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MicroRNA-21, an oncomiR, plays a pivotal role in carcinogenesis and is upregulated
in many cancers including oral squamous cell carcinoma (OSCC). Use of smokeless tobacco (ST)
products and cigarettes smoking in causation of OSCC is well established. This study sought
to reconnoiter miR-21 expression in relation to smoking and chewing habits among subjects
with oral cancer. Methods After gaining approval from IRB of Ziauddin University, analysis
of miR-21 expression was conducted in 100 biopsy proven OSCC cases and 100 controls. All
participants gave informed written consent after which venous blood sample was collected.
gRT-PCR (Quantitative real-time Polymerase chain reaction) was performed to check miR-21
expression. SPSS Version 24 was used for analyzing the data. Results Consumption of ST was
reported by 85 % and 63% were smoking cigarettes. miR-21 expression was significantly higher
among smokers and those addicted to ST products, p<0.001. Subjects addicted to gutka chewing
and those using more than one chewable product showed significant upregulation of miR-21,
p<0.05. Amount of ST product use and smoking cigarettes was found to be positively correlated
with miR-21expression. Conclusion Our study provides the evidence that use of ST products
and cigarette smoking trigger miR-21 which in turn potentiate carcinogenesis in OSCC.
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Cancers are at a rise. It is worrying to
note that 1 in 5 men and 1 in 6 women will end
up developing cancer in their lifetime. More than
half of the global burden of cancers is contributed
by Asia. It is further disturbing to note that Asian
countries contribute more to global cancer related
mortality than incidence. For 2018, 57.3 % of
global cancer related mortality was contributed by
Asia whereas it added 48.4% to global incidence.

Asian countries including Pakistan have
a remarkably high incidence of Oral squamous
cell carcinoma (OSCC). A sudden shift from a
less common cancer worldwide to second most
common cancer after breast is reported in Pakistan.
A significant rise in incidence is witnessed from
12761(8.6%) in 2012 to 18,881(12.72%) in 2018.
2 Despite maintaining a stable rank as second most
common cause of cancer related death in Pakistan,
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proportion of people dying is increasing as evident
by a rise from 7.2% (7266) in 2012 to 13.07%
(13351) in 2018. Interestingly a slight decline in
both incidence 16959 (9.5%) and mortality 10,617
(9.1 %) is observed in International Agency for
Research on Cancer, Globocan 2020 reports.
However, it may be due to under reporting of cases
in the setting of lockdown imposed by COVID-19.
3

Nearly half of the patients are diagnosed
in Stage III and IV throughout the world. Advanced
stage linked to a poor prognosis is a well-
established fact.* Seo et al collected data from a
single institute to analyze the changes in disease
pattern and treatment provided over a period of 30
years and did not observe any change in stage of
presentation which remained IV throughout this
period. 3%’

Diagnosis at an advanced age is linked
to poor survival. ® Stage at diagnosis is the key
determinant of prognosis as evidenced by an 80%
S-year survival for localized disease’ which drops
to 50% or less in advanced stage.'

A direct dose response association between
tobacco products and OSCC has been consistently
observed. Cigarette smoking accounts for 47%
of oral cavity cancer related deaths. Smokeless
tobacco in the form of various chewable tobacco
products contributes to observed incidence and
prevalence in Southeast Asia. A survey conducted
in 2015 covering 121 countries found 351.9 million
people were consuming ST products and around
90% consumption was reported in South Asia. !

To evaluate the impact of smokeless
tobacco in OSCC causation, Asthana et al
conducted a meta-analysis based on data collected
on researches conducted between 1960 to 2016
from four WHO regions. Analysis was based on
37 case control/cohort studies which met selection
criteria. ST led to increases risk of OSCC which
was most significant in Southeast Asia Region
(SEAR) having a relative risk of 4.44, followed
by Eastern Mediterranean Region (EMR) having
a relative risk 1.28. Risk of various ST was also
calculated showing highest risk with gutka intake,
relative risk of 8.67, followed by pan tobacco/betel
quid having a risk of 7.18."

ST products is a rich source of many
carcinogens including Tobacco Specific
Nitrosamines (TSNAs). ST is linked to a variety

of systemic and oral disorders, including head
and neck malignancies. According to estimates,
seventeen million people use smokeless tobacco
in Pakistan. In Pakistan’s 2014 Global Adult
Tobacco Survey (GATS), 12.4% of adult tobacco
users reported smoking, while 7.7% reported using
smokeless tobacco. The most popular ST products
in Pakistan are paan which is a tobacco and betel
nut product (7.4%), naswar (7.2%), and gutka
(6.4%)." Gutka is one of the most used products
and its constituents include areca nut, tobacco,
catechu and slaked lime. It is loaded with tons
of carcinogens'*"*which promote inflammation,
oxidative stress,'® DNA damage, apoptosis, and
cell proliferation. Genotoxic effects stem from
tobacco and areca nut specific nitrosamines
which are pro-carcinogenic. Due to lack of
awareness, common people consider it less harmful
compared to smoking tobacco leading to its higher
consumption.!” In addition, low cost, easy access,
artificial flavors and tempting packaging are added
reasons for its higher consumption.'®

The interplay between these risk exposures
and various genetic and epigenetic factors is largely
responsible for carcinogenesis. Mutations in
protein coding genes have been considered main
driver of mutagenesis until discovery of miRNAs
(micro RNAs)."”” miRNAs function as important
players because of proximity of their genes to
chromosomal break points.

miRNAs have transformed the research
landscape and attained substantial research focus.
Capability of miRNAs as genomic signatures for
OSCC is magnifying steeply as more research
is adding. Their stable detection in circulation,
potential of discriminating various tumor traits,
promise in predicting survival and foreseeing
treatment response brands them as ideal diagnostic,
prognostic, and predictive biomarkers. Based
on their ability to regulate several genes, their
therapeutic potential should not come as a
surprise. Another tempting feature of miRNA is
its capability of regulating multiple genes and
oncogenic pathways which gives it an advantage
over therapeutics targeting a single oncogene
ending up in a suboptimal response.

Small size, and trivial quantity in
available samples makes miRNA detection a
challenging task necessitating development of
advances in miRNA extraction, amplification,
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and detection strategy. Moreover, miRNA differ
from each other by only one or two nucleotides
demanding precision in developing detection
assays. Currently we are relying on conventional
methods for miRNA detection. The earliest method
used for miRNA detection was Northern blotting
which is relatively time consuming and difficult
to perform in samples having low abundance of
miRNA making it less sensitive, However, it has
far greater specificity in identifying miRNAs.
Following this qRT-PCR emerged as most
reliable and effective method used for miRNA
profiling. It has a higher sensitivity and specificity
and allows quantification of individual assay.
However, normalization of miRNA expression
by using suitable reference or housekeeper gene
following qRT-PCR is mandatory. Microarrays
and deep sequencing are another technique which
allows profiling of numerous miRNAs (~1000
miRNAs) simultaneously using lesser amounts
of total sample. It involves hybridization between
samples and microarrays. These microarrays are
provided with probes for each identified miRNA
from the Sanger miRbase public database. A major
limitation of this technique is that prior sequence
information is required to synthesize the probes.
Moreover, it is essential to use positive and
negative control probes to aid normalization and
provide absolute reference.”!

Present study is designed to ascertain
the effect of smoking and ST products use on
miRNA-21 expression in patients with OSCC.

METHODOLOGY

This case control study was conducted
at Department of Oncology, Ziauddin University,
Karachi, Pakistan between 2013 to 2017.
Institutional Review Board of Ziauddin University
approved the project ERC#0410612NMPATH.
Hundred cases and controls were recruited after
obtaining informed written consent. Pathologically
confirmed subjects with OSCC were included as
cases and healthy age and sex matched individuals
who were nonsmokers and did not consume ST
products were included as controls. Existence of
comorbidities including hypertension, diabetes and
cardiac pathologies was considered as exclusion
criteria. OpenEpi software was used to calculate
a sample size. At a confidence level of 99 % and

power of 95 %, a sample size was of 100 cases and
100 controls.

Detailed history, physical exam and
chart review was conducted to document
sociodemographic profile, tumor characteristics,
grade, and stage of disease.

Sociodemographic variables registered
included gender, age, habits of smoking, use of
various ST including consumption of pan, chalia,
naswar and Gutka. A smoker was defined as a
subject who smoked cigarette, huka, pipe, cigar,
or bidi daily for at least one month. A subject was
labeled habitual chewer if he/she used any form
of chewable product like pan, chalia, gutka, or
naswar daily for at least one month. Frequency and
duration of smoking and ST products was recorded.

The anatomical site of the tumor was
categorized according to ICD-10 ** and stages
were assigned according to American Joint
Committee on Cancer (AJCC) staging criteria. %
Tumor grading was done as defined by Broders’s
classification.*

For nucleic acid extraction, kit was
ordered from Favorgen. Total RNA was extracted
as guided by protocols provided with the kit. The
purified RNA was reverse transcribed immediately
to cDNA by Revert Aid First Strand cDNA kit from
Thermo scientific, USA. The first strand transcribed
was used for further miRNA analysis using miRNA
specific stem loop primers. miR-21 expression
was checked on CFX 96 Real Time PCR machine
from BIORAD using SYBR green PCR kit from
Thermofisher to detect fluorescence. Detailed
methodology including primer sequence and
thermal profiles has been explained by Mahmood
etal.®

For normalization of data, mirl6
expression was used as endogenous control (Wei
et al., 2011) and cel-mir-39 spike in was used as
exogenous control. cel- mir-39 is spiked in as
positive control before cDNA synthesis and it gives
an estimate of reverse transcription efficiency.

Using SYBR green fluorescence
quantitative PCR reagent kit, each sample was
analyzed in duplicate and appropriate negative
controls were included. The 13 pul PCR volume
for amplification included 2l of cDNA, 6. 5 pl of
SYBR Green real-time PCR Master mix, 1.5 pl of
primer and H,O 3pl. The reactions were incubated
at 95°C for 3 min, followed by 40 cycles of 95°C



392

for 5 s, 62°C for 35 s in which fluorescence was
acquired. Rox was used to control for background
noise on PCR program. At the end of the PCR
cycles, melting curve were generated.

miR-21 expression was calculated as cycle
threshold (Ct) on qT-PCR. Where Ct is the cycle
number when fluorescence is first detected. The
fold change of miR-21 was calculated utilizing the
2-% 3% Ct method.
Statistical analysis

SPSS software package SPSS (Version
24.0; SPSS Inc. Chicago, IL, USA) was used to
conduct all statistical analysis. Chi square test was
applied to compare nominal and ordinal variables
between groups. Mean with standard deviation was
derived for all continuous variables and comparison
among groups was examined using Student’s t-test.
One-way analysis of variance (ANOVA) followed
by post hoc Tukey test was used to compare
symmetric continuous variables among groups.
Significance was set at P-value of <0.05.
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RESULTS

Two hundred subjects were studied
including one hundred cases and 100 controls.
Mean age at presentation was not significantly
different between cases (45.12+ 12.42 years) and
controls (44.22+ 12.27 years), p=0.530.

Among cases, 36 were below 40 years of
age and 64 were above 40. A higher percentage of
males was recorded among cases (69% vs.31%,
p = 0.003). Proportion of males was reported to
be higher (4.2:1) among subjects less than 40 as
compared to patients older than 40 (1.6:1).

Educational level was grouped as
illiterate, primary and secondary education or
above. In our participants, one was illiterate, 24 had
primary level of education and 75 had secondary or
above level of education. ST products use and the
clinico-pathological variables of cases is described
in Table 1.

Table 1. Association of ST use with clinico-pathological variables of OSCC

Characteristic Smokeless Tobacco use
Yes No P value
Age (years) 4579+ 11.8 42.82 £11.9 0.202
Gender Male 58 11 0.475
Female 27 4
Tumor size T1 & T2 39 11 0.05
T3 & T4 46 4
Nodal involvement Yes 81 12 0.032
No 4 3
Metastasis Yes 5 2 0.297
No 4 3

N: number of cases, T1&T2: tumor size d” 4cm, T3 &T4: tumor size> 4cm

Table 2. Association of smoking and smokeless tobacco use with miR-
21 expression

N (%) miR-21 P value

Mean £SD
Smoking Habits
Smoker 63 290.8+4.8 <0.001%**
Non-Smoker 137 33.1+4.9
Smokeless Tobacco Use
Chewers 85 292+ 5.0 <0.001%**
Non chewers 115 342+39

N: number of cases, ** p<0.001, a low miR-21 level suggest higher expression.
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Influence of various habits on studied markers

Smoking cigarettes was reported by
63% of patients whereas 37% denied smoking.
85% subjects were habituated to use chewing
preparations with a major number consuming
more than one chewable product. On an average,
smokers were consuming 16.6+ 5.6 cigarettes a
day for an average of 16.7+ 6.5 years.
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Subjects consuming various ST products
were using an average of 9.1+ 3.8 times a day
for 28.7+ 10.8 years. Figure 1 shows heat map
generated showing frequency per day and duration
of cigarette smoking and chewing formulations for
all cases.

Caseno

Noof cigg/day
Years since smoking
Years since chewing
Frequency of chewing

Heat map generated for frequency and duration of smoking and chewing. Color codes denotes variables presented in rows. Color
scale from light to dark blue represents increasing number as the intensity of color increases.

Fig. 1. Heat map displaying frequency and duration of smoking and chewing
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Fig. 2. miR-21 expression among different ST products users



MAHMOOD et al., Biomed. & Pharmacol. J, Vol. 16(1), 389-398 (2023) 394

ROC Curve
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Fig. 3. Receiver operating characteristic (ROC) curve analysis for discriminating ST users from non-users based
on miR-21 expression

Association of miR-21 with smoking and
chewing habits in OSCC

To investigate association of smoking
with miR-21, mean and standard deviation was
calculated and comparison made using Student’s
t-test. To explore the association of various chewing
habits with miR-21, mean and standard deviation
for each habit was calculated and analyzed via
one-way ANOVA. Our results showed a significant
difference in miR-21 expression among groups,
p<0.001 as shown in Table 2. Post hoc Tukey
test confirmed a higher expression of miR-21 in
subjects addicted to gutka chewing and those using
more than one chewable product compared to other
groups as shown in Figure 2.

Pearson’s correlation was calculated
to compare correlation between miR-21 and
frequency and duration of smoking and various
chewing habits. A positive correlation between
miR-21 expression and amount of smoking was
witnessed, r2=0.375, p<0. 001.Increasing amount
of ST use was linked with increasing miR-21
expression, r=0.650, p<0.001.

Receiver operating characteristic (ROC)
curve was generated through SPSS. Discriminating
potential of miR-21 for ST use was analyzed and
it gave area under the curve of 0.80, p<0.001
suggesting potential of miR-21 to discriminate ST
users from non-ST users as shown in Figure 3.



395 MAHMOOD et al., Biomed. & Pharmacol. J, Vol. 16(1), 389-398 (2023)

DISCUSSION

Consumption of ST is a common practice
in south Asia and a wealth of literature can be
extracted to confirm how it has contributed to high
incidence and prevalence of OSCC in this region.
To our knowledge no research has been conducted
in Pakistan to explore the effect of smoking and
ST on miR-21 expression in OSCC either on
tissue biopsy or liquid biopsy. In present study we
investigated upregulation of miR-21 among OSCC
cases and subsequently explored its association
with smoking and use of various ST products.
Our results indicated miR-21 upregulation in
patients as compared to normal healthy age and
sex matched controls. These findings are consistent
with findings of previous reports. 2622

We further reported that smokers and ST
products users had miR-21 upregulation. Among
various chewable products, gutka consumption
and use of more than one product had the most
significant association with miR-21. Gutka is
known to have numerous pro-carcinogens.'
Possibly such pro-carcinogenic ingredients of
gutka turn on miR-21, which is an oncogenic
miRNA, hence propagating the carcinogenic
cascade.

Like our findings Sing et al observed
an upregulation of miR-21 in OSCC patients.
However, in contrast to our study they compared
OSCC cases to both premalignant cancers and
healthy controls and observed higher expression
in OSCC compared to premalignant lesions
suggesting a potential role in early diagnosis.
However, a small sample size of only 20 OSCC
cases, 20 premalignant lesions and 40 healthy
controls limits the strength of study.?

Similar results were reported by Ren et
al, who investigated circulating miR-21 in a set
of 90 subjects including 58 OSCC patients and 32
healthy volunteers. They observed significant over
expression in patients compared to controls. They
further compared tissue expression in 10 patients
having highest miR-21 expression and observed a
positive correlation between tissue and circulating
miR-21. This step further validated that circulating
miR-21 mirrors tissue expression and can be used
as less invasive alternative source of biomarker .**

Zahran et al investigated miR-21
expression in saliva of patients with OSCC. In a

cohort of 100 subjects including 20 each OSCC,
premalignant lesions with dysplastic changes,
premalignant lesions without dysplastic changes,
recurrent aphthous ulcers and healthy controls, a
significantly high expression was seen in OSCC and
premalignant lesions with dysplastic changes.**An
upregulation of miR-21 in graded manner clearly
explains its role in oral carcinogenesis. It is further
interesting to note that a recent study found a
direct link between miR-21 and BCL2 anti-
apoptotic gene. It was experimentally validated
that miR-21 upregulation led to suppression of
BCL2. Upregulation of BCL2 led to inhibition of
miR-21, an effect synergistic with antagomir -21.%'
This provides a new therapeutic approach towards
cancer treatment and is expected to improve
survival by hitting the right target.

It can be explained by the fact that
Yan et al found upregulation of miR-21 in oral
submucosal fibrosis tissue as compared to normal
tissue. They further studied role of arecoline,
found in areca nut which is most widely consumed
smokeless tobacco product on miR-21 expression
in Buccal mucosal fibroblasts. Exposure of buccal
mucosal fibroblasts to increasing concentrations
of arecoline led to a significant upregulation in
miR-21. The upregulation in miR-21 was linked
to TGF-a activation which was experimentally
validated. To confirm their findings, they used
miR-21 inhibitors and observed arecoline induced
myofibroblast activation was abolished. Induction
of fibrogenic response by miR-21 has already been
established by many studies. It has been shown to
facilitate extracellular matrix deposition. It may
be concluded that miR-21 acts synergistically
with arecoline to upregulate fibroblastic activity
and collagen deposition.** Myofibroblasts have
been experimentally validated to promotes matrix
invasion, perineural invasion, muscular invasion,
and trans-endothelial migration.*® The fact that
antagomir-21 was able to eliminate myofibroblast
activation is very satisfying and paves a path for
researchers to validate and implement this finding
as a step towards targeted therapy.

Bhat et al investigated effect of cigarette
smoke and smokeless tobacco extract on
immortalized keratinocytes. They observed that
such exposure led to increased cell scattering an
important feature of tumor cells. Moreover, it
was observed that these treated cells displayed
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differential expression of set of novel miRNAs
suggesting the effect of tobacco is mediated
via miRNAs dysregulation and this synergistic
effect turned out to be a recipe of making cells
malignant.*

We also observed that magnitude of
smoking led to upregulation of miR-21. Likewise,
Ali et al studied salivary miR-21 level in a group
of 40 patients including 20 smokers and 20
nonsmokers and they concluded an upregulation
of miR-21 among smokers.**

Emerging miRNA therapeutics are paving
the way as a new promise for cancer treatment that
remain intangible yet powerful tool. Introduction
of anti-miR-21 antagomir based therapeutics as
personalized medicine and monitoring response
is expected to step forward towards personalized
treatment in OSCC.

CONCLUSION

In the present study we could naked a
positive correlation of miR-21 expression with
amount of smoking and ST. A significant up
regulation of miR-21 was seen among gutka users
and subjects using more than one ST product.
Additional large-scale studies are expected to
validate the existing data.

Limitations

Study collected data from oncology
department of single center in Karachi. The type of
ST products used in different regions of Pakistan
is different where Pan and gutka are commonly
used in Karachi whereas naswar is a popular
product in Khyber Pakhtunkhwa. Hence, multi-
centric data from all regions is likely to give more
precise picture. Moreover, all smokers and ST
product users had OSCC hence including a group
of smokers and ST product users free from any
premalignant or malignant disease would give a
more scrupulous association between miR-21 and
OSCC.
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