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ABSTRACT 

 

Despite technological advancements, the mortality rates of oral squamous cell carcinomas (OSCCs) 

are continuously rising mainly due to late diagnosis.  OSCC is preventable if detected early.  The 

majority of oral cancercases are preceded by a transition fromclinically evident oral potentially 

malignant disorders ( OPMDs)  However,  prediction ofthe possible malignant transformation risk 

in OPMDs is difficultsince there are no clinicallyreliable non-invasive biomarkers yet.  The genesis, 

progression, and tumour microenvironment of oral cancer appear to be significantly influenced by 

microRNAs, a type of small noncoding RNAs involved in gene regulation. These characteristics, 

along with the fact that microRNAs are stable over a range of tissues and liquid biopsies and exhibit 

differential expression in cancer cells, put microRNAs at the top of the list of prospective 

biomarkers with diagnostic and prognostic significance. For the last few years, aberrant expression 

of several miRNAshad been reported as a common occurrence in OPMDs and OSCC.  Those 

studies on tumour specimens, serum/plasma or saliva from OSCC  patients had identified specific 

miRNA signatures that could be clinically useful in the diagnosis, prognosis and s therapeutic 

targets. This review highlights the roles played by important microRNAs in the emergence, 

development, and maintenance of the oral cancer microenvironment. The possibility of these small 

RNA species as non-invasive reliable indicators of malignant transformation risk of  OPMDs and 
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for the early detection of oral lesions is also discussed. Finally, we discuss the potentials and 

constraints of microRNAs as novel diagnostic and therapeutic approaches. 

 

Keywords: oral oncology, oral squamous cell carcinoma, oral potentially malignant disorders, 

miRNAs, oncomiRs, tumour suppressor miRNAs, biomarkers 

 

Introduction 

 

Oral cavity cancer remains one of the most highly prevalent and lethal cancers in the world.  The 

incidence and mortality of oral cancer ( OC )  have significantly increased over the last decade[1].  

India contributes to  33% of the global burden of OC which is the eleventh most common cancer in 

the world[2,3]. With the Globocan 2018 report of 120,000 new cases detected every year,  OC 

ranks as the second most common cancer reported in  India[1].  More than 72,000 deaths in India 

are attributable to malignancies affecting the oral and maxillofacial region.   OC may arise from any 

part of the oral cavity or oropharynx and is considered to be part of the head and neck group of 

cancers.  Although its localization sites range from lymphoid tissues to salivary glands, the most 

common subtype is derived from the oral mucosa squamous cells[4].  This predominant histological 

type, oral squamous cell carcinoma ( OSCC ),  accounts for 90% of malignancies affecting the oral 

and oropharyngeal region[5]. 

 

Smoking tobacco products, consumption of alcohol, chewing derivatives of betel nut, sexually 

transmitted infections of human papillomavirus ( HPV, mainly HPV 16 ) and poor oral hygiene are 

the high-risk causative factors associated with OC.  Because of long exposure to tobacco and 

alcohol along with underlying poor nutrition which is a pre-requisite for malignant transformation, 

the incidence of OC is increasing with most cases occurring after the fifth decade of life[5].  

Furthermore,  chronic mucosal inflammation and oral mucosal trauma from teeth and prosthetic 

devices have also received increasing attention as risk factors for OC development in several 

clinical and scientific studies[6].   

 

OC often progresses slowly and is masked by oral anatomy.  Despite the easy accessibility of the 

oral cavity for screening and clinical evaluation, a significant percentage of OC cases are diagnosed 

in the late stages.    Surgery or chemotherapy and radiotherapy combined with surgical resection are 

used to treat OC patients.  Despite tremendous improvements being achieved in OC treatment as a 

result of advances in surgery,  radiotherapy, chemotherapy and targeted therapy, the 5-year overall 
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survival of OC patients has not significantly improved in the last 20 years.  Approximately 50% of 

OC patients only achieve a 5-year survival rate [7].  Multiple tumours are likely to develop within 5 

years of initial treatment.  The 5-year survival ranges from 80% for cases diagnosed at localized 

stages to less than 30% for metastatic cases [5].   This demands the need to elucidate the mechanism 

underlying OC development which in turn may help to optimize treatment and improve patient 

survival[8].    

 

The major clinical challenges in OC are lack of specific non-invasive markers, non-improvement in 

patient survival and tumour recurrence. Despite enormous efforts to find new and more effective 

treatments, the mortality rate of oral malignancies remains high.  Hence, early detection of the 

disease and identification of distinct prognostic subgroups to facilitate advanced treatment strategies 

are crucial for the effective management of  OSCC. This implies that early detection and treatment 

remain vital for improved oral cancer survival. Elucidating the mechanism underlying OSCC 

development may help to optimize treatment and improve patient survival[8].  Nevertheless, the 

genetics of OSCC remains highly heterogeneous and complex and no known molecular marker is 

available yet for accurate sub-classification of OSCC. There is great interest in finding reliable new 

biomarkers that can detect the initiation and progression of neoplastic events early and provide an 

advantage in the fight against this potentially deadly disease [9]. In order to discover and validate 

tumour biomarkers individually and/or in panels, various genomic, epigenomic, proteomic and 

metabolomics high throughput approaches are being used.    

 

Oral Potentially Malignant Disorders ( OPMDs ) and their malignant transformation 

 

The majority of OSCCs are preceded by clinically evident oral mucosal diseases with different 

morphological characteristics which are collectively termed oral potentially malignant disorders 

(OPMDs) by WHO[10]. Any oral mucosal abnormality that is associated with a statistically 

increased risk of malignant transformation to oral cancer is defined as an OPMD[11]. WHO has 

coined the term OPMDs to represent the clinical manifestations such as leukoplakia, erythroplakia, 

oral submucosal fibrosis ( OSF ), oral verrucous hyperplasia ( OVH ), and oral lichen planus ( OLP 

) as OPMDs with diverse risks of malignant transformation ( MT )  to OSCC[12]. OPMDs are 

heterogeneous chronic pre-cancerous lesions/conditions associated with varying degrees of risks to 

malignant transformation to OSCC. There is a difference in the prevalence of OPMDs between 

different populations.  The highest prevalence rates of OPMDs have been reported in Asian [ 

10.54% (95% CI =4.60 – 18.55 )] and South American / Caribbean [ 3.93% ( 95% CI + 2.43 – 5.77 
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) ] populations[13].  In India, the prevalence rate of OPMD ranges from 2.5 to 8.4% with a  17% 

malignant transformation rate[14].     

 

Extrinsic and intrinsic factors including genetic, geographic and lifestyle factors have been 

attributed to contributing to the pathogenesis and malignant transformation rates of these pre-

cancerous lesions.  However, the exact mechanisms of the malignant transformation of OPMDs to 

OSCC are still unclear.   Stratification of OPMD subtypes based on malignant transformation rate 

could facilitate the development of follow-up measures and optimization of treatment strategies and 

thereby limit the malignant transformation[15].  The fact that OPMDs have an overall malignant 

transformation (MT) rate of 7.9% indicates the seriousness of the problem[16]. To predict 

malignant transformation, no standardized biomarker has been identified yet as sufficiently accurate 

for treatment decision-making.   Loss of heterozygosity and aneuploidy, other molecular alterations 

and biomarkers such as overexpression of podoplanin and TP53 isoform delta (Np63), deregulation 

in phosphatidylinositol 3 kinase protein kinase B ( P13KB)  and fibroblast growth factor ( FGF ) 

pathways and increased epidermal growth factor receptor ( EGFR ) copy number have been 

associated with  OPMDs[11,17,18].  In addition to the above molecular alterations that lead to 

changes in the expressions of the corresponding coding proteins, epigenetic modifications that lead 

to changes in expressions of non-coding RNAs have also been reported to be associated with the 

malignant transformation of  OPMDs[19].  

 

Noncoding genomic regions in the human genome  

 

In the human genome, the best-studied transcripts are the gene transcripts that code for proteins.    

Nevertheless, these coding exons constitute only less than 3.0% of the large human genome[20].  

The rest of the human genome harbour sequences that do not encode any proteins. These non-

coding sequences consist of a profusion of sequence duplications and genomic dead ends and were 

earlier labelled as “junk DNA”.  The terminology ‘junk DNA’ has started to die as researchers are 

beginning to appreciate how non-coding DNA can be a genetic resource for cells and a nursery 

where new genes can evolve.  Studies have proven that junk sections of the genome have an 

important role including regulation of DNA transcription and translation and protein synthesis. 

Evidence from recent studies has clearly shown that non-protein coding regions of the genome also 

have important functions both in normal development as well as abnormal activity in diseases 

including cancer.    
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Some of these non-coding genomic regions are transcribed as functional  non-coding RNA (ncRNA 

) molecules which do not encode proteins. The transcripts without protein-coding potentials are 

referred to as non-coding RNAs (ncRNAs ). Non-coding RNAs are divided into three subtypes: 

tiny/short ncRNAs, long ncRNAs longer than 200 nucleotides (nt), and circular RNA (circRNAs ). 

The small ncRNAs consist of microRNAs (miRNAs ), P1W1 interacting RNAs ( piRNAs ), small 

nuclear RNAs ( snRNAs) and small nucleolar  RNA (snoRNAs)[3].  Earlier, ncRNAs were 

considered dark matter or ‘by-products’ during gene transcription.  Later, it was established that 

ncRNAs play a vital role in regulating gene expression via their fine regulation at various levels 

including transcription,  translation and protein functions.  Epigenetic alterations including DNA 

methylation and histone modifications have been reported to modulate noncoding RNAs [21].  

Alterations in the epigenetic regulation of noncoding RNAs contribute to the pathogenesis of 

human diseases including cancer [22].  The lncRNAs, as well as miRNAs, are modulated by 

hypermethylation or hypomethylation.  Among these, the microRNAs are the most widely studied 

and are gaining a great deal of attention since miRNA dysregulation has been linked to several 

diseases, including cancer [23], cirrhosis [24], Parkinson's [25], epilepsy, Alzheimer's [26], and 

others.  

 

MicroRNAs ( miRNAs ) and cancer  

 

Caenorhabditis elegans, a nematode, provided the first description of small noncoding RNAs called 

microRNAs (miRNAs) [27].   MicroRNAs are endogenous,  small, single-stranded non-coding 

RNAs of 19 ~ 24 nucleotides (nt) in length.   Despite being non-protein coding RNAs, microRNAs 

can bind to the 3’ untranslated region ( 3’UTR ) of target genes and regulate numerous target 

messenger RNAs ( mRNAs ) post-transcriptionally and suppress their expression and /or prohibit 

the translation[28].   These distinct RNA molecules are involved in a wide range of events in 

mammals and perform crucial roles in the control of gene expression [29,30]. This selectivity is 

related to miRNAs' capacity to bind with particular messenger RNAs (mRNAs) and use the RNA-

induced silencing complex (RISC) to silence them [31].  More than 60% of protein-coding genes in 

the human genome are targeted by nearly 4630 mature miRNAs according to mirtarbase 

(https://mirtarbase.cuhk.edu.cn/)[8]. MicroRNAs play critical roles in regulating a variety of 

physiological processes targeting specific mRNAs. Some key miRNAs can target hundreds of 

different gene transcripts and each mRNA can be targeted by more than one miRNA.   

 

https://mirtarbase.cuhk.edu.cn/
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MicroRNAs are commonly involved in the regulation of various biological pathways such as 

cellular differentiation,  proliferation,  apoptotic cell death and migration, angiogenesis and 

metabolic stress responses that are involved in cancer development[8].  The location of nearly 50% 

of miRNAs is in intergenic regions while the location of the remaining 50% of miRNAs is within 

intragenic (intronic) regions. Moreover, approximately 50% of miRNAs have been estimated to be 

located within genomic regions associated with cancer. The locations of half of the known miRNAs 

are frequently in cancer-associated genomic regions, which include fragile sites where tumour 

suppressor genes are located and also minimal regions of frequent loss of heterozygosity, deletion,  

minimal regions of amplification and common breakpoints associated with chromosome 

translocations in cancer[4,32]. The exact role of miRNAs in intronic regions remains unclear. Some 

miRNAs modulate specific respective targets whereas others work as main regulators of a 

biological process. Loss of homeostasis and inherently altered regulatory pathways are 

characteristics of cancer cells.  Therefore, it is not surprising that miRNAs are regulatory molecules 

involved in regulatory processes that affect carcinogenesis and progression together with other 

variables. MicroRNAs and their biogenesis machinery have been reported to be involved in the 

development of cancer.  In the majority of the hallmarks of cancer progression pathways including 

self-sufficiency in growth signals, ignorance of anti-growth signals, evasion of apoptosis, limitless 

replicative potential, sustained angiogenesis, tissue invasion and metastasis, reprogramming of 

energy metabolism and evasion of immune destruction, deregulated miRNAs had been reported 

[33].    

 

In oncogenesis,  miRNAs function as tumour-suppressing miRNAs and oncoMiRs depending on 

the tissues and their transcriptome including the miRNAs’ target genes expressed in the particular 

tissue[32,34].   Interestingly, several miRNAs have a dual role as both a tumour suppressor miRNA 

and oncomiR, depending on the tumour type and cellular context[35].  Upregulation of oncogenic 

miRNAs leads to downregulation of tumour suppressor genes while downregulation of tumour 

suppressive miRNA results in upregulation of oncogenes[32].   In numerous cancer types,  miRNAs 

as drivers of tumour-suppressive or oncogenic functions are dysregulated [20].  The deregulation of 

miRNA in cancer could in part be due to genomic deletions, mutations, amplification, miRNA 

expression silencing by promoter DNA hypermethylation and/or miRNA processing alterations 

[32].   For many types of cancer, unique miRNA expression profilings have been demonstrated.  

 

 It is generally accepted that cancer results from the accumulation of different genetic and 

epigenetic alterations.  Inactivation of tumour suppressor genes by DNA hypermethylation of CPG 
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islands is a common epigenetic phenomenon whereas hypomethylation-associated activation of 

oncogenes is a less commonly observed phenomenon in carcinogenesis[36,37]. According to  

Lopez-Serra and  Estellar [38],  epigenetic modification as evidenced by transcriptional inactivation 

of miRNAs by CpG islands hypermethylation appears to be a crucial factor in determining the 

expression of miRNAs in human cancer.  Epigenetically regulated miRNAs have been implicated 

as diagnostic and/or prognostic markers of cancer.  Several neoplastic disorders, such as cancers of 

the uterine cervix, colon, lung, ovary and breast have been linked to changes in miRNA expression 

levels. Oral cancer is not an exception to this norm, and recent studies had reported that changed 

miRNA levels can result in oral carcinogenesis [36].  

 

MicroRNAs are important in OSCC as they play an important regulatory role in cancer occurrence 

and progression. The identification of multiple miRNAs to be differentially expressed in OSCC 

indicated that miRNAs may be involved in the pathogenesis of OSCC  and OPMDs and highlighted 

the potential candidate miRNAs for the detection and prognostication of  OSCC[39]. Because of the 

higher stability in tissues and circulation, miRNAs  have been considered potential biomarkers for 

OC detection and prognostication.    

 

In this review, we aim to emphasize the significant impact of miRNA dysregulation in the initiation 

and progression of OPMDs and OSCC  and to present the most pertinent transcripts acting either as 

tumour suppressors or as oncogenes. This review also focuses on the role of miRNAs in controlling 

tumour microenvironment effectors and how these serve as the foundation for the identification of 

novel biomarkers for the early diagnosis of oral cancers.  

 

Dysregulation of MicroRNAs in oral potentially malignant disorders  

 

Diverse expression patterns of microRNAs have been reported in OPMDs compared to normal 

individuals and patients with OSCC and different grades of OPMDs.  Aberrant miRNA expression 

levels were reported in common OPMDs and precancerous conditions such as oral leukoplakia ( 

OL), oral lichen planus (OLP ) and  OSF.  For instance, Cervigne et al. [40] suggested that 

overexpression of  miRNA-21, miR-1816  and miR-345  might be considered as a signature of 

malignant transformation of OL for which histological assessment has limited prognostic value.  

Nylander et al. ( 2012 )[41]  observed up-regulation of miR-21 in the tissues of patients diagnosed 

with multifocal oral lichen planus ( OLP ) compared with normal healthy oral tissues.  In agreement 

with the above report, Taoudi Benchekroun et al [42] demonstrated up-regulation of miR-21  in 
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patients with OLP and suggested that alterations in miR-21 could be an earlier event in OSCC 

progression and that  miR-21  could have a tumour-promoting role in OLP.   The study by Brito et 

al (2016)[43] observed increased mitotic figures, incremental nuclear/cytoplasmic ratio and 

hyperchromasia in OL with higher expression levels of miR-21.  Meanwhile, downregulated 

expression levels of miR-27b and miR-137 were observed in tissue and saliva samples of patients 

with OLP compared with those in normal controls.  The observation of the lowest expression level 

of miR-137 in the erosive subtype of OLP led to the suggestion of the potential use of miR-137  as 

a biomarker for monitoring potential malignant transformation.  The miR-31 and its passenger 

strand miRNA ( miR-31*) were reported to be up-regulated in OL and OSCC  and to have an 

oncogenic role in oral tumorigenesis [44].  Later, Hung et al ( 2016 ) [44]  reported higher 

expression levels of miR-31  in  OPMD than in normal mucosa.  The overexpression of miR-31 in 

OPMD was also correlated with higher expression of vascular endothelial growth factor but lower 

expression of  E-cadherin.  In patients with recurrent  OPMD, the miR-31 expression was further 

up-regulated [44]. The level of miR-375 was significantly downregulated in progressive lesions 

compared with that in non-progressive control lesions. In premalignant lesions including verrucous 

hyperplasia and verrucopapillary hyperkeratosis, the expression of miR-375  was demonstrated to 

be significantly downregulated in tissues following their malignant transformation into carcinoma 

by comparison of premalignant lesions and oral carcinoma in-situ[45]. 

 

Aberrant keratinocytes,  with a high risk of developing oral cancer, may play a role in the aetiology 

of several oral disorders. A good example of such an oral condition is leukoplakia. According to 

studies, there is a 37.5% chance that leukoplakia may proceed to the malignant stage, making it a 

significant and observable risk factor. Finding reliable markers to distinguish between progressive 

and non-progressive leukoplakia is therefore crucial. Few studies had demonstrated aberrant 

expression levels of miR-21 in oral leukoplakia cases[46]. Three miRNAs  ( miR-21,  miR-221 and 

miR-222) as reliable indicators of leukoplakia with a high risk of malignant transformation had also 

been reported  by a few researchers[47,48] (  Yang et al 2011;  Li et al 2009 ).  Another study by 

Zhu et al ( 2015)[19]  had shown that eight miRNAs including  miR-549, miR-205 and miR-21  in 

addition to 14 essential genes, are involved in the malignant transformation of OL to OSCC  due to 

their capabilities in inducing genomic instability. The 14 crucial genes include the epidermal 

growth factor receptor (EGFR) and signal transducer and activator of transcription 5B (STAT5B). 

Three other miRNAs, including miR-21, miR-181b, and miR-345, have currently been identified as 

plausible candidates because they are observed to be overexpressed in both OSCC and progressive 

dysplasia. The expression levels of these three miRNAs in particular may be correlated with the 
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development of malignant lesions. This suggests that the dysregulation of miRNAs and cancer 

development have a strong correlation.  

 

Few studies had reported significant up-regulation of miRNA-21, miRNA-31, miRNA-146a, 

miRNA-155, miRNA-181b, miRNA-184, miR-208b-3p and miRNA-345 and a down-regulation 

trend of miRNA-145 and miRNA -3065-5p in the saliva of patients with malignant transformation 

of OPMDs[49,50].  Such miRNAs can be used as biomarkers for predicting the malignancy of 

OPMDs to some extent. A study by Lu et al ( 2018 ) [51] demonstrated overexpression of miR-

200c in OSF.  Overexpression of  miR-200c was found to inhibit collagen gel contraction and 

migration and invasion of fibrotic buccal mucosal fibroblasts. Reverse transcription quantitative 

PCR ( qRT-PCR ) analysis demonstrated downregulated expression of miR-200c in OSF samples 

compared with normal mucosae[51]. To gain novel insights into the pathways involved in the 

development of OC, further in-depth studies on the roles of miR-21, miR27b, miR-137, miR-200c 

and miR-375 are warranted.    

 

The malignant progression of OPMD has been associated with high levels of miR-21, miR-345 and 

miR-1816 as well as low levels of miR-142-5[52].  Changes in miR-196a and  miR-20b have also 

been reported to be involved in the final stages of oral carcinogenesis[52].  There has been great 

interest in the presence of salivary miRNAs and exploring their potential as non-invasive 

biomarkers in the early detection of oral cancer.   A narrative review by Muthu & Dorairaj (2022) 

[14] discussed the overexpression of salivary miRNAs including miR-21,  miR-31, miRNA-184,  

miR-30e-3p, let-7a-5p,  miR-335-5p, miR-144, miR-25-3p,  miR-19a-3p,  miR-660-5p, miR-140-

5p, miR-590-5p, miR-9 and downregulation of miR-27a/b, miR-320a, miR-200a, miR-145, miR-

10b-5p,  miR-99a-5p,  miR-99b-5p, miR-145-5p,  miR-100-5p, miR-125b-5p, miR-181-b, miR-

181c, miR-331-3p, miR-15a-5p, miR-708, miR150-5p, in different  OPMD patients.  Salivary 

miRNAs could serve as non-invasive adjuvant biomarkers in anticipating the malignant progression 

of OPMD.   

 

UmaMaheswari et al (2020)[53]  reported significant up-regulation of salivary miRNA-21 and 

miRNA-31  in leukoplakia and oral lichen planus and suggested the utility of miRNA-21  as a 

potential adjuvant biomarker to evaluate very early malignant changes in OPMD.   In several 

studies on salivary microRNAs in OPMD, over-expression of miRNAs miR-21, miR-31 and miR-

184  as well as underexpression of miR-145 were reported[49,50,51,53].  Tu et al ( 2022 )  [54] 

reported the potential application of salivary miR-375 as a biomarker for the detection and long-
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term follow-up of OPMD.  According to Tu et al ( 2022 )[54], the discovery and combination of 

multiple salivary miRNAs may provide a  better power of discrimination for the diagnosis of 

OPMD and follow-up of OPMD patients.  In a recent scoping review including 15  selected articles, 

Niklander et al ( 2022 )[55]  reported that miR-21, miR345, miR-181-b and miR-31 could be 

potential markers of malignant transformation of oral leukoplakia.   These authors suggested that 

normal oral mucosa and hyperplastic epithelium need to be characterized in terms of their miRNA 

expression and compared with OSCC and progressive and non-progressive  OL to detect early 

deregulation of miRNAs before the development of the clinicopathological alterations.   

 

However, the exact mechanisms underlying the miRNAs-mediated malignant transformation of 

OPMD to OSCC remains unclear[56].  Despite the need for more research, the capacity of miRNAs 

to cause genomic instability suggests that they play a role in the transition from a benign to a 

malignant state.  Practically speaking, the use of miRNAs as early cancer lesion markers should be 

regarded as a reliable diagnostic technique to lower oral cancer mortality. 

 

Dysregulated miRNAs in Oral Squamous Cell Carcinoma 

 

 Through translational repression or degradation of mRNA,  the miRNAs exert suppressive effects 

on post-transcriptional regulation of their target genes.  This results in the activation or blocking of 

downstream signalling pathways that further leads to the initiation of oral carcinogenesis.  In 

several aspects of oral carcinogenesis such as tumour growth,  cellular proliferation, apoptosis, 

migration, invasion, metastasis, glycometabolism, sensitivity to chemotherapy and radiation 

treatment etc, miRNAs are associated[57]. In OSCC tumorigenesis, alterations in the expression 

pattern of several miRNAs have been commonly observed. Significant scientific researchhad 

beenfocused on the dysregulation of several specific miRNAs in oral squamous cell carcinoma 

(OSCC).  

 

Several studies had demonstrated aberrant expression of different miRNAs such as miR-195-5p, 

miR-375, miR-143, miR-266, miR-155-5p and miR-483-5p in OSCC[3,58,59].  Significant down-

regulation of  miR-195-5p was reported in 40 oral cancerous tissues compared with non-tumour 

tissues[60]. Likewise, distinct down-regulation of miR-375 was reported in 44 cancerous tissues 

compared with that in normal mucosae[58].Another study revealed the down-regulation of miR-143 

in 81.6% of oral cancer tissues compared with that in corresponding adjacent non-cancerous tissues 

[61].  In tongue squamous cell carcinoma ( TSCC ), down-regulation of miR-802 was reported in 
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60.0% of  OSCC patients compared with that in normal tissues[62]. When the expression levels of 

miR-137 and miR-204-5p were compared in the cancerous and normal tissues, the expression levels 

of these two miRNAs were down-regulated in OSCC tissue samples compared with those in 

matched normal oral tissues[60,63].  

 

In the regulation of oral carcinogenesis,  the protein kinase B ( AkT )  and mammalian target 

rapamycin (mTOR ) is known to be involved[64]. The differential expression of more than 40 

miRNAs has been revealed to activate the AkT pathway in OSCC[39].  The miR-218  was reported 

to suppress oral carcinogenesis by inhibiting the activation of the mTOR/AkT pathway by targeting  

Rictor[65].  Other studies revealed that miR-99  decreased the expression level of mTOR mRNA 

and thereby promoted cancer cell growth and increased tumour size[56].  It has been demonstrated 

that the TGF-ß-dependent pathway regulates the expression level of miR-455-5p which further 

down-regulate ubiquitin-conjugating enzyme E2B ( UBE2B ) and promotes oral carcinogenesis  

[56]. A study by Chen et al ( 2019 )[56] demonstrated that miR-1254 inhibited the progression of 

OSCC by partially down-regulating the expression level of CD36.   Therefore, CD36 could be a 

contributor to the proliferation and invasion of OSCC[56].  The above examples highlight the role 

of miRNA in oral carcinogenesis and progression by regulating their target genes.   

 

MiRNAs along with multiple factors have been demonstrated to be involved in the regulation of 

proliferation and apoptosis of oral cancer cells.  Suppression of OSCC cell growth and induction of 

apoptosis was achieved through in vitro restoration of miR-377 by regulation of  HDAC9  and its 

pro-apoptotic target NR4A1/Nur77[66].   Another study revealed that  miR-23a-3p was capable of 

suppressing proliferation and promoting apoptosis by targeting fibroblast growth factor 2 ( FGF1 ).  

On the contrary,  miR-155 was reported to contribute to OSCC  cell cycle progression and cell 

proliferation and inhibit cell apoptosis by inhibiting p27k1p1 expression[67].   

The presence of  miR-184 was detected in the plasma of 80% of patients with TSC ( all stages ) 

compared to  13% in healthy controls[58].  Significant under-expression of miR-125a  and miR-200 

were detected in the saliva of patients with  OSCC  compared to controls in the study by Park et al. 

( 2009)[68]. A study by Liu et al. ( 2012 )[69] detected high levels of salivary miR-31  in the 

plasma of OSCC patients. Clague et al ( 2010 )[70] reported a correlation between one variant allele 

of  miR-26a and an increased risk to develop premalignant oral lesions. Based on the miRNA 

sequencing data of HNSCC patients available in The Cancer  Genome Atlas ( TCGA ), Qi et al ( 

2021)[71]  investigated the expression levels of  hsa-miR-410-3p, hsa-miR-411-5p, hsa-miR-125-b-

2-3p and hsa-miR-99a-3p in HNSCC and reported that the expression of these four miRNAs was 
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significantly down-regulated in tumour tissue samples from patients with HNSCC.  The miR-24-3p, 

miR-155-5p and miRNA-10a  were implicated to promote the proliferation of OSCC cells in a few 

other studies[56,62,72]. 

 

He et al[72] demonstrated that miR-349, miR-343 and  miR-34c ( members of the miR-34 family ) 

target the  p53 gene directly and induce cell cycle arrest and apoptosis in part, by targeting Myc.  

The promoters of miR-34b and miR-34c genes were reported as targets of CpG island 

hypermethylation in OSCC[73]. CpG hypermethylation was found to cause downregulated 

expression of  miR-34b, miR-137, miR-193a, and miR203 in a study on 18 OSCC cell lines[73].  

DNA hypermethylation was reported to silence the tumour suppressor microRNAs miR-218 and 

miR-585 in OSCC.  MicroRNA targets were shown to target mTOR-AkT signalling pathways and 

thereby contribute to oral carcinogenesis.  On the other hand, epigenetic silencing of miR-329 and 

miR-410 was reported to promote proliferation and invasion of OSCC by contributing to Wnt-7b 

overexpression and activating Wnt-ß-catenin signalling pathways[74,75].  

 

The role of  miR-545 in OSCC  was assessed in vitro and in vivo by Yuan et al ( 2019 )[76].  

Decreased level of miR-545 was observed in  OSCC tissues compared with the adjacent normal 

tissues.  This revealed a tumour-suppressive role of  miR-545in OSCC. Furthermore, miR- 545 was 

identified to target the  3ʹ - UTR of retinoic acid-inducible gene-1 ( RIG-1 ) in OSCC.  For 

maintaining homeostasis in proliferation, metabolism, migration and apoptosis, the 

P13K/PTEN/AkT/mTOR signalling axis is critical[77].   Deregulation or constitutive activation of 

the P13K/PTEN/AkT/mTOR signalling axis due to mutations has been implicated in oral 

carcinogenesis.  It has been reported that more than  47%  of head and neck squamous cell cancers ( 

HNSCC ) and specifically 38% of Indian  OSCC samples carry at least one molecular alteration in 

this pathway [78,79].  Therefore,  loss of control of miRNAs on the P13K/ AkT signalling pathway 

can have dire biological consequences.   The overexpression of miR-21 and miR-296 was reported 

to repress PTEN, preventing it from negatively regulating the P13K/AkT signalling.  

 

Aberrant expression and dysregulation of miRNAs have been recognized as critical steps in oral 

cancer initiation and progression.   Using microarray study, reduced expression of let-7a, let-7d, let-

7f, miR-16 and overexpression of miR-29b, miR-142-3p, miR-144, miR-203 and miR-223 were 

reported in OSCC[39].   The downregulated miRNAs targeted genes were found to be enriched in 

the P13K/ AkT signalling and thereby activated limitless replication potential.  On the contrary,  the 

upregulated miRNAs targeted genes were enriched in the p53 signalling pathway, the inhibition of 
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which is likely to lead to evasion of apoptosis and defects in cell cycle checkpoints.  These results 

suggested that alterations in the cellular level of miRNAs might have a major impact on the 

proteome of the cancer cell thereby contributing to oral tumourigenesis[39].  A meta-analysis by 

Zeljic et al ( 2018 )[80]  identified a miRNA meta-signature that could be considered as a potential 

battery of biomarkers for distinguishing  OC tissue from normal non-cancerous tissue. Functional 

characterization of the meta-signature of identified miRNAs by KEGG enrichment analysis showed 

24 significantly enriched  KEGG pathways of which  TGF-beta signalling was the most enriched 

signalling pathway.  Furthermore, the pathway with most genes regulated by identified miRNAs 

was  Natural killer cell-mediated cytotoxicity.  Chou et al (2019 )[81] investigated the role of 

discoidin domain receptor 1 ( DDR1)  in OSCC.  These researchers reported that the expression of 

DDR1  was significantly upregulated in OSCC tissues and its levels were inversely correlated with 

miR-486-3p expression.  Aberrant methylation of the ANK1 promoter and epigenetic silencing of 

ANK1 and miR-486-3p were shown to contribute to oral carcinogenesis[81].  A Japanese study by 

Nakamura et al ( 2021)[82] identified a combination of six miRNAs that could distinguish between 

OSCC  and the control group with a higher degree of accuracy and suggested the miRNAs panel as 

a novel candidate biomarker.  

 

Carcinogenic miRNAs in Oral Squamous Cell Carcinoma 

 

Due to their capacity to target and silence tumour suppressor genes, miRNAs with increased 

functions in cancer are categorised as oncogenic miRs. This promotes cancer-related activities like 

growth, development, and metastasis.  The expressions of miR-21, miR-24, miR-31, miR-184, 

miR-211, miR-221 and miR-222 were found to be up-regulated in oral cancer, whereas the 

expressions of miR-203, miR-100 and miR-200. miR-133a, miR-133b, miR-138, and miR-375 

were reported to be downregulated and are described in detail below.  

 

miR-21, one of the most well-known miRNAs, nevertheless has the power to grab attention through 

a variety of potentially connected pathogenic consequences. First, it was shown that this miRNA 

was dysregulated and increased in oral cancers, which has been linked to carcinogenic 

consequences[83]. Tropomyosin (TPM1) and phosphate and tensin homologues (PTEN) levels have 

both been demonstrated to be decreased by this miRNA[83]. PTEN, a key tumour suppressor gene, 

competes with phosphatidylinositol-3-kinase (PI3K) by dephosphorylating phosphatidylinositol-

3,4,5-triphosphate (PIP3) to PIP2. The overstimulation of the phosphatidylinositol-3-kinase/AKT-

serine-threonine-kinase-1 (PI3K/AKT) signalling pathway and resistance to cell death, as well as 
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the unchecked proliferation of the cell, are directly caused by downregulation of PTEN expression 

by miR-21 [83]. Furthermore, it is obvious why lower expression levels have negative effects given 

that TPM1 is essential for triggering cell death and preventing migration[83]. MiR-21 has been 

linked to oral cancer perineural invasion, according to another study by En-Hao et al (2017 )[84]. 

The fact that more researchers are linking perineural invasion to local metastases and even a very 

bad prognosis makes this finding all the more concerning.  

 

The Programmed Cell Death 4 gene (PDCD4) has been identified as having a role in preventing 

neoplastic illness by causing translational repression of mRNA. Elevated levels of this oncogenic 

miRNA-21 could be employed not only as a biomarker for tumour identification but also as a 

crucial indicator of survival preparedness because miR-21 is essential for suppressing PDCD4 

production. For instance, in OSCC, low PDCD4 levels may favour tumour cell invasion and have 

an impact on the emergence of cervical lymph node metastases. These issues lower the patient's 

chances of surviving oral cancer. Additionally, research has demonstrated that miR-21 plays a 

crucial role in the transformation of benign leukoplakia into malignant forms [84]. 

 

Another compelling illustration of how miRNAs and neoplastic illness are related is provided by  

miR-24.  Specifically, the F-box and WD-40 domain protein 7 ( FBXW7),  is implicated in the 

inactivation of several proto-oncogenes which contributes to the unchecked growth of cancer cells. 

[85].  Up-regulation of miR-24  was found to result in the repression of FBXW7.   For instance, it 

was discovered that the FBXW7 protein directly targets the proto-oncogene MYC (proto-oncogene 

BHLH transcription factor; MYC), resulting in altered MYC protein levels and cell cycle 

dysregulation [85]. Additionally, miR-24 can target the 3′-UTR region of PTEN and cause 

chemotherapy resistance. The PTEN/AKT pathway is disrupted and the survival signals are 

activated as a result of decreased PTEN protein levels. Furthermore, it has been demonstrated that 

miR-24 inhibits cyclin-dependent kinase inhibitor 1B. (CDKN1B). In tongue squamous cell 

carcinoma (TSCC),  miR-24  has been reported to promote cancer cell proliferation and apoptosis 

evasion via changing the expression of the dead-end homolog protein 1 (DND1). More research is 

warranted to definitively comprehend this mechanism. Another miRNA is miR-31 whose levels 

have been observed to be elevated in the early stages of OSCC without metastatic lymph nodes.  

Overexpression of miR-31 was reported to be related to later tumour stages compared to miR-24. 

[86]. The capacity of miR-31 to target the 3'UTR regions of inhibitors of hypoxia-inducible factor 

(HIF) indicates its importance in carcinogenesis[86].   
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The balance between HIF participation in normoxic and hypoxic settings is maintained by this 

factor acting as an inhibitor of the hypoxia-inducible factor (HIF). Therefore, inhibition of FIH 

synthesis by miR-31 will result in the activation of HIF in normoxic conditions, which will promote 

the growth of head and neck squamous cell carcinoma (HNSCC) [44]. According to other studies, 

miR-31 interacts with the AT-Rich Interaction Domain 1A (ARID1A), changing the amount of 

accessible chromatin in the process and thereby changing gene expression levels. It is crucial to 

note that miR-31 and ARID1A are antagonistic in tumour cells, where the ARID1A gene is 

repressed and stem cells are encouraged to differentiate into malignant cells [87]. miR-31 has a 

wide-ranging and intricate mode of action in cancer cells, according to numerous reports. In OSCC 

and ESCC mice models, targeting the DNA repair gene Ku80 enhances cancer cell migration and 

carcinogenesis [88]. As was already established, miR-31 promotes carcinogenesis by targeting 

ACOX1, a crucial peroxisomal enzyme, to control lipid metabolism. Because miR-31 plays 

particular roles in the oxidation of different fatty acids, the accumulation of these fatty acid 

compounds is caused by the negative regulation of ACOX1, which promotes the growth and 

migration of cancer cells [89]. The SIRT3 gene was also confirmed to be a novel target of miR-31 

in OSCC. 

 

Because of this, the miR-31-SIRT3 regulatory axis enhances the aggressiveness of OSCC cells in 

addition to controlling their metabolism [89]. MiR-184 can be regarded as a significant component 

that may help in the development of oral cancer together with other elevated miRNAs. There hasn't 

been much research done to support this theory, though. According to certain reports, miR-184 can 

maintain proliferative capacity and hence prevent the consequences of apoptosis. Another study 

discovered a connection between the inhibition of miR-184 and the long noncoding RNA of 

urothelial carcinoma-associated 1 (lncRNA UCA1). As a result, it encourages the growth of oral 

squamous cell carcinoma and cisplatin resistance [90].  

 

While TGFBR2 promotes microenvironmental alterations that support tumour cell differentiation, 

miR-211 increases OSCC oncogenesis by downregulating transcription factor 12 (TCF12), c-MYC 

expression, and TGF-receptor II (TGFBR2)[91]. TCF12 lowers suppressor activity. Additionally, 

because miR-211 interacts with the 3′-UTR region of her BIN1 gene, it is thought that the reduced 

expression level of the BIN1 gene seen in OSCC cell lines is a result of the  BIN1 gene being 

downregulated by miR-211. As a result, there is an increase in the migration and invasion of cancer 

cells. The EGFR/MAPK signalling pathways, which control many cellular functions including 

stress response, proliferation, differentiation, and apoptosis, may be the cause of this behaviour 
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[91]. Additionally, because miR-211 has been shown to aid in the colonisation and spread of oral 

cancer cells, overexpression of this miRNA is linked to a bad prognosis [91]. Prior research found 

that miR-221 and miR-222 were both elevated in roughly 40% of all OSCC patients, indicating 

their earliest participation in the carcinogenesis of OSCC. Zhang et al in 2010 found an inverse 

correlation between the levels of these microRNAs and p27/p57, pointing to the possibility that 

miR-221/222 may target p27/p57 [92]. Additionally, miR-222 downregulates the expression of 

ATP-binding cassette subfamily G member 2 (ABCG2), which increases cisplatin resistance and 

invasive potential [92]. Targeting the gene BCL2 Binding Component 3 (BBC3 or PUMA) also 

helps to enhance migration. miR-455 is another important miR involved in the development and 

differentiation of oral cancer. It was found that miR-455 might target the ubiquitin-conjugating 

enzyme E2 B (UBE2B) gene and negatively affect its expression after examining its downstream 

target genes [93]. In xenograft animal models, the UBE2B enzyme contributes to large increases in 

tumour growth and weight via modulating DNA damage resistance and DNA repair pathways [93]. 

 

As previously described, a single miRNA can, in general, downregulate some tumour suppressor 

genes. The function of the single tumour suppressor gene, however, can occasionally be suppressed 

by several miRNAs, leading to a higher suppression. This is the situation with the RAR-associated 

orphan receptor A gene (RORA), in which five miRNAs work together to decrease the  RORA 

function, a crucial anti-tumour component in OSCC[94]. Because of this, miRNA-mRNA 

interactions are extremely complex, with the number of miRNAs targeted potentially affecting the 

"gradient" of tumour suppressor suppression. 

 

Anti oncogenic miRNAs in Oral Squamous Cell Carcinoma 

 

In oral cancer, anti-oncogenic miRNAs are miRs that are downregulated and can target oncogenes 

to alter the amounts of cancer-related proteins. MiR-203 was of special interest because of its 

tumour suppressor action under physiological settings. The YES proto-oncogene 1 (Src Family 

Tyrosine Kinase, YES1) is concurrently targeted and downregulated by MiR-203 [49]. 

Additionally, miR-203 overexpression has anti-proliferative effects in OSCC cell lines. The 3'-UTR 

region of the phosphatidylinositol-4,5-bisphosphate-3-kinase catalytic subunit alpha gene is a target 

for miR-203, which is responsible for this (PI3KCA). As a result, the AKT serine/threonine kinase's 

activity is restored, and indirectly, the complete signalling pathway. MiR-203 can also make tumour 

cells more susceptible to death caused by cisplatin in addition to these antiproliferative effects [95]. 

This miRNA, along with other downregulated miRNAs, may be related to the aetiology of oral 
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cancer, according to research concentrating on variations in miR-100. Henson and his team 

hypothesised that the deletion of the chromosomal 11q arm was connected to decreasing miR-100 

levels. This is not surprising because OSCC frequently has genetic anomalies, particularly changes 

to chromosome 11. miR-100 transfection of OSCC cell lines with chromosome 11q deletion led to 

increased tumour cell growth and decreased ionising radiation sensitivity. This demonstrates miR-

100the's contribution to the emergence of oral cancer [96]. Members of the miR-200 family may be 

involved in the aetiology of oral cancer due to dysregulation during the epithelial-mesenchymal 

transition, making them potential indicators of tumour spread. [96]. Additionally, the miR-200 

family appears to govern the renewal of oral cancer stem cells, which is probably responsible for 

tumour recurrence [96]. Both miR-133a and miR-133b are upregulated in normal tongue squamous 

cells compared to those in malignant cells, according to miRNA profiling of malignant TSCC and 

malignant tissues. As a result, it has been proposed that miR-133a and miR-133b function as 

regulators of proliferation and apoptosis [97]. Additionally, there was a reduction in the rate of 

proliferation, suggesting a connection between these miRNAs and pyruvate kinase M1/2 (PKM2) 

[97]. Notably, lower levels of miR-133 are associated with greater PKM2 expression in TSCC. 

Cancer cells produce PKM2 in a dimeric form, which may promote tumour cell growth even in low 

glucose and hypoxic conditions. This may help to partially explain how miR-133a and miR-133b 

act as tumour suppressors [97]. In addition, miR-133a seems to control glutathione-s-transferase P1 

(GsTP1) levels, though further research is needed to support this claim. This theory is supported by 

the finding that decreased miR-133a expression results in increased levels of GsTP1, which harms 

the cell's anti-proliferative defences [97]. 

 

GNAI2, a gene that codes for the G protein subunit I2 and is one of the 50 gene clusters, serves as 

miR-138's target. Our knowledge of the processes involved in TSCC carcinogenesis has been 

improved by this discovery. GNAI2 protein modification has also been linked to various cancers, 

including ovarian cancer, where high levels of the protein cause unchecked cell growth [98]. 

Similar outcomes have also been seen in oral cancer, where downregulation of miR-138 may result 

in higher GNAI2 levels in the patient, which would have a significant impact on the cell cycle and 

apoptosis [98]. Additionally, miR-138's capacity to promote metastasis amplifies this damage and 

could therefore be used as a predictive indicator for disease progression [98]. Additionally, it has 

been shown that miR-138 influences the levels of the Ras homologue family member C oncogene 

(Rhoc), a component that aids in the development of cancer stem cells in HNSCC [98]. The role of 

miR-375 in oral cancer start, development, and invasion has been examined in many studies [99]. 

The concept that miR-375 is downregulated in oral cancer is supported by experimental findings. 
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Aggressive metastatic cell lines have also been used to show how cancer cells can spread to 

adjacent healthy areas. miR-375 has a negative characteristic known as dysregulation of platelet-

derived growth factor A (PDGF-A) [99]. Additionally, the solute carrier family 7 member 11 gene 

SLC7A11, which controls the levels of the cysteine glutamate transporter that affects the erratic 

behaviour of cancer cells, appears to be a target of miR-375.[99]. Due to its multiple interactions 

with MYC, a cellular inhibitor of PP2A (CIP2A) appears to be another target of miR-375. The 

significance of miR-375 in the aetiology of oral cancer was highlighted by an inverse connection 

between high levels of miR-375 and low levels of CIP2A in tumour tissues [99]. 

 

miRNA-mediated regulation of Carcinogenesis 

 

It has recently been demonstrated that the tumour microenvironment (TME) greatly promotes the 

growth and spread of cancer cells. Extracellular matrix (ECM) and cellular elements like 

fibroblasts, neurons, endocrine cells, adipocytes, and immune system cells are the two main 

components of TME in oral cancer[100]. Under pathological circumstances, TME has been found 

to have more than a token role in the emergence and spread of oral cancer. Consequently, it is 

crucial to comprehend the activities that occur at this level. It is widely known that the immune 

system, which is in charge of preserving tissue homeostasis, reacts to dysregulation first[100]. 

 

During carcinogenesis, macrophage behaviour undergoes a significant alteration, leading to a 

widespread transition from antigen-presenting type I (M1) to cytokine-producing type II 

macrophages (M2). The switch from anticarcinogenic M1 to carcinogenic M2 appears to be caused 

by environmental changes, such as hypoxia. Because it still can target FIH, miR-31, one of the most 

active oncogenic miRs in HNSCC, has been shown to produce hypoxia. MiR-21 was discovered to 

be expressed at higher levels in stromal cells than in malignant squamous epithelial cells [83]. As a 

result, miR-21 is a marker for locating myofibroblasts linked with tumours [83]. In addition, miR-

21 and other elevated miRNAs seem to promote the transforming growth factor beta 1(TGFB1) 

pathway, a protein metabolic pathway that supportsstromal myofibroblast differentiation. High 

myofibroblast counts have been found to encourage lymph node metastases and angiolymphatic 

invasion of cancerous cells, which lowers patient survival in OSCC patients [83]. Interestingly, 

miRNAs can control the migration and invasion of oral cancer cells by specifically targeting genes 

that are part of the microenvironment. MiR-148a is a prime example. According to reports, this miR 

targets WNT10B, a key member of the Wnt family 10B gene in cancer-associated fibroblasts 

(CAFs), which leads to the unchecked spread of cancerous cells [101]. CAFs can secrete growth 
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factors, cytokines, and chemokines in TSCC and other malignancies, which creates an environment 

that is conducive to tumour growth and differentiation [102]. 

 

The fact that miR-124 targets the chemokine (C-C motif) ligand 2 (CCL2) and interleukin 8 (IL8) 

in both CAF and oral cancer cells is important for the development of oral cancer in another 

investigation. [103]. Recent research has indicated that miRNAs may also be involved in the 

process of lymphangiogenesis, which is the development of lymphatic vessels from pre-existing 

lymphatic vessels. The miR-126 example is the most pertinent one. Vascular endothelial growth 

factor A, or VEGF-A, gene expression has been linked to angiogenesis and lymphangiogenesis in 

oral cancer and has been linked to miR-126 downregulation [104]. A good illustration is miR-300, a 

miRNA that is controlled by the CCN family member WNT1-inducible signalling pathway protein 

1 (WISP-1/CCN4), a matrix-associated protein. According to reports, WISP-1 is in charge of 

downregulating miR-300, which increases the synthesis of vascular endothelial growth factor C. 

(VEGF-C). This encourages the growth of OSCC lymphatic capillaries and the spread of the 

malignancy [105]. On the other hand, VEGF-A is also controlled by WISP-1. Therefore, it would 

be intriguing to ascertain whether WISP-1 and miR-126 are related [106]. MiR-320's capacity to 

target the 3′-UTR of neuropilin 1 (NRP1) stimulates the growth of oral cancer tumours [107]. In a 

variety of tumour types, NRP1 promotes tumour and endothelial cell proliferation, survival, 

migration, and invasion. As a result, miRNAs like miR-320 may offer novel anticancer therapeutic 

targets [107]. 

 

A novel medication called niclosamide was recently discovered since it was noted to lower 

angiogenic mimicryby changing the expression levels of miR-124 [103]. The capacity of aggressive 

tumoursto spontaneously generate blood vessels in the absence of endothelial cells is best 

characterized as VMs. This guarantees that oral cancer development and metastases have access to 

a sufficient blood supply. Through the upregulation of miR-124 and the resulting inhibition of VM, 

the medication niclosamide can produce anti-tumour actions [103]. The significance of miRNAs in 

TME control is evidentby the examples above. The fact that miRNAs affect the rates of 

transformation and migration of tumour stem cells has also not gone unnoticed by researchers. 

 

Lower levels of miR-204 expression are linked to lower survival in OSCC. This is because its 

downregulation seems to have a role in both the generation of cancer cell stem cells and the 

epithelial-mesenchymal transition. These outcomes can be explained by the capacity of miR-204 to 

target the genes SLUG/SNAI2, a member of the Snail family of transcriptional repressors, and 
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SOX4, a transcription factor that controls the uncontrolled activity of cancer stem cells [108]. 

Targeting particular miRNAs has been used in several studies to try and stop the aggressive 

behaviour of oral cancer stem cells. Examples of this include purposefully upregulating miR-218 

and miR-145 expression to suppress BMI1 Proto-Oncogene Polycomb Ring Finger (BMI1) and 

CD44, respectively [109]. 

 

Dysregulated miRNAs as prognostic biomarkers and predictors of Oral Squamous Cell 

Carcinoma 

 

MiRNAs have significance for the diagnosis and prognosis of oral cancer due to their differential 

expression in malignant and normal cells and their detection in liquid biopsies such as serum, 

plasma, or saliva in free or vesicular form. The active secretion of microRNAs by exosomes is the 

culmination of miRNAs that results from the "membrane confinement" procedure [110]. RNA-

binding proteins (AGO 1-4) or high-density lipoproteins (HDL) are related to miRNAs that lack 

membrane vesicle protection [110] and miRNAs are produced as a result of apoptotic bodies being 

exported [110]. 

 

Until recently, these circulating miRNAs, extracellular gene products, were thought to have no 

significant function. However, intercellular communication is impacted by the regulated export of 

microRNAs into the extracellular environment. Studies suggest that [110] through regulating the 

proliferation, apoptosis, metastasis, and invasion of breast cancer cells, exosomal miRNAs, in 

particular, may have a role in the characteristics of cancer. For example, miR-21-enriched tumour-

derived exosomes significantly affected the invasiveness and motility of OSCC cells. These 

exosomes are quite common in areas of solid tumours that are hypoxic and may even interact with 

normoxic cells, increasing tumour aggressiveness and the potential for metastasis [84]. 

 

According to Literature [111], the packaging of particular miRNAs into different extracellular 

vesicles in head and neck cancer not only strongly correlates with cell type. It also serves as a key 

mechanism for promoting or inhibiting the growth of malignant lesions. The fact that miRNAs have 

been demonstrated to be immune to RNaseA digestion and severe serum conditions, is particularly 

intriguing. This explains the remarkable durability of this genetic material in the extracellular 

environment, at least in part. The repeatability and consistency of serum as a sample medium are 

further benefits. Numerous studies have demonstrated that several miRNAs may be found in serum 

and that their levels can be easily connected with OSCC prognosis [111]. Examples of these 
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miRNAs are miR-483, miR-9, and miR-21. Due to the abundance of miRNAs in saliva's 

environment, comparable outcomes have also been documented for saliva. Circulating miRNA 

collected from saliva may be the best option for non-invasive screening of oral cancer because only 

a tiny amount of saliva is enough to evaluate miRNA concentration. MiR-31 has been suggested as 

a potential diagnostic biomarker for the emergence of oral cancer. MiR-31 levels were greater in the 

OSCC patients than in the OVL patients and controls when comparing the plasma and saliva of 

OSCC or oral verrucous leukoplakia (OVL) patients and healthy controls.  

 

As evidencethat the main tumour is a source of circulating miR-31, measurements of salivary miR-

31 levels in OSCC patients before and after primary tumour excision showed a significant drop in 

miR-31 after surgery [86]. Given that both plasma and saliva in OSCC patients with early and 

advanced cancer exhibit comparable miR-31 expression, this shows that oral fluid is suitable for 

identifying sneaky malignancies [86]. The use of salivary miRNAs as indicators of the development 

of precancerous lesions has also been examined in other research. Salivary tumour suppressor 

miRNAs act as important markers to prevent malignant transformation in addition to providing 

information on the expression of oncogenic miRNAs [86].  High yields of miRNA have been 

reported to be produced with as little as 200 µL of input saliva, miRNA enrichment using the 

QIazol reagent, and conventional solid-phase microtube chromatography [112]. Interestingly, high-

quality miRNA levels are similar in fresh and archived frozen saliva [112]. The levels of two 

salivary miRNAs, miR-125a and  miR-200a were substantially reduced in oral cancer patients 

compared to normal healthy controls[112]. 

 

Utilizing CRISPR/Cas12a nucleic acid detection and the straightforward design of paper-based strip 

tests, major advancements have recently been made in determining the expression levels of 

miRNAs in saliva [113]. This scientific development provides a very alluring substitute for the 

more time-consuming and expensive traditional quantitative analysis by RT-qPCR. Point-of-care 

testing (POCT), a novel technique, was applied to the ultrasensitive detection of miR-31 isolated 

from 150 µl of OSCC patient’s saliva [88]. 

 

The full advantages of employing miRNAs as novel biomarkers have only recently been confirmed 

by a small number of clinical investigations. One such is miR-27b, which is regarded as a superior 

biomarker to protein and is elevated in both plasma and oral carcinoma tissue [114]. On the other 

hand, analyses of tissue samples from oral cancer and healthy control tissues using microarray and 
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RT-PCR have revealed changes in the levels of miRNA expression [114]. While miR-190, miR-

204, and miR-144 are downregulated, miR-196b, miR-1237, and miR-21 are claimed to be elevated 

[115]. Additionally, miR-196b, which is thought to be a very helpful marker in predicting patient 

survival, was significantly increased in the group with low survival and gradually declined with 

increased survival. [115]. Both miR-376a and miR-204 have been found to produce comparable 

outcomes [115]. Patients with miR-196a/miR-204 ratios less than 1 were seen in them. 

Additionally, the synergistic potential of miRNA expression ratios in cancer prediction was 

explored.[115].  

 

The use of miRNAs as diagnostic biomarkers has received encouragement. One miRNA was shown 

to be the only miRNA capable of differentiating between cancer and healthy samples, according to 

a new investigation comparing The Cancer Genome Atlas (TCGA) data, miRNA expression in 

tumour and normal samples, and associated clinical data from HNSCC patients but allegedly not 

powerful enough. [116].  However, combining three or more miRNAs significantly boosts 

prediction accuracy. For instance, patients could be distinguished with 89.3% sensitivity and 98.9% 

specificity when the expression levels of miR-383, miR-615, and miR-877 in the serum of HNSCC 

patients were compared with those of healthy controls. [117]. MiRNAs may therefore be used as 

possible cancer detection biomarkers. An instant genetic change in the cytogenetic and 

transcriptional processes of the keratinocyte stem cell genes can readily account for the onset of 

mouth cancer [117]. Since genetically altered cells are frequently not seen at the clinical level, it is 

crucial to detect their presence in the early stages of oral cancer. 

 

 

The understanding of the malignant nature of neoplastic cells has advanced significantly since the 

discovery of miRNAs. MicroRNAs have gained significant attention recently as potential regulators 

of and biomarkers for human oral carcinogenesis.Through elevated oncogene expression or 

decreased expression of tumour suppressor genes, several mutated miRNAs may have a role in the 

development and progression of oral cancer. What're more, miRNAs present a chance to focus more 

on early detection than on late therapy of oral cancer. There are currently 2300 human miRNA 

genes known, and new ones are still being found. Many different mRNA targets can be bound and 

controlled by a single miRNA, and vice versa, many different miRNAs can bind and control one 

particular mRNA target [118].  Around  20–30% of human genes may be controlled by miRNAs. 

Thus, it appears that a highly complex regulatory network made up of thousands of targets and 

hundreds of RNAs mediates many aspects of eukaryotic cell function [118]. The specific miRNAs 
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that are expressed in each type of cell can affect or "weaken" the use of thousands of target 

mRNAs, as suggested by Bartel and Chen [28]. Taken together, it is reasonable tosuggest that 

alterations in the cellular level of miRNAs might have a  major impact on the proteome of the 

cancer cell and thereby contribute to oral carcinogenesis. Nevertheless, the specific miRNAs 

signature relevant to specific  OPMD and OSCC and the underlying mechanisms need further in-

depth studies.   Acquiring a better understanding of miRNA-driven networks opens up new avenues 

for the detection and management of human OSCC.  

 

The experimental transfection of HeLa cells with muscle or brain-specific miRNAs resulted in a 

shift in the total mRNA profile toward the muscle or brain-specific profile, supporting this theory 

[119]. A fascinating relationship between miRNA expression and human disease has just been 

discovered. Some miRNAs are controlled in tumours and may have a direct role in pathogenesis 

(reviewed by Croce and Calin [120]). Let-7, for instance, inhibits the oncogenic RAS gene and is 

frequently downregulated in lung cancer [121]. Cases of chronic lymphocytic leukaemia have a 

strong correlation with the deletion or downregulation of the miR-15w16-1 cluster [4]. Indeed, it 

has been demonstrated that miR-16-1 suppresses the human Bcl-2 anti-apoptotic gene [14]. By 

using transgenic experiments, it has been shown that several additional miRNAs, like the miR-

17w92 cluster, can forcefully cause B-cell lymphoma when co-expressed with c-myc. It has the 

potential to cause cancer as a result [122].  

 

Challenges and Future Perspectives  

 

Based on current technology, early detection is a cheap and efficient method to lower cancer 

mortality in people, and miRNAs are crucial in improving clinical outcomes for people with oral 

cancer. Several dysregulatedmiRNAs involved in the initiation and progression of oral 

carcinogenesishave been identified. Moreover, several miRNAs which can predictthe potential 

high-risk OPMDs have also been identified.  These miRNAs are likely to provide opportunities 

towardsprecociousearlydetection of OSCC.  Because of their potential utility in earlydetection, 

early screeningof specific miRNA signatures could be a  cheap and effective wayto reduce  OSCC 

mortality rates in the human population.   The long-term evaluation and diagnosis of numerous oral 

pathological diseases would be considerably aided by the discovery of new non-invasive methods 

of detecting oral cancer early, such as a straightforward trip to the dentist. Further research on 

salivary miRNAs is needed to establishan effectivesaliva-basednon-invasive diagnostic test.  

Through such studies,  specific salivary miRNAs that can be usedto individualize themanagement 
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of OPMD and OSCC patientscan be identified.  Despite severalinteresting reportson the 

dysregulation ofseveral miRNAs in OPMDs and OSCCs, the exact mechanismsunderlying the 

transition of OPMDs to OSCC  and initiate oral carcinogenesisremains unclear.  It would be 

interesting to learn more about the regulatory target mRNAs and the underlying molecularpathways 

involved inearly phases and how quickly they can be identified to stop oral tumours from forming 

and advancing. 

 

Evidence shows that some miRNAs are upregulated while others are downregulated, which can 

beanalyzed by qRT-PCR, microarray and NGS techniques.  Numerous other methods, including 

northern blotting, dot blotting, RNase protection tests, primer extension analyses andinvasion 

assays arealso available for miRNA quantification. The relative expression levels of miRNAs in 

various samples are another aspect that large-scale cDNA cloning sheds light on. However, the 

majority of these methods require time-consuming steps, making it challenging to quantify all 

known miRNAs. These days, microarrays are the foundation of the majority of techniques [119]. 

The small size of miRNAs is a hurdle to standard microarray technology since creating a single 

hybridization setting suited for all miRNAs on a chip is challenging. Microarrays are a strong 

approach for high-throughput analysis. Some microarrays employ pre-miRNA-complementary 

probes as opposed to mature miRNAs [119]. However, pre-miRNA quantity does not always 

correlate with the amount of mature miRNA because miRNA maturation is frequently controlled. 

Antisense oligonucleotides that specifically bind to mature miRNA sequences are used by recently 

created microarrays to identify mature miRNAs [119,120]. The issue of probable hybridization of 

related miRNAs is still up for debate.  

 

Flow cytometry techniques based on beads are among the most recent advancements in miRNA 

identification [121]. Each bead is marked with a fluorescent tag that can produce up to 100 different 

colours, each of which stands for a different miRNA, and it is connected to a probe that 

complements the target miRNA. Reverse transcription, miRNA ligation to 50 and 30 adapters, PCR 

amplification using widely used biotinylated primers, hybridization to capture beads, and 

streptavidin-phycoerythrin staining are all steps in the process. A flow cytometer is then used to 

evaluate the beads, measuring both phycoerythrin intensity and bead colour (which reveal the 

identity of the miRNA) (indicating miRNA abundance). In contrast to conventional glass slide 

microarrays, this approach enables more precise detection of closely related miRNAs since 

hybridization takes place in solution. These complex processes, however, require improvement. 

This significant study examined 217 known human miRNAs in 218 samples of normal and tumour 
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tissue and showed extremely precise connections between miRNAs and tumour development and 

differentiation.[122] 

 

However, most of the reported studies were based on a limited number of patient materials from 

different sublocations of the oral cavity. This has led to more heterogeneous data and reduced 

statistical power. The use of different platforms with different normalizing strategies might have led 

to inconsistent miRNA expression results. This demands the need to undertake comprehensive 

miRNA profiling, including many paired tissue specimens of oral premalignant lesions/conditions, 

primary OSCC and metastasis. Only that kind of study will enable the identification of miRNA 

signature involved in the step-wise tumourigenesis and metastasis process of OSCC.  

 

In recent years, tremendous advancements have been made to adapt liquid biopsy as an alternative 

and non-invasive approach for molecular characterization of OPMDs and OSCC and the detection 

of specific biomarkers for early diagnosis. With advancements in high throughput technologies such 

as next-generation sequencing (NGS), tumour molecular profiling including miRNA profilingis 

likely tobecome a significant and promising tool in OSCC diagnosis and prognosis. Advances in 

high throughput technology might help to better explore omics shortly.    Based on a combination of 

several cell-free miRNAs with analytes from other omics, the molecular signature could be 

designed that could contribute to developing multi-omics panels for improving precision oncology. 

As suggested by Rapado-Gonzalez et al. ( 2019 )[123], the use of big data would permit large 

accurate molecular profiles for each patient in the long term, yielding a new cancer stratification 

concept coined as “molecular cancer staging”.  An interesting area of future Oral Cancer research 

shall be elucidating the most incipient stages of a malignant process and detection of these stages 

quite early so that the onset and progression of OC  can be prevented.  In this regard, miRNAs hold 

great potential and are likely to emerge as biomarkers for predicting the malignant transformation 

risk of OPMDs.  
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