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Abstract

Obesity is a medical issue that is affecting an ever
greater population worldwide. Also, obesity has a
strong association with several metabolic disorders
such as the type 2 diabetes and cardiovascular disease,
which affect over 50% of an adult population (Wellen,
Hotamisligil et al. 2003). Previous studies have shown
that obesity facilitates the development of chronic
diseases such as inflammation-based pathologies,
stroke, osteoarthritis, cancer, hypertension, sleep
apnoea, and arthritis (Hotamisligil 2003, Parul Singla
2010, Marta Gonzalez-Castejon 2011). Importantly, the
amount of cases of clinical obesity is constantly
increasing, and in 2014 more than half a billion people
are considered obese (WHO 2015). Therefore, it is para-
mount to find a solution for this problem and currently,
one of the interesting avenues to combat obesity has
been through angiogenesis.
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Excessive or poor angiogenesis: A balancing act

Angiogenesis is the process by which new blood vessels form
from existing blood vessel and it is a crucial natural process that
occurs during healing and reproduction processes (Adair and

Montani 2010). The process is controlled by the body through a
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balanced production of pro-growth and inhibitory factors in
healthy tissues. Fluctuations in this balance may lead to excessive
or insufficient growth of blood vessel, which directly affects the
health of an individual. Excessive blood vessel proliferation may
stimulate tumor growth and spreading, rheumatoid arthritis,
diabetic blindness, psoriasis, obesity and others. During excessive
angiogenesis coupled with disease, new blood vessels feed the
diseased tissue and can also be abnormal and “leaky”, which can
lead to healthy tissue damage. On the contrary, insufficient blood
vessel formation causes infertility, heart disease, stroke, ulcers and
scleroderma. Insufficient blood vessel formation causes improper
restoration of blood circulation and increases the risk of tissue
death. The link between angiogenesis and obesity is not fully
established. However, the increase in proliferation and differentia-
tion of adipocytes has been previously reported (Brdkenhielm,
Cao et al. 2004, Voros, Maquoi et al. 2005, Cao 2007, Nishimura,
Manabe et al. 2007, Lijnen 2008, Christiaens and Lijnen 2010) to
have a strong association in the development of its vasculature.
The adipose tissue undergoes expansion and regression through-
out adult life and this requires parallel growth of the capillary
network to support the survival of the tissues. Thus, adipose
tissues are among the tissues that have highest angiogenic capaci-
ties.

Adipogenesis and angiogenesis : Partners in crime

VEGF influences adipogenesis

Apart from serving as a fat storing organ, adipose tissue is import-
ant endocrine organ that secretes a variety of protein factors
including chemokines, cytokines and hormone-like factors such
as leptin, adiponectin and resistin (Alexander J. German a 2010).

A recent review, indicated that adipogenesis is regulated by facto-
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rs that drive angiogenesis (Hausman and Richardson 2004).
Vascular endothelial growth factor (VEGF) is the most critical
growth factor involved in initiating the formation of immature
blood vessels. In addition, the expression of VEGF is influenced
by hypoxia, insulin, growth factors and several cytokines which
are directly interconnected with the endocrine function of adipo-
cytes. This is supported by (Nishimura, Manabe et al. 2007) in
their live-cell imaging study of unfixed living adipose tissue
labeled with a combination of lectin (red), BODIPY (blue),
acetylated LDL (blue) and Hoechst 33342 (green) in db/db mice.
The study revealed that adipogenesis of the adipose tissues takes
place within adipogenic/angiogenic cell clusters that contain
various stromal cells and blood vessels. This was further validated
with the administration of anti-VEGF antibodies to the mice,
which showed not only an inhibition of angiogenesis but also of
the formation of adipogenic/angiogenic cell clusters. This clearly
indicates that coupling of adipogenesis and angiogenesis is essen-
tial for the differentiation of adipocytes in obesity and VEGF is
the mediator of the process.

A review by (Daquinag, Zhang et al. 2011) on vascularization of
the adipose tissue as an anti-obesity approach also indicates the
roles of angiogenesis in an expansion of white adipose tissue
(WAT). The development of obesity as a result of adipocyte
hypertrophy (increase in cell size) as well as hyperplasia (increase
in cell number) associated with the expansion of WAT which was
shown to require angiogenesis. Nutrient and oxygen depletion,
which inhibits WAT neovascularization, can prevent the onset of
obesity in both genetic and diet-induced obesity models. This has
been previously reported with the use of an anti-angiogenic drug
to inhibit WAT expansion. (Rupnick, Panigrahy et al. 2002) in
their study has shown that the genetically obese leptin-deficient
mice from different obesity models, treated with anti-angiogenic
agent (TNP-470, angiostatin (kringle 1-4 domains of plasmino-
gen), endostatin (a C-terminal fragment of collagen XVIII),
Bay-129566 (a matrix metalloproteinase inhibitor) and thalido-
mide) resulted in a reversible and dose-dependent weight reduc-
tion and adipose tissue loss. The treated mice showed decreased
endothelial proliferation and increased apoptosis when
compared with the control group, evidence that adipose tissue
mass can be regulated by its vasculature. This is strongly support-
ed by (Brakenhielm, Cao et al. 2004) where systemic administra-
tion of the angiogenesis inhibitor TN-470 (AGM-1470) on high
caloric diet-fed wt mice as well as in genetically leptin-deficient
ob/ob mice revealed a reduction in adipose tissue vasculariza-
tion. This selectively affected the growth of adipose tissue, caused
a decrease in insulin and serum levels of low density lipoprotein
cholesterol (LDL-C), which indicates that expansion of adipose
tissue can be controlled via angiogenesis inhibitor.

Another study by (Voros, Maquoi et al. 2005) on the modulation

of angiogenesis during the development of adipose tissues in
murine models of obesity showed that fat pad growth in both
nutritionally-induced or genetically obese mice is accompanied by
increased vascularization. They suggested the potential role of
pro- and anti-angiogenic factors in obesity-related angiogenesis,
similarly to that which was reported by (Hausman and Richardson
2004) on VEGEF signaling modulation of adipose tissue develop-
ment. Furthermore, (Cutchins, Harmon et al. 2012) correlated
VEGF expression with the function of the inhibitor of differentia-
tion-3 (Id3) released during the expansion of adipocytes. The
expanding adipose tissue results in hypoxia, which induces VEGF
expression by adipocytes. However, in the Id3-deficient mouse
model, the expression of VEGFA was attenuated, leading to
decreased microvascular blood volume in the adipose tissue
which therefore further supports the concept that inhibition of
angiogenesis in adipose tissue may prevent obesity.

Natural remedies could be used to treat obesity

Natural compounds having anti-angiogenic properties have been
reported to have a positive effect on the treatment of obesity. (Kim
2010) in his pattern report, discovered that Psoraleae semen
extract, Siegesbeckie herbal extract and Corni fructus extract,
which exhibit anti-angiogenesis effects also demonstrated
anti-obesity activity. Furthermore, (Mojzis, Varinska et al. 2008)
summarized the potential function of bioactive plant flavonoids
and chalcones in the modulation of angiogenesis by regulating the
expression of VEGE, matrix metalloproteinases (MMPs), EGFR
and inhibiting NFKB, PI3-K/Akt, ERK1/2 signaling pathways,
causing strong anti-angiogenic effects. In addition, various studies
on plants rich in flavonoids such as green tea extract (Chantre and
Lairon 2002, Lin, Della-Fera et al. 2005), Lotus leaf extract (Du,
You et al. 2010), Morus bombycis root extract (Kim, Lee et al.
2010), Nelumbo nucifera leaves extract (Ono, Hattori et al. 2006)
etc. have shown significant anti-obesity effects which supports the
notion that natural anti-angiogenic agents can also be promising
therapeutic agents for the treatment of obesity.

Conclusion

Overall, recent studies on the modulation angiogenesis as a target
by which to prevent the growth of adipose tissue may offer a better
option in the treatment of obesity and other related metabolic
disorder. Anti-angiogenic therapy from natural sources with
promising therapeutic efficacy should be further explored to

combat obesity with lower risk of side effect.
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