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Abstract Oral squamous cell carcinoma (OSCC) is one of

the common types of cancer. Its progression follows a

transition from oral potentially malignant disorders

(OPMDs) such as oral submucous fibrosis (OSMF). Epi-

genetic modifiers, especially microRNAs (miRNAs), have

an appreciable role in the regulation of various carcino-

genic pathways which are being used as biomarkers.

miRNAs may also be helpful in the differentiation of oral

submucous fibrosis from oral squamous cell carcinoma.

Three miRNAs, miR-221-3p, miR133a-3p, and miR-9-5p,

were found differentially expressed in many cancers in the

literature search supported by our preliminary database

search-based screening. The literature and our functional

enrichment analysis in an earlier study have reported these

miRNAs to regulate carcinogenesis at various steps. In the

present study, the expression of these miRNAs was

examined in 34 histopathologically confirmed OSCC, 30

OSMF, and 29 control (healthy volunteers) human sam-

ples. There was a significant downregulation of miRNA-

133a-3p in OSCC compared to OSMF and controls,

whereas there was up-regulation in oral submucous fibrosis

compared to controls. There was no significant difference

in the expression of miR-221-3p between OSCC and

OSMF, but an upregulation in OSCC compared to controls.

miR-9-5p was also found upregulated in both OSCC and

OSMF. Further, miR-133a-3p expression was negatively

correlated with age, smoking, drinking status, and AJCC

staging, whereas miR-9-5p expression was only positively

associated with tobacco/ areca nut chewing. The ROC

plots, logistic regression model generated, and the corre-

lation between the expression of miR-9-5p and miR-133a-

3p in blood and tissue suggests that these could be used as

risk stratification biomarkers.

Keywords Oral submucous fibrosis � Oral squamous cell
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Introduction

Oral squamous cell carcinoma (OSCC) is the most of up to

15% and differs with ethnicity, region, habits, head and

neck cancer (HNSCC). OSCC has a low 5-year survival

rate because of late diagnosis and frequent recurrence [1].

Its progression is mainly seen from a group of precursor

lesions called oral potentially malignant disorders

(OPMDs) [2, 3]. Many retrospectives and epidemiological

studies on OSCC suggest that OPMDs such as OSMF, Oral

lichen planus, oral leukoplakia, and human papillomavirus

significantly contribute to OSCC development [4, 5].

OSMF has a high malignant transformation rate of around

8%, which differs with ethnicity, region, habits, and culture

[6, 7]. Chronic inflammation of oral mucosa, excessive

collagen deposition in the connective tissue, local inflam-

mation of lamina propia are the major pathological char-

acteristics of OSMF [8]. OSMF, a probable malignant

lesion, comprises various epithelial alterations that vary

from atrophy with hypoplasia to hyperplasia and dysplasia

[9]. The mechanisms participating in multistep carcino-

genesis and progression are regulated genetically and
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epigenetically. Protein coding genes and their contribution

to carcinogenesis are constantly being explored. Still,

noncoding genomes, especially miRNAs, and their

involvement in the initiation, progression, metastasis,

chemoresistance, and recurrence remain relatively

unexplored.

In the past decade, studies have established miRNAs

as critical regulators of the oncogenic potential of cells,

and also they are predicted to regulate the expression of

at least 60% of human genes [10, 11]; therefore, the

aberrant expression of miRNAs in OSMF can’t be

ignored in malignant transformation of OSCC. Many

studies are done to explore the role of miRNAs in OSCC

tumors, especially in the invasion, migration angiogene-

sis, and their related pathways [12–16] but, here are few

studies with analyses of change in miRNAs expression

associated with OSMF pathogenesis [17–19]. A recent

systematic review by El-Sakka et al. has extensively

explored miRNA studies and their correlation with

OPMDs. In most included studies, their findings have no

specific relation between differentially expressed miR-

NAs in OSCC with OPMDs [2]. There are a limited

number of reports which talk about the similarities or

distinguishing characteristics of OSMF that may lead to

OSCC. Therefore, identification of early-stage molecular

signatures that predicts tumorigenesis is the need of the

hour. We have performed a three-phase database

screening to obtain commonly deregulated miRNAs in

OSMF and OSCC (publication under journal considera-

tion). We have selected three miRNAs from the literature

search and our screening results in the present study, i.e.,

miR-221-3p, miR-133a-3p, and miR-9-5p. Studies show

downregulation of miRNA-133a [20–22] and miRNA-

133b [20] but no significant expression profiling with

OPMDs. Studies have shown that overexpression of

miRNA-221-3p/222-3p increases growth and tumorigen-

esis in OSCC [23], but their significance to OPMDs is

not mentioned to the best of our knowledge. miRNA-9

was selected in this study due to its controversial

expression profile in many cancer types such as down-

regulated in Breast cancer, Renal cell carcinoma, gastric

cell carcinoma, and HNSCC) on the other hand is found

to be up-regulated in hepatocellular, gliomas, and col-

orectal cancers [24]. In a study by Kim et al., com-

pression induced miRNA-9 downregulation and reversal

were seen in breast cancer tissues [25]; this suggests that

mechano-transduction is followed in miRNA-9, which

may be associated with OSMF also. Therefore we

decided to evaluate a miRNA-9 expression in OSCC and

OSMF tissues. Also, there is a recent study that found

miRNA-9 enriched in HPV infected HNSCC patients and

downregulates PPARD to induce macrophage polariza-

tion [26]. Considering the earlier studies, miR-9-5p,

miR-221-3p, and miR-133a-3p might have a role in

OSMF and OSCC pathogenesis, therefore in the present

study, the expression of these miRNAs and their corre-

lation with the clinicopathological parameters were

studied in OSMF and OSCC patients.

Materials and Methods

Clinical Samples

A total of 93 participants were recruited in the study, out

of which 34 were histopathologically confirmed OSCC

patients, 30 were OSMF, and 29 were healthy individ-

uals treated as controls. Informed written consent was

obtained from all the participants. Demographic charac-

teristics of the participants such as age, sex, exposure to

risk factors (smoking, drinking, tobacco chewing), dura-

tion of exposure, mouth opening (OSMF patients) were

recorded. Tissue and blood samples from OSCC and

OSMF patients have been collected post operation from

the Departments of Onco-surgery and Dentistry, All

India institute of medical sciences (Jodhpur, India) from

August 2018 to February 2020. Control blood samples

were collected from healthy volunteers (patients, rela-

tives, and healthcare workers) who consented to partici-

pate in the study. Control tissue samples were collected

from patients undergoing dental procedures or orofacial

surgery in the Department of Dentistry with informed

consent. Histopathological examinations were performed

to obtain tumor differentiation, OSCC stage, node

involvement, metastasis, OSMF grade, and lesion

characteristics.

The OSCC and OSMF patients with HPV infection

OSMF patients with mouth opening greater than 25 mm

were excluded. Blood samples of all the participants were

withdrawn and collected in EDTA vacutainers, and RNA

was isolated from fresh blood and tissue samples.

RNA Isolation

Total RNA was isolated from all OSCC, OSMF, and

Control tissue and blood samples using TRIzol reagent

(Himedia) according to the manufacturer’s instructions.

Quality and quantity of total RNA were analyzed spec-

trometry, and samples with a 260/280 ratio of 1.9 ± 0.5

were taken for further analysis.
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Quantitative Real-Time PCR (qPCR)

SYBR-based qPCR was used to quantify mature miRNA

expression using the miScript PCR system by QIAGEN.

This three-component system includes a reverse tran-

scription kit with an optimized blend of poly (A) poly-

merase and reverse transcriptase for cDNA synthesis and

an SYBR-Green PCR kit. miRNAs specific primers were

commercially obtained from Qiagen (miscript primer

assay). The qPCR reaction mix was made according to the

manufacturer’s instructions. The conditions followed were:

Initial activation for 15 min at 95 �C followed by 40 cycles

of 94 �C for 15 s, 55 �C for 30 section 70 �C for 30 s using

a Bio-Rad CFX96DX Real-Time quantitative PCR machine.

The expression of miRNAs was normalized using RNU6

The relative miRNA expression that is fold change (FC)

was calculated using the 2-DDCt cycle threshold method

[27]. Log2FC values were plotted in the graph reporting

upregulation or downregulation of each miRNA.

Statistical Analyses

Descriptive statistics were used to compare the case’s and

controls’ baseline parameters and demographic data. Nor-

mality tests (Kolmogorov–Smirnov and Shapiro–Wilk)

were performed for analyzing data distribution. Due to the

non-normal distribution of data, nonparametric tests were

performed for log2 FC for miRNA expression (1. Kruskal–

Wallis test-within the three groups, i.e., OSCC, OSMF,

controls, and 2. Mann–Whitney between two groups, i.e.,

OSCC-controls, OSCC-OSMF, and OSMF-Controls).

Two-tailed Spearman’s Rho was performed to correlate

clinicopathological parameters and habitual attributes with

the miRNA expressions. Also, the spearman rho’s corre-

lation test was used to correlate DDCt in tissue with the

blood miRNA expression. ROC was plotted for calculating

the AUC for distinguishing between the groups. The

multinomial logistic regression was performed using the

dependent variable as a group of the patients (OSCC,

OSMF, and controls), miRNA expressions as covariates,

and risk factors (tobacco/pan masala chewing, smoking,

alcohol abuse, etc. and duration of exposure) as factors.

Further, the main effects and interactions between the

covariates and factors were also analyzed to see the impact

on the generated models. The developed model was eval-

uated by model fitting information, the goodness of fit, and

pseudo-R square values. The software SPSS 25.0 was used

for statistical analysis. Python and Excel were used to

generate graphs and pie charts.

The institutional Ethics committee approved the present

study. The institutional ethical committee number is

AIIMS/IEC/2018/618, and the approval date is 23-08-

2018.

Results

Patients and Demographic Data

Out of 93 individuals, 34 OSCC patients, 12 were females,

and 22 were males. The mean age of the OSCC patients

was 47 ± 9.7 years. The disease was moderately differ-

entiated in 32 (88%) and well-differentiated in 2 (5%) at

presentation. 30 OSMF and 29 control samples had mean

ages 36 ± 13.6 and 33 ± 5.1, respectively. OSCC patients

were classified according to AJCC staging. In the OSCC

group, there were no stage I patients in our participants,

and stage II, III, and IV were 17, 60, and 23%, respectively.

The OSMF patients were graded according to Khanna JN

and Andrade NN classification [28]. Only 7 (23%) OSMF

patients belonged to grade III, and 23 (76%) of OSMF

patients in our study had mouth opening less than 15 mm;

they belong to class IVa and IVb. All the OSCC patients

and OSMF patients were tobacco chewers. The OSMF and

OSCC study participants belonged to age up to 75 years,

but our controls mainly were the hospital staff and patient

relatives, they were of younger ages (up to 45 years) than

OSCC and OSMF patients. Therefore, if any correlation of

the age with expression or any other parameter appears in

the statistical analysis, that would not be considered clin-

ically relevant. Chewing habits were present in all the

OSMF and OSCC groups with more than 5 years of fre-

quent habit, but only 14% of controls had chewing habits

and less than 5 years at a lower frequency. The frequencies

of other demographic parameters and risk factors are

shown in Table 1.

Expression Profiles of miRNA and Their

Correlation with Clinicopathological Parameters

and Risk Factors

The differential expression of the miRNAs compared to

controls in OSMF and OSCC groups is shown in Fig. 1.

The log2FC values between the two groups are also men-

tioned with their significance in Table 2. In the clinical

samples, miRNA-9 was up-regulated in both OSMF

(log2FC; 5.2) and OSCC (log2FC; 3.7). Compared to

OSMF, miR-9-5p was downregulated in OSCC with log2-
FC of - 1.5. miR-221-3p expression was found to be up-

regulated in OSCC compared to controls, but the Ct values

were found scattered in all the groups. The statistical test

(Mann–Whitney) performed has given a significant p-value

(0.042) for miR-221-3p upregulation in OSCC compared to

controls with a log2FC of 1.4. miR-133a-3p was found to

be significantly downregulated in OSCC, and interestingly,

it was up-regulated in OSMF that too with a log2FC value

of - 3.7 and 7.2 significantly (p-value\ 0.001),
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respectively. Collectively, significant downregulation of

miRNA-133a-3p in oral cancer compared to controls and

interesting up-regulation in oral submucous fibrosis com-

pared to oral cancer, miR-9-5p up-regulation in oral sub-

mucous fibrosis, as well as Oral cancer compared to

controls, was observed. miR-221-3p was observed to be

upregulated in oral cancer.

We have further performed spearman’s correlation

analysis to obtain the association of this miRNA expression

with patients’ risk factors, stage (OSCC), and grade

(OSMF). miR-133a-3p expression was found negatively

associated with tobacco consumption, alcohol abuse, and

duration of these habits. AJCC staging of OSCC patients

was also correlated with the downregulation of miR-133a-

3p. miR-9-5p upregulation is associated with tobacco

consumption and the time of its intake. Although the

expression of miR-221 was not significantly different

between the groups, its expression was found to be sub-

stantially associated with alcohol abuse. The correlation of

risk factors OSCC staging and OSMF grading with miRNA

expressions are shown in Table 3.

Table 1 Details of group-wise

sample size, demographic data,

and clinicopathological

parameters

Parameters OSCC OSMF Control

Blood samples n = 34 n = 30 n = 29

Tissue samples n = 34 n = 30 n = 4

Age

Mean (range) 47 ± 9.742

30–75 years

36 ± 13.686

20–70 years

33 ± 5.242

25–45 years

Gender

Female

Male

12 (35.7%)

22 (64.7%)

11 (36.7%)

19 (63.3%)

7 (24.1%)

22 (75.9%)

Smoking status

Yes

No

13 (38.2%)

21 (61.8%)

3 (10.0%)

27 (90.0%)

8 (27.6%)

21 (72.4%)

Alcohol abuse

Yes

No

11 (32.4%)

23 (67.6%)

5 (16.7%)

25 (83.3%)

17 (58.6%)

12 (41.4%)

Tobacco Consumption

Yes

No

34 (100%)

0 (0%)

30 (100%)

0 (0%)

8 (27.5%)

21 (72.5%)

Frequency of habits

Less than 5 years

5–10 years

More than 10 years

2 (5.9%)

14 (41.2%)

18 (52.9%)

11 (36.7%)

15 (50.0%)

4 (13.3%)

8 (58.6%)

4 (27.6%)

0 (13.8%)

AJCC staging (OSCC)

Stage I

Stage II

Stage III

Stage IV

0 (0%)

6 (17%)

20 (60%)

8 (23%)

Khanna and Andrade grading (OSMF)

Grade III

Grade IVa

Grade IVb

8 (26.6%)

17 (53.3%)

6 (20%)

Histologic grading

Well-differentiated

Moderately differentiated

Poorly differentiated

2 (5)%

32 (88%)

0%
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Correlation between DCt values obtained for tissues and

blood was performed to understand if these miRNAs have

any similarities in the expression profile in blood and tis-

sue. Spearman’s correlation test was performed for a total

of 24 tissue and blood samples (10 OSCC, 10 OSMF, and 4

controls) reported in Fig. 1B. The correlation was found to

be significant for miR-133a-3p (p\ 0.001) and miR-9-5p

(p\ 0.05).

Fig. 1 (A) Log2Fc plots for OSMF and OSCC expression compared to normal and (B) DCt of tissue plotted against DCt of blood for each

miRNA

Table 2 Relevant expression of

selected miRNAs (miR-133a-

3p, miR-9-5p, and miR-221-

3p)—expression in OSCC

concerning OSMF, expression

in OSCC with respect to

controls and expression in

OSMF with respect to controls

miRNAs OSCC-OSMF OSCC-Control OSMF- Control

miRNA-133a-3p

(Log2FC)

Down regulation

- 10.9 (P\ 0.001)

Down regulation

- 3.7 (P\ 0.001)

Up regulation

7.2 (P\ 0.001)

miRNA-9-5p

(Log2FC)

Down-regulation

- 1.5 (P\ 0.001)

Up regulation

3.7 (P\ 0.001)

Up regulation

5.2 (P\ 0.001)

miRNA-221-3p

(Log2FC)

Up regulation

0.4 (P = 0.192)

Up regulation

1.4 (0.042)

Up regulation

1.0 (P = 0.536)

Table 3 Correlation of miRNAs expression with clinicopathological parameters and habitual attributes

clinicopathological parameters and risk factors miRNA-133a-3p miRNA-9-5p miRNA-221-3p

Smoking status - 0.24 (P = 0.03) - 0.141 (0.213) - 0.204 (P = 0.07)

Alcohol abuse - 0.252 (P = 0.024) - 0.132 (P = 0.244) - 0.260 (P = 0.017)

Tobacco/areca nut chewing - 0.02 (P = 0.847) 0.486 (P\ 0.001) 0.059 (P = 0.575)

Duration of habits - 0.306 (P = 0.006) 0.497 (P\ 0.001) 0.138 (P = 0.223)

AJCC staging (OSCC) - 0.508 (P = 0.003) 0.083 (P = 0.64) - 0.112 (P = 0.528)

Khanna and Andrade grading (OSMF) - 0.205 (P = 0.278) - 0.04 (P = 0.803) 0.198 (P = 0.295)

(-) and (?) values show a negative and positive correlation, respectively
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Determining Diagnostic Caliber of miRNA

Expression by Plotting Receiver Operating Curve

(ROC) and Generating Logistic Regression Model

ROC was plotted for each miRNA, and associated AUC

calculations were done to obtain specificity and sensitivity

miRNA expression to differentiate OSCC from OSMF,

OSMF from Controls, and OSCC from controls. We got a

comparable specificity and sensitivity for each miR-9-5p

and miR-133a-3p using ROC curves (Fig. 2) with AUC

greater than 0.80 in each case. Further, we attempted to

build a multinomial logistic regression model using patient

groups as dependent variables and miRNA expressions

(continuous values) as a covariate and other risk factors

(categorical data) as factors. The step summary results have

shown the interaction of Log2FCmiR-9*alcohol has the

Fig. 2 ROC plots for miR-9-5p, miR-221-3p and miR-133a-3p to obtain diagnostic values within (A) OSCC and OSMF, (B) OSCC and controls

and (C) OSMF and Control
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chi-square (v2) 192, p\ 0.05, indicating that this interac-

tion has a significant effect on the group of patients. The

model fitness was accessed using v2 stastic. v2, degree of

freedom and significance of the generated model were 106,

12, and\ 0.001, respectively. This proves the relationship

between the dependent and independent variables. The

person (148.641) and deviance (136.640) in the goodness

of fit statistic test table were not significant, showing the

model is fit. Pseudo R2 measures are cox and snell (0.35),

Nagelkerke’s (0.22), and McFadden’s (0.17). Therefore the

model accounts for 22 and 17% of the variance and rep-

resents relatively decent-sized effects. The likely hood

ratio test proves that independent or predictor variables like

Log2FCmiR-9*alcohol, tobacco/areca nut chewing, and

Log2FC miR-133a-3p respondents were significant, prov-

ing that the predictors contribute significantly to the final

final decision model.

So, the overall results look promising to consider miR-

133a-3p and miR-9-5p as biomarkers for diagnosing and

demarcating OSMF and OSCC patients. Further follow-up

study and study in more extensive categorical data may

promise their role in OSCC and OSMF demarcation.

Discussion

OSCC is a preventable disease if diagnosed at earlier

stages, and OPMD’s transition, including many epithelial

alterations, plays a vital role in the tumorigenesis of OSCC.

In the present study, an attempt has been made to study the

expression of miRNAs in OSMF and OSCC, expecting

they can be used as risk stratification biomarkers. Studies

are done to explore the role of miRNAs in OSCC tumors,

especially in the invasion, migration angiogenesis, and

other carcinogenic pathways [12–15]. miRNA profiling is

also done in OSCC tissue and blood for investigating its

correlation with a clinicopathological profile of tumors and

prognosis to investigate if they could serve the purpose of

diagnostic biomarkers [2, 14, 15, 29]. Few studies have

analyzed miRNA expression changes associated with

OSMF pathogenesis [17–19, 30]. Some studies have shown

the correlation between the expression of miRNAs with

OPMDs, such as a study by Brito et al. done with both

formalin-fixed tissue and blood showed significant upreg-

ulation of miR-21, miR-181b, and miR-345 in OSCC

compared to oral leukoplakia [31]. In a study by Harrandah

et al., they found miR-21 up-regulated, miR-494 down-

regulated, and miR-375 downregulated in OSCC tissue

compared to potentially malignant lesions [17]. Heravi

et al. showed downregulation of miR-29a (p\ 0.05), miR-

146a (p\ 0.05), miR-223 and up-regulation of miR-27b

(p\ 0.05) in OLP compared to OSCC [32]. We identified

the gap of having rare evidence for miRNA deregulated in

OSCC and OSMF; in our earlier database-dependent search

of deregulated miRNA between OSCC and OSMF, we

screened out five common miRNAs. These are hsa-miR-

133a, hsa-miR-133b, hsa-miR-221, hsa-miR-451and hsa-

miR-375; which may have a positive correlation to the

OSMF to OSCC transition (unpublished data). The targets

of these miRNA’s were enriched extensively in the crucial

pathways related to the tumorigenesis, such as EMT, cell

cycle arrest, cell-cell adhesion, etc. Some earlier reports on

these miRNA’s involvement in carcinogenesis, such as

miR-375, are already reported as a biomarker for malignant

transformation of oral lesions [33–35]. miR-451 is a pro-

apoptotic suppressor of angiogenesis that inhibits aggres-

siveness features in hepatocellular and squamous lung

cancer [36, 37]. miR-133b along with miR-1 and miR-206

are found to inhibit the tumor-presenting receptors EGFR

and c-MET both in HNSCC [38]. miR-133b is downreg-

ulated in many cancers [39, 40]. miR133-b is reported to be

downregulated recently in OSCC, and its downregulation is

correlated with the poor prognosis [41]. Various studies

have shown that overexpression of miR-221-3p/222-3p

increases growth and tumorigenesis in OSCC [23], but

their significance to OPMDs is not mentioned to the best of

our knowledge. Studies show downregulation of miR-133a

[21] and miR-133b [20] but no significant expression

profiling with OPMDs. miR-133 was significantly down-

regulated in OSCC, similar to previous studies by Chat-

topadhyay et al. [21]. They also observed an upregulation

in oral leukoplakia, but they could not distinguish between

the groups significantly. An essential role of miR-133a-3p

in OSMF to OSCC pathogenesis may be present. There are

many reports on the expression and function of miR-375

and miR-451 and miR-133b; therefore, we have selected

the expression analysis of miRNAs in the patient’s sample

miR-133a and miR-221 with miR-9.

miR-9 was selected in this study due to its controversial

expression profile in many cancer types such as down-

regulated in Breast cancer, Renal cell carcinoma, gastric

cell carcinoma, and HNSCC) on the other hand is found to

be up-regulated in hepatocellular, gliomas, and colorectal

cancers [24]. In a study by Kim et al., compression-induced

miR-9 downregulation and reversal were seen in breast

cancer tissues [25]; this suggests that mechano-transduc-

tion is followed in miR-9 associated with OSMF. There-

fore, we decided to explore miR-9 in OSCC and OSMF

tissues. Also, a recent study found miR-9 enriched in HPV

infected HNSCC patients and downregulates PPARD to

induce macrophage polarization [26]. miR-9, which has a

dynamic expression profile through different cancer types,

was found to be up-regulated in our study compared to

controls that may be justified as miR-9 upregulation is

involved in angiogenesis metastasis in various cancer types

[24]. Also, it was found to be up-regulated in OSMF
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compared to OSCC, which is an exciting outcome and

probably supports the mechano-transduction of miR-9 [25]

as miR-9 is said to be down-regulated due to mechanical

compression in the tissue and may be OSMF has higher

mechanical stress than OSCC due to very high extracellular

matrix (ECM) deposition. However, mechanistic studies

using cell lines and animal models may help validate the

course of pathogenesis.

In our study, miR-133 was downregulated as reported by

Chattopadhyay et al. in OSCC, similar to earlier reports in

many cancers [21, 39–41]. They also observed an upreg-

ulation in oral leukoplakia, but they could not distinguish

between the groups significantly. Our study group observed

a significant upregulation of miR-133-a-3p in OSMF

compared to OSCC and Controls with a Log Fc value of

10.9 and 7.2 with p value\ 0.001, respectively. An

essential role of miR-133a-3p in OSMF to OSCC patho-

genesis may be present. This may be because collagen-

associated genes COL1A1 COL25A1 are direct targets of

miR-133a-3p shown in string PPI networks even if they are

not enriched. Previous studies have shown that upregula-

tion of these genes increases collagen production, which is

mainly involved in OSMF pathogenesis [42] miR-133a-3p

acts as a positive regulator of apoptosis, so its downregu-

lation in OSCC may be justified; hence it can act as a

double marker for OSMF to OSCC pathogenesis. A recent

report confirms that miR-133 regulates epithelial to mes-

enchymal transitions [43]. The interesting upregulation of

miR-133 in OSMF may also be because miR-133 cluster

miRNAs inhibit the tumor-presenting receptors EGFR and

c-MET [38], and these markers are downregulated in

OSMF and get reactivated in OSCC [44].

The sample Ct data for controls and OSMF were scat-

tered for miR-221. A categorical comparison may be

helpful to see the difference in expression compared to age,

sex, etc., to obtain a personalized diagnostic test in OSMF.

Still, unfortunately, we could not do that because of the

small sample size and the differences in mean age between

the OSMF and control groups. The targets of mir-221

obtained from our enrichment study were mostly chaper-

onins family members such as TCP-1, CCT-3, CCT6A are

involved in the folding of various proteins like telomere

maintenance protein, ubiquitin pathway proteins, actin-

tubulin proteins, and alternate transcriptional splice vari-

ants [45]. Also, miR-221 is reported to be elevated in many

cancers such as hepatocellular, gastric, breast, and lung

squamous cell carcinoma with targets such as SOD2

MMP1 genes, which are also predominantly studied in

OSCC [46]. The involvement of miR-221 in multiple

cancer-associated processes makes it a putative therapeutic

target. Therefore, we suggest miR-221-3p needs be

explored more with more extensive categorical data in

OSCC and OSMF. The current study indicates that

transition from OSMF to OSCC may be regulated by

complex miR’s interaction with their target genes and

precisely the significant expression of miR-133a-3p, miR9-

5p makes them useful as biomarkers for early diagnosis of

OSCC in OSMF patients, as is also reinforced by the

sensitivity and specificity observations of the current study

in Fig. 2. These may be explored further using experi-

mental validation for the target genes associated with

uncovering the overall miRNA role in the pathogenesis of

OSMF to OSCC for early diagnosis and hence better

prognosis.
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