
Abstract. The prognosis of patients with oral squamous cell
carcinoma (SCC) is influenced by the presence of lymph
node metastasis. In this study, we analyzed the relationship
between lymphangiogenesis and the expression of VEGF-C
and VEGF-D in association with lymph node metastasis in oral
SCC. Oral SCC biopsy specimens (160 cases) were examined
for lymphatic vessel density (LVD) and the expression of
VEGF-C and VEGF-D immunohistochemically. The levels of
VEGF-C and VEGF-D expression and LVD were significantly
associated with lymph node metastasis (p<0.001). The
expression of VEGF-C and VEGF-D increased the LVD
significantly (p<0.001). Multivariate analysis showed that
VEGF-C expression and LVD were significantly associated
with lymph node metastasis (p<0.001). This study presents
clinical evidence for the important roles of VEGF-C and
VEGF-D in lymphangiogenesis and lymphatic metastasis of
oral SCC, and suggests that VEGF-C or LVD can effectively
predict lymphatic metastasis of oral SCC.

Introduction

Squamous cell carcinoma (SCC) is the most common
malignant tumor of the oral cavity and head and neck. Oral
SCC undergoes lymphatic metastasis, but not blood-borne
metastasis, and metastasizes to the regional lymph nodes

in 30-40% of cases. The patient prognosis depends on the
presence of lymph node metastasis. However, little is known
about the molecular mechanisms underlying lymph node
metastasis in SCC of the oral cavity.

Lymphangiogenesis, the growth of new lymphatic vessels,
is believed to underlie lymph node metastasis. The extent
of regional lymph node metastasis is an important indicator
of tumor aggressiveness and is a prognostic factor for
patients with several kinds of carcinoma (1-3). Although
much data exist on angiogenesis, few studies have reported
on lymphangiogenesis as a prognostic factor for human
neoplasms, and the correlation between lymphatic vessel
density (LVD) and metastasis to the lymph nodes is contro-
versial. This is partly due to a lack of reliable immunohistologic
markers specific for lymphatic-specific proteins. Recently,
however, several lymphatic vessel-specific markers have
been identified, and podoplanin, lymphatic vessel endothelial
HA receptor-1 (LYVE-1), prox-1, and M2A were shown to
be useful markers for differentiating between lymphatic and
blood vascular endothelium (4).

Vascular endothelial growth factor (VEGF), a member of
the platelet-derived growth factor family, is a major inducer
of angiogenesis and vessel permeability (5). Members of the
VEGF family include VEGF-A (or vascular permeability
factor), VEGF-B (or VEGF-related factor, VRF), VEGF-C
(or VEGF-related protein, VRP), VEGF-D (or c-fos-induced
growth factor), VEGF-E, and placenta growth factor (PlGF).
Three VEGF tyrosine kinase receptors have been identified:
VEGFR-1 (Flt-1), VEGF-2 (Flk-1, KDR), and VEGFR-3
(Flt-4). VEGF-C and VEGF-D are ligands for VEGFR-3,
which is expressed exclusively in lymphatic endothelial
cells (5). Recent reports have shown that the overexpression
of VEGF-C or VEGF-D induces tumor lymphangiogenesis
and promotes lymphatic metastasis in mouse tumor models
(6). However, few clinical studies have investigated the
association between the expression of VEGF-C and VEGF-D,
and lymphangiogenesis and lymphatic metastasis. In this
study, we investigated LVD immunohistochemically using
a specific marker of lymphatic endothelium, M2A, in oral
SCC tissues and analyzed its relationship with lymph node
metastasis in association with the expression of VEGF-C and
VEGF-D.
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Patients and methods

Patients and tumor specimens. This study was based on a
retrospective cohort of 160 patients who had been diagnosed
with primary oral SCC and treated at the Department of
Oral and Maxillofacial Surgery, Kyushu University Hospital,
Fukuoka, Japan, between 1989 and 1998. All the biopsies
were obtained from the patients before any treatment was
given. The clinicopathological information on each case,
including age, gender, tumor size, nodal status, location,
treatment, and the presence or absence of recurrence and
metastasis, was obtained from patient files. Eighty-seven men
and 73 women were involved; the median age was 64 years
and it ranged from 24 to 94. All patients were staged according
to the 1997 UICC TNM Classification of Malignant Tumors
(7). When cervical metastasis was doubted clinically, neck
dissection was performed, and the metastases were diagnosed
histologically.

Immunohistochemistry. The biopsy samples were fixed in
10% neutralized buffered-formalin. Consecutive 4-μm-thick
sections were cut and deparaffinized with xylene, rehydrated
in a graded alcohol series, and then used for the histopatho-
logical and immunohistochemical analysis. The grade of tumor
differentiation was determined using the criteria proposed
by the World Health Organization (8). The histological
mode of invasion was classified according to Anneroth's
classification (9).

To block endogenous peroxide activity, 3% H2O2 was
applied, and non-specific reactions were blocked with 1%
bovine serum albumen (BSA) Tris-HCl buffer. The sections
were incubated overnight at 4˚C with the primary antibodies
anti-human VEGF-C (H-190; Santa Cruz Biotechnology,
Santa Cruz, CA, USA), anti-human VEGF-D (MAB286; R&D
Systems, Minneapolis, MN, USA), and D2-40 (M3619; Dako
Cytomation, Carpenteria, CA, USA). Immunostaining was
performed with the Envision system (Dako), in accordance
with the manufacturer's instructions. The immunolocalization
of the protein was visualized using Envision/AP polymer
reagent (Dako) and alkaline phosphatase substrate (Dako).
The sections were counterstained with 1% methyl green,
dehydrated, cleared, and mounted. Negative control staining
consisted of substituting non-immune goat serum for the
primary antibodies. We evaluated the staining pattern of the
indicated proteins at the invasive edge of the primary tumors
for all specimens. The degree of staining of these proteins
in SCC cells was classified into three groups: ++, strong
staining was seen in >50% of tumor cells; +, moderate
staining occurred in >50% of tumor cells; and -, >50% of
tumor cells showed faint or weak staining (Fig. 1). Two inde-
pendent observers blinded to each patient's status scored the
samples.

Lymphatic vessel density (LVD) was assessed under light
microscopic examination of the D2-40-positive microvessels
at the invasive edge of the primary tumors. To standardize
the different conditions between specimens, D2-40-positive
vessels were counted under a x100 field and divided by the
tumor cluster-free area [number of lymph vessels/tumor-free
area (μm2) = LVD]. The mean LVD from three fields was
calculated.

Statistical analysis. Statistical analysis was performed with the
statistical software package StatView 4.5 (Abacus Concepts,
Berkeley, CA, USA). The degree of staining for these proteins
in relation to various clinicopathological factors was assessed
with the ¯2 test. The factors related to LVD were identified
using stepwise analysis. The survival rate was estimated with
the Kaplan-Meier method and analyzed using the log-rank
test. To define independent risk factors for prognosis, uni-
variate and multivariate analysis were performed with a Cox
proportional hazards model. Differences were considered
significant when p<0.05.

Results

Expression of VEGF-C and VEGF-D in oral SCC. We
examined the expression of VEGF-C and VEGF-D proteins
in oral SCC lesions using immunohistochemistry. Table I
summarizes the clinicopathological data of the 160 cases
and VEGF-C and VEGF-D immunoreactivity. VEGF-C and
VEGF-D were localized in the cytoplasm and occasionally
on the membrane of SCC cells. Intense VEGF-C and
VEGF-D staining was observed on the membrane of SCC
cells, especially at the invasive edge. In stromal cells around
carcinoma nests, we could not find any VEGF-C or VEGF-D
staining. Occasionally, VEGF-D was detected in vascular
endothelial cells near the carcinoma nests (Fig. 1). The rate
of positive expression of VEGF-C and VEGF-D was 50.6
and 58.1%, respectively.

Association between VEGF-C or VEGF-D expression and
clinicopathological features. The relationship between
VEGF-C and VEGF-D staining intensity and clinico-
pathological factors was analyzed with the ¯2 test (Table I).
The staining intensity of VEGF-C and VEGF-D on SCC
cells was significantly associated with lymph node involve-
ment (both p<0.001), while the intensity of VEGF-C and
VEGF-D was not related to the pattern of invasion or clinical
T stage.

Relationships of VEGF-C and VEGF-D with LVD. The
relationship between lymphangiogenesis in the primary
tumor and lymph node metastasis was examined using the
lymphatic vessel density (LVD) with D2-40 (Fig. 2). The
LVD ranged from 0 to 20 (mean ± SD 4.89±4.32). Fig. 3
shows the correlation between lymph node metastasis and
LVD. The mean LVD in the metastatic lymph node-negative
group was significantly lower than that in the metastatic lymph
node-positive group (2.64±2.09 and 8.18±4.64, respectively;
p<0.001). LVD was correlated with the expression of VEGF-C
(p<0.001) or VEGF-D (p<0.001) at the invasive edge (Fig. 4A
and B). Furthermore, the simultaneous expression of VEGF-C
and VEGF-D was significantly associated with lymphangio-
genesis (Fig. 4C).

Correlation between VEGF-C or VEGF-D expression and
survival time. To investigate whether VEGF-C or VEGF-D
expression predicts the outcome in patients with oral SCC,
Kaplan-Meier analysis of the overall (Fig. 5A) and disease-
free (Fig. 5B) survival times was performed. The survival
time of patients with a VEGF-C- or VEGF-D-positive tumor
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was significantly less than that of the negative counterpart
(both p<0.05). The survival time of patients with a VEGF-C-
positive and VEGF-D-negative tumor was significantly less
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Figure 1. Immunohistochemical analysis of VEGF-C and VEGF-D expression in SCC tissue. Four-μm-thick sections were used for the histopathological
and immunohistochemical analysis as described in Patients and methods. The degree of staining of VEGF-C and VEGF-D in SCC cells was classified into
three groups: ++, strong staining was seen in >50% of tumor cells; +, moderate staining occurred in >50% of tumor cells; and -, >50% of tumor cells showed
faint or weak staining. Photographs represent tissue staining patterns of each group. (A-C) VEGF-C; (D-F) VEGF-D; (A and D) (++); (B and E) (+); (C and
F) (-). Bar, 100 μm.

Figure 2. Immunohistochemical D2-40 staining in SCC tissue. Paraffin
sections including tumor border were immunostained with anti-D2-40
antibody as described in Immunohistochemistry. Lymphatic vessels were
assessed under light microscopic examination of the D2-40-positive
microvessels at the invasive edge of the primary tumors. Bar, 100 μm. (A)
Lymph node metastasis-negative; (B) Lymph node metastasis-positive
cases.

Figure 3. Correlation between lymph node metastasis and LVD. The
correlation between lymph node metastasis and LVD is shown by box and
whisker plot. The horizontal broken lines are the median LVD values. The
vertical bars indicate the range and the horizontal boundaries of the boxes
represent the first and third quartiles. The mean LVD values are indicated by
closed squares and the figure indicates the value ± SD.
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than that of patients with tumors that were both VEGF-C-
and VEGF-D-negative (p<0.05; Fig. 5).

Logistic regression analysis of the predictive factors for lymph
node metastasis. To examine the significance of the predictive
factors for lymph node metastasis, a logistic regression analysis
was performed (Table II). A univariate analysis showed
that VEGF-C, VEGF-D, LVD, and the pattern of invasion
were related to lymph node metastasis. Multivariate analysis
showed that VEGF-C expression (p<0.001) and LVD
(p<0.001) were significantly associated with lymph node

metastasis. VEGF-C expression had the highest odds ratio
(5.450) among the predictive factors.

Discussion

The intravasation of tumor cells into lymphatic vessels is one
of the first steps in lymphatic metastasis. Lymphangiogenesis
around solid tumors might promote lymphatic metastasis by
providing a larger target for the intravasation of tumor cells.

Several specific markers for detecting lymphatic endo-
thelium have been proposed, including VEGFR3, podoplanin,
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Table I. Relation of immunoreactivity of VEGF-C and VEGF-D to clinicopathological factors.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

VEGF-C expression VEGF-D expression
–––––––––––––––––– –––––––––––––––––––––

Factor Case - + ++ P-value - + ++ P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age

<65 81 44 28 9 NS 43 23 15 NS

≥65 79 42 25 12 34 29 16

Sex

Male 87 46 28 15 NS 41 31 36 NS

Female 73 40 25 16 36 21 42

Clinical Stage

T1 31 23 6 2 NS 18 6 7 NS

T2 75 36 29 10 35 23 17

T3 26 10 11 5 11 12 3

T4 28 17 7 4 13 11 4

Tumor site

Buccal mucosa 18 13 4 1 NS 10 6 2 NS

Upper gingiva 23 13 7 3 14 5 4

Lower gingiva 41 17 20 4 17 14 10

Tongue 65 34 18 13 28 23 14

Oral floor 12 9 3 0 7 4 1

Lip 1 1 0 0 1 0 0

Lymph node involvement

Positive 65 12 35 18 <0.001 12 32 21 <0.001

Negative 95 74 18 3 65 20 10

Tumor differentiation

Early invasive 8 7 1 0 NS 4 2 2 NS

Well 103 58 32 13 51 33 19

Moderate/poorly 49 21 21 7 22 17 10

Pattern of invasion

1 10 9 1 0 NS 9 1 0 NS

2 20 12 7 1 12 5 3

3 87 49 29 9 40 28 19

4 43 16 16 11 16 18 9
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
NS, not significant. Significant, p<0.050.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Figure 4. Correlation between VEGF-C or VEGF-D expression and
LVD. The correlation between VEGF-C or VEGF-D expression and
LVD is shown by box and whisker plot. The horizontal broken lines are
the median LVD values. The vertical bars indicate the range and the
horizontal boundaries of the boxes represent the first and third quartiles.
The mean LVD values are indicated by closed squares and the figure
denotes the value ± SD.

Table II. Logistic regression analysis of predictive factors for lymph node metastasis.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Univariate analysis Multivariate analysis
––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––
Odds ratio 95% CI P-value Odds ratio 95% CI P-value

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
VEGF-C expression

Negative vs. positive 8.259 4.282-15.920 <0.001 5.450 2.030-14.541 <0.001

VEGF-C expression

Negative vs. positive 3.829 2.342-6.265 <0.001 1.598 0.672-3.801 0.289

Lymph vessel density 1.809 1.487-2.201 <0.001 1.967 1.512-2.557 <0.001

Histological grade

Early invasive

Well 1.953 1.065-3.577 0.030 2.325 0.778-6.956 0.131 

Moderate/poorly

Mode of invasion

1, 2, 3, 4 2.930 1.736-4.945 <0.001 2.567 1.092-6.035 0.031
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
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lymphatic vessel endothelial HA receptor-1 (LYVE-1), and
Prox-l. Using these markers, the presence of intratumoral and

peritumoral lymphatic vessels has been shown in many types
of carcinoma (10-12). In addition to these, M2A, a 40-kDa
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Figure 5. Kaplan-Meier survival analysis. The survival rate was estimated with the Kaplan-Meier method and analyzed using the log-rank test. The overall (A)
and disease-free (B) survival of patients with tumors that were both VEGF-C- and VEGF-D-positive was significantly shorter than that of patients with
tumors that were both VEGF-C- and VEGF-D-negative.
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O-linked sialoglycoprotein, was recently found to be expressed
specifically on the endothelium of lymphatic vessels (13).
D2-40, a monoclonal antibody against M2A, specifically
immunolocalizes M2A on lymphatic vessels; its selectivity
and specificity are quite reliable and it does not overlap the
immunostaining reactivity of anti-CD34 antibody, a specific
monoclonal antibody for vascular endothelium (14). Therefore,
we used D2-40 to detect lymphatic vessels. As a quantitative
indicator of lymphangiogenesis, we used the lymphatic vessel
density (LVD) and analyzed its relationship to metastasis.
The LVD was significantly correlated with lymph node
metastasis (p<0.001).

The vascular endothelial growth factor (VEGF) family
consists of hypoxia-inducible angiogenic factors that are
found on the vascular endothelium (5). In the VEGF family,
VEGF-C and VEGF-D are reported to be lymphangiogenic
factors in experimental models (15). Lymphangiogenesis
stimulated by VEGF-C and VEGF-D increases the potential
for lymphatic metastasis of cancer, and several clinical studies
have documented a correlation between the levels of VEGF-C
and VEGF-D expression and lymphatic metastasis in cancer
patients. Specifically, VEGF-C has been shown to be related
to lymphatic metastasis in gastric (16), breast (17), thyroid
(18), prostate (19), esophageal (20), and colorectal (21)
carcinomas. In contrast, the relationship between VEGF-D and
lymphatic metastasis is controversial; for example, VEGF-D
is downregulated in many types of carcinoma tissue (22,23).
When we analyzed the association between VEGF-C and
VEGF-D expression and lymph node metastasis in oral SCC
statistically, both VEGF-C and VEGF-D were significantly
correlated with lymph node metastasis (p<0.001), suggesting
the molecular importance of VEGF-C and VEGF-D in oral
SCC metastasis. This result is in accordance with other reports
on head and neck cancer (24). 

The molecular mechanisms of the lymphatic metastasis
of cancer are poorly understood. The important roles of
VEGF-C and VEGF-D in lymphangiogenesis have been
documented in animal models (25). For example, VEGF-C
gene transduction induced the growth of functional lymphatic
vessels in several different animal models (26). In another
experimental tumor model, VEGF-D increased lymphatic
vessel growth and lymphatic metastasis (25). In this study,
we found strong correlations between lymphangiogenesis
and both VEGF-C and VEGF-D in oral SCC patients. The
co-expression of VEGF-C and VEGF-D is significantly
related to lymphangiogenesis (Fig. 4). As we predicted,
lymphangiogenesis (LVD) was strongly correlated with
lymphatic node metastasis in oral SCC (Fig. 3). The logistic
regression analysis revealed that VEGF-C is more signi-
ficantly correlated with lymph node metastasis than VEGF-D
(Table II). These findings suggest that VEGF-D is less
important in lymphatic metastasis than VEGF-C, but is still
necessary for oral SCC metastasis.

Many studies have suggested predictors of oral SCC,
such as the pattern of invasion and the presence of certain
matrix-degrading enzymes (27). However, these were not
reliable predictive factors for lymphatic node metastasis in
oral SCC. In this study, we demonstrated that VEGF-C
and LVD are promising predictive factors for lymph node
metastasis in oral SCC. Interestingly, VEGF-C expression

was more significant in terms of lymphatic metastasis than
LVD, suggesting that VEGF-C is involved not only in
lymphangiogenesis, but also has other effects on lymphatic
metastasis. For example, VEGF-C induces urokinase pro-
duction by cancer cells, which accelerates plasmin-mediated
matrix degradation around the tumor (28,29). Furthermore,
VEGF-C is primarily an angiogenic factor, which enables the
cancer cells to grow and invade the surrounding tissue (2).
Based on this information, it is possible that VEGF-C promotes
cancer invasion through the surrounding tissues and induces
lymphangiogenesis around the invasive edge, and results in
the intravasation of the tumor into the lymphatic vessels.

In conclusion, this study presents clinical evidence for the
important roles of VEGF-C and VEGF-D in lymphangio-
genesis and lymphatic metastasis in oral SCC, and suggests
that VEGF-C and LVD are useful for predicting lymphatic
metastasis in oral SCC.
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