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Association of OPN overexpression with tumor stage, 
differentiation, metastasis and tumor progression  
in human laryngeal squamous cell carcinoma 
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Abstract: Background: Osteopontin (OPN) is overexpressed in many human tumors and involved in promotion of 
cancer cells by regulating various facets of tumor progression such as cell proliferation, invasion and metastasis. To 
understand roles of OPN in tumor progression of laryngeal squamous cell carcinoma (LSCC) or develop molecular 
marker for prognosis and treatment of LSCC, we thus explore biological function of OPN and correlation with p53 in 
LSCC. Methods: The expression of OPN and p53 in tumor tissues of LSCC was determined immunohistochemically 
in both LSCC and adjacent normal tissues. Lentivirus vector with RNAi small hairpin gene sequence of OPN (named 
LV-shOPN) was transfected into Hep-2 cells. OPN expression was detected by Western blotting assay and the viability 
and invasive ability of Hep-2 cells were examined by MTS and transwell assay. Results: We found that OPN and p53 
protein expressions were significantly higher in LSCC tumor tissues than adjacent normal tissues (76.2% vs. 23.8% 
for OPN and 63.8% vs. 15.2% for p53, all P < 0.001). OPN expression was also significantly correlated with p53 
expression, tumor stage, grade and the presence of lymph node. The constructed LV-shOPN effectively inhibited 
the OPN expression, viability and invasive ability of Hep-2 cells (all P < 0.050). Conclusion: Taken together, OPN is 
overexpressed in LSCC. OPN expression is correlated with p53 expression, tumor progression and lymph node me-
tastasis. Additionally, RNAi silencing of OPN expression can significantly inhibit tumor viability and invasion ability of 
Hep-2 cells. Thus, OPN may be considered as a marker and potential gene targeting therapy in LSCC.
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Introduction

Head and neck squamous cell carcinoma is  
the sixth most common cancer worldwide. 
Laryngeal squamous cell carcinoma (LSCC) is 
one of the most common types of HNSCC [1-3]. 
Unfortunately, patients with the same diagnos-
tic and prognostic profile can have markedly 
different clinical outcomes. It is likely that the 
classifications of current taxonomy of LSCC 
patients with different molecular profiles and 
distinct clinical phenotypes are based mainly 
on morphology [4]. Although various biological 
prognostic markers have been identified for 
LSCC, little is known about the molecular 

mechanisms that govern the neoplastic pheno-
types of LSCC. Thus, better understanding 
the molecular mechanisms of LSCC progres-
sion may help identify more effective targets 
for improving the outcomes for patients with 
LSCC. 

Osteopontin (OPN) is a highly acidic calcium-
binding glycosylated phosphoprotein [5-7] 
which functions as a cell attachment protein 
and cytokine that signals through two cell adhe-
sion molecules, αvβ3-integrin and CD44 [8]. 
Binding of OPN to these cell surface receptors 
stimulates cell adhesion, chemotaxis, prolifera-
tion, migration, and specific signaling functions 
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[9, 10]. Therefore, it involved in promotion of 
cancer cells by regulating various facets of 
tumor progression such as cell proliferation, 
invasion, angiogenesis and metastasis. OPN 
may play multiple roles in promoting tumor pro-
gression, including inhibiting macrophage func-
tion and enhancing growth or survival of metas-
tases [11]. Overexpression of OPN has been 
found in a variety of cancers, including breast 
cancer, lung cancer, colorectal cancer, stomach 
cancer, ovarian cancer, esophageal cancer and 
melanoma [12-14]. Moreover, OPN is present in 
elevated levels in some patients with metastat-
ic cancers [15-17]. Elevated OPN level was sig-
nificantly associated with poor survival [18]. 
Therefore, suppression of the action of OPN 
may confer significant therapeutic activity, for 
which several strategies have been identified 
[19, 20]. 

Although OPN is overexpressed in many human 
malignancies, the molecular function of OPN in 
LSCC has not been fully determined. Thus, fur-
ther studies of the role of OPN in carcinogene-
sis and its clinicopathologic characteristics in 
LSCC are needed. p53, a tumor suppressor 
gene, has been considered as an early impor-
tant incident in malignant transformation of 
head and neck cancers [21], but its correlation 
with OPN has not been examined. Thus, in this 
study, we investigated OPN expression in LSCC 
specimens and determined its correlation  
with p53 and clinicopathologic characteristics. 
Furthermore, we used small hairpin RNA 
(shRNA), a powerful therapeutic potential tool 
by silencing oncogenes, to detect the potential 
function by RNA interference (RNAi) silencing 
OPN expression in Hep-2 cells of LSCC in vitro.

Material and methods

Patients and specimens

All 105 tumor samples were obtained from 
patients who had undergone surgery and were 
diagnosed with primary LSCC in General 
Hospital of Jinan Military Region from January 
2003 to May 2007. The adjacent nontumor tis-
sues were obtained about 1 cm from primary 
carcinoma. The Ethics Committee of General 
Hospital of Jinan Military Region approved the 
protocol of this study. All written informed con-
sent for participation in this study was obtained 
from all study patients. Histopathological diag-
noses were made according to the pathologi- 
cal classification system of the World Health 

Organization [22], and the tumor was staged 
following the tumor-node-metastasis classifica-
tion of the International Union Against Cancer 
(UICC 2002). The clinicopathological informa-
tion of patients was available, including gender, 
age, tumor site, tobacco, alcohol, tumor stage, 
histological grade, and metastasis. All patients 
didn’t receive radiotherapy, chemotherapy and 
immunotherapy before the surgery.

Immunohistochemical staining

Immunohistochemical staining was performed 
on thin sections (~4 μm) of paraffin-embedded 
archival poly-L-lysine-coated glass slides. The 
samples were dewaxed in 100% xylene and 
rehydrated in descending ethanol series and 
water according to standard protocols. Heat-
induced antigen retrieval was performed in 
0.001 mol/L EDTA buffer for two minute at 
100°C. The slides were fixed and the endoge-
nous peroxidase activity was quenched by incu-
bation in methanol with 3% hydrogen peroxide 
for 10 minutes. The slides were then washed 
with phosphate-buffered saline. Nonspecific 
binding was blocked by incubation with 2% 
bovine serum in tris-buffered saline for 30 min-
utes at room temperature. The slides were first 
incubated with the primary monoclonal mouse-
anti-human antibody against OPN (Zhongshan 
Technology Co., Beijing, China) and pri- 
mary monoclonal mouse-anti-human antibody 
against p53 (Zhongshan, Godbridge, China) 
respectively overnight at 4°C, and the slides 
were then washed 3 times in phosphate-buff-
ered saline containing 3%, 2%, and 1% of nor-
mal human serum. Biotinylated anti-mouse-IgG 
(Zhongshan Technology Co., Beijing, China) avi-
din-biotin complex was applied as a secondary 
antibody for 30 min at room temperature, fol-
lowed by the application of peroxidase-conju-
gated strepavidin for 30 min. The antibody 
binding was visualized with 3, 3-diaminobenzi-
dine tetrahydrochloride before brief counter-
staining with Mayer’s hematoxylin. For mono-
clonal antibodies of mouse origin, negative 
controls were obtained using isotypic mouse 
immunoglobulin in the same dilution as the pri-
mary antibody of concern. All control experi-
ments gave negative results.

Evaluation of immunostaining

Evaluation of OPN and p53 protein staining was 
independently performed by 2 experienced 
pathologists in a blinded fashion. Five repre-
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sentative microscopic areas at × 400 magnifi-
cations were randomly selected for examina-
tion. Expression of OPN and p53 was deter-
mined by both the intensity of staining and the 
proportion of tumor cells that had an unequivo-
cal positive reaction using a semi-quantitative 
and subjective grading system [23]. A propor-
tion score was assigned, which represented 
the estimated proportion of positively stained 
tumor cells (0, none; 1, < 10%; 2, ≥ 10% to < 
50%; 3, ≥ 50% to < 80%; 4, ≥ 80% to < 100%). 
An intensity score was assigned that represent-
ed the average intensity of the positive tumor 
cells (0, none; 1, weak; 2, intermediate; 3, 
strong). Multiplication of the intensity and the 
proportion scores gave rise to the ultimate 
immunohistochemical scores: a total score 
greater than or equal to 3 was taken to indicate 
a high expression and a sum score below 3 
indicated a low expression.  

Cell culture and lentiviral infection

The Hep-2 cells of human LSCC were provided 
by the Center Laboratory, Second Military 
Medical University. Cells were cultured in 
DMEM medium containing 10% fetal bovine 
serum (Gibco) and incubated in a humidified 
(37°C, 5% CO2) incubator. Small hairpin RNA 
(shRNA) of human OPN lentivirus gene transfer 
vector (named LV-shOPN) encoding green fluo-
rescent protein (GFP) sequence was construct-
ed and provided by Dr. Zhu Minghui (Changhai 
Hospital of the Second Military Medical 
University, Shanghai, China). Lentivirus vector 
carried GFP but without OPN was named 
LV-shNon as a control group. Hep-2 cells were 
plated in 24-well plates (2 × 104 cells/well) 
overnight. The lentiviruses were diluted in 0.2 
mL (108 TU/mL) complete medium containing 
polybrene (8 mg/mL) and added to the cells for 
incubation for 1 h at 37°C, followed by incuba-
tion in 0.3 mL of freshly prepared polybrene-DM- 
EM for another 24 h, then the medium was 

were separated by 12% SDS-polyacrylamide 
gel electrophoresis and transferred onto polyvi-
nylidene difluoride membranes. After probing 
with antibodies, the signals were visualized by 
super signal enhanced chemiluminescence 
reagent (Pierce, Rockford, I L). The antibodies 
used were anti-osteopontin (R&D Systems, 
Minneapolis, MN) and anti-glyceraldehyde-
3-phosphate dehydrogenase (KangChen Bio-
tech, Shanghai, P. R. China). Gel bands were 
then developed with ECL Western blotting 
detection reagents (Amersham, USA)

Cell viability assays

Cell viability was assessed by using the 3-(4, 5- 
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphe- 
nyl)-2-(4-sulphophenyl)-2H-tetrazolium (MTS) 
assay (Promega, Madison, WI) in 96-well plates 
(5000 cells/well) following the instructions of 
the manufacturer. Each experiment was done 
in triplicate and repeated three times.

Matrigel invasion assays

Cell invasion assays were quantified in vitro 
using Transwell chambers with polycarbonate 
membrane filters (8 µm pore size; Corning, NY) 
coated with a Matrigel (Sigma) according to  
the manufacturer’s instructions, as previously 
described [24]. The number of cells invading 
through Matrigel was counted by randomly 
selecting five visual fields, and the extent of 
invasion was expressed as the average number 
of cells per microscopic field at a magnification 
of × 200. All experiments were performed  
for three times. Two independent investigators 
were blinded when reading the assay for 
Matrigel invasion.

Statistical analysis

The difference in OPN expression between 
LSCC and adjacent nontumor tissues was per-

Table 1. TIP30 and P53 expression in LSCC and adjacent normal tis-
sues

Groups
OPN

Total P* value
P53

Total P* value
High Low High Low

LSCC 80 25 105 < 0.001 67 38 105 < 0.001
Adjacent normal tissues 28 77 105 16 89 105
Total 108 102 210 83 127 210
*Two-sided c2 test.

replaced with fresh DM- 
EM and the cells were 
cultured for another 48 h.

Western blot analysis

Cells were washed in 
phosphate buffered sa- 
line, and lysed directly 
using RIPA buffer. Pro- 
teins at the same amount 
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formed using the Student’s t-test and one-way 
analysis of variance for multiple comparisons. 
A Pearson’s correlation coefficient was used to 
determine the correlation between OPN and 
p53 protein expression. Chi-square test was 
used to analyze the associations between OPN 
expression and p53 and several clinicopatho-
logic parameters. In vitro assays, the student’s 

t-test was used to determine the differences 
between the groups with different assays. The 
SPSS software (for Windows, version 19.0) was 
used for statistical calculations. A P value of 
less than 0.05 was considered statistically 
significant.

Results

Expression of OPN and p53 in LSCC

The age of 105 LSCC patients, including 92 
men and 13 women, ranged from 33 to 76 
years old, with a mean of 61.4 years. Of 105 
patients, OPN positive staining was detected in 
80 (76.2%) and 28 (26.7%) in LSCC and adja-
cent nontumor tissues, respectively (Table 1). 
The staining of OPN was observed in cytoplasm 
and cell membrane, but no nuclear staining 

Figure 1. OPN expression in LSCC tissues (A) and adjacent nontumor tissues (B), immunohistochemical staining (× 
400).

Figure 2. P53 expression in LSCC tissues (A) and adjacent nontumor tissues (B), immunohistochemical staining (× 
400).

Table 2. Association between OPN and p53 
expressions

P53
OPN

Total P*

High Low
High 57 10 67 0.005
Low 23 15 38
Total 80 25 105
*Two-sided c2 test. 
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was found in all tissues studied. The brown or 
yellow-brown grana or bolus was shown in cyto-
plasm of positive staining cells. OPN expres-
sion was higher in LSCC than in adjacent nor-
mal tissue (P < 0.001) (Figure 1A, 1B). The p53 
protein expression showed a yellow-brown 
nuclear positive staining pattern in 67 (63.8%) 
tumor tissues of 105 cases and 16 (15.2%) in 
adjacent nontumor tissues. However, no evi-
dence of p53 expression was found in cyto-
plasm (Figure 2A, 1B).

Correlation between expression of OPN and 
p53 

Of 67 tumors with high p53 expression, 57 
(85.1%) were OPN positive. Of 38 tumors with 

low p53 expression, 23 (60.5%) were OPN posi-
tive (Table 2). The expression of OPN was posi-
tively associated with p53 expression (r = 
0.277, P = 0.004).

Correlation of OPN expression with selected 
clinicopathologic characteristics of LSCC

The clinicopathologic characteristics of 105 
patients with LSCC are listed in Table 3. A sig-
nificant correlation was found between the 
OPN expression and overall stage, tumor differ-
entiation, and lymph node metastasis (P = 
0.042; P = 0.004 and P = 0.019, respectively). 
However, such significant correlation was not 
observed for other variables including age, gen-
der, smoking, alcohol use, tumor sites, and 
treatment (all P > 0.05).

LV-shOPN reduced OPN expression in Hep-2 
cells

The OPN expression was further analyzed by 
western blotting in Hep-2 cells (Figure 3A-C). 
Hep-2 cells infected with LV-shOPN significantly 
decreased OPN expression, in comparison to 
cells with LV-shNon transfection as control (P < 
0.05). These results clearly indicated that the 
constructed LV-shOPN might effectively infect 
Hep-2 cells and significantly reduced OPN 
expression. 

Decreased viability of Hep-2 cells with LV-
shOPN transfection

As shown in Figure 4, after LV-shOPN transfec-
tion, the viability of Hep-2 cells was decreased 
in comparison with that of cells with LV-shNon 
transfection (P < 0.05). However, the viability 
was not significantly different between the cells 
with LV-shNon transfection and the cells with 
blank control (Hep-2 cells only) (P > 0.05). The 
time-effect curves indicated that LV-shOPN 
transfection could decrease the viability of 
Hep-2 cells in vitro.

LV-shOPN suppressed the invasive ability of 
Hep-2 cells

Hep-2 cells were incubated with Matrigel for 72 
hours to detect the invasion ability (Figure 
5A-C). The invasive abilities through Matrigel 
were significantly decreased in LV-shOPN-
infected Hep-2 cells, relative to that in 
LV-shNon-infected cells and in Hep-2 cells 
(Figure 5D).

Table 3. Associations between OPN expression 
and clinicopathological characteristics of LSCC

Variables N
OPN expression

P values
High Low

Age (yr) 0.554
    < 55 17 12  5
    ≥ 55 88 68 20
Gender 0.947
    Male 92 70 22
    Female 13 10  3
Tobacco 0.890
    Ever 85 65 20
    Never 20 15 5
Alcohol 0.825
    Ever 61 46 15
    Never 44 34 10
Tumor sites 0.306
    Supraglottic 36 26 10
    Glottic 55 45 10
    Infraglottic 14 9 5
Overall stage 0.042*

    I-II 64 46 20
    III-IV 41 34 5
Tumor differentiation   0.004*

    Well   49 31 18
    Moderate/poor 56 49 7
Lymph node metastasis 0.019*

    Positive    63 53 10
    Negative  42 27 15
Treatment 0.511
    Surgery only 48 38 10
    Combined 57 42 15
*Two-sided c2 test. 
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Discussion

Despite modern detection and treatment strat-
egies, primary prevention, screening, surgical 
treatment, and radiotherapy, the long-term sur-
vival of LSCC patients has remained substan-
tially unchanged in the last two decades [25, 
26]. A tumor marker for early detection before 
the clinical manifestation of this cancer would 
be essential to better treatment and survival 
[3, 27]. Recently, it was reported that OPN may 
be a candidate of such markers for early detec-
tion of head and neck cancers [28]. In LSCC, 
the OPN expression is positively correlated with 
degree of dysplasia but negatively with survival 
[29]. In tumor tissue samples, the elevated 
OPN expression was also significantly associ-
ated with metastasis and survival of LSCC [18] 
and was highly in all the invasive carcinomas 
than in patient-matched normal mucosa [30]. 
These findings may support that OPN may serve 
as one of useful indicators of tumorigenesis 
and prognosis for LSCC. 

In the present study, we have also found that 
the OPN expression in LSCC tissues was signifi-
cantly higher than that in adjacent normal tis-
sues. The expression of OPN was significantly 
associated with tumor stage, lymph node 

LSCC. It is likely that OPN may be a potentially 
therapeutic target for LSCC therapy. 

The p53 tumor suppressor gene regulates cel-
lular homeostasis through induction of cell 
cycle arrest, apoptosis, immune surveillance, 
cell senescence and is frequently mutated in 
most human malignant tumors [31]. It is found 
that induction of OPN expression by p53 is con-
served across multiple species, and the endog-
enous OPN gene was induced in mouse and rat 
embryo fibroblasts in a p53-dependent man-
ner. The OPN gene has a functional p53-respon-
sive element in its promoter region, and was 
confirmed that there is an interaction between 
the OPN promoter and p53 protein in vivo. 
These results suggest that OPN is a direct tran-
scriptional target of p53 [32]. Our data on 
immunohistochemical staining demonstrated 
that expression of p53 was significantly corre-
lated with OPN, which is an indirect proof of 
p53-regulated OPN expression.

OPN in patients with tumor metastasis is sig-
nificantly increased in comparison to normal 
sera [18, 33, 34], thus its prospects as a mark-
er for evaluating tumor genesis and metastasis 
are expected. Methods for applying RNAi to the 
treatment of cancers as an antiviral therapy 
agent are currently under development [35]. 
Lentiviral vectors are optimal tools for the deliv-
ery of shRNAs into dividing and nondividing 
cells, making their application promising for the 
treatment of malignancy tumors [36]. In this 
study of LSCC, we used the lentivirus vector 
system to deliver a specially designed shRNA 
for human OPN gene into LSCC cell line, Hep-2, 
to silence the expression of OPN. We investi-
gated the effect of decreased OPN on viability 
and invasive ability of LSCC cells and found that 
in vitro the Hep-2 cells with transfected 
LV-shOPN were obviously inhibited the viability 
and invasive ability. Thus, it was likely that OPN 
knocked down by shRNA in LSCC might inhibit 
tumor progression and development. 

Figure 3. Inhibition of LV-shOPN decreased OPN expression by Western blot. 

Figure 4. Inhibition of LV-shOPN decreased viability 
of Hep-2 cells.

metastasis and poor differen-
tiation, but such similar corre-
lations were not observed for 
age, gender, smoking, alcohol 
use, tumor sites and treat-
ment. It is suggested that 
OPN may be a potential mark-
er for tumor progression and 
may play important roles in 
invasion and metastasis of 
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In summary, the present study provides evi-
dence that OPN is overexpressed in LSCC and 
is correlated with tumor progression and lymph 
node metastasis which could be regulated by 
p53. The delivery of shOPN using lentivirus may 
have potential promise in gene targeted thera-
py for human LSCC. Additionally, future studies 
are needed to elucidate the mechanisms 
behind the interactions between OPN and p53 
in the development and progression of LSCC.  
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