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Background: Rheumatoid arthritis (RA), an autoimmune systemic inflammatory disease, 
largely resulted from genetic factor. Our purpose was to explore the association for IL1R1 
and IL1R2 genetic variants with RA susceptibility in the Chinese Han population.
Patients and Methods: A total of 508 RA patients and 494 controls were involved in this 
case–control study; single-nucleotide polymorphisms (SNPs) genotyping was identified by 
the Agena MassARRAY platform. The relationship between polymorphisms and RA sus-
ceptibility was calculated using the Pearson’s Chi-square test with odds ratios and 95% 
confidence intervals (CIs) in multiple genetic models. The Pearson’s Chi-square test and 
Student’s t-test were used for sample basic characteristic analysis. And linkage disequili-
brium (LD) analysis and haplotype analysis were performed by logistic regression analysis.
Results: The result from this study showed that rs2072472 (IL1R2) was an increased risk factor of 
RA (adjusted OR = 1.41, p = 0.011). Stratified analysis indicated SNPs rs10490571, rs956730, 
rs3917318 of IL1R1, and SNPs rs4851527, rs719250, rs3218896, rs3218977, rs2072472 of IL1R2 
had impacts on RA risk after stratification based on gender and average age (54 years). Finally, 
haplotype analysis revealed that Ars3218977Ars2072472 haplotype in IL1R2 was related to a decreased 
RA risk (adjusted OR = 0.79; 95% CI = 0.65–0.94; p = 0.010). Yet, rs3917225(IL1R1) and 
rs11674595(IL1R2) were not significant in RA association analysis.
Conclusion: We determined SNPs (rs3917318, rs956730, rs1049057) of IL1R1 and SNPs 
(rs3218977, rs719250, rs4851527, rs3218896, rs2072472) of IL1R2 were correlated with the 
RA susceptibility in the Chinese Han population.
Keywords: rheumatoid arthritis, RA, IL1R1/IL1R2, single-nucleotide polymorphism, SNP, 
susceptibility

Introduction
Rheumatoid arthritis (RA) is a common autoimmune systemic inflammatory disease that 
has complex multifactorial pathogenesis finally leading to the development of synovitis, 
joint damage, and structural bone damage1 and causing severe disability and reduced 
health-related quality of life of patients.2 The RA population minimum prevalence is 
1.16% in women and 0.44% in men.3 RA is influenced by both genetic and environmental 
factors.4 The genetic factors may explain up to 60% of the susceptibility to RA,5 and 
genetic variants affect both the development and severity of rheumatoid arthritis.6 Recent 
studies have expanded the number of RA susceptibility variants.7–9 Besides, many studies 
have also confirmed that IL1R1 and IL1R2 polymorphisms were associated with the risk 
of certain inflammation-related diseases, such as inflammatory bowel disease, 
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Alzheimer’s disease.10,11 However, the association of IL1R1 
and IL1R2 gene polymorphisms with RA risk has not been 
clarified. As we all know, there were several cytokines 
involved in the pathogenesis of RA,12,13 which was an inflam-
matory disease. Among these reported cytokines, the interleu-
kin-1 (IL-1) family as pro-inflammatory cytokine has been 
illustrated to play crucial roles in the pathogenesis of RA, 
promoting the bone and cartilage inflammation and degrada-
tion by affecting cell proliferation and differentiation.14 The 
cytokine IL-1 mediates its biological functions exactly by 
binding to the signaling receptor IL-1R1. Contrarily, the 
other receptor IL-1R2 which was known as the decoy receptor 
can seclude the active forms of IL-1 or obstruct the signaling 
complex assembly.15 Thus, IL-1R1 and IL-1R2 played crucial 
roles in the process of RA development. Genetically, IL1R1 
and IL1R2, encoding interleukin 1 receptor type 1 (IL1-R1) 
and interleukin 1 receptor type 2 (IL1-R2), respectively.16,17 

IL-1α (IL-1A) and IL-1β (IL-1B) are two subtypes of IL-1, and 
it has been demonstrated that untreated RA patients had sig-
nificant upregulation of both IL-1B and IL1R genes compared 
with healthy individuals,18 which indicated the complex roles 
of IL1R1 and IL1R2 in the pathogenesis of RA. Genetic poly-
morphisms could affect the gene function, furthermore affect-
ing the occurrence and development of disease. Published 
studies reported that IL1R1 and IL1R2 gene polymorphisms 
had an impact on the risk of osteonecrosis of the femoral head 
(ONFH) and aggressive periodontitis,19,20 indicating the 
potential importance of IL1R1 and IL1R2 genetic polymorph-
isms in the inflammatory disease. Thus, here we try to explore 
the relationship between IL1R1 and IL1R2 gene polymorph-
isms and the susceptibility of RA in the Chinese Han popula-
tion to elucidate the IL1R1 and IL1R2 risk variants may be an 
important factor in determining the progression in early RA.

The impacts of IL1R1 (rs10490571, rs956730, 
rs3917225, rs3917318), IL1R2 (rs11674595, rs4851527, 
rs719250, rs3218896, rs3218977, rs2072472) on RA risk 
among the Chinese Han population were investigated in 
this case–control study, which may provide more theore-
tical basis for the function of IL1R1 and IL1R2 in RA 
pathogenesis in the Chinese Han population.

Patients and Methods
Study Subjects
In total, 1002 Chinese subjects including 508 RA patients 
and 494 geographically ethnicity-matched healthy subjects 
who were from the Shanxi provincial Yanliang 630 
Hospital (Xi’an City, Shaanxi, China) were enrolled in 

this study. All subjects were individuals without related 
relationship from Shaanxi province in northern China and 
at least three generations of Han ancestors. Before begin-
ning the research, all participants have provided written 
informed consent. All experiments were carried out adher-
ing to the protocol of Helsinki’s Declaration. And the 
study protocol was approved by the ethics committee of 
the Affiliated Hospital of Xizang Minzu University 
(20,190–5). RA patients were diagnosed by routine bio-
chemical blood analysis (including C-reaction protein 
[CRP], rheumatoid factor, erythrocyte sedimentation rate 
[ESR], anti-cyclic citrulline antibody [CCP]), anti-keratin 
auto antibody [AKA] and X-rays of small joints, and the 
patients were firstly diagnosed as RA according to current 
criteria for classifying rheumatoid arthritis.21 All control 
subjects were healthy individuals who had a routine phy-
sical examination in the same period. We excluded the 
healthy controls with immune diseases or more aggressive 
metabolic and endocrinological disease. The clinical infor-
mation of each participants were collected by consulting 
medical records.

SNP Selection and Genotyping
Firstly, a preliminary selection of SNPs with minor allele 
frequencies >5% was performed in the 1000 Genome 
Projects (http://www.internationalgenome.org/) based on 
the CHB (Chinese Han in Beijing) data in order to ensure 
the successful genotyping and valid statistical analysis in 
our study population. Secondly, the linkage disequilibrium 
(LD) haplotype analysis was observed using the haploview 
software (version 4.2) analysis. Then, the functional pre-
diction of the tagSNPs which constructed the haplotypes 
was performed in dbSNP database (https://www.ncbi.nlm. 
nih.gov/snp/), which indicated these tagSNPs were introns 
affecting the activity of splice sites. Finally, four SNPs 
(rs3917318, rs956730, rs10490571 and rs3917225) in 
IL1R1 and six SNPs (rs3218977, rs719250, rs4851527, 
rs11674595, rs3218896 and rs2072472) in IL1R2 were 
selected for further research.

We isolated the genomic DNA from the blood samples 
using the GoldMag-Mini Whole Blood Genomic DNA 
Purification Kit (GoldMag. Co. Ltd., Xi’an, China) as 
described by the manufacturer’s instructions. The 
extracted DNA was labeled and stored at −20°C until 
used. The genes of interest were amplified using appro-
priate primers which was designed using the Agena 
Bioscience Assay Design Suite V2.0 software (https:// 
agenacx.com/online-tools/). The information of primers 
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used in this study are displayed in Supplementary Table 1. 
Then, SNP genotyping was carried out using Agena 
MassARRAY platform with iPLEX gold chemistry 
(Agena Bioscience, San Diego, CA, USA), and data ana-
lysis was performed using Agena Bioscience TYPER, 
Version 4.0.

Statistical Analysis
We compared the difference of gender distribution among two 
groups (RA patients and controls) using Pearson’s Chi-square 
tests, and assessed the distribution difference of age using 
Student’s t-test, both of them were performed on the SPSS 
19.0 (SPSS, Chicago, IL, USA) and Microsoft Excel. In the 
control group, Hardy-Weinberg equilibrium (HWE) of the 
genotype frequencies was assessed by the Fisher’s exact test. 
The allele frequencies of two groups were also evaluated with 
the Pearson’s Chi-square test. The correlation of IL1R1 and 
IL1R2 polymorphisms with RA susceptibility was assessed 
using logistic regression analysis by calculating odds ratios 
(ORs) and 95% confidence intervals (CIs) with adjustment for 
age and gender based on the multiple genetic model analysis. 
Besides, the gender and average age (45 years old) stratifica-
tion analyses between IL1R1 (rs10490571, rs956730, 
rs3917225, rs3917318), IL1R2 (rs11674595, rs4851527, 
rs719250, rs3218896, rs3218977, rs2072472) and susceptibil-
ity of RA were also conducted. In addition, false discovery rate 
(FDR) test was performed in this study. All p-values were two- 
tailed, and p < 0.05 means statistical significance.

Results
Characteristics of Study Subjects
There were 508 patients (134 males and 374 females) with RA 
and 494 healthy individuals (124 males and 370 females) in 
this case–control study. The basic characteristics of all partici-
pants are shown in Table 1. The age at diagnosis of the RA 
patient group and the control group was 54.34 ± 12.01 years 
and 54.03 ± 8.83 years, respectively. The age and gender 
between RA cases and controls (p > 0.05) was well distributed 
while the age distribution between RA cases and controls was 
significantly different (p < 0.001).

Association Between IL1R1 and IL1R2 
Variants and Rheumatoid Arthritis Risk
Table 2 displays the basic information about ten poly-
morphisms of IL1R1 and IL1R2. All ten SNPs retained 
for their genotype distribution were in accordance with 
HWE (p > 0.05) in the control group. We found no 

difference for allele frequency distribution between RA 
patients and controls. And we explored the correlations 
between IL1R1 and IL1R2 genetic variants and RA risk 
under the multiple genetic models (Table 3 and 
Supplemental Table 2). We noted that among these ten 
SNPs, only rs2072472 (IL1R2) was a risk factor of RA 
susceptibility in codominant (adjusted OR = 1.41, 95% CI: 
1.08–1.84, p = 0.011) and dominant model (adjusted OR = 
1.35, 95% CI: 1.05–1.75, p = 0.021). However, no statis-
tical significance was found between other models of 
rs2072472 (IL1R2) and RA risk. And we found no sig-
nificant difference for genetic models of other candidate 
nine loci in IL1R1 and IL1R2 with RA risk, either. 
However, after FDR analysis, we got a negative result 
for the association between IL1R1 and IL1R2 variants 
and RA risk in total.

The Correlation of IL1R1 and IL1R2 
Variants with RA Risk Based on the 
Gender Stratification
Furthermore, we stratified our study subjects based on 
gender after excluding the age factor to investigate the 
association of the candidate SNPs in this study with RA 
susceptibility. As shown in Table 4, the frequency of 
rs3917318-A (IL1R1) confirmed a significantly higher 
probability of RA susceptibility than the G allele in 
males (adjusted OR = 1.44, 95% CI = 1.02–2.04, p = 
0.040). Similarly, rs3917318 (IL1R1) was also associated 
with the elevated RA risk in codominant model (adjusted 
OR=1.97, 95% CI = 1.01–3.83, p = 0.045 for “A/A” 
genotype) and dominant model (adjusted OR = 1.84, 
95% CI = 1.04–3.27, p = 0.037 for “G/A-A/A” genotype) 
in males but non-significant in females. Also, SNP 
rs10490571 (IL1R1) was a factor of elevated RA risk 
based on the dominant model (adjusted OR = 1.68, 95% 
CI = 1.01–2.81, p = 0.047) in males. However, rs956730 
(IL1R1) was related to the decreased RA susceptibility in 
recessive model (adjusted OR = 0.48, 95% CI = 0.24– 
0.97, p = 0.042) in females. For SNPs in IL1R2, rs719250- 
T showed a distinctly less likelihood of RA susceptibility 
than the C allele in males (adjusted OR = 0.66, 95% CI = 
0.45–0.97, p = 0.034). Similarly, it was also correlated 
with the reduced chances of RA susceptibility in codomi-
nant model (adjusted OR = 0.33, 95% CI = 0.12–0.91, p = 
0.032), recessive model (adjusted OR = 0.37, 95% CI = 
0.13–0.99, p = 0.049), and log-additive model (adjusted 
OR = 0.66, 95% CI = 0.44–0.97, p = 0.036) in males but 
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non-significant in females. In addition, in males, 
rs3218977 was also (adjusted OR = 0.40, 95% CI = 
0.18–0.88, p = 0.023) a protective factor in RA risk. 
Conversely, in females, rs2072472 (IL1R2) was a factor 
of elevated RA risk in codominant model (adjusted OR = 
1.41, 95% CI = 1.03–1.92, p = 0.031). And no significant 

difference was found for rs3917225 of IL1R1 and 
rs11674595, rs4851527, rs3218896 of IL1R2 with RA 
risk in gender stratification analysis (Supplemental 
Table 3). However, after FDR analysis, we got a negative 
result for the association between IL1R1 and IL1R2 var-
iants and RA risk in gender stratified analyses.

Table 1 Basic Characteristics of Both Cases and Controls

Variables RA Patients (n = 508) Controls (n = 494) p

Count(%) Mean ± SD Count (%) Mean ± SD

Gender pa > 0.05

Male 134 (26%) 124 (25%)
Female 374 (74%) 370 (75%)

Age, years (Mean ± SD) 54.34 ± 12.01 54.03 ± 8.83 pb < 0.001
>54 261 (51%) 253 (51%)

≤54 247 (49%) 241 (49%)

CRP (mg/L) 508 (100%) 30.83% ± 40.23

RF (KIU/L) 508 (100%) 164.95 ± 147.26

ESR (mm/hr) 508 (100%) 44.15 ± 30.68

CCP (RU/mL) 508 (100%) 136 ± 76.12

AKA (%) 508 (100%)
Positive 122 (24%)

Weak positive 46 (9%)
Negative 340 (67%)

Notes: pa was calculated by Chi-square test. pb was calculated by Student’s t-test, p < 0.05 indicates statistical significance. The 54 year was determined by the Mean ± SD 
value of age in RA patients and control groups. 
Abbreviations: CCP, anti-cyclic citrullinated peptide; CRP, C-reaction protein; ESR, erythrocyte sedimentation rate; RA, rheumatoid arthritis; RF, rheumatoid factor; SD, 
standard deviation.

Table 2 The Result of Distribution Analysis of Allele Frequencies of IL1R1/IL1R2 SNPs in Case and Control Groups

Gene SNP Chromosome 
Position (bp)

Alleles MAF O 
(HET)

E 
(HET)

HWE- 
pa

OR (95% CI) pb

(A/B) Control RA 
Patients

IL1R1 rs10490571 Chr2:102,100,877 A/G 0.178 0.204 0.311 0.325 0.879 1.18 (0.94–1.48) 0.145
rs956730 Chr2:102,141,656 A/G 0.242 0.231 0.453 0.439 0.903 0.94 (0.77–1.16) 0.574

rs3917225 Chr2:102,152,842 A/G 0.359 0.363 0.397 0.416 0.626 1.02 (0.85–1.22) 0.877

rs3917318 Chr2:102,176,300 A/G 0.49 0.475 0.229 0.236 0.176 0.94 (0.79–1.12) 0.516

IL1R2 rs11674595 Chr2:101,994,530 C/T 0.204 0.227 0.358 0.358 0.333 1.14 (0.92–1.42) 0.223
rs4851527 Chr2:102,005,914 A/G 0.326 0.297 0.298 0.317 0.539 0.87 (0.72–1.06) 0.166

rs719250 Chr2:102,007,256 A/G 0.296 0.258 0.292 0.293 0.282 0.83 (0.68–1.01) 0.064

rs3218896 Chr2:102,015,190 C/T 0.137 0.123 0.37 0.367 0.451 0.88 (0.68–1.15) 0.356
rs3218977 Chr2:102,024,739 A/G 0.234 0.257 0.472 0.46 1 1.13 (0.92–1.39) 0.23

rs2072472 Chr2:102,026,557 C/T 0.197 0.23 0.469 0.5 0.2 1.22 (0.98–1.51) 0.072

Notes: OR (95% CI): Calculated by unconditional logistic regression adjusted by gender and age. HWE- paCalculated by Fisher’s exact test, pbCalculated by Pearson’s Chi- 
square test. 
Abbreviations: RA, rheumatoid arthritis; IL1R1, interleukin-1 receptor 1; IL1R2, interleukin-1 receptor 2; SNP, single-nucleotide polymorphism; Position (bp), Genomic 
position (NCBI Build 36), A/B, minor/major alleles on the control sample frequencies, MAF, minor allele frequency; O(HET), observed heterozygosity; E(HET), expected 
heterozygosity; HWE, Hardy–Weinberg equilibrium; OR, odds ratio; 95% CI, 95% confidence interval.
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The Correlation of IL1R1 and IL1R2 
Variants with RA Risk Based on the Age 
Stratification
Significant differences between candidate SNPs and RA 
risk were also observed in the average age (54 years) 
stratification analysis after excluding the gender factor. 
As shown in Table 5, rs956730 (IL1R1) was a protective 
factor of RA risk in recessive model (adjusted OR = 0.37, 
95% CI = 0.14–0.97, p = 0.043 for “A/A” genotype) in 
patients aged older than 54 years. In the codominant model 
of rs4851527 (IL1R2), both of the G/A and A/A genotypes 
were associated with a significantly protective effect for 
RA in patients aged younger than 54 years(adjusted OR = 
0.63, 95% CI = 0.43–0.93, p = 0.023 for “G/A” genotype) 
and patients aged older than 54 years (adjusted OR = 0.47, 
95% CI = 0.23–0.96, p = 0.039 for “A/A” genotype), 
respectively. Besides, rs4851527(IL1R2) was also asso-
ciated with a significantly protective effect for RA in 
patients aged younger than 54 years based on dominant 
model (adjusted OR = 0.68, 95% CI = 0.47–0.97, p = 
0.035) and patients aged older than 54 years based on 
recessive model (adjusted OR = 0.41, 95% CI = 0.21– 
0.82, p = 0.011). In addition, the recessive model of 
rs3218977 (IL1R2) was a protective factor of RA in 
patients (>54 years) (adjusted OR = 0.40, 95% CI = 
0.18–0.88, p = 0.023), contrarily, rs3218977 (IL1R2) was 

an elevated risk factor of RA in the log-additive model. 
Also, both of rs719250 (IL1R2) and rs3218896 (IL1R2) 
had impacts on the RA risk in patients aged younger than 
54 years. In patients aged older than 54 years, rs2072472 
(IL1R2) was an increased risk factor of RA in A/G geno-
type of codominant model (adjusted OR = 1.67, 95% CI = 
1.14–2.45, p = 0.009) and dominant model (adjusted OR = 
1.47, 95% CI = 1.02–2.12, p = 0.039). And no significant 
difference was found for rs10490571, rs3917225 and 
rs3917318 of IL1R1 and rs11674595 of IL1R2 with RA 
risk in average age (54 years) stratification analyses 
(Supplemental Table 4). However, no significant associa-
tion between IL1R1 and IL1R2 variants and susceptibility 
to RA was observed after a FDR adjustment in the average 
age (54 years) stratified analysis.

LD and Haplotype Analysis
We performed the LD haplotype analysis among above ten 
SNPs in IL1R1 and IL1R2 genes at last (Figure 1). LD 
haplotypes in IL1R1 and IL1R2 genes on chromosome 2 
were formed by rs3218977 (IL1R2) and rs2072472 
(IL1R2), and a haplotype Ars3218977Ars2072472 which was 
significant with RA risk was found (adjusted OR = 0.79; 
95% CI = 0.65–0.94; p = 0.010). In addition, the False 
discovery rate (FDR) test also illustrated that the 
Ars3218977Ars2072472 haplotype was associated with the 
risk of RA. Table 6 shows the frequency distribution of 

Table 3 Association Analysis Result Between IL1R2 Rs2072472 Genetic Variants and Rheumatoid Arthritis Risk

Gene SNP Model Genotype RA Patients Control OR (95% CI) p FDR Test

n (Freq) n (Freq)

IL1R2 rs2072472 Allele G 234 (23.03%) 195 (19.74%) 1

A 782 (76.97%) 793 (80.26%) 1.22 (0.98–1.51) 0.072 0.360

Codominant A/A 296 (58.27%) 323 (65.38%) 1

A/G 190 (37.40%) 147 (29.76%) 1.41 (1.08–1.84) 0.011 0.275

G/G 22 (4.33%) 24 (4.86%) 1.00 (0.55–1.82) 1 1.000

Dominant A/A 296 (58.27%) 323 (65.38%) 1

A/G-G/G 212 (41.73%) 171 (34.62%) 1.35 (1.05–1.75) 0.021 0.350

Recessive A/G-A/A 486 (95.67%) 470 (95.14%) 1

G/G 22 (4.33%) 24 (4.86%) 0.89 (0.49–1.60) 0.688 1.011

Log-additive - - - 1.22 (0.98–1.51) 0.073 0.608

Notes: OR (95% CI): Calculated by unconditional logistic regression adjusted by gender and age. p - value was calculated by two -sided χ2 test. Bold means statistical 
significance. 
Abbreviations: RA, rheumatoid arthritis; IL1R2, interleukin-1 receptor 2; SNP, single-nucleotide polymorphism; OR, odds ratio; 95% CI, 95% confidence interval; FDR, 
false discovery rate; freq, frequency.
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haplotypes in RA patients and control groups. The other 
two haplotypes Ars3218977Grs2072472 and 
Grs3218977Ars2072472 were also obtained; nevertheless, no 
significant linkage was found (p > 0.05) between them 
and RA risk.

Discussion
We explored the association between the ten SNPs on 
IL1R1 and IL1R2 genes and the RA susceptibility in the 

Chinese Han population in this study. We concluded that 
rs2072472, rs719250, rs4851527, and rs3218977 in IL1R2, 
and rs10490571, rs3917318, and rs956730 in IL1R1 were 
associated with the RA risk.

The IL1R1 and IL1R2 genes play a pathogenic role in 
inflammation and tissue destruction of RA for encoding 
cytokine receptors (IL-1R1, IL-1R2) for IL-1 which plays 
the crucial role in the immune pathogenesis of many dis-
eases including RA.22 More and more studies reported that 
IL1R1 and IL1R2 gene polymorphisms had impacts on 
inflammation-related diseases.10,11 IL1R1 (on chromosome 
2q12) is an important mediator involved in many cytokine- 
induced immune and inflammatory responses,23 An et al 
reported that the rs10490571 and rs3917225 in IL1R1 gene 
were associated with an increased risk of osteonecrosis of 
the femoral head in the allele model, codominant model, 
dominant model, and log-additive model, respectively.19 

Kouhia et al indicated that SNPs (rs956730, rs3917225) in 
the IL1R1 gene provided evidence for association with 
hand osteoarthritis.24 Another study involving the associa-
tion between five SNPs polymorphisms in IL1R1 
(rs10490571, rs956730, rs3917225 and rs3917318) and 
osteoarthritis risk, the result found that rs3917225 in 
IL1R1 was associated with increasing the risk of knee 
OA.25,26 In our study, rs10490571 (IL1R1) was proved to 
be related to the increased RA risk in males. Besides, we 
also demonstrated that rs956730 (IL1R1) was also asso-
ciated with the decreased RA susceptibility in females. For 
rs3917318 (IL1R1), it was related to the elevated risk of 
RA in males, which indicated the unfavorable effects of 
genetic factors in IL1R1 on RA development. Besides, we 
did not find the significant association between rs3917225 
genetic polymorphisms and RA risk. Contrary to our 

Figure 1 The LD status (r2) of six SNPs of IL-1R2. The number in the diamonds is 
the LOD score of r2. The LD value is determined by r2 > 0.8 analyzed by Haploview 
software 4.2. LD haplotype analysis provides the basis for the selection of sites for 
association analysis.

Table 6 The Haplotype Analysis Result of IL1R1/ IL1R2 Polymorphisms and Their Associations with Rheumatoid Arthritis Risk

Gene SNP Haplotype Frequency Without Adjusted Adjusted FDR 
Test

RA 
Patients

Control OR (95% CI) p OR (95% CI) p

IL1R2 rs3218977| 

rs2072472

AG 0.77 0.80 0.82 (0.66–1.02) 0.073 0.82 (0.66–1.02) 0.073 0.110

IL1R2 rs3218977| 

rs2072472

GA 0.26 0.23 1.14 (0.93–1.41) 0.218 1.14 (0.92–1.40) 0.225 0.225

IL1R2 rs3218977| 

rs2072472

AA 0.51 0.57 0.79 (0.65–0.94) 0.010 0.79 (0.65–0.94) 0.010 0.030

Notes: p- value was calculated by Wald test with and without adjusted by age and gender. Bold means statistical significance. 
Abbreviations: RA, rheumatoid arthritis; IL1R2, interleukin-1 receptor 2; SNP, single-nucleotide polymorphism; OR, odds ratio; 95% CI, % confidence interval; FDR, false 
discovery rate, freq, frequency.
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results, Chang et al confirmed that rs3917225(IL1R1) was 
a protective factor of age-related hearing impairment, in 
which Chronic inflammation is an important factor in 
Taiwan.27 The inconsistency may result from the geogra-
phical difference.

Unlike the function of IL1R1, IL1R2 (on chromosome 
2q11.2) played an inability to signal after IL-1 binding for 
lacking an intracellular TIR domain,28 thus, IL1R2 suppres-
sing an inflammatory response. Arend et al proved that 
increased concentrations of soluble forms (sIL-1R2) are 
found in the synovial fluid.29 In addition, Xie et al have 
provided a result that IL1R2 was a protective factor in IgA 
nephropathy.30 And another suggested that IL1R2 was an 
important regulator of arthritis by acting specifically on 
macrophages as a decoy receptor for IL-1.31 However, only 
several studies based on the IL1R2 gene polymorphisms 
were provided. An et al concluded that the rs11674595 in 
IL1R2 showed an increased risk of osteonecrosis of the 
femoral head in the Chinese Han population living in central 
China (Henan Province of China), yet, they got a negative 
result in the study of other five SNPs (rs4851527, rs719250, 
rs3218896, rs3218977, rs2072472).19 Xia et al also observed 
a negative result for the impacts of rs4851527(IL1R2) and 
rs2072472 (IL1R2) genetic polymorphisms on ankylosing 
spondylitis risk in Northern Chinese Han population.32 

Nevertheless, for the rs11674595, we got a negative result 
in the RA risk, also, significant differences were obtained for 
rs719250, rs3218977, rs2072472, rs3218896 and rs4851527 
in RA risk (see in Result part). Lastly, the result of haplotype 
analysis also concluded that haplotype Ars3218977Ars2072472 

which was significant with RA risk, which was also proved 
by False discovery rate (FDR) test. Hence, IL1R2 gene may 
play a crucial function in affecting RA. The above incon-
sistent result may result from the difference of geographical 
location, population difference lifestyle, and environmental 
exposure in specific Chinese population. All of candidate 
SNPs in this study are located in the intron sequence accord-
ing to the retrieval in the dbSNP database (https://www.ncbi. 
nlm.nih.gov/snp/), several studies have proved that the intro-
nic SNPs conferred susceptibilities by affecting gene 
expression,33 so we suppose that these SNPs might have 
potential function to IL1R1 and IL1R2 expression level.

Several limitations of this investigation should be 
acknowledged. Firstly, the limited number of subjects 
with RA is a limitation of this study. Secondly, the rela-
tionship between variables such as clinical indicators and 
RA risk was not performed because the relevant data is 
incomplete. Thirdly, all the samples were collected from 

hospital, type false-positive error for association study 
may be generated. Fourthly, RA is a heterogeneous disease 
with many other risk factors, we did not investigate the 
gene–gene and gene–environment interactions because of 
the limited data. Last but not least, functional and mole-
cular mechanism research were warrant to do in future. 
Despite the limitations mentioned above, our present 
results provided scientific evidence of IL1R1 and IL1R2 
genes with RA in the future studies.

Conclusions
In conclusion, our study proved that SNPs rs3917318, 
rs956730, rs10490571 of IL1R1 and rs3218977, 
rs719250, rs4851527, rs3218896 and rs2072472 of IL1R2 
were associated with the RA susceptibility in the Chinese 
Han population, which has not previously been reported 
and provided new genetic markers for RA susceptibility 
assessment. We believe that the IL1R1 and IL1R2 genes 
may be a new insight into the treatment of RA. Larger 
well-designed epidemiological studies with more diverse 
populations and functional evaluations should be 
conducted.
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