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ABSTRACT 

Background: Oral cancer is defined as uncontrollable growth of cells 

seen in the oral cavity. It appears as a growth or sore in the mouth that 

does not cure. Oral cancer can affect the mouth, palate, sinuses, and 

pharynx. Squamous cell carcinoma is the most common type of oral 

cancer. MicroRNAs (miRNAs) have been shown to be involved in a 

wide range of biological processes. A significant role for miRNA in 

cancers is to target gene expression level through their respective 

signaling pathways. The current study analyzed gene expression 

profiles of a few microRNAs such as miR-21, miR-137, miR-200c and 

miR-205 in pathogenesis of oral squamous cell carcinoma(OSCC). 

Methods: Biopsy samples were collected from 50 patients recently 

diagnosed with oral cancer along with corresponding non malignant portions, with the 

approval of Institutional Ethics Committee. Quantitative real time PCR (qRT PCR) was used 

to quantify the levels of miRNAs expression. The association between miRNA expression 

levels and clinico-pathological parameters was analyzed using MedCalc software. Findings 

and interpretation: This study found miRNA-21 was up-regulated (in 54% cases) whereas 

miR-137 (48%), miR-200c (46%), miR-205 (42% of cases) was down-regulated in OSCC. 

Among these four microRNAs, only miR-137 was differently associated with the risk of 

OSCC, whereas all other microRNAs were found to be directly associated with OSCC. This 
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study demonstrated an association of miR-21, miR-137, miR-200c and miR-205 in OSCC 

with altered gene expression, suggesting that in spite of varying expressions in miRNAs’ its 

role in the development of oral cancer was very much evident. It is suggested that these 

miRNAs could probably serve as biomarkers for oral cancer management. 

 

KEYWORDS: Oral cancer, microRNAs, Demographics, biomarkers, economic status, miR-

21, miR-137, miR-200c, miR-205, Gene expression, qRTPCR, reverse transcription. 

 

INTRODUCTION 

Recent times have witnessed the progress in early detection of cancers, and how it can be 

treated with full recovery. With new technologies coming in at the molecular level it is seen 

that we have been able to develop new biomolecules from the human tumor materials a 

species of new RNAs which are called microRNAs (miRNAs), which is another new 

diagnostic tool or biomarker for cancer detection. The molecular regulators like messenger 

RNAs, miRNAs and proteins plays a vital role in cancer metastasis. Among which miRNAs 

are thought to be involved in the post-transcriptional modulation of target mRNAs. It is 

understood that the alterations in miRNA expression are associated with carcinogenesis due 

to its involvement in various biological pathways. miRNAs can modulate the expression of 

genes by binding to the 3' UTR region of mRNAs resulting in translational inhibition or 

cleavage.
[1]

 Each miRNA targets hundreds of transcripts thus placing miRNAs as largest 

family of gene regulators.
[2]

 Conversely epigenetic mechanisms such as DNA methylation, 

miRNA activity, and histone acetylation, cause gene silencing, which promote the 

development of cancers of varying molecular subtypes.
[3]

 

 

According to the statistics, in 2012 the incidence of oral cancer in India was 53,842 in males 

and 23,161 in females, with an age standardized incidence rate of 12.6 per 100,000 people.
[4] 

The nationwide incidence could be as high as 20 per 100,000 population, with variations 

depending on the study designs, sampling, case ascertainment, gender and location. 

Variations in age-specific incidence rates also increased with age, dropping at the age of 70, a 

trend that was consistent in studies from 1990 to 2012.
[5]

 

 

Oral squamous cell carcinoma (OSCC) has become the sixth most commonly occurring 

neoplasm globally,
[5] 

which accounts for 50-70% of cancer deaths. Ninety percent of the oral 

cancers occur in the oral cavity.
[6]

 Significant association has been reported between OSCC 

and the risks such as alcohol consumption, tobacco chewing and smoking.
[7]

 Therefore, 
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consistent molecular markers that can provide early and more precise OSCC diagnosis, 

prognosis and best suitable treatment are needed. The molecular regulators like messenger 

RNAs, miRNAs and proteins plays a vital role in cancer metastasis, among which miRNAs 

are thought to be involved in the post-transcriptional regulation of target mRNAs.  

 

Each miRNA targets hundreds of transcripts thus placing miRNAs as largest family of gene 

regulators.
[2]

 It is believed that the alterations in miRNA expression are associated with 

carcinogenesis due to the involvement of miRNAs in various biological pathways. miRNAs 

can regulate the expression of genes by binding to the 3’ UTR region of mRNAs resulting in 

translational inhibition or cleavage.
[1]

 miRNAs processed within the nucleus as long primary 

transcripts are subsequently cleaved to produce pre-miRNAs by an RNase III enzyme, pre-

miRNAs are exported to the cytoplasm, where they are processed by the Dicer to form 

mature miRNAs (figure 1). Expression analysis of miRNA may be used to distinguish several 

cancer types and subtypes. These miRNA expression results provide remarkable diagnostic 

implications.
[8]

 The present study is the first to comprehensively explore the role of miR21, 

miR137, miR200c and miR205 in patients diagnosed with OSCC in South India.  

 

miR-21 controls apoptosis, cell proliferation and transition of epithelial tissue to 

mesenchymal tissue during the tumorigenesis and was found to be up regulated in several 

cancers.
[9,13]

 It was verified that miRNA may influence tumor progression by the down- 

regulation of various targeted tumor suppressor genes namely phosphatase tensin homolog 

(PTEN) located on chromosome 10. It was reported that miR-21 was often up regulated in 

various solid tumors like breast, pancreas, lung, gastric, colon and esophageal cancers. miR-

21 plays an important role in carcinogenesis by interfering with the oncogene function.
[9]

 

Circulating miR-21 was reported as a potential biomarker in hepatocellular carcinoma, 

glioma and sarcoma considering it as a vital parameter for early diagnosis. miR-21 is an 

important molecular regulator responsible for carcinogenesis,
[14]

 proliferation
[15]

 and anti- 

apoptosis.
[16]

 Various studies defend the hypothesis that miR-21 is being overexpressed in 

different tumors and one of the most relevant oncogene-like factor.
[17]

 

 

miR-137 located on human chromosome 1p22 was shown to act as tumor suppressor in 

various cancers which include squamous cell carcinoma, colorectal cancer and melanoma 

through cell cycle control.
[18]

 Cyclin dependent kinase 6 (CDK 6) plays a vital role in cell 

cycle regulation and enable the cells to pass through the G1 check point of the cell cycle. 

CDK6 overexpression may results in elevated progression via G1/S phase of cell cycle 
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leading to elevated proliferation and reduced DNA repair capacity. CDK4 and CDK6 are the 

main targets of miR-137 in the regulation of cell cycle during G1 phase. CDK6 over 

expression was reported in various other soft and solid tissue tumors such as glioblastoma, 

lung adenocarcinoma and medulloblastoma.  

 

miR-200c family influences distant metastatic biology by down regulating transcriptional 

programme which inhibits angiogenesis by different pathways by targeting  interleukin 8.
[19] 

Studies have reported that the significant reduction in metastasis, angiogenesis and induced 

vascular normalization have been observed with the release of miR-200c into the tumor 

endothelial cells.  

 

miR-205 is known to work as a therapeutic agent
[20]

 for its well known blocking angiogenesis 

function. miR-205 is also believed to have the ability to maintain and play a prominent role in 

biogenesis. It is considered as a tumor suppressor miRNA, due to its down-regulation in 

several cancers.
[21]

 The tissue remodeling by the epithelial to mesenchymal transition (EMT) 

during embryonic development is considered as an initiation step in tumor metastasis. miR-

200c also has a different capability to inhibit TGF-β induced EMT. The repression of E-

cadherin transcriptional repressors namely ZEB1 and ZEB2 factors are associated with EMT 

as well as tumor metastasis are regulated by combination of miR-200c and miR-205. In the 

process of EMT induction, the miRNA inhibition is an essential process, which also requires 

the upregulation of ZEB1 and ZEB2. The abnormal expression of these miRNAs with their 

involvement in regulation of EMT represent their prominent role in tumor progression. 

 

miRNA and cancer related studies reveal that miR-21, miR-137, miR-200c and miR-205 can 

functions as regulatory molecules in post-transcriptional gene silencing for the phenomenal 

characteristics by regulating  cellular proliferation to apoptosis (figure 2), which have great 

impacts on the malignant transformation. The expression analysis of miRNA was 

significantly associated with cancers. Hence, the objective of this study was to analyse the 

expression levels of these miRNAs in patients diagnosed with OSCC and correlate these 

studies with the clinical and pathological features of the study population. 

 

Economic burden 

Despite advances in OSCC treatment strategies, patients with advanced stages of disease are 

still suffering from cosmetic and functional morbidity. Unlike other malignancies, the OSCC 

is usually diagnosed at advanced stages, which lead to very poor survival rate. Oral cancer is 
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often diagnosed when it has metastasized to another location, making prognosis difficult and 

patients are at a higher risk of developing secondary tumours. Besides the metastasis, at these 

later stages, the primary tumour has had time to invade deeper into local structures of the oral 

cavity or its place of origin, hence its discovery in late stages becomes almost impossible for 

appropriate treatment. In addition, in certain locations, surgery is impossible and patients are 

at 20 times higher risk of developing a secondary tumors. This heightened risk factor can last 

for 5 to 10 years or even less in many delicate areas of the nose or the throat or the oral 

cavity, after the first occurrence. Every year th United States spends an estimated $3.2 billion 

on treatment of head and neck cancers.
[22]

 Hence, in developing countries one can imagine 

the economic burden. Every year we find growing number of cancer cases, although our 

knowledge on prevention and treatment has increased through research and clinical trials. 

Incidentally, due to personal habits, oral cancer is amongst the most prevalent cancers 

worldwide and its incidence appears to be higher in males than in females. The reason could 

be due to the use of tobacco and its products and consumption of alcohol. Historically a 

higher death rate is associated with this cancer due to its late diagnosis.  

 

MATERIALS AND METHODS 

Tissue Samples, Ethics Statement and Consent form 

Fifty tumors and corresponding non-tumor tissues from adjacent regions were obtained from 

patients diagnosed with OSCC from MNJ Cancer Hospital, Hyderabad, between 2013 and 

2014. Tumor and non-tumor tissue samples were verified as tumor and non-tumor by 

histopathological evaluation. The study was approved by the Institutional Ethics Committee 

and informed consent was obtained from all patients.  A group of candidate miRNAs were 

chosen, and the expression was analyzed by qRT-PCR.  

 

RNA extraction 

The total RNA was isolated from the biopsy samples obtained from OSCC patients, by using 

“mirVana” miRNA Isolation Kit (Ambion). Its integrity was verified by 1.5% agarose gel 

plus ethidium bromide and ratio of optical density (OD) at 260 nm and 280 nm was also 

measured. RNA was quantified with the help of Nano Drop ND-1000 Spectrophotometer 

(Thermo Scientific). Single-stranded cDNA was synthesized from 300 ng of RNA in each 

sample.  
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Reverse transcription  

Reverse transcription was carried out in a personal Master Cycler (Bio-Rad CFX 96), by 

using 1μg of total RNA in the presence of a Random Hexamer (50ng/μL) and a reverse 

transcriptase (50 U/μL) in total volume of 20μlL, including 10x TaqMan RT buffer, MgCl2 

solution (25 mM), dNTPs mixture (10 mM), RNAse inhibitor (20 U/μl) and nuclease-free 

water. The reaction mixture was incubated for 10 minutes at 25°C and 60 minutes at 42°C, 

heated for 5 minutes to 95°C and then at 4°C for a minimum of 2 minutes. The resulting 

cDNA was stored at –20° C till further use. 

 

SYBR – Green Quantitative Reverse Transcription-PCR (qRT-PCR) 

The miR-21, miR-137, miR-200c and miR-205 levels were quantified using quantitative 

reverse transcription-PCR (qRT-PCR) using SYBR-Green. Quantification of expression of 

miR-21, miR-137, miR-200c and miR-205 genes were performed using Bio-Rad CFx96. The 

relative quantification was done, where the gene expression was compared in each tumor 

with the gene expression in the non tumor group. In assessing the relative gene expression 

levels, quantitative Real time - polymerase chain reaction (qRT-PCR) was carried out with 1 

μL of cDNA, 12.5 μL SYBR Green, and with specific primers (table 1) which were 

synthesized at Bioserve Biotechnologies Ltd. (Hyderabad, India).  

 

Table 1: Oligonucleotide primer sequence of miR-21, miR-137, miR-200c and miR-205, 

GADPH used for qRT-PCR. 

S. No. Gene Forward Primer 5' Reverse Primer 5' 
Annealing  

Temp 

1. miR-21 
TAGCTTATCAGACTG

ATG TTGA 
AACGCTTCACGAATTTGCGT 54 

2. miR-137 
CTTTCCGGTGGAACC

AGTG 
GCACAGCTTTGGATCCTTCT 54 

3. 
miR-

200c 

TAATACTGCCGGGTA

ATGATGG 
TCGTATCCAGTGCAGGGTC 57 

4. miR-205 
CTTGTCCTTCATTCCA

CCGGA 
TGCCGCCTGAACTTCACTCC 58 

5. GAPDH 
TGCACCACCAACTGC

TTAG 

AGTAGAGGCAGGGATGATGAT

GTTC 
 

 

RT-PCR program used had: 5 min of initial denaturation and enzyme activation at 95°C, 

followed by 35 cycles of 30 s at 95°C, 30 s at 60°C for annealing and 40 s at 72°C for 

elongation. Amplification and melting curve analysis were carried out to verify the specific 

product according to its specific melting temperature (Tm). Each reaction was performed in 
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triplicate. miRNA expression was defined based on the threshold cycle (Ct), and relative 

expression levels were calculated as 2-[(Ct of miRNA) – (Ct of reference gene)] after 

normalization with reference to expression of U6. The results were analyzed by the melting 

curve analysis software (figure 3). Gene expression values were expressed as Ct, Ct being the 

point at which the fluorescence rises significantly above baseline or background fluorescence, 

and comparing the Ct of the genes in tumors with the Ct of the genes in controls. 

 

Statistical Analysis Statistical analyses for the RT-PCR results were performed on ∆CT data. 

p values ≤0.05 were considered as statistically significant. MedCalc software for Windows 

(version 7.4.1.0; Mariakerke, Belgium) was also used for correlating with clinico-

pathological parameters. 

 

RESULTS 

Patients' clinical data 

A total number of 50 patients diagnosed with OSCC were included in this study. The 

demographic details of these patients’ and clinical characteristics are mentioned in Table 2. 

The age range of OSCC male patients was between 26–74 years and female patients were in 

the age group between 21-63 years. The highest percentage of OSCC patients were identified 

between 46–65 years. Regarding the primary tumor site, there was a neat predominance on 

the BM (buccal mucosa) totaling 24 patients (48%), followed by the tongue totaling 17 

patients (34%), then the mandible and oral cavity at 12%, and 9%. The stage of a cancer is a 

descriptor of how much the cancer has spread (figures 4a–d). The stage often takes into 

account the size of a tumor. Five (10%) cases were stage-I, 11 (22%) cases were stage-II, 24 

(48%) cases were stage-III and 10 (20%) cases were stage- IV. Among the cases, 16% were 

alcoholics while 32% were smoker’s and 32% were chewers (table 2). 
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Table 2: Clinico- pathological characteristics of patients. 

Clinical Characteristics n = 50 

Gender 

Males 

Females 

 

33(66%) 

17 (34%) 

Age Distribution 

26-45 years 

46-65years 

66 years and above 

 

10(20%) 

31(62%) 

9 (18%) 

Site of Diagnosis 

Tongue 

Buccal mucosa (BM) 

Mandible 

Oral Cavity 

 

17(34%) 

24(48%) 

6(12%) 

3(9%) 

Staging 

Stage 1 

Stage 2 

Stage 3 

Stage 4 

 

5(10%) 

11(22%) 

24(48%) 

10(20%) 

Habitual Risk 

Alcoholics 

Smokers 

Chewing 

 

8(16%) 

16(32%) 

26 (52%) 

 

Expression of miR-21, miR-137, miR-200c and miR-205 in OSCC Patients 

To define the role of these miRNAs in OSCC, the expression of these four miRNAs in 50 

OSCC tumors and corresponding non tumor tissues were investigated. It was identified that 

miRNA-21 was up-regulated in OSCC compared with normal samples. Other three miRNAs 

miR-137, miR-200c, miR-205 were found to be down-regulated. Over expression of miR-21 

was found in 54% (27 of 50) samples; there was significant difference in miR-21 expression 

between tumoral tissues and non tumoral tissues (p=0·0001). miR-137 and miR-200c was 

down regulated in 24 (48%) and 23 (46%) samples. There was no significant difference in 

miR-137 between OSCC tumor and non tumoral tissues (p=0·104), whereas miR-200c was 

significantly associated with OSCC (p=0·002) In this study it was also found that miR-205 

was down regulated in 42% (21 of 50 samples) miR-205 is significantly associated with 

OSCC (p=0·001). (table 3). 
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Table 3: Analysis of miR-21, miR-137, miR-200 & miR-205 expression in OSCC tumor 

and non tumor tissues. 

Gene Expression Status 
Tumor 

(n=50) 

Non tumor     

(n=50) 
P- Value 

miR-21 Altered  expression 27(54%) 7(14%) 0.0001 

miR-137 Altered  expression 24(48%) 16(32%) 0.104 

miR-200 Altered  expression 23(46%) 0(0) 0.002 

miR-205 Altered  expression 21(42%) 6(12%) 0.001 

 

Correlation of miR-21, miR-137, miR-200c and miR-205 status with Clinico- 

pathological characteristics of OSCC patients 

We investigated associations between miR-21, miR137, miR200c and miR-205 and the 

clinicopathologic features of the OSCC patients. There was no significant correlation 

correlation to demographic parameter, but were associated with tumorogenesis between 

miR21 and miR205 with clinicopathological features. miR-137 and miR-200c expression had 

significant difference in the clinical stage III of OSCC (p=0·001 and p=0·04; figure-1). miR-

137 also showed significant difference in clinical stage II and buccal mucosa site of OSCC 

(p=0·007 and p=0·05; figure 2), but there was no significant difference in age, gender and 

habitual risk  

 

 

Figure 1: Altered expression of miRNAs according to the clinical grading. 
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Figure 2: Altered expression of miRNAs according to their location of occurrence. 

 

DISCUSSION 

This study of miRNAs provides new insights into OSCC diagnosis. It was reported that 

single miRNA regulates simultaneously multiple target genes, hence it is possible to assume 

that miRNAs may serve as efficient regulators of tumor-related genes. Numerous studies 

have mentioned the expression of miRNAs in tumors and have revealed that miRNAs are 

frequently down regulated in tumor tissues compared with nontumor tissues.
[23,24]

 Further, 

miRNAs can function as either oncogenes or tumor suppressors, based on the genes that they 

regulate. The changes in expression of miRNAs was observed in our earlier studies in 

OSCC.
[25]

 This study analyzed the associations between miR-21, miR-137, miR-200c, miR-

205 in OSCC and its clinicopathological correlations. 

 

miR-21 was found to be up-regulated in a majority of cancers, including breast, lung, 

pancreatic and prostate cancers. Few investigations identified elevated expression of miR-21 

in hepatocellular carcinomas,
[26]

 gastric cancer,
[27]

 ovarian cancer,
[28,29]

 cervical carcinoma,
[30]

 

multiple head and neck cancer cell lines,
[31]

 papillary thyroid carcinoma
[32]

 and other 

neoplasias. miR-21 is highly up-regulated in leukemia patients with up to 10-fold expression 

reported in patients with chronic lymphocytic leukemia (CLL).
[33]

 It was also over expressed 

in aggressive diffuse large B-cell lymphoma (DLBCL), follicular center lymphoma 

patients
[34]

 and acute myeloid leukemia (AML).
[35]

 Navvarro and colleagues documented the 

over expression of miR-21 in Hodgkin lymphoma lymph nodes and human Hodgkin 

lymphoma cell lines.
[36]

 In general, miR-21 expressions are also high in numerous cancers, 

and sometimes accounts for up to 15–25% of total cellular miRNA.
[37]

 Therefore, very high 
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expression of miR-21 may be the feature of malignant cells. According to the reports, miR-21 

was vigorously upregulated in Epstein–Barr virus-infected human B lymphocytes
[38] 

and 

heap-dna virus-associated hepatocellular carcinoma,
[39]

 proposing the possibility of miR-21 

involvement in OSCC progression. 

 

PTEN is an identified target of miR-21 with increased expression of miR-21 resulting in 

reduction of PTEN expression. Our earlier studies on PTEN clarifies that its inactivation 

causes accumulation of phosphatidylinositol 3,4,5-triphosphate (PIP3) and increased the 

activity of serine/threonine protein kinase PDK-1 and AKT which promotes cell cycle 

progression, proliferation and inhibit apoptosis.
[40]

 Clinically, over expression of miR-21 is 

associated with a poorer prognosis in carcinoma of tongue and other tumors such as breast 

tumors, head and neck tumors
[41]

 and pancreatic cancer.
[23]

 Hsu et al.
[41]

 reported that miR-21 

level was significantly reduced in post-operative samples from head and neck squamous cell 

carcinoma (HNSCC) patients as compared to the preoperative samples. These findings 

suggest that miR-21 may serve as a novel prognostic and diagnostic biomarker in patients 

with HNSCC. 

 

miR-137, a short non-coding RNA molecule, regulates the expression of multiple genes by 

diverse mechanisms and acts as tumor suppressor in different cancers like colorectal 

cancer,  melanoma and squamous cell carcinoma  via cell cycle control. The post-

transcriptional process of miR-137 varies by alteration in 15-bp variable nucleotide tandem 

repeat in primary miRNA transcript, leading to change in folding of secondary structure of 

miR-137. This change results in aberrant processing of miR-137, and results in 

downregulation of miR-137 in several malignant cell lines. The target genes of miR-137 are 

documented and presumed to play significant roles in cell cycle signaling. Cancer-initiating 

events like oncogenic Ras activation leading to the induction of cellular senescence, is a 

tumor suppressor response. During Ras-induced senescence, miR-137 targets KDM4A 

mRNA, and is responsible for activating retinoblastoma (pRb), a tumor suppressor 

pathway.
[42] 

 

miR-137 was down-regulated in this study in OSCC samples. Significant difference was not 

observed between OSCC tumor and non-tumor tissues (p=0·104), suggesting miR-137 may 

serve as tumor suppressor gene, and under expression of miR-137 results in stimulated cell 

proliferation and also invasion. miR-137 is often down-regulated in different cancers and is 

found to be a negative regulator of CDC42, CDK6 and E2F6 the prominent targets for miR-

https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/Tumor_suppressor
https://en.wikipedia.org/wiki/Colorectal_cancer
https://en.wikipedia.org/wiki/Colorectal_cancer
https://en.wikipedia.org/wiki/Melanoma
https://en.wikipedia.org/wiki/Squamous_cell_carcinoma
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137. Decrease in miR-137 expression was described in colorectal cancer
[43]

 and central 

nervous system tumor cell lines.
[44]

 miR-200c, miR-137 expression represented significant 

difference in the clinical stage III of OSCC (p=0·04 and p=0·001). 

 

The miR-200c family and miR-205 function in regulation of epithelial to mesenchymal 

transition (EMT). EMT promotes tissue remodelling in the course of embryonic development 

and is considered as a primary step in metastasis. The members of miR-200 family and miR-

205 were distinctly down-regulated in cells that confront EMT in response to TGF-β or to 

ectopic expression of the protein tyrosine phosphatase Pez. Requisite expression of miR-200 

family solely was sufficient to prevent TGF-β-induced EMT. These miRNAs together 

cooperatively regulate the expression of E-cadherin transcriptional repressors ZEB1 and SIP1 

factors previously involved in EMT as well as tumour metastasis. Repression of the miRNAs 

was required to induce EMT in process of upregulating ZEB1 and/or SIP1. Conversely the 

abnormal expression of these miRNAs in mesenchymal cells initiates mesenchymal to 

epithelial transition (MET). Manifesting the role of these miRNAs in regulation of EMT, 

their expression was believed to be lost in invasive breast cancer cell lines with the 

mesenchymal phenotype. Expression of miR-200 family was lost prominently in regions of 

metaplastic breast cancer specimens deficient in  E-cadherin.
[45]

 These evidences support that 

the down regulation of these miRNAs may be a salient step in cancer progression. 

 

In this study, the down regulation of miR -200c was observed in OSCC tumor tissues 

compared non-tumor tissues in the same patient (p=0·0002). miR-200 family functions as a 

master regulator of various cancer hallmarks. miR-200 family contains a similar seed 

sequence with a single base difference between two groups. miR-200c is one of the short 

non-coding RNAs which play prominent roles in tumor development and metastasis. We 

suggest that miR-200c may suppress the invasion, migration as well as proliferation of 

OSCC, suggesting the tumor suppressive role of miR-200c in the cancer type. In the saliva 

samples of oral cancer patients, miR-200c was significantly under expressed compared to 

controls.
[46]

 miR-200c was significantly down regulated in a panel of 30 spindle cell 

carcinomas compared with the normal mucosa as determined by qRT-PCR.
[47]

 High 

expressions of miR-200c was associated with the poor survival in non-small cell lung cancer 

(NSCLC) patients. On the other hand, however, reports suggest that miR-200c was a direct 

target of p53 transcription factor, which could inhibit cell proliferation by the cell cycle 

arrest.
[48,49]

 Justifying the fact that miR-200c expression goes down during EMT and up again 
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during MET, make the miR-200 family a key regulator of cancer progression and a probable 

therapeutic target.
[49]

 These findings suggest a dual role of miR-200c as a tumor-promoting or 

suppressive miRNA, Thus, it is important to understand the molecular mechanisms mediating 

targets of miR-200c in oral squamous cell carcinoma. 

 

In the present study, the miR-205 expression was found to be significantly down regulated in 

tumor tissue in comparison with non - tumor tissues, suggesting that miR-205 is a powerful 

tumor suppressor in oral cancer. However, there are some controversies with regard to the 

expression of miR-205 in several other cancers. Sempere et al.
[43]

 and Feber et al.
[44]

 reported 

in their studies that miR-205 was significantly down-regulated in breast and esophageal 

cancer. In contrast, Gottardo et al.
[46]

 and Iorio et al.
[47]

 reported in their studies that miR-205 

was up-regulated significantly in kidney and ovarian tumors. These studies reveal that the 

observed changes in expression of miR-205 are tissue-specific. This study indicates that the 

down-regulation of miR-205 may be considered as a prognostic marker for oral squamous 

cell carcinoma. The associations between miR-21 and  miR-205 with clinicopathologic 

features of OSCC patients represented no significant correlation, but were associated with 

tumorigenesis through their signaling pathways. 

 

CONCLUSIONS 

Oral cancer rates increases with age with a rapid increase after age 50 and peaks between 60 

to 70 years. We believe that these findings may be important for precision medicine, which aims 

to consider each patient’s genetic, environmental, and lifestyle characteristics when developing 

and assigning treatment. miRNAs being key regulators of various cellular processes like 

proliferation, differentiation, apoptosis, survival, motility and morphogenesis, they can 

influence gene expression in cancers. It is concluded from our results that alterations in the 

expression of miR-21, miR-137, miR-200c and miR-205 could influence target genes hence 

can be useful biomarkers for early detection of oral cancer.  

 

Contributors: KJ, and SPS, were involved in the design of the study, SPS performed all the 

analyses, KJ, SPS, UK, & RM contributed equally to the development of the manuscript. 

 

Acknowledgements: Sushma P.S is grateful to Dr.NTR University of Health Sciences for the 

Ph.D registration; further, all the authors are grateful to Director NIN and Bhagwan Mahavir 

Medical Research Centre (BMMRC) for the facilities provided. We extend our thanks to the 

study groups for their cooperation. 



www.wjpr.net                              Vol 7, Issue 16, 2018.                                    692 

Kaiser et al.                                                           World Journal of Pharmaceutical Research 

Conflict of Interest: None declared. 

 

REFERENCES 

1. Zamore PD and Haley B. Ribo-gnome: the big world of small RNAs. Science, 2005; 309: 

1519–24. 

2. Pillai RS. MicroRNA function: multiple mechanisms for a tiny RNA? RNA, 2005; 11: 

1753–61. 

3. Cheuk IW, Shin VY, Kwong A. Detection of methylated circulating dna as noninvasive 

biomarkers for breast cancer diagnosis. J Breast Cancer, 2017; 20: 12–19.  

4. Khan Z. An overview of oral cancer in Indian subcontinent and recommendations to 

decrease its incidence. Webmed Central Cancer, 2012; 3: WMC003626. 

5. Coelho KR. Challenges of the oral cancer burden in India. J Cancer Epidemiol, 2012; 

2012: 701932. 

6. Warnakulasuriya S. Global epidemiology of oral and oropharyngeal cancer. Oral Oncol, 

2009; 45: 309–6. 

7. Jemal A, Bray F, Melissa M, et al. Global cancer statistics. CA Cancer J Clin, 2014; 61: 

69–90. 

8. Schetter AJ, Leung SY, Sohn JJ, et al. MicroRNA expression profiles associated with 

prognosis and therapeutic outcome in colon adenocarcinoma. JAMA, 2008; 299: 425–36. 

9. Dillhoff M, Liu J, Frankel W, et al. MicroRNA-21 is overexpressed in pancreatic cancer 

and a potential predictor of survival. World J Gastrointest Surg, 2008; 12: 2171–76. 

10. Yamamichi N, Shimomura R, Inada K, et al. Locked nucleic acid in situ hybridization 

analysis of miR-21 expression during colorectal cancer development. Clin Cancer Res., 

2009; 15: 4009–16. 

11. Rask L, Balslev E, Jorgensen S et al. High expression of miR-21 in tumor stroma 

correlates with increased cancer cell proliferation in human breast cancer. APMIS, 2011; 

119: 663–73. 

12. Hermansen SK, Dahlrot RH, Nielsen BS, et al. MiR-21 expression in the tumor cell 

compartment holds unfavorable prognostic value in gliomas. J Neurooncol, 2013; 111: 

71–81. 

13. Wang Y, Li J, Tong L. et al. The Prognostic value of mir-21 and mir-155 in non-small-

cell lung cancer: A meta-analysis. Jpn J Clin Oncol, 2013; 43: 813–20. 

14. Si ML, Zhu S, Wu H, et al. miR-21- mediated tumor growth. Oncogene, 2007; 26:   

2799–2803. 



www.wjpr.net                              Vol 7, Issue 16, 2018.                                    693 

Kaiser et al.                                                           World Journal of Pharmaceutical Research 

15. Roldo C, Missiaglia E, Hagan JP, et al. MicroRNA expression abnormalities in pancreatic 

endocrine and acinar tumors are associated with distinctive pathologic features and 

clinical behavior. J Clin Oncol, 2006; 24: 4677–84. 

16. Chan JA, Krichevsky AM, Kosik KS. MicroRNA-21 is an antiapoptotic factor in human 

glioblastoma cells. Cancer Res., 2005; 65: 6029–33. 

17. Esquela-Kerscher A, Slack FJ. Oncomirs - microRNAs with a role in cancer. Nat Rev 

Cancer, 2006; 6: 259–69. 

18. Smith AR, Marquez RT, Tsao WC, et al. Tumor suppressive microRNA-137 negatively 

regulates colorectal cancer progression. Oncotarget, 2015; 6: 12558-73. 

19. Pecot CV, Rupaimoole R, Yang D, et al. Tumour angiogenesis regulation by the miR-200 

family. Nat Commun, 2013; 4: 2427. 

20. Vosgha H, Salajegheh A, Smith RA, et al. The important roles of miR-205 in normal 

physiology, cancers and as a potential therapeutic target. Curr Cancer Drug Targets, 

2014; 14: 621–37. 

21. Qin AY, Zhang XW, Liu L, et al. MiR-205 in cancer: an angel or a devil ? Eur J Cell 

Biol, 2013; 92: 54–60. 

22. Swartz MH. Textbook of physical diagnosis e-book: History and examination. Elsevier 

Health Sciences, 2014; 848 pages. 

23. Lu J, Getz G, Miska EA, et al.  MicroRNA expression profiles classify human cancers. 

Nature, 2005; 7043: 834–38. 

24. Volinia S, Calin GA, Liu CG et al. A microRNA expression signature of human solid 

tumors defines cancer gene targets. Proc Natl Acad Sci USA, 2006; 7: 2257–61. 

25. Sushma PS, Jamil K, Kumar PU, Satyanarayana U, Ramakrishna M, Triveni B. Genetic 

variations in the micrornas and its risk in oral squamous cell carcinoma (OSCC) in South 

Indian population. Asian Pac J Cancer Prev., 2015; 16: 7589–94. 

26. Kutay H, Bai S, Datta J, et al. Downregulation of miR-122 in the rodent and human 

hepatocellular carcinomas. J Cell Biochem, 2006; 99: 671–78. 

27. Zhang Z, Li Z, Gao C, Chen P, et al. miR-21 plays a pivotal role in gastric cancer 

pathogenesis and progression. Lab Invest, 2008; 88: 1358–66. 

28. Iorio MV, Visone R, Di Leva G, et al. MicroRNA signatures in human ovarian cancer. 

Cancer Res., 2007; 67: 8699–707. 

29. Nam EJ, Yoon H, Kim SW, et al. MicroRNA expression profiles in serous ovarian 

carcinoma. Clin Cancer Res., 2008; 14: 2690–95. 



www.wjpr.net                              Vol 7, Issue 16, 2018.                                    694 

Kaiser et al.                                                           World Journal of Pharmaceutical Research 

30. Lui WO, Pourmand N, Patterson BK, Fire A. Patterns of known and novel small RNAs in 

human cervical cancer. Cancer Res., 2007; 67: 6031–43. 

31. Tran N, McLean T, Zhang X, et al. MicroRNA expression profiles in head and neck 

cancer cell lines. Biochem Biophys Res Commun., 2007; 358: 12–17. 

32. Tetzlaff MT, Liu A, Xu X, Master SR, et al. Differential expression of miRNAs in 

papillary thyroid carcinoma compared to multinodular goiter using formalin fixed 

paraffin embedded tissues. Endocr Pathol., 2007; 18: 163–73. 

33. Fulci V, Chiaretti S, Goldoni M, et al. Quantitative technologies establish a novel 

microRNA profile of chronic lymphocytic leukemia. Blood, 2007; 109: 4944–51. 

34. Lawrie CH, Soneji S, Marafioti T, et al. MicroRNA expression distinguishes between 

germinal center B cell-like and activated B cell-like subtypes of diffuse large B cell 

lymphoma. Int J Cancer, 2007; 121: 1156–61. 

35. Jongen-Lavrencic M, Sun SM, Dijkstra MK, Valk PJ, Löwenberg B. MicroRNA 

expression profiling in relation to the genetic heterogeneity of acute myeloid leukemia. 

Blood, 2008; 111: 5078–85. 

36. Navarro A, Gaya A, Martinez A, et al. MicroRNA expression profiling in classic 

Hodgkin lymphoma. Blood, 2008; 111: 2825–32. 

37. Landgraf P, Rusu M, Sheridan R, et al. A mammalian microRNA expression atlas based 

on small RNA library sequencing. Cell, 2007; 129: 1401–14. 

38. Metzler M, Wilda M, Busch K, Viehmann S, Borkhardt A. High expression of precursor 

microRNA‐155/BIC RNA in children with Burkitt lymphoma. Genes Chromosomes 

Cancer, 2004; 39: 167–9. 

39. Connolly E, Melegari M, Landgraf P, et al. Elevated expression of the miR-17–92 

polycistron and miR-21 in hepadnavirusassociated hepatocellular carcinoma contributes 

to the malignant phenotype. Am J Pathol, 2008; 173: 856–64. 

40. Sushma PS, Jamil K, Kumar PU, Satyanarayana U, Ramakrishna M, Triveni B. PTEN 

and p16 genes as epigenetic biomarkers in oral squamous cell carcinoma (OSCC): a study 

on south Indian population. Tumor Biol., 2015; 37: 7625–32. 

41. Hsu CM, Lin PM, Wang YM, Chen ZJ, Lin SF, Yang MY. Circulating miRNA is a novel 

marker for head and neck squamous cell carcinoma. Tumor Biol, 2012; 33: 1933–42. 

42. Neault M, Mallette FA, Richard S. miR-137 Modulates a Tumor Suppressor Network-

Inducing Senescence in Pancreatic Cancer Cells. Cell Rep., 2016; 14: 1966–78.  



www.wjpr.net                              Vol 7, Issue 16, 2018.                                    695 

Kaiser et al.                                                           World Journal of Pharmaceutical Research 

43. Sempere LF, Christensen M, Silahtaroglu A, et al. Altered MicroRNA expression 

confined to specific epithelial cell subpopulations in breast cancer. Cancer Res., 2007; 67: 

11612–20.  

44. Feber A, Xi L, Luketich JD, et al. MicroRNA expression profiles of esophageal cancer. J 

Thorac Cardiovasc Surg., 2008; 135: 255–60.  

45. Korpal M, Lee ES, Hu G, Kang Y. The miR-200 family inhibits epithelial-mesenchymal 

transition and cancer cell migration by direct targeting of E-cadherin transcriptional 

repressors ZEB1 and ZEB2. J Biol Chem., 2008; 283: 14910–4.  

46. Gottardo F, Liu CG, Ferracin M, et al. Micro-RNA profiling in kidney and bladder 

cancers. Urol Oncol, 2007; 25: 387–92. 

47. Iorio MV, Casalini P, Piovan C et al.  microRNA-205 regulates HER3 in human breast 

cancer. Cancer Res., 2009; 69: 2195–200. 

48. Boominathan L. The tumor suppressor’s p53, p63, and p73 are regulators of microRNA 

processing complex. PLoS One, 2010; 5: e10615.  

49. Chang CJ, Chao CH, Xia W et al. p53 regulates epithelial-mesenchymal transition and 

stem cell properties through modulating miRNAs. Nat Cell Biol., 2011; 13: 317–23. 

 

 

 

 

 

 

 

 

 


