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Abstract Our purpose was to discuss the biological function of Hpa gene and its regulatory net-

work in invasion and metastasis of colon cancer. Gene Ontology and Kyoto Encyclopedia of Genes

and Genomes database were used to perform functional annotation and pathway analysis on Hpa

gene. Gene Ontology analysis results showed that Hpa plays a significant role in cellular compo-

nent, molecular function and biological process; and combined with Kyoto Encyclopedia of Genes

and Genomes database, regulatory network of angiogenesis of colon cancer was drawn out.

Through analysis of regulatory network linked to angiogenesis in invasion and metastasis of colon

cancer, the study lays foundation for further prevention, diagnosis and treatment of colon cancer.
� 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Colon cancer, a common malignant digestive tract tumor, has

a high incidence ranking second on the list of digestive tract
tumor, greatly threatening human life and health. With the
improvement of living standard, people’s diet structure

becomes more complicated, and the incidence of colon cancer
increases year by year; besides, it tends to attack younger peo-
ple (Blazeby et al., 2010). In recent years, China has made
great progress in treating colon cancer, and in addition to con-
ventional surgical treatment, various protocols have been
updated. The postoperative survival rate, however, is still
low, and the main reason is that the invasion and metastasis

of the tumor lead to recurrence, which finally results in death
of patients (Del Pulgar et al., 2007). Since invasion and metas-
tasis of tumor is a complex process with multistage, multi-gene

involvement and multi-factor accumulation, it is significant for
treatment and prognosis of patients with colon cancer to study
the potential molecular mechanism linked to invasion and

metastasis of colon cancer.
Heparanase (Hpa), a kind of glucuronic acid enzyme, is

commonly seen and over expressed in lots of malignant tumors,

and more and more studies indicated that it plays a significant
role in invasion and metastasis of tumor (Jiang et al., 2009).
Hpa can degrade basement membrane and heparan sulfate pro-
teoglycan (HSPG) on extracellular matrix, resulting in destruc-

tion of the basement membrane and extracellular matrix and
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opening channel for the invasion and metastasis of tumor; most
importantly, it promotes angiogenesis of tumor with invasion
and metastasis, thereby accelerating growth of tumor cells

(Vaday and Lider, 2000). To date, there are few reports on anal-
ysis of regulatory network correlated to Hpa in colon cancer.
Therefore, this study aims to study molecular regulation gene

related to colon cancer from the perspective of bioinformatics,
and to systematically and comprehensively analyze the regula-
tory network of Hpa linked to angiogenesis in process of inva-

sion and metastasis of colon cancer, thus providing significant
theoretical foundation for improvement of therapy and prog-
nosis of patients with colon cancer.

2. Material and methods

2.1. Gene Ontology (GO) analysis

Online website Gene Ontology Consortium (http://geneontology.
org/) was employed to conduct GO analysis for Hpa gene. GO anal-

ysis began with entering the homepage of Gene Ontology Consor-
tium followed by typing in screening conditions, ‘‘Hpa” and
‘‘Homosapiens” inorder, and then theprimaryGOfunctional anno-

tation for Hpa gene correlated to colon cancer cells was performed.

2.2. Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis

The online website KEGG PATHWAY Database (http://www.
kegg.jp/kegg/pathway.html) was adopted to analyze network

pathway linked to Hpa gene in colon cancer. KEGG analysis
began with entering the homepage of KEGGPATHWAYData-
base before typing in screening conditions, ‘‘hsa” for organism,
and ‘‘Hpa” for keywords, and then regulatory network of the

gene in angiogenesis of patients with colon cancer was searched.

3. Results

3.1. GO analysis of Hpa gene

Gene Ontology, mainly used in studying specific functions of
gene, covers three domains: molecular function, cellular com-
Table 1 GO analysis results of Hpa gene.

Gene Name

Hpa Heparan sulfate proteoglycan binding

Beta-glucuronidase activity

Protein binding

Heparanase activity

Syndecan binding

Nucleoplasm

Proteinaceous extracellular matrix

Nucleus

Intracellular membrane-bounded organelle

Positive regulation of vascular endothelial growth facto

Positive regulation of osteoblast proliferation

Positive regulation of protein kinase B signaling

Angiogenesis involved in wound healing

Positive regulation of cell proliferation

Glycosaminoglycan catabolic process
ponent and biological process. GO analysis results of Hpa gene
are shown in Table 1. As shown, Hpa possesses all the three
functions, among which molecular function involves heparan

sulfate proteoglycan binding, heparanase activity, beta-
glucuronidase activity, and so on; cellular component involves
proteinaceous extracellular matrix, nucleus, nucleoplasm, and

so on; biological process involves positive regulation of vascu-
lar endothelial growth factor production, positive regulation of
osteoblast proliferation, cell proliferation, glycosaminoglycan

catabolic process, and so on.

3.2. KEGG analysis of Hpa gene

According to the KEGG analysis of Hpa gene based on
KEGG PATHWAY database, Hpa participated in develop-
ment of angiogenesis in colon cancer, and regulatory network
of the angiogenesis which involved Hpa was established, as

shown in Fig. 1.

4. Discussion

Invasion and metastasis is not only the essential biological
characteristic of malignant tumor cells but also a primary rea-
son for the death of patients with tumor. Hpa was firstly found

correlated to metastasis of tumor in 1980s. Later, more and
more studies indicated that it plays a positive-regulation role
in invasion and metastasis of tumor. Friedmann et al. (2000)

systematically analyzed the expression of Hpa in human colon
cancer, which finally found Hpa had a high expression in the
process of colon cancer cells metastasizing to lung, liver and
lymph node. Besides, Hpa in tumor tissues of colon cancer

had higher expression level and activity as compared to normal
colon tissues. Monoclonal antibody was adopted to track the
activities of Hpa in colonic epithelial adenoma carcinoma

sequence, and results indicated that the expression, processing
and location of Hpa in development of colon cancer were clo-
sely related to colonic adenoma carcinoma sequence (Doviner

et al., 2006). Study by El-Assal et al. (2001) on patients with
liver cancer found that mRNA expression of Hpa was signifi-
cantly correlated to tumor size and invasion of tumor, and they

further found that Hpa promoted the growth, invasion and
angiogenesis of tumor. In addition, results of study on breast
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Figure 1 Regulatory network on development of angiogenesis in colon cancer.
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cancer also indicated that Hpa’s correlation to tumor size and
metastasis of sentinel lymph node of breast cancer.
Koliopanos et al. (2001) conducted over-expression transfec-
tion of Hpa in pancreatic carcinoma cells cultured in vitro

and results indicated that over expression of Hpa enhanced
invasion capability of pancreatic carcinoma cells, thereby pro-
moting the potential of tumor metastasis; besides, the expres-

sion of Hpa was negatively correlated to survival rate of
patients with pancreatic carcinoma. Research by Goldshmidt
et al. (2002) proved the key role that Hpa’s expression and

secretion outside the cell played in promoting tumor angiogen-
esis and metastasis. Elevation of Hpa gene induces tumor
angiogenesis and tissue angiogenesis (Elkin et al., 2001). In gas-

tric cancer, study also showed that with the inhibition of Hpa’s
expression by siRNA, invasion capability of gastric cancer
decreased as well (Zhang et al., 2007). In this study, GO anal-
ysis found that Hpa had not only molecular function (including

heparan sulfate proteoglycan binding, heparanase activity, etc)
but also biological process (including positive regulation of vas-
cular endothelial growth factor production, etc), which is in line

with previous studies and intuitively illustrates that Hpa is
involved in biological process including tumor metastasis and
angiogenesis. Since all above studies showed that Hpa had pos-

itive correlation to invasion and metastasis of tumor, research-
ers have been seeking for an Hpa inhibitor for tumor treatment.
For the time being, study of the inhibitor mainly focuses on sul-
fated polysaccharides or negative ion polymer structurally sim-

ilar to polysaccharide, among which PI-88 is now the only Hpa
inhibitor that enters phase III clinical trials.

The invasion and metastasis of tumor needs two essential

conditions: one is the break of natural barrier composed of
extracellular matrix and basement membrane; the other is
tumor angiogenesis. Angiogenesis can maintain and promote

normal growth of tumor, and tumor cells can invade surround-
ing tissues and spread with distant metastasis until forming
metastatic lesions in secondary parts; besides, the growth

and metastasis of metastatic lesions also need angiogenesis
(Fidler and Ellis, 1994), in which the role of angiogenesis is
more significant than that in primary lesion (Tanaka et al.,
2001). Apparently, angiogenesis is important for invasion

and metastasis of tumor. Angiogenesis consists of four steps,
which are endovascular dissolution of endothelial basement
membrane and endothelial cell activation, endothelial cell

migration, endothelial cell proliferation, and formation of
blood vessels. The mechanism of angiogenesis is complicated,
and it is regulated by various oncogenes and tumor suppressor
genes. Through the online website, KEGG PATHWAY Data-
base, this study analyzed the pathways of Hpa on angiogenesis
in process of invasion and metastasis. In addition to Hpa, the

pathways in this study also involve other angiogenesis-
associated factor, such as hypoxia inducible factor 1 alpha
(HIF-1a), phosphatase and tensin homolog deleted on chro-

mosome ten (PTEN), cyclooxygenase-2 (COX-2), urokinase
plasminogen activator (uPA), and VEGF. Hpa can directly
act on vascular endothelium and promote vessel formation

by budding; at the same time, it enhances the activity of other
growth factors through the degradation of HS so as to speed
up the formation of blood vessels (Uno et al., 2001). On the

one hand, HIF-1a is a hypoxia inducible factor, which plays
an important role in the promotion of tumor angiogenesis
and invasion and metastasis of tumor cells. On the one hand,
HIF-1a promotes the proliferation and angiogenesis of cells by

elevating expression of vascular endothelial growth factor
(VEGF) (Liu et al., 2015; Bakirtzi et al., 2014); on the other
hand, hypoxia induced by HIF-1a reduces the activity of

angiogenesis inhibiting factor so as to provide an appropriate
environment for angiogenesis (Ruan et al., 2009). Similarly,
uPA and urokinase plasminogen activator receptor (uPAR),

through stimulating the migration of vascular smooth muscle
cell (Kiyan et al., 2009), degrade extracellular matrix and
microvascular basement membrane of adjacent tissues, clear
a variety of obstacles for the migration of endothelial cells

within a certain range, and provide suitable microenvironment
for the formation of new blood vessels, thereby promoting the
proliferation of tumor endothelial cells. PTEN is a tumor sup-

pressor gene found and confirmed in 1997 (Li and Ross, 2007),
and its inhibition effect on angiogenesis manifests as follows:
PTEN dephosphorylates the PIP3 on cell membrane and gen-

erate PIP2, and it antagonizes formation of PIP3-mediated
proangiogenic pathways (Kuramochi et al., 2016). VEGF is
the first protein found to stimulate tumor angiogenesis and

also now the unique growth factor that works on vascular
endothelial cells only, and it is directly involved in the induc-
tion of tumor angiogenesis and also enhances vascular perme-
ability (Hanrahan et al., 2003).

5. Conclusions

Through analysis of regulatory network linked to Hpa gene in

the process of invasion and metastasis of colon cancer, this
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study not only facilitates deep understanding of onset and
development of colon cancer but also lays theoretical founda-
tion and provides direction for further researches on colon

cancer. Furthermore, it offers evidence for prevention, diagno-
sis, and treatment of colon cancer.
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