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ABSTRACT 

A method of treating cardiac or myocardial conditions 
comprises the administration of an effective amount of 
autologous bone marroW. The bone marroW may optionally 
be stimulated and/or administered in combination With a 
pharmaceutical drug, protein, gene or other factor or therapy 
that may enhance bone marroW production of angiogenic 
groWth factors and/or promote endothelial cell proliferation 
or migration or blood vessel formation. 
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INTRAMYOCARDIAL INJECTION OF 
AUTOLOGOUS BONE MARROW 

FIELD OF THE INVENTION 

[0001] This application is directed to a method of injecting 
autologous bone marrow. More speci?cally, this invention is 
directed to intramyocardial injection of autologous bone 
marrow to enhance collateral blood vessel formation and 
tissue perfusion. 

BACKGROUND OF THE INVENTION 

[0002] The use of recombinant genes or groWth-factors to 
enhance myocardial collateral blood vessel function may 
represent a neW approach to the treatment of cardiovascular 
disease. KornoWski, R., et al., “Delivery strategies for 
therapeutic myocardial angiogenesis”, Circulation 2000; 
1011454-458. Proof of concept has been demonstrated in 
animal models of myocardial ischemia, and clinical trials are 
underWay. Unger, E. F., et al., “Basic ?broblast groWth 
factor enhances myocardial collateral How in a canine 
model”, Am J Physiol 1994; 2661H1588-1595; Banai, S. et 
al., “Angiogenic-induced enhancement of collateral blood 
How to ischemic myocardium by vascular endothelial 
groWth factor in dogs”, Circulation 1994; 83-2189; LaZ 
arous, D. F., et al., “Effect of chronic systemic administra 
tion of basic ?broblast groWth factor on collateral develop 
ment in the canine heart”, Circulation 1995; 911145-153; 
LaZarous, D. E, et al., “Comparative effects of basic devel 
opment and the arterial response to injury”, Circulation 
1996; 9411074-1082; Giordano, F. J., et al., “Intracoronary 
gene transfer of ?broblast groWth factor-5 increases blood 
How and contractile function in an ischemic region of the 
heart”, Nature Med 1996; 21534-9. Most strategies for 
trans-catheter delivery of angiogenic factors have employed 
an intracoronary route Which may have limitations due to 
imprecise localiZation of genes or proteins and systemic 
delivery to non-cardiac tissue. Thus, it Would be desirable to 
have the capacity for direct delivery of angiogenic factors or 
genes to precisely de?ned regions of the myocardium rather 
than to the entire heart, and to minimiZe the potential for 
systemic exposure. GuZman, R. J., et al.,“Efficient gene 
transfer into myocardium by direct injection of adenovirus 
vectors”, Circ Res 1993; 7311202-7; Mack, C. A., et al., 
“Biologic bypass With the use of adenovirus-mediated gene 
transfer of the complementary deoXyribonucleic acid for 
VEGF-121, improves myocardial perfusion and function in 
the ischemic porcine heart”, J. Thorac Cardiovasc Surg 
1998;1151168-77. 
[0003] The effect of direct intra-operative intramyocardial 
injection of angiogenic factors on collateral function has 
been studied in animal models of myocardial ischemia. 
Open chest, transepicardial administration of an adenoviral 
vector containing a transgene encoding an angiogenic pep 
tide resulted in enhanced collateral function. (Mack et al., 
supra.) Angiogenesis Was also reported to occur With direct 
intramyocardial injection of an angiogenic peptide or a 
plasmid vector during open heart surgery in patients. Schu 
macher, B., et al., “Induction of neoangiogenesis in ischemic 
myocardium by human groWth factors. First clinical results 
of a neW treatment of coronary heart disease”, Circulation 
1998; 971645-650; Losordo, D. W., et al., “Gene therapy for 
myocardial angiogenesis: initial clinical results With direct 
myocardial injection of phVEGF165 as sole therapy for 
myocardial ischemia”, Circulation 1998; 9812800. 
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[0004] Despite the promising hope for therapeutic angio 
genesis as a neW modality to treat patients With coronary 
artery disease, there is still a huge gap regarding What 
speci?c strategy Will optimally promote a clinically relevant 
therapeutic angiogenic response. Moreover, it is unclear 
Which one (or more) out of multiple angiogenic groWth 
factors may be associated With a bene?cial angiogenic 
response. In addition, the use of different tissue delivery 
platforms, e.g., proteins, adenovirus, or “naked” DNA, to 
promote the optimal angiogenic response has remained an 
open issue. 

OBJECTS OF THE INVENTION 

[0005] It is an object of this invention to provide a novel 
therapeutic modality Wherein autologous bone marroW is 
injected to promote angiogenesis in the injected tissue. 

[0006] It is also an object of this invention to provide a 
novel method of intramyocardial injection to enhance col 
lateral blood vessel formation and tissue perfusion. 

[0007] These and other objects of the invention Will 
become more apparent in the discussion beloW. 

SUMMARY OF THE INVENTION 

[0008] Most currently tested therapeutic approaches have 
focused on a single angiogenic groWth factor (e.g., VEGF, 
FGF, angiopoietin-1) delivered to the ischemic tissue. This 
can be accomplished either by delivery of the end-product 
(e.g., protein) or by gene transfer, using diverse vectors. 
HoWever, it is believed that complex interactions among 
several groWth factor systems are probably necessary for the 
initiation and maintenance of neW blood vessel formation. 
More speci?cally, it is believed important to induce a 
speci?c localiZed angiogenic milieu With various angiogenic 
cytokines interacting in concert and in a time-appropriate 
manner to initiate and maintain the formation and function 
of neW blood vessels. 

[0009] The bone marroW (BM) is a natural source of a 
broad spectrum of cytokines and cells that are involved in 
the control of angiogenic processes. It is therefore believed 
that the intramyocardial injection of autologous (A) BM, by 
taking advantage of the natural ability of these cells to 
secrete many angiogenic factors in a time-appropriate man 
ner, provides an optimal intervention for achieving thera 
peutic collateral development in ischemic myocardium. 

[0010] According to the invention autologous bone mar 
roW is injected, either as a “stand alone” therapeutic agent or 
combined With any pharmacologic drug, protein or gene or 
any other compound or intervention that may enhance bone 
marroW production of angiogenic groWth factors and/or 
promote endothelial cell proliferation, migration, and blood 
vessel tube formation. The “combined” agent(s) can be 
administered directly into the patient or target tissue, or 
incubated eX-vivo With bone marroW prior to injection of 
bone marroW into the patient Non-limiting eXamples of 
these “combined” agents are Granulocyte-Monocyte Colony 
Stimulatory Factor (GM-CSF), Monocyte Chemoattractant 
Protein 1 (MCP-1), and HypoXia Inducible Factor-1 (HIF 
1). An eXample of an intervention that may enhance bone 
marroW production of angiogenic factors is eX-vivo eXpo 
sure of bone marroW cells to hypoXia. The autologous bone 
marroW, alone or With “combined” agents, can be delivered 



US 2004/0161421 A1 

to the patient directly via either trans-endocardial or trans 
epicardial approaches into either ischemic and/or non-is 
chemic myocardium, or directly into any other ischemic 
organ (including a peripheral limb) to enhance and/or pro 
mote the development of collateral blood vessel formation 
and therefore collateral How to ischemic myocardium or 
ischemic limbs. This approach can also be used to promote 
the development of neWly implanted dedifferentiated and/or 
differentiated myocardial cells by the process of cardiac 
myogenesis. 
[0011] The invention comprises various autologous bone 
marroW transplantation strategies to enhance angiogenesis 
and/or myogenesis and thereby accelerate the development 
of neW blood vessels into ischemic myocardium or loWer 
extremities. Another aspect of the invention concerns the 
strategy of “optimization of angiogenic gene expression.” 
This strategy employs co-administration of HIF-1 With the 
autologous bone marroW. HIF-1 is a transcription factor 
knoWn to be induced and activated by hypoxia, and knoWn 
to induce expression of multiple genes involved in the 
response to hypoxia. A similar approach involves the expo 
sure of autologous bone marroW to endothelial PAS domain 
protein 1 (EPAS1). EPAS1 shares high structural and func 
tional homology With HIF-1. The strategy also involves the 
ex-vivo exposure of the bone marroW to hypoxia to increase 
the production of vascular endothelial groWth factor (VEGF) 
expression or other cytokines With proven angiogenc activ 
ity (such as MCP-1) prior to its direct injection into the heart 
or any peripheral ischemic tissue. This invention thus 
includes the direct intramyocardial (trans-epicardial or 
trans-endocardial) or peripheral intramuscular injection of 
autologous bone marroW; stimulated autologous bone mar 
roW, for example, stimulated by HIF-1, EPAS1, MCP-1, 
GM-CSF, or transient exposure to hypoxia or other forms of 
energy, such as ultrasound, RF, electromagnetic or laser 
energy; or autologous bone marroW product derived from 
conditioned medium (acellular component/s of cultured 
bone marroW). The stimulation of the bone marroW could be 
by the direct exposure of the bone marroW to the factors in 
the form of proteins, or the bone marroW cells can be 
transfected With vectors carrying the relevant genes. For 
example, bone marroW can be transfected With a plasmid 
vector, or With an adenoviral vector, carrying the HIF-1 or 
EPAS1 transgenes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a graph of the proliferation of PAEC’s vs. 
the quantities of conditioned medium; 

[0013] FIG. 2 is a graph of the proliferation of endothelial 
cells vs. the quantities of conditioned medium; 

[0014] FIG. 3 is a graph of the concentration of VEGF in 
conditioned medium over a four-Week period of time; and 

[0015] FIG. 4 is a graph of the concentration of MCP-1 in 
conditioned medium over a four-Week period of time. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0016] Bone marroW is a natural source of a broad spec 
trum of cytokines that are involved in the control of angio 
genic and in?ammatory processes. The cytokines expressed 
comprise mediators knoWn to be involved in the mainte 
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nance of early and late hematopoiesis (IL-1 alpha and IL-1 
beta, IL-6, IL-7, IL-8, IL-11 and IL-13; colony-stimulating 
factors, thrombopoietin, erythropoietin, stem cell factor, ?t 
3-ligand, hepatocyte cell groWth factor, tumor necrosis fac 
tor alpha, leukemia inhibitory factor, transforming groWth 
factors beta 1 and beta 3; and macrophage in?ammatory 
protein 1 alpha), angiogenic factors (?broblast groWth fac 
tors 1 and 2, vascular endothelial groWth factor) and media 
tors Whose usual target (and source) is the connective 
tissue-forming cells (platelet-derived groWth factor A, epi 
dermal groWth factor, transforming groWth factors alpha and 
beta 2, oncostatin M and insulin-like groWth factor-1), or 
neuronal cells (nerve groWth factor). Sensebe, L., et al., Stem 
Cells 1997; 15:133-43. Moreover, it has been shoWn that 
VEGF polypeptides are present in platelets and megacaryo 
cytes, and are released from activated platelets together With 
the release of beta-thromboglobulin. Wartiovaara, U., et al., 
Thromb Haemost 1998; 80:171-5; Mohle, R., Proc Natl 
Acad Sci USA 1997; 94:663-8. 

[0017] There are also indicators to support the concept that 
angiogenesis is needed to support bone marroW function and 
development of hematopoietic cells, including stem cells 
and progenitor cells, that may enter the circulation and target 
to sites of Wound healing and/or ischemia, ultimately con 
tributing to neW blood vessel formation. Monoclonal anti 
bodies that speci?cally recogniZe undifferentiated mesen 
chymal progenitor cells isolated from adult human bone 
marroW have been shoWn to recogniZe cell surface markers 
of developing microvasculature, and evidence suggests such 
cells may play a role in embryonal angiogenesis. Fleming, J. 
E., Jr., Dev Dyn 1998; 212:119-32. 

[0018] Bone marroW angiogensis may become exagger 
ated in pathologic states Where the bone marroW is being 
activated by malignant cells (such as in multiple myeloma) 
Where bone marroW angiogenesis has been shoWn to 
increase simultaneously With progression of human multiple 
myeloma cells. Ribatti, D., et al., Br] Cancer 1999; 79:451 
5. Moreover, vascular endothelial groWth factor (VEGF) has 
been shoWn to play a role in the groWth of hematopoietic 
neoplasms such as multiple myeloma, through either a 
paracrine or an autocrine mechanism. Bellamy, W. T., Can 
cer Res 1999; 59:728-33; Fiedler, W., Blood 1997; 8911870 
5). It is believed that autologous bone marroW, With its 
unique native humoral and cellular properties, is a potential 
source of various angiogenic compounds. This natural 
source of “mixed” angiogenic cytokines can surprisingly be 
utiliZed as a mixture of potent interactive groWth factors to 
produce therapeutic angiogenesis and/or myogenesis; use of 
the cells per se could provide a more sustained source of 
these natural angiogenic agents. 

[0019] One of the factors that most likely participates in 
initiating angiogenesis in response to ischemia is HIF-1, a 
potent transcription factor that binds to and stimulates the 
promoter of several genes involved in responses to hypoxia. 
Induction and activation of HIF-1 is tightly controlled by 
tissue pO2; HIF-1 expression increases exponentially as 
p02 decreases, thereby providing a positive feedback loop 
by Which a decrease in p02 causes an increase in the 
expression of gene products that serve as an adaptive 
response to a loW oxygen environment. Activation of HIF-1 
leads, for example, to the induction of erythropoietin, genes 
involved in glycolysis, and to the expression of VEGF. It 
probably also modulates the expression of many other genes 
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that participate in the adaptive response to loW pO2 levels. 
The mechanism by Which HIF-1 regulates levels of proteins 
involved in the response to hypoxia is through transcrip 
tional regulation of genes responding to loW pO2. Thus, such 
genes have short DNA sequences Within the promoter or 
enhancer regions that contain HIF-1 binding sites, desig 
nated as hypoxia responsive elements HIF-1 is a 
heterodimer With a basic helix-loop-helix motif, consisting 
of the subunits HIP-10. and HIF-1[3. Its levels are regulated 
by p02 both transcriptionally and posttranscriptionally— 
HIF-1 induction is increased by hypoxia, and its half-life is 
markedly reduced as p02 levels increase. 

[0020] It is relevant that While expression of HIF-1 (as 
determined in HeLa cells) is exponentially and inversely 
related to p02, the in?ection point of the curve occurs at an 
oxygen saturation of 5%, With maximal activity at 0.5% and 
1/2 maximal activity at 15-20%. These are relatively loW 
levels of hypoxia, and it is not clear Whether such levels 
occur in the presence of mild levels of myocardial or loWer 
limb ischemia—i.e., levels present in the absence of tissue 
necrosis (myocardial infarction, and leg ulcerations, respec 
tively). Thus, bone marroW cells could have the capacity to 
secrete angiogenic factors and thereby enhance collateral 
development. HoWever, it is possible that such activity may 
not become manifest in the speci?c tissue-environments 
treated unless some additional stimulus is present. It is, 
therefore, a preferred aspect of the invention to co-admin 
ister, if necessary, bone marroW implant With HIF-1. It is 
anticipated that HIF-1 Will provide optimal expression of 
many of the hypoxia-inducible angiogenic genes present in 
the bone marroW implant. The HIF-1 can be injected either 
as the protein, or as the gene. If as the latter, it can be injected 
either in a plasmid or viral vector, or any other manner that 
leads to functionally relevant protein levels. For example, 
bone marroW can be transfected, ex vivo, With a plasmid 
vector, or With an adenoviral vector, carrying the HIF-1 or 
EPSA1 transgenes. It is emphasiZed, hoWever, that HIF-1 is 
used in this section as an example of an intervention that 
could enhance production of angiogenic substances by bone 
marroW. This invention also covers use of other agents, 
Which by enhancing HIF-1 activity (i.e., prolonging its 
half-life), or by producing effects analgous to HIF-1, stimu 
late the bone marroW to increase expression of angiogenic 
factors. A similar approach involves the exposure of autolo 
gous bone marroW to endothelial PAS domain protein 1 
(EPAS1). EPAS1 shares high structural and functional 
homology With HIF-1. 

[0021] Because VEGF promoter activity is enhanced by 
HIF-1, this invention also includes the ex-vivo exposure of 
bone marroW cells in culture to hypoxia or other forms of 
energy, such as, for example, ultrasound, RF, or electromag 
netic energy. This intervention increases VEGF and other 
gene expression. By this effect it may augment the capacity 
of bone marroW to stimulate angiogenesis. 

[0022] Another aspect of the invention involves the ex 
vivo stimulation of aspirated autologous bone marroW by 
HIF-1(or products that augment the effects of HIF-1 or 
produce similar effects to HIF-1 on bone marroW) or direct 
exposure of bone marroW to hypoxic environment folloWed 
by the delivery of activated bone marroW cells to the 
ischemic myocardium or peripheral organ (e.g., ischemic 
limb) to enhance collateral-dependent perfusion in cardiac 
and/or peripheral ischemic tissue. The stimulation of the 
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bone marroW could be by the direct exposure of the bone 
marroW to the factors in the form of proteins, or the bone 
marroW cells can be transfected With vectors carrying the 
relevant genes. For example, bone marroW can be trans 
fected With a plasmid vector, or With an adenoviral vector, 
carrying the HIF-1 or EPAS1 transgenes. 

[0023] Current data indicate the importance of monocyte 
derived cytokines for enhancing collateral function. Mono 
cytes are activated during collateral groWth in vivo, and 
monocyte chemotactic protein-1 (MCP-1) is upregulated by 
shear stress in vitro. It has been shoWn that monocytes 
adhere to the vascular Wall during collateral vessel groWth 
(arteriogenesis) and capillary sprouting (angiogenesis). 
MCP-1 Was also shoWn to enhance collateral groWth after 
femoral artery occlusion in the rabbit chronic hindlimb 
ischemia model (Ito et al., Circ Res 1997; 80:829-3). Acti 
vation of monocytes seems to play an important role in 
collateral groWth as Well as in capillary sprouting. Increased 
monocyte recruitment by LPS is associated With increased 
capillary density as Well as enhanced collateral and periph 
eral conductance at 7 days after experimental arterial occlu 
sion (Arras M. et al., J Clin Invest 1998;101:40-50). 

[0024] A further aspect of the invention involves the 
ex-vivo stimulation of aspirated autologous bone marroW by 
MCP-1, folloWed by the direct delivery of activated bone 
marroW cells to the ischemic myocardium or peripheral 
organ (e.g., ischemic limb) to enhance collateral-dependent 
perfusion and muscular function in cardiac and/or peripheral 
ischemic tissue. The stimulation of the bone marroW could 
be by the direct exposure of the bone marroW to MCP-1 in 
the form of the protein, or the bone marroW cells can be 
transfected With a vector carrying the MCP-1 gene. For 
example, bone marroW can be transfected With a plasmid 
vector, or With an adenoviral vector, carrying the MCP-1 
transgene. 

[0025] Granulocyte-macrophage colony-stimulating fac 
tor (GM-CSF) and Granulocyte-Colony Stimulatory Factor 
(G-CSF) are stimulatory cytokines for monocyte maturation 
and are multipotent hematopoietic groWth factors, Which are 
utiliZed in clinical practice for various hematological 
pathologies such as depressed White blood cell count (i.e., 
leukopenia or granulocytopenia or monocytopenia) Which 
occurs usually in response to immunosuppressive or che 
motherapy treatment in cancer patients. GM-CSF has also 
been described as a multilineage groWth factor that induces 
in vitro colony formation from erythroid burst-forming 
units, eosinophil colony-forming units (CSF), and multipo 
tential (CSF), as Well as from granulocyte-macrophage CSF 
and granulocyte CFU. (Bot F. J .,Exp Hematol 1989, 17:292 
5). Ex-vivo exposure to GM-CSF has been shoWn to induce 
rapid proliferation of CD-34+ progenitor cells (Egeland T. et 
al., Blood 1991; 78:3192-9.) These cells have the potential 
to differentiate into vascular endothelial cells and may 
naturally be involved in postnatal angiogenesis. In addition, 
GM-CSF carries multiple stimulatory effects on macroph 
age/monocyte proliferation, differentiation, motility and sur 
vival (reduced apoptotic rate). Consistent With the combined 
knoWn effects on bone marroW derived endothelial progeni 
tor cells and monocytes, it is another aspect of the invention 
to use GM-CSF as an adjunctive treatment to autologous 
bone marroW injections aimed to induce neW blood vessel 
formation and differentiation in ischemic cardiovascular 
organs. Moreover, GM-CSF may further enhance therapeu 
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tic myocardial angiogenesis caused by bone marrow, by 
augmenting the effect of bone marrow, or by further stimu 
lating, administered either in vivo or in vitro, bone marrow 
that is also being stimulated by agents such as HIE-1, 
EPAS1, hypoxia, or MCP-1. 

[0026] In the examples below, certain testing regarding 
aspects of the invention is set forth. These examples are 
non-limitative. 

EXAMPLES 

Example 1 

[0027] Effect of Bone Marrow Cultured Media on Endot 
helial Cell Proliferation 

[0028] Studies were conducted to determine whether aspi 
rated pig autologous bone marrow cells obtained secreted 
VEGF, a potent angiogenic factor, and MCP-1, which 
recently has been identi?ed as an important angiogenic 
co-factor. Bone marrow was cultured in vitro for four weeks. 
The conditioned medium was added to cultured pig aortic 
endothelial cells (PAECs), and after four days proliferation 
was assessed. VEGF and MCP-1 levels in the conditioned 
medium were assayed using ELISA. During the four weeks 
in culture, BM cells secreted VEGF and MCP-1, such that 
their concentrations increased in a time-related manner. The 

resulting conditioned medium enhanced, in a dose-related 
manner, the proliferation of PAECs. The results indicate that 
BM cells are capable of secreting potent angiogenic cytok 
ines such as VEGF and MCP-1 and of inducing proliferation 
of vascular endothelial cells. 

[0029] Pig Bone Marrow Culture 

[0030] Bone marrow (BM) cells were harvested under 
sterile conditions from pigs with chronic myocardial 
ischemia in preservative free heparin (20 units/ml BM cells) 
and ?ltered sequentially using 300” and 200” stainless steel 
mesh ?lters. BM cells were then isolated by Ficoll-Hypaque 
gradient centrifugation and cultured in long-term culture 
medium (LTCM) (Stem Cell Tech, Vancouver, British 
Columbia, Canada) at 330° C. with 5% CO2 in T-25 culture 
?ask. The seeding density of the BMCs in each culture was 
7x106 ml. Weekly, one half of the medium was removed and 
replaced with fresh LTCM. The removed medium was 
?ltered (0.2M ?lter) and stored at —200° C. for subsequent 
EnZyme-linked Immunosorbent Assay (ELISA) and cell 
proliferation assays. 

[0031] 
Cells 

Isolation and Culture of Pig Aortic Endothelial 

[0032] Fresh pig aortic endothelial cells (PAECs) were 
isolated using conventional methods. Endothelial cell 
growth medium (EGM-2 medium, Clonetics, San Diego, 
Calif.), containing 2% FBS, hydrocortisone, human FGF, 
VEGF, human EGF, IGF, heparin and antibiotics, at 37° C. 
with 5% carbon dioxide. When the cells became con?uent at 
about 7 days, they were split by 2.5% trypsin and cultured 
thereafter in medium 199 with 10% FBS. Their identity was 
con?rmed by typical endothelial cell morphology and by 
immunohistochemistry staining for factor VIII. Passage 
3-10 were used for the proliferation study. 
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[0033] Effects of Conditioned Medium on Aortic Endot 
helial Cells 

[0034] Cell proliferation assay: PAECs (Passage 3-10) 
were removed from culture ?asks by trypsiniZation. The 
detached cells were transferred to 96-well culture plates and 
plated at a seeding density of 5,000 cells /well. Cells were 
cultured for 2-3 days before being used in proliferation and 
DNA synthesis experiments. The conditioned medium of 
BM cells cultures were collected at 4 weeks; medium from 
7 culture ?asks were pooled and used in the bioassay. 
Aliquotes (10 pL, 30 pL, 100 pL or 200 ML) of pooled 
conditioned medium, or LTCM (200 pL, as control), were 
added to con?uent PAECs in 96-well plates in triplicate. 
Four days following culture with conditioned medium or 
control medium, the PAECs were trypsiniZed and counted 
using a cell counter (Coulter Counter Beckman Corporation, 
Miami Fla.). 

[0035] Effects of Conditioned Medium on PAEC DNA 
Synthesis 
[0036] Aliquotes (10 pL, 30 pL, 100 pL or 200 ML) of 
conditioned medium from pooled samples or control 
medium (LTCM, 200 ML) were added to PAECs in 96-well 
plate (same seeding density as above) in triplicate. After 2 
days, 1 pCi tritiated thymidine was added to each well. 
Forty-eight hours later, DNA in PAECs was harvested using 
a cell harvester (Mach III M Tomtec, Hamden, Conn.) and 
radioactivity was counted by liquid scintillation counter 
(Multi-detector Liquid Scintillation Luminescence Counter 
EG&G Wallac, Turku, Finland). 
[0037] Determination of VEGF and MCP-1 in Condi 
tioned Medium by ELISA VEGF 

[0038] The concentration of VEGF in conditioned 
medium was measured using a sandwich ELISA kit (Chemi 
con International Inc., Temecula, Calif.). Brie?y, a plate 
pre-coated with anti-human VEGF antibody was used to 
bind VEGF in the conditioned medium or to a known 
concentration of recombinant VEGF. The complex was 
detected by the biotinylated anti-VEGF antibody, which 
binds to the captured VEGF. The biotinylated VEGF anti 
body in turn was detected by streptavidin-alkaline phos 
phatase and color generating solution. The anti-human 
VEGF antibody cross-reacts with porcine VEGF. 

[0039] Determination of MCP-1 in Conditioned Medium 
by ELISA 

[0040] The concentration of MCP-1 in conditioned 
medium was assayed by sandwich enZyme immunoassay kit 
(R & D Systems, Minneapolis, Minn.): a plate pre-coated 
with anti human MCP-1 antibody was used to bind MCP-1 
in the conditioned medium or to a known concentration of 
recombinant protein. The complex was detected by the 
biotinylated anti-MCP-1 antibody, which binds to the cap 
tured MCP-1. The biotinylated MCP-1 antibody in turn was 
detected by streptavidin-alkaline phosphatase and color gen 
erating solution. The anti-human MCP-1 antibody cross 
reacts with porcine MCP-1. 

[0041] Results 

[0042] The BM conditioned medium collected at four 
weeks increased, in a dose-related manner, the proliferation 
of PAECs (FIG. 1). This was demonstrated by counting the 
number of cells directly and by measuring tritiated thymi 
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dine uptake (p<0.001 for both measurements). The dose 
related response demonstrated a descending limb; prolifera 
tion decreased With 200 ML conditioned medium compared 
to 30 pL and 100 pL (P=0.003 for both comparisons). 
Similar dose-related results Were observed in the tritiated 
thymidine uptake studies (P=0.03 for 30 pL and 100 pL 
compared to 200 pL, respectively). 

[0043] A limited number (514%) of freshly aspirated BM 
cells stained positive for factor VIII. The results are set forth 
in FIG. 2. This contrasted to 57:14% of the adherent layer 
of BM cells cultured for 4 Weeks, of Which 60:23% Were 
endothelial-like cells and 40:28% appeared to be mega 
karyocytes. 

[0044] Over a 4-Week period, the concentrations of VEGF 
and MCP-1 in the BM conditioned medium increased gradu 
ally to 10 and 3 times the 1st Week level, respectively 
(P<0.001 for both comparisons) (FIG. 3). In comparison, 
VEGF and MCP-1 levels in a control culture medium, not 
exposed to BM, Were 0 and 1112 pg/ml, respectively, as 
shoWn in FIG. 4. 

Example 2 

[0045] Effects of Hypoxia on VEGF Secretion by Cultured 
Pig Bone MarroW Cells 

[0046] It Was demonstrated that hypoxia markedly 
increases the expression of VEGF by cultured bone marroW 
endothelial cells, results indicating that ex-vivo exposure to 
hypoxia, by increasing expression of hypoxia-inducible 
angiogenic factors, can further increase the collateral 
enhancing effect of bone marroW cells and its conditioned 
media to be injected in ischemic muscular tissue. Pig bone 
marroW Was harvested and ?ltered sequentially using 300” 
and 200” stainless steel mesh ?lters. BMCs Were then 
isolated by Ficoll-Hypaque gradient centrifugation and cul 
tured at 33° C. With 5% CO2 in T-75 culture ?asks. When 
cells became con?uent at about 7 days, they Were split 1:3 
by trypsiniZation. After 4 Wks of culture, the BMCs Were 
either exposed to hypoxic conditions placed in a chamber 
containing 1% oxygen) for 24 to 120 hrs, or maintained 
under normal conditions. The resulting conditioned medium 
Was collected and VEGF, MCP-1 Were analyZed by ELISA. 

[0047] Exposure to hypoxia markedly increased VEGF 
secretion: At 24 hrs VEGF concentration increased from 
106113 pg/ml under normoxic, to 1,6001196 pg/ml under 
hypoxic conditions (p=0.0002); after 120 hrs it increased 
from 4,163162 to 6,0281167 pg/ml (p<0.0001). A separate 
study Was performed on freshly isolated BMCs, and the 
same trend Was found. Hypoxia also sloWed the rate of 
proliferation of BMCs. MCP-1 expression Was not increased 
by hypoxia, a not unexpected ?nding as its promoter is not 
knoWn to have HIF binding sites. 

Example 3 

[0048] Effect of Bone MarroW Cultured Media on Endot 
helial Cell Tube Formation 

[0049] It Was demonstrated, using pig endothelial cells 
and vascular smooth muscle cells co-culture technique, that 
the conditioned medium of bone marroW cells induced the 
formation of structural vascular tubes in vitro. No such effect 
on vascular tube formation Was observed Without exposure 
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to bone marroW conditioned medium. The results suggest 
that bone marroW cells and their secreted factors exert 
pro-angiogenic effects. 

Example 4 

[0050] The Effect of Transendocardial Delivery of Autolo 
gous Bone MarroW on Collateral Perfusion and Regional 
Function in Chronic Myocardial Ischemia Model 

[0051] Chronic myocardial ischemia Was created in 14 
pigs by the implantation of ameroid constrictors around the 
left circum?ex coronary artery. Four Weeks after implanta 
tion, 7 animals underWent transendocardial injections of 
freshly aspirated ABM into the ischemic Zone using a 
transendocardial injection catheter (2.4 ml per animal 
injected at 12 sites) and 7 control animals Were injected With 
hepariniZed saline. At baseline and 4 Weeks later, animals 
underWent rest and pacing echocardiogram to assess 
regional contractility (% myocardial thickening), and micro 
sphere study to assess collateral-dependent perfusion at rest 
and during adenosine infusion. Four Weeks after injection of 
ABM collateral ?oW (expressed as the ratio of ischemic/ 
normal Zone><100) improved in ABM-treated pigs but not in 
controls (ABM: 95:13 vs 81:11 at rest, P=0.017; 85:19 vs 
72:10 during adenosine, P=0.046; Controls: 86:14 vs 
86:14 at rest, P=NS; 73:17 vs 72:14 during adenosine, 
P=0.63). Similarly, contractility increased in ABM-treated 
pigs but not in controls (ABM: 83:21 vs 60:32 at rest, 
P=0.04; 91:44 vs 35:43 during pacing, P=0.056, Controls: 
69:48 vs 64:46 at rest, P=0.74; 65:56 vs 37:56 during 
pacing, P=0.23). 
[0052] The results indicate that catheter-based transen 
docardial injection of ABM can augment collateral perfusion 
and myocardial function in ischemic myocardium, ?ndings 
suggesting that this approach may constitute a novel thera 
peutic strategy for achieving optimal therapeutic angiogen 
es1s. 

[0053] Fourteen speci?c-pathogen-free domestic pigs 
Weighing approximately 70 kg Were anesthetiZed, intubated, 
and received supplemental 02 at 2 L/min as Well as 1-2% 
iso?urene inhalation throughout the procedure. Arterial 
access Was obtained via right femoral artery isolation and 
insertion of an 8 French sheath. The left circum?ex artery 
Was isolated through a left lateral thoracotomy and a metal 
encased ameroid constrictor Was implanted at the very 
proximal part of the artery. Four Weeks after the ameroid 
constrictor implantation all pigs underWent (1) a selective 
left and right coronary angiography for veri?cation of 
ameroid occlusion and assessment of collateral ?oW; (2) 
transthoracic echocardiography studies; and (3) regional 
myocardial blood ?oW assessment. 

[0054] Bone MarroW Aspiration and Preparation and 
Intramyocardial Injection 

[0055] Immediately after completion of the baseline 
assessment, all animals underWent BM aspiration from the 
left femoral shaft using standard techniques. BM Was aspi 
rated from 2 sites (3 ml per site) using preservative free 
hepariniZed glass syringes (20 unit heparin/1 ml fresh BM). 
The aspirated bone marroW Was immediately macro-?ltered 
using 300” and 200” stainless steel ?lters, sequentially. 
Then, the bone marroW Was injected using a trans-endocar 
dial injection catheter into the myocardium in 12 sites (0.2 
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ml per injection site for total of 2.4. ml) directed to the 
ischemic myocardial territory and its borderline region. 

[0056] Echocardiography Study 
[0057] Transthoracic echocardiography images of short 
and long axis vieWs at the mid-papillary muscle level Were 
recorded in animals at baseline and during pacing, at base 
line and during folloW-up evaluation at four Weeks after 
ABM implantation. Fractional shortening measurements 
Were obtained by measuring the % Wall thickening (end 
systolic thickness minus end-diastolic thickness/end-dias 
tolic thickness)><100. Those measurements Were taken from 
the ischemic territory (lateral area) and remote territory 
(anterior-septal area). Subsequently, a temporary pacemaker 
electrode Was inserted via a right femoral venous sheath and 
positioned in the right atrium. Animals Were paced at 
180/minute for 2 minutes and echocardiographic images 
Were simultaneously recorded. 

[0058] Regional Myocardial Blood How 

[0059] Regional myocardial blood ?oW measurements 
Were performed at rest and during maximal coronary vasodi 
lation by use of multiple ?uorescent colored microspheres 
(Interactive Medical Technologies, West Los Angels, Calif.) 
and quanti?ed by the reference sample technique (Heymann 
M A, et al., Prog Cardiovasc Dis 1977;20:55-79). Fluores 
cent microspheres (0.8 ml, 5x106 microspheres/ml, 15 pm 
diameter in a saline suspension With 0.01% TWeen 80) Were 
injected into the left atrium via a 6F Judkins left 3.5 
diagnostic catheter. Maximal coronary vasodilation Was 
induced by infusing adenosine at a constant rate of 140 
pg/kg/min (FujisaWa USA, Deer?eld, Ill.) into the left 
femoral vein over a period of 6 minutes. During the last 2 
minutes of the infusion, microsphere injection and blood 
reference WithdraWal Were undertaken in identical fashion to 
the rest study. 

[0060] FolloWing completion of the perfusion assessment, 
animals Were sacri?ced With an overdose of sodium pento 
barbital and KCL. Hearts Were harvested, ?ushed With 
Ringer Lactate, perfusion-?xed for 10-15 minutes, and sub 
sequently immersion-?xed With 10% buffered formaldehyde 
for 3 days. After ?xation Was completed, the hearts Were cut 
along the short axis into 7-mm thick slices. The 2 central 
slices Were each divided into 8 similar siZed Wedges, Which 
Were further cut into endocardial and epicardial subseg 
ments. The average of 8 lateral ischemic Zone and 8 septal 
normal Zone sub-segments measurements Were used for 
assessment of endocardial and epicardial regional myocar 
dial blood ?oW. The relative collateral How Was also com 
puted as the ratio of the ischemic Zone/non ischemic Zone 
(IZ/NIZ) blood ?oW. 

[0061] Histopathology 

[0062] To assess Whether injecting BM aspirate via the use 
of an injection catheter Was associated With mechanical cell 
damage, standard BM smears Were prepared before and after 
propelling the freshly ?ltered ABM aspirate through the 
needle using similar injecting pressure as in the in-vivo 
study. Morphological assessment Was performed by an inde 
pendent experienced technician Who Was blinded to the 
study protocol. 

[0063] Histopathology assessment Was performed on 
sampled heart tissue. In the pilot study, 7-mm thick short 
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axis slices Were examined under LV light to identify ?uo 
rescent-tagged areas. Each identi?ed area Was cut into 3 full 
thickness adjacent blocks (central, right and left) that Were 
immersion-?xed in 10% buffered formaldehyde. Subse 
quently, each such block Was cut into 3 levels, of Which 2 
Were stained With Hematoxylin and Eosin (H&E) and one 
With PAS. In addition, one fresh ?uorescent-labeled tissue 
block Was obtained from the ischemic region of each animal 
and Was embedded in OCT compound (Sakura Finetek USA 
Inc., Torance, Calif.) and froZen in liquid nitrogen. FroZen 
sections of these snap-froZen myocardial tissue Were air 
dried and ?xed With aceton. Immunoperoxidase stain Was 
performed With the automated Dako immunno Stainer 
(Dako, Carpenteria, Calif.). The intrinsic peroxidase and 
non-speci?c uptake Were blocked With 0.3% hydrogen per 
oxidase and 10% ovo-albumin. Monoclonal mouse antibody 
against CD-34 (Becton Dickinson, San Jose, Calif.) Was 
used as the primary antibody. The linking antibody Was a 
biotinylated goat anti-mouse IgG antibody and the tertiary 
antibody Was strepavidin conjugated With horse reddish 
peroxidase. DiaminobenZidine (DAB) Was used as the chro 
mogen and the sections Were counterstained With 1% meth 
ylgreen. After dehydration and clearing, the slides Were 
mounted and examined With a Nikon Labphot microscop. 

[0064] In the ef?cacy study, full-thickness, 1.5 square 
centimeter sections from the ischemic and non-ischemic 
regions Were processed for paraf?n sections. Each of the 
samples Was stained With H&E, Masson’s trichrome, and 
factor VIII related antigen. The immunoperoxidase stained 
slides Were studied for density of endothelial cell population 
and vasculariZation. The latter Was distinguished from the 
former by the presence of a lumen. Vascularity Was assessed 
using 5 photomicrographs samples of the factor VIII stained 
slides taken from the inner half of the ischemic and non 
ischemic myocardium. Density of endothelial cells Was 
assessed using digitiZed images of the same photomicro 
graphs. The density of the endothelial population Was deter 
mined by Sigma-Scan Pro morphometry softWare using the 
intensity threshold method. The total endothelial area for 
each sample as Well as for each specimen Were obtained 
along With the relative percent endothelial area (endothelial 
area/area of the myocardium studied). The total endothelial 
area Was also calculated as the relative percent of the 
non-infarcted (viable) area of the myocardium studied. The 
trichrom stained sections Were digitiZed and the area occu 
pied by the blue staining collagen as Well as the total area of 
the section excluding the area occupied by the epicardium 
(Which normally contained collagen) Were measured using 
Sigma-Scan Pro. The infarcted area Was then calculated as 
the area occupied by the blue staining. 

[0065] Procedural Data 

[0066] Intra-myocardial injections either With ABM or 
placebo Were not associated With any acute change in mean 
blood pressure, heart rate or induction of arrhythmia. All 
hemodynamic parameters Were comparable betWeen the tWo 
groups. Pair-Wise comparison shoWed similar hemodynamic 
parameters Within each group in the index compared to the 
folloW-up procedure except for higher initial mean arterial 
blood pressure at folloW-up in the control group (P=0.03) 
With no subsequent differences during pacing or adenosine 
infusion. 

[0067] Myocardial Function 
[0068] Regional myocardial function assessment is shoWn 
in Table I beloW. Pre-intervention relative fractional Wall 
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thickening, expressed as ischemic Zone to non-ischemic 

Zone (IZ/NIZ) ratio><00, at rest and during pacing, Was 
similar betWeen groups (P=0.86 and 0.96, respectively). At 
4 Weeks following the intra-myocardial injection of ABM, 
improved regional Wall thickening occurred at rest and 
during pacing, Which Was due to an ~50% increase in Wall 
thickening of the collateral-dependent ischemic lateral Wall. 
No signi?cant changes Were observed in the control animals, 
although a trend toWards improvement in Wall thickening 
Was noted in the ischemic area during pacing at folloW-up. 

TABLE I 

Regional Contractilitv of the Ischemic Wall 

Baseline Follow-up P 

Rest 

ABM (%) 60 r 32 83 r 21 0.04 
Control (%) 64 r 46 69 r 48 0.74 
Pacing 

ABM (%) 36 r 43 91 r 44 0.056 
Control (%) 37 r 56 65 r 56 0.23 

ABM indicates autologous bone marroW. 

[0069] Myocardial Perfusion Data 

[0070] Regional myocardial perfusion assessment is 
shoWn in Table II beloW. There Were no differences betWeen 
the treated and control groups in the pre-intervention relative 
transmural myocardial perfusion, IZ/NIZ, at rest and during 
adenosine infusion (P=0.42 and 0.96, respectively). At 4 
Weeks folloWing ABM injection, relative regional transmu 
ral myocardial perfusion at rest and during pacing improved 
signi?cantly. This Was due to an absolute improvement in 
myocardial perfusion in the ischemic Zone both at rest (an 
increase of 57%, P=0.08) and during adenosine infusion 
(37%, P=0.09), While no signi?cant changes Were noted in 
absolute How to the non-ischemic Zone either at rest 

(increase of 35%, P=0.18) or during adenosine infusion 
(increase of 25%, P=0.26). The increase in regional myo 
cardial blood ?oW found in the ischemic Zones consisted of 
both endocardial (73%) and epicardial (62%) regional 
improvement at rest, With someWhat lesser improvement 
during adenosine infusion (40% in both Zones). At 4 Weeks, 
the control group shoWed no differences in transmural, 
endocardial or epicardial perfusion in the ischemic and 
non-ischemic Zones compared to pre-intervention values. 

TABLE II 

Regional Myocardial Perfusion 

Baseline Follow-up P 

Rest 

ABM (%) 83 r 12 98 r 14 0.001 
Control (%) 89 r 9 92 r 0.1 0.43 
Adenosine 

ABM (%) 78 r 12 89 r 18 0.025 
Control (%) 77 r 5 78 r 11 0.75 

ABM indicates autologous bone marroW. 
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[0071] Histopathology and Vascularity Assessment 

[0072] Assessment of BM smears before and after passing 
the ?ltrated aspirate through the injecting catheter revealed 
normal structure, absence of macro-aggregates and no evi 
dence of cell fragments or distorted cell shapes. Histopa 
thology at day 1 folloWing injections revealed acute lesions 
characteriZed by ?brin and in?ammatory tract With dis 
persed cellular in?ltration. The in?ltrate Was characteriZed 
by mononuclear cells that morphologically could not be 
differentiated from a BM in?ltrate. Cellularity Was maXimal 
at 3 and 7 days and declined subsequently over time. At 3 
Weeks, more ?brosis Was seen in the 0.5 ml injection-sites 
compared to the 0.2 ml. CD-34 immunostatining, designed 
to identify BM-derived progenitor cells, Was performed in 
sections demonstrating the maXimal cellular in?ltrate. Over 
all, it Was estimated that 4-6% of the cellular in?ltrate 
shoWed positive immunoreactivity to CD-34. 

[0073] The ischemic territory in both groups Was charac 
teriZed by small areas of patchy necrosis occupying overall 
<10% of the eXamined ischemic myocardium. The non 
ischemic area revealed normal myocardial structure. 
Changes in the histomorphometric characteristics of the tWo 
groups Were compared. There Were no differences in the 
total area occupied by any blood vessel as Well as the 
number of blood vessels >50 pm in diameter. HoWever, 
comparison of the total areas stained positive for factor VIII 
(endothelial cells With and Without lumen) in the ischemic 
versus the non-ischemic territories revealed differences 
betWeen the 2 groups. In the ABM group, the total endot 
helial cell area in the ischemic collateral-dependent Zone 
Was 100% higher than that observed in the non-ischemic 
territory (11.6150 vs. 5.7:2.3% area, P=0.016), Whereas 
there Was no signi?cant difference in the control group 
(12.3155 vs. 8.2:3.1% area, P=0.11). HoWever, other 
parameters of vascularity, including % area occupied by any 
blood vessel and number of blood vessels >50 pm Were 
similar in the ischemic and non-ischemic territories in both 
groups. 

Example 5 

[0074] The Effect of Autologous Bone MarroW Stimulated 
in vivo by Pre-Administration of GM-CSF in Animal Model 
of Myocardial Ischemia 

[0075] Chronic myocardial ischemia Was created in 16 
pigs by the implantation of ameroid constrictors around the 
left circum?ex coronary artery. At four Weeks minus 3 days 
after ameroid implantation, 8 animals underWent subcuta 
neous injection of GM-CSF for 3 consecutive days (dose 10 
pig/kg per day) folloWed (on the fourth day and eXactly 4 
Weeks after ameroid implantation) by transendocardial 
injections of freshly aspirated ABM into the ischemic Zone 
using a transendocardial injection catheter (2.4 ml per ani 
mal injected at 12 sites) and 8 control animals Without 
GM-CSF stimulation Were injected With hepariniZed saline. 
At baseline and 4 Weeks later, animals underWent rest and 
pacing echocardiogram to assess regional contractility (% 
myocardial thickening), and microsphere study to assess 
collateral-dependent perfusion at rest and during adenosine 
infusion. Four Weeks after injection of ABM collateral ?oW 
(eXpressed as the ratio of ischemic/normal Zone><100) 
improved in ABM-treated pigs but not in controls (ABM: 
85:11 vs 72:16 at rest, P=0.026; 83:18 vs 64:19 during 
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adenosine, P=0.06; Controls: 93:10 vs 8919 at rest, P=0.31; 
73:17 vs 7518 during adenosine, P=0.74). Similarly, con 
tractility increased in ABM-treated pigs but not in controls 
(ABM: 93:33 vs 63:27 at rest, P=0.009; 84:36 vs 51:20 
during pacing, P=0.014, Controls: 72:45 vs 66:43 at rest, 
P=0.65; 70:36 vs 43:55 during pacing, P=0.18). 

[0076] The results indicate that catheter-based transen 
docardial injection of ABM pre-stimulated in vivo by GM 
CSF administered systemically for 3 days, can augment 
collateral perfusion and myocardial function in ischemic 
myocardium, ?ndings suggesting that this approach may 
constitute a novel therapeutic strategy for achieving optimal 
therapeutic angiogenesis. 

Example 6 

[0077] Treatment of a Human Patient 

[0078] Bone marroW (~5 ml) Will be aspirated from the 
iliac crest at approximately 60 minutes prior to initiation of 
the cardiac procedure using preservative-free hepariniZed 
glass syringes (20 unit heparin/1 ml fresh BM). The aspi 
rated bone marroW Will be immediately macro-?ltered using 
300 ‘MW and 200” stainless steel ?lters, sequentially. An 
experienced hematologist Will perform the procedure under 
sterile conditions. The bone marroW smear Will be evaluated 
to con?rm a normal histomorphology of the bone marroW 
preparation. 

[0079] Any of several procedures for delivery of an agent 
to the myocardium can be used. These include direct tran 
sepicardial delivery, as could be achieved by a surgical 
approach (for example, but not limited to, a transthoracic 
incision or transthoracic insertion of a needle or other 

delivery device, or via thoracoscopy), or by any of several 
percutaneous procedures. FolloWing is one example of per 
cutaneous delivery. It should be emphasiZed that the folloW 
ing example is not meant to limit the options of delivery to 
the speci?c catheter-based platform system described in the 
example—any catheter-based platform system can be used. 

[0080] Using standard procedures for percutaneous coro 
nary angioplasty, an introducer sheath of at least SP is 
inserted in the right or left femoral artery. FolloWing inser 
tion of the arterial sheath, heparin is administered and 
supplemented as needed to maintain an ACT for 200-250 
seconds throughout the LV mapping and ABM transplanta 
tion portion of the procedure. ACT Will be checked during 
the procedure at intervals of no longer than 30 minutes, as 
Well as at the end of the procedure to verify conformity With 
this requirement. 

[0081] Left ventriculography is performed in standard 
RAO and/or LAO vieWs to assist With guidance of NOGA 
STARTM and injection catheters, and an LV electromechani 
cal map is obtained using the NOGA-STARTM catheter. The 
SF INJECTION-STAR catheter is placed in a retrograde 
fashion via the femoral sheath to the aortic valve. After full 
tip de?ection, the rounded distal tip is gently prolapsed 
across the aortic valve and straightened appropriately once 
Within the LV cavity. 

[0082] The catheter (incorporating an electromagnetic tip 
sensor) is oriented to one of the treatment Zones (e.g. 
anterior, lateral, inferior-posterior or other). UtiliZing the 
safety features of the NOGATM system, needle insertion and 
injection is alloWed only When stability signals Will dem 
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onstrate an LS value of <3. A single injection of 0.2 cc of 
freshly aspirated ABM Will be delivered via trans-endocar 
dial approach to the con?nes of up to tWo treatment Zones 
With no closer than 5 mm betWeen each injection site. The 
density of injection sites Will depend upon the individual 
subject’s LV endomyocardial anatomy and the ability to 
achieve a stable position on the endocardial surface Without 
catheter displacement or premature ventricular contractions 
(PVCs). 
[0083] That freshly aspirated autologous bone marroW 
transplanted into ischemic myocardium is associated With 
improved collateral ?oW Without adverse effects may be of 
clinical importance for several reasons. The methodology 
re?ected above took advantage of the natural capability of 
the bone marroW to induce a localiZed angiogenic response 
in an effective and apparently safe manner. Such an angio 
genic strategy Would probably be less costly than many 
others currently being tested. It Would also avoid potential 
toxicity-related issues that are remote but de?nite possibili 
ties With various gene-based approaches using viral vectors. 

[0084] The invention is based on the concept that autolo 
gous bone marroW may be an optimal source for cellular (an 
example Would be endothelial progenitor cells, but the 
invention is not limited to such cells as many other cells in 
the bone marroW may contribute importantly to the angio 
genic effect) and secreted, e.g., angiogenic groWth factors, 
elements necessary to promote neW blood vessel groWth and 
restore function When transferred to another tissue, such as 
ischemic heart or peripheral limbs. A patient’s oWn bone 
marroW can be used as the key therapeutic source to induce 
therapeutic angiogensis and/or myogensis in ischemic tis 
sues, e.g., heart muscle and/or ischemic limb, With compro 
mised blood perfusion due to arterial obstructions. The 
patient’s oWn bone marroW is aspirated, i.e., autologous 
bone marroW donation, processed, and injected directly into 
ischemia and/or adjacent non-ischemic tissue, e.g., heart 
muscle and/or ischemic limb, to promote blood vessel 
groWth. 

[0085] The autologous bone marroW and/or bone marroW 
products are injected into the heart muscle, e.g., the myo 
cardium, by use of either a catheter-based trans-endocardial 
injection approach or a surgical (open chest or via thora 
coscopy) trans-epicardial thoracotomy approach. Those tWo 
delivery strategies can be used to achieve the same thera 
peutic goal by promoting the incorporation and integration 
of angiogenic bone marroW elements in the target organ 
tissue, e.g., heart muscle and/or ischemic limb. 

[0086] According to the invention, effective amounts of 
autologous. bone marroW are administered for treatment. As 
Would be appreciated by experienced practitioners, the 
amount administered Will depend upon many factors, 
including, but not limited to, the intended treatment, the 
severity of a condition being treated, the siZe and extent of 
an area to be treated, etc. With regard to treatment according 
to the invention, a representative protocol Would be to 
administer quantities of from about 0.2 to about 0.5 ml of 
autologous bone marroW in each of from about 12 to about 
25 injections, for a total of from about 2.4 to about 6 ml of 
autologous bone marroW being administered. Each dose 
administered could preferably comprise from about 1 to 
about 2 percent by volume of heparin or another blood 
anticoagulent, such as coumadin. When the autologous bone 
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marrow has been cultured or stimulated and/or is being 
administered in combination With other pharmaceuticals or 
the like, the quantity of autologous bone marroW present 
should be approximately the same in each dose and/or the 
total of the autologous bone marroW administered should be 
about the same as described above. It is believed that the 
total number of cells of autologous bone marroW adminis 
tered in each treatment should be on the order of from about 
107 to 5x108. 

[0087] OptimiZation of angiogenic gene expression 
requires the co-administration of various angiogenic stimu 
lants With the autologous bone marroW. Thus, according to 
the invention autologous bone marroW transplantation is 
injected either as a “stand alone” therapeutic agent or 
combined With any pharmacologic drug, protein or gene or 
any other compound or intervention that may enhance bone 
marroW production of angiogenic groWth factors and/or 
promote endothelial cell proliferation, migration, and blood 
vessel tube formation. The “combined” agent(s) can be 
administered directly into the patient or target tissue, or 
incubated ex-vivo With bone marroW prior to injection of 
bone marroW into the patient. Examples of these “com 
bined” agents (although not limited to these agents) are 
Granulocyte-Monocyte Colony Stimulatory Factor (GM 
CSF), Monocyte Chemoattractant Protein 1 (MCP 1), 
EPAS1, or Hypoxia Inducible Factor-1 (HIF-1). The stimu 
lation of the bone marroW could be by the direct exposure of 
the bone marroW to the factors in the form of proteins, or the 
bone marroW cells can be transfected With vectors carrying 
the relevant genes. For example, bone marroW can be 
transfected With a plasmid vector, or With an adenoviral 
vector, carrying the HIF-1 or EPAS1 transgenes. An 
example of an intervention that may enhance bone produc 
tion of angiogenic factors is ex-vivo exposure of bone 
marroW cells to hypoxia. This intervention can be used alone 
With bone marroW, or in combination With any of the factors 
outlined above. These optimiZation strategies are designed 
to increase the production of vascular endothelial groWth 
factor (VEGF) expression and/or other cytokines With 
angiogenc activity prior to the direct injection of the bone 
marroW into the heart or any peripheral ischemic tissue. In 
a broad sense, the invention comprises intramyocardial 
injection of autologous bone marroW With any agent that 
Would become available to cause stimulation of bone mar 
roW and/or ex-vivo or in vivo stimulation of any angiogenic 
groWth factor production by the bone marroW or its stromal 
microenvironment. 

[0088] Delivery to patients Will vary, dependent upon the 
clinical situation. For example, patients With refractory 
coronary artery disease or ischemic peripheral vasculopathy 
Who Will be candidates for a bone marroW aspiration pro 
cedure folloWed by autologous bone marroW myocardial or 
limb transplantation directed into the ischemic tissue or its 
bordeline Zone and/or normal tissue that may serve as the 
source for collateral or cellular supply to the diseased tissue 
for the purposes of therapeutic angiogensis and/or myogen 
sis. For example, patients With refractory coronary artery 
disease or ischemic peripheral vasculopathy Who Will be 
candidates for a bone marroW aspiration procedure folloWed 
by autologous bone marroW myocardial or limb transplan 
tation directed into the ischemic tissue or its bordeline Zone 
and/or normal tissue that may serve as the source for 
collateral or cellular supply to the diseased tissue for the 
purposes of therapeutic angiogensis and/or myogensis. This 
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procedure Will involve the use of a bone marroW aspiration 
procedure, bone marroW harvesting and processing, fol 
loWed by the use of the autologous bone marroW or its 
elements (groWth factors and/or cellular elements being 
isolated from the patient’s oWn bone marroW), With or 
Without any ex-vivo stimulation of its delivery forms, to be 
injected into the ischemic or non ischemic myocardium 
and/or peripheral ischemic tissue (such as limb ischemia). 
The bone marroW Will be kept in standard anti-coagulation/ 
anti-aggregation solution (containing sodium citrate and 
EDTA) and kept in 4° C. in sterile medium until the time of 
its use. 

[0089] Upon its use, the bone marroW Will be ?ltered to 
avoid injecting remaining blood clots or macroaggregates 
into the target tissue. 

[0090] The bone marroW, With or Without a stimulatory 
agent in any of its delivery forms, or With or Without having 
been transfected With a vector carrying a transgene that is 
designed to enhance the angiogenesis effect of the bone 
marroW, Will be injected into the heart muscle, i.e., in 
therapeutic myocardial angiogenesis or therapeutic myogen 
sis, using either any catheter-based trans-endocardial injec 
tion device or via a surgical (open chest) trans-epicardial 
thoracotomy approach, or any other approach that alloWs for 
transepicardial delivery. In the case of treatment of limb 
ischemia the bone marroW Will be transferred by a direct 
injection of the bone marroW or it elements, With or Without 
ex-vivo or in vivo stimulation in any of its delivery forms, 
into the muscles of the leg. 

[0091] The volume of injection per treatment site Will 
probably range betWeen 0.1-5.0 cc per injection site, depen 
dent upon the speci?c bone marroW product and severity of 
the ischemic condition and the site of injection. The total 
number of injections Will probably range betWeen 1-50 
injection sites per treatment session. 

[0092] The preceding speci?c embodiments are illustra 
tive of the practice of the invention. It is to be understood, 
hoWever, that other expedients knoWn to those skilled in the 
art or disclosed herein, may be employed Without departing 
from the spirit of the invention or the scope of the appended 
claims. 

We claim: 
1. A method of enhancing collateral blood vessel forma 

tion Which comprises the step of directly administering to a 
desired site an effective amount of autologous bone marroW. 

2. The method of claim 1, Wherein the autologous bone 
marroW is injected. 

3. The method of claim 1, Wherein the autologous bone 
marroW is injected intramyocardially. 

4. The method of claim 3, Wherein the autologous bone 
marroW is injected trans-epicardially or trans-endocardially. 

5. The method of claim 4, Wherein With the trans-endocar 
dial approach a catheter-based approach is used. 

6. The method of claim 1, Wherein the autologous bone 
marroW is injected peripherally into the limb intramuscu 
larly. 

7. The method of claim 1, Wherein the autologous bone 
marroW has been stimulated. 

8. The method of claim 7, Wherein the autologous bone 
marroW has been stimulated by contact With one or more 
cytokines or other proteins or stimulating agents. 
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9. The method of claim 7, wherein the cytokines are 
selected from the group consisting of HIF-1, EPAS1, MCP 
1, and CM-CSF. 

10. The method of claim 7, Wherein the autologous bone 
marroW has been transfected With vectors carrying relevant 
genes. 

11. The method of claim 10, Wherein the autologous bone 
marroW has been transfected With a plasmid vector or an 
adenoviral vector, or any other vector demonstrated to be 
effective for gene transfer, carrying the HIF-1 or EPAS1 
transgene, or any other transgene demonstrated to be effec 
tive in enhancing the capacity of bone marroW to induce 
angiogenesis. 

12. The method of claim 7, Wherein the autologous bone 
marroW has been stimulated by transient eXposure to 
hypoXia or a form of energy. 

13. The method of claim 7, Wherein conditioned medium 
derived from autologous bone marroW groWing in culture is 
injected into the ischemic heart or limb. 

14. The method of claim 1, Wherein the autologous bone 
marroW is administered in combination With a pharmaco 
logical drug, protein, or gene or any other compound or 
therapy that may enhance bone marroW production of angio 
genic groWth factors and/or promote endothelial cell prolif 
eration, migration, or blood vessel formation. 

15. The method of claim 14, Wherein the autologous bone 
marroW and the other agent or agents are administered 
together. 

16. The method of claim 14, Wherein the autologous bone 
marroW and the other agent or agents are combined prior to 
administration. 

17. The method of claim 16, Wherein the autologous bone 
marroW has been stimulated. 

18. The method of claim 1, Wherein ischemic tissue is 
treated. 

19. A method of promoting the development of neWly 
implanted myocardial cells Which comprises the step of 
directly administering an effective amount of autologous 
bone marroW. 

20. The method of claim 19, Wherein the autologous bone 
marroW is injected. 

21. The method of claim 19, Wherein the autologous bone 
marroW is injected intramyocardially. 

22. The method of claim 21, Wherein the autologous bone 
marroW is injected trans-epicardially or trans-endocardially. 

23. The method of claim 22, Wherein With the trans 
endocardial approach a catheter-based approach is used. 

24. The method of claim 19, Wherein the autologous bone 
marroW is injected peripherally into the limb intramuscu 
larly. 

25. The method of claim 19, Wherein the autologous bone 
marroW has been stimulated. 

26. The method of claim 25, Wherein the autologous bone 
marroW has been stimulated by contact With one or more 
cytokines or other proteins or stimulating agents. 

27. The method of claim 25, Wherein the cytokines are 
selected from the group consisting of HIF-1, EPAS1, MCP 
1, and CM-CSF. 

28. The method of claim 25, Wherein the autologous bone 
marroW has been transfected With vectors carrying relevant 
genes. 

29. The method of claim 28, Wherein the autologous bone 
marroW has been transfected With a plasmid vector or an 
adenoviral vector, or any other vector demonstrated to be 
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effective for gene transfer, carrying the HIF-1 or EPAS1 
transgene, or any other transgene demonstrated to be effec 
tive in enhancing the capacity of bone marroW to induce 
angiogenesis. 

30. The method of claim 25, Wherein the autologous bone 
marroW has been stimulated by transient exposure to 
hypoXia or a form of energy. 

31. The method of claim 25 , Wherein conditioned medium 
derived from autologous bone marroW groWing in culture is 
injected into the ischemic heart or limb. 

32. The method of claim 19, Wherein the autologous bone 
marroW is administered in combination With a pharmaco 
logical drug, protein, or gene or any other compound or 
therapy that may enhance bone marroW production of angio 
genic groWth factors and/or promote endothelial cell prolif 
eration, migration, or blood vessel formation. 

33. The method of claim 32, Wherein the autologous bone 
marroW and the other agent or agents are administered 
together. 

34. The method of claim 32, Wherein the autologous bone 
marroW and the other agent or agents are combined prior to 
administration. 

35. The method of claim 34, Wherein the autologous bone 
marroW has been stimulated. 

36. A method of improving the electrical conductivity of 
the heart of a patient With cardiac electrical pathWay impair 
ment, Which comprises the step of administering an effective 
amount of autologous bone marroW. 

37. The method of claim 36, Wherein the autologous bone 
marroW is injected. 

38. The method of claim 36, Wherein the autologous bone 
marroW is injected intramyocardially. 

39. The method of claim 38, Wherein the autologous bone 
marroW is injected trans-epicardially or trans-endocardially. 

40. The method of claim 39, Wherein With the trans 
endocardial approach a catheter-based approach is used. 

41. The method of claim 36, Wherein With the trans 
endocardial approach the autologous bone marroW is 
injected peripherally into the limb intramuscularly. 

42. The method of claim 36, Wherein the autologous bone 
marroW has been stimulated. 

43. The method of claim 42, Wherein the autologous bone 
marroW has been stimulated by contact With one or more 
cytokines or other proteins or stimulating agents. 

44. The method of claim 42, Wherein the cytokines are 
selected from the group consisting of HIF-1, EPAS1, MCP 
1, and CM-CSF. 

45. The method of claim 42, Wherein the autologous bone 
marroW has been transfected With vectors carrying relevant 
genes. 

46. The method of claim 45, Wherein the autologous bone 
marroW has been transfected With a plasmid vector or an 
adenoviral vector, or any other vector demonstrated to be 
effective for gene transfer, carrying the HIF-1 or EPAS1 
transgene, or any other transgene demonstrated to be effec 
tive in enhancing the capacity of bone marroW to induce 
angiogenesis. 

47. The method of claim 42, Wherein the autologous bone 
marroW has been stimulated by transient exposure to 
hypoXia or a form of energy. 

48. The method of claim 42, Wherein conditioned medium 
derived from autologous bone marroW groWing in culture is 
injected into the ischemic heart or limb. 
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49. The method of claim 36, wherein the autologous bone 
marrow is administered in combination With a pharmaco 
logical drug, protein, or gene or any other compound or 
therapy that may enhance bone marroW production of angio 
genic groWth factors and/or promote endothelial cell prolif 
eration, migration, or blood vessel formation. 

50. The method of claim 49, Wherein the autologous bone 
marroW and the other agent or agents are administered 
together. 

51. The method of claim 49, Wherein the autologous bone 
marroW and the other agent or agents are combined prior to 
administration. 

52. The method of claim 51, Wherein the autologous bone 
marroW has been stimulated. 

53. A method of enhancing myocardial function in a 
patient With impaired myocardial function, Which comprises 
the step of administering an effective amount of autologous 
bone marroW. 

54. The method of claim 53, Wherein the autologous bone 
marroW is injected. 

55. The method of claim 53, Wherein the autologous bone 
marroW is injected intramyocardially. 

56. The method of claim 55, Wherein the autologous bone 
marroW is injected trans-epicardially or trans-endocardially. 

57. The method of claim 56, Wherein With the trans 
endocardial approach a catheter-based approach is used. 

58. The method of claim 53, Wherein the autologous bone 
marroW is injected peripherally into the limb intramuscu 
larly. 

59. The method of claim 53, Wherein the autologous bone 
marroW has been stimulated. 

60. The method of claim 59, Wherein the autologous bone 
marroW has been stimulated by contact With one or more 
cytokines or other proteins or stimulating agents. 

61. The method of claim 59, Wherein the cytokines are 
selected from the group consisting of HIF-l, EPASl, MCP 
1, and CM-CSF. 

62. The method of claim 59, Wherein the autologous bone 
marroW has been transfected With vectors carrying relevant 
genes. 

63. The method of claim 62, Wherein the autologous bone 
marroW has been transfected With a plasmid vector or an 
adenoviral vector, or any other vector demonstrated to be 
effective for gene transfer, carrying the HIF-l or EPASl 
transgene, or any other transgene demonstrated to be effec 
tive in enhancing the capacity of bone marroW to induce 
angiogenesis. 

64. The method of claim 59, Wherein the autologous bone 
marroW has been stimulated by transient eXposure to 
hypoXia or a form of energy. 

65. The method of claim 5 9, Wherein conditioned medium 
derived from autologous bone marroW groWing in culture is 
injected into the ischemic heart or limb. 

66. The method of claim 53, Wherein the autologous bone 
marroW is administered in combination With a pharmaco 
logical drug, protein, or gene or any other compound or 
therapy that may enhance bone marroW production of angio 
genic groWth factors and/or promote endothelial cell prolif 
eration, migration, or blood vessel formation. 

67. The method of claim 66, Wherein the autologous bone 
marroW and the other agent or agents are administered 
together. 
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68. The method of claim 66, Wherein the autologous bone 
marroW and the other agent or agents are combined prior to 
administration. 

69. The method of claim 68, Wherein the autologous bone 
marroW has been stimulated. 

70. Amethod of treating an atrial or ventricular condition 
in the heart of a patient, Which comprises the step of 
administering an effective amount of autologous bone mar 
roW. 

71. The method of claim 70, Wherein the autologous bone 
marroW is injected. 

72. The method of claim 70, Wherein the autologous bone 
marroW is injected intramyocardially. 

73. The method of claim 72, Wherein the autologous bone 
marroW is injected trans-epicardially or trans-endocardially. 

74. The method of claim 73, Wherein With the trans 
endocardial approach a catheter-based approach is used. 

75. The method of claim 70, Wherein the autologous bone 
marroW is injected peripherally into the limb intramuscu 
larly. 

76. The method of claim 70, Wherein the autologous bone 
marroW has been stimulated. 

77. The method-of claim 76, Wherein the autologous bone 
marroW has been stimulated by contact With one or more 
cytokines or other proteins or stimulating agents. 

78. The method of claim 76, Wherein the cytokines are 
selected from the group consisting of HIF-l, EPASl, MCP 
1, and CM-CSF. 

79. The method of claim 76, Wherein the autologous bone 
marroWhas been transfected With vectors carrying relevant 
genes. 

80. The method of claim 79, Wherein the autologous bone 
marroW has been transfected With a plasmid vector or an 
adenoviral vector, or any other vector demonstrated to be 
effective for gene transfer, carrying the HIF-l or EPASl 
transgene, or any other transgene demonstrated to be effec 
tive in enhancing the capacity of bone marroW to induce 
angiogenesis. 

81. The method of claim 76, Wherein the autologous bone 
marroW has been stimulated by transient eXposure to 
hypoXia or a form of energy. 

82. The method of claim 76, Wherein conditioned medium 
derived from autologous bone marroW groWing in culture is 
injected into the ischemic heart or limb. 

83. The method of claim 70, Wherein the autologous bone 
marroW is administered in combination With a pharmaco 
logical drug, protein, or gene or any other compound or 
therapy that may enhance bone marroW production of angio 
genic groWth factors and/or promote endothelial cell prolif 
eration or migration, or blood vessel formation. 

84. The method of claim 83, Wherein the autologous bone 
marroW and the other agent or agents are administered 
together. 

85. The method of claim 83, Wherein the autologous bone 
marroW and the other agent or agents are combined prior to 
administration. 

86. The method of claim 85, Wherein the autologous bone 
marroW has been stimulated. 

87. A composition for the treatment of a cardiac or 
myocardial condition, Which comprises an effective amount 
of autologous bone marroW, Wherein the cardiac or myocar 
dial condition is treated. 

88. The composition of claim 87, Wherein the autologous 
bone marroW has been stimulated. 
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89. The composition of claim 88, wherein the autologous 
bone marrow has been stimulated by contact With one or 
more cytokines or other proteins or stimulating agents. 

90. The composition of claim 89, Wherein the cytokines 
are selected from the group consisting of HIF-l, EPASl, 
MCP-l, and CM-CSF. 

91. The composition of claim 88, Wherein the autologous 
bone marroW has been transfected With vectors carrying 
relevant genes. 

92. The composition of claim 91, Wherein the autologous 
bone marroW has been transfected With a plasmid vector or 
an adenoviral vector, or any other vector demonstrated to be 
effective for gene transfer, carrying the HIF-l or EPASl 
transgene, or any other transgene demonstrated to be effec 
tive in enhancing the capacity of bone marroW to induce 
angiogenesis. 

93. The composition of claim 89, Wherein the autologous 
bone marroW has been stimulated by eXposure to hypoxia. 

94. The composition of claim 89, Wherein conditioned 
medium derived from autologous bone marroW groWing in 
culture is injected into the ischemic heart or limb. 

95. The composition of claim 87, Wherein the autologous 
bone marroW is administered in combination With a phar 
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macological drug, protein, or gene or any other compound or 
therapy that may enhance bone marroW production of angio 
genic groWth factors and/or promote endothelial cell prolif 
eration, migration, or blood vessel formation. 

96. The composition of claim 87 Which comprises heparin 
or another anticoagulent. 

97. The composition of claim 87 for enhancing collateral 
blood vessel formation. 

98. The composition of claim 87 for promoting the 
development of neWly implanted myocardial cells. 

99. The composition of claim 87 for improving the 
electrical conductivity of the heart of a patient With cardiac 
electrical pathWay impairment. 

100. The composition of claim 87 for enhancing the 
myocardial function in a patient With impaired myocardial 
function. 

101. The composition of claim 87 for treating a left or 
right ventricular condition causing impaired heart function 
in the heart of a patient. 

102. The composition of claim 87 for affecting the con 
tractility of a patient’s heart. 

* * * * * 


