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ABSTRACT. Human colorectal cancer (CRC) is a major worldwide 
health concern, and its development has been shown to be associated 
with alcohol intake. We carried out a study to investigate the effect of 
the ADH1B Arg47His and ALDH2 Glu487Lys genetic polymorphisms 
and their interaction with alcohol consumption on development of CRC. 
Between March 2013 and May 2015, a total of 274 CRC patients and 
358 healthy controls were recruited. Genotyping of sequence variations 
was performed using the polymerase chain reaction-restriction fragment 
length polymorphism method. Under a co-dominant model, individuals 
with the ADH1B Arg47His AA genotype showed increased CRC risk 
compared to those carrying the GG genotype, with an adjusted odds 
ratio (and 95% confidence interval) of 3.37 (2.00-5.70). Moreover, 
under dominant and recessive models, ADH1B Arg47His variant 
genotypes were associated with greater susceptibility to CRC when 
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compared with the wild-type sequence. Both polymorphisms examined 
were positively associated with alcohol consumption in a Spearman 
correlation analysis of CRC risk. In conclusion, our study suggests that 
the ADH1B Arg47His polymorphism, but not the ALDH2 Glu487Lys 
variation, may influence development of CRC in the Chinese population.
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INTRODUCTION

Human colorectal cancer (CRC) is a major global health concern, with approximately 
1.2 million new cases each year (Torre et al., 2015). It has been estimated that 663,000 men 
and 571,000 women suffered from this disease worldwide in 2012 (Ferlay et al., 2013). Many 
environmental influences are involved in CRC susceptibility, such as high fat and protein 
consumption, low intake of fruit, vegetables, and cereal, obesity, red and/or processed meat, 
alcohol, inadequate physical activity, long-term constipation, and human papilloma virus 
infection (Battaglia Richi et al., 2015; De Ruyck et al., 2015; Ebert and Ellison, 2015; Stefan, 
2015; Blase et al., 2016). Many previous molecular studies have shown that heritable factors 
are involved in CRC development, including glutathione S-transferase pi 1 (GSTP1) and mu 
1 (GSTM1), human 8-oxoguanine DNA glycosylase 1 (hOGG1), cytochrome P450 family 1 
subfamily A member 1 (CYP1A1), and C-reactive protein (CRP) (Sun et al., 2015; Xu and 
Wei, 2015; Khabaz et al., 2016a,b; Geng et al., 2016).

Prior investigations have shown that alcohol intake is associated with CRC risk 
in several populations (Cho et al., 2015; Klarich et al., 2015; Wang et al., 2015). Ethanol 
metabolism involves two steps, in which the enzymes alcohol dehydrogenase 1B (ADH1B) 
and aldehyde dehydrogenase 2 (ALDH2) perform important functions in ethanol metabolism 
and acetaldehyde levels (Asakage et al., 2007; Kang et al., 2009). The polymorphisms 
ADH1B Arg47His and ALDH2 Glu487Lys result in amino acid substitutions, thus potentially 
influencing (Kang et al., 2009). Previous studies have investigated the association between 
these variants and CRC risk (Landi et al., 2005; Matsuo et al., 2006; Yin et al., 2007; Gao et 
al., 2008; Chiang et al., 2012), but their results have been inconsistent. Therefore, we carried 
out a case-control study to evaluate the relationship between ADH1B Arg47His and ALDH2 
Glu487Lys and CRC in a Chinese population.

MATERIAL AND METHODS

Subjects

A hospital-based case-control design was used in this study. Between March 2013 and 
May 2015, a total of 274 CRC patients were consecutively recruited from the People’s Hospital of 
Ganzhou, China. CRC was confirmed in each patient by pathological examination using colorectal 
colonoscopy. Patients had not received any form of anti-cancer therapy before enrollment.

During the same period, 358 healthy controls were recruited from the hospital’s 
outpatient clinics. All control subjects were free of malignant tumors and had no history of 
digestive tract diseases, end-stage kidney diseases or liver cirrhosis.
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Data concerning demographic and lifestyle factors of all participants were collected 
from medical records and a self-designed questionnaire, and included age, gender, family 
history of CRC, alcohol and tobacco consumption, body mass index (BMI), and physical 
activity. Subjects were asked to sign a consent form agreeing to participate in the study. Our 
investigation was performed with the permission of the People’s Hospital of Ganzhou Ethics 
Committee.

Genotyping analysis

Genomic DNA was isolated using a QIAamp DNA Blood Mini Kit (QIAGEN, 
Hilden, Germany), following the manufacturer protocol. Genotyping of ADH1B Arg47His 
and ALDH2 Glu487Lys was conducted utilizing the polymerase chain reaction (PCR)-
restriction fragment length polymorphism technique. DNA was amplified using two different 
primer pairs specific for the regions containing these polymorphisms. The forward and 
reverse primers for ADH1B Arg47His were 5'-GAAGGGGGGTCACAGGTTG-3' and 
5'-AATCTTTTCTGAATCTGAACAG-3', respectively, and those for ALDH2 Glu487Lys 
were 5'-CCACACTCACAGTTTTGAATT-3' and 5'-GGCTACAAGAATTCGGGGAGT-3', 
respectively. The cycling conditions were as follows: denaturation at 95°C for 5 min, followed 
by 35 cycles of denaturation at 94°C for 60 s, annealing at 55°C for 60 s, and extension at 72°C 
for 60 s, before a final extension at 72°C for 7 min. PCR products were electrophoresed and 
observed under ultraviolet light.

Statistical analysis

Student t-tests and chi-square tests were used for analysis of demographic variables 
between groups. Genotypes in the patient and control populations were tested for departure 
from Hardy-Weinberg equilibrium (HWE) using the Pearson chi-square test with one degree 
of freedom. Multivariable logistic regression analysis was performed in order to determine 
odds ratios (ORs) and 95% confidence intervals (95%CIs) associated with CRC risk, taking 
the wild-type genotype as the reference group. Interactions with the ADH1B Arg47His and 
ALDH2 Glu487Lys polymorphisms were assessed using Spearman correlation analysis. 
Results were considered to be significantly different when the associated P value was lower 
than 0.05.

RESULTS

The demographic and lifestyle characteristics of the study subjects are presented 
in Table 1. Using chi-square or Student t-tests, we observed that patients and controls were 
comparable with respect to mean age (t = 0.74, P = 0.23), gender (chi-square = 1.59, P = 0.21), 
family history of cancer (chi-square = 2.87, P = 0.09), and tobacco smoking (chi-square = 
2.34, P = 0.13). Patients had higher BMIs (chi-square = 68.51, P < 0.001), consumed more 
alcohol (chi-square = 5.37, P = 0.02), and were less physically active (chi-square = 50.84, P < 
0.001) than control subjects.

The distributions of ADH1B Arg47His and ALDH2 Glu487Lys genotypes in the 
two study groups are shown in Table 2. Of the patients, 85 (31.02%), 125 (45.62%), and 64 
(23.36%) carried the GG, GA, and AA genotypes of ADH1B Arg47His, and 194 (70.80%), 
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67 (24.45%), and 13 (4.75%) carried the GG, GA, and AA genotypes of ALDH2 Glu487Lys. 
In the control group, 152 (42.46%), 172 (48.04%), and 34 (9.50%) individuals were found to 
have the GG, GA, and AA genotypes of ADH1B Arg47His, and 270 (75.42%), 79 (22.07%), and 
9 (2.51%) carried the GG, GA, and AA genotypes of ALDH2 Glu487Lys. ADH1B Arg47His 
genotype distributions significantly differed between CRC patients and controls (chi-square = 
24.84, P < 0.001), but no such difference was observed in relation to the ALDH2 Glu487Lys 
variant (chi-square = 3.05, P = 0.22). Moreover, ADH1B Arg47His and ALDH2 Glu487Lys 
genotype distributions were consistent with HWE in both patient (ADH1B Arg47His: chi-square 
= 1.85, P = 0.17; ALDH2 Glu487Lys: chi-square = 4.80, P = 0.03) and control groups (ADH1B 
Arg47His: chi-square = 2.18, P = 0.14; ALDH2 Glu487Lys: chi-square = 1.20, P = 0.27).

Table 1. Demographic characteristics of the investigated patients and controls.

Variable Patients  
(N = 274) 

% Controls 
 (N = 358) 

% t or chi-square P 

Age (years)       
Mean 57.16 ± 9.52  55.60 ± 9.25  0.74 0.23 
<55 124 45.26 174 48.60   
55 150 54.74 184 51.40 0.69 0.40 
Gender       
Female 105 38.32 155 43.30   
Male 169 61.68 203 56.70 1.59 0.21 
Body mass index (kg/m2)       
<24 111 40.51 262 73.18   
24 163 59.49 96 26.82 68.51 <0.001 
Family history of cancer       
No 256 93.43 345 96.37   
Yes 18 6.57 13 3.63 2.87 0.09 
Alcohol consumption       
Never 94 34.31 165 46.09   
Yes 162 64.97 193 53.9 5.37 0.02 
Tobacco smoking       
Never 124 45.26 184 51.40   
Yes 150 54.74 174 48.6 2.34 0.13 
Physical activity       
Sedentary 198 72.26 166 46.37   
Intermediate 37 13.50 133 37.15   
Active 39 14.23 59 16.48 50.84 <0.001 

 

Table 2. Distribution of ADH1B Arg47His and ALDH2 Glu487Lys genotypes between the two study groups.

Genotype Patients % Controls % Chi-square P HWE (patients) HWE (controls) 
Chi-square P Chi-square P 

ADH1B Arg47His           
GG 85 31.02 152 42.46       
GA 125 45.62 172 48.04       
AA 64 23.36 34 9.50 24.84 <0.001 1.85 0.17 2.18 0.14 
ALDH2 Glu487Lys           
GG 194 70.80 270 75.42       
GA 67 24.45 79 22.07       
AA 13 4.75 9 2.51 3.05 0.22 4.80 0.03 1.20 0.27 

 HWE = Hardy-Weinberg equilibrium.

Multivariable logistic regression revealed that individuals with the ADH1B Arg47His 
AA genotype were at increased risk of CRC compared to those carrying the GG genotype, 
with an adjusted OR (and 95%CI) of 3.37 (2.00-5.70; Table 3). Under a dominant model, 
the GA+AA genotype of this polymorphism was associated with susceptibility to CRC when 
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compared to the GG genotype (adjusted OR = 1.64, 95%CI = 1.16-2.32). Moreover, using 
a recessive model, we observed a correlation between the ADH1B Arg47His AA genotype 
and CRC, in comparison to the GG+GA genotype (adjusted OR = 3.29, 95%CI = 2.02-5.44). 
However, co-dominant, dominant, and recessive models suggested that the ALDH2 Glu487Lys 
polymorphism does not contribute to CRC development.

Table 3. Relationship between the ADH1B Arg47His and ALDH2 Glu487Lys polymorphisms and risk of 
colorectal cancer.

Genotype and model Patients % Controls % Adjusted OR (95%CI) P 
ADH1B Arg47His       
Co-dominant model       
GG 85 31.02 152 42.46 1.0 (Ref.) - 
GA 125 45.62 172 48.04 1.30 (0.90-1.88) 0.14 
AA 64 23.36 34 9.50 3.37 (2.00-5.70) <0.001 
Dominant model       
GG 85 31.02 152 42.46 1.0 (Ref.) - 
GA+AA 189 68.98 206 57.54 1.64 (1.16-2.32) 0.003 
Recessive model       
GG+GA 210 76.64 324 90.50 1.0 (Ref.) - 
AA 64 23.36 30 8.38 3.29 (2.02-5.44) <0.001 
ALDH2 Glu487Lys       
Co-dominant model       
GG 194 70.8 270 75.42 1.0 (Ref.) - 
GA 67 24.45 79 22.07 1.18 (0.80-1.74) 0.38 
AA 13 4.74 9 2.51 2.01 (0.78-5.43) 0.11 
Dominant model       
GG 194 70.8 270 75.42 1.0 (Ref.) - 
GA+AA 80 29.19 88 24.58 1.27 (0.87-1.83) 0.19 
Recessive model       
GG+GA 261 95.25 349 97.49 1.0 (Ref.) - 
AA 13 4.74 9 2.51 1.93 (0.75-5.20) 0.13 

 OR = odds ratio, CI = confidence interval, Ref. = reference.

We observed that both variants were positively associated with alcohol consumption 
in determining CRC risk, with Spearman correlation coefficients for this interaction of 0.242 
and 0.154 for ADH1B Arg47His and ALDH2 Glu487Lys, respectively (Table 4).

Table 4. Interaction between the ADH1B Arg47His and ALDH2 Glu487Lys polymorphisms and environmental 
factors.

Variable ADH1B Arg47His ALDH2 Glu487Lys 
Spearman correlation coefficient P Spearman correlation coefficient P 

Age 0.041 0.27 0.036 0.37 
Gender 0.038 0.29 0.021 0.42 
Body mass index 0.034 0.34 0.027 0.39 
Alcohol consumption 0.242 <0.001 0.154 0.03 
Tobacco smoking 0.029 0.42 0.027 0.39 
Physical activity 0.035 0.29 0.019 0.24 

 

DISCUSSION

In our study, we analyzed the association between the polymorphisms ADH1B 
Arg47His and ALDH2 Glu487Lys and CRC risk, observing that the former correlated with 
elevated susceptibility to this disease under all genetic models. Moreover, our results revealed 
an interaction between the ADH1B Arg47His and ALDH2 Glu487Lys polymorphisms and 
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alcohol consumption, suggesting that these variants expose drinkers to a higher risk of CRC.
Previous studies have investigated the association between these polymorphisms 

and risk of developing several kinds of cancer, including oral and esophageal squamous 
cell carcinoma, hepatocellular carcinoma (HCC), and gastric cancer (Solomon et al., 2008; 
Szumiło et al., 2009; Zhou et al., 2012; Wang et al., 2011, 2014; Zhang et al., 2014). Solomon 
et al. (2008) carried out a study in an Indian population, revealing that the ADH1B Arg47His 
genetic variation confers substantial cancer risk in heavily alcoholic patients. Wang et al. 
(2011) performed an investigation involving 81 Chinese women with pathologically confirmed 
esophageal squamous cell cancer and 162 controls, establishing that those with the ADH1B 
Arg47His and ALDH2 Glu487Lys polymorphisms were at increased risk of this disease, as 
observed previously in men. In a meta-analysis of 18 case-control studies incorporating a 
total of 8906 esophageal cancer cases and 13,712 controls, Zhang et al. (2014) found that 
the ADH1B G48A GG genotype is associated with increased susceptibility to this condition. 
Likewise, Wang et al. (2014) examined seven case-control studies comprising 2563 patients 
and 4192 healthy controls, and reported that the ADH1B Arg47His and ALDH2 Glu487Lys 
variants may contribute to the pathogenesis of gastric cancer. However, some authors have 
recorded contrasting results. For instance, Zhou et al. (2012) carried out a meta-analysis of 
1231 patients and 1849 controls, in which these two polymorphisms were not found to be 
associated with HCC risk in East Asians.

To date, only six studies have assessed the association between ADH1B Arg47His and 
ALDH2 Glu487Lys sequence variations and CRC development, but with inconsistent results 
(Landi et al., 2005; Matsuo et al., 2006; Yin et al., 2007; Gao et al., 2008; Chiang et al., 
2012; Crous-Bou et al., 2013). In an investigation of a Chinese population, Gao et al. (2008) 
revealed that these polymorphisms are significantly correlated with CRC. Matsuo et al. (2006) 
carried out a study of 257 patients and 771 cancer-free controls, from which they established 
an association between the ADH1B Arg allele and increased CRC risk, but failed to detect any 
such relationship with the ALDH2 Glu487Lys polymorphism. In contrast, in an assessment of 
685 CRC cases and 778 healthy controls, Yin et al. (2007) found that the ALDH2 Glu487Lys 
variant contributes to the likelihood of developing this malignancy, whereas the ADH1B 
Arg47His polymorphism does not. However, Crous-Bou et al. (2013) reported that ADH1B 
Arg47His is associated with CRC risk in a Spanish population. Chiang et al. (2012) carried 
out a study of a Taiwanese population, finding that ADH3*1 and ALDH2*2 allele frequencies, 
but not the ADH1B polymorphism, are significantly associated with susceptibility to CRC. 
Based on data from 377 patients and 326 controls, Landi et al. (2005) reported that the ADH1B 
Arg47His polymorphism does not contribute to the etiology of CRC. In the present study, 
this variant was found to be associated with CRC risk in a Chinese population, whereas the 
ALDH2 Glu487Lys polymorphism was not. Our results are consistent with the findings of one 
previous study (Matsuo et al., 2006), but differ from those of four other investigations (Landi 
et al., 2005; Yin et al., 2007; Gao et al., 2008; Chiang et al., 2012).

One limitation should be considered in our study. Only 274 CRC cases and 358 healthy 
controls were included in our investigation, representing a relatively small sample size that 
may have reduced the statistical power of our analysis and caused a discrepancy between our 
results and the true values.

In conclusion, our study suggests that the ADH1B Arg47His polymorphism influences 
CRC development in the Chinese population, but the ALDH2 Glu487Lys variant does not. 
Further studies with large sample sizes are greatly required to confirm our findings.



7ADH1B and ALDH2 and colorectal cancer risk

Genetics and Molecular Research 15 (3): gmr.15038682

Conflicts of interest

The authors declare no conflict of interest.

ACKNOWLEDGMENTS

We thank the staffs in the People’s Hospital of Ganzhou for help in collecting the 
blood samples.

REFERENCES

Asakage T, Yokoyama A, Haneda T, Yamazaki M, et al. (2007). Genetic polymorphisms of alcohol and aldehyde 
dehydrogenases, and drinking, smoking and diet in Japanese men with oral and pharyngeal squamous cell carcinoma. 
Carcinogenesis 28: 865-874. http://dx.doi.org/10.1093/carcin/bgl206 

Battaglia Richi E, Baumer B, Conrad B, Darioli R, et al. (2015). Health risks associated with meat consumption: a review 
of epidemiological studies. Int. J. Vitam. Nutr. Res. 85: 70-78. http://dx.doi.org/10.1024/0300-9831/a000224 

Blase JL, Campbell PT, Gapstur SM, Pawlita M, et al. (2016). Prediagnostic Helicobacter pylori antibodies and colorectal 
cancer risk in an elderly, Caucasian population. Helicobacter http://dx.doi.org/10.1111/hel.12305.

Chiang CP, Jao SW, Lee SP, Chen PC, et al. (2012). Expression pattern, ethanol-metabolizing activities, and cellular 
localization of alcohol and aldehyde dehydrogenases in human large bowel: association of the functional 
polymorphisms of ADH and ALDH genes with hemorrhoids and colorectal cancer. Alcohol 46: 37-49. http://dx.doi.
org/10.1016/j.alcohol.2011.08.004

Cho S, Shin A, Park SK, Shin HR, et al. (2015). Alcohol drinking, cigarette smoking and risk of colorectal cancer in the 
Korean Multi-center Cancer Cohort. J. Cancer Prev. 20: 147-152. http://dx.doi.org/10.15430/JCP.2015.20.2.147

Crous-Bou M, Rennert G, Cuadras D, Salazar R, et al. (2013). Polymorphisms in alcohol metabolism genes ADH1B 
and ALDH2, alcohol consumption and colorectal cancer. PLoS One 8: e80158. http://dx.doi.org/10.1371/journal.
pone.0080158

De Ruyck K, De Boevre M, Huybrechts I and De Saeger S (2015). Dietary mycotoxins, co-exposure, and carcinogenesis 
in humans: Short review. Mutat. Res. Rev. Mutat. Res. 766: 32-41. http://dx.doi.org/10.1016/j.mrrev.2015.07.003

Ebert ST and Ellison RC (2015). Association of alcohol consumption with the risk of death from colorectal cancer. Rev. 
Med. Suisse 11: 2041.

Ferlay J, Soerjomataram I, Ervik M, Dikshit R, et al. (2013). GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality 
Worldwide: IARC CancerBase No. 11. International Agency for Research on Cancer, Lyon, France. http://globocan.
iarc.fr/Pages/fact_sheets_cancer.aspx. Accessed May 10, 2015.

Gao CM, Takezaki T, Wu JZ, Zhang XM, et al. (2008). Polymorphisms of alcohol dehydrogenase 2 and aldehyde 
dehydrogenase 2 and colorectal cancer risk in Chinese males. World J. Gastroenterol. 14: 5078-5083. http://dx.doi.
org/10.3748/wjg.14.5078

Geng P, Sa R, Li J, Li H, et al. (2016). Genetic polymorphisms in C-reactive protein increase cancer susceptibility. Sci. 
Rep. 6: 17161. http://dx.doi.org/10.1038/srep17161

Kang TS, Woo SW, Park HJ, Lee Y, et al. (2009). Comparison of genetic polymorphisms of CYP2E1, ADH2, and ALDH2 
genes involved in alcohol metabolism in Koreans and four other ethnic groups. J. Clin. Pharm. Ther. 34: 225-230. 
http://dx.doi.org/10.1111/j.1365-2710.2008.00986.x

Khabaz MN, Al-Maghrabi JA, Nedjadi T, Gar MA, et al. (2016a). Does Val/Val genotype of GSTP1 enzyme affects 
susceptibility to colorectal cancer in Saudi Arabia? Neuroendocrinol. Lett. 37: 46-52.

Khabaz MN, Nedjadi T, Gari MA, Al-Maghrabi JA, et al. (2016b). GSTM1 gene polymorphism and the risk of colorectal 
cancer in a Saudi Arabian population. Genet. Mol. Res. 15: http://dx.doi.org/10.4238/gmr.15017551.

Klarich DS, Brasser SM and Hong MY (2015). Moderate alcohol consumption and colorectal cancer risk. Alcohol. Clin. 
Exp. Res. 39: 1280-1291. http://dx.doi.org/10.1111/acer.12778

Landi S, Gemignani F, Moreno V, Gioia-Patricola L, et al.; Bellvitge Colorectal Cancer Study Group (2005). A 
comprehensive analysis of phase I and phase II metabolism gene polymorphisms and risk of colorectal cancer. 
Pharmacogenet. Genomics 15: 535-546. http://dx.doi.org/10.1097/01.fpc.0000165904.48994.3d

Matsuo K, Wakai K, Hirose K, Ito H, et al. (2006). A gene-gene interaction between ALDH2 Glu487Lys and ADH2 
His47Arg polymorphisms regarding the risk of colorectal cancer in Japan. Carcinogenesis 27: 1018-1023. http://



8Q. Zhong et al.

Genetics and Molecular Research 15 (3): gmr.15038682

dx.doi.org/10.1093/carcin/bgi282
Solomon PR, Selvam GS and Shanmugam G (2008). Polymorphism in ADH and MTHFR genes in oral squamous cell 

carcinoma of Indians. Oral Dis. 14: 633-639. http://dx.doi.org/10.1111/j.1601-0825.2007.01437.x
Stefan DC (2015). Red meat, processed meat and cancer in South Africa. S. Afr. Med. J. 106: 43. http://dx.doi.org/10.7196/

SAMJ.2016.v106i1.10400
Sun X, Yang H, Lin Y, Zhao J, et al. (2015). Genetic association between hOGG1 C8069G polymorphism and colorectal 

cancer risk. Int. J. Clin. Exp. Med. 8: 21145-21151.
Szumiło J, Marzec B, Szumiło M, Korobowicz A, et al. (2009). Genetic base of esophageal squamous cell carcinoma 

susceptibility. Pol. Merkuriusz Lek. 26: 93-97.
Torre LA, Bray F, Siegel RL, Ferlay J, et al. (2015). Global cancer statistics, 2012. CA Cancer J. Clin. 65: 87-108. http://

dx.doi.org/10.3322/caac.21262
Wang HL, Zhou PY, Liu P and Zhang Y (2014). ALDH2 and ADH1 genetic polymorphisms may contribute to the risk of 

gastric cancer: a meta-analysis. PLoS One 9: e88779. http://dx.doi.org/10.1371/journal.pone.0088779
Wang Y, Ji R, Wei X, Gu L, et al. (2011). Esophageal squamous cell carcinoma and ALDH2 and ADH1B polymorphisms 

in Chinese females. Asian Pac. J. Cancer Prev. 12: 2065-2068.
Wang Y, Duan H, Yang H and Lin J (2015). A pooled analysis of alcohol intake and colorectal cancer. Int. J. Clin. Exp. 

Med. 8: 6878-6889.
Xu L and Wei H (2015). Association between CYP1A1 2454A > G polymorphism and colorectal cancer risk: A meta-

analysis. J. Cancer Res. Ther. 11: 760-764. http://dx.doi.org/10.4103/0973-1482.160909
Yin G, Kono S, Toyomura K, Moore MA, et al. (2007). Alcohol dehydrogenase and aldehyde dehydrogenase 

polymorphisms and colorectal cancer: the Fukuoka Colorectal Cancer Study. Cancer Sci. 98: 1248-1253. http://
dx.doi.org/10.1111/j.1349-7006.2007.00519.x

Zhang L, Jiang Y, Wu Q, Li Q, et al. (2014). Gene-environment interactions on the risk of esophageal cancer among Asian 
populations with the G48A polymorphism in the alcohol dehydrogenase-2 gene: a meta-analysis. Tumour Biol. 35: 
4705-4717. http://dx.doi.org/10.1007/s13277-014-1616-7

Zhou D, Xiao L, Zhang Y, Xian J, et al. (2012). Genetic polymorphisms of ALDH2 and ADH2 are not associated with 
risk of hepatocellular carcinoma among East Asians. Tumour Biol. 33: 841-846. http://dx.doi.org/10.1007/s13277-
011-0309-8


