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Abstract: SPP1, PAl and caveolin-1 are known to be closely associated with tumor progression in several kinds of
human tumors. This study aimed to investigate the expression of SPP1, PAl and caveolin-1 in oral squamous cell
carcinoma (OSCC), and to evaluate their association with the prognosis in oral carcinoma. Immunohistochemical
staining was used to examine the expression of SPP1, PAl and caveolin-1 in 17 normal oral mucosa, 6 oral epithelial
dysplasia and 43 OSCC specimens by tissue microarrays. High expression of SPP1, PAl and caveolin-1 was found
in OSCC patients, and SPP1 and PAI expression were significantly higher in OSCC than in normal oral mucosa. No
significant correlations were found between SPP1, PAl and caveolin-1 expression and clinicopathological factors.
Expression of SPP1, PAl and caveolin-1 was also not associated with overall survival. Moreover, SPP1 was closely
correlated with PAI, caveolin-1 and Keap1, and PAIl had significant correlations with caveolin-1, Keapl and Nrf2, and
caveolin-1 was associated with Keapl by using the Pearson correlation coefficient test. Our findings suggest that
overexpressed SPP1, PAl and caveolin-1 were linked to carcinogenesis and progression, and thus they may serve

as potential prognostic factors in OSCC.
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Introduction

Oral squamous cell carcinoma (OSCC) is one
the most common cancer in the world and
there is a possible rise within developing coun-
tries, the treatment of OSCC is complex and
requires a multidisciplinary approach [1].
Operation associated with chemotherapy and
radiotherapy is now recognized as the most
effective treatment for most cases of OSCC.
Nevertheless, the prognosis for patients suffer-
ing from OSCC remains poor, with a 50% 5-year
overall survival (0OS) rate remains relatively
unchanged for the past 3 decades [2]. Because
of the continuously increased prevalence of
oral cancer and poor survival for patients with
oral cancers, to find a reliable biomarker for
prediction of progression and prognosis of
OSCC is still an important issue.

Metastasis is the major obstacle to the suc-
cessful treatment of OSCC patients, the genet-

ic mechanisms contributing to behaviors of
metastatic cells in OSCC are not well under-
stood. Secreted phosphoprotein 1 (SPP1), first-
ly found to be secreted by transformed epithe-
lial cells, is involved in a series of physiological
and pathophysiological processes, including
cell attachment, proliferation, migration, inva-
sion and inflammation [3, 4]. Previous studies
implicated that SPP1 was up-regulated in a
number of cancers including oral cancer.
Recently, it was reported to contribute to prolif-
eration, metastasis, angiogenesis and progres-
sion [, 6]. However, it has not yet found routine
use in the clinic. Pasminogen activator inhibitor
1 (PAI-1), also known as Serpine 1, is the key
inhibitor of the plasminogen activation system,
and plays an important role in cell signal trans-
duction pathways [7]. PAI-1, as a molecule that
is highly expressed in different kinds of cancers
including oral cancer, has been shown to have
both pro- and anti-tumor effects, including
migration, invasion, apoptosis and angiogene-
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sis [8]. However, high expression of PAI-1 is
associated with a worse survival in a variety of
cancers [9]. Thus, PAI-1 appears to play a piv-
otal role in tumor growth and may represent a
potential therapeutic target for oral cancer.

Caveolin-1, a multifunctional protein, is the
main constituent molecule of caveolae and rep-
resents a scaffolding molecule for several sig-
naling molecules including epidermal growth
factor receptor [10]. Interestingly, previous
studies have implicated that a reduced expres-
sion of Caveolin-1 was found in cancers includ-
ing head and neck carcinoma [11]. However,
other studies recognize caveolin-1 as a tumor
promoter because Caveolin-1 is overexpressed
in various kinds of cancers, especially in oral
cancer [12, 13]. Therefore, it is necessary to
uncover the role of Caveolin-1 in carcinogene-
sis and development of OSCC. Keapl-Nrf2
[Kelch-like ECH-associated protein 1-nuclear
factor (erythroid-derived 2)-like 2] system, as a
key signaling pathway that regulates transcrip-
tion of a series of cyto-protective proteins,
plays an important role in oxidative stress,
inflammation and carcinogenesis [14], includ-
ing oral cancer [15]. Keapl is essential for the
regulation of Nrf2 activity, both of them
enhanced proliferation, drug resistance and
could be potent survival factors in cancers [16].
However, the mechanism among SPP1, PAl and
caveolin-1, Keapl1-Nrf2 system and OSCC is
unclear, and the roles of these molecular mark-
ers in OSCC have not been clarified.

To date, the expression of SPP1, PAl and caveo-
lin-1 and the relationship between SPP1, PAI
and caveolin-1 and clinicopathological data
including patient survival in OSCC have not
been revealed. The purpose of this study was to
investigate the relationship between SPP1, PAI
and caveolin-1 and clinicopathological data
including patient survival.

Materials and methods
Patient samples

To determine the expression of SPP1, PAl and
caveolin-1 in OSCC, we selected 43 formalin-
fixed, paraffin-embedded specimens from the
Department of Oral Maxillofacial-Head Neck
Oncology, School and Hospital of Stomatology
Wuhan University. The procedures were per-
formed in accordance with the National
Institutes of Health guidelines regarding the
use of human tissues. Information about medi-
cal history, smoking, and alcohol consumption
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was collected from a standardized question-
naire. Histological features of OSCC were fur-
ther classified into well-differentiated, moder-
ately-differentiated, and poorly-differentiated
OSCC. Clinical staging and tumor-node-metas-
tasis (TNM) status of OSCCs at initial presenta-
tion of the tumor were determined according to
the criteria of the International Union Against
Cancer. Clinical characteristics of the patient
cohorts have been previously described [15].
This study was approved by the Medical Ethics
Committee of Hospital of Stomatology Wuhan
University, and written informed consent was
obtained from each patient.

Tissue microarray construction

For the tissue microarrays (T12-412), we used
43 tumor tissue samples collected between
2008 and 2009, including 19 lymph node met-
astatic samples. In addition, 17 normal oral
mucosa and 6 oral epithelial dysplasia were
selected as control group. The cases were
selected based on the availability of FFPE tis-
sue blocks with enough tumor tissue for TMA
construction. Each normal, epithelial dysplasia
and cancer specimen was at least in duplicate.
Custom made tissue arrays of formalin-fixed
tissues from OSCC mentioned above were con-
structed with 1.5 mm core from each patient
(T12-412) mentioned above.

Immunohistochemistry

Immunohistochemical studies of the human
OSCC tissue microarrays were done using the
following antibodies: monoclonal mouse anti-
human SPP1 (dilution 1:100) from Abcam
Biotechnology Inc., (Cambridge, UK), polyclonal
rabbit anti-human PAI (1:200) from Epitomics
Biotechnology, Inc., (Burlingame, USA), mono-
clonal mouse anti-human caveolin-1 (dilution 1:
200) from Proteintech Group Inc., (Chicago,
USA). Immunohistochemical staining was per-
formed using a peroxidase- labeled streptav-
idinbiotin technique. Briefly, tissue sections
were deparaffinized and rehydrated. Next, sec-
tions were incubated in 3% hydrogen peroxide
and treated with 10% normal goat serum. Then
sections were incubated overnight within pri-
mary antibody, followed by second antibody
and an avidin-biotin-peroxidase reagent.
Diaminobenzidine as well as a counterstaining
with haematoxylin resulted in the visualization
of the immunostaining. The expression of
Keapl and Nrf2 have been studied in our previ-
ously study [15].
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Figure 1. Human OSCC tissue array analysis revealed that SPP1, PAl, and caveolin-1 were overexpressed in human
OSCCs: A. Representative immunohistochemical staining (IHC) of SPP1, PAI, caveolin-1 in human oral cancer tissue
(right) compared with normal oral mucosa (left) (Scale bars = 50 uM); B. Quantatitive of histoscore of SPP1, PAlI,
Caveolin-1 expression in normal oral mucosa, oral epithelial dysplasia and human oral cancer, SPP1 levels in OSCC
was significantly higher when compared with normal oral mucosa, and PAI levels in OSCC was significantly higher
when compared with normal oral mucosa (Mean + SEM; *P < 0.05; **P < 0.01; ***P < 0.001; One-way ANOVA);
C. The expression of SPP1, PAIl, and caveolin-1 was not correlated with lymph node status of human oral cancer
(Quantification using Aperio nuclear quantification software, and statistics using Graph Pad Prism 5. Mean + SEM,;

*, P < 0.05; Mann-Whitney U test).

Scoring of immunohistochemistry results

Automated image acquisition using an Aperio
ScanScope CS scanner (Vista, CA, USA) has
been described previously [9]. In brief, mono-
chromatic, high-resolution images which were
obtained of each histospot were evaluated on a
computer screen for intensity of staining, the
images were driven by custom program. The
signal intensity of SPP1, PAl and caveolinl from
pixels was measured on scales by Aperio
Quantification software (Version 9.1). His-
toscore of membrane and nuclear staining was
calculated as a percentage of different positive
cells using the formula (3+) x 3+ (2+) x 2 + (1+)
x 1. Moreover, the biomarker levels were cate-
gorized as low or high expression groups) for
outcome analyses by using the histoscores
distribution.
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Hierarchical clustering

In Microsoft excel, the staining scores were
converted into scaled values centered on zero,
then the Cluster 3.0 with average linkage based
on Pearson’s correlation coefficient was used
to achieve the hierarchical analysis, and the
results were visualized using the Java Tree View
1.0.5. Finally, the clustered data were arranged
with markers on the horizontal axis and tissue
samples on the vertical axis. Biomarkers with a
close relationship are located next to each
other.

Statistical analysis

All statistical analyses were performed using
GraphPad Prism 5.03 (GraphPad Software,
Inc., La Jolla, CA) statistical packages. One-way
ANOVA analysis was used to evaluate the differ-
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Figure 2. Human OSCC tissue array analysis revealed that SPP1, PAl and caveolin-1 were overexpressed in human
OSCCs: A. Overall survival of the OSCC patients with SPP1, PAl and caveolin-1 expression calculated and presented
by Kaplan-Meier analysis, and SPP1, PAl and caveolinl expression were not significantly correlated with overall sur-
vival (P > 0.05); B. SPP1, PAl and caveolin-1 were not significantly associated with tumor stage (T1 to T3, P > 0.05),
pathological grade (Gl to Glll, P > 0.05) (Quantification using Aperio nuclear quantification software, and statistics

using Graph Pad Prism 5).

ence in protein levels among each group. The
correlation of these markers was analyzed by
two-tailed Pearson statistics. The survival
curves were constructed by the Kaplan-Meier
method and compared using the log-rank test.
The level of significance was set to P < 0.05. All
P values reported were based on two-sided
tests. Unless otherwise indicated, values are
presented as means + SEM.

Results

Expression of SPP1, PAl and caveolin-1 in nor-
mal oral mucosa, oral epithelial dysplasia and
0SscC

To test roles of SPP1, PAl and caveolin-1 in the
progression of OSCC, we measured the expres-
sion levels of SPP1, PAl and caveolin-1 in a total
of 17 normal oral mucosa, 7 oral epithelial dys-
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plasia and 43 OSCC specimens from human
tissue arrays. Notably, the expression of SPP1
was mainly located in the cytoplasm of the can-
cer cells, and the level of SPP1 in OSCC was
significant higher compared with the normal
oral mucosa (P < 0.05, Figure 1). The PAI exhib-
ited high expression in the cytoplasm of the
cancer cells, and PAl levels in OSCC were sig-
nificantly higher when compared with normal
oral mucosa (P < 0.05, Figure 1). In carcinoma,
high caveolin-1 expression was seen in the
cytoplasm, as seen in Figure 1, there was no
significant difference between its levels in
OSCC and normal oral mucosa (P > 0.05).

Correlation between these marker expression,
pathologic features, and stage of disease

To determine the correlation between SPP1,
PAl and caveolin-1 with clinicopathological fea-
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Figure 3. Correlation of SPP1, PAl and caveolin-1 with Keap1, Nrf2 in human OSCC tissue array: A. SPP1 was found
to be closely associated the PAI (P = 0.0001, r = 0.7042), Caveolin-1 (P = 0.0001, r = 0. 6968) and Keap1 (P =
0.0009, r = 0.4886 ), but not Nrf2 (P = 0.0890, r = 0.2625, A, Table 1), and PAl was strongly correlated with caveo-
lin-1 (P=0.0001, r=0.6734), Keapl (P =0.0001, r = 0. 6973) and Nrf2 (P=0.0011, r = 0. 4822, A, Table 1), and
caveolin-1 was associated with Keapl1 (P = 0.0130, r = 0. 3759) and Nrf2 (P = 0.0559, r = 0. 2937, A, Table 1) in
human OSCC tissue array; B. Hierarchical Clustering of Keapl, Nrf2 with SPP1, PAl and caveolin-1 in human OSCC
tissue array. Histoscore based on quantification using Aperio quantification software and statistics with Graph Pad

Prism5. Mean + SEM; 2-tailed Pearson correlation statistics.

tures. The results showed that the association
of SPP1, PAI and caveolinl with clinicopatho-
logical features, and we could found that SPP1,
PAI and caveolin-1 were not significantly corre-
lated with tumor stage (T1 to T3), lymph node
status (NO to N1), pathological grade (Gl to GlIl)
(P>0.05). Then a large sample of OSCC tissues
with follow-up will be collected to further con-
firm the correlation between SPP1, PAl and
caveolin-1 with tumor stage, lymph node status
and pathological grade.

Relationships among expression of SPP1, PAI,
Caveolin-1, Keapl1 and Nrf2

The expression of Keapl and Nrf2 have been
studied in our previously study [15]. In order to
access the relationships among expression of
SPP1, PAI, caveolin-1, Keap1 and Nrf2, Pearson
statistics was used. As summarized in Table 1,
SPP1 was found to be closely associated the
PAI (P = 0.0001, r = 0.7042), caveolin-1 (P =
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0.0001, r = 0. 6968) and Keapl (P = 0.0009, r
= 0.4886), but not Nrf2 (P = 0.0890, r =
0.2625, Figure 3A; Table 1), and PAl was
strongly correlated with caveolin-1 (P = 0.0001,
r =0. 6734), Keapl (P = 0.0001, r = 0. 6973)
and Nrf2 (P = 0.0011, r = 0. 4822, Figure 3A;
Table 1), and caveolin-1 was associated with
Keapl (P = 0.0130, r = 0. 3759) and Nrf2 (P =
0.0559, r = 0. 2937, Figure 3A; Table 1) by
using the Pearson correlation coefficient test.
By hierarchical clustering, the expression of
tumor associated SPP1, caveolinl, Keapl and
Nrf2 is more close to expression of PAIl (Figure
3B).

Association between SPP1, PAl and caveolin-1
expression and OSCC patient outcome using
TMA specimens

Furthermore, follow-up information of 43 OSCC

patients was available, ranging from 11 months
to 40 months (21.6 + 1.2). At the end of our
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Table 1. Pearson correlation coefficient test analyses of the array immunostainings of SPP1, PAI,

caveolin-1, Keapl and Nrf2 in OSCC

Markers PAI Caveolin-1 Keapl Nrf2

SPP1 P=0.0001, R=0.7042 P=0.0001, R =0.6968 P =0.0009, R =0.4886 P=0.0890, R =0.2625
PAI P=0.0001, R=0.6734 P=0.0001, R =0.6973 P=0.0011, R = 0.4822
Caveolin-1 P =0.0130, R =0.3759 P =0.0559, R =0.2937

study, 5 patients were lost during follow up peri-
od, 25 patients were alive, 15 patients had
recurrence with 13 died of cancer. The 3-year
overall survival is 51.2 and disease-free sur-
vival rate were 47.1%. Our data indicate that
SPP1, PAl and caveolin-1 were over-expressed
in OSCC. To determine whether the expression
of SPP1, PAIl and caveolin-1 was clinically sig-
nificant, we investigated the association SPP1,
PAl and caveolin-1 expression and overall sur-
vival. Kaplan-Meier plot analysis for overall sur-
vival revealed that over-expressed SPP1 (P =
0.650), PAI (P = 0.650) and caveolin-1 (P =
0.524) were not associated with shorter sur-
vival (Figure 2).

Discussion

The prevalence of oral cancer continuously
increased and the poor survival has not been
changed in recent 30 years, and the poor prog-
nosis of OSCC is always correlated with metas-
tasis. Therefore, it's important to find a reliable
biomarker for prediction the progression and
overall survival and elucidation of the underly-
ing molecular mechanisms are essential to
understand the clinical behavior and facilitate
the management of OSCC.

In this study, we investigated the expression of
SPP1, PAlI and caveolin-1 in 17 normal oral
mucosa, 7 oral epithelial dysplasia and 43
OSCC specimens by tissue microarrays. Our
results showed that SPP1 was mainly located in
cytoplasm, and its expression increased pro-
gressively from normal oral mucosa to OSCC,
and the expression of SPP1 was significantly
different between normal oral mucosa and
OSCC. Recently, high expression of SPP1 has
been reported in many kinds of cancers, includ-
ing squamous cell carcinoma from various
organ sites [17]. In human ovarian carcinoma
[18, 19], PAl is expressed at higher levels than
in normal tissues or compared with adjacent
normal tissues. These results are thus consis-
tent with our present study on OSCC and indi-
cate that PAl is involved in the tumor develop-
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ment of certain types of human malignancies.
Very little is known, however, about how the
role of caveolin-1 does evolve from the early
cancer stage to metastases. Although recent
studies have reported a reduced expression of
caveolin-1 was found in cancers including head
and neck carcinoma [11], other studies recog-
nize caveolin-1 as a tumor promoter because
Caveolin-1 was over-expressed in various kinds
of cancers, especially in oral cancer [12, 13].
Consistent with these previous reports, our
findings showed that highly expressed caveo-
lin-1 was seen in the cytoplasm, and its expres-
sion level was stronger in OSCC than in normal
oral mucosa. Our current findings support sev-
eral previous studies noting that caveolin-1 was
an oncogene in OSCC. Therefore, further stud-
ies are necessary to elucidate the role of caveo-
lin-1 in carcinogenesis and development of
OSCC.

Keapl-Nrf2 system, as a key signaling pathway
that regulates transcription of a series of cyto-
protective proteins, plays an important role in
oxidative stress, inflammation and carcinogen-
esis [14]. Keapl is essential for the regulation
of Nrf2 activity, both of them enhanced prolif-
eration, drug resistance and could be potent
survival factors in cancers [16]. In order to
investigate the relationships between SPP1,
PAI, caveolin-1 and Keapl-Nrf2 system in
OSCC, the Spearman rank correlation coeffi-
cient test was applied. Of considerable interest
were the correlation between SPP1, PAI, caveo-
lin-1 and Keap1-Nrf2 system, SPP1 was closely
associated with PAl, caveolin-1, Keapl and
Nrf2, and PAl was significantly correlated with
caveolin-1, Keapl and Nrf2 in OSCC. Moreover,
the finding of strong correlations between cave-
olin-1 expression with Keap1-Nrf2 system were
of much interest, and the correlation between
PAl expression with both of Keapl and Nrf2
was also significantly. These findings, by them-
selves, suggested that SPP1, PAl and caveo-
lin-1 played important roles together with
Keapl-Nrf2 system in the progression of OSCC.
In our study, similar to the study in malignant
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glioma, Nrf2 accumulation in the nucleus could
be stimulated by SPP1, and SPP1 increased
Nrf2-DNA binding activity resulting in increased
HO-1 expression and cell migration [20]. The
level of PAI expression was assessed as Nrf2
suppressed TGF-B-mediated signaling in radia-
tion-induced pulmonary fibrosis [21]. In addi-
tion, the concentrations of SPP1 in tumor and
plasma were not significantly associated, and
an inverse correlation between PAl plasma lev-
els and tumor SPP1 was found in advanced
non-small-cell lung cancer [22]. Along with our
findings in this study, these observations sug-
gest that SPP1, PAI, caveolin-1 and Keap1-Nrf2
system played important roles together in carci-
nogenesis and progression in OSCC, neverthe-
less, the regulation mechanisms among them
in OSCC need further researches.

Furthermore, we further analyzed the associa-
tion among the levels of SPP1, PAl and caveo-
lin-1 expression and clinicopathologic factors.
In laryngeal and hypopharyngeal cancer, over-
expressed SPP1 was closely related with tumor
invasion and metastasis [5, 17], PAl was corre-
lated with the metastasis and invasion in ovar-
ian carcinoma [18], caveolin-1 was associated
with metastasis and worse prognosis in hepa-
tocellular carcinoma [12]. Surprisingly, we could
not found that SPP1, PAl and caveolin-1 were
significantly correlated with tumor stage, lymph
node status and pathological grade. Owing to
the small number of tumor specimens, we
could not detect any statistically relevant cor-
relations between patients’ clinical data. Of
note is that, our analysis showed that SPP1, PAI
and caveolin-1 were not correlated with overall
survival. In contrast to our current study, SPP1
was suggested as an independent predictor of
poor prognosis in intrahepatic cholangiocarci-
noma [23], and PAl was significantly associated
with overall survival in ovarian cancer [18, 19],
in hepatocellular carcinoma caveolin-1 was
associated with poor prognosis [12]. In non-
small-cell lung cancer, SPP1, PAl levels did not
correlate with patient outcomes, which was
accordance with our results. Importantly, plas-
ma concentrations of SPP1 and PAIl were signifi-
cantly interrelated and significantly decreased
after SO003 treatment in chemotherapy- treat-
ed patients with advanced non-small-cell lung
cancer [22]. In head and neck squamous cell
carcinomas, high plasma SPP1 levels were not
correlated with poor prognosis [24]. Further
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studies are necessary to elucidate the correla-
tion between these factors and prognosis
because these factors seem to be sequential
events correlated with the progression of
OSCC. Considering the limited number of sam-
ples used in our study, further accumulation of
data is required to consolidate the significance
of SPP1, PAlI and caveolin-1 expression in
OSCC, especially as a prognostic marker.

In conclusion, our results showed that the
SPP1, PAl and caveolin-1 were over-expressed
in OSCC and closely correlated with Keapl-
Nrf2 system, suggesting that they played key
roles in carcinogenesis and progression in
OSCC. These findings raise the possibility of
these markers as new targets for OSCC
patient’s treatment.
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