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Abstract

Background: To explore the expression and its clinical significance of vascular endothelial growth factor receptor
II and III (VEGFR2 and VEGFR3) in early gastric cancer.

Methods: Immunohistochemical method is applied to detect 120 cases of early gastric cancer and normal gastric
tissue of its cut edge in the expression of VEGFR2 and VEGFR3.

Results: The positive expression rates of VEGFR2 and VEGFR3 in early gastric cancer are 75% and 60%, which
are higher than in normal gastric tissues of cut edge (22.5%, 12.5%), respectively. The expression of VEGFR2 and
VEGFR3 is associated with depth of invasion, lymph node metastasis (P<0.05), regardless of patient's gender, age,
tumor size, gross classification, differentiation (P>0.05).

Conclusion: VEGFR2 and VEGFR3 play important roles in occurrence and development of early gastric cancer,
which potentially provides a basis for targeted molecular therapy of early gastric cancer.
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Abbreviations
VEGFR2: Vascular Endothelial Growth Factor Receptor II;

VEGFR3: Vascular Endothelial Growth Factor Receptor III; EGC:
Early-Gastric Cancer.

Background
Gastric cancer is one of the most common malignant tumors, which

is difficult to cure. Vascular endothelial growth factor receptor 2 is
influenced by tyrosine kinase. Some studies have shown that VEGFR2
is closely related to the formation of tumor blood vessels, tumor
staging, metastasis, and prognosis and treatment effect. Vascular
endothelial growth factor receptor 3 is lymphatic endothelial markers,
and its expression is closely related to tumor lymph node metastasis.
This study is to investigate both VEGFR2 and VEGFR3 expression in
early gastric cancer by immunohistochemical method. The relationship
between their expression and the tumor clinical and pathological
features is analyzed. This study will provide a base in understanding
the occurrence and development of early gastric cancer and targeted
molecular therapy.

Materials and Methods

General information
Selection of Qi Lu hospital of Shan Dong university from 2013 to

2014 surgical resection of early gastric carcinoma specimens of 120
cases, including 69 cases of male and 51 cases of female, which average
age is 54. The conventional pathology of the 120 cases is all reviewed
by two highly qualified pathologists. In strict accordance with the 2006
edition of the world health organization of tumor classification and
diagnostic criteria of series standard [1], 48 cases are well and
moderately differentiated adenocarcinoma, 72 cases are poorly
differentiated adenocarcinoma (including signet ring cell carcinoma,
mucous adenocarcinoma); 39 cases are intramucosal carcinoma, 81
cases are with submucosal invasion; 20 cases are with lymph node
metastasis, 100 cases are without lymph node metastasis. 80 cases of
normal gastric tissues were collected as control from the 120 cases of
early gastric cancer cut edge. In order to make clinical data integrity,
preoperative patients in these trials were not accepted by radiotherapy
and chemotherapy.

Reagent and method
Rabbit polyclonal antibody against human VEGFR2 (ZA-0287), rat

monoclonal antibody against human VEGFR3 (ZM-0277) and biotin-
Streptomyces antibiotic immunohistochemical kit (SP-9001) and DAB
chromogenic agent (ZLI-9018) were bought from Beijing Chinese fir
golden bridge biotechnology company. Specific steps were acted in
strict accordance with the instructions, each cancer tissues and normal
tissues of cut edge wax block (including 4 m serial section),
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respectively for Streptomyces avidin peroxidase connection method of
staining (SP) method, meanwhile 0.1 mol/L phosphate buffer instead
of one as negative control.

The result interpretation
Stained slides were examined under light microscope on the

premise of exclusion of nonspecific staining, resulting in the cytoplasm
material as positive cells. Based on stain levels, cases are classified as:
positive cells <10% as negative (-), 10% ~ 25% positive cells as weakly
positive (+), positive cells in 26% ~ 50% as positive (+ +), positive cells
>50% as strongly positive (+ + +). To simplify the calculation, positive
expression is expressed as + ~ + + +.

Statistics processing
Application of SPSS 11.0 statistical software, count data chi-square

test and Fisher's exact probability method, with P<0.05 for the
difference was statistically significant.

Results

The expression of VEGFR2 and VEGFR3 in early gastric
cancer

Both VEGFR2 and VEGFR3 positive expression in early gastric
cancer tissue are yellow particles, especially in tumor cell cytoplasm
tumor (Figure 1).

Figure 1: Expression of VEGFR2 and VEGFR3.

There is a significant difference (P<0.05) of expression positive rate
in early gastric cancer tissues and normal gastric mucous tissues,
shown in Table 1.

VEGFR2 VEGFR3

Cases + - P + - P

Early gastric
cancer 120 90 30  72 48

Normal gastric 80 18 62 <0.05 10 70 <0.05

Table 1: The expression of VEGFR2 and VEGFR3 in early gastric cancer and normal gastric tissues.

In early gastric cancer tissues, the expression positive rate of
VEGFR2 and VEGFR3 are 75% (90/120) and 60% (72/120),
respectively. In normal gastric mucous tissues, the expression positive
rate of VEGFR2 and VEGFR3 are 22.5% (18/80) and 12.5% (10/80),
respectively. It can be seen that the positive rate of VEGFR2 and
VEGFR3 in sub mucosal carcinoma (81.5%, 66.7%) are higher than the

positive rate in mucosal carcinoma (61.5%, 55%). In contrast to
without lymph node metastasis, the positive rate of patients has a
significant improvement with lymph node metastasis. For VEGFR2,
the positive rate increases from 71% to 95%. For VEGFR3, the value
increases from 55% to 85%. Also from Table 2.

Clinical    VEGFR2   VEGFR3  

Parameters  Case Positive Negative P Positive Negative P

Sex Male 69 51 18  43 26  
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Female 51 39 22  29 22  

Patient age
60 87 67 20  48 39  

≥ 60 33 23 10  24 9  

Tumor size
2 cm 39 30 9  20 19  

≥ 2 cm 81 60 21  52 29  

Tumor differentiation

Low grade  48 39 9  27 21  

High grade  72 51 21  45 27  

Depth of invasion

Mucosal  39 24 15 0.05 18 21 0.05

Submucosal  81 66 15  54 27  

Lymph node metastasis

Without  20 19 1 0.05 17 3 0.05

With  100 71 29  55 45  

Gross feature  12 9 3  9 3  

Uplift         

Superficial  42 30 12  27 15  

Depressed  66 51 15  36 30  

Table 2: VEGFR2 and VEGFR3 expression and its clinical pathological relationship in early gastric cancer.

It can be seen that sex, age, tumor size, gross classification, and
tumor differentiation do not significantly affect VEGFR2 and VEGFR3
expression positive rates.

Discussion
In recent years, with the popularization of health knowledge and

advance of gastroscopy and medical technology, the discovery rate of
early gastric cancer has increased year by year. Referring to the depth
of tumor invasion, early gastric cancer (EGC) has been confined to the
mucosa or submucosa, which has nothing to do with the tumor size
and lymph node status (with or without metastasis)

VEGFR2, mainly by adjusting the permeability of vascular
endothelial cells, promotes cell mitosis and chemotaxis, the formation
of new blood vessels and maintenance of endothelial cells survive. But
it prevents endothelial cell apoptosis. The formation of new blood
vessels is beneficial to tumor growth, and it can provide the channel of
tumor metastasis. Studies have confirmed that VEGFR2 is related with
the number of new blood vessels, lymph node metastasis, liver
metastasis and the malignant transformation of gastric cancer. As
demonstrated by this study, VEGFR2 expression in early gastric cancer
tissues is significantly higher than in the gastric normal mucosa. This
study also indicated that the expression of VEGFR2 is related to depth
of invasion, lymph node metastasis, regardless of gender, age, tumor
size, gross feature, and tumor differentiation. These results suggest that
VEGFR2 plays a role in the occurrence and development of early
gastric cancer, associated with tumor invasion and metastasis. In recent

studies, Fuchs [2] have confirmed that VEGFR2 signaling pathway is
an important drug targets in highly differentiated gastric cancers, and
the VEGFR2 targeted therapy can significantly improve the prognosis
of patients with gastric cancer. Therefore VEGFR2 may become the
ideal target of early gastric cancer treatment.

It is firstly found that VEGFR3 is a lymphatic specific growth factor
receptor. In normal adult tissue, VEGFR3 is mainly expressed in the
lymphatic endothelial cells, and it is not expressed in vascular
endothelial cell. Han [3] confirmed VEGF-C and VEGFR-3
expressions in gastric cancer are associated with lymph node
metastasis. Choi [4] found VEGFR3 positive lymphatic density
increased significantly in gastric cancer, which is related with the
primary tumor size, lymphatic invasion, and lymph node metastasis.
As a result of this study, VEGFR3 expression in early gastric cancer
is significantly higher than in the gastric normal mucosa. The
expression of VEGFR3 protein is related with depth of invasion, lymph
node metastasis, regardless of gender, age, tumor size, gross feature,
tumor differentiation. These finds suggest that VEGFR3 is involved in
the occurrence and development of early gastric cancer, and is
associated with the tumor invasion and metastasis.

Lymphatic channel is the important way of gastric cancer
metastasis, and lymphatic invasion is one of the key factors influencing
the prognosis of patients. The lymph node metastasis rate in early
gastric cancer can reach 5.7% to 20%, and patients without lymph node
metastasis always have a better prognosis than patients with lymph
node metastasis. VEGF-C/D is the first identified as specific lymphatic
vessel growth factor, and it is a new lymphatic tumor related piping
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formation. Also, VEGF-C/D is very important in the process of signal
conditioning factors. VEGF-C/D and its receptor in tumor lymphatic
growth play an important role and have become a focus of gastric
cancer study. Recent research suggests VEGF-C/D and VEGFR-2 in
certain conditions can also induce lymphatic generation [5]. VEGFR-3
is specifically combined with VEGF-C/VEGF-D in
maintaining occurrence of the lymphatic system, the structure and
function of the lymphatic vessels and lymphatic freshman. VEGF-C/D,
after combining with VEGFR-3, causes downstream molecular Shc
Grb2 phosphorylation by MARK signal and prompts lymphatic
endothelial cell proliferation, migration, survival and formation of new
lymphatic ducts, thus providing favorable conditions for tumor cell
lymphatic invasion and tumor metastases. Studies about molecular
treatment have shown that blocking VEGFR3 mediated signal
transduction pathways can effectively inhibit tumor lymphatic
generation, and inhibit the lymph node metastasis, which suggests that
VEGFR3 could be effective molecular therapy targets [6]. As further
illustrated by our study, VEGF-C/D and its receptor can be used as
potential indicators for lymph node metastasis, and an important
evaluation factors in estimating the prognosis of patients with gastric
cancer. At the same time, comparing with VEGF-C/D and VEGFR2,
VEGFR3 axis interference is expected to become a new breakthrough,
and it provides a new path in the treatment of early gastric cancer with
lymph node metastasis. So the measurement of VEGFR-2 and
VEGFR-3 expression in patients with early gastric cancer should has a
positive role in evaluating the prognosis and it is more important in
the gastric cancer treatment.

Conclusion
VEGFR2 and VEGFR3 play important roles in occurrence and

development of early gastric cancer, which potentially provides a basis
for targeted molecular therapy of early gastric cancer.
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