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Abstract

Previous studies have identified miR-182, miR-27a, FoxOl,
and /L2RA as regulatory factors for Treg cell development and
function. In order to investigate the association of miR-182,
miR-27a, FoxOl, and IL2RA gene polymorphisms with
Behget’s disease (BD) and Vogt—Koyanagi—Harada (VKH)
syndrome in a Chinese Han population, a two-stage associa-
tion study was performed in 820 BD, 900 VKH patients, and
1,800 controls using polymerase chain reaction restriction
fragment length polymorphism (PCR-RFLP) assay. In the first
stage study, association analysis of 10 single nucleotide poly-
morphisms (SNPs) was performed in 400 BD, 400 VKH
patients, and 600 controls. The results showed significantly
decreased frequencies of the miR-182/rs76481776 CC geno-
type and C allele in BD (P=3.36x10"*, OR=0.55; P=4.74x
10, OR=0.59) and VKH patients (P=1.11x10"%, OR=
0.53; P=1.26x10"*, OR=0.56). No significant association
of the other nine SNPs with BD or VKH was observed. In
the second stage study, association analysis of miR-182/
1876481776 was performed in 420 BD, 500 VKH patients,
and 1,200 controls. The second stage and combined studies
confirmed the association of miR-182/rs76481776 with BD
(CC genotype: P=3.25x10"7, OR=0.58; C allele: P=1.81x
1077, OR=0.60) and VKH (CC genotype: P=7.89x10 %,
OR=0.57; C allele: P=2.52x10"%, OR=0.59). Real-time
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PCR analysis showed a significantly increased expression of
miR-182 in TT/CT cases compared to CC cases in anti-CD3/
CD28 antibodies-stimulated CD4" T cells (P=2.1x10"?). In
conclusion, this study suggests that miR-182, but not miR-
27a, FoxOl, and IL2RA, contributes to the genetic suscepti-
bility of BD and VKH.

Key Message

*  MiR-182 contributes to genetic susceptibility of BD and
VKH.

* No significant association of miR-27a, FoxO1, and
IL2RA with BD or VKH was observed.

» Significantly increased expression of miR-182 in TT/CT
cases compared to CC cases was observed.

Keywords Behget’s disease - Vogt—Koyanagi—Harada
syndrome - miR-182 - FoxOl - miR-27a - IL2RA

Introduction

Behget’s disease (BD) is a chronic inflammatory disease char-
acterized by recurrent uveitis, oral aphthae, typical skin lesion,
and genital ulcerations [1]. It is more prevalent in Chinese,
Japanese, and Turkish ethnic populations as compared to
Caucasian populations in the UK and USA [2]. Vogt—
Koyanagi—Harada (VKH) syndrome is an autoimmune disor-
der characterized by bilateral granulomatous panuveitis fre-
quently associated with alopecia, vitiligo, poliosis, and central
nervous system symptoms [3]. It frequently affects Asians and
Native Americans. Although the precise etiology and patho-
genesis of both diseases remain unknown, the role of genetic
factors in their pathogenesis has been extensively acknowl-
edged [4]. Recent surveys have identified that /L23R,
miR-146a, and EGF/ErbB signaling pathway genes confer
risk of BD [5—7]. CTLA-4 and IL-17 polymorphisms have
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been reported to be associated with VKH disease [8, 9]. These
reports suggest that genetic factors may play an important role
in both diseases.

Regulatory T cells (Treg) are a subpopulation of T cells
which modulate the immune system, maintain tolerance to
self-antigens, thereby controlling the occurrence of overt au-
toimmune disease. Recent studies have shown that the tran-
scription factor forkhead-box O1 (FoxO1) controls Treg cell
development and function [10, 11]. MiR-27a, miR-96, and
miR-182 can target the 3" UTR of FoxOl1, which is then
degraded, resulting in a decrease in Treg cells and subsequent
clonal expansion of helper T cells [12, 13]. Meanwhile, miR-
182 can be induced by IL-2 receptor-alpha (IL2RA, also
known as CD25) which regulates Treg specialization and
stability [13—15]. Recently, miR-182 (rs76481776), miR-27a
(rs895819), and IL2RA (rs706778, rs3118470, rs2104286,
and rs7093069) have been considered as genetic predisposing
factors for various diseases [16-21]. To the best of our knowl-
edge, none of the SNPs of FoxO1 has been reported to be
significantly associated with autoimmune-related diseases. In
addition, SNPs for FoxO1 (rs2297626, rs17592236,
1s9549241, and rs12585277) showed a lack of association
with type 2 diabetes [22, 23]. As yet, no common SNPs
(minor allele frequency >0.05) have been found in miR-96,
which as mentioned above, is also a regulator of FoxOl1
function.

In view of the fact that these genes play an important role in
Treg cell development and function and since the level of Treg
cells is associated with active uveitis in patients with VKH
syndrome [24], we investigated whether polymorphisms of
these genes were associated with uveitis. We chose to examine
this question in two uveitis entities, BD and VKH, which are
relatively common in China so as to obtain a sufficient sample
size. Our results showed that miR-182, but not miR-27a,
FoxOl, and IL2RA, contributes to the genetic susceptibility
of BD and VKH.

Materials and methods
Study population

The study group comprised 1,720 unselected, consecutive
patients (820 BD patients and 900 VKH disease patients)
who were recruited from the First Affiliated Hospital of
Chongging Medical University (Chongqing, China) and the
Zhongshan Ophthalmic Center of the Sun Yat-sen University
(Guangzhou, China) between October 2006 and January
2013. A total of 1,800 unselected, consecutive control sub-
jects were matched ethnically and geographically with the
patients. The diagnosis for BD and VKH disease was strictly
based on the criteria of International Study Group for BD and
First International Workshop for VKH [25], respectively. The
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study received the approval of the Local Ethics Research
Committee and all the investigated subjects provided in-
formed consent before collection of blood. The tenets of the
Declaration of Helsinki were conducted during all procedures
of this study.

DNA extraction and genotyping

Genomic DNA samples of BD, VKH patients, and healthy
controls were extracted by using the QIAamp DNA Blood
Mini Kit (Qiagen, Valencia, CA). The target DNA sequence
was amplified by the polymerase chain reaction (PCR) using
proper primers [17-22] (Table S1). PCR products were
digested with 3 U of Pdil, Dralll, Alul, Eco471, BshNI,
HindIIl, TscAl, Ndel, BsmAlI, BstNI (Fermentas, Shenzhen,
China), and Rsal (Promega, Madison, WI, USA) restriction
enzymes in a 10-uL reaction volume overnight. Digestion
products were separated on 4 % agarose gels and stained with
GoldView™ (SBS Genetech Beijing, China).

Cell isolation and culture

The peripheral blood mononuclear cells (PBMCs) were iso-
lated from heparinized blood samples by Ficoll-Hypaque
density-gradient centrifugation. Isolated PBMCs cells (2 x
10° cells per well) were seeded in 24-well plates and cultured
in RPMI medium 1640 supplemented with 10 % fetal calf
serum (FCS, Greiner, Wemmel, Belgium), 100 U/mL penicil-
lin, and 100 pg/mL streptomycin. PBMCs were also cultured
with 100 ng/mL LPS (100 ng/mL, Sigma, Missouri, USA) for
24 h. Magnetic beads (Miltenyi Biotec, Palo Alto, CA) were
used to isolate CD4" T cells according to the manufacturer’s
protocol. Purified CD4" T cells were treated with anti-CD3/
CD28 antibodies (5:1) (Miltenyi Biotec, Palo Alto, CA) at
37 °C for 72 h.

Real-time PCR

Total RNA was extracted from PBMCs obtained from normal
controls using TRIzol Reagent (Invitrogen, Carlsbad, CA,
USA), followed by reverse transcription using a transcriptase
kit (Applied Biosysterms, ABI, Foster City, CA). Real-time
PCR was performed on the 7500 System (ABI) based on the
SYBR-Green method. Bulge-loop™ qPCR primers for miR-
182 and U6 were synthesized by Ribobio (Guangzhou,
China). The expression of FoxO1 was examined using the
following primers: forward 5'-AAGAGCGTGCCCTACTTC
AA-3"and reverse 5-CTGTTGTTGTCCATGGAT GC-3'". 3-
Actin was chosen as the internal reference gene and its ex-
pression was detected by the following primers: forward 5'-
GGATGCAGAAGGAGATCAC TG-3' and reverse 5'-CGAT
CCACACGGAGTACTTG-3". All reactions were conducted
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in triplicate. Relative expression levels were calculated using
the 222" method.

Statistical analysis

For single SNP analysis, genotype and allele frequencies were
compared between patients and controls by the Chi-square test
using SPSS version 17.0 (SPSS, Inc., Chicago, IL). The x>
test was also applied to analyze the Hardy—Weinberg equilib-
rium (HWE). Odds ratios (OR) and 95 % confidence intervals
(95 % CI) were calculated using SPSS version 17.0 to
estimate disease risk. Genotype test was performed by
one genotype versus the other two pooled together. P
values were corrected with the Bonferroni correction by
multiplying with the number of analyses performed. The
number of independent comparisons is 40. A P value
less than 1.25x1072 (0.05/40) was considered to be
statistically significant. The independent samples ¢ test
or nonparametric Mann—Whitney U test was used to
compare miR-182 and FoxO1 expression levels among
three genotype groups.

Results
Clinical features of BD patients and VKH patients

The detailed demographic characteristics and clinical features
of enrolled BD and VKH patients are shown in Table S2. The
distribution of genotype frequencies of the 10 SNPs investi-
gated did not deviate from the Hardy—Weinberg equilibrium
in the controls.

Allele and genotype frequencies of tested SNPs in patients
and controls in the first stage study

Ten SNPs were genotyped in 400 BD patients, 400 VKH
patients, and 600 normal controls for the first stage study.
Our results showed significantly decreased frequencies of
the miR-182/rs76481776 CC genotype and C allele in BD
(P=3.36x10"*, OR=0.55; P=4.74x10"*, OR=0.59) and
VKH patients (P=1.11x10"%, OR=0.53; P=1.26x10"",
OR=0.56) (Tables 1 and 2). However, none of the other nine
SNPs showed a significant association with BD and VKH
disease (Table S3 and S4).

Allele and genotype frequencies of tested SNPs in patients
and controls in the second stage and combined studies

In order to validate the significant association between miR-182/
1576481776 and BD or VKH found in the first stage, another 420
BD patients, 500 VKH patients, and 1,200 controls were en-
rolled in the second stage study. The results again showed

significantly decreased frequencies of the miR-182/rs76481776
CC genotype and C allele in BD (P=8.00x10"*, OR=0.61; P=
3.20x107*, OR=0.62) and VKH (P=4.16x10"*, OR=0.61; P=
1.28x10* OR=0.61) (Tables 1 and 2). The combined data
confirmed the association of 1s76481776 with BD (CC geno-
type: P=3.25x1077, OR=0.58; C allele: P=1.81x10"7, OR=
0.60) and VKH (CC genotype: P=7.89x10"%, OR=0.57; C
allele: P=2.52x10"%, OR=0.59) (Tables 1 and 2).

Stratified analysis for miR-182/ rs76481776 with main
clinical features of BD and VKH disease

A stratified analysis was performed to examine the association
of rs76481776 with the main clinical features of BD and VKH
disease. The main clinical manifestations of BD included
genital ulcer, skin lesions, arthritis, positive pathergy reaction,
and hypopyon. The main clinical features of VKH consisted
of headache, tinnitus, vitiligo, poliosis, and alopecia. We
could not demonstrate a significant association between the
rs76481776 genotype frequency and any clinical manifesta-
tion of BD or VKH (Table S5 and S6).

The influence of rs76481776 on miR-182 and FoxO1
expression

The aforementioned result showed a significant association of
miR-182/ 1576481776 with BD and VKH. To investigate a
possible function associated with this SNP, we performed real-
time PCR analysis to evaluate its effect on the expression of
miR-182 using PBMCs derived from 24 healthy individuals
with known genotype. The results did not reveal an effect of
the various rs76481776 genotypes on miR-182 expression
(Fig. S1, P>0.05). Furthermore, there was no significant
association in the expression of miR-182 by LPS-stimulated
PBMCs and the different genotypes (Fig. S1, P>0.05). We
subsequently examined whether the expression of pre-miR-
182 and mature miR-182 was affected by the various
1576481776 genotypes in purified CD4" T cells and anti-
CD3/CD28 antibodies-stimulated CD4" T cells. The results
showed no significant differences of pre-miR-182 expression
between rs76481776 CC cases and TT/CT cases in purified
CD4" T cells and anti-CD3/CD28 antibodies-stimulated
CD4" T cells (Fig. 1, P>0.05). Our results also showed no
significant difference in the miR-182 expression between
1576481776 CC cases and TT/CT cases by purified CD4" T
cells (Fig. 2, P>0.05). However, the results showed a signif-
icantly increased expression of miR-182 in TT/CT cases com-
pared to CC cases in anti-CD3/CD28 antibodies-stimulated
CD4" T cells (Fig. 2, P=2.1x107%). We also measured the
expression of miR-182*, which is the less predominantly
expressed mature form originating from the passenger
strand of the pre-miR-182. Unfortunately, it was not
detectable in both purified CD4" T cells and anti-CD3/
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Table 1 Main effects of miR-182/rs76481776 SNPs on BD risk

Genotype BD Controls P value OR (95 % CI)
N % N %
Stage 1 N=400 N=600
CcC 308 77.0 515 85.8 3.36%x10°* 0.55 (0.40-0.77)
CT 86 21.5 79 13.2 5.05x10°* 1.81 (1.29-2.53)
TT 6 1.5 6 1.0 0.478 1.51 (0.48-4.71)
C allele 702 87.7 1,109 92.4 4.74x 107 0.59 (0.44-0.79)
Stage 2 N=420 N=1,200
CcC 335 79.7 1,039 86.6 8.00x 10°* 0.61 (0.46-0.82)
CT 77 18.4 151 12.6 3.54x107° 1.56 (1.16-2.11)
TT 8 1.9 10 0.8 7.1%x1072 2.31(0.91-5.89)
C allele 747 88.9 2,229 92.9 3.20x 107 0.62 (0.47-0.80)
Combined N=820 N=1,800
CcC 643 78.4 1,554 86.3 3.25x 1077 0.58 (0.46-0.71)
CT 163 19.9 230 12.8 2.36x10°° 1.69 (1.36-2.11)
TT 14 1.7 16 0.9 6.8x1072 1.94 (0.94-3.99)
C allele 1,449 88.4 3,338 92.7 1.81x 1077 0.60 (0.49-0.73)

P value with Bonferroni correction less than 1.25x 107> was considered to be significant (shown in italics)

OR odds ratio, CI confidence interval

CD28 antibodies-stimulated CD4" T cells. Moreover, we
examined the expression of FoxOl between miR-182/
rs76481776 CC cases and TT/CT cases in purified
CD4" T cells and anti-CD3/CD28 antibodies-stimulated
CD4" T cells. Although the results showed lower

Table 2 Main effects of miR-182/rs76481776 SNPs on VKH risk

FoxOl expression in the miR-182/rs76481776 TT/CT
genotypes than CC genotypes both in purified CD4" T
cells and anti-CD3/CD28 antibodies-stimulated CD4" T
cells, there were no statistically significant differences
between the two groups (Fig. S2, P>0.05).

Genotype VKH Controls P value OR (95 % CI)
N % N %
Stage 1 N=400 N=600
CcC 305 76.2 515 85.8 1.11x 1077 0.53 (0.38-0.73)
CT 88 22.0 79 13.2 2.43x 1077 1.86 (1.33-2.60)
TT 7 1.8 6 1.0 0.305 1.76 (0.59-5.29)
C allele 698 87.2 1,109 92.4 1.26x 107" 0.56 (0.42-0.76)
Stage 2 N=500 N=1,200
CcC 399 79.8 1,039 86.6 4.16%x10°* 0.61 (0.47-0.81)
CT 91 18.2 151 12.6 2.53x107 1.55 (1.16-2.05)
TT 10 2.0 10 0.8 42x1072 2.24 (1.00-5.87)
C allele 889 88.9 2,229 92.9 1.28x10°* 0.61 (0.48-0.79)
Combined N=900 N=1,800
CcC 704 78.2 1,554 86.3 7.89% 107% 0.57 (0.46-0.70)
CT 179 19.9 230 12.8 1.18x10°° 1.70 (1.37-2.10)
TT 17 19 16 0.9 2.6x1072 2.15 (1.08-4.27)
C allele 1,587 88.1 3,338 92.7 2.52x107% 0.59 (0.48-0.71)

P value with Bonferroni correction less than 1.25x 10~ was considered to be significant (shown in italics)

OR odds ratio, CI confidence interval
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of rs76481776 were freshly obtained from healthy controls in the study

Discussion

In the present study, we performed a two-stage case—control
assay to investigate the association of 10 SNPs of miR-182,
miR-27a, FoxOl1, and IL2RA with BD and VKH diseases in a
Chinese Han population. Our results showed that miR-182,
but not FoxO1, miR-27a, and IL2RA, contributes to the ge-
netic susceptibility of BD and VKH syndrome.

MiR-182 plays a dominant role in the regulation of adap-
tive immune responses and binds to a specific site of the 3’
UTR of FoxOl mRNA and reduces its expression [14, 26,
27]. Polymorphism analysis reported a significant association
between the rs76481776 polymorphism in the pre-miR-182
and late insomnia in major depression patients [20]. To the
best of our knowledge, the association between miR-182/
1rs76481776 polymorphisms and autoimmune-related diseases
has not yet been reported, and there were no published
genome-wide association studies (GWAS) for VKH.
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Fig. 2 The influence of various rs76481776 genotypes on expression of
miR-182. Purified CD4" T cells and anti-CD3/CD28 antibodies-stimu-
lated CD4" T cells of 12 CC genotypes, 8 CT and TT genotypes of
1s76481776 were freshly obtained from healthy controls in the study

Although there were several published GWAS for BD
[28-30], including Chinese datasets, no evidence of an asso-
ciation between miR-182/rs76481776 and BD was reported.
Our result showed that the CC genotype of miR-182/
rs76481776 had a significantly decreased frequency in both
BD and VKH patients despite the fact that both diseases are
quite different in pathogenesis. The fact that miR-182 is crit-
ical for Treg cell development may expand our knowledge
concerning the role of these cells in the pathogenesis of BD
and VKH and is in agreement with earlier findings showing a
decreased level of Treg cells in VKH uveitis patients [24].
Moreover, we found a significantly increased expression of
miR-182 in rs76481776 TT/CT cases compared to CC cases
in anti-CD3/CD28 antibodies-stimulated CD4" T cells, which
confirmed recent data by Saus et al. [20]. However, the pre-
miR-182 was not differentially expressed between
1s76481776 CC cases and TT/CT cases either in purified
CD4" T cells or anti-CD3/CD28 antibodies-stimulated CD4 "
T cells. Therefore, it implies that the processing of pre-miR-
182 may be more efficient in the miR-182/rs76481776 TT/CT
genotypes and that it does not affect the transcription of the
miRNA. Although lower expression of FoxO1 was found in
the miR-182/rs76481776 TT/CT cases than CC cases both in
purified CD4" T cells and anti-CD3/CD28 antibodies-
stimulated CD4" T cells, no significant association was ob-
served. Further studies are needed to investigate whether
polymorphisms of miR-182 can influence the expression of
its target genes such as FoxO1. A recent study showed that
miR-182 was identified as a sensory organ-specific
microRNA and that it is highly expressed in the mouse retina
[31]. Whether the association of miR-182/rs76481776 with
BD and VKH syndrome disclosed by our study is linked to the
miR-182 expression in the retina rather than an effect on the
differentiation of regulatory T cells is an intriguing subject.
More studies are needed to address this issue.

FoxO1, one of the four FoxO isoforms of Forkhead tran-
scription factors, controls Treg cell development and function
by binding to the promoter regions of Foxp3 and CTLA-4
genes [10, 11]. Previous studies suggested that SNPs of
FoxO1 (rs2297626, rs17592236, rs9549241, and
rs12585277) were not associated with type 2 diabetes [22,
23]. We also did not find a direct association between SNPs of
FoxO1 with uveitis in either BD or VKH.

MiR-27a can target the 3'UTR of FoxOI, which is then
degraded, resulting in a decrease in Treg cell numbers and
helper T cell clonal expansion [12, 13]. Recent surveys have
identified that miR-27a/ rs895819 is associated with gastric
cancer, renal cell cancer, and breast cancer [17, 32]. In this
study, we did not find an association between miR-27a/
rs895819 and BD or VKH disease.

IL2RA, also known as CD25, can induce miR-182
by constitutively activating STATS. Previous studies
showed that the IL2RA gene was associated with
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various autoimmune-related diseases, such as type 1 diabetes,
rheumatoid arthritis, and multiple sclerosis [19, 33, 34]. In our
study, SNPs for IL2RA (15706778, rs3118470, rs2104286, and
rs7093069) were not associated with neither BD nor VKH
disease. This finding is in agreement with a recent study that
showed that several SNPs of IL2RA (rs2104286, rs11594656,
and rs12722495) were not associated with endogenous non-
anterior uveitis [35].

Our study has a number of limitations. First of all, although
we tried our best to match the controls for gender, it was not
achieved in the BD group, which has an overrepresentation of
male patients. Further studies should be validated in a gender-
matched population. A limited number of SNPs of FoxO! and
IL2RA were tested in our study and it is possible that other as
yet unknown SNPs might be involved. We limited our study
to BD and VKH, and our data need to be confirmed in other
ethnic populations but also in other uveitis entities.

In conclusion, our results identified that miR-182, but not
miR-27a, FoxOl1, and IL2RA, contributes to the genetic sus-
ceptibility of BD and VKH syndrome. Further research to-
wards understanding the role of miR-182 and the biochemical
pathways are needed to investigate during the development of
BD and VKH.
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