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Abstract: Oral squamous cell carcinoma (OSCC ), one of the cancers originating from the epithelium lining the
upper gastrointestinal system, is a serious global health issue. Despite improvements in diagnosis and novel tailored
treatments, it is still considered one of the most prevalent cancers. Although systematic treatment methods,
including surgery, radiation therapy and chemotherapy, have achieved reduced mortality and higher survivor rates,
a significant proportion of OSCC patients undergoing oral treatment develop metastasis and recurrence.Therefore,
it is essential to identify biomarkers for early diagnosis, prognosis prediction, treatment response and overall
survival of OSCC. The current research aimed to identify the dysregulated miRNAs in cancerous tissues and
plasma of OSCC patients compared to adjacent healthy tissue and plasma of normal control and also to identify
whether the dysregulated miRNAs are present in the plasma of post-operative OSCC patients showing recurrence
and no recurrence. For this study, blood samples, biopsies of normal and tumour tissue and FFPE blocks were
taken from eleven OSCC patients with and without recurrence in the oral cavity and one normal control individual.
A microRNA library was created after total RNA and microRNA isolation from these materials. This experimental
study used next-generation sequencing (NGS ) to identify the differentially expressed miRNAs in tissues and serum
of OSCC patients and normal healthy control. The prominently dysregulated miRNAs were validated with qRT-
PCR. By analysing the expression of their mRNA targets and performing a pathway analysis, we could narrowly
concentrate on the expression mechanism of miRNA profiles linked with oral cancer recurrence. This research
discovered differentially expressed miRNAs by next-generation sequencing (NGS) using paired tissue and serum
samples from OSCC patients and matched controls. During tissue profiling, 317 miRNAs were discovered while 164
unique miRNAs were identified in serum plasma samples. When we examined the miRNA expression in tumours and
healthy tissues, we discovered 22 differentially expressed miRNAs (11 miRNAs down-regulated and 11 up-
regulated; false discovery rate 0.05). Our research revealed that specific miRNAs, including hsa-miR-142-3p, hsa-
miR-32-5p, has-miR-21, hsa-miR-141, and hsa-miR-29c were up-regulated in tumour tissues more frequently as
compared to normal healthy tissues. Meanwhile, hsa-miRNA 375, hsa-miRNA 199a-5p, hsa-miRNA 993, let-7a, and
hsa-miRNA 199a-3p were all found to be more frequently downregulated in tumour tissues. Out of these 22
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miRNAs, up-regulation of hsa-miR-32-5p, and down-regulation of hsa-miR-375 were identified in the pre-operative
serum plasma of the same group of OSCC patients. Among these patients, 4patients with hsa-miR-375
downregulation developed early recurrence, 3 patients with miR-32-5p developed late recurrence and 4 patients
with other miRNA dysregulation pattern showed no recurrence post-operatively till date. In this study, hsa-miR-375
and hsa-miR-32-5p appeared as the most predominant miRNAs associated with post-surgical recurrence. Our
results suggest the potential of utilizing these circulating plasma miRNAs as noninvasive biomarkers associated with
post-surgical recurrence risk in OSCC patients.

Keywords: microRNA, oral cancer, circulating microRNA, recurrence risk, prognosis, NGS, gRT PCR, OSCC
Recurrence, Next Generation Sequencing
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INTRODUCTION

Head and Neck squamous cell carcinoma ( HNSCC), the sixth most common cancer worldwide, mainly
comprises neoplasms of the oral cavity, pharynx, larynx, paranasal synapses, nasal cavity and salivary
glands. Oral squamous cell carcinoma ( OSCC ) is a significant component of HNSCC, accounting for
about 90% of all oral malignancies, representing a significant global burden with an estimated 300,373
cases per annum ( Gupta et al 2016 ). According to Globocan 2018 report, ~ 120,000 new OSCC cases
are detected yearly, ranking it the second most common cancer reported in India (Bray et al 2018; Ferlay
et al 2018 ).Over 72,000 deaths in India are attributable to malignancies affecting the oral and
maxillofacial region. Epidemiologic studies worldwide have implicated tobacco usage, alcohol
consumption, and infection with viral agents, especially human papillomavirus ( HPV ), as the etiological
factors contributing to the development of OSCC ( Kreimer et al 2005; Mehanna et al 2010 ). Quite
alarmingly, the incidence is surprisingly growing among young individuals too. In India, the widespread
habit of smoking or grinding tobacco, and consuming alcohol, aside from inadequate oral hygiene, poor
diet and HPV infection, has contributed to the disproportionately more significant humber of OSCC (
D’Souza and Kumar 2020 ).

Even after tremendous improvements achieved in OSCC treatment due to advances in surgery,
radiotherapy, chemotherapy and targeted therapy, the 5-year overall survival of OSCC patients has not
significantly improved in the last 20 years. ( Slieker et al 2022 ). Only 50% of OC patients achieve a 5-
year survival rate ( Listl et al 2013 ). The 5-year survival has been reported to range from 80% for cases
diagnosed with the localized disease to less than 30% for metastatic cases( Johnson et al 2011; van
Lanschot et al 2020 ). Even after the implication of prognosis therapies like visual inspection and
innovations in diagnosis and therapeutic strategies, late diagnosis has been documented to be causal to the
rapid increase in the number and poor prognosis of OSCC ( Leemans et al 2011 ). Non-implementation
of the national OSCC screening program in India due to the lack of conclusive and specific biomarkers
for early detection and progression surveillance of OSCC has added to the late-stage diagnosis of OSCC (
D’Souza and Kumar 2020 ). The late-stage diagnosis often complicates the treatment of OSCC, causing
difficulty in treating advanced OSCC due to lymph node metastasis and the frequent incidence of local
recurrence and second primary tumours. A significant proportion of OSCC patients who have undergone
surgical resection of the tumour will develop recurrence and metastasis. Therefore, the overall survival of
oral squamous cell carcinoma ( OSCC ) remains unchanged mainly due to challenges in early diagnosis
and the lack of reliable biomarkers for predicting treatment outcomes.

Identifying predictive pointers of excellent, moderate and poor prognosis is crucial for OSCC
management. This demands the need to elucidate the mechanism underlying OSCC development, which
may help optimize treatments and improve patient survival (Gao et al 2019 ). Identifying non-invasive
biomarkers to determine the progression and risk of recurrence could immensely help OSCC patients.
The development of recurrence is a major life-threatening event mainly associated with poor outcomes.
Because of the molecular complexity of OSCC, it is challenging to identify OSCC patients who are likely
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to develop recurrence after surgical removal of the tumour. Despite several clinical and pathological
features being used to discriminate between low and high-recurrence risk patients, the current
conventional prognostic factors are inadequate for OSCC. There is a lack of non-invasive and cost-
effective biomarkers to identify the recurrence risk in OSCC patients. In addition to the anatomic extent
of the disease, consideration of biological determinism reflected in the altered expression of biomarkers
has become increasingly important in the personalized management of OSCC patients.

Recently, researchers have correlated noncoding RNAs, especially microRNAs ( miRNAs ) expressions
and clinical parameters in cancers including OSCC, with recurrence and metastasis. MicroRNAs have
significant roles in various bodily pathological and physiological activities ( Liu et al 2018 ). Most
importantly, miRNAs have been recognized for their multifaceted roles in the hallmarks of cancer, such
as angiogenesis, epithelial-mesenchymal transition ( EMT), cancer-stem cell biology, drug resistance etc.
Many studies have supported the crucial involvement of miRNAs as tumour suppressors or tumour
promoter genes in various cancers, including OSCC (Calin and Croce 2006; Langevin et al 2010;
Wikhund et al 2011; Solomon and Radhakrishnan 2020 ). Wang et al ( 2021 ) reported that miRNAs are
involved in the occurrence, progression and metastasis of OSCC and that the expression profiles of
specific mMiRNAs were correlated with clinical stage, metastasis and patient survival. However, there are
inconsistencies in the results across populations. Since miRNAs have been shown to correlate with
tumour size and differentiation, they could be candidate biomarkers for estimating recurrence risk and
clinical outcomes. It was hypothesized that dysregulated microRNAs might also be linked to
postoperative disease recurrence and poor prognosis in OSCC patients. Since there is a dearth of
information on the miRNAs signature associated with recurrence risk in South Indian OSCC, the present
study aimed to investigate and determine the dysregulated microRNAs signature associated with
recurrence risk in a group of South Indian OSCC patients who had undergone surgical resection of the
tumour.

METHODOLOGY

The study was initiated after approval from the Institutional Research and Human Ethics Committee of
Saveetha Institute of Medical and Technical Sciences, Chennai (SDC/Ph.D-01/19/09). The study
materials included FFPE tumour tissue blocks, blood samples from OSCC patients, and normal healthy
controls. Tissue and blood samples of patients recruited into the study were taken after their written
consent, and their confidentiality was upheld. Clinical information was taken from the research
participants' medical documents. It included demographic information, age at disease onset,
histopathological subtype, stage, tumour grade, nature of treatment, details of first recurrence and disease
outcome.

Verification of Samples for the study

. OSCC specimens from patients undergoing surgery were collected for microRNA expression
profiling. The institutional multidisciplinary panel determined that each patient was qualified for
surgical resection.

. Tissue specimens from the healthy control group for microRNA expression profiling were
collected intraoperatively after verification by a pathologist.

. Blood samples ( about 4ml ) of both the groups (OSCC patients and Control group) were also
collected for RNA extraction from serum samples, microRNA expression profiling and
guantification.

Based on the TNM categorization for malignancy, OSCC tumours were graded. This describes the

subject's level of cancer status. Squamous cell carcinoma was pathologically verified and confirmed in

every included patient. For this study, the first and second groups included tumour and adjacent normal
tissue specimens of OSCC patients who have already undergone primary surgical intervention with early
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recurrence ( 4 patients ) (less than 6 months after primary resection) and three with late recurrence
(greater than 6 months after primary resection). The third group included tissues of four patients with no
recurrence after primary surgical intervention, while the fourth group included healthy control subjects for
comparison.

Total RNA extraction from FFPE block samples

H&E labelling was used to pinpoint the malignant and adjacent normal tissue sites. More than 70% of the
tumour cells were in the malignant tissue, while the remaining 30% were in the surrounding healthy
tissue. Microtomes prepared 5-20 microns thick cancerous and adjacent healthy tissue sections. The
RecoverALL Total Nucleic Acid Isolation System for FFPE (Ambion, USA) was then used to recover
total RNA from cancer and adjacent normal healthy tissues following the manufacturer's instructions. To
quickly eliminate any remaining traces of paraffin, 4 samples of 20-micron-thick FFPE slices were treated
with 1 ml of xylene. An extended protease K digestion of the tissues at 50°C was followed for DNAse |
treatment. The isolated total RNA was eluted with RNAse-free water following several therapies.

Total RNA extraction from Blood plasma samples

Blood samples from OSCC patients and control subjects were also collected and examined to determine
whether the discovered putative miRNAs were present pre-operatively as well as post-operatively, as cell-
free circulating miRNAs in their serum plasma samples. Blood samples of patients with OSCC were
drawn into EDTA containers and prepared for plasma separation. Blood was centrifuged at 1600 g for 10
min at room temperature, and the supernatant plasma was transferred to a new container and kept at -
80°C until use. Using the Trizol LS reagent and miRNeasy Mini Kit (Qiagen, Hilden, Germany), total
RNA containing small microRNAs was isolated as directed by the manufacturer with the following
modifications: Five hundred ( 500 ) ml of plasma sample was mixed with 1 millilitre of Trizol LS
reagent. Following phase separation, the aqueous phase was added with 1.5 volumes of 100% ethanol
before loading onto the miRNeasy column (Qiagen) following the manufacturer's directions. The RIN
number was used to measure RNA integrity.

Pre- and post-surgical blood samples of these 11 OSCC patients and one control were also collected and
subjected to plasma serum mIiRNA profiling. Out of these 11 patients, 4 showed early recurrence, 3
showed late recurrence and 4 showed no recurrence till date of writing. Circulating miRNA in the plasma
serum of these 11 patients were analyzed. Blood samples from participants of these four groups ( three
patient groups and one control ) were drawn using standard anterior neck venipuncture to obtain blood (4
cc), which was then centrifuged at 22002500 speed for 10 min at 4°C. Blood cells were isolated from the
serum before freezing it at -80°C for microRNA analysis. While samples were kept at -80°C, the quantity
and quality of extracted RNA were checked using Nanodrop (Bio photometer plus) and a fluorimeter
(Qubit4). Only RNA with the following qualities was utilized for analysis: adequate amount (>2g), purity
(A260/280 and A 260/230 between 2.0 and 2.2), and good quality (RIN>7). Samples were split into three
groups, two of which were used for expression analyses, based on OSCC recurrence rates.

miRNA library creation and RNA extraction

Tissue samples (n=12) were processed in the Bullet Blender after being removed from the -80°C freezer.
Total RNA was isolated using the commercially available column purification method of the Qiagen
miRNeasy Mini Kit. DNase Kit without RNase, Qiagen), applied to the column per the directions
provided by the manufacturer. Following the manufacturer's instructions, serum samples (n=7) were
extracted using the MiRNEasy Serum/Plasma Kit (Qiagen). Using the 3' and 5' adapters, 1 ng of total
RNA or small RNA from 300 ul of unquantified serum was concatenated to create single-stranded cDNA.
Following that, the samples proceeded through 14 cycles of PCR at various temperatures (94°C for 30
seconds, 94°C for 15 seconds, 62°C for 30 seconds, 70°C for 15 seconds, and an extension phase). ( last,
at 70 °C).
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Figure 1 (miRNA sequencing flow diagram)
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The flow of research procedures for detecting the expression profiles of microRNAs in the tumour tissues,
adjacent normal tissues and sera of patients with OSCC and normal healthy control is shown in Figure-1.

mMiRNA expression analysis using next-generation sequencing (NGS)

Each distinct library was processed for sequencing in a single-line cell lane using an index (5 min
amplification). The amplified libraries underwent size selection and purification on a 6% agarose gel.
After determining the amount and calibre of the miRNA libraries using the BioAnalyzer kit and the RNA
Nano Lab Chip, samples were combined in a microtubule and sequenced on HiSeq.2500 device (Illumina
Inc.) using the Illumina HiSeq v4 kit for a read cycle of 50bp (1x50) (Agilent Technologies, Santa Clara,
CA, USA). Following the manufacturer's recommendations, the NEB Next multiplex RNA library
production toolkit manufacturing procedure was utilized to create small RNA libraries from extracted
RNA. They were quantified using the Qubit High Sensitivity Test. The samples were then combined, and
sequencing was done on the Illumina Novaseq 6000.

mMiRNA library analysis and statistical interpretation

Sequence alignment from the libraries obtained in the preceding phase and miRNA quantification was
performed using the SRNA Toolbox web service according to Rueda et al ( 2015 ). EdgeR1 using the
GLM model and patient pairing samples was used to perform statistical analysis of differentially
expressed miRNAs following Robinson et al ( 2010 ). miRNAs with a FDR<0.05 and FC>2.0 were
considered as up-regulated; and FDR<0.05 and FC >0.50 were considered as down-regulated. The
software R (3.2.2) and the Bioconductor tool DESeq were used to perform unsupervised hierarchical
clustering of the most highly expressed miRNAs suggested by Anders & Huber ( 2010). To determine
miRNA gene families, miRBase was employed following Kozomara et al ( 2011).

miRNAs target prediction and enriched pathways and GO Terms

miRBase targets (http://www.mRBase.org), www.mirbase.org, and http://pictar.mdc-berlin.de/ were used
to identify the projected targets of the differentially expressed miRNAs in this work. The mirPath tool
was used to project databases from the MicroT-CDS version 5.038. (version 3.0). We used the same
method to recruit at least five miRNAs targeting this process or route after extracting keywords from
KEGG molecular pathways and gene ontology (GO) (biological processes). p-values <0.05 were regarded
as statistically significant

Statistical Analysis

SPSS (v23.0) statistical software was used for all statistical analyses. The ANOVA test compared the Ct
delta values between the tumour and adjacent non-tumour tissues and control groups. To examine
differences between various clinical types, the t-test and ANOVA tests were performed. At p <0.05, the
difference was deemed statistically significant. Pearson's coefficient was used to determine correlation.
The Spearman's correlation test examined the connection and link between miRNAs in healthy blood,
tumour tissues, and adjacent normal tissues and clinical prognosis. For a 2-fold change in miRNA
expression levels, a Hazard Ratio (HR) was computed. The HRs of these miRNAs were less than 1. To
identify the miRNAs differently expressed in blood samples and cancerousand adjacent non-cancerous
tissues, paired t-tests were utilized. To compare miRNA expression in OSCC patients and age-matched
healthy control, we used differential expression analysis (DEA) using Bioconductor package DESeq
(1.2.0) and existing miRNA indices. p-adj <0.05 was defined as log2FC(1) for upregulated miRNAs and
log2FC(1) for downregulated miRNAs. All two-sided p-values were considered statistically significant if
they were <0.05. GraphPad Prism 5 demo programme and SPSS software were used for all statistical
computations (GraphPad Software, San Diego, CA, USA).
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RESULTS

We explained all the study details to the patients selected and obtained informed written consent before
recruiting them into this study. The demographic and clinical details of the OSCC patients included in the
present study are shown in Table-1. Figures 2 A to 2 F represent the demographic and clinical data of the
recruited OSCC patients based on the distribution of gender ( Fig. 2 A ), betelnut chewing ( Fig. 2 B),
alcoholism ( Fig. 2C ), smoking ( Fig. 2 D ), recurrence rate ( Fig.2 E) and histopathological
differentiation (Fig.. 2 F ). The distribution of OSCC patients according to AJCC pathological staging, T
staging, oral site of involvement and lymph node metastases are shown in Figs, 3 — Figs. 7 respectively.

Table -1 Demographic and clinical data of OSCC patients

Age 49 53 36 56 61 55 36 64 59 38 57 48
Tobacco Smoker Smoker Ex- Smoker MNon Smoker Smoker Non Ex- Smoker Smoker Non Smoker
Habit Smoker Smoker Smoker Smoker
Alcoholism | Non Alecholic | Alcohol Alcohol | Alcoholi | Alcoholi -- Alcohol Alcoholic Alcoholic | Alcoholi Occasional
ic ic © © ic [
Betel Nut Betel Nut -- Betel -- Betel Betel -- Betel Betel Nut Betel Nut Betel
Chewing Chewer Mut Nut MNut Nut Chewer Chewer Nut
Chewer Chewer Chewer Chewer Chewer
Gender MALE MALE FEMA MALE MALE MALE MALE FEMA MALE MALE MALE MALE
LE LE
Siite of BUCCAL BUCC BUCC TONG BUCCA | PALAT BUCCA BUCC TOMGUE BUCCAL | ALVED NORMAL
Involvemen MUCOSA AL AL UE L E L AL MUCOSA LUS HEALTHY
t MUCO | MUCO MUCOS MUCOS | MUCO MUCOSA
SA SA A A SA
Histopathol
ogical
Differentiati
on
WELL WELL WELL  WELL WELL
AJCC STAGEII STAGE | STAGE | STAGE | STAGE STAGE STAGE | STAGE | STAGE I STAGE STAGE
pathological n 1] 1] n 1| mr 111 ™ Ay
Staging
T staging T2 T2 T2 T2 T2 T2 T3 T3 T3 T4 T4
Lymph Nl N N1 NO N0 N1 N1 N2 Nl N2 N1
node
metastases
Recurrence RECURREN RECU NO RECUR | RECUR | RECUR RECUR RECU RECURR RECURR | RECUR
CE(Early) RREN | RECUR [ RENCE | RENCE RENCE RENCE( RREM EMCE(Ear | ENCE(Lat | RENCE
CE RENCE (Early) (Late) (Late) Late) CE(Lat Iy} ) {Late)
{Late) )
Prognosis | Good ‘ Good | Good ‘ Good Poor ‘ Good Poor Poor Poor Poor Poor - -
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Figure 5 Distribution according to Site of Involvement
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Table 3 miRNAs showing downregulated expression

Down Regulated MiRNA

W gu : Number of samples Slide oscc
hsa-miR-375 4 Slide 6,7,5,21 0SCCh,12,5,11
hsa-let-7a | 1 Slide 2 0scc4
I;;a—m|R-199a—3p,fhsa-m|R-199b- ) Slide 1,4 05CC 18,7
hsa-miR-199a-5p | 1 Slide 1 0scco
hsa-miR-99a | 1 Slide 2 0scc19
hsa-miRPlus-E1016 | 2 Slide 9,3 0scCc11,8

Table 2 miRNAs showing up regulated expression

Up Regulated miRNA Number of samples | Slide 0scc
hsa-miR-141 1 Slide 21 0s5CC11
hsa-miR-32-5p 3 Slide 9,3,2 0sCcC11,84
hsa-miR-21 2 Slide 1,4 05CC 18,7
hsa-miR-142-3p 4 Slide 7,1,5,2 0sCC12,9,5,19
hsa-miR-29c¢ 1 Slide 6 0sCCe

Principal component analysis of the 317 most differentially expressed miRNAs discovered in tissue
samples from malignant and normal tissues, which revealed distinct expression patterns, demonstrated the
sampling approach used during the discovery phase. Significant variations existed between the two study
groups. After miRNA analysis and elimination, 317 miRNAs were discovered in tissues with incredibly
low read counts (less than 3 reads per million in fewer than 50% of samples). There were 164
differentially expressed miRNAs found in the blood samples. Among these miRNAs found in the tissues
and serum plasma of the same patient, we identified 138 aberrantly expressed miRNAs.

This critical miRNA screening step used next-generation miRNA expression profiles to find distinct
mMiRNA expression patterns in cancerous and adjacent non-cancerous oral tissues. NGS resulted in the
generation of 0.9 to 1.7 GB of raw data from each sample. We conducted quality checks and further
analyzed the raw data. In malignant tissue, 560,054 valid readings were captured, while 3,300,900 valid
readings were captured in adjacent non-cancerous tissue. The remaining valuable reads were assigned to
the human miRNA precursor collection after filtering by rRNA, tRNA, snRNA and snoRNA. Malignant
and adjacent non-cancerous cells yielded 41,225 and 203,889 reads, respectively. The 22 nt size class of
these reads was the most common length in nearby malignant and non-cancerous tissue. Of the 940
known precursor miRNAs, 546 were found in malignant tissue and 364 in adjacent non-cancerous tissue
compared to miRbase (15.0). We looked at the distinct genome-wide expression patterns of tissue
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miRNAs across malignant and adjacent non-cancerous oral tissues using the Mann-Whitney test and fold-
shifting of sequenced miRNAs.

Figure 8 volcano plot showing the relation between the
logarithm of the p-values and the deltaLogMedianRatio

(dLMR). 0.79
® 0.53
w©
> 026
=
= 0.00
g
= -0.26
053
-10.50 -7.00 -3.50 0.00 3.50 7.00
deltaLMR
Figure 9 Graphical Representation of miRNA
expression
6.00
a 450
W
ge!
8 2 3.00
ocC E
g 150 I
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I Cancerous Specimen
Non Cancerous Specimen
Table 4 Seq Reads per million
Cancerous Specimen Non Cancerous
Specimen
18 0.50 1
19 0.43 2.00
20 1 2.40
21 .67 2.90
22 1.69 5.98
23 0.48 3.25
24 0.40 1.10
25 0.34 0.97
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Figure 10 Hierarchical Clustering of
most frequently expressed miRNAs in
OSCC patients
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When analyzing the expression of miRNAs in tumours and healthy normal tissues, we found 22 miRNAs
that were differentially expressed (11 miRNAs down-regulated and 11 up-regulated; false discovery rate
[FDR] 0.05 and fold change [FC] less than 0.5 or greater than 2.0). Checking in The Gene Ontology
(GO) revealed that these 22 differentially expressed miRNAs affected several significant biological
functions, with 2 pathways being the most prevalent like p53 signalling pathway, PI3K/Akt signalling
pathway. The most predominant microRNAs with up-regulated expression levels are shown in Table-2
and the most predominant microRNAs with down-regulated expression levels are shown in Table-3.
Furthermore, we conducted a correlation study between the expression of these 22 miRNAs' fold changes
in the normal /cancerous tissue and plasma serum, which revealed no link between expression (all P
>0.05). Additionally, we investigated the relationship between plasma serum levels and the production of
these 22 miRNAs in normal and cancerous cells. Evidently, their expressions in plasma serum and tissues
were related (all P < 0.05).

Validation of microRNA expression in clinical samples

Certain microRNAs, including miR-141, hsa-miR-29c, miRNA 375, miRNA 199a-5p, miRNA 99a, let-
7a, and miRNA 199a-3p, that exhibited the biggest fold change (or least p-value) were chosen for
validation in phase two. Nevertheless, real-time quantitative polymerase chain reaction (QRT-PCR), the
most sensitive and exact approach, was validated. The most variable miRNAs were subjected to
individual real-time quantitative polymerase chain reactions in a separate collection of OSCC tissue
samples and matched adjacent normal tissue samples. Using real-time quantitative PCR, marker miRNAs
(hsa-miR-142-3p, hsa-miR-32-5p, hsa-miR-21, hsa-miR-141, hsa-miR-29c, hsa-miRNA 375, hsa-miRNA
199a-5p, hsa-miRNA 993, let-7a, hsa-miRNA 199a-3p) were validated.

Validation

Real-time quantitative PCR was used to validate the miRNAs. Ten (10) ng of total miRNA and miRNA-
specific loop primers were used in gRT-PCR. TagMan miRNA technique was used for real-time PCR. In
short, 1.33 pl of the RT product, 10 ul of the TagMan Universal PCR Master mix, and 1 ul of the primer
and probe mix were added simultaneously. The mixture was diluted with RNase-free water to a final
volume of 20 ul. A 96-well plate was used to incubate the reaction at 95°C for 15 seconds and 60°C for 1
minute. The threshold cycle (CT) was used to determine the amount of miRNA expression, and the Ct
technigue was used to quantify miRNA expression levels relative to one another. GeNorm and
NormFinder tools were used to choose endogenous controls for specific miRNAs, enabling precise
normalisation of gqRT-PCR data. In a second "in silico" validation, miRNA expression levels were
examined using RNA-Seq data from oral malignant tissues obtained from the Cancer Genome Atlas
(TCGA).

According to our study, expression levels of hsa-miR-142-3p, hsa-miR-32-5p, and hsa-miR-21 in serum
plasma were considerably greater and the expression level of hsa-miRNA 375 in serum plasma was
considerably lower in oral squamous cell carcinoma patients than in controls. Hsa-miR-32-5p, hsa-miR-
21, and hsa-miRNA 375 showed statistically significant changes between particular tumour stages and
controls.

DISCUSSION

Although OSCC remains one of the leading causes of mortality, effective methods for detecting and
preventing the progression of OSCC remain elusive.Locoregional invasions, development of resistance to
treatment, disease recurrence, and lymph node metastasis are the main reasons for the poor prognosis of
OSCC patients ( Mashouri et al. 2019 ). It is well documented that biomarkers are interacting,
interdependent multipurpose parts of the biological system. Therefore, a prognostic model consisting of
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multiple markers can increase the predictive power and better capture the clinical behaviour of cancer
than a single marker. In concordance with this concept, the present study aimed to identify novel
microRNA-based post-surgical prognostic models in OSCC to predict the recurrence risk of OSCC
patients. Till now, gqRT-PCR and miRNA microarray-based approaches have been utilized for performing
MiRNA expression analysis. In the present study, next-generation sequencing that has emerged as a cost-
effective option, was utilized to study the miRNA expression in OSCC patients. To the best of available
knowledge, this is the first study which investigated the differential expression profiles of miRNAs,
simultaneously in the cancerous tissues and serum plasma of a group of south Indian OSCC patients using
NGS and determined the dysregulated miRNA signature associated with post-surgical recurrence risk.

We identified unique signals of miRNA expression in cancer tissue and serum plasma samples from
OSCC patients in the current investigation. OSCC cancer tissues are known to be controlled by several
miRNAs that are known to be circulating and relevant as potential biomarkers. ( Hudcova, et al. 2016 ).
Ganci et al ( 2016 ) performed miRNA expression profiling on 74 OSCC and 38 normal tissues to
identify and functionally characterize miRNAs that predict recurrence in OSCC. The expression of four
prognostic miRNA signatures ( miR-21-3p, miR-21-5p, miR-96-5p and miR-429 ) was able to predict
recurrent risk independently from other clinical factors in OSCC. Among the 22 expressed miRNAs in
the present study, the following miRNAs such as hsa-miR-142-3p, hsa-miR-32-5p, hsa-miR-21, and hsa-
miR 375 were identified to be the most frequent miRNAs that were differentially expressed in OSCC
patients compared to normal tissues. Details of dysregulated miRNAs in the plasma serum of the same
group of OSCC patients had been communicated separately ( Sreekumar et al 2023 ) We found that the
mMiRNAs hsa-miR-142-3p, hsa-miR-21, and hsa-miR-32-5p had abnormally high expression levels and
hsa-miR 375 had abnormally low expression levels in OSCC patients. Also, it has been established that
OSCC that expressed hsa-miR-375 , miR-142-3p and hsa-miR-32-5p, were the most predominant
dysregulated miRNASs in the present study.

The study results showed that miR-142-3p was the most highly up-regulated miRNA in both the tissue
and plasma serum samples of patients with OSCC. In the study on differential expression of 10 miRNA in
61 primary OSCC using miRNA microarray, Manikandan et al (2016) found up-regulation and down-
regulation of a few miRNAs. However, miR-142-3p was the top up-regulated miRNA which was over-
expressed in 87% of OSCC. High expression of miR-142-3p in the plasma has been reported to correlate
with the worst outcome in OSCC patients ( Summerer et al 2015 ). This represents a promising marker
for prognosis and therapy monitoring in the plasma of OSCC patients. miR-142-3p has been implicated in
targeting 11 genes of the p53 signalling pathway. It has been hypothesized that over-expression of miR-
142-3p simultaneously induces the activation of P13K/Akt pathway and the suppression of the p53
signalling pathway.

The hsa-miR-32-5p was another predominant miRNA upregulated in tissues and sera of OSCC patients
in the current study. In addition to being a prospective option for many solid cancers, serum hsa-miR-32-
5p expression level could be a non-invasive diagnostic tool for predicting recurrence risk. Victoria
Martinez et al (2015) identified that hsa-miR-32-5p was upregulated in tumour tissues and serum of
OSCC patients and suggested the utility of hsa-miR-32-5p as a marker for in-invasive diagnosis of OCC
patients. According to earlier investigations, hsa-miR-32-5p expression was elevated in the cancerous
tissue and serum of patients with OSCC. With this information, it should not be surprising that some
cancer-associated signalling pathways such as proteoglycans and p53 signalling that are more common in
specific tissue types are regulated by hsa-miR-32-5p ( Volinia et al 2006 ). A microRNA microarray
study by Petronacci et al ( 2019 ) on 80 OSCC-affected patients and 8 healthy controls identified 80
dysregulated miRNAs ( 35 over-expressed and 45 under-expressed ). Their results also indicated that
altered expression of miR-497-5p and miR-4417 observed in OSCC, were related to the “proteoglycans
in cancer” pathway. Hence, it is presumed that hsa-miR-32-5p, not singly, but synergically with other
miRNAs might be acting to modulate disease recurrence. miR-32-5p has been reported ( Qin et al 2023 )
to enhance cell proliferation, migration and invasion and epithelial mesenchymal transformation ( EMT )
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of OSCC Dy targetting Kruppel -like-factor 2 ( KLF2 ), a tumour suppressor gene. KLF2 mediates the
regulation of CXCR4 and promotes EMT which plays vital role in the infiltration and metastasis of
OSCC. (Joseph et al 2018 ). Our results concord with Schneider et al ( 2018 ) who reported that miR-
32-5p was upregulated in tissues and serum of OSCC patients.  Although the specific mechanism of
miR-32-5p in OSCC remains unknown, it could be a potential biomarker in OSCC.

In the present study, yet another microRNA upregulated in cancerous tissues and serum plasma of OSCC
patients was miR-21. Overexpression of miR-21 has been reported to be linked to increased cellular
proliferation, aggressive behaviour and metastasis because miR-21 targets multiple genes ( Nguyen et al
2008; Wang et al 2009; Zheng et al 2018; Zhu et al 2008 ). The miRNA hsa-miR-21-5p has previously
been more abundant in cancer tissue than in healthy surrounding tissue in OSCC patients ( Yan, et al.
2008).  Earlier, the existence of differentially expressed miRNAs with chemosensitivity and
chemoresistance was reported by Yu et al ( 2010 ) in their study on cisplatin-sensitive and resistant
TSCC cell lines. Furthermore, their study identified miR-21 as chemosensitive, while miR-214 and miR-
23a were chemoresistant among the altered miRNAs ( Yu et al 2009). A study by Chan et al ( 2014 )
reported that hsa-miR-21 overexpression is inversely associated with drug sensitivity in chemotherapy
and progression-free survival. In a comparative analysis in parental and cisplatin-resistant cell lines
Ghosh et al ( 2016 ) demonstrated that chemoresistance-specific miRNA signature modulates cancer
stem-cell-like and EMT-type properties in OSCC. Since miR-21 regulates cell growth and proliferation
by targeting PTEN, its overexpression was reported to be related to activating the Pi3K/Akt pathway and
rapid cell growth ( Yan et al 2017 ). This suggested that hsa-miR-21 is an essential biomarker of survival
and response to treatment ( Yan et al 2016 ). Gissi et al ( 2018 ) analysed the expression of a panel of
MiRNAs( miR-21, miR-375, miR-345 miR-1816, miR-146a, miR-649, miR-518b, and miR-191 ) in
epithelial cells collected by oral brushing from OSCC from regenerative areas after OSCC surgical
resection and from their normal distant mucosa, using gqRT-PCR. A highly significant group difference
was found for miR-21 and miR-191. This pilot study indicated that miRNAs could be eligible as target
biomarkers for non-invasive OSCC diagnostic testing. Studies have demonstrated a negative correlation
between hsa-miR-21 overexpression, progression-free survival and chemotherapeutic treatment
susceptibility (Dioguardi, et al. 2022). Its overexpression is not a factor since anti-PTEN miR-21 is
known to control cell proliferation and development. Jhadav et al ( 2022 ) evaluated the diagnostic
accuracy of miR-21 in saliva and tumour tissue for presurgical assessment of lymph node metastasis in
OSCC patients.  They showed high diagnostic accuracy for assessment of cervical lymph node
metastasis, Our findings imply that hsa-miR-21 plays a crucial role in developing OSCC malignancy
and survival and treatment response.

In the present study, hsa-miR-375 was one of the miRNAs with the most predominant downregulated
expression in OSCC tissue samples compared to healthy normal tissues with higher expression levels.
Several researchers earlier discovered that hsa-miR-375 was downregulated in the tumour tissues of
OSCC patients. The expression of miRNA hsa-miR-375 was reported to be around ten times less
abundant in cancer tissue than in nearby healthy tissue in the study by Hudcova et al ( 2016 ). Moreover,
there was a significant link between the variability of hsa-miR-375 expression in healthy and malignant
tissues and the expression of this miRNA in the serum of OSCC patients. In the multicentric study by Yan
et al ( 2016 ), the downregulation of microRNAs including miR-375 has been associated with OSCC
recurrence in the plasma of OSCC. This study indicated that the plasma miRNA profile is altered in
OSCC during its progression and can be used to monitor the likelihood of OSCC recurrence in patients
after surgery. This implicates its role as a tumour-suppressive miRNA. In our analysis of the expression
of miR-375 in the plasma serum from patients with OSCC, we found that hsa-miR-375 was significantly
downregulated and highly correlated with early cancer recurrence. Furthermore, down-regulation of hsa-
miR-375 was associated with a greater risk of lymph node metastasis and a shorter overall survival for
OSCC patients. The matrix metallo proteasel3 ( MMP13) expression is controlled by hsa-miR-375 levels,
which results in more aggressive tumours and more significant metastatic activity ( Osako et al 2016) On
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the contrary, upregulation of hsa-miR-375 was reported to inhibit cell proliferation markedly, induce cell
cycle arrest in the GO / G1 phase, promote apoptosis ad induce radiosensitivity in OSCC cells ( Zhang et
al 2014 ). Hence, it is logical to presume that the downregulation of miR-375 in OSCC patients might
promote recurrence markers by negatively regulating the above properties. This finding is interesting
since down-regulated miR-375 may be a potential therapeutic target for OSCC patients. In the current
tumour tissues and plasma serum study, other miRNAs such as hsa-miR-199a-p, hsa-let-7a-3p and hsa-
miR-99a were down-regulated, whereas hsa-miR-29¢ and hsa-miR-141 were up-regulated in lesser
frequencies. These mMiRNAs with dysregulated expression signatures may thus also be appealing
candidates as markers for the non-invasive identification of OSCC patients.

The study by Schneider et al (2018) identified that the expression levels of miRNAs hsa-miR-21 and hsa-
miR-375 were down-regulated in the serum of patients diagnosed with oropharyngeal squamous cell
carcinoma and were highly associated with cancer recurrence. Gissi et al ( 2018 ) analyzed the
expressions of a panel of miRNAs ( miR-21, miR-375, miR-345, miR-181b, miR146a, miR- 649, miR-
518b and miR-191 in epithelial cells collected by oral brushing from OSCC from regenerative areas after
OSCC surgical resection and from their respective normal distant mucosa using real-time gqRT-PCR, A
highly significant group difference was found for miR-21( F = 6.58, p < 0.001), miR-146a ( F = 6.94, p <
0.001 ) and miR191 ( F = 17.07 p < 0.001 ) Furthermore, altered expression of miR-146a and miR-191
was observed in regenerative areas after OSCC resection. This pilot study indicated that miRNAs could
be eligible as target biomarkers for invasive OSCC diagnostic testing.

.Using microRNA microarray, Rajan et al ( 2021 ) profiled the mRNA expression in 30 oral tumour tissue
and 18 normal samples. They identified a set of 105 miRNAs to be differentially expressed in OSCC, of
which gRT-PCR validated a subset of 19 most dysregulated miRNAs. Among these, the up-regulation of
miR-196a, miR-21, miR1237 and down-regulation of miR-204 and miR-144 classified a poor prognosis
group of OSCC patients. Additionally, the miR-196a / miR-204 expression ratio emerged as the best
predictor for disease recurrence and patient survival. In the study by Choubey et al ( 2023 ) in TSCC cell
lines UMI, antisense miR-222 transfection combined with cisplatin treatment was found to reduce cell
proliferation and promote apoptosis by downregulating the PUMA gene. The observation is interesting as
it offers novel rationales for combinational therapy.

MicroRNAs induce post-transcriptional gene silencing by base pairing with a target mRNA and
interfering with its protein translation ( Liu et al 2013 ). MicroRNAs are increasingly recognized for their
greater utility than mRNAs, as prognostic indicators owing to their stability within clinical samples and
their robust expression patterns. Previous studies have cited the critical role of over-expression or down-
regulation of specific miRNAs in modulating various components related to several carcinogenic
mechanisms ranging from cell cycle alterations to angiogenesis and mechanisms of distant metastatic
dissemination. Cyclins and cyclin-dependent kinases, transcription factors, signalling molecules and
angiogenesis / antiangiogenic products have been recognized as specific targets of miRNAs ( Pekarek et
al 2023 ). According to Yang et al ( 2017 ), OSCC cells with abnormal miRNA expression evolve
different capabilities for recurrence and metastases through epithelial-mesenchymal transition ( EMT ), an
increase of migration and invasion, anoikis or gaining cancer stem cell ( CSC ) properties. As discussed
above, some of the miRNAs differentially expressed are known to be directly involved in cancer
development and progression. It was also revealed that several cancer-related pathways, especially
proteoglycans and p53 signalling were among the most significantly related pathways. It has been
documented that proteoglycans mediate many essential basic proteins associated with angiogenesis, tissue
regeneration, cell growth and motility ( Dituri et al 2022 ). Aberrant proteoglycan expression as a result of
miRNA dysregulation makes cancer cells more aggressive ( Espinoza-Sanchez & Gotte 2020;).
Moreover, proteoglycans have been reported to participate in the receptor-ligand interaction between
cancer cells and their environment, which may facilitate cell migration and increase circulating tumour
cells (Ahrens et al 2020 ). Therefore, identifying the miRNAs dysregulation and understanding their role
in the above processes will reveal the molecular mechanism of OSCC progression and yield novel
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candidates for early detection of recurrence and metastasis in post-surgical OSCC patients. This was the
main objective of the present study and it was achieved.

To sum up, we identified 22 miIRNAs ( 11 up-regulated and 11 down-regulated ) that varied in
expression levels between healthy and malignant tissues in South Indian OSCC patients. Up-regulation
of miRNAs such as hsa-miR-142-3p, hsa-miR-32-5p, has-miR-21 and down-regulation of miRNA hsa-
miR - 375 in tumour tissues were identified as the most predominant and promising candidate
biomarkers of post-surgical recurrence risk in OSCC. Same dysregulation pattern of these four miRNAs
were found in the patient’s plasma serum as well. When the miRNA expression levels in the plasma
serum were compared between recurrence and recurrence-free OSCC patients and healthy control, four
mMiRNAs ( hsa-miR-142-3p, hsa-miR-32-5p, hsa-miR-21 and hsa-miR — 375 ) showed differential
expression level between the groups.Among these miRNAs, 4 patients with hsa-miR-375 downregulation
developed early recurrence, 3 patients with miR-32-5p developed late recurrence and 4 patients with
other dysregulated miRNAs showed no recurrence post-operatively till date. In this study, hsa-miR-375
and hsa-miR-32-5p appeared as the most predominant ones associated with recurrence This emphasizes
the significance of up-regulated expression levels of, hsa-miR-32-5p, and down-regulated expression
levels of hsa-miR - 375 in the serum as non-invasive diagnostic and recurrence risk predictive biomarker
in post-operative OSCC patients. Down-regulation of has-miR-375 was predominant in early recurrence
patients, Furthermore, OSCC patients with down-regulation of hsa-miR-375 and up-regulation of miR-
32-5p, and hsa-miR-142-3p were associated with poor prognosis.

Reports on the microRNA expression profile in the tumour tissues and plasma sera of patients with OSCC
globally demonstrated differences in expression profiles among populations. Hence, the results are
consistent as well as inconsistent between other studies and the present study. This could be attributed to
the racial/ethnic differences of OSCC patients, variation in the exposure of the study subjects to the
OSCC risk factors, discrepancies in the sample size included and dissimilarities in techniques employed
for miRNAs expression analyses.

Our results, though limited by a small sample size, suggest the potential of miRNAs expression profile as
a molecular marker to predict OSCC diagnosis, prognosis and disease recurrence. This has important
implications in the mechanistic explanation for the high recurrence risk in OSCC. However, the data
must be considered with caution due to the relatively small size of the cohort. Further investigations
including biological studies and clinical verification and validity of applicability to a larger patient group
are warranted to strengthen these results. Because of this, it may be concluded that miRNA expression
signatures can be employed in future research as survival markers and perhaps even as non-invasive
biomarkers of OSCC development and post-surgical recurrence risk during follow-up. Furthermore, this
microRNA expression signature profile aids the discovery of new targeted medicines and better patient
care. Research progress in circulating miRNA detection and analysis will likely pave the way to
developing novel minimally invasive or non-invasive biomarkers for OSCC. This information could be
considered for developing novel therapeutic targets and agents for targeted therapy which could further
enhance customized patient-centred treatment, in cases where other established therapies have failed.
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