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Genetic polymorphism of drug metabolizing enzymes
(GSTM1 and CYP1A1) as risk factors for oral premalignant lesions and oral cancer

Deepika Shukla?, Alka Dinesh Kale®, Seema Hallikerimath®, Subbiah Vivekanandhan¢, Yerrmalla Venkatakanthaiah

Aims. Polymorphisms in the genes that code for metabolic enzymes involved in either the activation (Phase I) or de-
toxication (Phase Il) of chemical carcinogens in tobacco, may alter expression or function of carcinogenic compounds
and hence alter risk of oral cancer. The present study investigates whether polymorphisms at CYP1A1 and GSTM1 gene
loci act as risk factors for oral precancerous lesions and cancer.

Methods. For the present study, histopathologically confirmed cases of 90 oral precancerous lesions, 150 oral squa-
mous cell carcinoma (SCC) and 150 control subjects were selected. Polymerase chain reaction and restriction fragment
length polymorphism were performed using DNA from blood samples to determine the polymorphic genotypes at
CYP1A1 and GSTM1 loci.

Results. CYP1A1 C (m2/m2) genotype conferred a 12.0 fold-increased risk (OR=12.0; 95% Cl, 2.40-60.05) to oral SCC.
GSTM1 null showed no significant association but the frequency was higher in oral SCC cases. Patients with genotype C
and/or GSTM1 deficiency developed carcinoma after less tobacco consumption than those of other genotypes though
the difference was not statistically significant. The frequency of the combined genotypes C and GSTM1 null was found
to be 14% among oral SCC patients. On comparing the susceptibility of intraoral sites it was found that in the majority
of cases (64%) in the study groups they were the buccal mucosa.

Conclusion. Hence it was concluded that metabolic enzymes reported in the present study: CYP1A1 significantly alter
oral cancer risk. GSTM1 null and CYP1A1 C (m2m2) show a predisposition to premalignant lesions and cancer of the
buccal mucosa than other sites.
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INTRODUCTION with endogenous molecules such as glutathione thus facili-
tate their elimination. Hence, the coordinated expression
Oral cancer is the most common cancer in males in  and regulation of phase I and II enzymes determines the
India and is the third most common cancer in Indian  outcome of carcinogen exposure’. Expression and func-
females'. Among the more critical problems in clinical tion of these metabolizing enzymes may become altered
management are the lack of early detection and the in- by polymorphisms in the genes that code for them, thus
creased frequency of local regional recurrence even with  increasing or decreasing the activation or detoxication of
hard line surgical therapy. Thus it becomes essential to  carcinogenic compounds*. An individual’s exposure to
develop new molecular targets to be used as diagnostic  tobacco carcinogens may therefore be altered by sequence
and prognostic indicators. variation in genes coding for these enzymes. These XMEs
Oral premalignant lesions such as leukoplakia and  have received a great deal of attention recently as possible
oral submucous fibrosis are early indicators of damage genetic susceptibility factors for various cancers.
to the oral mucosa with a malignant transformation rate The CYP1A1 gene codes for a phase I enzyme (aryl
of 2-12% (ref?). Tobacco is an established etiological hydrocarbon hydroxylase) that activates tobacco procar-
factor in the development of oral cancer. Most of these  cinogens like polyaromatic hydrocarbons and aromatic
carcinogenic moieties are metabolically processed by amines into their carcinogenic forms. Certain variant
xenobiotic metabolizing enzymes (XMEs) in two broad  genotypes of the CYP1A1 gene which cause enhanced
steps: phase [ mediated by cytochrome p450s (CYPs) and  enzymatic activity appear to play a role in susceptibility
phase II catalyzed by glutathione S-transferases (GSTs), to adduct formation and presumably cancer risk’. The
N-acetyltransferases, etc. Phase I reactions expose func- CYP1A1 Mspl polymorphism which results from a single
tional groups of the substrates and therefore yield highly  base pair change at nucleotide position 264 from the poly
reactive intermediates. These intermediates form the sub-  (A) signal in the 3’ untranslated region of the CYP1A1
strates for phase II reactions that involve their conjugation  gene, is found in 5-30% of the population (ref.*®). It has
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Fig. 1.

Photograph showing gel electrophoresis results of PCR amplified products for study group a) Gel picture showing CYP1A1

genotype (CYP1A1 PCR prduct size is 340bp). b) Gel picture showing polymorphism of CYP1A1 genotype after restriction diges-
tion with MSP I enzyme. Wild type produced 340-bp band, whereas the variant produced bands at 200 and 140-bp. Homozygous
CYP1A1 A [m1/m1]: produced bands at 340-bp. Heterozygous CYP1A1 B[m1/m2]: produced bands at 340, 200 and 140-bp.
Homozygous CYP1A1 C[m2/m2]: produced bands at 200 and 140-bp. c) Gel picture showing polymorphism of GSTM1 genotype
(GSTM1 PCR product size 300bp). d) Gel picture showing presence of globin gene (Globin PCR product size 200 bp).

been associated with higher risk of tobacco-related can-
cers, such as oral and lung cancers’. The glutathione S
transferase (GST) family includes phase Il enzymes that
detoxify carcinogens, reactive oxygen species and lipid
peroxidation products, yielding excretable hydrophilic me-
tabolites'®. Individuals who have homozygous deletions
for the GSTM1 gene have no GSTM1 enzyme activity.
Lack of these enzymes may potentially increase suscep-
tibility to various cancers because of a decreased ability
to detoxify carcinogens such as benzo[a]pyrene-7, 8-diol
epoxide, the activated form of benzo[a]pyrene’!!.

Oral precancerous lesions and oral squamous cell
carcinoma (SCC) constitute a significant public health
burden, particularly in India. However there have been
a relatively small number of epidemiological studies that
have examined the impact of genetic determinants on
host susceptibility to this oral disease in Indian popu-
lations. Thus the present study investigates the role of
polymorphisms at CYP1A1 and GSTMI1 gene loci and
susceptibility to oral precancerous lesions and cancer. The
possibility of altered susceptibility among different intra-
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oral sites and association between metabolizing enzymes
genotype prevalence and exposure to risk factors in oral
cancer induction is also explored.

MATERIALS AND METHODS

Study subjects

For the present study, histopathologically confirmed
cases of 90 oral precancerous lesions, 150 oral SCC, and
150 control subjects were selected. These patients report-
ed to Institute of Dental Sciences KLE University, KLE’s
Prabhakar Kore Hospital & Medical Research Centre,
Belgaum Cancer Hospital and Padmashree Dr. R.B. Patil
Cancer Hospital Hubli for Oral precancerous lesions and
Oral SCC. Ethical Committee approval was obtained pri-
or to the start of the study. Informed consent was taken
from all participants. Information regarding age, gender,
occupation and details about duration, frequency, nature
of tobacco habit (smoking or nonsmoking), alcohol con-
sumption, medical history and family history of cancer
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were recorded. Patients with known systemic disease and/
or patients with metastasis from primary Oral SCC to oth-
er regions of the body were excluded. Controls enrolled
in this study were matched for age, gender and tobacco
habits. Control subjects included patients seen in the
same hospital with conditions requiring dental treatment.

The incisional biopsy was performed under local an-
esthesia on the suspected lesion. The biopsy specimens
were fixed in neutral buffer formalin. Routine processing,
sectioning and staining with haematoxylin and eosin was
done for histological confirmation. Patients with precan-
cerous lesions had leukoplakia and submucous fibrosis
that was histopathologically confirmed. Cancer cases
were patients with cancers of the oral cavity, i.e., buc-
cal mucosa, alveolus, lip, palate, floor of the mouth and
tongue. All cancers were confirmed histopathologicaly
to be SCC.

Genotyping

Five milliliters of venous blood was collected from all
study subjects in vacutainer tubes containing EDTA us-
ing aseptic measures. The blood was stored at -20 °C and
transported in ice to the laboratory. DNA was extracted
from peripheral blood lymphocytes by standard RNase
and proteinase K treatment and phenol-chloroform ex-
traction. DNA samples are stored at -200 °C until further
reactions. DNA samples were evaluated for quantity by
spectrophotometry (by NanoDrop ND-1000 spectropho-
tometer) and quality by a 1% agarose gel run. Polymerase
chain reaction (PCR) and restriction fragment length
polymorphism (RFLP) was performed using DNA sam-
ples to determine the polymorphic genotypes at CYP1A1
and GSTMI loci. The reaction mixtures underwent the
following incubations in Applied Biosystems 2720 ther-
mal cycler: 1 cycle of 96 °C for 30 s, 30 cycles of 94 °C for
30, 56 °C for 40 s, and 72 °C for 30 s, followed by a final
cycle of 7 min at 72 °C. Samples were electrophoresed on
2% native polyacrylamide gels, stained with ethidium bro-
mide and examined over UV light (UV Transilluminator).

Genotypes were analyzed using PCR-based methods
as described below.

CYP1A1l

The CYP1A1 mutation found in the 3-flanking region
was detected by PCR (Fig. 1) and RFLP analysis using
the Mspl restriction enzyme'>2. The DNA fragment was
amplified using the following primers: 5’-CAG-TGAAGA-
GGT-GTA-GCC-GCT-3’ and 5-TAG-GAG-TCT-
TGTCTC-ATG-CCT-3’. After amplification, the PCR
product was subjected to restriction digestion using Mspl.
The products were then separated by agarose gel (2% gel)
electrophoresis. The CYP1A1 polymorphisms were clas-
sified as homozygous for m1/m1 (CYP1A1 A genotype
which produced a 340-bp band), heterozygous for m1/
m2 (CYP1AI1 B genotype which produced 340, 200 and
140-bp bands), or homozygous for m2/m2 (CYP1A1 C
genotype which produced 200 and 140-bp bands) alleles

(Fig. 1).
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GSTM1

The GSTM1 genotype was detected after PCR am-
plification using primers for the GSTM1 gene® and the
globin gene. The GSTMI1 primers were 5-CTG-CCC-
TAC-TTGATT-GAT-GGG-3’ and 5’-CTG-GAT-TGT-
AGC-AGA-TCATGC-3". The wild-type samples produced
a band at 300 bp. In the variant samples, the GSTM 1 gene
was absent (GSTM1 null), and no band was observed

(Fig. 1).

Globin gene

A portion of the globin gene was amplified as a posi-
tive control, producing a 200-bp fragment (Fig. 1). The
following primers were used: 5’-GAA-GAG-CCA-AGG-
ACA-GGTAC- 3’and 5-GGT-GTC-TGT-TTG-AGG-TTG-
CT-3".

Statistical analysis

Statistical analysis was performed using the SPSS soft-
ware (version 11.5). Frequency distributions of the vari-
ous genotypes were examined among cases and controls
and also among different habit groups. The Chi-square
test was used for comparison of proportions. Risks were
estimated using conditional logistic regression to calculate
the odds ratios (OR) and 95% confidence intervals (CI)
among cases and controls after age adjustment.

RESULTS

Cohort Characterstics

A total of 240 cases (90 premalignant, 150 oral SCC)
and 150 controls were entered into the study. The age
group of premalignant lesions showed significant differ-
ence (P<0.05; Table 1) with other groups indicating that
these lesions were more common among the younger age
group in contrast to oral SCC cases which were common
in the older age group. There was no significant difference
between groups with respect to gender (P<0.05). In all
groups the majority were males (78%, Table 1).

The majority (77%) in the study groups were chewers
(Fig. 2). To evaluate gene-tobacco interactions, the preva-
lence of CYP1A1 and GSTM1 were stratified by tobacco
history. As expected, oral SCC cases had a significantly
higher level of overall tobacco consumption (including
betel quid (BQ), bidi smoking; P<0.05; Table 1). Similarly
oral cancer patients had significantly higher frequency
and duration of tobacco consumption than controls
(P<0.05). Lifetime exposure was calculated among all to-
bacco users for both cases and controls. (Lifetime expo-
sure = Frequency of chewing events per day X Duration in
years X 365). Lifetime exposure for tobacco consumption
revealed that oral cancer patients were maximally exposed
as compared to controls.

Gene interactions within various exposure groups
For the premalignant and oral SCC group, genotype
was compared with nature and lifetime exposure of to-
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Fig. 2. Types of habits in the study group. Maximum cases
(77%) in study groups were chewers.

Fig. 3. Analysis with respect to intraoral site of lesion in the
study groups. The majority of cases [64%] in the study groups
were from buccal mucosa.

Table 1. Characteristics of patients with Mspl genotypes of CYP1A1 and GSTM1 genotypes.

No. of Tobacco Lifetime
. Age Mean
Group Genotype patients, Male Female [mean+SD] mean dura- Frequency SXPosure
n[%] = tion quency  x104
CYPIAI 57063.3] 48 9 44.1:1624 8.84+545  6.6842.00  2.25
A[mIml]
Prematianant BLIMIM2] 21[233] 15 6 30.86+9.58  12.546.20  7.5+2.44 2.63
remalgnant - omo] 12[13.3] 9 3 2554370  8.00+4.08  7.80+3.19 491
lesions GSTMI
60[69] 54 6 41.35+17.62 8.75+4.74  7.2+3.49 2.33
Present
GSTM Inull 27[31] 15 12 32334833  9.2246.91 9.56+4.56  3.66
Total 90 72[80] 18[20] 32.33%8.76  8.8+5.31  7.87+#3.88  2.79
CYPIAI 45[30] 36 9 54.6749.54 17.13£8.63 10.60£6.86  7.21
A[mIml]
B[mIm2] 60[40] 51 9 54.35:10.34 17.75+7.57 8.95+3.89  5.84
Oral SCC 1mamay 45[30] 30 15  50.07+10.45 13.80£5.85 8.67+3.24 [Pi'(?‘;z]
GSTMIpresent  99[66] 81 18 50.09+10.28 15.55+7.40 9.91+531  6.03
GSTM Inull 51[34] 36 15  59.12+6.83 18.00£7.66 8.29+3.50  5.45
Total 150 117[78] 33[22] 53.16£10.14 16.38+7.50 9.36x4.80  5.83
CYPIAI 72042] 57 15 5038+16.26 5.5¢2.77  6.25:2.38 121
A[mIml]
Healthy B[mIm2] 72[42] 54 18 48.96+14.97 6.29+5.75 5.04+2.49  1.02
control C[m2m2] 6[4] 3 3 54.5£12.02  5.50+£0.71  6.00£6.00 1.21
GSTMIpresent 114[80.9] 93 21 51.58%13.53 5.90+4.83  5.42+2.41 1.06
GSTM Inull 27[19.1] 12 15 46.59+17.82 6.56£2.65 6.33+2.18  1.48
Total 150 114[76] 36[24] 49.86+15.29 5.88+4.39 5.66+2.44  1.12

* NR-no representation of variant genotype [globin gene absent].

* 3 NR in premalignant group and 9 NR in controls.

bacco consumption. The odds ratio was not found to be
significant.

Differential susceptibility among intra-oral sites

When differentiating by major tumor sites, there ap-
peared to be an increased prevalence of the GSTM1 null
genotype in patients with oral cancer of the buccal mu-
cosa, but this was not statistically significant given the
low number of recruited cases with this disease. GSTM 1
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and CYP1A1 C (m2m2) shows predisposition to prema-
lignant lesions and cancer of buccal mucosa than of other
sites [data not shown].

Distribution of Mspl genotypes of CYPIAI and GSTM1
genotypes among Cases and Healthy controls

CYP1A1 genotypes A (m1/m1), B (m1/m2) and C
(m2/m2) were found in 72 (42%), 72 (42%) and 6 (4%)
individuals, respectively, among the healthy controls.
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Table 2. Distribution of Mspl genotypes of CYP1A1 and GSTM1 genotypes among premalignant lesions, Oral
SCC cases and healthy controls.

Healthy Premalignant Odds Ratio Oral SCC, Odds Ratio

Controls, n[%] lesions, n[%] (95% CI) n[%] (95% CI)
CYP1Al
A[lmlml] 72[42] 57163.3] 1 45[30] 1
B[mIm2] 72[42] 21[23.3] 0.37][0.13-1.04] 60[40] 1.3310.56-3.20]
C[m2m2] 6[4] 12[13.3] 2.53[0.4-15.30] 45[30] 12.00[2.40-60.05]*
GSTM1
GSTM 11present 114[80.9] 60[69] 1 99[66] 1
GSTM1null 27[19.1] 27[31] 1.90[0.65-5.52] 51[34] 2.18[0.86-5.53]
A[mIml]
GSTM I present 57[40.4] 42[48.3] 1 27[18] 1
AlmIml] 15[10.6] 12[13.8] 1.09[0.25-4.79] 18[12] 2.53[0.61-10.56]
GSTM 1null ' ' SR o
B[m1m2]
GSTM I present 51[36.2] 12[13.8] 1 48[32] 1
B[mIm2]
GSTM I null 12[8.5] 9[10.3] 3.19[0.50-20.30] 12[8] 1.06[0.23-4.98]
C[m2m2]
GSTM Ipresent 6[4] 6[6.9] - 24[16] 4.25[0.78-23.11]
C[m2m2]
GSTM Lnull 0[0] 6[6.9] - 21[14] -

On the other hand, types A (m1/m1), B (m1/m2) and
C (m2/m2) were found in 57 (63%), 21 (23%) and 12
(13%) oral precancerous patients and 45 (30%), 60 (40%)
and 45 (30%) oral SCC patients. Patients with oral SCC
were more likely to have homozygous CYP1A1 C (m2/
m2) genotypes when compared to controls (OR=12.00,
95%CI=2.40-60.05: Table 2).

For matched cases and controls, the homozygous
GSTM Inull genotype, as evidenced by the sole presence
of a 300-bp fragment corresponding to globin gene was
observed in 19% of subjects in controls, 31% in premalig-
nant group and 34% in oral SCC group.

Combined genotyping of the CYP1A1l and GSTM1
genes and oral SCC incidence

The frequency of the combined genotypes C and
GSTMI null was 14% in oral SCC cases as compared to
0% in healthy controls. In premalignant group, frequen-
cy of CYP1A1 C and GSTM1 null genotypes was more
than the control group but no significant association was
found.

DISCUSSION

A total of 240 cases (90 premalignant, 150 oral SCC)
and 150 controls were subjected for genotype analysis
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in the present study. The majority of patients with oral
precancerous and cancerous lesions were males (74%)
which is in concurrence with the literature. With respect
to age, premalignant lesions were significantly more com-
mon in the younger age group (Mean age 32.33+8.76)
as compared to oral SCC which was more prevalent in
the older age group (53.16+10.14; P<0.05; Table 1). The
reason for premalignant lesions being more common in
the second and third decades of life may be a function of
personal factors, coupled with a weak family structure or
support, adult role modeling, peer influences and sports
team membership'. This was consistent with a study by
Hashibe et al.’® who reported increased risk of premalig-
nant lesions in a young population in the United States
exposed to the similar tobacco products. Recently studies
have shown that in tobacco smokers, a young age was as-
sociated with higher levels of DNA adducts and altered
oral mucosal cell proliferation rates'®!”. All of these can
potentially contribute to altered sensitivity to carcinogens.

In the present study, the frequency and duration of
tobacco consumption was significantly higher in the oral
cancer group than controls (P<0.05; Table 1). 62% of
oral carcinoma cases and 20% of precancerous lesions
consumed tobacco for >/=15 years whereas only 4% of
the controls fell into this group. The figure clearly indi-
cates that oral cancer patients were maximally exposed
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(lifetime exposure for tobacco consumption: 5.83 - 8.31
X10%). Further the majority of cases (77%) were chewers
(Fig. 2) suggesting that the tobacco chewing habit with
or without the BQ, prevalent in India also contributes to
increased risk of oral cancer, due to additional exposure
to alkaloids and polyphenols from the areca nut whereas
in western countries, cigarette smoking and heavy alcohol
consumption are the main risk factors'®. Smokers consti-
tuted a low percentage of subjects, and therefore the risk
due to smoking could not be seen.

Further, when the role of polymorphisms at the
CYP1Aland GSTMI1 gene loci and susceptibility to oral
precancerous lesions and cancer was explored, CYP1A1
C (m2/m2) genotype was found in 30% of oral SCC pa-
tients, a statistically significant incidence, about seven
times higher than that of healthy controls (4%). CYP1A1
C (m2/m?2) genotype conferred a 12.0 fold-increased risk
(95% CI, 2.40-60.05) to oral SCC. This observation is
consistent with a report of SCC of lung?. The association
between this polymorphism and oral cancer susceptibility
observed in the present study is consistent with the high
levels of CYP1A1 enzyme present in oral tissue®.

Subsequently, the incidence of the GSTM 1 gene pres-
ence or its complete deletion (GSTM1 null) between
patients and controls were compared. The frequency of
the GSTM1 null genotype in controls was 19% and that
in oral SCC patients was 34%. Although GSTM1 null
did not show a significant association the frequency was
higher in oral SCC cases. The frequency of GSTM1 null
genotypes among control subjects in this study population
(19%) lay within the range of 17-38% reported among the
Indian population (ref.?'?2). Studies have shown both posi-
tive and negative associations of GSTM1 null genotype
with oral cancer risk in different worldwide populations.
It is worth noting, however, that among the Japanese, the
majority of oral cancer studies have observed positive as-
sociation which can be explained by the high frequency
(>50%) of homozygous null genotype in this population
(ref.”®). In the present study conducted on a south Indian
population, no significant association was observed be-
tween risk of Oral SCC and GSTM1 homozygous null
genotype. The observed lack of a significant association
between the GSTM1 null genotype and susceptibility to
oral cancer in the present study is similar to that observed
in previous studies??,

Vaury etal hypothesized that the CYP1A1 genoype
and GSTM 1 null interactions result in a greater-than-addi-
tive risk for DNA damage and cancer?. Moreover, Vaury
also showed that in human cells, deletion of GSTMI1 is
associated with strong inducibility of CYP1A1 gene tran-
scription by 2,4,7,8-tetrachlorodibenzo-para-dioxin, sug-
gesting that this genotype combination predisposes to an
increased risk for tobacco-associated DNA damage. In the
present study, the frequency of the combined genotypes
CYP1A1 C and GSTMI1 null was significantly more in
oral SCC patients (14%) compared to healthy controls
(0%). However, it is not certain whether these two genes
worked synergistically to enhance the risk of oral SCC

because there were insufficient subjects for an adequate
analysis on the basis of odds ratios.

Next, estimating the cumulative tobacco dose for pa-
tients exhibiting Mspl genotypes of CYP1Al, it was found
that SCC patients with genotype C had a relatively lower
dose (lifetime exposure: 4.44X10%) than patients with
genotypes A (lifetime exposure: 7.81X10*) and B (lifetime
exposure: 5.24X10%). Also, the estimated tobacco dose for
patients with GSTM1 null (lifetime exposure: 5.45X10%)
was less than for GSTM1 present (lifetime exposure:
6.03X10%) patients. It is suspected that the genotypes C
and GSTMI1 null play an important role in individual dif-
ferences in susceptibility to oral SCC, especially to the
lowest tobacco dose level. The results of this study re-
vealed that genetically predisposed BQ/tobacco chewers
are much more susceptible to environmental and life-style
risk factors.

Another interesting finding was that thr majority of
cases (64%) in the study groups were from the buccal
mucosa. The number itself indicates that GSTM1 and
CYP1A1 C (m2m2) shows a predisposition to premalig-
nant lesions and more cancer of the buccal mucosa than
other sites (Fig. 3). Such differences in genetic suscep-
tibility to cancers have been previously reported within
sites of the oral cavity?*?’. Tanimoto et al also reported
that patients carrying the combination of homozygous
CYP1A1l (m1/m1) and GSTMI presented a significant-
ly increased risk for oral squamous cell carcinoma, with
the buccal mucosa and upper gingiva appearing to be the
most susceptible tissues in patients carrying this "risk"
genotype. The authors further reported that of the various
subsites of oral cancer, except for the floor of the mouth,
ORs ranged from 2.3 (tongue) to 46.5 (buccal mucosa)
(ref.2). It is known that differences exist in the incidence
of cancers among various regions of the oral cavity and
these are in part explained by differences in the biological
function of these organs?.

CONCLUSION

Of metabolic enzymes reported in the present study:
CYP1ALl significantly alters oral cancer risk. Knowledge
of the prevalence and distribution of common genetic
susceptibility factors and the ability to identify susceptible
individuals or subgroups will have substantial preventive
implications, in particular if more data are collected to
show that people with certain “at risk” genotypes are
more susceptible to low levels of exposure.

ABBREVIATIONS

Bp, Base pair; BQ, Betel quid; CYP, Cytochrome
P450; CI, Confidence intervals; EDTA, Ethylenedia-
minetetraacetic acid; GST, Glutathione S transferase;
OR, Odds ratios; PCR, Polymerase chain reaction;
RFLP, Restriction fragment length polymorphism; SCC,
Squamous cell carcinoma; SD, Standard deviation.
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