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Abstract

Introduction/objectives MiRSNPs may interfere with mRNA stability through effects on microRNAs (miRNAs)-mRNA
interactions via direct changes in miRNA binding site or effect on the secondary structure of this region and changes in
accessibility of this region to miRNAs. Studies have confirmed that an elevated level of interleukin-15 receptor alpha (IL-
15RA) has an important role in the pathogenesis of systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA). In
the present study, for the first time, we aimed to evaluate the possible correlation between a miRSNP, rs2296135, in IL-15RA
gene with the risk of SLE and RA.

Methods In this case—control study, 100 SLE patients, 100 RA patients, and 110 healthy participants were enrolled to assess
rs2296135 genotypes with real-time PCR high-resolution melting method.

Results According to our findings, AA genotype and A allele of rs2296135 were considerably associated with enhanced
risk of RA (for AA genotype, OR=2.29; 95% CI [1.06-5.02]; for A allele, OR =1.65; 95% CI [1.10-2.48]). However, this
common variant was not significantly correlated with SLE risk in population under study. Stratification analysis in the RA
group verified that patients with the A allele had considerably higher serum concentrations of C-reactive protein (CRP)
(P <0.001). In SLE subjects, the frequency of arthritis (P: 0.021) and renal involvement (P: 0.025) in patients with A allele
was significantly higher than in other SLE individuals.

Conclusion The current study proposes a substantial association between rs2296135 polymorphism in /L-/5RA gene with
augmented risk of RA and some clinical characteristics in RA and SLE patients.

Key Points

® Based on a literature review and search on miRSNP databases, we found that rs2296135 could be associated with dysregulation of IL-15RA
expression via interfere with mRNA stability through effects on miRNA-mRNA interactions.

o The current study for the first time disclosed a significant association between rs2296135 polymorphism with RA risk and clinical character-
istics of SLE and RA.
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Introduction

Systemic lupus erythematosus (SLE) and rheumatoid
arthritis (RA) are two highly prevalent multisystem
autoimmune disorders that share many clinical manifes-
tations and serological characteristics [1, 2]. These com-
mon rheumatic autoimmune diseases have a wide range
of symptoms, could lead to disability, and are classified
from mild to life-threatening [3]. SLE and RA are con-
sidered multifactorial disorders with > 60% heritability
[4, 5]. Over the last decades, several genes and loci with
their mechanism of pathogenesis have been noticed to
be implicated in the predisposition of these autoimmune
disorders [6—8]. Recently, with advances in genotyp-
ing methods such as genome-wide association studies
(GWAS), the number of genetic loci and single nucleotide
polymorphisms (SNPs) associated with the risk of SLE
and RA has meaningfully expanded. Most of these SNPs
are located in genes that are involved in immune system
function and inflammatory response; therefore, with the
effect on the expression or functions of these genes, they
might modulate the occurrence of autoimmune diseases
such as SLE and RA [9, 10].

miR-SNPs are a novel collection of SNPs that are
located in or near microRNAs (miRNAs) binding site and
could considerably contribute to the risk and development
of diseases by dysregulation of miRNA-mRNA interac-
tions through disruption of predicted miRNA target sites
or change in the secondary structure of mRNA and conse-
quently dysregulation of the expression of the target gene
[11, 12]. Considering the connection between miRSNPs
and miRNAs, susceptibility to specific diseases can be
emanated as these types of polymorphisms which are
located in the 3'-untranslated region (3'-UTR) of a target
gene could modulate the expression of specific genes via
enhancement, creation, disruption, or elimination of the
binding efficacy of miRNAs at these regions and finally
changes in mRNA stability [13, 14].

One of the important genes that have been reported to
have a critical role in the pathogenesis of various auto-
immune diseases is interleukin (IL)-15 and their recep-
tor (IL-15 receptor o gene; IL-15RA) [15, 16]. Existing
evidence has revealed the higher expression of IL-15 and
IL-15RA in different samples from patients with SLE and
RA as well as their important role in the pathogenesis of
these diseases [17-22].

With regard to the importance of IL-15RA in the patho-
genesis of SLE and RA, we searched the literature and
miRSNPs databases to find a good candidate of miRSNP
in this gene. One of these miRSNP, rs2296135, has been
proposed as a possible modulator of interactions between
miRNA and IL-15RA mRNA [23-25]. In the present
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case—control study, we aimed to estimate the possible rela-
tionship between rs2296135 polymorphism in the miRNA
binding site of the IL-15RA gene with the risk of SLE and
RA in the Iranian subjects. Furthermore, we assessed the
correlation between this variant and the clinical param-
eters of these diseases including factors associated with
disease activity and some clinical presentations.

Materials and methods
Criteria for selecting the polymorphism

Based on a literature review, we found that dysregulation
of IL-15RA has a fundamental role in the pathogenesis
of SLE and RA. Then, we carried out an extra literature
review plus a thorough search on miRSNP database includ-
ing miRNASNP-v3 (http://bioinfo.life.hust.edu.cn/miRNA
SNP#!/) [26] and miRdASNP (http://mirdsnp.ccr.buffalo.edu/)
databases [27]. Next, using data from the 1000 Genomes
project, we selected polymorphism with minor allele fre-
quency (MAF) more than or equal to 0.05 (MAF > 0.05).
Subsequently, considering these basic principles, we nomi-
nated a polymorphism named rs2296135 (A > C) which is
situated in miRNA target seed sites or in the near multiple
predicted miRNA response elements (MREs) such as miR-
2276, miR-4766, miR-2276, miR-509, miR-217, miR-488,
miR-4766, and miR-4724. Finally, we hypothesize that
152296135 may affect the ability of miRNAs to bind 3'UTR
of IL-15RA mRNA and lead to dysregulation of this gene
and consequently change the risk of SLE and RA diseases.

Subjects and blood sample collection

We included 100 patients with SLE, 100 patients with
RA, and 110 healthy participants who were referred to
the rheumatology division of Al-Zahra Hospital, Isfahan,
Iran. Total cases had Iranian nation and met the American
College of Rheumatology (ACR) (2019) and the European
League Against Rheumatism (EULAR) diagnostic criteria
[28]. Healthy controls, which had no signs and symptoms of
these disorders, with no personal and/or family histories of
immunological and autoimmune diseases were recruited in
parallel from the same population. This study was approved
by the ethics committee of Islamic Azad University, Teh-
ran North Branch (ethical approval code: IR.IAU.TNB.
REC.1400.099), and all subjects provided written informed
consent before blood sample collection. We obtained all
demographic, clinical features, and laboratory characteristics
of all participants in this study using a structured question-
naire listed in Tables 1 and 2. Then, we obtained 3-5 ml
of the venous blood samples from all volunteers and
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Table 1 Baseline characteristics of patients (SLE and RA) and control subjects who participated in the study

Characteristics Controls SLE P controls vs SLE RA P controls vs RA
Total number 110 100 100
Age at sampling time (mean + SD) 45.25+12.76 43.18+13.57 0.255 47.56+10.53 0.154
Gender, n (%)
Male 32 (29.1%) 22 (22%) 0.27 27 27%) 0.761
Female 78 (70.9%) 78 (78%) 73 (73%)
Age of onset (mean +SD) - 26.04+10.85 - 41.35+10.44 -
BMI (mean + SD) 24.06+3.31 25.75+2.35 <0.001* 26.17+2.41 <0.001%*
SBP (mean =+ SD) 121.04+£9.93 125.61+£15.72 0.014* 123.35+12.63 0.141
DBP (mean +SD) 78.54+8.35 82.45+5.96 <0.001* 78.95+7.69 0.716
Positive family history, n (%) 0 20 (20%) - 18 (18%) -
Neurological symptoms n (%) 0 24 (24%) - -
Skin manifestations, n (%) 0 65 (65%) - -
Hematological manifestations, n (%) 0 49 (49%) - -
Oral ulcers, n (%) 0 76 (76%) - -
Arthritis, n (%) 0 86 (86%) 100 (100%) -
Renal involvement n (%) 0 45(45%) - -

* P value <0.05. BMI, body mass index; SD, standard deviation; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; SBP, systolic

blood pressure; DBP, diastolic blood pressure

Table 2 Laboratory
characteristics of patients (SLE

Controls (110) SLE (100)

PControls vs SLE RA (100) PControls vs RA

and RA) and control group ESR (mm/h) 15524697 421342283  <0.001* 36.83+22.66 <0.001*
CRP (mg/l) 4594280  16.75+9.68 <0.001% 164741390 <0.001%
White blood cell (10%1)  6.56+1.40 6.87+1.78 0.162 737+2.04 0.001*
Hemoglobin 1432+1.63  11.84+1.36 <0.001% 1246+1.06  <0.001%
PLT(10%1) 247.91+67.48 228.36+63.23 0.032%  263.97+70.55  0.094
Creatinine (mg/dL) 0.85+0.17 1.10+0.35 <0.001% 1.01+0.18  <0.001%
BUN 16.18+4.10  19.81+12.22 0.006* 17.25+4.70 0.080
FBS 91.75+£22.08 89.78+13.06 0.427 95581551  0.152
HDL 50.74+1125 51.08+8.89 0.813 49.45+7.68 0.328
LDL 107.50+32.08 103.62+26.18 0.341 110.17+28.36  0.525
TG 155.44+60.31 157.93+47.07 0.741 167.75+45.60  0.099
Anti-dsDNA (IU/ml) 10.65+4.41 203.40+178.65 <0.001* - -
C3 level (mg/dl) 141.04+3528 4727+3237  <0.001* - -
C4 level (mg/dl) 19.65+5.58  10.20+7.02 <0.001* - -

* P value<0.05. SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; SD, standard deviation;
ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; BUN, blood urea nitrogen; PLT, platelet;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride; FBS, fasting blood sugar;

C3, complement component 3; C4, complement component 4; dsDNA, double-stranded DNA

transferred them to EDTA anticoagulant tubes, and stored
them at— 20 °C until further processing.

rs2296135 genotyping and statistics
Genomic DNA was isolated from blood samples via the

GeNet Bio DNA extraction Kit (Korea) according to the
manufacturer’s protocol. We assessed the suitability of

the extracted DNA for genotyping using spectrophotomet-
ric measurements and electrophoresis.

The real-time polymerase chain reaction high-resolution
melting (HRM) method was used to determine rs2296135
polymorphism genotypes. This method was performed
using HOT FIREPol EvaGreen HRM Mix (no ROX) HRM
PCR kit, and HRM methodologies used for genotyping in
the current study were performed as previously described
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[29, 30]. The HRM method was performed to amplify a
fragment (173 bp) around rs2296135 under the following
conditions: 5 min at 95 °C for initial denaturation for the
first cycle, followed by 35 cycles of denaturation at 95 °C
for the 20 s, annealing at 60 °C for 30 s, and extension at
72 °C for 20 s. Then, melting data was acquired on the
LightCycler during a temperature ramp from 60 to 95 °C
using 0.1 °C intervals.

All statistical analyses were accomplished by SPSS 25.0
(IBM SPSS Statistics 25 software (Armonk, NY: IBM
Corp.)). Logistic regression analysis was achieved to examine
the association among alleles and genotypes in cases and con-
trols and compute specific odds ratios (ORs), 95% confidential
intervals (CIs), and P values. For demographic, clinical, and
laboratory characteristics, the univariate analysis was done
via three independent tests, Mann—Whitney U-test, Pearson
XZ test, and Fischer Exact test wherever appropriate, and the
significance level was set at P <0.05.

Results
Characteristics of individuals

Subjects in the current study consisted of 22 males and
78 females in a group of patients with SLE, 27 males
and 73 females in the RA group, and 32 males and 78
females in the control group. The mean age of partici-
pants at sampling was 43.18 +13.57 years for SLE,
47.56 +£10.53 years for RA, and 45.25 + 12.76 years for
healthy control groups. There was no substantial variance
among the patients (SLE and RA) and control groups
in terms of age at sampling time (P 015 vs sLE: 0-235,
p Controls vs RA* 0154) and sex (P Controls vs SLE* 0'27’ P
Controls vs RA: 0.761), representing that for these param-
eters, matching was satisfactory. Between the patients
(SLE and RA) and controls, there was a notable differ-
ence in terms of body mass index (BMI) (P <0.001).
Besides, SLE subjects had higher systolic blood pres-
sure (SBP) (P: 0.014) and diastolic blood pressure
(DBP) (P <0.001) than controls. Data about the clini-
cal manifestation of patients, especially in SLE groups,
are presented in Table 1. Based on our laboratory find-
ings, SLE patients compared with subjects in the control
group had higher C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), creatinine, blood urea nitro-
gen (BUN), and anti-dsDNA antibody level (P <0.05),
while the mean concentration of hemoglobin, platelet
(PLT), complement component 3 (C3), and complement
component 3 (C4) levels was meaningfully higher in the
control group compared with the SLE patients (P < 0.05).
In the RA group, serum concentrations of CRP, ESR,
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creatinine, and white blood cell count were significantly
higher compared with RA-free subjects (P <0.05). How-
ever, hemoglobin in RA patients was lower compared
with controls (P <0.001). The details of the laboratory
factors of patients and control groups are documented
in Table 2.

Correlation between rs2296135 with RA and SLE risk

In the RA cases, the frequency of the CC, AC, and AA
was 29%, 39%, and 32%, respectively. In the control
group, the frequency of the rs2296135 genotype was
41.8% for CC, 38.2% for AC, and 20% for AA. Moreo-
ver, the frequencies of C and A alleles were 48.5% and
51.5% in patients and 60.91% and 39.09% in controls,
respectively. Statistical analysis established an impor-
tant association between the rs2296135 variant and RA
susceptibility. In detail, our findings showed that the AA
genotype and A allele statistically increased the risk of
RA (P <0.05), while combined genotype analysis dem-
onstrated that there is no obvious difference between
individuals with AA and AC genotypes (AA + AC) with
subjects with CC genotype in RA and healthy control
group (P: 0.061). On the other hand, genotype and allele
distribution in SLE subjects had no significant differ-
ence compared with controls (P> 0.05). The frequency
of CC, AC, and AA genotypes in SLE patients was
42%, 37%, and 21%, respectively. Similarly, consider-
ing the combined genotypes, our findings confirmed
that AC + AA genotypes did not affect the risk of RA
pathogenesis compared to the CC genotype (P: 0.999).
The genotype distribution and allele frequencies in sub-
jects are shown in detail in Table 3.

Genotype stratification analysis

Stratification analysis in the RA group verified that patients
with the A allele (AC + AA) had considerably higher
serum concentrations of CRP (P <0.001). Among RA
patients, CRP level in individuals with risk allele (A) was
19.02 + 15.34, while in RA participants with C allele (CC
genotype) was 10.21 +6.14. However, there was no signifi-
cant difference in genotype stratification in terms of age of
onset, ESR, creatinine, hemoglobin, and BMI (P> 0.05).

In SLE subjects, the frequency of arthritis (P: 0.021)
and renal involvement (P: 0.025) in patients with A allele
(AC+ AA) was significantly higher than subjects with CC
genotype, while there was not any difference based on
genotype stratification and other laboratory parameters
and clinical manifestations in the SLE group (P > 0.05).
The detailed findings of stratification analysis for the
rs2296135 polymorphism in the RA and SLE groups are
provided in Table 4.



Clinical Rheumatology (2022) 41:3487-3494 3491
Table 3 Association between Genotype group Patients (n=200) Controls (n=110) OR (95% CI) P value
gf?notypes and allele fre.quency n (%) n (%)
of IL-15RA polymorphism
(rs2296135) with RA and SLE RA (100)
risk Genotype
CC 29 (29%) 46 (41.8%) Reference —
AC 39 (39%) 42 (38.2%) 1.46 (0.74-2.92) 0.260
AA 32 (32%) 22 (20%) 2.29 (1.06-5.02) 0.031*
Allele
C 97 (48.5%) 134 (60.91%) Reference —
A 103 (51.5%) 86 (39.09%) 1.65 (1.10-2.48) 0.013*
Combined genotype
CC 29 (29%) 46 (41.8%) Reference —
AC+AA 71 (71%) 64 (58.2%) 1.75 (0.95-3.26) 0.061
SLE (100)
Genotype
CC 42 (42%) 46(41.8%) Reference —
AC 37 (37%) 42(38.2%) 0.96 (0.50-1.85) 0.897
AA 21 (21%) 22(20%) 1.04 (0.47-2.31) 0.989
Allele
C 121 (60.5%) 134 (60.91%) Reference —
A 79 (39.5%) 86 (39.09%) 1.01 (0.67-1.53) 0.999
Combined genotype
CC 42 (42%) 46 (41.8%) Reference —
AC+AA 58 (58%) 64 (58.2%) 0.99 (0.55-1.78) 0.999

*P value <0.05; RA, rtheumatoid arthritis; SLE, systemic lupus erythematosus

Discussion

Until now, several GWAS studies reported hundreds of SNPs in
many genes which are associated with susceptibility to autoim-
mune diseases, especially SLE and RA [8, 31-33]. SNPs, as the
most abundant form of allelic variations in the human genome
with appreciable frequency (> 1%), could be associated with
disorders especially multifactorial autoimmune diseases [9, 34,
35]. SNPs in the 3"-UTR region of mRNA molecules may inter-
fere with mRNA stability through effects on miRNA-mRNA
interactions via direct changes in the miRNA binding site or
effect on the secondary structure of this region and changes in
accessibility of this region to miRNAs [11, 13, 14].

Multiple pieces of evidence demonstrated that IL-15RA
along with IL-15 are increased in several autoimmune dis-
eases and have an important role in their pathogenesis [15,
36]. IL15 is an unfavorable inflammatory cytokine that
prompts the production of TNFa, IL-18, and some inflam-
matory chemokines. This cytokine regulates the activation
and proliferation of T and natural killer cell and could inhibit
self-tolerance by the mediation of IL-2 [15, 37]. Binding
to the high specificity IL-15 receptor chain, interleukin-15
receptor a (IL-15Rw), is critical for IL-15 signaling function.
In this way, previous experiments suggested the suppression
of IL-15Ra as a therapeutic approach for the treatment of

autoimmune diseases [37-39]. Previous studies showed an
increased level of IL-15RA in leukocytes [40] and serum
samples [18] of patients with SLE and similarly in synovial
fluid of patients with RA [17].

Given the importance of the expression of IL-15RA in
the pathogenesis of SLE and RA, we intended to evaluate the
association of a miRSNP, 152296135, in the 3'-UTR region of
this gene with the risk of incidence of SLE and RA and some
clinical characteristics of these disorders. Our findings con-
firmed a significant association between AA genotype and A
allele in this variant with increased risk of RA in the popula-
tion under study (ORgy; o4 genotype =2-29; 95% CI [1.06-5.02],
OR¢; A atiele=1.65; 95% CI [1.10-2.48]). However, our results
indicated that rs2296135 was not correlated with the modulation
of SLE risk (Table 3). On the other hand, genotype stratifica-
tion analysis in patient groups demonstrated that the A allele
is correlated with an increased level of CRP in RA cases and
also is correlated with higher frequencies of arthritis and renal
involvement in SLE subjects (Table 4).

Despite data from miRSNP databases about the possible
effect of rs2296135 on several predicted miRNA binding
capacities and the role of IL-15RA in the pathogenesis
of SLE and RA, this is the first report on the association
of this common variant with SLE and RA. However, in
some studies, the association of this polymorphism with
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Table 4 Association of IL-15RA

polymorphism (152296135) with Genotype group CC AC+AA P value

various parameters in RA and RA (number) N: 29 N: 71

SLE patients Age of onset 40.24+11.00 418041025 0.50
ESR (mm/h) 32.27+15.18 38.69+24.94 0.120
CRP (mg/1) 10.21+6.14 19.02+15.34 <0.001*
Creatinine (mg/dL) 1.021+0.17 1.00+0.19 0.755
Hemoglobin (HB) 12.27+0.79 12.54+1.15 0.192
BMI (mean + SD) 26.15+1.96 26.18+2.58 0.951
SLE (number) N: 42 N: 58
Age of onset 27.73+12.14 24.82+9.84 0.189
ESR (mm/h) 41.92+23.55 42.27+22.49 0.941
CRP (mg/1) 16.78 +11.51 16.72+8.22 0.975
C3 level (mg/dl) 47.54+35.15 47.08+30.52 0.944
C4 level (mg/dl) 9.314+5.95 10.85+7.69 0.283
Anti-dsDNA (IU/mL) 174.39+177.73 224.42 +177.88 0.168
Creatinine (mg/dL) 1.04+0.33 1.14+0.36 0.162
Hemoglobin (HB) 11.87+1.44 11.82+1.31 0.865
Neurological symptoms, 7 (%) 9 (21.4%) 15 (25.9%) 0.644
Skin manifestations, n (%) 25 (59.5%) 40 (69%) 0.397
Hematological manifestations, n (%) 17 (40.5%) 32 (55.2%) 0.162
Oral ulcers, n (%) 32 (76.2%) 44 (75.9%) 0.999
Arthritis, n (%) 32 (76.2%) 54 (93.1%) 0.021*
Renal involvement, n (%) 13 (31%) 32 (55.2%) 0.025*

Data are mean+SD, or n (%). *P value <0.05. SD, standard deviation; RA, rheumatoid arthritis; SLE, sys-
temic lupus erythematosus; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; C3, complement
component 3; C4, complement component 4; dsDNA, double-stranded DNA

irrelevant situations with autoimmune diseases such as
metabolic syndrome and estrogen receptor-positive breast
cancers has been demonstrated [41, 42].

Finally, the current study for the first time disclosed
a significant association between rs2296135 polymor-
phism with RA risk in the Iranian population. Moreover,
our findings showed that this variant is correlated with
increased production of CRP, which is an indicator of
disease activity in RA. Also, rs2296135 was meaningfully
correlated with some clinical manifestations such as renal
enrolments in SLE, which may represent higher disease
severity in SLE patients. In this work, probably, some
possible limitations in the statistical validity of our results
such as small population size exist, so further association
studies in larger sample size also would help to confirm
the suggested correlations. Furthermore, in order to con-
firm the role of 12296135 on the expression of ILI5RA,
it will be better to evaluate the effect of this variant on
the expression level of ILI5SRA in patients and cell lines.
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