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Oral squamous cell carcinoma (OSCC) is the most prevalent form of oral cancer. Inducible nitric oxide synthase (iNOS) and p53
are associated with a variety of human cancers, but their expression and interaction in OSCC have not been fully explored. In this
study, we investigated the expression of iNOS and p53 in OSCC and their correlation with tumor development and prognosis. In
addition, we explored the interaction of iNOS and p53 in OSCC.The expression of iNOS and p53 in OSCC was investigated using
immunohistochemical method and their interaction was studied using RNAi technique. Our results showed that the expression of
both iNOS and p53 was significantly correlated with tumor stages and pathological grade of OSCC (𝑃 < 0.05). In contrast, there
was no correlation between iNOS and p53 expression and lymph nodemetastasis (𝑃 < 0.05).TheOSCC survival rate was negatively
associated with iNOS expression, but not with p53. A significant increase in the expression of the p53 was observed when iNOS
expression was knocked down.The immunoexpression of iNOS is correlated with tumorigenesis and prognosis of OSCC and may
serve as a prognostic marker.

1. Introduction

Nitric oxide (NO) is a small gas molecule involved in a
variety of biological processes including neurotransmitter,
vasodilation, and immune responses [1]. NO is believed to
play roles in multiple stages of various cancers. It is involved
in both promoting and inhibiting the etiology of cancer
depending on tumor type, NO concentration, and tumor cell
sensitivity to NO [2, 3].

Endogenous NO is synthesized from L-arginine by iso-
forms of nitric oxide synthase (NOS). Among the three
isoforms of NOS, specifically, endothelial (eNOS), neuronal
(nNOS), and inducible (iNOS), iNOS produces the greatest
amount of NO and is the synthase isoform most commonly
associated with malignant disease [4]. iNOS expression has
been detected in both normal mammalian tissues and a wide
range of human cancers such as neuroblastoma, colon ade-
nocarcinoma, ovarian cancer, stomach cancer, liver cancer,

breast cancer, and head and neck cancer [5–9]. Recently,
iNOS overexpression was observed in oral squamous cell
carcinoma (OSCC) [10]. However, the correlation between
iNOS levels and tumor stages, differentiation grade, and sur-
vival rate has not been well explored in OSCC. Sappayatosok
et al. reported that iNOS shows correlation with cervical
lymph node metastasis and tumor staging in OSCC [11].
A positive correlation between iNOS mRNA n and neck
lymph node metastasis was also reported in squamous cell
carcinoma of tongue [12].

p53 is a product of TP53 gene and has been called “the
guardian of the genome.” It was reported that p53 has a
number of roles, in particular regulating cell cycle by halting
the G1/S regulation point if DNA damage is present [13].
p53 is associated with a variety of human cancers [14]. In
its wild-type form, p53 is a major tumor suppressor whose
function is critical for protection against cancer [15]. In
contrast, the mutant p53 protein (mt-p53) loses its original
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tumor suppressor and becomes a tumor-promoting factor
and promotes the process of tumor [16–18].High frequency of
mutation in TP53 gene has been shown in a variety of human
tumors such as breast, brain, rectum, colon, esophagus,
and lung cancers and OSCC [19]. However, the relationship
between p53 expression in OSCC and tumor stages has not
been well studied.

The interactions between iNOS and p53 are complicated
and still unclear. As the two genes most closely associated
with the tumor, the expression of iNOS and p53 and the
relationship in the process of tumor development has been
the focus of attention.The majority of previous studies about
iNOS and p53 focused on the expression andmutation of p53
[20].The relation between iNOS and p53 has not been studied
by decreasing iNOS expression using siRNA technique.

In this study, we first investigated the expression of iNOS
and p53 in 16 cases of normal oral mucosa and 72 cases
of OSCC. We then evaluated the correlation between their
expression levels and tumor stages, differentiation grade,
and survival rate. Furthermore, the expression of iNOS was
knocked down using siRNA transfection.The role of iNOS on
p53 expression and tumor cell growth was then investigated.

2. Material and Methods

2.1. Tissue Preparation. A total of 88 cases of surgical biopsies
specimenswere obtained fromSunYat-senUniversity, China,
which include 16 cases of normal oral mucosa and 72 cases
of oral squamous cell carcinoma. Histologically, 50 cases
were well differentiated, while 10 cases were of moderate
differentiation and 12 cases of poor differentiation. There are
56 cases of OSCC in early I-II stage, 16 cases in III-IV stage,
and 23 cases associated with regional lymph node metastasis.
All of the patients did not receive any radiation treatment.
The specimens were cut into 4𝜇m thick serial sections, fixed
in 10% formalin, and embedded in paraffin.

2.2. Reagents. Mouse anti-human iNOS monoclonal anti-
body and mouse anti-human p53 monoclonal antibody DO-
7 were purchased from NeoMarkers (USA). Immunohisto-
chemical detection kit was purchased fromDako (Denmark).
Anti-rabbit-IgG-HRP and anti-mouse-IgG-HRP were pur-
chased from Cell Signaling Technology (CST, USA).

2.3. Immunohistochemical Assay for Tissues. The streptavi-
din-biotin standard protocol was performed. Briefly, the
tissue sections were deparaffinized in xylene and rehydrated
in graded alcohol. Antigen retrieval was performed in citrate
buffer using microwave method followed by incubation in
3% H

2
O
2
at room temperature for 10 minutes to quench

endogenous peroxidase. The sections were then incubated
in blocking solution (3% bovine serum albumin) for 1 hour
at room temperature, followed by incubation with iNOS
and p53 primary antibodies overnight at 4∘C. The secondary
antibody was added in the next day. The tissues were then
incubated for 30min at room temperature and washed with
PBS. Prior to microscopic examination, the sections were
developed inDABChromogen and counterstained inMayer’s

hematoxylin. The number of positive cells on each slice was
counted based on 10 fields of view at ×200. The positive rate
was calculated as the proportion of the total number of cells
in the visual field. The results were divided into four levels
according to the positive rate: <10% of positive cells were
marked as negative (−); 10%–40% were weakly positive (+)
and >50% were strongly positive (++).

2.4. Survival Analysis. The hospital visit and follow-up rec-
ords were checked. The survival curves were plotted by
Kaplan-Meier method and the survival rate was calculated by
univariate analysis.

2.5. Tca8113 Cell in Culture. The Tca8113 cell lines were pur-
chased from the Ninth People’s Hospital of Shanghai, China.
The Tca8113 cells of OSCC carry TP53 mutation. The cells
were routinely cultured in DMEM low glucose medium
containing 10% fetal bovine serum (FBS) and maintained in
a 5% CO

2
thermostatic cell incubator at 37∘C.

2.6. iNOS Gene Silencing with siRNA. The siRNA-iNOS and
negative controls were synthesized and purchased from Invit-
rogen, China.The iNOS gene sequences are iNOS siRNA1: 5-
ACAACAGGAACCUACCAGCTT-3; 5-GCUGGUAGG-
UUCCUGUUGUTT-3; iNOS siRNA2: 5-ACACAAGGC-
CAAUACCGACTT-3; 5-GCGUGUAUUGGCCUGUGU-
UTT-3; negative control siRNA: 5-ACCAUAGGAUCC-
UACACGCTT-3; 5-GCGGCUAGCUUCCUUGUGUTT-
3. siRNA was used at a concentration of 30 nM using Lipo-
fectamine 2000 liposomes (Invitrogen) as transfection agent
(0.02%). After 24 h, Tca8113 cells were transfectedwith siRNA
according to the manufacture’s protocol. The transfection
of each group of cells was observed under a fluorescence
microscope.

2.7. qRT-PCR Analysis. Gene expression was analyzed by
quantitative real-time PCR (qRT-PCR) using SYBR Green
PCR Master Mix. The following genes were evaluated: iNOS
gene (forward primer: 5-CAGCGGGATGACTTTCCAAG-
3; reverse primer: 5-AGGCAAGATTTGGACCTGCA-3);
p53 gene (upstream primer: 5-ACGGTGACACGCTTC-
CCTGGATTGG-3, downstream primer: 5-CTGTCAGTG-
GGGAACAAGAAGTGGAGA-3). GAPDHgene (upstream
primer 5-CCTGGACCACCCAGCCAGCAA-3, down-
stream primer: 5-TGTTATGGGGTCTGGGATA-3). Four
groups were set up including si-1, si-2, Si-NC (negative
control), and MOCK (blank control). GAPDH was used as
the loading control.The experiment was repeated four times.

2.8. Western Blot Analysis. The total protein was extracted
using BCA method. Western blot analysis of iNOS and p53
protein expression was performed using primary antibodies
including anti-iNOS (of NOS2) and p53 antibody and the
corresponding secondary antibodies. GAPDH was used as
the internal reference. The specific bands were detected
using West Pico Chemiluminescent Substrate (Pierce, USA)
and the blots were exposed onto the Hyperfilms. The band
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Figure 1: The expression of iNOS in normal and OSCC tissues. (a) Normal control and (b) OSCC tissues. Magnification: ×200.

(a) (b)

Figure 2: The expression of p53 protein in normal and OSCC tissues. (a) Normal control and (b) OSCC tissues. Magnification: ×200.

intensity was quantified by the AlphaImager 2200 software.
The experiment was repeated 4 times.

2.9. Cell Viability Analysis. Cell viability analysis was per-
formed using Cell Counting Kit-8 (CCK-8) according to
the manufacture’s protocol. Briefly, the transfected cells’
suspension (100 𝜇L/well) was inoculated into a 96-well plate
and preincubated in a humidified incubator (37∘C, 5% CO

2
).

When the cell density reached 50%, siRNA-iNOS was trans-
fected into the cells. At 48 h, after transfection, the medium
was removed from the wells and 10 𝜇L of CCK8 solution
was added to each well. The plate was incubated for another
2 hours. The absorbance was measured at 450 nm using a
microplate reader. Triplicates were set up for each group.

2.10. Statistics Analysis. SPSS16.0 softwarewas used for statis-
tical analysis (𝛼 = 0.05). The expression of iNOS and p53 and

the correlationwere analyzed by Pearson correlation analysis.
The survival curves were plotted by Kaplan-Meier method
and the survival rate was calculated by univariate analysis.

3. Results

3.1. The Distribution and Expression of iNOS and p53 Protein
in Normal Oral Epithelium and OSCC. As shown in Figure 1,
iNOS is mainly localized in the cytoplasm with brownish
yellow as positive expression. p53 was clearly observed in the
cytoplasm and the nucleus.The brown particles indicated the
positive expression of p53 (Figure 2).The expression of iNOS
and p53 in normal oral epithelium and OSCC was signifi-
cantly different. Two cases out of 16 normal oral epithelium
samples have positive iNOS expression. In contrast, iNOS
showed positive expression in 42 out of 72 OSCC samples
(Table 1). Similarly, positive p53 expressionwas only observed
in 3 out of 16 normal oral epithelium samples compared to 42
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Table 1: iNOS and p53 expression in different tissues.

Groups Case number (𝑛) iNOS
𝑃

p53
𝑃

− + (%) − + (%)
Normal 16 14 2 (12.5%)

<0.05 13 3 (18.75%)
<0.05

OSCC 72 30 42 (58.33%) 27 45 (62.50%)
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Figure 3: Survival analysis based on the expression of iNOS (a) and p53 (b).

out of 72 inOSCC samples. In addition, both proteins showed
significant higher expression in oral squamous cell carcinoma
than that in normal control groups (𝑃 < 0.05).

3.2. Correlation between iNOS and p53 Expressions in OSCC.
Four-two cases (58.33%) of OSCC showed the positive
expression of iNOS and 45 cases (62.50%) of OSCC have
positive p53 expression (Table 2). The immunohistochemical
expression of iNOS and p53 was positively correlated (𝑃 <
0.01).

3.3. The Immunoexpression of iNOS and p53 Was Associated
with OSCC Stages and Pathologic Grade. OSCC was divided
into four stages (I–IV) based on tumor size and nodal
involvement. The prognosis of OSCC was also evaluated
using histologic grade includingmoderate and poor differen-
tiation. Our results showed that the expression of iNOS and
p53 correlated significantly with the stages of OSCC (𝑃iNOS <
0.05, 𝑃p53 < 0.05) and pathologic differentiation grade
(𝑃iNOS < 0.05,𝑃p53 < 0.05).However, therewas no correlation
between lymph node metastasis and the immunoexpression
of both iNOS and p53 (𝑃iNOS > 0.05, 𝑃p53 > 0.05)
(Table 3). In addition, the pathological characteristics were

Table 2: The correlation between iNOS and p53 expressions in
OSCC.

p53 Total (%)
− +

iNOS − 25 5 30
+ 2 40 42 (58.33%)

Total (%) 27 45 (62.5%)
𝜒
2 = 54.10 𝑃 < 0.01

not associated with the combined expression of both iNOS
and p53 (𝑃iNOS+p53 > 0.05).

3.4. Survival Analysis. Figure 3 showed the Kaplan-Meier
survival estimates based on the expression of iNOS and p53.
The overall survival of patients with positive iNOS expression
at 5 years was 38.8%, whereas the overall survival of patients
with negative iNOS expression was 80.1% (𝑃 < 0.01)
(Figure 3(a)). However, there was no statistical difference in
the survival rate between positive andnegative p53 expression
groups (𝑃 > 0.05).
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Table 3: The correlation between iNOS and p53 protein expressions and pathologic grade.

Groups/classification Case number (𝑛) iNOS
𝑃 value p53

𝑃 value
− + (%) − +

Tumor stage
I∼II stage 56 27 29 (51.79%)

𝑃 < 0.05
26 30 (53.18%)

𝑃 < 0.05
III∼IV stage 16 3 13 (81.25%) 1 15 (93.75%)

Pathologic differentiation grade
Moderate 60 28 32 (53.33%)

𝑃 < 0.05
26 34 (56.67%)

𝑃 < 0.05
Poor 12 2 10 (83.33%) 2 12 (91.67%)

Lymph node metastasis
Have 23 10 13 (56.52%)

𝑃 > 0.05
9 14 (60.87%)

𝑃 > 0.05
No 49 20 29 (59.18%) 18 31 (63.27%)

500𝜇m

Figure 4: Tca8113 cells transfected with siRNA-INOS (si-1).

3.5. The Interaction between iNOS and p53 Expressions. To
further investigate the correlation between iNOS and p53
expressions in OSCC, we knocked down the expression of
iNOS in OSCC Tca8113 cells through siRNA transfection.

Two siRNA sequences (si-1 and si-2) and a negative
control (si-NC) of siRNA-iNOSwere transfected into Tca8113
cells (Figure 4). The expression of iNOS and p53 after iNOS
silencing was investigated using RT-PCR and western blot.
The results showed that the expression of iNOSwas effectively
knocked down in si-1 and si-2 transfection groups (Figures
5(a) and 5(b)). However, the expression of p53 was signif-
icantly enhanced in response to the silencing of iNOS in
Tca8113 cells (𝑃 < 0.05) (Figures 6(a) and 6(b)).

Furthermore, the effect of iNOS silencing on Tca8113 cell
proliferation was evaluated using Cell Counting Kit-8. Our
results showed that the proliferation of Tca8113 cells was
significantly inhibited when iNOS gene was silenced (𝑃 <
0.05) (Figure 7).

4. Discussion

iNOS is a key enzyme in the synthesis of endogenous NO.
Increased iNOS expression has been shown in a number of
carcinomas including OSCC, human gastric cancer, colitis,

and colon cancer [10, 21]. In this study, we further demon-
strated that the expression of iNOS is correlated with tumor
grade and proliferation rate in OSCC.

p53 plays an important role in apoptosis, genomic sta-
bility, and inhibition of angiogenesis and thus functions as
a key tumor suppressor. However, mutant p53 proteins gain
oncogenic properties favoring the insurgence, the mainte-
nance, and the spreading of malignant tumors [22]. More
than 60% of our OSCC samples were p53 positive which is
consistent with the results described in the literature [23].
The detection of p53 expression in a large percentage of
OSCC cases by immunohistochemistry indicated the altered
status of this protein [24]. Previous reports are inconclusive
in terms of the relation between p53 immunoexpression and
the differentiation grade of OSCC [24–26]. Here, our results
clearly showed that p53 expression is significantly correlated
with the tumor stages and differentiation grade of OSCC, but
not with lymph node metastasis.

In this study, we demonstrated for the first time that 5-
year survival time of patients with positive iNOS expression
was dramatically shorter than that of those with negative
iNOS expression in OSCC. In contrast, the expression of
p53 has no effect on 5-year survival time of patients with
OSCC. Similarly, there was no difference in rates for overall
and disease-free survival between patients with p53-positive
and -negative head and neck squamous cell carcinoma [27].
However, p53 was reported to be predictive of a poor
prognosis in squamous cell carcinoma of the uterine cervix
[28]. It is probably due to the mutation of p53 protein in the
late stages of squamous cell carcinoma.

The interaction of NO, iNOS, and p53 in tumor growth
and angiogenesis is complicated and still unclear. Davis
et al. reported that the activation of p53 is dependent upon
iNOS expression in lung cancer [29]. iNOS is associated
with the mutation of p53 in human esophageal squamous
cell carcinoma [30]. To study the role of iNOS, the majority
of previous studies overexpressed the iNOS isoform which
could result in nonphysiological extremely high levels of
NO. In this study, we also investigated the role of iNOS on
tumor growth and p53 expression by decreasing endoge-
nous iNOS expression using siRNA technique. The siRNA
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Figure 5: The expression of iNOS in Tca8113 cells transfected with iNOS-siRNA. (a) iNOS expression measured by RT-PCR; (b) iNOS
expression measured by western blot. si-1: iNOS-siRNA-1; si-2: iNOS-siRNA-2; si-NC: negative control; si-MOCK: mock transfection of
siRNA vector.
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Figure 6: The expression of p53 in Tca8113 cells transfected with iNOS-siRNA. (a) p53 expression measured by RT-PCR; (b) p53 expression
measured by western blot. si-1: iNOS-siRNA-1; si-2: iNOS-siRNA-2; si-NC: negative control; si-MOCK: mock transfection of siRNA vector.

transfected Tca8113 cells displayed significantly reduced
growth and increase in p53 expression. Using a similar
approach, Kostourou et al. reported that decreased iNOS
expression resulted in the reduction of C6 cell growth [31].
Previous studies showed that silencing of mutated p53 led to
the decrease of the growth of human lung adenocarcinoma
cells [32]. There is still no report related to the expression of
iNOS in response to the silencing of mutated p53, which will
be our future objective.

All the above evidences indicated that iNOS and p53 have
complex interaction in the process of tumor development.
The interaction is not only related to the changes of gene
and protein expression, but also to the changes of the nature
and function of p53, such as activation and mutations. In
the progression of OSCC tumor tissues, p53 expression is
increased with the increased expression of iNOS because part

of the p53 mutated and become mt-p53, which makes it a
tumor-promoting factor. When the expression of iNOS was
reduced in Tca8113 cells by RNA interference technology, the
local NO concentration was reduced which promoted the
increased expression of wt-p53 and thus led to the inhibition
of tumor cell growth.

5. Conclusion

In conclusion, we have shown that (1) iNOS and p53 positivity
were observed in 58.33% and 62.50% of OSCC, respectively.
(2) The expression of iNOS and p53 was associated with
OSCC and pathologic grade but did not correlate with
lymph node metastasis. (3) The OSCC survival rate was
negatively associated with iNOS expression, but not p53.
(4) The interaction between p53 and iNOS is complicated.
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Figure 7:The effect of iNOS silencing on the proliferation of Tca8113
cells measured by CCK-8 method. si-1: iNOS-siRNA-1; si-2: iNOS-
siRNA-2; si-NC: negative control; si-MOCK: mock transfection of
siRNA vector.

iNOS and p53 expression was positively correlated in the
progression of OSCC tumor tissues. In the tumor cells, p53
expression was upregulated in response to iNOS silencing.
Together, these data further support the concept of inhibiting
iNOS as a therapeutic strategy for the treatment of OSCC.
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