,
and stromal-derived factor-1 (SDF-1), play a central role in
regulating vasculogenesis in the adult human, and suggest
that manipulating interactions between CXC chemokines
and their receptors on bone marrow-derived angioblasts can
lead to optimal therapeutic vasculogenesis and salvage of
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ischemic tissues. The third series of experiments, described
below, show that CC chemokines also play a role in medi-
ating angioblast chemotaxis to ischemic myocardium.

[0007] The angiogenic response during wound repair or
inflammation is thought to result from changes in adhesive
interactions between endothelial cells in pre-existing vascu-
lature and extracellular matrix which are regulated by
locally-produced factors and which lead to endothelial cell
migration, proliferation, reorganization and microvessel for-
mation (70). The human CXC chemokine family consists of
small (<10 kD) heparin-binding polypeptides that bind to
and have potent chemotactic activity for endothelial cells.
Three amino acid residues at the N-terminus (Glu-Leu-Arg,
the ELR motif) determine binding of CXC chemokines such
as IL-8 and Gro-alpha to CXC receptors 1 and 2 on
endothelial cells (49,71), thus promoting endothelial chemo-
taxis and angiogenesis (47-48). In contrast, CXC chemok-
ines lacking the ELLR motif bind to different CXC receptors
and inhibit growth-factor mediated angiogenesis (49-72).
Although SDF-1, an ELR-negative CXC chemokine, is a
potent inducer of endothelial chemotaxis through interac-
tions with CXCR4 (73), its angiogenic effects appear to be
limited to the developing gastrointestinal tract vascular
system (50).

[0008] Vasculogenesis first occurs during the pre-natal
period, with haemangioblasts derived from the human ven-
tral aorta giving rise to both endothelial and haematopoietic
cellular elements (74,75). Similar endothelial progenitor
cells have recently been identified in adult human bone
marrow (51-53), and shown to have the potential to induce
vasculogenesis in ischemic tissues (59-61). However, the
signals from ischemic sites required for chemoattraction of
such bone marrow-derived precursors, and the receptors
used by these cells for selective trafficking to these sites, are
unknown. Following myocardial infarction a process of
neoangiogenesis occurs (62,63), but is insufficient to sustain
viable tissue undergoing compensatory hypertrophy, leading
to further cell death, expansion of the initial infarct area, and
collagen replacement (64-66). This process, termed remod-
eling, results in progressive heart failure (67-69). In the
experiments described below, a nude rat model of myocar-
dial infarction was used to investigate whether CXC
chemokines containing the ELR motif regulate migration of
human bone marrow-derived angioblasts to sites of tissue
ischemia. Moreover, since selective bone marrow homing
and engraftment of haematopoietic progenitors depends on
CXCR4 binding to SDF-1 expressed constitutively in the
bone marrow (76-78), whether interruption of CXCR4/
SDF-1 interactions could redirect trafficking of human bone
marrow-derived angioblasts to sites of tissue ischemia,
thereby augmenting therapeutic vasculogenesis, was exam-
ined. The results of the experiments indicate that CXC
chemokines, including IL.-8, Gro-alpha, and SDF-1, play a
central role in regulating human adult bone marrow-depen-
dent vasculogenesis. Further, the fourth series of experi-
ments described below show that stem cells can induce
angiogenesis in peri-infarct tissue.

SUGARY OF THE INVENTION

[0009] This invention provides a method of stimulating
vasculogenesis in ischemia-damaged tissue of a subject
comprising:
[0010] (a) removing stem cells from a location within
the subject;
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[0011] (b) recovering endothelial progenitor cells
from the stem cells removed in step (a); and

[0012] (¢) introducing the endothelial progenitor
cells from step (b) into a different location within the
subject such that the endothelial progenitor cells
stimulate vasculogenesis in the subject’s ischemia-
damaged tissue.

[0013] This invention also provides the instant method,
wherein subsequent to step (b), but before step (c), the
endothelial progenitor cells are expanded by contacting
them with a growth factor.

[0014] This invention also provides the instant method,
wherein the growth factor is a cytokine.

[0015] This invention also provides the instant method,
wherein the cytokine is VEGF, FGE, G-CSF, IGF, M-CSF, or
GM-CSF.

[0016] This invention also provides the instant method,
wherein the growth factor is a chemokine.

[0017] This invention also provides the instant method,
wherein the chemokine is Interleukin-8.

[0018] This invention also provides the instant method,
wherein the endothelial progenitor cells are separated from
other stem cells before expansion.

[0019] This invention also provides the instant method,
wherein the ischemia-damaged tissue is myocardium.

[0020] This invention also provides the instant method,
wherein the ischemia-damaged tissue is nervous system
tissue.

[0021] This invention also provides the instant method,
wherein the stem cells are removed from the subject’s bone
Marrow.

[0022] This invention also provides the instant method,
wherein the removal of the stem cells from the bone marrow
is effected by aspiration from the subject’s bone marrow.

[0023] This invention also provides the instant method,
wherein the removal of the stem cells from the subject is
effected by a method comprising:

[0024] (a) introducing a growth factor into the subject
to mobilize the stem cells into the subject’s blood;
and

[0025] (b) removing a sample of blood containing the
stem cells from the subject.

[0026] This invention also provides the instant method,
wherein the growth factor is introduced into the subject
subcutaneously, orally, intravenously or intramuscularly.

[0027] This invention also provides the instant method,
wherein the growth factor is a chemokine that induces
mobilization.

[0028] This invention also provides the instant method,
wherein the chemokine is Interleukin-8.

[0029] This invention also provides the instant method,
wherein the growth factor is a cytokine.

[0030] This invention also provides the instant method,
wherein the cytokine is G-CSF, M-CSF, or GM-CSF.
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[0031] This invention also provides the instant method,
wherein the endothelial progenitor cells are recovered based
upon their expression of CD117.

[0032] This invention also provides the instant method,
wherein the endothelial progenitor cells are recovered based
upon their expression of a GATA-2 activated gene product.

[0033] This invention also provides the instant method,
wherein the endothelial progenitor cells are recovered based
upon their expression of one or more of CD34, VEGF-R,
Tie-2, GATA-3 or AC133.

[0034] This invention also provides the instant method,
wherein the subject has suffered or is suffering from one or
more of the following: myocardial infarction, chronic heart
failure, ischemic heart disease, coronary artery disease,
diabetic heart disease, hemorrhagic stroke, thrombotic
stroke, embolic stroke, limb ischemia, or another discase in
which tissue is rendered ischemic.

[0035] This invention also provides the instant method,
wherein step (a) occurs prior to the subject suffering
ischemia-damaged tissue and wherein step (c) occurs after
the subject has suffered ischemia-damaged tissue.

[0036] This invention also provides the instant method,
wherein the endothelial progenitor cells are frozen for a
period of time between steps (b) and (c).

[0037] This invention also provides the instant method,
wherein the endothelial progenitor cells are frozen for a
period of time after being expanded but before step (c) is
performed.

[0038] This invention also provides the instant method,
wherein the endothelial progenitor cells are introduced into
the subject by injection directly into the peripheral circula-
tion, heart muscle, left ventricle, right ventricle, coronary
artery, cerebro-spinal fluid, neural tissue, ischemic tissue, or
post-ischemic tissue.

[0039] This invention also provides the instant method,
further comprising administering to the subject one or more
of the following: an inhibitor of Plasminogen Activator
Inhibitor, Angiotensin Converting Enzyme Inhibitor or a
beta blocker, wherein such administration occurs prior to,
concomitant with, or following step (c).

[0040] This invention also provides a method of stimulat-
ing angiogenesis in peri-infarct tissue in a subject compris-
ing:
[0041] (a) removing stem cells from a location within
a subject;

[0042] (b) recovering endothelial progenitor cells
from the stem cells removed in step (a);

[0043] (c) expanding the endothelial progenitor cells
recovered in step (b) by contacting the progenitor
cells with a growth factor; and

[0044] (d) introducing the expanded endothelial pro-
genitor cells from step (¢) into a different location in
the subject such that the endothelial progenitor cells
stimulate angiogenesis in peri-infarct tissue in the
subject.

[0045] This invention also provides a method of selec-
tively increasing the trafficking of endothelial progenitor
cells to ischemia-damaged tissue in a subject comprising:
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[0046] (a) administering endothelial progenitor cells
to a subject; and

[0047] (b) administering a chemokine to the subject
so as to thereby attract the endothelial progenitor
cells to the ischemia-damaged tissue.

[0048] This invention also provides the instant method,
wherein the chemokine is administered to the subject prior
to administering the endothelial progenitor cells.

[0049] This invention also provides the instant method,
wherein the chemokine is administered to the subject con-
currently with the endothelial progenitor cells.

[0050] This invention also provides the instant method,
wherein the chemokine is administered to the subject after
administering the endothelial progenitor cells.

[0051] This invention also provides the instant method,
wherein the chemokine is a CXC chemokine.

[0052] This invention also provides the instant method,
wherein the CXC chemokine is selected from the group
consisting of Interleukin-8, Gro-Alpha, or Stromal-Derived
Factor-1.

[0053] This invention also provides the instant method,
wherein the chemokine is a CC chemokine.

[0054] The method of claim 34, wherein the CC chemok-
ine is selected from the group consisting of RANTES,
EOTAXIN, MCP-1, MCP-2, MCP-3, or MCP-4.

[0055] This invention also provides the instant method,
wherein the chemokine is administered to the subject by
injection into the subject’s peripheral circulation, heart
muscle, left ventricle, right ventricle, coronary arteries,
cerebro-spinal fluid, neural tissue, ischemic tissue, or post-
ischemic tissue.

[0056] This invention also provides a method of increas-
ing trafficking of endothelial progenitor cells to ischemia-
damaged tissue in a subject comprising inhibiting any inter-
action between Stromal-Derived Factor-1 and CXCR4.

[0057] This invention also provides the instant method,
wherein interaction between Stromal-Derived Factor-1
(SDF-1)and CXCR4 is inhibited by administration of an
anti-SDF-1 or an anti-CXCR4 monoclonal antibody to the
subject.

[0058] This invention also provides the instant method,
further comprising administering to the subject an angio-
tensin converting enzyme inhibitor, an AT, -receptor blocker,
or a beta blocker.

[0059] This invention also provides a method of reducing
trafficking of endothelial progenitor cells to bone marrow in
a subject comprising inhibiting production of Stromal-De-
rived Factor-1 in the subject’s bone marrow.

[0060] This invention also provides the instant method,
wherein SDF-1 production is inhibited by administration of
an anti-SDF-1 or anti-CXCR4 monoclonal antibody to the
subject.

[0061] This invention also provides a method for treating
a cancer in a subject comprising administering to the subject
a monoclonal antibody directed against an epitope of a
specific chemokine produced by proliferating cells associ-
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ated with the cancer so as to reduce trafficking of endothelial
progenitor cells to such proliferating cells and thereby treat
the cancer in the subject.

[0062] This invention also provides a method for treating
a cancer in a subject comprising administering to the subject
a monoclonal antibody directed against an epitope of a
specific receptor located on an endothelial progenitor cell,
for a chemokine produced by proliferating cells associated
with the cancer, so as to reduce trafficking of the endothelial
progenitor cell to such proliferating cells and thereby treat
the cancer in the subject.

[0063] This invention also provides a method for treating
a tumor in a subject comprising administering to the subject
an antagonist to a specific receptor on an endothelial pro-
genitor cell so as to reduce the progenitor cell’s ability to
induce vasculogenesis in the subject’s tumor and thereby
treat the tumor.

[0064] This invention also provides a method for treating
a tumor in a subject comprising administering to the subject
an antagonist to a specific receptor on an endothelial pro-
genitor cell so as to reduce the progenitor cell’s ability to
induce angiogenesis in the subject’s tumor and thereby treat
the tumor.

[0065] This invention also provides the instant method,
wherein the receptor is a CD117 receptor.

[0066] This invention also provides a method for express-
ing a gene of interest in an endothelial progenitor cell or a
mast progenitor cell which comprises inserting into the cell
a vector comprising a promoter containing a GATA-2 motif
and the gene of interest.

[0067] This invention also provides the instant method,
wherein the vector is inserted into the cell by transfection.

[0068] This invention also provides the instant method,
wherein the promoter is a preproendothelin-1 promoter.

[0069] This invention also provides the instant method,
wherein the promoter is of mammalian origin.

[0070] This invention also provides the instant method,
wherein the promoter is of human origin.

[0071] This invention provides a composition comprising
an amount of a monoclonal antibody directed against an
epitope of a specific chemokine produced by a cancer
effective to reduce trafficking of endothelial progenitor cells
to the cancer, and a pharmaceutically acceptable carrier.

[0072] This invention provides a method of treating an
abnormality in a subject wherein the abnormality is treated
by the expression of a GATA-2 activated gene product in the
subject comprising:

[0073] (a) removing stem cells from a location within

the subject;

[0074] (b) recovering endothelial progenitor cells
from the stem cells removed in step (a);

[0075] (c) recovering those endothelial progenitor
cells recovered in step (b) that express GATA-2;

[0076] (d) inducing the cells recovered in step (c) as
expressing GATA-2 to express a GATA-2 activated
gene product; and
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[0077] (e) introducing the cells expressing a GATA-2
activated gene product from step (d) into a different
location in the subject such as to treat the abnormal-
ity.

[0078] This invention provides a method of treating an
abnormality in a subject wherein the abnormality is treated
by the expression of a GATA-2 activated gene product in the
subject comprising:

[0079] (a) removing stem cells from a location within
the subject;

[0080] (b) recovering mast progenitor cells from the
stem cells removed in step (a);

[0081] (c) recovering those mast progenitor cells
recovered in step (b) that express GATA-2;

[0082] (d) inducing the cells recovered in step (c) as
expressing GATA-2 to express a GATA-2 activated
gene product; and

[0083] (e) introducing the cells expressing a GATA-2
activated gene product from step (d) into a different
location in the subject such as to treat the abnormal-
ity

[0084] This invention provides the instant method,
wherein the abnormality is ischemia-damaged tissue.

[0085] This invention provides the instant method,
wherein the gene product is proendothelin.

[0086] This invention provides the instant method,
wherein the gene product is endothelin.

[0087] This invention provides the a method of improving
myocardial function in a subject that has suffered a myo-
cardial infarct comprising:

[0088] (a) removing stem cells from a location in the
subject;

[0089] (b) recovering cells that express CD117 from
the stem cells; and

[0090] (c) introducing the recovered cells into a dif-
ferent location in the subject such that the cells
improve myocardial function in the subject.

[0091] This invention provides the instant methods,
wherein the subject is of mammalian origin.

[0092] This invention provides the instant method,
wherein the mammal is of human origin.

[0093] This invention also provides a method of stimulat-
ing vasculogenesis in ischemia-damaged tissue in a subject
comprising:

[0094] (a) obtaining allogeneic stem cells;

[0095] (b) recovering endothelial progenitor cells
from the stem cells removed in step (a); and

[0096] (c) introducing the endothelial progenitor
cells recovered in step (b) into the subject such that
the endothelial progenitor cells stimulate vasculo-
genesis in the subject’s ischemia-damaged tissue.

[0097] This invention provides the instant method,
wherein the allogeneic stem cells are obtained from embry-
onic, fetal or cord blood sources.
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[0098] This invention provides a method of stimulating
angiogenesis in ischemia-damaged tissue in a subject com-
prising:

[0099] (a) obtaining allogeneic stem cells;

[0100] (b) recovering endothelial progenitor cells in
the stem cells removed in step (a); and

[0101] (¢) introducing the endothelial progenitor
cells recovered in step (b) into the subject such that
the endothelial progenitor cells stimulate angiogen-
esis in the subject’s ischemia-damaged tissue.

[0102] This invention provides the instant method,
wherein the allogeneic stem cells are obtained from embry-
onic, fetal or cord blood sources.

[0103] This invention also provides a method of improv-
ing myocardial function in a subject that has suffered a
myocardial infarct comprising injecting G-CSF into the
subject in order to mobilize endothelial progenitor cells.

[0104] This invention also provides a method of improv-
ing myocardial function in a subject that has suffered a
myocardial infarct comprising injecting anti-CXCR4 anti-
body into the subject.

[0105] This invention also provides the instant method
further comprising introducing endothelial progenitor cells
into the subject.

[0106] This invention also provides the instant method
further comprising introducing G-CSF into the subject in
order to mobilize endothelial progenitor cells.

BRIEF DESCRIPTION OF THE FIGURES

[0107] FIG. 1. G-CSF Mobilizes Two Human Bone Mar-
row-Derived Populations Expressing VEGF Receptors: One
With Characteristics Of Mature Endothelial Cells. And A
Second With Characteristics Of Embryonic Angioblasts.

[0108] A-D depicts four-parameter flow cytometric phe-
notype characterization of G-CSF mobilized bone marrow-
derived cells removed by leukopharesis from a representa-
tive human donor adult (25). Only live cells were analyzed,
as defined by 7-AAD staining. For each marker used, shaded
areas represent background log fluorescence relative to
isoytpe control antibody.

[0109] A. Following immunoselection of mono-
nuclear cells (25), >95% of live cells express CD34.

[0110] B. The CD34+CD117%™ subset contains a
population with phenotypic characteristics of
mature, vascular endothelium.

[0111] C. The CD34+CD117""€" subset contains a
population expressing markers characteristic of
primitive hemangioblasts arising during waves of
murine and human embryogenesis.

[0112] D. CD34+CD117°%8" cells co-expressing
GATA-2 and GATA-3 also express AC133, another
marker which defines hematopoietic cells with
angioblast potential.

[0113] FIG. 2. Bone Marrow-Derived Angioblasts (BA)
Have Greater Proliferative Activity In Response To Both
VEGF And Ischemic Serum Than Bone Marrow-Derived
Endothelial Cells (BMEC).
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[0114] Depicted is the response of single-donor CD34-
positive human cells sorted by a fluorescent GATA-2 mAb
and cultured for 96 hours in RPMI with 20% normal rat
serum, ischemic rat serum or 20 ng/ml VEGF. The numbers
of CD117°"#"GATA-27>* and CD117%"™ GATA-2"€ cells
were quantitated by both [>H] thymidine uptake and by flow
cytometry.

[0115] A. In comparison to culture in normal serum,
the proliferative responses to either VEGF or
ischemjc serum were significantly higher for
CD117 ~ GATA-2P°* BA relative to
CD117*™GATA-2"*BMEC from the same donor
(both p<0.01).

[0116] B. The population expanded by culture with
either VEGF or ischemic serum and characterized by
multip%ggahpeter flow cytometric analysis as
CD117 = GATA-2P°% consisted of large blast cells,
as demonstrated by high forward scatter (fsc).

[0117] %.gh ~ The  cxpanded  population  of
CD117 = GATA-2P** cells did not demonstrate
increased surface expression of mature endothelial
cell markers after culture with VEGF in comparison
to culture with normal medium, indicating blast
proliferation without differentiation.

[0118] FIG. 3. Highly Purified Human Bone Marrow-
Derived CD34 Cells Differentiate Into Endothelial Cells
After in Vitro Culture.

[0119] Culture of highly-purified CD34+ human cells for
7 days in endothelial growth medium results in outgrowth of
cells with morphologic and characteristic features of mature
endothelial cell monolayers. The majority of the monolayers
(>90%) demonstrate:

[0120] A. Exuberant cobblestone pattern of cellular
proliferation and growth;

[0121] B. Uniform uptake of Dil-labeled acetylated
LDL;

[0122] C. CD34 expression, as measured by immu-
nofluorescence using a fluorescein-conjugated mAb;

[0123] D. Factor VIII expression, as measured by
immunoperoxidase using a biotin-conjugated mAb;
and

[0124] E. Expression of eNOS, determined by in situ
hybridization using a specific probe.

[0125] FIG. 4. In vivo migratory and proliferative char-
acteristics of bone marrow- and peripheral vasculature-
derived human cells after induction of myocardial ischemia.

[0126] A-C. Intravenous injection of 2x10° Dil-la-
beled human CD34-enriched cells (>95% CD34
purity), CD34-negative cells (<5% CD34 purity), or
saphenous vein endothelial cells (SVEC), into nude
rats after coronary artery ligation and infarction.
Each human cellular population caused a similar
degree of infiltration in infarcted rat myocardium at
48 hours.

[0127] D. A sham procedure, with no human cells
found in the non-infarcted rat heart.
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[0128] E. Measurement of human GATA-2 mRNA
expression in the bone marrow and heart of infarcted
rats receiving either CD34-positive cells (>95%
CD34 purity), CD34-negative cells (<5% CD34
purity), normalized for total human RNA measured
by GAPDH expression. GATA-2 mRNA in ischemic
tissue is expressed as the fold increase above that
present under the same experimental condition in the
absence of ischemia. Bone marrow from ischemic
rats receiving either CD34+ or CD34- cells con-
tained similar levels of human GATA-2 mRNA, and
showed a similar fold induction in GATA-2 mRNA
expression after ischemia. In contrast, ischemic
hearts of rats receiving CD34+ cells contained much
higher levels of human GATA-2 mRNA than those
receiving CD34- cells. Moreover, the degree of
increase in GATA-2 mRNA expression after infarc-
tion was 2.6-fold higher for hearts infiltrated by
CD34+ cells compared with CD34- cells, indicating
that GATA-2+ cells within the CD34+ fraction selec-
tively traffic to ischemic myocardium.

[0129] F. Consecutive sections of a blood vessel
within the infarct bed of a nude rat two weeks after
injection of human CD34+ cells. The vessel incor-
porates human endothelial cells, as defined by co-
expression of Dil, HLA class I as measured by
immunofluorescence using a fluorescein-conjugated
mAb, and factor VIII, as measured by immunoper-
oxidase using a biotin-conjugated mAb.

[0130] FIG. 5. Injection of G-CSF Mobilized Human
CD34+ Cells Into Rats With Acute Infarction Improves
Myocardial Function.

[0131] A-D compares the functional effects of injecting
2x10 G-CSF mobilized human CD34+ (>95% purity) cells,
CD34- (<5% purity) cells, peripheral saphenous vein cells,
or saline, into infarcted rat myocardium.

[0132] A. Although left ventricular ejection fraction
(LVEF) was severely depressed in each group of
recipients after LAD ligation, only injection of
G-CSF mobilized adult human CD34+ cells was
accompanied by significant, and sustained, LVEF
recovery (p<0.001). LVEF recovery was calculated
as the mean % improvement between LVEF after
LAD ligation and pre-infarct LVEFE.

[0133] B. Similarly, although left ventricular end-
systolic area (LVAS) was markedly increased in each
group of recipients after LAD ligation, only injection
of G-CSF mobilized adult human CD34+ cells was
accompanied by significant, and sustained, reduction
in LVAs (p<0.001) Reduction in LVAs was calcu-
lated as the mean % improvement between LVAs
after LAD ligation and pre-infarct [.VAs.

[0134] C. Representative echocardiographic
examples from each group are shown. At 48 hours
after LAD ligation, diastolic function is severely
compromised in each rat.

[0135] At two weeks after injection, diastolic function is
improved only in the rat receiving CD34+ cells. This effect
persists at 15 weeks.

[0136] D. At 15 weeks post-infarction, rats injected
with CD34+ cells demonstrated significantly less
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reduction in mean cardiac index relative to normal
rats than each of the other groups (p<0.001).

[0137] FIG. 6. Injection Of G-CSF Mobilized Human
CD34+ Cells Into Rats With Acute Infarction Induces Neo-
Angiogenesis And. Modifies The Process Of Myocardian
Remodeling.

[0138] A-D depicts infarcted rat myocardium at two
weeks post-LAD ligation from representative experimental
and control animals stained with either hematoxylin and
eosin (A,B) or immunoperoxidase following binding of
anti-factor VIII mAb (C,D). E,F depicts Mason trichrome
stain of infarcted rat myocardium from representative con-
trol and experimental animals at 15 weeks post-LAD liga-
tion. G depicts between-group differences in % scar/normal
left ventricular tissue at 15 weeks.

[0139] A. Infarct zone of rat injected with human
CD34+ cells demonstrates significant increase in
microvascularity and cellularity of granulation tis-
sue, numerous capillaries (arrowheads), feeding ves-
sels (arrow), and decrease in matrix deposition and
fibrosis (x200).

[0140] B. In-contrast, infarct zone of control rat
injected with saline shows a myocardial scar com-
posed of paucicellular, dense fibrous tissue (arrows)
(x200).

[0141] C. Ischemic myocardium of rat injected with
human CD34+ cells demonstrates numerous factor
VIlI-positive interstitial angioblasts (arrows), and
diffuse increase in factor VIII-positive capillaries
(arrowheads) (x400).

[0142] D. Ischemic myocardium of rat injected with
saline does not contain factor VIII-positive angio-
blasts (arrows), and demonstrates only focal areas of
granulation tissue with factor VIII positive vascular-
ity (arrowheads) (x400).

[0143] E. Trichrome stain of rat myocardium at 15
weeks post-infarction in rat injected with saline
(x25). The collagen rich myocardial scar in the
anterior wall of the left ventricle (ant.) stains blue
and viable myocardium stains red. Focal islands of
collagen deposition (blue) are also present in the
posterior wall of the left ventricle (post). There is
extensive loss of anterior wall myocardial mass, with
collagen deposition and scar formation extending
almost through the entire left ventricular wall thick-
ness, causing aneurysmal dilatation and typical EKG
abnormalities (persistent ST segment elevation).

[0144] F. In contrast, trichrome stain of rat myocar-
dium at 15 weeks post-infarction in rat receiving
highly purified CD34+ cells (x25) demonstrates sig-
nificantly reduced infarct zone size together with
increased mass of viable myocardium within the
anterior wall (ant.) and normal EKG. Numerous
vessels are evident at the junction of the infarct zone
and viable myocardium. There is no focal collagen
deposition in the left ventricular posterior wall
(post).

[0145] G. Rats receiving CD34+ cells had a signifi-
cant reduction in mean size of scar tissue relative to
normal left ventricular myocardium compared with
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each of the other groups (p<0.01). Infarct size,
involving both epicardial and endocardial regions,
was measured with a planimeter digital image ana-
lyzer and expressed as a percentage of the total
ventricular circumference at a given slice. For each
animal, final infarct size was calculated as the aver-
age of 10-15 slices.

[0146] FIG. 7. Human Adult Bone Marrow-Derived
Endothelial Precursor Cells Infiltrate Ischemic Myocardium,
Inducing Infarct Bed Neoangiogenesis And Preventing Col-
lagen Deposition.

[0147] A. Four-parameter flow cytometric pheno-
typic characterization of G-CSF mobilized bone
marrow-derived cells removed by leukopheresis
from a representative human donor adult. Only live
cells were analyzed, as defined by 7-AAD staining.
For each marker used, shaded areas represent back-
ground log fluorescence relative to isotype control
antibody. The CD34+CD117°"#™ subset contains a
population expressing markers characteristic of
primitive haemangioblasts arising during waves of
murine and human embryogenesis, but not markers
of mature endothelium. These cells also express
CXC chemokine receptors.

[0148] B. Dil-labeled human CD34-enriched cells
(>98% CD34 purity) injected intravenously into
nude rats infiltrate rat myocardium after coronary
artery ligation and infarction but not after sham
operation at 48 hours.

[0149] C. The myocardial infarct bed at two weeks
post-LAD ligation from representative rats receiving
2.0x10° G-CSF mobilized human bone marrow-de-
rived cells at 2%, 40%, or 98% CD34+ purity, and
stained with either Masson’s trichrome or immunop-
eroxidase. The infarct zones of rats receiving either
2% or 40% pure CD34+ cells show myocardial scars
composed of paucicellular, dense fibrous tissue
stained blue (x400). In contrast, the infarct zone of
the rat injected with 98% pure human CD34+ cells
demonstrates significant increase in microvascular-
ity and cellularity of granulation tissue, numerous
capillaries, and minimal matrix deposition and fibro-
sis (x400). Moreover, immunoperoxidase staining
following binding of anti-factor VIII mAb shows
that the infarct bed of the rat injected with 98% pure
CD34+ cells demonstrates markedly increased num-
bers of factor VIII-positive capillaries, which are not
seen in either of the other animals (x400).

[0150] FIG. 8. Migration Of Human Bone Marrow-De-
rived Endothelial Precursor Cells To The Site Of Infarction
Is Dependent On Interactions Between CXCR1/2 And IL-8/
Gro-Alpha Induced By Myocardial Ischemia.

[0151] A,B. Time-dependent increase in rat myocar-
dial IL-8 and Gro-alpha mRNA expression relative
to GAPDH from rats undergoing LAD ligation.

[0152] C. IL-8, Gro-alpha, and GAPDH mRNA
expression at baseline, 12 hours and 48 hours after
LAD ligation from a representative animal.

[0153] D. Time-dependent measurement of rat IL-8/
Gro-alpha protein in serum of rats undergoing LAD
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ligation. Migration of CD34+ human bone marrow-
derived cells to ischemic rat myocardium is inhibited
by mAbs against either rat IL-8 or the IL-8/Gro
chemokine family receptors CXCR1 and CXCR2
(all p<0.01), but not against VEGF or its receptor
FIk-1 (results are expressed as mean + sem of three
separate experiments).

[0154] FIG. 9. CXC Chemokines Directly Induce Chemo-
taxis Of Bone Marrow-Derived Human CD34+ Cells To Rat
Myocardium.

[0155] A and B depict results of in vitro chemotaxis of
98% pure human CD34+ cells to various conditions using a
48-well chemotaxis chamber (Neuro Probe, Md.). Chemo-
taxis is defined as the number of migrating cells per high
power field (hpf) after examination of 10 hpf per condition
tested.

[0156] A. IL-8 induces chemotaxis in a dose-depen-
dent manner (results are expressed as mean + sem of
three separate experiments).

[0157] B. Chemotaxis is increased in response to
IL-8 and SDF-1 alpha/beta, but not VEGF or SCF.

[0158] C. Representative fluorescence microscopy
demonstrating increased infiltration of intrave-
nously-injected Dil-labeled human CD34+ cells
(98% purity) into rat heart after intracardiac injection
with IL-8 compared with saline injection.

[0159] D. Intracardiac injection of IL-8 at 1 mg/ml
significantly increases in vivo chemotaxis of Dil-
labeled human CD34+ cells (98% purity) into rat
heart in comparison with injection of saline, VEGF
or stem cell factor (SCF), p<0.01 (results are
expressed as mean + sem of three separate experi-
ments).

[0160] FIG. 10. Blocking CXCR4/SDF-1 Interactions
Redirects Intravenously Injected Human CD34+ Angio-
blasts From Bone Marrow To Ischemic Myocardium.

[0161] A. Depicted is the response of single-donor
CD34-positive human cells cultured for 96 hours in
RPMI with 20% normal rat serum, ischemic rat
serum or 20 ng/ml VEGFE.

[0162] The numbers of CD117°€*GATA-2P°* cells were
quantitated by both [°H] thymidine uptake and by flow
cytometry. Ischemic serum induced a greater proliferative
response of CD117°"8MGATA-2P° cells compared with
each of the other conditions (both p<0.01).

[0163] B. The proportion of human CD34+ cells in
rat bone marrow 2-14 days after intravenous injec-
tion is significantly increased after ischemia induced
by LAD ligation (results are expressed as mean +
sem of bone marrow studies in three animals at each
time point).

[0164] C,D. Effects of mAbs against CXCR4, SDF-1
or anti-CD34 on trafficking of human CD34+ cells to
rat bone marrow and myocardium following LAD
ligation. Co-administration of anti-CXCR4 or anti-
SDF-1 significantly reduced trafficking of 98% pure
CD34+ cells to rat bone marrow at 48 hours and
increased trafficking to ischemic myocardium
(results are expressed as mean * sem of bone marrow
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and cardiac studies performed in three LAD-ligated
animals at 48 hours after injection).

[0165] FIG. 11. Redirected Trafficking Of Human CD34+
Angioblasts To The Site Of Infarction Prevents Remodeling
And Improves Myocardial Function.

[0166] A,B. The effects of human CD34+ cells on
reduction in LVAs (A) and improvement in LVEF
(B) after myocardial infarction. Whereas injection of
2.0x10° human cells containing 98% CD34+ purity
significantly improved LVEF and reduced LVAs
(both p<0.01), injection of 2.0x10° human cells con-
taining 2% and 40% CD34+ purity did not have any
effect on these parameters in comparison to animals
receiving saline. However, co-administration of anti-
CXCR4 together with 40% pure CD34+ cells sig-
nificantly improved LVEF and reduced LVAs (both
p<0.01), to levels approaching use of cells with 98%
purity.

[0167] C. Sections of rat hearts stained with Mas-
son’s trichrome at 15 weeks after LAD ligation and
injection of 2.0x10° human cells containing 2%,
40%, or 98% CD34+ purity. Hearts of rats receiving
2% and 40% pure CD34+ cells had greater loss of
anterior wall mass, collagen deposition (blue), and
septal hypertrophy compared with hearts of rats
receiving 98% pure CD34+ cells. Co-administration
of anti-CXCR4 mAD together with 40% pure CD34+
cells increased left ventricular wall mass and reduced
collagen deposition.

[0168] D. Shows the mean proportion of scar/normal
left ventricular myocardium in rats receiving >98%
pure CD34+ cells or 40% pure CD34+ cells together
with anti-CXCR4 mAb is significantly reduced in
comparison to rats receiving 2% and 40% pure
CD34+ cells (p<0.01) (results are expressed as mean
i sem of three separate experiments).

[0169] FIG.12. Culture of CD34+CD117""€" angioblasts
with serum from LLAD-ligated rats increases surface expres-
sion of CCR1 and CCR2, while surface expression of CCR3
and CCR5 remains unchanged.

[0170] FIG. 13. Infarcted myocardium demonstrate a
time-dependent increase in mRNA expression of several
CCR-binding chemokines.

[0171] FIG. 14. Co-administration of blocking mabs
against MCP-1, MCP-3, and RANTES, or against eotaxin,
reduced myocardial trafficking of human angioblasts by
40-60% relative to control antibodies (p<0.01).

[0172] FIG. 15. Intracardiac injection of eotaxin into
non-infarcted hearts induced 1.5-1.7 fold increase in CD34+
angioblast trafficking whereas injection of the growth factors
VEGF and stem cell factor had no effect on chemotaxis
despite increasing angioblast proliferation (not shown).

DETAILED DESCRIPTION OF THE
INVENTION

[0173] As used herein, and unless stated otherwise, each
of the following terms shall have the definition set forth
below.

[0174] As used herein, “BMEC” is defined as bone mar-
row-derived endothelial cells.

Jul. 8, 2004

[0175] As used herein, vasculogenesis is defined as the
creation of new blood vessels from cells that are “pre-blood”
cells such as bone marrow-derived endothelial cell precur-
SOrs.

[0176] As used herein, mobilization is defined as inducing
bone marrow-derived endothelial cell precursors to leave the
bone marrow and enter the peripheral circulation. One of
skill is aware that mobilized stem cells may be removed
from the body by leukopheresis.

[0177] As used herein, ischemia is defined as inadequate
blood supply (circulation) to a local area due to blockage of
the blood vessels to the area.

[0178] As used herein, cytokine is defined as a factor that
causes cells to grow or activate.

[0179] As used herein, chemokine is defined as a factor
that causes cells to move to a different area within the body.

[0180] As used herein, ischemic heart disease is defined as
any condition in which blood supply to the heart is
decreased.

[0181] As used herein, “angiogenesis” is defined as the
creation of blood vessels from pre-existing blood vessel
cells.

[0182] As used herein, ischemic heart disease is defined as
any condition in which blood supply to the heart is
decreased.

[0183] As used herein, “VEGF” is defined as vascular
endothelial growth factor. “VEGF-R” is defined as vascular
endothelial growth factor receptor. “FGF” is defined as
fibroblast growth factor. “IGF” is defined as Insulin-like
growth factor. “SCF” is defined as stem cell factor. “G-CSF”
is defined as granulocyte colony stimulating factor.
“M-CSF” is defined as macrophage colony stimulating
factor. “GM-CSF” is defined as granulocyte-macrophage
colony stimulating factor. “MCP” is defined as monocyte
chemoattractant protein.

[0184] As used herein, “CXC” chemokine refers to the
structure of the chemokine. Each “C” represents a cysteine
and “X” represents any amino acid.

[0185] As used herein, “CC” chemokine refers to the
structure of the chemokine. Each “C” represents a cysteine.

[0186] As used herein, “recovered” means detecting and
obtaining a cell based on the recoverable cell being a cell
that binds a detectably labeled antibody directed against a
specific marker on a cell including, but not limited to,
CD117, GATA-2, GATA-3, and CD34.

[0187] As described herein, the chemokine administered
to the subject could be in the protein form or nucleic acid
form.

[0188] This invention provides a method of stimulating
vasculogenesis in ischemia-damaged tissue of a subject
comprising:

[0189] (a) removing stem cells from a location within
the subject;

[0190] (b) recovering endothelial progenitor cells
from the stem cells removed in step (a); and
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[0191] (¢) introducing the endothelial progenitor
cells from step (b) into a different location within the
subject such that the endothelial progenitor cells
stimulate vasculogenesis in the subject’s ischemia-
damaged tissue.

[0192] In a further embodiment the endothelial progeni-
tors are frozen for a period of time in between steps (b) and
(¢) In one embodiment the ischemia-damaged tissue is
myocardium. In another embodiment the ischemia-damaged
tissue is nervous system tissue.

[0193] In one embodiment the endothelial progenitors are
expanded by contacting the endothelial progenitors with a
growth factor subsequent to step (b), but before step (¢). In
a further embodiment the growth factor is a cytokine. In
further embodiments the cytokine is VEGF, FGF, G-CSF,
IGF, M-CSF, or GM-CSF. In another embodiment the
growth factor is a chemokine. In a further embodiment the
chemokine is Interleukin-8. In one embodiment the endot-
helial progenitors are separated from other stem cells before
expansion. In a further embodiment the endothelial progeni-
tors are frozen for a period of time after expansion but before

step ().

[0194] In one embodiment step (a) occurs prior to the
subject suffering ischemia-damaged tissue and wherein step
(c) occurs after the subject has suffered ischemia-damaged
tissue.

[0195] In one embodiment the stem cells are removed
directly from the subject’s bone marrow. In a further
embodiment the stem cells are removed by aspiration from
the subject’s bone marrow. In one embodiment the stem
cells are removed from the subject by a method comprising:

[0196] a)introducing a growth factor into the subject
to mobilize the stem cells into the subject’s blood;
and

[0197] b) subsequently removing a sample of blood
containing stem cells from the subject.

[0198] In a further embodiment the growth factor is intro-
duced subcutaneously, orally, intravenously or intramuscu-
larly. In one embodiment the growth factor is a chemokine
that induces mobilization. In a further embodiment the
chemokine is Interleukin-8. In one embodiment the growth
factor is a cytokine. In a further embodiment the cytokine is
G-CSF, M-CSF, or GM-CSF.

[0199] This invention also provides the instant method,
wherein the endothelial progenitor cells are recovered based
upon their expression of CD117.

[0200] This invention also provides the instant method,
wherein the endothelial progenitor cells are recovered based
upon their expression of a GATA-2 activated gene product.
In one embodiment the gene product is selected from the
following group: preproendothelin-1, big endothelin, endot-
helin-1.

[0201] In one embodiment the endothelial progenitors
express GATA-2, and the endothelial progenitors are recov-
ered as such by detection of intracellular GATA-2 expres-
sion or GATA-2 activity in those cells.

[0202] In one embodiment the subject has suffered or is
suffering from one or more of the following: myocardial
infarction, chronic heart failure, ischemic heart disease,
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coronary artery disease, diabetic heart disease, hemorrhagic
stroke, thrombotic stroke, embolic stroke, limb ischemia or
another, discase in which tissue is rendered ischemic.

[0203] Inone embodiment the endothelial progenitors are
introduced into the subject by injection directly into the
peripheral circulation, heart muscle, left ventricle, right
ventricle, coronary artery, cerebro-spinal fluid, neural tissue,
ischemic tissue or post-ischemic tissue.

[0204] In one embodiment the method further comprises
administering to the subject one or more of the following: an
inhibitor of Plasminogen Activator Inhibitor, Angiotensin
Converting Enzyme Inhibitor or a beta blocker, wherein
such administration occurs prior to, concomitant with, or
following step (c).

[0205] This invention also provides a method of stimulat-
ing angiogenesis in peri-infarct tissue in a subject compris-
ing:

[0206] (a) removing stem cells from a location within
a subject;

[0207] (b) recovering endothelial progenitor cells
from the stem cells removed in step (a);

[0208] (c) expanding the endothelial progenitor cells
recovered in step (b) by contacting the progenitor
cells with a growth factor; and

[0209] (d) introducing the expanded endothelial pro-
genitor cells from step (¢) into a different location in
the subject such that the endothelial progenitor cells
stimulate angiogenesis in peri-infarct tissue in the
subject.

[0210] This invention also provides a method of selec-
tively increasing the trafficking of endothelial progenitor
cells to ischemia-damaged tissue in a subject comprising:

[0211] (a) administering endothelial progenitor cells
to a subject; and

[0212] (b) administering a chemokine to the subject
so as to thereby attract the endothelial progenitor
cells to the ischemia-damaged tissue.

[0213] Inone embodiment the chemokine is administered
to the subject prior to administering the endothelial progeni-
tors. In an alternative embodiment the chemokine is admin-
istered to the subject concurrently with the endothelial
progenitors. In an alternative embodiment the chemokine is
administered to the subject after administering the endothe-
lial progenitors. In one embodiment the chemokine is a CXC
chemokine. In a further embodiment the CXC chemokine is
selected from the group consisting of Interleukin-8, Gro-
Alpha, or Stromal-Derived Factor-1. In one embodiment the
chemokine is a CC chemokine. In a further embodiment the
CC chemokine is selected from the group consisting of
RANTES, EOTAXIN, MCP-1, MCP-2, MCP-3, or MCP-4.

[0214] Inone embodiment the chemokine is administered
to the subject by injection into peripheral circulation, heart
muscle, left ventricle, right ventricle, coronary arteries,
cerebro-spinal fluid, neural tissue, ischemic tissue or post-
ischemic tissue.

[0215] This invention also provides a method of increas-
ing trafficking of endothelial progenitor cells to ischemia-
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damaged tissue in a subject comprising inhibiting any inter-
action between Stromal-Derived Factor-1 and CXCR4.

[0216] In one embodiment the interaction between Stro-
mal-Derived Factor-1 (SDF-1)and CXCR4 is inhibited by
administration of an anti-SDF-1 or an anti-CXCR4 mono-
clonal antibody to the subject. In one embodiment the instant
method further comprises administering to the subject ACE
inhibitor, Al-receptor blocker, or beta blocker. ng enzyme
inhibitor, an AT, -receptor blocker, or a beta blocker.

[0217] This invention also provides a method of reducing
trafficking of endothelial progenitor cells to bone marrow in
a subject comprising inhibiting production of Stromal-De-
rived Factor-1 in the subject’s bone marrow. In one embodi-
ment the SDF-1 production is inhibited by administration of
an anti-SDF-1 or anti-CXCR4 monoclonal antibody to the
subject.

[0218] This invention also provides a method for treating
a cancer in a subject comprising administering to the subject
a monoclonal antibody directed against an epitope of a
specific chemokine produced by proliferating cells associ-
ated with the cancer so as to reduce trafficking of endothelial
progenitor cells to such proliferating cells and thereby treat
the cancer in the subject.

[0219] This invention also provides a method for treating
a cancer in a subject comprising administering to the subject
a monoclonal antibody directed against an epitope of a
specific receptor located on an endothelial progenitor cell,
for a chemokine produced by proliferating cells associated
with the cancer, so as to reduce trafficking of the endothelial
progenitor cell to such proliferating cells and thereby treat
the cancer in the subject.

[0220] This invention also provides a method for treating
a tumor in a subject comprising administering to the subject
an antagonist to a specific receptor on an endothelial pro-
genitor cell so as to reduce the progenitor cell’s ability to
induce vasculogenesis in the subject’s tumor and thereby
treat the tumor.

[0221] This invention also provides a method for treating
a tumor in a subject comprising administering to the subject
an antagonist to a specific receptor on an endothelial pro-
genitor cell so as to reduce the progenitor cell’s ability to
induce angiogenesis in the subject’s tumor and thereby treat
the tumor.

[0222] This invention also provides a method for express-
ing a gene of interest in an endothelial progenitor cell or a
mast progenitor cell which comprises inserting into the cell
a vector comprising a promoter containing a GATA-2 motif
and the gene of interest.

[0223] This invention also provides the instant method,
wherein the vector is inserted into the cell by transfection.

[0224] This invention also provides the instant method,
wherein the promoter is a preproendothelin-1 promoter.

[0225] This invention also provides the instant method,
wherein the promoter is of mammalian origin.

[0226] This invention also provides the instant method,
wherein the promoter is of human origin.

[0227] This invention provides a composition comprising
an amount of a monoclonal antibody directed against an
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epitope of a specific chemokine produced by a cancer
effective to reduce trafficking of endothelial progenitor cells
to the cancer, and a pharmaceutically acceptable carrier.

[0228] This invention provides a method of treating an
abnormality in a subject wherein the abnormality is treated
by the expression of a GATA-2 activated gene product in the
subject comprising:

[0229] (a) removing stem cells from a location within
the subject;

[0230] (b) recovering endothelial progenitor cells
from the stem cells removed in step (a);

[0231] (c) recovering those endothelial progenitor
cells recovered in step (b) that express GATA-2;

[0232] (d) inducing the cells recovered in step (c) as
expressing GATA-2 to express a GATA-2 activated
gene product; and

[0233] (e) introducing the cells expressing a GATA-2
activated gene product from step (d) into a different
location in the subject such as to treat the abnormal-
ity.

[0234] In one embodiment the abnormality is ischemia-
damaged tissue. In one embodiment the gene product is
proendothelin. In one embodiment the gene product is
endothelin. In one embodiment the subject is a mammal. In
a further embodiment the mammal is a human

[0235] This invention provides a method of treating an
abnormality in a subject wherein the abnormality is treated
by the expression of a GATA-2 activated gene product in the
subject comprising:

[0236] (a) removing stem cells from a location within
the subject;

[0237] (b) recovering mast progenitor cells from the
stem cells removed in step (a);

[0238] (c) recovering those mast progenitor cells
recovered in step (b) that express GATA-2;

[0239] (d) inducing the cells recovered in step (c) as
expressing GATA-2 to express a GATA-2 activated
gene product; and

[0240] (e) introducing the cells expressing a GATA-2
activated gene product from step (d) into a different
location in the subject such as to treat the abnormal-
ity

[0241] In one embodiment the abnormality is ischemia-
damaged tissue. In one embodiment the gene product is
proendothelin. In one embodiment the gene product is
endothelin. In one embodiment the subject is a mammal. In
a further embodiment the mammal is a human

[0242] This invention provides the a method of improving
myocardial function in a subject that has suffered a myo-
cardial infarct comprising:

[0243] (a) removing stem cells from a location in the
subject;

[0244] (b) recovering cells that express CD117 from
the stem cells; and
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[0245] (c) introducing the recovered cells into a dif-
ferent location in the subject such that the cells
improve myocardial function in the subject.

[0246] 1In one embodiment the subject is a mammal. In a
further embodiment the mammal is a human.

[0247] This invention also provides a method of stimulat-
ing vasculogenesis in ischemia-damaged tissue in a subject
comprising:

[0248] (a) obtaining allogeneic stem cells;

[0249] (b) recovering endothelial progenitor cells
from the stem cells removed in step (a); and

[0250] (c¢) introducing the endothelial progenitor
cells recovered in step (b) into the subject such that
the endothelial progenitor cells stimulate vasculo-
genesis in the subject’s ischemia-damaged tissue.

[0251] In alternative embodiments the allogeneic stem
cells are removed from embryonic, fetal or cord blood
sources.

[0252] This invention provides a method of stimulating
angiogenesis in ischemia-damaged tissue in a subject com-
prising:

[0253] (a) obtaining allogeneic stem cells;

[0254] (b) recovering endothelial progenitor cells in
the stem cells removed in step (a); and

[0255] (c¢) introducing the endothelial progenitor
cells recovered in step (b) into the subject such that
the endothelial progenitor cells stimulate angiogen-
esis in the subject’s ischemia-damaged tissue.

[0256] In alternative embodiments the allogeneic stem
cells are removed from embryonic, fetal or cord blood
sources.

[0257] This invention also provides a method of improv-
ing myocardial function in a subject that has suffered a
myocardial infarct comprising injecting G-CSF into the
subject in order to mobilize endothelial progenitor cells.

[0258] This invention also provides a method of improv-
ing myocardial function in a subject that has suffered a
myocardial infarct comprising injecting anti-CXCR4 anti-
body into the subject. In one embodiment the method further
comprises introducing endothelial progenitors into the sub-
ject. In one embodiment the method further comprises
introducing G-CSF into the subject in order to mobilize
endothelial progenitors.

[0259] This invention will be better understood by refer-
ence to the Experimental Details which follow, but those
skilled in the art will readily appreciate that the specific
experiments detailed are only illustrative of the invention as
described more fully in the claims which follow thereafter.

EXPERIMENTAL DETAILS
First Series of Experiments

Experimental Procedures and Results

[0260] 1. Mobilization and Identification of Bone Mar-
row-derived Cells

[0261] Following G-CSF mobilization, 60-80% of highly
purified human CD34 cells (>90% positive) co-expressed
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the stem cell factor receptor CD117, FIG. 1a, of which
15-25% expressed CD117 brightly and 75-85% expressed
CD117 dimly. By quadruple parameter analysis, two popu-
lations of CD34 cells were recovered which expressed
VEGFR-2 (Flk-1), one accounting for 20-30% of CD1174™
cells and expressing high levels of VEGFR-2, and a second
accounting for 10-15% of CD117°8* cells and expressing
lower levels of VEGFR-2, FIG. 1b. The VEGFR-2 positive
cells within the CD34+CD1174™

[0262] m_ggopulation, but not those within the CD34+
CD117 = subset, displayed phenotypic characteristics of
mature, vascular endothelium, including high level expres-
sion of Tie-2, ecNOS, vWF, E-selectin (CD62E), and ICAM
(CD54). In contrast, as shown in FIG. 1c, the VEGFR-2
positive cells within the CD34+CD117"™ subset, but not
those within the CD34+CD117%™ subset, expressed markers
characteristic of primitive hemangioblasts arising during
waves of murine and human embryogenesis, including
GATA-b%;Zh( GATA-3, and low levels of Tie-2. Moreover,
CD117 = cells which co-expressed GATA-2 and GATA-3
were also strongly AC133 positive, another marker which
has recently been suggested to define a hematopoietic popu-
lation with angioblast potential (2), figure id. However, sin(d:jg
AC133 expression was also detected on a subset of CD117
cells which was negative for GATA-2 and GATA-3, we
conclude that identification of an embryonic bone-marrow
derived angioblast (BA) phenotype requires concomitant
expression of GATA-2, GATA-3, and CD117°"&" in addi-
tion to AC133. Thus, G-CSF treatment mobilizes into the
peripheral circulation a prominent population of mature,
bone marrow-derived endothelial cells (BMEC), and a
smaller bone marrow-derived population with phenotypic
characteristics of embryonic angioblasts (BA).

[0263] 2. Expansion of Bone Marrow-derived Cells

[0264] Since the frequency of circulating endothelial cell
precursors in animal models has been shown to be increased
by either VEGF (27) or regional ischemia (10-13), we next
compared the proliferative responses of BA and BMEC to
VEGF and to factors in ischemic serum (28). As shown in
FIG. 24, following culture for 96 hours with either VEGF or
ischemic serum, CD117°#GATA-2P>* BA demonstrated
significantly higher proliferative responses relative to
CD117 GATA-2°¢ BMEC from the same donor. For
VEGF, BA showed 2.9-fold increase in proliferation above
baseline compared with 1.2-fold increase for BMEC, p<0.0l,
while for ischemic serum from Lew rats with myocardial
infarction BA showed 4.3-fold increase in proliferation
above normal serum compared with 1.7-fold increase for
BMEC, p<0.01. Culture with either VEGF or ischemic
serum greatly expanded the BA population of large blast
cells, FIG. 2b, which continued to express immature mark-
ers, including GATA-2, GATA-3, and CD117"°"€"_ but not
markers of mature endothelial cells, FIG. 2¢, indicating
blast proliferation without differentiation. Following culture
of CD34-positive monolayers on fibronectin in endothelial
growth medium for 7 days (29), an exuberant cobblestone
pattern of proliferation was seen, FIG. 3a, with the majority
of the adherent monolayers (>95%) having features charac-
teristic of endothelial cells, FIG. 3b-¢, including uniform
uptake of acetylated DL, and co-expression of CD34,
factor VIII, and eNOS. Since the BMEC population had low
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proliferative responses to VEGF or cytokines in ischemic
serum, the origin of the exuberant endothelial cell outgrowth
in culture is most likely the BA population defined by
surface expression for GATA-2, GATA-3, and CD117°"ght,

[0265] 3. In vivo Migration of Bone Marrow-derived
CD34+ Cells to Sites of Regional Ischemia

[0266] Next we compared the in vivo migratory and
proliferative characteristics of bone marrow- and peripheral
vasculature-derived human cells after induction of regional
ischemia. As shown in FIG. 4a-c, intravenous injection of
2x10 Dil-labeled human CD34-positive cells (>95% CD34.
purity), CD34-negative cells (<5% CD34 purity), or saphe-
nous vein endothelial cells (SVEC), into nude rats after
coronary artery ligation and infarction resulted in similar
degree of infiltration in rat myocardium at 48 hours (30) The
trafficking was specifically directed to the infarct area since
few Dil-labeled cells were detected in unaffected areas of
hearts with regional infarcts, not shown, and neither G-CSF
mobilized CD34+ cells nor mature human endothelial cells
infiltrated normal myocardium, FIG. 4d. Although similar
numbers of CD34+ and CD34- cells-migrated to ischemic
myocardium, the proportional increase in human GATA-2
mRNA expression in ischemic myocardium relative to nor-
mal myocardium (31) was 2.6-fold greater following injec-
tion of highly CD34-enriched cells compared with CD3430
cells (p<0.001), FIG. 4e. Moreover, blood vessels which
incorporated human endothelial cells, as defined by co-
expression of Dil, HLA class I, and factor VII, could be
detected two weeks after injection of human CD34+ cells,
but not after injection of CD34- cells or SVEc, FIG. 4f.
Together, these results indicate that adult bone marrow-
derived hilman CD34+ cells contain a population which
selectively responds to in vivo signals from sites of regional
ischemia with augmented migration, localization, and endot-
helial differentiation.

[0267] 4. Effects of Injection of G-CSF mobilized Human
CD34+ Cells Into Infarcted Rat Myocardium

[0268] We next compared the functional effects of inject-
ing G-CSF mobilized human CD34+ (>95%) cells, CD34-
(<5%) cells, peripheral saphenous vein cells, or saline, into
infarcted rat myocardium. After ILAD ligation, left ven-
tricular function was severely depressed in each group of
recipients, with left ventricular ejection fraction (LVEF)
being reduced by means of 25-43% and left ventricular
end-systolic area being increased by means of 44-90%, FIG.
5 a and b. Remarkably, within two weeks of injecting
G-CSF mobilized adult human CD34+ cells, LVEF recov-
ered by a mean of 22+6% (p<0.001), FIG. 5a. This effect
was long-lived, and increased by the end of follow-up, 15
weeks, to 34+4%. In contrast, injection of G-CSF mobilized
human CD34- cells, saphenous vein endothelial cells, or
saline, had no effect on LVEF. In a parallel fashion, injection
of G-CSF mobilized human CD34+ cells reduced left ven-
tricular end-systolic area by a mean of 26x8% by 2 weeks
and 37+6% by 15 weeks, whereas none of the other recipient
groups demonstrated such effect (p<0.001), FIG. 5b. Rep-
resentative echocardiographic examples for each group are
shown in FIG. Sc. Moreover, at 15 weeks post-infarction
mean cardiac index in rats injected with CD34+ cells was
only reduced by 26+8% relative to normal rats, whereas
mean cardiac index for each of the other groups was reduced
by 48-59% (p<0.001), FIG. 5d.
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[0269] Histologic examination at two weeks post-infarc-
tion (33) revealed that injection of CD34+ cells was accom-
panied by significant increase in microvascularity and cel-
lularity of granulation tissue, and decrease in matrix
deposition and fibrosis within the infarct zone in comparison
to controls, FIG. 6a and b. Moreover, ischemic myocardium
of rats injected with human CD34+ cells contained signifi-
cantly greater numbers of factor VIII-positive interstitial
angioblasts and capillaries in comparison to ischemic myo-
cardium of control rats, FIG. 6¢ and d. Quantitation of
capillary numbers demonstrated a significant increase in
neo-angiogenesis within the infarct zone of rats who
received CD34+ cells (mean number of factor VIII-positive
capillaries per high power field 92+5 vs 51+4 in saline
controls, p<0.01), but not within normal myocardium (362
vs 37+3 capillaries per high power field). No increase in
capillary numbers were observed in ischemic rat myocar-
dium infiltrated with CD34- cells or SVEC. At 15 weeks
post-infarction, rats receiving highly purified CD34+ cells
demonstrated significantly reduced infarct zone sizes
together with increased mass of viable myocardium within
the anterior free wall compared to each of the other groups,
FIG. 6e and f. Numerous vessels were evident at the
junction of the infarct zone and viable myocardium in
tissues infiltrated with CD34+ cells. Whereas collagen depo-
sition and scar formation extended almost through the entire
left ventricular wall thickness in controls, with aneurysmal
dilatation and typical EKG abnormalities, the infarct scar
extended only to 20-50% of the left ventricular wall thick-
ness in rats receiving CD34+ cells. Moreover, pathological
collagen deposition in the non-infarct zone was markedly
reduced in rats receiving CD34+ cells. Overall, the mean
proportion of scar/normal left ventricular myocardium was
13% in rats receiving CD34+ cells compared with 36-45%
for each of the other groups (p<0.01), FIG. 6g.

Discussion

[0270] The experiments described above demonstrate that
neo-angiogenesis of the infarct bed by human bone marrow-
derived endothelial cell precursors prevents scar develop-
ment, maintains viable myocardium, and improves ventricu-
lar function in a rodent model of myocardial ischemia.
Following infarction, the viable myocardial tissue bordering
the infarct zone undergoes a significant degree of hypertro-
phy (5,34-35). Although neoangiogenesis within the inf-
arcted tissue appears to be an integral component of the
remodeling process (36,37), under normal circumstances the
capillary network cannot keep pace with tissue growth and
is unable to support the greater demands of the hypertro-
phied, but viable, myocardium which subsequently under-
goes apoptosis due to inadequate oxygenation and nutrient
supply. The development of neoangiogenesis within the
myocardial infarct scar appears to require activation of latent
collagenase and other proteinases following plasminogen
activation by urokinase-type plasminogen activator (u-PA)
expressed on infiltrating leukocytes (38). The importance of
bone marrow-derived endothelial precursors in this process
has been demonstrated in u-PA—/-mice where transplanta-
tion of bone marrow from cogenic wild-type strains restored
defective myocardial revascularization post-infarction (38).
Since u-PA mRNA transcription and proteolytic activity in
human mononuclear cells and tumor cell lines is signifi-
cantly increased by the colony stimulating factors G-CSF,
M-CSF, and GM-CSF (39-41), this provides a rationale for
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in vivo or ex vivo use of these cytokines to mobilize and
differentiate large numbers of human adult bone marrow-
derived angioblasts for therapeutic revascularization of the
infarct zone.

[0271] Cell surface and RNA expression of the transcrip-
tion factor GATA-2 appears to selectively identify human
adult bone marrow-derived angioblasts capable of respond-
ing to signals from ischemic sties by proliferating and
migrating to the infarct zone, and subsequently participating
in the process of neo-angiogenesis. Of particular interest,
GATA-2 is a co-factor for endothelial cell transcription of
preproendothelin-1 (ppET-1) (42), the precursor molecule of
the potent vasoconstrictor and hypertrophic autocrine pep-
tide ET-1. Since ppET-1 transcription is also increased by
angiotensin II (43), produced as a result of activation of the
renin-angiotensin neurohormonal axis following myocardial
infarction, the angioblasts infiltrating the infarct bed may be
secreting high levels of ET-1 due to the synergistinc actions
of angiotensin II surface receptor .signalling and GATA-2
transactivation. The observation that newly-formed vessels
within the infarct scar have thicker walls, lower vasodilator
responses to stronger vasoactive substances than vessels
within normal myocardium (44) are consistent with effects
of increased autocrine ET-1 activity, and support the possi-
bility that neo-angiogenic vasculature is derived from infil-
trating GATA-2 positive angioblasts.

[0272] Together, the results of the above-described experi-
ments indicate that injection of G-CSF mobilized adult
human CD34+ cells with phenotypic and functional prop-
erties of embryonic hemangioblasts can stimulate neo-an-
giogenesis in the infarct vascular bed, thus reducing col-
lagen deposition and scar formation in myocardial
infarction. Although the degree of reduction in myocardial
remodeling as a result of neoangiogenesis was striking,
further augmentation in myocardial function might be
achieved by combining infusion of human angioblasts with
ACE inhibition or AT;-receptor blockade to reduce angio-
tensin II-dependent cardiac fibroblast proliferation, collagen
secretion, and plasminogen activator-inhibitor (PAI) produc-
tion (45, 46). The use of cytokine-mobilized autologous
human bone-marrow angioblasts for revascularization of
myocardial infarct tissue, in conjunction with currently used
therapies (47-49), offers the potential to significantly reduce
morbidity and mortality associated with left ventricular
remodeling post-myocardial infarction.

Second Series of Experiments

Methods

[0273] 1. Purification of Cytokine-mobilized Human
CD34+ Cells

[0274] Single-donor  leukopheresis  products  were
removed from humans treated with recombinant G-CSF 10
mg/kg (Amgen, Calif.) sc daily for four days. Mononuclear
cells were separated by Ficoll-Hypaque, and highly-purified
CD34+ cells (>98% positive) were removed using magnetic
beads coated with anti-CD34 monoclonal antibody (mAb)
(Miltenyi Biotech Ltd, Calif.). Purified CD34 cells were
stained with fluorescein-conjugated mAbs against CD34,
CD117, VEGFR-2, Tie-2, GATA-2, GATA-3, AC133, vWE,
eNOS, CD54, CD62E, CXCR1, CXCR2, CXCR4, and
analyzed by four-parameter fluorescence using FACScan
(Becton Dickinson, Calif.).
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[0275] 2. Proliferative Studies of Human Endothelial Pro-
genitors

[0276] Single-donor CD34-positive cells were cultured for
96 hours in RPMI with either 20% normal rat serum,
ischemic rat serum or 20 ng/ml VEGEF, then pulsed with [°H]
thymidine (Amersham Life Science Inc, IL, USA) (1 mlCi/
well) and uptake was measured in an LK Betaplate liquid
scintillation counter (Wallace, Inc., Gaithersburg, Md.). The
proportion of CD117°"#*GATA-2F* cells after 96 hours of
culture in each condition was also quantitated by flow
cytometry.

[0277] 3. Chemotaxis of Human Bone Marrow-derived
Endothelial Progenitors

[0278] Highly-purified CD34+ cells (>98% positive) were
plated in 48-well chemotaxis chambers fitted with mem-
branes (8 mm pores) (Neuro Probe, Md.). After incubation
for 2 hours at 37°, chambers were inverted and cells were
cultured for 3 hours in medium containing IL.-8 at 0.2, 1.0
and 5.0 mg/ml, SDF-1 alpha/beta 1.0 mg/ml, VEGF and
SCF. The membranes were fixed with methanol and stained
with Leukostat (Fischer Scientific, Illinois). Chemotaxis was
calculated by counting migrating cells in 10 high-power
fields.

[0279] 4. Animals, Surgical procedures, Injection of
Human Cells, and Quantitation of Cellular Migration Into
Tissues

[0280] Rowett (rnu/rnu) athymic nude rats (Harlan Spra-
gue Dawley, Indianapolis, Ind.) were used in studies
approved by the “Columbia University Institute for Animal
Care and Use Committee”. After anesthesia, a left thorac-
otomy was performed, the pericardium was opened, and the
left anterior descending (LAD) coronary artery was ligated.
Sham-operated rats had a similar surgical procedure without
having a suture placed around the coronary artery. 48 hours
after LAD ligation 2.0x10° Dil-labeled human CD34+ cells
(>95%, 40%, <2% purity) removed from a single donor after
G-CSF mobilization were injected into the tail vein in the
presence or absence of mAbs with known inhibitory activity
against CXCR1, CXCR2, CXCR4, CD34, rat IL-8 (Immu-
noLaboratories, Japan) and rat SDF-1® & D Systems,
Minnesota), or isotype control antibodies. Control animals
received saline after LAD ligation. Each group consisted of
6-10 rats. Quantitation of myocardial infiltration after injec-
tion of human cells was performed by assessment of Dil
fluorescence in hearts from rats sacrificed 2 days after
injection (expressed as number of Dil-positive cells per high
power field, minimum 5 fields examined per sample). Quan-
titation of rat bone marrow infiltration by human cells was
performed in 12 rats at baseline, days 2, 7, and 14 by flow
cytometric and RT-PCR analysis of the proportion of HLA
class I-positive cells relative to the total rat bone marrow
population.

[0281] 5. Analyses of Myocardial Function

[0282] Echocardiographic studies were performed at base-
line, 48 hours after LAD ligation, and at 2, 6 and 15 weeks
after injection of cells or saline, using a high frequency liner
array transducer (SONOS 5500, Hewlett Packard, Andover,
Mass.). 2D images were removed at mid-papillary and
apical levels. End-diastolic (EDV) and end-systolic (ESV)
left ventricular volumes were removed by bi-plane area-
length method, and % left ventricular ejection fraction
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(LVEF) was calculated as [(EDV-ESV)/EDV] x100. Left
ventricular area at the end of systole (LVAs) was measured
by echocardiography at the level of the mitral valve. LVEF
recovery and reduction in LVAs were calculated as the mean
improvement between the respective values for each at
different time points after LAD ligation relative to pre-
infarct values.

[0283] 6. Histology and Immunohistochemistry

[0284] Histologic studies were performed on explanted rat
hearts at 2 and 15 weeks after injection of human cells or
saline. Following excision, left ventricles from each experi-
mental animal were sliced at 10-15 transverse sections from
apex to base. Representative sections were put into formalin
for histological examination, stained freshly with anti-factor
VIII mAD using immunoperoxidase technique to quantitate
capillary density, or stained with Masson trichrome and
mounted. The lengths of the infarcted surfaces, involving
both epicardial and endocardial regions, were measured with
a planimeter digital image analyzer and expressed as a
percentage of the total ventricular circumference. Final
infarct size was calculated as the average of all slices from
each heart.

[0285] 7. Measurement of Rat CXC Chemokine mRNA
and Protein Expression

[0286] Poly(A)+ mRNA was extracted by standard meth-
ods from the hearts of 3 normal and 12 LAD-ligated rats.
RT-PCR was used to quantify myocardial expression of rat
IL-8 and Gro-alpha mRNA at baseline and at 6, 12, 24 and
48 hours after LAD ligation after normalizing for total rat
RNA as measured by GAPDH expression. After priming
with oligo (dT) 15-mer and random hexamers, and reverse
transcribed with Monoley murine lymphotrophic virus
reverse transcriptase (Invitroaen, Carlsbad, Calif., USA),
cDNA was amplified in the polymerase chain reaction
(PCR) using Taq polymerase (Invitrogen, Carlsbad, Calif.,
USA), radiolabeled dideoxy-nucleotide ([o>*p]-ddATP:
3,000 Ci/mmol, Amersham, Arlington Heights, I1l.), and
primers for rat IL-8, Gro-alpha and GAPDH (Fisher Geno-
sys, Calif.). Primer pairs (sense/antisense) for rat IL-8,
Gro-alpha AND GAPDH were, gaagatagattgcaccgatg (SEQ
ID NO:1)/catagectcteacatttc (SEQ ID NO:2), gegeeegteege-
caatgagetgege (SEQ ID NO:3)/cttggggacacccttcageatcttttgg
(SEQ ID NO:4), and ctetacccacggeaagttcaa (SEQ ID NO:5)/
gggatgaccttgeccacage (SEQ ID NO:6), respectively. The
labeled samples were loaded into 2% agarose gels, separated
by electrophoresis, and exposed for radiography for 6 h at
-70°. Serum levels of rat IL-8/Gro-alpha were measured at
baseline and at 6, 12, 24 and 48 hours after LAD ligation in
four rats by a commercial ELISA using polyclonal antibod-
ies against the rat IL-8/Gro homologue CINC (Immuno-
Laboratories, Japan). The amount of protein in each serum
sample was calculated according to a standard curve of
optical density (OD) values constructed for known levels of
rat IL.-8/Gro-alpha protein.

Experimental Procedures and Results
[0287] 1. Selective Trafficking of Endothelial Precursors

[0288] Following immunoselection of G-CSF mobilized
human CD34 cells to >98% purity, 60-80% co-expressed the
stem cell factor receptor CD117. -By quadruple parameter
analysis, FIG. 7a, 10-15% of CD117""'8" cells were found
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to express a phenotype characteristic of embryonic angio-
blasts, with low level surface expression of VEGFR-2 and
Tie-2, as well as the transcription factors GATA-2 and
GATA-3, and AC133, recently shown to identify endothelial
precursors (79). These cells did not express markers of
mature endothelial cells such as vWE, eNOS and E-selectin,
but were positive for the CXC chemokine receptors 1, 2, and
4. Intravenous injection of 2x10° Dil-labeled human CD34+
cells (>98%, 40%, and 2% purity) into LAD-ligated Rowett
nude rats was accompanied at 48 hours by dense infiltration
of rat myocardium, FIG. 7b. The trafficking of these cells
was specifically directed to the infarct area since few Dil-
labeled cells were detected in unaffected areas of hearts with
regional infarcts, not shown, and Dil-labeled cells did not
infiltrate myocardium from sham-operated rats, FIG. 7. By
two weeks post-injection, rats receiving >98% pure human
CD34+ cells demonstrated increased infarct bed microvas-
cularity and reduced matrix deposition and fibrosis, FIG. 7¢.
The number of factor VIII-positive capillaries per high
power field was over three-fold higher in the infarct bed of
rats receiving 2x10° cells containing >98% pure CD34+
purity than in the analogous region in rats receiving 2x10°
cells containing either 2% or 40% CD34+ purity, p<0.01,
FIG. 7c. Moreover, the majority of these capillaries were of
human origin since they expressed HLA class [ molecules
(not shown). Thus, although various populations of human
bone marrow-derived cells migrate to the infarct bed, vas-
culogenesis appears to require selective trafficking of a
critical number of endothelial precursors.

[0289] 2. Effects of Ischemia on CXC Chemokine Pro-
duction by Infarcted Myocardium

[0290] Since human leukocyte chemotaxis and tissue infil-
tration is regulated by interactions between specific chemok-
ines and CXC cell surface receptors, we next investigated
the effects of ischemia on CXC chemokine production by
infarcted rat myocardium. As shown in FIG. 8a-c, infarcted
myocardium demonstrated a time-dependent increase in
mRNA expression of the CXCR1/2-binding ELR-positive
chemokines IL.-8 and Gro-alpha, with maximal expression at
6-12 hours after LAD ligation. In comparison to non-
infarcted myocardium, tissues after LAD ligation expressed
7.2-7.5 fold higher mRNA levels of these ELR-positive
pro-angiogenic chemokines after normalizing for total
mRNA content (p<0.001). Moreover, serum IL-8 levels
increased by 8-10 fold within 6-12 hours after LAD ligation
(p<0.001), and remained elevated at 48 hours, FIG. 84.
Co-administration of blocking mAbs against either IL.-8 and
Gro-alpha, or against the surface receptors for these pro-
angiogenic chemokines, CXCR1 or CXCR2, reduced myo-
cardial trafficking of human angioblasts by 40-60% relative
to control antibodies (p<0.01), FIG. 8e.

[0291] 3. Chemotactic Responses of Human Bone Mar-
row-derived CD34+ Angioblasts to Chemokines.

[0292] Insubsequent experiments we directly measured in
vitro and in vivo chemotactic responses of human bone
marrow-derived CD34+ angioblasts to IL-8. As shown in
FIG. 94, in vitro chemotaxis of human CD34+ cells was
induced by IL-8 in a dose-dependent manner, with concen-
trations between 0.2-5 u/ml. The ELR- chemokine SDF-1,
produced constitutively by bone marrow stromal cells,
induced a similar degree of chemotaxis of CD34+ cells at
concentrations similar to IL-8, FIG. 9b. In contrast, chemo-
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taxis was not induced by the growth factors VEGF or stem
cell factor (SCF). Moreover, intracardiac injection of IL-8 at
1 ug/ml into non-infarcted hearts induced in vivo chemot-
axis of CD34+ cells, FIG. 9c, whereas neither VEGF nor
SCEF, used as controls, had any chemotactic effect in vivo,
FIG. 94. Together, these results indicate that increased tissue
expression of ELR-positive chemokines augments vasculo-
genesis in vivo by inducing chemotaxis of bone marrow-
derived endothelial precursor cells to sites of tissue
ischemia.

[0293] 4. Interruption of CXCR4/SDF-1 Interactions to
Redirect Trafficking of Human CD34-Positive Cells from
Bone Marrow to Myocardium.

[0294] In addition to augmenting trafficking of intrave-
nously injected human CD34+ angioblasts to damaged myo-
cardium, ischemic serum from LAD-ligated rats caused
rapid expansion of the circulating CD34+CD117°"8" angio-
blast population and concomitantly increased trafficking of
these cells to the bone marrow. As shown in FIG. 10a,
culture for 2 days with either VEGF or ischemic serum
increased proliferation of CD34+CD117°"8"* angioblasts by
2.8 and 4.3 fold, respectively (p<0.01). Moreover, as shown
in FIG. 10b, bone marrow front ischemic rats after LAD
ligation contained 5-8 fold higher levels of human CD34+
CD117"e" angioblasts compared with bone marrow from
normal rats 2-14 days after intravenous injection of 2x10°
human CD34-positive cells (>95% purity), (p<0.001). Since
SDF-1 is constitutively expressed by bone marrow stromal
cells and preferentially promotes bone marrow migration of
circulating CD34+ cells which are actively cycling (80), we
investigated whether the increased homing of human CD34+
CD117"e" angioblasts to ischemic rat bone marrow was
due to heightened SDF-1/CXCR4 interactions. As shown in
FIG. 10c, co-administration of mabs against either human
CXCR4 or rat SDF-1 significantly inhibited migration of
intravenously administered CD34+ human angioblasts to
ischemic rat bone marrow by compared with anti-CD34
control antibody (both p<0.001). Moreover, co-administra-
tion of mAbs against either human CXCR4 or rat SDF-1
increased trafficking of CD34+ human angioblasts to
ischemic rat myocardium by a mean of 24% and 17%,
respectively (both p<0.001), FIG. 10d. By two weeks, the
myocardial infarct bed of rats receiving human CD34+ cells
in conjunction with anti-CXCR4 mAb demonstrated >3-fold
increase in microvascularity compared with those receiving
CD34+ cells in conjunction with isotype control antibody.
These results indicate that although intravenously injected
CD34+ angioblasts traffick to infarcted myocardium and
induce vasculogenesis in response to augmented production
of ELR+ chemokines, the efficiency of this process is
significantly reduced by concomitant angioblast migration
to the bone marrow in response to SDF-1. Interruption of
CXCR4/SDF-1 interactions redirects trafficking of the
expanded, cycling population of human CD34-positive cells
from bone marrow to myocardium after infarction, increas-
ing infarct bed neoangiogenesis.

[0295] 5. Improvement in Myocardial Function

[0296] Although left ventricular function was severely
depressed after LAD ligation, injection of >98% pure
CD34+ cells was associated with significant recovery in left
ventricular size and function within two weeks, and these
effects persisted for the entire 15 week period of follow-up,
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FIG. 11a and b. In rats receiving >98% pure CD34+ cells,
left ventricular end-systolic area decreased by a mean of
37+6% by 15 weeks compared to immediately post-infarc-
tion, FIG. 114, and left ventricular ejection fraction (LVEF)
recovered by a mean of 34x4% by 15 weeks (p<0.001), FIG.
116 (p<0.001). Improvement in these parameters depended
on the number of CD34+ cells injected, since intravenous
injection of 2x10° G-CSF mobilized human cells containing
2% or 40% CD34+ purity did not significantly improve
myocardial function despite similar degrees of trafficking to
ischemic myocardium, FIGS. 11a and b. However, co-
administration of anti-CXCR4 mAb together with G-CSF
mobilized human bone marrow-derived cells containing
40% CD34+ purity significantly improved LVEF recovery
and reduced LVAs, to levels seen with >98% CD34+ purity.
By trichrome stain, significant differences in left ventricular
mass and collagen deposition were observed between the
groups, FIG. 1lc. In rats receiving 2x10° human cells
containing 2% CD34- purity, the left ventricular anterior
wall was completely replaced by fibrous tissue and marked
compensatory septal hypertrophy was present. Similar
changes were seen in hearts of rats receiveng 2x10° human
cells containing 40% CD34 purity. In contrast, in hearts of
rats receiving 2x10° human cells containing 98% CD34
purity significantly greater anterior wall mass was main-
tained, with normal septal size and minimal collagen depo-
sition. Of particular interest, hearts of rats receiving 2x10°
human cells containing 40% purity together with anti-
CXCR4 mAb demonstrated similar increase in anterior
myocardial wall mass, decrease in septal hypertrophy, and
reduction in collagen deposition. Overall, the mean propor-
tion of fibrous scar/normal left ventricular myocardium was
13% and 21%, respectively, in rats receiving >98% pure
CD34+ cells or 40% pure CD34+ cells together with anti-
CXCR4 mAD, compared with 36-45% for rats receiving 2%
and 40% pure CD34+ cells (p<0.01), FIG. 114. Thus,
augmentation of infarct bed vasculogenesis by increasing
selective trafficking of a critical number of endothelial
precursors leads to further prevention of the remodeling
process, salvage of viable myocardium, and improvement in
cardiac function.

Discussion

[0297] This study demonstrates that ELR+ chemokines
produced by ischemic tissues regulate the development of
compensatory vasculogenesis at ischemic sites by producing
a chemoattractant gradient for bone marrow-derived endot-
helial cell precursors. Although both the ELR+ CXC
chemokine IL-8 and the ELR- CXC chemokine SDF-1
demonstrate similar effects on chemotaxis of CD34+ endot-
helial precursors, as well as on mature endothelium (73),
when expressed at different extravascular sites they impart
opposing biological effects on directional egress of endot-
helial progenitors, and consequently on tissue neovascular-
ization. By understanding these interactions we were able to
manipulate and augment the chemotactic properties of a
specific subset of human bone marrow-derived CD34+ cells
in order to increase myocardial trafficking, induce infarct
bed vasculogenesis, reduce post-ischemic ventricular
remodeling, and improve myocardial function.

[0298] Since migration of bone marrow-derived progeni-
tors through basement membrane is dependent on secretion
of proteolytic enzymes such as metalloproteinase-9 (MMP-
9, Gelatinase B) (81), intracardiac metalloproteinase activity
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may be a critical determinant of angioblast extravasation
from the circulation and transendothelial migration into the
infarct zone. IL-8 induces rapid release (within 20 minutes)
of the latent form of MMP-9 from intracellular storage
granules in neutrophils (82-83), and increases serum
MMP-9 levels by up to 1,000-fold following intravenous
administration in vivo in non-human primates (84). Since
IL-8 significantly increases MMP-9 expression in bone
marrow progenitors (81), and neutralizing antibodies against
MCP-9 prevent mobilization of these cells (85), the results
of our steady suggest that angioblast infiltration and subse-
quent infarct bed vasculogenesis may result from IL-8-
dependent increases in MMP-9 secretion.

[0299] Activation of latent MMP-9 and concomitant
development of neoangiogenesis within murine myocardial
infarct scar tissue has been shown to depend on urokinase-
type plasminogen activator (u-PA) co-expressed by bone
marrow progenitors infiltrating the infarct bed (81). Tran-
scription and proteolytic activity of u-PA in human cells is
significantly increased by G-CSF and other colony stimu-
lating factors (86-88). Since IL-8-induced chemotaxis and
progenitor mobilization require the presence of additional
signals delivered through functional G-CSF receptors (89),
it is possible that increased u-PA activity is required for IL-8
mediated trafficking of angioblasts to sites of ischemia. This
would explain the limited extent of infarct bed neoangio-
genesis observed normally after myocardial infarction (62,
63) despite high levels of IL-8 production, and provides a
rationale for in vivo or ex vivo administration of colony
stimulating factors to mobilize and differentiate human bone
marrow-derived angioblasts for use in therapeutic revascu-
larization of ischemic tissues.

[0300] Constitutive production of the CXC chemokine
SDF-1 by bone marrow stromal cells appears to be essential
for bone marrow homing and engraftment of haematopoietic
progenitors (76-78). In addition, expression of SDF-1 in
non-haematopoietic tissues plays a role in the developing
vascular system since SDF-1-/- mice have defects in both
vascularization of the gastrointestinal tract (50) and ven-
tricular septum formation (90). Since bone marrow-derived
endothelial precursors express CXCR4 (80) and demon-
strate chemotactic responses to SDF-1, as shown here,
induced expression of SDF-1 at non-haematopoietic sites
during embryogenesis or following tissue injury may be an
important element in the process of tissue neovasculariza-
tion (91). Our ability to redirect trafficking of human bone
marrow-derived angioblasts to sites of tissue ischemia by
interruption of CXCR4/SDF-1 interactions argues strongly
that SDF-1 is a biologically active chemotactic factor for
human endothelial precursors, and that it may have pro-
angiogenic activity if expressed at non-haematopoietic sites.
Future studies will address whether increased expression
and localization of SDF-1 and other chemokines at the sites
of tissue ischemia might be synergistic with ELR+ CXC
chemokines in augmenting vasculogenesis. Together, the
results of this study indicate that CXC chemokines, includ-
ing IL-8, Gro-alpha, and SDF-1, play a central role in
regulating human bone marrow-dependent vasculogenesis,
and that manipulation of interactions between these chemok-
ines and their receptors on autologous human bone marrow-
derived angioblasts can enhance the potential efficacy of
therapeutic vasculogenesis following tissue ischemia.
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Third Series of Experiments

Experimental Procedures and Results

[0301] 1.Myocardial Ischemia Induces Production Of CC
Chemokines and Increases Human CD34+ Angioblast
Expression Of CC Chemokine Receptors

[0302] Since human mononuclear cell chemotaxis and
tissue infiltration is regulated by interactions between cell
surface receptors with specific chemokine ligands, the
effects of ischemia on angioblast CC chemokine receptor
expression and on kinetics of CC chemokine production by
infarcted rat myocardium were investigated. As shown in
FIG. 12, culture of CD34+CD117*&" angioblasts with
serum from LLAD-ligated rats increased surface expression
of CCR1 and CCR2, while surface expression of CCR3 and
CCRS5 remained unchanged.

[0303] As shown in FIG. 13, infarcted myocardium dem-
onstrated a time-dependent increase in mRNA expression of
several CCR-binding chemokines. Infarcted myocardium
was found to express over 8-fold higher levels of the
CCR2-binding CC chemokine MCP-1, and 3-3.5-fold
higher mRNA levels of MCP-3 and RANTES, as well as the
CCR3-binding chemokine eotaxin, after normalizing for
total mRNA content (all p<0.001). This pattern of gene
expression appeared to be relatively specific since every
infarcted tissue studied demonstrated increased expression
of these CC chemokines and none demonstrated induced
expression of the CCRS-binding CC chemokines MIP-1
alpha or MIP-lbeta.

[0304] 2. Trafficking Of Human CD34+ Angioblasts to
Ischemic Myocardium is Regulated by Induced Expression
of CC and CXC Chemokines

[0305] Next investigated was whether human angioblast
trafficking to ischemic myocardium was related to the
induced expression of the CC chemokines identified above.
Co-administration of blocking mAbs against MCP-1, MCP-
3, and RANTES, or against eotaxin, reduced myocardial
trafficking of human angioblasts by 40-60% relative to
control antibodies (p<0.01), FIG. 14. To prove that CC
chemokines mediate angioblast chemotaxis to ischemic
myocardium, we measured in vivo angioblast chemotaxis in
response to eotaxin. As shown in FIG. 15, intracardiac
injection of eotaxin into non-infarcted hearts induced 1.5-1.7
fold increase in CD34+ angioblast trafficking whereas injec-
tion of the growth factors VEGF and stem cell factor had no
effect on chemotaxis despite increasing angioblast prolifera-
tion (not shown).

[0306] Fourth Series of Experiments

[0307] Determination of Myocyte Size. Myocyte size was
measured in normal rat hearts and in the infarct zone,
peri-infarct rim and distal areas of infarct tissue sections
stained by trichrome. The transverse and longitudinal diam-
eters (mm) of 100-200 myocytes in each of 10-15 high-
powered fields were measured at 400x using Image-Pro Plus
software.

[0308] Measurement of Myocyte Apoptosis by DNA End-
Labeling of Paraffin Tissue Sections.

[0309] For in situ detection of apoptosis at the single cell
level we used the TUNEL method of DNA end-labeling
mediated by dexynucleotidyl transferase (TdT) (Boehringer
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Mannheim, Mannheim, Germany). Rat myocardial tissue
sections were removed from LAD-ligated rats at two weeks
after injection of either saline or CD34+ human cells, and
from healthy rats as negative controls. Briefly, tissues were
deparaffinized, digested with Proteinase K, and incubated
with TdT and fluorescein-labeled dUTP in a humid atmo-
sphere for 60 minutes at 37° C. After incubation for 30
minutes with an antibody specific for fluorescein conjugated
alkaline phosphatase the TUNEL stain was visualized in
which nuclei with DNA fragmentation stained blue.

[0310] 1. Neoangiogenesis Protects Hypertrophied Myo-
cardium Against Apoptosis.

[0311] The mechanism by which induction of neo-angio-
genesis resulted in improved cardiac function was investi-
gated. Results showed that two weeks after LAD ligation the
myocytes in the peri-infarct rim of saline controls had
4distorted appearance, irregular shape, and similar diameter
4to myocytes from rats without infarction (0.020 mm
+/-0.002 4vs 0.019 mm +/-0.001). In contrast, the myocytes
at the peri-infarct rim of rats who received CD34+ cells had
regular, oval shape, and were significantly larger than myo-
cytes from control rats (diameter 0.036 mm +/-0.004 vs
0.019 mm +/-0.001, p<0.01). By concomitant staining for
the myocyte-specific marker desmin and DNA end-labeling,
6-fold lower numbers of apoptotic myocytes were detected
in infarcted left ventricles of rats injected with CD34+ cells
compared with saline controls (apoptotic index 1.2+40.6 vs
7.140.7, p<0.01). These differences were particularly evi-
dent within the peri-infarct rim, where the small, irregularly-
shaped myocytes in the saline-treated controls had the
highest index of apoptotic nuclei. In addition, whereas
apoptotic myocytes extended throughout 75-80% of the left
ventricular wall in saline controls, apoptotic myocytes were
only detectable for up to 20-25% of the left ventricle distal
to the infarct zone in rats injected with CD34+ cells.
Together, these results indicate that the infarct zone vascu-
logenesis and peri-infarct angiogenesis induced by injection
of CD34+ cells prevented an eccentrically-extending pro-
apoptotic process evident in saline controls, enabling sur-
vival of hypertrophied myocytes within the peri-infarct zone
and improving myocardial function.

[0312] 2. Early Neoangiogenesis Prevents Late Myocar-
dial Remodeling.

[0313] The last series of experiments showed the degree of
peri-infarct rim myocyte apoptosis at two weeks in control
and experimental groups (saline vs CD34+ cells) compared
with progressive myocardial remodeling over the ensuing
four months. Despite similar initial reductions in LVEF and
increases in LVAS, by two weeks the mean proportion of
collagenous deposition or scar tissue/normal left ventricular
myocardium, as defined by Massonis trichrome stain, was
3% in rats receiving CD34+ cells compared with 12% for
those receiving saline. By 15 weeks post-infarction, the
mean proportion of scar/normal left ventricular myocardium
was 13% in rats receiving CD34+ cells compared with
36-45% for each of the other groups studied (saline, CD34-,
SVECQC) (p<0.01). Rats receiving CD34+ cells demonstrated
significantly increased mass of viable myocardium within
the anterior free wall which comprised myocytes exclusively
of rat origin, expressing rat but not human MHC molecules,
confirming intrinsic myocyte salvage rather than myocyte
regeneration from human stem cell precursors. Whereas
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collagen deposition and scar formation extended almost
through the entire left ventricular wall thickness in controls,
with aneurysmal dilatation and typical EKG abnormalities,
the infarct scar extended only to 20-50% of the left ven-
tricular wall thickness in rats receiving CD34+ cells. More-
over, pathological collagen deposition in the non-infarct
zone was markedly reduced in rats receiving CD34+ cells.
Together, these results indicate that the reduction in peri-
infarct myocyte apoptosis observed at two weeks resulted in
prolonged survival of hypertrophied, but viable, myocytes
and prevented myocardial replacement with collagen and
fibrous tissue by 15 weeks.

Discussion

[0314] The observation that proliferating capillaries at the
peri-infarct rim and between myocytes were of rat origin
shows that in addition to vasculogenesis human angioblasts
or other co-administered bone-marrow derived elements
may be a rich source of pro-angiogenic factors, enabling
additional induction of angiogenesis from pre-existing vas-
culature.
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<160>

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 6

SEQ ID NO 1

LENGTH: 20

TYPE: DNA

ORGANISM: ARTIFICIAL SEQUENCE
FEATURE:

NAME/KEY: misc_feature
LOCATION: ()..()

OTHER INFORMATION: PRIMER

SEQUENCE: 1

gaagatagat tgcaccgatg

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 2

LENGTH: 18

TYPE: DNA

ORGANISM: ARTIFICIAL SEQUENCE
FEATURE:

NAME/KEY: misc_feature
LOCATION: ()..()

OTHER INFORMATION: PRIMER

SEQUENCE: 2

catagcctct cacatttce

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 3

LENGTH: 25

TYPE: DNA

ORGANISM: ARTIFICIAL SEQUENCE
FEATURE:

NAME/KEY: misc_feature
LOCATION: ()..()

OTHER INFORMATION: PRIMER

SEQUENCE: 3

gcgcccgtee gccaatgage tgcge

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 4

LENGTH: 28

TYPE: DNA

ORGANISM: ARTIFICIAL SEQUENCE
FEATURE:

NAME/KEY: misc_feature
LOCATION: ()..()

OTHER INFORMATION: PRIMER

SEQUENCE: 4

cttggggaca cccttcagca tecttttgg

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 5

LENGTH: 21

TYPE: DNA

ORGANISM: ARTIFICIAL SEQUENCE
FEATURE:

NAME/KEY: misc_feature
LOCATION: ()..()

OTHER INFORMATION: PRIMER

SEQUENCE: 5

ctctacccac ggcaagttca a

<210>

SEQ ID NO 6

20

18

25

28

21
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-continued

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: ARTIFICIAL SEQUENCE
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: ()..()

<223> OTHER INFORMATION: PRIMER

<400> SEQUENCE: 6

gggatgacct tgcccacagce

20

1. A method of stimulating vasculogenesis in ischemia-
damaged tissue of a subject comprising:

(a) removing stem cells from a location within the subject;

(b) recovering endothelial progenitor cells from the stem
cells removed in step (a); and

(¢) introducing the endothelial progenitor cells from step
(b) into a different location within the subject such that
the endothelial progenitor cells stimulate vasculogen-
esis in the subject’s ischemia-damaged tissue.

2. The method of claim 1, wherein the endothelial pro-

genitor cells are autologous.

3. The method of claim 1, wherein subsequent to step (b),
but before step (c), the endothelial progenitor cells are
expanded by contacting them with a growth factor.

4. The method of claim 3, wherein the growth factor is
specific for, or primarily has effects upon endothelial cells.

5. The method of claim 3, wherein the growth factor is a
cytokine.

6. The method of claim 5, wherein the cytokine is VEGF,
PGF, G-CSF, IGF, M-CSF, or GM-CSF.

7. The method of claim 3, wherein the growth factor is a
chemokine.

8. The method of claim 7, wherein the chemokine is
Interleukin-8.

9. The method of claim 3, wherein the endothelial pro-
genitor cells are separated from other stem cells before
expansion.

10. The method of claim 1, wherein the ischemia-dam-
aged tissue is myocardium.

11. The method of claim 1, wherein the subject has
suffered a myocardial infarct.

12. The method of claim 1, wherein the ischemia-dam-
aged tissue is nervous system tissue.

13. The method of claim 1, wherein the subject has
suffered a cerebral ischemic event.

14. The method of claim 1, wherein the subject is deemed
at risk from a cerebral ischemic event.

15. The method of claim 1, wherein the stem cells are
removed from the subject’s bone marrow.

16. The method of claim 15, wherein the removal of the
stem cells from the bone marrow is effected by aspiration
from the subject’s bone marrow.

17. The method of claim 1, wherein the removal of the
stem cells from the subject is effected by a method com-
prising:

(2) introducing a growth factor into the subject to mobi-
lize the stem cells into the subject’s blood; and

(b) removing a sample of blood containing the stem cells

from the subject.

18. The method of claim 17, wherein the growth factor is
introduced into the subject subcutaneously, orally, intrave-
nously or intramuscularly.

19. The method of claim 17, wherein the growth factor is
a chemokine that induces mobilization.

20. The method of claim 19, wherein the chemokine is
Interleukin-8.

21. The method of claim 17, wherein the growth factor is
a cycokine.

22. The method of claim 21, wherein the cytokine is
G-CSF, M-CSF, or GM-CSF.

23. The method of claim 1, wherein the endothelial
progenitor cells are recovered based upon their expression of
CD117.

24. The method of claim 1, wherein the endothelial
progenitor cells are recovered based upon their expression of
a GATA-2 activated gene product.

25. The method of claim 1, wherein the endothelial
progenitor cells are recovered based upon their expression of
one or more of CD34, VEGF-R, Tie-2, GATA-3 or AC133.

26. The method of claim 1, wherein the subject has
suffered or is suffering from one or more of the following:
myocardial infarction, chronic heart failure, ischemic heart
disease, coronary artery disease, diabetic heart disease,
hemorrhagic stroke, thrombotic stroke, embolic stroke, limb
ischemia, or another disease in which tissue is rendered
ischemic.

27. A method of treating acute myocardial infarct com-
prising the method of claim 1, wherein the subject is
suffering acute myocardial infarct.

28. The method of claim 1, wherein step (a) occurs prior
to the subject suffering ischemia-damaged tissue and
wherein step (¢) occurs after the subject has suffered
ischemia-damaged tissue.

29. The method of claim 1, wherein the endothelial
progenitor cells are frozen for a period of time between steps
(b) and (¢).

30. The method of claim 3, wherein the endothelial
progenitor cells are frozen for a period of time after being
expanded but before step (c) is performed.

31. The method of claim 1, wherein the endothelial
progenitor cells are introduced into the subject by injection
directly into the peripheral circulation, heart muscle, left
ventricle, right ventricle, coronary artery, cerebro-spinal
fluid, neural tissue, ischemic tissue, or post-ischemic tissue.

32. The method of claim 1, further comprising adminis-
tering to the subject one or more of the following: an
inhibitor of Plasminogen Activator Inhibitor, Angiotensin
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Converting Enzyme Inhibitor or a beta blocker, wherein
such administration occurs prior to, concomitant with, or
following step (c).

33. A method of stimulating angiogenesis in peri-infarct
tissue in a subject comprising:

(a) removing stem cells from a location within the subject;

(b) recovering endothelial progenitor cells from the stem
cells removed in step (a);

(c) expanding the endothelia progenitor cells recovered in
step (b) by contacting the progenitor cells with a
growth factor; and

(d) introducing the expanded endothelial progenitor cells
from step (c) into a different location in the subject such
that the endothelial progenitor cells stimulate angio-
genesis in peri-infarct tissue in the subject.

34. A method of selectively increasing the trafficking of
endothelial progenitor cells to ischemia-damaged tissue in a
subject comprising administering to the subject endothelial
progenitor cells and a chemokine so as to thereby attract the
endothelial progenitor cells to the ischemia-damaged tissue.

35. The method of claim 34, wherein the endothelial
progenitor cells have been derived from the subject’s bone
Marrow.

36. The method of claim 34, wherein the chemokine is a
CXC chemokine.

37. The method of claim 36, wherein the CXC chemokine
is Interleukin-8, Gro-Alpha, or Stromal-Derived Factor-1.

38. The method of claim 34, wherein the chemokine is a
CC chemokine.

39. The method of claim 38, wherein the CC chemokine
is RANTES, EOTAXIN, MCP-1, MCP-2, MCP-3, or MCP-
4.

40. The method of claim 34, wherein the chemokine is
administered to the subject by injection into the subject’s
peripheral circulation, heart muscle, left ventricle, right
ventricle, a coronary artery, spinal fluid, neural tissue,
ischemic tissue, or post-ischemic tissue.

41. The method of claim 34, wherein the endothelial
progenitor cells are human cells.

42. The method of claim 34, wherein the ischemia-
damaged tissue is myocardium.

43. The method of claim 34, wherein the ischemia-
damaged tissue is neural tissue.

44. The method of claim 34, wherein the endothelial
progenitor cells express CD117.

45. The method of claim 34, wherein the endothelial
progenitor cells express at least one of CD34, GATA-2,
GATA-3 or AC133.

46. The method of claim 34, wherein the chemokine is
administered to the subject by injection into the subject’s
peripheral circulation, heart muscle, left ventricle, right
ventricle, coronary arteries, cerebro-spinal fluid, neural tis-
sue, ischemic tissue, or post-ischemic tissue.

47. The method of claim 1, 33 or 34, wherein the subject
is mammalian.

48. The method of claim 47, wherein the subject is human.

49. A method of increasing trafficking of endothelial
progenitor cells or angioblasts to ischemia-damaged tissue
in a subject comprising inhibiting any interaction between
Stromal-Derived Factor-1 and CXCR4.

50. The method of claim 49, wherein interaction between
Stromal-Derived Factor-1 (SDF-1)and CXCR4 is inhibited
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by administration of an anti-SDF-1 or an anti-CXCR4
monoclonal antibody to the subject.

51. The method of claim 50, further comprising admin-
istering to the subject an Angiotensin Converting Enzyme
Inhibitor, an AT;-receptor blocker, or a beta blocker.

52. A method of reducing trafficking of endothelial pro-
genitor cells to bone marrow in a subject comprising inhib-
iting production of Stromal-Derived Factor-1 in the sub-
ject’s bone marrow.

53. The method of claim 52, wherein SDF-1 production is
inhibited by administration of an anti-SDF-1 or anti-CXCR4
monoclonal antibody to the subject.

54. A method for treating a cancer in a subject comprising
administering to the subject a monoclonal antibody directed
against an epitope of a specific chemokine produced by
proliferating cells associated with the cancer so as to reduce
trafficking of endothelial progenitor cells to such proliferat-
ing cells and thereby treat the cancer in the subject.

55. Amethod for treating a cancer in a subject comprising
administering to the subject a monoclonal antibody directed
against an epitope of a specific receptor located on an
endothelial progenitor cell, for a chemokine produced by
proliferating cells associated with the cancer, so as to reduce
trafficking of the endothelial progenitor cell to such prolif-
erating cells and thereby treat the cancer in the subject.

56. The method of claim 55, wherein the receptor is
CXCR1, CXCR2 or VEGF-R.

57. A method for treating a tumor in a subject comprising
administering to the subject an antagonist to a specific
receptor on an endothelial progenitor cell so as to reduce the
progenitor cell’s ability to induce vasculogenesis in the
subject’s tumor and thereby treat the tumor.

58. A method for treating a tumor in a subject comprising
administering to the subject an antagonist to a specific
receptor on an endothelial progenitor cell so as to reduce the
progenitor cell’s ability to induce angiogenesis in the sub-
ject’s tumor and thereby treat the tumor.

59. The method of claim 57 or 58, wherein the receptor is
a CD117 receptor.

60. The method of claim 54, 55, 57, or 58, wherein the
subject is mammalian.

61. The method of claim 60, wherein the subject is human.

62. A method for expressing a gene of interest in an
endothelial progenitor cell or a mast progenitor cell which
comprises inserting into the cell a vector comprising a
promoter containing a GATA-2 motif and the gene of
interest.

63. The method of claim 62, wherein the vector is inserted
into the cell by transfection.

64. The method of claim 62 wherein the promoter is a
preproendothelin-1 promoter.

65. The method of claim 64, wherein the promoter is of
mammalian origin.

66. The method of claim 65, wherein the promoter is of
human origin.

67. A composition comprising an amount of a monoclonal
antibody directed against an epitope of a specific chemokine
produced by a cancer effective to reduce trafficking of
endothelial progenitor cells to the cancer, and a pharmaceu-
tically acceptable carrier.
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68. A method of treating an abnormality in a subject
wherein the abnormality is treated by the expression of a
GATA-2 activated gene product in the subject comprising:

(a) removing stem cells from a location within the subject;

(b) recovering endothelial progenitor cells from the stem
cells removed in step (a);

(c) recovering those endothelial progenitor cells recov-
ered in step (b) that express GATA-2;

(d) inducing the cells recovered in step (c) as expressing
GATA-2 to express a GATA-2 activated gene product;
and

(e) introducing the cells expressing a GATA-2 activated
gene product from step (d) into a different location in
the subject such as to treat the abnormality.

69. A method of treating an abnormality in a subject

wherein the abnormality is treated by the expression of a
GATA-2 activated gene product in the subject comprising:

(a) removing stem cells from a location within the subject;

(b) recovering mast progenitor cells from the stem cells
removed in step (a);

(c) recovering those mast progenitor cells recovered in
step (b) that express GATA-2;

(d) inducing the cells recovered in step (c) as expressing
GATA-2 to express a GATA-2 activated gene product;
and

(e) introducing the cells expressing a GATA-2 activated
gene product from step (d) into a different location in
the subject such as to treat the abnormality

70. The method of claims 68 or 69, wherein the abnor-

mality is ischemia-damaged tissue.

71. The method of claims 68 or 69, wherein the gene

product is proendothelin.

72. The method of claims 68 or 69, wherein the gene

product is endothelin.

73. A method of improving myocardial function in a

subject that has suffered a myocardial infarct comprising:

(a) removing stem cells from a location in the subject;

(b) recovering cells that express CD117 from the stem
cells; and

(¢) introducing the recovered cells into a different location
in the subject such that the cells improve myocardial
function in the subject.

74. The method of any of claims 68, 69, or 73, wherein the

subject is of mammalian origin.

75. The method of claim 74, wherein the mammal is of

human origin.

76. A method of stimulating vasculogenesis in ischemia-

damaged tissue in a subject comprising:

(a) obtaining allogeneic stem cells;

(b) recovering endothelial progenitor cells from the stem
cells removed in step (a); and

(¢) introducing the endothelial progenitor cells recovered
in step (b) into the subject such that the endothelial
progenitor cells stimulate vasculogenesis in the sub-
ject’s ischemia-damaged tissue.
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77. The method of claim 76, wherein the allogeneic stem
cells are obtained from embryonic, fetal or cord blood
sources.

78. A method of stimulating angiogenesis in ischemia-
damaged tissue in a subject comprising:

(a) obtaining allogeneic stem cells;

(b) recovering endothelial progenitor cells in the stem
cells removed in step (a); and

(¢) introducing the endothelial progenitor cells recovered
in step (b) into the subject such that the endothelial
progenitor cells stimulate angiogenesis in the subject’s
ischemia-damaged tissue.

79. The method of claim 78, wherein the allogeneic stem
cells are obtained from embryonic, fetal or cord blood
sources.

80. A method of improving myocardial function in a
subject that has suffered a myocardial infarct comprising
injecting G-CSF into the subject in order to mobilize endot-
helial progenitor cells.

81. A method of improving myocardial function in a
subject that has suffered a myocardial infarct comprising
injecting anti-CXCR4 antibody into the subject.

82. The method of claim 81 further comprising introduc-
ing endothelial progenitor cells into the subject.

83. The method of claim 82 further comprising introduc-
ing G-CSF into the subject in order to mobilize endothelial
progenitor cells.

84. An endothelial progenitor cell that expresses CD117.

85. An endothelial progenitor cell that expresses one or
more of the group consisting of GATA-2, GATA-3, CD34,
AC133, CD34 and CD117.

86. The endothelial progenitor cell of claim 85, wherein
the progenitor cell is derived from bone marrow.

87. A method of expanding an endothelial progenitor cell
population comprising contacting an endothelial progenitor
cell with a cytokine.

88. The method of claim 87, wherein the cytokine is
selected from the group consisting of G-CSF, GM-CSF,
M-CSF, VEGF, and FGF.

89. A method of expanding an endothelial progenitor cell
population comprising contacting an endothelial progenitor
cell with a chemokine.

90. The method of claim 89, wherein the chemokine is a
CC chemokine.

91. The method of claim 90, wherein the CC chemokine
is selected from the group consisting of RANTES,
EOTAXIN, MCP-1, MCP-2, MCP-3, and MCP-4.

92. A method of identifying bone marrow-derived endot-
helial progenitor cells comprising recovering progenitor
cells based on their expression of CD117.

93. A method of identifying bone marrow-derived endot-
helial progenitor cells comprising recovering progenitor
cells based on their expression of any or all of the group
consisting of GATA-2, GATA-3, CD34, AC133, CD34 and
CD117.

94. The method of claim 1, wherein the removal of the
stem cells from the subject is effected by a method com-
prising;

(a) eliciting production of growth factor in the subject to
mobilize the stem cells into the subject’s blood; and

(b) removing a sample of blood containing the stem cells
from the subject.
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95. The method of claim 94, wherein the growth factor 97. The method of claim 96, wherein the chemokine
production is elicited by a gene therapy technique. production is elicited by a gene therapy technique.

96. A method of selectively increasing the trafficking of
endothelial progenitor cells to ischemia-damaged tissue in a
subject comprising eliciting chemokine production in the
subject so as to thereby attract the endothelial progenitor
cells to the ischemia-damaged tissue. L

98. The method of claim 97, further comprising admin-
istering endothelial progenitor cells to the subject.



