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Abstract

Introduction/objectives Systemic lupus erythematosus (SLE) is a multifactorial systemic autoimmune disease, in which
genetic susceptibility plays a pivotal role. The nucleotide oligomerization domain 2 (NOD2) gene is one of the main regulators
of chronic inflammatory conditions and could be involved in SLE pathogenesis. Single nucleotide polymorphisms (SNPs)
in miRNA binding sites which are located in 3'UTR of the NOD?2 gene could be associated with SLE risk by dysregulation
of NOD?2 expression. In the present study, we assessed the possible association between SNPs rs3135500 and rs3135499 in
the NOD2 gene with SLE risk in the Iranian population.

Methods A case—control study using 110 SLE patients and 120 control subjects was undertaken to estimate rs3135500
(G>A) and rs3135499 (A > C) genotypes via real-time PCR high-resolution melting method (HRM).

Results No significant association was observed between allele and genotype frequencies of rs3135500 and rs3135499
polymorphisms and SLE risk in this population (P> 0.05). However, there was an obvious association between rs3135500
(A allele) with laboratory factors that are associated with disease activity (P <0.05) and some clinical manifestations that
are associated with disease severity such as neurological symptoms, skin manifestations, renal involvements, and higher
serum concentration of creatinine (P <0.05). Besides, rs3135499 (C allele) was correlated with renal involvement and also
the concentration of creatinine (P <0.05). Moreover, in the patients group, the risk alleles in these polymorphisms were
associated with lower age of onset (P <0.05).

Conclusions Our results suggest a substantial association between NOD2 polymorphisms with clinicopathological char-
acteristics and SLE disease activity.

Key Points

o Single nucleotide polymorphisms (SNPs) in miRNA binding sites which are located in 3'UTR of the NOD?2 gene could be associated with SLE
risk by dysregulation of NOD2 expression.

o Our results suggested that two miRSNPs (rs3135500 and rs3135499) in the NOD?2 gene were meaningfully correlated with clinicopathologi-
cal characteristics and disease activity of SLE.
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Introduction

Systemic lupus erythematosus (SLE) is a multifactorial
disorder and characterized by dysregulation in the innate
and adaptive immune system and high-level production of
autoantibodies [1, 2]. Numerous studies have revealed that
genetic factors exert an important role in the occurrence
of SLE. Based on twin studies, the heritability of SLE
is approximately 66% [3]. Newly, genome-wide associa-
tion studies (GWAS) discovered several single nucleotide
polymorphisms (SNPs) and loci in various genes that have
an immune and inflammatory function in correlation with
SLE risk [4-6]. Emerging evidence emphasizes the role
of genes that are involved in the inflammatory response in
SLE pathogenesis [7]. Furthermore, some studies men-
tioned that infections are involved in the pathogenesis of
SLE and known as a risk factor for this disease. On the
other hand, uncovering the role of pattern recognition
receptors (PRRs) in SLE triggering underscores the role
of microbes in the pathogenesis of SLE [8-10].

The nucleotide oligomerization domain 2 (NOD2)
gene is one of the main regulators of chronic inflamma-
tory conditions [11, 12]. NOD2 is an intracellular PRR
and is involved in the recognition of certain bacteria. For
meditation of innate immune response, NOD2 detects
intracellular muramyl dipeptide (MDP), a component of
the bacterial wall, to trigger proinflammatory responses
by activation of nuclear factor (NF)-kB, mitogen-activated
protein kinases (MAPKs), and STAT1 [12—-14]. Mutation
or dysregulation in the expression of the NOD2 gene has
been found in patients with Blau syndrome (BS), early-
onset sarcoidosis (EOS), Crohn’s disease (CD), rheuma-
toid arthritis (RA), and especially in SLE disease [15-22].

MicroRNAs (miRNAs) with 19-25 nucleotides in
length are the most studied classes of non-coding RNAs.
These molecules regulate gene expression via binding
to the 3'-untranslated regions (3’-UTRs) of mRNAs and
are involved in various aspects of biological processes
including immune cell functions and inflammatory
responses [23]. Several investigations have indicated
that miRNAs are involved in the pathogenesis and mul-
tiple aspects of various autoimmune diseases such as
SLE [24, 25]. Numerous functional studies revealed that
SNPs located in the 3'UTR of mRNAs may influence the
function of miRNAs by affecting the secondary structure
(target structure features) of 3'UTR and thermodynamic
features of the binding site, which consequently dys-
regulate the expression of the target gene by changing
the binding capacity of miRNAs [26, 27]. Disturbance
in the gene expression regulatory activity of miRNAs
predisposes the individuals to the diseases such as SLE
[26, 28].

@ Springer

By investigation of literature and miRSNPs databases
including MirSNP (http://bioinfo.bjmu.edu.cn/mirsnp/), and
Polymirts (http://compbio.uthsc.edu/miRSNP), we selected
2 SNPs at miRNA binding sites (so-called miRSNP),
which can modulate miRNA-NOD2 mRNA interactions.
rs3135500 (G> A) and rs3135499 (A > C) polymorphisms
are two miRSNPs in the 3'UTR of NOD2. These variants
are located in the miRNA binding site or vicinity of multiple
miRNAs such as miR-192, miR-495, miR-671, miR-122,
miR-158, miR-215, miR-3202, and miR-4747. Regarding
our hypothesis, these variants could influence the miRNA-
mRNA interaction and finally dysregulate NOD2 expres-
sion [26, 29]. According to these data, for the first time,
we intended to assess the possible association between
rs3135500 and rs3135499 polymorphisms with risk of SLE
occurrence and any other associations with clinicopatho-
logical characteristics and disease activity in the Iranian
population.

Materials and methods

In this case—control study, a total of 110 unrelated patients
were selected among individuals referred to the rheumatol-
ogy division of Alzahra Hospitals, Isfahan, Iran, according
to European League Against Rheumatism (EULAR) and the
American College of Rheumatology (ACR) for SLE (2019).
One hundred twenty unrelated SLE-free individuals from the
same hospital with no signs and symptoms of SLE based on
negative clinical and laboratory examination constituted our
normal control group. Furthermore, healthy subjects had no
personal and family history of SLE or other immunological
and autoimmune disorders. This case—control study was con-
firmed by the AJA University of Medical Science Research
Ethics Committee (UREC) and all contributors provided
written informed consent. The participants were interviewed
to fill up a structured questionnaire to find the data includ-
ing gender, age of onset and age at sampling time, height
and weight to calculate body mass index (BMI, calculated
as weight [kg] divided by height [m] squared), blood pres-
sure (SBP; systolic blood pressure and DBP; diastolic blood
pressure), and family history of SLE and other autoimmune
disorders. Moreover, we recorded clinical manifestations of
SLE such as the presence of neurological symptoms, skin
manifestations, hematological disorders, arthritis, and renal
involvement. Likewise, we documented laboratory charac-
teristics such as C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR), anti-dsDNA antibodies, complement
component 3 and 4 (C3 and C4), white blood cell (WBC),
hemoglobin, blood urea nitrogen (BUN), platelet count test
(PLT), creatinine, fasting blood sugar (FBS), triglyceride
(TG), low-density lipoprotein (LDL), and high-density lipo-
protein (HDL). Eventually, about 3 ml of peripheral blood
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was collected from cases and controls and drawn into ethyl-
enediaminetetraacetic acid (EDTA) anticoagulant tubes and
stored at — 20 °C for DNA extraction.

Single nucleotide polymorphism selection

For selection of miRSNPs, in the first step, we investigated
the dbSNP database (https://www.ncbi.nlm.nih.gov/snp/) to
find SNPs in the 3'UTR of NOD?2 and then 1000 Genomes
Project was used to screen SNPs according to the criteria
of a minor allele frequency (MAF) more than or equal to
0.05 (MAF >0.05). Then, we found potential miRNA bind-
ing sites of the selected SNPs by some databases such as
miRdSNP (http://mirdsnp.ccr.buffalo.edu/), miRSNP (http://
cmbi.bjmu.edu.cn/mirsnp), and Polymirts (http://compbio.
uthsc.edu/miRSNP). Consequently, based on these criteria,
we reached to 2 polymorphisms (rs3135500 (G> A) and
rs3135499 (A > C)) which existed in or in vicinity of miRNA
response elements (MREs).

Single nucleotide polymorphism genotyping

Genomic DNA was extracted from 200 pl of blood samples
using the GeNet Bio DNA extraction Kit (Korea) accord-
ing to the manufacturer’s protocol. The DNA purity, con-
centration, and suitability of extracted DNA for polymerase
chain reaction high-resolution melting (HRM) method were
assessed by electrophoresis and spectroscopy. The forward
and reverse primer sequences for amplification of the frag-
ments around polymorphisms in the NOD2 gene are located
in Table 1. The HRM method was used to determine poly-
morphism genotypes in this study under the following condi-
tions: 5 min at 95 °C for initial denaturation of the template
DNA for the first cycle, 36 cycles of denaturation at 95 °C
for the 20 s, annealing at 59 °C (for both polymorphisms)
for 30 s and extension at 72 °C for 20 s. This method was
carried out using HOT FIREPol EvaGreen HRM Mix (no

Table 1 Primer sequences for the amplification of fragments around
of the two polymorphisms of the NOD2 gene

SNP ID Primer sequence PCR product

length (bp)

Annealing
tempera-
ture

rs3135500 F: AATTGTCAG 134
ATGCTGTGC
AAATG

R: GCATAAAGT
TCACGGCCA

TGTT

F: ACTGAGTGC 132
CTTTTGGTGGA

R: GCCTGGATG
GATGAGTCGAG

59°C

rs3135499 59 °C

ROX) HRM PCR kit and analysis accomplished with Rotor-
Gene 6000™ (Corbett Research, Mortlake, New South
Wales, Australia). Then, HRM analysis was performed by
fluorescence acquisition during a temperature ramp from 60
to 95 °C using 0.1 °C intervals. To find sample genotypes in
HRM analysis as a standard, specific samples (with different
melting curves) were subjected to direct Sanger sequencing
and their genotypes were distinguished.

Statistical analyses

The SPSS 25 (Armonk, NY: IBM Corp) was used for statis-
tical analyses. Genotype frequencies in patients and controls
were tested for Hardy—Weinberg equilibrium using the X2
test. Logistic regression analysis was performed to exam-
ine the correlation between genotypes and SLE and com-
pute specific odds ratios (ORs), 95% confidential intervals
(ClIs), and P values. For demographic, clinical, and labo-
ratory characteristics, P values were calculated using the
independent Pearson X2 test for categorical variables and
t-test for continuous variables test with the significance level
of <0.05.

Results
Demographic and clinical characteristics

To estimate the correlation between risk factors (environ-
mental and genetic) with SLE development, we evaluated
a total of 230 participants in patient and control groups;
110 patients (25 males and 85 females with a mean age
of 43.62+13.41) in the case and 120 (32 males and 88
females with a mean age of 45.01 +12.83) in the con-
trol group. There was no significant relationship among
patients and control subjects in terms of age (P=0.423)
and sex (P =0.542), indicating that for these characteris-
tics matching was adequate. The mean age of onset in the
case group was 26.23 +10.85. Concerning BMI and blood
pressure (SBP and DBP), there was a remarkable difference
between the two groups of participants (P < 0.05). From all
patients, twenty-seven patients (24.5%) with neurological
symptoms,70 patients (63.65%) with skin manifestations,
56 patients (50.9%) with hematological manifestations, 84
patients (76.4%) with oral ulcers, 98 patients (89.1%) with
arthritis, and 48 patients (43.6%) with renal involvement
were documented. The characteristics of subjects with SLE
and healthy individuals are presented in Table 2. The results
of laboratory tests discovered that the mean concentration of
ESR, CRP, creatinine, BUN, and anti-dsDNA was expres-
sively higher in the patient group compared with healthy
controls (P <0.05). However, the concentration of hemo-
globin, PLT, C3, and C4 levels was expressively higher in

@ Springer


https://www.ncbi.nlm.nih.gov/snp/
http://mirdsnp.ccr.buffalo.edu/
http://cmbi.bjmu.edu.cn/mirsnp
http://cmbi.bjmu.edu.cn/mirsnp
http://compbio.uthsc.edu/miRSNP
http://compbio.uthsc.edu/miRSNP

Clinical Rheumatology

Table 2 Baseline characteristics
of SLE patients and control
subjects participated in the
study

Characteristics Patients Controls P
Total number 110 120
Age at sampling time (mean + SD) 43.62+13.41 45.01+12.83 0.423
Gender n (%)
Male 25 (22.7%) 32 (26.7%) 0.542
Female 85 (77.3%) 88 (73.3%)
Age of onset (mean +SD) 26.23+10.85 - -
BMI (mean + SD) 25.75+2.34 24.33+3.20 <0.001*
SBP (mean+ SD) 125.46+16.00 120.71 £9.64 0.008*
DBP (mean + SD) 82.64+5.90 79.00+8.34 <0.001*
Positive family history n (%) 20 (18.18%) 0 -
Neurological symptoms n (%) 27 (24.5%) 0 -
Skin manifestations n (%) 70 (63.65%) 0 -
Hematological manifestations n (%) 56 (50.9%) 0 -
Oral ulcers n (%) 84 (76.4%) 0 -
Arthritis n (%) 98 (89.1%) 0 -
Renal involvement n (%) 48 (43.6%) 0 -

*P value <0.05. SLE, systemic lupus erythematosus; BMI, body mass index; SD, standard deviation; SBP,
systolic blood pressure; DBP, diastolic blood pressure

controls than in patients’ subjects (P <0.05). The details of
the laboratory characteristics of patients with SLE and con-
trol groups are listed in Table 3.

Genotype and allele distribution of rs3135500

The genotype frequencies in case and control groups
were in agreement with those predicted via Hardy—Wein-
berg equilibrium. The frequencies of GG, AG, and AA
genotypes in the RA patients were 33.6%, 43.6%, and

22.7%, respectively, and the genotype frequencies in the
control group were 38.4%, 45.8%, and 15.8%, respec-
tively. In addition, the frequencies of G and A alleles
were 61.3% and 38.8% in controls, and 55.5% and
44.5% in cases, respectively. Statistical analysis dem-
onstrated that no significant association exists between
SNP rs3135500 and risk of SLE (P for genotype and
allele distribution > 0.05). Further analysis demonstrated
that the comparison of combined genotypes, AG + AA
genotypes, compared to the GG genotype was not

Table 3 Laboratory

~ . . Patients (110) Controls (120) P

characteristics of patients with

SLE and controls group ESR (mm/h) 41.33+22.81 15.35+6.91 <0.001%
CRP (mg/l) 16.30+9.70 4.39+2.60 <0.001*
White blood cell (10%/1) 6820.91 +1780.71 6485.33 +£1325.94 0.105
Hemoglobin 11.87+1.40 1420+ 1.48 <0.001*
PLT (10°/1) 225.91+63.28 247.02+67.1 0.015*
Creatinine (mg/dl) 1.02+0.24 0.84+0.17 <0.001*
BUN 19.59+11.90 16.12+4.13 0.003*
FBS 89.70+12.71 93.14+22.10 0.140
HDL 51.05+8.91 50.24+11.26 0.546
LDL 102.74 £26.14 107.20+31.35 0.245
TG 157.23 +£46.50 156.83 +59.72 0.955
Anti-dsDNA (IU/ml) 198.91+181.70 10.91+4.35 <0.001*
C3 level (mg/dl) 50.28 +32.03 141.53+35.12 <0.001*
C4 level (mg/dl) 10.52+7.20 19.87+5.84 <0.001*

*P value <0.05. SLE, systemic lupus erythematosus; SD, standard deviation; ESR, erythrocyte sedimenta-
tion 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
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significantly different between case and control groups
(P=0.494) (Table 4). Moreover, stratification based on
some laboratory and clinical characteristics illustrated
that patients with risk allele (A) have lower age of onset
(P <0.001). Furthermore, patients with different gen-
otypes have a significantly different mean concentra-
tion of CRP, ESR, C3, C4, anti-dsDNA, and creatinine
(P <0.05). In detail, patients with risk allele (A) had a
higher concentration of CRP, ESR, anti-dsDNA, and cre-
atinine. But, the mean concentration of C3 and C4 was
lower in SLE subjects with the A allele. Besides, our
analysis demonstrated that patients with different geno-
types have significantly different clinical manifestations.
In detail, from all patients with AA genotype, 48.0%
have neurological symptoms while just 20.8% and 13.5%
of patients with AG and GG genotypes, respectively,
have this symptom (P =0.006). Additionally, most of the
patients with AA genotypes (96.0%), 75.0%, and 27.0%
of patients with AG and GG genotypes, respectively,
had skin manifestations (P <0.001). Also, 76.0%, 47.9%,
and 16.2% of patients with AA, AG, and GG genotypes,
respectively, had renal involvement (P < 0.001). How-
ever, there was no significant association between the
stratification of the hematological manifestations, oral
ulcers, and arthritis with different genotypes of this
polymorphism (P > 0.05) (Table 5).

Genotype and allele distribution of rs3135499

In our study, the frequencies of the AA, AC, and CC geno-
types in the control group were 45.0%, 34.2%, and 20.8%,
respectively. In the same vein, in the case group, these fre-
quencies were 41.8% for AA, 30.9% for AC, and 27.3% for
CC. Additionally, the frequencies of A and C alleles were
57.3% and 42.7% in cases, and 62.1% and 37.9% in the con-
trol group, respectively. There was not a significant differ-
ence between case and control groups regarding genotypes
and allele frequency (P> 0.05). Also, the comparison of
combined genotypes uncovered that the CC + AC genotypes
compared to the AA genotype were not significantly differ-
ent between case and control groups (P> 0.05) (Table 4).
Our stratification analysis in the case group revealed that
the C allele was significantly correlated with lower age
of onset (P=0.004). In this study, patients with CC, AC,
and AA genotypes have 20.70+6.70, 27.88 + 12.04, and
28.61 +11.03 mean age of onset, respectively. Likewise,
patients with risk allele (C) had a slightly higher mean con-
centration of anti-dsDNA (P =0.04). Moreover, between
patients, the C allele was meaningfully associated with
creatinine concentration (P =0.003) and renal involvement
(P<0.001). In detail, 73.3%, 35.3%, and 30.4% of patients
with CC, AC, and AA genotypes had renal involvement,
respectively. Consistently, the concentrations of creatinine in
patients with CC, AC, and AA genotypes were 1.10+0.24,

Table 4 Association between

Genotype group Patients (n=110) Controls (n=120) OR (95%CI) P value
genotypes and allele .frequerpy n (%) (%)
of NOD2 polymorphisms with
SLE risk rs3135500
GG 37 (33.6%) 46 (38.4%) Reference —
AG 48 (43.6%) 55 (45.8%) 1.10 (0.61,1.94) 0.882
AA 25 (22.7%) 19 (15.8%) 1.64 (0.78,3.42) 0.198
Combined genotype
GG 37 (33.6%) 46 (38.3%) Reference —
AG+AA 73 (66.4%) 74 (61.7%) 1.23 (0.72,2.11) 0.494
Allele
G 122 (55.5%) 147 (61.3%) Reference —
A 98 (44.5%) 93 (38.8%) 1.27 (0.88,1.84) 0.219
1s3135499
AA 46 (41.8%) 54 (45.0%) Reference —
AC 34 (30.9%) 41 (34.2%) 1.03 (0.56,1.87) 0.999
CcC 30 (27.3%) 25 (20.8%) 1.41 (0.73,2.73) 0.320
Combined genotype
AA 46 (41.8%) 54 (45.0%) Reference —
AC+CC 64 (58.2%) 66 (55.0%) 1.14 (0.68,1.92) 0.690
Allele
A 126 (57.3%) 149 (62.1%) Reference —
C 94 (42.7%) 91 (37.9%) 1.22 (0.84,1.80) 0.297

*P value <0.05; SLE, systemic lupus erythematosus
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Table 5 Association of NOD2

153135500 polymorphism with Genotype group GG (n=37) AG (n=48) AA (n=25) P value

various parameters of SLE (110 Age of onset 324941235 23.92+7.70 23.28+8.33 <0.001*

patients) ESR (mm/h) 32.96+1694 4538+26.15  46.48+20.38 0.015*
CRP (mg/l) 11.40+6.04 16.67+9.29 22.92+10.95 <0.001*
C3 level (mg/dl) 82.38+33.56  41.01+26.16 20.58+13.73 <0.001*
C4 level (mg/dl) 16.20+4.80 9.10+7.33 4.88+2.39 <0.001*
Anti-dsDNA (IU/ml) 46.53+43.12  185.41+121.93  450.36+126.48 <0.001*
Creatinine (mg/dl) 0.90+0.18 1.03+0.18 1.16+0.31 <0.001*
Hemoglobin (HB) 11.80+1.32 11.75+1.38 12.20+1.52 0.386
Neurological symptoms n (%) 5(13.5%) 10 (20.8%) 12 (48.0%) 0.006*
Skin manifestations n (%) 10 (27.0%) 36 (75.0%) 24 (96.0%) <0.001%*
Hematological manifestations n (%) 23 (62.2%) 22 (48.8%) 11 (44.0%) 0.241
Oral ulcers n (%) 32 (86.5%) 33 (68.8%) 19 (76.4%) 0.162
Arthritis n (%) 34 (91.9%) 42 (87.5%) 22 (88.0%) 0.608
Renal involvement n (%) 6 (16.2%) 23 (47.9%) 19 (76.0%) <0.001*

Data are mean +SD, or n (%). *P value <0.05; SLE, systemic lupus erythematosus; ESR, erythrocyte sedi-
mentation rate; CRP, C-reactive protein; BMI, body mass index; SD, standard deviation

1.01 +0.23, and 1.00+0.20, respectively. Nevertheless,
there was no significant association between the stratifica-
tion of some laboratory characteristics such as ESR, CRP,
C3, C4, hemoglobin concentration, and other clinical mani-
festations with this polymorphism (P> 0.05) (Table 6).

Discussion

Several studies have emphasized the notion that a large
number of SNP loci affect the susceptibility to autoimmune
disorders [30, 31]. GWAS have reported several genetic sus-
ceptibility loci associated with increased risk of SLE [5,

32]. Between these polymorphisms, functional polymor-
phisms such as SNPs located in the 3'UTR of immune and
inflammatory-related genes could contribute to the disrup-
tion of miRNA recognition elements (MREs) or create new
sites leading to up- or downregulation of these genes and
consequently may be remarkably associated with SLE risk
[26, 33].

NOD?2, a cytosolic protein that is expressed in mono-
cytes and macrophages, acts as an activator of nuclear fac-
tor (NF)-kB, mitogen-activated protein kinases (MAPKs),
and STAT1 by sensing bacterial lipopolysaccharide
(LPS), ultimately, resulting in the production of pro-
inflammatory mediators [34, 35]. Several studies reported

Table 6 Association of NOD2

153135499 polymorphism with Genotype group AA (n=46) AC (n=34) CC (n=30) P value

various parameters of SLE (110 Age of onset 28.61+11.03  27.88+£12.04  20.70+£6.70 0.004*

patients) ESR (mm/h) 38.28+23.66  39.88+23.38  47.63+20.15 0.198
CRP (mg/l) 15.35+8.74 15.27+9.10 18.67+11.49 0.220
C3 level (mg/dl) 5446+3430  54.52+4252  38.58+28.34 0.113
C4 level (mg/dl) 11.84+8.04 10.10+7.00 9.01+5.57 0.220
Anti-dsDNA (IU/ml) 162.13£159.60 187.66+178.70  268.10+203.43 0.04*
Creatinine (mg/dl) 1.00+£0.20 1.01+0.23 1.10+0.24 0.003*
Hemoglobin (HB) 12.03+1.40 11.86+1.43 11.63+1.37 0.479
Neurological symptoms n (%) 10 (17.4%) 9 (26.5%) 8 (33.3%) 0.274
Skin manifestations n (%) 25 (54.3%) 24 (70.6%) 21 (70.0%) 0.229
Hematological manifestations n (%) 23 (50.00%) 17 (50.00%) 16 (53.3%) 0.312
Oral ulcers n (%) 36 (78.3%) 23 (67.6%) 25 (83.8%) 0.216
Arthritis n (%) 44 (95.7%) 28 (82.4%) 26 (86.7%) 0.149
Renal involvement n (%) 14 (30.4%) 12 (35.3%) 22 (73.3%) <0.001*

Data are mean=+ SD, or n (%). *P value <0.05. SLE, systemic lupus erythematosus; ESR, erythrocyte sedi-
mentation rate; CRP, C-reactive protein; BMI, body mass index; SD, standard deviation
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that dysregulation in this gene is correlated with differ-
ent immune and autoimmune diseases [19, 21, 36]. Also,
researches revealed that mutations in this gene are associ-
ated with different diseases such as Blau syndrome, Yao
syndrome, and Crohn’s disease [37-39]. Based on previous
reports about dysregulation of NOD2 in SLE patients and
some overlap between the clinical manifestation of SLE with
diseases associated with NOD2 mutations such as symmet-
ric arthritis and dermatitis and chronic inflammation, we
hypothesized that impairment of NOD2 function partakes
in the SLE pathogenesis [21, 40].

Chuang et al. with work on miRNAs that target the
NOD?2 gene revealed that overexpression of miR-192, miR-
495, miR-512, and miR-671 leads to downregulation of the
NOD?2 gene in HCT116 cells, and more functional analysis
demonstrated that rs3135500 (A allele) could meaningfully
reduce the suppression effect of miR-192 on NOD2 gene
expression [29]. Furthermore, Karimzadeh et al. with bioin-
formatics analysis and based on the high amount of change
in energy (AAG), suggested that rs3135500 and especially
rs3135499 have a significant effect on the function of miR-
NAs and consequently could affect NOD2 expression [26].
To the best of our knowledge, the present study is the first
report in the Iranian population that investigates the cor-
relation between NOD2 polymorphisms (rs3135500 and
rs3135499) with SLE risk.

No significant association is established between allele
and genotype frequencies of rs3135500 polymorphism and
SLE risk in our population (P> 0.05) (Table 4). However,
there was a significant correlation between laboratory fac-
tors that are associated with disease activity and different
genotypes. In the present study, the A allele in rs3135500
polymorphism was correlated with a higher amount of CRP,
ESR, anti-dsDNA, and low level of C3 and C4, leading us
to conclude this variant is obviously correlated with disease
activity (P <0.05) [41]. Furthermore, our results demon-
strated that this variant was considerably associated with
disease severity on the account of some clinical symptoms
such as neurological, skin manifestations, and renal involve-
ments were significantly common in patients with A allele
(P<0.05) (Table 5).

Moreover, although there was not any connection between
rs3135499 and the risk of SLE in the Iranian population
(P>0.05), this variant was correlated with the frequency of
renal involvement in patients. Patients with the C allele were
more susceptible to represent renal involvement (P <0.05).
Also, these patients had a higher concentration of creatinine.
In addition, the risk allele in both variants showed lower age
of onset in our analysis (P <0.05) (Tables 5 and 6).

Although several works have evaluated the association
between polymorphisms with different diseases, a small
number of studies worked on these two SNPs, i.e., rs3135500
and rs3135499. For instance, the A allele at rs3135500 was

significantly associated with an increased risk of asthma in
the adult population of Germany [42]. Cao and coworkers
assessed the peripheral blood mononuclear cells (PBMCs)
from multiple system atrophy (MSA) patients and uncovered
that patients with the “A” allele of rs3135500 had higher
levels of mRNA NOD2 which might increase the risk of
MSA [43]. In a similar way, a study in the Turkish popula-
tion indicated that this polymorphism could be related to
chronic obstructive pulmonary disease (COPD) progression
[44]. In the Iranian population, Ahangari et al. reported that
AA genotype and A allele were correlated with increased
risk of CRC [45], while Chaleshi et al., similar to our results,
observed a lack of association between this polymorphism
and risk of CRC in the Iranian population [46]. Enevold
and colleagues reported that rs3135499 polymorphism was
associated with the increase in the time to relapse of multiple
sclerosis [47]. In the other study, Cai et al. demonstrated that
the C allele of rs3135499 was correlated with an increased
risk of asthma in the Chinese population [48].

Our results suggested that although two miRSNPs
(rs3135500 and rs3135499) in the NOD2 gene were not cor-
related with the risk of SLE in the Iranian population, these
variants were meaningfully correlated with clinicopathologi-
cal characteristics and disease activity of SLE. However,
because of limited sample size and different genetic back-
ground, replicative studies in the Iranian population and dif-
ferent populations are a necessity to validate these results.
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