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Abstract The aim of this study was to investigate the rela-
tionship between the H-ras and Cox-2 gene expression in
tumors from Iranian Oral Squamous Cell Carcinoma
(OSCC) patients. Fresh tumor biopsies removed from oral
cavity were collected from 67 new cases. Total RNA was
extracted from biopsies and processed for quantification of
H-ras and Cox-2 specific RNA expression using real-time
PCR (QPCR). In addition, 59 gingival biopsies from appar-
ently normal individuals were processed for QPCR assays.
The results showed that Cox-2 expression at mRNA levels
was at minimal levels in normal gingival biopsies. However,
there was a surge in Cox-2 expression in tumor tissues (11.5
fold, p < 0.0001). Cox-2 expression was elevated depending
on the tumor grade and there was a 1.7 fold increase
(p = 0.003) in tumors diagnosed as MD/PD compared to that
pathologically diagnosed as WD. This inflammatory marker
was increased more significantly in smoker patients compared
to non-smoker matching group. The H-ras expression at
mRNA levels was significantly higher in OSCC samples com-
pared to normal gingival (3 fold; p = 0.044). This expression
was significantly higher in tumors diagnosed as MD/PD com-
pared to WD (1.59 fold, p = 0.033). In conclusion, we found a

correlation between H-ras expression and Cox-2 induction in
OSCC tissue, suggesting that together these genes are contrib-
uting to cancer progression. Cox-2 is an early event in
cancers of mucosal epithelial cells and a surge in Cox-2
expression in OSCC could be partly due to pro-
inflammatory factors such as smoking.
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Introduction

Oral squamous cell carcinoma (OSCC) is the eighth most
common cancer worldwide and one of the most common ma-
lignant tumors of the oral and maxillofacial, surgery combined
with radiotherapy and chemotherapy is still its main treatment
[1]. In recent years, increasing incidence of oral cancers, es-
pecially in younger age groups, has posed a serious threat to
public health [2].

In most countries, oral cancer is more frequent in men than
women because of the more prevalent risky habits inmen such
as alcohol consumption, cigarette smoking, and betel quid
chewing [3, 4]. Oral cavity cancers are invasive and often
attack and metastasis to lymph nodes and distant organs, thus
making them difficult to treat patients [4].

Oral cavity cancers are multi-factorial and include genetic
component, environmental factors, viral infections, and social
and behavioral factors [5]. Individual variations in susceptibil-
ity to tobacco-related oral squamous cell carcinoma have also
been attributed to complex interactions between genetic and
environmental factors [6].

Inflammation is the immune system’s response to infection
and injury and has been implicated in the pathogeneses of
arthritis, cancer and stroke, as well as in neurodegenerative
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and cardiovascular disease [7]. Cyclooxygenase-2 (Cox-2),
also named prostaglandin-endoperoxide synthase (PTGS), is
a rate-limiting enzyme for transformation of arachidonic acid
to inflammatory induced prostaglandins [8].

Overexpression of Cox-2 is observed in many cancers, es-
pecially in the upper aerodigestive tract cancers, such as oral
cancer [9], gastric cancer [10], colorectal cancer [11] and
esophageal cancer [12, 13] and is associated with inflamma-
tory diseases and carcinogenesis, resistance to apoptosis, tu-
mor invasion, and angiogenesis [14].

H-ras oncogene is among several oncogenes which un-
dergoes gene mutation and over expression. It belongs to the
ras gene family (H-, K- and N-ras), which appears to be a
chief contributor to the development of tumors, since it is
associated with about one third of all human cancers [15]. A
missense mutation (mainly in codon 12, 13 or 61) reduces the
GTPase activity of the protein resulting in a perpetual activat-
ed state of H-Ras [16].

There are certain oncogenes that have been identified to be
activated in OSCC, such as c-Met, c-SRC and Ras [17, 18].
Ras genes are crucial regulators of several aspects of normal
growth and transformation and remarkable variation in the
mutation rates of H-ras has been reported ranging from 5 to
40 % in oral carcinomas [19–21]. Over-expression of H-Ras
protein determined by IHC in oral cancer tissues suggest that
there is a trend towards an increase in later stages of OSCC
development [20]. Regardless of the sequential changes in
cancer susceptible genes in development of OSCC, mutations
in ras gene proved to be a key factor in carcinogenesis path-
ways in epithelial tissues. Moreover, according toWong et al.,
(2013), H-ras signaling pathway is important in regulation of
epithelial-mesenchymal transition (EMT) [22]. It has also
been demonstrated that H-ras can selectively up-regulate
Cox-2 and other inflammatory reactions [23].

The squamous cell lining of the oral cavity epithelia is ex-
posed to various environmental and food-bearing mutagens,
most of which are irritants and stimulators of acute inflamma-
tory reactions. However, to our knowledge the interaction of
inflammatory reactions with H-ras mutations and downstream
activation of this oncogene in OSCC has not been reported.
The present study was carried out on human samples from
Tehran which were diagnosed as OSCC; the samples collected
in this study have unique demographic characteristics to find
out if Cox-2 expression at both mRNA and protein levels is
associated with H-ras activation and progression of OSCC.

Materials and Methods

Selection of Patients and Sample Collection

In this study, 67 patients diagnosed as OSCC were selected.
All the patients were candidates of tumor surgery referred to

Cancer Institute, Imam Khomeini Hospital, Tehran, Iran.
According to the demographic information shown in
Table 1, the mean age of patients was 59.8 ± 13.6 years,
consisting of 58 % male and 42 % female patients.
All the patients were new case and had no history of
radiotherapy or chemotherapy.

The tumor site in the oral cavity of these patients was dif-
ferent, with tongue carcinoma as predominant cancer which
comprised about 42 % of the cases. Fresh tissue biopsies from
tumors were collected and kept in tubes containing
RNAlater buffer and transferred to laboratory. At the
same time a portion of the tissue was fixed in formalin
solution (10 %) and transferred to the pathology depart-
ment for examination.

Besides, 59 age and sex-matched apparently healthy can-
didates were selected from the individuals referred to dentistry
for small gingival surgery such as tooth extraction. Gum bi-
opsies were collected by the surgeon and kept in RNAlater for
RNA extraction and RT-PCR assay.

This study was approved by the Medical Ethics Committee
of the Cancer Institute of Imam Khomeini hospital as well as
the Medical Ethics Committee of Tarbiat Modares Univerity.
A written informed consent was obtained from each pa-
tient before sample collection. The study was conducted
in accordance to Helsinki declaration and to Good
Clinical Practice guidelines.

Table 1 Demographic and tumor characteristics among patients and
controls

Characteristics Patients Controls
N = 67 N = 59

Age (Mean ± SD) 59.8 ± 13.6 44.1 ± 13.5

Gender (Male / Female) 39 / 28 35/ 24

Tobacco smoking 36 (53.7) 31(52.5)

Tumor grade

Well differentiated 39 (58.2)

Moderate differentiated 19 (28.4) N/A

Poor differentiated 9 (13.4)

Tumor stage

I 24 (35.8)

II 27 (40.3) N/A

III 11 (16.4)

IV 5 (7.5)

Tumor site

Lips 5 (7.5)

Tongue 28 (41.8) N/A

Floor of mouth 2 (3.0)

Buccal Mucosa 14 (20.9)

Gingiva 8 (11.9)

Hard Palate 10 (14.9)
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The pathological grade and clinical staging of tumors
were determined by pathologist according to standard
protocols [24].

RNA Extraction from Tissue Samples and cDNA
Synthesis

Total RNA was extracted from frozen tumor and matched
normal tissue biopsies using the Hybrid-R RNA extraction
kit (GeneAll Biotechnology, Republic of Korea), according
to manufacturer instructions. The concentration of total
RNA in the final eluate was determined using a Nanodrop
2000C Spectrophotometer (Thermo Scientific, Wilmington,
DE, USA). Two micrograms of total RNA from tissues were
reverse-transcribed with oligo (dT) 18 primer using the first
strand cDNA synthesis, HyperScript RT master mix (GeneAll
Biotechnology, Republic of Korea) in accordance with the
manufacturer’s instructions.

Cox-2 and H-ras Genes Expression by Quantitative
Real-Time PCR (QPCR)

We quantified the mRNA expression of target genes (Cox-2
and H-ras) by real-time PCR using SYBR green master mix
(Ampliqon; Odense, Denmark) on ABI 7500 Realtime PCR
system (Applied Biosystems).

The sequences of the primers for Cox-2 gene were: F: 5′-
CCCTTCTGCCTGACACCTTT-3 ′ and R: 5 ′-TCCT
ACCACCAGCAACCCT-3′ (product size 150 bp); the se-
quences of the primers for H-ras gene were; F: 5′-AGCA
GGTGGTCATTGATGG - 3 ′ a n d R : 5 ′ - G T T T
GATCTGCTCCCTGTACT-3′ (product size 180 bp).

Simultaneously, hypoxanthine phosphoribosyltransferase
1 (HPRT1) gene was amplified as an internal control using
primers designed forHPRT1 gene. The sequence of primers is
as follows; F: 5′-CCTGGCGTCGTGATTAGTG-3′ and R: 5′-
TCAGTCCTGTCCATAATTAGTCC-3′ (product size
125 bp).

For each qPCR reaction we used 5 μl of diluted cDNA,
5 pmol each of primers, 10 μl of 2× master mix in a total
volume of 20 μl. The PCR cycle condition was set as follow:
a pre-incubation step for 15 min at 95 °C followed by 40 cy-
cles; each cycle comprised of 15 s at 95 °C, 60 s at 60 °C. A
melting curve was generated by linear heating from 60 to
95 °C. The 2-ΔΔCt formula was used to calculate relative
quantitative values from data of an individual sample which
was normalized with its housekeeping gene. The expression
fold for each sample was compared with normal tissues.

Using these quantitative methods requires that the PCR
efficiencies of all genes be similar and preferably ≥90 %.
Efficiency was measured using a standard curve generated
by serial dilutions of the RNA. Consequently, the initial
RNA concentration of 100 ng/μl was diluted 5-fold (100 ng,

20 ng, 4 ng and 0.8 ng) for the real-time PCR assay following
the standard protocol of Applied Biosystems. The standard
curve assays showed an efficient amplification (>90 %) for
genes and the specificity was demonstrated by a single peak at
the expected temperature on melting curve analyses.

Statistical Analysis

Data analyses performed using SPSS software version 16. The
compression between gene expression and clinicopathologi-
cal factors were analyses by Welch’s t-test and one-way
ANOVA. The significant was considered equal or less the
0.05 (p ≤ 0.05).

Results

All the patients were confirmed to have oral cavity SCC based
on histological examination by pathologists. From each fresh
tissue biopsy, total RNA was isolated and used for RT-PCR
using quantitative real-time PCR (QPCR). Using specific
primers the Cox-2 and H-ras genes were amplified and the
data was compared to HPRT1 gene as internal control and
normal gingival tissues. The efficiency of each primer pairs
in QPCR was determined to be >90 % as shown by running
various cDNA concentrations.

Cox-2 Expression in Samples from Oral Cavity SCC

As shown in Fig. 1, theCox-2 expression at mRNA levels was
found to be at minimal levels in gingival tissue biopsies ob-
tained from normal individuals. However, the Cox-2 expres-
sion was significantly increased in tumor tissues as compared
to normal gingival tissues obtained from healthy individuals
(11.5 fold, p < 0.0001).

When the Cox-2 expression was compared in terms of
tumor grade/stage, it was shown that Cox-2 expression

Fig. 1 Comparison of Cox-2 gene expression in OSCC tumors and nor-
mal tissues. The Cox-2 expression at mRNA levels was examined by
real-time PCR. The Cox-2 was overexpressed in tumor tissues as com-
pared to normal gingival tissues obtained from healthy individuals
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was elevated depending on the tumor grade. There was
a 1.7 fold increase (p = 0.0003) in tumors diagnosed as
MD/PD compared to that pathologically diagnosed as
WD (Table 2). Changes in Cox-2 expression was also
higher in tumors diagnosed as stage III/IV compared to
those in stage I/II (p = 0.0012).

The effect of patient’s age on the Cox-2 expression in tu-
mors was also important, since Cox-2 expression was signif-
icantly higher (P = 0.0139) in tumors obtained from patients
over 50 year of age (50–72 yr) compared to young patients
with OSCC (Table 2). However, there were no sex-dependent
differences in Cox-2 in these patients.

As shown in Table 2, the smoking habit in patients
influences Cox-2 expression in tumors. It was demon-
strated that Cox-2 was more significantly expressed in
patients with smoking history compared to non-smoker
patients (p = 0.0064).

Expression of H-ras in Samples from Oral Cavity SCC

As shown in Fig. 2, the expression of H-ras at mRNA
levels was significantly higher in patients with
OSCC compared to normal gingival tissues (3 fold;
p = 0.044). When compared in terms of tumor grade,
the expression of H-ras was found to be significantly
higher in tumors diagnosed as MD/PD as compared to
WD (p = 0.033). However, there was no significant dif-
ference in tumors diagnosed with different pathological
stages (Table 2).

Similar to Cox-2, the expression of H-ras in tumors was
age-dependent as it was shown that H-ras expression was
more in elder patients (50–72 yr). But neither sex nor the
smoking habit of patients were considered as important factors
in expression of tissue H-ras (Table 2).

Discussion

Chronic inflammation is an important contributor in develop-
ment of carcinoma of epithelial tissues. Over expression of
certain oncogenes during the carcinogenesis can alter the fate
of the transformed cells. In case of epithelial tissue particularly
oral cancers, the cells are exposed to various environmental
carcinogens, leading to gene mutation and activation. The
mutations in ras family and changes in ras-related signaling
pathways are common to various cancer types particularly
carcinomas. Therefore, alterations of ras genes and activity
are important in controlling epithelial-mesenchymal transition
(EMT) and progression of tumors [22]. Overexpression of H-
ras in tissue biopsies of OSCC reported in the present study
indicate the contribution of this oncogene in development of
cancer in these patients. A 3-fold increase inH-ras expression
in OSCC compared to normal tissues indicates the gene mod-
ification. According to Wong et al., (2013) H-ras signaling

Table 2 Correlation of Cox-2
and H-ras expression with clini-
copathological parameters in pa-
tients with oral cavity squamous
cell cancer

Characteristics Cox-2 expression p-value H-ras expression p-value
Mean ± SD Mean ± SD

Age <50 7.14 ± 1.36 1.47 ± 0.23

≥50 12.2 ± 1.12 0.0139* 3.33 ± 0.34 0.0043*

Gender Male 11.09 ± 1.45 3.35 ± 0.43

Female 12.05 ± 1.05 0.611 2.69 ± .0.39 0.287

Smoking Never 9.16 ± 0.79 2.85 ± 0.42

Smoker 14.13 ± 1.63 0.0064* 3.31 ± 0.51 0.451

Tumor grade WD 9.12 ± 0.72 2.22 ± 0.27

MD/PD 15.78 ± 1.92 0.0003* 3.54 ± 0.45 0.033*

Tumor stage I/II 9.86 ± 0.72 2.05 ± 0.45

III/IV 17.08 ± 3.12 0.0012* 3.3 ± 0.35 0.101

WD, Well differentiated; MD, Moderately differentiated; PD, Poorly differentiated

*P-value < 0.05

Fig. 2 Comparison of H-ras gene expression in OSCC tumors and nor-
mal tissues. The H-ras expression at mRNA levels by QPCR was highly
increased in tumor tissues as compared to normal gingival tissues obtain-
ed from healthy individuals
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together with inflammation can control EMT during skin tu-
mor progression [22].

Our results show thatH-ras is expressed in mucosal OSCC
depending on pathological grade of the tumors. This finding is
agreement with the report by Vairaktaris et al. (2008), showing
that increased H-ras immunoexpression levels from well-
differentiated (WD) carcinomas to moderately differentiated
(MD) carcinomas suggesting the contribution of H-ras muta-
tions and protein accumulation in later stages of oral oncogen-
esis [20].

In the present report H-ras and Cox-2 expression in tissue
biopsies of OSCC was used as an approach to understand the
contribution of inflammatory reactions in oncogene mutation
and cancer progression. A highly significant increase inCox-2
specific RNA in OSCC, determined by QPCR indicates the
involvement of Cox-2 related inflammatory reactions in tu-
mors. The correlation of the H-ras and Cox-2 expression at
mRNA levels (r = 0.46; p = 0.0005), further suggest the up-
regulation of Cox-2 by activation and over-expression of H-
ras during carcinogenesis. This finding was in accordance to
the report by Lee et al., (2006), suggesting that in invasive rat
liver epithelial cellsH-ras can selectively regulateMMP-9 and
Cox-2 through activation of ERKs and IKK-IkBa-NFkB sig-
naling pathway [23].

The ras family are good targets for various environmental
mutagens and factors related to life style such as smoking and
alcohol drinking. On the other hands, Cox-2 is an enzyme in
prostaglandin pathway readily inducible in response to trau-
ma, smoking and alcohol [25].

In the population selected in this study 53.7 % of cases
were smokers, but very rarely the individuals had the drinking
habit. Interestingly, the Cox-2 expression was significantly
elevated in smoker patients compared to non-smoker patients
(p = 0.0064). Whereas, it appears that smoking had little in-
fluence on H-ras expression in OSCC patients (Table 2).

A surge in Cox-2 expression in OSCC tissues probably
occurs as a result of epithelial changes during cancer progres-
sion as well as factors such as smoking, since there was a
relatively higher induction of tissue Cox-2 in smoker patients
compared to their non-smoker cases.

These data may suggest that Cox-2 is partially influenced
by alterations inH-ras activation and part of the Cox-2 related
factors could be assigned to external/environments factors.
The impact of cigarette smoking on Cox-2 expression has
previously been reported. In this connection, a case-control
study showed that current tobacco smoking was associated
with elevated COX-2 levels compared with never or former
smoking (OR 1.68; 95 % CI 1.03–2.75) [25].

The cross-talk between the Cox-2 related factors and onco-
genes in development of tumors has been studied. The inter-
relationship between these factors may be affected by several
factors. Based on the questioners completed in this study, the
risk factors in this population are mainly smoking and dietary

habits. It is assumed that the population selected in this study
has neither tobacco chewing habits nor alcohol drinking.

Increased expression of Cox-2 was associated with ac-
cumulation of Cox-2 protein in tissues (IHC assay). This
finding is in agreement with our previous studies on esoph-
agus SCC samples collected from high-risk region of Iran,
showing that 48–74 % of samples had high scores of Cox-2
expression [12, 13].

Among the oral cavity cancers, the prevalence of tongue
SCC is higher than other cancer types, comprising of about
42 %. However, the changes in Cox-2 and H-ras presented in
this study are not limited to tongue tissue, but all the oral
cancers have been included. Studies focused on tongue
SCC, show the mRNA expression level of Cox-2 was signif-
icantly higher in this tissues compared to the adjacent noncan-
cerous mucosal tissues (median values, 5.865 vs. 3.707,
p = 0.018). Also the Cox-2 mRNA expression was found to
be significantly (p = 0.037) correlated with lymph node me-
tastasis [26].

The expression of Cox-2 in OSCC patients was associated
with the tumor grade and stage. As shown in Table 2, Cox-2
expression was significantly (p = 0.0003) higher in PD/MD
tumors compared to the samples diagnosed asWD. Likewise,
the Cox-2 expression was found to be significantly greater
(p = 0.0012) in pathological stages of III/IV compared to
stage I/II. This data clearly show the association of tumor
progression and inflammatory reactions in terms of Cox-2
intermediates. Based on our data, Cox-2 expression is
also influenced by age and smoking habit. Relatively
higher level of Cox-2 expression in smokers is justifiable,
because cigarette smoke contains pro-inflammatory
agents [27].

Cox-2 induction can be associated with over-expression of
different oncogenes, for instance it has been reported thatCox-
2 and HER-2 together are important markers for invasion and
metastasis of colorectal cancer [11]. Recently, the conse-
quences of Cox-2 induction has been outlined by Wu and
Sun (2015) as (1) increase the production of prostaglandins
and inhibit the body’s immune response; (2) inhibit tumor cell
apoptosis and promote cell proliferation; (3) regulate cell
cycle progression; (4) promotion of tumor angiogenesis;
(5) increase the expression of matrix metalloproteinases
in tumor cells; and (6) induce activation of precursors of
carcinogenic substances [11].

In conclusion, we found that although the H-ras and
Cox-2 expression were elevated in OSCC tumors, but it
seems that over-expression of Cox-2 in the tumors is an
early event in OSCC progression which can be readily
induced by pro-inflammatory factors such as cigarette
smoke. This finding may be implicated in therapeutic
interventions using non-steroid anti-inflammatory drugs
(NSAID) drugs for cancers vulnerable to chronic muco-
sal inflammation.
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