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Resistin polymorphisms are associated with
rheumatoid arthritis susceptibility in Chinese
Han subjects
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Abstract
Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease. To date, the specific mechanisms that drive RA disease remain
unknown and provide the impetus for genetic investigations into the development of RA. Researchers hope to identify gene
polymorphisms that could serve as treatment targets in patients with RA. We have previously suggested that the gene encoding the
pro-inflammatory adipokine resistin (RETN) may correlate with RA development. In this report, we sought to determine whether
selected RETN single nucleotide polymorphisms (SNPs) are associated with RA susceptibility and clinicopathological characteristics.
Four RETN SNPs (rs3745367, rs7408174, rs1862513, and rs3219175) were assessed using TaqMan genotyping in Chinese Han
patients with RA and healthy controls. We found that carriers with the C allele of the RETN SNP rs7408174 as well as those with the
AG allele or who had at least one A allele of the SNP rs3219175 are at greater risk of developing RA disease compared with wild-type
carriers. Moreover, RA patients with the AG allele of the RETN SNP rs3219175 had higher serum C-reactive protein expression
compared with controls, and these patients had a high likelihood of being on tumor necrosis factor (TNF) inhibitor therapy. This study
is the first to discuss risk factors associated with RETN SNPs in RA progression in a Chinese Han population.

Abbreviations: ACPAs = anticitrullinated protein antibodies, AOR = adjusted odds ratios, CI = confidence interval, CRP = C-
reactive protein, ESR = erythrocyte sedimentation rate, GTEx = genotype-tissue expression, HWE = Hardy-Weinberg equilibrium,
OR= odds ratio, PCR= polymerase chain reaction, RA= rheumatoid arthritis,RETN= resistin, RF= rheumatoid factor, SNP= single
nucleotide polymorphisms, TNF = tumor necrosis factor.
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1. Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease
characterized by chronic inflammation and joint deformation,
affecting an estimated 0.5% to 1.6% of the population in
developed countries and resulting in severe disability and
premature mortality.[1] The etiology of RA is unclear, although
considerable clinical data suggest that genetic components and
environmental factors contribute to the development of this
disease.[2] Indeed, genetic factors may be responsible for up to
60% of susceptibility to RA.[2] We therefore sought to define
genetic aberrations in RA, as these may lead to more effective
therapeutic strategies and a better understanding of risk
prediction.
Human resistin is a 12.5 kDa cysteine-rich protein that is

constitutively secreted by adipose tissue.[3] Evidence shows that
the pro-inflammatory nature of resistin plays a critical regulatory
role in inflammation and immune responses.[4] The gene
encoding resistin, RETN, is localized on chromosome 9. Several
single nucleotide polymorphisms (SNPs) have been identified in
the RETN promoter, intron, and 30-untranslated regions.[5]

Genetic variances in RETN are associated with a greater risk of
various diseases, including metabolic syndrome and colon
cancer.[6,7] Notably, a functional RETN gene polymorphism,
rs3219175, has demonstrated higher susceptibility to inflamma-
tory and autoimmune diseases[8] and several RETN SNPs are
known to be associated with type 2 diabetes mellitus or breast
cancer.[9,10] Importantly, investigations have described differen-
tial resistin gene expression in human breast cancer tissues.[11]
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However, despite increasing evidence revealing the role played by
resistin in various diseases, the relationship between RETN gene
polymorphisms and RA prognosis remains unclear. We therefore
performed this case–control study to investigate the association
of four RETN SNPs with RA risk in Chinese Han patients.
Table 1

Comparison of demographic characteristics and clinical para-
meters of 451 healthy controls and 266 patients with RA.

Variable
Controls

N=451 (%)
Patients

N=266 (%) P value

Age, years Mean±S.D. Mean±S.D.
44.80±17.09 54.95±11.80 P< .001

Gender
Male 231 (51.2) 43 (16.2)
Female 220 (48.8) 223 (83.8) P< .001

RA duration, months
35.96±42.97

Serum CRP, mg/L
28.74±99.92

ESR, mm/h
30.13±22.28

RF status
Negative 40 (15.0)
Positive 226 (85.0)

ACPA status
Negative 61 (22.9)
Positive 205 (77.1)

Anti-TNF drugs use
Nonusers 150 (56.4)
Current users 116 (43.6)

Methotrexate use
Nonusers 117 (44.0)
Current users 149 (56.0)

Prednisolone use
Nonusers 105 (39.5)
Current users 161 (60.5)

The Mann–Whitney U test or Fisher’s exact test was used to compare values between controls and
patients with RA.
ACPA= anticitrullinated protein antibodies, CRP=C-reactive protein, ESR= erythrocyte sedimenta-
tion rate, RA= rheumatoid arthritis, RF= rheumatoid factor, S.D.= standard deviation, TNF= tumor
necrosis factor, y= years.
2. Materials and methods

2.1. Patients and blood samples

We collected blood specimens from 266 patients (cases) who had
been diagnosed with RA at Dongyang People’s Hospital between
2014 and 2016. The control group randomly comprised 451
healthy volunteers without a history of RA in 2016. Written
(signed) informed consent was obtained from all patients and
participants. The study protocol was approved by the Dongyang
People’s Hospital Ethics Committee and Institutional Review
Board (2015-YB002). Clinicopathological characteristics in all
patients were determined based on medical records. We used a
standardized questionnaire and searched the patients’ electronic
medical records to obtain detailed clinical data on age, sex, and
disease duration, as well as concurrent treatment with metho-
trexate, prednisolone, and tumor necrosis factor (TNF) inhib-
itors. At baseline, serum samples were collected from all RA
patients and analyzed for the presence of anticitrullinated protein
antibodies (ACPAs), rheumatoid factor (RF), erythrocyte
sedimentation rate (ESR), and C-reactive protein (CRP). Samples
were ACPA-positive if anti-CCP2 titers were ≥17IU/mL and RF-
positive if IgM RF titers were ≥30IU/mL. Whole blood samples
(3mL) were collected from all study participants and stored at
�80°C for subsequent DNA extraction.

2.2. Selection of RETN polymorphisms

Three RETN SNPs were selected from a 2-kb region upstream of
RETN (rs7408174, rs1862513, and rs3219175), and one
(rs3745367) was selected from the intron of RETN; all SNPs
had minor allele frequencies of greater than 5%. Most RETN
SNPs were known to be associated with type II diabetes mellitus
or breast cancer.[9,10]

2.3. Genomic DNA extraction

Genomic DNA was extracted from peripheral blood leukocytes
using a QIAamp DNA blood kit (Qiagen, CA) according to the
manufacturer’s instructions. Extracted DNAwas stored at�20°C
and prepared for genotyping by polymerase chain reaction (PCR).

2.4. Genotyping by real-time PCR

Four RETN SNP probes were purchased from Thermo Fisher
Scientific Inc., and assessment of allelic discrimination for RETN
SNPs was conducted using a Roche LightCycler 480 Instrument
II (Roche, Germany). Data were further analyzed with Light-
Cycler 480 Software, Version 1.5 (Roche). PCR was carried out
in a total volume of 10mL, containing 20 to 70 ng genomic DNA,
1 U Taqman Genotyping Master Mix (Applied Biosystems,
Foster City, CA), and 0.25mL probes. The protocol included an
initial denaturation step at 95°C for 10minutes, followed by 40
cycles of 95°C for 15 seconds and 60°C for 1minute.

2.5. Statistical analysis

Differences between the 2 groups were considered significant if P
values were less than 0.05. Bonferonni’s correction was used for
2

multiple comparisons. Hardy–Weinberg equilibrium (HWE) was
assessed using chi-square goodness-of-fit tests for biallelic
markers. Since the data were independent and normal distribu-
tion, Fisher’s exact test was used to compare differences
in demographic characteristics between healthy controls and
patients with RA. The odds ratios (ORs), adjusted odds ratios
(AORs), and 95% confidence intervals (CIs) for associations
between genotype frequencies and the risk of RA or clinico-
pathological characteristics were estimated by multiple logistic
regression models, after controlling for other covariates. All data
were analyzed using Statistical Analytic System software (v. 9.1,
2005; SAS Institute, Cary, NC).
3. Results

In this study, we compared clinical and demographic character-
istics of 266 patients with RA and 451 controls. All study
participants were of Chinese Han ethnicity (Table 1). Between-
group differences were significant for age and gender (both
P< .001). Themajority of RA patients were female (83.8%), with
RA duration of 35.96±42.76 months, were naïve to anti-TNF
drugs (43.6%), were being treated concurrently with methotrex-
ate (56%) or prednisolone (60.5%), and were positive for RF
status (85%) and ACPA antibodies (77.1%).
First, we genotyped controls and patients to determine any

associations between the RETN SNPs (rs7408174, rs1862513,
rs3219175, and rs3745367) and risk of RA. Genotyping



Table 2

Comparison of the genotype and allele frequencies of the RETN polymorphism in 451 controls and 266 patients with RA.

Variable Controls N=451 (%) Patients N=266 (%) OR (95% CI) AOR (95% CI)

rs3745367
GG 190 (42.1) 107 (40.2) 1.00 1.00
AG 194 (43.0) 122 (45.9) 1.117 (0.805–1.550) 0.991 (0.688–1.429)
AA 67 (14.9) 37 (13.9) 0.981 (0.615–1.563) 0.898 (0.530–1.521)
AG+AA 261 (57.9) 159 (59.8) 1.082 (0.795–1.472) 0.976 (0.692–1.377)
G allele 768 (85.1) 458 (86.1) 1.00 1.00
A allele 134 (14.9) 74 (13.9) 0.926 (0.682–1.258) 0.900 (0.638–1.268)

rs7408174
TT 253 (56.1) 142 (53.4) 1.00 1.00
TC 168 (37.3) 95 (35.7) 1.008 (0.728–1.394) 1.148 (0.800–1.648)
CC 30 (6.7) 29 (10.9) 1.722 (0.993–2.986) 2.728 (1.430–5.203)

∗

TC+CC 198 (43.9) 124 (46.6) 1.116 (0.823–1.513) 1.344 (0.955–1.891)
T allele 842 (93.3) 474 (89.1) 1.00 1.00
C allele 60 (6.7) 58 (10.9) 1.717 (1.177–2.506)† 2.511 (1.634–3.857)

∗∗

rs1862513
CC 182 (40.4) 113 (42.5) 1.00 1.00
CG 203 (45.0) 115 (43.2) 0.912 (0.657–1.266) 0.880 (0.612–1.266)
GG 66 (14.6) 38 (14.3) 0.927 (0.584–1.473) 0.826 (0.496–1.374)
CG+GG 269 (59.6) 153 (57.5) 0.916 (0.674–1.246) 0.864 (0.614–1.217)
C allele 770 (85.4) 456 (85.7) 1.00 1.00
G allele 132 (14.6) 76 (14.3) 0.972 (0.717–1.319) 0.878 (0.626–1.231)

rs3219175
GG 213 (47.2) 110 (41.4) 1.00 1.00
AG 175 (38.8) 148 (55.6) 1.638 (1.192–2.250)

∗
1.522 (1.070–2.165)jj

AA 63 (14.0) 8 (3.0) 0.246 (0.114–0.531)
∗∗

0.253 (0.111–0.53)
∗∗

AG+AA 238 (52.8) 156 (58.6) 1.269 (0.934–1.724) 1.207 (0.859–1.698)
G allele 776 (86.0) 516 (97.0) 1.00 1.00
A allele 126 (14.0) 16 (3.0) 0.191 (0.112–0.325)

∗∗
0.202 (0.115-0.355)

∗∗

The odds ratios (ORs) and with their 95% confidence intervals (CIs) were estimated by logistic regression models. The adjusted odds ratios (AORs) with their 95% confidence intervals (CIs) were estimated by
multiple logistic regression models that controlled for age and gender.
AORs= adjusted odds ratios, CIs=confidence intervals, odds ratios=ORs, RA= rheumatoid arthritis, RETN= resistin.
∗
P< .005.

† P< .01.
jj P< .05.
∗∗
P< .001.

Wang et al. Medicine (2018) 97:12 www.md-journal.com
distributions and associations between RA and RETN gene
polymorphisms are presented in Table 2. In both patients with
RA and controls, the alleles with the highest distribution
frequency for RETN rs3745367, rs7408174, rs1862513, and
rs3219175 were, respectively, heterozygous to A/G, homozygous
to T/T, heterozygous to C/G, and homozygous to G/G (Table 2).
Individuals carrying the C allele at rs7408174 and AG at
rs3219175 had a 1.717-fold (95%CI: 1.177–2.506, P< .05) and
a 1.638-fold (95% CI: 1.192–2.250, P< .05) higher risk of RA,
respectively, compared with individuals carrying the T allele and
wild-type GG polymorphic allele. To reduce the possible
interference of confounding variables, AORs with 95% CIs
were estimated by multiple logistic regression models controlling
for age and gender in each comparison. In the adjusted analyses,
subjects with C/C homozygotes of the RETN rs7408174
polymorphism and those with A/G heterozygotes of the RETN
rs3219175 polymorphism had a 2.278-fold (95% CI: 1.430–
5.203, P< .05) and 1.522-fold (95% CI: 1.070–2.165, P< .05)
significantly higher risk of developing RA, respectively, com-
pared to those with T/T and G/G homozygotes. The rates of RA
patients with the rs3745367 and rs1862513 polymorphisms did
not differ from those of controls with the same polymorphisms.
Next, we performed RETN genotyping in patients with RA to

clarify the role of RETN polymorphisms regarding the clinical
status of RF and ACPA and drug usage of anti-TNF agents,
methotrexate, and prednisolone (Table 3). RA patients who were
3

GG or AA carriers of the rs3219175 variant were significantly
more likely to be receiving anti-TNF agents (OR: 1.870, 95%CI:
1.127–3.104, P< .05); this likelihood persisted in multivariate
analysis adjusting for confounders (AOR: 1.886, 95%CI: 1.132–
3.114, P< .05) (Table 3). In contrast, no such significant findings
were observed between theRETN rs7408174 polymorphism and
clinicopathological status (data not shown).
We then sought to determine potential associations between

RETN gene polymorphisms and clinical serum markers of RA.
As regard the rs3219175 polymorphism, in 258 patients with
RA, serum CRP was significantly higher and ESR values were
significantly lower among GG carriers compared with AG
carriers (Table 4). Similarly, among 171 patients with RA with
the rs7408174 polymorphism, serum ESRwas significantly lower
in those with the TT genotype than in those with the CC genotype
(Table 5). No such significant associations were found between
other RETN SNP genotypes and RA clinical markers (data not
shown).
4. Discussion

RA is a complex immune-related disease, with many genetic
components and environmental factors implicated in its
development. An increasing number of newer therapies that
have become available in the last few years have enabled around
30%of patients with RA to achieve remission, reducing signs and
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Table 3

Odds ratios (ORs) and 95% confidence intervals (CIs) of the clinical status and genotype frequencies of the RETN rs3219175
polymorphism in 258 patients with RA.

Genotypic frequencies

Variable GG N=110 (%) AG N=148 (%) OR (95% CI) AOR (95% CI)

RF status
Negative 19 (17.3) 20 (13.5) 1.00 1.00
Positive 91 (82.7) 128 (86.5) 1.336 (0.675–2.646) 1.345 (0.678–2.667)

ACPA status
Negative 25 (22.7) 35 (23.6) 1.00 1.00
Positive 85 (77.3) 113 (76.4) 0.950 (0.529–1.705) 0.943 (0.524–1.697)

Anti-TNF drugs use
Nonusers 71 (64.5) 73 (50.7) 1.00 1.00
Current users 39 (64.5) 75 (49.3) 1.870 (1.127–3.104)

∗

P= .015
1.886 (1.132–3.144)

∗

P= .015
Methotrexate use
Nonusers 46 (41.8) 68 (45.9) 1.00 1.00
Current users 64 (58.2) 80 (54.1) 0.846 (0.514–1.391) 0.826 (0.494–1.380)

Prednisolone use
Nonusers 41 (37.3) 61 (41.2) 1.00 1.00
Current users 69 (62.7) 87 (58.8) 0.847 (0.511–1.406) 0.846 (0.507–1.413)

The odds ratios (ORs) and their 95% confidence intervals (CIs) were estimated by logistic regression models. The adjusted odds ratios (AORs) with their 95% CIs were estimated by multiple logistic regression
analyses that controlled for age and gender.
∗
P value < .05 as statistically significant.

ACPA= anticitrullinated protein antibodies, AORs= adjusted odds ratios, CIs= confidence intervals, odds ratios=ORs, RA= rheumatoid arthritis, RETN= resistin, RF= rheumatoid factor, TNF= tumor necrosis factor.
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symptoms of their disease. However, a substantial proportion
of patients remain treatment refractory and continue to suffer
the active form of RA that leads to disability. These patients
have substantial therapeutic needs. These limitations of current
RA therapies emphasize the importance of continuing to
investigate the pathogenesis of RA disease and identifying new
therapeutic targets. This treatment goal informed our study, in
which we sought to determine whether genetic polymorphisms
from adipokines contribute to a higher susceptibility to RA. In
our study population, the majority of RA patients were female
and aged over 50 years. We were unable to show any correlation
between RA disease and smoking or alcohol consumption, owing
to a lack of data on these health behaviors.
Polymorphisms in the RETN gene have been reported in

various cancers.[7,13] In the present study, we describe involve-
ment of the RETN polymorphism in RA disease. Specifically, we
identified two RETN polymorphisms are associated with a
significantly higher risk of developing RA disease; the C allele at
rs7408174 and the AG allele at rs3219175. In contrast, RETN
polymorphisms at rs1862513 and rs3745367 did not signifi-
Table 4

Comparison of the clinical parameters and genotype frequencies
of the RETN rs3219175 polymorphism in 258 patients with RA.

GG (N=110) AG (N=148)

Parameter Mean±S.D. P value

RA duration, months
35.56±40.97 35.89±45.49 .526

Serum CRP, mg/L
37.61±134.27 22.54±67.34 .017

∗

ESR, mm/h
27.13±20.13 31.78±23.80 .006

∗

The Mann–Whitney U test or Fisher’s exact test was used to make comparisons between the GG and
AG genotypes.
CRP=C-reactive protein, ESR= erythrocyte sedimentation rate, RA= rheumatoid arthritis, RA=
rheumatoid arthritis, RETN= resistin, S.D.= standard deviation.
∗
P � .05 was considered to be significant.
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cantly increase the risk of RA compared with controls. In a
previous study that investigated the effect of resistin on the
response to interferon therapy in hepatitis C virus (HCV)
infection, patients with the rs3219175 SNP were far less likely to
achieve a sustained virological response.[14] In agreement with
the findings of that research, we encourage the development of
resistin-targeted therapy for RA.
A previous epigenetic study has demonstrated that the

promoter region of RETN could have dual genetic and
epigenetic effects on plasma resistin.[15] The expression of
the RETN polymorphism at rs3219175 is located in the
promoter region, and we have examined the correlation of
this SNP with the clinicopathological status of patients with
RA. We found that patients with the RETN re3219175 SNP
were significantly more likely to be using TNF inhibitors. In
addition, rs7408174 and rs3219175 SNPs correlated with ESR
status.
Although our present results indicate that patients with the

RETN rs3219175 SNP are at greater risk of developing RA
disease, the reconstructed linkage disequilibrium plot of the
Table 5

Comparison of the clinical parameters and genotype frequencies
of the RETN rs7408174 polymorphism in 171 patients with RA.

TT (N=142) CC (N=29)

Parameter Mean±S.D. P value

RA duration, months
36.33±42.32 38.62±66.41 .464

Serum CRP, mg/L
28.31±101.24 12.16±16.03 .168

ESR, mm/h
28.23±20.87 37.07±27.08 .015

∗

The Mann–Whitney U test or Fisher’s exact test was used to make comparisons between the TT and
CC genotypes in 171 patients with RA.
CRP=C-reactive protein, ESR=erythrocyte sedimentation rate, RA= rheumatoid arthritis, RA=
rheumatoid arthritis, RETN= resistin, S.D.= standard deviation.
∗
P � .05 was considered to be significant.
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4 RETN SNPs showed that rs3219175 had low linkage
disequilibrium with rs1862513 (data not shown). Detailed
functional analysis of rs3219175 is required. Moreover, it
remains unclear as to how these SNPs affect resistin gene
expression in RA cells. Additionally, some patient survival data
were unavailable because patients had just recently enrolled in the
study. On the other hand, since the missing information of body
mass index and waist circumference which was associated with
resistin and metabolic disorders, we could not adjusted for those
factors in the logistic regression. Further studies are needed using
larger populations of patients to confirm the role of RETN
polymorphisms in RA progression.
Taken together, our results demonstrate an association

between RETN gene variants and risk of RA disease. We found
that RETN SNPs were significantly associated with clinical
therapies and CRP marker of RA in the Chinese Han population.
This study is the first to report a correlation between RETN
polymorphisms and high risk for RA disease. The evidence
indicates that RETN could serve as a genetic prognostic marker
for RA therapy.
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