
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Zaidi et al. BMC Oral Health          (2024) 24:780 
https://doi.org/10.1186/s12903-024-04501-5

BMC Oral Health

*Correspondence:
Saima Saleem
saima.saleem@kibge.edu.pk

Full list of author information is available at the end of the article

Abstract
Background This study delves into the intricate landscape of oral cancer, a global concern with a high incidence in 
Asian countries. We focus on oral squamous cell carcinoma (OSCC), primarily driven by the consumption of betel nut 
and its derivatives. OSCC often arises from premalignant lesions like oral submucous fibrosis (OSF). In Pakistan, OSCC 
is prevalent among men due to various addictive substances, including smokeless tobacco and chewing materials. 
Mutations in tumor suppressor genes, such as TP53 and p21, play crucial roles in this malignancy’s development. We 
also explore the involvement of TUSC3 gene deletion in OSCC and OSF.

Methods In this study we investigated demographics, TUSC3 gene expression, deletion analysis, and TP53 and p21 
genetic alterations in OSCC and OSF patients (blood and tissue of 50 samples in each condition) who had tobacco 
derivates usage history. The association analysis was carried out mainly through PCR based genotyping.

Results The study’s patient cohort (OSCC and OSF) displayed a wide age range from 13 to 65 years (Mean = 32.96 
years). Both conditions were more prevalent in males, with a male-female ratio of approximately 2.5:1. Chewing habits 
analysis revealed high frequencies of gutka use in both OSF and OSCC patients. TUSC3 expression analysis in OSCC 
cell lines indicated significant downregulation. Genotyping showed no TUSC3 deletion in OSF cases, but a deletion 
rate of over 22% in OSCC tissue samples. Analysis supported a significant association of TUSC3 deletion with OSCC 
development but not with OSF. Polymorphism in p53 exon 4 and p21 (rs1801270) were significantly associated with 
both OSCC and OSF, adding to their pathogenesis. Our findings further revealed a strong correlation between TUSC3 
deletion and the excessive use of tobacco and related products, shedding light on the genetic underpinnings of 
OSCC development.

Conclusions Notably, our study provides a crucial insight into genetic aspects underlying OSCC and OSF in response 
of addictive consumption of areca nut, betel quid, and tobacco derivatives. A significant association between TUSC3 
deletion and OSCC development, along with polymorphisms in TP53 and p21, underscores the importance of further 
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Background
Oral cancer is sixteenth ranked cancer of the world. 
More than 60% of oral cancer cases are reported from 
Asian countries. According to GLOBOCON statistics of 
2022 among 185 countries, the incidence of oral cancer 
is 2% with mortality of 1.9%, the occurrence was found 
quite frequent in males especially of Asian region [1]. 
Approximately, 90% of oral cancers are oral squamous 
cell carcinoma (OSCC) [2], the cancer of the squamous 
cells present in the mucosal lining of the oral cavity [3]. 
Epidemiology based studies suggest that the one primary 
cause of OSCC development is the chewing of betel nut 
or its derivative materials [4, 5]. It has been observed 
that OSCC originates from pre-cancerous lesions of oral 
cavity known as oral potentially malignant disorders [6]. 
Oral submucous fibrosis (OSF) is a premalignant condi-
tion of oral cancer which may develop due to excessive 
use of chewing materials [7]. In OSF, a fibrous condi-
tion is developed in squamous cells of the oral cavity as 
a result of excessive deposition of collagen. Up to a quar-
ter of OSF cases have shown epithelial dysplasia and have 
about 5.6–9.13% tendency to malignant transformation 
[8].

In Pakistan, OSCC is the most common malignancy 
in men. As it is a multifactorial disease, most cases share 
a common history of addictive materials like tobacco 
smoking, smokeless tobacco, areca nut and betel quid, 
and other chewing materials [9]. Their long term use 
leads to various types of oral cancers [10]. Chewing 
materials are available with different names according to 
their preparations; these are paan, chaliya, niswar, gutka 
and manpuri. These materials can be homemade or 
available commercially. The preparation of these chew-
ing materials diverges according to products. Paan is 
locally prepared with a combination of different flavors 
and ingredients. Niswar is a kind of dipping tobacco pre-
pared by crushing the fresh tobacco leaves with wood ash 
and calcium oxide. Gutka is a form of crushed areca nuts 
coated in tobacco and sweet agents. Manpuri is a pow-
dered form of areca nuts and tobacco with slaked lime 
[11].

Many studies reported that mutations of tumor sup-
pressor genes are one of the main causes of conversion 
from a premalignant condition to malignancy. These 
alterations are a result of a cascade of biochemical and 
histopathological changes [12]. There are multiple genes 
reported whose genetic changes may induce such conver-
sion, like TP53, p21, and Tumor Suppressor Candidate 

(TUSC3) genes. TP53 and p21 have a well-established 
role in OSCC origination [13–15]. TP53 is a tumor sup-
pressor gene essential for preventing cancer formation 
and progression. It governs the cell cycle and promotes 
programmed cell death (apoptosis) in cells with damaged 
DNA. When cells encounter DNA damage, TP53 is acti-
vated. It can either temporarily halt the cell cycle to allow 
DNA repair or trigger cell death if the damage is irrepara-
ble. Mutations in TP53 are common genetic alterations in 
various cancers, including oral cancer. These mutations 
are closely linked to tumor development and advance-
ment [16]. However, p21 is a cyclin-dependent kinase 
inhibitor (CDKI) protein that acts as a cell cycle regula-
tor. It can inhibit the activity of cyclin-dependent kinases 
(CDKs), which play a role in cell cycle progression. p21 is 
also recognized as a downstream target of TP53. When 
TP53 is activated due to DNA damage or other stress 
signals, it can stimulate the expression of p21. p21 has 
a function in blocking the cell cycle at the G1 and G2 
checkpoints, providing time for DNA repair and stopping 
the replication of damaged DNA. It is a vital mediator of 
TP53’s cancer-suppressing function [17].

However, TUSC3 gene, present at chromosome 8, 
shows its candidature in the development of different 
cancers such as ovarian, colorectal, pancreatic [18], pros-
tate [19], esophageal and pharyngeal cancers [20]. Previ-
ously this gene was known for its functions in learning 
and memory and is an active member of magnesium ion 
regulatory system in nerve cells. It encodes a 348 amino 
acid protein with an N-terminal and 4 transmembrane 
domains which are present within the endoplasmic 
reticulum membrane. TUSC3 encoded protein is mainly 
responsible for the N-glycosylation and maturation of 
nascent proteins [21]. Deletion or suppression of TUSC3 
is ultimately responsible for immature proteins which 
may create stressed condition for the cell, which leads to 
abnormal function and growth.

In the current study, we analyzed the association of 
TUSC3 gene deletion, TP53 genetic alterations and p21 
point mutation (rs1801270) in the development of the 
disease in OSCC and OSF patients.

Materials and methods
Sample collection
A total of 150 subjects were recruited in the study; 50 
confirmed diagnosed cases of OSF and OSCC each, 
and 50 healthy individuals. After an informed consent, 
a tissue of 5 mm was surgically collected from OSF and 
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OSCC patients. Similarly, 5 ml of blood were phleboto-
mized from all participants of the study, in an acid citrate 
dextrose (ACD) containing vacutainers. Samples were 
stored at -80 °C till further procedures.

DNA extraction and quantification
DNA from peripheral blood and tumor was isolated by 
standard phenol chloroform extraction protocol and 
digestion by proteinase K. Extracted DNA samples were 
dissolved in TE buffer as per the size of the pellets. Quan-
titative analyses of DNA were performed by Nanodrop 
analyzer (IMPLEN NanoPhotometer® P-Class, Germany). 
One µl of each sample was placed on the sample rod and 
the respective cap was used to measure 260/280 ratio. 
Those samples which gave optical density between 1.7 
and 1.9 were considered pure.

Cell culture
Expression of TUSC3 gene was carried out on 
HGF1(ATCC® CRL2014™) and CAL 27 (ATCC® 
CRL2095™) cell lines. The maintenance and culture of 
HGF1 and CAL 27 was done in Gibco® Dulbecco’s Modi-
fied Eagle Medium (DMEM) supplemented with 10% 
Fatal Bovine Serum (FBS), sodium pyruvate, penicillin, 
and streptomycin at 37 °C and in a humidified condition 
under 5% CO2 in the biosafety level II cell culture facility 
of PCMD, ICCBS, University of Karachi. Fresh medium 
was added after every third day and sub-culturing was 
carried out by trypsinization once cells were 70–80% 
confluent. Cell morphology and conditions were regu-
larly monitored by phase contrast microscope (Eclipse 
TE 2000-S, Nikon, Japan).

Immunofluorescence
For further validation of TUSC3 expression in both 
cell lines, immunostaining was carried out. First a well 
containing cells was washed twice by PBS followed by 
fixation in 4% paraformaldehyde for 15  min at room 
temperature. Again, cells were washed with PBS twice 
and 0.1% triton x-100 was added for 10 min followed by 
rinsing twice in PBS. Cells were incubated in 2% bovine 
serum for 30 min at room temperature followed by wash-
ing and incubation with primary antibody against TUSC3 
(D-9): sc-390,566 (SANTA CRUZ BIOTECHNOLOGY, 
INC) in 1:500 dilution overnight at 4  °C. Antibody was 
aspirated and cells were washed twice with PBS, and then 
incubated with secondary antibody Alexa Flour goat anti-
mouse 546 for 1  h at room temperature in dark. It was 
followed by PBS rinsing, twice and incubating the cells 
with 1 µg/ml DAPI. Cells were mounted and analyzed for 
immunofluorescence with fluorescent microscope (TE 
2000-S, Nikon, Japan).

qPCR
Total RNA was extracted by using TRizol, followed by 
cDNA synthesis by RevertAid First Strand cDNA Synthe-
sis Kit (Thermo Scientific, USA), according to the manu-
facturer’s guidelines. Relative gene expression of TUSC3 
gene in HGF1 and CAL 27 cell lines were evaluated by 
qPCR. In this reaction, beta actin was used as a reference 
gene and HGF1 as control cells. The reaction was carried 
out in qPCR machine (Agilent technologies stratagene 
MX3000P). Reaction conditions are 95 °C for 10 min, and 
40 cycles of 95 °C for 30 s, 53 °C for 1 min and 72 °C for 
1 min.

PCR for TUSC3 deletion
TUSC3 gene deletion was detected by using a strategy 
of PCR to validate PCR reaction and internal control, 
beta globin was used. Sequence of both the genes was 
retrieved from online database i.e., Ensembl (https://asia.
ensembl.org/index.html). Exon specific primer designing 
of conserved regions was done by using Primer3 software 
(http://primer3.ut.ee/). Primers for TUSC3 (TUSC3 F: 
5’ C C T C T G G A A A A C C A C T T G G A3’, TUSC3 R: 5’ C G 
A A C A G T T T T C T C T A T G C A A G G3’) that gives 400  bp 
product and beta globin (BG F: 5’ C A A C T T C A T C C A C 
G T T C A C C3’, BG R: 3’ G A A G A G C C A A G G A C A G G T 
A C5’) which gives 268  bp product, were commercially 
prepared by MOLEQULE-ON, New Zealand. Primers 
were reconstituted in 100 µM concentrations for PCR. 
Multiple concentrations and conditions were used dur-
ing optimization of both genes in single reaction. The 
optimal concentration of reagents was; 4 µl of 50 ng/µl of 
genomic DNA, 12.5 µl of 2X Master Mix (MOLEQULE-
ON, New Zealand), 0.25 µl of each 0.2 µM primers (i.e., 
TUSC3 F, TUSC3 R, BG F and BG R) and 7.5 µl of Milli 
Q water for volume make up to 25 µl per reaction. The 
reaction was followed by PCR steps which include first 
denaturation for 10 min at 94 °C, 35 cycles (94 °C for 30 s, 
62  °C for 30 s and 72  °C for 30 s) and final extension at 
72 °C for 7 min. Amplification products were run at 1.5% 
of agarose gel. Research grade agarose (MOLEQULE-
ON, New Zealand) was dissolved in 100 ml of 1 X TBE 
buffer. A 5 µl of amplified product was loaded in the well 
and run at 100 V for 45 min. Gel documentation system 
(FastGene® FAS V, nippon genetics Germany) was used 
to analyze results of electrophoresis.

ARMS PCR for p21 (rs1801270) Genotyping
Genotyping of rs1801270 was carried out through 
tetra primers amplification refractory mutation sys-
tem (T-ARMS) PCR. For this, two pairs of primers were 
designed in which one pair was simple primers against 
targeted region and other pair was allele specific primer 
i.e., C and G (Fig. 1A). The sequences of common primers 
are; outer forward; 5′- G T C A C C T G A G G T G A C A C A G C 
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A A A G C C C G G-3′ and outer reverse; 5′- G C C C C G T G G 
G A A G G T A G A G C T T G G G C A G-3′, while sequences for 
allele specific primers are; inner forward: 5′- G C C C A G 
T G G A C A G C G A G C A G C T G G G A-3′ and inner reverse: 
5′- C C C G C C A T T A G C G C A T C A C A G T C G T G G-3′.

PCR for p53 amplification
Conventional PCR was used to amplify exon 4 of p53. A 
set of exon specific primers was designed; exon 4 forward 
primer 5’- T G C T C T T T T C A C C C A T C T A C-3’ and exon 
4 reverse primer 5’- A T A C G G C C A G G C A T T G A A G T-3’. 
An optimized concentration and volume of reagents were 
used to prepare 50 µl of reaction (200 ng of gDNA, 5 µl 
of 10X PCR buffer, 4 µl of 2.5 mM dNTP mix, 0.5 µl of 
20 µM of each primer, 0.2  µl of 5U of Taq polymerase, 
and 5.8  µl of nuclease free water), followed by thermal 
cycles at; first denaturation at 94 °C for 4 min, 30 cycles 
(denaturation 94  °C for 30 s, annealing at 61  °C for 35 s 
and extension at 72 °C for 30 s), second hold at 72 °C for 
7 min, and storage at 4 °C until next step.

DNA sequencing
Amplified products of p53 exon 4 and p21 were purified 
and sent for commercial Sanger sequencing (MoleQule-
ON, Auckland, Newzeland).

Data analysis
The resulting data were statistically analyzed with Chi 
square χ2 tests in order to investigate association between 
demographics and lesions studied, using, GraphPad 
Prism version 8.0 and odds ratio by an online free avail-
able software MedCalc. (https://www.medcalc.org/calc/
odds_ratio.php). The sequence data was analyzed by 
Molecular Evolutionary Genetics Analysis Version 7.0 
(MEGA 7) was used. The p value < 0.05 was considered as 
significant.

Results
Demographics
Age distribution
The age of all patients (OSCC and OSF) was found exten-
sively distributed between 13 and 65 years with mean of 

Fig. 1 Genotyping of p21 rs1801270 in OSF and OSCC Samples; (A) Schematic diagram of T-ARMS PCR product explanation for rs1801270. (B) Represen-
tation of band visualization of T-ARMS PCR products of rs1801270 on agarose gel. (C) Electrophorogram representing the rs1801270 polymorphism. (D) 
Genotypic frequency of homozygous C/C and heterozygous C/A in OSF and OSCC samples compared with controls
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31.96 years. The cluster of patients was observed between 
20 and 40 years of age (Fig. 2A).

Gender distribution
When OSF and OSCC patients were distributed accord-
ing to gender, it was found that both the conditions were 
more frequent in males as compared to females (Fig. 2B). 
Overall Male-female ratio among recruited patients was 
almost 2.5:1 (Fig. 2C).

Addicts distribution
Patients were distributed according to their chewing hab-
its. It showed that in both conditions i.e., OSF and OSCC, 
the percentages of gutka users were very high (42.8 and 
30 ) followed by manpuri (20 and 20), Niswar (5.7 and 

23.4), Chaliya (15.1 and 4.2), paan (14.4 and 8.4) and oth-
ers (2 and 13.8) (Fig. 2D).

Expression analysis of TUSC3 gene in cell culture settings
We analyzed the expression of TUSC3 in established cell 
lines of oral cancer (Cal-27) against normal cells (HGF-
1), to check whether this gene has some different pattern 
of expression in both conditions or not. We found a sig-
nificant evident that the expression of TUSC3 was signif-
icantly decreased in cancerous conditions at protein and 
transcript level which indicates the deletion of TUSC3 
deletion (Fig. 3A & B). These results support our hypoth-
esis that in clinical patients of OSF and OSCC might have 
deletion of TUSC3.

Fig. 2 Demographics: (A) Age Distribution of recruited participants. (B) Gender Distribution of recruited participants according to condition type. (C) 
Overall gender distribution of recruited participants. (D) Distribution of recruited participants according to their chewing addictions. *: P < 0.05; **: P < 0.01
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Analysis of TUSC3 deletion in OSF samples
Frequency distribution
Genotyping of TUSC3 was performed by using multiplex 
PCR. Under optimized conditions with specific prim-
ers for TUSC3 and beta globin, it gives two products of 

400 bp and 268 bp, respectively, while deletion of TUSC3 
showed single band of 268  bp i.e., the band of internal 
control (Fig. 3C). The genotyping of TUSC3 was carried 
out in blood and tissue samples of 50 individuals who 
were clinically diagnosed as OSF patients along with 50 

Fig. 3 Analyses of TUSC3 expression in Cells and genetic deletion in clinically confirmed cases;(A) Immunofluorescence images of HGF-1 cells and Cal27 
cells for TUSC3 expression. (B) Relative expression of TUSC3 in HGF-1 cells and Cal27 cells. (C) Bands representation of PCR product for TUSC3 and beta 
globin for deletion analysis on agarose gel. (D) Genotypic frequency of TUSC3 in OSF Samples. (E) Genotypic frequency of TUSC3 in OSCC Samples. Bars 
represent Standard deviation of data; *: P < 0.05; ***: P < 0.001
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healthy individuals i.e., controls. Genotyping was per-
formed to check the presence or deletion of TUSC3 in 
respective samples. We did not find deletion of TUSC3 
in any clinical samples of OSF neither in blood nor tis-
sues. Interestingly, 10% of all controls showed deletion of 
TUSC3 in their blood (Fig. 3D).

Association of TUSC3 with OSF
To explore the association of TUSC3 with OSF develop-
ment, we performed Chi square and Odds ratio analyses. 
Acquired results showed that there was no significant 
association of TUSC3 gene deletion in OSF cases. Like-
wise, the Odds ratio also confirmed that the deletion of 
TUSC3 gene is not associated with OSF in available cases 
(Table 1).

Analysis of TUSC3 deletion in OSCC samples
Frequency distribution
TUSC3 deletion frequency was also evaluated in OSCC 
blood and tissue samples, and in normal blood. We found 
a different pattern of TUSC3 deletion. There was a fre-
quent deletion in the tissue samples i.e., > 22%, while the 
frequency of deletion was 3.9% in blood samples and 10% 
in normal blood (Fig. 3E).

Association of TUSC3 with OSCC
The association of TUSC3 deletion with OSCC develop-
ment was calculated through Chi square (χ2). It showed 
that deletion of TUSC3 in blood samples of OSCC 
patients when tested against controls has non-significant 
association. Blood samples of the patients tested against 
their own tissue samples, gave a Chi square value of 8.02 
with p < 0.05 (Table 1). These results provide strong evi-
dence that deletion of TUSC3 gene in tissues is associ-
ated with the development of OSCC in comparison to its 
deletion in blood.

The odds ratio (OR) also provides a significant associa-
tion of TUSC3 deletion with OSCC prognosis. Table  1 
shows that the patients with deletion of TUSC3 in their 
tissues have more than 7 times likelihood to develop 

OSCC as compared to those patients who have similar 
deletion in their blood. However, the OR showed a pro-
tective effect of TUSC3 gene deletion in blood against 
OSCC development when it compared with controls hav-
ing deletion in blood.

Analysis of TUSC3 deletion in Transformation of OSF into 
OSCC
The association analysis of TUSC3 deletion and the 
development of OSCC from OSF was carried out sepa-
rately in blood and tissue samples. Chi square value of 
TUSC3 deletion in OSF blood was found non-significant 
to associate with the development of OSCC, while in tis-
sue samples, the Chi square results provided strong evi-
dence that TUSC3 deletion is significantly associated 
with OSCC (Table 1). The OR results supplemented the 
chi square results showing that individuals having OSF 
have more than 30 times likelihood to develop OSCC 
when they undergo deletion of TUSC3 in their OSF 
lesions. However, OR for deletion in blood showed 5 
times increased chances to develop OSCC from OSF.

Genotyping of p53 gene exon 4 in OSF and OSCC samples
Exon 4 of p53 was amplified and visualized on agarose gel; 
a band at 353 bp confirms its amplification (Fig. 4A). The 
band was extracted and purified followed by sequencing. 
Analyses of sequenced amplicons on MEGA 7 revealed a 
single nucleotide change of C to G at position 119 of exon 
4 of p53 gene (Fig. 4B). At codon 72, this polymorphism 
changes an amino acid proline to arginine (Fig.  4C). 
This polymorphism is represented by three genotypes; 
homozygous C/C, heterozygous C/G, and homozygous 
G/G (Fig.  4D). Among all three alleles, the genotypic 
frequency of CC was found to be frequent in OSCC and 
OSF tissues. The homozygous GG and heterozygous CG 
have comparatively equal ratio of occurrence (Fig.  4E). 
In OSF patients, the frequency of substitutive alleles 
(GG and CG) for proline to arginine change was found 
higher than OSCC patients. The relation of developing 
OSF and OSCC in accordance with this polymorphism 

Table 1 Chi Square and odds ratio of TUSC3, TP53 and p21 alterations with OSCC and OSF
Gene Condition Scenario Chi Square p value odds ratio 95% confidence Interval

Upper limit Lower limit
TUSC3 OSF OSF blood vs. control 5.263 0.028 0.0819 0.0044 1.5228

OSF Tissue vs. OSF blood na NA 1 0.0195 51.38
OSCC OSCC blood vs. control 1.51 0.202 0.36 0.0665 1.9483

OSCC Tissue vs. OSCC blood 8.02 < 0.05 7.3171 1.5486 34.5739
OSCC vs. OSF OSCC blood vs. OSF blood 1.962 0.257 5 0.2341 106.783

OSCC tissue vs. OSF tissue 12.814 < 0.05 30.4217 1.7485 529.3138
p53 OSF 20.49 < 0.0001 30.0323 3.8254 235.7759

OSCC 33.7 < 0.0001 57.52 7.3569 449.749
p21 (rs1801270) OSF 17.82 < 0.0001 6.147 2.457 14.61

OSCC 10.67 < 0.001 4.030 1.649 9.167
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was found significant when tested statistically, chi square 
values showed strong association χ2 (2, N = 100) = 20.49, 
p < 0.0001 and χ2 (2, N = 100) = 33.70, p < 0.0001, respec-
tively. Corresponding values of odds ratio supplemented 
the association developed by chi square.

Genotyping of p21 rs1801270 in OSF and OSCC samples
The association of p21 rs1801270 with OSCC and OSF 
development was analyzed by T-ARMS PCR. Figure 1A 
explains the allelic distribution of samples on agarose 
gel, the 339  bp band shows the entire amplicon of two 

Fig. 4 Genotyping of p53 gene exon 4 in OSF and OSCC Samples;(A) Representation of band visualization of PCR product for TP53 exon 4 products on 
agarose gel. (B) Multiple alignment of exon 4 of TP53 sequences representing change of C allele and G allele. (C) Translated protein sequence of exon 4 
will G allele representing the change of arginine to proline. (D) Electrophorogram representing the polymorphism of exon 4 with homozygous C/C, het-
erozygous C/G, and homozygous G/G alleles. (E) Genotypic frequency of homozygous C/C, heterozygous C/G, and homozygous G/G in OSF and OSCC 
samples compared with controls
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outer primers, whereas the bands at 214 bp and 178 bp 
show the amplicons of specific alleles (CC and CA) of 
allele specific primers. Lane 1 and 2 of Fig.  1B indicate 
heterozygous CA allelic situation of rs1801270, while 
lane 3 indicates homozygous CC allele. The products of 
T-ARMS PCR for rs1801270 were further validated by 
Sanger sequencing (Fig.  1C). The genotypic frequency 
of heterozygous CA was found relatively higher than 
homozygous CC, in all samples of patients as compared 
to healthy individuals (Fig.  1D). The homozygous AA 
was not found in any of the patient’s sample. Chi square 
test and odds ratio revealed that p21 (rs1801270) signifi-
cantly increases the pathogenesis of OSCC and OSF, {χ2 
(1, N = 100) = 10.67, p < 0.001 and χ2 (1, N = 100) = 17.82, 
p < 0.0001} respectively and corresponding values of odds 
ratio authenticate the results (Table 1).

Discussion
The study of TUSC3 gene in pre-cancerous and cancer-
ous conditions is very limited. TUSC3 has been reported 
as a potential biomarker in renal cell carcinoma [22]. A 
study reported significantly decreased expression of this 
gene in acute lymphoblastic leukemia in children [23]. 
A study demonstrated that cancer stem cell like pheno-
type can be induced by targeting TUSC3 in glioblastoma 
through miR-132 [24]. The regulation of TUSC3 gene 
expression through epigenetics was considered as a criti-
cal factor in the progression of colon cancers at cellular 
level [25].

In recent years, TUSC3 is considered a potential tar-
get for the treatment and diagnosis of different cancers; 
e.g. cervical cancer treatment, hepatocellular carcinoma 
where its downregulation could be a good biomarker for 
diagnosis [26], colorectal cancer where methylation of 
TUSC3 is suggested as a potential marker in peripheral 
blood cells [27], as well as in non-small lung cancer and 
gastric cancer [28]. Thus, the role of TUSC3 is quite sig-
nificant in the progression of many cancers. However, its 
role in the development of OSCC is still unclear. In this 
study, we explored its role in pre-cancerous and cancer-
ous conditions.

First, we analyzed the expression of TUSC3 in the 
OSCC cell line, and found significant downregulation 
when compared with HGF-1 cells. This confirms that 
TUSC3 has a vital role in the development of OSCC. 
These results prompted us to explore more about the 
association of TUSC3 deletion with OSCC as well as OSF 
development in clinically confirmed cases.

Like OSCC, TUSC3 studies with reference to OSF 
are very limited. However, studies on other genes have 
highlighted alterations in genetic mechanisms that may 
initiate excessive deposition of collagen in OSF. Stud-
ies on matrix metalloprotease, TGF-β, GSTM1, HIF‐1α, 
CYP1AI, CYP2E1, GSTT1, p14, p15 and p16 suggested 

their association with the susceptibility of OSF [29–31]. 
One study reported that TUSC3 was downregulated in 
OSF [32], but our results of genotyping did not find any 
association of TUSC3 in the development of OSF in clini-
cally confirmed cases. A study by Ribeiro et al., reported 
that the loss of TUSC3 was a significant indicator of 
malignancy in oral cells [33]. We found that patients with 
OSCC have significant association with TUSC3 deletion 
in their tissue when compared with their blood samples 
and controls. This indicates that this deletion is very cru-
cial at the somatic level and have a strong association 
with excessive use of tobacco and related products.

The addictive use of areca nut, betel quid, tobacco and 
its derived products has been reported to cause cytotoxic 
and genotoxic effects [4]. In Pakistan, the use of areca 
nut is much higher as compared to other materials. The 
use of derivatives of areca nut (gutka, manpuri and fla-
vored chaliya) is very consistent in this region [11]. The 
carcinogen found in areca nut is arecoline N-oxide which 
is reported as the major contributor of carcinogenesis of 
oral cavity [34]. Many studies have identified the molecu-
lar mechanism of arecoline N-oxide in the development 
of OSF and its transformation to OSCC. Some of these 
studies indicated that this carcinogen causes dysfunction 
in the tumor suppressor genes and ultimately disturbs 
the cell cycle by G1/S transition. As a result, cells with 
damaged DNA bypasses the stage of cell cycle arrest and 
start to grow [4].

Conclusion
In conclusion, our study provides a crucial insight into 
genetic factors that underlying OSCC and OSF. Analysis 
revealed a significant association between TUSC3 dele-
tion and OSCC development. Additionally, polymor-
phisms in TP53 and p21 were significantly associated 
with OSCC and OSF, contributing to their pathogenesis. 
Importantly, our findings highlight a strong correlation 
between TUSC3 deletion and the excessive use of tobacco 
and related products. In brief this study emphasized the 
importance of genetic alterations in OSCC development 
and the need for further research into molecular mecha-
nisms for improved diagnosis and treatment.
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