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Abstract

We evaluated the clinical and prognostic value of the protein expression of caveolin-1 (CAV1) and p16 at the primary site and
metastatic lymph nodes of oral squamous cell carcinoma (OSCC). Primary site specimens from 80 OSCC cases were randomly
selected and lymph node specimens from 15 preserved metastatic lymph nodes from among those patients were selected for
examination. We evaluated the CAV1 and p16 expression at both the primary site and metastatic lymph nodes, and analyzed the
patients’ clinicopathological data in relation to CAV1 and p16 expression. Our analysis revealed significant positive correlations
between CAV 1 expression at the primary site and pathological metastasis, cell differentiation, and mode of invasion (p =0.019,
p=0.002, p=0.015, respectively), but p16 expression was not associated with any clinicopathological factors. Patients with high
CAV1 expression at the primary sites showed significantly worse prognoses than those with low or negative CAV1 expression
(p =0.002), and multivariate analysis showed that the T classification and CAV1 expression were independent OSCC prognostic
factors. CAV1 expression was also present in the metastatic lymph nodes of the OSCC cases with particularly poor differentiation
and high invasive grade, and patients with CAV 1-positive metastatic lymph nodes showed significantly worse prognoses than
those with CAV 1-negative metastatic lymph nodes (p =0.018). CAV1 may activate metastaticity and the invasive capacity of
OSCC cells. CAV1 expression, particularly at metastatic lymph nodes, predicts a worse outcome for OSCC, suggesting that
CAV1 could be used as a prognostic marker for OSCC.
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Introduction

Worldwide each year, 270,000 people develop oral cancer and
128,000 of these cases are fatal [1]. Roughly 90% of oral
cancer cases are oral squamous cell carcinoma (OSCC).
Although the diagnosis of OSCC and the treatments for this
cancer have greatly improved, the prognosis has not changed
significantly and remains especially poor for advanced-stage
OSCC [2]. Improving the prognosis of OSCC is thus the focus
of several lines of research.
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One of the lines of research concerns the presence of lymph
node metastasis, which is an important prognostic factor for
OSCC; moreover, in head-and-neck squamous cell carcinoma
(HNSCC), lymph node metastasis is the most adverse prog-
nostic factor [3]. The degree of tumor invasiveness is another
important prognostic factor for OSCC, as is the tumor’s mode
of invasion [4]. The identification of clinicopathological and/
or immunohistochemical parameters of lymph node metasta-
sis and tumor invasiveness might thus help determine the ma-
lignancy of OSCC and predict its outcomes [5, 6].

Some studies have indicated that the protein caveolin-1
(CAV1) might serve as a prognostic biomarker in OSCC, al-
though the clinical findings regarding CAV1 expression in
OSCC are inconsistent. CAV1 is a 22-kDa, 178-amino-acid
integral membrane protein that is a major structural protein in
caveolae, the 50- to 100-nm protein-coated invaginations of
the plasma membrane involved in endocytosis and signal
transduction. CAV1, which has been shown to be
overexpressed in type I pneumocytes, fibroblasts, endothelial
cells, and adipocytes, is one of the adhesion factors that
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participates in signal transmission through the integrins
(which are cell adhesion factors) and various cytokine recep-
tors. Several studies have reported that CAV1 expression is
correlated with the prognosis and clinical characteristics of
ovarian carcinoma, esophageal squamous cell carcinoma,
and prostate cancer [7-9]. However, these studies examined
only the expression of CAV1 at the primary site; there has
been no report investigating the differences in CAV1 expres-
sion between the primary site and the metastatic lymph nodes.

Human papillomavirus (HPV) has previously been report-
ed to be involved in oropharyngeal cancer [10-12]. p16 is
attracting attention as a surrogate marker for HPV infection
in oropharyngeal carcinoma, and immunostaining of p16 is
used as a diagnostic tool for HPV infection. Oropharyngeal
cancer that is positive for p16 is highly radiosensitive and has
a good prognosis [13]. However, in OSCC, the relationship
between pl16 expression and clinicopathological factors and
the prognostic significance of p16 expression have not been
clearly described.

Here we sought to determine the correlation between the
clinicopathological characteristics and CAV1 or p16 expres-
sion at both the primary site and metastatic lesions in OSCC,
and to clarify the prognostic value of CAV1 or p16 expression
for OSCC.

Materials and Methods
Patients and Specimens

We retrospectively analyzed 80 consecutive patients with pri-
mary OSCC who had undergone surgical resection at
Kanazawa University Hospital’s Department of Oral and
Maxillofacial Surgery. The 42 males and 38 females ranged
in age from 29 to 91 years (mean 63.4 years). Thirty-one of
these cases showed clinical metastasis to the cervical lymph
nodes: 18 of the 31 showed pathological metastasis, with 15
having preserved specimens. The Union for International
Cancer Control (UICC) system (ver. 7) was used for the
TNM classification [14]. The World Health Organization
(WHO) criteria were used to determine the grade of tumor
differentiation. The Yamamoto et al. [15] classification was
used to assess the mode of tumor invasion.

Immunohistochemistry

Eighty primary-site specimens from 80 patients whose prima-
ry tumors were resected and 15 preserved lymph node speci-
mens from the subset of these patients with pathologically
confirmed metastatic lymph nodes were stained
immunohistochemically. The tissue specimens had been fixed
in 10% neutral buffered formalin and embedded in paraffin.
We examined 4-pum-thick sections from each specimen. We
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performed the immunohistochemical detection of CAV1 with
the use of an anti-caveolin-1 rabbit polyclonal antibody (Cell
Signaling Technology, Tokyo) and immunohistochemical de-
tection of p16 with the use of an anti-CDKN2A/p16INK4a
antibody (Abcam, Cambridge, MA). We deparaffinized the
paraffin-embedded sections, rehydrated them, and subjected
them to heat-treatment by microwaving them for 15 min in 10-
mM citrate buffer for antigen retrieval. The sections were then
left to cool to room temperature.

Endogenous peroxidase was blocked by treatment with
0.3% hydrogen peroxide in methanol for 30 min. Ten-
minute blocking with non-specific goat serum was performed
next, followed by overnight incubation with primary antibod-
ies at 4 °C. We used the EnVision™ Horseradish Peroxidase
(HRP) system (Dako, Kyoto, Japan) to detect the immunore-
active protein. We used diaminobenzidine tetrahydrochloride
to visualize the CAV1 expression, and counterstained the
specimens with hematoxylin. Non-immune serum instead of
the primary antibody was used to treat the negative controls.

Evaluation of Staining

We used light microscopy (100x magnification) to examine
the expressions of CAV1 and p16 at the invasive front of each
tumor. The expression of CAV1 and p16 were examined for
three fields of the invasive front per specimen by microscopy
at 100x magnification. The percentage of positive cells was
calculated by counting the positive cells in a sampling of 500
cancer cells in each field.

Negative CAV1 expression (CAV1(—)) was defined as
CAV1 immunostaining in <5% of cells. The threshold for
positive cases was set at 70%, close to the median (70.2%);
cases with <70% positive cells were considered to have low
CAV1 expression (CAV1(L)), and those with >70% positive
cells were considered to have high CAV1 expression
(CAV1(H)).

In the evaluation of pl6 expression, the staining in-
tensity (none 0; weak 1+; moderate 2+; strong 3+) and
percentage of stained tumor cells were evaluated. Tumors
were considered pl6-positive if the nuclear and cytoplas-
mic staining intensity was moderate (2+) in >80% of the
tumor cells or the intensity was strong (3+), regardless of
the number of stained cells [16].

The expressions of CAV1 and pl6 were evaluated and
judged by two reviewers (K.K. and H.K.) who were blinded
to all details of the tumors. We then analyzed the expression of
CAV1 and pl6 in each case in relation to the existence and
degree of pathological metastasis, the degree of cell differen-
tiation, the mode of tumor invasion, and the following clinical
parameters: age, gender, T classification (tumor size), N clas-
sification (clinically judged cervical lymph node metastasis)
and clinical stage.
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Statistical Analysis

For all of the data analyses, we used the JMP 13 software
program (SAS, Cary, NC, USA). The X2 test was used to
determine the relationships between CAV1 or p16 expression
and each of the clinicopathological parameters. We used the
Kaplan—Meier method to calculate the 5-year survival rates
and further evaluated these rates by the log-rank test. When
a parameter showed a significant difference, we used Cox’s
multivariate proportional hazard model to investigate the pa-
rameter’s prognostic values. Probability values <0.05 were
accepted as significant.

Results

Staining Patterns of CAV1 or p16 and Correlation
with Clinicopathological Parameters

Our immunohistochemical analysis revealed CAV1 expres-
sion in the cytoplasm of tumor cells at the primary OSCC sites
(Fig. 1). Both adipocytes and stromal cells also showed CAV 1
expression. Of the 80 cases, 29 (36.3%) exhibited positive
immunostaining for CAV1 in tumor cells, with 11 of these
being classified as CAV1(L) and the other 18 as CAVI(H).
The correlations between each of the clinicopathological pa-
rameters and the expression pattern of CAV1 are provided in
Table 1. None of the clinical parameters of patients—i.e., age,
gender, T classification, N classification or clinical stage—
was correlated with CAV1 expression. However, each of the
pathological parameters—i.e., pathological metastasis, cell

differentiation and the mode of tumor invasion— was signif-
icantly correlated with CAV1 expression (p=0.019, p=
0.002, p=0.015, respectively).

pl6 was detected in the nuclei or in both the nuclei and
cytoplasm of tumor cells and normal epithelium; none of the
cells showed a cytoplasmic signal alone (Fig. 1). Among the
80 cases, 15 cases (18.5%) were p16 positive. The correlations
between each of the clinicopathological parameters and the
expression pattern of pl6 are provided in Table 1. None of
the clinicopathological parameters of patients was correlated
with p16 expression.

Prognostic Value of CAV1 or p16 Expression
at the Primary Site

The median post-surgery follow-up period of the OSCC pa-
tients was 37.5 months. The correlation between overall sur-
vival and CAV1 or pl6 expression at the primary site was
tested by the Kaplan—Meier method. As shown in Fig. 2, the
5-year cumulative survival rate of CAV1(—) cases was 72.3%
and that of CAV1(L) cases was 72.7%, whereas the 5-year
cumulative survival rate of CAV1(H) cases was significantly
worse at 37.8% (p=0.002). In the analysis of the relation
between pl6 expression and the 5-year cumulative survival
rate, no statistically significant difference was observed be-
tween the positive cases (46.2%) and the negative cases
(67.9%).

To examine the usefulness of the clinicopathological pa-
rameters as prognostic factors, we used a Cox proportional
hazards model. CAV1 expression, patient age, T classification,
N classification and clinical stage were shown by a univariate

Fig. 1 Immunohistochemical staining for CAV1 and p16 at the primary
site (a: CAV1-high expression (CAV1(H)); b: CAVI-low expression
(CAV1(L)); e: CAVl-negative (CAV1(—)); d: pl6-negative; e: pl6-

positive). CAV1 and p16 immunoreactivities are present in the cytoplasm
of cancer cells at the invasive front of OSCC (original magnification
x100)
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Table 1 Clinicopathological parameters in relation to CAV1 and p16 expression at the primary site in OSCC
Caveolin-1 pl6
n - Low High p value - + p value
Age 0.897 0417
<63 39 24 6 34
63< 41 27 5 33
Sex 0.166 0915
male 42 29 7 6 35 7
female 38 22 4 12 32 6
T classification 0.722 0.370
T1 13 8 3 2 12 1
T2 48 32 5 11 41 7
T3 5 3 0 3 2
T4 14 8 3 3 11 3
N classification 0.116 0.181
NO 49 34 6 9 44 5
N1 20 14 2 15
N2, N3 11 3 3 5 8 3
Stage 0.473 0.228
I 13 8 3 2 12 1
I 30 22 4 4 27 3
il 16 9 1 6 11 5
v 21 12 3 6 17 4
Pathological metastasis 0.019 0.592
pN(-) 13 10 3 0 9 4
pN(+) 18 7 3 8 14 4
Cell differentiation 0.002 0.816
Well 49 38 7 41 8
Moderate 21 8 4 17
Poor 10 5 0 9
Mode of Invasion 0.015 0.804
1,2,3 53 39 7 7 44 9
4C, 4D 27 12 4 11 23

analysis to be significant prognostic parameters, but only
CAV1 expression and T classification were identified by the
multivariate analysis as independent prognostic factors
(Table 2).

Pathological Characteristics and Prognostic Potential
of CAV1 or p16 Expression at the Metastatic Lymph
Nodes

The cytoplasm of tumor cells at metastatic lymph nodes also
showed CAV1 expression and all CAV1-positive cases had
a positive cell rate of 70% or more (Fig. 3a). The expression
of pl16 was observed in the cytoplasm of tumor cells (Fig.
3b). As shown in Table 3, the results confirmed that CAV1
expression was associated with poor differentiation and
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high invasive grade. When the relationship between the ex-
pression pattern of CAV1 at the primary site and the expres-
sion of CAV1 at the metastatic site was examined, a corre-
lation was found, and all cases with CAV1(H) expression at
the primary site showed CAV1-positivity at the metastatic
lymph nodes (p = 0.002). On the other hand, p16 expression
was not associated with either cell differentiation or the
mode of invasion (Table 4). All three cases with p16 expres-
sion in metastatic lymph nodes also exhibited p16 expres-
sion at the primary site. As shown in Fig. 4, the 5-year
survival rates were 51.4% for the CAV-1-negative versus
0.0% for the CAV1-positive cases, with the latter having
significantly worse prognosis (p =0.018). However, there
was no correlation between p16 expression and life progno-
sis (positive: 33.3%; negative: 19.4%).
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Fig. 2 Kaplan-Meier estimates for overall survival based on CAV1 (a)
and p16 (b) expression at the primary site

Discussion

Lipid rafts in the plasma membrane play important roles in
signaling and transporting substances across the cell mem-
brane. The lipid rafts also carry various protein mediators.

Caveolae (Latin for “little caves”) constitute a special kind
of lipid raft. The CAV1 protein is a major structural compo-
nent of the plasma membrane, and an essential structural pro-
tein of caveolae. Glenney et al. [17] first identified CAV1 in
1989 as a major v-Src substrate, and Rothberg et al. [18] were
the first to clone CAV1 in 1992. Several studies have demon-
strated that CAV1 acts as a scaffolding protein by interacting
with proteins and kinases such as the HARS protein, Src-
family tyrosine kinase, epidermal growth factor (EGF) recep-
tor, and the transforming growth factor beta (TGF3)/SMAD
pathway [19-24]. In addition, the phosphorylation of CAV1
on Tyrl4 has been suggested to be involved in cell polariza-
tion, migration, and focal adhesion [24, 25].

CAV1 appears to function as a tumor suppressor in the
early phases of carcinogenesis but as a tumor accelerator in
advanced or metastatic tumors [26]. The picture is further
complicated by contradictory findings in different cancers.
CAV1 has been shown to be downregulated in ovarian cancer
[7], whereas CAV 1 overexpression was found to be associated
with both esophageal squamous cell carcinoma and prostate
cancer [8, 9]. CAV1 thus appears to have different functions
depending on the types of malignant tumors and/or progres-
sion pattern. The precise roles of CAV1 in the development
and progression of OSCC and other malignant lesions remain
to be identified. Some studies of SCC have reported that there
is no significant correlation between CAV1 expression and
clinicopathologic parameters [27, 28]; however, we observed
that CAV1 expression was significantly correlated with the
presence of pathological metastasis, cell differentiation, and
mode of invasion at the primary site. In lung SCC, overex-
pression of CAV1 may be correlated with pathologic T-stage,
invasion into surrounding tissues and metastasis [29, 30].
Ando et al. reported that CAV 1 overexpression was correlated
with tumor progression in patients with esophageal SCC [31].
Our present findings correspond to these studies’ results in

Table 2 Univariate and multivariate analyses of clinicopathological parameters and CAV1 and p16 expression in relation to overall survival in 80

patients with OSCC
Log rank
Variables groups Survivors Non- e p value Cox regression Odds ratio
(n=49) Survivors p value
(n=31)
Age <63/63< 28/21 11/20 4.713 0.03 0.071
Gender mela/female 24/25 18/13 0.206 0.65
T classification T1,T2/T3,T4 44/5 17/14 15.648 <0.001 0.009 6.76
N classification N()/N+) 34/15 15/16 4.426 0.035 0.358
Stage LI/ILIV 3217 11/20 8.031 0.005
Cell differentiation Well/Moderate,Poor 32/17 17/14 3.299 0.069
Mode of Invasion 1,2,3/4C4D 35/14 18/13 2.937 0.087
CAV1 =),(L)/(H) 43/6 19/12 12.213 <0.001 0.001 13.19
pl6 —/+ 42/7 25/6 1.1924 0.275
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Fig.3 Immunohistochemical staining for CAV1 (a) and p16 (b) at a metastatic lymph node. Both CAV1 and p16 were overexpressed in the cytoplasm of

cancer cells (original magnification x100)

suggesting that CAV1 might act as a promoter of tumor pro-
gression in OSCC.

So far, CAV1 expression has been studied primarily in
relation to invasion. In in vitro research in esophageal SCC
cell lines, CAV1 was shown to regulate the migration and
invasive and metastatic abilities of cancer cells [32]. A previ-
ous study showed that elevated CAV1 enhanced invasion in
endometrial cancer [33]. In breast cancer, CAV 1 was shown to
play an important role in invadopodia formation and extracel-
lular matrix degradation [34, 35]. Taken together, these results
suggest that CAV 1 affects the invasion of cancer cells. In light
of this idea, we used immunohistochemistry to examine the
association of CAV1 expression with the invasion of OSCC
and confirmed that CAV1 was overexpressed at the invasive
front of the primary tumor and that the highly invasive type of
OSCC showed higher levels of the CAV1 protein compared to
the less invasive type. It can be inferred from the results of this
analysis that CAV1 expression promotes invasion in OSCC.

The relationship between prognosis and CAV1 expression
was also examined, with the result that the CAV1-positive
OSCC patients had significantly worse prognoses than the

CAV1-negative patients. Furthermore, in multivariate analy-
sis, CAV1 expression and T classification were revealed to be
independent prognostic factors. Auzair et al. [36] reported that
high CAV1 expression predicted poor prognosis in their pa-
tients with OSCC. In esophageal squamous cell carcinoma,
overexpression of CAV1 was correlated with lymph node me-
tastasis, pathological stage, and the patients’ overall survival
[8]. Moreover, CAV1 was found to be expressed in cancer
stem cells, and high CAV1 expression was found to contribute
to therapy resistance, resulting in a poor clinical outcome [37,
38]. Together, these results suggest that CAV1 is a useful
prognostic marker in OSCC and that it may play an important
role in the progression and treatment-resistance of OSCC.
Regarding metastatic lymph nodes, we observed herein
that all of the 8 cases that expressed CAV 1 in metastatic lymph
nodes expressed CAV1 at the primary site. CAV1 expression
in metastatic lymph nodes was also associated with poor dif-
ferentiation and a high invasive grade. In addition, among the
15 metastatic OSCC cases analyzed here, the patients with
CAV 1-positive lymph nodes had significantly worse progno-
ses that those with CAV1-negative lymph nodes. Moreover,

Table 3 Relation between the
degree of CAV1 expression in the
metastatic lymph nodes and

CAV1 expression of metastatic lymph node

pathological features and n - + p value
expression patterns of CAV1 at
the primary site in 15 patients Cell differentiation
with metastatic OSCC with Well 5 2 0.072
preserved lymph node specimens Moderate, Poor 6
Mode of Invasion 0.204
2.3 4 2
4C, 4D 9 3 6
CAV1 expression of primary site 0.002
CAVI(-) 6 0
CAVI(L) 1 1
CAVI(H) 0 7
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Table 4 Relation between p16
expression in the metastatic
lymph nodes and pathological

p16 expression of metastatic lymph node

features and p16 expression at the n - + p value
primary site in 15 patients with
metastatic OSCC with preserved Cell differentiation 0.605
lymph node specimens Well 6 1
Moderate, Poor 6 2
Mode of Invasion 0.292
2,3 6 4 2
4C, 4D 9
p16 expression of primary site
- 11 11 0 0.001
+ 4 1 3

the patients with CAV 1-positive staining in metastatic lymph
nodes had worse prognoses than those with CAV 1-positive
staining at the primary site. Burgermeister et al. found that
gastric cancer cell lines derived from metastatic sites showed
higher levels of CAV1 mRNA and protein expression com-
pared to the cell lines derived from primary sites [19]. In
gastric cancer, high cytoplasmic CAV-1 expression in meta-
static lymph nodes was associated with an unfavorable
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Fig. 4 Kaplan-Meier estimates for overall survival based on CAV1 (a)
and p16 (b) expression in the metastatic lymph nodes

prognosis [39]. Williams et al. speculated that CAV1 overex-
pression renders tumor cells biologically aggressive by induc-
ing the expression of proteins related to tumor invasion and
metastasis [40]. Taken together, these reports and our present
findings suggest that CAV1 expression at metastatic lesions
may promote the further aggressiveness and expansion of
cancer cells.

The human papillomavirus (HPV) is a high-risk factor for
oropharyngeal cancer [41]. It has been reported that the atten-
uation or deletion of p16 expression is associated with prog-
nosis in head and neck squamous cell carcinomas [42].
Although the relation between pl16 expression and OSCC
has been examined in several reports, these studies
consictently found that pl16 expression dose not affect the
prognosis of OSCC [43-46]. In this research, pl6 positive
patients accounted for as little as 16.3% of the total cases,
and there was no association with clinicopathological factors.
Moreover, pl6 expression in metastatic lymph nodes was not
correlated with pathological factors or prognosis. Therefore, it
was suggested that pl6 expression has little clinical signifi-
cance in OSCC.

Many viruses enter cells through endocytosis, hijacking the
cellular machinery for entry, and invasion of the host cell [47].
The majority of viruses have been demonstrated to use
clathrin-mediated endocytosis for entry, whereas a few have
been shown to enter through caveolae. A previous study
showed that high-risk HPV type 31 (HPV31) enters its natural
host cell type via caveola-dependent endocytosis [48]. After
initial plasma membrane binding, HPV31 associates with
caveolin-1 and transiently localizes to the caveosome before
trafficking to the early endosome and proceeding through the
endosomal pathway [49]. These results suggested that
caveolin-1 plays an important role in HPV infection.
Accordingly, we investigated the correlation between the ex-
pressions of caveolin-1 and p16, but we found no correlation
between the two.

In conclusion, our present study is the first to demonstrate
that the overexpression of CAV1 in metastatic lymph nodes is
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an independent prognostic marker for OSCC. Patients with
CAV1 expression in metastatic lymph nodes are unlikely to
respond to conventional chemoradiotherapy and are likely to
have poor prognosis. In such cases, treatment with molecular-
targeted therapy or immunotherapy should be considered as a
first-line approach. Further elucidation of the role of CAV1 in
OSCC may lead to new therapeutic modalities.
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