
Abstract. The aim of this study was to clarify the relationship
between vascular endothelial growth factor (VEGF) expression
and clinicopathological factors in oral squamous cell
carcinoma (OSCC). We also examined the correlation between
the VEGF expression and the mammalian target of rapamycin
(mTOR)–hypoxia inducible factor-1α (HIF-1α) pathway.
Formalin-fixed paraffin-embedded tissues from 120 OSCC
cases and 10 samples of normal mucosa were stained
immunohistochemically for VEGF-A, VEGF-C, p-mTOR and
HIF-1α proteins. VEGF-A and VEGF-C protein expression was
detected in 76 out of 120 (63%) and 81 of 120 (67.5%) OSCCs,
respectively, and their expression was significantly higher in
primary OSCC than in normal oral mucosa. VEGF-A
expression was significantly associated with the tumor stage
and age. VEGF-C expression was significantly associated with
the cancer cell invasion. The cases with combined p-mTOR+/
HIF-1α+/VEGF-A+ expression had a significantly higher tumor
stage and invasion grade, and combined p-mTOR+/HIF-1α+/
VEGF-C+ expression was significantly associated with tumor
stage, regional lymph node metastasis and invasion grade. In a
survival analysis, no obvious correlation was observed with
any of the immunohistochemical results. This study indicated
that the mTOR–HIF-1α–VEGF pathway affects the progression
of OSCC, and inhibition of this pathway may be useful for the
treatment of OSCC.

Oral squamous cell carcinoma (OSCC) is the most common
malignant tumor of the head and neck region, and its
incidence has recently been increasing. The primary

treatment modality for OSCC is surgery. Recent advances in
treating OSCC have led to the improvement of local tumor
control, but fewes than half of patients with advanced OSCC
survive for 5 years. Therefore, new treatment strategies are
required (1). 

Although angiogenesis, the formation of new blood
vessels, is a normal physiological event, it is closely related
to both tumor growth and metastasis. These newly-formed
vessels provide the principal route by which tumor cells exit
the primary tumor site and enter the circulation. For many
types of tumors, vascular density is a prognostic indicator of
metastatic potential, with highly vascular primary tumors
having a higher incidence of metastasis than poorly
vascularized tumors. We now know there are various
molecular determinants of these different mechanisms of
vascular growth (2-5). 

The family of vascular endothelial growth factors
(VEGFs), including VEGF-A, VEGF-B, VEGF-C, VEGF-D,
VEGF-E, placental growth factor and VEGF-F, play a key
role in angiogenesis and lymphangiogenesis (6). Among
them, VEGF-A is known to be a key angiogenic factor, and
is the most frequently used by a tumor to switch on its
angiogenic phenotype (7). In fact, VEGF-A overexpression
has been reported in most types of cancer, including oral
cancer, and it is thought to be a prognostic factor for
survival (8-13). VEGF-C stimulates the proliferation of both
vascular and lymphatic endothelial cells via the VEGF
receptor (VEGFR)-2 and VEGFR-3 in many physiological
and pathological processes. VEGF-C has been detected in
several different types of cancer, and its level in some
studies seems to correlate with nodal metastasis and patient
survival (10, 15, 16). Recently, various drugs targeting
VEGF-mediated signaling have been introduced into the
treatment of terminal cancer to control tumor angiogenesis
at the clinical level (17-25).

Several reports have indicated that tumor cells under
hypoxic conditions have high neovascularity and aggressive
behavior. Although cell growth is generally decreased under
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hypoxic conditions, some tumor cells overcome inhibition of
proliferation and adapt to growth under hypoxia. This is
largely due to an increased level of hypoxia-inducible factor-
1α (HIF-1α), which is stabilized and translocated to the
nucleus, where it induces expression of the VEGFs and other
various tumor growth factors (8, 10, 13). 

Some researchers have indicated that the mammalian
target of rapamycin (mTOR) is a positive regulator of HIF-
1α expression and activity, and that the inhibition of HIF-
mediated gene expression is considered to be related to the
antitumor activity of mTOR inhibitors (9). 

In the present study, we examined the expression levels of
VEGF-A and -C, HIF-1α and phosphorylated-mTOR (p-
mTOR) in oral SCCs. The aim of this study was to clarify the

relationship between VEGF expression and clinicopathological
factors. In addition, we also examined the correlation of these
proteins with the mTOR-HIF-1α pathway.

Materials and Methods

Patients and specimens. A total of 120 patients with OSCC and 10
healthy individuals were enrolled in this study from 1998 to 2007
in the Department of Oral and Maxillofacial Surgery, Nagasaki
University Graduate School of Biomedical Sciences, Nagasaki,
Japan. The tumor stage was classified according to the TNM
classification of the International Union Against Cancer (26). All
samples from OSCC patients were biopsy specimens. The
specimens of normal oral mucosa from 10 healthy individuals were
used as controls. The specimens were fixed in 10% buffered
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Figure 1. Representative H&E and immunohistochemical staining for VEGF-A, VEGF-C and CD34 in well-differentiated OSCC. A: H&E (×100) and
B: immunohistochemical staining of the same tumor demonstrating strong VEGF-A cytoplasmic expression (staining index of 3). C: H&E (×100) and
D: immunohistochemical staining for VEGF-C demonstrating strong cytoplasmic expression in the cancer nest (staining index of 3) (×100). 
E: Immunohistochemical expression of CD34 (×100).



formalin for 24-48 h and embedded in paraffin wax. Tumor
histological differentiation was defined according to the World
Health Organization classification (27) and the invasive grade was
assessed by the Yamamoto-Kohama (YK) mode of invasion (28). 

Immunohistochemistry. Deparaffinized sections in xylene were
soaked in 10 mmol/l citrate buffer (pH 6.0) and placed in an
autoclave at 121˚C for 5 min for antigen retrieval. Endogenous
peroxidase was blocked by incubation with 0.3% H2O2 in methanol
for 30 min. Immunohistochemical staining was performed using the
Envision system (ENVISION+; DAKO, Glostrup, Denmark). The
primary antibodies used were against p-mTOR, HIF-1α, VEGF-A,
VEGF-C, proliferating cell nuclear antigen (PCNA) and CD34
(DAKO). The sections were then washed in Dulbecco’s phosphate-
buffered saline (PBS), followed by incubation with the primary
antibodies at 4˚C overnight.

The reaction products were visualized by immersing the sections in
diaminobenzidine (DAB) solution, and the samples were
counterstained with Meyer’s hematoxylin and mounted. Results were
evaluated by calculating the total immunostaining score as the product
of the proportional score and the intensity score. As described
previously, the proportional scores described the estimated fraction of
positively-stained tumor cells (0, none; 1, <10%; 2, 10-50%; 3, 50-
80%; 4, >80%). The intensity score represents the estimated staining
intensity (0, no staining; 1, weak; 2, moderate; 3, strong). The total
score ranges from 0-12. Positive sections were defined as those with
a total score >4 (29). Immunohistochemical overexpression was

defined as a total score greater than 4, since the patient samples
showed a bimodal distribution of immunohistochemical expression
with the discriminating nadir at a total score value of 3 to 4.

Statistical analysis. The associations between the sample expression
of target molecules and clinicopathological features were assessed
by Fischer’s exact test. Significance was assessed by the Mann-
Whitney U-test. Survival analysis was calculated by the Kaplan-
Meier method and compared using the log-rank test. P-values <0.05
were considered to be significant. 

Results

Expression of p-mTOR, HIF-1α, VEGF-A and -C. VEGF-A
and –C: Immunohistochemical staining of VEGF-A and -C
was found in the cytoplasm of both normal tissue and OSCC
samples. The proteins were found to be strongly expressed
in the invasion front of the tumor. VEGF-A and -C protein
expression was detected in 76 out of 120 and 81 out of 120
SCCs, respectively. Representative immunohistochemical
staining is shown in Figure 1.

CD34: Immunohistochemical expression of CD34
represents a good method to quantify angiogenesis in
carcinoma. The expression was significantly associated with
VEGF expression (Figure 1).

Naruse et al: VEGF, mTOR and HIF-1α in OSCC

4431

Figure 2. Representative H&E and immunohistochemical staining for p-mTOR and HIF-1α in well-differentiated OSCC. A: H&E (×100) and
B: immunohistochemical staining of the same tumor demonstrating strong cytoplasmic p-mTOR expression (staining index of 3). C: H&E (×100) and
D: immunohistochemical staining of the same tumor demonstrating strong nuclear and cytopasmic expression (staining index of 3) (×100).



p-mTOR: In normal oral tissue, p-mTOR protein
expression was absent or minimal in the cytoplasm of
epithelial cells. In OSCC specimens, the expression was
detected in 49 out of 120 samples. p-mTOR was expressed
mainly in the cytoplasm of the tumor cells, ranging from low
to strong intensity. Representative immunohistochemical
staining is shown in Figure 2.

HIF-1α: In normal oral tissue, HIF-1α protein expression
was absent or minimal in the cytoplasm of epithelial cells,
and was not detected in the nucleus of epithelial cells. In
OSCC samples, HIF-1α protein expression was detected in
85 out of 120 samples. HIF-1α was expressed in tumor cell
nuclei and/or cytoplasm, ranging from low to strong intensity.

Correlation between VEGF-A and -C and clinico-
pathological factors. We examined the expression of VEGF-
A and -C in oral carcinoma as a function of the
clinicopathological factors and invasion grade. As shown in
Table Ι , VEGF-A expression was significantly associated
with tumor stage and age (Table Ι), but VEGF-C expression
was not significantly associated with any of the
clinicopathological factors including metastasis to regional
lymph nodes (Table Ι).

The 120 cases were classified according to the YK mode
of invasion: YK-1, n=9; YK-2, n=28; YK-3, n=48; YK-4C,
n=23; YK-4D, n=12. Although there was no significant
correlation between VEGF-A expression and the invasion
grade, there was a significant correlation between VEGF-C
expression and the invasion grade (Table IV).

Correlation between p-mTOR, HIF-1α and clinicopathological
factors. The p-mTOR and HIF-1α expression levels in oral
carcinoma were examined as a function of the
clinicopathological factors. For the p-mTOR protein, there was
no significant correlation between p-mTOR expression and any
of the clinical factors. However, HIF-1α expression was
significantly correlated with the tumor stage and regional
lymph node metastasis (Table ΙΙ). 

With regard to oral cancer cell invasion, there was no
significant correlation with either p-mTOR or HIF-1α
expression.

Correlation between the activity of the mTOR–HIF-1α
pathway, clinicopathological factors, and PCNA labeling
index. Cases having an active mTOR–HIF-1α pathway were
defined as those that were positive for both p-mTOR and
HIF-1α expression. Combined p-mTOR+/HIF-1α+ cases
were significantly associated with the tumor stage and the
presence of regional lymph node metastasis (Table ΙΙΙ). 

Immunohistochemical PCNA expression levels were
examined in the cancer cells to determine the interaction
between tumor cell proliferation and the function of the
mTOR–HIF-1α pathway. PCNA expression was detected
immunohistochemically in the nucleus of the tumor cells.
The average PCNA labeling index (LI) was 54.9% in p-
mTOR+/HIF-1α+ cases and 27.1% in p-mTOR–/HIF-1α–

cases. Although this difference was significant, no correlation
was observed for the other combinations of p-mTOR and
HIF-1α (Figure 3).
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Table ΙΙ. Correlation between p-mTOR and HIF-1α expressions and
clinicopathologic features.

p-mTOR P-value HIF-1α P-value
– + – +

(n=71) (n=49) (n=35) (n=85)

Normal epithelium 10 0 0.0131 10 0 <0.0001
Squamous cell carcinoma 71 49 35 85
Gender

Male 46 26 0.136 19 53 0.268
Female 25 23 16 32

Age (years)
68≤ 28 22 0.341 18 32 0.117
68> 43 27 17 53

T Classification
T1+T2 47 27 0.15 30 44 <0.001
T3+T4 24 22 5 41

N Classification
N0 57 35 0.181 33 59 <0.01
N1+N2 14 14 2 26

Differentiation
Well 60 42 0.535 30 72 0.57
Moderate, poor. 11 7 5 13

Table Ι. Correlation between VEGF-A and VEGF-C expression and
clinicopathologic features.

VEGF-A P-value VEGF -C P-value
– + – +

(n=44) (n=76) (n=39) (n=81)

Normal epithelium 10 0 <0.0001 10 0 <0.0001
Squamous cell carcinoma 44 76 39 81
Gender

Male 30 42 0.115 25 47 0.332
Female 14 34 14 34

Age (years)
68≤ 11 39 <0.01 14 36 0.245
68> 33 37 25 45

T Classification
T1+T2 32 42 <0.05 28 46 0.08
T3+T4 12 34 11 35

N Classification
N0 33 59 0.454 28 64 0.379
N1+N2 11 17 10 18

Differentiation
Well 39 63 0.284 31 71 0.182
Moderate, poor 5 13 8 10



Correlation between the activity of the mTOR–HIF-
1α–VEGF pathway and clinicopathological factors. Cases
defined as having an active mTOR–HIF-1α–VEGF pathway
were those which were positive for p-mTOR, HIF-1α and
VEGF. As shown in Table IV, combined p-mTOR+/HIF-
1α+/VEGF-A+ expression was significantly associated with
tumor stage and invasion grade, as well as the presence of
regional lymph node metastasis.

Prognostic significance of p-mTOR, HIF-1α, VEGF-A and-C
expression. We calculated the 5-year survival by the Kaplan-
Meier method and compared the survival using the log-rank
test. There was no significant correlation between survival
and combined p-mTOR+/HIF-1α+/VEGF-A+ and –C+ cases
or with the other types of combinations (Figure 4).

Discussion

VEGF is a key regulator of angiogenesis, vasculogenesis, and
developmental hematopoiesis. VEGF overexpression has been
known to be associated with tumor growth, metastasis and the
survival rate (2-5). Recently, some reports have indicated that
VEGF expression and activity is critically regulated mainly by
mTOR and HIF-1α, and overexpression of p-mTOR and HIF-
1α has been reported in many types of human cancer (8, 9).
mTOR-dependent translation is known to control a number of
specific cell-growth regulators including HIF-1α
transcriptional factor, which functions in diverse processes
including cell growth, glycolysis and angiogenesis, all
contributing to enhanced tumorigenesis (9). Hence, we

hypothesized that the mTOR–HIF-1α–VEGF pathway might
have an important role in oral cancer progression. We
therefore examined the relationship between the protein
expression levels and various clinicopathological factors. 

Overexpression of VEGF-A and -C has also been reported
in various types of cancer. In this study, we observed VEGF-
A and -C expression in 76 out of 120 SCCs (63%) and 81 out
of 120 SCCs (67.5%) respectively, whereas their expression
was not observed in any normal tissue samples. Therefore, we
suggest that VEGF-A and -C expression is associated with
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Figure 3. Correlation between p-mTOR/HIF-1α expressions and PCNA
–labeling index. Values are means±SD. *p<0.05.

Table Ⅲ. Association of p-mTOR /HIF-1α and p-mTOR /HIF-1α/VEGF immunohistochemical phenotype and YK mode of invasion.

p-mTOR/HIF-1 P-value p-mTOR/HIF-1α/ P-value p-mTOR/HIF-1α/ P-value
(n) VEGF-A (n) VEGF-C (n)

–/– +/– –/+ +/+ –/–/– +/+/+ –/–/– +/+/+
(32) (3) (39) (46) (19) (42) (16)  (44)

Gender
Male 17 2  28 25 >0.05 10 23 0.547 8 24 0.49
Female 15 1 11 21 9 19 8 20

Age (years)   
68≥ 15 1  12 22 >0.05 7 19 0.371 6 20 0.401
68< 21 2 24 26 12 23 10 24

T Classification
T1+T2 27 3 22 23 <0.001 17 22 <0.01 15 22 <0.01
T3+T4 5 0  18 23 2 20 1 22

N Classification
N0 30 3 27 32 <0.01 18 30 <0.05 15 31 0.054
N1+N2 2  0 12 14 1 12 1 13

Differentiation
Well 28 2 32  40 0.51 17 36 0.51 13 39 0.36
Moderate, poor 4 1 7 6 2 6 3 5



oral carcinoma. In clear cell renal cell carcinoma, non-small
cell lung cancer, colorectal cancer, and head and neck cancer,
the overexpression of VEGF-A and -C is correlated with a
poorer prognosis (10-13). VEGF-A and -C expression levels
are also significantly correlated with lymph node metastasis
in esophageal squamous cell carcinoma (15). Tumors
expressing high levels of VEGF also led to significantly
poorer survival in patients with ovarian cancer (17). On the
other hand, there was a report that showed no association of
VEGF-A and -C expression with survival in patients with

gastric cancer (14). In agreement with most of the previous
reports, the present data showed that increased expression of
VEGF-A was significantly correlated with patient age and
tumor stage in OSCC. Although VEGF-C expression was not
significantly correlated with any of the clinicopathological
factors, it was significantly correlated with the YK mode of
invasion. These results suggest that VEGF-A may correlate
with tumor growth, while VEGF-C correlates with invasion.
As reported in studies examining the clinicopathological
impacts of VEGF-A and -C in carcinomas of other tissues,
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Figure 4. Kaplan-Meier estimates of overall survival rate of oral cancer patients with positive and negative expression of p-mTOR/HIF-1α/VEGF.
No significant difference was observed between the two groups for p-mTOR/HIF-1α/VEGF. Differences between the two groups were evaluated with
the log-rank test.



VEGF-A and -C may be ubiquitously expressed in various
malignant tumors, where they are involved in tumor growth
and metastasis. In some studies, overexpression of VEGF-A
and -C were reported to be correlated with a poorer
prognosis. In our study, since there was no correlation
between survival and the overexpression of VEGF-A and -C,
their expression levels were not considered to be prognostic
factors in patients with OSCC.

The mTOR pathway plays a central role in regulating
protein synthesis, ribosomal protein translation, and cap-
dependent translation. Deregulations of mTOR signaling is
frequently associated with tumorigenesis, angiogenesis,
tumor growth and metastasis (8, 9). In this study, we
observed p-mTOR expression in 49 out of 120 SCCs (41%),
whereas it was not observed in any of the normal epithelial
tissue samples. In gastric cancer, p-mTOR overexpression
was significantly correlated with lymph node metastasis,
stage differentiation and PCNA expression (30). Cytoplasmic
p-mTOR expression correlates with a poorer survival in
patients with cervical adenocarcinoma (31). High expression
of p-mTOR correlates with a poor outcome in glioblastoma
(32). However, there was no correlation between p-mTOR
and clinicopathological factors in lung cancer (33). The
clinicopathological significance of p-mTOR expression is
therefore controversial. In our study, no obvious correlation
of p-mTOR expression with survival, tumor stage or lymph
node metastasis was observed. 

The HIF-1α transcriptional factor plays an essential role
in oxygen homeostasis and high expression of HIF-1α
protein has been found to be associated with both tumor
aggressiveness and an unfavorable prognosis of various types
of cancers (8). In the present study, we observed HIF-1α
expression in 85 out of 120 SCCs (71%), whereas it was not
observed in any of the normal epithelial samples. In renal

cell carcinoma, ovarian cancer, head and neck cancer, and
breast cancer, the overexpression of HIF-1α was shown to
be a factor of worse prognostic and shorter patient survival
(10, 21-23). A high HIF-1α expression is significantly
associated with tumor stage and lymph node metastasis in
colorectal cancer and esophageal squamous cell carcinoma
(13, 24). In gastric cancer, overexpression of HIF-1α is
significantly associated with tumor stage, TNM stage, and
poor survival (25). There have not been any reports
indicating that HIF-1α is not associated with any
clinicopathological factors. In our study, we demonstrated
that HIF-1α expression in OSCC reflected a large tumor size
and the presence of regional lymph node metastasis. 

Moreover, we examined the relationship between mTOR
and HIF-α in our study and found that p-mTOR+/HIF-1α+

cases were significantly correlated with a higher tumor stage
and more frequent regional lymph node metastasis. In
addition, the PCNALI of cases with combined p-
mTOR+/HIF-1α+ expression was significantly higher than
that of p-mTOR–/HIF-1α– tumors. These results strongly
support the conclusion that the mTOR–HIF-1α pathway
affects the progression of OSCC. 

Finally, we examined the relationship between VEGF and
the mTOR–HIF-1α pathway. In the present study, combined
p-mTOR+/HIF-1α+/VEGF-A+ expression was significantly
associated with tumor stage, lymph node metastasis, and
invasion grade. These results strongly support the conclusion
that the mTOR–HIF-1α–VEGF pathway affects the
progression of OSCC.

Recent studies have shown that temsirolimus and
everolimus, which are novel mTOR inhibitors, have
antioangiogenic potential, and these are in clinical
development for the treatment of several tumors. However
their effects against OSCC are still unclear (34-38).
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Table ΙV. Correlation between VEGF expression and p-mTOR/HIF-1α/VEGF expressions and YK mode of invasion of OSCC.

VEGF-A P-value VEGF-C P-value
– + – +

(n=44) (n=76) (n=39) (n=81)

YK Grade 1, 2, 3 35 50 33 52
YK Grade 4C, 4D 9 26 0.08 6 29 <0.05

Ⅰ P-value Ⅱ P-value
– + – +

(n=19) (n=42) (n=16) (n=44)

YK Grade 1, 2, 3 17 26 14 27
YK Grade 4C, 4D 2 16 <0.05 2 17 <0.05

Ⅰ: –, Triple negative for  p-mTOR/HIF-1α/VEGF-A; +, triple positive. Ⅱ: –, Triple negative for  p-mTOR/HIF-1α/VEGF-C; +, triple positive. YK
mode of invasion: grade 1: well defined borderline; grade 2: cords, less marked borderline; grade 3: groups of cells, no distinct borderline; grade 4C:
diffuse invasion of cord-like type; grade 4D: diffuse invasion of diffuse type.



Therefore, further investigations of this pathway should be
performed both in vivo and in vitro to determine whether
these agents might be useful in the clinic for treatment of
patients with OSCC.
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