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Introduction

Gastrointestinal (GI) cancer is the most common 
concern and fourth leading cause of cancer deaths 
globally where 5.1million new cases and 3.4 million 
cancer causing deaths occurred in 2022 and predicted to 
increase 60% to 75 % in next twenty year. The incidence 
of GI cancer has increased highest in Asian countries 
with 2.9 million new cases and 2.0 million mortality 
reported due to GI cancer [1]. In recent years burden 
of GI cancer is immensely increased in India with 
incidence and deaths due to different cancer sites of GI 
tract including esophagus, (70, 637 new cases and 66, 
410 deaths), colorectum (70, 038 new cases and 40, 993 
deaths), stomach (64, 611new cases and 57727 deaths), 
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gallbladder (21,780 new cases and 16, 407 deaths), 
and pancreas (13661 new cases and 12, 759 deaths) 
[1]. Diet, lifestyle, tobacco and alcohol consumption 
are the well recognized risk factors for etiology of GI 
cancer along with infection of Hepatitis B virus (HBV) 
and Helicobacter pylori [2-4]. On the same line, along 
with the interactive environment genetic background of 
an individual is key element for carcinogenesis [5-6], 
however more efforts are needed to explore association 
of genetic factors with GI cancer development. Genetic 
susceptibility of an individual towards carcinogenesis is 
determined by DNA modifications in the form of single 
nucleotide polymorphisms (SNPs) of genes involved in 
different cellular processes. Cytochrome P450 (CYP450) 
is an important phase-I detoxification enzyme system 
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accountable for metabolism of extensive endogenous 
substances and harmful xenobiotics, conventional drugs 
and environmental carcinogens from human body [7-
8]. CYP450 gene superfamily is highly polymorphic 
where the variants of CYP1A1, CYP1B1, CYP2C9, 
CYP2C19, CYP2D6, CYP2E1 and CYP17 can alter the 
gene expression thereby increasing cancer susceptibility 
[7, 9].The polymorphic variant alleles of CYP2C19 and 
CYP17 are recognized for their susceptibility towards 
variety of cancer but several other studies revealed 
contradictory results on the topic of cancer susceptibility.

CYP2C19 is a member of CYP450 metabolic enzyme 
family involved in detoxification of many carcinogens and 
elimination of endogenous compounds. The functional 
polymorphism of CYP2C19 gene with two commonly 
studied SNPs; CYP2C19*2 CYP2C19*3 with poor 
metabolizer (PM) phenotype evidenced their association 
with various cancers including digestive system cancer 
in different ethnic groups [10-12] however, some other 
existing studies deferred their results with inconsistent 
outcomes. Similarly, CYP17 is another important member 
of CYP gene family which encodes cytochrome p450c17α 
enzyme involved in the steroid biosynthesis pathway 
and susceptible for cancer of endocrine system including 
gastrointestinal tract. The functional polymorphism of 
CYP17 gene may elevate or decline the levels of hormone 
synthesis which may lead to cancer progression [13-14]. 
Various epidemiological studies addressed an association 
CYP17 (rs743572) polymorphism with risk of multiple 
cancers [14-16], but other studies disagree with their 
contribution in carcinogenesis [17-18]. GI cancer is a 
major concern of cancer causing deaths in rural parts of 
India with low socioeconomic demography. In view of 
literature, when we considered the polymorphisms in 
xenobiotics detoxifying genes and their association with 
GI cancer development, we found lack of studies on the 
significance of the polymorphisms in metabolic CYP genes 
including CYP2C19 and CYP17 with GI carcinogenesis in 
Maharashtra. Therefore, along with the polymorphism of 

CYP2C19 gene, we assumed that CYP17 may be relevant 
to identify the etiology of GI cancer in a rural population, 
and in this way we performed a hospital based case-control 
study to explore the effect of polymorphisms of these 
genes on the risk of GI cancer in subjects residing to rural 
areas of south-western Maharashtra. The polymorphisms 
of CYP2C19 including CYP2C19*2 (681G>A, SNP: 
rs4244285) and CYP2C19*3 (636G>A, SNP: rs4986893) 
and CYP17 gene (SNP: rs743572) from 200 patients with 
GI cancer and equal number of controls were assessed to 
see their association with GI cancer risk in a population 
of south-western Maharashtra region of India. 

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. 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 
(Table 1). 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 

Variable Cases (n=200) (%) Controls (n=200) (%) Chi Square (X2) p-value based on X2

Age yrs (Mean ± SD) 59 ±13.32 57.56 ±10.69
Age ≤50 yrs 51 (25.5) 37 (18.5) 2.85 0.09

≥50 yrs 149 (74.5) 163 (81.5)
Gender Male 113 (56.5) 100 (50.0) 1.69 0.19

Female 87 (43.5) 100 (50.0)
Education No School 162 (81.0) 114 (57.0) 26.92 0.0001

School 38 (19.0) 86 (43.0)
Diet Vegetarian 36 (18.0) 49 (24.5) 2.52 0.11

Mixed 164 (82.0) 151 (75.5)
Economic status Poor 159 (79.5) 150 (75.0 ) 1.15 0.28

Rich 41 (20.5) 50 (25.0)
Tobacco Smoking Yes 134 (67.0) 67 (33.5) 44.89 0.0001

No 66 (33.0) 133 (66.5)
Alcohol Drinking Yes 38 (19.0) 10 (5.0) 18.56 0.0001

No 162 (81) 190 (95.0)
*, indicates significance p<0.005; p value determined based on Chi square (χ2)

Table 1. Distribution of Selected Demographic Variables of GI Cancer Cases and Healthy Cancer Free Controls
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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 CYP2C19 and CYP17 genes
The genotyping of CYP2C19*2, CYP2C19*3, and 

CYP17 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 CYP2C19 
and CYP17 genes and the PCR conditions are shown 
in Table 2. 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 2). 
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 CYP2C19, CYP17 

genotypes and risk of developing GI cancer was 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 ≤0.05. All statistical analyses were performed with 
SPSS (IBM Version 11.0) software.

Results

Characteristics of selected demographic variables
Distribution of demographic variables of the study 

subjects including GI cancer cases and untreated healthy 
cancer free controls represented in Table 1. The results 
of demographic characteristics showed no statistically 
significant difference between age (p=0.09) 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) diet (p=0.11), economic status (p=0.28). 
However, significant relationship between tobacco 
habit [p=0.0001, x2=44.89] and alcohol consumption 
[p=0.0001, x2=218.56] was noted with the increased risk 
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Gene/SNP Genotype/ Allele Cases 
(n= 200) (%)

Control 
(n =200 )(%)

OR (95% CI) P value 

CYP2C19*2 GG/GG 63 (31.50) 132 (66.00) 1 (Reference)
G681A GG/AA 108 (54.00) 50 (25.00) 4.52 (2.88-7.09) <0.0001*
Pro227Pro AA/AA 29 (14.50) 18 (9.00) 3.37 (1.74-6.53) 0.0003*
exon-5 G allele 234 (58.50) 314 (78.50) 1 (Reference)
rs4244285 A allele 166 (41.50) 86 (21.50) 2.59 (1.89-3.53) <0.0001*
CYP2C19*3 GG/GG 170 (85.00) 172 (86.00) 1 (Reference)
G636A GG/AA 17 (8.50) 15 (7.50) 1.14 (0.55-2.36) 0.711
Trp212Ter AA/AA 13 (6.50) 13 (6.50) 1.01 (0.45-2.24) 0.977
exon-4 G allele 357 (89.25) 359 (89.75) 1 (Reference)
rs4986893 A allele 43 (10.75) 41 (10.25) 1.05 (0.67-1.65) 0.817
CYP17 TT/TT 89 (44.50) 87 (43.50) 1 (Reference)
T-34C TT /CC 89 (44.50) 92 (46.00) 0.94 (0.62-1.43) 0.791
codon-34 CC/CC 22 (11.00) 21 (10.50) 1.02 (0.52-1.99) 0.944
rs743572 T allele 267 (66.75) 266 (66.50) 1 (Reference)

C allele 133 (33.25) 134 (33.50) 0.98 (0.73-1.32) 0.94

Table 3. The Distribution of Genotype and Allele Frequencies of CYP2C19*2, CYP2C19*3 and CYP17 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 

CYP2C19*2
G681A
(rs4244285)

AA/AA + GG/AA
GG/GG

137 (68.50)
63 (31.50)

68 (34.00)
132 (66.00)

1 (Reference)
0.23 (0.15-0.35)

<0.0001*

CYP2C19*3
G636A
(rs4986893)

AA/AA + GG/AA
GG/GG

30 (15.00)
170 (85.00)

28 (14.00)
172 (86.00)

1 (Reference)
0.92 (0.52-1.61)

0.776

CYP17
T-34C
(rs743572)

CC/CC+TT/CC
TT/TT

111 (55.50)
89 (44.50)

113 (56.50)
87 (43.50)

1 (Reference)
1.04 (0.70-1.54)

0.84

Table 4. Association between Gastrointestinal Cancer Risk and the Single Nucleotide Polymorphism Variant of 
CYP2C19*2, CYP2C19*3 and CYP17 Genes in the Recessive Model.A

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 Genotype Cases  (n= 200) (%) Control  (n =200 )(%) OR (95% CI) P value 
CYP2C19*2
G681A
(rs4244285)

AA/AA
GG/AA +GG/GG

29 (14.50)
171 (85.50)

18 (9.00)
182 (91.00)

1 (Reference)
0.58 (0.31-1.08)

0.09

CYP2C19*3
G636A
rs4986893

AA/AA
GG/AA +GG/GG

13 (6.50)
187 (93.50)

13 (6.50)
187 (93.50)

1 (Reference)
1.00 (0.45-2.21)

1

CYP17
T-34C
rs743572

CC/CC
TT/CC + TT/TT

22 (11.00)
178 (89.00)

21 (10.50)
179 (89.50)

1 (Reference)
0.94 (0.50-1.78)

0.871

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 5. Association between Gastrointestinal Cancer Risk and the Single Nucleotide Polymorphism Variant of 
CYP2C19*2, CYP2C19*3 and CYP17 Genes in the Dominant Model

of GI cancer in the studied population. 

Distribution of different genotypes of CYP2C19*2 
(rs4244285), CYP2C19*3 (rs4986893) and CYP17 
(rs743572) genes in GI cancer cases and controls

In CYP450 gene family, CYP2C19 is an important 

enzyme for metabolism of drugs and xenobiotic 
substances. In this hospital based case-control study, 
the genotypic frequency distribution of CYP2C19*2 
and CYP2C19*3 was determined in GI cancer cases and 
matched with healthy controls in order to understand their 
association with GI carcinogenesis in rural population. 
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The univariate logistic regression analysis was used to 
find out an association of CYP2C19*2, CYP2C19*3 
gene polymorphisms with GI cancer risk. The results of 
regression analysis showed significant deviation from 
Hardy-Weinberg equilibrium for variant genotype of 
CYP2C19*2 (rs4244285) (OR=3.37 95% CI: 1.74-6.53; 
p=0.0003) which indicated functional association of 
CYP2C19*2 with GI cancer risk in the studied population. 
Similarly Variant ‘A’ allele also significantly deviated in 
GI cancer cases as compared to healthy controls (OR=2.59 
95% CI: 1.89-3.53; p<0.0001). The results of regression 
analysis of CYP2C19 and CYP17 gene polymorphisms 
and their association with GI cancer risk are represented 
in Table 3. When we studied frequency distribution of 
CYP2C19*3 (rs4986893), we observed that AA variant 
genotype was not deviated in GI cancer cases than the 
healthy controls with (OR 1.01; 95% CI, 0.45 – 2.24; 
p=0.977). The corresponding allele frequency of G636A 
polymorphism of CYP2C19*3 in studied population were 
89.25 % for wild type (G) allele and 10.75 % for mutated 
variant (A) allele which indicated no association with 
GI cancer risk in studied population (OR 1.05; 95%CI, 
0.67-1.65; p=0.817). The frequency of T/T, T/C and C/C 
genotypes of CYP17 was 44.50, 44.50 and 11.00 in GI 
cancer cases and 43.50, 46.00, 10.50 healthy controls 
which indicated no significant difference was observed 
between cases and controls. When we studied combined 
effect of T/C + C/C genotypes showed also showed no 
association (OR= 0.96; 95% CI=0.64-1.42, p=0.840) 
with development of GI cancer among rural population 
of south-western Maharashtra. When polymorphism of 
variant genotypes of CYP2C19*2, CYP2C19*3, CYP17 
and their association with GI cancer risk was studied in a 
recessive genotype model, we found negative association 
of CYP2C19*2 (SNP: rs4244285) (OR=0.23; 95% CI: 
0.15- 0.35; p<0.0001) with GI cancer risk whereas other 
two genotypic polymorphism of CYP2C19*3 (G636A) 
and CYP17 (T-34C) showed no association with GI 
cancer risk in recessive genotype model (Table 4). The 
dominant model showed lack of involvement of either of 
CYP2C19*2, (OR=0.58; 95% CI: 0.31-1.08); p=0.090), 
CYP2C19*3 (OR=1.00; 95% CI: 0.45-2.21); p=1.000) or 
CYP17 (OR=0.94; 95% CI: 0.50-1.78); p=0.871) with GI 
risk in the studied population (Table 5).

Correlation of genetic variants of CYP2C19*2, 
CYP2C19*3 and CYP17 gene with demographic variables 
associated with GI cancer risk

The interactions between demographic variables 
such as age of cancer occurrence, tobacco and alcohol 
consumption habits with genotype frequencies of 
CYP2C19 and CYP17 gene polymorphism was studied 
among the GI cancer cases and healthy controls of the 
rural population of south-western Maharashtra. The 
results of genotype distributions of the selected CYP2C19 
and CYP17 genes among the cases and controls and 
their interactions with GI cancer risk are summarized 
in Table 6. The logistic regression analysis showed 
that SNP rs4244285 of CYP2C19*2 was associated 
significantly with GI cancer risk in homozygous or 
heterozygous after being adjusted for age of cancer 
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occurrence. When we stratified the genotypic distribution 
according to age of cancer occurrence, we observed G/A 
+ A/A genotype significantly increased with increase in 
age <50 (OR=15.77 95% CI= 8.46-29.38; p<0.0001). 
Interestingly, when we studied rs743572 SNP of CYP17 
in relation to age of cancer occurrence, tobacco smoking 
and alcohol drinking habit which was not significantly 
associated with development of GI cancer in the studied 
population.

Discussion

Cytochrome P450 are most important component of 
phase I detoxification and drug metabolizing enzymes 
in human body and associated with metabolism and 
inactivation of carcinogens. The functional polymorphism 
of CYP450 gene is associated with lock of enzyme 
activity and risk of developing different kinds of cancers 
[7, 9]. CYP2C19 is one of the most important isoforms 
of CYP450 enzymes plays a crucial role in metabolism 
of number of therapeutic agents and detoxification 
of potential carcinogens. The polymorphic nature of 
CYP2C19 is observed to be associated with cancer 
susceptibility [10-12]. However, their role in GI cancer 
susceptibility is inadequately studied. Therefore, 
in current study we evaluated the association of 
CYP2C19 gene with two major polymorphism including 
CYP2C19*2 and CYP2C19*3 with GI cancer in 
population of South-Western Maharashtra. Based on the 
results obtained in current study, significant association 
of CYP2C19*2 was determined with GI cancer risk which 
was corroborated with other studies [10, 12, 19]. Similarly 
other investigations also reported significant association 
of CYP2C19*2 variant genotype with digestive tract 
cancer risk in different ethnic population [10, 20]. 
In contrast to the findings obtained in current study 
another reports depicted either negative correlation of 
CYP2C19*2 with cancer risk [21] or no association with 
cancer susceptibility including prostate [22] and breast 
cancer [23]. When we analyzed correlation of CYP2C19*3 
with GI cancer risk, we observed no association of this 
polymorphism with cancer risk which was also noted 
with esophagus [24], breast cancer risk [25-26]. Similarly, 
when we determined an association of CYP17 (SNP 
rs743572) with GI cancer risk in the studied population, 
the results after analysis showed no association of 
CYP17 polymorphism with GI cancer risk. Several other 
studied conferred the significant contribution of CYP17 
gene polymorphism with increased risk breast [27-28], 
prostate [29], and ovarian cancer [30]. Few Indian studies 
revealed association of polymorphic CYP17 (SNP: 
rs743572) with increased risk of breast [15], prostate [31] 
and neck cancer risk [32] however, some other studies 
supported our findings with no association of CYP17 
polymorphisms with liver [33-34], prostate [35] and 
breast cancer risk [36-37]. To the best of our knowledge, 
limited number of studies have been carried out to 
substantiate an association of either CYP2C19 or CYP17 
gene polymorphisms with gastrointestinal cancer risk in 
any of the Indian polupation. Therefore, in the present 
study we for the first time determined the polymorphism 

in allele frequencies of metabolic CYP2C19 and CYP17 
genes and the risk of GI cancer in the rural population of 
Maharashtra from the western peninsular region of India. 
In this study, we investigated the relationship between the 
development of GI cancer and genetic polymorphisms in 
metabolic pathway cytochrome P450 genes from a pool 
of unexplored Maharashtra population and showed that 
rs4244285SNP of CYP2C19 gene may confer the role in 
GI carcinogenesis in Maharashtrian population of India.

In conclusion, we conducted a case-control study to 
evaluate association between CYP2C19 AND CYP17 
polymorphisms and GI cancer risk in population of 
south-western Maharashtra of India. According to our 
results, significant association was evident between 
CYP2C19*2 polymorphism and GI cancer risk in the 
studied population. Our findings raise the discussion 
about the involvement of CYP2C19 polymorphisms in 
GI cancer. 

Author Contribution Statement

Concept: KDD, RAG, AKG Design: KDD, AKG, 
RAG, Experimental Studies: MNP, ALM Clinical studies: 
RAG, AKG Data analysis: KDD, MNP, Statistical 
analysis: KDD Manuscript preparation: RAG, KDD, 
AKG. All authors read and approved the final manuscript. 

Acknowledgements

Funding statement
Authors are thankfull to Krishna Vishwa Vidyapeeth 

(Deemed to be University) Karad for financial assistance.

Approval
The study protocol was approved by protocol 

committee of Krishna Vishwa Vidyapeeth (Deemed to 
be University)

Declaration of Conflict of interest
The authors declare that they have no competing 

financial or any other conflict of interests that could have 
appeared to influence the work reported in this paper.

Ethics Committee Approval
The study protocol was approved by Institutional 

Ethics Committee of Krishna Vishwa Vidyapeeth 
‘Deemed to be University’, Karad. 

Abbreviations 
GI: Gastrointestinal Cancer
CYP450: Cytochrome P 450
DNA: Deoxyribose Nucleic acid
PCR-RFLP: Polymerase Chain Reaction-Restriction 

Fragment Length Polymorphism
SNP: Single Nucleotide Polymorphism
OR: Odds Ratio
CI: Confidence Interval

References

1. GLOBOCAN. Cancer Incidence and Mortality worldwide: 



Asian Pacific Journal of Cancer Prevention, Vol 26 397

DOI:10.31557/APJCP.2025.26.2.391
CYP17 and CYP2C19 Gene Polymorphism and GI Cancer Risk

International agency for research on cancer (IARC). 
Estimated number of new cases and death of cancer in 2022. 
IARC 2022. (Accessed: February 2024). Available from: 
https://gco.iarc.fr/today/home.

2. Thomson CA, LeWinn K, Newton TR, Alberts DS, Martinez 
ME. Nutrition and diet in the development of gastrointestinal 
cancer. Curr Oncol Rep. 2003;5(3):192-202. https://doi.
org/10.1007/s11912-003-0110-y.

3. Moy KA, Fan Y, Wang R, Gao YT, Yu MC, Yuan JM. Alcohol 
and tobacco use in relation to gastric cancer: a prospective 
study of men in Shanghai, China. Cancer Epidemiol 
Biomarkers Prev. 2010;19(9):2287-2297. https://doi.
org/10.1158/1055-9965.EPI-10-0362. 

4. Megraud F, Bessede E, Varon C. Helicobacter pylori 
infection and gastric carcinoma. Clin Microbiol 
Infect. 2015;21(11):984-990. https://doi.org/10.1016/j.
cmi.2015.06.004.

5. Yoshimura K, Hanaoka T, Ohnami S, Ohnami S, Kohno 
T, Liu Y, et al. Allele frequencies of single nucleotide 
polymorphisms (SNPs) in 40 candidate genes for gene-
environment studies on cancer: data from population-based 
Japanese random samples. J Hum Genet. 2003;48(12):654-
658. https://doi.org/10.1007/s10038-003-0096-1. 

6. Bapat B, Perera S. Genetic instability in cancer. Atlas Genet 
Cytogenet Oncol Haematol. 2007;11(2):155-164. 

7. Bag A, Jyala NS, Bag N. Cytochrome P450 1A1 genetic 
polymorphisms as cancer biomarkers. Indian J Cancer. 
2015;52(4):479-489. https://doi.org/10.4103/0019-
509X.178380.

8. Rendic SP, Peter Guengerich F. Human cytochrome 
P450 enzymes 5-51 as targets of drugs and natural and 
environmental compounds: mechanisms, induction, and 
inhibition - toxic effects and benefits. Drug Metab Rev. 
2018;50(3):256-342. https://doi.org/10.1080/03602532.20
18.1483401. 

9. Ghoshal U, Tripathi S, Kumar S, Mittal B, Chourasia D, 
Kumari N, et al. Genetic polymorphism of cytochrome 
P450 (CYP) 1A1, CYP1A2, and CYP2E1 genes modulate 
susceptibility to gastric cancer in patients with Helicobacter 
pylori infection. Gastric Cancer. 2014;17(2):226-34. https://
doi.org/10.1007/s10120-013-0269-3. 

10. Zhou B, Song Z, Qian M, Li L, Gong J, Zou S. Functional 
polymorphisms in the CYP2C19 gene contribute to digestive 
system cancer risk: evidence from 11,042 subjects. PLoS 
One. 2013;8(7):e66865. https://doi.org/10.1371/journal.
pone.0066865. 

11. Li QY, Zhao NM, Wang LC, Duan HF, Ma YC, Zhang W, 
et al. Individuals having variant genotypes of cytochrome 
P450 2C19 are at increased risk of developing primary 
liver cancer in Han populations, without infection with the 
hepatitis virus. Tumour Biol. 2014; 35(9):9023-9026. https://
doi.org/10.1007/s13277-014-2144-1. 

12. Berradi H, Kaanane H, Hassani H, Elkadmiri N, Benchakroun 
N, Benider A, et al. Association of CYP2C19*2/3 gene 
polymorphism with lung cancer in Moroccan population. 
Gene Rep. 2021;25: 101314. https://doi.org/10.1016/j.
genrep.2021.101314.

13. Ntais C, Polycarpou A, Ioannidis JP. Association of the 
CYP17 gene polymorphism with the risk of prostate cancer: 
a meta-analysis. Cancer Epidemiol Biomarkers Prev. 
2003;12(2):120-6.

14. Xu J, Lin X, Zhu H, Zhang Z, Yang B. Genetic variation of 
the CYP17 and susceptibility to endometrial cancer: a meta-
analysis. Mol Biol Rep. 2013;40(8):5085-5091. https://doi.
org/10.1007/s11033-013-2609-0. 

15. Chakraborty A, Murthy NS, Chintamani C, Bhatnagar D, 
Mohil RS, Sharma PC, Saxena S. CYP17 gene polymorphism 

and its association with high-risk north Indian breast cancer 
patients. J Hum Genet. 2007;52(2):159-165. https://doi.
org/10.1007/s10038-006-0095-0.

16. Rai R, Sharma KL, Misra S, Kumar A, Mittal B. CYP17 
polymorphism (rs743572) is associated with increased 
risk of gallbladder cancer in tobacco users. Tumour Biol. 
2014;35(7):6531-7. https://doi.org/10.1007/s13277-014-
1876-2. 

17. Cai L, Huang W, Chou KC. Prostate cancer with 
variants in CYP17 and UGT2B17 genes: a meta-
analysis. Protein Pept Lett. 2012;19(1):62-69. https://doi.
org/10.2174/092986612798472848.

18. Gohar N, Gayar DE, Issac MS, Shehata M, Khater 
Y, Saad ES. CYP 17 and estrogen receptor α gene 
polymorphisms: association with breast cancer susceptibility 
and clinicopathological parameters in a cohort of Egyptian 
patients. Comp Clin Pathol. 2014;13:1609-1617. https://doi.
org/10.1007/s00580-013-1830-5

19. Sugimoto M, Furuta T, Shirai N, Nakamura A, Kajimura 
M, Sugimura H, et al. Poor metabolizer genotype status 
of CYP2C19 is a risk factor for developing gastric cancer 
in Japanese patients with Helicobacter pylori infection. 
Aliment Pharmacol Ther. 2005;22(10):1033-1040. https://
doi.org/10.1111/j.1365-2036.2005.02678.x.

20. Gao X, Wang G, Liu L, Zhang J, Zhao K, Wang Y, Li 
S. Association Between CYP2C19 Polymorphisms and 
Esophageal Squamous Cell Carcinoma Risk in Asian 
Populations: A Systematic Review and Meta-analysis. 2020. 
https://doi.org/10.21203/rs.3.rs-33546/v1 

21. Datkhile KD, Patil SR, Patil MN, Durgawale PP, Jagdale NJ, 
Deshmukh VN, et al. Genetic polymorphisms of CYP1A, 
CYP1B, CYP2C and risk of cervical cancer among rural 
population of Maharashtra: Findings from a hospital-based 
case-control study. J Cancer Res Ther. 2023;19(7):1925-
1930. https://doi.org/10.4103/jcrt.jcrt_292_21. 

22. Wadelius M, Autrup JL, Stubbins MJ, Andersson SO, 
Johansson JE, Wadelius C, et al. Polymorphisms in NAT2, 
CYP2D6, CYP2C19 and GSTP1 and their association with 
prostate cancer. Pharmacogenetics. 1999;9(3):333-340. 
https://doi.org/10.1097/00008571-199906000-00008. 

23. Al-Eitan LN, Rababa’h DM, Alghamdi MA, Khasawneh RH. 
Association of CYP gene polymorphisms with breast cancer 
risk and prognostic factors in the Jordanian population. BMC 
Med Genet. 2019;20(1):148. https://doi.org/1010.1186/
s12881-019-0884-x. 

24. Peng XE, Chen HF, Hu ZJ, Shi XS. Independent and 
combined effects of environmental factors and CYP2C19 
polymorphisms on the risk of esophageal squamous cell 
carcinoma in Fujian Province of China. BMC Med Genet. 
2015;16:15. https://doi.org/10.1186/s12881-015-0156-3. 

25. Gan CQ, Wang XY, Cao YD, Ye WX, Liu H, Sun YY. 
Association of CYP2C19*3 gene polymorphism with breast 
cancer in Chinese women. Genet Mol Res. 2011;10(4):3514-
3519. https://doi.org/10.4238/2011.

26. Elouilamine E, Akil SE, Aznag FZ, Izaabel EH. CYP2C19 gene 
polymorphisms among Moroccan patients with breast cancer 
disease: A case-control study. Gene Rep. 2020;19:100610. 
https://doi.org/10.1016/j.genrep.2020.100610.

27. Sun J, Zhang H, Gao M, Tang Z, Guo D, Zhang X, et al. 
Association between CYP17 T-34C rs743572 and breast 
cancer risk. Oncotarget. 2017;9(3):4200-4213. https://doi.
org/10.18632/oncotarget.23688. 

28. Yang P, Wang M, Tian T, Feng Y, Zheng Y, Yang T, et al. 
CYP17 polymorphisms are associated with decreased risk 
of breast cancer in Chinese Han women: a case-control 
study. Cancer Manag Res. 2018;10:1791-1798. https://doi.
org/10.2147/CMAR.S167503.



Kailas D. Datkhile et al

Asian Pacific Journal of Cancer Prevention, Vol 26398

29. Karimpur-Zahmatkesh A, Farzaneh F, Pouresmaeili F, Hosseini 
J, Azarghashb E, Yaghoobi M. A2 allele polymorphism of the 
CYP17 gene and prostate cancer risk in an iranian population. 
Asian Pac J Cancer Prev. 2013;14(2):1049-1052. https://doi.
org/10.7314/apjcp.2013.14.2.1049.

30. Yazici H, Tigli H, Kadehci Z, Kucucuk S, Saip P, 
Issever H, et al. Are CYP17 genotypes a biomarker 
for ovarian cancer in patients with cancer history in 
their family? Oncol Res. 2006;16(1):43-47. https://doi.
org/10.3727/000000006783981279.

31. Sobti RC, Gupta L, Thakur H, Seth A, Singh SK, Kaur P. 
CYP17 gene polymorphism and its association in north Indian 
prostate cancer patients. Anticancer Res. 2009;29(5):1659-
63. https://pubmed.ncbi.nlm.nih.gov/19443382

32. Bhat GA, Bhat AB, Lone MM, Dar NA. Association of 
Genetic Variants of CYP2C19 and CYP2D6 with Esophageal 
Squamous Cell Carcinoma Risk in Northern India, Kashmir. 
Nutr Cancer. 2017;69(4):585-592. https://doi.org/10.1080/0
1635581.2017.1299874. 

33. Rossi L, Leveri M, Gritti C, De Silvestri A, Zavaglia 
C, Sonzogni L, et al. Genetic polymorphisms of steroid 
hormone metabolizing enzymes and risk of liver cancer in 
hepatitis C-infected patients. J Hepatol. 2003;39(4):564-570. 
https://doi.org/10.1016/s0168-8278(03)00355-6. 

34. Yuan X, Zhou G, Zhai Y, Xie W, Cui Y, Cao J, et al. Lack 
of association between the functional polymorphisms in 
the estrogen-metabolizing genes and risk for hepatocellular 
carcinoma. Cancer Epidemiol Biomarkers Prev. 
2008;17(12):3621-3627. https://doi.org/10.1158/1055-
9965.EPI-08-0742. 

35. Song G, Gu L, Tian F, Bao Q, Tang Z, Wang S. Lack of 
association between CYP17 Mspa1 polymorphism and 
prostate cancer risk: a meta-analysis of 14494 cases and 
15971 controls. Medicina (Kaunas). 2013;49(2):51-55. 

36. Mao C, Wang XW, He BF, Qiu LX, Liao RY, Luo RC, 
Chen Q. Lack of association between CYP17 MspA1 
polymorphism and breast cancer risk: a meta-analysis of 
22,090 cases and 28,498 controls. Breast Cancer Res Treat. 
2010;122(1):259-265. https://doi.org/10.1007/s10549-009-
0695-4. 

37. Karakus N, Kara N, Ulusoy AN, Ozaslan C, Tural S, Okan 
I. Evaluation of CYP17A1 and LEP Gene Polymorphisms 
in Breast Cancer. Oncol Res Treat. 2015;38(9):418-422. 
https://doi.org/10.1159/000438940

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.


