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Introduction

Esophageal carcinoma is the eighth most common cancer
worldwide and its incidence has significant regional and
China has a high incidence of
esophageal carcinoma, and is one of the areas that have
a relativity high fatality rate [2]. But its definite etiology
and pathogenesis are not clear yet. Long-term stimulations
from certain physicochemical factors and carcinogens from
food are one of the major pathogens, and genetic factors
also participate in the occurrence of esophageal carcinoma
[3]. Significant familial aggregation is found in the devel-
opment of esophageal carcinoma and lots of related genes
changes are discovered in some high incidence cancer
families. Recent years, research on genetic susceptibility
to cancer research has increasingly become a hot spot.
Human Fas is located on 10g24.1 chromosome, encod-
ing transmembrane protein I with 319 amimo acid residual
and 43KD of molecular weight [4]. Human FasL is located
at 23 region in number 1 chromosome and it encodes

ethnic differences [1].
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Abstract

The case—control study aims to investigate the association of Fas and FasL
genetic polymorphisms (Fas-670A/G (rs1800682), Fas-1377G/A (rs2234767) and
FasL-844T/C (rs763110)) with esophageal carcinoma susceptibility in a north
Chinese population. A total of 204 patients with esophageal carcinoma and 248
healthy controls were enrolled from Henan, China and genotyped by the poly-
merase chain reaction and restriction fragment length polymorphism method.
There were no significant differences in distributions of their genotypes frequen-
cies between patients and controls in Fas-670A/G, Fas-1377G/A and FasL-844T/C
polymorphisms (P > 0.05). Stratified analysis showed that no significant associa-
tion was found between esophageal carcinoma and gene polymorphisms of Fas-
670 A/G, Fas-1377G/A, and FasL-844T/C (P > 0.05). Genetic polymorphisms
in the death pathway genes Fas and FasL were not associated with risk of
developing esophageal carcinoma in a north Chinese population.

transmembrane protein II with 281 amimo acid residual
and 40KD of molecular weight [5]. In the known path-
ways of apoptosis, Fas/FasL signaling pathway has an
important biological effect. Fas, also known as CD95,
TNESF6, or APO-1, is a cell surface receptor involved in
apoptotic signal transmission in many cell types and inter-
acts with its natural ligand (known as FasL, CD95L) to
initiate the death signal cascade that leads to apoptotic
cell death [4, 6]. Reduced Fas expression and (or) increased
FasL expression conducive to tumor development and
progression [7]. In addition, somatic mutations and func-
tional germline in gene Fas and FasL impair apoptotic
signal transduction, which are related to a high risk of
cancer [8-10]. Thus, Fas and FasL gene are approved to
play an important role in the development and progres-
sion of cancer.

Previous studies revealed that the level of Fas expres-
sion was lower and the level of FasL was higher in esopha-
geal carcinoma than that of the corresponding normal
tissue [11-13]. Besides, the down-regulation of Fas may
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decrease the ability of undergoing apoptosis in esophageal
carcinoma cells, while the up-regulation of FasL increase
the ability of counterattacking immune system by killing
Fas-sensitive lymphocytes [11, 12]. In addition, aberrant
expression of Fas and FasL was also related to differentia-
tion, invasiveness, metastasis, and prognosis of cancer [11,
14].

Single-nucleotide polymorphisms have been identified
in the promoter region of the Fas gene, A or G at position-
670 (Fas-670A/G) and G or A at position-1377 (Fas-
1377G/A). The Fas-670G allele and the Fas-1377A allele
disrupt STAT1and Spl transcription factor-binding sites,
respectively, and thus diminish promoter activity and
decrease Fas gene expression [15, 16]. The promoter of
FasL also has a functional single-nucleotide polymorphism,
T or C at position-844 (FasL-844T/C), that is located in
a binding modifier another transcription factor, CAAT/
enhancer-binding protein B [17]. Higher basal expression
of FasL is significantly associated with the FasL-844 C
allele than the FasL-844 T allele [17].

To date, studies showed that the Fas-670A/G, Fas-
1377G/A, and FasL-844T/C polymorphisms might be
associated with increased risk of certain cancers, including
breast cancer [18-21], gastric cancer [22, 23], cervical
cancer [24, 25], lung cancer [26, 27], etc. Several studies
have reported the potential association between Fas/ FasL
polymorphisms and risk of esophageal cancer [28, 29].
However, the results were not always consistent with one
another, partially because of different sample sizes, ethnic
backgrounds, and publication bias. In the case—control
study, we aim to identify the genotyping of Fas-670A/G,
Fas-1377G/A, FasL-844T/C in all cases, and to explore
the correlation between three polymorphisms and suscep-
tibility of esophageal carcinoma in north China.

Methods

Study participants

From 2005 January to 2006 December, two hundred and
four participants with esophageal carcinoma at Anyang
Tumor Hospital (Henan Province, China) were recruited.
All esophageal carcinoma patients were diagnosed accord-
ing to histopathology. Patients with any previous cancers
or autoimmune diseases, chemotherapy or radiotherapy
and incomplete clinical information were excluded from
the study. Demographic information, including age, sex,
tobacco smoking, and alcohol drinking history were
obtained from medical records.

Two hundred and forty eight healthy blood donors
were selected as control group in Henan Anyang. Criteria
for donor eligibility were as follows: (1) permanent resi-
dents in rural Anyang; (2) age between 25 to 80 years;
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(3) no self-reported history of cancer, previous cardiocer-
ebral vascular diagnoses or psychological disorders; (4)
no self-reported history of infection with hepatitis B virus,
hepatitis C virus, or human immunodeficiency virus (and
no evidence of these infections based on blood
screening).

Each participant was required to sign an informed
consent and complete a questionnaire in one-on-one
interviews. After the interview, 5-mL samples of venous
blood were collected from each subject. We defined regular
cigarette smoking as a history of at least 1 cigarette per
day for =12 months or >18 packs for 1 year, and regular
alcohol consumption was defined as drinking Chinese
liquor at least twice per week for >12 months (other
kinds of regular drinker such as beer and red wine is
very rare in local area). The study protocol was approved
by the Ethics Committees of Shandong Provincial
Qianfoshan Hospital.

Genotyping

Genome DNA was extracted from peripheral blood of research
objects, using the QIAGEN DNA Isolation Kit (QIAGEN,
Dusseldorf, Germany). Polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) methods were
performed for genotyping Fas-670A/G, Fas-1377G/A, FasL-
844T/C. Information of primers sequences, PCR products
sizes, restriction enzymes, enzyme digestion temperatures and
restriction products are shown in Table SI. PCR was per-
formed with 30 pL of reaction mixture containing 50-100 ng
genomic DNA, 0.5 yL dNTPs (10 mmol/L, Invitrogen,
Carlsbad, CA, USA), 0.5 yL each primer (10 mmol/L, Atobo
BioTECH Co., Ltd, Shanghai, China), 0.5 U Taq DNA poly-
merase (5 U/uL, KeyGEN BioTECH Co., Ltd, Nanjing, China)
and 3 pL 10 X PCR buffer. The PCR reaction mixture was
initially denatured at 94°C for 2 min, followed by 36 cycles
of 30 sec at 94°C, 30 sec at denaturation temperature, 60 sec
at 72°C, and a final extension of 5 min at 72°C. Suitable
primers for each polymorphism were used to amplify the
corresponding PCR products, and restriction products were
digested by the appropriate restriction enzymes. Restriction
DNA products were separated by 2% agarose gel electro-
phoresis and visualized by ultraviolet light. In addition, a
random 10% of samples were selected for confirmation by
Sanger sequencing.

Statistical analysis

All statistical analyses were conducted, using SPSS software
(version 13.0 for Windows, Chicago, IL). Mann—Whitney
U test was applied to compare the age distribution between
case and control group. Chi-Square test was used to ana-
lyze the gender, smoking status, and drinking status
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discrepancy between case and control group. Hardy—
Weinberg balance test was used to verify the crowd rep-
resentativeness of the research sample, count the genotype
frequencies and allelic gene frequencies. The associations
of esophageal carcinoma risk with genotypes were analyzed,
using an unconditional logistic regression model for
adjusted odds ratio (OR) when adjusting for age, sex,
tobacco smoking, and alcohol drinking. Then, OR and
its 95% confidence intervals (95% CI) were counted to
assess the correlation between genotypes and susceptibility
to esophageal carcinoma.

Results

Demographics of the enrolled subjects

The distribution of demographic parameters between
esophageal cancer patients and controls was shown in
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Table 1. The mean age was 50.58 * 7.55 years for patients
and 49.58 * 8.44 years for controls, and 63.73% and
36.27% of the patients and 66.13% and 33.87% of the
controls were men and women, respectively. No significant
differences were found between patients and control sub-
jects in terms of age, gender, smoking status, and drinking
status (P = 0.074, P = 0.594, P = 0.099 and P = 0.487),
suggesting that the frequency matching was adequate.

Gene polymorphisms and ESCC risk

Distributions of the genotypes frequencies of the three
polymorphisms among patients and controls are shown
in Table 2. Fas-670A/G, Fas-1377G/A and FasL-844T/C
showed polymorphism in all research subjects. And the
genotype distributions of Fas-670A/G, Fas-1377G/A and
FasL-844T/C in two groups were consistent with Hardy—
Weinberg equilibrium (P > 0.05). For Fas-670A/G

Table 1. Distribution of demographic characteristics in patients with esophageal carcinoma and controls.

Patients (n = 204)

Controls (n = 248)

Characteristics n % n % P
Age (year, mean = SD) 50.58 + 7.55 4958 + 8.44 0.074"
Gender
Male 130 63.73 164 66.13 0.5942
Female 74 36.27 84 33.87
Tobacco smoking status
Ever 93 45.59 94 37.90 0.0992
Never 111 54.41 154 62.10
Alcohol consumption status
Ever 62 30.39 68 27.42 0.4872
Never 142 69.61 180 72.58

TMann-Whitney U test.
2¢2 test.

Table 2. Distribution of genotypes and alleles of Fas/FasL SNPs between esophageal carcinoma patients and controls.

Patients (n = 427)

Controls (n = 427)

Genotype n % n % OR (95% CI)! P value?
Fas-670A/G

AA 74 36.27 88 35.48 1.000 -

AG 104 50.98 119 47.98 1.049 (0.696-1.581) 0.820

GG 26 12.75 41 16.53 0.797 (0.442-1.438) 0.451
Fas-1377G/A

GG 85 41.67 100 40.32 1.000 -

AG 92 45.10 114 45.97 0.974 (0.650-1.458) 0.897

AA 27 13.23 34 13.71 0.956 (0.529-5.671) 0.881
FasL-844T/C

CcC 103 56.45 140 56.45 1.000 -

TC 93 39.11 97 39.11 1.012 (0.393-2.604) 0.981

T 8 3.92 11 4.44 0.767 (0.524-1.124) 0.174

10dds ratios (OR), Confidence intervals (Cl).

2P value adjusted for age, gender, tobacco smoking, and alcohol consumption status.
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polymorphism, the frequencies of GG, AG, and AA geno-
types were 12.75%, 50.98%, and 36.27% among the patients
and 16.53%, 47.98%, and 35.48% among the controls.
The frequencies of AA, AG, and GG genotypes for Fas-
1377G/A were 13.23%, 45.10% and 41.67% among the
patients and 13.71%, 45.97% and 40.32% among the
controls. For FasL-844T/C, the frequency of genotype TT,
TC, and CC in the esophageal carcinoma patients and
in the healthy controls was 3.92%, 39.11%, 56.45% and
4.44%, 39.11%, 56.45%, respectively. Distributions of these
Fas and FasL genotypes were then compared among patients
and control subjects (P > 0.05). Frequencies of Fas-670A/G,
Fas-1377G/A and FasL-844T/C genotypes among case
patients did not differ statistically significantly from those
among control subjects. Logistic regression analysis indi-
cated that there was no significant association between
esophageal carcinoma and gene polymorphisms of Fas-
670A/G, Fas-1377G/A and FasL-844 T/C (Fas-670AG,
P = 0.820; Fas-670GG, P = 0.451; Fas-1377AG, P = 0.897;
Fas-1377AA, P = 0.881; FasL-844TC, P = 0.119; FasL-
844CC, P = 0.454).

Stratification analysis of polymorphisms
and ESCC risk

To evaluate the effects of Fas and FasL genotypes on the
risk of esophageal carcinoma, patients and controls were
stratified based on age, sex, smoking status, and drinking
status (Table 3). The results showed that no significant
association was found between esophageal carcinoma and
gene polymorphisms of Fas-670A/G, Fas-1377G/A, and
FasL-844T/C in the north Chinese population (P > 0.05).

Discussion

Esophageal carcinoma is one of the most common malig-
nant cancers of the digestive tract, especially in China.
Among the main causes of esophageal cancer, genetic
aberration plays a key role. The case—control study was
conducted to investigate the relationship between poly-
morphisms in Fas-670A/G, Fas-1377G/A, and FasL-844T/C
and the susceptibility to esophageal carcinoma in Anyang,
a north Chinese district with a high incidence of esopha-
geal cancer.

Since the identification of polymorphisms in gene Fas
and FasL, a variety of case—control studies have been
published to explore the possible association between Fas-
670A/G, Fas-1377G/A, and FasL-844T/C and risk of cancer
[18, 23, 24, 27]; however, the reported results were con-
flicting. In our study, no significant association was found
between polymorphisms Fas-670A/G, Fas-1377G/A, and
FasL-844T/C and susceptibility to esophageal cancer in
Henan Anyang (P > 0.05), suggesting that these
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polymorphisms might not play an important role in the
progression and development of esophageal cancer in this
particular population. These results are consistent with
published report by Jain M et al. in India’s population
and Chen XB et al. in the Mongolian population [30,
31]. In another study by Sun et al., subjects with Fas-
670GG (OR = 1.72, 95% CI = 1.26-2.34, P < 0.001),
Fas-1377AA (OR = 1.79, 95% CI = 1.29-2.48, P < 0.001)
and FasL-844CC (OR = 2.06, 95% CI = 1.64-2.59,
P < 0.001) genotypes were associated with increased risk
of esophageal carcinoma compared with those with Fas-
670 AA, Fas-1377 GG, FasL-844 TT genotypes, respectively
[29]. The frequency of the polymorphisms Fas-670A/G,
Fas-1377G/A, and FasL-844 T/C in our study did not
show statistical significance when compared to patients
and controls. We deduced that the difference in sample
size and sample sources between cases and controls might
account for this inconsistency. In Sun’s study, esophageal
cancer patients were selected from the Cancer Hospital,
Chinese Academy of Medical Sciences, and controls were
enrolled from a nutritional survey database conducted in
Beijing and the surrounding regions. As we knew, most
of these patients came from other regions of China and
they have different genetic backgrounds. Different levels
of environmental exposure may affect the carcinogenesis
progression in population with different genetic back-
grounds. Considering geographical variation in the inci-
dence of esophageal cancer, the matching mode might
reduce the comparative efficiency between cases and con-
trols, and even lead to a result of deviation. Conversely,
the population in our study was mostly from the same
area of high incidence of esophageal cancer and the study
participants were relatively homogeneous in terms of genetic
background and environmental risk factors. Moreover,
previous studies of Fas and FasL genetic polymorphism-
related susceptibility to various cancers in China revealed
that the frequency of genotypes varied in different popula-
tions even in the same country [23, 32, 33].

Several limitations of this case—control study needs to
be addressed. Firstly, the sample size determination was
not based on power calculations, which might affect the
accuracy of the results. Secondly, the lack of a prior power
calculation might increase the false positive rate in regres-
sion models. Besides, the sample size was relatively small
which might weaken the statistical power of our study.
Finally, participants in our study were restricted to a north
Chinese population. Since the role of genetic polymor-
phism in tumor risk may be different with different ethnic
populations, future researches of other ethnicities are
needed.

In conclusion, we have shown that the Fas-670A/G,
Fas-1377G/A, and FasL-844T/C polymorphisms were not
significantly associated with risk of esophageal cancer in
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a north Chinese population. These findings suggest that
the promoter polymorphisms of the Fas and FasL genes
may not contribute to the pathogenesis of esophageal
cancer.
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