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ABSTRACT

Objective: To determine the association of GSTMI and GSTT1 polymorphisms with oral submucous fibrosis (OSF).

Study Design: A case-control study.

Place and Duration of the Study: Department of Human Genetics and Molecular Biology, University of Health Sciences, Lahore and Oral and
Manxillofacial Surgery Department, de Montmorency, College of Dentistry/ Punjab Dental Hospital, Lahore, Pakistan, from 1% April 2019 to 31 April
2020.

Methodology: OSF patients were diagnosed with different clinical staging of mouth opening by Vernier caliper with the help of a professional
dentist in the Department of Oral and Maxillofacial, de Montmorency, College of Dentistry, Lahore. One hundred and eight blood samples of OSF
patients and 108 samples of normal controls were collected. Genomic DNA was obtained from whole-blood extraction. Multiplex PCR amplification
using GSTM1, GSTT1, and B -Globin gene primers was performed.

Results: GSTM1 and GSTT1 null genotypes frequencies were found in 43.5% (47/108) and 13.9% (15/108) of controls, whereas 54.6% (59/108) and
25.9% (28/108) of OSF patients, respectively. OSF patients had a greater frequency rate of GSTM1 and GSTT1 null genotypes than controls [OR
1.56, 95% Cl 0.91-2.67 (p=0.13)] and [OR 2.17, 95% CI 1.08-4.34 (p=0.04)], respectively. The GSTT1 genotype was found statistically significant
with OSF (p=0.05), and risk was also determined. The cumulative effect of null genotypes of GSTM1/GSTT1 did not show any association with the
controls and in OSF patients. Proportions of active and null alleles of the patient group were; 86.1%/13.9%; and in control, it was 92.6%/7.4% (OR =

2.01; Cl: 0.82-4.97; p=0.18), respectively.

Conclusion: The study determined a statistically significant association of GSTT1 gene polymorphism with OSF.
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INTRODUCTION

Oral Submucous Fibrosis (OSF) is a chronic, complicated, and
precancerous disease of the mouth cavity caused by the chewing
habit of areca nuts. Collagen begins in the lamina propria and
prolongs to the submucosa, muscle, and beyond in this condi-
tion, whichis linked to a juxta-epithelialinflammatory reactionin
the mouth cavity, which restricts mouth opening and difficulty in
swallowing.! The OSF has been found most commonly in the
mouth cavity's buccal mucosa and retromolar region, followed
by the soft palate, faucial pillars, floor of the mouth, tongue, labial
mucosa,andgingiva.’
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According to the World Health Organisation (WHQO), five million
people survive through OSF worldwide.® OSF in any population
exists differently by ethnicity and region. Diet, habits, and
culture majorly affect such diseases.' Due to the migration of
endemic betel quid chewers, OSF has become a public health
issue in many parts of the world, such as the United Kingdom,
South Africa, and numerous Southeast Asian countries.* The
highest prevalence of OSF has been seenin South and Southeast
Asia populations.” The exact cause of OSF is unclear, but the
disease is complex and multifactorial. OSF tends to be caused by
variousreasons,includingexcessivechiliintake, dietary deficien-
cies, genetic predispositions, and auto-immune diseases.*’ One
of OSF's most significant risk factors is chewing a betel quid
containing areca nuts. OSF production is connected to betel
quid'snumberofarecanutsandthe extentand time of chewing.?

Glutathione S-transferases (GSTs) are involved in metabolising
chemical carcinogens, such as those found in cigarette smoke
and areca nuts. By deactivating or detoxifying electrophilic
carcinogens, GSTs prevent the carcinogenic process from
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starting. Certain kinds of GSTs are expressed and started in
precancerous and cancerous cells throughout the initiation and
promotion stages.’ Glutathione S-transferases mul (GSTM1)
and Glutathione S-transferases theta 1 (GSTT1) are polymor-
phic, and their deleted variants (null genotypes) result in
complete functional loss.

The GST gene family is a dimeric enzyme structure that has been
found in a variety of tissues. GST-class enzymes conjugate
various reactivate electrophiles using a reduced glutathione
(GSH) stage.'®"' In addition, lowering theirlevels plays a vital role
in cellular defense. GSTM1 and GSTT1 homozygous deletions
result in the loss of GSTMI and GSTT1 protein products.” The
objective of this study was to determine the association of
GSTM1andGSTT1 polymorphismswith OSF.

METHODOLOGY

In the present case-control study, 108 individuals with OSF and
108 individuals in the normal control group were recruited.
These samples were genotyped for GSTM1 and GSTT1 gene
polymorphisms. Informed consent was takenfrom the recruited
individuals, and the study was approved by the Ethical Review
Committee for Medical and Biomedical Research, University of
Health Sciences, Lahore (UHS/REG-19/ERC/1862). Patients
were registered in the Oral and Maxillofacial Surgery Depart-
ment, de Montmorency, College of Dentistry/ Punjab Dental
Hospital, Lahore, Pakistan. All patients were diagnosed with
OSF.

Patients with OSF were diagnosed by a professional Dentist,
both male and female patients with limited mouth opening with
clinically established OSF of all ages were selected for the
patient group while healthy oral mucosa from different pan
shops with chewing habits, both males and females were
included in the control group. Patients with immunocompro-
mised conditions and patients with clinically diagnosed indu-
ratedulcersintheoral cavity were excluded.

Genomic DNA extraction was done through the phenol-chloro-
form method, known as organic, on 5 ml of frozen blood
samples. Multiplex PCR method was applied for the genotyping
of GSTM1 and GSTT1 genes. Thesequence of primersfor GSTM1
was (Forward: 5'-GAACTCCCTGAAAAGCTAAGC-3 and Reverse:
5'-GTTGGGCTCAAATATACGGTGG-3), for GSTT1 gene was (For-
ward:5'-TTCCTTACTGGTCCTCCATCTC-3'andReverse5’-TCAC-
CGGATCATGGAAACCA-3"), and for pB-Globin gene was
(Forward:5’-CAACTTCATCCACGTTCACC-3 and Reverse: 5'-
GAAGAGCCAAGGACAGGTAC-3). The base products for GSTM1,
GSTT1, and B-Globin genes were 215 base pairs (Bp), 480 Bp,
and 268 Bp, respectively.

Gene polymorphisms of GSTM1 and GSTT1 sequences were
identified by the sequences derived from the Ensemble
Genome browser. Primers for amplification were synthesised
commercially. The forward and reverse primers of gene poly-
morphismsof GSTM1,GSTT1,and3-globingeneswere preferen-
tiallyamplified ina multiplex manner; each sample wasfound to
have B-globin gene amplification. The other two genes GSTM1

and GSTT1 showed null or active genotypes. The purpose of B-
globin gene amplification is whether the PCR reaction was
successfulornot.

The total reaction volume of 17 ul for each sample reaction
mixture contained 2 plgenomic DNA, 0.5 pl of each forward and
reverse primer for each gene GSTM1, GSTT1, and B-Globin,
respectively, 5 ul of master mix (10X PCR buffer, 15 mM MgCI2,
20mM of dNTP mix and 0.5 units of Taqg DNA Polymerase), and 7
pl of dH,0. Denaturation of DNA was initiated at 95°C for 3
minutes. An annealing temperature of 58°C was optimised for
each ofthe six primers with a time of 30 seconds. The extension
was carried at 72°Cfor 01 minutes, and the cycle was repeated.
Every PCRreactionhasabout 35 cycles,andeachrunisinitiated
with a starting hold of 45 seconds at 95°C. A 2% agarose gel
containing ethidium bromide was used to examine the
amplified results (Figure 1).

480bp

268bp
215bp

Figure 1: GSTT1 null genotype is shown by the absence of a 480-bp band;
the absence of a 215-bp band indicates GSTM1 null genotype; B-Globin
was coamplified in all samples. M marker represents the 50 bp DNA
Ladder. Lanes 2, 9, and 12; represent GSTM1 and GSTT1 positive geno-
types. Lanes 3, 4, 6, 8, and 11; represent GSTM1 null genotype, and lane
10; represents negative control.Lane1l,GSTM1 and GSTT1 nullgenotype.

The data were entered and analysed by using Statistical
Package forSocial Sciences (SPSS) version 26.0. Mean + SD and
median with interquartile range were provided for quantitative
variables. In both OSF and control groups, the polymorphism
was confirmed by using Hardy-Weinberg expectations. To
compare thetwo groups, the chi-square testand the t-test were
used. The categorical variables were expressed as counts and
percentages. Using univariate analysis, the association
between the GSTM1 and GSTT1 variant genotypes and the risk
of OSFis evaluated using odds ratios (ORs) with 95% confidence
intervals (Cls). A p-value of less than and equal to 0.05 was
considered statistically significant.

RESULTS

The frequency of GSTM1 and GSTT1 null genotypes was higher
in OSF patients (OR=1.56, p=0.13) than in the control group
(OR=2.17, p=0.04). The cumulative effect of combined
GSTM1/GSTT1 genotypes was also estimated using OR with
varied combinations of the two polymorphisms. The frequency
of dual null genotypes was not significantly measured with the
double null genotype. The risk of OSF association with the
GSTM1, GSTT1, and GSTM1/GSTT1 dual genotypes is shown in
Tablel.
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Table I: Risk of OSF association with the GSTM1, GSTT1, and GSTM1/GSTT1 dual genotypes.

Genotypes OSF (n, %) Controls (n, %) OR (95% CI) p-value
(Chi-square)
GSTM1
Active (+/+, +/-) 49 (45.4%) 61 (56.5%) 1 0.13
Null (-/-) 59 (54.6%) 47 (43.5%) 1.56 (0.91-2.67)
GSTT1
Active (+/+, +/-) 80 (74.1%) 93 (86.1%) 1 0.04*
Null (-/-) 28 (25.9%) 15 (13.9%) 2.17 (1.08-4.34)
GSTM1+GSTT1
Active (+/+, +/-) 93 (86.1%) 100 (92.6%) 1 0.18
Null (-/-) 15 (13.9%) 8 (7.4%) 2.01 (0.82-4.97)
*A p-value of <0.05 was considered significant.
Table Il: Demographic and clinical characteristics of OSF cases and control group.
Characteristics OSF patients (n = 108) Controls (n = 108) Chi-square
and t-test
Age 25.89+8.69 28.80+10.54 0.04*
Gender (n, %)
Males 76 (70.4%) 74 (68.5%) 0.88
Females 32 (29.6%) 34 (31.5%)
Socioeconomic status (n, %)
Lower class 79 (73.1%) 87 (80.6%) 0.26
Middle class 29 (26.9%) 21 (19.4%)
Cast
Arrain 29 (26.9%) 23 (21.3%) 0.16
Jutt 8 (7.5%) 18 (16.7 %)
Rajput 25 (23.1%) 20 (18.5 %)
Others 46 (42.6%) 47 (43.5 %)
Mouth opening (n, %)
1-10 mm 10 (9.3%) -
11-20 mm 73 (67.6%)
21-30 mm 24 (22.1%)
Use of supari (n, %)
Yes 98 (90.7%) -
No 10 (9.3%)
Use of pan (n, %)
Yes 54 (50%) -
No 54 (50%)
Use of gutka (n, %)
Yes 9 (8.3%) -
No 99 (91.7%)

*A p-value of <0.05 was considered significant.

The dual GSTM1/GSTT1 genotypes proportions of active and
null alleles of the patient group were 86.1%, and 13.9%,
respectively, and in the control group, it was 92.6% and
7.4%, respectively (OR=2.01, p=0.18).

No significant association was seen in demographic features
like gender (p=0.88), socioeconomic status (p=0.26), cast
(p=0.16), and the mean age (p=0.049), in OSF patients and
control group. Demographic and clinical characteristics of
OSF patients and the control group are shown in Table II.
Clinical characteristics and different life habits of OSF cases
were analysed statistically, like a mouth opening and supari,
pan, and gutka. The percentage of mouth opening with 1-10
mm was 9.3%, with 11-20 mm was 67.6%, and with 21-30
mm was 22.1%, respectively, the percentage of use of supari,
pan, and gutka who had chewing habit of it was 90.7%, 50%,
and 8.3%, respectively.

No significant association was found among active and null
GSTM1 genotypes in demographic features like gender
(p=0.40), socioeconomic status (p=0.470), cast (p=0.76),
and mean age (p=0.06) in OSF patients. The mouth opening
habit (p=0.18), use of supari (p=0.51), use of pan (p=0.24),
and use of gutka (p=0.18), were also found statistically non-
significant with active and null genotypes of GSTM1 gene.

No significant difference was found among active and null
GSTT1 genotypes in demographic features like gender
(p=0.99), socioeconomic status (p=0.09), cast (p=0.62), and
mean age (p=0.14) in OSF patients. The mouth opening
habit (p=0.22), use of supari (p=0.45), use of pan (p=0.27),
and the use of gutka (p=0.69) were also found statistically
non-significant with active and null genotypes of GSTT1
gene.
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Table IlI: Association of GSTM1, GSTT1, and GSTM1-GSTT1 combined genotypes with demographic and clinical characteristics in OSF patients.

Characteristics _ GSTM1 polymorphism p-value _ GSTT1 polymorphism p-value GSTM1-GSTT1 polymorphism p-value
Active (+/+, +/-) Null (-/-) (t-test)  Active (+/+, +/-) Null (-/-) (t-test)  Active (+/+, Null (-/-) (t-test)
(n =49) (n = 59) (n = 80) (n = 28) +/-) (n = 93) (n = 15)
Age 23.20+5.98 28.1249.92  0.06 25.47+8.71 27.1148.83 0.14 - -
Gender (n, %)
Males 32 (65.3%) 44 (74.6%) 0.40 56 (70%) 20 (71.4%) >0.99 63 (67.7%) 13 (86.7%) 0.22
Females 17 (34.7%) 15 (25.4%) 24 (30%) 8 (28.6%) 30 (32.3%) 2 (13.3%)
Socioeconomic status (n, %)
Lower class 38 (77.6%) 41 (69.5%) 0.47 55 (68.8%) 24 (85.7%) 0.09 66 (71%) 13 (86.7%) 0.35
Middle class 11 (22.4%) 18 (30.5%) 25 (31.2%) 4 (14.3%) 27 (29%) 2 (13.3%)
Cast
Arrain 11 (22.4 %) 18 (30.5%) 0.76 21 (26.3%) 8 (28.6%) 0.62 25 (26.9%) 4 (26.7%) 0.98
Jutt 4 (8.2 %) 4 (6.8 %) 7 (8.8%) 1 (3.6%) 7 (7.5%) 1(6.7%)
Rajput 11 (22.4%) 14 (23.7 %) 20 (25%) 5(17.9%) 21 (22.6%) 4 (26.7%)
Others 23 (46.9 %) 23 (39%) 32 (40%) 14 (50%) 40 (43%) 6 (40%)
Mouth opening (n, %)
1-10 mm 2 (4.2%) 8 (13.6%) 0.18 7 (8.9%) 3(10.7%) 0.22 8 (8.7%) 2 (13.3%) 0.28
11-20 mm 33 (68.8%) 40 (67.8%) 51 (64.5%) 22 (78.6%) 61 (66.3%) 12 (80%)
21-30 mm 13 (27%) 11 (18.6%) 21 (26.6%) 3(10.7%) 23 (25%) 1(6.7%)
Use of supari (n, %)
Yes 43 (87.8%) 55 (93.2%) 0.51 71 (88.7%) 27 (96.4%) 0.45 83 (89.2%) 15 (100%) 0.35
No 6 (12.2%) 4 (6.8%) 9 (11.3%) 1 (3.6%) 10 (10.8%) 0 (0%)
Use of pan (n, %)
Yes 28 (57.1%) 26 (44.1%) 0.24 37 (46.3%) 17 (60.7%) 0.27 44 (47.3%) 10 (66.7%) 0.26
No 21 (42.9%) 33 (55.9%) 43 (53.7%) 11 (39.3%) 49 (52.7%) 5 (33.3%)
Use of gutka (n, %)
Yes 2 (4.1%) 7 (11.9%) 0.18 6 (7.5%) 3(10.7%) 0.69 8 (8.6%) 1(6.7%) >0.99
No 47 (95.9%) 52 (88.1%) 74 (92.5%) 25 (89.3%) 85 (91.4%) 14 (93.3%)

*A p-value of <0.05 was considered significant.

No significant difference was found among active and null
GSTM1-GSTT1 combined genotypes in demographic features
like gender (p=0.22), socioeconomic status (p=0.35), cast
(p=0.98), and the mean age (p=0.27) in OSF patients. The
mouth opening habit (p=0.28), use of supari (p=0.35), use
of pan (p=0.26), and the use of gutka (p=0.99) were also
found statistically non-significant with active and null
genotypes of GSTM1-GSTT1 combined genotypes (Table IlI).

DISCUSSION

OSF is a chronic, complicated, precancerous (1% trans-
formation risk) disease of the oral cavity linked to the
mastication of betel quid-containing areca nuts.”” In this
disease, collagen deposits in the lamina propria and spreads
to the submucosa, muscle, and beyond, which is linked to a
juxta epithelial inflammatory reaction in the mouth.” The
buccal mucosa and retromolar area are the most prevalent
sites for OSF in the mouth cavity, followed by the soft
palate, faucial pillars, floor of the mouth, tongue, labial
mucosa, and gingiva.** OSF is usually accompanied by a
juxta-epithelial inflammatory response and fibroblastic
changes in the lamina propria, the oral mucosa becomes
stiff due to epithelial atrophy, producing trismus and trouble
swallowing.”

OSF is a precursor to oral cancer; it has a high mortality
rate, especially squamous cell carcinoma, which occurs in
7.6% of cases.*® Malignant transformation rates of 1.9-9%
have been reported in several studies with shorter follow-up
durations.” People living with OSF are 19 times more likely
to acquire oral squamous cell carcinoma than healthy

people.” A study showed that'® GSTMI null genotype and
antioxidants might be associated with the malignant
transformation of the oral pre-cancers. The lack of the
GSTT1 gene raises the incidence of oral lesions by fourfold
because the frequency of the GSTT1 null genotype was
shown to be substantially (p=<0.05) greater in cases than
in controls.*

Another study demonstrated the association of the GSTM1
null allele with OSF. Due to varied patterns of association in
different populations, such analysis is needed in the
remaining people.’® OSF patients showed a greater
incidence of GSTM1 and GSTT1 null genotypes (15/90)
(16.6%).** Individuals who had both the GSTMI and GSTT1
null genotypes had a 7.5-fold greater risk of OSF (OR=7.5)
than those who only had the GSTM1 null genotype.

The present study was conducted to generate (GSTMI,
GSTT1) association data from Pakistani populations. The
present study describes the association of the GSTT1 null
allele with OSF in Pakistani patients. Although the GSTM1
null allele frequency is higher in the patient than in the
control group, this difference is not statistically significant.
The study emphasises the significance of this polymorphism
and the necessity for more research into OSF development.
This research may help to identify the biomarkers for the
molecular diagnosis of OSF and the prediction of disease
susceptibility, thus allowing for early therapeutic
intervention in OSF patients of higher risk OSF patients in
any community. Furthermore, this research might be
expanded to see if GSTT1 and associated gene polymor-
phisms individually influence OSF development.
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CONCLUSION

The findings in this study show a link between the GSTTI
gene polymorphism and OSF susceptibility and favour the
relationship of the GSTT1 genotype with OSF susceptibility.
The GSTT1 gene polymorphisms are likely to contribute to
the pathogenesis of OSF disease.
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