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Abstract Caveolin-1 (Cav-1) and Actin-Related Protein

2/3 Complex, Subunit 1B (ARPC1B) have been implicated

in various human cancers, yet its role in tumorigenesis

remains controversial. Therefore, this study aims to deter-

mine the protein expression of these two genes in oral

squamous cell carcinomas (OSCCs) and to evaluate the

clinical and prognostic impact of these genes in OSCC.

Protein expressions of these two genes were determined by

immunohistochemistry technique. The association between

Cav-1 and ARPC1B with clinico-pathological parameters

was evaluated by Chi-square test (or Fisher exact test

where appropriate). Correlation between the protein

expressions of these 2 genes with survival was analyzed

using Kaplan–Meier and Cox regression models. Cav-1

and ARPC1B were found to be significantly over-expressed

in OSCC compared to normal oral mucosa (p = 0.002 and

p = 0.033, respectively). Low level of ARPC1B protein

expression showed a significant correlation with lymph

node metastasis (LNM) (p = 0.010) and advanced tumor

staging (p = 0.003). Kaplan–Meier survival analyses

demonstrated that patients with over-expression of Cav-1

protein were associated with poor prognosis (p = 0.030).

Adjusted multivariate Cox regression model revealed that

over-expression of Cav-1 remained as an independent

significant prognostic factor for OSCC (HRR = 2.700,

95 % CI 1.013–7.198, p = 0.047). This study demon-

strated that low-expression of ARPC1B is significantly

associated with LNM and advanced tumor staging whereas

high expression of Cav-1 can be a prognostic indicator for

poor prognosis in OSCC patients.

Keywords Cav-1 � ARPC1B � OSCC � Prognostic

marker � Lymph node metastasis � Tumor staging

Introduction

Globally, oral cancer is ranked as one of the tenth most

common cancers in the world [1, 2]. According to Global

Burden of Cancer (GLOBOCAN), it was estimated that

263,900 oral cancer cases (including lip cancer) occur annu-

ally, whereby 128,000 oral cancers result in death [1]. His-

tologically, more than 90 % of cases were reported as

epithelial neoplasms with majority of them being oral squa-

mous cell carcinomas (OSCCs) [3]. Despite the fact that

OSCC can be controlled by surgical excision and radiother-

apy, the 5 year survival rate still remains dismal [4] due to

delay in diagnosis and lack of specific molecular markers that

can predict tumor progression and prognosis [5]. Therefore,

the need for identification of new molecular markers to pre-

dict the clinical behavior and prognosis of OSCC cannot be

overemphasized. Moreover, an extended knowledge of these

predictive markers would facilitate better characterization of

these tumors through an understanding of the various

molecular pathways of carcinogenesis. This in turn will help

to design individual specific molecular targeted therapies that

are now considered to be a promising strategy [5, 6].
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A recent review paper by Hunt et al. [7] suggested that

molecular markers like EGFR, RAS, CCND1, BRAF,

PIK3CA, p53, CDKN2A, and NOTCH play fundamental

roles in the pathogenesis of HNSCC [7]. These molecular

markers enable to classify the tumor subtype and aid as

prognostic markers for better patient management [6].

To date, clinical-pathological parameters such as tumor

size, lymph node metastasis, and tumor stage have been

considered to be the most reliable determinant for prog-

nosis and optimal patient management [5]. Emerging high

throughput technologies such as microarray has identified

new molecular markers that potentially could be employed

as predictive or prognostic as well as therapeutic targets for

the treatment of oral cancer [5]. Based on our previous

microarray study, we identified two candidate genes that

were found to be differentially expressed in OSCC sam-

ples, namely Caveolin 1 (Cav-1) and Actin-Related Protein

2/3 Complex, Subunit 1B (ARPC1B) [8]. It has been

indicated in the literature that these two genes are highly

involved in tumorigenesis [9–11]. As there is a lack of

understanding of their role in oral carcinogenesis, there-

fore, they were selected for the current study.

Caveolin-1 (Cav-1), a 21–24 kDa protein, is the main

component of caveolae of plasma membranes and acts as a

regulator in vesicle trafficking, intracellular cholesterol

homeostasis, and lipoprotein metabolism that give impact

to the actin cytoskeleton and cell polarity remodeling [12].

The implication of Cav-1 expression in various cancers,

including oral cancer is still controversial due to the

observations of both low and high expression of this gene.

Previous studies have demonstrated low expression of Cav-

1 in ovarian, breast, and lung cancers, whereas high

expression of this gene in bladder cancer, esophageal

squamous cell carcinoma (ESCC), and nasopharyngeal

carcinoma (NPC) was associated with metastasis and poor

prognosis [13]. To date, there are only two studies that

have been carried out to determine the role of Cav-1 in oral

carcinogenesis. Cav-1 has been reported to be over-ex-

pressed in OSCC and was found to be associated with

lymph node metastasis which is a major determinant of

prognosis for OSCC [14]. A recent study by Nohata et al.

[15] concluded that Cav-1 acts as an oncogene involved in

cell migration and invasion thus implicating its role in

oncogenic cell transformation and metastasis [9, 13].

However, in contrast, Zhang et al. (2008) [16] showed that

over-expression of Cav-1 inhibited cancer cell proliferation

and invasion, and increased apoptosis suggesting that the

role of this gene in oral carcinogenesis is still not fully

elucidated.

Actin-related protein 2/3 complex, Subunit 1B

(ARPC1B) is a component of the Arp2/3 complex which is

involved in the regulation of actin polymerization that

stabilizes the actin filaments and forms microspikes in

lamellipodia to promote cell movement [17]. A recent

study has demonstrated that over-expression of ARPC1B

leads to increased tumorigenicity by centrosome amplifi-

cation in breast cancer [18]. Besides breast cancer,

ARPC1B was also shown to be over-expressed in radiation

resistant intraocular choroidal melanoma cells [10]. How-

ever, Kaneda et al. [11] found that reduced expression of

this gene was associated with dysplastic morphology. To

the best of our knowledge, there has been no study

reporting on the relationship between ARPC1B expression

and OSCC.

Since the role of these 2 genes in oral carcinogenesis,

whether as an oncogene or tumor suppressor gene is still

undetermined in the reported literature, we hoped to assess

the utility of these genes as potential prognostic indicators

for tumor progression. Hence, this current study aimed to

determine the expression levels of Cav-1 and ARPC1B in

OSCCs, and to determine their clinical and prognostic

significance among OSCC patients.

Methodology

Specimen and data collection

In this study, 77 archived formalin-fixed, paraffin-embed-

ded (FFPE) OSCC specimens were obtained from the Oral

Pathology Diagnostic and Research Laboratory at the

University of Malaya for the assessment of Cav-1 and

ARPC1B protein expression using immunohistochemistry

technique. The OSCC tissue specimens were derived from

the tongue (excluding the base of the tongue), buccal

mucosa, gum, palate, floor of mouth, and lip (C00-06).

Normal oral mucosal tissues included alveolar mucosal

tissues obtained from minor surgical procedure of impacted

wisdom teeth. Socio-demographic, clinico-pathological,

and survival data of all OSCC samples were obtained from

the Malaysian Oral Cancer Database and Tissue Bank

System (MOCDTBS) coordinated by the Oral Cancer

Research and Coordinating Centre, University of Malaya

(OCRCC-UM) [19]. The American Joint Committee on

cancer staging criteria was used for tumor staging [20].

This study was approved by Medical Ethics Committee,

Faculty of Dentistry, University of Malaya [MEC no:

DFOP1108/0083(L)].

Tissue microarray construction

Tissue microarrays (TMAs) were constructed from the 77

OSCC FFPE tissues according to procedures described

previously [21]. Briefly, 3 cores in 1-mm sizes from the

selected areas of donor blocks were transferred to the

recipient paraffin blocks and were incubated overnight at
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37 �C. 4-lm-thick sections were then sectioned on poly-L-

lysine slides for the immunohistochemistry study.

Immunohistochemistry and scoring system

Immunohistochemistry (IHC) was performed on 4-lm-

thick FFPE TMA sections using the Envision technique,

DAKO REAL EnVision Detection System and Peroxidase/

DAB? (Dako Corporation, Carpinteria, CA, USA)

according to the manufacturer’s protocol. FFPE sections

were de-paraffinized in Xylene and gradually rehydrated in

descending grades of ethanol. Antigen retrieval was carried

out using an electric pressure cooker (110 �C, 20 min) in

10 mM citrate buffer (pH 6.0). The sections were immersed

in blocking solution (Dako Corporation, Carpinteria, CA,

USA) for 10 min at room temperature followed by washing

with Phosphate-buffered saline (pH 7.4) and 0.1 % Tween

20 (PBST) to block the endogenous peroxidase activity. The

sections were then incubated with anti-Arp2/3 Complex 41

Kd Subunit (ARPC1B) (N-Term), antibody (10645-1-AP,

1:1000 dilution, Protein Tech Group, Chicago, IL), and

anti-Caveolin 1 (Cav-1) antibody (Abcam, Cambridge, MA,

ab18199, 1:100) for 1 h at room temperature, followed by

incubation with peroxidase labeled secondary antibody

from the Envision kit (Dako Corporation, Carpinteria, CA,

USA) for 1 h for immunoreactivity performances. Sec-

tions were then stained with 303 diaminobenzidine substrate

chromogen (Dako Corporation, Carpinteria, CA, USA) for

5 min for colorization, followed by counterstaining with

Mayer’s hematoxylin, dehydration, and mounted. For neg-

ative procedural control, the Cav-1 and ARPC1B antibodies

were replaced by phosphate-buffered saline (PBS) whereas

for positive control, esophageal squamous cell carcinoma

and renal carcinoma tissues were used for Cav-1 and

ARPC1B protein expression, respectively.

Digitalized immuno-stained TMA spots were analyzed

and scored based on a semi-quantitative scoring system

using the TMA software module 1.15.2 (3DHISTECH,

Budapest, Hungary) as described previously [21]. Intensity

scores were quantified using the following criteria: nega-

tive = 0; weak = 1; moderate = 2; and strong = 3. The

proportion of immunopositive cells was quantified as fol-

lows: 0 = negative; 1 =\10 %; 2 = 10–50 %; 3 =

51–80 %; and 4 = C80 % of positive cells. The final

immuno-reactive score was determined by multiplying the

intensity and the proportion scores of the stained cells to

obtain an immuno-reactive score ranging from 0 to 12. All

the scoring was done by two oral pathologists (TG and

AR). Cores with discrepant scores were discussed by both

pathologists to achieve a consensus to derive the final

score. The mean of consolidated immuno-reactive scores

for each case was recorded. A cut-off point of C5 and C6

was used as high level of ARPC1B and Cav-1 expression,

respectively, while the counterpart\5 and\6 were used as

low level of expression for ARPC1B and Cav-1 which was

derived from the 25th percentile of the respective mean

immunoscores of Cav-1 and ARPC1B. The immunostain-

ing of Cav-1 was considered as positive when there was

strong and diffuse membrane and granular cytoplasmic

staining in the tumor cells, while ARPC1B immunostaining

was considered as positive when there was strong and

diffuse cytoplasmic staining in tumor cells as demonstrated

in positive controls. Staining was regarded as negative in

cases of absent, focal, and weak staining within the tumor

cells.

Statistical analysis

The association between the protein expression of ARPC1B

and Cav-1 and the selected clinico-pathological parameters

was analyzed using Chi-square test (or Fisher exact test

where appropriate). Survival curves were plotted and com-

pared by the log rank tests using the Kaplan–Meier analysis.

In addition, Cox regression analysis was conducted to

evaluate the utility of protein expression of these genes as an

independent prognostic factor. All statistical analyses were

performed using the SPSS statistical package (SPSS version

12.0, Chicago, IL, USA), with p values\0.05 considered as

statistically significant.

Results

Cav-1 and ARPC1B protein expression and its

correlation with clinico-pathological parameters

For IHC analysis of Cav-1 protein, the epithelial cells of

normal oral mucosal tissues showed a strong staining at the

basement membrane but weak to negative cytoplasmic

staining toward the spinous and keratinized layer (Fig. 1).

The endothelial cells and fat cells also stained positive and

were regarded as internal controls (Fig. 1). More than

80 % of OSCCs exhibited a strong membrane and granular

cytoplasmic staining in the epithelial tumor cells (Fig. 1).

The high expression of Cav-1 protein was statistically

different between OSCC and normal oral mucosal tissues

(p = 0.033), but it did not show significant association

with any of the clinico-pathologic parameters studied.

In IHC analysis of ARPC1B protein, the epithelial cells

of normal oral mucosal tissues showed a strong cytoplas-

mic staining within the spinous cell layer of the epithelium

and weak to negative staining of the basal and parabasal

layers of the epithelium. Muscles bundles stained positive

and were regarded as internal controls. More than 75 % of

OSCCs displayed a strong cytoplasmic staining of

Eur Arch Otorhinolaryngol (2016) 273:1885–1893 1887

123



epithelial tumor cells. The low expression of ARPC1B

protein was statistically different between OSCC and nor-

mal oral mucosal tissues (p = 0.002). Low expression of

ARPC1B significantly correlated with lymph node metas-

tasis (p = 0.010) and advanced tumor stages (0.003)

(Table 1).

Protein expression of ARPC1B and Cav-1

in correlation with survival status

The follow-up time for patients included in our study

ranged from 3 to 93 months (mean 31.6 months, median

21.0 months)

The 5 year survival rates for low and high protein

expression of Cav-1 were 46.43 and 27.51 %, respectively.

Results of the overall survival rate analysis demonstrated a

significant association between high Cav-1 protein

expression and poor prognosis (p = 0.030) (Fig. 2). After

adjustment for selected socio-demographic (age, gender

and risk habits) and clinico-pathological parameters (tumor

size, lymph node metastasis, tumor staging, and pattern of

invasion), high expression of Cav-1 remained a significant

prognostic factor for overall survival of OSCC

(HRR = 2.700, 95 % CI 1.013–7.198, p = 0.047,

Table 2).

The 5 year survival rate for low and high expression of

ARPC1B protein was 18.05 and 34.01 %, respectively.

Results from Kaplan–Meier analysis showed no significant

association between ARPC1B protein expression and

prognosis (p = 0.651) (Fig. 2). After adjustment for

selected socio-demographic (age, gender and risk habits)

and clinico-pathological parameters (tumor size, lymph

node metastasis, tumor staging and pattern of invasion), the

multivariate cox regression analysis showed that low

expression of ARPC1B was not a significant prognostic

factor for the overall survival of OSCC (HRR = 1.319,

95 % CI 0.577–3.014, p = 0.511, Table 2).

Discussion

Oral cancer is distinguished by its uncontrollable prolifer-

ative characteristics as well as migration and invasive

capabilities. Dissemination of tumor cells into cervical

Table 1 Association of ARPC1B and Cav-1 protein expression with socio-demographical and clinico-pathological parameters

Variables Category No. of

patients (%)

ARPC1B expression (n, %) p value Cav-1 expression (n, %) p value

Low level of

expression

High level of

expression

Low level of

expression

High level of

expression

Total 76 16 60 14 62

Gender Male 29 (38.2) 8 (27.6) 21 (72.4) 0.272 7 (24.1) 22 (75.9) 0.313

Female 47 (61.8) 8 (17.0) 39 (83.0) 7 (14.9) 40 (85.1)

Age (years) \45 6 (7.9) 2 (33.3) 4 (66.7) 0.60 1 (16.7) 5 (83.3) 1.000

C45 70 (92.1) 14 (20.0) 56 (80.0) 13 (18.6) 57 (81.4)

Smoking No 61 (80.3) 11 (18.0) 50 (82.0) 0.286 10 (16.4) 51 (83.6) 0.457

Yes 15 (19.7) 5 (33.3) 10 (66.7) 4 (26.7) 11 (73.3)

Drinking No 50 (65.8) 8 (16.0) 42 (84.0) 0.134 7 (14.0) 43 (86.0) 0.216

Yes 26 (34.2) 8 (30.8) 18 (69.2) 7 (26.9) 19 (73.1)

Betel quid chewing No 36 (47.4) 10 (27.8) 26 (72.2) 0.260 7 (19.4) 29 (80.6) 0.827

Yes 40 (42.6) 6 (15.0) 34 (85.0) 7 (17.5) 33 (82.5)

Tumor site Non-tonguea 50 (65.8) 9 (18.0) 41 (82.0) 0.365 10 (20.0) 40 (80.0) 0.760

Tongue 26 (34.2) 7 (26.9) 19 (73.1) 4 (15.4) 22 (84.6)

Tumor size T1-T2 44 (57.9) 7 (15.9) 37 (84.1) 0.197 8 (18.2) 36 (81.8) 0.950

T3-T4 32 (42.1) 9 (28.1) 23 (71.9) 6 (18.8) 26 (81.2)

Lymph node metastasis Negative 45 (59.2) 5 (11.1) 40 (88.9) 0.010 9 (20.0) 36 (80.0) 0.669

Positive 31 (40.8) 11 (35.5) 20 (64.5) 5 (16.1) 26 (83.9)

pTNM Staging Early stage 29 (38.2) 1 (3.5) 28 (96.5) 0.003 6 (20.7) 23 (79.3) 0.689

Advanced stage 47 (61.8) 15 (31.9) 32 (68.1) 8 (17.0) 39 (83.0)

Pattern of invasion Cohesive 11 (14.5) 1 (9.) 10 (90.9) 0.440 4 (36.4) 7 (63.6) 0.111

Non-cohesive 65 (85.5) 15 (23.1) 50 (76.9) 10 (15.4) 55 (84.6)

Differentiation Well 29 (38.2) 4 (13.8) 25 (86.2) 0.223 8 (27.6) 21 (72.4) 0.105

Poor and Moderate 47 (61.8) 12 (25.5) 35 (74.5) 6 (12.8) 41 (87.2)

a Buccal mucosa, gingiva, lip, floor of mouth, palate Significant p value were highlighted in bold
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lymph nodes and distant sites is a major determinant of

prognosis. [22] Thus, active genes involved in tumor

metastasis can be considered as potential prognostic and

therapeutic targets for OSCC.

There has always been a great interest in predicting

tumor progression using different molecular markers in

OSCC. Galactin-7 has been suggested to be one such

potential clinical marker [23]. Similarly, over-expression

of stefin A gene could be utilized to identify OSCC patients

at increased risk for disease relapse [24]. A recent study by

Choi et al. [25] revealed that over-expression of HIF-1a or

HSP70 which are hypoxia signaling markers was associ-

ated with lymph node metastasis and poor prognosis in

head and neck SCC.

In the current study, the difference in expression of

ARPC1B and Cav-1 between OSCC and normal oral

epithelium indicated the involvement of these genes in

tumorigenesis. Furthermore, we demonstrated that low

expression of ARPC1B correlated with lymph node

metastasis and advanced tumor stages in OSCC patients,

suggesting that this gene may have clinical relevance in the

aggressive progression of OSCC. In addition, high

expression of Cav-1 was found to be associated with poor

survival, suggesting that this gene may have a prognostic

influence for OSCC. The failure of detection of lymph node

metastasis significantly affects the survival outcomes of

OSCC patients. It has been estimated that approximately

one third of the patients clinically diagnosed as having

negative cervical lymph nodes (N0) may actually have

positive cervical LNs [26]. Therefore, the current findings

suggest that the evaluation of these genes in OSCC biop-

sies could contribute to a higher accuracy to determine

specific resection procedures in OSCC patients in order to

improve patient prognosis.

Researchers have tried to establish the clinical value of

Cav-1 in OSCC and head and neck SCC; however, none of

the studies have reported its prognostic significance [14,

16, 27, 28]. In our study, despite lack of significant

Fig. 1 Immunohistochemistry of ARPC1B. Hyperplastic oral mucosa

a H&E stain (magnification 9400 and 91600); b anti-ARPC1B

antibody immunostaining showed positive cytoplasmic staining

within the spinous and superficial cell layers of the epithelium and

weak to negative staining of the para basal and basal layers of the

epithelium in hyperplastic oral mucosa (magnification 9400 and

91600). OSCC c and e H&E stained (magnification 9800 and

91600); d anti-ARPC1B antibody immunostaining showed negative

expression and f strong expression in the cytoplasm of the epithelial

tumor cells (magnification 9800 and 91600). g anti-ARPC1B

antibody immunostaining showed strong expression in the cytoplasm

of renal cell carcinoma cells that acted as positive tissue control

(magnification 9800 and 91600). h–n Immunohistochemistry of

Cav-1. Hyperplastic oral mucosa (H) H&E stain (magnification 400x

and 1600x); i anti-Cav-1 antibody immunostaining showed strong

positive staining of the basal layer but weak to negative staining of the

spinous and superficial layers of hyperplastic oral mucosa (magnifi-

cation 9400 and 91600). OSCC j and l H&E stained (magnification

9800 and 91600); k anti-Cav-1 antibody immunostaining showed

low expression and (M) strong membrane and granular cytoplasmic

staining in the epithelial tumor cells (magnification 9800 and

91600). n anti-Cav-1 antibody immunostaining showed strong

membrane and granular cytoplasmic staining in the esophagus

squamous cell carcinoma that acted as positive tissue control

(magnification 9800 and 91600)
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association between expression of Cav-1 with clinico-

pathologic parameters (tumor size, lymph node metastasis,

tumor staging, and pattern of invasion), over-expression of

Cav-1 protein was found to be associated with poor prog-

nosis. This observation reflects the role of Cav-1 as a tumor

regulator involved in promoting tumor cell proliferation,

cell migration and metastasis, resistance to apoptotic sig-

nals, chemotherapeutic drug resistance, and angiogenesis

[29] However, in contrast to our study, Xue et al. [27] in

their study on oral tongue SCC found a significant corre-

lation between Cav-1 with clinical stage and histologic

grade but did not observe any association with poor sur-

vival in OSCC using Quantum dots immunofluorescence

histochemistry (QDs-IHC) method. A difference in find-

ings between our study with Xue et al. [27] may be

explained due to the following reasons: (a) different

methods for assessment of protein expression (immuno-

histochemistry vs QD-IHCs method); (b) samples for this

study were derived from different subsites such as tongue,

buccal mucosa, floor of the mouth, and gum while Xue

et al. [27] focused only on tongue OSCCs; (c) different

scoring criteria for immuno-evaluation. Apart from that,

the failure of obtaining significant association of Cav-1

with clinical-pathological parameters might be due to the

controversial roles of Cav-1 in oral carcinogenesis. To

date, several studies [14, 27] have demonstrated that over-

expression of Cav-1 gene is important in oral carcinogen-

esis. This is in contrast to studies by Han et al. [28] and

Zhang et al. [16] who demonstrated that Cav-1 plays

inhibitory roles in oral carcinogenesis. Therefore, whether

Cav-1 acts as an oncogene or tumor suppressor gene in oral

carcinogenesis warrants further insight.

To date, only few studies have investigated ARPC1B

expression and its clinical applications in various cancers,

such as in breast carcinomas [18] and intraocular choroidal

melanomas [10]. ARPC1B has been shown to play an

important role in regulating actin polymerization and

allowing the dynamic assembly and disassembly of actin

filament for cell migration [17]. In the current study, under-

expression of ARPC1B protein showed significant associ-

ation with advanced disease stage and lymph node metas-

tasis. This could be explained by the findings from a recent

study which demonstrated that low expression of ARPC1B

gene would promote the activities of Arp2/3-nucleating

core in focal adhesions sites involved in cell migration and

adhesion [30]. Down regulation of the Arp2/3 complex

may also be attributed to methylation of its subunit p41-

Arc, leading to loss of expression and development of

dysplastic morphology. In addition, Zucchini et al. [31]

suggested that the down regulation of ARPC1B in

osteosarcoma might be one of the causal effects that leads

to inhibition of metastasis by decreasing dynamic actin

disassembly that is crucial for cancer cell migration. These

observations reflect the migration activity of ARPC1B in

regulation of the focal adhesions and actin filaments which

promotes tumor cell metastasis [30]. Although loss of

Fig. 2 Overall survival curves were analyzed according to ARPC1B and Cav-1 protein expression using Kaplan–Meier estimate with log rank

test
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ARPC1B has been reported in various cancers, the mech-

anism of this gene in OSCC remains unclear, and further

downstream analysis should be performed to clarify its role

in oral carcinogenesis.

There were some limitations in the current study. Firstly,

the tumor sample size was relatively small. This might have

attributed to our failure to detect association between

ARPC1B expressions with poor survival. Secondly, the

precise role of Cav-1 either as a tumor suppressor or

oncogene in OSCC remains elusive, and this might have

contributed to the failure of obtaining an association of Cav-

1 with various clinical parameters. Further validations using

larger number of tumor samples should be performed.

In conclusion, this is the first study to identify that over-

expression of Cav-1 is an independent prognostic marker

for OSCC. Additionally, increased expression of ARPC1B

protein in OSCC and its correlation with advanced stage

and lymph node metastasis provide further evidence to its

role in genesis and progression of OSCC.
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