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INTRODUCTION

Our vascular system which consists of mainly blood vessels is something 
comparable to a plumbing system within our body through which blood 
circulates, transferring various supplies that are essential for the growth of 
our body as well as ridding it of wastes. Proteins, vitamins, minerals, ions or 
even waste are transported from one part of the body to the other through 
this complicated vascular network. Being an important structure, blood 
vessels are generated whenever necessary. The process that is responsible 
for generating blood vessels in the body is known as angiogenesis. It is a 
physiological process involving the formation of new blood vessels from 
the existing or established vessels found in the body. Angiogenesis is a 
normal process in growth and development, as well as in wound healing. 
However, it is also a fundamental step in the transition of tumours from a 
dormant state to a malignant state as angiogenesis also provides the blood 
vessels to tumours, feeding them with nutrients for further growth.

THE PLUMBING PROCESS – ANG-
IOGENESIS

Studies reveal that angiogenesis 
employs several steps that involve 
secretion, lysis, proliferation, mi-
gration, adhesion and remodelling 
of blood vessels that are tightly 
regulated by a series of ‘on’ and 
‘off’ switches which are regulatory 
proteins. The ‘on’ switches are the 
angiogenesis-stimulating factors 
such as the vascular endothelial 
growth factor (VEGF), the basic fi-
broblast growth factor (bFGF) and 
the transforming growth factor-
β (TGF- β)], interleukin-8 (IL-8) 
and angiopoietin-1 (Claffey et al., 
1996; Bussolino et al., 1997; Gold-
man et al., 1998). On the other 

hand, the ‘off’ switches represent 
a series of angiogenesis inhibitors 
such as angiostatin, endostatin and 
interleukin-12 (IL-12) (Hayes et al., 
1999).

As mentioned earlier, blood 
vessels are formed when the body 
senses the need to create new blood 
vessels in a certain region. One of 
the conditions is hypoxia (lack of 
oxygen). During the development 
of organs or when blood vessels are 
clogged, supply of nutrients and 
oxygen diminishes. This triggers 
the body to secrete angiogenic fac-
tors to generate new blood vessels 
to prevent the cells from being de-
prived of nutrients and oxygen.

ANGIOGENSIS: PHYSIOLOGICAL 
AND PATHOLOGICAL CONDI-
TIONS

Angiogenesis takes place under 
both physiological and pathologi-

cal conditions (Hsieh et al., 2006). 
It is an essential process in nor-
mal physiology that occurs during 
growth, wound healing, embry-
onic development, menstrual cycle, 
etc. (Figure 1) (Sunilla and Kuttan, 
2006).  However, in an abnormal 
physiological condition (i.e. in a 
diseased state), the body loses con-
trol of angiogenesis. This causes the 
pathogenesis of various maladies 
such as solid tumour growth and 
metastasis, diabetic retinopathy, 
rheumatoid arthritis, psoriasis, and 
many more (Folkman, 1971; 1995; 
Hanathan and Folkman, 1996; Su-
nilla and Kuttan, 2006). 

If the diseased cells produce 
large amounts of angiogenesis-
stimulating factors, the body gener-
ates more blood vessels to transfer 
supplies essential for the growth of 
these diseased cells. This is classified 
as excessive angiogenesis. On the 
other hand, when the body does 
not produce adequate angiogenic 
factors, or produces excessive an-
giogenesis inhibitors, insufficient 
angiogenesis occurs. This causes 
complications such as coronary ar-
tery and ischemic diseases (Risau, 
1998).

ANGIOGENESIS IN CANCER

As previously mentioned, the 
body forms blood vessels not only 
in normal physiology but also in 
abnormal physiology, i.e. when 
angiogenesis is under the control of 
the diseased cells. One of the most 
studied abnormal angiogenesis is 
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Source: US National Cancer Institute.

Figure 1. Examples of angiogenesis in our body.

tumour-induced angiogenesis, or 
the formation of blood vessels by 
cancer. This was brought up back 
in 1971 by Dr Judah Folkman. 
He stated that cancer actually 
stimulates blood vessel growth 
by producing its own angiogenic 
factors similar to that of normal 
physiology (Folkman, 1971).

Cancer cells, like any other or-
dinary cells, need blood vessels for 
their survival. Cancer initially begins 
as a small lump, forming within 
clusters of normal cells. Cancer cells 
in the initial stage compete with 
normal cells to get food supplies. In 
order to grow and to develop into 
different stages, cancer cells require 
nutrients. Perhaps, due to the case 
of ‘survival of the fittest’, this small 
lump produces its own angiogenic 
factors to stimulate blood vessel 
formation so that it can tap into 
the body’s blood supply and draw 
on the oxygen and nutrients to sur-
vive.

Thus, the ‘on’ switch is turned 
on by cancer cells. With that, en-
dothelial (blood vessel) cells begin 
to proliferate and migrate towards 

the lump, forming a vascular net-
work surrounding the lump. Fol-
lowing this, the lump begins to 
grow steadily and develop into a 
malignant cancer. Cancer does not 
stay in one place for too long. The 
cancer cells will take advantage 
on these new blood vessels by in-
vading the vessels and migrating 
to other parts of the body. This is 
known as metastasis, the spreading 
of tumour cells to different parts of 
the body from its original location. 
Therefore, blood vessels are not 
only important for cancer to survive 
but also for it to metastasize (Skobe 
et al., 1997). 

STARVING THE CANCER: ANTI-
ANGIOGENIC THERAPY IN CAN-
CER

As angiogenesis plays an essential 
role in the tumour progression, 
angiogenic therapy is considered 
a promising approach in the treat-
ment of cancer and other pro-ang-
iogenic diseases. Modern medicine 
came up with the idea of starving 
the cancer which is called the anti-

angiogenic therapy for cancer pa-
tients. It is hoped that by cutting 
off the blood vessels surrounding 
the tumour, blood supplies will be 
disrupted, cutting off the nutrients 
and other essential needs to the tu-
mour. Eventually, the tumour will 
shrink, regress in size and, hope-
fully, die off (Figure 2). 

Anti-angiogenic therapy has 
many advantages and is currently 
a promising approach for cancer 
treatment. This treatment targets 
the endothelial cells specifically. En-
dothelial cells do not transform and 
are thus unlikely to undergo muta-
tions resulting in drug resistance, 
which usually occurs in the case of 
using drugs targeting cancer cells. 
Secondly, anti-angiogenic treat-
ment is directed to the blood ves-
sels, thus it is applicable in all kinds 
of cancers, regardless of the tumour 
origin (Hayes et al., 1999). 

In the past few years, anti-
angiogenic therapy has been suc-
cessfully employed in pre-clinical as 
well as clinical trials (Liekens et al., 
2001; Malafa et al., 2002; Ziche et 
al., 2004). In 2003, bevacizumab 
(Avastin®) became the first anti-an-
giogenic drug tested in a large-scale 
clinical trial to inhibit the growth of 
tumour blood vessels and prolong 
survival in patients with metastatic 
colorectal cancer (Kabbinavar et al., 
2003) and other malignancies.

FUNCTIONAL FOOD COM-
POUNDS WITH ANTI-ANGIO-
GENIC PROPERTY

Today, apart from commercial 
drugs, there are many natural com-
pounds and micronutrients which 
are believed to have anti-angiogen-
ic property. Numerous studies on 
the screening of potential anti-ang-
iogenic compounds found naturally 
have been carried out to confirm 
their efficacies. A number of natu-
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ral compounds derived from dietary 
and traditional medicinal plants 
have been found to possess such 
property which was not known in 
the past. As angiogenesis can now 
be overcome by a non-toxic low 
dose of angiogenesis inhibitors over 
a long period of time, this offers 
other options for the treatment and 
prevention of angiogenic-related 
disease using natural products. 

Vitamin E: Tocotrienols 

Among all the nutrients stud-
ied, vitamin E is one that has been 
shown to have anti-angiogenic ef-
fect on cancer. Appearing in nature 
as a mixture of two classes of com-
pounds, tocopherols and tocot-
rienols, vitamin E is proven in our 
laboratory to be capable of reduc-
ing tumour size. Of the two classes 
of vitamin E, tocotrienols are shown 
to be more potent as an anti-cancer 
agent than tocopherols. Malaysians 
are indeed fortunate as tocotrienols 
are found abundantly in palm oil, 
the main commodity of our coun-
try, and also the most consumed oil 
in every household. Other tocot-
rienol sources include cereal grains 
like barley, wheat and rice. Tocot-
rienols have been shown to have 
functional properties as an anti-
oxidant, anti-inflammation, reduc-
tion of plasma cholesterol and anti-
cancer (Hood, 1996; Jiang et al., 

2000). Apart from their function as 
antioxidants, recent studies suggest 
anti-angiogenic activity of vitamin E 
in combating tumour growth (Shk-
lar and Schwartz., 1996; Malafa et 
al., 2002; Miyazawa et al., 2004; 
Nesaretnam et al., 2007).
	 Studies suggest that tocot-
rienols inhibit both the proliferation 
and tube formation of bovine aor-
tic endothelial cells (Miyazawa et 
al., 2003; 2004; Nakagawa et al., 
2004). A study in our laboratory 
demonstrated that chick embryo 
(chorioallantoic membrane assay, 
a model for angiogenesis studies) 
treated with different concentra-
tions of tocotrienol-rich fractions 
(TRF) showed some inhibition in 
blood vessel growth within the 
egg at a high concentration (Fig-
ures 3 and 4). At the physiological 
level, approximately 1 µM tocot-
rienol is detected in human plasma 
(O’Byrne et al., 2000). The con-
centration used in our experiment 
was 200 µg ml-1, equivalent to ap-
proximately 500 µM, and the effect 
was localized. Tocotrienols at 1 µM 
showed no anti-angiogenic effect 
(Miyazawa et al., 2004). Therefore, 
we suggest that tocotrienol may be 
considered a potential therapeutic 
agent in cancer treatment target-
ing the blood vessels surrounding 
the tumour without harming the 
normal angiogenesis in our body.  
Our in vivo study also revealed that 

tumour size and serum VEGF level 
were significantly reduced in mice 
treated with TRF compared with 
the untreated mice (unpublished 
data).

Red Wine, Grape: Resveratrol

Resveratrol was first isolated in 
1940 from the roots of hellebore. In 
1963, it was then isolated from the 
roots of Polygonum cuspidatum, a 
traditional Chinese and Japanese 
medicinal plant. Resveratrol did not 
attract interest until 1992. Resvera-
trol is a natural compound found in 
grapes, peanuts, mulberries, pines 
and their related products. Of all 
the products, red wine is very likely 
the most consumed drink that is 
rich in resveratrol. 

Resveratrol showed anti-can-
cer activity in several tumour mod-
els regardless of cell type. A study 
showed that resveratrol suppresses 
the growth of new blood vessels in 

Source: Genentech. 

Figure 2. Inhibiting angiogenesis may eventually cut off supplies to the tumour 
and the tumour eventually dies off.

Figure 3. Chick embryo treated with 
200 µg ml-1 of TRF at 0 hr. Blood 

vessels  formed where the 
arrow points.

Figure 4. Chick embryo treated with 
200 µg ml-1 of TRF at 24 hr. Blood 

vessels diminished where the 
arrow points.
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animals (Brakenhielm et al., 2001). 
Resveratrol inhibits angiogenesis 
by suppressing the phosphoryla-
tion of MAP kinase, a pathway 
that is common for two key ang-
iogenic growth factors, FGF and 
VEGF (Brakenhielm et al., 2001). In 
addition, it has attracted consider-
able attention as one of the most 
promising cancer-chemopreventive 
agent in recent years (Cao et al., 
2002).

Soya Product: Genistein

Epidemiological studies indicate 
that the incidence of breast and 
prostate cancers is lower in Asian 
countries such as China and Japan 
compared with USA and European 
countries (Fan et al., 2006). One 
possible reason is dietary habit. 
Japanese and Chinese consume di-
ets high in soya products, and soya 
products are high in genistein, a 
predominant isoflavone found in 
soyabean (Zhou et al., 1999). Sev-
eral studies in vivo and in vitro have 
shown that genistein is a promising 
agent for cancer-chemoprevention 
and treatment. Increased consump-
tion of soyabean products has been 
hypothesized to contribute to re-
duced prostate cancer risk (Messina 
et al., 1994; Hebert et al., 1998).

Genistein is reported to inhibit 
cancer in animal models, inhibiting 
endothelial cell proliferation and 
in vitro angiogenesis (Fotsis et al., 
1993). Histological examination of 
tumour tissues showed that con-
sumption of soyabean products sig-
nificantly reduced tumour cell pro-
liferation and micro vessel density 
(Zhou et al., 1999). Therefore, di-
etary soya products may inhibit ex-
perimental tumour growth through 
a combination of direct effects on 

the tumour cells and indirect effects 
on tumour blood vessel growth. 

Green Tea: Epigallocatechin-3-gal-
late (EGCG)

Epigal locatechin-3-gal late 
(EGCG) is a catechin found in green 
tea. It is reported to show positive 
cancer-preventive effects in pan-
creatic, colon and rectal cancers (Ji 
et al., 1997) in studies on Asians 
who drink predominantly green 
tea (Bushman, 1998). There are 
also reports linking the consump-
tion of green tea with the improved 
prognosis in breast cancer (Nagata 
et al., 1998; Nakachi et al., 1998; 
Fujiki et al., 1999).

Studies reported that green tea 
and EGCG significantly prevented 
angiogenesis (Cao and Cao, 1999), 
inhibited breast cancer and en-
dothelial cell proliferation (Sartip-
pour et al., 2002).  Drinking green 
tea could be beneficial in preventing 
and treating angiogenesis-related 
disease such as cancer and diabetic 
retinopathy. This is because the lev-
el of EGCG present in an in vivo ex-
periment which showed anti-ang-
iogenic effects is similar to the level 
of EGCG in humans after drinking 
two or three cups of green tea ( Fan 
et al., 2006). A report of a Phase I 
clinical trial on green tea has shown 
encouraging results. In that study, 
green tea extract dispensed orally 
showed protective effects against 
tumours, and that it can be safely 
taken for at least six months at the 
recommended dose during a clini-
cal study. The maximum-tolerated 
dose was 4.2 g m-2 once daily or 
1.0 g m-2 three times daily, equiva-
lent to seven to eight Japanese cups 

(120 ml) of green tea three times 
daily (Pisters et al., 2001).

CONCLUSION

Angiogenesis involves a complex 
process that depends on the coor-
dination and regulation of several 
factors and cells.  In a normal physi-
ological state, it plays a vital role in 
the development and maintenance 
of the human body, with many fac-
tors interacting with one another 
in keeping the balance on the an-
giogenesis process. However, in a 
pathological state, the mechanism 
of angiogenesis behaves differently, 
which most of the time is harmful 
to our body. In recent years, it has 
become increasingly evident that 
excessive, insufficient or abnormal 
angiogenesis contributes to the 
pathogenesis of many disorders. In 
the case of cancer, it helps the tu-
mour to secure a food supply and 
to metastasize. 

Ongoing studies in under-
standing the mechanism involved 
in angiogenesis at the biochemical 
and molecular levels may provide 
further diagnostic therapeutic ben-
efits for a variety of angiogenesis-
related diseases. Further pre-clini-
cal and clinical trials are required 
to test various treatment strategies 
and to determine their toxicity pro-
files. Nevertheless, anti-angiogenic 
therapy is a promising approach, 
especially in cancer treatment. 
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