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Vascular Endothelial Growth Factor-C as a Predictive Marker
for Lymph Node Metastasis in Oral Cancer
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A b s t r ac t
Aim: Squamous cell carcinoma (OSCC) is the most common malignancy occurring in the oral cavity. It causes local invasion and nodal metastasis
leading to an increase in morbidity rate. Vascular endothelial growth factor (VEGF)-C has been the most widely studied molecule involved in
lymphangiogenesis. The aim is to study the expression of VEGF-C in OSCC using the immunohistochemical (IHC) method and is correlated
with nodal metastasis.
Materials and methods: The study group consisted of 49 clinically and histopathologically diagnosed cases of OSCC. The tissue sections were
subjected to IHC staining with anti-VEGF-C antibody and assessed for its expression and are correlated with the lymph node metastasis.
Results: Out of 49 cases, 26 cases showed lymph node metastasis. On Chi-square analysis, the expression of VEGF-C was statistically significant
with lymph node metastasis (p < 0.05). But, the expression of VEGF-C with clinicopathological staging and grading was not significant.
Conclusion: The present study results suggest VEGF-C can be used as an indicator marker in lymph node metastasis.
Clinical significance: Vascular endothelial growth factor-C marker can be recommended for the prediction of lymph node metastasis in oral
squamous cell carcinoma.
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I n t r o d u c t i o n
Oral squamous cell carcinoma (OSCC) is the most common malignant
tumor of the oral cavity.1 Number of deaths of cancer patients is
increasing due to local and distant metastasis through different
routes blood vessels, lymph vessels, or directly into the tissues and
body cavities.2 The malignant cells of head and neck squamous cell
carcinoma (HNSCC), mainly spread through lymphatics to regional
lymph nodes roughly 400 in number in the cervical region.3 Lymph
node metastasis through the lymphatics in OSCC is a prognostic
indicator of the disease. The levels of lymph node involvement
indicate disease progression and treatment planning.4 The presence
of lymph node metastasis at the time of diagnosis is an indication
of poor prognosis. It has been suggested that the lymphatic
vessels play only a passive role during this process and lymphatic
invasion occurs when tumor cells infiltrate preexisting peritumoral
lymphatics. But, the presence of intratumoral and peritumoral
lymphatic vessels suggests their active role in metastatic spread
to lymph nodes. The lymphangiogenesis has been studied by
demonstrating the expression of lymphangiogenesis factors like
vascular endothelial growth factor (VEGF)-C and VEGF-D by the
tumor cells. The existence of lymphatic vessels by specific markers
that locate the lymphatic endothelium supports the evidence of the
presence of lymphatic vessels in the tumor environment.4 Vascular
endothelial growth factor-C-activated VEGFR-3 (Flt-4) induces
the growth of both lymphatic vessels and blood vessels in solid
tumors and promotes the proliferation, migration, and survival
of cultured human adult lymphatic endothelium. Overexpression
of VEGF-C increases Flt-4-positive vessel density (FVD) and
accelerates lymphatic invasion or lymph node metastasis.5 The goal
of the current study is to determine the role of VEGF-C for tumor
lymphangiogenesis in a series of HNSCC patients and is correlated
with the presence of lymph node metastasis.
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M at e r ia l s

and

M e t h o d s

The present study was a retrospective study carried in Dr DY Patil
Dental College and Hospital, Pimpri, Pune. The study was designed
to compare the lymphangiogenic marker in OSCC cases with and
without lymph node involvement. The study group is comprised
of 49 cases of clinically and histopathologically diagnosed OSCC
subjects and no controls were included. The demographic
details of the cases like age, gender, and site of occurrence were
included. Tumor (T) classification of OSCC was established using
the International Union Against Cancer classification system
and the histological grade was allocated according to the World
Health Organization protocols. The blocks were obtained from
the Department of Oral Pathology after approval by the ethical
committee. The 49 sections were stained with hematoxylin and
eosin subsequently immunohistochemical (IHC) staining for
VEGF-C was done. No internal control marker was used for VEGF-C
IHC staining.
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Immunohistochemical Staining
The tissue sections of 4 μm thickness were deparaffinized and
rehydrated in a graded series of alcohol. The sections were kept in
a pressure cooker at 90° for 10 minutes in citrate phosphate buffer
(pH 6.0) for antigen retrieval and then washed with distilled water.
Endogenous peroxidase activity was blocked with 0.3% H2O2 for 30
minutes. Vascular endothelial growth factor-C (polyclonal antibody,
Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA; dilution
1:200) was applied as a primary antibody for 45 minutes at room
temperature. After two washes with phosphate-buffered saline, a
secondary antibody was applied to the sections; which are then
incubated for 30 minutes at room temperature. The sections were
washed with phosphate-buffered saline. The sections were treated
with diaminobenzidine for 10 minutes. After which the sections
were counterstained with Mayer’s hematoxylin, dehydrated, and
mounted.
Vascular endothelial growth factor-C was expressed as a
cytoplasmic stain in the tumor cells. The stained slides were
interpreted as described by Soini et al.6 Scoring was based on (a)
the intensity of the immunostaining in the lining epithelial cells (0
= absent, 1 = weak, 2 = moderate, 3 = strong, and 4 = very strong)
and (b) the percentage of positive cells (0 = 0% positive cells, 1 =
<25% positive cells, 2 = 25–50% positive cells, 3 = 50–75% positive
cells, and 4 = >75% positive cells). The final immunostaining score
was determined by the sum of (a) and (b). Final scores ranged from
0 to 8 (0 = absent, 1–4 = weak, and 5–8 = strong). Two observers
were included in the study for the scoring of the slides. A Chi-square
test was used to analyze the results.

R e s u lts
A total of 49 cases were retrieved from 2010 to 2016 and were
included in the study. 65.3% were males and 34.6% were females.
The mean age of the patients was 56.27 years (range 30–75 years).
Most of the cases showed exophytic growth and clinical staging
based on tumor size was T1, T2, T3, and T4 had 0, 14, 7, and 28 cases,
respectively. The common site of occurrence was buccal mucosa
(28.5%) and gingivo-buccal complex (28.5%) followed by alveolar
mucosa (24.4%), buccal vestibule and retromolar area (8.1%), lateral
border of the tongue (6.1%), corner of lip (2%), and lower lips (2%).
Out of 49 cases, 28 (57.1%) were well-differentiated carcinoma
and 21 (42.8%) were moderately differentiated carcinoma. Lymph
node metastasis was present in 26 cases (53%) and 23 cases (46.9%)
showed no metastasis.

Expression of Vascular Endothelial Growth Factor-C in
Squamous Cell Carcinoma
Vascular endothelial growth factor-C was expressed as a
cytoplasmic stain in the tumor cells, with the intensity as mild,
moderate, and strong staining shown in Figures 1 to 3, respectively.
Out of 26 OSCC cases with lymph node metastasis, 20 cases showed
positive VEGF-C expression: 5 cases, 9 cases, and 6 cases showed
mild, moderate, and strong expression, respectively, and 6 cases
showed negative VEGF-C expression. Out of 23 OSCC cases showing
no lymph node metastasis, 22 cases showed positive VEGF-C
expression: 13 cases, 7 cases, and 2 cases showed mild, moderate,
and strong expression, respectively, and 1 case showed negative
VEGF-C expression. On Chi-square analysis, statistically significant
results were found in VEGF-C expression in cases with lymph node
metastasis and without lymph node metastasis (Chi-square value
= 9.2297, p = 0.026409, p < 0.05) (Table 1). But, non-significant

Fig. 1: Photomicrograph showing mild expression of VEGF-C in OSCC.
[Immunohistochemistry, total magnification × 100]

results found when VEGF-C expression was compared among
clinical stages (Chi-square value = 8.4476, p = 0.207109, p > 0.05)
(Table 2) and histopathology grading (Chi-square value = 7.371, p
= 0.060967, p > 0.05) (Table 3).
The inference of the study based on the results obtained is
the expression of VEGF-C is statistically significant in lymph node
metastasis cases when compared with non-lymph node metastasis
cases. Hence, this marker can be used as a predictive marker in
lymph node metastasis.

D i s c u s s i o n
In the present study, 65.3% were males and 34.6% were females.
Tobacco, either in smokeless or smoked form, is the major causative
agent for OSCC. In India, tobacco-chewing and/or smoking habit
is more prevalent in male when compared with females. Hence,
we reported male predilection in the present study. This finding
supports the data published in the literature.7–9
In the present study, the majority of the cases were in T4 stages
when compared with early stages. This finding suggests the late
diagnosis of OSCC in Indian settings.10 This could be because of a
delay on part of the patient due to lack of awareness. Similar finds
were reported in many studies published on OSCC in the Indian
population. As early detection is the key to a good prognosis, we
sense the need for mass awareness programs in OSCC.
In the present study, the common site of occurrence was buccal
mucosa (28.5%) and gingivo-buccal complex (28.5%) followed by
alveolar mucosa (24.4%) and buccal vestibule. Tobacco chewing
habit is most prevalent in the Indian population in contrast to
western countries where smoking is more common. The most
common site for tobacco placement is the buccal and labial
vestibule and hence these areas are subjected to direct carcinogenic
attacks. This could be the main reason for buccal mucosa and the
gingiva-buccal complex is the most common site.8,9,11
Vascular endothelial growth factor-C was expressed as a
cytoplasmic stain in the tumor cells, with the intensity as mild,
moderate, and strong staining. In the present study, lymph node
metastasis cases showed significantly more VEGF expression
when compared with non-lymph node metastasis cases. Our
results were supported with the studies conducted by Kishimoto
et al., Sedivy et al., and Shintani et al. where it is demonstrated
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Fig. 3: Photomicrograph showing strong expression of VEGF-C in OSCC.
[Immunohistochemistry, total magnification × 100]

Fig. 2: Photomicrograph showing moderate expression of VEGF-C in
OSCC. [Immunohistochemistry, total magnification × 100]

Table 1: Expression of VEGF-C in OSCC cases with lymph node metastasis
Lymph node positive Lymph node negative
6
1
5
13
9
7
6
2
26
23

Negative
Mild
Moderate
Severe
Total

Total
8
17
16
8
49

Chi-square value = 9.2297
p = 0.026409
p < 0.05
Significant

Table 2: Expression of VEGF-C in OSCC cases according to clinical staging
Negative
Mild
Moderate
Severe
Total

T2
1
8
5
0
14

T3
1
3
2
1
7

T4
6
6
9
7
28

Total
8
17
16
8
49

Chi-square value = 8.4476
p = 0.207109
p > 0.05
Non-significant

Table 3: Expression of VEGF-C in OSCC cases according to histological grading
Negative
Mild
Moderate
Severe
Total

Well
6
6
9
7
28

Moderate
2
11
7
1
21

that VEGF-C expression in OSCC triggers lymphatic angiogenesis
and also suggest a possible relationship between the expression
level of VEGF-C and the development of lymphatic tumor spread
may result in a higher risk for cervical lymph node metastasis.12–14
Our results were comparable with the study conducted by Sahaf
et al.,15 Naruse et al.,16 and Matsui et al.17 that VEGF-C expression
was associated significantly with lymph node metastasis and the
degree of differentiation of the tumor but our results were not
consistent with the degree of differentiation. Faustino et al.’s18
study findings suggest that VEGF-C expression cannot be used
as a predictive marker in occult lymph node metastasis of early
OSCC. Siriwardena et al.2 showed that the expression of VEGF was
significantly correlated with invasion pattern and nodal metastasis.
Yanase et al.19 have reported that there is an association of VEGF-C
476

Total
8
17
16
8
49

Chi-square value = 7.371
p = 0.060967
p > 0.05
Non-significant

expression with lymph node metastasis, recurrence, and a poorer
5-year survival rate.
Our results suggest that VEGF-C can be used as a reliable
predictor marker for regional lymph node metastasis, particularly
in early OSCC.1,13 We recommend that VEGF should be done on a
routine basis in incisional biopsy samples to decide appropriate
therapeutic strategies for OSCC patients. Kitadai et al., Omoto
et al., and Han et al. demonstrated that VEGF-C and VEGFR-3
expression is significantly associated with lymph node metastasis
in esophageal SCC and gastric cancer.20–22 Furthermore, VEGF-C
and VEGFR-3 expression was found to be significantly associated
with poor survival rates in patients with esophageal SCC and
gastric carcinoma. 21,22 However, two studies reported by Witte
et al. and Arinaga et al. showed no association between VEGF-C
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and VEGFR-3 expression and lymph node metastasis in colorectal
and lung cancer.23,24
Based on the literature, VEGF-C is the most commonly studied
molecule in inducing lymphangiogenesis. Other molecules like
IL-1β and Caspase-3 have been studied in OSCC by Singh et al.
and suggested as independent markers to predict metastasis in
OSCC. 25
In the present study, non-significant results were found when
VEGF-C expression was compared among clinical stages and
histopathology grading, conflicting results were reported in the
literature regarding the role of clinical stages and histopathological
grading in determining lymph node metastasis.15 Some studies
have shown that clinical and histopathological grades were not
useful for determining lymph node metastasis. However, future
studies on a larger sample size are needed to further authenticate
the present findings.
In conclusion, in the present study, lymph node metastasis cases
showed significantly more VEGF-C expression when compared with
non-lymph node metastasis cases. Hence, the use of this marker
is recommended for the prediction of lymph node metastasis and
further decision on deciding treatment modalities. The lack of
follow-up of the cases, unavailability of prognostic data, and not
using a control for IHC staining were the major limitations of the
present study. Future studies are recommended on a larger sample
size with prognostic data to further authenticate the role of VEGF-C
in oral carcinogenesis.

C l i n i c a l S i g n i f i c a n c e
Vascular endothelial growth factor-C marker can be recommended
for the prediction of lymph node metastasis in oral squamous cell
carcinoma.
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