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Abstract: Objective: This study aimed to investigate the correlations of VEGF expression with the pathology, com-
puted tomography (CT) features and prognosis of gastric cancer. Methods: A total of 108 gastric cancer patients 
who received CT examination in our hospital were recruited, and VEGF levels in cancer tissues and cancer-adjacent 
tissues were measured via immunohistochemistry. The association of VEGF levels with gastric cancer clinicopatho-
logical features was assessed. Results: VEGF levels in cancer tissues were significantly increased compared to 
that in adjacent normal tissues and, in the later stage, its expression significantly increased (P<0.05). VEGF level 
was statistically associated with TMN stage, tumor differentiation degree and absence or presence of lymph node 
metastasis (P<0.05), but no significant correlation was found with gender, age, tumor site and size. In terms of CT 
manifestations, patients with high VEGF expression were found with >75% gastric wall invasion and enlargement 
of lymph nodes in more than 2 regions compared to those in the low VEGF expression group. The overall survival 
rate of VEGF-positive patients was significantly reduced compared to VEGF-negative patients (P<0.05). Conclusion: 
VEGF expression is implicated in gastric cancer pathogenesis and is associated with prognosis.
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Introduction

Gastric cancer (GC) is a common cancer found 
throught the world [1]. Although much progress 
has been made, the prognosis is still very poor, 
especially in advanced cases [2]. The high mor-
tality rate is related to early nonspecific mani-
festation and invasiveness of advanced cases, 
as well as various gene mutations and abnor-
malities of a variety of growth factors and their 
receptors are implicated in the occurrence and 
development of GC. Hence, it is important to 
identify new biomarkers for GC prognosis [3].

The development of tumor microvasculature 
precedes the increase in tumor mass. The 
growth of the tumor frequently depends on oxy-
gen and nutrition [4]. VEGF plays a key role in 
tumor angiogenesis [5], and it can stimulate 
epithelial cell growth, promote vascular struc-
ture and increase vascular permeability, espe-
cially for the formation of micro-vessels. It also 
enhances drug resistance to chemotherapy via 

upregulating Bcl-2. As the target of antican- 
cer therapy, bevacizumab and tyrosine kinase 
inhibitors are widely used in combination with 
VEGF receptors (VEGFRs). High expression of 
VEGF in GC is associated with poor prognosis 
[6, 7].

Although abnormally high levels of VEGF expres-
sion have been found in GC, its relationship 
with the prognosis of GC, remains unclear. This 
study aimed to measure VEGF levels in GC so  
as to evaluate whether the expression of VEGF 
is related to computed tomography (CT) mani-
festations, clinicopathology and prognosis of 
GC.

Materials and methods

Clinical case data

A total of 108 GC patients from January 1, 2010 
to January 1, 2013 were recruited, and their tis-
sue specimens after operation and case data 
were obtained (Table 1).
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Table 1. Clinical data of the included patients
Clinicopathological data Case (n) Proportion (%)

Age (years old) >60 61 56.5
≤60 47 43.5

Gender Male 47 43.5
Female 61 56.5

Tumor size >3 cm 72 66.7
≤3 cm 36 33.3

Tumor site 1/3 of the upper site 19 17.6
1/3 of the middle site 37 34.3
1/3 of the lower site 52 48.1

Degree of differentiation High differentiation 15 13.9
Moderate differentiation 44 40.7
Low differentiation or non-differentiation 49 45.4

Lymph node metastasis Positive 73 67.6
Negative 35 32.4

T stage Stage I 14 13.0
Stage II 42 38.9
Stage III 41 37.9
Stage IV 11 10.2

Inclusion criteria: (1) patients who understood 
the study and signed an informed consent, (2) 
those who were definitely diagnosed with GC by 
histology and/or cytology, (3) those who had 
definite measurable lesions that meet the 
requirements of Response Evaluation Criteria 
in Solid Tumors (RECIST 1.1), and (4) those who 
were expected to survive for more than 12 
weeks.

Exclusion criteria: (1) patients who underwent 
surgery or radiotherapy within 4 weeks before 
inclusion, (2) those who received chemoradio-
therapy in the past, or (3) those with a clinically 
detectable second primary malignant tumors 
at the time of inclusion, or other malignant 
tumors occurring within the past 5 years.

All human tissues were obtained according to 
the protocols approved by the Ethics Inspection 
Committee of the Second Hospital of Lanzhou 
University. Tumor tissues and corresponding 
non-tumor tissues were collected during sur-
gery. Informed consent was obtained from all 
participants prior to the study.

Immunohistochemistry

The VEGF level in all tissues were measured by 
the streptavidin-peroxidase (SP) method using 
an rabbit anti-human VEGF (H-81) polyclonal 

antibody (diluted at 1:1000) (Santa Cruz, CA, 
USA). The staining data was analyzed using the 
following criteria.

Ten fields were randomly chosen from each tis-
sue slide. The staining intensity score was 0 
points (no signal), 1 point (weak signal), 2 
points (moderate signal) and 3 points (marking 
signal). Scoring of positive cell labeling percent-
age was for 5% (0 points), 5%-25% (1 point), 
26%-50% (2 points) and more than 51% (3 
points). The final score (0-9 points) was 
obtained through the multiplication of the 
scores of each field of view. The tumor was 
finally determined to be negative (-), with a 
score of 0 points, low expression (+), with a 
score of 1 point, moderately expressed (++), 
with a score of 2-4 points, and highly expressed 
(+++), with a score of 6-9 points.

CT examination

All patients in the group received abdominal 
enhanced CT examination.

Imaging diagnosis: The reference standard is 
based on the AJCC Cancer Staging Manual (8th 
edition). The images were analyzed by two 
senior radiologists, and the results were confir-
mend from the pathological staging after 
surgery.
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Figure 1. A: VEGF is weakly expressed in normal tissues. B: VEGF is somewhat expressed in GC. C: VEGF is moder-
ately expressed in GC. D: VEGF is strongly expressed in GC.

Follow-up of cases

Comprehensive evaluation was conducted 
mainly according to the imaging examination 
data of the patients and the replacement of 
chemotherapy programs combined with the 
general conditions and complications of the 
patients. The overall survival (OS) of the 
patients was recorded through data consulta-
tion and follow-up by telephone. Non-neoplastic 
deaths, loss of follow-up and those who sur-
vived for more than 5 years were all classified 
as censored data.

Statistical analysis

A part of clinical follow-up data in this study was 
analyzed using Statistical Product and Service 
Solutions 22.0 software. t test was used for 
continuous data comparison between two 

groups and chi-square test was used for enu-
meration data. Pearson’s correlation analysis 
was used to assess the relationship of VEGF 
expression with clinicopathological features. 
Survival was analyzed by Kaplan-Meier method 
and log-rank test. P<0.05 represented a signifi-
cant difference.

Results

VEGF level in GC

The VEGF protein was mainly expressed in the 
cytoplasm. Immunohistochemistry was used to 
visualize the positive expression of VEGF pro-
tein, which stained as a brown yellow or dark 
brown color (Figure 1), and it was found to be 
significantly upregulated in cancer tissues com-
pared to that in adjacent normal tissues. The 
expression gradually elevated as the stages 
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Table 2. Expression of the VEGF protein in GC and adjacent tissues
VEGF protein expression

P
Negative expression [n (%)] Positive expression [n (%)]

Stage I-II of GC 22 36 0.023
Stage III-IV of GC 4 46

increased (P<0.05) (Table 2), indicating the 
involvement of VEGF in the pathogenesis of GC.

Correlations of VEGF level with clinicopatho-
logical features

VEGF expression was related to T stage, tumor 
differentiation and lymph node metastasis 
(P<0.05), but no significant relation was 
observed in relationship to gender, age, tumor 
site and tumor size. A higher VEGF positive 
expression rate was found to significantly 
increase as the tumor stage increased (P<0.01). 
A positive rate of  epidermal growth factor (EGF) 
was in found cancer tissues with low differenti-

ation (79.6%), and it was significantly upregu-
lated compared to highly differentiated (53.3%) 
and moderately differentiated (63.6%) cancer 
tissues (P<0.05). VEGF level in lymph node 
metastasis was also significantly increased 
compared to that in non-metastasis tissues 
(52.1% vs. 45.7%, P<0.01) (Table 3).

Different CT manifestations

Through the analysis of the correlations of the 
VEGF expression intensity with CT features, it 
was found that a gastric wall invasion range 
>75% and lymph node enlargement in more 
than 2 regions, was more likely to appear in the 

Table 3. Correlations of the VEGF expression with clinicopathological features
Feature Case (n) VEGF positive expression VEGF negative expression P
Gender 0.426
    Male 47 28 19
    Female 61 36 25
Age 0.563
    >60 61 35 26
    ≤60 47 19 28
T stage 0.003
    T1 14 6 8
    T2 42 23 19
    T3 41 31 10
    T4 11 9 2
Degree of differentiation 0.030
    High differentiation 15 8 7
    Moderate differentiation 44 28 16
    Low differentiation or non-differentiation 49 39 10
Tumor size 0.750
    >3 cm 72 37 35
    ≤3 cm 36 16 20
Tumor site 0.123
    1/3 of the upper site 19 11 8
    1/3 of the middle site 37 14 23
    1/3 of the lower site 52 27 25
Lymph node metastasis 0.007
    Yes 73 38 12
    No 35 16 19
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Table 5. Relationship between the VEGF 
protein expression and 5-year survival rate of 
GC patients

Survival time
VEGF expression

χ2 P
Negative Positive

>5 years 33 17 6.489 0.001
≤5 years 10 48

Table 4. Correlations of the Twist expression intensity with CT features

CT feature
Twist expression intensity

P
(-)-(+) (++) (+++)

Gastric ulcer 32 23 53 0.26
“White line” sign 43 39 26 0.32
Invasion range of gastric wall >75% 16 39 53 0.023
Lymph node enlargement in more than 2 regions 21 33 54 0.021

VEGF high level group compared to the low 
VEGF level group on the CT image (P<0.05) 
(Table 4, Supplementary Figure 1).

Correlation between the VEGF expression and 
prognosis

Kaplan-Meier survival curve results indicated  
a significant correlation of the OS rate with 
VEGF expression (log-rank test, P<0.05) as 
demonstrated by significantly lower OS rate in 
VEGF positive patients (average survival: 38.8 
months) than that in VEGF negative patients 
(average survival: 49.8 months) (P<0.05, 
Figure 2).

We also found that VEGF positive staining rates 
in the tissue of patients with a survival time ≥5 

years was significantly reduced compared to 
those with <5 years survival time; and that a 
negative VEGF level was significantly associat-
ed with the prognosis of patients with a longer-
term survival (P<0.001, Table 5).

Discussion

Angiogenesis is involved in several cellular pro-
cesses such as cell growth, and cell cancera-
tion [8] and blocking angiogenesis is a poten- 
tial approach to inhibit tumor development. 
Angiogenesis is regulated by the signal trans-
duction of VEGF [8]. Tumor cells secret VEGF 
which can bind VEGF receptors (VEGFRs) on 
stromal cells and endothelial cells [9, 10], caus-
ing aggregation of endothelial progenitor cells 
in the tumor’s surrounding area [11, 12]. The 
newly produced vessels thereby provide nutri-
tion for tumor growth and angiogenesis, which 
can also function as a marker for tumor pro-
gression [13]. Hence, the inhibition of VEGF sig-
naling has become a promising anti-tumor 
strategy.

Kikuchi et al concluded from studies on angio-
genic activators and their receptors that cancer 
patients were frequently found with higher 
VEGF levels compared to those in the control 
group. As a marker related to intestinal cancer, 
the detection of VEGF shows high sensitivity 
and specificity. Other studies have also con-
firmed VEGF-A to be a GC biomarker as demon-
strated by association of serum VEGF levels 
with tumor classification, distant tissue inva-
sion [14] and cancer stage [15]. The VEGF level 
in cancer patients is significantly higher than 
that in healthy controls. Vidal et al [16] found 
significantly higher VEGF level in GC patients, 
which was correlated with advanced diseas- 
es (advanced tumor-node-metastasis stage, 
perineum infiltration and high lymph node rate), 
lower recurrence-free state and shorter surviv-
al time.

Figure 2. OS curve of GC patients: VEGF overexpres-
sion is correlated with the patient’s survival rate 
(P=0.033).
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Our study found that 82 patients (75.9%) 
showed positive expression for VEGF protein, 
which increased along with GC progression and 
was related to tumor differentiation, stage and 
OS rate.

VEGF from tumor cells mediates the function of 
endothelial cells. However, VEGF’s autocrine 
role in GC cells is unclear. It has been verified 
that VEGF can maintain tumor cell growth inde-
pendent of angiogenesis [17]. After binding to 
VEGFR2, VEGF can activate the downstream 
signaling molecules which regulate cell prolif-
eration [18], implicating VEGF in an autocrine 
loop in GC. Engagement of VEGFR2 by overex-
pression of VEGF induces its phosphorylation 
and subsequent translocation to the nucleus, 
in which it binds to the promoter to modulate its 
transcription [19]. It has been reported that 
VEGFR2 activates extracellular regulated pro-
tein kinases via the phospholipase C/protein 
kinase C pathway [20-22].

In conclusion, VEGF level is increased in GC and 
associated with GC clinical characteristics and 
patients’ overall survival, indicating that it 
might be a novel therapeutic target for treating 
GC.
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Supplementary Figure 1. The representative images of CT manifestations. A: Early stage. B: Middle stage. C: Late 
stage.


