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Abstract

Genetic variations of microRNA encoding genes influence various sorts of diseases by modifying the expression or activity of
microRNAs. MicroRNA 146a is an epigenetic regulator of immune response through controlling the type I interferon (IFN)
and nuclear factor kappa B (NF-kB) pathways. Genetic variations of microRNA 146a impact the susceptibility to systemic
lupus erythematosus (SLE) and its clinical presentations. This study aimed to investigate the polymorphisms of microRNA-
146a gene (rs2431697 and rs57095329) in patients with SLE and its association with disease activity. Sixty-five patients
with SLE and 40 apparently healthy controls were enrolled in this study. Patients were subjected to history taking, clinical
examination, and disease activity evaluation by SLEDAI score. The microRNA-146a variants were determined by allele
discrimination real-time PCR method in all participants. We found a statistically significant association between rs2431697
T allele and SLE (P-value <0.05), but there was no significant association between rs57095329 and SLE. The T/T genotype
of microRNA-146a rs2431697 was associated with lupus nephritis, higher disease activity, and autoantibodies production.
The microRNA-146a rs2431697 T allele could be a potential risk factor that contributes to SLE susceptibility, development
of lupus nephritis, and disease activity.
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Introduction

Systemic lupus erythematosus (SLE) is characterized by
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signaling cascade which is a key pathway in SLE patho-
genesis. This interference is mediated by targeting both the
tumor necrosis factor receptor-associated factor 6 (TRAF6),
and the signal transducer and activator of transcription 1
(STAT1) [4]. Also, microRNA-146a acts as a crucial molec-
ular constraint and prevents the hyperactivity of the immune
system and malignant transformation by attenuating NF-xB
signaling. This may be caused by targeting mRNAs that
encode interleukin-1 (IL-1), receptor-associated kinase 1
(IRAK1), and TRAF6 which are members of NF-xB sign-
aling pathways [5].

Single nucleotide polymorphism (SNP) is a substitution
of a single nucleotide that occurs at a specific position in a
certain gene. SNPs; found in microRNA genes, can control
their biogenesis and/or modify their target specificity. A SNP
may be located in the seed sequence of microRNA; changing
their target specificity, or in the primary microRNA stem-
loop or passenger strand; interfering with processing and
biogenesis of the mature microRNA [6].

Numerous SNPs of microRNA-146a gene can modify the
expression level of mature microRNA-146a. The analysis of
gene expression revealed that rs2431697(C/T) decreases the
expression level of mature microRNA-146a [7].The SNP
1s57095329 (A/G) present in the microRNA-146a promoter,
diminishes the level of the mature microRNA-146a by low-
ering the binding affinity of its transcription factor to the
microRNA-146a promoter [8].

The previous proved relation between the microRNA-
146a and SLE (4) was our impulsion in this study to
investigate the polymorphisms of microRNA-146a gene
(rs2431697 and rs57095329) in patients with SLE and
to evaluate its association with disease susceptibility and
activity.

Methodology
Subjects

The present study was conducted on 105 subjects: 65
patients with SLE, presented at inpatients and the outpa-
tients’ clinic of Rheumatology, Rehabilitation and Physical
Medicine Department, Benha University Hospitals and 40
age and gender matched apparently healthy individuals as a
control group during the period from March 2018 to Octo-
ber 2019. The study was approved by the ethical committee
of Benha Faculty of Medicine. Informed written consents
were taken from both the patients and control group subjects
before the beginning of the study. Both males and females
were recruited. Inclusion criteria included age of 18 or above
and the diagnosis of SLE was established according to the
existence of 4 criteria of the Systemic Lupus Collaborat-
ing Clinics (SLICC) classification criteria [9]. This work
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excluded patients below 18 years old, subjects with drug-
induced SLE, and those with autoimmune disease other than
SLE as their main diagnosis. Full personal and medical his-
tory taking in addition to a thorough clinical examination
was done. Assessment of SLE disease activity in patients
was done according to the SLEDAI-2K score [10]. The
assessed laboratory investigations included complete blood
count (CBC) using Sysmex xp-300AM automated hema-
tology analyzer (Sysmex Corporation, Kobe, Japan), eryth-
rocyte sedimentation rate (ESR) according to Westergen
method, kidney function tests using Cobas C 501 auto-ana-
lyzer (Roche Diagnostics, Mannheim, Germany), antinuclear
antibody (ANA) test and anti-double stranded deoxyribo-
nucleic acid (Anti-dsDNA) antibodies by indirect immuno-
fluorescence kits (Inova Diagnostics, Inc., San Diego, USA),
anti-smith by ELISA kits (Orgentec Diagnostika Gmbh,
Mainz, Germany), Serum level of complement 3 (C3) and
complement 4 (C4) levels by turbidimetry using Cobas C
501 auto-analyzer (Roche Diagnostics GmbH, Mannheim,
Germany) and urine protein and creatinine levels were meas-
ured using Cobas C 501 auto-analyzer (Roche Diagnostics
GmbH, Mannheim, Germany). Protein to creatinine ratio
(P/C) was calculated by dividing the urinary protein level
(mg/dl) by the urinary creatinine level (g/dl) [11].

Molecular testing for microRNA-146a
polymorphisms (rs2431697 and rs57095329)
by allele discrimination real-time PCR
method

DNA extraction

Total DNA was extracted from EDTA treated blood sam-
ples using Thermo Scientific Gene JET Genomic DNA
Purification Kit (catalogue # k0781, lot 00602330, Thermo
Fisher Scientific, MA, USA). EDTA blood samples were
digested with proteinase K in the lysis solution. Then, the
cell lysates were applied to the spin columns after being
mixed with ethanol. These conditions allow the DNA to bind
to the silica membrane. The spin columns were efficiently
washed with the prepared wash buffers to remove impurities.
Genomic DNA was then eluted using a low ionic strength
elution buffer. The purity of the eluted DNA was evaluated
using Nanodrop 2000 spectrophotometer (Thermo Fischer
Scientific, MA, USA). DNA was considered pure when the
A260/A280 ratio is approximately 1.8.

Genotyping
Genotyping was performed using the real-time allelic

discrimination technique which depends on 2 principles:
the 5'-nuclease property of the polymerase enzyme and
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fluorescence resonance energy transfer. This assay utilizes
specific forward and reverse primers in addition to 2 allele-
specific TagMan probes created to target the polymorphism.
TagMan probes possess a fluorescent reporter dye (FAM
specific for one allele and VIC specific for the other allele)
attached to its 5’ end and a quencher dye at its 3’ end.

The 1s57095329 SNP in microRNA-146a gene was deter-
mined using the ABI TagMan allelic discrimination kit
(catalogue # 4351379, assay ID C_90078480_10, Applied
Biosystems, Carlsbad, CA, USA). The Context Sequence
[VIC/FAM] was: CCCCGCGGGGCTGCGGAGAGTACA
G[A/G]JCAGGAAGCCTGGGGACCCAGCGCCT (VIC dye
for allele A, FAM dye for allele G).

The rs2431697 SNP in microRNA-146a gene was deter-
mined using the ABI TagMan allelic discrimination kit
(catalogue # 4351379, assay ID C__26693319_10, Applied
Biosystems, Carlsbad, CA, USA). The context Sequence
[VIC/FAM] was: ATTGGTGGGGCTGAAATAAAAAAC
C[C/TICGATTTAGAAATCTGATACAAAAGC (VIC dye
for allele C, FAM dye for allele T).

DNA amplification was executed in a 20-pL volume
comprising 10 pL of TagMan genotyping Master Mix 2x
(catalogue # 4371353, lot 00722943, Applied Biosystems:
Foster City, CA, USA), 0.5 pL of primer/probe, 4.5 pL of
nuclease-free water and 5 pL of template DNA. The PCR
cycling conditions: after a denaturation time of 10 min at
95 °C and 40 cycles at 95 °C for 15 s and 60 °C for 1 min for
annealing and extension were carried out. The fluorescence
was determined at the end of each cycle and at the endpoint.
Also, two no-template controls were executed with each run
to allow correction of background noise from fluorescent
probes and to enable the detection of possible DNA contami-
nation. During amplification each distinctively labeled probe
paired preferentially with one of the two alleles of the tar-
get SNP with different affinity. As amplification continued,
a fluorescent signal was generated as the Taq polymerase
enzyme cut down the bound probe. Fluorescent signals were
deduced automatically using sequence detection software
dedicated to Rotor-Gene Q System Real-Time PCR System
(Qiagen GmbH, Hilden, Germany).

Statistical analysis

Results were collected, tabulated and statistically analyzed
by statistical package SPSS version 20 (SSPS, Inc., Chicago,
IL, USA). The Hardy—Weinberg equilibrium was tested for
all SNPs by the Pearson chi-square (Xz) test. Differences in
alleles and genotype frequencies between cases and controls
were weighed by the Pearson x” test. Odds ratios and 95%
Confidence Interval were calculated. For the comparison of
clinical and laboratory variables with the distribution of dif-
ferent genotypes, the X2 test was used for qualitative data
and analysis of variance (ANOVA (F)) or Kruskal-Wallis

(k) for quantitative data. Statistical significance was consid-
ered when the P-value was < 0.05.

Results

The current study included 65 SLE patients, 93.8% females,
and 6.2% males with a mean age of 31.85 + 8.44 years and
mean age of disease onset 28.09 + 8 years. Family history
was positive in 12.3% of patients. Clinical and laboratory
findings of patients are allocated in Table 1. Thirty-five out
of 65 SLE patients (53.8%) had lupus nephritis which was
proven by the clinical manifestations (hypertension and
lower limb oedema), laboratory investigations (proteinuria,
cellular casts and positive anti-ds-DNA) and the histopatho-
logical evidence of lupus nephritis obtained from the renal
biopsy that was previously done for those patients in their
disease course(retrospective data from their files). The mean
SLEDAI score was 13.94 +6.62.

Deviations from Hardy—Weinberg equilibrium were not
observed in the data from the studied polymorphisms. This
study found a significant association between microRNA-
146a rs2431697 polymorphism and SLE. The frequency of
the risk allele T was significantly higher in SLE patients
than in controls (P=0.009; OR 2.10, 95%CI 1.19-3.69). The
genotype T/T was more frequently observed in the cases
(38.5%) compared to the controls (15.0%). On the other
hand, no statistically significant association was found

Table 1 The main demographic, clinical, and laboratory data of the
patients with SLE

Parameter Group I SLE (n = 65)
N (%)

Age in years(Mean + SD) 31.85+8.44
Age of onset in years (Mean +SD) 28.09+8.28
Gender

Male 4(6.2)

Female 61 (93.8)
Arthritis 48 (73.8)
Malar rash 39 (60.0)
Fever 17 (26.2)
Renal involvement 35 (53.8)
Alopecia 21 (32.3)
Vasculitis 6(9.2)
Serositis 11 (16.9)
mucosal ulcers 26 (40.0)
Neuropsychatric manifestations 3 (4.6)
SLEDAI (Mean + SD) 13.94+6.62
ANA positive 64 (98.5)
Anti-dsDNA positive 44 (67.7)
Anti-smith positive 7(10.8)
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between microRNA-146a rs57095329 polymorphism and
SLE with a P-value > 0.05 (Table 2).

The T/T genotype of microRNA-146a rs2431697 was
significantly more frequent in patients with renal involve-
ment (P=0.03) and a higher disease activity according to
SLEDAI-2k score (P=0.03) (Table 3). The T/T genotype
of microRNA-146a rs2431697 was significantly associated
with higher protein creatinine ratio (P=0.01) (Fig. 1). The
T/T genotype of microRNA-146a rs2431697 was signifi-
cantly more frequent in patients with positive anti dSDNA
(P=0.007) and anti-smith (P =0.02). There was significant
difference between SLE patients with different genotypic
patterns of microRNA-146a rs2431697 polymorphisms
regarding serum C3 (P=0.04) and C4 (P=0.03) (Table 4).

Discussion

The pathogenesis of SLE is multifactorial involving
genetic, epigenetic, environmental, and immunological
factors. MicroRNA-146a is one of the key regulators of

innate and adaptive immune responses. Genetic variation
in microRNA genes can control their level of expression
thus mediate the pathogenesis and susceptibility of auto-
immune diseases [12].

Because of the potential significance of microRNA-
146a SNPs in SLE pathogenesis, several studies attempted
to evaluate its relationship with SLE development [13—15].
These studies reported inconsistent results among differ-
ent populations. So, the aim of the present study is the
investigation of the polymorphisms of microRNA-146a
gene (1rs2431697 and rs57095329) in a group of Egyptian
patients with SLE and its possible association with disease
activity.

In this study, we demonstrated an association between
the microRNA-146a rs2431697 polymorphism and the inci-
dence of SLE in addition to a specific clinical course vari-
ety. On the other hand, there was no significant impact of
rs57095329 in the studied SLE patients.

The T/T genotype of microRNA-146a rs2431697 was
found in the patients with lupus nephritis. In parallel, we
found a significant association between the T/T genotype

Table 2 Comparison between

. microRNA-146a polymorphisms  Studied groups Xza P-value  OR (95% CI)
SLE patients and healthy
controls regarding genotypic SLE patients Control group
distribution and allelic m=65)N (%) (m=40)N (%)
frequencies of microRNA-146a
polymorphisms 152431697
General genotypes
C/C 11 (16.9) 12 (30.0) [1]
C/T 29 (44.6) 22 (55.0) 7.10  0.02%%* 1.44 (0.54-3.86)
T/T 25 (38.5) 6 (15.0) 4.55 (1.36-15.24)
Allele frequency
C 51 (36.9) 46 (56.2) 6.65 0.009%% [1]
T 79 (63.1) 34 (43.8) 2.10 (1.19-3.69)
Dominant genotype
C/C 11 (16.9) 12 (30.0) 247  0.11%%F  [1]
C/T+T/T 54 (83.1) 28 (70.0) 0.47 (0.18-1.21)
Recessive genotype
C/T+C/C 40 (61.5) 34 (85.0) 6.55 0.01**  [1]
T/T 25 (38.5) 6 (15.0) 3.54 (1.30-9.64)
1rs57095329
Allele frequency
A 96 (73.8) 62 (77.5) 0.35 0.55%%F [1]
G 34 (26.2) 18 (22.5) 0.82 (0.43-1.58)
General genotypes
A/A 36 (55.4) 25 (62.5) [1]
AIG 24 (36.9) 12 (30.0) 0.56 0.75%*%* 1.39 (0.59-3.28)
G/G 5.7 3(7.5) 1.16 (0.25-5.29)

**P value < 0.05 =a significant difference. ***P value > 0.05 =a non-significant difference

4Chi-square test
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Table 3 .Association between Parameter Genotypes of microRNA-146a rs2431697 polymor- X2 a P-value
ggnotyplc patterns of phisms in SLE patients (n=65)
microRNA-146a rs2431697
polymorphism in SLE patients C/C (n=11) C/T (n=29) T/T (n=25)
and their clinical manifestations
and SLEDALI score N (%) N (%) N (%)
Arthritis
Present 7 (63.6) 23 (79.3) 18 (72.0) 1.08 0.58%#%**
Absent 4 (36.4) 6 (20.7) 7 (28.0)
Malar rash
Present 6 (54.5) 20 (69.0) 13 (52.0) 1.77 0.417%%*
Absent 5(45.5) 9 (31.0) 12 (48.0)
Fever
Present 4 (36.4) 8 (27.6) 5(20.0) 1.11 0.57%#%%*
Absent 7 (63.6) 21 (72.4) 20 (80.0)
Renal involvement
Present 3(27.3) 14 (48.3) 18 (72.0) 6.80 0.03%%*
Absent 8 (72.7) 15 (51.7) 7 (28.0)
Alopecia
Present 4(36.4) 6 (20.7) 11 (44.0) 343 0.17%%*
Absent 7 (63.6) 23 (79.3) 14 (56.0)
Vasculitis
Present 0 (0.00) 4(13.8) 2 (8.0) 1.88 0.39%**
Absent 11 (100) 25 (86.2) 23 (92.0)
Serositis
Present 109.1) 5(17.2) 5(20.0) 0.65 0.72%%*
Absent 10 (90.9) 24 (82.8) 20 (80.0)
Mucosal ulcers
Present 4(36.4) 12 (41.4) 10 (40.0) 0.08 0.95%%*
Absent 7 (63.6) 17 (58.6) 15 (60.0)
Neuropsychatric
Present 0 (0.00) 1(3.4) 2 (8.00) 1.27 0.52%%*
Absent 11 (100) 28 (96.6) 23 (92.0)
SLEDAI
Mean=+SD 10.18+5.19 13.93+7.39 15.60+5.70 K*=6.69 0.03%*
Median 10.00 14.00 16.0

**P value < 0.05 =a significant difference. ***P value > 0.05 =a non-significant difference

4Chi-square test
®Kruskal Wallis test

and the presence of anti-ds-DNA, anti-smith antibodies, and
low C3-C4 serum levels. Another significant finding was the
association with the higher disease activity that was denoted
by high SLEDALI scores in patients with T/T genotype.

The association of rs2431697 polymorphism presence
and SLE risk was reported previously. Related studies like
genome-wide association study [16], some meta-analyses
[13, 14] and some case—control studies [15, 17-19] enrolled
patients from different populations such as European and
Asian. Their results support the hypothesis of the rs2431697
polymorphism relation to SLE susceptibility among different
populations.

The anti-ds-DNA and anti-smith antibodies presence and
their association with the rs2431697 polymorphism was
reported in European [20] and in Asian SLE patients [19].

Gene expression analysis revealed that rs2431697 SNP
reduces the level of microRNA-146a expression [8]. A
decreased microRNA-146a results in enhanced production
and signaling of type I IFN. Also, decreased microRNA-
146a in B lymphocytes is associated with enhanced produc-
tion of autoantibodies through failure of regulation of CD40
signaling [21]. The effect of microRNA-146a on autoanti-
bodies production (anti-ds-DNA and anti-smith) and type I
IFN pathway may mediate its role in lupus nephritis patho-
genesis and lupus disease activity [22].

There will be a potential value of the proved association
between microRNA-146a and lupus nephritis or its autoan-
tibodies production. Animal studies reported that the thera-
peutic use of microRNA-146a mimics could significantly
reduce the renal insult in SLE animal model, down-regulate
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5000 K=28.24 of Ets-1 in vitro. Also, the epistatic effects of some SNPs in
T 4500 P-value=0.01 Ets-1 gene should be studied in conjunction with rs57095329
'§ 2000 to clarify the gene—gene interaction. One of Ets-1 SNPs that
5 300 are recommended to be studied is rs10893872 because it was
g" & 3000 suggested to increase the Ets-1 level. Some other Ets-1 SNPs
%‘g 2500 23375 were previously studied in conjunction with rs57095329
25 5000 such as rs1128334 which showed no epistatic but additive
'jg 1500 effect and rs6590330 which showed no effect [17, 24, 25].
i;" 1000 1T° It should also be noted that SLE pathogenesis is a very
‘% 00 48}-3 complex process involving the interaction between genetic,
= 0 epigenetic and environmental factors and even the micro-
C/Cgenotype C/T genotype T/T genotype RNA-146a expression process is tightly controlled by many

Genotypic patterns of microRNA 146a (rs2431697) in SLE patients

Fig.1 comparison between different genotypic patterns of micro-
RNA-146a (rs2431697) in SLE patients regarding the mean level of
protein /creatinine ratio (mg/g creatinine). Significant difference was
found Using Kruskal Wallis (K) test (P-value=0.01)

the proteinuria, and reduction in serum anti-dsDNA anti-
bodies [23]. MicroRNA-146a mimic therapies could be a
prospective treatment of the human lupus nephritis.

The unexpected absence of association between the
promotor SNP rs57095329 and SLE was interesting and
somewhat confusing because literatures suggested that this
promotor SNP influence the level of expression of micro-
RNA-146a. It is noteworthy that these literatures clarified
that the functional effect of rs57095329 alleles relied on
altering the binding affinity of the transcription factor (Ets-1)
to the microRNA-146a promotor. It was also demonstrated
that this effect can be compensated by increasing the level

factors other than the SNP. These factors include other tran-
scription factors (such as NF-kB) and post-transcriptional
regulators (Dicer and Drosha enzymes) [26].

Limitations of the current study included the small sam-
ple size, the absence of data about the expression level of
mature microRNA146a and INF type 1 that could give bet-
ter and clear information about the molecular mechanisms
underlying our findings and the lack of studying the epistatic
effect of Ets-1 SNPs. These limitations should be taken in
consideration in future studies.

Conclusion

The results of the present study in keeping with evi-
dence from literature revealed that the microRNA-146a
rs2431697 T allele represents a potential genetic risk factor
to the susceptibility of SLE. This SNP may have a role in

Table 4 Association between genotypic pattern of microRNA-146a rs2431697 polymorphism in SLE patients and their immunological profile

2a

Parameter Genotypes of microRNA-146a rs2431697 polymorphisms in SLE patients (n=65) X P-value
C/C (n=11) C/T (n=29) T/T (n=25)
N % N % N %
Anti-dsDNA
Positive 4 36.4 18 62.1 22 88.0 10.07 0.007#*
Negative 7 63.6 11 379 3 12.0
Anti-smith
Positive 0 0.00 1 34 6 24.0 7.49 0.02%*
Negative 11 100 28 96.6 19 76.0
Complement C3 (mg/dL)
Mean +SD 71.82+19.35 69.28 +19.91 57.92+24.01 K’=6.18 0.04%*
Median 63.00 60.00 53.00
Complement C4 (mg/dL)
Mean =+ SD 12.27+1.42 11.07+£1.98 10.52+£1.75 F°= 3.56 0.03%%*

**P value < 0.05 =a significant difference
2Chi-square test

®Kruskal Wallis test

ANOVA test
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the pathogenesis of autoantibodies production and subse-
quently lupus nephritis development and a higher possibility
of disease activity. On contrary, the role of microRNA-146a
rs57095329 as a genetic risk factor could not be elucidated
in the studied SLE patients.
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