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Introduction

Oral sub-mucous fibrosis (OSMF) is a chronic, 
progressive, pre-malignant condition related with 
consumption of betal nut, tobacco, pan-masala chewing, 
alcohol and smoking. It shows pre-cancerous lesion in 
the oral cavity and is seen mainly in the subcontinent of 
India and South East Asia (Ranganathan et al., 2004). 
The prevalence of OSMF has increased over the last four 
decades from 0.03% to 6.42% in India (Pindborg et al., 
1968; Hazarey et al., 2007). An estimate of 5 million 
OSMF patients in India has been reported for the previous 
published data (Aziz SR, 2010). Areca nut with tobacco 
increases the frequency of OSMF and leads to significant 
morbidity by transformation into oral squamous cell 
carcinoma (OSCC) (Haider et al., 2000).
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Among all cancers, oral cancer is the top three cancers 
in India (Elango et al., 2006). Common sites of OSCC are 
the floor of the mouth, gingiva, palate, lip or in the tongue 
(Elango et al., 2006). The most common risk factors 
for oral cancer are betal nut chewing, chewing tobacco, 
cigarette smoking and severe alcoholism (Chaturvedi et 
al., 2013; Jornet et al., 2015). Poor diet and poor dental 
care are also the reason for oral cancer (Lin et al., 2011). 
Highest incidence of oral cancer is found in India, South 
and South Asian countries. The percentage of oral cancer 
is 90-95% squamous cell carcinoma in India (Sharma et 
al., 2015). According to the statistics of 2012, In India 
the incidence of oral cancer patients in males and females 
was 53,842 and 23,161 respectively (Gupta et al., 2014). 
Oral cancer is the eighth most common cancer worldwide 
(Duarte et al., 2007). Over past several decades in-spite 
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of screening examination facilities, incidence of oral 
cancer and associated mortality has increased. OSCC 
can be cured if detected at early stage because prognosis 
of OSCC is stage specific, patients with initial stage 
(stage I) have 80-90% of overall survival rate while this 
is confined to only 30% with higher stage tumors of larger 
size (stage IV). For the detection of oral cancer, several 
earlier techniques such as cytological screening and 
biopsy procedures have been employed but they had low 
sensitivity. Hence, a non-invasive sensitive and specific 
procedure have been widely accepted to treat the patients 
of OSCC at an early stage (Beckwith et al., 2003; Brindle 
et al., 2003; Carraro et al., 2007; Duarte et al., 2007; 
Makinen et al., 2006; Odunsi et al., 2005; Stubbs et al 
2002; Tsang et al., 2002; Whitehead et al., 2005).

Molecular studies have evolved novel diagnostic, 
therapeutic and prognostic biomarkers to improve survival 
rate of patients through diagnosis of malignancies at 
an early stage (Siegel et al., 2015; Kanaan et al., 2012; 
Mudduluru 2011). Many studies have been identified 
about miRs in serum/plasma/urine in different type of 
cancer including OSCC. Hence circulating miRs may play 
a vital role as diagnostic and prognostic biomarkers in 
human cancer. The miRs are non-coding RNA molecules 
that alter many cellular processes such as differentiation 
of cell, cell cycle progression and apoptosis. They are also 
involved in progression of cancer processes via playing the 
role as oncogenes and tumor suppressor genes (Mudduluru 
et al., 2011; Mitchell et al., 2008; Schwarzenbach et al., 
2011). The miR-21 is an oncogene that targets many genes 
such as phosphate and tensin homologue, programmed 
cell death 4 and tropomycin 1(alpha) (Cheng et al., 2012). 
Up-regulation of miR-21 have been reported in many 
epithelial cell derived tumors head and neck, esophageal, 
lung, gastric, colon, pancreatic, prostate cancer and breast 
cancer. It is also over-expressed in some hematological 
malignancies such as leukemia, lymphoma and multiple 
myeloma (Liu et al., 2010).

In the present study, miR-21 expression has been 
analyzed in serum of OSMF, OSCC as well as healthy 
control individuals to identify the higher expression 
of non invasive novel circulating miR-21 in OSCC as 
compared to OSMF and healthy controls. It can be used 
as diagnostic tool for effective detection of OSCC at an 
early stage after validation.

Materials and Methods

Subjects and Sample Collection
In the present study, 20 OSMF patients, 20 OSCC 

patients and 40 healthy controls were registered (Table 1). 
The blood samples were collected from OSCC patients 
attending Surgical Oncology Department from King 
George’s Medical University (K.G.M.U.), Lucknow, 
while the blood samples of OSMF and healthy controls 
were collected from the Department of Dentistry, Era’s 
Lucknow Medical College and Hospital (ELMC and H), 
Lucknow between February 2015-February 2017. All 
participants gave their written informed consent and the 
study was approved by Ethics committee of ELMC and 
H, Lucknow. All the patients were enrolled in the present 

study according to inclusion and exclusion criteria as 
mentioned below:
Inclusion Criteria

All the fresh diagnosed cases of OSCC, OSMF and 
healthy controls who consented to participate in the study 
have been included in the study. 

Exclusion Criteria
1. Cases of SCC that either has or had in past, any 

other malignancy.
2. Patients who have AIDS or any other known 

Immunodeficiency disorder. 
3. Any patient who is in terminal stage of a disease 

and therefore not operable.

Collection and storage of serum sample and RNA isolation
Before surgical tumor resection, blood samples were 

collected in clot activator tube from each participant. The 
basic demographic and clinical information details were 
taken from all participants. Depending upon histological 
type and grade of tumor and cancer stage, staging of 
tumors have been done according to American Joint 
Committee on Cancer (AJCC) (Mitchell et al., 2008; 
Schwarzenbach et al., 2011). For serum separation, blood 
was kept for 45 minutes to allow clotting and thereafter 
it was processed according to Qiagen Kit (Germany) 
protocol. The Blood was centrifuged at 40C for 3,000 rpm 
for 10 minutes (REMI). To remove other contaminants 
like erythrocytes the supernatant fluid was re-centrifuged 
at 4oC at 13,500 rpm for 10 mins to yield better utility of 
miR for further processing of total RNA isolation. The 
Serum was stored at -80oC until processing for total RNA 
isolation. According to manufacturers protocol, total RNA 
were extracted from serum samples using Qiazol reagent 
(Qiagen, Germany). For this, the miRNeasy mini Kits 
(Qiagen, Germany) and miRNeasy serum/plasma (Qiagen, 
Germany) were used to extract miRs from serum samples. 
In addition, miRNeasy procedures reduce the chances of 
contamination with salt or phenols, that interfere with 
further processing. According to manufacturer’s protocol, 
200 µl should be taken for RNA extraction.

cDNA synthesis (Reverse Transcription)
For the cDNA synthesis, total RNA sample should 

be 1.5 µl HiSpec buffer, 4 µl Nucleic Mix, 2 µl miScript 
master mix 2 µl and RNase free water10.5 µl. The total 
volume of final mixture should be 20 µl. The reverse 
transcription PCR reaction condition was 95oC for 5 mins 
and 37oC for 60 mins and then held at 4oC.

Real-Time PCR
After cDNA synthesis, for the miR based qRT-PCR 

assays, according to manufacturer’s instruction, each PCR 
reaction was performed in triplicates using SYBR Green 
Master Mix (Qiagen, Germany). Each reaction was carried 
out in a volume of 25 µl, containing 1 µl cDNA, 2.5 µl 
universal primer, 2.5 µl PCR primers along with 12.5 µl 
2x QuantiTect SYBR Green PCR Master Mix were mixed 
with RNase free water. The PCR amplification reaction 
included de-naturation at 94oC for 15 seconds followed 
by 40 cycles at 55oC for 30 sec and 70oC for 30 sec. The 
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significant association of miR-21 expression was found 
between OSMF and OSCC patients (Figure: 1, 2; Table 2).
Correlation of miR-21 with demographical parameters 
such as sex, tobacco, smoking, pan-masala, alcohol in 
OSMF/OSCC patient 

The miR-21 expression profiling of 20 blood serum 
samples of OSCC, 20 of OSMF and 40 of healthy 
control subjects were analyzed using qRT-PCR. Oral 
mucosal lesions such as inflammation, hyperplasia and 
dysplasia was not observed in the healthy controls. The 
fold change of miR-21 in OSMF and OSCC group were 
calculated by comparison with healthy subjects by using 
Livak method. The demographical and histopathological 
features of participants are mentioned in Table 1. OSMF 
patients group were taken for validation of test to assess 
the significant expression of miR-21 in OSMF and OSCC 
subjects using t-test. Demographical parameters such 
as sex have shown slightly higher mean fold increase 
in males as compared to females, but the difference 
was not significant (p=0.738), whereas correlation of 
miR-21 expression comparison with other factors like 
tobacco ,smoking and alcohol was not significant in 
OSCC in comparison OSMF. The non significant ratio 
for tobacco (p=0.503), smoking (p=0.166), alcohol 
(p=0.201). Therefore the data represented that there were 
no significant differences in expression of miR-21 and 

reaction was run in the 7,900 Sequence Detection System 
2.3 (Applied Biosystem). The Livak method was preferred 
to analyze the change in fold expression of miR-21 via 
calculating 2-ΔΔCt. The Ct mean cycle threshold is predicted 
as a total number of cycles to generate a fluorescent signal 
to cross threshold value in real time quantitative PCR 
(Applied Biosystem).

Statistical Analysis
All statistical analysis was done using Excel and SPSS 

Softwares. Expression level findings of serum miR-21 was 
subjected to statistical t-test and ANOVA taking p-value 
<0.05 as statistically significant.

Results

miR-21 expression level in OSMF and OSCC patients
The fold change for OSMF and OSCC patients was 

calculated by comparing with healthy controls by means 
of Livak method. Additionally, when relative mean fold 
increase in OSMF serum were compared with OSCC 
serum sample by statistical t-test. It was observed that 
mean fold increase in OSCC cases was comparatively 
more significant than OSMF (p=0.001). Therefore, a 

Demographical Frequency Percentage Mean 
fold 

change

Standard 
deviation

p-
value

Parameter

Tobacco Chewers

     Yes 38 95 1.904 1.874

     No 2 5 2.185 0.8697 0.503

Smoking

     Yes 13 32.5 2.532 1.421

     No 27 67.5 1.66 1.66 0.166

Pan Masala

     Yes 26 65 1.193 0.9015

     No 14 35 3.304 2.31 0

Alcohol

     Yes 8 20 1.1386 0.8177

     No 32 80 2.1291 1.961 0.201

Table 1. miRNA-21 Expression in Demographical 
Parameters of OSMF and OSCC Cases

Figure 1. Correlation between Ct Value of Oral 
Sub-Mucous Fibrosis and Oral Squamous Cell 
Carcinoma

Mean Standard deviation p-value
Sex
     Male 1.9803 1.8721 0.738
     Female 1.6033 1.7027
Clinical stage Mean Standard deviation
     I 0.6409 0.5658
     II 1.3043 0.1303 0
     III 2.5116 1.5221
     IV 4.9047 4.0335
CASE
     OSCC 2.8281 2.1187 0.001
     OSMF 1.0284 0.8173

Table 2. miRNA-21 Expression in Clinical Parameters 
of OSMF and OSCC Cases

Figure 2. Correlation between Fold Change in Oral Sub-
Mucous Fibrosis and Oral Squamous Cell Carcinoma 
Cases Showing Higher Fold Change Increase in OSCC 
Cases in Comparison to OSMF Cases
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many demographical parameters like age, sex, tobacco, 
alcohol and smoking.

On the other hand one demographic parameter 
pan masala has shown significant relationship with 
expression of miR-21 in the OSCC as compared with 
OSMF participants of the study. The standard deviation 
was higher (2.310) in non chewers in comparison to 
chewers (0.9015) in OSCC and OSMF cases. The mean 
fold increase in the pan-masala chewers was significantly 
higher (.000) in comparison to pan-masala non chewers (p 
=0.005) in OSCC cases in comparison to pre-cancerous 
stages (Table 1).

MiR-21 expression and clinical parameters of OSCC 
The purpose of our study was to investigate the 

correlation between clinical stages of OSCC and 
expression of miR-21 and the result were subjected to 
statistical test- One way ANOVA. The comparison has 
shown a significant value (p=0.000; Table 2) in OSCC 
clinical stages and miR-21 expression. Thus indicating 
a significant relationship between expression of miR-21 
and clinical stages of OSCC patients.

Discussion

Various methods for the detection of cancer 
such as cytological analysis of sputum, endoscopic 
ultrasound-guided fine needle aspiration and computed 
tomography have demonstrated many type of limitation 
along with low accuracy of diagnosis, diagnosis at later 
stage and invasion in the human body. Hence, an urgent 
need is felt to recognize proper and noninvasive tumor 
biomarkers for early stage diagnosis. The CEA and 
CA19-9 are non invasive biomarkers for detection of 
cancer and are extensively used in clinics, but they possess 
low sensitivity and specificity for screening of cancer 
procedures (Locker et al., 2006). Many studies have been 
reported that cancer is not only affected by intrinsic but 
also by exogenous genetic alterations of cells and miRs 
act as a regulator of gene expression has been seen to be 
involved in tumor progression (Hutvagner et al., 2002). 

Molecular studies, mainly expression profiles of 
genes are usually used to classify OSCC and to improve 
the diagnosis, therapeutic and prognosis management 
of patients (Kroh et al., 2010; Jacobsen et al., 2011). 
Detection of tumor at their early stage improves the 
overall survival rate of OSCC patients, which emerges an 
urgent requirement to discover more specific and sensitive 
molecular biomarkers for diagnosis of oral cancer at their 
early stage (Huang et al., 2010; Toiyama et al., 2013). 
Additionally, recent studies have demonstrated that 
ruptured cells release miRs in circulatory system including 
body fluids such as blood and urine etc. The discovery of 
the circulating miRs in blood serum has emerged as an 
early biomarker in cancer (Mitchel et al., 2008).

The main feature of tumor biology is an abnormal 
cell proliferation and miRs are known to regulate cellular 
processes such as proliferation, differentiation and 
apoptosis (Bartel et al., 2004). Many studies have reported 
that miRs may act as oncogenes or tumor suppressor genes 
(Hammod et al., 2006). Tumor tissues show significantly 

different expression pattern of miR as compared to normal 
tissues (Bishop et al., 2010; Corsini et al., 2012). Hence 
abnormal expression pattern of miRs are more likely to 
yield valuable information as important biomarkers for the 
diagnosis, treatment and prognosis. Michael etal., (2003), 
have reported 28 different miRs in normal mucosa and 
colonic adenocarcinoma and also noted down-regulation 
of two miR, miR-143 and miR-145 in adenomatous and 
cancer stages of colorectal neoplasia. Xie et al., (2010); 
and Iorio et al., (2005) reported miR-21 and miR-155 
as diagnostic biomarker for non small cell lung cancer. 
Other studies also uggested about the downregulation of 
miR-125b miR-145, miR-155 in neoplastic breast cancer 
tissues in comparison to normal tissue.

Expression of miR-21 is mainly associated with 
development of tumor (Huang et al., 2009; Huang et al., 
2013). Up-regulation of miR-21 has been seen in lung 
cancer, gastric cancer, pancreatic cancer, breast cancer, 
glioblastoma, neuroendocrine tumor, colon cancer, bile 
duct cancer and prostate cancer (Chan et al., 2008). A 
single gene, present on fragile site FRA17B on 17p23.2 
that is overlapped with the gene encoding trans-membrane 
protein 49 (TMEM49) also known as VMP1, encodes 
miR-21 (Krichevsky et al., 2009). It contains 22 
nucleotides that are processed from a 3,400 nucleotide 
pre-transcript (Cai et al., 2004). The miR-21 regulates 
several cellular processes such as cell proliferation, 
differentiation and apoptosis. It is also involved in 
tumor cell invasion, vascular infiltration and metastasis 
via targeting several genes such as tropomyosin 1, 
methyladenosine and programmed cell death gene4 in p53 
mediated pathway and transforming growth factor beta 
pathway (Slaby et al., 2007). Many studies have revealed 
that miR-21 plays an important role in diagnosis of tumor 
and their evaluation. Schetter et al., (2008) in his study 
observed that over-expression of miR-21 in colon cancer 
is related to poor accuracy of prognosis and treatment. 
Yan et al., (2008) noted high expression of miR-21 in 
breast cancer along with lymph node metastasis and poor 
prognosis. Gao et al., (2011) found that up-regulation of 
miR-21 in lung squamous cell carcinoma is related to poor 
prognosis. Additionally, recent studies have shown that 
the broken cells release miRs that enter into circulatory 
system including blood and other fluids of the body 
(Mitchell et al., 2008).

Currently, Circulating miRs have become a potential 
molecular biomarker for early diagnosis of cancer due to 
their abundance in tissues and body fluids (Imperial et al., 
2004; Wu et al., 2014; Schee et al., 2012). In present study, 
qRT- PCR was used to detect the expression level of serum 
miR-21 in OSCC as compared to OSMF patients and to 
determine its feasibility as potential biomarker of OSCC 
and OSMF. The present study revealed that expression of 
miR-21 is up-regulated in serum of OSCC as compared to 
pre-cancer stage (OSMF). Hence, the miR-21 expression 
was higher in OSCC patients as compared to OSMF 
patients. Additionally, in the present study no significant 
relationship was observed between expression of 
miR-21 and demographical parameters age, gender, 
smoking, alcohol, tobacco but a significant relationship 
was observed between pan–masala chewers in OSCC/
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OSMF patients. A study on colorectal cancer has shown 
up-regulation of miR-21 in different stages of cancer from 
early to later stage (Toiyama et al., 2013; Liu et al., 2013). 
In the present study, a significant high expression of miR-
21 was observed from stages I-IV, they were correlated 
with different stages from early to later stage. The results 
of the present study indicate that expression of miR-21 in 
serum could be employed as novel non invasive biomarker 
for diagnosis of cancer at their early stage. However, more 
studies are needed on larger sample size to validate the 
findings. The qRT-PCR requires an appropriate internal 
control for serum for validation of results of the miR. 
The miR-16, C. elegans-39 and RNU6B has been used 
as important internal controls in earlier studies and in the 
present study, C. elegans-39 was used as reference control 
due to their greater stability in serum.

In conclusion, the findings of this study clearly 
demonstrate that serum miR-21 expression is higher 
in OSCC patients than OSMF patients and the 
clinicopathological  correlation of clinical stages of OSCC 
patients have shown a significant increase in expression 
of miR-21 from stage I-IV. The results of the present 
study does not reveal any positive correlation between 
demographical parameters, age, sex, alcohol, smoking, 
tobacco except pan-masala and miR-21 expression in oral 
cancer. However, there is an urgent need of well designed 
studies with larger sample size to ascertain the diagnostic 
role of miR-21 in OSCC and their OSMF. Many studies 
on circulating miR-21 application in clinical practice are 
still needed to validate the miR-21 as reliable diagnostic 
and prognostic biomarker in future research.
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