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Abstract. Lymph node metastasis is the primary site of metas-
tasis for patients with gallbladder cancer (GBC). Vascular 
endothelial growth factor-C (VEGF-C) has been implicated in 
the control of lymphangiogenesis and lymph node metastasis 
in various malignant tumors. However, the function of circu-
lating VEGF‑C is unclear and it is often difficult to evaluate 
lymph node metastasis and provide a prognosis for GBC. In 
the present study, ELISA was used to measure the preoperative 
serum VEGF-C (sVEGF-C) levels of 51 patients with GBC, 
15 patients with chronic cholecystitis and 10 healthy volun-
teers. The results revealed a significantly increased sVEGF‑C 
level in patients with GBC compared with the healthy donors, 
however no statistically significant difference was identi-
fied between patients with GBC and chronic cholecystitis. 
sVEGF-C levels were associated with lymph node metastasis 
in GBC and presented a positive correlation with VEGF-C 
expression and lymphatic vessel density (LVD) in patients 
with GBC. The mean survival time with high sVEGF-C was 
significantly reduced compared with low sVEGF‑C. A similar 
result was also observed for VEGF-C expression and LVD. In 
summary, sVEGF-C levels may predict lymph node metastasis 
and the prognosis of patients with GBC.

Introduction

Gallbladder cancer (GBC) is a highly malignant tumor, 
and its pathogenesis remains unknown at present. GBC 
symptoms remain inconspicuous in the early stages. When 
patients exhibit remarkable symptoms, metastasis has already 
advanced. Lymph node metastasis is the primary mode of 
transfer of GBC; the first step involves the spread of cancer 
cells to the lymph nodes via lymphatic vessels. The overall rate 
of lymph node metastasis in GBC ranges from 54 to 64% (1). 
Early diagnosis of gallbladder carcinoma presents difficulty, 
and lymph node metastasis is also early. Therefore, treatment 
of GBC bears importance for early detection of lymphatic 
metastasis caused by cytokines in the blood.

Vascular endothelial growth factor-C (VEGF-C), a 
member of the VEGF family, has been found to induce 
lymphangiogenesis and promote lymph node metastasis in 
many malignant tumors (2-4). Karpanen et al (5) observed 
that VEGF-C facilitates tumor metastasis via the lymphatic 
vessels, and that tumor spread can be inhibited by blocking the 
interaction between VEGF-C and its receptors. Kitadai et al (6) 
suggested that VEGF-C may play a role in tumor progression 
via lymphangiogenesis and angiogenesis in human esophageal 
carcinoma. Our previous study (7) also demonstrated the 
involvement of VEGF-C in lymphangiogenesis and angiogenesis 
of GBC and promotion of lymph node metastasis in GBC.

However, insufficient information describes the relation-
ship between VEGF-C expression at the circulating level 
and lymph node metastasis in GBC. In this study, we aimed 
at characterizing the role of serum VEGF-C (sVEGF-C) in 
predicting lymph node metastasis and prognosis of patients 
with GBC. We observed that sVEGF‑C level was significantly 
higher in patients with GBC than in healthy donors. We 
then measured the positive association between sVEGF-C 
and expression of VEGF-C in tissue samples of human 
GBC. We also showed that sVEGF‑C level was significantly 
associated with lymphatic vessel density (LVD) and lymph 
node metastasis. We demonstrated that mean survival time 
was significantly shorter with high sVEGF‑C than with low 
sVEGF‑C. Altogether, these findings suggest that sVEGF‑C 
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levels may predict lymph node metastasis and prognosis of 
patients with GBC.

Patients and methods

Patients and tissue specimens. The study was performed in 
51 patients with histopathologically proven GBC and who 
underwent potentially curative surgery without preoperative 
therapy or transfusion in the Affiliated Union Hospital of Fujian 
Medical University (Fuzhou, China) between 2005 and 2016. 
The patient group comprised 20 men and 31 women with a 
median age of 59 years (32-84 years old). All patients were 
staged clinically according to the American Joint Committee 
on Cancer (AJCC; 7th edition) (8). According to operative 
notes and pathological results, 27 and 16 patients presented 
lymph node metastasis and distant metastasis, respectively. 
A total of 15 patients with chronic cholecystitis were treated 
by surgery in the Affiliated Union Hospital of Fujian Medical 
University, and 10 healthy volunteers were used as controls. 
Paraffin‑embedded specimens were collected according to the 
protocol approved by the Ethics Committee of the Affiliated 
Union Hospital of Fujian Medical University.

Blood sVEGF‑C level assay with enzyme‑linked immunoad‑
sorbent assay (ELISA). Peripheral venous blood samples were 
collected on the day prior to surgery or anticancer therapy. 
Blood samples were collected according to the protocol 
approved by the Ethics Committee of the Affiliated Union 
Hospital of Fujian Medical University. Serum samples were 
separated from the blood by centrifugation at 2,000 r/min for 
15 min and kept frozen at ‑80˚C until the assay. Measurement 
of VEGF-C was performed using the Quantikine Human 
VEGF-C Immunoassay kit (R&D Systems, Minneapolis, MN, 
USA) according to manufacturer's instructions. All assays 
were duplicated. Sensitivity limit of the method for VEGF-C 
reached 13.3 pg/ml.

VEGF‑C and D2‑40 expression with immunohistochemical 
staining. Human GBC specimens were collected after 
operation and were fixed in 10% formaldehyde solution and 
embedded in paraffin. The paraffin‑embedded tissues were 
cut into 4 mm serial sections and mounted on glass slides. 
Tissue sections were deparaffinized with xylene, dehydrated 
in ethanol, and incubated with 3% hydrogen peroxidase (H2O2) 
for 20 min to block endogenous peroxidase activity. After 
washing with phosphate-buffered saline (PBS), the tissue 
sections were antigen-retrieved by heating in a microwave for 
13 min in a citric acid buffer solution (pH 6.0). Tissue sections 
were blocked by 15 min incubation with 5% rabbit serum, 
followed by an overnight incubation with VEGF-C polyclonal 
goat anti-human antibody (1:80; Santa Cruz Biotechnology, 
Santa Cruz, CA, USA) and D2-40 monoclonal mouse 
anti-human antibody (1:100; Maixin-Bio, Fuzhou, China) in 
humidified boxes at 4˚C. The sections were then washed with 
PBS for 5 min and incubated with an UltraSensitive S-P kit 
(Maixin-Bio) according to manufacturer's instructions. After 
exposure to stable III, 3-diaminobenzidine for 5-10 min, 
the slides were counterstained with hematoxylin and eosin, 
dehydrated, and mounted. For the negative control, PBS was 
used instead of the primary antibody. VEGF-C expression was 

semiquantitatively evaluated to be negative and positive based 
on a previously described scoring system (Fig. 1A and B) (9). 
Average of D2-40-positive was assessed according to the 
method described by Takammi I (Fig. 1C) (10). Each slide 
was first scanned at magnification, x100 to determine three 
‘hot spots’, which were defined as areas with the maximum 
number of positive vessels, and all the immunostained vessels 
at magnification, x400 were counted to determine the positive 
vessel density. The average number of positive vessel in the 
five selected areas was calculated for each case.

Statistical analysis. Data are expressed as mean ± standard 
deviation for continuous variables. Student's t-test was used 
to analyze continuous variables for two groups and one-way 
ANOVA for more than two groups. Chi-square test was used 
to compare categorical variables. Kaplan-Meier survival 
analysis was used to estimate survival time, and Mantel's 
long-rank test was used to compare differences in survival 
time. Statistical analyses were performed using the SPSS 
software (version 17.0; SPSS Inc., Chicago, IL, USA). P<0.05 
was considered to indicate a statistically significant difference.

Results

Relatively high sVEGF‑C levels in GBC patient group. 
Preoperative sVEGF-C level in patients with GBC totaled 
7846.17±1915.6 pg/ml (median ± standard deviation), which 
was significantly higher than that in healthy volunteers 
(4828.1±1547.12 pg/ml; P=0.00001) (Fig. 2). However, no 
statistical significance was observed in the preoperative 
sVEGF-C level in patients with GBC and chronic cholecystitis 
(7425.33±1784.76 pg/ml, P=0.451) (Fig. 2).

Association among sVEGF‑C levels, VEGF‑C expression, 
LVD, and clinicopathological characteristics of GBC. 
Table I summarizes the associations among sVEGF-C 
levels, VEGF-C expression, LVD, and clinicopathological 
characteristics in patients with GBC. sVEGF-C level was 
associated with lymph node metastasis (P=0.001). However, 
no significant association was observed between sVEGF‑C 
and factors, such as age, sex, tumor size, histological type, 
histological grade, tumor depth, distant metastasis, and stage. 
VEGF‑C expression in human GBC tissue was significantly 
correlated with lymph node metastasis (P=0.02) and tumor 
size (≤5 and >5 cm; P=0.04) but showed no correlation with 
age, sex, histological type, histological grade, tumor depth, 
distant metastasis, and stage. LVD in human GBC tissue 
was significantly correlated with lymph node metastasis 
(P=0.02) but presented no correlation with age, sex, tumor 
size, histological type, histological grade, tumor depth, distant 
metastasis, and stage.

sVEGF‑C levels exhibited positive correlation with VEGF‑C 
expression and LVD in GBC. We analyzed the relationship 
between sVEGF-C levels and VEGF-C expression in tumor 
tissues. As the median of preoperative sVEGF-C level in 
patients with GBC reached 7846.17 pg/ml, we divided the 
samples into two groups with a mean value of 7846 pg/ml. 
Considering the mean value of 7846 pg/ml, we divided the 
samples into two groups (>7846, ≤7846 pg/ml) (Table II). The 
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positive rate of VEGF-C expression in human GBC tissue with 
higher sVEGF‑C (>7846 pg/ml) group totaled 89.3%, and that 
in human GBC tissue with lower sVEGF‑C (≤7846 pg/ml) 
group measured 30.4%. Both differences showed statistical 
significance at P<0.01. At the same time, a statistically signifi-
cant decrease in LVD was noted in the lower-sVEGF-C 
group (5.0+2.7) compared with the higher-sVEGF-C group 
(8.5+3.4) (P<0.01).

Correlation among sVEGF‑C level, VEGF‑C expression, LVD, 
and patient survival in GBC. In this study, one-year survival 
rate was 39.2%. Mean survival time of patients with high 
sVEGF‑C levels (>7846 pg/ml) measured 9.32±7.18 months, 
whereas that of with low sVEGF-C level (<7846 pg/ml) 
reached 23.39±20.40 months (P=0.0118; Fig. 3A). As the 
median of microlymphatic density in patients with GBC was 
7/400 HP, we divided the samples into two groups with mean 
values of <7/400 and >7/400 HP. Mean survival rates of 
patients in high (≥7/400 HP) LVD and low (<7/400 HP) LVD 
groups amounted to 10.08±6.92 and 21.48±20.61 months, 
respectively (P=0.0151; Fig. 3B). Mean survival time was 
shorter in the VEGF-C-positive expression group than in the 
negative expression group (11.25±7.87 vs. 23.11±22.92 months; 
P=0.0339; Fig. 3C).

Discussion

GBC, a common malignancy with high mortality, refers to the 
fifth most common cancer among gastrointestinal cancers (11) 
and accounts for 80-90% of biliary tract cancers (12). Only 
several effective diagnostic measures and classical symptoms 
exist, and most patients with GBC are treated at the late stages 
of the disease, resulting in poor overall prognosis. Lymph node 
metastasis is the most common form of GBC progression. 
Given that cancer spread via the lymphatics characterizes the 
early stages, lymph node metastasis also acts as an important 
prognostic factor in GBC (13). Thus, identifying a method that 
can exactly assess lymph node metastasis of GBC before oper-
ation bears importance. VEGF-C, an important member of the 
VEGF family, has been identified as a lymphangiogenic factor. 
This factor induces formation of lymphatic ducts and promotes 
lymph node metastasis in combination with VEGF receptor 
(VEGFR)-3 (14). VEGF-C has also been correlated with 
lymphatic metastasis in numerous carcinoma cases (7,15-17). 
Tumor cells secrete high levels of VEGF-C and induce growth 
of tumor lymphatic vessels. Therefore, sVEGF-C levels may 
be used as tumor markers to predict lymph node metastasis 
and prognostic factors for patients with GBC.

To our knowledge, this study was the first to demonstrate 
that sVEGF-C levels form a positive correlation with VEGF-C 
expression and LVD and may predict lymph node metastasis 
and prognosis of patients with GBC. In this study, we used 
ELISA techniques to analyze preoperative sVEGF-C levels in 
51 patients with GBC, 15 patients with chronic cholecystitis, and 
10 healthy volunteers. Preoperative sVEGF-C level in patients 
with GBC was significantly higher than that in healthy volun-
teers. These discoveries suggest that sVEGF-C level is lower 
in the normal gallbladder when transitioning into cancerous 
cells, and tumor cells secrete high levels of VEGF-C, thereby 
inducing the growth of tumor lymphatic vessels. Our findings 
agree with those of studies on lung cancer (18), esophageal 
cancer (19), and colorectal cancer (20). However, no statistical 
significance was observed in preoperative sVEGF‑C levels 
between patients with GBC and those with chronic cholecys-
titis. This finding is consistent with other studies indicating 
that VEGF‑C is involved in the formation of inflammatory 
lymphatic vessels through VEGFR3 in chronic bronchitis (21). 
Our early research also showed no statistical significance 
in the expression of VEGF-C between paraffin-embedded 
tissue specimens of GBC and chronic cholecystitis (7). This 
finding may imply that VEGF‑C is constantly involved in the 
formation of lymphatic vessels in carcinogenesis of chronic 

Figure 1. VEGF-C and D2-40 expression in gallbladder cancer. (A) VEGF-C-positive expression. (B) VEGF-C-negative expression. (C) Microlymphatic vessel 
with D2‑40 expression. Magnification, x400. VEGF‑C, vascular endothelial growth factor‑C.

Figure 2. sVEGF-C levels in 51 patients with GBC, 10 healthy controls 
and 15 patients with chronic cholecystitis. Preoperative sVEGF-C level 
(median ± standard deviation) in patients with GBC was significantly higher 
compared with the healthy volunteers (7846.17±1915.6 vs. 4828;1±1547.1
2 pg/ml; P=0.00001). No statistical significance was identified in the preop-
erative sVEGF-C level between patients with GBC and chronic cholecystitis 
(7425.33±1784.76 pg/ml; P=0.451). GBC, gallbladder cancer; sVEGF-C, 
serum vascular endothelial growth factor-C.
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cholecystitis and easy detection of lymph node metastasis in 
the early stage of GBC.

This study has analyzed the relationship among sVEGF-C 
levels, VEGF-C expression, and LVD in GBC. We observed 
that the positive rate of VEGF-C expression in human GBC 
tissue with higher sVEGF-C was higher than that with lower 
sVEGF-C. A statistically significant increase in LVD was 
noted in higher-sVEGF-C group when compared with the 
lower-sVEGF-C group. Our results are similar to those of 
previous research, in which Mathur et al (22) observed that 
sVEGF-C was related to VEGF-C expression in advanced 
cervical cancer. These results indicated that sVEGF-C level 
featured a positive correlation with VEGF-C expression, LVD 
in GBC, and that the amount of VEGF-C in serum coincided 
with the expression of VEGF-C in tissue of patients with 
GBC. We further analyzed the associations among sVEGF-C 
levels, VEGF-C expression, LVD, and clinicopathological 

characteristics of GBC. We observed that the levels of sVEGF-C 
were related to lymph node metastasis, and that VEGF-C 
expression in human GBC tissues was significantly correlated 

Table I. Associations between sVEGF-C, VEGF-C expression, LVD and the clinicopathological characteristics of gallbladder 
cancer.

 VEGF-C
 -------------------
Parameters Total sVEGF-C (pg/ml) P-value + - P-value LVD (/400 HP) P-value

Age        
  <60 years 27 7800.8±1915.1  20 7  7.6±4.0 
  ≥60 years 24 7897.2±1956.0 0.86 12 12 0.08 6.2±2.8 0.15
Sex        
  Female 31 7934.0±1921.7  19 12  7.4±3.7 
  Male 20 7710.0±1947.7 0.69 13 7 0.79 6.2±3.4 0.27
Tumor size        
  ≤5 cm 40 8089.3±1858.8  28 12  7.0±3.5 
  >5 cm 11 6962.1±1943.4 0.08 4 7 0.04a 6.7±3.8 0.85
Histological type        
  Adeno 23 7541.7±1271.1  12 11  7.0±3.5 
  Others 28 8096.3±2309.8 0.31 20 8 0.16 6.9±3.7 0.94
Histological grading        
  Poor 16 8035.6±2084.3  10 6  6.9±3.6 
  Moderate 15 8231.3±2594.8  8 7  6.7±4.2 
  Well 20 7510.8±1252.4 0.59 14 6 0.6 6.9±3.4 0.31
Tumor depth        
  Tis-T2 15 7999.4±1913.1  11 4  6.1±2.6 
  T3-T4 36 7782.3±1940.1 0.72 21 15 0.31 7.3±3.9 0.30
Lymphatic metastasis        
  Yes 27 8650.0±1959.9  21 6  8.0±3.8 
  No 24 6941.8±1422.3 0.001a 11 13 0.02a 5.7±2.9 0.02a

Distant metastasis        
  M0 35 7860.4±1694.1  23 12  6.7±3.3 
  M1  16 7814.9±2392.7 0.94 9 7 0.52 7.4±4.1 0.55
Stage        
  0-II 12 7642.3±1561.5  9 3  6.0±2.9 
  III-IV 39 7908.9±2026.2 0.68 23 16 0.32 7.2±3.7 0.33

aP<0.05. sVEGF, serum vascular endothelial growth factor; LVD, lymphatic vessel density; HP, high‑power field; Adeno, adenocarcinoma. 

Table II. sVEGF-C exhibits positive correlation with VEGF-C 
expression and LVD in gallbladder cancer.

 VEGF-C
sVEGF-C ------------------ LVD
(pg/ml) + - P-value (/400 HP) P-value

>7846 25 3  8.5±3.4 
≤7846 7 16 <0.001a 5.0±2.7 <0.001a

aP<0.01. sVEGF, serum vascular endothelial growth factor; LVD, 
lymphatic vessel density.
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with lymph node metastasis and tumor size. LVD in human 
GBC tissues was also significantly correlated with lymph node 
metastasis. These findings are consistent with those of other 
studies (18), which revealed that sVEGF-C level was higher 
in patients with non-small-cell lung cancer with lymph node 
metastasis than in those without lymph node metastasis. These 
results suggest that sVEGF-C levels may predict lymph node 
metastasis of patients with GBC.

Various studies showed that sVEGF-C levels can predict 
tumor prognosis. Gisterek (23) et al observed that high 
sVEGF-C level was related to poor prognosis in patients with 
breast tumors. Wang (24) et al have shown the association of 
sVEGF-C and prognosis of patients with gastric cancer. In 
this study, mean survival time of patients with high sVEGF-C 
level was significantly shorter than that with low sVEGF‑C 
level. We have further analyzed that mean survival time was 
shorter in the VEGF-C-positive expression group than in the 
negative expression group. Mean survival time of patients 
with high LVD was also significantly shorter than that with 
low LVD. These studies suggested that sVEGF-C, VEGF-C, 
and LVD can be useful in predicting prognosis of patients 
with GBC as high sVEGF-C levels in patients with increases 
LVD, thereby promoting lymph node metastasis and resulting 
in poor outcomes.

We concluded that a preoperative high-sVEGF-C level is 
related to VEGF-C expression in human GBC tissues, LVD, 
and lymph node metastasis. These findings suggest that 
preoperative sVEGF-C level serves as a useful biomarker for 
assessment of the need for anti-lymphatic metastasis therapy. 
We also deduced that preoperative VEGF‑C level may reflect 
malignancies, such as lymph node metastasis, and may predict 
prognosis in patients with GBC.
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