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Abstract: As the most common malignant tumor, gastric cancer had persistently high occurrence and mortality rate 
worldwide. Unfavorable treating outcome occur due to distal metastasis, making the inhibition of angiogenesis 
and managing tumor metastasis being crucial factors for affecting prognosis. Vascular endothelial growth factor-C 
(VEGF-C) is one important angiogenesis factor and mainly facilitates proliferation and differentiation of vascular 
endothelial cells in angiogenesis. It has been indicated in development and occurrence in gastric cancer, while its 
expression and correlation with microvascular density (MVD)/lymph node metastasis are still unclear. A total of 52 
gastric tumor and 25 normal tissue samples were recruited for quantifying mRNA and protein expression of VEGF-C 
by real-time PCR and Western blotting. MVD and lymph tube density were quantified for further analysis of the cor-
relation between VEGF-C and pathological parameters including clinical stage and lymph node metastasis. Both 
mRNA and protein levels of VEGF-C were significantly elevated in gastric tissues (p<0.05). In lymph node metastasis 
cases, VEGF-C was further potentiated compared to non-metastatic group (p<0.05). VEGF-C expression was posi-
tively correlated with MVD, lymph tube density and clinical stage (p<0.05) but not with age, sex or differentiation 
grade. VEGF-C expression is closely correlated with lymph node metastasis of gastric cancer. It may participate in 
the progression of gastric cancer via facilitating angiogenesis and lymph node metastasis, thus can be used in pre-
dicting prognosis of patients with gastric carcinoma.
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Introduction

Gastric cancer (GC) is one of the most common 
malignant tumors in digestive tract, with high 
incidence and mortality rate worldwide [1, 2]. 
With the transition of life style and diet habit, 
the occurrence rate of GC in China is rapidly 
increased, with younger patient being the major 
population [3]. Major treatment for GC includes 
surgery combined with chemo- or radio-thera-
py. With advancement of medical sciences, 
variety of methods has been developed against 
GC. However, persistently high metastatic and 
recurrent rate lead to unfavorable prognosis 
and no improvement of 5-year survival rate [4, 
5]. There are multiple factors governing the 
prognosis of GC. The occurrence and develop-
ment of malignancy involves a complicated pro-
cess including multiple genes, factors and 
steps. However, nutrient supply is ultimately 
required for growth, infiltration and metastasis 
of malignant tumors via newly formed vessels 

in tumors [6]. Therefore one school proposed 
that the inhibition of tumor growth can be used 
for anti-tumor treatment [7]. The development 
of GC is highly dependent on angiogenesis, with 
infiltration of tumor cells into adjacent tissues 
causing organ dysfunction and damage. Tumor 
cells can also have distal metastasis via blood 
and lymph fluid, leading to systemic dispersing 
and metastatic cancer [8, 9]. Therefore it is  
of critical importance for effectively inhibiting 
angiogenesis and managing the occurrence of 
metastasis to improve the prognosis of GC.

As one of the most important angiogenesis 
facilitating factor, vascular endothelial growth 
factor (VEGF) is highly expressed in endothelial 
cells and can increase vessel permeability, in 
addition to degrading extracellular matrix, facili-
tating proliferation, differentiation, migration 
and motility of endothelial cells for the forma-
tion of cavity structure [10]. During tumor occur-
rence, VEGF can facilitate the formation of new 
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vessels [11]. VEGF-C is one isotopic dimer of 
VEGF by disulfide bond. It is also named as 
lymph tube endothelial growth factor due to  
the facilitation of lymph tube formation [12]. 
Previous studies have confirmed the role of 
VEGF-C in occurrence and development of gas-
tric cancer [13, 14]. The correlation between 
VEGF-C expression in GC and MVD/lymph node 
metastasis, however, remains unclear yet.

Materials and methods

Research objects

A total of 52 GC patients (27 males and 25 
females, aging between 43 and 78 years old, 
average age = 56.0±7.2 years) who received 
surgical resection in Shandong Provincial Hos- 
pital affiliated to Shandong University from 
January 2014 to December 2014 were recruit-
ed in this study. Based on pathological sub-typ-
ing, there were 23 cases of mucinous adeno-
carcinoma, 22 cases of tubular adenocarcino-
ma and 7 cases of other adenocarcinoma. 
Based on differentiation grade, there were 37 
cases of moderate to high differentiation cases 
and 15 cases of low differentiation tumor. A 
total of 34 patients had lymph node metastasis 
while the other 18 patients had no metastasis. 
TNM staging revealed 2, 11, 17 and 22 cases 
of stage I, II, III and IV patients. Meanwhile 25 
normal gastric tissue samples from gastric 
ulcer surgery were collected. All patients were 
primarily diagnosed without any chemo-, radio- 
or biological treatment before surgery. Those 
patients were excluded from this study: (1) With 
history of cardio/cerebrovascular disease; (2) 
Severe heart/kidney failure; (3) Accompanied 
with hematological tumors or systemic immune 
disorder; (4) Infectious or inflammation dis-
ease; (5) Those who did not complete follow-up; 
(6) Mortality due to accidents; (7) Incomplete 
clinical information. This study has been pre-
approved by the ethical committee of Shandong 
Provincial Hospital affiliated to Shandong 
University and has obtained written consents 
from all patients or families. Tumor and normal 
tissues were collected during the surgery and 

PVDF membrane was purchased from Pall Life 
Sciences (US). EDTA was purchased from 
Hyclone (US). Western blotting kits were pro-
vided by Beyotime (China). ECL kit was pur-
chased from Amersham Biosciences (US). 
Rabbit anti-human VEGF-C monoclonal anti-
body and mouse anti-rabbit IgG conjugated 
with horseradish peroxidase were purchased 
from Cell signaling (US). RNA extraction kit and 
reverse transcription kit were purchased from 
Axygen (US). Other common reagents were pur-
chased from Sangon (China). Labsystem Ver- 
sion 1.3.1 microplate reader was purchased 
from Bio-rad (US). Ultrapure work station was 
provided by Sutai (China).

Real-time PCR

Tissues were homogenized and extracted for 
mRNA using Trizol kit. Reverse transcription 
was performed using assay kit. Real-time PCR 
was used to detect the expression of target 
gene using specific primers synthesized by 
Yingjun Bio (China, see Table 1 for sequences) 
under the following conditions: 52°C 1 min, fol-
lowed by 35 cycles each containing 90°C 30 
sec, 58°C 50 sec and 72°C 35 sec. Fluorescent 
quantitative PCR was employed for collecting 
data. CT values were calculated based on 
GAPDH internal reference gene for plotting 
standard curves. Quantitative analysis was per-
formed by 2-ΔCt method.

Western blotting

Tissues were homogenized and lysed on ice for 
15~30 min. Cells were ruptured by ultrasound 
for 5 s (4 times) and were centrifuged at 10 
000 g for 15 min at 4°C. Supernatants were 
saved and quantified for separation in 10% 
SDS-PAGE. Proteins were then transferred to 
PVDF membrane by semi-dry method. Non-
specific binding sites were blocked by 5% defat-
ted milk powder for 2 h. VEGF-C monoclonal 
antibody (1:1,000) diluted for 4°C overnight 
incubation. On the next day, PBST was used to 
rinse the membrane, followed by dark incuba-
tion with goat anti-rabbit secondary antibody 

Table 1. Primer sequences
Target 
gene Forward primer 5’-3’ Reverse primer 5’-3’

GADPH AGTGCCGTCTCCTCAGCATAG CGACTTGCTTGACGTGGGTAG
VEGF-C GTGCTAAGCCCCTAAAATGAG GCTATAGCGACTCTCCGGTA

were kept in liquid nitrogen for further 
use. 

Equipment and reagent

DMSO and MTT powder were pur-
chased from Gibco (US). Trypsin-EDTA 
was purchased from Sigma (US). 
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(1:2,000) for 30 min. ECL reagent was added 
for developing the membrane following PBST 
washing. X-ray was used to expose the fil. 
Quantity One software was used to scan X-ray 
film for measuring band density. Each experi-
ment was repeated four times (N = 4) for statis-
tical analysis.

MVD and lymph tube density quantification

Mias2000 imaging analyzer was used to deter-
mine the maximal MVD site within tumors 
under low-magnification objectives, followed by 
the quantification under high-power. Micro- 

vessel was identified as those structures that 
did not connect to others, with exclusion of 
those vessels with significant muscular layer. A 
total of four fields were counted for obtaining 
average MVD value of tumors. The quantifica-
tion of micro lymph tube density adopted the 
same methodology as those used for MVD [15].

Statistical analysis

SPSS16.0 software was used to process all col-
lected data, in which measurement data were 
presented as mean ± standard deviation (SD). 
The comparison among multiple groups was 
done by one-way analysis of variance (ANOVA). 
Between-group comparison of means was per-
formed using LSD analysis. The correlation 
analysis was performed by Spearman’s correla-
tion. A statistical significance was defined when 
p<0.05.

Results

The expression of VEGF-C mRNA in gastric tis-
sues

Real time PCR was employed to test the expres-
sion of VEGF-C mRNA in gastric tissues from 
normal, GC with no lymph node metastasis and 
GC with lymph node metastasis tissues. Re- 
sults (Figure 1) showed significantly elevated 
expression of VEGF-C mRNA in GC tissues com-
pared to normal ones (p<0.05). Among those 
GC samples, lymph node metastasis further 
displayed elevated VEGF-C mRNA levels (p< 
0.05 compared to non-metastatic tissues).

VEGF-C protein expression in GC tissues

Western blotting was employed to test the 
expression of VEGF-C protein in gastric tissues 
from normal, GC with no lymph node metasta-
sis and GC with lymph node metastasis tis- 
sues. Results (Figures 2, 3) showed similar 
results as those in mRNA level, as significantly 
elevated expression of VEGF-C proteins exist- 
ed in GC tissues compared to normal ones 
(p<0.05). Among those GC samples, lymph 
node metastasis presented elevated VEGF-C 
protein levels (p<0.05 compared to non-meta-
static tissues).

Correlation between lymph tube density and 
clinical features of GC

We further checked the density of lymph tubes 
in GC tissues and analyzed its correlation with 

Figure 1. Expression of VEGF-C mRNA in gastric can-
cer tissues. #, p<0.05 compared to no metastasis 
group.

Figure 2. Western blotting bands of VEGF-C proteins. 
Lane 1, control; Lane 2, GC tissues without lymph 
node metastasis; Lane 3, GC tissues with lymph 
node metastasis.

Figure 3. Expression of VEGF-C proteins in GC tis-
sues. #, p<0.05 compared to no metastasis group.
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clinical features of GC. Results (Table 2) showed 
significant correlation between lymph tube den-
sity with clinical feature of GC patients. There 
was statistically significant difference of values 
across different clinical stages and lymph node 
metastasis (p<0.05) but not in differentiation 
grades.

MVD and clinical feature of GC

To analyze the correlation between MVD and 
clinical feature of GC patients, as similar to 
those in the scenario between lymph tube den-
sity and GC, MVD was significantly different 
across TNM stages and lymph node metastasis 
(p<0.05) but not in differentiation grades (Table 
3).

VEGF-C and GC clinical features

In a further analysis about the correlation 
between VEGF-C expression and clinical fea-
ture of GC, we found no statistically significant 
correlation between mRNA or protein levels of 

VEGF-C and sex, age or differentiation grade of 
patients. A positive relationship, however, was 
found between VEGF-C and TNM stage or lymph 
node metastasis of tumors (p<0.05, Table 4).

Correlation among VEGF-C, MVD and lymph 
tube density

We further analyzed the correlation between 
VEGF-C and MVD or lymph tube density in GC 
tissues. Results (Table 5) showed positive cor-
relation between mRNA/protein expression of 
VEGF-C and MVD or lymph tube density of GC 
(p<0.05).

Discussion

China is one prevalence area of GC, which had 
insidious onset. Thus patients were often at ter-
minal stage at the time of first diagnosis and 
were accompanied with lymph node metasta-
sis. Unfavorable treatment efficacy was thus 
obtained in GC, leading to worse survival period 
and life quality. During the occurrence, infiltra-
tion and progression of GC, lymph node metas-
tasis and tumor angiogenesis are critical fac-
tors. Therefore to find the specific biological 
marker for GC metastasis is helpful to evaluate 
the invasion and metastasis of tumors, which 
will benefit diagnosis, treatment and prognosis 
of GC [16-18]. Current reports have suggested 
VEGF as an important angiogenesis facilitating 
factor with elevated expression in most of 
malignant tumor tissues. VEGF can also modu-
late the behavior of metastatic lesion in addi-
tion to facilitating tumor angiogenesis, becom-
ing one research focus in evaluating tumor 
metastasis. VEGF family includes VEGF-A, 
VEGF-B, VEGF-C and VEGF-D. Previous study 
found that VEGF-C could specifically bind to 
VEGF receptor-2 (VEGFR-2) and VEGFR-3 to 
facilitate motility of endothelial cells and lym- 
ph tube proliferation [19]. Via binding to VEGFR-
2, VEGF-C can facilitate proliferation of micro 
vessels around tumor tissues via synergistic 
effects with angiotensin-2. Via binding to 
VEGFR-3, VEGF-C could potentiate the prolifer-
ation of lymph tube around tumors, supplying 
sufficient nutrient for tumors via newly formed 
micro vessels, and could enhance tumor 
metastasis [20]. We thus firstly analyzed the 
expression of VEGF-C in GC and found signifi-
cantly elevated expression regarding either 
mRNA or protein levels in tumor tissues. Fur- 
thermore, in those GC patients with lymph node 

Table 2. Correlation between lymph tube 
density and clinical features of GC

Parameters N Lymph tube 
density

P 
value

TNM stage
    1-Stage I-II 13 5.10±2.75 <0.05
    2-Stage III-IV 39 12.41±2.91
Lymph node metastasis
    1-Yes 18 6.21±3.31 <0.05
    2-No 34 11.75±4.17
Differentiation grade
    1-Moderate to high 37 7.41±2.35 >0.05
    2-Low 15 8.47±3.16

Table 3. MVD and GC clinical features

Parameters N MVD P 
value

TNM stage
    1-Stage I-II 13 6.13±2.41 <0.05
    2-Stage III-IV 39 11.32±2.75
Lymph node metastasis
    1-Yes 18 7.24±3.33 <0.05
    2-No 34 10.51±3.18
Differentiation grade
    1-Moderate to high 37 6.89±2.67 >0.05
    2-Low 15 7.95±3.61
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metastasis, VEGF-C expression was further 
potentiated. Compared to those without metas-
tasis, the difference was of statistical signifi-
cance. All these results supported the close 
correlation between VEGF-C and progression 
and development of VEGF-C.

MVD has been used to reflect the status of de 
novo blood vessel formation, and was widely 
applied as an index for tumor angiogenesis. 
Study has shown that with elevated MVD, tumor 
is rapidly growing with potential invasion, 
metastasis and recurrence [21]. The density of 
lymph tube can reflect the status of micro-envi-
ronment of tumor cells. They can modulate bio-
logical behaviors of tumor cells including prolif-
eration, growth, metastasis and invasion. 
During the expansion of tumor size, edema in 
interstitial cavity was significant with higher 
lymph tube density and expansion, both of 
which lead to lymph node metastasis of tumor 
cells [22]. This study found that, similar pat-
terns existed for MVD and lymph tube density 

the progression of GC via facilitating tumor 
angiogenesis and lymph node metastasis. 
VEGF-C thus can be used to evaluate the prog-
nosis of GC patients and provide evidences for 
optimizing clinical treatment strategy.
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