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Abstract

AIM: To evaluate the association between genetic
polymorphisms in CYPZ2E1, ALDH2 and ADHIB and the
risk of esophageal squamous cell carcinoma (ESCC) in a
high risk area of Gansu Province, in Chinese males.

METHODS: A case-control study was conducted to
investigate the genetic polymorphisms of these enzymes
(CYP2E1*cl1/*c2, ALDH2*1/*2 and ADH1B *1/*1
genotypes). A total of 80 esophageal cancer cases and
480 controls were recruited.

RESULTS: Compared with controls, cases had a greater
prevalence of heavier alcohol consumption (53.8% vs
16.2%) and a higher proportion of alcohol drinkers with
> 30 drink-years (28.8% vs 13.5%). Heavier alcohol
consumption and alcohol drinking with > 30 drink-
years increased the risk of ESCC, with ORs (95% CI)
of 3.20 (1.32-9.65) and 1.68 (0.96-3.21). CYP2E!
(*cl/*cl), ALDHZ (*1/*2) and ADHI1B (*1/*1) genotype
frequencies were higher among patients with squamous
cell carcinomas, at a level close to statistical significance
(P = 0.014; P = 0.094; P = 0.0001 respectively). There
were synergistic interactions among alcohol drinking and
ALDH2, ADH1B and CYPZE1 genotypes. The risk of the
ESCC in moderate-to-heavy drinkers with an inactive
ALDHZ encoded by ALDH2*1/*2 as well as ADHI1B
encoded by ADHIB *1/*1 and CYP2E1 encoded by
CYPZE1 *c1/*cl was higher than that in the never/rare-
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to-light drinkers with an active ALDH2 (*1/*1 genotype)
as well as ADHIB (*1/*2 + *2/*2) and CYPZE1 (*cl/*c2
+ *c2/*c2) genotypes, with a statistically significant
difference; ORs (95% CI) of 8.58 (3.28-22.68), 27.12
(8.52-70.19) and 7.64 (2.82-11.31) respectively. The risk
of the ESCC in moderate-to-heavy drinkers with ALDHZ2
(*1/*2) combined the ADH1B (*1/*1) genotype or ALDH2
(*1/*2) combined the CYP2EI (*cl/*cl) genotype leads
to synergistic interactions, higher than drinkers with
ALDHZ (*1/*1) + ADHI1B (*1/*2 + *2/*2), ALDHZ (*1/*1)
+ CYPZE1 (*cl/*c2 + *c2/*c2) respectively , ORs (95%
CI) of 7.46 (3.28-18.32) and 6.82 (1.44-9.76) respectively.
Individuals with the ADH1B combined the CYP2E1
genotype showed no synergistic interaction.

CONCLUSION: In our study, we found that alcohol
consumption and polymorphisms in the CYP2E1, ADH1B
and ALDHZ genes are important risk factors for ESCC,
and that there was a synergistic interaction among
polymorphisms in the CYP2E1, ALDH2 and ADH1B genes
and heavy alcohol drinking, in Chinese males living in
Gansu Province, China.

© 2008 WJG. All rights reserved.
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INTRODUCTION

Esophageal carcinoma is the seventh leading cause of
cancer deaths worldwide!". It is a devastating disease
with very few patients cured once diagnosed. Esophageal
squamous cell carcinoma (ESCC) is one of the most
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common malignancies in Gansu province, China. There
is great geographic variation in the occurrence of this
tumor type in China, including exceptionally high-
risk areas such as Gansu Province in the Northwest of Locus Gene  Subunit Nucleotide Effect RFLP
China. Within high-risk regions in China, there is a strong /protein e
tendency toward alcohol drinking, suggesting that genetic ADHIB — ADH2'1— p1 Wild-type
ibilitv. i . . ith alcohol H ADH2*2 p2 48G>A His48;
suscepti 11t.}, in co.n]unctlon with alcohol consumption, (carlier as His4?)
plays a role in the etiology of ESCC. ALDH2 ALDH2*1 Wild-type
Epidemiologic studies have demonstrated that drinking ALDH2*2 1510G>A Lys487
alcoholic beverages is causally related to the development CYP2E1 CYPZEI*1A None Wild type PSE Il'/ 111{5161)”
12,3] . . . clallele
of ESCC . Genetic polymorphisms 1£7Jthe genes e 1293G>C; Pst I+/Rsa I -
encoding cytochrome P4502E1 (CYP2ET)" ", aldehyde (c2 allele)
dehydrogenase-2 (ALDH?2) and alcohol dehydrogenase-1B -1053C>T

(ADHT1B; previously called ADH2) affect the metabolism
of alcohol®'”. There have been some studies on the roles
of alcohol and polymorphisms in the CYP2ET, AL.DHZ2
and ADH2 genes in ESCC™™". However, their results
were conflicting;

To provide further data on this issue, we evaluated the
susceptibility to ESCC conferred by CYP2ET1, ALLDH?2
and ADHTB genetic polymorphisms, and defined the
individual and combined roles of these genes and alcohol
consumption in a high risk area for ESCC in Chinese males.

MATERIALS AND METHODS

The case participants in this study were 80 Gansu males
with ESCC treated at the Department of Gastroenterology,
First Hospital of Lanzhou University and the Department
of Gastroenterology, Affiliated Hospital of Gansu College
of Traditional Chinese Medicine. All were registered
between September 2004 and March 2007.

The 480 age-and-gender matching controls consisted
of cancer-free men who received annual health checkups
at two Lanzhou clinics between September 2004 and
March 2007. Gansu was the ancestral home for all.

Each participant independently completed a structured
questionnaire concerning his alcohol drinking habits, and
those with cancer were instructed to report their habits
before they were diagnosed with cancer. Each participant
was asked to classify himself as a drinker or non-
drinker, and to report alcohol intake as the frequency of
consumption and usual amount(s) and type(s) of alcoholic
beverage(s) consumed. The subjects were classified as
never drinks alcohol, or drinkers who consumed 200 g/wk
(light drinkers), 200-400 g/wk (moderate drinkers) or
400+ g/wk (heavy drinkers).

Polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) methods or a PCR method
were performed on lymphocyte DNA samples from
all participants, without any knowledge of their cancer
status, to determine their P4502E1, ALLDH?2 and ADHT1B
genotypes (Tables 1 and 2).

The Rsa I and Pst I linkage disequilibrium poly-
morphisms of the P4502E1 gene were determined
according to the method of Hayashi ez al"" with some
modification. The final mixture (50 pl) was prepared
containing 0.3 pg of DNA, 0.2 pumol/L of dNTP, 0.3
umol/L of each of the primers, 1.5 pmol/L of MgCl,
5 ul. of 10 X buffer, and 2 U of Taq polymerase. Briefly,

CYP2ET1 allele nomenclature, http://www.imm.ki.se; NIAAA publications,
http:/ /pubs.niaaa.nih.gov.

Size of PCR Chromosomal

product (bp) location

CYP2E1 5'-CCAGTCGAGTCTACATTGTCA-3' 410 10q24.3-qter
5-TTCATTCTGTCTTCTAACTGG-3'

Gene  Primer

ALDH2 5'-CCCTTTGGTGGCTAGAAGATG-3' 91 12q24.2
5'-CCACACTCACAGTTTTCTCTT-3'
ADH1B 5-ATTCTGTAGATGGTGGCTGT-3' 76 4q22

5-GAAGGGGGGTCACCAGGTTG-3'

the samples were denatured at 94°C for 2 min and
submitted to 40 cycles of 1 min at 94°C (denaturation), 50 s
at 50°C (annealing) and 50 s at 72°C (extension), with a
final extension at 72°C for 10 min. PCR products (15 pL)
were digested by Pst I or Rsa I restriction enzymes (1 uL
of a 10 U/uL preparation) for 18 h at 37°C. Fragments
were sepatated on 40 g/ low melting point agarose gels,
and stained with ethidium bromide.

ALDH2 and ADH1B"" polymorphisms were
determined by PCR-RFLP as previously described. Each
PCR analysis was performed twice, double blindly.

The allele frequency was determined by direct counting,
Deviation of the genotype distribution from Hardy-
Weinberg equilibrium was analyzed by the exact test.
Fisher’s exact test was used for comparing group statistics.
The Spearman rank-correlation analysis was used as a
nonparametric test for trend. All P-values were obtained
from 2-sided tests. Associations between genotypes or other
potential risk factors and ESCC are expressed as odds ratios
(ORs) with 95% confidence intervals (Cls) adjusted for the
effects of several possible confounders using a multiple
logistic regression model and the STEPWISE method.

RESULTS

Five hundred and sixty males were enrolled in this study.
The cancer cases were age-and-gender matched with
cancer-free control subjects. The mean age of the patients
was 60.2 * 8.9, ranging from 49 to 75 years of age. The
mean age of the controls was 59.7 * 9.7, ranging from 49
to 73 years of age.
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Table 3 Alcohol drinking in esophageal cancer cases and control

subjects

Alcohol drinking Cases Controls P OR 95% CI
(n = 80) % (n = 480) %
Status
Never 4 (5.0 132 (27.5)
Former 46 (7.5) 36 (7.5)
Current 20 (87.5) 312 (65.0) 0.17
Dose
Non-drinker 4 (5.0) 132 (27.5) 1
Light 10 (12.5) 153 (31.9) 0.16 0.03-0.24
Moderate 23 (28.7) 117 (24.4) 0.85 0.54-1.07
Heavy 43 (53.8) 78 (16.2)  <0.0001 3.20 1.32-9.65
Total years of drinking
Never 40 (50.0) 243 (50.6) 1
<30 17 (21.2) 172 (35.8) 0.69 0.36-0.98
>30 23 (28.8) 65 (13.5) 0.009 1.68 0.96-3.21

Table 4 Genotypes of ALDH2, ADHZ2 and P4502E1, n (%)

~
~

Genotype Cases Controls P OR 95% CI
(nm=80) (n=480)
ALDH?2 genotype
1/1 37 (46.3) 252 (52.5) 1
1/2 43 (53.7) 195 (40.6) 0.094 2.89 1.11-5.64
2/2 0 (0.0 33 (6.9)
ADHIB genotype
1/1 17 (21.3) 24 (5.0) 1
1/2 25 (31.3) 168 (35.0)  <0.0001 3.67 1.26-8.73
2/2 38 (47.5) 288 (60.0)  <0.0001 1.46 0.71-2.59
CYP2E1 PstI/Rsal
2/c2 7 (8.8) 75 (15.6) 1
cl/c2 16 (20.0) 180 (37.5) 0918
cl/cl 57 (71.3) 225 (46.9) 0.014 2.82 1.23-6.55

Table 3 shows alcohol drinking in esophageal cancer
cases and control subjects. We observed that, compared with
controls, cases had a greater prevalence of heavier alcohol
consumption (53.8% us 16.2%) and a higher proportion of
alcohol drinkers with > 30 drink-years (28.8% »s 13.5%).
Heavier alcohol consumption and alcohol drinking with >
30 drink-years increased the risk of ESCC, with ORs (95%
CI) of 3.20 (1.32-9.65) and 1.68 (0.96-3.21).

Table 4 shows the distributions of AILLDH2, ADHT1B
and CYP2ET7 genotypes. Cases and controls differed
significantly in the distributions of these genotypes. These
genotypes significantly deviated from the Hardy-Weinberg
equilibrium (HWE) in ESCC cases, but among controls, all
genotypes were in HWE.

There ate two ALDH?2 alleles (*1 and *2) and three
genotypes: *1/*1 (GG, typical homozygote), *1/*2 (GA,
heterozygote) and *2/*2 (AA, atypical homozygote), and
the distributions of these genotypes were significantly
different between the esophageal cancer group and the
control group (y5° = 2.89, P < 0.1). The prevalence of the
inactive ALLDH?2 encoded by ALLDH2*1/*2 was correlated
with susceptibility to esophageal cancer, with an OR (95%
CI) of 2.89 (1.11-5.64).

There are three ADHT7B genotypes: The wild-type
genotype (*1/*1), heterozygote (*1/*2) and homozygote
(*2/*2) genotypes. The prevalence of the less-active
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Table 5 Probability ratios for the combinations of ALDHZ2,

ADH2 and CYP2E1 genotypes and the amount of alcohol
consumed, 77 (%)

Alcohol Genotype Cases Controls OR OR

drinking (n = 80) (n =480) (95% CI) (95% CI)

ALDH?2

Never/rare  1/1 7(8.8) 72(15.0) 1

-to-light 1/2 7 (8.8) 180 (37.5) 0.56 (0.20-1.59)

2/2 0(0.0) 33(6.9) 0.00(NC)

Moderate 1/1  30(37.5) 180 (37.5) 2.29 (0.94-5.57)

-to-heavy 1/2  36(45.0) 15(3.1) 8.58 (3.28-22.68) 3.12 (1.86-6.58)

ADHI1B

Never/rare 1/2+2/2 13 (16.3) 273 (56.9) 1

-to-light 1/1 1(13) 12(2.5) 1.00(0.18-9.22)

Moderate  1/2+2/2 50 (62.5) 183 (38.1) 4.75 (2.53-9.38)

-to-heavy 1/1  16(20.0) 12(25) 2712 5.48
(8.52-70.19) (1.98-14.55)

CYP2E1

Never/rare 5(6.3) 189(39.4) 1

-to-light cl/cl  9(11.3) 96 (20.0) 0.56 (0.20-1.59)
Moderate  c1/c2+ 18 (22.5) 96 (20.0) 1.93 (0.43-2.41)
-to-heavy c2/c2
cl/cl  48(60.0) 99 (20.6) 7.64 (2.82-11.31) 5.32 (1.62-9.28)

Table 6 Probability ratios for the combinations of ADH1B,

CYP2E71 and ALDHZ2 genotypes among moderate-to-heavy
drinkers, n (%)

Combined Genotype Cases Controls OR 95% CI
genotypes (n = 80) (n = 480)
ALDH2 + ADH1B ALDH2*1/1+ 28 (35.0) 144 (30.0) 1
ADHI1B*1/2 +
2/2
ALDH2*1/2 + 15(18.8) 27 (1.9) 7.46 3.28-18.32
ADH1B*1/1
ALDH?2 + CYP2E1 ALDH2*1/1 + 10 (12.5) 60 (125) 1
CYP2E1*c1/c2 +
c2/c2
ALDH2*1/2 + 32(40.0) 15(3.1) 6.82 1.44-9.76
CYP2E1*c1/cl
ADH1B + CYP2E1 ADH1B*1/2 + 12 (15.0) 36 (2.5) 1
2/2+
CYP2EI*cl/c2 +
c2/c2
ADHIB*1/1+  14(175) 66(138) 6
CYP2E1*c1/cl

ADHT1B encoded by ADHT1B *1/*1 increase the risk of
esophageal cancer. (x° = 18.664, P < 0.0001), OR (95%
CI) of 3.67 (1.26-8.73).

There are three CYP2ET genotypes: wild homozygote
(*cl/*cl), heterozygote (*c1/*c2) and mutated
homozygote (*c2/*c2) genotypes. A significant difference
in the distributions of the three Pst I/Rsa I genotypes of
CYP2ET was found between the esophageal cancer group
and the control group (x° = 5.977, P < 0.05). The c1/cl
genotype was correlated with susceptibility to esophageal
cancer, with an OR (95% CI) of 2.82 (1.23-6.55).

Tables 5 and 6 show the frequency distributions and
ORs for each combination of alcohol drinking habits and
ALDH2, ADH1B and CYP2ET genotypes.

The risk of ESCC was 8.58-fold higher in moderate-
to-heavy drinkers with inactive ALDH?2 (encoded by
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ALDH2*1/*2) than in the nevet/rare-to-light drinkers
with an active ALLDH?2 (encoded by ALLDHZ2*1/*1).

When the ORs were compared within each alcohol
drinking category, the risk of the ESCC associated with
ALDH?2 (*1/*2) vetsus ALDH2 (*1/*1) was 3.12-fold
greater among moderate-to-heavy drinkers, whereas no
significant increase in risk was observed with ALDH2
*1/*2 persus ALDH2 *1/*1 among never/rare-to-light
drinkers.

The results for the ADHTB genotype showed that
only among moderate-to-heavy drinkers did the less-
active ADHTB *1/*1 genotype significantly increase the
risk of cancer, with an OR (95% CI) 5.48 (1.98-14.55).
Thus, the risk of the cancer in moderate-to-heavy drinkers
with the ADHT7B (1/1) genotype was markedly higher (by
27.12-fold) than that in never/rare-to-light drinkers with
a supet-active ADHTB encoded by ADHT1B *1/*2 and
ADHI1B *2/*2.

The results for the CYP2ET7 genotype showed that,
among moderate-to-heavy drinkers, the CYP2ET (*c1/*cl)
genotype significantly increased the risk of cancer, with
an OR (95% CI) of 5.32 (1.98-14.55). Thus, the risk of
the cancer in moderate-to-heavy drinkers with CYP2ET
(*c1/*cl) was matkedly higher (by 7.64-fold) than that in
never/rare-to-light drinkers with a super-active CYP2ET
(genotypes *cl/*c2 + *c2/*c2).

The results of our analysis of ALLDH2 and ADHT1B
genotypes showed that among moderate-to-heavy drinkers,
the combination of ALDH2 (*1/*2) and ADH1B (*1/*1)
genes synergistically increased the risk of cancer, to
7.46-fold higher than that in drinkers with an ALLDH?2
(*1/*1) + ADH1B (*¥1/*2 + *2/*2) genotype.

The results of an analysis of the effects of
combinations of ALLDHZ2 and CYP2ET1 genotypes showed
that among moderate-to-heavy drinkers, the combination
of ALDH2 (*1/*2) and CYP2ET (*c1/*cl) genes
synergistically increased the risk of cancer, to 6.82-fold
higher than that in drinkers with an ALDH2 (*1/*1) +
CYP2ET (*c1/*c2 + *c2/*c2) genotype.

There was no combinatorial effect of ADHT7B and
CYP2ET genotypes.

DISCUSSION

In the present study, we examined the associations
of ESCC with ALLDH2, ADH2 and CYP2ET7 genetic
polymorphisms in conjunction with alcohol drinking habits
among a population at high risk of esophageal cancer. The
study was conducted in Gansu province, an area of China
with a relatively high alcohol consumption rate.

We found that alcohol intake was associated with
ESCC, and that polymorphisms in CYP2E7, as well as in
the genes encoding alcohol and aldehyde dehydrogenases
(ADHT1B and ALLDH?2) are important risk factors for
ESCC in Chinese men living in this high risk area.

We found that heavier alcohol consumption and
alcohol drinking for > 30 drink-years could increase the
risk of ESCC, with ORs (95% CI) of 3.20 (1.32-9.65) and
1.68 (0.96-3.21), respectively. There is substantial evidence
that drinking alcohol increases the risk of ESCC. Alcohol
can be considered to induce DNA damage and result in

the modification of nucleotides. Our risk estimates were
consistent with those of previous studies''”. This study
confirms that alcohol consumption contributes to the
etiology of ESCC.

It has been reported that individual differences in
cytochrome P450 (CYP) gene expression may contribute
to a person’s individual susceptibility to pro-carcinogens
and, subsequently, to the development of malignancies.
CYP plays a central role in the metabolism of carcinogens
by activating oxidation reactions, and may be expressed in
esophageal mucosa.

CYP2ET metabolizes ethanol to acetaldehyde and
is primarily responsible for the metabolic activation of
many low molecular weight carcinogens, including certain
nitrosamines, which may be involved in carcinogenesis of
the esophagus. This enzyme is also believed to participate
in the oxidation of other compounds, such as ethanol,
to produce reactive free radicals that may initiate lipid
peroxidation and consequently influence carcinogenesis.
In addition, it effectively reduces dioxygen to give rise to
radical species, thus contributing to lipid peroxidation and
oxidative inhibition. Individuals with the vatiant Pst I/Rsa
I allele (*c1/*c2 or *c2/*c2) have a lower basal CYP2ET
activity. Two studies found an association between the
CYP2E1 Pst I /Rsa I variant allele and a decreased risk
of ESCC"™. The results of our study indicated that the
CYP2ET *c1/*cl or ¢l allele increased the susceptibility
to ESCC in a Gansu population (P = 0.014), and that there
are synergistic interactions between CYP2ET7 (*c1/*cl)
and alcohol drinking; the risk of ESCC in moderate-to-
heavy drinkers with the CYP2ET7 (*c1/*cl) genotype was
markedly higher, by 7.64-fold, than in never/rare-to-light
drinkers with a super-active CYP2E7 (genotypes *cl/*c2
+ *c2/*c2).

The genetic polymorphisms of alcohol and aldehyde
dehydrogenases affect the metabolism of alcohol.
Aldehyde dehydrogenase-2 (ALLDH?2) is the key enzyme
for elimination of acetaldehyde. Acetaldehyde, a
recognized animal carcinogen derived from alcohol, may
play an important role in the pathogenesis of alcohol-
related cancers, such as esophageal cancer. In persons with
inactive ALLDH?2 encoded by ALLDHZ2*1/*2, the body fails
to metabolize acetaldehyde rapidly, leading to excessive
accumulation of acetaldehyde.

Polymorphisms in the ADH7B and ALDH2 genes
associated with the risk of esophageal cancer have been
described in several studies™ ). ADH7B (*1/*1) has also
been demonstrated to enhance the risk of esophageal
cancet, and the combination of ALDH2 (*1/*2) and
ADHTB (*1/*1) increased the risk of esophageal cancer”.

In our study, we found that polymorphisms in the
genes encoding alcohol and aldehyde dehydrogenases
(ADHT1B and ALLDH?2) are important risk factors for
ESCC in a Gansu population, and individuals with the
ADHT1B (*1/*1) genotype had a 5.32-fold risk (1.98-14.55)
of developing esophageal cancer compared with those
with the ADHTB (*2/*2) genotype.

Individuals with the ALLDH2 (*1/*2) genotype had a
3.12-fold higher risk (1.86-6.58) of developing esophageal
cancer than those with the ALDH2 (*1/*1) genotype,
among male Chinese moderate-to-heavy drinkers. We also

www.wjgnet.com
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found that individuals with a combined ALLDH?2 (*1/*2) and
ADHT1B (*1/*1) genotype showed a dramatically increased
risk of ESCC, with an OR (95% CI) 7.46 (3.28-18.32),
which is higher than those due to the respective genotypes.
These findings indicate the ALLDH2 (*1/*2) genotype has
synetgistic interactions with the ADHT7B (*1/*1) genotype,
contributing to the development of ESCC. Our study
confirmed the findings of Tetsuji'™.

The significant finding in this study was the interaction
between the CYP2ET and ALLDH?2 genotypes and heavy
alcohol drinking, using a case-control study design.
Previous studies have not examined this issue in detail
and, to our knowledge, this is the first study to show a
significant interaction between the CYP2ET7 and ALDH?2
genotypes and alcohol drinking. In our study, we found
synergistic interactions among polymorphisms in the
CYP2ET and ALDH2 genotypes and heavy alcohol
drinking; individuals with a combined ALDH2 (*1/*2)
and CYP2ET7 (*c1/*cl) genotype showed a dramatically
increased risk of ESCC, with an OR (95% CI) of
6.82 (1.44-9.706), which is higher than those due to the
respective genotypes.

Conflicting results from studies™ ™ in different countries
and areas show the complexity of the biological mechanisms
underlying ESCC. The susceptibility to ESCC may be
correlated with genes, environment, area, race or other
factors. The results of this study demonstrate that CYP2E7
(*cl/*cl), ALDHZ2 (*1/*2) and ADHTB (*1/*1) genotypes
are associated with esophageal cancer risk among moderate-
to-heavy drinking Chinese males in Gansu province. In
addition, this study also showed ALLDH2 (*1/*2) and
CYP2ET (*c1/*cl) carriers, and ALDH?2 (*1/*2) and
ADHT1B (*1/*1) carriers have a much higher risk of
developing esophageal cancer, especially among alcohol
drinkers. Future studies are needed to examine the biological
mechanisms involved, and to evaluate the contribution of
gene and environment interactions to the risk of ESCC.

COMMENTS

Background

Worldwide, cancer of the esophagus ranks among the 10 most common cancers.
Epidemiological studies have demonstrated that drinking alcoholic beverages
is causally related to the development of esophageal squamous cell carcinoma
(ESCC). Genetic polymorphisms in the P4502E1 (CYP2E1), ALDH2 and ADH1B
genes affect the metabolism of alcohol. There have been some studies on the
roles of alcohol and the CYP2E1, ALDH2 and ADH2 genes in ESCC. However,
their results were conflicting. Therefore, the aim of the present study was to
evaluate the susceptibility to ESCC conferred by CYP2E1, ALDH2 and ADH1B
genetic polymorphisms, and to define the individual and combined roles of these
genes and alcohol consumption in a high risk area for ESCC, among Chinese
males.

[25-28

Research frontiers

Accumulating evidence from prior epidemiologic studies suggests an association
between esophageal cancer and the use of alcohol. The genetic polymorphisms of
alcohol and aldehyde dehydrogenases affect the metabolism of alcohol. ALDH2 is
the key enzyme involved in the elimination of acetaldehyde. Polymorphisms in the
ADH1B and ALDH2 genes are associated with the risk of esophageal cancer.

Innovations and breakthroughs

To our knowledge, this is the first study to show significant interactions among
the CYP2E1 and ALDH2 genotypes and alcohol drinking. We found synergistic
interactions among polymorphisms in the CYP2E1 and ALDH2 genes and heavy
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alcohol drinking: Individuals with a combined ALDH2 (*1/*2) and CYP2E1 (*c1/*c1)
genotype showed a dramatically increased risk of ESCC, which is higher than the
risk of ESCC due to the respective genotypes.

Applications

The detection of ALDH2, ADH1B and CYP2E1 genotypes may become a useful
index for esophageal cancer, and also help clinicians to diagnose esophageal
cancer earlier.

Terminology

Esophageal squamous cell carcinoma: The most common types of esophageal
cancer are squamous cell carcinoma and adenocarcinoma. Squamous cell
carcinoma develops in flat cells that line the esophagus. Approximately 60% of
squamous cell carcinomas develop in the middle third of the organ, 30% occur
in the lower third, and 10% occur in the upper third. Adenocarcinoma develops
in the lining of the esophagus and is associated with a condition called Barrett's
esophagus. This type usually occurs in the lower third of the esophagus. Genetic
polymorphisms: The occurrence together in the same population of more than
one allele or genetic marker at the same locus, with the least frequent allele or
marker occurring more frequently than can be accounted for by mutation alone.
Genetic polymorphisms provide us with the ability to predict inter-individual
differences in susceptibility to clinical disease. Biomarkers of susceptibility include
polymorphisms in carcinogen metabolism, DNA repair capacity and genes that
control cell growth.

Peer review

This is an interesting study on the etiology of esophageal squamous cell cancer in
China. They confirm a synergy between alcohol consumption and the phenotype
of inactive enzymes.

REFERENCES

1 Glade MJ. Food, nutrition, and the prevention of cancer: a
global perspective. American Institute for Cancer Research/
World Cancer Research Fund, American Institute for Cancer
Research, 1997. Nutrition 1999; 15: 523-526

2 Gemma S, Vichi S, Testai E. Individual susceptibility and
alcohol effects:biochemical and genetic aspects. Ann Ist Super
Sanita 2006; 42: 8-16

3 Garavello W, Negri E, Talamini R, Levi F, Zambon P, Dal
Maso L, Bosetti C, Franceschi S, La Vecchia C. Family history
of cancer, its combination with smoking and drinking, and
risk of squamous cell carcinoma of the esophagus. Cancer
Epidemiol Biomarkers Prev 2005; 14: 1390-1393

4 Bergheim I, Wolfgarten E, Bollschweiler E, Holscher AH,
Bode C, Parlesak A. Cytochrome P450 levels are altered in
patients with esophageal squamous-cell carcinoma. World |
Gastroenterol 2007; 13: 997-1002

5 Li D, Dandara C, Parker MI. Association of cytochrome P450
2E1 genetic polymorphisms with squamous cell carcinoma of
the oesophagus. Clin Chem Lab Med 2005; 43: 370-375

6  Lin D, Tang Y, Peng Q. Genetic polymorphisms of cytochrome
P450 2E1 and glutathione S-transferase P1 and susceptibility
to esophageal cancer. Zhonghua Zhongliu Zazhi 1998; 20: 94-97

7 Chelule PK, Pegoraro RJ, Gqaleni N, Dutton MF. The
frequency of cytochrome P450 2E1 polymorphisms in Black
South Africans. Dis Markers 2006; 22: 351-354

8 Yokoyama T, Yokoyama A, Kato H, Tsujinaka T, Muto M,
Omori T, Haneda T, Kumagai Y, Igaki H, Yokoyama M,
Watanabe H, Yoshimizu H. Alcohol flushing, alcohol and
aldehyde dehydrogenase genotypes, and risk for esophageal
squamous cell carcinoma in Japanese men. Cancer Epidemiol
Biomarkers Prev 2003; 12: 1227-1233

9 Yang SJ, Wang HY, Li XQ, Du HZ, Zheng CJ, Chen HG, Mu
XY, Yang CX. Genetic polymorphisms of ADH2 and ALDH2
association with esophageal cancer risk in southwest China.
World | Gastroenterol 2007; 13: 5760-5764

10 CaiL, You NC, Lu H, Mu LN, Lu QY, Yu SZ, Le AD, Marshall
J, Heber D, Zhang ZF. Dietary selenium intake, aldehyde
dehydrogenase-2 and X-ray repair cross-complementing 1
genetic polymorphisms, and the risk of esophageal squamous



Guo YM et a/. Genetic polymorphisms and the risk of ESCC

1449

11

12

13

14

15

16

17

18

19

20

cell carcinoma. Cancer 2006; 106: 2345-2354

Terry MB, Gammon MD, Zhang FF, Vaughan TL, Chow
WH, Risch HA, Schoenberg JB, Mayne ST, Stanford JL, West
AB, Rotterdam H, Blot W], Fraumeni JF Jr, Santella RM.
Alcohol dehydrogenase 3 and risk of esophageal and gastric
adenocarcinomas. Cancer Causes Control 2007; 18: 1039-1046
Lee SP, Chiang CP, Lee SL, Hsia Y], Chuang TL, Lin JC,
Liang SC, Nieh S, Yin SJ. Immunochemical features in the
classification of human alcohol dehydrogenase family. Alcohol
2006; 39: 13-20

Chao YC, Wang LS, Hsieh TY, Chu CW, Chang FY, Chu
HC. Chinese alcoholic patients with esophageal cancer are
genetically different from alcoholics with acute pancreatitis
and liver cirrhosis. Am | Gastroenterol 2000; 95: 2958-2964

Lee CH, Wu DC, Lee ]M, Wu IC, Goan YG, Kao EL, Huang
HL, Chan TF, Chou SH, Chou YP, Lee CY, Chen PS, Ho CK,
He J, Wu MT. Carcinogenetic impact of alcohol intake on
squamous cell carcinoma risk of the oesophagus in relation to
tobacco smoking. Eur | Cancer 2007; 43: 1188-1199

Freedman ND, Abnet CC, Leitzmann MF, Mouw T, Subar
AF, Hollenbeck AR, Schatzkin A. A prospective study of
tobacco, alcohol, and the risk of esophageal and gastric cancer
subtypes. Am | Epidemiol 2007; 165: 1424-1433

Hayashi S, Watanabe ], Kawajiri K. Genetic polymorphisms in
the 5'-flanking region change transcriptional regulation of the
human cytochrome P450IIE1 gene. | Biochern 1991; 110: 559-565
Yokoyama A, Omori T. Genetic polymorphisms of alcohol and
aldehyde dehydrogenases and risk for esophageal and head
and neck cancers. Jpn | Clin Oncol 2003; 33: 111-121

Wang JM, Xu B, Rao JY, Shen HB, Xue HC, Jiang QW. Diet
habits, alcohol drinking, tobacco smoking, green tea drinking,
and the risk of esophageal squamous cell carcinoma in the
Chinese population. Eur | Gastroenterol Hepatol 2007; 19: 171-176
Gonzalez A, Ramirez V, Cuenca P, Sierra R. Polymorphisms
in detoxification genes CYP1A1, CYP2E1, GSTT1 and GSTM1
in gastric cancer susceptibility. Rev Biol Trop 2004; 52: 591-600
Yokoyama A, Omori T, Tanaka Y, Yokoyama T, Sugiura H,
Mizukami T, Matsushita S, Higuchi S, Maruyama K, Ishii H,
Hibi T. p53 Protein accumulation, cancer multiplicity, and

21

22

23

24

25

26

27

28

aldehyde dehydrogenase-2 genotype in Japanese alcoholic
men with early esophageal squamous cell carcinoma. Cancer
Lett 2007; 247: 243-252

Chen Y], Chen C, Wu DC, Lee CH, Wu CI, Lee JM, Goan YG,
Huang SP, Lin CC, Li TC, Chou YP, Wu MT. Interactive effects
of lifetime alcohol consumption and alcohol and aldehyde
dehydrogenase polymorphisms on esophageal cancer risks.
Int ] Cancer 2006; 119: 2827-2831

Yokoyama A, Omori T, Yokoyama T, Sato Y, Mizukami T,
Matsushita S, Higuchi S, Maruyama K, Ishii H, Hibi T. Risk of
squamous cell carcinoma of the upper aerodigestive tract in
cancer-free alcoholic Japanese men: an endoscopic follow-up
study. Cancer Epidemiol Biomarkers Prev 2006; 15: 2209-2215
Wang YM, Guo W, Zhang XF, Li Y, Wang N, Ge H, Wei LZ,
Wen DG, Zhang JH. Correlations between serine hydroxyme
thyltransferasel C1420T polymorphisms and susceptibilities
to esophageal squamous cell carcinoma and gastric cardiac
adenocarcinoma. Ai Zheng 2006; 25: 281-286

Muto M, Takahashi M, Ohtsu A, Ebihara S, Yoshida S, Esumi
H. Risk of multiple squamous cell carcinomas both in the
esophagus and the head and neck region. Carcinogenesis 2005;
26: 1008-1012

Yang CX, Matsuo K, Ito H, Shinoda M, Hatooka S, Hirose
K, Wakai K, Saito T, Suzuki T, Maeda T, Tajima K. Gene-
environment interactions between alcohol drinking and the
MTHFR C677T polymorphism impact on esophageal cancer
risk: results of a case-control study in Japan. Carcinogenesis
2005; 26: 1285-1290

Nicolas Perez D, Quintero E, Parra Blanco A. Screening the at-
risk population for squamous cell carcinoma of the esophagus.
Gastroenterol Hepatol 2005; 28: 337-346

Wang Z, Tang L, Sun G, Tang Y, Xie Y, Wang S, Hu X, Gao W,
Cox SB, Wang JS. Etiological study of esophageal squamous
cell carcinoma in an endemic region: a population-based case
control study in Huaian, China. BMC Cancer 2006; 6: 287

De Stefani E, Ronco AL, Boffetta P, Deneo-Pellegrini H,
Acosta G, Correa P, Mendilaharsu M. Nutrient intake and risk
of squamous cell carcinoma of the esophagus: a case-control
study in Uruguay. Nutr Cancer 2006; 56: 149-157

S- Editor Li DL L- Editor McGowan D E- Editor Liu'Y

www.wjgnet.com



