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Abstract
Human cytochrome P4502E1 (CYP2E1) is a well-conserved xenobiotic-metabolizing enzyme expressed in
liver, kidney, nasal mucosa, brain, lung, and other tissues. CYP2E1 is inducible by ethanol, acetone, and other
low-molecular weight substrates and may mediate development of chemically-mediated cancers. CYP2E1
polymorphisms alter the transcriptional activity of the gene. This study was conducted in order to investigate
the allele frequency variation in different populations of Andhra Pradesh. Two hundred and twelve subjects
belonging to six populations were studied. Genotype and allele frequency were assessed through TaqMan allelic
discrimination (rs6413419) and polymerase chain reaction-sequencing (-1295G>C and -1055C>T) after DNA
isolation from peripheral leukocytes. The data were compared with other available world populations. The SNP
rs6413419 is monomorphic in the present study, -1295G>C and -1055C>T are less polymorphic and followed
Hardy-Weinberg equilibrium in all the populations studied. The -1295G>C and -1055C>T frequencies were similar
and acted as surrogates in all the populations. Analysis of HapMap populations data revealed no significant LD
between these markers in all the populations. Low frequency of CYP2E1*c2 could be useful in the understanding
of south Indian population gene composition, alcohol metabolism, and alcoholic liver disease development.
However, screening of additional populations and further association studies are necessary. The heterogeneity
of Indian population as evidenced by the different distribution of CYP2E1*c2 may help in understanding the
population genetic and evolutionary aspects of this gene.
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Introduction
Drug metabolizing enzymes are involved in the
processing of xenobiotics to expel them easily from the
body and occasionally they also mediate the toxicity
or carcinogenicity through the metabolic activation of
procarcinogens. CYP2E1 is a well-conserved xenobioticmetabolizing cytochrome P450 (CYP) enzyme. CYP2E1
is expressed in liver, kidney, nasal mucosa, brain, lung,
and other tissues (Sohda et al., 1993). CYP2E1 expression
is easily inducible by a variety of physiological and
pathophysiological conditions, ethanol, acetone, and other
low-molecular weight substrates. Induction of CYP2E1 is
the first step involved in the development of chemicallymediated cancers. CYP2E1 metabolically activates a
large number of low relative molecular mass toxicants
and carcinogens and thus is of enormous toxicological
and carcinogenic importance (Gonzalez, 2007). Since the
bioactivation of carcinogens through CYP is the first step

of crucial importance to the cancer development, a large
number of studies have been carried out to investigate the
association between the CYP2E1 polymorphisms and risk
of various cancers, but findings have been inconsistent
(Klinchid et al., 2009; Hata et al., 2010; Wang et al., 2010;
Ye et al., 2010; Balaji et al., 2011; Sameer et al., 2011).
Inhibition of CYP2E1 using tolfenamic acid attenuated
the bioactivation of carcinogens potentially leading to the
chemoprevention (Shukoor et al., 2012) and hence the
development of effective CYP2E1 inhibitors, proved to
be effective in preventing CYP2E1-mediated cancers.
The CYP2E1 gene is mapped to chromosome 10q24.3qter. The gene spans over 11 kb and contains 9 exons
coding for a membrane-bound protein consisting of 493
amino acid residues with a molecular weight of ~ 57 kDa
(Lewis et al., 1997). Both the 5’-flanking region (5’-FR)
and 3’-untranslated-region (3’-UTR) harbour several
mutations known to alter the transcriptional activity of
the gene (Hayashi et al., 1991; Chen et al., 2006). Two
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point mutations in the 5’-FR PstI and RsaI- which are in
close linkage disequilibrium are known to generate the
CYP2E1_1 (c1) allele and the less common CYP2E1_2
(c2) allele. PstI and RsaI have been associated with a
greater risk for oral, pharyngeal (Matthias et al., 2002;
Gattas et al., 2006), liver (Hata et al., 2010; Ye et al.,
2010) and lung cancers (Klinchid et al., 2009; Wang
et al., 2010). It is well established that frequencies of
CYP2E1 polymorphisms differ markedly in among
different ethnic and racial groups. Attempts have been
made to study the CYP2E1 polymorphisms at global level
(Lee et al., 2008) and the Indian population diversity
provides immense opportunity in this regard. Therefore,
in this study, the frequency of three important CYP2E1
polymorphisms p. V179I (dbSNP rs6413419), -1295G>C
(dbSNP rs3813867) and -1055C>T (dbSNP rs2031920) in
5’-flanking region and T7678A polymorphism in intron
6, were investigated in six south Indian populations.

Materials and Methods
Populations
The study population included a total of 212 males
belonging to six ethnic groups of south India. All the
subjects were apparently normal healthy volunteers and
no diagnosis of alcoholism or related disorders performed
on them. About 3 ml of blood samples were collected
with the informed written consent of all the participants.
The study was approved by the Ethics Committee of
Narayana Medical College, Nellore, India. DNA of the
above samples was isolated using the standard protocol
(Sambrook et al., 1989).
Genotyping
The SNP rs6413419 genotyping was performed using
a pre-designed TaqMan allelic discrimination assay
(part number: C__30443971_10, Applied Biosystems,
Foster City, CA, USA). The PCR was carried out in a
final reaction volume of 5 μL which contained 2.5 μL
TaqMan Universal PCR Master Mix, 0.125 μL TaqMan
SNP Genotyping Assay, 1.375 μL distilled water and 1
μL DNA (10 ng/μL). After PCR, the genotype of each
sample was automatically attributed by measuring the
allele-specific fluorescence in the ABI 7900HT Sequence
Detection System, using the SDS 2.3 software for allele
discrimination (Applied Biosystems, Foster City, CA,
USA). The single nucleotide polymorphisms -1295G>C
and -1055C>T in 5’-flanking region was genotyped using
PCR sequencing. The forward 5’-ccagtcgagtctacattgtca-3’
and reverse 5’-ttcattctgtcttctaactgg-3’ primers were used to
amply 413bp product. PCRs were carried out in a Verity
thermocycler (Applied Biosystems) in 0.2 ml tubes using
10 ml standard reaction volume. PCR amplicons were
checked on 2% agarose gel prior to DNA sequencing.
Statistical analysis
Allele frequencies at each locus in all populations
were determined by direct gene counting. The genotype
distribution for each site in each sample was evaluated
for departure from Hardy-Weinberg equilibrium using
the HWSIM program (Cubells et al., 1997). Within
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each population, haplotype frequencies were obtained
from three-site and six-site haplotypes by summing
frequencies of each relevant haplotype. Haplotypes were
estimated from phase-unknown multi-site genotypes
based on a maximum likelihood method employing an
EM algorithm using Arlequin 2.0 (Schneider et al., 2000).
Linkage disequilibrium (D’ and r2) was estimated using
HaploView 3.12 (Barrett et al., 2005). To understand the
global distribution of CYP2E1 -1295G>C and -1055C>T,
we have also extracted 20kb up and downstream SNPs
around these SNPs from HapMap data (Tanaka, 2009).

Results
Out of three SNPs analysed only two were polymorphic
in the study populations. All 212 samples analysed for
rs6413419 showed GG genotype, indicating that this
SNP is monomorphic in the study population. Hence we
excluded this SNP from further analysis. The genotypes
of -1295G>C and -1055C>T SNPs in 5’ -flanking region
are designated as c1/c1 for wild type homozygous, c1/
c2 for heterozygous and c2/c2 for mutant homozygous
individuals. Both -1295G>C and -1055C>T SNPs
remained highly polymorphic in the studied populations.
Genotype frequencies of both polymorphisms fit HardyWeinberg equation. Population-specific genotype counts
and frequencies among different populations were shown
in Table 1. Although there is no much difference in the
minor allele among populations both, SNPs co-inherited
in the populations. The -1295G>C and -1055C>T SNPs,
which are in complete linkage disequilibrium, was
found to be polymorphic in four out of six populations.
The homozygous wild type genotype (c1/c1) frequency
was 88.2% in Madiga to 97.8% in Reddy populations
whereas the heterozygous genotype (c1/c2) was 2.3%
in Muslim to 11.8% in Madiga population. None of the
population showed homozygous mutants genotypes
(c2c2). The minor allele frequency of -1295G>C and
-1055C>T SNPs varied from 1.1% in Reddy to 5.9% in
Madiga populations. Haplotype analysis using -1295G>C
and -1055C>T SNPs were provided in Table 2. The
pairwise LD values (D’=1 and r2=1) between rs3813867
and rs2031920 also revealed that one SNP can act as a
Table 1. Genotype, Allele Frequencies for SNPs
rs3813867 and rs2031920 among 6 Indian Populations
Population c1/c1
c1/c2
c2/c2 c1 allele c2 allele HWE
						
p value
Reddy
Sugali
Balija
Muslim
Mala
Madiga

45 (97.83)
27 (100)
33 (97.06)
42 (97.67)
45 (100)
15 (88.24)

1 (2.17)
0 (0)
1 (2.94)
1 (2.33)
0 (0)
2 (11.76)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

0.989
0
0.985
0.988
1
0.941

0.011
0
0.015
0.012
0
0.059

0.941
NA
0.931
0.939
NA
0.797

Table 2. CYP2E1 Gene Haplotypes in Different
Populations
rs3813867 and rs2031920

Haplotype

Reddy

Sugali

Balija

Muslim

Mala

Madiga

CT
GC

0.011
0.989

0
1

0.015
0.985

0.012
0.988

0
1

0.059
0.941

surrogate for another. The minor allele frequencies of
rs6413419 and c2 allele in different HapMap populations
were documented in Table 3. Calculation of LD in the
20kb up and downstream regions from -1055C>T (dbSNP
rs2031920) loci in HapMap populations revealed that the
east Asian populations showed larger LD blocks followed
by the European populations (Figure S1). These blocks
are very small in African populations.

Discussion
In this study, rs6413419, -1295G>C and -1055C>T
polymorphisms are analyzed for 212 individuals belong to
6 Indian populations. The rs6413419 is not polymorphic
in study populations. The -1295G>C and -1055C>T are
identified in four populations and are completely in strong
linkage disequilibrium with each other. A homozygous
mutated individual was not identified in this study. East
Asian populations showed larger LD blocks compared to
the other populations.
Table 3. Minor Allele Frequencies of CYP2E1 Gene
rs2031920 and rs6413419 in Different HapMap
Populations
Label

Population

ASW African ancestry in Southwest USA
CEU Utah residents with European ancestry
from the CEPH collection
CHB Han Chinese in Beijing, China
CHD Chinese in Metropolitan Denver, Colorado
GIH Gujarati Indians in Houston, Texas
JPT
Japanese in Tokyo, Japan
LWK Luhya in Webuye, Kenya
MEX Mexican ancestry in Los Angeles, California
MKK Maasai in Kinyawa, Kenya
TSI
Toscans in Italy
YRI Yoruba in Ibadan, Nigeria
*MAF; Minor allele frequency

c2 allele rs6413419
0.024

0.223

0.103
0.289
0.306
0.023
0.291
0
0.247
0
0.102
0

0.021
0
0
0.011
0
0.15
0.032
0.088
0.04
0.316
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CYP2E1 is one of the xenobiotic-metabolizing
P450s and is involved in the interindividual variations
in susceptibility to occupational diseases caused by
chemicals or chemical-induced carcinogenesis. Like
most other xenobiotic-metabolizing genes, CYP2E1
polymorphisms frequency differs distinctly among ethnic
and racial groups (Evans and Relling, 1999). Although,
the molecular basis of the human CYP2E1 regulation
largely remains unknown, previous studies has shown
that the c2 mutant allele has been related to an increase
in CYP2EI expression. The DNA containing CYP2E1
gene c2 mutation showed 10 times better expression as
compared to the expression in native DNA in HepG2
cells (Hayashi et al., 1991). Furthermore, Individuals
with c2 allele showed 1.7-fold higher CYP2E1 mRNA
content than the c1 allele carriers indicating that RsaI
polymorphism affects the binding of a transcription factor
and the transcriptional activation of CYP2E1 (Watanabe
et al., 1994).
The c2 mutant allele frequency in study populations is
1.1-5.9% and is consistent with previous reports from India
(Sikdar et al., 2003; Krishnakumar et al., 2012). The c2
mutant allele in South Indians was lower than in Chinese,
Taiwanese, Japanese and Caucasians populations (Garte
et al., 2001). The c2 mutant allele frequency varies in the
European populations ranges from 3.47% to 5.5% (Tang
et al., 2010). Analysis of Brazilian populations revealed
variations in the c2 mutant allele frequency between white
and non-white individuals (Rossini et al., 2006). The c2
allele frequency is higher in Mexicans as compared with
other Native American populations (Mendoza-Cantu et al.,
2004). The c2 allele frequency in Turkish population is
almost similar to the Caucasian populations (Omer et al.,
2001; Ulusoy et al., 2007). Analysis of three Ethnic groups
from Russia revealed significant differences between
the populations with the c2 allele ranged from 2.66%

Figure 1. Linkage Disequilibrium Profiles in Different World Populations Studied in International HapMap
Project. Colour coding represents the D’/LOD values and the values in cells are r2 multiplied by 100
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in Russians to 6.8% in Bashkirs (Korytina et al., 2012).
Analysis of HapMap data revealed that the frequency of
c2 mutant allele varies from population to population.
Caucasians representatives of HapMap, Utah residents
with Northern and Western European ancestry from the
CEPH collection (CEU) and Toscans in Italy showed the
frequency of 10.3% and 10.2% respectively. The HapMap
Chinese populations, Chinese Han Chinese in Beijing
(CHB) and Chinese in Metropolitan Denver (CHD)
showed the frequency of 28.9% and 30.6% respectively.
The c2 allele in Japanese (JPT) is -29.1% and in Mexicans
(MEX) 24.7%. The African populations representing the
HapMap (LWK, MKK and YRI) did not show the c2 allele.
In view of the significant inter-ethnic variations
in CYP2E1 polymorphisms, it was of great interest to
establish their genotype and allele frequency spectrum
in Indian populations. Subsequently, this information
could be useful in assessing the genetic risk factors to
cancer susceptibility and other diseases associated with
detoxification pathway. Thus, it is recommended that
a larger population is screened to confirm the results
found in the present study and to relate these data to
the geographical differences in diseases associated with
CYP2E1 polymorphisms in India.

References
Balaji L, Singh KB, Bhaskar LV (2011). Genetic polymorphisms
of the CYP2E1 gene do not contribute to oral cancer
susceptibility in south Indians. Asian Pac J Cancer Prev,
12, 1523-7.
Barrett JC, Fry B, Maller J, et al (2005). Haploview: analysis
and visualization of LD and haplotype maps. Bioinformatics,
21, 263-5.
Chen JM, Ferec C, Cooper DN (2006). A systematic analysis
of disease-associated variants in the 3’ regulatory regions
of human protein-coding genes I: general principles and
overview. Hum Genet, 120, 1-21.
Cubells JF, Kobayashi K, Nagatsu T, et al (1997). Population
genetics of a functional variant of the dopamine betahydroxylase gene (DBH). Am J Med Genet, 74, 374-9.
Evans WE, Relling MV (1999). Pharmacogenomics: translating
functional genomics into rational therapeutics. Science,
286, 487-91.
Garte S, Gaspari L, Alexandrie AK, et al (2001). Metabolic gene
polymorphism frequencies in control populations. Cancer
Epidemiol Biomarkers Prev, 10, 1239-48.
Gattas GJ, de Carvalho MB, Siraque MS, et al (2006). Genetic
polymorphisms of CYP1A1, CYP2E1, GSTM1, and GSTT1
associated with head and neck cancer. Head Neck, 28,819-26.
Gonzalez FJ (2007). The 2006 bernard B. brodie award lecture.
Cyp2e1. Drug Metab Dispos, 35, 1-8.
Hata S, Miki Y, Fujishima F, et al (2010). Cytochrome 3A and
2E1 in human liver tissue: Individual variations among
normal Japanese subjects. Life Sci, 86, 393-401.
Hayashi S, Watanabe J, Kawajiri K (1991). Genetic polymorphisms
in the 5’-flanking region change transcriptional regulation
of the human cytochrome P450IIE1 gene. J Biochem, 110,
559-65.
Klinchid J, Chewaskulyoung B, Saeteng S, et al (2009). Effect
of combined genetic polymorphisms on lung cancer risk in
northern Thai women. Cancer Genet Cytogenet, 195, 143-9.
Korytina GF, Kochetova OV, Akhmadishina LZ, et al (2012).
Polymorphisms of cytochrome P450 Genes in three ethnic

182

Asian Pacific Journal of Cancer Prevention, Vol 14, 2013

groups from Russia. Balkan Med J, 29, 252-60.
Krishnakumar D, Gurusamy U, Dhandapani K, et al (2012).
Genetic polymorphisms of drug-metabolizing phase I
enzymes CYP2E1, CYP2A6 and CYP3A5 in South Indian
population. Fundam Clin Pharmacol, 26, 295-306.
Lee MY, Mukherjee N, Pakstis AJ, et al (2008). Global patterns
of variation in allele and haplotype frequencies and linkage
disequilibrium across the CYP2E1 gene. Pharmacogenomics
J, 8, 349-56.
Lewis DF, Bird MG, Parke DV (1997). Molecular modelling of
CYP2E1 enzymes from rat, mouse and man: an explanation
for species differences in butadiene metabolism and potential
carcinogenicity, and rationalization of CYP2E substrate
specificity. Toxicology, 118, 93-113.
Matthias C, Jahnke V, Fryer AA, et al (2002). Influence
of glutathione s-transferase and cytochrome p450
polymorphisms on prognosis of head and neck cancer.
Laryngorhinootologie, 81, 406-12.
Mendoza-Cantu A, Castorena-Torres F, Bermudez M, et al
(2004). Genotype and allele frequencies of polymorphic
cytochromes P450 CYP1A2 and CYP2E1 in Mexicans. Cell
Biochem Funct, 22, 29-34.
Omer B, Ozbek U, Akkose A, et al (2001). Genetic polymorphism
of cytochrome P450 2E1 in the Turkish population. Cell
Biochem Funct, 19, 273-5.
Rossini A, Lima SS, Rapozo DC, et al (2006). CYP2A6 and
CYP2E1 polymorphisms in a Brazilian population living in
Rio de Janeiro. Braz J Med Biol Res, 39,195-201.
Sambrook J, Fitsch EF, Maniatis T (1989). Molecular cloning:
a laboratory manual. Cold Spring Harbor: Cold Spring
Harbor Press.
Sameer AS, Nissar S, Qadri Q, et al (2011). Role of CYP2E1
genotypes in susceptibility to colorectal cancer in the
Kashmiri population. Hum Genomics, 5, 530-7.
Schneider S, Roessli D, Excoffier L (2000). Arlequin v.2.0:
a software for population genetics data analysis. Geneva,
Switzerland: Genetics and Biometry Laboratory, University
of Geneva.
Shukoor MI, Tiwari S, Sankpal UT, et al (2012). Tolfenamic acid
suppresses cytochrome P450 2E1 expression in mouse liver.
Integr Biol (Camb), 4, 1122-9.
Sikdar N, Mahmud SA, Paul RR, et al (2003). Polymorphism
in CYP1A1 and CYP2E1 genes and susceptibility to
leukoplakia in Indian tobacco users. Cancer Lett, 195, 33-42.
Sohda T, Shimizu M, Kamimura S, et al (1993).
Immunohistochemical demonstration of ethanol-inducible
P450 2E1 in rat brain. Alcohol Suppl, 1, 69-75.
Tanaka T (2009). HapMap project. Nihon Rinsho, 67, 1068-71.
Tang K, Li Y, Zhang Z, et al (2010). The PstI/RsaI and DraI
polymorphisms of CYP2E1 and head and neck cancer risk:
a meta-analysis based on 21 case-control studies. BMC
Cancer, 10, 575.
Ulusoy G, Arinc E, Adali O (2007). Genotype and allele
frequencies of polymorphic CYP2E1 in the Turkish
population. Arch Toxicol, 81, 711-8.
Wang Y, Yang H, Li L, et al (2010). Association between
CYP2E1 genetic polymorphisms and lung cancer risk: a
meta-analysis. Eur J Cancer, 46, 758-64.
Watanabe J, Hayashi S, Kawajiri K (1994). Different regulation
and expression of the human CYP2E1 gene due to the RsaI
polymorphism in the 5’-flanking region. J Biochem, 116,
321-6.
Ye X, Peng T, Liu T, et al (2010). Association between
aldehyde dehydrogenase-2/cytochrome P450 2E1 genetic
polymorphism and habit of alcohol drinking and the
susceptibility of hepatocellular carcinoma. Wei Sheng Yan
Jiu, 39, 42-5.

