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Background: Aldehyde dehydrogenase 2 (ALDH2), a critical enzyme for the detoxification of
alcohol, is associated with many types of cancers. To verify the relationship of ALDH2 rs671
G>A polymorphism and esophageal cancer (EC), we performed a meta-analysis of a total of
31 published data including 8,510 patients and 16,197 controls.

Methods: The pooled odds ratio (OR) and the 95% confidence interval (CI) were calculated
using a fixed or random-effects model. Heterogeneity (P,), publication bias, and sensitivity
analysis were also determined.

Results: Although a protective effort was found in the rs671 homozygote comparison (AA/GG:
OR=0.69; 95% CI=0.48-0.98), the heterozygote comparison was apparently associated with
the risk of EC, particularly in the Chinese population (AG/GG: OR=1.39; 95% CI=1.03-1.87).
Alcohol consumption remarkably increased this risk, especially in the AG genotype. Drink-
ing men with the AG genotype appeared to show a higher risk (AG/GG: OR=4.39; 95%
CI=1.24-6.55) than drinking women.

Conclusion: The present meta-analysis provided advanced information regarding the asso-
ciation of the ALDH2 A>G polymorphism and EC. Taken together, insights from this study
suggested an enhanced effect on the development of EC through a genetic—environmental
interaction.

Keywords: aldehyde dehydrogenase-2, single nucleotide polymorphism, SNP, esophageal
cancer, EC, meta-analysis

Introduction
Esophageal cancer (EC) is a major type of cancer with high morbidity and mortality
worldwide. In 2014, 18,170 new EC cases and 15,450 EC deaths were projected to
occur in the United States.! EC is a multistep, multifactorial disease that involves a
complex interplay between genetic and environmental factors.? However, the complex
etiology of EC is not fully elucidated. Alcohol consumption has been considered as
a group 1 risk factor for EC.? Alcohol in the human body is oxidized to acetaldehyde
which, in turn, is oxidized to harmless acetate by aldehyde dehydrogenases.* In fact,
ethanol and its metabolite acetaldehyde are vital human carcinogens.®> A speculation for
the effect of alcohol on EC progression suggested that alcohol also enhanced tobacco
carcinogens.® Recently, cumulative evidence has shown that gene polymorphisms play
important roles in the carcinogenic potential of acetaldehyde. Biomarkers for early
diagnosis are important to decide therapeutic options, improve treatment efficiency,
and predict prognosis.’

Aldehyde dehydrogenase 2 (ALDH2), located at chromosomes 12q24.2, is a major
enzyme for acetaldehyde elimination, and its polymorphism determines blood acetaldehyde
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concentrations after alcohol consumption.® Rs671 G>A (also
named Glu487Lys, with the glutamate corresponding to
*1 allele, and lysine corresponding to *2 allele) is a nonsyn-
onymous single nucleotide polymorphism (SNP) located in the
12th exon of the ALDH?2 gene, which is highly prevalent among
the East Asian population.” The SNP inactivates ALDH?2,
leading to a high level of acetaldehyde in the blood, which is
considered to increase the susceptibility to carcinogenesis.'
Increasing evidence suggests that the rs671 polymorphism
is correlated to many types of cancer, such as head and neck
cancer,!! gastric cancer,? colorectal cancer,' and EC.'*

To date, numerous studies have investigated the role of the
rs671 G>A polymorphism in the etiology of EC. However,
the results of these studies are controversial and inconclu-
sive. In the present study, we conducted a comprehensive
meta-analysis to clarify the effects of ALDH?2 genotypes on
the risk of EC. In consideration of the extensive role of the
rs671 G>A polymorphism in EC through the influence of
other factors, our study also included alcohol drinking, sex,
region, and the source of controls.

Materials and methods
Identification and eligibility of relevant

studies

PubMed, Embase, MEDLINE, and the Chinese Biomedical
Database (CBM) were searched using several search terms:
“ALDH2”; “aldehyde dehydrogenase-2”; “polymorphism”;

99,

and “esophagus”; “oesophagus”; and “carcinoma or cancer or
neoplasm or tumour or tumor”. The literature search was lim-
ited to published English manuscripts and was updated until
2013. In the event that studies featured overlapping published
data, we selected the most recent studies that included a large
number of subjects. The studies selected for our meta-analysis
must meet the following criteria: 1) evaluation of the ALDH2
polymorphism and EC risk; 2) the use of a case-control
design; and 3) available genotype frequency.

This study was a meta-analysis; all the studies we
explored provided ethics statements and a statement of
informed consent.

Data extraction

Two investigators independently extracted the published data
according to the following subjects: the original investiga-
tors; the year of publication; the genotyping method used;
the numbers of genotyped cases and controls; the country
of origin; ethnicity; value of the Hardy—Weinberg equilib-
rium (HWE); the source of the control groups (population-
or hospital-based controls); and alcohol-drinking status.

We reclassified alcohol-drinking status as never-drinkers =
non-/rare/never-drinkers; exdrinkers = stop drinking alcohol
more than 1 year; light drinkers =1-350 g/week of alcohol;
and heavy drinkers =350 g/week of alcohol. Different coun-
try descents were categorized as the People’s Republic of
China, Japan, Cape Town, and Thailand. For studies includ-
ing subjects of different original groups, data were extracted
separately for each country group.

Statistical analysis

The correlation between the ALDH2 rs671 polymorphism
and the EC risk was assessed by the odds ratio (OR) and
the 95% confidence interval (CI). Since the polymorphism
is distributed randomly during gamete formation, according
to the concept of Mendelian randomization, the pooled ORs
were only obtained from the combination of individual stud-
ies by heterozygote comparison (GA/GG) or homozygote
comparison (AA/GG). The significance of pooled ORs was
determined using a Z-test. Both the Cochran’s Q statistic for
testing heterogeneity (P, ) and the /* statistic for quantifying
the proportion of the total variation due to heterogeneity
were calculated to estimate the heterogeneity included in the
selected published data.'>'® If the P, value of the Q test was
<€0.05, indicating a lack of heterogeneity across studies, the
summary OR estimate of each study was calculated using
the fixed-effects model (Mantel-Haenszel method)!” or the
random-effects model (DerSimonian and Laird method)."
Stratified analysis was performed to evaluate other environ-
mental factors, such as alcohol-drinking status (non-/rare/
never-drinkers, exdrinkers, light drinkers, and heavy drinkers),
country, sex, and the source of controls. Sensitivity analysis
was completed to testify the stability of the results by deleting
a single study in the meta-analysis each time to show the influ-
ence of the individual dataset to the pooled OR. Furthermore,
funnel plots and Egger’s linear regression test were applied
to assess the potential publication bias.!” All analyses were
performed via Stata software (version 10.0; StataCorp LP,
College Station, TX, USA) using two-sided P-values.

Results

Published data selection

Over 106 published literatures relevant to the search terms
were obtained. After selection by title screening, clinical
data quality check, and abstract review, a total of 31 eligible
studies were selected (Figure 1), which contained 8,510
cases and 16,197 controls in the pooled analyses.'*20-4
The characteristics of selected studies with a case-control
design were summarized in Table 1 — 15 from the People’s
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106 citations identified and screened

48 excluded

21 not for cancer research

A 4

A4

12 not human studies
15 not polymorphisms

58 records screened on the basis of abstract

13 excluded
5 not case-control studies

A 4

3 not human studies
5 not polymorphisms

45 full-text articles assessed for eligibility

11 excluded
5 review

A 4

A4

5 not case-control studies

34 studies included in qualitative synthesis

3 excluded

v

v

3 genotype data unavailable

31 studies included in quantitative synthesis

Figure | Diagram of the relevant literature search and selection procedure.

Republic of China, 14 from Japan, one from Thailand, and
one from Cape Town. All of the EC cases were histologically
and/or pathologically confirmed by licensed physiologists.
The polymerase chain reaction—restriction fragment length
polymorphism assay was performed in 16 of the 31 studies.
In addition, controls were mainly matched based on sex and
age, of which eleven studies were population-based and
20 studies were hospital-based. The distributions of geno-
types in the controls of most studies were consistent with
HWE, with the exception of seven studies® %’ that were tested
by the sensitivity analyses.

Sensitivity analysis and publication bias

In order to reflect the influence of the individual dataset to
the pooled ORs, we deleted a single study involved in the
meta-analysis each time, but the corresponding pooled ORs
were not altered significantly (data not shown). Although
the genotype distributions in seven studies did not follow
HWE, the corresponding pooled ORs were not materially
altered by the included studies, suggesting that the results
obtained from the meta-analysis were stable. Begg’s funnel
plotand Egger’s test were performed to assess the publication
bias of the literature. As shown in Figure 2, the shape of the
funnel plots seemed asymmetrical in the heterozygote com-
parison, but not in the homozygote comparison, suggesting

the presence of publication bias. Then, the Egger’s test was
adopted to provide statistical evidence of funnel plot asym-
metry. As expected, the results showed obvious evidence of
publication bias for AG/GG (t=2.08; P=0.047), but not for
AA/GG (=0.42; P=0.682). To adjust for this bias, a trim-
and-fill method developed by Duval and Tweedie*® was
implemented. Meta-analysis with or without the trim-and-fill
method did not draw different conclusions, indicating that
our results were statistically robust.

Significances in heterogeneity

Although a number of studies focused on determination of
the ALDH2 rs671 polymorphism contributing to EC, the
published data still remained unclear. By evaluating the
correlation between the ALDH2 rs671 polymorphism and
the susceptibility to EC, the present study identified a high
relationship in heterozygote comparison (AG/GG: P,<0.001;
1’=95.1%), as compared to the homozygote comparison
(AA/GG: P,<0.001; I’=74.8%). After being stratified by
drinking status, the significant study heterogeneity in the
AG genotype persisted among both heavy drinkers (P, <<0.001;
I’=87.4%) and light drinkers (P,<<0.001; /’=83.0%). In the
AA genotype, it was kept among the never-/rare drinkers
(P,=0.024; I°=54.7%). The overall test of heterogeneity
from the given pooled stratified data verified a remarkable
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A  Begg’s funnel plot with pseudo 95%
confidence limits
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Figure 2 Begg’s funnel plot of the publication bias test.

logOR

Begg’s funnel plot with pseudo 95%
confidence limits

0 0.5 1 1.5
SE of logOR

Notes: (A) GA/GG comparison; (B) GA/GG comparison. Each point represents a separate study for the indicated association. Horizontal line, effect size.

Abbreviations: logOR, natural logarithm of the odds ratio; SE, standard error.

significant effect of heterogeneity on EC risk (AG/GG:
P,<0.001, I’=87.4%; and AA/GG: P,=0.043, I’=42.3%).

Enhancement of the effect of alcohol

consumption on EC risk

Since alcohol consumption appeared to be an important factor
for the development of EC, we were particularly interested in
the detection of a combined effect of the genetic factor and
alcohol factor. As shown in Table 2, a significant protective
effect was found in the homozygote comparison (AA/GG:
OR=0.69, 95% C1=0.48-0.98, P,<0.001, I’=74.8%). In
contrast, the heterozygote comparison demonstrated a remark-
ably increased risk (AG/GG: OR=2.34, 95% CI=1.75-3.13,
P,<0.001, I’=95.1%). In particular, further stratifying the
analyses yielded an increased EC risk in AG/GG with alcohol
consumption (Table 3) (non-/rare drinkers: OR=1.21, 95%

CI=0.95-1.73, P,=0.330, I’=12.8%; light drinkers: OR=3.79,
95% C1=3.04-4.72, P, <0.001, I’=87.4%; and heavy drinkers:
OR=6.50; 95% CI=5.34-7.92, P,<0.001, I’=64.4%, respec-
tively). The meta-regression analysis showed that the OR val-
ues for the AG genotype significantly went up by increasing
the amount of alcohol consumed (P<<0.001; Figure 3). In con-
trast, although a significant protective effect was found in the
homozygote comparison in total, a remarkably increased risk
was found in alcohol consumption subgroups (OR=3.87,95%
CI=1.67-8.96, P,=0.649, I’=0.00%; Figure 4). These results
suggested that the interaction between genotype and alcohol
consumption led to a synergic effect on EC risk.

The effects of other factors on EC risk
In addition, the analysis stratified by country showed that
a decreased risk in the AA genotype was observed in the

Table 2 Stratified analyses of the ALDH2 rs67| polymorphism on esophageal cancer

Variables N= Cases/controls AA versus GG GA versus GG
OR (95% CI) P® 1 (%) OR (95% CI) Pt 1” (%)

Total 31 8,510/16,197 0.69 (0.48-0.98)¢ <0.001 74.8 2.34 (1.75-3.13)¢ <0.001 95.1
Countries

People’s Republic of China 15 5,505/7,880 0.86 (0.57—-1.30)¢ <0.001 789 1.39 (1.03-1.87)c <0.001 922

Japan 14 2,566/7,773 0.32 (0.21-0.49) 0.485 0 4.79 (3.80-6.05)° <0.001 71.2
Source of control

HB 20 7,074/10,419 0.48 (0.37-0.62) 0.143 28.5 3.14 (2.46-4.00) <0.001 87

PB I 1,436/5,782 1.08 (0.58-2.04)¢ <0.001 88.9 1.14 (0.83-1.55) <0.001 875
Sex

Female 4 842/2,853 0.76 (0.33-1.76) 0.111 60.6 1.39 (1.08-3.08) 0.362 0

Male 7 1,376/4,732 1.36 (1.15-1.61)¢ <0.001 80.7 4.39 (1.24-6.55)¢ <0.001 97.5

Notes: :N of comparisons. ®P-value for the Q test for heterogeneity. ‘The random-effects model was used when the P-value for the heterogeneity test was <0.05; otherwise,

the fixed-effects model was used.

Abbreviations: ALDH2, aldehyde dehydrogenase 2; N, number; OR, odds ratio; Cl, confidence interval; PB, population base; HB, hospital base.
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Table 3 Risk of EC associated with ALDH2 AG versus GG according to country and sex, stratified by alcohol-drinking status

Variables Non-/rare drinkers Light drinkers Heavy drinkers
OR (95% CI) P? 1> (%) OR (95% CI) P 1> (%) OR (95% ClI) P= 1% (%)
Total 1.21 (0.95-1.73) 0330 128 3.79 (3.05-4.72> <0.001 874 6.50 (5.34-7.92)*  <0.001 644
Countries
People’s Republic of China 162 (1.20-2.18)  0.123 424 3.24 (246426 0 93.7 5.71 (3.39-9.60)°  0.004 58.3
Japan 0.65(0.23-1.54) 0562 0 5.06 (3.35-7.65)  0.159 45.6 7.81 (5.03-12.13) 0.853 0
Sex
Female 1.03 (0.57-1.84) 0.109 6l.1 1.75 (1.87-3.53)  0.456 0 3.02 (1.79-32.41)  0.673 0
Male 2.08 (1.35-3.26) 0461 0 4.58 (2.71-5.67* 0 933 8.64 (3.39-13.45) 0.114 46.3

Notes: *P-value of the Q test for heterogeneity. *The random-effects model was used when the P-value for the heterogeneity test was <0.05; otherwise, the fixed-effects
model was used. We reclassified alcohol-drinking status according to data from the different studies by approximately measuring alcohol intake levels as never-drinkers = no,
never, and rare; light drinkers =1-350 g/week of alcohol; and heavy drinkers =350 g/week alcohol.
Abbreviations: EC, esophageal cancer; ALDH2, aldehyde dehydrogenase 2; OR, odds ratio; Cl, confidence interval.

Figure 3 Association of the ALDH2 AG genotype and the risk of EC.

Study ID

Exdrinker
Yokoyama et al??
Yang et al*®
Subtotal

Never
Yokoyama et al??
Ding et al*'

Lee et al®®

Chao et al*'
Boonyaphiphat et al®
Wang et al*®
Yokoyama et al*®
Yang et al*®®
Itoga et al?”
Subtotal

Light

Yokoyama et al*®
Guo et al®2
Yokoyama et al??
Yokoyama et al?®
Wu et al®®

Chen et al*
Boonyaphiphat et al®
Lee et al®

Wang et al*®
Yang et al®
Yang et al**
Subtotal

Heavy

Yokoyama et al??
A Yokoyama et al?®
Wu et al®®

Chen et al*
Matsuo et al*”

Ding et al*'

Lee et al®

Chao et al*'
Boonyaphiphat et al?®
Matsuo et al*”
Wang et al*
Yokoyama et al*®
Yang et al*®

Yang et al**
Yokoyama et al?®
Yokoyama et al®®
Subtotal

Overall

OR (95% CI) % weight
4.95 (1.02, 24.10) 0.68
7.20 (0.82, 62.94) 0.36
5.64 (1.57, 20.23) 1.04
1.76 (0.09, 38.64) 0.19
1.58 (0.83, 3.01) 4.09
1.81(0.99, 3.31) 4.66
0.64 (0.26, 1.57) 2.10
1.30 (0.59, 2.84) 2.75
1.54 (0.72, 3.29) 2.94
0.57 (0.23, 1.46) 1.99
041 (0.08, 2.13) 0.67
43 (0.26, 22.97) 0.34
21(0.95, 1.73) 19.73
2.41(0.83, 7.00) 1.49
0.23 (0.10, 0.54) 2.39
5.10 (3.13, 8.30) 7.14
12.07 (3.41,42.75)  1.06
7.67 (2.91, 20.17) 1.81
10.42 (5.66,19.18) 4.56
1.14 (0.42, 3.07) 1.72
6.21(3.78, 10.22) 6.86
1.41 (0.56, 3.54) 2.00
4.81(2.53, 9.15) 4.11
1.40 (0.58, 3.35) 2.21
3.79 (3.04, 4.72) 35.34
6.25 (3.33, 11.72) 4.29
7.58 (2.77, 20.75) 1.67
7.46 (2.77, 20.07) 1.73
4.86 (2.67, 8.85) 4.73
11.50 (3.53, 37.44)  1.22
2.35 (1.28, 4.33) 4.57
10.20 (4.39,23.72)  2.39
8.69 (4.60, 16.43) 4.19
2.28 (0.80, 6.49) 1.55
11.50 (3.53, 37.44)  1.22
6.00 (0.22, 162.53)  0.16
6.00 (0.46, 77.75) 0.26
13.30 (6.29, 28.12)  3.03
1.30 (0.54, 3.12) 2.21
11.80 (7.36, 18.94)  7.60
7.78 (3.71, 16.32) 3.09
6.50 (5.34, 7.92) 43.89
3.88 (3.40, 4.42) 100.00

Notes: We reclassified alcohol-drinking status according to data from the different studies by approximately measuring alcohol intake levels as never-drinkers = no, never,
and rare; exdrinkers = stopped drinking alcohol for more than | year; light drinkers =1-350 g/week of alcohol; heavy drinkers =350 g/week of alcohol.

Abbreviations: ID, identifier; OR, odds ratio; Cl, confidence interval; ALDH2, aldehyde dehydrogenase 2; EC, esophageal cancer.
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Study ID OR (95% Cl) % weight
Never :
Yokoyama et al?? - 2.59 (0.12,56.40) 2.31
Lee et al*® —_—— 2.04 (0.83, 5.03) 26.96
Chao et al*! - 0.67 (0.13, 3.38) 8.24
Boonyaphiphat et al?® + ! 0.52 (0.06, 4.59) 4.65

|

38

Yokoyama et al ; 1.14 (0.34, 3.79) 15.05
Itoga et al?” - 0.80 (0.04, 14.89) 2.50
Yang et al®® + ; 0.18 (0.02, 1.80)  4.32
Yang et al* - ! 0.17 (0.02,1.36)  4.92
Subtotal (/=16.3%, P=0.302) <= 1.01(0.57,1.77)  68.95

I
Drinker I

|
Ding et al*! —a. 5.63 (1.56, 20.07) 13.41
Lee et al® ' - 5 8.55(1.01,72.22) 4.80

|
Chen et al* | + 4.76 (0.49, 46.50) 4.22
Boonyaphiphat et al® + : 0.52 (0.02, 13.10) 2.08
Yang et al* : 2.16 (0.22,21.49) 4.17
Yokoyama et al?? } 1.04 (0.05,21.95) 2.36
Subtotal (/2 = 0.0%, P=0.649) I<> 3.87(1.67,8.96) 31.05

I

i

|
Overall e 1.53 (0.96, 2.44)  100.00

|

I I

Figure 4 Association of the ALDH2 AA genotype with the risk of EC.
Notes: Never-drinkers: no, never, and rare. Drinkers: all those who drink alcohol.

Abbreviations: ID, identifier; OR, odds ratio; Cl, confidence interval; ALDH2, aldehyde dehydrogenase 2; EC, esophageal cancer.

Japanese population (Table 2) (OR=0.32, 95% CI=0.21-0.49,
P,=0.485, 1°=0.00%), but not in the Chinese population
(OR=0.86, 95% CI=0.57-1.30, P,<0.001, /*=78.9%).
Interestingly, in the AG genotype, a high risk of EC was
observed among light and heavy drinkers in both countries
(Table 3) (light drinkers: OR=3.24, 95% CI=2.46-4.26, P =0,
1’=93.7%; heavy drinkers: OR=5.71, 95% CI=3.39-9.60,
P,=0.035, I’=58.3% in the People’s Republic of China; and
light drinkers: OR=5.06, 95% CI=3.35-7.65, P =0.159,
1’=45.6%; heavy drinkers: OR=7.81, 95% CI=5.03-12.13,
P,=0.853, ’=0.00% in Japan, respectively). However, an
increased risk was also found in Chinese non-/rare drinkers
(OR=1.62,95% CI=1.20-2.18, P,=0.123, I’=42.4%), but not
in Japanese non-/rare drinkers (OR=0.65, 95% CI=0.23—1.54,
P,=0.562, I’=0.00%). The results indicated that the interac-
tion of genotype and alcohol drinking is modulated by the
regional factor.

Furthermore, the subgroup analysis by sex showed that
significant increased risks were found in the two genetic
types among males (Table 2) (AA/GG: OR=1.36, 95%
CI=1.15-1.61, P,<0.001, /’=80.7%; and AG/GG: OR=4.39,
95% Cl=1.24-6.55, P,<0.001, />=97.5%). In particular,
men with the AG genotype were highly susceptible to
EC dependent on alcohol-drinking status than were those

with the GG genotype (non-/rare drinkers: OR=2.08, 95%
CI=1.35-3.26, P,=0.46, 1’=0.00%; light drinkers: OR=4.58,
95% CI=2.71-5.67, P,=0, I°=93.3%; and heavy drinkers:
OR=8.64,95% CI=3.39-13.45, P,=0.114, I>=46.3%, respec-
tively). However, the increased risk was only found in AG
females (OR=1.39, 95% CI=1.08-3.08, P,=0.362, ’=0.00%),
and the risk was further increased by alcohol-drinking status
(non-/rare drinkers: OR=1.03, 95% CI=0.57-1.84, P,=0.109,
1’=61.1%; light drinkers: OR=1.75, 95% CI=1.87-3.53,
P,=0.456, I’=0.00%; and heavy drinkers: OR=3.02, 95%
CI=1.79-32.41, P,=0.673, I’=0.00%, respectively), although
the risk was lower than in males (Table 3). Overall, sex also
affected the interaction of genotype and alcohol drinking.

Moreover, in consideration of the control source, investi-
gations with hospital-based controls showed an elevated risk
in the heterozygote comparison (AG/GG: OR=3.14, 95%
CI=2.46-4.00, P,<0.001, I’=87.0%) (Table 2). However, a
protective effort was found in the homozygote comparison
(AA/GG: OR=0.48, 95% CI=0.37-0.62, P,=0.143,
1’=28.5%). No significant associations were found in the
studies with population-based controls in both genetic com-
parisons (AG/GG: OR=1.14,95% CI=0.83-1.55, P,<0.001,
1*=87.5%; and AA/GG: OR=1.08, 95% CI=0.58-2.04,
P,<0.001, I’=88.9%).
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Discussion

Acetaldehyde, an active intermediate in ethanol metabolism,
is able to adduct DNA or protein, and ALDH2 is thought
to play a key role in clearing acetaldehyde generated from
alcohol consumption.>'*? It has been reported that the mutant
ALDH2A allele encodes a catalytically inactive subunit
and causes a high blood level of acetaldehyde, which may
contribute to susceptibility to carcinogenesis.* In particular,
ALDH2 AG and AA SNPs led to increases in blood acet-
aldehyde concentrations that were six- and 19-fold higher,
respectively, than in the GG wild type after drinking the same
amount of alcohol.> The ALDH2 mutation is also associated
with increased exposure of the upper digestive tract mucosa
to salivary acetaldehyde from drinking alcohol. After a
moderate dose of oral alcohol intake, the salivary acetalde-
hyde levels in Asians with the inactive ALDH2 AG genotype
was two to three times higher than in those with the active
ALDH2 GG genotype, which resulted in higher levels of
acetaldehyde-related DNA adducts in their lymphocytes.>

Although numerous epidemiological studies demonstrated
the effects of the ALDH2 rs671 polymorphism on the risk of
EC, the results were conflicting and inconclusive based on dif-
ferent combinative sets of genetic and environmental factors.
Li et al and Ding et al reported that the rs671 AA genotype
is associated with an increased risk of EC.?*3' Additionally,
several studies showed that rs671 AG heterogeneity con-
tributes to the increased risk of EC.3**° However, Gao et al
and Chen et al predicted that the rs671 polymorphism is not
associated with EC risk, and it may even reduce the risk.3>#
Furthermore, Yokoyama et al and Wang et al indicated that
the rs671 polymorphism significantly increases the risk of
EC in Chinese females, but not in Japanese females.?** To
clarify relationship of the rs671 G>A polymorphism and
the development of EC, the present study organized the
published data from 31 case-control studies with 8,510 cases
and 16,197 controls and reanalyzed the data to ascertain the
correlation between the polymorphism and the increased
EC risk via a meta-analysis. This comprehensive study inves-
tigated whether the polymorphism plays a causal role in the
development of EC by combining many other environmental
contributive factors, such as drinking habits, sex, countries,
and the source of controls.

The results obtained from the present meta-analysis
verified that the ALDH2 AG genotype increased the risk of
EC by approximately 35% compared to the GG wild-type,
indicating that the high level of acetaldehyde may be a con-
tributor for the development of EC. The EC risk in the AG
genotype was significantly increased by alcohol consumption

(Figure 2), but there was no increase in the EC risk without
alcohol drinking, suggesting a combinative effect from the
interaction of genetic and environmental factors. The AG
genotype did not increase the EC risk unless alcohol was
consumed, which was consistent with previous results from
the study of AG genotype on the risks of head and neck cancer
by Boccia et al.'! Interestingly, the meta-analysis indicated
that the ALDH2 AA genotype highly reduced the risk of
EC by approximately 30% compared to the GG wild-type.
Individuals bearing the ALDH2 AA genotype appeared to
develop a severe reaction after the intake of small amounts
of alcohol; therefore, this genotype protected against EC by
leading to the avoidance of alcohol consumption. Although
the proportion of drinkers in the AA individuals was very
small, the AA genotype still highly increased the EC risk
by alcohol consumption (OR=3.87, 95% CI=1.67-8.96), as
compared to the GG genotype.

The subgroup analysis in regard to country demonstrated
that the ALDH2 AG genotype was highly correlated to the
risk of EC in Chinese and Japanese individuals with light
and heavy drinking; however, the increased EC risk was
only found in Chinese non-/rare drinkers, but not in Japanese
individuals from the same group. The potential reason for
the regional difference may be due to the amount of alcohol
drinking. Over the past 40 years, there has been a nine-fold
increase in the per capita alcohol consumption in the People’s
Republic of China, but only a two-fold increase in Japan.
Other factors, such as selection bias, different matching cri-
teria, differences in the environmental and lifestyle context
(including dietary habits), and tobacco smoking, have also
had insufficient statistical power to generate slight differences
in the development of EC.

With respect to sex, our results indicated that the drinking
women with the ALDH2 AG genotype shared a relatively
lower risk for the development of EC than did the drinking
men. The AG genotype is associated with the develop-
ment of EC in non-/rare drinking males, but not in females.
Two case-control studies that focused on the cancer risk in
women suggested that the risk of EC is significantly related
to the interaction of genotype and alcohol-drinking status,
especially in heavy female drinkers with the ALDH2 AG
genotype.*®* The difference in the risk of developing EC
between men and women is considered to be due to better
health-related life habits in women than in men — for instance,
a higher intake of fruits and vegetables and a lower frequency
of smoking.* In addition, hormonal factors may also play
an important role in cancer susceptibility. Recent studies
from England and Switzerland demonstrated that hormone

submit your manuscript

656

Dove

OncoTargets and Therapy 2015:8


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

ALDH2 rs671 polymorphism and esophageal cancer

replacement therapy and long-term breastfeeding reduces
the risk of EC.578

We verified the correlation of the ALDH2 rs671 polymor-
phism and the risk of EC using both hospital-based controls
and population-based controls because some biases may exist
in hospital-based studies. For example, the hospital-based
controls may represent samples of an ill-defined reference
population instead of the general population, particularly
when the genotypes investigated were associated with the
disease under hospital-based controls. Thus, representative
cancer-free control subjects are important to reduce biases
in such genotype-associated studies.

Some limitations of the meta-analysis may have affected
the objectivity of the study and should be considered when
interpreting the results. Firstly, we reclassified alcohol-drinking
status according to data from the different studies by approxi-
mately measuring alcohol intake levels as non-/rare drinking,
light drinking, and heavy drinking. Due to this, we did not
have access to individual-level data; this classification may
cause heterogeneity in our meta-analysis. Secondly, although
smoking is a critical factor for the risk of developing EC, and
given that drinking likely enhances the development of EC
risk caused by smoking, the influence of smoking has been
limited because related information was missing in most
of the studies. Thirdly, the overall outcomes were based on
unadjusted estimates; thus, a more precise evaluation should
be conducted if more detailed individual data are available. In
spite of certain limitations, the present meta-analysis provided
significant advantages. First, substantial numbers of cases and
controls were pooled from different studies, which significantly
increased the statistical power of the analysis and prompted our
meta-analysis to become more comprehensive and persuasive.
Second, the quality of the case-control studies included in cur-
rent meta-analysis was satisfactory and met our inclusion crite-
ria. Third, we conclusively estimated the association between
the ALDH2 rs671 G>A polymorphism and EC risk.

Conclusion

In conclusion, our meta-analysis suggested that the ALDH2
AA genotype reduced EC risk, whereas ALDH2 AG
increased the risk of EC, and the effects of the ALDH2 AG
genotype were associated with the level of alcohol consump-
tion. The insight from this study predicts ALDH2 AG as a
potential genetic marker in the etiology of EC. We suggest
that more clinical studies including larger samples stratified
by a genetic—environmental interaction need to be performed
to fully clarify the roles of the ALDH2 polymorphisms in
the etiology of EC.
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