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Aim: To investigate the single nucleotide
polymorphism (SNP) of A118G and its
interaction with smoking and drinking on
oesophageal squamous cell carcinoma
(ESCC) risk. Methods: A total of 960 sub-
jects (545 males and 415 females) with a
mean age of 58.1 � 13.4 years were
selected, including 490 ESCC patients and
470 normal control subjects. A logistic
regression model was used to examine the
association between A118G and ESCC
and its interaction with A118G and current
smoking and drinking. The odds ratio (OR)
and 95% confident interval (95%CI) were
calculated. Results: The frequency for the
A allele of A118G was significantly higher
in ESCC cases, OR (95%CI) = 1.22 (1.08–
1.59). Logistic regression analysis showed
a significant association between the A
allele in A118G and increased ESCC risk.

The ESCC risk was significantly higher in
carriers of the A allele of the A118G poly-
morphism than those with GG (AG + AA
vs. GG, adjusted OR (95%CI) = 1.20
(1.05–1.53)). We found that current smok-
ers with AG or AA of the A118G genotype
have the highest ESCC risk compared with
never smokers with a GG genotype; the
OR (95%CI) was 2.57 (1.66–3.33). Current
drinkers with AG or AA of the A118G geno-
type have the highest ESCC risk com-
pared with not currently drinking subjects
with the GG genotype, OR (95%CI) = 2.36
(1.47–3.25), after adjusting for covariates.
Conclusion: The A allele of A118G and
ESCC and additional interaction between
the A allele of A118G and smoking or
drinking were associated with increased
ESCC risk. J. Clin. Lab. Anal. 31:e22018,
2017. © 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Oesophageal squamous cell carcinoma (ESCC) is the
sixth most common cause of cancer-related death
worldwide. ESCC is also a predominant histological
subtype of oesophageal cancer and is characterised by
a high mortality rate in China (1, 2). It is usually diag-
nosed at a relatively late stage, and treatment options
are limited; the 5-year survival rate for ESCC patients
has been very low (3). Previous studies have deter-
mined several genetic factors for ESCC (4–6); however,
the precise molecular mechanisms of carcinogenesis
and progression are not well known. Thus, the identifi-
cation of target genes for the determination of tumour
development is urgently required for ESCC diagnosis
and treatment.
Epidemiologic studies have suggested that patients

who receive general anaesthesia with opioids rather
regional anaesthetics are at higher risk of cancer

recurrence (7, 8). Furthermore, in addition to the anal-
gesic effect, l-opioid receptor activation may influence
tumour growth and cancer progression (9). Several
genetic variants have been identified within the
l-opioid receptor gene (10). The most common and
well-known genetic variant is the single nucleotide
polymorphism (SNP) A118G. However, no previous
studies have focused on the impact of A118G poly-
morphism; additional interactions with environmental
factors, such as smoking and alcohol consumption on
ESCC risk, also remain to be conducted. Thus, the
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aim of this study was to investigate the impact of SNP of
A118G and additional interactions with current smok-
ing and drinking on ESCC risk in a Chinese population.

MATERIALS AND METHODS

Subjects

This was a case-controlled study on ESCC. Chinese
patients with ESCC were consecutively recruited
between March 2010 and September 2013 from Yixing
People’s Hospital. A total of 960 subjects (545 males,
415 females) with a mean age of 58.1 � 13.4 years
were selected, including 470 ESCC patients and 490
normal control subjects. All cases were confirmed via
histopathological diagnosis. The subjects who received
chemotherapy or radiotherapy prior to surgery were
excluded from this study. Healthy controls were ran-
domly selected from a population screening pro-
gramme for risk factors of ESCC in the same regions
and matched to cases on the basis of age (�3 years)
and gender (Fig. 1). Blood samples were collected
from each participant. Detailed personal information
on demographic characteristics and smoking and
drinking status were collected via interview. At recruit-
ment, written informed consent was obtained from
each participant.

Body Measurements

Data on demographic information, diet, smoking,
and drinking information for all participants were
obtained using a standard questionnaire administered
by trained staff. We defined current alcohol consump-
tion as more than one drink of any type per month or
not currently drinking as <1 drink of any type per
month (11); current smokers were defined as those who
have smoked at least 100 cigarettes and still smoked at
the time of the interview; individuals with no history of
cigarette smoking were considered to be never smokers
(12, 13). A low-fibre diet and high-fat diet were defined
according to the “Dietary Pyramid” (14). Body weight,
height, and waist circumference (WC) were also mea-
sured according to standardised procedures (15). Body
mass index (BMI) was calculated as weight in kilograms
divided by the square of the height in metres. Blood
samples were collected in the morning after at least 8 hr
of fasting. All plasma and serum samples were frozen at
–80°C until laboratory testing.

Genomic DNA Extraction and Genotyping

Approximately 2 ml of whole blood was collected
from all participants in sterile EDTA-coated vacutain-
ers. Genomic DNA from participants was extracted

Fig. 1. A flowchart of study population selection.
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from EDTA-treated whole blood using the DNA Blood
Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions and stored at �80°C until
used for genotyping. Genotyping of A118G SNP
(rs1799971) was performed using the TaqMan platform
produced by the BGI Company, China. Genotyping
was repeated on a 10% random sample of study partici-
pants, and the results were 100% concordant. ABI Pris-
m7000 software (Applied Biosystems, Carlsbad, CA)
and an allelic discrimination procedure were used for
genotyping. A 25-ll reaction mixture included 1.25 ll
SNP Genotyping Assays (209), 12.5 ll Genotyping
Master Mix (29), 20 ng DNA, and conditions as fol-
lows: initial denaturation for 10 min and 95°C, denatu-
ration for 15 sec and 92°C, and annealing and extension
for 90 sec and 60°C (50 cycles).

Statistical Analysis

The mean and standard deviation (SD) were calcu-
lated for normally distributed continuous variables, and
the t-test was used for comparison between cases and
controls; percentages were calculated for categorical
variables, and the v2 test was used for comparison
between the case and control group participants (ver-
sion 19.0; SPSS Inc., Chicago, IL). A Hardy–Weinberg
equilibrium (HWE) was performed using SNPStats
(available online at http://bioinfo.iconcologia.net/
SNPstats). A logistic regression model was used to
examine the association between A118G and ESCC and
the interaction between A118G and smoking or alcohol
consumption. The odds ratio (OR) and 95% confident
interval (95%CI) were calculated. Odds were adjusted
for gender, age, high-fat diet, and low-fibre diet.

RESULTS

A total of 960 subjects (545 males and 415 females)
with a mean age of 58.1 � 13.4 years were selected,
including 490 ESCC patients and 470 normal control
subjects. Participant characteristics stratified by cases
and controls are shown in Table 1. The distribution of
current smokers, alcohol consumption, both smoking
and drinking, and high-fat diet significantly differed
between the cases and controls. The mean WC was
higher in the ESCC cases than the controls.
The genotypes of A118G were distributed according

to Hardy–Weinberg equilibrium (P > 0.05). The fre-
quency for the A allele of A118G was significantly
higher in the ESCC cases, OR (95%CI) = 1.22 (1.08–
1.59). Logistic regression analysis showed a significant
association between genotypes of the A allele in
A118G and increased ESCC risk after adjusting for
gender, age, high-fat diet, and low-fibre diet. ESCC

risk was significantly higher in carriers of the A allele
of the A118G polymorphism than those with GG
(AG + AA vs. GG, adjusted OR (95%CI) = 1.20
(1.05–1.53); Table 2). We also conducted an associa-
tion analysis among smoking, drinking, and ESCC
using logistic regression. We found that the OR (95%
CI) was 1.48 (1.08–2.27) for always smokers compared
with never smokers and 1.69 (1.10–2.18) for always
drinkers compared with not current drinkers (Table 3).
To obtain the odds ratios and 95%CI for the joint

effects of A118G and smoking and alcohol consump-
tion on ESCC, we conducted an interaction analysis
between A118G and current smoking and drinking
using logistic regression. We found that current smok-
ers with AG or AA of the A118G genotype have the
highest ESCC risk compared with never smoking sub-
jects with the GG genotype (OR (95%CI) of 2.57
(1.66–3.33) after covariate adjustment; Table 4). We
also found that current drinkers with AG or AA of
the A118G genotype have the highest ESCC risk com-
pared with not current drinking subjects with the GG
genotype (OR (95%CI) of 2.36 (1.47–3.25) after
adjusting for covariates; Table 5).

DISCUSSION

In this study, we found that A118G polymorphism
was significantly associated with ESCC risk in a
Chinese population, the A allele of A118G was signifi-
cantly higher in ESCC cases and ESCC risk was also
higher in the A allele of A118G carriers than that in

TABLE 1. General Characteristic of Study Participants in

Cases and Controls

Variables

ESCC Cases

(n = 490)

Controls

(n = 470) P-values

Age (year) 58.70 � 12.3 57.43 � 14.1 0.138

Males N (%) 256(52.2) 269(57.2) 0.136

Alcohol

consumption N (%)

213(43.4) 166(35.3) 0.012

Current smokers N (%) 203 (41.4) 154 (32.8) 0.007

Both smoking and

drinking N (%)

118 (24.1) 86 (18.3) 0.028

High-fat diet N (%) 159(32.4) 124 (26.4) 0.049

Low-fibre diet N (%) 123 (25.1) 109 (23.2) 0.540

BMI (kg/m2) 23.4 � 8.7 22.7 � 8.2 0.200

WC (cm) 82.6 � 15.3 80.4 � 14.8 0.024

FPG (mmol/l) 5.02 � 0.77 5.01 � 0.74 0.837

TG (mmol/l) 1.27 � 0.42 1.24 � 0.46 0.292

TC (mmol/l) 5.00 � 1.14 4.86 � 1.10 0.053

HDL (mmol/l) 1.24 � 0.58 1.31 � 0.67 0.084

Means � standard deviation for age, FPG, TC, HDL-C, TG, WC,

and BMI.

TC, total cholesterol; HDL, high density lipoprotein; FPG, fast

plasma glucose; TG, triglyceride; WC, waist circumference; BMI,

body mass index.
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subjects with the GG allele of A118G after adjustment.
Although A118G polymorphism and its relationship
with cancer susceptibility have been investigated in

many studies, few have focused on an association
between A118G polymorphism and ESCC. To our
knowledge, this is the second epidemiologic study to
evaluate the association between the A118G of the
l-opioid receptor gene and ESCC risk. Up to now, we
found only one human population study (16) investi-
gating this aspect. In that study, Wang et al. con-
ducted a case-controlled study in Chinese Han and
TuJia populations in the Enshi region, China. They
found that the A118G polymorphism in the l-opioid
receptor gene may be associated with a risk of ESCC;
compared with the GG genotype, the AA genotype
exhibited a significantly elevated risk for ESCC.
Interest in the direct effect of opioids and l-opioid

receptors on tumour progression has grown in recent
years. There is accumulating experimental evidence of
a direct effect of l-opioid receptors on tumour pro-
gression or recurrence (8, 17–20), particularly for
breast cancer (5, 20). Direct mechanisms (8) for a
direct effect of l-opioids on cancer progression were
demonstrated. The l-opioid receptor is the main target
for opiates such as morphine, fentanyl, and heroin and
has a binding affinity two orders of magnitude greater
than the affinity of other opioid receptors; in addition,
a direct effect of opioids on tumour progression was
observed during the development of the peripheral opi-
oid antagonist methylnaltrexone for opioid-induced
constipation. Because methylnaltrexone does not cross
the blood–brain barrier, centrally mediated analgesia is
preserved (21).
Tobacco smoking and alcohol consumption were

widely reported important environmental risk factors
for ESCC (22–26). Some studies (27, 28) suggested a sig-
nificant interaction between gene polymorphism (such
as P21, XRCC1, GSTT1, and ERCC2) and current
smoking or alcohol consumption in determining ESCC
risk. In this study, we also found a significant interac-
tion between the A allele of A118G plus current smok-
ing or alcohol consumption in determining ESCC risk.
Current smokers or drinkers with the A allele have the
highest ESCC risk. A study by Wang et al. (16) revealed

TABLE 2. Genotype and Allele Frequencies for A118G in Cases and Controls

Genotypes and alleles

Frequencies N (%)

OR (95%CI)a P-values HWE testControls (n = 470) ESCC Cases (n = 490)

GG 40 (8.5) 23 (4.7) 1.00 0.014 0.149

AG 170 (36.2) 163 (33.3) 1.18 (0.98–1.57)
AA 260 (55.3) 304 (62.0) 1.29 (1.12–1.66)
AG + AA 210 (44.7) 186 (38.0) 1.20 (1.05–1.53) 0.022

A 690 (73.4) 771 (78.7) 1.00 0.007

G 250 (26.6) 209 (21.3) 1.22 (1.08–1.59)

a

Adjusted for gender, age, high-fat diet, low-fibre diet, and WC.

TABLE 3. The Association Between Smoking and Drinking

and ESCC Risk

Variables

Frequencies N (%)

OR (95%CI)a P-values

Controls

(n = 470)

ESCC Cases

(n = 490)

Smoking

Never 316 (67.2) 287 (58.6) 1.00 0.016a

Currently 154 (32.8) 203 (41.4) 1.48 (1.08–2.27)
Drinking

Not

currently

304 (64.7) 277 (56.5) 1.00 0.010b

Currently 166 (35.3) 213 (43.4) 1.69 (1.10–2.18)

a

Adjusted for gender, age, high-fat diet, low-fibre diet, WC, and

drinking.
b

Adjusted for gender, age, high-fat diet, low-fibre diet, WC, and

smoking.

TABLE 4. Interaction Between A118G and Smoking on

ESCC Risk

A118G Smoking OR (95% CI)a P-values

GG Never 1.00 –
GG Currently 1.36 (1.18–1.65) 0.001

AG + AA Never 1.15 (0.92–1.41) 0.102

AG + AA Currently 2.57 (1.66–3.33) <0.001

a

Adjusted for gender, age, high-fat diet, low-fibre diet, and WC.

TABLE 5. Interaction Between A118G and Alcohol Consump-

tion on ESCC Risk

rs507392 Alcohol consumption OR (95% CI)a P-values

GG Not currently 1.00 –
GG Currently 1.27 (1.12–1.59) 0.002

AG + AA Not currently 1.18 (0.98–1.51) 0.068

AG + AA Currently 2.36 (1.47–3.25) <0.001

a

Adjusted for gender, age, high-fat diet, low-fibre diet, and WC.
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that the A118G polymorphism may be an important
inherited genetic variable associated with ESCC risk,
and their results implied an interaction with environ-
mental factors (such as smoking) in individuals with
more G alleles. They also found that non-smoking
may be more protective against ESCC occurrence,
which was consistent with the results of our study.
Evidence points to the endogenous opioid system (and
the l-opioid receptor in particular) in mediating the
rewarding effects of drug use, including those associ-
ated with nicotine, and OPRM1 A118G has been
shown to alter the receptor protein level in preclinical
models and smoking behaviour in humans (29).
The limitations of this study should be considered.

First, although the number of study participants met
the requirement for analysis, the present sample size
was relatively small. The smoking and drinking rates
in women were very low. These limited rates led to
insufficient data for a gender difference analysis. Sec-
ond, the gene–gene interaction with other SNPs of
OPRM1 or other genes and interactions with other
environmental risk factors (such as diet) should be
investigated in future studies. Thirdly, OR values were
relatively low in the correlation analysis, so this rela-
tion need to be verified in others population.
In conclusion, we found that A118G polymorphism

was significantly associated with ESCC risk in our
study, that the rate of the A allele of A118G was sig-
nificantly higher in the ESCC cases than the controls,
and that the ESCC risk was also higher in the A allele
of A118G carriers than in subjects with the GG geno-
type. We also found a significant interaction between
the A allele of A118G and current smoking or alcohol
consumption. Current smokers or drinkers with the A
allele have the highest ESCC risk.
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