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Abstract
Background:An increasing body of studies has investigated that genetic polymorphisms in microRNA (miRNA) may be related to
susceptibility to rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE). However, some results remain controversial.
Thus, a meta-analysis was embarked on assessing whether some miRNA polymorphisms are associated with the risk of RA and
SLE.

Methods: Relevant studies were acquired on PubMed, Web of Science, Cochrane Library, CNKI, and Embase electronic
databases from inception to December 2019. The strength of the association of miRNA polymorphisms with the risk of RA and SLE
was assessed by odds ratios (ORs) and 95% confidence intervals (CIs).

Results:Eligible 20 articles (36 studies) involving 5miRNAswere enrolled in themeta-analysis. For RA, the polled result showed that
there was no significant relationship between miR-146a rs2910164 and RA, but subgroup analysis based on ethnicity demonstrated
that CC genotype may be a genetic protect factor for RA in Caucasians (CC vs CG+GG, OR=0.825, 95% CI: 0.684–0.996,
Pz= .045, Ph= .166). Besides, statistical significance of miR-499 rs3746444 (T/C) with susceptibility to RA was observed as well in
the overall population, and the association was only significant in Caucasians but not Asians. For SLE, the associations of miR-146a
rs2431697T allele/T-carrier with increased risk of SLE were observed.

Conclusions: Our results highlight that miR-499 rs3746444 may contribute to RA susceptibility, particularly in Caucasians. In
addition, CC genotype in miR-146a rs2910164 may act as a protector of RA in Caucasians. For SLE, miR-146a rs2431697 (C/T) is
most likely to the increased the risk of SLE. These findings do not support the genetic association between miR-196a2 rs11614913
and RA/SLE susceptibility, as well as the association of miR-146a rs2910164, miR-146a rs57095329, miR-499 rs3746444 with
SLE.

Abbreviations: CI = confidence intervals, HWE = Hardy–Weinberg Equilibrium, MiRNA =microRNA, OR = odds ratio, PBMC =
peripheral blood mononuclear cell, RA = rheumatoid arthritis, SLE = systemic lupus erythematosus, SNP = single nucleotide
polymorphism, TNF = tumor necrosis factor.
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1. Introduction

Rheumatoid arthritis (RA) and systemic lupus erythematosus
(SLE) are common prevalently autoimmune diseases with a
significantly higher incidence in women than men. RA is one of
the most prevalent chronic inflammatory diseases characterized
by damage to cartilage and bone leading to disability.[1] SLE is a
prolonged autoimmune disease with intricate etiology and multi-
organ system involvement, including skin, joints, kidneys, and
central nerves system.[2] At present, the etiology of RA and SLE is
unclear, but it has been confirmed that genetic factors were
crucial in the pathogenesis and progress. Microarray analysis of
microRNA (miRNA) expression in peripheral mononuclear
blood cells (PBMCs) revealed that there was a difference in the
expression level of miRNAs in RA[3] or SLE.[4]

miRNAs are a class of non-coding RNA molecules (19–25
length), capacity of regulating protein-encoding genes[5] by
binding to the 3 ’untranslated region of the target mRNAs.[6]

Previous functional studies have reported miRNA-mediated gene
regulation plays an important role in normal cellular functions
such as proliferation, apoptosis, differentiation, immune re-
sponse, and inflammation.[7,8] It has been clarified in molecular
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mechanism that miRNAs have a force to be reckoned with
regulating immune and inflammatory responses through the
negative feedback loop of molecules downstream of Toll/
interleukin-1 (il-1) receptor signaling.[9] For instance, miRNA-
146a could control the expression of interleukin (IL)-1 receptor-
associated kinase (IRAK1), IRAK2, and targets tumor necrosis
factor (TNF) receptor-associated factor 6, which are regulators of
the TNF-a signaling pathway.[10] Another miRNA-146a may
represent possible mediators of oxidative stress induced by
visfatin and resistin via NF-kB pathway in human synovial
fibroblasts.[11] The miRNA-499 gene targets Interleukin-17
receptor B, IL-2RB, IL-6, B and T lymphocyte attenuator, and
peptidyl arginine deiminase 4.[12] With the emergence of
precision medicine, the role of single nucleotide polymorphism
(SNP) in targeted therapy has been paidmore andmore attention.
The association of polymorphisms in genes of miRNAs, including
miR-146a (rs2910164, rs57095329, rs2431697), miR-196a2

rs11614913, miR-499 rs3746444 with the risk of RA and SLE
has been widely investigated. However, current data regarding
genetic predisposition was controversial. For instance, some
studies demonstrated the association between miR-499
rs3746444 polymorphism and risk of RA[13] and SLE,[14] while
a new case-control study drew a different conclusion with RA.[15]

Thus, we reviewed the related studies and conducted a meta-
analysis to verify whether 5 miRNA polymorphism confers
susceptibility to SLE and RA and give a further reference for
seeking optimal biomarkers and possible therapeutic targets.
2. Materials and methods

2.1. Search strategy

We independently searched for published studies indexed in
PubMed, Web of Science, Cochrane Library, CNKI, and Embase
databases from inception to December 2019. The keyword terms
were as follows: (“miRNA OR microRNA OR microRNAs”)
AND (“variant OR variants OR mutation OR polymorphism
OR polymorphisms”) AND (“systemic lupus erythematosus OR
rheumatoid arthritis”). Only English language publications and
human subject studies were included. This meta-analysis was
performed following the guidelines for the Preferred Reporting
Items for Systematic Review and Meta-analysis statement.
Ethical approval and patient consent were not required owing
to all the results were collected from previously published studies.
2.2. Inclusion and exclusion criteria

Eligible studies were listed as:
1.
 The association between miR-146a (rs2910164(G/C),
rs57095329(A/G), rs2431697(C/T)), miR-196a2

rs11614913(C/T), miR-499 rs3746444(T/C) and SLE or
RA susceptibility was assessed;
2.
 case-control studies only; and

3.
 genotype distribution was provided for calculating odds ratios

(ORs) and 95% confidence intervals (CIs).

The major exclusion included:
1.
 cross-sectional studies and cohort studies

2.
 case reports, conference papers, abstracts, meta-analysis,

review and editorial;

3.
 insufficient data; and

4.
 duplicate publications.
2

2.3. Data extraction

Based on each eligible literature, we used standardized forms and
manual checks to evaluate and extract the original data, then,
recorded contained the following aspects: first author, year of
publication, country of origin, ethnicity, control source, number
of cases and controls, genotyping method, genotype distribu-
tions. Studies were evaluated for eligibility based on a
presuppose set of criteria. And any data discrepancy was
resolved by backing up the original article and further discussion
to reach a consensus.
2.4. Quality assessment

The quality of a single study was independently assessed by each
investigator by using the Newcastle–Ottawa Scale (NOS).[16] The
NOS has a ranking from zero to 9, and the score of more than 7
are considered high quality. Any discrepancy was resolved by
mutual consensus.
2.5. Statistical analysis

The strength of association between miRNA-SNPs and 2
autoimmune diseases (RA and SLE) susceptibility was analyzed
assuming allelic, homozygote, dominant, and recessive models.
The heterogeneity in these studies was quantified by using
Cochran’s Q statistic and I2 test.[17] When P value >.10 and
I2<50%, a fixed-effect model was selected (the Mantel-Haenszel
method), otherwise a random-effect model was adopted (DerSi-
monian and Laird method). The Hardy–Weinberg Equilibrium
(HWE) was tested for each study by Chi-square test in control
groups, andPvalue<.05wasconsidered tonot complywithHWE.
Stratified comparisons based on the disease were performed to

further explore the potential heterogeneity according to controls
in HWE, ethnicity, genotyping method, control source, quality
score of studies. Galbraith plot was utilized to further determine
the source of the heterogeneity. Sensitivity analysis was
conducted to assess the impact of a single study on the overall
results by sequentially deleting one study at a time. Begger Funnel
plot and Egger test were used to evaluate the potential publication
bias. All statistical analysis was performed by Stata software
package version 12.0 (Stata Corporation, College Station, TX,
USA) and Meta Genyo, a web tool for meta-analysis in genetic
association studies.[18]
3. Results

3.1. Study characteristics

We retrieved 287 publications from PubMed, Web of Science,
Cochrane Library, CNKI, and Embase databases. After a
primary filtrate, 162 duplicated articles were excluded. After
selection of studies based on title and abstract review, 89 of 125
publications were excluded, 36 remained for the full review.
Finally, 20 eligible articles were included in our research. The
process of study selection was shown in Figure 1. Among the 20
articles that were included in the meta-analysis, there were 5
microRNA-SNPs: miR-146a (rs2910164, rs57095329,
rs2431697), miR-196a2 rs11614913, miR-499 rs3746444,
and 2 autoimmune disorders (RA and SLE). Namely, there were
18 studies on miR-146a rs2910164(G/C) (including: 13
following RA,[12,13,19–28] 5 following SLE,[14,21,25,29,30]) 1 study
on miR-146a rs57095329(A/G) focusing on SLE,[30] 2 study on



Figure 1. Flow chart of the study selection process.
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miR-146a rs2431697(C/T) focusing on SLE,[30,31] 12 studies on
miR-499 rs3746444(T/C) (including:10 focusing on
RA,[12,13,15,19,21,24,26,32–34] 2 focusing on SLE[14,21]), 3 studies
on miR-196a2 rs11614913(C/T) (including: 2 focusing on
RA,[21,33] 1 focusing on SLE[21]). All studies recruited in this
meta-analysis met the HWE except 3 studies by El-Shal et al,
Toraih et al, and Hashemi et al.[12,24,33] After excluding one that
did not conform to HWE expectations, the results remain stable.
The basic characteristics of the included studies were summarized
in Table 1.

3.2. Quantitative data synthesis
3.2.1. MiR-146a. A general summary of the association between
miR-146a polymorphisms and RA or SLE was provided in
3

Table 2. Specifically, the miR-146a rs2910164(G/C) polymor-
phismwas not related to the overall risk of RA and SLE (Fig. 2A).
However, the rs2431697 T-allele and T-carrier genotypes were
associated with an significantly increased risk of SLE (T vs C,
OR=1.263, 95% CI: 1.135–1.404, Pz< .001; TT vs CC, OR=
1.517, 95% CI: 1.200–1.919, Pz= .001; TC+TT vs CC, OR=
1.280, 95% CI: 1.033–1.584, Pz= .024; TT vs TC+CC, OR=
1.400, 95%CI: 1.207–1.624, Pz< .001, respectively). Besides, to
assess the heterogeneity in the outcomes and draw inferences
from the study, stratified analysis was also carried out on
ethnicity, control source, genotyping method, and quality score
(Table 2). For ethnicity, a significant association was observed
between miR-146a rs2910164(G/C) polymorphism and RA in
Caucasians assuming the recessive model (CC vs CG+GG, OR=
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Table 1

Main characteristics of studies included in the current meta-analysis.

Study name Country Ethnicity Disease Control source Genotyping method Sample size HWE Quality score

miR-146a rs2910164 (G/C)
Shakera (2018) Egypt Caucasian RA HB TaqMan 104/112 0.122 8
Ayeldeen (2018) Egypt Caucasian RA PB RT-PCR 52/56 0.274 8
Alemán-ávila (2017) Mexico Caucasian RA PB Sequence 410/486 0.328 5
Hassine (2017) Tunisia Caucasian RA PB PCR-RFLP 165/150 0.441 8
Ciccacci (2016) Italy Caucasian RA PB TaqMan 192/278 0.836 8
Bogunia-Kubik (2016) Poland Caucasian RA HB PCR–RFLP 111/130 0.361 5
Zhou (2015) China Asian RA HB MALDI-TOF MS 598/821 0.296 8
El-Shal (2013) Egypt Caucasian RA PB PCR-RFLP 217/245 0.021 8
Hashemi (2013) Iran Caucasian RA PB T-ARMS-PCR 104/110 0.280 7
Qian (2012) China Asian RA HB TaqMan 123/220 0.694 8
Jiménez-Morales (2012) Mexico Caucasian RA PB TaqMan 367/531 0.369 7
Yang (2011) China Asian RA PB PCR-RFLP 208/240 0.529 8
Chatzikyriakidou (2010) Greece Caucasian RA PB PCR-RFLP 136/147 0.240 8
Labib (2019) Egypt Caucasian SLE HB RT-PCR 80/120 0.531 8
Alemán-ávila (2017) Mexico Caucasian SLE PB TaqMan 407/486 0.328 5
Lofgren (2012) European Caucasian SLE PB TaqMan 1109/1428 0.503 7
Jiménez-Morales (2012) Mexico Caucasian SLE PB TaqMan 367/531 0.369 7
Zhang (2011) China Asian SLE PB PCR-RFLP 213/209 0.268 7

miR-146a rs57095329 (A/G)
Lofgren (2012) European Caucasian SLE PB Taqman 1108/1410 0.325 7

miR-146a rs2431697 (C/T)
Tang (2015) China Asian SLE HB PCR-RFLP 322/353 0.804 8
Lofgren (2012) European Caucasian SLE PB TaqMan 1104/1392 0.052 7

miR-196a2 rs11614913 (C/T)
Alemán-ávila (2017) Mexico Caucasian RA PB TaqMan 412/486 0.924 5
Toraih (2016) Egypt Caucasian RA PB TaqMan 95/200 0.001 8
Alemán-ávila (2017) Mexico Caucasian SLE PB TaqMan 405/486 0.924 5

miR-499 rs3746444 (T/C)
Shakera (2018) Egypt Caucasian RA HB TaqMan 104/112 0.839 8
Ayeldeen (2018) Egypt Caucasian RA PB RT-PCR 52/56 0.887 8
Alemán-ávila (2017) Mexico Caucasian RA PB Sequence 410/486 0.458 5
Yang (2017) China Asian RA PB TaqMan 386/576 0.807 8
Fattah (2017) Egypt Caucasian RA PB PCR-RFLP 100/100 0.742 8
Toraih (2016) Egypt Caucasian RA PB TaqMan 95/200 0.001 8
El-Shal (2013) Egypt Caucasian RA PB PCR-RFLP 217/245 0.841 8
Hashemi (2013) Iran Caucasian RA PB T-ARMS-PCR 104/110 0.001 7
Zhang (2013) China Asian RA PB MALDI-TOF–MS 206/466 0.719 8
Yang (2011) China Asian RA PB PCR-RFLP 208/240 0.624 8
Alemán-ávila (2017) Mexico Caucasian SLE PB Sequence 407/486 0.458 5
Zhang (2011) China Asian SLE PB PCR-RFLP 213/209 0.214 7

OR = odds ratio, CI = confidence interval, HWE = Hardy–Weinberg equilibrium, RA = rheumatoid arthritis, SLE = systemic lupus erythematosus, HB = hospital-based, PB = population-based, PCR =
polymerase chain reaction, PFLP = restriction fragment length polymorphism, RT = reverse transcription, MALDI-TOF–MS = matrix-assisted laser desorption/ionization time-of-flight mass spectrometry.
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0.825, 95% CI: 0.684–0.996, Pz= .045) (Fig. 3). Furthermore,
our outcome revealed the association of miR-146a rs2910164(G/
C) polymorphism with RAin the PCR-RFLP group or quality
score >7 points group.

3.2.2. MiR-499 rs3746444. Twelve studies investigated the
association between miR-499 rs3746444 gene polymorphism
and the risk of RA and SLE. 10 studies, consisting of 1882 cases
and 2591 controls, emphasized the association between miR-499
rs3746444(T/C) polymorphism and risk of RA, while only 2
studies focused on the association of polymorphism in miR-499
(T/C) with SLE. Our results demonstrated that miR-499
rs3746444 was significant associated with increased risk of
RA in genetic models (allele model: OR=1.350, 95% CI: 1.097–
1.661, Pz= .005; homozygote model: OR=1.872, 95% CI:
1.258–2.785, Pz= .002; dominant model: OR=1.331, 95% CI:
4

1.025–1.729, Pz= .032; recessive model: OR=1.781, 95% CI:
1.362–2.328, Pz< .001) (Fig. 2B). Based on ethnicity, an
increased risk of RA was found in the Caucasian population,
but not statistically associated with RA in the Asian population
under any of the models. When stratified by control source or
quality score or genotyping method, statistical significance was
observed in any groups. However, there is no significant
correlation between miR-499 rs3746444 polymorphism and
susceptibility to SLE (Table 2).

3.2.3. MiR-196a2 rs11614913. The miR-196a2 rs11614913(C/
T) was investigated only in 3 studies. Of 2 studies, consisting of
507 cases and 686 controls assessed the association of miR-196a2

rs11614913(T/C) polymorphism with risk of RA, 1 followed the
polymorphism in miR-196a2 rs11614913(T/C) and association
with SLE. Regardless of the models, the miR-196a2 rs11614913
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Figure 2. Forest plot. (A) miR-146a rs2910164 (G/C) polymorphism and risk of RA and SLE in the overall population (allelic contrast: C-allele vs G-allele); (B) miR-
499 rs3746444 (T/C) polymorphism and risk of RA and SLE (allelic contrast: C-allele vs T-allele).
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(T/C) polymorphism was not associated with the risk of RA and
SLE.
3.3. Heterogeneity

Significant heterogeneity was identified in the overall and major
subgroup analyses. Then, we performed Galbraith plots analysis
to further determine the heterogeneity source among studies in
the allelic model. The Galbraith plot analysis showed that 2
studies fell outside the 95%CI for RA[13,19] (Fig. 4A), 1 studywas
an outlier for SLE in miR-146a rs2910164[29] (Fig. 4B), 3 studies
fell outside the 95% CI for RA in miR-499[24,33,34] (Fig. 4C).

3.4. Sensitivity analysis

Since the lacking number of included studies for SLE, we only
conducted sensitivity analysis on the included RA studies.
Sensitivity analysis by deleting a single study in turn to estimate
Figure 3. Subgroup meta-analysis was held by ethnicity for the association
between miRNA-146a rs2910164 polymorphism and RA in Caucasians
(recessive model: CC vs CG+GG).
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the contribution of each study. Our finding showed that the
pooled ORs were not materially altered, suggesting the reliability
of our meta-analysis (Fig. 5A-B).

3.5. Publication bias

In this meta-analysis, we also performed the available Begg’
Funnel plot and Egger regression intercept test for the potential
effect of publication bias. Similarly, since the lacking number of
included studies for SLE, we only conducted publication bias tests
on the included RA studies. Asymmetry of Funnel plots (Fig. 6A-
B) and Egger test showed no statistically significant results (miR-
146a rs2910164(G/C): allelic contrasts: P= .140, homozygote
model: P= .096, heterozygous model: P= .291, dominant model:
P= .286, recessive model: P= .054; miR-499 rs3746444(T/C):
allelic model: P= .274, homozygote model: P= .694, heterozy-
gous model: P= .301, dominant model: P= .777, recessive model:
P= .401).

4. Discussion

miRNAs have been confirmed to play a pivotal role in
autoimmune responses and autoimmune disorders such as
SLE, RA.[35,36] An increasing piece of evidence emerged to
discuss whether there was any association between miRNA
polymorphisms and risk of RA or SLE. However, the sample
capacity was relatively small that it was too underpowered to
detect the small effects of the gene polymorphism. Thus, our
objective in conducting this meta-analysis was to better
understand the association between this polymorphism and
susceptibility to RA and SLE based on increased sample size and
statistical capacity. In the present study, we have addressed the
association between 5 genetic polymorphisms in miRNA
polymorphisms and susceptibility to SLE or RA.
We found that miR-146a rs2910164 polymorphism was not

associated with the overall risk of RA, it was similar to previous
meta-analysis.[37–39] However, the result was not consistent with
the result of functional studies. Previous functional studies have
also reported that levels of miR-146a in PBMCs are strongly up-



Figure 4. Galbraith radial plot in allelic contrast. (A) miR-146a rs2910164 (G/C) polymorphism and risk of RA; (B) miRNA-146a rs2910164 (G/C) polymorphism and
risk of SLE; (C) miR-499 rs3746444 (T/C) polymorphism and risk of RA.

Liu et al. Medicine (2021) 100:17 www.md-journal.com
regulated in RA and was positively associated with RA
activity.[3,13] Up-regulation of miR-146a expression may lead
to a continuous increase in TNF-a, ultimately, ending up in
osteoclast production and bone destruction.[40] To further
explore the potential causes, subgroup analysis was carried
out in terms of ethnicity. Interestingly, it showed individuals who
carried CC genotype in miR-146a rs2910164 was found to
confer protection against RA in Caucasians. which was a far cry
Figure 5. Sensitivity analysis (A) miR-146a rs2910164 (G/C) polymorphism and risk
of RA (CC vs GG).

7

from previous studies.[37,39] The reason for the inconsistency may
be that 1 statistically significant study in Caucasians was enlisted
in our meta-analysis,[13] which has decreased the probability of
larger P values and narrower CIs. Compared with G allele
carriers, the level of miR-146a was higher in C allele
carriers,[13,19] we might speculate that the C-allele miR-146a
could decrease the expression of miR-146a and may serve as a
specific biomarker to monitor the activity of patients with RA in
of RA (C-allele vs G-allele); (B) miR-499 rs3746444 (T/C) polymorphism and risk

http://www.md-journal.com


Figure 6. Funnel plot was performed for publication bias. (A) miR-146a rs2910164 (G/C) polymorphism and risk of RA (C-allele vs G-allele); (B) miR-499 rs3746444
(T/C) polymorphism and risk of RA (CC vs GG).
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Caucasians. For SLE, we observed an association of miR-146a
rs2431697 with increased risk of SLE, which was in agreement
with previous works.[41,42] A previous study in function showed
that the expression of miR-146a in PBMCs of SLE patients was
decreased compared with healthy controls, and expression of
miR-146a in SLE patients negatively correlates with clinical
disease activity and IFN scores.[43] Decreased expression of miR-
146a in patients with SLE would lead to accumulation of its
target proteins and result in overproduction of type I IFNs and
enhanced activation of type I IFN signaling.[41] It is worth
mentioning that additional large-sample studies and genetic
models were required, as this association was based on a small
number of studies and insufficient genotype distributions.
For miR-499 rs3746444(T/C), we observed an increased

overall risk of RA, which can reflect the results of functional
studies.[12] The previous study has uncovered that The TC, CC
genotypes and C allele frequencies were significantly associated
with disease severity as they had high rheumatoid factor. Also,
CC genotype has a higher level of anti-cyclic citrullinated peptide
than TT genotype.[15] Our results were in agreement with early
meta-analyses,[32,37,44,45] but were not consistent with Yang
et al.[32] The reason for the inconsistency may be that the sample
size was small and only 1 statistically significant study was
included in Yang et al research. Further subgroup analysis based
on ethnicities detected that rs3746444 significantly increased
susceptibility to RA in the Caucasian population, whereas no
statistical significance was observed in Asians, which was similar
to previous meta-analyses.[32,38,44,46] It may confer that the
difference in race and the living environment may also be a risk
factor. In a way, the distribution of genes varies by ethnicity and
living environment. Therefore, based on the available meta-
analyses and present meta-analysis, we believed that miR-499
rs3746444(T/C) may be a susceptibility factor for RA, especially
in the Caucasian population, and may serve as a specific
biomarker for RA prognosis.
Themain difference comparedwith the previous meta-analyses

was that we included the most updated publication and more
miRNA-SNPs, especially, we provide a more comprehensive
statistical analysis for the relationship of miR-146a (rs2910164,
rs57095329, rs2431697) with the risk of SLE.[38,41] Besides, the
advantages of our meta-analysis were as follows:
1.
 P value of overall and subgroup heterogeneity was provided at
any of models so that to clarify the source of heterogeneity,
2.
 to explore heterogeneity, we conducted subgroup analyses and
Galbraith plot analysis, and
8

3.
 publication bias, and sensitivity analysis were carried out to
determine if the current evidence was reliable and conclusive.

Some limitations for the present pooled analysis should also be
notable. Firstly, in some genetic models, heterogeneity was noted,
and performed the random-effects model to obtain the ORs and
wider CIs, which might weaken the reliability of outcomes.
Secondly, without enough data, we could not investigate analysis
on complex interactions among gene�gene, environmental
factors, and gene�environment. Lastly, we had a pretty limited
sample size in several studies. Further studies are required to
make the result convincing.
5. Conclusions

In summary, our result suggests that miR-499 rs3746444 may
upgrade the risk of RA, particularly in Caucasians. While miR-
146a rs2910164(G/C) is not associated with the overall risk of
RA but CC genotype may act as a protector of RA in Caucasians.
For SLE, miR-146a rs2431697(C/T) is most likely to the
increased the risk of SLE.
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