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Abstract

Objective: Previous studies have identified a large number of associations between
genetic variants and rheumatoid arthritis (RA), but the functional mechanisms underlying
the associations are largely unknown.

Methods: Based on publicly available datasets and results, we explored the functional
mechanisms underlying the associations between regulatory polymorphisms in miRNA
target sites (poly-miRTSs) and RA by combining integrative analyses (expression
quantitative trait locus analysis, eQTL, and gene enrichment analysis) with in-house
molecular experiments (allelic expression imbalance experiment, AEI, and dual-luciferase
reporter gene assay).

Results: By integrating the results from the MirSNP and eQTL databases, a total of 114
pairs between poly-miRTSs and target genes were identified, which correspond to 70
unique poly-miRTSs and 28 genes. Most of the 28 genes were located in the HLA region,
and they tended to be enriched in multiple immune-related GO terms or pathways, e.g.,
“antigen processing and presentation” and “immune response”. Among these poly-
miRTSs, rs907091 in the 3UTR of /IKZF3 (non-HLA region) was highlighted. Further
AEI experiments showed that the C allele had a higher expression of ~18% than the T
allele, suggesting an obvious allelic expression imbalance. Dual-luciferase reporter gene
assays showed that miR-326 and miR-330-5p could regulate IKZF3 expression (P<0.05)
mediated by rs907091 in the 3UTR binding site.

Conclusion: Our study explored some functional mechanisms underlying the
associations between poly-miRTSs and target genes and highlighted rs907091 at the
miRNA binding region of the IKZF3 gene as a potential functional variant for rheumatoid

arthritis.
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1 INTRODUCTION

Rheumatoid arthritis (RA) is a complex autoimmune
disease characterized by systemic inflammation affecting
multiple peripheral joints that can progress to destruction of
the cartilage and bone, progressive deformity, and severe
disability. It is a challenge to identify specific RA genetic
factors due to the complex nature of the genetic pathogenic
mechanism. To date, great attempts have been made to
identify genetic susceptibility to RA"®' through genome-
wide association studies (GWASs)”* " and meta-analysis
studies”'”. However, most of those studies only set up the
statistical associations between genetic markers and RA at
the DNA level without exploring the underlying functional
mechanisms. Such established associations usually do not
provide further insights into the functions of genetic markers
or the regulation of gene expression that can link genetic
information to the RA phenotype directly.

MicroRNAs (miRNAs) are endogenous noncoding regulatory
RNAs containing 21 to 23 nucleotides that can bind to
the 3’-untranslated regions (3’-UTRs) of target mRNAs to
regulate posttranscriptional gene expression'*'*. Therefore,
polymorphisms in miRNA binding sites of 3'-UTRs could
potentially influence the affinity between miRNAs and
their target mRNAs">'®, This could result in allelic-specific
regulation efficiency of miRNAs by altering their capacity
to repress mRNA translation or promote mRNA decay'”"".
Recently, many studies have shown that regulatory
polymorphisms in miRNA target sites (poly-miRTSs) may
play vital roles in a wide range of biological and disease
pathogenesis***”,

Currently, numerous publicly available databases, e.g.,
GWAS meta-analysis'*”, expression quantitative trait locus
(eQTL) datasets'™ ', and poly-miRTS databases'”’*”, can
serve as important supplementary resources for further data
mining to provide additional functional evidence to explain
the functional mechanisms underlying the associations.

Based on previous results and available public databases,
our study aimed to explore the functional mechanisms
underlying the associations between the selected poly-
miRTSs and RA by combining integrative analyses (eQTL
analysis, and gene enrichment analysis) with in-house
molecular experiments (allelic expression imbalance, AEI,
and dual-luciferase reporter gene assay).

2 MATERIALS AND METHODS

2.1 Identification of Genetic Variants in
miRNA-binding Sites

We first downloaded the association results between
genetic variants and RA from recent large GWAS meta-
analyses that comprehensively combined the results from
22 RA GWAS"™. More than 8 million single nucleotide
polymorphisms (SNPs) in Europe and more than 6 million
SNPs in Asia were investigated in this study. We first
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selected significant SNPs with raw P values (P<5e-8) in
Asia for the next step. We chose a relatively loose threshold
because we tried to avoid missing potential loci at the
beginning of our study. In this study, we only focused on the
regulatory genetic variants in miRNA target sites.

The MirSNP (http://bioinfo.bjmu.edu.cn/mirsnp/search/)
is a database of archiving over 410,000 human SNPs in
predicted miRNA-mRNA binding sites”””\. In this database,
annotations about whether a SNP within the target site
would decrease/break or enhance/create a miRNA-mRNA
binding site were available'””’. Therefore, the SNPs collected
in the MirSNP probably contribute to the specific expression
of target mRNA by binding miRNA. According to the SNP ID,
we searched the above selected SNPs from GWAS meta-
analyses in the MirSNP and identified the overlapping SNPs
for the following eQTL analysis.

2.2 eQTL Analysis

eQTL analysis is a commonly used and powerful method
of testing whether the identified functional SNPs may lead
to variations in the mRNA expression of nearby genes.
Recently, an increasing number of studies have identified a
large number of putative eQTLs in multiple RA-related cells
or tissues, including T cells, monocytes, lymphoblastoid
cell lines, and fibroblasts"””, which were summarized and
archived in an online available database for convenient
and quick searching and comparison (eQTL: http://eqtl.
uchicago.edu/cgi-bin/gbrowse/eqtl/). According to the
above identified poly-miRTSs and corresponding genes, we
searched the database and identified the significant pairs
based on the significant eQTL results.

2.3 GO and KEGG Gene Enrichment
Analysis

To further analyze the biological functions of the identified
corresponding genes and assist in selecting potential loci
for subsequent molecular experiments, we performed GO
and KEGG gene enrichment analysis using the Database
for Annotation, Visualization and Integrated Discovery
integrated database query tools (http://david.abcc.ncifcrf.
gov/)®". Furthermore, we also conducted protein-protein
interaction (PPI) analysis in the Search Tool for the Retrieval
of Interacting Genes (STRING) database (https://string-
db.org/) to explore the potential interactions of identified
genes”. In our study, the STRING 10.5 online tool was
used to construct the PPI networks with the required
confidence (combined score)>0.4.

2.4 Allelic Expression Imbalance Experi-
ment

To explore the functional links for the identified pairs
in-depth, we performed the following in-house molecular
experiments (AEI and dual-luciferase reporter gene
assay). Due to limited funds, we selected only one pair by
considering the following factors: the association P value in
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GWAS studies, 3’ UTR of miRNA binding sites, eQTL results,
SNP location at non-HLA region, and known gene functions
associated with immune diseases. The corresponding
miRNA target genes were simultaneously predicted by
multiple online miRNA prediction tools and target prediction
algorithms, including TargetScan (http://TargetScan.
org/), miRanda (www.mirtoolsgallery.org/miRToolsGallery/
node/1055), PITA (https://genie.weizmann.ac.il/pubs/
mir07/mir07_data.html) and miRTarBase (http://
mirtarbase.mbc.nctu.edu.tw/).

AEI experiments are a powerful technique for identifying
cis-regulatory SNPs controlling gene expression between
two allelic transcripts. To verify whether the functional SNP
can regulate its target gene expression, AEI experiments
were performed in the mixed sample consisting of 1
genomic DNA and 2 cDNAs that have different alleles from
the peripheral blood of one subject who had a heterozygous
genotype of the target SNP. The forward and reverse primers
were designed using the online software Primer3 (http://
bioinfo.ut.ee/primer3-0.4.0/). Genomic DNA from peripheral
blood cells was isolated by using a Puregene DNA extraction
kit (Qiagen, Valencia, CA), and total RNA was extracted
with an RNeasy Mini Kit (Qiagen, Valencia, CA). Target
mMRNA was reverse transcribed using a Qiagen QuantiTect
RT kit (Qiagen, Valencia, CA) following the manufacturer’s
protocol, which can remove genomic DNA (gDNA)
contamination by a DNase digestion step. Genotyping
of DNA and cDNA was performed using GeneMapper
4.1 (Applied Biosystems Co., Ltd., USA), (the used
primers: rs907091F: 5-AGGCTTTTCCACGTGTGGTTGA-3;
rs907091R: 5'-TGTGAAACCTTTGTTTTCCCATCA-3’;
rs907091cR: 5'-CAATGCCTCAGAAATTCATTGGTG-3')
and the single nucleotide extension method was used
to quantify allele-specific cONA and DNA using the ABI
PRISM SNaPshot Multiplex Kit (Applied Biosystems
Co., Ltd., USA) according to the manufacturer’s
instructions (the used primer: rs907091SR:
5'-TTTTTTTTTTTTITGCAGTGGAATGAGTGGTCCC-3").
Fluorescent PCR followed by capillary electrophoresis was
used to quantify the SNP allele-specific transcripts of the
target gene. The ratio of cDNA quantization between the
two alleles was calculated, followed by normalization to the
ratio of DNA quantization from the same subject.

2.5 Dual-Luciferase Reporter Gene Assays

Furthermore, we used dual-luciferase reporter gene
assays to detect whether the rs907091 SNP located in the
3’-UTR of the IKZF3 gene alters the expression of IKZF3
mediated by miRNAs. First, we cloned a 601 bp region
around the SNP from the 3’-UTR of the IKZF3 gene, and
the insert fragment representing the T and C alleles of
rs907091 was generated by PCR amplification of genomic
DNA from two individuals homozygous for each allele. Then,
we connected the target fragments into the dual-luciferase
reporter plasmid vector PmirGLO (Promega, Wisconsin,
USA). Finally, the ligated vectors were transformed into
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DH5a Escherichia coli-competent cells after growth at 37°C
for 16 hours, and positive clones were selected by antibiotic
resistance and further confirmed by PCR amplification and
restriction digestion of plasmids. The construct sequences
of the plasmids were verified by DNA sequencing before
transfection. 293T cells were cultivated in antibiotic-free
DMEM supplemented with 10% FBS in 96-well compatible
plates at 37°C and 5% CO, for transient transfection
reporter assays. Lipofectamine™ 2000 Transfection Reagent
(Invitrogen, CA, USA) was used to transfect the plasmid
and miRNAs into 293T cells according to the manufacturer’s
instructions. Luciferase values were normalized to the
Renilla luciferase value to adjust the transfection efficiencies.
All experiments were repeated three times, and each
experiment included five biological replicates for each allele.

3 RESULTS

According to the downloaded GWAS association results
from Asia, we selected 11,186 significant SNPs (P<5e-
8) for further functional annotations. Then, according to
the SNP ID, we searched the MirSNP database and finally
identified 253 overlapping SNPs that were used in the next
eQTL analysis. According to the SNP ID, we searched the
eQTL database, and a total of 114 pairs between SNPs and
corresponding genes were identified, which correspond to
70 unique SNPs and 28 genes (Table S1). As we expected,
most of the 28 genes are located in the HLA region, which
plays an important role in the pathogenesis of many
autoimmune diseases, including RA. The majority of RA-
associated significant eQTLs were identified in RA-related
cells (monocytes and lymphoblastoid cells).

Table S2 listed the top 15 significant GO terms. The 28
identified genes were enriched in multiple immune-related
GO terms, including “integral component of luminal side of
endoplasmic reticulum membrane”, *"MHC class II protein
complex”, “antigen processing and presentation”, and
“immune response”. In addition, the identified genes were
enriched in the pathways of multiple autoimmune diseases
(Table S3), e.g., “Type I diabetes mellitus”, “Autoimmune
thyroid disease”, “Inflammatory bowel disease” and
“Rheumatoid arthritis”. Figure 1 shows the results of PPI
analysis for the 28 identified genes. The large complex
network consisted of multiple interacting HLA region genes.
Another small network contains three genes (IKZF3,
GSDMB and ORMDL3).

According to the SNP ID, we searched the MirSNP
database and finally identified 253 overlapping SNPs.
Furthermore, according to the SNP ID, we searched the
eQTL database, and a total of 114 pairs between SNPs and
corresponding genes were identified, which correspond to
70 unique SNPs and 28 genes. PPI analysis was performed
according to the 28 identified genes. The colorful lines
between genes indicate different connection types.

Furthermore, according to the regulatory polymorphisms
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Figure 1. PPI analysis for the 28 identified genes from eQTL analysis.

in MiRNA target sites (poly-miRTSs), we identified 32 pairs
in which the SNPs were located in the 3'UTR of their eQTL
genes among the above 114 pairs, which corresponded to
32 unique SNPs and 5 genes (Table 1). As shown in Table 1,
HLA-DPB1 was the most frequently observed target eQTL
gene (27 SNPs), and rs907091 was the only poly-miRTS
located in the non-HLA region (17 chromosomes). We
finally selected the pair of rs907091 and IKZF3 for functional
validation due to the following considerations: the physical
location of rs907091 in the 3'UTR of IKZF3, the top significant
cis eQTL in LCLs (eQTL effect value: 62.12), the significant
GWAS association (P=3.9E-08), their known functions of
IKZF3 associated with autoimmune diseases (e.g., systemic
lupus erythematosus, SLE)""*”*, and the corresponding
miRNAs (miR-326 and miR-330-5p) were simultaneously
predicted by TargetScan, miRanda, PITA and miRTarBase.

Table 2 shows the results of the allelic expression
imbalance experiment. For each biological sample, repeated
verification experiments were applied. At the DNA level,
the mean allelic ratio of C/T was 0.83, and the mean ratios
of NO.1 and NO.2 cDNA were 0.99 and 0.96, respectively.
However, after normalization to the ratio in genomic
DNA quantization, the allelic expression ratios of C/T in
IKZF3 were 1.20 and 1.16 from the NO.1 and NO.2 cDNA
samples, respectively. In conclusion, the C allele had a
higher expression of ~18% than the T allele, suggesting an
allelic expression imbalance.

Furthermore, dual-luciferase reporter gene assays were
performed to validate the putative regulatory mechanism
between IKZF3 targeting the SNP rs907091 and the
two predicted miRNAs (miR-326 and miR-330-5p). We
constructed two dual-luciferase reporter plasmids containing
the rs907091 T and C alleles. As shown in Figure 2, in the
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control group (no involved miRNA), no significant difference
was observed between T and C alleles, but after treatment
with miR-326 or miR-330-5p, the luciferase activity was
significantly higher in the C allelic plasmid than in the T
allelic plasmid (P<0.05). As shown in Figure 3, we proposed
a biological hypothesis for the relationship among miR-
326, miR-330-5p, rs907091 and IKZF3. The miR-326 and/
or miR-330-5p can bind to the 3'UTR of the IKZF3 gene.
However, the genotypes of rs907091 at the 3'UTR of the
IKZF3 gene could influence the affinity between miRNA and
target mRNA. The results suggested that with the regulatory
role of miR-326 and/or miR-330-5p, rs907091 C>T in the
3'UTR could upregulate IKZF3 expression.

4 DISCUSSION

Recently, GWAS has identified a large number of genetic
loci associated with RA. However, exploring the functional
mechanisms underlying the associations is a huge
challenge. This study performed an integrative analysis
and in-house molecular experiments to identify functional
variants that are associated with the pathogenesis of RA
through a miRNA-mediated regulatory mechanism.

Classic HLA loci are regarded as major contributors to the
pathogenesis of immune diseases, including RA. However,
recent studies have identified a series of candidate genes
outside the HLA region, suggesting that non-HLA RA
susceptibility loci may also be important and more specific
in RA pathogenesis”””*", Therefore, we selected rs907091
in the non-HLA region for further in-house functional
exploration. As we expected, AEI and dual-luciferase
reporter gene assays, taken together, suggest that
rs907091 is a potential functional variant for rheumatoid
arthritis, which probably impacts its differential expression
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Table 1. The Results of eQTL, GWAS and Target miRNA for the 32 Identified Pairs Between 32 Unique

Poly-miRTSs and 5 Target Genes

GWAS eQTL eQTL
. eQTL eQTL cell )
SNP.ID Chr Position Allelel Allele2 OR.Al1 P target effect G G Target miRNA
value gene value . .
hsa-miR-1266/211-
3.90E- . 3p/3144-5p/3191-5p/
rs907091 chrl7 37921742 0.92 IKZF3 62.12 cis LCLs
08 326/330-
5p/4314/4497/4518
hsa-miR-
2.70E- . 1324/1972/2114-
rs1059288 chr6 33267672 0.85 TAPBP 5.58 cis LCLs
25 5p/3138/
4520a-3p/4746-5p
1.00E 6.48/ Fibroblasts/
rs241453 chr6 32796226 0.9 .08 TAP2 6.14/ cis T cells/ hsa-miR-1302/4298
5.57 LCLs
1.40E- HLA- . hsa-miR-3074-5p/516a-
rs3091282 chr6 33057198 1.41 63.63 cis LCLs
85 DPB1 3p/516b-3p
hsa-miR-
1.50E- HLA- .
rs3091283 chr6 33057213 0.75 - . 43.03 cis LCLs 1200/1272/3161/3682-
3p/4468/617
1.60E- HLA- . hsa-miR-16-2-3p/195-
rs3117228 chr6 33056435 0.71 63.6 cis LCLs
85 DPB1 3p/570-3p
6.20E- HLA- . hsa-miR-1243/301a-
rs3117229 chr6 33056069 0.74 45.65 cis Monocytes
57 DPB1 5p/4522/4714-5p
1.60E- HLA- . hsa-miR-3667-
rs3128964 chr6 33055818 1.41 63.64 cis LCLs
85 DPB1 3p/4297/5581-5p
5.20E- HLA- . .
rs3128965 chr6 33055899 0.84 16 S 16.74 cis Monocytes hsa-miR-4775/590-3p
5.20E- HLA- ) hsa-miR-26a-1-3p/26a-2-
rs3128966 chr6 33055946 0.84 16.66 cis Monocytes
16 DPB1 3p/617
3.00E- HLA- . hsa-miR-21-3p/3591-
rs3177928 chr6 32412435 1.25 12.43 cis Monocytes
28 DRA 3p/4768-5p/494/942
hsa-miR-3652/4446-
1.00E- HLA- 91.53/ . Monocytes/
rs7195 chré6 32412539 0.53 cis 3p/4492/4728-3p/5001-
250 DRA 39.31 LCLs
5p/875-3p
1.20E- HLA- . .
rs9277533 chr6 33054721 0.71 63.65 cis LCLs hsa-miR-194-5p/568
85 DPB1
1.20E- HLA- . hsa-miR-3545-
rs9277534 chr6 33054807 1.41 63.43 cis LCLs
85 DPB1 5p/4321/4460
1.30E- HLA- . hsa-miR-
rs9277537 chr6 33055009 0.71 63.67 cis LCLs
85 DPB1 4477b/496/5002-5p
4.60E- HLA- . hsa-miR-1243/4757-
rs9277538 chr6 33055047 1.4 63.77 cis LCLs
78 DPB1 3p/934
2.00E- HLA- . hsa-miR-138-
rs9277539 chr6 33055079 1.31 43.16 cis LCLs
49 DPB1 5p/3165/3691-5p/4456
1.30E- HLA- . hsa-miR-194-3p/3150a-
rs9277540 chr6 33055123 1.41 56.08 cis LCLs
85 DPB1 3p/491-5p
1.30E- HLA- . hsa-miR-199a-5p/221-
rs9277541 chr6 33055158 1.41 63.61 cis LCLs
85 DPB1 3p/222-3p/4666a-5p
1.30E- HLA- . hsa-miR-1243/361-
rs9277546 chr6 33055346 1.41 63.73 cis LCLs
85 DPB1 5p/568
1.30E- HLA- . hsa-miR-
rs9277547 chr6 33055367 0.71 63.74 cis LCLs
85 DPB1 3653/4270/4499/873-3p

https://doi.org/10.53964/cme.2024007

Page5/9


https://doi.org/10.53964/cme.2024007

1.30E-
rs9277549 chr6 33055419 A G 141 85
4.60E-
rs9277550 chr6 33055487 T @ 1.44 %0
6.70E-
rs9277551 chr6 33055494 T G 0.7 %0
1.70E-
rs9277553 chré 33055516 T @ 141 85
1.70E-
rs9277554 chr6 33055538 T @ 0.71 85
2.40E-
rs9277555 chr6 33055605 A G 0.75 55
1.50E-
rs9277566 chré6 33056916 T G 0.71 85
1.30E-
rs9296075 chr6 33056788 A G 0.7 -,
1.50E-
rs9296076 chr6 33056840 T C€ 1.57 50
1.20E-
rs931 chré 33054550 A G 0.71 85
1.60E-
rs9501259 chr6 33055551 A G 0.64 50
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HLA-
63.65 cis LCLs hsa-miR-552/764
DPB1
hsa-miR-1185-5p/3679-
HLA- 141.66/ Monocytes/
5p/4534/4746-5p/4802-
DPB1  63.38 LCLs
5p
HLA- . hsa-miR-2355-5p/4746-
64.02 cis LCLs
DPB1 5p
HLA- . .
59.44 cis LCLs hsa-miR-4758-3p
DPB1
HLA- . hsa-miR-3691-3p/4724-
63.63 cis LCLs
DPB1 3p/5190/550b-2-5p
HLA- . hsa-miR-345-
43.1 cis LCLs
DPB1 5p/4264/455-3p/670
HLA- . hsa-miR-1276/140-
63.57 cis LCLs
DPB1 5p/335-5p/548as-3p
HLA- . .
30.03 cis LCLs hsa-miR-4780
DPB1
HLA- . .
41.82 cis LCLs hsa-miR-1273e/1304-3p
DPB1
HLA- . hsa-miR-132-3p/212-
52.2 cis LCLs
DPB1 3p/5688/570-3p
HLA- . .
34.75 cis LCLs hsa-miR-5190
DPB1

Notes: Based on the identified 114 pairs, we further identified 32 pairs between 32 unique poly-miRTSs and 5 target genes according to the po-

sitions of the SNP in the 3’'UTR of their eQTL genes.

Table 2. The Results of Allelic Expression Imbalance Experiment

i Height Height Mean of Correct Mean of
Site Sample Allele 1 Allele 2 HC/HT
2 DNA_HC/HT HC/HT HC/HT
rs907091 Repeat 1 C T 24267 28833 0.84
DNA 0.83
Repeat 2 C T 24700 30186 0.82
NO.1 Repeat 1 C T 16849 16786 1.00 1.21 r
cDNA Repeat 2 C T 22827 23204 0.98 1.19 '
NO.2 Repeat 1 C T 17231 18000 0.96 1.15 e
cDNA  Repeat 2 C T 24944 25934 0.96 1.16 '

Notes: All the DNA and cDNA were from one rs907091 heterozygosis volunteer. NO.1 cDNA and No.2 cDNA represent two times of cDNA amplifications. Two
repeats of AEI were performed for each cDNA. Height 1, electrophoretic peak height of Allele C; Height 2, electrophoretic peak height of Allele T; HC/HT,
height value of Allele C/height value of Allele T; Correct HC/HT, after correcting the DNA level, height value of Allele C/height value of Allele T in cDNA level.
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Figure 2. Dual-luciferase reporter assays for rs907091
in the 3'UTR of IKZF3. Wt-C, wild-type allele C; Mut-T,
mutant allele T; Control, without the treatment of miRNA.
Data were fold changes when compared with control Wt-C. All
experiments were repeated three times, and each experiment
had five biological replicates for each allele. * represents a
significant difference between Wt-C and Mut-T (P<0.05). The
bars represent SE.
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Figure 3. The proposed hypothesis for the relationship
among miR-326 and miR-330-5p, rs907091 and IKZF3.
miR-326 and/or miR-330-5p can bind to the 3’UTR of the
IKZF3 gene. However, the genotypes of rs907091 at the
3'UTR of the IKZF3 gene could influence the affinity between
miRNA and target mRNA and lead to allele-specific expression
differences (rs907091 C>T upregulates IKZF3 expression).
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of target IKZF3 mediated by two miRNAs. We searched the
NCBI Gene Expression Omnibus (http://www.ncbi.nlm.nih.
gov/geo/) database, and the results of GSE23561 indicated
that IKZFR3 was differentially expressed between RA
patients and healthy controls in peripheral blood (P<0.01)"".
In addition, we downloaded the GSE91026 dataset (Global
miRNA expression profiles of fibroblast-like synoviocytes
in RA patients and osteoarthritis”*'). In this dataset, the
expression level of miR-330-5p was significantly different
between RA and OA (osteoarthritis) patients (P<0.05).

Previous GWASs have identified numerous genetic
variants associated with RA, but most of the identified
variants are located in noncoding regions, including in the
3'UTR. The combination of miRNAs and the 3'UTR of host
genes is a common cis-acting mechanism in regulating
gene expression. Therefore, polymorphisms in miRNA
binding sites of 3’-UTRs could potentially influence the
affinity between miRNAs and their target mRNAs'">"°,
This could also affect the efficiency of miRNAs regulating
protein expression by altering their capacity to repress
mRNA translation or promote mRNA decay''*'”’. Our
dual-luciferase reporter gene assays validated that allelic
differential interactions exist between rs907091 and IKZF3
expression. A similar result from a luciferase reporter assay
revealed allele-specific regulation of IKZF3 hosting rs907091
mediated by miR-326""". Another study also observed the
allelic imbalance of rs907091 in the expression level of
IKZF3"", Taken together, these results suggest that the
miRNA-mediated cis-acting mechanism may contribute to
the RA association of rs907091 at IKZF3.

The IKZF3 gene encodes a member of the Ikaros
family of zinc-finger proteins, transcription factors that are
important in the regulation of B lymphocyte proliferation
and differentiation'*”’. IKZF3 deficiency mainly affects the
function of B cells by increasing hyperactive immature
B cell precursors and decreasing peritoneal, marginal
and recirculating B cells“**®!, It has been reported that
Ikaros family members are essential for normal T cell
development”’, and overexpression of Aiolos in Nalm-6
cells could inhibit cell proliferation and apoptosis and arrest
the cell cycle at the GO/G1 phase'*”. It is well known that
immune cells such as T and B lymphocytes are crucial in
the pathogenesis and development of RA and are involved
in the activation of immune cells and secretion of multiple
cytokines. Furthermore, recent studies have shown that
IKZF3 is associated not only with RA™*" but also with other

autoimmune diseases'** ",

In summary, we performed an integrative analysis and
in-house molecular experiments to explore the functional
mechanisms underlying the associations between poly-
mMIRTSs and RA. We identified that the rs907091 variant in
the 3'UTR of IKZF3 probably contributes to the pathogenesis
of RA by binding to miR-326 and miR-330-5p. This study
may provide helpful insights into the molecular functional
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genetic mechanisms underlying complex human diseases.
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