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Abstract

Vasculogenesis and angiogenesis are the major forms of blood vessel formation. Angiogenesis

is the process where new vessels grow from pre-existing blood vessels, and is very important

in the functional recovery of pathological conditions, such as wound healing and ischemic heart
diseases. The development of better animal model and imaging technologies in past decades has
greatly enriched our understanding on vasculogenesis and angiogenesis processes. Hypoxia turned
out to be an important driving force for angiogenesis in various ischemic conditions. It stimulates
expression of many growth factors like vascular endothelial growth factor, platelet-derived growth
factor, insulin-like growth factor, and fibroblast growth factor, which play critical role in induction
of angiogenesis. Other cellular components like monocytes, T cells, neutrophils, and platelets also
play significant role in induction and regulation of angiogenesis. Various stem/progenitor cells
also being recruited to the ischemic sites play crucial role in the angiogenesis process. Pre-clinical
studies showed that stem/progenitor cells with/without combination of growth factors induce
neovascularization in the ischemic tissues in various animal models. In this review, we will discuss
about the fundamental factors that regulate the angiogenesis process and the use of stem cells as
therapeutic regime for the treatment of ischemic diseases.
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Introduction

One of the major causes of human mortality in the United States as well as in the world
is the ischemic heart disease (IHD, coronary heart disease). American Heart Association
Statistics Committee and Stroke Statistics Subcommittee estimated that in 2006 nearly 17
million American adults suffered from IHD [1]. Myocardial ischemia (M) is generally
caused by occlusion of coronary artery because of the cholesterol fat deposition into the
arterial lumen, and results in shortage of oxygen and nutrition. It will lead to cellular
mortality, ischemia, and eventually heart failure. Due to the enormous development in
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pharmacological therapy and revascularization procedures during the last decades, the

life expectation of patients has been significantly improved [2]. However, a significant
number of patients were not considered for coronary artery bypass grafting (CABG) or
percutaneous coronary intervention (PCI) treatment [3]. The problems in these patients
involved a deficiency in the blood supply to the myocardial and lower extremity muscle
beds [4]. For those patients, an alternative strategy for revascularization would be beneficial
to increase the quality of life and maximize the efficacy of therapy. The concept of
therapeutic angiogenesis has brought enormous attentions to the healthcare, in which
induced neovascularization is to be generated into the ischemic tissue to improve blood

flow and subsequently reduce symptoms of those suboptimal patients. Various angiogenic
growth factors, such as vascular endothelial growth factor (VEGF), platelet-derived growth
factor (PDGF), insulin-like growth factors (IGF), and fibroblast growth factors (FGF), have
been widely studied and successfully induced angiogenesis in a number of animal models
[5-8]. In this review, we will focus on the basic mechanism and signaling pathway of
angiogenesis and various factors that could potentially regulate the process, such as hypoxia,
growth factors, inflammatory cells, and endothelial progenitor cells, which will shed light on
the future development direction of therapeutic angiogenesis.

Angiogenesis

There are two major pathways for generation of blood vessel, angiogenesis, and
vasculogenesis. Angiogenesis mainly describes about the growth of new blood vessels

from pre-existing vessels, and is the main form of blood vessel formation in pathological
conditions [9]. Vasculogenesis, on the other hand, describes about the spontaneous blood-
vessel formation, and involves generation of blood vessel from blood islands. In this review,
we will mainly focus on angiogenesis, the signaling pathways of which may recapture
many molecular events occurring during vascular development [10]. The major cause of
angiogenesis is hypoxia, deprivation of adequate oxygen supply [11]. Hypoxia triggers

a series molecular event, which leads to release of angiogenic growth factors, such as
VEGF [11]. Inflammatory cells release cytokines and chemokines in response to ischemia,
which also play a prominent role in angiogenesis [12]. These environmental signals activate
endothelial cells, which line along blood vessels, and promote sprouting of new vessels. The
tip of these sprouts are formed by specialized type of endothelial cells called tip cells, while
another specialized endothelial stalk cells follow tip cells, and proliferate to form the trunk
of new blood vessel [13].

It is of immense interest to dissect out the signaling pathways of the micro-environmental
factors, which regulate endothelial cells for angiogenesis and specify the nature of tip and
stalk cells, and also direct the migration of tip cell and proliferation of stalk cells during the
process of sprout formation [14].

Vascular endothelial growth factor-A (VEGF-A) is one of the most important regulators of
angiogenesis. VEGF-A has been shown to guide the filopodial extension of tip endothelial
cells, while at the same time stimulate the proliferation of stalk cells through VEGF
receptor 2 (VEGFR2)/ Flk-1. While tip cells are directed by the gradient of VEGF-A,

and proliferation is regulated by its concentration [15]. The vascular lumen formation
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accompany with the invasion of vascular sprouts by stalk cells. The lumen formation starts
with the presence of large intracellular vesicles. Upon fusion, the vesicles form an incipient
lumen. The integrity and polarity of the newly formed lumen are established by intercellular
junctional adherents of the stalk cells and cell-extracellular matrix (ECM) interactions

[16]. The intracellular vesicles are then exported into a common intercellular space that

is bounded by endothelial cells, which are joined together by junctional contacts. This leads
to the formation of a common intercellular luminal space. The newly formed sprouts were
connected with each other through the tip cells and eventually form a continuous lumen
[17]. Physical factors generated by blood flow, like shear stress, continuously regulate the
property of lumen, such as diameter [16]. Finally, enrichment of oxygen concentration
following the flow down regulated VEGF-A production, and lead to re-establish quiescent
state of the new vessels (Fig. 1) [14].

Angiogenesis and Hypoxia

Since the main function of blood vessel is to transport oxygen and nutrients to different
tissues, oxygen concentration and metabolic factors might play a critical role in angiogenesis
process. Hypoxia, or inadequate of oxygenation, is the driving force of angiogenesis. In
normal tissue, oxygen concentration varies between 30 and 50 mmHg and the blood vessels
do not undergo significant growth [18-20]. In rapidly expanding embryonic tissues, oxygen
consumption outpaces the oxygen supply, and thus creates hypoxia conditions, which
promote the development of the vascular system. In adult tissues, especially in pathological
condition like ischemia, reduction of oxygen tension may also trigger angiogenesis. Down
regulation of oxygen concentration inactivates some of the enzymatic factors and leads

to the accumulation of hypoxia inducible factors (HIFs), which composite two subunits
alpha and beta. Vascular cells express various oxygen-sensing enzymes, including prolyl
hydroxylase domain proteins (PHD1-3) and factor inhibiting HIFs (FIH), which are
important in HIFs degradation and inhibition [21]. Oxygen molecule is a substrate to PHDs,
and thus HIF-alpha accumulation is achieved in reduced oxygen concentration environment
because of poor hydroxylation reactions [20]. HIFs, in turn, regulate hundreds of genes
encoding proteins, such as VEGF-A, glycolytic enzyme, erythropoietin and etc. HIF-£ can
stimulate the production of angiogenic cytokines releasing by hematopoietic cells, such as
VEGF and angiopoietin-1 [22]. It has also been shown that hypoxia can promote vascular
progenitors expressing endothelial markers like CD31, VEGFR2, and endothelial nitric
oxide synthase (eNOS) [23, 24]. HIF-1 alpha up-regulates chemo-attractant stromal cell-
derived factor (SDF)-1 in the ischemia site and thus help recruiting circulating endothelial
and pericyte progenitors, and angiocompetent CD45+ myeloid cells expressing SDF-1
receptor CXCR4 [24, 25]. HIF-1 also induces the expression of inter-cellular adhesion
molecule 1 (ICAM-1), which serves as a docking site for mobilized progenitor cells in
ischemic tissue [26, 27].

Angiogenesis and Growth Factors

A variety of growth factors have been used to induce angiogenesis in pre-clinical or
clinical studies [28-44] (Table 1). Of these growth factors, VEGF is one of the main
factors that regulate angiogenesis. VEGF-A plays a critical role in promoting endothelial
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cell differentiation, migration, and proliferation. It interacts through different pathways
including Angiopoietin/Tie2, Notch, Wnt, and transforming growth factor (TGF)-£ [14].
VEGFR and angiopoietin/Tie mutant mice failed to develop different phases of normal
vasculature in embryonic stage [45]. The major receptor for VEGF-A is FIk1/VEGFR2, and
is the earliest marker for angioblast precursor cells. FIk1+ cells give rise to blood islands,
which is composed of endothelial cells and hematopoietic progenitor cells (HPCs). In the
mouse model, it has been shown that the dorsal aorta and cardinal veins develop directly
from aggregated angioblasts. FIk—/— embryos die as early as 9 days of development and
show no growth of blood vessels or hematopoietic cells [46, 47]. 1t has been shown that
Flk1+ cells isolated from differentiating embryonic stem cells can give rise to single-cell-
derived blast colonies called blast colony forming cells (BL-CFCs). BL-CFCs can give

rise to both endothelial and hematopoietic cells [48, 49]. It is presumed that endothelial

and hematopoietic cells develops from a common progenitor, hemangioblast [50]. In
angiogenesis, endothelial cells stimulated by VEGF-A compete for the tip position via
Delta-like 4 (D114)/Notch pathway. Genetic mosaic analysis in Drosophila melanogaster has
shown that by competing in activation of the Notch signaling in neighbor cells, the cell that
produces more DII4 will eventually remain the tip cells [51]. VEGF-A triggers endothelial
cells expressing DI14, which activates Notch signaling in adjacent cells and leads to the
down regulation of VEGFR and thus, of the VEGF response. The surrounding cells, which
were activated by Notch signaling, differentiated into stalk cells. Computational modeling
also confirmed the VEGF-A concentration with DIl4/Notch-mediated lateral inhibition and
indicated that VEGF-concentration, VEGF-A gradient, and filopodia extension is critical in
determining the tip/stalk pattern. [52]. VEGF-A can also promote endothelial proliferation
through activation of extracellular signal-regulated kinases (Erk)1/2 signaling pathway [53].

Angiogenesis and Notch Signaling

Notch signaling plays an important role in many aspects of angiogenesis including
angiogenic growth of the blood vessel network, proliferation of endothelial cells, and
differentiation of arteries and veins [54]. Inhibition of Notch signaling promotes the number
of tip cells. Activation of Notch by Jagged 1 peptide, on the contrary, leads to fewer tip
cells and vessel branches [55-57]. In DIl4-Notch defective zebrafish, higher migration and
proliferation was observed in endothelial cells, while over activation the Notch pathway
inhibited these functions. It was further shown that D14 signals through Notchlb in an
rbpja-dependent manner to limiting the number of endothelial tip cells formation [14, 58,
59]. It was shown that endothelial cells autonomously turn to stalk cells rather than tip cells
in Notch deficient zebrafish and mouse using mosaic technique. Activated Notch signaling
pathway turns endothelial cells into stalk cell by suppressing the tip cell phenotype.
Injection of Jag 1 peptide, which activates Notch signaling in the mouse retina, leads to
reduced tip cell formation and filopodia extension [55]. These experiments showed that
Notch signaling pathway plays an important role in endothelial cells specification, and tip
and stalk cells are undergoing dynamic regulation by Notch signaling. In the mRNA level,
tip cells express higher levels of Pdgfb, DII4, Unc5h, Kdr, Flt4 etc. while stalk cells have
an increased expression of Robo4, Jagl, Flt1 and etc. It was believed that by regulating
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the expression of FIt1, Kdr, Nrpl, and Flt4, Notch signaling modulates the output of VEGF-
VEGFR signaling in endothelial cells [14, 60].

Notch signaling not only play an important role in endothelial cells specification, but also
are important in regulating endothelial cell proliferation, which coordinates sprout growth
in length and diameter. Notch signaling may play an essential role in the maintenance

of vascular homeostasis by repressing endothelial cell proliferation through transcription
factor recombination signal-binding protein J kappa (RBP-J) [61]. In mouse, inhibition of
Notch signaling may lead to increased proliferation of tip, which contributes to increased
vessel branching [55]. Activation of Notch pathway can suppresses endothelial cell
proliferation through mitogen-activated protein kinase (MAPK) and phosphatidylinositol
3-kinase (PI3K)/Akt pathways [62, 63] and conditional overexpression of D14 in mice
results in enlarged dorsal aorta [64, 65]. Further study has shown that Notch signaling
acts through transcriptional regulation of the Notch intracellular domain (NICD)/CSL/
Mastermind (MAML) complex, which leads to the down regulation of endothelial cell
proliferation [62].

Angiogenesis and Immune Cells

In angiogenesis, CD8+ T cells and CD4+ T cells infiltrate the ischemic site and secrete
cytokines that recruit monocytes. The recruitment of monocytes triggers the synthesis of
angiogenic cytokines and promotes the development of vessels [66].

Monocytes were shown to have a crucial role during arteriogenesis. Different types of
inflammatory cells were recruited to the ischemia area through up-regulation of chemo-
attractant molecules. Expression of integrin receptors like macrophage-1 antigen (Mac-1)
and lymphocyte function-associated antigen 1 (LFA-1) were up-regulated by VEGF, PDGF,
and other growth factors [67]. The recruitment of monocytes correlated with the intensity
of neovascularization [66]. It was shown that monocyte depletion resulted in a reduction

of blood flow reconstitution [68]. Treating with granulocyte colony-stimulating factor (G-
CSF) can significantly stimulate angiogenesis in murine model of acute hind limb ischemia
mediated by monocytes [69].

T lymphocytes, important in host defense against infection and wound healing, are also
involved in angiogenesis process. CD4+ T lymphocyte-deficient mice showed reduced
collateral flow induction, macrophage number, and VEGF level in ischemic muscle. CD4+ T
lymphocytes may be important in recruiting macrophages, which influence the arteriogenic
response [70, 71]. CD8+ T cells also infiltrated the perivascular space after acute cerebral
ischemia. The secreted interleukin-16 (IL-16) of CD8+ T cells is a potent chemo-attractant
for monocytes and CD4+ cells, which indicates a possible role for CD8+ T cells in
angiogenesis. Indeed, reduced blood flow recovery were observed in CD8+ T cells deficient
mice, which may be because of decreased recruiting of CD4+ T cells an monocytes [72].

Nature killer (NK) cells has also been shown to play a role in angiogenesis. It was reported
that arteriogenesis was impaired in mice depleted for NK cells by anti-NK1.1 antibodies
and in NK cell deficient transgenic mice. However, artreiogenesis was unaffected in J alpha
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281-knockout mice that lack NK1.1+ nature Killer T (NKT) cells, indicating that NK cells
rather than NKT cells are involved in arteriogenesis [73]. It was suggested NK cells play

a role in the initiation of collateral growth. In the contrary, polymorphonuclear leukocytes
(PMN) showed anti-angiogenic properties. In the experiment, unilateral hind limb ischemia
was surgically induced in athymic nude rats. Addition of PMN to peripheral blood (PB)
mononuclear cells and platelets attenuated blood perfusion and capillary formation [74].

Neutrophils adhere to vascular endothelium and regulate angiogenesis process. There

are mainly two ways that neutrophils mediate with endothelial injury, generating high
levels of reactive oxygen species (ROS) and releasing lysosomal proteinases. ROS are
chemically reactive molecules because of the presence of unpaired valence shell electrons.
Examples include superoxide, hydrogen peroxide, hydroxyl anion and etc. Generation of
ROS was suggested to play an important role in vascular biology through redox signaling
[75-77]. Adding low concentration of hydrogen peroxide (H,O5) was shown to stimulate
cell migration and proliferation in endothelial cells, possibly through transcription factor
ets-1 [78]. Nitric oxide has diverse effects on blood vessels, which include simulation

of angiogenesis and vasodilation to vessel normalization [27]. Accumulation of H,O5 in
junD—/- cells reduces the activity of PHDs, which target hypoxia inducible factor-alpha
(HIF-a)). Accumulation of HIF-a enhances the transcription of VEGF-A and promotes
angiogenesis [79, 80]. Moreover, ROS regulate angiogenesis in a dose dependent manner.
At low concentration ROS stimulate post-ischemic revascularization but inhibit it at high
concentrations [81]. Nicotinamide adenine dinucleotide phosphate hydrogen (NADPH)
oxidases are suggested to be the dominant source of ROS in neutrophil and endothelial
cells in normal vessel [75, 76, 82]. In ischemic tissue, administration of neutrophil

NADPH oxidase inhibitors and antibody against neutrophil CD18 adhesion molecules could
significantly reduce radicals production, which showed that ROS in the damaged tissue
mainly comes from neutrophil rather than other resources [83, 84]. Neutrophils-derived
neutral proteases, such as elastase, have been shown to mediate endothelial cell detachment
in vitro [85]. Neutrophil elastase inhibitor reversed the inhibitory effect of PMN in hindlimb
ischemia model indicating that neutrophil and elastases are responsible for anti-angiogenic
effect [74].

Platelets interact with leukocytes, endothelial cells, and circulating progenitor cells. The
activation of platelet occurs in acute ischemic events, which promote leukocyte arrest on the
vascular endothelium. [86]. Platelets can express both angiogenic (VEGF-A, angiopoietin-1,
PDGF, bFGF, thrombin) and anti-angiogenic growth factors (thrombospondin, PF-4,
endostatin). However, the net effect of platelets is pro-angiogenic [87]. Thrombin, blood-
clotting factors, has been shown to promote the growth of blood vessel. Anticoagulant drugs,
which suppress thrombin generation, immediately hamper in vivo angiogenic response after
tissue ischemia in a rodent hindlimb ischemia model [88].

Angiogenesis and Stem Cells

Following ischemia, angiogenic factors, such as VEGF-A, were up-regulated and promoted
migration of endothelial progenitor cells (EPC), circulating EPCs, hematopoietic stem cells
(HSCs), and HPCs to the site of injury by interacting with VEGFR2 and VEGFR1 expressed
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on these cells [89]. It has been shown that circulating EPCs were able to incorporate into
neovascular within the ischemic tissue and differentiate into endothelial cells, even though
the contribution varies from organ to organ [90-93]. The incorporation has been shown

to be proportional to the degree of tissue ischemia, which indicated that the gradient of
hypoxia is important in directing circulating EPCs to the injury site [94]. Those circulating
EPCs may possibly come from bone marrow. Reports have shown that bone marrow
derived cells can contribute to angiogenesis during wound healing and limb ischemia [95-
97]. By analysis, the blood samples from bone marrow transplant recipients using in situ
hybridization, it was proposed that most circulating endothelial cells in fresh blood originate
from vessel walls and have limited growth capability, while bone-marrow derived cells
originated endothelial cells showed a delayed outgrowth but a greater proliferation rate
[98]. Non-bone marrow-derived cells may also contribute for neovascularization. In a model
by combining parabiosis with reverse bone marrow transplantation followed by hindlimb
ischemia, it has been shown that non-bone marrow-derived c-kit+ CD45— progenitors
contributed to post-natal neo-vascularization to an extent that is similar to that of bone
marrow-derived progenitor cells [99]. Progenitor cells can also differentiate into supporting
cells, which deliver growth factors to ischemia tissue and promote angiogenesis through
paracrine effects. These cells include fibroblasts, pericytes, and primarily leukocytes [91,
100-102]. Pro-genitors from human peripheral blood have been shown to differentiate

into both early EPCs, which function through paracrine effect, and late EPC, which
function directly through vasculogenesis [66, 102, 103]. Hematopoietic cells (HSCs, HPCs,
platelets, monocytes, erythroblasts and etc.) could release angiogenic factors like VEGF-A,
angio-poietins, and matrix metalloproteinases (MMPs), which facilitate angiogenesis [104—
106]. Self-renewing adult HSCs were shown to have functional hemangioblast activity,
which clonally differentiated into all hematopoietic cell lineages and endothelial cells that
revascularize adult retina [107].

Angiogenesis and HSCs

It is now well known that HSCs and EPCs derive from the same precursor hemangioblasts,
and transplanted adult HSCs can be differentiated into functional endothelial cells [107,
108]. During embryo development, HSCs and leukocytes also stimulate angiogenesis by
transdifferentiating into endothelial cells or by releasing angiogenic factors [109, 110].
Using specific markers for HSCs, such as CD133, it has shown that HSCs were able to
differentiate to endothelial cells in vitro [111]. And ex vivo expanded adult EPCs and
hematopoietic stem/progenitor cells may also follow the similar pathways to differentiate
into endothelial cells in the ischemic tissues [112]. CD34+ cells isolated from umbilical cord
blood (UCB), when cultured in conditioned medium with IL-2, express mature endothelial
markers von-Willebrand factor (VWF), ICAM-1 (CD54), E-selectin (CD62E), and platelet
endothelial cell adhesion molecule (PECAM,CD31) [113]. By using a 3-dimensional matrix
model together with human micro-vascular endothelial cells, it was observed that CD34+
cells were able to home and proliferate around the capillary sprouts and co-culturing with
CD34+ cells were able to lead to 68% enhancement of neovascularization [114]. Subsets

of CD34+ cells isolated from UCB, and PB can participated in capillary network formation
in vivo in the ischemic tissues of immunodeficient nude rats after local transplantation
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[115]. Injection of human UCB mononuclear cells into non-obese diabetic/severe combined
immunodeficient (NOD/SCID) mice reduced the scar size and increased capillary density
following surgical ligation of the left anterior descending (LAD) coronary artery [116].
CD133+ cells from human cord blood and bone marrow were injected in the necrosis border
zone of NOD/SCID mice with left ventricular cryo-injury. Capillary density in ischemic area
were found higher after both BM and UCB CD133+ cell treated mice compare to controls,
which indicated that both cord blood- and marrow- derived CD133+ cells have beneficial
effects on post-injury angiogenesis [117]. It has also been shown that HSCs also express
markers of pericytes and play a role in shaping the angio-architecture in the vascular niche
of brain tumors [118]. Besides freshly isolated HSCs, we recently used polyethersulfone
(PES) nanofiber-expanded CD133+/ CD34+ cells from freshly isolated cord bloods [119,
120] for ischemic therapies in animal models [8, 121]. The nanofiber-expanded cells were
shown to be more efficient in promoting neovascularization in ischemic tissues possibly
because of the higher angiogenic effects [8, 119].

It is now well documented the transplantation of HSCs provides beneficial effect for the
treatment of IHDs. Detailed study showed that transplanted HSCs incorporate into the
vasculature in a limited number [122] after homing to the injury sites. These transplanted
cells mainly secrete pro-angiogenic growth factors, which are responsible for the initiation
and maintenance of the neovaslularization process [123, 124]. Further study is needed to
enhance the therapeutic potential of HSC transplantation along with additional factors.

Future Directions

Recent advancement in research has dramatically enriched our understanding on the process
of angiogenesis in vivo using sophisticated animal models and better imaging techniques
[125]. Although several signaling pathway has been revealed, however, the mechanisms

by which transcriptional factors are being regulated by signaling pathways are yet to be
clearly defined. Eventual findings will lead us to regulate angiogenesis by targeting these
transcriptional factors and signaling pathways for the therapeutic angiogenesis. Moreover,
the mechanism by which stem cells regulate angiogenesis process is yet to be defined.
Therapeutic angiogenesis, either inducing or reducing, is a rapidly emerging field and stem
cell therapy shows the promise for enhancement of angiogenesis. Mechanistic investigation
in future might be appropriate to make the stem cell therapy more acceptable regiment for
the therapeutic angiogenesis to treat degenerative and ischemic diseases.
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Fig. 1.
Factors regulating angiogenesis. Angiogenesis is mainly regulated by hypoxia, growth

factors (VEGF-A, angiopoiein-1, and other cytokines), immune cells (monocytes, T cells,
Neutrophil and platelets), and stem/ progenitor cells. Tip cells and stalk cells of the vessel
are regulated by the gradient of VEGF-A molecule
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Targeted growth  Year Number of Disease model Results References
factors patients
FGF1 1998 20 CAD Formation of capillaries around the injection  [28]
site
FGF2 19992002 24 CABG Reduced ischemic zone size Effect [29, 30]
sustained at 3 years
FGF2 2000 52 CABG Increased regional wall thickness reduction [31]
in ischemic area
FGF2 2000 30 CAD not amenable for Hypotension at high dosages improved [32, 33]
CABG or PTCA resting perfusion
FGF2 2002 337 CAD Safe short-term improvement in symptoms [34]
VEGF-A165 2000 15 CAD Improved rest perfusion [35]
VEGF-A165 2001 14 CAD not amenable for Improved collateral density score [36]
CABG or PTCA
VEGF-A165 2003 165 CAD not amenable for No improvement in ETT or SPECT [37]
CABG or PTCA compare to controls
GM-CSF 2001 21 CAD not amenable for Improved collateral flow index [38]
CABG or PTCA
FGF 2000 40 CABG Improved capillary network increased LVEF  [39]
VEGF 2001 6 CAD Reduced angina and ischemia improved [40]
myocardial perfusion
VEGF 2002 19 CAD with class Il or IV Improved angina improvement of other [41]
angina functionality
FGF4 2002 79 CAD with angina Improved exercise time [42]
FGF4 2003 52 CAD with angina No significant improvement [43]
VEGF + 2008 19 CAD Improved anterior wall perfusion better [44]
arginine-1 anterior wall contractility

FGF Fibroblast growth factor, VEGF vascular endothelial growth factor, GM-CSF granulocyte macrophage colony-stimulating factor, CAD
coronary artery disease, CABG coronary artery bypass graft, PTCA percutaneous transluminal coronary angioplasty, £7 T exercise treadmill test,
SPECT single photon emission computed tomography, LVEF left ventricular ejection fraction
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