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Introduction

Gastrointestinal (GI) cancer increasing alarmingly 
throughout the world encompasses principal malignancies 
of stomach, liver, esophagus, pancreas and colorectum. 
International agency for research on cancer (IARC) global 
cancer observatory reported 5121, 743 (25.63%) new cases 
and 2958, 922 (30.36%) deaths worldwide from the most 
common GI cancers in year 2022. Asia ranked highest in 
GI cancer incidence and mortality among all the cancers 
globally comprising 2951, 891(30.05%) new cases and 
2053, 928 (37.60) deaths due to esophagus, stomach, 
liver, pancreas, gall bladder and colorectum [1]. The 
prominent risk factors including life style, diet, alcohol 
consumption and tobacco smoking are remarkably noted 
for development and advancement of GI cancer along 
with the infection with Helicobacter pylori [2-6]. Besides 
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defined risk factors, genetic factors of an individual also 
confer the risk of GI cancer where genomic instability 
can cause uncontrolled cell growth and tumor formation 
lead to cancer development [7-8]. Genetic polymorphisms 
are important modifiers of cancer susceptibility where 
single nucleotide polymorphism (SNP) in different coding 
and non-coding regions of different genes can modulate 
cancer risk of an individual [9]. The Cytochrome P450 
(CYP450) is a membrane associated heme containing 
phase I enzyme involved in metabolism of variety 
of dietary, environmental carcinogens and harmful 
xenobiotics in the human body [10]. CYP450 genes are 
highly polymorphic in nature where the functional SNPs 
of CYP genes (CYP1A1, CYP1B1, CYP2B6, CYP2C9, 
CYP2C19, CYP2D6, CYP2E1 and CYP17) can alter the 
expression of enzyme activity thereby increasing the 
cancer susceptibility [11-13].
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Cytochrome P4502D6 and cytochromeP4502 E1 are 
phase I enzymes encoded by CYP2D6 and CYP2E1 genes 
respectively and which are an important components of 
xenobiotics metabolism in human body. Studies have been 
carried out on functional association of polymorphisms in 
CYP2D6 and CYP2E1 genes with increased or decreased 
susceptibility to several cancers including esophagus, 
lung and colorectal cancer [14-20], and more recently 
breast [21], bladder [22] and head and neck cancer [23-
24]. Indian studies also noted an association of CYP2D6 
polymorphism with breast cancer risk in South Indian 
population [25]. The role of CYP2D6 polymorphism was 
also addressed in determining lung cancer susceptibility 
in North Indian population [26]. Similarly polymorphism 
in CYP2E1 was illustrated in colorectal cancer risk in 
Kashmiri population [27], gastric cancer risk in West 
Bengal population [28] and head and neck cancer risk 
in North Indian population [29]. Other studies stated 
contradictory outcome with non significant correlation 
of CYP2D6 and CYP2E1 gene polymorphism with 
prostate [30-31], gastric [32] and colorectal cancer risk 
[33, 34]; however, the reason behind these inconsistent 
results is unambiguous. Therefore, we hypothesized 
that the environmental risk factors along with genetic 
polymorphism of CYP2D6 and CYP2E1 gene may modify 
the activity of metabolic enzymes which could alter the 
risk of GI cancer.

The incidence of gastrointestinal cancer is remarkably 
increasing in rural pockets of Maharashtra state of India 
where agriculture is the main component of life style. 
The heavy application of chemical fertilizers and non-
degradable organophosphorous pesticides for decades 
led to intake of pesticides and increased occurrence 
of GI cancer cases in this area. The knowledge on the 
variability and expression of metabolizing enzymes in 
GI tract of the population is very poor. Therefore, it is 
necessary to understand the polymorphism of xenobiotic 
detoxification genes and their role in cancer susceptibility 
in the population of south-western Maharashtra. In view 
of literature when we reviewed the polymorphism of 
CYP450 gene polymorphism and its association with 
GI cancer risk, we noticed that no studies available in 
database stating the significance of CYP2D6 and CYP2E1 
gene polymorphisms associated with GI cancer risk. We 
presumed that the polymorphisms of CYP2D6 and CYP2E1 
genes may be contribute to the etiology of GI cancer in the 
studied population, therefore performed a hospital based 
case-control study to explore the association of CYP2D6*4 
(rs3892097), CYP2E1*5B (rs2031920), CYP2E1*6 
(rs6413432), CYP2E1*7B (rs6413420) polymorphisms 
with GI cancer risk in the population residing to rural 
areas of South-Western Maharashtra.

Materials and Methods

Selection of study subjects
This case control study was performed with two 

hundred clinically confirmed GI cancer cases and equal 
number of healthy, disease free, age and sex matched 
controls. The sample size was calculated by the formula 
n= [(p1xq1) + (p2 x p2)] X (Z1-α/2) +Z1-β)2/ (p1-p2)2; 

Where p1- presence of allele1, q1- absence of allele1, p2- 
presence of allele 2, q2- absence of allele 2, α- probability 
of detecting false results, β- power. All the cases ranged 
in age from 20-85 years (Mean ± SD) (59.0 ±13.32) 
enrolled immediately after diagnosis at Krishna Hospital 
and Medical Research Centre during the year 2018-2021. 
Written informed consent was obtained from all eligible 
cases and controls who agreed to participate after being 
given a detailed description of the study. The structured 
questionnaire was prepared to collect demographic and 
other clinical data. The study protocol (IEC-164/2017-
2018) was approved by Institutional Ethics Committee 
of Krishna Institute of Medical Sciences ‘Deemed to be 
University’, Karad.

Blood Sample Collection and Genomic DNA Extraction 
and Purification

Five milliliter (mL) of whole blood from 200 patients 
was collected in sterile EDTA containing vacutainer after 
receiving informed consent. Genomic DNA extraction 
was carried out from the peripheral blood sample using 
HipurA®Blood genomic DNA miniprep purification 
kit. (Cat no. MB504-250PR) (HiMedia Laboratories) 
following the manufacturer’s instructions. This pure 
genomic DNA was used for genotyping assays by 
polymerase chain reaction (PCR) and Restriction fragment 
Length Polymorphism (RFLP).

Genotyping assays of CYP2D6 and CYP2E genes
The genotyping of CYP2D6*4, CYP2E1*5B, 

CYP2E1*6, CYP2E1*7B genes was performed by PCR-
RFLP. The PCR amplification were carried out separately 
in 20 micro liter (µL) reaction mixtures containing 1X 
PCR buffer 0.2 mM each dNTP, 10 picomole (pmol) 
of each primers (IDT technologies) , 1U Taq DNA 
polymerase (GeNei, Merck Bioscience) and 100 nanogram 
(ng) of purified genomic DNA. The primer sequence 
used to amplify the CYP2D6 and CYP2E genes and the 
PCR conditions are shown in Table 1. After performing 
PCR programme for each reaction, the PCR products 
were analyzed by agarose gel electrophoresis in Tris-
Acetate-EDTA (TAE) buffer. After confirmation of DNA 
amplification, each PCR product was digested with an 
appropriate restriction enzyme with specific conditions 
for genotyping. Ten micro liters of the PCR products 
digested at 37°C overnight with specific restriction 
enzymes in 20 µL reaction mixtures containing buffer 
supplied with each restriction enzyme (Table 1). After the 
overnight incubation, digestion products were separated 
on a 2-3% low EEO agarose (GeNei) gel at 100 V for 30 
min stained with ethidium bromide and photographed with 
Gel Documentation System (BioRad). 

Statistical Analysis
The association between the genotypes and risk of 

developing GI cancer were studied by Odds ratio (OR). 
Logistic regression model was used to calculate the OR 
and 95% confidence intervals (CI) with adjustment of 
variables to determine the GI cancer risk associated with 
genotypes. All p values were two-sided and differences 
were considered statistically significant for p ≤0.005. 
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All statistical analyses were performed with SPSS (IBM 
Version 11.0) software.

Results

Characteristics of selected demographic variables
The correlation of demographic variables of the study 

subjects including GI cancer cases and untreated controls 
was studied. The results of demographic characteristics 
showed that there was no statistically significant difference 
between age (p=0.307) of the cases and control group, 
where the Mean ± SD age in years was 59±13.33 for cases 
and 57.46±11.64 for controls. Similarly the data analysis 
of cases and control group did not show significant 
relationships between gender (p=0.133). However, it 
was observed that there is a significant relationship 
between tobacco chewing habit [OR: 4.03, CI: 2.65-6.10, 
p<0.0001, x2=75.86] and alcohol consumption [OR: 4.45, 
CI: 2.15-9.22, p<0.0001, x2=23.06] with the increased risk 
of GI cancer in the studied population. 

Comparative analysis of genotypic polymorphism of 
CYP2D6 and CYP2E1 gene in gastrointestinal cancer 
cases and controls

CYP2D6 is an important toxicant metabolizing 
enzyme of CYP450 family. The frequency distribution 
of wild type rapid metabolizer (WRM), heterozygous 
rapid metabolizer (HRM) and variant poor metabolizers 
(VRM) was assessed to confirm the association with 
GI cancer risk. The results of analysis showed that the 
heterozygous rapid metabolizer with G/A genotype of 
CYP2D6 was significantly lowered in cases as compared 
to controls. Thus, the frequency distribution of variant 
poor metabolizer of CYP2D6 showed negative association 
with GI cancer risk in the studied population (OR 0.43; 
95%CI, 0.25-0.74; p=0.002). The frequency of G/G, G/C 
and C/C genotypes of CYP2E1*5B in GI cancer cases 
was 78.50%, 13.50% and 8.0 % and that of controls were 
81.50, 11.50% and 7.0 % in healthy controls which showed 
no difference. When we studied frequency distribution of 
CYP2E1*6 (rs6413432), we observed that AA variant 
genotype increased significantly in GI cancer cases as 
compared to the controls (OR 2.85; 95% CI, 1.40 – 5.81; 
p=0.003) which showed the possible contribution of AA 
genotype in GI cancer development. The corresponding 
allele frequency of T7632A polymorphism of CYP2E1*6 
in studied population were 76 % for wild type *6A (T) 
allele and 24 % for mutated variant *6 (A) allele which 
also signified association with CI cancer risk in studied 
population (OR 1.98; 95%CI, 1.37-2.85; p=0.0002). 

Investigation of CYP2E1*7B polymorphism yielded 
the genotype frequencies of 90 % for G/G genotype, 8.5 
% for G/T  and 1.50% for T/T genotype in GI cancer 
cases and 86.50 % for G/G, 11.50 % G/T and 2.0 % 
T/T genotypes in controls. The allele frequencies of 
CYP2E1*7B were 94.25 % and 5.75 % for G and T 
alleles respectively in GI cancer cases which showed no 
association with GI cancer risk in the studied population. 
The genotypic frequency distribution of CYP2D6*4, 
CYP2E1*5B, CYP2E1*6 and CYP2E1*7B determined in 
GI cancer cases and healthy age and sex matched controls 
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Gene/SNP Genotype/ Allele Cases (n= 200) (%) Control (n =200 )(%) OR (95% CI) P value 
CYP2D6*4 GG/GG 173 (86.50) 150 (75.0) 1 (Reference)
Intron-3 GG/AA 24 (12.0) 48 (24.0) 0.43 (0.25-0.74) 0.002*
G1846A AA/AA 3 (1.5) 2 (1.0) 1.30 (0.21-7.88) 0.775
rs3892097 G allele 370 (92.50) 348 (87.0) 1 (Reference)

A allele 30 (7.5) 52 (13.0) 0.54 (0.33-0.87) 0.011*
CYP2E1*5B GG/GG 157 (78.5) 163 (81.5) 1 (Reference)
5’ UTR GG/CC 27 (13.5) 23 (11.5) 1.21 (0.67-2.21) 0.516
G1293C CC/CC 16 (8.0) 14 (7.0) 1.18 (0.56-2.51) 0.654
rs2031920 G allele 341 (85.25) 349 (87.25) 1 (Reference)

C allele 59 (14.75) 51 (12.75) 1.18 (0.79-1.77) 0.411
CYP2E1*6 TT/TT 133 (66.5) 157 (78.5) 1 (Reference)
Intron -6 TT /AA 38 (19.0) 31 (15.5) 1.44 (0.85-2.45) 0.169
T7632A AA/AA 29 (14.5) 12 (6.0) 2.85 (1.40-5.81) 0.003*
rs6413432 T allele 304 (76.0) 345 (86.25) 1 (Reference)

A allele 96 (24.0) 55 (13.75) 1.98 (1.37-2.85) 0.0002*
CYP2E1*7B GG/GG 180 (90.0) 173 (86.5) 1 (Reference)
G-71T GG/TT 17 (8.5) 23 (11.5) 0.71 (0.36-1.37) 0.31
rs6413420 TT/TT 3 (1.5) 4 (2.0) 0.72 (0.15-3.26) 0.671

G allele 377 (94.25) 369 (92.25) 1 (Reference)
T allele 23 (5.75) 31 (7.75) 0.72 (0.41-1.26) 0.261

Table 2. The Distribution of Genotype and Allele Frequencies of CYP2D6*4, CYP2E1*5B, CYP2E1*6 and CYP2E1*7B 
Gene Polymorphisms in Untreated Gastrointestinal Cancer Cases and Healthy Controls

SNP, Single nucleotide polymorphism; OR, Odds ratio; CI, Confidence Interval; Significance p< 0.05; *, Indicates significant Odds Ratio (p<0.05), 
p value determined based on χ2

Genes
(SNP)

Genotype Cases 
(n= 200) (%)

Control 
(n =200 )(%)

OR (95% CI) P value 

CYP2D6*4
G1846A
(rs3892097)

AA/AA + GG/AA
GG/GG

27 (13.5)
173 (86.50)

50 (25.0)
150 (75.0)

1 (Reference)
2.13 (1.27-3.58)

0.004*

CYP2E1*5B
G1293C
(rs2031920)

CC/CC + GG/CC
GG/GG

43 (21.5)
157 (78.5)

37 (18.5)
163 (81.5)

1 (Reference)
0.82 (0.50-1.35)

0.453

CYP2E1*6
T7632A
(rs6413432)

AA/AA+TT/AA
TT/TT

67 (33.5)
133 (66.5)

43 (21.5)
157 (78.5)

1 (Reference)
0.54 (0.34-0.85)

0.007*

CYP2E1*7B
G-71T
rs6413420

TT/TT + GG/TT
GG/GG

20 (10.0)
180 (90.0)

27 (13.5)
173 (86.5)

1 (Reference)
1.40 (0.75-2.59)

0.278

SNP, Single nucleotide polymorphism; OR, Odds ratio; CI, Confidence Interval; Significance p< 0.05; *, Indicates significant Odds Ratio (p<0.05), 
p value determined based on χ2

Table 3. Association between Gastrointestinal Cancer Risk and the Single Nucleotide Polymorphism Variant of 
CYP2D6*4, CYP2E1*5B, CYP2E1*6 and CYP2E1*7B Genes in the Recessive Model.

is summarized in Table 2.
When the polymorphism of variant genotypes of 

CYP2D6*4, CYP2E1*5B, CYP2E1*6, CYP2E1*7B and 
their association with GI cancer risk was studied in a 
recessive genotype model, we noted significant association 
of CYP2DE1*4 (SNP: rs3892097) (OR=2.13; 95% CI: 
1.27- 3.58; p=0.004). Similarly the recessive model for 
variant genotype of CYP2E1*6 (rs6413432) showed 
negative association with risk of GI cancer (OR=0.54; 95% 
CI: 0.34-0.85); p=0.007) whereas the variant genotypes 
CYP2E1*5b and CYP2E1*7b showed no relationship with 
GI risk in the studied population (Table 3). The dominant 

model showed lack of involvement of CYP2D6*4 
(OR=0.63; 95% CI: 0.10-4.01); p=0.654) with GI risk. 
However, the significant negative association was noted 
in dominant model of CYP2E1*6 (rs6413432) (OR=0.37; 
95% CI: 0.18-0.76); p=0.006) with GI cancer risk in 
the studied population of South- Western Maharashtra 
(Table 4).

Discussion

Gastrointestinal Cancer is the most common 
malignancy increasing day by day in developing 
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countries including China, Pakistan and India. Diet and 
life style factors along with genetics of an individual 
are the prominent etiological factors recognized in 
the process of carcinogenesis. Cytochrome P450 is a 
family of metabolic enzymes plays an important role 
in metabolism of carcinogenic metabolites including 
organophosphorous pesticides passively absorbed 
from the food. This study was planned to assess the 
polymorphism of CYP2D6 and CYP2E1 of CYP450 gene 
family and discover its association with GI cancer risk in 
population of South-Western Maharashtra. In this hospital 
based case-control study we determined association of 
the polymorphism of CYP450 genes including CYP2D6 
(CYP2D6*4) and CYP2E1 (CYP2E1*5B, CYP2E1*6, and 
CYP2E1*7B) with GI cancer risk. The SNPs of CYP2D6*4 
(rs3892097), and CYP2E1*5B (rs2031920), CYP2E1*6 
(rs6413432), CYP2E1*7B (rs6413420) were assessed for 
their association with GI cancer risk by logistic regression 
analysis of variant homozygous and heterozygous 
genotypes. These SNPs are comprehensively studied 
for their connection with range of diseases including 
cancer, however insufficient literature exist related to 
their association with GI cancer risk. The results obtained 
from this study indicated that the heterozygous G1846A 
genotype of CYP2D6*4 polymorphism in the intron 3 
region was negatively associated with GI cancer risk in the 
studied population. When the polymorphism of CYP2E1 
was studied, the results of CYP2E1*6 (SNP: rs6413432) 
with homozygous variant genotype indicated significant 
association with GI cancer risk.  

The functional polymorphism of CYP450 genes 
family including CYP1A1, CYP1B1, CYP2B6, 
CYP2C9, CYP2C19, CYP2D6, CYP2E1 and CYP17 
are acknowledged for their involvement in cancer risk 
[10-13, 35]. CYP2D6 and CYP2E1 gene polymorphisms 
are documented for their role in risk of several cancers 
[18-24]. Similarly few Indian studies also denoted the 
significance of CYP2D6 gene polymorphisms in breast 
[25] and Lung cancer [26] and CYP2E1 polymorphism 
in colorectal and head and neck cancer [27-29]. 
However, other studies drawn contradictory opinions 
with no correlation of either CYP2D6 or CYP2E1 gene 
polymorphism with cancer risk among different ethnic 
groups [36-38]. The results on genotyping of CYP2D6 
(CYP2D6*4) showed negative association with GI 

cancer risk which were in agreement with other reports 
on protective role of CYP2D6 in different cancers [37, 
39-40]. The results of polymorphism of CYP2E1 depicted 
significant association of homozygous variant 7632AA 
genotype of CYP2E1*6 (T7632A) polymorphism with 
GI cancer risk in the studied population. These results are 
first of its own kind to reveal significant association of 
CYP2E1 polymorphism (OR=2.85; 95% CI: 1.40 – 5.81; 
p=0.003) with GI cancer risk from the South-Western 
Maharashtra region of India. The findings obtained from 
this study on CYP2E1 polymorphism consistent with 
other findings in gastric [28], breast [21], cervical cancer 
[40]. The findings are inconsistent in other studies which 
revealed no association of CYP2E1 gene polymorphism 
with risk of colorectal [41], head and neck [42] and gastric 
cancer [43-44]. Thus, inaquitance of the earlier evidence 
on the polymorphisms of CYP2D6 and CYP2E1 and their 
association with GI cancer susceptibility influenced us 
to explore the role of rs3892097 SNPs of CYP2D6 and 
rs2031920, rs6413432, 6413420 SNPs of CYP2E1 in GI 
carcinogenesis in the rural population of Maharashtra. 

In conclusion, the findings from current study revealed 
protective role of rs3892097 SNP of CYP2D6*4 in GI 
cancer susceptibility. Further variation of rs6413432 SNP 
of CYP2E1*6 has been recognized as a risk factor for the 
development of GI cancer in the studied population. To the 
best of our knowledge, this study is the first of its own kind 
to demonstrate the GI cancer susceptibility in association 
with CYP2D6 and CYP2E1 gene polymorphisms from the 
western peninsular region of India and established their 
role in cancer susceptibility.
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Genes Genotype Cases 
(n= 200) (%)

Control 
(n =200 )(%)

OR (95% CI) P value 

CYP2D6*4 G1846A
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GG/AA +GG/GG
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1 (References)
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1 (References)
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AA/AA
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1 (References)
0.37 (0.18-0.76)

0.006*

CYP2E1*7B G-71T
rs6413420

TT/TT  
GG/TT + GG/GG

3 (1.5)
197 (98.5)

4 (2.0)
196 (98.0)

1 (References)
1.34 (0.29-6.06)

0.703

Table 4. Association between Gastrointestinal Cancer Risk and the Single Nucleotide Polymorphism Variant of 
CYP2D6*4, CYP2E1*5B, CYP2E1*6 and CYP2E1*7B Genes in the Dominant Model

SNP, Single nucleotide polymorphism; OR, Odds ratio; CI, Confidence Interval; Significance p< 0.05; *, Indicates significant Odds Ratio (p<0.05), 
p value determined based on χ2 
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