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Abstract

Background: Recent evidence suggested that ILTRN (inter-
leukin-1 receptor antagonist) polymorphisms increased the
susceptibility to cancers. The present study aimed to evalu-
ate whether ILTRN was related to esophageal cancer suscep-
tibility in a Northwest Han Chinese population. Methods:
The case-control study was conducted on 384 esophageal
cancer patients and 499 healthy controls. We successfully
genotyped four SNPs distributed in ILTRN. The Gene Expres-
sion Profiling Interactive Analysis (GEPIA) database was used
to observe the expression of ILTRN in esophageal cancer tis-
sues and normal tissues. RegulomeDB and HaploReg v4.1
were used to calculate possible functional effects of the
polymorphisms. We also used genetic models to detect any
potential association between ILTRN variants and esopha-

geal cancer risk. Results: In our study, rs3181052 was associ-
ated with a reduced risk of esophageal cancer in the codom-
inant (odds ratio [OR] = 0.70, 95% confidence interval [CI]
0.52-0.93, p = 0.040), the dominant (OR = 0.75, 95% Cl 0.57-
0.99, p = 0.041), and the overdominant (OR = 0.71, 95% ClI
0.54-0.93, p = 0.012) model. The rs452204 was associated
with a 0.76-fold (OR = 0.76, 95% Cl 0.58-0.99; p = 0.043) de-
creased esophageal cancer risk under the overdominant
model without adjustment. We also found that rs3181052
had a negative effect on esophageal cancer under the over-
dominant model (OR=0.72,95% Cl 0.53-0.97, p =0.033) ad-
justed for age and gender. In stratified analyses by age >55
years, rs3181052 reduced the risk of esophageal cancer in
the dominant and overdominant models. In addition,
rs315919 had a remarkable influence on esophageal cancer
risk in females, while the association was not significant be-
tween rs3181052 and esophageal cancer risk in males. Con-
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clusions: Our study provided the first evidence that ILTRN
rs3181052, rs452204, and rs315919 are correlated with a de-
creased risk of esophageal cancer in a Northwest Han Chi-
nese population. These findings may be useful for the devel-
opment of early prognostics for esophageal cancer. Howev-
er, further larger studies on different ethnic populations are

warranted to verify these findings. ©2019S. Karger AG, Basel

Introduction

Esophageal cancer is the seventh most commonly diag-
nosed cancer and the sixth most common cause of cancer-
related death worldwide [1]. Despite advances in diagnosis
and treatment, the overall 5-year survival rate still ranges
from 15 to 25%, and the better outcomes are associated
with diagnoses made at the early stages compared to those
made at later stages [2]. It has been estimated that there are
around 400,000 newly diagnosed cases worldwide every
year, and the incidence rates vary greatly from region to
region [3]. In China, esophageal cancer is the fourth most
frequently diagnosed cancer and the fourth leading cause
of cancer death, with an estimated 479,000 new cases and
375,000 deaths in 2015 [4, 5]. However, the etiology of
esophageal cancer has not been poorly determined.

Recently, numerous epidemiologic studies have shown
that alcohol consumption, cigarette smoking, drinking
hot tea, poor oral health, and low socioeconomic status
are contributing risk factors for esophageal cancer [6, 7].
However, only a small proportion of individuals exposed
to these factors actually develop esophageal cancer, sug-
gesting that genetic factors may play an important role in
the development of esophageal cancer. Current reports
suggest that associations between some gene polymor-
phisms and risk of esophageal cancer exist [8-11].

It is generally accepted that inflammation plays a piv-
otal role in cancers [12]. Interleukin-1 (IL-1) is a major
proinflammatory cytokine produced by monocytes, mac-
rophages, and epithelial cells which plays a central role in
the regulation of immune and inflammatory responses to
various acute and chronic inflammatory conditions. Evi-
dence has demonstrated that IL-1 may be a strong risk
factor for tumor growth, vascular endothelial cell prolif-
eration, angiogenesis, and metastasis in various human
malignancies [13, 14]. ILIRN is a natural antagonist of
IL-1 and modulates a variety of IL-1-related immune and
inflammatory responses. So far, studies of variants in
ILIRN in individuals have shown that ILIRN polymor-
phisms are involved in an increased risk of pulmonary
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tuberculosis [15], oral malignancy [16], and gastric can-
cer [14]. Researchers also reported that ILIRN variants
are associated with the risk of breast cancer in the female
population of South Korea, India, and China [17-19].

However, there are few data regarding the possible role
of ILIRN polymorphisms in esophageal cancer; thus, the
aim of this study was to investigate the possible associa-
tion between IL1RN polymorphisms and esophageal can-
cer risk in a Chinese population.

Methods

Study Population

This case-control study was carried out to assess the association
between ILIRN variants and esophageal cancer risk in a Chinese
population. A total of 384 esophageal cancer patients and 499
healthy controls were recruited from the Shaanxi Provincial Can-
cer Hospital Affiliated to Medical College, and all those who had a
cancer history or metastasized cancers were excluded.

SNP Selection, DNA Extraction, and Genotyping

We selected four candidate SNPs in the ILIRN gene from the
database of SNPs and previously published polymorphisms associ-
ated with cancers [16, 19]. Each SNP had a minor allele frequency
>5% in the global population from the 1000 Genomes Project
(http://www.internationalgenome.org/). Peripheral blood samples
of the participants were collected using Vacutainer tubes containing
EDTA and stored at -80 °C after centrifugation. Then, we extracted
genomic DNA from blood samples with the Whole Blood Genomic
DNA Extraction Kit (GoldMag Co. Ltd., Xi’an, China) according to
the instructions of the manufacturer. Quantification of the extracted
DNA was checked using NanoDrop2000 (Thermo Fisher Scientific,
Waltham, MA, USA). Assay Design Suite v2.0 (https://agenacx.
com/online-tools/) was used to design a Multiplexed SNP MassEX-
TEND assay (Table 1) and the MassARRAY iPLEX platform (Agena
Bioscience, San Diego, CA, USA) was utilized to perform genotyp-
ing of the four SNPs. Data analyses and management were conduct-
ed with Agena Bioscience Typer software v4.0.

Statistical Analyses

All statistical analyses were performed with SPSS 20.0 software
(SPSS Inc., Chicago, IL, USA). The Hardy-Weinberg equilibrium
was assessed using the ¥ test for each genotyped SNP in controls.
The associations between IL1RN variants and esophageal cancer risk
were evaluated by ORs and 95% Cls under different genetic models
with adjustment for age and sex. Statistical differences were two-
tailed, and p < 0.05 was considered statistically significant.

Results

Basic Characteristics of the Subjects

The distribution of sex and age among the cases and
controls is shown in Table 1. A total of 384 cases (76 fe-
males and 308 males) and 499 controls (198 females and
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Table 1. PCR primers of the loci used in this study

SNP ID Alleles 1st-PCR primer sequences

2nd-PCR primer sequences

UEP sequences

1517042888 A/G ACGTTGGATGTGGAGTTGGAGTCTTGTTGG

rs315919 C/A ACGTTGGATGCCAGACAATAAAGCAAGCAG
rs3181052 G/A ACGTTGGATGCTTTATGTTTGTCTGGGCCG
15452204 G/A ACGTTGGATGAAAAGAGCCTCAACATGCAG

ACGTTGGATGCTACTTGCTCAGCACCATAC

ACGTTGGATGCACACAAATCCTAACCGGAG
ACGTTGGATGACAGTCCCCATATCTGGAAG
ACGTTGGATGTAGACTTAGCCACGTGACTG

agcGGTGTTGAAATCCCAAAA
tTTGCAAACTGGCAGCTTATA
cttaACTCATACACCCACAGAGCC
gcccATAGGATGATGCAAGCAGAAGT

PCR, polymerase chain reaction; UEP, unextended mini-sequencing primer.

Table 2. Association of SNPs in ILIRN with esophageal cancer risk

SNP ID Gene Chr Position Alleles MAF HWE OR (95% CI) pt
A/B p value
case control
1517042888 ILIRN 2q13 113862173 A/G 0.249 0.261 0.728 0.94 (0.65-1.17) 0.594
rs315919 ILIRN 2ql3 113876213 C/A 0.379 0.410 0.642 0.88 (0.72-1.07) 0.195
rs3181052 ILIRN 2ql3 113886049 G/A 0.380 0.405 0.228 0.90 (0.74-1.10) 0.297
rs452204 ILIRN 2ql3 113889061 G/A 0.343 0.347 0.921 0.98 (0.80-1.20) 0.855

SNP, single nucleotide polymorphism; A, minor alleles; B, major alleles; CI, confidence interval; MAF, minor allele frequency; OR,
odds ratio; HWE, Hardy-Weinberg equilibrium. ! p values were calculated using Pearson’s ¥ test.

301 males) were recruited for our study. The mean age of
the patients was 51.47 + 11.84 years, and that of the con-
trols was 60.81 * 8.84 years.

Association between ILIRN SNPs and Esophageal

Cancer Risk

The basic information about all the SNPs, including
gene, position, alleles, minor allele frequency, and OR
(95% CI) results, are presented in Table 2. Overall, four
SNPs were analyzed in the study. The differences in fre-
quency distribution of the alleles between cases and con-
trols were compared by Pearson’s x* test. However, no
statistically significant association was found between
ILIRN polymorphisms and esophageal cancer risk.

Five genetic models (codominant, dominant, reces-
sive, overdominant, and additive) were used to further
identify associations between the SNPs and risk of esoph-
ageal cancer (Table 3). The results showed that rs3181052
significantly decreased the risk of esophageal cancer in
the codominant (OR =0.70, 95% CI10.52-0.93, p = 0.040),
the dominant (OR = 0.75, 95% CI 0.57-0.99, p = 0.041),
and the overdominant (OR = 0.71, 95% CI 0.54-0.93, p =
0.012) model. Furthermore, the results showed that
rs452204 decreased the risk of esophageal cancer under

ILIRN Polymorphisms and Susceptibility
to Esophageal Cancer

the overdominant model (OR = 0.76, 95% CI 0.58-0.99,
p = 0.043). We also found that rs3181052 had a negative
effect on esophageal cancer under the overdominant
model (OR =0.72, 95% CI 0.53-0.97, p = 0.033) adjusted
for age and gender.

In addition, we performed a stratification analysis by
age and gender. When stratified by age >55 years, we
observed that the genotype “G/A-G/G” of rs3181052
conferred a lower risk of esophageal cancer than the
wild type “A/A” in the dominant model (OR =0.61, 95%
CI 0.40-0.94, p = 0.025). In the overdominant model,
the SNP was still associated with a decreased esophageal
cancer risk (OR = 0.66, 95%CI 0.43-0.99, p = 0.043) (Ta-
ble 4). However, after stratification by age <55 years,
there were no significant correlations between either of
the two variants and esophageal cancer risk. In addition,
the results of gender stratification (Table 5) showed that
rs315919 had a potential association with esophageal
cancer risk (OR = 0.54, 95% CI 0.31-0.96, p = 0.037) in
the female population in the dominant model, while the
association was not significant in the male population.
The effect of rs3181052 on the genetic predisposition
to esophageal cancer indicated the opposite result:
rs3181052 had a negative effect on the risk of esophageal
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Table 3. Genetic model analyses of SNPs in the ILIRN and esophageal cancer risk

SNP ID Model Genotype  Controls,  Cases, Crude analysis After adjustment for age
n (%) n (%) and gender
OR (95% CI) p value OR (95% CI) p value
rs17042888 Codominant G/G 271 (54.3) 220(57.7) 1.00 0.340 1.00 0.830
G/A 196 (39.3) 132 (34.6) 0.83 (0.62-1.10) 0.93 (0.67-1.27)
A/A 32 (6.4) 29 (7.6) 1.12 (0.66-1.90) 0.86 (0.47-1.59)
Dominant G/G 271 (54.3) 220(57.7) 1.00 0.310 1.00 0.570
G/A-A/A 228(45.7) 161 (42.3)  0.87 (0.66-1.14) 0.92 (0.68-1.24)
Recessive G/G-G/A 467 (93.6) 352(92.4) 1.00 0.490 1.00 0.700
A/A 32 (6.4) 29 (7.6) 1.20 (0.71-2.02) 0.89 (0.49-1.61)
Overdominant  G/G-A/A 303 (60.7) 249 (65.3) 1.00 0.160 1.00 0.700
G/A 196 (39.3) 132 (34.6) 0.82(0.62-1.08) 0.94 (0.69-1.29)
log-additive - - - 0.94 (0.76-1.17)  0.600 0.93 (0.73-1.18)  0.540
rs315919 Codominant T/T 175(35.4) 154(41.3) 1.00 0.170 1.00 0.150
G/T 234 (47.3) 155(41.5) 0.75(0.56-1.01) 0.73(0.52-1.02)
G/G 86 (17.4) 64 (17.2)  0.85(0.57-1.25) 0.76 (0.49-1.17)
Dominant T/T 175(35.4) 154 (41.3) 1.00 0.075 1.00 0.054
G/T-G/G 320 (64.7) 219(58.7)  0.78 (0.59-1.03) 0.74 (0.54-1.01)
Recessive T/T-G/T 409 (82.6) 309 (82.8) 1.00 0.930 1.00 0.590
G/G 86 (17.4) 64 (17.2)  0.99 (0.69-1.41) 0.90 (0.60-1.34)
Overdominant  T/T-G/G 261 (52.7) 218 (58.5) 1.00 0.093 1.00 0.140
G/T 234 (47.3) 155 (41.5)  0.79 (0.60-1.04) 0.79 (0.59-1.08)
log-additive - - - 0.89 (0.73-1.07) 0.210 0.84 (0.68-1.04)  0.110
rs3181052 Codominant A/A 170 (34.1) 155 (40.8)  1.00 0.040* 1.00 0.098
G/A 254 (50.9) 161 (42.4) 0.70 (0.52-0.93) 0.71 (0.51-0.98)
G/G 75 (15) 64 (16.8)  0.94 (0.63-1.39) 0.94 (0.60-1.47)
Dominant A/A 170 (34.1) 155(40.8) 1.00 0.041* 1.00 0.085
G/A-G/G  329(65.9) 225(59.2) 0.75(0.57-0.99) 0.76 (0.56-1.04)
Recessive A/A-G/A 424 (85) 316(83.2) 1.00 0.470 1.00 0.530
G/G 75 (15) 64 (16.8)  1.14 (0.80-1.65) 1.14 (0.76-1.71)
Overdominant  A/A-G/G  245(49.1) 219 (57.6) 1.00 0.012* 1.00 0.033*
G/A 254 (50.9) 161 (42.4) 0.71(0.54-0.93) 0.72 (0.53-0.97)
log-additive - - - 0.90 (0.74-1.09) 0.300 091 (0.73-1.13)  0.390
rs452204 Codominant A/A 212 (42.7) 176 (46.6) 1.00 0.110 1.00 0.240
G/A 224 (452) 145(38.4)  0.78 (0.58-1.04) 0.79 (0.57-1.10)
G/IG 60 (12.1)  57(15.1) 1.14(0.76-1.73) 1.11 (0.70-1.76)
Dominant A/A 212 (42.7) 176 (46.6)  1.00 0.260 1.00 0.340
G/A-G/G  284(57.3) 202(53.4) 0.86(0.65-1.12) 0.86 (0.64-1.17)
Recessive A/A-G/A 436 (87.9) 321(84.9) 1.00 0.200 1.00 0.340
G/IG 60 (12.1)  57(15.1) 1.29 (0.87-1.91) 1.24 (0.80-1.91)
Overdominant A/A-G/G 272 (54.8) 233(61.6) 1.00 0.043*  1.00 0.100
G/A 224 (452) 145(38.4)  0.76 (0.58-0.99) 0.77 (0.57-1.05)
log-additive - - - 0.98 (0.81-1.19) 0.860 0.98 (0.79-1.21)  0.840

p values were calculated by Wald test under logistic regression. SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence

interval. * p < 0.05 indicates statistical significance.

cancer in males based on the overdominant model

(OR = 0.64, 95% CI 0.43-0.94, p = 0.023), whereas in

Discussion

females the variant had no significant relationship to the
risk of esophageal cancer.

In this case-control study, we calculated the associa-
tion of ILIRN polymorphisms with the risk of esophageal

4 Chemotherapy
DOI: 10.1159/000496400

Wang/Feng/Zhao/Wang/Zhang/Zhang/
Liu/Jin/Liu

Stockholm University Library
130.237.165.40 - 4/20/2019 3:00:05 PM

Downloaded by:



Table 4. Significant variants in ILIRN associated with esophageal cancer susceptibility after stratification by age

Gene  SNP Model Genotype Controls, Cases, Stratification by age >55 years Controls, Cases, Stratification by age <55 years
n (%) n (%) n (%) n (%)
OR (95% CI) p value OR (95% CI) p value
ILIRN rs3181052 Codominant  A/A 57 (30) 117 (41.8)  1.00 0.070 100 (36.6) 38 (38) 1.00 0.670
GIA 104 (54.7) 121 (43.2)  0.59 (0.37-0.93) 132 (48.4) 40 (40) 0.88 (0.50-1.55)
GIG 29 (15.3) 42 (15) 0.70 (0.37-1.32) 41 (15) 22(22) 1.21 (0.59-2.46)
Dominant A/A 57 (30) 117 (41.8) 1.00 0.025* 100 (36.6) 38 (38) 1.00 0.900
G/A-G/G 133 (70) 163 (58.2) 0.61 (0.40-0.94) 173 (63.4) 62 (62) 0.97 (0.57-1.64)
Recessive A/A-G/A 161 (84.7) 238 (85) 1.00 0.870 232 (85) 78 (78) 1.00 0.440
G/G 29 (15.3) 42 (15) 0.95 (0.54-1.69) 41 (15) 22(22) 1.30 (0.68-2.47)
Overdominant A/A-G/G 86 (45.3) 159 (56.8) 1.00 0.043* 141 (51.6) 60 (60) 1.00 0.460
G/A 104 (54.7) 121 (43.2) 0.66 (0.43-0.99) 132 (48.4) 40 (40) 0.82 (0.49-1.38)
log-additive - - - 0.78 (0.58-1.05) 0.099 - - 1.06 (0.75-1.51) 0.740

p values were calculated by Wald test under logistic regression with adjustment for gender and age. SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.

* p <0.05 indicates statistical significance.

cancer in a Chinese population. Our results indicated that
rs3181052 and rs452204 in ILIRN were correlated with a
significantly decreased risk of esophageal cancer in this
Han Chinese population.

ILIRN is a member of the IL-1 cytokine family that
modulates a variety of IL-1-related immune and inflam-
matory responses. Numerous lines of evidence have shown
that ILIRN plays a key role in the regulation of cancer
pathogenesis and chronic inflammation [20-22]. We ob-
tained the expression data for ILIRN from the GEPIA on-
line database (http://gepia.cancer-pku.cn/) (Fig. 1), whose
results indicated that the IL1RN gene is significantly down-
regulated in esophageal cancer tissues compared to normal
tissues. Thus, we inferred that ILIRN may play an impor-
tant role in the development of esophageal cancer.

Also, it was well described as a candidate cancer sus-
ceptibility gene [23, 24]. In a previous report, we observed
that ILIRN gene polymorphisms (rs928940, rs315919,
rs3181052, and rs452204) were associated with a de-
creased risk of breast cancer in a Han Chinese population
[19]. Furthermore, rs3181052 has been associated with
progression of knee osteoarthritis [25]. In addition, the
previous literature has illustrated that the inflammatory
response after Helicobacter pylori infection has been
linked to the IL-1 gene cluster (IL-1A, IL-1B, and ILIRN).
A meta-analysis of H. pylori infection performed by
Zhang et al. [21] demonstrated that ILIRN polymor-
phisms may increase the risk of H. pylori infection, espe-
cially in Asians. Therefore, we can infer that ILIRN poly-
morphisms may be associated with the risk of esophageal

ILIRN Polymorphisms and Susceptibility
to Esophageal Cancer
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Fig. 1. On the basis of the GEPIA database, the ILIRN gene was
significantly downregulated in esophageal cancer tissues com-
pared with matched normal tissues.

cancer with H. pylori infection. Also, the present study is
the first to demonstrate a significant association between
ILIRN polymorphisms (rs3181052, rs452204, and
rs315919) and susceptibility to esophageal cancer, in so
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far as the polymorphisms of ILIRN showed a decreased
association with esophageal cancer risk. Thus, we hy-
pothesized that these variants had a protective effect on
susceptibility to esophageal cancer.

However, some limitations of this study may have af-
fected the objectivity of the conclusions and should be
taken into account when interpreting the results. For ex-
ample, esophageal cancer is the result of diverse gene-
environment interactions. However, we did not get to ex-
plore any interactions between polymorphisms and envi-
ronmental factors. Therefore, further studies are needed
to identify any interactions to understand the biological
mechanisms of the effect of ILIRN gene polymorphisms
on esophageal cancer.

Conclusions

This study is the first to demonstrate that the ILIRN
polymorphisms rs3181052, rs452204, and rs315919 were
associated with a decreased risk of esophageal cancer in a
Northwest Han Chinese population. Further studies with
larger-sized samples and different ethnicities should be
conducted to ascertain the current findings.
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