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s u m m a r y

Metastatic disease is the primary cause of death for most cancer patients. Angiogenesis is the formation
of a new capillary network from pre-existing vessels and required for tumor vasculature. Heparanase, a b-
endoglucuronidase, assistants tumor invasion, metastasis and angiogenesis. Chitooligosaccharides (COS)
is obtained by hydrolysis of chitosan. COS has been proved to be anti-angiogenesis activity. The mecha-
nism of COS inhibits angiogenesis is not very clear, COS is hypothesized by author to be an inhibitor of
heparanase.

� 2009 Elsevier Ltd. All rights reserved.
Introduction

Angiogenesis is the formation of a new capillary network from
pre-existing vessels and is required for normal and tumor vascula-
ture [1]. During angiogenesis upon stimulation by angiogenic
growth factors and cytokines, quiescent vascular endothelial cells
degrade the underlying basement membrane, migrate into the
extracellular matrix, proliferate, and form capillary structures [2].
Therefore, during tumor growth and metastasis, angiogenesis is re-
quired for proper nourishment, removal of metabolic wastes from
tumor sites, and creating vessels for tumor cells migration [3,4].

Heparan sulphate proteoglycans (HSPGs), a key component of
basement (BM) and extracellular matrix (ECM), is prominent com-
ponents of blood vessels [5]. HSPGs themselves act as a storage de-
pot for a number of cytokines and growth factors such as basic
fibroblast growth factor (bFGF), vascular endothelial growth factor
(VEGF). HSPGs also bind specifically to the heparan sulphate (HS)
glycosaminoglycan (GAG) chains [6]. Heparanase is a b-endoglucu-
ronidase, which acts via a hydrolytic mechanism to cleave glyco-
sidic bonds in HS [7]. A critical early event in the tumor
angiogenic process is that heparanase degrades the HS of HSPG
in BM and ECM, followed by endothelial cells migration toward
the angiogenic stimulus. Moreover by releasing HS-bound angio-
genic growth factors (i.e. VEGF) from the ECM, heparanase may
indirectly facilitate endothelial cells migration and proliferation.
The processes heparanase assistants tumor invasion and metasta-
sis are just like those of endothelial cells migration and prolifera-
ll rights reserved.
tion [8]. So heparanase plays an important role in tumor
invasion, metastasis and angiogenesis.

Chitosan is the deacetylated form of chitin, and is a linear poly-
mer of N-acetyl-D-glucosamine and deacetylated glucosamine. The
molecular structure of chitosan makes it shares some characteris-
tics of GAG [9]. Chitooligosaccharides (COS) can be obtained by
either chemical or enzymatic hydrolysis of chitosan. COS are com-
posed of 3–10 N-acetyl-glucosamine (NAGA) or glucosamine resi-
dues [10]. In biomedicine field, COS is more applicable than
chitosan because of its water solubility and favorable properties
of biodegradability, biocompatibility and other bioactivities [11].
COS has been proved some characteristics different from chitosan
such as anti-angiogenesis [12], inhibiting vascular endothelium
cells migration [13], depressing tumor invasion [14].

COS is a successful inhibitor of tumor induced angiogenesis
[12]. Nevertheless the mechanism of COS anti-angiogenesis is not
very clear.

Hypothesis

COS may be a competitive inhibitor for heparanase, due to its
molecular structure similar to that of HS GAG, the substrate of
heparanase.

Evaluation of hypothesis

Metastatic disease is the primary cause of death for most cancer
patients [15]. Tumor growth and metastasis require angiogenesis
when the tumor reaches 1–2 mm in diameter [16]. Heparanase
activity was implicated in cellular invasion associated with tumor
angiogenesis and metastasis [17]. Downregulating the expression
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of heparanase inhibits the invasion, angiogenesis and metastasis of
human hepatocellular carcinoma [18]. PI-88, a heparanase inhibi-
tor significantly reduces the expression of VEGF receptor A [19].
Excess heparanase expression is a poor prognostic indicator of
breast and gastric cancer [20,21]. It can be concluded that hepa-
ranse inhibitor inhibits tumor growth, metastasisis and angiogen-
esis. Therefore heparanse inhibitor is a direction for drug
development in cancer therapy [6].

Low molecular weight heparin has been used to control angio-
genesis and heparanase activity in anti-tumor drug discovery
[22,23]. However chitin, which is obtained in large quantities from
crustacean shells, the material of COS, has abundant resource in
nature [24]. Maybe it is a potent predominance of COS drug discov-
ery. Besides, COS can be a safely oral administered drug because of
its few side effects [25], water solubility [11] and epithelial cells
permeability [26].
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