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▼ Gene therapy seeks to replace, supplement
or alter a patient’s cellular genetic makeup to
restore, correct or enhance certain biological
functions. The concept of engineering a 
patient’s own cells to produce therapeutic
proteins excites clinicians because it offers 
the possibility of curing otherwise intractable 
diseases and minimizing the side effects of 
potent biological molecules by delivering 
the drug specifically to where it is needed.
However, since the first human gene therapy
trial in 1990 (Ref. 1), a substantial number of
clinical trials has failed to reach the antici-
pated end point primarily because of inad-
equacy of the technology. Recently, several
successful findings have bolstered interests in
the gene therapy arena. Avigen (Alameda, CA,
USA) has reported positive results with its

adenoviral associated virus (AAV) vector 
expressing the gene for coagulation factor IX
(Coagulin-B) to treat hemophilia B patients2.
Although the clinical trial size is small, the
gene therapy procedure appears to be safe and
well-tolerated, with evidence of persistent
production of the factor IX protein and patient
benefit. Avigen is co-developing Coagulin-B
with Bayer (Leverkusen, Germany) and they
anticipate filing a biologics license application
in 2005. Transkaryotic Therapies (Cambridge,
MA, USA), using a cell-based gene therapy
technique, also reported positive preliminary
results in a clinical trial for the treatment of
hemophilia A (Ref. 3). Other recent successes
include the treatment of severe combined 
immunodeficiency-X1 disease by transferring
the γc cytokine gene to CD34+ cells4 and the
use of an oncolytic adenoviral vector engi-
neered to selectively replicate in, and kill,
p53-deficient cancer cells5. These clinically
positive outcomes, as well as the considerable
progress made in enabling technologies 
including vector development and controlled
gene expression, make significant gene ther-
apy success probable within the next 10 years.

One of the more innovative and active uses
of gene therapy technology is for the treat-
ment of cardiovascular diseases (Fig. 1). Since
December 2000, a total of 36 cardiovascular
gene transfer protocols were registered with
the National Institutes of Health Office of
Biotechnology Activities. Of these, the over-
whelming majority involve the delivery of
vascular endothelial growth factor (VEGF) 
or fibroblast growth factor (FGF) to enhance 
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A gene therapy approach towards the modulation of neovascularization

provides important advantages that could be crucial for the success of

therapies that target blood vessels. These advantages include sustained

local expression and the ability to supply multiple pro- or anti-angiogenic

factors. There is potential near-term success in the application of this

approach for the treatment of ischemic vascular diseases. Although there

is convincing proof of concept in animal models that an anti-angiogenesis

gene therapy approach can be used to treat cancer, this is a highly

competitive field with small molecules, recombinant proteins and

monoclonal antibodies already in clinical trials. The scientific rationale for

the use of gene therapy is sound, but realization of its full potential for

the treatment of a broad array of diseases will require several challenging

technical hurdles to be overcome and safety concerns to be alleviated.



angiogenesis for the treatment of coronary artery and pe-
ripheral vascular diseases. This high interest is based on the
large market potential, unmet medical need and prelimi-
nary reports of clinical success using this approach6–10.
There is also intense interest in the inhibition of angiogen-
esis as a new modality to treat cancer. However, the major
effort is focused on small molecules, recombinant proteins
and monoclonal antibodies, and the use of gene therapy 
is less explored. The purpose of this article is to detail the 
rationale for a gene therapy approach to modulate the
growth of new blood vessels, summarize the information
to date and examine the potentials and hurdles for this 
approach.

Molecular mechanisms of adult neovascularization
The formation of new blood vessels in the adult is com-
monly believed to occur by sprouting from an existing ves-
sel and is termed angiogenesis. This process requires local
destabilization of the vessel with subsequent endothelial
cell migration, proliferation, remodeling and the forma-
tion of tight attachments with the extracellular matrix and
supporting mural cells11. New capillary invasion into 
previously avascular zones is stimulated by ischemic or 
hypoxic conditions. The lack of oxygen under these condi-
tions leads to the upregulation of the transcription factor
hypoxia inducible factor-1 (HIF-1). HIF-1 is the primary
regulator of oxygen homeostasis in mammalian cells and,
among its various activities, promotes the production of
the key angiogenic molecule, VEGF (Ref. 12). VEGF acts
through its cognate receptors to initiate a cascade of events
that leads to the formation of a new capillary network13.
The outline of this process is being worked out in remark-
able detail and forms the molecular basis for angiogenic
therapeutic strategies.

A distinct mechanism of blood vessel formation known
to occur during early embryonic development is termed
vasculogenesis. This early morphogenic process occurs via
the differentiation of angioblasts (endothelial cell precur-
sors) into blood islands that fuse to form the primitive vas-
cular network11. There is now increasing evidence to suggest
that angioblast-like endothelial cell precursors derived
from the bone marrow might circulate in the adult vascu-
lature and contribute to physiological and pathological
neovascularization in the adult14,15. Although this concept
remains highly controversial, it provides the possibility of
intriguing alternative therapeutic options, as well as the
potential to discover new targets for the effective modulation
of neovascularization.

Perhaps the least understood process of blood vessel 
formation is the generation of collateral vessels in the 
heart under ischemic stress. This process has been termed

arteriogenesis and appears to involve remodeling of exist-
ing arterioles into large conductance arteries in the heart16.
It is believed that dramatic changes in hemodynamic fac-
tors, such as shear stress, result in the activation of the 
endothelium, subsequent monocyte invasion and then the
release of growth factors and cytokine, which contribute
towards vessel enlargement. The mechanism underlying
arteriogenesis appears to differ substantially from the an-
giogenesis process and might involve other growth factors
and cytokines. The formation of large conductance arteries
is presumably the most desired outcome for the relief 
of coronary heart disease. Unfortunately, in humans, this
process does not occur naturally with sufficient frequency
to alleviate ischemic diseases and, therefore, a better
understanding of the arteriogenic process is warranted.

Disease applications in altering adult
neovascularization
Neovascularization is an essential part of normal develop-
ment but in the adult it usually occurs only as part of the
female estrus cycle, during pregnancy and as part of tissue
repair and remodeling (Table 1). Pro-angiogenesis therapy
seeks to enhance the natural process of tissue repair and 
remodeling with primary emphasis on ischemic vascular
diseases (Table 1). Pathological neovascularization has
been implicated in several diseases including age-related
macular degeneration, diabetic retinopathy and rheuma-
toid arthritis (Table 1). However, the major focus of anti-
angiogenesis therapies today is on cancer. Continued
tumor growth requires a concomitant increase in blood
supply to nourish the cancer cells and the ability of these
cells to switch to a pro-angiogenic phenotype is an early
event in the progression of most cancers17,18. The tumor
vasculature is an attractive and novel therapeutic target 
because endothelial cells should not be capable of devel-
oping resistance to anti-angiogenic agents. Furthermore,
there is evidence to suggest that the tumor vasculature is
sufficiently different from normal vessels so that strategies
can be devised to target tumors specifically18. It is antici-
pated that once these therapies are proven safe and 
effective, they can be expanded to a large number of disease
indications (Table 1).

Pro-angiogenic protein administration for the
treatment of ischemic vascular diseases
The results of the first clinical trial of a drug designed to 
induce neovascularization were reported in 1998. This
placebo-controlled trial demonstrated that injection of
FGF protein into the heart resulted in the enhancement of
capillary formation19. A three-year follow-up of this study,
as well as other studies, has demonstrated that FGF and
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VEGF proteins can be safely delivered
and can potentially act to reduce angina
and increase blood flow20–23. However,
a subsequent placebo-controlled Phase II
clinical trial of VEGF sponsored by
Genentech (South San Francisco, CA,
USA) was halted owing to lack of 
patient benefit24. Similarly, a Chiron 
(San Diego, CA, USA)-sponsored Phase II
clinical trial with FGF-2 also did not
achieve the primary end point of 
improved exercise capacity25. Taken as
a whole, these early results in humans
suggest that VEGF and FGF protein
therapies are reasonably safe and 
can induce neovascularization but im-
provements in delivery of these thera-
peutic proteins and/or in the types 
of angiogenic proteins delivered will 
be necessary to develop an effective
therapeutic drug.

Advantages of a gene therapy
approach for enhancing
neovascularization
The process of new vessel formation in
the adult after vessel occlusion occurs
over a period of 3–5 days26,27 and it is
possible that angiogenic molecules de-
livered to induce neovascularization
will need to be supplied at least over
this duration. The ability to deliver pro-
angiogenic molecules in a sustained
and localized manner is the key advan-
tage of a gene therapy approach (Fig. 1
and Box 1). Thus, delivery of the vector
to the appropriate site and subsequent
local expression of the transgene for
one to two weeks provide the ideal
therapeutic scenario and can overcome
the short half-life and side effects of 
systemic protein delivery24,28,29. Current
gene therapy vectors allow expression
of the introduced transgene for approxi-
mately one week30–32, which is ideal for
pro-angiogenesis therapy. However,
there are issues with both of the most
commonly used gene delivery systems:
adenoviral vectors and plasmids. The
limited duration of expression of aden-
oviral vectors might be because of an 
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Figure 1. Cartoon of pro-angiogenesis gene therapy approach for the treatment of
cardiovascular and peripheral vascular diseases. Abbreviations: IC, intracoronary; 
IM, intramuscular.
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Table 1. Neovascularization in physiology and pathology

Physiological Indications that Indications that
neovascularization require stimulation require inhibition

of neovascularization of neovascularization

Female estrus cycle Coronary artery disease Cancer

Pregnancy Peripheral vascular disease Age-related macular
degeneration

Wound healing Wound healing Diabetic retinopathy

Collateral formation Islet cell transplantation Rheumatoid arthritis

Exercise-induced Fracture and tendon repair Psoriasis
hypertrophy

– Reconstructive surgery Obesity

– Tissue engineering Hemangioma/AIDS-
related Kaposi’s
sarcoma 

– Restenosisa Atherosclerotic
plaque rupturea

aEffect on disease progression needs clarification.



inflammatory response to these vectors33–35. Plasmid-based
gene therapy vectors remain attractive and the least com-
plicated alternative7,8,10,30, but whether such vectors can
achieve a sufficiently robust expression to reach the appro-
priate therapeutic index is controversial. Although these
vectors are not ideal, whether they will be sufficient to 
deliver positive clinical results remains to be seen.

An additional potential advantage of a gene therapy 
approach is the ease of delivering multiple angiogenic fac-
tors to obtain stable collateral vessels. This concept is based
on the discovery that molecules such as angiopoietins 
and ephrins11 as well as the G-protein coupled receptor-
endothelial cell differentiation gene-1 (Ref. 36) have pro-
found effects on the development and stabilization of 
the vasculature. Currently, it is unclear whether delivery of
a single factor such as VEGF or FGF will be sufficient to
generate appropriate vessels in the adult heart or ischemic
limb. Gene therapy vectors will allow delivery of a combi-
nation of factors that might be ideal for the generation of
new, stable blood vessels.

Summary of clinical trial results for pro-angiogenesis
gene therapy
Early gene therapy clinical trials with VEGF and FGF to
treat ischemic vascular diseases have yielded encouraging
data and strongly support the conceptual framework 
underlying this line of therapy7–10,37. However, as in the
protein therapy trials, claims of efficacy will need to be 
validated with larger, placebo-controlled clinical trials. In
this context, it is important to note that Collateral
Therapeutics (San Diego, CA, USA) has reported positive
trends in angina class and treadmill results after comple-
tion of a double-blind, placebo-controlled Phase I and II
study for FGF-4 (Ref. 38). Furthermore, interim results of a
double blind, placebo-controlled Phase II clinical trial to
treat peripheral vascular with VEGF by Valentis is also
promising39. Genvec (Gaithersburg, MD, USA) is expected
to complete two Phase II studies, and several other compa-
nies, including Aventis (Strasbourg, France), Vascular
Genetics (Research Triangle Park, NC, USA), and Genzyme
(Framingham, MA, USA) all have drugs at the early clinical
trial stage. Overall, the clinical trial data indicate that 
pro-angiogenic gene therapy, as with the protein therapy
approach, is reasonably safe and well-tolerated by the 
patients although efficacy of this first generation of novel
drugs awaits the result of ongoing clinical trials.

Key issues for the success of pro-angiogenesis gene
therapy in the next five years
The primary issue regarding near-term success of 
pro-angiogenesis gene therapy is whether the current 
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Box 1. Advantages and main concerns of using
anti-angiogenic gene therapy approaches

Issue 1. Competition from small molecules &
recombinant proteins
• In contrast to small moleculesa, recombinant protein

and expressed genes can effectively target
protein–protein interactions; offering improved
specificity, less side effects and better efficacy.

• Potential to target several pathways with a single
vector through the delivery of multiple genesb.

• Enhanced delivery relative to recombinant protein
that requires multiple intravenous administrations or
delivery by pumpc.

Issue 2. Cancer is a systemic disease
• Current technology allows the delivery of vector to a

primary site to establish a depot of anti-angiogenic
protein.
(a) Liver expresses high levels of therapeutic protein
with adenoviral vector delivery but possible vector
toxicity must be addressed.
(b) Adenoviral vectors, adenoviral-associated vector
and plasmid delivery to the muscle will require
potent anti-angiogenic factor(s) because of lower
expression levels.

• Vector can naturally target sites of metastatic disease
(e.g. adenoviral vectors transduce hepatocytes
efficiently to treat liver metastasisd)

• Vector can potentially be engineered to specifically
transduce or express in tumor cells or tumor
endothelium.

• Systemic delivery of vectors is an important long-
term goal. Systemic delivery of adenoviral vectors
must overcome the hurdle of pre-existing
neutralizing antibodies in 50% of the population.

Issue 3. Unknown effect of long-term expression of
angiogenesis inhibitors
• Levels and persistence of expression of vectors

cannot be directly controlled because vectors with
regulatable promoters are not in clinical trialsc.

• An excisable tissue depot can be used to remove the
source of anti-angiogenic protein.

• Tumor-targeted vectors will have less potential side
effects.

References
a McCormick, F. (2000) Small-molecule inhibitors of cell signaling.
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c Morral, N. et al. (1999) Administration of helper-dependent
adenoviral vectors and sequential delivery of different vector
serotype for long-term liver-directed gene transfer in baboons. 
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d Chen, C.T. et al. (2000) Antiangiogenic gene therapy for cancer via
systemic administration of adenoviral vectors expressing secretable
endostatin. Hum. Gene Ther. 11, 1983–1996



therapeutic:modality will be able to demonstrate an appro-
priate risk:benefit ratio. Although the small number of 
reported pro-angiogenic gene therapy clinical trials have
demonstrated good safety results, the recent death of a 
patient that underwent a gene therapy-based ornithine
transcarbamylase (OTC) deficiency treatment protocol has
had an extraordinary impact on the practice of gene ther-
apy and marks the transition to a more mature phase in
the development of gene therapy-based medicine40. Given
that many of the pro-angiogenic clinical trials are using
modified adenoviral vectors similar to those used in the
OTC protocol, the safety of such vectors for the treatment
of cardiovascular diseases has been raised as an issue41.
However, more than 3.8 × 1013 viral particles were infused
into the patients in the OTC trial42 whereas the highest
vector dose used in pro-angiogenic trials has been 4 × 1010

particles9. The three-log difference in viral particle input,
as well as differences in delivery regimen and patient 
population, make direct comparisons highly problematic.
Only the ongoing  pro-angiogenesis gene therapy trials can 
provide the essential safety information.

A second safety concern relates to possible side effects
associated with the delivery of pro-angiogenic factors41,43.
Both VEGF and FGF are hypotensive agents29,44 and this
can be dose limiting24. A gene therapy approach can mini-
mize this side effect by directing localized expression of the
pro-angiogenic protein. It is also possible that prolonged
exposure to pro-angiogenic molecules might alter the
growth or stability of atherosclerotic plaques, stimulate the
growth and metastasis of cancer cells, and exacerbate pro-
liferative retinopathy41,43. In this context, it is interesting 
to note that in addition to its lipid-lowering activities, 
the promotion of new blood vessel growth has recently
been postulated to be one of the beneficial side effects of 
the statins, one of the safest classes of cardiovascular
drugs45. Nevertheless, concerns for potential side effects of 
pro-angiogenic factors could limit the use of gene therapy
vectors such as second generation adenoviral vectors, AAV
vectors and lentiviral vectors that are designed to express
for a longer duration41,46. The lack of proven controlled gene
expression systems in AAV and lentiviral vectors suggests
that further refinements will be required for applications
other than the treatment of life-long diseases2.

Data from current clinical trials suggest systemic angio-
genic protein delivery is not an effective means of eliciting
long-term efficacy, possibly because of the short half-life of
the proteins in the circulation (Box 1). It is currently 
unclear whether a local depot of growth factors, sustained
release formulations, a mixture of pro-angiogenic factors
or alternative approaches such as transmyocardial revascu-
larization47 will prove effective. This is a crucial issue 

because, despite the successful use of percutaneous angio-
plasty, stent implantation, bypass surgery and thrombolytics
to restore blood flow to the ischemic tissue, there is now 
a growing population of patients that are no longer can-
didates for these treatments because of the severity of 
their diseases16. A pro-angiogenesis gene therapy approach
might provide the only alternative if novel treatment
modalities, such as transmyocardial revascularization, prove
ineffective.

Inhibition of neovascularization to treat cancer
Although the scientific conceptual framework for the inhi-
bition and stimulation of neovascularization share many
similarities, differences in the nature of disease pathologies
dictate the use of distinct strategies to inhibit angiogenesis
for the treatment of cancer. Alleviation of ischemic vascular
diseases requires stimulation of the growth of blood vessels
at a discrete location and this is facilitated by the use of 
mechanical devices such as catheters for localized delivery.
By contrast, because anti-angiogenic therapy is designed to
treat both tumor metastasis and growth, all therapeutic ap-
proaches to date have been systemic in nature. Furthermore,
because small cancer lesions could remain viable for a 
prolonged period17,18, effective treatment might require
chronic administration of the anti-angiogenic drug. This is
in contrast to the situation in pro-angiogenesis therapy in
which treatment is needed for up to several weeks.

Advantages of an anti-angiogenesis gene therapy
approach
Although several drugs based on small molecules, recombi-
nant proteins and monoclonal antibodies have advanced
to clinical trials48, there are several potential advantages
associated with a vector-mediated delivery of anti-angio-
genic genes (Box 1). A key advantage of an anti-angiogenic
gene therapy approach is similar to that for pro-angiogene-
sis: the potential for localized and sustained expression.
However, the definition of localized expression is expanded
to multiple tumor sites and expression up to several years
is probably required. Another potential advantage of gene
therapy is the ability of a vector to deliver more than 
one factor so that multiple angiogenic pathways can be
blocked. There is also preclinical data to support the possi-
bility that certain recombinant anti-angiogenic proteins
have less side effects than anti-angiogenic small mol-
ecules43,49 and this is consistent with the recent Phase I
clinical trial safety results on endostatin50,51. This potential
safety advantage of protein therapeutics over small mol-
ecules extends to a gene therapy approach. Finally, gene-
therapy-mediated delivery of anti-angiogenic proteins
might prove to be more feasible and economically viable

693

DDT Vol. 6, No. 13 July 2001 reviewstherapeutic focus



than intravenous delivery of recombinant proteins that are
difficult and expensive to manufacture (Fig. 2 and Box 1).

Preclinical studies support the principle of anti-
angiogenesis gene therapy
There is a substantial body of evidence in preclinical mod-
els to support the concept that an anti-angiogenic gene
therapy approach can inhibit tumor growth48. Early studies
demonstrated inhibition of tumor growth when vectors
containing anti-angiogenic genes were injected directly into
tumors or the surrounding tissue (Fig. 2). To achieve an effect
throughout the tumor, the vectors used in these experi-
ments coded for secreted factors, such as platelet factor 4
(Ref. 52), the soluble form of the VEGF receptor, flt-1 (Ref. 53)
and plasminogen activator54. Clearly, the direct clinical 
application of this mode of vector delivery is limited.
Investigators have also used gene therapy vectors to create a
depot of secreted factor (Fig. 2). In most cases the vector was
administered to mice by tail-vein injection, which resulted
in substantial liver cell transduction and high levels of 
expression in the serum. Inhibition of tumor growth using
this technique has been seen with soluble flt-1 (Ref. 55),
soluble Tie2 receptor56, plasminogen activator57 and endo-
statin58–60. In some studies57,60, the site of the neoplastic 

lesion was in the liver and probably co-
incided with the highest concentration
of the inhibitors. These encouraging 
results underscore the potential use of a
gene therapy approach in the clinic.

What we have learned from anti-
angiogenesis clinical trials
Currently, there is intense activity in
the clinical arena to test the safety and
efficacy of a wide variety of anti-angio-
genic therapies in the treatment of 
cancer43. Although a comprehensive
review of these activites is beyond the
scope of the current discussion, it is 
instructive to examine two of the largest
classes of compounds with a specific
molecular target. One class of anti-
angiogenesis drugs in clinical trials is the
matrix metalloproteinase inhibitors.
Marimastat (British Biotech, Oxford, UK),
Neovastat (AEterna, Quebec, Canada),
and BAY129566 (Bayer) represent some
of these that have progressed to Phase III
trials. However, early results have been
mixed and the lack of success has been
attributed to the absence of specificity

towards the relevant matrix metalloproteinases61. By con-
trast, several drugs that are designed to inhibit the VEGF
pathway are moving forward rapidly. The small-molecule
drug SU5416 (Ref. 62), when administered in combination
with 5-fluorouracil (5FU) and leucovorin, was reported at
the American Society of Clinical Oncology meeting in New
Orleans (LA, USA, 20–23 May, 2000) to show preliminary
evidence of activity in metastatic colorectal cancer in
Phase II clinical trials. Both Pharmacia (NJ, USA; SU6668;
Ref. 63) and Novartis (Bern, Switzerland; CGP79787; Ref. 64)
have orally active VEGF-pathway inhibitors in Phase I and
II clinical trials. A monoclonal antibody against VEGF has
been reported to show activity in both non-small-cell lung
cancer and metastatic colorectal cancer in Phase II clinical
trials65, and a monoclonal antibody against the VEGF 
receptor66 is also in clinical trials. Thus, the preliminary 
indications are that targeting the VEGF pathway might 
be a clinically viable way to inhibit tumor growth and
metastasis, whereas the use of matrix metalloproteinase 
inhibitors might require further refinement.

Although there are currently no gene therapy cancer
treatments that target tumor angiogenesis, there are many
gene therapy-based clinical trials for the treatment of cancer
that are focused on immunotherapy, cancer vaccine, direct
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Figure 2. Cartoon of anti-angiogenesis gene therapy approach for the treatment of
cancer. Scheme 1 represents direct intratumoral and intramuscular injection to treat
primary tumors. Scheme 2 represents treatment of tumors at sites of vector localization
(e.g. adenoviral vectors in the liver). Scheme 3 represents gene therapy vector delivered
systemically and targeted directly to the tumor or tumor vasculature.

1 2 3

Drug Discovery Today



tumor cell killing and the overexpression of genes such as
those encoding p53 and BRCA1. Anti-angiogenic activity
might account for some of the success that has been seen
with adenoviral vectors that express p53 (Ref. 67). Expression
of wild-type p53 in cell lines results in increased expression
of the angiogenesis inhibitor thrombospondin-1 (Ref. 68)
and decreased expression of VEGF (Ref. 69). In early clinical
trials, tumor regressions were seen following intratumoral
injection of p53-expressing adenoviral vectors even though
distribution of the vector was limited70. One possible expla-
nation for this in vivo bystander effect is the anti-angiogenic
activity of p53. Another promising new area for gene ther-
apy is in the use of oncolytic adenoviruses5. These modified
viruses selectively produce lytic cycles of replication in trans-
formed cells and thus have the potential to spread beyond
an initial injection site. Interestingly, the viruses themselves
might have intrinsic anti-angiogenic activity5. Adenoviral
E1A can suppress angiogenesis in vivo and interfere with 
hypoxia-induced expression of VEGF by binding to the
transcriptional adapters p300 and CREB-binding protein71.
These results suggest that an appropriate anti-angiogenesis
gene therapy approach can succeed in the clinic.

Key issues for the successful use of anti-angiogenesis
gene therapy
Whether gene therapy will become a significant factor in
anti-angiogenesis therapy depends to some extent on the
results of the current wave of clinical trials. If some of the
small-molecule and direct protein approaches prove both
efficacious and widely applicable for a variety of cancers,
then gene therapy will only be viable if it can demonstrate
significant advantages over the prevailing therapy. However,
it is more probable that the current therapies will meet with
a more limited success. Under this scenario, a gene therapy
approach will be competitive if it can overcome some of the
technical hurdles that prevent realization of the theoretical
advantages of this elegant approach. The properties of an
ideal gene therapy vector are summarized in Box 1 and in-
clude the ability to maintain persistent expression, to regu-
late gene expression, to target the vector to the tumor, or
tumor vasculature, and to deliver the vector systemically.
The identification of potent angiogenesis inhibitors with a
high safety profile could facilitate the near-term use of an
anti-angiogenesis gene therapy approach because concerns
associated with the potential risks of prolonged exposure
to anti-angiogenic proteins would be diminished (Box 1).

Conclusions and future directions in angiogenesis
gene therapy approaches
The outlook for a gene therapy approach to stimulate an-
giogenesis to treat ischemic diseases is bright, because both

small and large pharmaceutical companies continue to 
invest heavily in this area. This is based on the clear con-
ceptual advantages of the gene therapy approach that are
supported by reports of efficacy in two Phase II clinical 
trials. The most crucial issue for the treatment of ischemic
vascular diseases via gene therapy is the demonstration of
safety and this data will be obtained from the ongoing
clinical trials. Although the development of gene therapy
approaches to deliver anti-angiogenic medicine for the
treatment of cancer is behind more conventional anti-
angiogenic therapy, the feasibility of this approach is sup-
ported by the results of several studies in preclinical models.
The safety of gene therapy-based clinical trials to treat cancer
will be less of an issue because there have been numerous
gene therapy clinical trials for cancer and the lack of 
treatment options for critically ill patients justifies the use 
of more experimental therapies. In the final analysis, the
possible near-term success of a gene therapy approach 
towards modulation of neovascularization rests on the
ability of clinicians to design trials that are rigorous in
oversight and patient protection and yet optimize the
therapeutic potential of this revolutionary medicine.

The spectacular advances in our understanding of the
neovascularization process and technological advances in
gene therapy delivery systems suggest continued break-
throughs and a bright long-term future for the use of gene
therapy for the treatment of neovascular diseases. However,
important questions, such as the contribution of vasculoge-
nesis and arteriogenesis in various disease states and the 
duration of expression of gene therapy vectors in humans,
remain unanswered. It is probable that angiogenesis gene
therapy will eventually become part of the armament in
disease management. Possibilities include combination
therapy with other approaches and the use of gene therapy
medicine as surveillance or prophylactic tools to prevent 
ischemic vascular disorders, cancer and ocular diseases.
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