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Abstract: Background: Osteopontin (OPN) is involved in promotion of cancer cells by regulating various facets of
tumor progression such as cell proliferation, angiogenesis and metastasis. To understand the role of OPN in la-
ryngeal squamous cell carcinoma (LSCC), we thus explored the biological function of OPN in LSCC after silencing
OPN expression by RNA interference (RNAi). Method: The OPN expression 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 and transplanted into BALB/c-nu mice. After
siRNA transfection, the viability of Hep-2 cells was examined by MTS, OPN expression was detected by Western
blotting, and tumor angiogenesis was assessed by microvessel densities (MVD). Results: The difference of positive
rate of OPN in 72 cases LSCC (54 cases, 75.0%) and adjacent normal tissues (15 cases, 20.8%) was statistically
significant (P<0.001) and the OPN expression was also significantly correlated with tumor stage, grade and the
presence of lymph node. Hep-2 cells infected with LV-shOPN significantly decreased OPN expression, in compari-
son to cells with LV-shNon transfection (as the control) (P<0.05). The constructed LV-shOPN effectively inhibited
the viability of Hep-2 cell and growth of xenograft tumors in nude mice (all P<0.050). The expression of OPN and
MVD was significantly decreased in xenograft tumors (all P<0.05). Conclusion: RNAi silencing of OPN expression
can significantly inhibit tumor growth and angiogenesis of Hep-2 cells, and OPN may be considered as one of gene
targeting therapy for LSCC.
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Introduction failure for treatment and subsequent death in
patients with LSCC despite advances in diag-
nostic and therapeutic approaches. Thus, there
is a critical need not only to delineate the
molecular underpinning of human LSCC, but
also to identify molecular targets for effective

therapeutic interventions.

Laryngeal squamous cell carcinoma (LSCC) is
one of the most common types of head and
neck squamous cell carcinoma. LSCC accounts
for 1-2% of all malignancies diagnosed world-
wide [1]. The malignant biological behavior,
such as tumor recurrence, metastasis, multi-

drug resistance, and resistance to radiochemo- Osteopontin (OPN), also known as secreted

therapy, leads to worse prognosis and poor life
quality of these patients. Metastasis and recur-
rence of LSCC are the main primary causes of

phosphoprotein 1 (SPP1), is involved in promo-
tion of cancer cells by regulating various facets
of tumor progression such as cell proliferation,
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Figure 1. OPN expression in LSCC tissues (A) and adjacent nontumor tissues (B), immunohistochemical staining
(x400).

Table 1. Associations between OPN expres-
sion and clinicopathological characteristics

of LSCC
OPN expr- p
Variables N ession
—High Low values

Age (yr) 0.466
<60 23 16 7
>60 49 38 11

Gender 0.442
Male 67 51 16
Female 5 3 2

Tobacco 0.612
Ever 52 40 12
Never 20 14 6

Alcohol 0.475
Ever 47 34 13
Never 25 20 5

Tumor sites 0.851
Suprag]ottic 28 20 8
Glottic 40 31 9
Infraglottic 4 3 1

Overall stage 0.013*
-1 30 18 12
-1v 42 36 6

Tumor differentiation 0.014*
Well 34 21 13
Moderate/poor 38 33 5

Lymph node metastasis 0.001*
Positive 33 31 2
Negative 39 23 16

Treatment 0.492
Surgery only 31 22 9
Combined 41 32 9

*P<0.05.
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angiogenesis and metastasis. OPN is a highly
acidic calcium-binding glycosylated phospho-
protein [2-4] which functions as a cell attach-
ment protein and cytokine that signals through
two cell adhesion molecules, avB3-integrin and
CD44, to regulate cancer growth and metasta-
sis [5]. Binding of OPN to these cell surface
receptors stimulates cell adhesion, chemotax-
is, proliferation, migration, and specific signal-
ing functions [6, 7]. OPN may play multiple roles
in  promoting tumor progression, including
inhibiting macrophage function and enhancing
growth or survival of metastases [8].
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 mela-
noma [9-11]. Moreover, OPN is present in ele-
vated levels in some patients with metastatic
cancers [12-14]. OPN expression was signifi-
cantly correlated with differentiation and lym-
phatic metastasis of the LSCC. Elevated OPN
level was significantly associated with poor sur-
vival [15]. Therefore, suppression of the action
of OPN may confer significant therapeutic activ-
ity, for which several strategies have been iden-
tified [16, 17]. Although OPN is overexpressed
in many human malignancies, the biological
function of OPN in LSCC has not been fully
understood. Thus, further studies of the role of
OPN in carcinogenesis and its clinicopathologic
characteristics in LSCC are needed. In this
study, we investigated OPN expression in LSCC
specimens and its correlation with clinicopath-
ologic characteristics. Furthermore, we also
used small hairpin RNA (shRNA), a powerful
therapeutic potential tool by silencing onco-
genes, to detect the potential function by RNA
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Figure 3. The curve of tumor growth of nude mice
with LV-shOPN in LSCC.

interference (RNAI) silencing OPN expression in
human LSCC xenograft in nude mice.

Material and methods
Patients and specimens

All 72 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 December 2006. The adjacent nontu-
mor tissues were about 1 cm from primary car-
cinoma. Histopathological diagnoses were
made according to the pathological classifica-
tion system of the World Health Organization
[18], and the tumor was staged following the
tumor-node-metastasis classification of the
International Union Against Cancer (UICC
2002). The clinicopathological information of
patients was available, including gender, age,
tumor site, tobacco, alcohol, tumor stage, histo-
logical grade, and metastasis. All patients
didn’t receive radiotherapy, chemotherapy and
immunotherapy before the surgery.
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Western blot analysis

Cells were washed in phosphate buffered
saline, and lysed directly using RIPA buffer.
Proteins at the same amount were separated
by 12% SDS-polyacrylamide gel electrophore-
sis and transferred onto polyvinylidene difluo-
ride membranes. After probing with antibodies,
the signals were visualized by supersignal
enhanced chemiluminescence reagent (Pierce,
Rockford, IL). The antibodies used were anti-
osteopontin (R&D Systems, Minneapolis, MN)
and anti-glyceraldehyde-3-phosphate dehydro-
genase (KangChen Bio-tech, Shanghai, P. R.
China). Gel bands were then developed with
ECL Western blotting detection reagents
(Amersham, USA).

Immunohistochemical staining

Immunohistochemical staining was performed
on thin sections (~ 4 uym) of paraffin-embedded
archival poly-L-lysinecoated 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) overnight at
4°C, and the slides were then washed 3 times
in phosphate-buffered saline containing 3%,
2%, and 1% of normal human serum.
Biotinylated anti-mouse-IgG (Zhongshan Tech-
nology Co., Beijing, China) avidin-biotin complex
was applied as a secondary antibody for 30min
at room temperature, followed by the applica-
tion of peroxidase-conjugated strepavidin for
30 min. The antibody binding was visualized
with 3, 3-diaminobenzidine tetrahydrochloride
before brief counterstaining with Mayer’s
hematoxylin. For monoclonal antibodies of
mouse origin, negative controls were obtained
using isotypic mouse immunoglobulin in the
same dilution as the primary antibody of con-
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Figure 5. Expression of OPN in transfected LV-shOPN Hep-2 xenografts (x400). A: LV-shOPN group. B: LV-shNon
control group

cern. All control experiments gave negative
results.

Evaluation of immunostaining

Evaluation of OPN protein staining was inde-
pendently performed by 2 experienced patholo-
gists in a blinded fashion. Five representative
microscopic areas at x400 magnification were
randomly selected for examination. Expression
of OPN was determined by both the intensity of
staining and the proportion of tumor cells that
had an unequivocal positive reaction using a
semi-quantitative and subjective grading sys-
tem [19]. A proportion score was assigned,
which represented the estimated proportion of
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positively stained tumor cells (0, none; 1, <10%;
2,210% to <50%; 3, 250% to <80%; 4, 280% to
<100%). An intensity score was assigned that
represented the average intensity of the posi-
tive tumor cells (O, none; 1, weak; 2, intermedi-
ate; 3, strong). Multiplication of the intensity
and the proportion scores gave rise to the ulti-
mate 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

Int J Clin Exp Med 2015;8(1):164-172
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Figure 6. CD34 expression of of xenotransplanted tumors (x400). A: LV-shOPN group. B: LV-shNon control group.
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Figure 7. Numbers of MVD by CD34 expression:
LV-shOPN and LV-shNon group (8.78+1.30 and
15.72+1.50, respectively).

Medical University. Cells were cultured in
DMEM medium containing 10% fetal bovine
serum (Gibco) and incubated in a humidified
(87°C, 5% CO,) incubator. Small hairpin RNA
(shRNA) of human OPN lentivirus gene transfer
vector (hamed LV-shOPN) encoding green fluo-
rescent protein (GFP) sequence was construct-
ed and provided by Dr. Zhu Minghui. Lentivirus
vector carried GFP but without OPN was named
LV-shNon as a control group.

Hep-2 cells were plated in 24-well plates (2x10*
cells/well) overnight. The lentiviruses were
diluted in 0.2 mL (108 TU/mL) complete medi-
um containing polybrene (8 mg/mL) and added
to the cells for incubation for 1 h at 37°C, fol-
lowed by incubation in 0.3 mL of freshly pre-
pared polybrene-DMEM for another 24 h, then
the medium was replaced with fresh DMEM
and the cells were cultured for another 48 h.
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Cell viability assays

Cell viability was assessed by 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.

In vivo tumor xenograft model in nude mice

A total of 18 BALB/c-nude mice, 5-6 weeks old
and 20 g in weight, were provided by Vital River
Laboratory (Laboratory Animal Technology Co.,
Beijing, China), were bred in an aseptic condi-
tion, and kept at a constant humidity and tem-
perature (25-28°C) in the pathogen-free animal
facility at least one week before use. For the
tumorigenic assay, all the 18 mice (6 mice/
group) underwent subcutaneous injection of
200 pL (1x107) viable cells suspension with
LV-shOPN or LV-shNon in the dorsal scapula
region. The size of tumors was blindly mea-
sured once a week with calipers, and the vol-
ume of tumor was determined using the simpli-
fied formula of a rotational ellipsoid (LxW?2x0.5),
where L is the largest dimension and W is the
perpendicular diameter. Upon termination of
the experiment, mice were sacrificed and indi-
vidual tumors were weighted and collected for
further analysis.

Histomorphologic assessment of tumor xeno-
graft and immunohistochemical staining

Resected tumors were fixed in 4% Polyo-
xymethylene, processed in paraffin, sectioned

Int J Clin Exp Med 2015;8(1):164-172
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at 4 ym, and subjected to a hematoxylin and
eosin staining protocol. The stained tissues
were observed under a light microscope.
Immunohistochemical staining of tumor xeno-
grafts was performed as described above.

Analysis of tumor vascular density

Tumor microvessel density (MVD) was quanti-
fied using sections immunostained for CD34
(Santa Cruz, CA, USA) by two independent
investigators in a blinded manner as described
previously [20]. The areas with the greatest
density of CD34-positive endothelial cells were
designated as “hot spots” The whole section
was scanned at low power (x40) to identify the
best fields for counting. Counting was per-
formed on five separate fields within a hot spot
at x200 magnification. Each stained endothe-
lial cell or cell cluster was counted as one
microvessel. If two or more CD34-positive foci
appeared to belong to a single continuous ves-
sel, then this was counted as one microvessel.
The mean vessel count from these fields was
used for MVD scoring.

The investigation was approved by the Ethics
Committee of General Hospital of Jinan Military
Region. Written informed consent was obtained
from all patients. Experiments were approved
by the local authorities and the Hospital Animal
Care and Use Committee (Jinan, Shandong
China).

Statistical analysis

The difference in OPN expression between
LSCC and adjacent nontumor tissue was per-
formed using the Student’s t-test and one-way
analysis of variance for multiple comparisons.
Chi-square test was used to analyze the asso-
ciations between OPN expression and clinico-
pathologic parameters. 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 in LSCC

The age of 72 LSCC patients, including 67 men
and 5 women, ranged from 33 to 76 years old,
with a mean of 60.5 years. Of 72 patients, OPN
positive staining was detected in 54 (75.0%)
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and 15 (20.8%) in LSCC and adjacent nontumor
tissues, respectively. The staining of OPN was
observed in cytoplasm and cell membrane, but
no nuclear staining was found in all tissues
studied. The brown or yellow-brown grana or
bolus was shown in cytoplasm of positive stain-
ing cells. OPN expression was higher in LSCC
than in adjacent normal tissue (P<0.001)
(Figure 1A, 1B).

Correlation of OPN expression with selected
clinicopathologic characteristics of LSCC

The clinicopathologic characteristics of 72
patients with LSCC are listed in Table 1. A sig-
nificant correlation was found between the OPN
expression and overall stage, tumor differentia-
tion, and lymph node metastasis (P = 0.013; P
=0.014 and P = 0.001, respectively). However,
such significant correlation was not observed
for other variables including age, gender, smok-
ing, 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. 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 con-
structed 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 2, after LV-shOPN transfec-
tion, the viability of Hep-2 cells was decreased
in comparison with cells without and with
LV-shNon transfection (P<0.05). Although the
viability was borderline significantly different
between the cells with LV-shNon transfection
and the cells with blank control (Hep-2 cells
only) (P = 0.051), the time-effect curves indi-
cated that LV-shOPN transfection could
decrease the viability of Hep-2 cells in vitro.

LV-shOPN suppressed tumor growth in vivo

The effect of OPN shRNAs on tumor growth was
evaluated by using cancer xenograft volume

Int J Clin Exp Med 2015;8(1):164-172
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changes. Tumor volume of each group was
scored every 7 days. Data was represented as
means + SD. LV-shOPN significantly inhibited
tumor growth as shown in Figure 3. Tumors
from mice with LV-shOPN were significantly
smaller in volume, compared with those with
LV-shNon or blank control group (P<0.05).

As shown in Figure 4, the HE staining of tumor
xenografts showed that all the tumor tissues
were squamous cell carcinoma. The tumor cells
from the group with LV-shNon cells showed a
vivid staining, rose pink cytoplasm, and dark
purple nuclei in tumors, while the tumors origi-
nating from LV-shOPN-expressing cells showed
a sparse structure, anomalous shapes of cells,
fragmented or even disappeared cell bodies
and lightly stained or condensed nuclei, remi-
niscent of a necrosis morphology (Figure 4). It
was likely that interference of OPN into Hep-2
may inhibit tumor growth.

Inhibition of LV-shOPN in OPN expression in
tumor xenograft

The significantly reduced expression of OPN by
immunohistochemical staining was observed
by down-regulation of OPN in Hep-2 xenografts
after LV-shOPN transfection as compared with
control tumors which had high expression of
OPN (Figure 5). The expression of OPN was sta-
tistically different between the two groups
(P<0.05).

Inhibition of LV-shOPN in tumor angiogenesis
in vivo

Tumor-associated neovascularization, as indi-
cated by MVD, was determined by CD34 expres-
sion in tumor sections derived from xenografts.
As shown in Figures 6 and 7, a significant
decrease in tumor MVD was observed by down-
regulation of OPN in Hep-2 xenografts as com-
pared with control tumors (P<0.05). It is likely
that OPN might be involved in regulation of
tumor angiogenesis.

Discussion

LSCC is one of the most common malignancies
in head and neck. Despite modern detection
and treatment strategies, the overall survival
for this disease has improved only marginally
over the past decade. Tumor recurrence/
metastasis and second primary malighancy are
the two major causes of unfavorable prognosis
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[241, 22]. A tumor marker for early detection
before the clinical manifestation of this cancer
would be essential to better treatment and sur-
vival [21, 22]. Recently, it was reported that
OPN may be a candidate of such markers for
early detection of head and neck cancers [23].
In LSCC, the OPN expression is positively cor-
related with degree of dysplasia but negatively
with survival [24]. In plasma and tumor tissue
samples, the elevated OPN expression was
also significantly associated with metastasis
and survival of LSCC [15]. These findings may
support that OPN may serve as one of useful
indicators of tumorigenesis and prognosis for
LSCC.

RNAI is known as a post-transcriptional gene
silencing (PTGS) machinery in which double-
stranded RNA (dsRNA), in tandem with protein
complexes, catalyzes the degradation of com-
plementary mRNA targets [25, 26]. Methods
for applying RNAI to the treatment of hereditary
diseases, various neurodegenerative diseases,
and cancers as an antiviral therapy agent are
currently under development. Small hairpin
RNAs (shRNAs), the precursors of siRNAs, con-
tain the sequence of the siRNA guide strand
(21-29 bp long), followed by a loop consisting of
approximately 9 nucleotides, and a sequence
that is complementary to the siRNA guide
strand. The use of this structure enables to
achieve long-term suppression of gene expres-
sion [27]. Lentiviral vectors are optimal tools
for the delivery of shRNAs into dividing and non-
dividing cells, making their application promis-
ing for the treatment of malignancy tumors
[28]. In the present study, we have also found
that the OPN expression in LSCC tissues was
significantly higher than that in adjacent nor-
mal tissues. The expression of OPN was signifi-
cantly correlated with tumor stage, lymph node
metastasis and poor differentiation, but such
similar correlations were not observed for age,
gender, smoking, alcohol use, tumor sites and
treatment. Because of the increased expres-
sion of OPN in many other tumor tissues [9-11,
14], it is suggested that OPN may be a potential
marker for tumor progression and may play
important roles in invasion and metastasis of
LSCC. It is likely that OPN may be a potentially
therapeutic target for LSCC therapy.

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,

Int J Clin Exp Med 2015;8(1):164-172
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Hep-2, to silence the expression of OPN and
investigated the effect of decreased OPN on
viability and growth of LSCC. We found that in
vitro the Hep-2 cells with transfected LV-shOPN
inhibited the growth and in vivo xenograft tumor
volumes in mice bearing transfected LV-shOPN
Hep-2 cells significantly reduced. Moreover,
LV-shOPN led to cells anomalous shapes, even
necrosis and significantly reduced the expres-
sion of OPN in xenograft tumor tissues. Thus, it
was likely that OPN knock down by shRNA in
LSCC might inhibit tumor growth in vivo, possi-
bly by promoting necrosis of tumor regression
by shRNA merely targeted to OPN.

Angiogenesis is a prerequisite for advanced
tumor growth and is logically believed to be an
important factor in tumor growth and metasta-
sis [29]. The degree of angiogenesis is associ-
ated with tumor aggressiveness and clinical
outcome [30, 31]. CD34 is a potent stimulator
of angiogenesis and plays an important role in
tumor growth and progression [32]. The assess-
ment of MVD, detected by antibody to CD34, is
frequently used to quantify angiogenesis in
archival tissue [33]. Our results clearly showed
a decreased expression of MVD by effective-
ness of LV-shOPN against LSCC Hep-2 cells in
tumor xenografts, suggesting that down-regula-
tion of OPN signaling may inhibit tumor angio-
genesis and reduce tumor invasion in vivo.
Therefore, both in vitro and in vivo, silencing of
OPN by shRNA could be directly linked to the
inhibition of tumor growth and invasion.

Taken together, we conclude that delivery of
shOPN using lentivirus may have potential for
targeted gene therapy of human LSCC. RNA
interference holds out great promise in the
treatment of LSCC. Further larger studies and
molecular mechanisms underlying roles of OPN
in LSCC are needed.
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