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Abstract

Background

Published data showed that the susceptibility of autoimmune diseases (ADs) was associat-

ed with the polymorphism rs2910164 in microRNA-146a (miR-146a). However, the results

remain controversial so far. Two meta-analyses published in 2013 and 2014 came to oppo-

site conclusions. In order to derive a more precise estimation of the relationship, we per-

formed this meta-analysis.

Methods

We searched the PubMed, OvidSP and CNKI databases (published prior to September 8th,

2014) and extracted data from eligible studies. The procedure of meta-analysis was per-

formed by using the Stata 12.0 software. Random effect model or fixed effect model were

chosen respectively, according to the between study heterogeneities.

Results

A total of 24 case-control studies, 11 more than previous meta-analysis on this topic, were

involved. We took stratified analyses by different ethnicities and different types of diseases

in different genetic models. In Caucasian subgroup, significant increased risks of GC geno-

type and GC+CC genotype with ADs susceptibility were found in heterozygote model (GC

vs GG, OR = 1.38, 95% CI 1.04–1.83, p = 0.024) and dominant model (GC+CC vs GG, OR

= 1.37, 95% CI 1.01–1.85, p = 0.041), respectively. Meanwhile, in other disease subgroup,

significant increased risks of C allele, CC genotype and GC+CC genotype were found in al-

lele model (C vs G, OR = 1.16, 95% CI 1.04–1.31, p = 0.010), homozygote model (CC vs
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GG, OR = 1.42, 95% CI 1.10–1.84, p = 0.006) and dominant model (GC+CC vs GG, OR =

1.25, 95% CI 1.04–1.51, p = 0.020), respectively.

Conclusions

MiR-146a rs2910164 G>C polymorphism was associated with the susceptibility of ADs.

Introduction
Autoimmune diseases (ADs) are initiated by abnormal immune response to self-antigen, and
then come the results including immune-mediated tissue destruction and chronic disabilities
[1]. There are more than 100 diseases and syndromes in ADs, which cause a heavy economic
burden in the world, about more than $100 billion annually [2]. More and more evidence indi-
cated that genetic backgrounds play an important role in the pathogenesis of ADs, which may
be controlled by a common set of susceptibility genes [3, 4].

MicroRNAs (miRNAs) are non-coding single-stranded RNA molecules. By binding to 3’
un-translated regions (UTRs) of targeted messenger RNAs, the miRNAs can repress, degrade
or silence the gene expression [5, 6]. Therefore, miRNAs have been demonstrated to affect vari-
ous functions in both innate and adaptive immune response [7, 8]. Among them, the micro-
RNA-146a (miR-146a) was reported to be involved in both innate and adaptive immunity,
especially played an important role in autoimmune disease [8, 9].

Single nucleotide polymorphisms (SNPs) or mutations in miRNAs may alter the expression
level of the gene and the susceptibility of some diseases [10–13]. Many studies on the relation-
ship between miR-146a rs2910164 G>C polymorphism and susceptibility of ADs have been
performed so far [14–34]. However, the results remain inconsistent. Moreover, two meta-anal-
yses on this issue published in 2013 and 2014 also generated opposite conclusions [35, 36].
Based on the new case-control studies [27, 28, 30–34], we conducted this updated meta-analy-
sis according the criteria PRISMA statement [37], in order to clarify the association between
miR-146a rs2910164 G>C polymorphism and susceptibility of ADs.

Materials and Methods

Publication search
A systematic search was performed in PubMed, OvidSP and Chinese National Knowledge In-
frastructure (CNKI) databases covering all papers published prior to September 8th, 2014. The
searching strategy was as follow: (autoimmune OR autoimmune disease OR autoimmunity)
AND (polymorphism OR polymorphisms OR variation OR variations OR mutation OR muta-
tions OR variant OR variants) AND (Has-mir-146a OR miR146a OR microRNA-146a OR
miR-146 OR miR-146a OR rs2910164). The references in the studies were also read to find ad-
ditional publications on the topic. Articles included should meet the criteria below: (1) case-
control study; (2) evaluation of miR-146a rs2910164 G>C polymorphism and risk of ADs; (3)
available and usable data of genotype frequency. The articles were excluded if they meet the ex-
clusion criteria below: (1) a case report, review or descriptive study; (2) a lack of normal popu-
lation as controls; (3) not show the evaluation of miR-146a rs2910164; (4) duplicate data in
the studies.
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Date extraction
Two authors (CL and WF) independently extracted the data from eligible studies. Different
data extracted by CL and WF were checked by the third author YZ. The remained disagree-
ments were discussed and judged by these three authors. The following information was ex-
tracted: the first author, publication year, diseases, country, ethnicity, genotyping methods,
number of cases and controls, the gender distribution of cases and controls, number of geno-
types and alleles, Hardy-Weinberg equilibrium (HWE) in control subjects, frequency of G al-
lele in controls. Ethnicities were categorized as Caucasian, East Asian, Latin-American and
Mediterranean. Study qualities were judged according to the criteria modified from previous
publications [38–40] (See S1 Table. “Scale for methodological quality assessment”).

Statistical analysis
Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated as a measure of the asso-
ciation between miR-146a rs2910164 G>C polymorphism and ADs risk. The widely reported
genetic models, allele model, heterozygote model, homozygote model, dominant model and re-
cessive model, were used. In addition to comparing the pooled effects among all subjects, the
stratified comparisons were also conducted according to different ethnicities and different dis-
eases. In order to evaluate the accumulation of evidence, the cumulative meta-analysis was per-
formed. The between study heterogeneity was measured by Cochran’s (Q) and Higgins’s (I2)
tests. If the heterogeneity was considered significant (p<0.05), the random effect model was
used to estimate the pooled OR. Otherwise, the fixed effect model was conducted. Also, logistic
meta-regression analysis was carried out, if there was obvious significant heterogeneity, to ex-
plore potential sources of heterogeneity. The examined characteristics include: publication
years, countries, genotyping methods, number of alleles and genotypes, number of female and
male in cases, and the frequency of G allele in controls. The HWE was examined using Chi-
square test with significance set at p<0.05. Sensitivity analysis was performed to evaluate the
effect of each study on the combined ORs by deleting each study in each time, and to evaluate
the effect of studies with low quality or without HWE on the pooled ORs by deleting these
studies. Potential publication bias was determined by using Funnel plots and Begg’s test. An
asymmetric plot and the p value less than 0.05 was recognized as significance. All statistical
analyses were performed by Stata 12.0 software (Stata Corp., College Station, TX).

Results

Study Characteristics
There were 406 articles matching the searching strategy, and additional 5 articles [20, 23, 25,
28, 31] were included by scanning the references of original papers. After step by step of screen-
ing the titles, abstracts and full-texts of the articles, as shown in Fig 1, 21 articles were recog-
nized appropriate for this meta-analysis, including 24 studies for rs2910164, 11 studies more
than the previous meta-analysis published in 2014 [36].

Within the 21 articles, five kinds of genotyping methods were used. There were 4 racial in-
cluded, Caucasian, East Asian, Latin-American and Mediterranean. According the different
types of diseases, these studies were divided into five subgroups. The studies on Rheumatoid
Arthritis (RA), Psoriatic Arthritis (PsA), Juvenile RA (JRA) and Juvenile Idiopathic Arthritis-
Enthesitis-Related Arthritis (JIA-ERA) were included into Inflammatory Arthritis (IA) sub-
group. The studies on Ulcerative Colitis (UC) and Crohn’s Disease (CD) were included into In-
flammatory Bowel Disease (IBD) subgroup. Among these studies, the patients with Behcet’s
Disease (BD), Vogt-Koyanagi-Harada syndrome (VKH), Fuchs Uveitis Syndrome (FUS) and
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Pediatric Uveitis (PU) were all suffering uveitis, which was a common syndrome of ADs. So
the Uveitis subgroup was formed. The remained studies, except that for Systemic Lupus Ery-
thematosus (SLE), were included in other diseases subgroup. There were 5 studies not in HWE
in control groups (p<0.05), but the p value of HWE were not less than 0.01. And there was not
enough data in another study to generate the HWE in control. The detail characteristics are
shown in Table 1.

Association between miR-146a rs2910164 G>C polymorphism and ADs
risk
First, we investigated the overall association between rs2910164 and susceptibility of ADs. No
significant difference of the pooled OR was found in any genetic model. However, in terms of
stratified analysis, the significance emerged. In Caucasian subgroup, significant increased risks
of GC genotype and GC+CC genotype with ADs susceptibility were found in heterozygote
model (GC vs GG, OR = 1.38, 95% CI 1.04–1.83, p = 0.024) and dominant model (GC+CC vs
GG, OR = 1.37, 95% CI 1.01–1.85, p = 0.041), respectively (Table 2, Fig 2A and B).

Meanwhile, in other disease subgroup, significant increased risks of C allele, CC genotype
and GC+CC genotype with ADs were found in allele model (C vs G, OR = 1.16, 95% CI 1.04–
1.31, p = 0.010), homozygote model (CC vs GG, OR = 1.42, 95% CI 1.10–1.84, p = 0.006) and
dominant model (GC+CC vs GG, OR = 1.25, 95% CI 1.04–1.51, p = 0.020), respectively
(Table 2, Fig 2C, D, E). There was not any significance in IA, SLE, IBD and Uveitis subgroup.

Fig 1. Flowchart for identification of studies included in the meta-analysis. In 411 articles, 51 were
found not related to ADs and 43 were found not related to miR-146a by scanning the titles. After that, 233
articles were recognized as reviews, 37 were found not related to human patients and 8 articles were
repeated papers by reviewing the abstracts. The full-texts of the left 39 articles were carefully reviewed, in
which 18 articles were found not about rs2910164. At last, 21 articles were remained for this meta-analysis,
which included 24 case-control studies for rs2910164.

doi:10.1371/journal.pone.0121918.g001
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However, a trend of increased disease risk of C allele could be found in allele model (C vs G,
OR = 1.48, 95% CI 0.99–2.21, p = 0.057) in IBD subgroup (Table 2).

The cumulative meta-analysis showed that the significance of ORs emerged after the studies
published in 2013 enrolled in Caucasian subgroup (Fig 3A and B), while after the studies pub-
lished in 2014 enrolled in other disease subgroup (Fig 3C, D, and E).

Fig 3. Cumulative meta-analysis of the association between rs2910164 and ADs risk. Every rhombus
represents the pooled OR when studies accumulated over time, and the horizontal line represents the 95%
CI of the pooled ORs. (A) Heterozygote model, GC vs GG, Caucasian subgroup, randommodel. (B)
Dominant model, GC+CC vs GG, Caucasian subgroup, randommodel. (C) Allele model, C vs G, Other
diseases subgroup, fixed model. (D) Homozygote model, CC vs GG, Other diseases subgroup, fixed model.
(E)Dominant model, GC+CC vs GG, Other diseases subgroup, fixed model.

doi:10.1371/journal.pone.0121918.g003

Fig 2. Forest plots of ADs risk associated with rs2910164. (A-B) Forest plots of ADs risk associated with
rs2910164 stratified analyzed by ethnicities. (A) Heterozygote model, GC vs GG, Caucasian subgroup,
randommodel. (B) Dominant model, GC+CC vs GG, Caucasian subgroup, randommodel. (C-E) Forest plots
of ADs risk associated with rs2910164 stratified analyzed by diseases. (C) Allele model, C vs G, Other
diseases subgroup, fixed model. (D) Homozygote model, CC vs GG, Other diseases subgroup, fixed model.
(E)Dominant model, GC+CC vs GG, Other diseases subgroup, fixed model. OR: odds ratio; 95% CI: 95%
confidence interval.

doi:10.1371/journal.pone.0121918.g002
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Evaluation of heterogeneity
The heterogeneities among studies were obvious in the overall comparisons (I2 = 77.9%, Tau2 =
0.044, p = 0.000). The meta-regression analysis was conducted to further explore sources of het-
erogeneity. We assessed allele comparison by potential sources of publication year, country, gen-
otyping methods, number of genotypes and alleles, and number of female and male in cases.
None of the potential sources above could explain the heterogeneity by meta-regression analysis.
However, when we compared the frequencies of G allele in controls, we found that the heteroge-
neity could partly (Adjusted R2 = 32.7%) explained by the variation of frequencies of G allele
in controls.

Sensitivity and publication bias analysis
We performed the sensitivity analysis to test the influence of a single study on the overall meta-
analysis by deleting each study once a time. As a result, the pooled estimate didn’t show signifi-
cant difference, which indicated that the results in this meta-analyses were statistically reliable.
Moreover, the pooled ORs did not vary much even after the three studies [15, 24, 34] with low
quality or six studies [15, 16, 19, 24, 27, 34] without HWE removed (Fig 4). No evidence of
publication bias was found in current meta-analysis, identified by the Funnel plots, Egger’s test
(p = 0.261) and Begg’s test (p = 0.862) (Fig 5).

Discussion
Solid evidences had shown that miRNAs played important roles in the regulation of cell differ-
entiation, proliferation, metabolism, apoptosis and tumorigenesis [41]. MiR-146a was one of

Fig 4. Sensitivity analysis of association of rs2910164 and ADs risk. (A) Pooled analysis of association
of rs2910164 and ADs risk. Allele model, C vs G. (B) Sensitivity analysis by iteratively removing one study at
a time. (C) Sensitivity analysis by removing three studies with low quality. (D) Sensitivity analysis by removing
six studies without HWE.

doi:10.1371/journal.pone.0121918.g004
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the first miRNAs identified to be involved in innate immune response, and further demonstrat-
ed to be related to several types of cancers [42–44].

One SNP of miR-146a, rs2910164 G>C, was found not only related to cancer, but also relat-
ed to some kinds of ADs [29]. Accumulating evidences emerged to distinguish if there was any
relationship between rs2910164 and susceptibility of ADs. However, the results were inconsis-
tent. A meta-analysis published in 2013 showed that there was not any association between
rs2910164 and ADs risk [35]. While they did not include a study published by Luo et al [16] in
2011. Maybe due to there was only frequency data of allele and was not any data of each geno-
type in Luo’s study, which did not meet the inclusion criteria of this meta-analysis [35]. On the
contrary, another meta-analysis published in 2014 did find some association there [36], howev-
er, some already published studies [15, 20, 25] prior their search date at April 2013 were not in-
cluded although they should be. Moreover, the only significances of ORs were found in GG
+CC/GC genetic model [36], not in the five well used genetic models as shown in the previous
meta-analysis [35]. After that, other researchers published several new case-control studies
about this topic in 2013 and 2014 [27, 28, 30–34]. So, it was needed to do an updated meta-
analysis which included all the published manuscripts, in order to make a clarified conclusion.

In this meta-analysis, we enrolled 24 studies and pooled the corresponding data including
7591 cases and 9677 controls, and all data of these samples were available in the original publi-
cations. Our analysis revealed that there was not any significance of pooled OR. However, in
stratified analyses, we found GC genotype and GC+CC genotype were significantly related to
the increased susceptibility of ADs in Caucasian subgroup. As in other diseases subgroup, sig-
nificantly increased risk was observed to be associated with C allele, CC genotype and GC+CC
genotype in allele model, homozygote model and dominant model, respectively. All these dif-
ferences were not found in the two previous meta-analyses [35, 36]. These differences between
our data and that in previous meta-analyses may be explained by the different study number
and different sample size enrolled in these analyses. As we included more studies and an en-
larged sample size, our data should be recognized more powerful.

In cumulative meta-analysis, we found the significance of ORs after new case-control stud-
ies published in 2013 and 2014 enrolled. These data demonstrated the correlation of rs2910164
and susceptibility of ADs. In addition, not only sensitivity analysis by iteratively removing one
study at a time, but also analysis removing three studies [15, 24, 34] with low quality or six

Fig 5. Publication bias on the rs2910164 polymorphism and ADs risk.

doi:10.1371/journal.pone.0121918.g005
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studies [15, 16, 19, 24, 27, 34] without HWE, showed similar and consistent results. Thus, the
results of cumulative meta-analysis and sensitivity analysis indicated the robustness of our
data. There were still some limitations in our studies. First, although there were 24 studies in-
cluded, the studies for some stratified analyses were limited. For example, there were only two
studies for Latin-American subgroup. Second, there were obvious heterogeneities between dif-
ferent groups for some genetic model. Although the meta-regression and sensitivity analyses
were conducted and we found that the variation of G allele frequency in controls could partly
explain some heterogeneity, the results still needed to be treated with caution. Third, although
there was some significance of ORs in some genetic models, the summary ORs were not very
high even after the new studies enrolled in the cumulate meta-analyses. So, future well-de-
signed large studies on this topic will be welcomed to confirm this conclusion. Finally, only
rs2910164 in miR-146a was included in this study. However, there were more other SNPs in
miR-146a and more other genes could also contribute to susceptibility of ADs. Not only the ef-
fect of the SNPs or genes, but also the interaction or network among these genetic locations,
should be studied in the future. Furthermore, our data did not study the gene-environment in-
teractions based on the lack of this interaction from the original case-control studies. So, in the
future, studies investigating the gene-environment interactions would also help to make clear
of the role of the genetic locations in the pathogen of ADs.

Conclusions
Taken together, our data demonstrated that the miR-146a rs2910164 G>C polymorphism was
related to the susceptibility of ADs and our findings should be validated by future well-de-
signed large studies.

Supporting Information
S1 PRISMA Checklist. PRISMA 2009 Checklist.
(DOC)

S2 Checklist. Meta-analysis on Genetic Association Studies Checklist.
(DOCX)

S1 Table. Scale for methodological quality assessment.
(DOCX)

Author Contributions
Conceived and designed the experiments: Y. Zhou JL CL. Performed the experiments: CLWF
WL ZM. Analyzed the data: WF Y. Zhang LZ ZM. Contributed reagents/materials/analysis
tools: CLWF. Wrote the paper: CLWF Y. Zhou.

References
1. Marrack P, Kappler J, Kotzin BL. Autoimmune disease: why and where it occurs. Nat Med. 2001;

7:899–905. PMID: 11479621

2. American Autoimmune Related Diseases Association, National Coalition of Autoimmune Patient
Groups. The Cost Burden of Autoimmune Disease: The Latest Front in the War on Healthcare Spend-
ing. 2011. Available: http://www.diabetesed.net/page/_files/autoimmune-diseases.pdf Accessed: 2014
Dec 31.

3. Goris A, Liston A. The immunogenetic architecture of autoimmune disease. Cold Spring Harb Perspect
Biol 2012, 4.

4. Miller FW. Environmental agents and autoimmune diseases. Adv Exp Med Biol. 2011; 711:61–81.
PMID: 21627043

microRNA-146a Polymorphisms and Risk of Autoimmune Diseases

PLOS ONE | DOI:10.1371/journal.pone.0121918 April 1, 2015 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121918.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121918.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121918.s003
http://www.ncbi.nlm.nih.gov/pubmed/11479621
http://www.diabetesed.net/page/_files/autoimmune-diseases.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21627043


5. Castanotto D, Rossi JJ. The promises and pitfalls of RNA-interference-based therapeutics. Nature.
2009; 457:426–433. doi: 10.1038/nature07758 PMID: 19158789

6. Pauley KM, Cha S, Chan EK. MicroRNA in autoimmunity and autoimmune diseases. J Autoimmun.
2009; 32:189–194. doi: 10.1016/j.jaut.2009.02.012 PMID: 19303254

7. Friedman RC, Farh KK, Burge CB, Bartel DP. Most mammalian mRNAs are conserved targets of micro-
RNAs. Genome Res. 2009; 19:92–105. doi: 10.1101/gr.082701.108 PMID: 18955434

8. Rusca N, Monticelli S. MiR-146a in Immunity and Disease. Mol Biol Int. 2011; 2011:437301. doi: 10.
4061/2011/437301 PMID: 22091404

9. XuWD, Lu MM, Pan HF, Ye DQ. Association of MicroRNA-146a with autoimmune diseases. Inflamma-
tion. 2012; 35:1525–1529. doi: 10.1007/s10753-012-9467-0 PMID: 22535496

10. Iizuka T, Sawabe M, Takubo K, Liu M, Homma Y, Suzuki M, et al. hTERT promoter polymorphism,
-1327C>T, is associated with the risk of epithelial cancer. Springerplus. 2013; 2:249. doi: 10.1186/
2193-1801-2-249 PMID: 23762817

11. Suzuki M, Liu M, Kurosaki T, Suzuki M, Arai T, SawabeM, et al. Association of rs6983561 polymor-
phism at 8q24 with prostate cancer mortality in a Japanese population. Clin Genitourin Cancer. 2011;
9:46–52. doi: 10.1016/j.clgc.2011.04.004 PMID: 21700508

12. Liu M, Suzuki M, Arai T, Sawabe M, Enomoto Y, Nishimatsu H, et al. A replication study examining
three common single-nucleotide polymorphisms and the risk of prostate cancer in a Japanese popula-
tion. Prostate. 2011; 71:1023–1032. doi: 10.1002/pros.21317 PMID: 21557267

13. Liu M, Kurosaki T, Suzuki M, Enomoto Y, Nishimatsu H, Arai T, et al. Significance of common variants
on human chromosome 8q24 in relation to the risk of prostate cancer in native Japanese men. BMC
Genet. 2009; 10:37. doi: 10.1186/1471-2156-10-37 PMID: 19602258

14. Chatzikyriakidou A, Voulgari PV, Georgiou I, Drosos AA. A polymorphism in the 3'-UTR of interleukin-1
receptor-associated kinase (IRAK1), a target gene of miR-146a, is associated with rheumatoid arthritis
susceptibility. Joint Bone Spine. 2010; 77:411–413. doi: 10.1016/j.jbspin.2010.05.013 PMID:
20870441

15. Chatzikyriakidou A, Voulgari PV, Georgiou I, Drosos AA. The role of microRNA-146a (miR-146a) and
its target IL-1R-associated kinase (IRAK1) in psoriatic arthritis susceptibility. Scand J Immunol. 2010;
71:382–385. doi: 10.1111/j.1365-3083.2010.02381.x PMID: 20500689

16. Luo X, YangW, Ye DQ, Cui H, Zhang Y, Hirankarn N, et al. A functional variant in microRNA-146a pro-
moter modulates its expression and confers disease risk for systemic lupus erythematosus. PLoS
Genet. 2011; 7:e1002128. doi: 10.1371/journal.pgen.1002128 PMID: 21738483

17. Zhang J, Yang B, Ying B, Li D, Shi Y, Song X, et al. Association of pre-microRNAs genetic variants with
susceptibility in systemic lupus erythematosus. Mol Biol Rep. 2011; 38:1463–1468. doi: 10.1007/
s11033-010-0252-6 PMID: 20845080

18. Yang B, Zhang JL, Shi YY, Li DD, Chen J, Huang ZC, et al. Association study of single nucleotide poly-
morphisms in pre-miRNA and rheumatoid arthritis in a Han Chinese population. Mol Biol Rep. 2011;
38:4913–4919. doi: 10.1007/s11033-010-0633-x PMID: 21181275

19. Fenoglio C, Cantoni C, De Riz M, Ridolfi E, Cortini F, Serpente M, et al. Expression and genetic analy-
sis of miRNAs involved in CD4+ cell activation in patients with multiple sclerosis. Neurosci Lett. 2011;
504:9–12. doi: 10.1016/j.neulet.2011.08.021 PMID: 21875645

20. Okubo M, Tahara T, Shibata T, Yamashita H, Nakamura M, Yoshioka D, et al. Association study of
common genetic variants in pre-microRNAs in patients with ulcerative colitis. J Clin Immunol. 2011;
31:69–73. doi: 10.1007/s10875-010-9461-y PMID: 20848167

21. Lofgren SE, Frostegard J, Truedsson L, Pons-Estel BA, D'Alfonso S, Witte T, et al. Genetic association
of miRNA-146a with systemic lupus erythematosus in Europeans through decreased expression of the
gene. Genes Immun. 2012; 13:268–274. doi: 10.1038/gene.2011.84 PMID: 22218224

22. Jimenez-Morales S, Gamboa-Becerra R, Baca V, Del Rio-Navarro BE, Lopez-Ley DY, Velazquez-Cruz
R, et al. MiR-146a polymorphism is associated with asthma but not with systemic lupus erythematosus
and juvenile rheumatoid arthritis in Mexican patients. Tissue Antigens. 2012; 80:317–321. doi: 10.
1111/j.1399-0039.2012.01929.x PMID: 22823586

23. Qian L, Gao D, Wang G, Li X, Li X, Chen J, et al. Relationship between the single nucleotide polymor-
phisms in pre-miR-146a rs2910164 and expression of miR-146a in rheumatoid arthritis. Chin J Micro-
biol Immunol. 2012; 32:253–257.

24. Sakoguchi A, Jinnin M, Makino T, Kajihara I, Makino K, Honda N, et al. The miR-146a rs2910164 C/G
polymorphism is associated with telangiectasia in systemic sclerosis. Clin Exp Dermatol. 2013; 38:99–
100. doi: 10.1111/j.1365-2230.2012.04453.x PMID: 23020128

microRNA-146a Polymorphisms and Risk of Autoimmune Diseases

PLOS ONE | DOI:10.1371/journal.pone.0121918 April 1, 2015 11 / 12

http://dx.doi.org/10.1038/nature07758
http://www.ncbi.nlm.nih.gov/pubmed/19158789
http://dx.doi.org/10.1016/j.jaut.2009.02.012
http://www.ncbi.nlm.nih.gov/pubmed/19303254
http://dx.doi.org/10.1101/gr.082701.108
http://www.ncbi.nlm.nih.gov/pubmed/18955434
http://dx.doi.org/10.4061/2011/437301
http://dx.doi.org/10.4061/2011/437301
http://www.ncbi.nlm.nih.gov/pubmed/22091404
http://dx.doi.org/10.1007/s10753-012-9467-0
http://www.ncbi.nlm.nih.gov/pubmed/22535496
http://dx.doi.org/10.1186/2193-1801-2-249
http://dx.doi.org/10.1186/2193-1801-2-249
http://www.ncbi.nlm.nih.gov/pubmed/23762817
http://dx.doi.org/10.1016/j.clgc.2011.04.004
http://www.ncbi.nlm.nih.gov/pubmed/21700508
http://dx.doi.org/10.1002/pros.21317
http://www.ncbi.nlm.nih.gov/pubmed/21557267
http://dx.doi.org/10.1186/1471-2156-10-37
http://www.ncbi.nlm.nih.gov/pubmed/19602258
http://dx.doi.org/10.1016/j.jbspin.2010.05.013
http://www.ncbi.nlm.nih.gov/pubmed/20870441
http://dx.doi.org/10.1111/j.1365-3083.2010.02381.x
http://www.ncbi.nlm.nih.gov/pubmed/20500689
http://dx.doi.org/10.1371/journal.pgen.1002128
http://www.ncbi.nlm.nih.gov/pubmed/21738483
http://dx.doi.org/10.1007/s11033-010-0252-6
http://dx.doi.org/10.1007/s11033-010-0252-6
http://www.ncbi.nlm.nih.gov/pubmed/20845080
http://dx.doi.org/10.1007/s11033-010-0633-x
http://www.ncbi.nlm.nih.gov/pubmed/21181275
http://dx.doi.org/10.1016/j.neulet.2011.08.021
http://www.ncbi.nlm.nih.gov/pubmed/21875645
http://dx.doi.org/10.1007/s10875-010-9461-y
http://www.ncbi.nlm.nih.gov/pubmed/20848167
http://dx.doi.org/10.1038/gene.2011.84
http://www.ncbi.nlm.nih.gov/pubmed/22218224
http://dx.doi.org/10.1111/j.1399-0039.2012.01929.x
http://dx.doi.org/10.1111/j.1399-0039.2012.01929.x
http://www.ncbi.nlm.nih.gov/pubmed/22823586
http://dx.doi.org/10.1111/j.1365-2230.2012.04453.x
http://www.ncbi.nlm.nih.gov/pubmed/23020128


25. Zhou Q, Kijlstra A, Hou S, Yu H, Zhang X, Li X, et al. Lack of association of miR-146a and Ets-1 gene
polymorphisms with Fuchs uveitis syndrome in Chinese Han patients. Mol Vis. 2012; 18:426–430.
PMID: 22355253

26. Hashemi M, Eskandari-Nasab E, Zakeri Z, Atabaki M, Bahari G, Jahantigh M, et al. Association of pre-
miRNA-146a rs2910164 and premiRNA-499 rs3746444 polymorphisms and susceptibility to rheuma-
toid arthritis. Mol Med Rep. 2013; 7:287–291. doi: 10.3892/mmr.2012.1176 PMID: 23138379

27. El-Shal AS, Aly NM, Galil SM, Moustafa MA, Kandel WA. Association of microRNAs genes polymor-
phisms with rheumatoid arthritis in Egyptian female patients. Joint Bone Spine. 2013; 80:626–631. doi:
10.1016/j.jbspin.2013.03.005 PMID: 23731641

28. Gazouli M, Papaconstantinou I, Stamatis K, Vaiopoulou A, Zeglinas C, Vassiliou I, et al. Association
study of genetic variants in miRNAs in patients with inflammatory bowel disease: preliminary results.
Dig Dis Sci. 2013; 58:2324–2328. doi: 10.1007/s10620-013-2640-y PMID: 23543085

29. Zhou Q, Hou S, Liang L, Li X, Tan X, Wei L, et al. MicroRNA-146a and Ets-1 gene polymorphisms in oc-
ular Behcet's disease and Vogt-Koyanagi-Harada syndrome. Ann Rheum Dis. 2014; 73:170–176. doi:
10.1136/annrheumdis-2012-201627 PMID: 23268366

30. Singh S, Rai G, Aggarwal A. Association of microRNA-146a and its target gene IRAK1 polymorphism
with enthesitis related arthritis category of juvenile idiopathic arthritis. Rheumatol Int. 2014; 34:1395–
1400. doi: 10.1007/s00296-014-3001-7 PMID: 24719227

31. Lin J, Huang Y, Zhang X, Chen J, Sheng H. Association of miR-146a rs2910164 with childhood IgA ne-
phropathy. Pediatr Nephrol. 2014; 29:1979–1986. doi: 10.1007/s00467-014-2818-3 PMID: 24781267

32. Zhao H, Zhang Y, Xue F, Xu J, Fang Z. Has-mir-146a rs2910164 polymorphism and risk of immune
thrombocytopenia. Autoimmunity. 2014; 47:173–176. doi: 10.3109/08916934.2014.883503 PMID:
24502829

33. Wei L, Zhou Q, Hou S, Bai L, Liu Y, Qi J, et al. MicroRNA-146a and Ets-1 gene polymorphisms are as-
sociated with pediatric uveitis. PLoS One. 2014; 9:e91199. doi: 10.1371/journal.pone.0091199 PMID:
24658012

34. Okada Y, Jinnin M, Makino T, Kajihara I, Makino K, Honda N, et al. MIRSNP rs2910164 of miR-146a is
associated with the muscle involvement in polymyositis/dermatomyositis. Int J Dermatol. 2014;
53:300–304. PMID: 24716199

35. Chen HF, Hu TT, Zheng XY, Li MQ, Luo MH, Yao YX, et al. Association between miR-146a rs2910164
polymorphism and autoimmune diseases susceptibility: a meta-analysis. Gene. 2013; 521:259–264.
doi: 10.1016/j.gene.2013.03.073 PMID: 23545308

36. Yang Y, Zhang K, Zhou R. Meta-analysis of pre-miRNA polymorphisms association with susceptibility
to autoimmune diseases. Immunol Invest. 2014; 43:13–27. doi: 10.3109/08820139.2013.822389
PMID: 24102488

37. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS Med. 2009; 6:e1000097. doi: 10.1371/journal.pmed.
1000097 PMID: 19621072

38. Li K, Tie H, Hu N, Chen H, Yin X, Peng C, et al. Association of two polymorphisms rs2910164 in
miRNA-146a and rs3746444 in miRNA-499 with rheumatoid arthritis: a meta-analysis. Hum Immunol.
2014; 75:602–608. doi: 10.1016/j.humimm.2014.05.002 PMID: 24824381

39. Guo J, Jin M, Zhang M, Chen K. A genetic variant in miR-196a2 increased digestive system cancer
risks: a meta-analysis of 15 case-control studies. PLoS One. 2012; 7:e30585. doi: 10.1371/journal.
pone.0030585 PMID: 22291993

40. Zheng RL, Zhang H, JiangWL. Tumor necrosis factor-alpha 308G>A polymorphism and risk of rheu-
matic heart disease: a meta-analysis. Sci Rep. 2014; 4:4731. doi: 10.1038/srep04731 PMID: 24751687

41. Pritchard CC, Cheng HH, Tewari M. MicroRNA profiling: approaches and considerations. Nat Rev
Genet. 2012; 13:358–369. doi: 10.1038/nrg3198 PMID: 22510765

42. Meisgen F, Xu Landen N, Wang A, Rethi B, Bouez C, Zuccolo M, et al. MiR-146a negatively regulates
TLR2-induced inflammatory responses in keratinocytes. J Invest Dermatol. 2014; 134:1931–1940. doi:
10.1038/jid.2014.89 PMID: 24670381

43. Yue C, WangM, Ding B, WangW, Fu S, Zhou D, et al. Polymorphism of the pre-miR-146a is associated
with risk of cervical cancer in a Chinese population. Gynecol Oncol. 2011; 122:33–37. doi: 10.1016/j.
ygyno.2011.03.032 PMID: 21529907

44. XuW, Xu J, Liu S, Chen B, Wang X, Li Y, et al. Effects of common polymorphisms rs11614913 in miR-
196a2 and rs2910164 in miR-146a on cancer susceptibility: a meta-analysis. PLoS One. 2011; 6:
e20471. doi: 10.1371/journal.pone.0020471 PMID: 21637771

microRNA-146a Polymorphisms and Risk of Autoimmune Diseases

PLOS ONE | DOI:10.1371/journal.pone.0121918 April 1, 2015 12 / 12

http://www.ncbi.nlm.nih.gov/pubmed/22355253
http://dx.doi.org/10.3892/mmr.2012.1176
http://www.ncbi.nlm.nih.gov/pubmed/23138379
http://dx.doi.org/10.1016/j.jbspin.2013.03.005
http://www.ncbi.nlm.nih.gov/pubmed/23731641
http://dx.doi.org/10.1007/s10620-013-2640-y
http://www.ncbi.nlm.nih.gov/pubmed/23543085
http://dx.doi.org/10.1136/annrheumdis-2012-201627
http://www.ncbi.nlm.nih.gov/pubmed/23268366
http://dx.doi.org/10.1007/s00296-014-3001-7
http://www.ncbi.nlm.nih.gov/pubmed/24719227
http://dx.doi.org/10.1007/s00467-014-2818-3
http://www.ncbi.nlm.nih.gov/pubmed/24781267
http://dx.doi.org/10.3109/08916934.2014.883503
http://www.ncbi.nlm.nih.gov/pubmed/24502829
http://dx.doi.org/10.1371/journal.pone.0091199
http://www.ncbi.nlm.nih.gov/pubmed/24658012
http://www.ncbi.nlm.nih.gov/pubmed/24716199
http://dx.doi.org/10.1016/j.gene.2013.03.073
http://www.ncbi.nlm.nih.gov/pubmed/23545308
http://dx.doi.org/10.3109/08820139.2013.822389
http://www.ncbi.nlm.nih.gov/pubmed/24102488
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://dx.doi.org/10.1016/j.humimm.2014.05.002
http://www.ncbi.nlm.nih.gov/pubmed/24824381
http://dx.doi.org/10.1371/journal.pone.0030585
http://dx.doi.org/10.1371/journal.pone.0030585
http://www.ncbi.nlm.nih.gov/pubmed/22291993
http://dx.doi.org/10.1038/srep04731
http://www.ncbi.nlm.nih.gov/pubmed/24751687
http://dx.doi.org/10.1038/nrg3198
http://www.ncbi.nlm.nih.gov/pubmed/22510765
http://dx.doi.org/10.1038/jid.2014.89
http://www.ncbi.nlm.nih.gov/pubmed/24670381
http://dx.doi.org/10.1016/j.ygyno.2011.03.032
http://dx.doi.org/10.1016/j.ygyno.2011.03.032
http://www.ncbi.nlm.nih.gov/pubmed/21529907
http://dx.doi.org/10.1371/journal.pone.0020471
http://www.ncbi.nlm.nih.gov/pubmed/21637771


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


