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Abstract. The expression of VEGF-A and -C was investigated
immunohistochemically in 51 specimens of gastric carcinoma.
The expression intensity was evaluated by means of a semiquantitative scoring system and a quantitative analysis. The
results showed that VEGF-A and -C were located mainly
in the cytoplasm of tumour cells: 68.6% (34/51) and 62.8%
(32/51) positive for VEGF-A and VEGF-C. VEGF-C expression was more frequent in tumours of the deceased patients
[88.2% (15/17)] compared to that in the survivors [47.0%
(16/34)]. Quantitative VEGF-C levels in the deceased patients
were 0.304±0.023, which was significantly elevated
compared to that in the survivors (0.131±0.018) (p<0.01).
The frequency of VEGF-C expression was higher in patients
with lymph node metastases (80.0%, 28/35) compared to
those with negative nodes (25%, 4/16). Accordingly, its
levels were markedly elevated in the former (0.230±0.017)
than in the latter (0.089±0.011) (p<0.01). Furthermore,
tumour cell invasion into the enlarged lymphatic vessels was
also associated with VEGF-C expression. Its expression
levels were 0.271±0.028 in lymph vessel invasion and
0.153±0.021 in the absence of invasion (p<0.01). VEGF-A
expression, although correlated with survival, distant
metastasis, ascites formation, and blood vessel invasion, was
not associate with lymph node metastasis, lymphatic vessel
invasion. The expression levels of the two factors were
inversely correlated with overall survival rates. It can be
conclude that VEGF-C expression in tumour tissues is
indicative of lymphatic metastasis, whereas VEGF-A
expression is more likely to be associated with haematogenous metastasis. Both VEGF-A and -C could serve as a
prognostic biomarker in patients with gastric carcinoma.
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Introduction
The major cause of cancer mortality is metastasis of tumour
cells that can occur via the lymphatic vasculature and the
blood vessels. Recent studies have indicated that lymphangiogenesis, the growth of lymphatic vessels, in the vicinity
of solid tumours correlates with lymphatic spread (1-3). The
principal growth factors and receptors for lymphangiogenesis
have been identified as vascular endothelial growth factor C
(VEGF-C), VEGF-D and VEGF receptor-3 (VEGFR-3) (4).
Evidence from animal models and clinicopathological investigations in man has linked these signaling molecules to tumour
lymphangiogenesis and lymphatic metastasis (3,5,6). The
importance of angiogenesis in tumour biology has been welldocumented (7). Angiogenesis is the driving force for tumour
growth and metastasis. As a result, higher angiogenic activity
in solid tumours is an indicator of metastatic potential and poor
prognosis. Amongst growth factors, VEGF-A is considered
as the most potent factor in angiogenesis, and its expression
is correlated with tumour metastasis and prognosis (8).
VEGF-C, an VEGF isoform closely related to VEGF-D,
preferentially binds to and signals via VEGFR-3 (6). VEGFR-3
is restricted to the venous endothelium during early stages of
development and to the lymphatic endothelium in late stages
(9). In animal models, VEGF-C induces lymphangiogenesis
and lymphatic vessel enlargement (10,11). VEGF-C also
binds to VEGFR-2 of vascular endothelium. Thus it has an
effect on angiogenesis as well (12). Compared with VEGF-A,
VEGF-C is 4-5 times less potent on vascular permeability
(13). Most studies have shown a positive correlation between
the expression of VEGF-C and a range of clinicopathological
features which reflect the prognosis of the patients (3). But
discrepancy exists, as in some studies VEGF-C failed to be a
prognostic factor, for instance, in colorectal cancer (14).
Angiogenesis plays a critical role in tumour progression.
In the vast majority of malignancies, including gastric
carcinoma, increased angiogenesis in the primary tumour has
been associated with poor prognosis and relapse of the
disease (8). One of the major factors regulating tumour angiogenesis is VEGF-A. Its expression in tumour tissues has been
linked with metastasis and survival (15). VEGF-A is also a
strong inducer of vascular permeability, which contributes to
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the formation of ascites, as well as plural effusion in peritoneal
or thoracic malignancies (16).
Most investigations in tumours are focused on either
VEGF-A or VEGF-C, whereas comparative studies on
VEGF-A and VEGF-C in tumour progression are few. The
current study has analysed the expression of both VEGF-A
and VEGF-C in the same cohort of patients with gastric
carcinoma, which has enabled us to simultaneously evaluate
the roles of the two growth factors in tumour metastasis and
prognosis.

Table I. Clinical details of the 51 patients with gastric
carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––
Gender
Male
41
Female
10
Median age (range)

66 (21-82) years

Median follow-up time (range)

1.5 (0.3-5) years

Deaths

17

Materials and methods

Survivors

34

Clinical features of the patients. Ethics approval and informed
consent from the patients were obtained for this study. Fiftyone tissue specimens were studied from patients with gastric
carcinoma who underwent surgery. Clinical details of the
patients are presented in Table I. Among these patients, 41
were males and 10 females and 17 had died by the end of the
study. Thirty-five patients were histologically diagnosed with
lymph node metastases, 15 with lymphatic invasion and 11
had venous invasion.

TNM stages
T1 (submucosa)
T2 (muscularis propria)
T3 (serosa)
T4 (invade adjacent organs)
N0 (node negative)
N1 (1-6 nodes)
N2 (7-15 nodes)
M0
M1

7
24
7
13
16
28
7
40
11

Tumour location
Cardia and fundus
Body
Antrum
Diffuse

15
8
18
10

Tumour grade
Well-differentiated
Moderately and poorly differentiated

19
32

Lymphatic vessel invasion
Yes
No

15
36

Blood vessel invasion
Yes
No

11
40

Ascites
Yes
No

11
40

Immunohistochemical staining of VEGF-A and VEGF-C.
Formalin-fixed and paraffin-embedded tissues were cut into
5-μm thick sections and mounted on polylysine-coated slides.
Sections were deparaffinized by xylene and dehydrated by a
graded series of ethanols. After quenching the endogenous
peroxidase activity with 0.3% H2O2 for 30 min, slides were
microwaved for 10 min, then cooled to room temperature for
20 min. Sections were treated for 30 min at room temperature
with 5% bovine serum albumin to block non-specific staining.
Duplicate sections were then incubated overnight with the
primary specific biotinylated antibodies against VEGF-A
(rabbit IgG, diluted to 1:100), VEGF-C (rabbit IgG, diluted to
1:100). Both antibodies were purchased from R&D Systems
(Abingdon, UK). Sections were incubated with HRP-conjugated streptavidin (1:100 dilution) for 20 min. Antibody
binding was visualized with 3,3-diaminobenzidine tetrahydrochloride. Finally sections were lightly counterstained with
Mayer's haematoxylin. Sections of resected colon tumours
known to express VEGF-A and VEGF-C were used as positive
controls and those incubated with normal rabbit IgG served
as negative controls. VEGF-A or C expression was considered
to be positive when ≥5% unequivocal cytoplasmic staining
was seen in the tumour tissues.
Evaluation of the expression levels of VEGF-A, VEGF-C in
the gastric carcinoma. The expression levels of VEGF-A and
VEGF-C were assessed using two systems. One was the
semi-quantitative scoring system by an experienced histopathologist blinded to the clinical information of the patients.
The staining intensities of VEGF-A and VEGF-C were scored
as: 0, no staining; 1, weak staining; 2, moderate staining; 3,
strong staining. In each section, 10 high power fields of
representative areas were counted at x400 magnification.
The staining intensities were also quantified using the
computerised image analysis. Briefly, the immunostained
sections were placed under a Leica (Leitz Laborlux S; Leica,
Wetzlar, Germany) microscope coupled to a video camera

Helicobacter pylori infection
Yes
27
No
24
–––––––––––––––––––––––––––––––––––––––––––––––––

(Sony Hyper HAD; colour CCD-IRIS/RGB; model DXC151AP), connected to a computer aided image analysis system
(Multi-Sync 3V; model JC-1535VMR; NEC Corp., CA, USA).
The microscopic images captured and digitalised on to the
video screen were analysed using an image analysis software
programme (Leica Q500MC; Microsoft Windows hosted image
analysis system; Leica Australia P/L). Because of the hetero-
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Figure 1. VEGF-A expression in gastric carcinoma. Immunohistochemical
staining of cancer tissue showed that VEGF-A expression was located mainly
in the cytoplasm of tumour cells, with minimal expression in spindle-like
stromal cells (original magnification, x400).

Figure 2. VEGF-C expression in gastric carcinoma. In this well-differentiated
gastric carcinoma, VEGF-C expression was seen in the cytoplasm of tumour
cells. Virtually all gland-like structures, composed of cancer cells, were
positive for VEGF-C, in contrast to a clear background in stromal tissues
(original magnification, x200).

geneity of the tumour tissues, 10 randomly selected fields were
examined for each slide. The degree of staining intensity was
calculated as the mean DAB stained area from a minimum of
800 cells in 10 microscopic fields at x400 magnification.

patients. As presented in Fig. 3A, the 17 patients who died
of the disease possessed the highest levels of VEGF-C
(0.304±0.023), which were significantly higher than those
who had survived (0.131±0.018) (p<0.01). VEGF-C in cancer
tissues was positive in 88.2% (15/17) deceased patients, in
contrast to 47% (16/34) in survivors. VEGF-C expression
was more frequently positive in patients with lymph node
metastases (28/35, 80%) than those with no node metastases
(4/16, 25%). In patients with lymph node metastasis, VEGF-C
levels were also markedly elevated compared with those without node involvement (0.230±0.017 vs 0.089(0.011, p<0.01).
Furthermore, the expression of VEGF-C was related to
lymphatic invasion. In 13 of the 32 patients with VEGF-C
positivity (40.6%), tumour cells were present within the
enlarged lymphatics. VEGF-C levels were higher in patients
with lymphatic vessel invasion than in those without lymphatic
vessel invasion (0.271±0.028 vs 0.153±0.021; p<0.01). However, VEGF-C levels were not correlated with blood vessel
invasion (blood vessel involvement: 0.247±0.040 vs no blood
vessel involvement: 0.172±0.020; p>0.05) (Fig. 4A). With
regard to association of VEGF-C with depth of tumour
invasion, increased VEGF-C levels were observed in tumours
invading the serosa (0.307±0.054; p<0.05 compared with the
submucosa, 0.144±0.053; muscularis propria, 0.167±0.021; or
adjacent organs, 0.195±0.041). Further analysis found no correlations of VEGF-C levels with distant metastases, ascites,
Helicobacter pylori infection, age, gender, location of the
tumour or histopathological grade.

Statistical analysis. Data are presented as mean ± SEM.
Correlations between the semi-quantitative scores and the
quantitative measurement of both VEGF-A and VEGF-C,
expression levels with the clinicopathological features, were
analysed by Spearman's correlation coefficient. Differences
between groups were analysed using the non-parametric
Mann-Whitney U test. Correlations between VEGF-A and
VEGF-C with overall survival rates were determined by the
Kaplan-Meier method. The mean values for VEGF-A (1.90)
and VEGF-C (1.88) from the 51 patients were used as the
cut-off values in the survival analysis. A p-value of <0.05 was
considered statistically significant.
Results
Correlations between semi-quantitative scores and quantitative values of the staining intensity. The two procedures for
VEGF-A (r=0.946, p=0.000) and VEGF-C measurement
(r=0.936, p=0.000), as analyzed by the Spearman's correlation coefficient, were well-correlated with each other.
Tissue expression of VEGF-C and VEGF-A. VEGF-A
expression was observed in the cytoplasm of cancer cells and
minimal in the stromal cells (Fig. 1), 68.6% (34/51) of the
carcinomas were VEGF-A positive. VEGF-C expression was
restricted to the cytoplasm of cancer cells, with no expression
in adjacent normal epithelial cells or stromal cells (Fig. 2).
The percentage of VEGF-C positivity in gastric carcinoma was
62.8% (32/51). There was no correlation between VEGF-A
and VEGF-C expression in cancer tissues (r=0.138, p=0.335).
Correlations between VEGF-C expression and clinicopathological features. VEGF-C expression levels were divided into
groups according to the clinicopathological features of the

Correlations between VEGF-A expression and the clinicopathological features. VEGF-A expression levels were divided
into groups in the same way as for VEGF-C. VEGF-A was
more frequently observed in deceased patients (14/17,
82.4%), compared with those who had survived (19/32,
59.4%). VEGF-A expression levels in patients who had
survived was lower than in those who had died of the disease
(0.155±0.020 vs 0.273±0.027; p<0.01) (Fig. 3B). Markedly
elevated VEGF-A levels were also noted in patients with
distant metastases over those without distant metastases
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Figure 3. VEGF-A and VEGF-C expression in gastric carcinoma and their association with clinicopathological features. HP, helicobacter pylori. *p<0.05 and
**p<0.01, Mann-Whitney U test.

(0.316±0.049 vs 0.178±0.018; p<0.01). VEGF-A expression
was significantly correlated with peritoneal dissemination; all
of the 11 patients with ascites were positive for VEGF-A, in
comparison to 23 of 40 (57.5%) patients without ascites, but
VEGF-A positive. The levels of VEGF-A in patients with
ascites were higher than in those without it (0.258±0.026 vs
0.177±0.021; p<0.05). There was no association between
VEGF-A and the depth of invasion, whereas its levels were
significantly increased in patients with blood vessel
invasion, compared to those without blood vessel invasion
(0.318±0.031 vs 0.161±0.018, p<0.01) (Fig. 4B). Further
analysis showed no correlation between VEGF-A levels and
lymph node involvement, lymphatic vessel invasion,
Helicobacter infection, age, gender, location of the tumour or
histopathological grade.

Figure 4. Correlation of VEGF-A and VEGF-C expression with the depth of
tumour invasion. *p<0.05 and **p<0.01, Mann-Whitney U test.

VEGF-A and VEGF-C are both correlated with overall
survival. At the end of this study, 17 of 51 patients had died
of their disease. The associations between VEGF-A or
VEGF-C expression and overall survival rates were evaluated
using the Kaplan-Meier analysis. As shown in Fig. 5, VEGF-A
expression was significantly associated with overall survival
rates (p=0.001) - patients expressing VEGF-A >1.90 in the
tumour had a strong probability of poor prognosis. Similarly
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Figure 5. Kaplan-Meier analysis of correlation of VEGF-A and VEGF-C with overall survival rates. (A), Those patients expressing higher levels of VEGF-A
(dotted line) were more likely to have a poorer prognosis than those expressing low levels of VEGF-A (solid line). (B), The probability of death from
cancer was significantly increased in patients with high VEGF-C expression (dotted line) than those expressing low levels of VEGF-C in their tumours
(solid line).

Table II. Correlation of VEGF-A and VEGF-C with clinicopathological parameters.
–––––––––––––––––––––––––––––––––––––––––––––––––
VEGF-A
VEGF-C
––––––––––––– –––––––––––––
r
p
r
p
–––––––––––––––––––––––––––––––––––––––––––––––––
Age
0.150 0.295
0.045 0.754
Gender

0.044

0.761

0.035

0.806

Survival

-0.449

0.001b

-0.619

0.000b

0.009

0.954

0.732

0.000b

-0.076

0.596

0.427

0.002b

Blood vessel invasion

0.486

0.000b

0.227

0.110

Tumour location

0.060

0.677

0.228

0.108

Histological grade

0.240

0.081

0.120

0.390

Ascites

0.288

0.040a

0.155

0.276

HP infection

0.097

0.496

0.140

0.327

Node metastasis
Lymphatic invasion

TNM stage
T
0.022 0.878
0.275 0.049a
N
0.078 0.587
0.560 0.000b
M
0.341 0.014a
0.068 0.634
–––––––––––––––––––––––––––––––––––––––––––––––––
ap<0.05

and bp<0.01, Spearman's correlation coefficient.

–––––––––––––––––––––––––––––––––––––––––––––––––

to VEGF-A, VEGF-C expression was correlated with overall
survival rates (p=0.000). The probability of death from cancer
was remarkably higher in patients with VEGF-C >0.188 in
their tumour tissues (Table II).

Discussion
Angiogenesis and lymphangiogenesis are two distinct concepts
in tumour biology. Both critically influence tumour growth
and spread. The identification of VEGF-A and VEGF-C and
their cognate cell surface receptors, which control the formation of blood vessels and lymphatics, has greatly advanced
our understanding of these complex processes. VEGF-A is
regarded as the most potent angiogenic factor whereas VEGF-C
is considered to be the driver for lymphangiogenesis. Tumour
spread via lymphatic and haematogenous routes is the most
common cause for cancer deaths where VEGF-A and VEGF-C
are involved. In the present study, we have investigated the
expression levels of VEGF-A and VEGF-C in gastric
carcinoma and evaluated their association with tumour spread
and prognosis. The data showed that although the expression
levels of the two factors were inversely correlated with
survival, they had dissimilar roles in tumour metastasis. While
VEGF-A was positively correlated with distant metastasis
and venous invasion, VEGF-C was strongly correlated with
lymph node metastasis, lymphatic vessel invasion and the
depth of tumour invasion, indicating their distinct functions
in the progression of gastric carcinoma.
The lymphatic vessels are major routes for cancer cell
metastasis to the lymph nodes. The presence of tumour cells
in the local lymph nodes is significant for the staging of cancer
and hence it correlates well with prognosis. Lymphatic
metastasis had been long considered to be a passive process
whereby detached tumour cells implanted in the lymph nodes
via drainage though pre-existing local lymphatic vessels.
Recent evidence suggests that lymphangiogenesis can
contribute actively to metastasis. In animal models of breast
cancer, VEGF-C promoted growth of tumour-associated
lymphatics infiltrated with tumour cells (17). Similarly,
VEGF-C induced intratumoural lymphangiogenesis, when
expressed in human breast cancer cells orthotopically
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transplanted onto nude mice, that led to enhanced metastasis
to regional lymph nodes and to the lung (18). Some clinicopathological studies showed that VEGF-C expression was
closely related to lymphatic invasion and lymph node
involvement in carcinomas of the lung, breast, thyroid,
prostate, colon, rectum and oesophagus (3,18,19). The
present findings are entirely consistent with previous reports
and they further confirm that VEGF-C expression is
associated with the depth of invasion and survival. Therefore
it is a prognostic factor in patients with gastric carcinoma.
The fact that tumour growth and metastasis depends on
angiogenesis has been well-proven. Intratumoural microvessel
density is an independent prognostic factor in a range of
malignancies (20-22). Accordingly, the expression of several
angiogenic factors and their cognate receptors in tumours is
indicative of metastasis and prognosis (21). The growth and
maturation of tumour neovasculature are finely regulated and
complex processes involving numerous angiogenic and antiangiogenic factors produced by tumour and stromal cells.
VEGF-A is the best known and potent angiogenic factor
that signals to its target endothelial cells predominantly via
VEGFR-1 and VEGFR-2 (23). It stimulates neovascularisation
by promoting endothelial cell proliferation, migration and
survival (23). Consequently, the expression of VEGF-A has
been reported to be increased in gastric carcinoma and correlates with disease recurrence and survival (24). In this study,
VEGF-A expression was correlated with distant metastasis,
blood vessel invasion and survival. However, no significant
correlation was shown with the depth of invasion or lymph
node metastasis. These findings highlight the involvement of
VEGF-A in haematogenous metastasis of gastric carcinoma.
VEGF-A was originally discovered as a vascular permeability
factor and plays an important role in malignant ascites formation (16,25). Animal models have suggested that the mean
volume of ascites, number of tumour cells in the ascites, and
the peritoneal capillary permeability are suppressed with
anti-VEGF-A neutralizing antibody (26), providing evidence
for its critical role in ascites formation. The correlation of
VEGF-A with the presence of ascites in patients with gastric
carcinoma confirms the data from the animal study.
Angiogenesis and lymphangiogenesis, although both contribute to tumour progression, are two different overlapping
pathological processes in malignancies. The formation of
extensive microvessels within the tumour provides nutrients
and facilitates tumour cell invasion into the blood stream, thus
increasing the risk of distant metastasis and a poorer prognosis.
In contrast, the lymphatic system drains interstitial fluids from
the tumour to the sentinel lymph nodes. Therefore, active
lymphatic vessel formation in the tumour may lead to lymphatic
dissemination. The data from this study have revealed the
distinct roles of VEGF-A and VEGF-C in gastric carcinoma.
A heightened production of VEGF-A by tumour tissues makes
a tumour liable to haematogenous spread, whereas increased
VEGF-C in a tumour is a risk factor for lymphatic metastasis.
Therefore, simultaneous detection of VEGF-A and VEGF-C
is necessary for predicting tumour progression in gastric
carcinoma.
In summary, we have shown that tumours expressing
VEGF-C are more inclined to lymph node metastasis and
lymphatic invasion. In comparison, elevated tissue expression

of VEGF-A is correlated with blood vessel invasion, distant
metastasis and ascites formation. The expression levels of
VEGF-A and VEGF-C in the tumour tissues were inversely
correlated with overall survival rates. This study has demonstrated distinct roles for these two growth factors in the pathobiology of gastric carcinoma and suggests that both can serve
as prognostic factors in assessing prognosis for patients with
gastric carcinoma.
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