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insufficiency has been termed "therapeutic
Introduction
Vasculogenesis and angiogenesis are the processes responsible for the development of the
circulatory system, the first functional unit in the
developing embryo (1). Postnatal angiogenesis is
encountered in pathologic situations such as diabetic retinopathy, arthritis, and, most notably,
tumor growth and metastasis. It is also involved
in therapeutic angiogenesis: the development of
collateral blood vessels supplying ischemic tissues, either endogenously or in response to administration of growth factors.

Therapeutic Angiogenesis
Angiogenesis is defined as the extension of the
primitive vasculature through sprouting of new
capillaries from the pre-existing network. It is a
complex process that includes activation, migration, and proliferation of endothelial cells (2).
The therapeutic implications of angiogenic
growth factors were identified by the pioneering
work of Folkman and colleagues over two decades ago (3). Their work documented the extent
to which tumor development was dependent
upon neovascularization and suggested that this
relationship might involve angiogenic growth
factors that were specific for neoplasms. More
recent investigations have established the feasibility of using recombinant formulations of such
angiogenic growth factors to expedite and/or
augment collateral artery development in animal
models of myocardial and hindlimb ischemia.
This novel strategy for the treatment of vascular
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an-

giogenesis" (4).

Therapeutic Angiogenesis Achieved by Recombinant
Protein Administration
The angiogenic growth factors first employed for
the purpose of therapeutic angiogenesis comprised members of the fibroblast growth factor
(FGF) family. Baffour et al. administered bFGF in
daily intramuscular (IM) doses of 1 or 3 jig to
rabbits with acute hindlimb ischemia; at the
completion of 14 days of treatment, angiography
and necropsy measurement of capillary density
showed evidence of augmented collateral vessels
in the lower limb, compared with controls (5).
Pu et al. used aFGF to treat rabbits in which the
acute effects of surgically induced hindlimb ischemia were allowed to subside for 10 days before
beginning a 10-day course of daily 4-mg IM injections; at the completion of 30 days follow-up,
both angiographic and hemodynamic evidence
of collateral development was superior to that in
ischemic controls treated with IM saline (6).
Yanagisawa-Miwa et al. likewise demonstrated
the feasibility of bFGF for salvage of infarcted
myocardium, but in this case growth factor was
administered intra-arterially at the time of coronary occlusion, followed 6 hr later by a second
intra-arterial bolus (7).
Evidence that vascular endothelial growth
factor (VEGF) stimulates angiogenesis in vivo
has been developed in experiments performed
on rat and rabbit cornea (8,9), the chorioallantoic membrane (10), and the rabbit bone graft
model (9). The finding that VEGF could be employed to achieve angiogenesis that was therapeutic was first demonstrated by Takeshita et al.
(4). The 165 amino acid isoform of VEGF
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(VEGF165) was administered as a single intraarterial bolus to the internal iliac artery of rabbits in which the ipsilateral femoral artery was
excised to induce unilateral hindlimb ischemia. The severity of hindlimb ischemia in this
animal model has been shown in previous studies to include reduced TcO2 (5), increased femoral venous lactate (11), and skeletal muscle
necrosis (5). Doses of 500-1000 Aig of VEGF
produced statistically significant augmentation
of angiographically visible collateral vessels,
and histologically identifiable capillaries; consequent amelioration of the hemodynamic deficit
in the ischemic limb was significantly greater
in animals receiving VEGF than in nontreated controls (calf blood pressure ratio =
0.75 ± 0.14 versus 0.48 ± 0.19, p < 0.05).
Serial (baseline, as well as 10 and 30 days postVEGF) angiograms disclosed progressive linear
extension of the collateral artery of origin (stem
artery) to the distal point of parent-vessel (reentry artery) reconstitution in 7 of 9 VEGFtreated animals. Similar results were achieved
in a separate series of experiments in which
VEGF was administered by an IM route daily
for 10 days (12). By 30 days post-VEGF165, flow
at rest, as well as maximum flow velocity and
maximum blood flow provoked by 2 mg papaverine, were all significantly higher in the VEGFtreated group (13). These findings thus established proof of principle for the concept that
the angiogenic activity of VEGF is sufficiently
potent to achieve therapeutic benefit. There is
now abundant data in animal models to support
the potential utility of recombinant protein therapy in myocardial angiogenesis (7,14-20) and
for lower-extremity vascular insufficiency (46,12,21-25). In a recent report from Schumacher et al. (26), induction of neoangiogenesis
in patients with three-vessel coronary disease
was performed by direct intramyocardial injection of recombinant FGF1 protein at the time of
coronary artery bypass surgery. The development of new vessels around the site of injection
was demonstrated angiographically. The net
clinical benefit of FGF administration in this type
of experiment will probably be difficult to evaluate because two different procedures (bypass
surgery and recombinant protein administration) were performed simultaneously. However,
this report suggests that myocardial angiogenesis
can be performed in humans with severe coronary artery disease.

Therapeutic Angiogenesis Achieved by Gene Transfer
No recombinant protein formulation of any of the
three principal VEGF isoforms or any other angiogenic cytokine is currently approved or available
for human clinical application. Gene transfer constitutes an alternative strategy for accomplishing
therapeutic angiogenesis in patients with limb ischemia or severe coronary artery disease. In the case
of VEGF, this is a particularly appealing strategy
because the VEGF gene encodes a signal sequence
that permits the protein to be naturally secreted
from intact cells (27).
GENE TRANSFER USING PLASMIDS ("NAKED DNA").

Previous studies from our laboratory (28,29)
have indicated that arterial gene transfer of
cDNA encoding for a secreted protein could potentially yield meaningful biological outcomes in
spite of a low transfection efficiency. We therefore performed preclinical animal studies to establish the feasibility of site-specific gene transfer
of the 121 amino acid isoform of human VEGF
(phVEGF121), phVEGF165, and phVEGF189 applied to the hydrogel polymer coating of an angioplasty balloon (30), and delivered percutaneously to the iliac artery of rabbits in which the
femoral artery had been excised to cause unilateral hindlimb ischemia (11).
Site-specific transfection of phVEGF165 was
confirmed by analysis of the transfected internal
iliac arteries using reverse transcriptase-polymerase chain reaction (RT-PCR) (31) and then
sequencing the RT-PCR product. Augmented development of collateral vessels was documented
by serial angiograms in vivo, and increased capillary density at necropsy. Consequent amelioration of the hemodynamic deficit in the ischemic
limb was documented by improvement in the
calf blood pressure ratio (ischemic/normal limb)
to 0.70 ± 0.08 in the VEGF-transfected group
versus 0.50 ± 0.18 in controls (p < 0.05). Similar
findings were achieved with the 121 and 189
VEGF isoforms (32). These findings thus established that site-specific arterial gene transfer can
be used to achieve physiologically meaningful
therapeutic modulation of vascular disorders, including therapeutic angiogenesis. More recently,
we have used direct intramuscular injection of
the plasmid phVEGF165 to increase neovascularization in the same rabbit ischemic hind limb
model (33). Thirty days after the intramuscular
injection of 500 ,ug of phVEGF165, angiographically recognizable collateral vessels and histologically identifiable capillaries were increased in
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VEGF-transfected animals compared with controls. This augmented vascularity improved perfusion to the ischemic limb, documented by a
superior calf blood pressure ratio for phVEGF165
versus controls, improved blood flow in the ischemic limb (measured with an intra-arterial
Doppler wire), and increased number of microspheres in the ischemic adductor muscle.
The relevance of these findings in the rabbit
ischemic hindlimb model is supported by recent
clinical applications of gene therapy (34). Critical
limb ischemia is estimated to develop in approximately 500-1000 individuals per million per
year (35). In a considerable proportion of these
patients, the anatomic extent and distribution of
arterial occlusive disease is unsuitable for operative or percutaneous revascularization and is
thus frequently followed by an inexorable downhill course (36,37). No pharmacological treatment has been shown to favorably affect the
natural history of critical limb ischemia (38).
Indeed, amputation, despite its associated morbidity, mortality, and functional implications
(35,39-41), is often recommended as a solution
to the disabling symptoms-particularly excruciating ischemic rest pain-of critical limb ischemia (42-45). We first investigated the feasibility
of arterial gene transfer of VEGF in patients with
critical limb ischemia. Using a dose-escalating
design, treatment was initiated with 100 ,ug of
phVEGF. Three patients presenting with rest
pain (but no gangrene) and treated with 1000 Ag
were subsequently shown at 1-year follow-up to
have improved blood flow to the ischemic limb
and they remain free of rest pain. With the increase in dose of phVEGF165 to 2000 jig, angiographic (Fig. 1) and histologic evidence of new
blood vessel formation became apparent (46).
More recently, the use of intramuscular gene
transfer, employed initially as a means of treating
patients in whom vascular disease in the ischemic limb was too extensive to permit an intraarterial approach, resulted in marked improvement in collateral vessel development in patients
with critical limb ischemia (47). Gene transfer
was performed in ten limbs of nine patients with
nonhealing ischemic ulcers (n = 7/10) and/or
rest pain (n = 10/10) due to peripheral arterial
disease. A total dose of 4000 ,ug of naked plasmid DNA encoding the 165 amino acid isoform
of human vascular endothelial growth factor
(phVEGF165) was injected directly into the muscles of the ischemic limb. Gene expression was
documented by a transient increase in serum
levels of VEGF monitored by ELISA assay
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Fig. 1. Selective digital subtraction angiograms
performed in a patient with critical limb ischemia due to occlusion of all three infrapopliteal vessels at mid-calf level. (A) Immediately
prior to, and (B) 1 month post-gene therapy with
2000 jig of naked DNA encoding VEGF. The latter
angiogram disclosed a plethora of new collateral vessels in the ischemic limb.

(Fig. 2). The ankle-brachial index improved significantly (0.33 ± 0.05 to 0.48 ± 0.03, p = 0.02;
Fig. 2); newly visible collateral blood vessels
were directly documented by contrast angiography in seven limbs; and magnetic resonance angiography showed qualitative evidence of improved distal flow in eight limbs. Ischemic ulcers
healed or markedly improved in four of seven
limbs, including successful limb salvage in three
patients recommended for below-knee amputation (Fig. 2). Tissue specimens obtained from an
amputee 10 weeks after gene therapy showed
foci of proliferating endothelial cells by immunohistochemistry. PCR and Southern blot analyses
indicated persistence of small amounts of plasmid DNA. Complications were limited to transient lower-extremity edema in six patients,
which is consistent with VEGF-enhancement of
vascular permeability. These findings may be
cautiously interpreted to indicate that intramuscular injection of naked plasmid DNA achieves
constitutive overexpression of VEGF sufficient to
induce therapeutic angiogenesis in selected patients with critical limb ischemia.
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Fig. 2. Limb salvage after gene therapy in a
33-year-old woman. (Left top) Nonhealing
wound on the medial aspect of the calf and ischemic
necrosis involving the great toe. (Left middle) Ingrowth of granulation tissue in calf wound, healing
of great toe. (Left bottom) Three months after gene
transfer, healing of split-thickness skin graft at
wound site, and full resolution of great toe necrosis.
(Right) Evidence of phVEGF 165 bioavailability documented by an increase in venous VEGF blood levels,

and bioactivity expressed as an increase in anklebrachial index. The ankle-brachial index progressively increased from 0.28 before to 0.56 after gene
therapy (weeks refer to time post-transfection). This
was associated with the development of a phasic
pulse volume recording (PVR) compared with the
nonphasic tracing recorded at baseline. Vertical arrows indicate timing of each of the two intramuscular phVEGF 165 injections.

GENE TRANSFER USING VIRAL VECTORS. Among the
different viral vectors, replication -defective adenoviruses have been widely used to deliver
genes because they can be grown to high titers,
exhibit a high transfection efficiency, and can
transfect both replicating and quiescent cells. For
therapeutic angiogenesis, an adenovirus expressing human FGF-5 was used in a swine model of
chronic myocardial ischemia and was shown to
increase blood flow to the ischemic region and to
improve contractile performance (48). More recently, an adenoviral vector expressing the
VEGF l21 cDNA was shown to induce collateral
vessel development in swine ischemic myocardium, resulting in significant improvement in
both myocardial perfusion and function (49).

binant protein therapy and arterial gene transfer
for myocardial angiogenesis (7,14-20,48). The
same is true for lower-extremity vascular insufficiency (4-6, 12,21-25,50). It is therefore reasonable to ask why, if the recombinant protein
has or can be manufactured, consider transferring the gene encoding that protein (Le., gene
therapy)? There are at least four issues to consider in this regard. First. and perhaps most critical in the case of arterial gene therapy, is the
potential requirement to maintain an optimally
high and local concentration over time. In the
case of therapeutic angiogenesis, for example, it
may be preferable to deliver a lower dose over a
period of several days or more from an actively
expressing transgene in the ischemic limb, rather
than a single or multiple bolus doses of recombinant protein. Second, there is the matter of
economics; namely, which therapy would ultimately cost more to develop, implement, and
reimburse, particularly for those indications re-

Recombinant Protein versus Gene Therapy
There are now abundant data from animal models to support the potential utility of both recom-
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quiring multiple or even protracted treatment?
Third, in certain species-namely rats, rabbits,
and swine-both rhbFGF and rhVEGF have
been shown to produce varying degrees of systemic hypotension, even in the setting of hypercholesterolemia (16,51-53). This could be a limitation to the clinical application of this type of
therapy, although a recent human study showed
that the hemodynamic response to rhVEGF
could be attenuated by intravenous infusion
compared with bolus injection (54). And fourth,
the route of administration may be a factor depending upon the target site for neovascularization. For example, the ready access to ischemic
skeletal muscle together with the promising results of IM gene therapy make this approach
eminently suitable for the treatment of lowerextremity vascular insufficiency. In contrast, IM
administration for myocardial angiogenesis cannot be accomplished as readily, and may therefore be more amenable to recombinant protein
therapy.

Endothelial Cell Proliferation in Therapeutic
Angiogenesis
A fundamental issue in therapeutic angiogenesis
is the relative contribution of pre-existing, albeit
4"unused," collateral vessels versus new vessel
formation to newly visible collaterals, which are
seen in the setting of tissue ischemia. It is clear
that in animal models, particularly dogs, and in
humans, pre-existing collateral channels remain
available to perfuse ischemic tissues, even
though these channels may show no discernable
evidence of blood flow by conventional testing.
Conversely, many animal studies have shown
that the magnitude of endothelial cell (EC) and
smooth muscle cell (SMC) proliferation may be
significantly augmented by therapeutic angiogenesis (4). Graham et al. established arteriovenous (AV) fistulae at the popliteal level in a
canine model of hind limb ischemia, after which
the vein proximal to the AV anastomosis was
ligated; this so-called arteriovenous reversal
(AVR) was designed to augment perfusion to the
distal limb in a retrograde manner (55). A consistent feature of this procedure [in humans (56)
as well as animals] was the development of an
extensive network of new vessels in the proximity of the AV anastomosis. A significant increase
in uptake of tritiated thymidine, administered 3
hr prior to death, was observed in hind limbs
treated by AVR versus controls, and, when coupled with histologic evidence of increased cap-
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illary density, was interpreted as evidence for
therapeutically augmented EC proliferation. More
recently, Unger et al. (15) administered bromodeoxyuridine (BrdU) to dogs in which collateral artery development had been provoked by
application of an ameroid constrictor around the
left circumflex coronary artery; after administration of bFGF directly into the circumflex distal to
the constrictor, cellular proliferation was found
to be increased in collateral-dependent, viable
myocardium as well as in sites of myocardial
infarction. According to the morphology and location, cells immunopositive for BrdU were
judged to consist predominantly of ECs.
Administration of VEGF by Takeshita et al.
was shown to augment EC proliferation in midzone collateral vessels (57) by roughly 3-fold
compared with control animals (58); this difference was most profound-and statistically significant-at day 5 post-VEGF. The increase in EC
proliferation observed at day 5 post-VEGF was
followed by a reduction in the hemodynamic
deficit in the ischemic limb by day 7. Despite the
fact that the mitogenic effects of VEGF have been
previously shown to be limited to ECs (10,59),
the proliferative activity of SMCs in the midzone
collaterals also increased by approximately 3-fold.
The augmentation in midzone SMC proliferation at
day 5 was statistically significant, compared with
that observed in naturally occurring collateral artery development in the present study, and it also
exceeds that reported in previous studies of natural
collateral development (60-62).
Whereas VEGF has been shown to interact
with lower-affinity binding sites to induce mononuclear phagocyte chemotaxis (63,64), higheraffinity binding sites presumed to mediate the
mitogenic effects of VEGF are limited to ECs
(10,53). Increased SMC proliferation is therefore
not likely to represent a direct effect of VEGF.
Two indirect effects are possible. It is possible
that extravasation of certain angiogenic growth
factors due to VEGF-induced permeability from
circulating blood might result in the activation of
SMC proliferation. Alternatively, ECs stimulated by VEGF may secrete factor(s) that promote
SMC proliferation. It has been previously shown,
for example, that VEGF induces expression of
tissue-type plasminogen activators (t-PA)potent mitogens for cultured human SMCs
(65)-in cultured bovine microvascular ECs
(66). Platelet-derived growth factor (PDGF), a
mitogen and chemoattractant for vascular SMCs
(67), which is expressed by ECs (68-70) in a
polarized manner (71) sufficient to provide an
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During angiogenesis, migration always precedes
proliferation by approximately 24 hr (75). In a
classic experiment performed in the rat cornea,
Sholley et al. (76) showed that vascular sprouting could be induced and continue for more than
2 days, despite irradiation treatment sufficient to
suppress DNA synthesis. Angiogenic activity in
this model was thus interpreted to reflect the
dominant impact of EC migration. Similar implications resulted from recent experiments performed with growth factors that were shown to
have a preponderant effect on endothelial cell
migration, as opposed to proliferation. A recent
member of the vascular endothelial family of
growth factors, VEGF-C, was initially thought be
a specific ligand for lymphatic endothelium. This
was based on the fact that overexpression of

VEGF-C in the skin of transgenic mice resulted in
lymphatic vessel hyperplasia without any evidence of angiogenesis (77). We recently evaluated the bioactivity of VEGF-C (78) by performing proliferation and migration assays on
different EC types in vitro. We observed clear
mitogenic and chemotactic responses of ECs to
VEGF-C, in agreement with previous reports
(79,80). While the impact on cell migration
was similar for VEGF-A and VEGF-C, the proliferative response to VEGF-C was less than that
observed for VEGF-A, particularly in the case
of human umbilical vein endothelial cells
(HUVECs). In spite of the latter, in vivo angiogenesis observed in response to VEGF-C administration in a rabbit ischemic hindlimb model was
robust and indistinguishable from that observed
previously in the same animal model using
VEGF-A recombinant protein (4) or plasmid
DNA (32). Similarly, Angiopoietin- 1, the recently discovered ligand for the Tie2 receptor,
was shown to be chemotactic for endothelial
cells but exhibited no proliferative effect in vitro
(81). Nevertheless, using the mouse cornea
model (82), and in a rabbit ischemic hindlimb
model (83), we have demonstrated that this
growth factor has angiogenic properties in vivo.
The fact that the in vivo results of these experiments better parallel in vitro analyses of migra-

1.
Fig. 3. Heterologous (A-L), homologous (M),
or autologous (N, 0) EC progenitors incorporate into sites of angiogenesis in vivo. (A, B)
CD34+ mononuclear peripheral blood cells
(MBCD34+) (red, arrows), labeled with the floursecent dye DiI, between skeletal myocytes (M), including necrotic (N) myocytes 1 week after injection;
most are colabeled with CD31 (green, arrows). Note
pre-existing artery (small A), identified as CD31-positive, but Dil-negative. (C and D) Evidence of proliferative activity among several Dil-labeled MBcD34+derived cells (red, arrows), indicated by
coimmunostaining for Ki67 antibody (green). Proliferative activity is also seen among DiI-negative,
Ki67-positive capillary ECs (arrowheads); both cell
types comprise neovasculature. (E) DiI (red) and
CD31 (green) in capillary ECs (arrow, arrowhead)
between skeletal myocytes, photographed through
double filter 1 week after DiI-labeled MBCD34+ injection. (F) Single green filter shows CD31 (green) expression in Dil-labeled capillary ECs, integrated into
capillary with native (Dil-negative, CD3 1-positive)
ECs (arrow, arrowhead). (G) Immunostaining 1
week after MBCD34+ injection showing capillaries
comprised of DiI-labeled MBCD34+-derived cells expressing Tie-2 receptor (green). Several MBcD34+derived cells (arrows) are Tie-2 positive and are inte-

grated with some Tie-2-positive host capillary cells
(arrowheads) identified by the absence of red fluorescence. (H) Phase-contrast photomicrograph of
same tissue section shown in G indicates corresponding DiI-labeled (arrows) and -unlabeled (arrowheads) capillary ECs. (I, J) Six weeks after administration, MBCD34+-derived cells (red) colabel for
CD31 in capillaries between preserved skeletal myocytes. (K, L) One week after injection of MBCD34
isolated MBCD34--derived cells (red, arrows) are observed between myocytes, but do not express CD31.
(M) Immunostaining of ,3-galactosidase in tissue section harvested from ischemic muscle of B6, 129 mice
4 weeks after administration of MBFlk-l + isolated
from transgenic mice constitutively expressing 13-gal.
(Flk-1 cell isolation was used for selection of EC progenitors because of a lack of a suitable anti-mouse
CD34 antibody.) Cells overexpressing 1-gal (arrows)
have been incorporated into capillaries and small
arteries; these cells were identified as ECs by antiCD31 and anti-BS-1 lectin. (N, 0) Sections of muscles harvested from rabbit ischemic hindlimb 4
weeks after administration of autologous MBCD34+.
Red fluorescence indicates localization of MBCD34+derived cells in capillaries, seen (arrows) in phasecontrast photomicrograph (0). Each scale bar indicates 50 ,um.

organizing gradient for SMCs, has been previously shown to be induced in human umbilical
vein ECs by the addition of another angiogenic
growth factor, aFGF (72); experiments performed in our laboratory have shown that VEGF
may similarly up-regulate PDGF. Moreover,
Stavri et al. (73) have shown that VEGF may
similarly up-regulate bFGF, which is also mitogenic for SMCs (74).
EC Migration in Therapeutic Angiogenesis
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tion as opposed to proliferation is consistent with
notions regarding the relative contribution of
these activities to angiogenesis.

Vasculogenesis
Postnatal neovascularization has been previously
considered to result exclusively from the proliferation, migration, and remodeling of fully differentiated ECs derived from pre-existing blood
vessels, i.e., angiogenesis (60,84,85). The formation of blood vessels from EC progenitors, or
angioblasts-i.e., vasculogenesis-has been considered restricted to embryogenesis (86,87).
We reasoned, however, that the use of hematopoietic stem cells (HSCs) derived from peripheral
blood in lieu of bone marrow to provide sustained hematopoietic recovery constituted inferential evidence for circulating stem cells (88).
Given the common ancestry of HSCs and angioblasts, we investigated the hypothesis that stem
cells circulating in peripheral blood might under
selected circumstances differentiate into ECs
(89,90). Flk-1 and a second antigen, CD-34,
shared by angioblasts and HSCs (91-102) were
used to isolate putative angioblasts from the leukocyte fraction of peripheral blood. In vitro,
these cells differentiated into ECs. In animal
models of ischemia, heterologous, homologous,
and autologous EC progenitors incorporated into
sites of active angiogenesis (Fig. 3). These findings thus suggest that circulating EC progenitors
may contribute to neoangiogenesis in adult species, consistent with vasculogenesis.
Parenthetically, these findings may have
implications for augmenting collateral vessel
growth to ischemic tissues (therapeutic vasculogenesis) and for delivery of pro-angiogenic agents to
sites of pathologic or utilitarian angiogenesis. A
potentially limiting factor in strategies designed
to promote neovascularization of ischemic tissues (46) is the resident population of ECs that is
competent to respond to administered angiogenic cytokines. This issue may be successfully
addressed with autologous EC transplants. The
fact that progenitor ECs home to foci of angiogenesis suggests potential utility as autologous
vectors for gene therapy. For treatment of regional ischemia, angiogenesis could be amplified
by transfection of CD34+ mononuclear peripheral blood cells to achieve constitutive expression
of angiogenic cytokines and/or provisional matrix proteins (103).

Conclusions
The proof of principle has now been established
that therapeutic angiogenesis can be achieved in
animal models of myocardial and hind limb ischemia. Moreover, recent clinical studies suggest
that patients with severe forms of ischemic vascular disease could potentially benefit from such
therapies. The advent of therapeutic angiogenesis has generated controversy with regard to protein versus gene therapy. Resolution of this issue
will almost certainly require the empirical experience of human clinical trials. Recombinant FGF
and VEGF are now being investigated in human
clinical trials for patients with lower-extremity
vascular disease and myocardial ischemia, so the
magnitude of bioactivity that can be achieved
with either of these should be ultimately clarified. Our understanding of postnatal neovascularization is in constant evolution. The discovery
of new angiogenic growth factors (VEGF-C, Angiopoietin), and new conceptual mechanisms of
neovessel formation (postnatal vasculogenesis),
will directly influence the development of new
therapeutic strategies to promote neovascularization in ischemic vascular diseases.
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