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1. ABSTRACT 
 

Tumors produce multiple angiogenic factors to 
induce neovascularization by angiogenesis, vasculogenesis 
and vascular remodeling.  Although tumors utilize similar 
mechanisms as normal growing tissues, tumor blood 
vessels usually appear as malformed vasculatures that have 
several distinctive features including a high degree of 
disorganization, lack of clear separation between arterioles 
and venules, lack of appropriate coating with mural cells, 
high permeability, and composition of mosaic cell types, 
which might express specific markers.  These unusual 
features of tumor blood vessels offer a great opportunity for 
therapeutic intervention and might paradoxically restrict 
cytotoxic drug delivery. Following an initial clinical 
success of bevacizumab in combination with chemotherapy 
for the treatment of human colorectal cancer, several other 
anti-angiogenesis agents are now available in the clinic. 
Understanding basic mechanisms of tumor angiogenesis, 
defining novel and accurate molecular targets, designing 
optimal clinical trials, and minimizing side effects are 
crucial issues for a further successful development of anti-
angiogenic compounds for the treatment of various human 
cancers. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. TUMOR ANGIOGENESIS 
 
2.1. Angiogenic switch by genetic and epigenetic factors 

Genetic mutations of oncogenes and tumor 
suppressor genes characterize the transformation of a 
normal somatic cell into a malignant cell (1).  However, the 
malignant cells in most cases, will not grow into a 
clinically detectable mass if they do not switch on an 
angiogenic phenotype (2) (Figure 1).  A tiny malignant cell 
population, which could consist of a few hundred tumor 
cells, can remain dormant in the body for months or years 
feeding on nutrients and oxygen from neighboring blood 
vessels (3-5). Such cells can be alive and actively dividing, 
but tumor growth is not evident due to cell loss.  A constant 
renewal  and adaptation  to the host environment may, 
however, occur which eventually lead to tumor cell clones 
that trigger angiogenesis. (6) (Figure 1).    
 
 Recent observations indicate  that both mutations 
of oncogenes and tumor suppressor genes could lead to the 
switch into an angiogenic tumor (1, 7).  For instance, in 
mouse tumor models, mutations of H-ras and amplification 
of myc oncogenes may contribute to the angiogenic switch 
by up-regulating vascular endothelial growth factor 
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Figure 1. Mechanisms of switching on an angiogenic tumor phenotype.  Mutations of oncogenes and tumor suppressor genes 
lead to transformation of a normal cell into a malignant cell, which in most cases is destroyed in the body by immune 
surveillance and other mechanisms (dark cells).  Some malignant cells might escape from the immune system and expand to a 
microscopic mass consisting of a few hundreds of cells (green cells). These cell populations cannot no longer grow beyond the 
sizes of 2-3 mm3 without recruitment of new blood vessels and they remain in the body for months or years. However, tumor 
cells might still actively divide in the microscopic dormant tumor until they become angiogenic tumor cells (red cells).  Only in 
rare cases, a malignant cell directly gains an angiogenic phenotype from the very beginning. Once an angiogenic phenotype is 
switched on, tumor growth and progression is exponential. 
 
(VEGF) (3, 8, 9).  The von Hippel Lindau VHL) protein, 
tumor suppressor gene product, targets hypoxia inducible 
factor-1alpha (HIF-1alpha) for degradation, which results 
in reduced levels of VEGF expression (10, 11).  Mutations 
of VHL lead to accumulation of HIF-1alpha and its target 
gene product, VEGF.  Loss of p53 function results not only 
in elevated levels of proangiogenic factors such as VEGF, 
but also to a reduction of the endogenous angiogenesis 
inhibitor thrombospondin-1 (TSP-1) (12, 13).  Thus p53 
may tip the balance of proangiogenic and anti-angiogenic 
factors toward neovascularization (Figure 2).  Once an 
angiogenic phenotype is initiated, the tumor growth is 
exponential.  A rapid expansion of the tumor mass demands 
endothelial cells to grow coordinately at the same pace to 
build up enough vessels for sufficient blood supply.  Even 
though endothelial cells become activated, they frequently can 
not grow at the same high rate as tumor cells do.  The 
consequence is unsynchronized growth rates manifested by the 
formation of a primitive, disorganized, and unevenly 
distributed nascent vessels. Such vessels show poor blood 
perfusion which may lead to tissue hypoxia and necrosis.  
Hypoxia and acidosis activates compensatory mechanism of 
angiogenesis by up-regulating VEGF (11, 14).  At present it is 
well documented that high levels of VEGF are present in 
hypoxic regions of both human and mouse tumors (15).  

2.2. Tumor vasculature and function 
Most tumors are not able to grow without 

recruiting new blood vessels where they use  similar 
mechanisms as growing embryonic tissues (16-20). The 
neovascularization processes include angiogenesis, 
vasculogenesis, and intussusception (vascular remodeling) 
(21).  However unlike blood vessels in healthy tissues, the 
tumor vasculature appears as disorganized tubular 
structures, which often are interconnected, tortuous, highly 
leaky, resembling premature sinusoidal vasculatures (22, 
23).  These abnormal vessels usually lack a clear separation 
between arterioles and venules and the reqruitment of  
pericytes and vascular smooth muscle cells (1) (Figure 3).  
The malformed  vasculature leads to a slow sluggish blood 
flow.  In addition, high interstitial fluid pressure (IFP) 
exists within the  tumor tissue due to the high permeability 
nature of these vessels, sluggish blood flow, lack of mural 
cell, and incomplete basement membrane (1, 24).  In 
general, a fast growing tumor almost always creates a 
hypoxic environment due to: 1) Unsynchronized growth 
rates of tumor cells and endothelial cells.  Malignant cells 
contain an aberrant genome and divide at a high rate (25) 
whereas  endothelial cells are genetically stable 
maintaining a more normal growth rate (26).  Thus, in a 
growing tumor, malignant cells and endothelial cells grow 
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Figure 2. Genetic and epigenetic factors contributing to the angiogenic switch. Both genetic and epigenetic factors contribute to 
the high expression levels of HIF-1alpha, which directly controls VEGF expression at the transcriptional level.  Loss of function 
of p53 could also lead to down-regulation of angiogenesis inhibitors such as TSP-1. Tipping balance between angiogenic factors 
and inhibitors leads to the switch of an angiogenic phenotype. 

 
at non-synchronized rates, resulting in hypoxia and a rapid 
expansion of the tumor population. 2) A disorganized 
vascular architecture that lacks defined arterioles and 
venules.The blood traveling in this vasculature contains 
relatively low levels of oxygen; 3) Sluggish blood flow.  
Owing to the abnormal nature of the tumor vasculature, 
blood flow within tumor vessels are sluggish and the slow 
flow leads to  hypoxia; and 4) High interstitial fluid 
pressure (IFP).  The leaky nature of tumor vessels leads to 
high IFP, which may interfere with premature nascent 
vessels restricting  blood flow inducing hypoxia (Figure 2). 
 
 Hypoxia leads to increased levels of hypoxia 
inducible factor-1alpha (HIF-1alpha) by inhibiting proline 
hydroxylase activity and stabilizing HIF-1alpha, which 
increases VEGF expression by activating its promoter (26). 
Under physiological conditions, this hypoxia-triggered 
positive feedback loop acts as a compensatory mechanism 
for improving blood flow in an ischemic tissue by making 
more vessels via VEGF.  However in tumors, increased 
levels of VEGF could further increase vascular 
disorganization, permeability, and IFP, leading to severe 
hypoxia (Figure 2).  As a consequence, tumor blood vessels 
are highly leaky and poorly perfused.  
 
2.3. Angiogenic factors and their signaling pathways 

The cellular heterogeneity of malignant cell 
populations contributes to the complex expression of 
multiple angiogenic factors (16).  As indicated above, 
VEGF is a key tumor-derived angiogenic factor that exerts 
multiple functions including stimulation of angiogenesis, 
vasculogenesis, inflammation and vascular permeability 
(21, 27).  VEGF is the prototype of a family of structurally 
related proteins, which consists of four other members; 
VEGF-B, placental growth factor (PlGF), VEGF-C and 

VEGF-D (28-32).  These growth factors bind to three 
tyrosine kinase receptors, VEGFR-1, VEGFR-2 and 
VEGFR-3 predominantly expressed by endothelial cells 
(33, 34).  According to  biological functions and receptor 
binding patterns, the VEGF family can be divided into 
three subgroups (1): 1) VEGF-A  binds to VEGFR-1 and 
VEGFR-2 and it stimulates angiogenesis, vasculogenesis 
and vascular permeability via VEGFR-2 ; 2) PlGF and 
VEGF-B which bind only to VEGFR-1 but their angiogenic 
activity remains controversial.  While most studies show 
that PlGF and VEGF-B lack angiogenic activity, a recent 
study demonstrates that PlGF exhibits potent angiogenic 
activity in pathological settings such as tumor angiogenesis 
(93); and  3) VEGF-C and VEGF-D which bind to 
VEGFR-3, expressed on lymphatic endothelial cells where 
they mediate lymphangiogenesis.  In addition, VEGF-C 
and VEGF-D can bind to VEGFR-2 inducing angiogenesis 
(6, 29, 35). The classification, receptor binding patterns and 
biological functions of the VEGF family are illustrated in 
Figure 4. However, VEGF is not the only angiogenic factor 
produced by tumors. Fibroblast growth factor-2 (FGF-2), 
platelet-derived growth factors (PDGFs), angiopoietins 
(Ang), hepatocyte growth factor (HGF), and insulin-like 
growth factors (IGFs) are all frequently produced by 
malignant cells (1). It seems that tumor-produced 
angiogenic factors not only individually induce 
angiogenesis or vasculogenesis via their own receptors but 
also cross-communicate with  each other to synergistically 
induce tumor neovascularization.  It is known that FGF-2 
and VEGF-A or VEGF-A and Ang-1 could synergistically 
induce angiogenesis (36, 37).  Recent studies in our group 
have shown that PDGF-BB and FGF-2 can synergistically 
induce tumor angiogenesis and metastasis (38-40).  The 
underlying mechanisms by which FGF-2 and PDGF-BB 
synergistically induce tumor vascularization involve up-
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Figure 3.  Features of tumor blood vessels.  Unlike healthy blood vessels, tumor vessels consist of disorganized, leaky, and 
primitive vascular networks, which display abnormal functions. 

 
regulation of PDGFRs in endothelial cells by FGF-2 and 
increased expression of FGFRs in mural cells by PDGF-
BB.  This reciprocal interaction between two angiogenic 
factors plays a crucial role in promoting tumor growth and 
metastasis.  
  
 In addition to a positive interplay between 
various angiogenic factors, some factors negative 
interaction. For instance, angiopoietin-2 (Ang-2) is a 
natural antagonist for angiopoietin-1, although both factors 
bind to the same Tie-2 receptor, primarily expressed on 
vascular endothelial cells (41).  While Ang-1 promotes 
recruitment of mural cells including pericytes and vascular 
smooth muscle cells to the newly formed nascent 
vasculature, Ang-2 can repel mural cells from mature blood 
vessels, leading to leakiness and the formation of a 
primitive vasculature (42). Thus, angiopoietins are 
important regulators for vascular remodeling, permeability 
and maturation.  Another example is the interaction 
between PlGF and VEGF-A.  Although PlGF only binds to 
VEGFR-1 and does not significantly induce angiogenesis 
or vascular permeability, it positively and negatively 
modulates VEGF-A function.  When PlGF and VEGF-A 
are expressed in different cell populations, the 
homodimeric form of PlGF can compete with VEGF-A for 
binding to VEGFR-1, allowing more VEGF-A to interact 
with its functional receptor, VEGFR-2 (30).  However 
when PlGF and VEGF are synthesized in the same cell 
population, PlGF and VEGF can preferentially form 
biologically inactive heterodimers, which makes less 
VEGF-A homodimers available.  These early findings have 

recently been validated by two independent studies (43, 
44).  Thus, PlGF both positively and negatively modulate 
VEGF-A function depending upon its temporal and special 
spatial relation to VEGF-A expression. 
 
 New vascular functions of an old class of 
vascular remodeling factors and their receptor signaling 
molecules, Notch ligands and their receptor, have recently 
been reported to play crucial roles in tumor angiogenesis 
and growth (45-48). Notch ligands and their receptors are 
involved in arteriogenesis, vascular remodeling, and 
maturation.  Paradoxically, inhibition of Notch signaling 
evokes suppression of tumor growth accompanied by 
increased levels of tumor neovascularization (49). These 
new findings challenge the classical thinking of tumor 
angiogenesis and tumor growth where more tumor blood 
vessels would make a tumor growing faster (50).  The 
findings also indicates   that vascular functions but not 
numbers are essential for promoting tumor growth.   
 

In summary, mouse genetic studies have 
provided important clues for defining new therapeutic 
targets towards tumor angiogenesis and for the 
development of anti-angiogenic drugs.  Haploid 
insufficiency of both VEGF-A and Notch ligand, DLL-4, 
leads to severe vascular defects and lethality during early 
mouse embryonic development (51-53).  Among all genetic 
deletion studies in mice, VEGF-A and DLL-4 might 
represent a unique class of genes since the expression must 
be at critical levels during embryonic development. 
Similarly, deregulation of their expression levels in tumors 
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Figure 4.  The families of VEGF and VEGFR. According to their receptor binding patterns and angiogenic functions, the VEGF 
family can be divided into three subgroups.  The three VEGFRs are distributed on different cell types and transduce different 
biological signals.  Among many other functions, stimulation of angiogenesis, vascular permeability, and lymphangiogenesis are 
tree major functions of the VEGF family.  

 
Table 1. Endogenous inhibitors 

Proteolytic fragments Intact proteins 
Inhibitor Ref Inhibitor Ref 
Angiostatin 5 TSP-1 57 
Endostatin 62 Platelet factor-4 85 
Kringle 5 60 Gro-beta 86 
Kringle 1-5 63 IL-12 87 
Tumstatin 65 IP-10 88 
Canstatin 79 IL-18 89 
Restin 80 Interferon-2α 90 
Arrestin 81 Interferon-γ 91 
PEX 82 PEDF 91 
Prolactin 83 Troponin-1 92 
Fibronectin 84   

 

could lead to malformation of tumor vessels and impaired 
functions.  Indeed, tumors often express VEGF and DLL-4 
at high levels, leading to the formation of a disorganized, 
leaky, and tortuous primitive vasculature (54). 
 
3. ANGIOGENESIS INHIBITION 
 
3.1. Endogenous angiogenesis inhibitors 

The original assumption of the existence of 
endogenous angiogenesis inhibitors in the organism was 
based on the observation that most adult tissues lack active 
angiogenesis and that several tissues such as the cornea and 
cartilage lack vascularization (19, 50, 55).  It was 
hypothesized that tissues produce angiogenesis inhibitors to 
inhibit vessel growth.  Thrombospondin-1 (TSP-1) was the 
first endogenous angiogenesis inhibitor discovered and it is 
widely distributed in many tissues and organs (56, 57). 
Surprisingly, several potent angiogenesis inhibitors have 
been identified in association with tumor growth (55).  For 
example, angiostatin and endostatin, two potent and 

specific endogenous angiogenesis inhibitors were 
discovered in a mouse tumor model and they both 
reprtesent proteolytic fragments of known proteins in the 
body (58-62).   Following these initial discoveries, several 
proteolytic fragments exhibiting anti-angiogenic activity 
have been described, in contrast to the parental protein 
molecules that lack angiostatic activity (Table 1).  
Examples of such inhibitors include endostatin, angiostatin, 
Kringle 5, Kringle 1-5, tumstatin, and vasostatin (59, 61-
65).  As expected, these inhibitors display potent antitumor 
activity in vivo by blocking tumor angiogenesis. These 
findings have raised two interesting questions: 1) Why do 
tumors produce angiogenesis inhibitors as the actively 
growing tumor tissue recruits new blood vessels?; and 2) 
Why do proteolytic fragments but not their parental 
molecules inhibit angiogenesis? Although there are no 
direct answers to these questions, it is speculated that 
malignant tissues keep some of the original features of their 
healthy counterparts which is reflected in the production of 
angiogenesis inhibitors.  Generation of anti-angiogenic 
proteolytic fragments in tumors probably also reflects the 
fact that hyper-proteolytic activity exists in malignant 
tissues and proteolytic degradation is one of the key 
processes of angiogenesis regulation.  Consistent with this 
notion, matrix metalloproteinases (MMPs) plays crucial 
roles in regulation of angiogenesis during embryonic 
development and in pathological settings (66, 67).  MMPs 
can both positively and negatively modulate angiogenesis.  
For example, while MMP-2 and MMP-9 can cleave 
circulating large molecules into angiostatic fragments, they 
can also mobilize a release of angiogenic factors such as 
VEGF from the matrix (66, 67).  , Proteolytic processes are 
required for basement membrane turnover during 
neovascularization. The breakdown and reorganization of 
the endothelial basement membrane occurs, simultaneously 
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Figure 5.  Targets of anti-angiogenic agents.  According to their molecular targets, anti-angiogenic agents can be divided into 4 
classes: 1) monospecific; 2) 2-3 targeted agents; 3) multitargeted agents; and 4) broad spectrum inhibitors. 

 
at a particular location, in a precisely controlled manner.. 
This process involves the generation of angiogenesis 
inhibitors that are required to reduce an overgrowth and 
sprouting of endothelial cells.  In summary, the net balance 
between pro-angiogenic and anti-angiogenic factors 
determines the ultimate outcome of neovascularization. 
 

As endogenous angiogenesis inhibitors directly 
act on endothelial cells, they usually block common 
pathways of angiogenic signaling (55, 68).  For example, 
endostatin exhibits a broad-spectrum of inhibition of 
angiogenic pathways triggered by multiple angiogenic 
factors (69).  The molecular mechanisms underlying 
endothelial inhibition by endogenous angiogenesis 
inhibitors remain elusive. Unlike pro-angiogenic factors, 
endogenous angiogenesis inhibitors usually lack specific 
cell surface receptors although several endothelial cell 
surface molecules including integrins have been suggested 
as potential receptors for endogenous angiogenesis 
inhibitors (69, 70).  Perhaps these inhibitors do bind to 
multiple receptor-like molecules distributed on endothelial 
cells in order to block multiple signaling pathways 
triggered by various angiogenic factors.   Indeed, gene 
array analyses have shown that more than 70% of the 
endothelial cell gene expression is affected by endostatin, 
suggesting that the molecule has multiple targets on 
endothelial cells (71). 

 
3.2. Therapeutic approaches targeting the tumor 
vasculature 

Defining the molecular players and their 
signaling pathways in the regulation of angiogenesis offers 
outstanding opportunities for therapeutic intervention.  The 
initial success of clinical trials with bevacizumab for the 
treatment of colorectal cancer patients has set up a 
milestone in the area of anti-angiogenic cancer therapy 
(72).  Current therapeutic approaches targeting angiogenic 
pathways are focused on development of anti-VEGF 
agents, which include VEGF neutralizing antibodies, 
soluble VEGF receptors, anti-VEGF receptor neutralizing 
antibodies, tyrosine kinases inhibitors, and anti-intracellular 
signaling components (1, 18).  As expected, almost all 
these agents are designed towards targeting different levels 
in the VEGF signaling pathway. Some of the compounds 
have shown encouraging results in combination with 
chemotyherapy resulting in prolonged survival. However, 
preclinical evaluation of anti-VEGF agents is primarily 
based on their ability to inhibit tumor growth which not 

necessarily is reflected in prolonged animal survival. There 
are indications that tumor size not always correlate with 
survival parameters. Indeed, translation of mouse data into 
the clinic often fails due to inappropriate animal models 
that not necessarily reflects the human disease in question.  
 

As discussed above, VEGF is not the only 
angiogenic factor produced by tumors.  At least in mouse 
tumor models, it has been shown that anti-VEGF agents 
can cause drug resistance triggering other angiogenic 
factors (73).  Similarly, new anti-angiogenic agents 
including tyrosine kinase inhibitors are under development 
for blockage of multiple signaling pathways (74).  These 
inhibitors should repress several signaling systems 
triggered by different factors.  Generally, these multi-
targeted anti-angiogenic agents could be more potent than 
those targeting specifically a single pathway.  According to 
their therapeutic targets, anti-angiogenic agents can be 
divided into four categories (Figure 5): 1) Monospecific 
inhibitors. Angiogenesis inhibitors such as bevacizumab 
that specifically neutralizes only one ligand.; 2) Inhibitors 
of 2-3 targets. Soluble receptors such as VEGF traps 
neutralize two or three ligands interacting with the same 
receptor. In addition, an anti-VEGFR-2 neutralizing 
antibody would block ligands such as VEGF-A and VEGF-
C that interact with the receptor (6); 3) Multi-targeted 
blockers.  Small chemical compounds targeting several 
receptors and intracellular tyrosine kinases; and 4) Broad-
spectrum of inhibitors. Endogenous and exogenous 
inhibitors such as TNP-470, thalidomide, angiostatin, and 
endostatin that block common pathways regulating 
endothelial cell growth (55, 68, 69). The multi-targeted 
drugs might be more potent and less drug resistant, 
However, they may produce more side effects because 
since many of the growth factor signaling pathways 
affected also play crucial roles in normal cell function. In 
contrast to kinase inhibitors, endogenous angiogenesis 
inhibitors such as angiostatin and endostatin are naturally 
occurring in the body and are less toxic than chemical 
compounds designed towards specific receptors. 

 
Other therapeutic targets of angiogenesis include 

mammalian target of rapamycin (mTOR), MMP inhibitors, 
copper chelators, uPA inhibitors, TSP-1 receptor activators, 
TNF-alpha inhibitors, neuropilin inhibitors, and angiostatic 
interleukins or cytokines (Figure 5) (74).  These anti-
angiogenic agents may, together with growth factor 
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Figure 6.  Mechanisms of anti-angiogenic agents.  Antiangiogenesis, antivasculogenesis, vessel normalization, vascular 
destruction, and vascular remodeling are five common mechanisms of anti-angiogenic agents for cancer therapy. 

 
antagonists, lead to synergistic or additive effects affecting 
different targets. 

 
3.3. Anti-angiogenic mechanisms 

According to the original hypothesis, 
angiogenesis is essential for tumor growth and thus a block 
of neovascularization should inhibit tumor growth (50).  
After nearly 40 years, this hypothesis remains nearly as an 
undisputed dogma as indicated by numerous preclinical and 
clinical studies. However, as new molecular players and 
signaling pathways emerge, the complexity of the 
molecular mechanisms underlying the effects of anti-
angiogenic agents increase. There are also considerable 
differences between animal tumor models and human 
tumors.  Some anti-angiogenic agents exhibiting potent 
anti-tumor efficacy in animals, do not work to the same 
extent in humans. For example, an anti-VEGF antibody  
may display remarkable potency by suppressing a broad-
spectrum of tumors in animals (72, 75), yet  a similar 
antibody, as for instance  humanized, bevacizumab, show 
only limited anti-tumor activity when administrated as 
monotherapy to cancer patients (76). However, bavacizmab 
in combination with chemotherapeutic drugs may 
significantly improve patient survival  suggesting that also 
other mechanisms are important to suppress tumor growth. 
According to current knowledge, there are five possible 
mechanisms by which anti-angiogenic agents produce 
beneficial efficacies in cancer patients: 1) 
Antiangiogenesis.  The most straightforward mechanism of 
anti-angiogenic agents is to simply decrease nutrients and 
oxygen supply.  2) Antivasculogenesis.  Circulating 
endothelial cells, mainly derived from bone marrow, may 
contribute to tumor neovascularization and an inhibition of 
this process should lead to reduced tumor growth (20); 3) 
Normalization of tumor vessels.  Highly permeable and 
leaky tumor vessels lead to increased IFP, which may 
restrict blood flow and chemotherapeutic drug delivery 
(22).  Anti-VEGF agents should, when given together with 
chemotherapeutic drugs, reduce vascular leakage and IFP 

and thereby increase drug delivery (77). Thus, 
simultaneous administration of anti-angiogenic agents and 
cytotoxic drugs could improve the anticancer efficacy of 
chemotherapy; 4) Vascular destruction.  Several angiogenic 
factors such as VEGF and IGF are also survival factors for 
the tumor endothelium.  Abrogation of their functions by 
anti-angiogenic agents can lead to tumor vessel regression 
which has been observed by anti-VEGF agents (78); 5) 
Vascular remodeling.  Recent  studies suggest that anti-
DLL4 agents can further increase the disorganized tumor 
vasculariztion causing reduced tumor growth. Thus, the 
Notch signaling system is important in vascular 
remodeling. Thus the classically used microvascular 
density as a parameter for monitoring tumor angiogenesis 
may not necessarily be the best method to assess tumor 
growth and progression.. 

 
4. FUTURE PERSPECTIVES 
 

Tumors produce multiple angiogenic factors and 
blockage of signaling pathways associated with these 
stimuli have been shown to have some efficacy in the 
treatment of human cancers. Although the role of 
individual factors in regulation of tumor angiogenesis is 
relatively well characterized, the interplay between these 
tumor-derived factors remains elusive.  Recent studies 
suggest that the reciprocal interplay between tumor 
angiogenic factors are far more complex than expected.  
Thus, inhibition of multiple signaling systems would be 
more effective and would encounter less probabilities of 
drug resistance.  In addition to growth factor antagonists, 
endogenous angiogenesis inhibitors are very attractive in 
therapeutic development. As we still know little about the 
molecular mechanisms of endogenous angiogenesis 
inhibitors, it is extremely important to understand how 
these inhibitors work in the organism.  Besides further 
studies on endogenous angiogenesis inhibitors, it would 
also be interesting to assess therapeutic efficacies of other 
angiogenesis inhibitors such as integrin antagonists, MMP 
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inhibitors, and copper chelators.  We are experiencing a 
truly exciting period of development of potent anti-
angiogenic agents that are designed to hit multiple targets 
of the tumor vasculature.  Development of these important 
therapeutic agents would inevitably bring better therapeutic 
benefits for a number of human cancers.  
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