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ABSTRACT
Objective. The goal of this study was 
to investigate whether microRNA-155 
might be a potential therapeutic target 
for Behçet’s disease (BD).
Methods. Expression levels of miR-155 
were quantified using TaqMan microR-
NA assays in peripheral blood mononu-
clear cells and in isolated CD4+ T cells 
from BD patients and healthy controls. 
To identify targets of miR-155, lucif-
erase reporter assays and western blot-
ting were performed. The effect of miR-
155 on Th17 polarisation was analysed 
in patients with active BD by using flow 
cytometry and enzyme-linked immuno-
sorbent assay.
Results. The expression of miR-155 
and IL-17 was significantly increased in 
CD4+ T cells of patients with active BD. 
A luciferase reporter assay and western 
blot showed that Ets-1 expression was 
reduced by miR-155 mimics. Further-
more, the expression of Ets-1 was signif-
icantly decreased in patients with active 
BD compared to healthy controls. More 
importantly, repression of miR-155 in 
CD4+ T cells from active BD patients 
increased Ets-1 expression and reduced 
the number of IL-17-expressing T cells 
and overall IL-17 production.
Conclusion. MiR-155 regulates the 
Th17 immune response by targeting Ets-
1. Suppression of miR-155 reduced the 
amount of pathogenic IL-17-expressing 
T cells and may be a potential therapeu-
tic strategy for BD.

Introduction
Behçet’s disease (BD) is a chronic in-
flammatory disease characterised by 
recurrent oral and genital ulcers, uvei-
tis, and skin lesions (1). Although the 
pathogenesis and aetiology of BD re-
main unclear, a critical role for Th17 
cells in acute attacks has been reported 
(2-4). However, the molecular mecha-
nisms underlying Th17 polarisation in 
BD remain to be elucidated.

MicroRNAs (miRNAs) are small non-
coding RNA molecules, which regulate 
host gene expression by binding to the 
3´ untranslated region (UTR) of their 
target messenger RNA, thus targeting 
them for degradation or translational 
repression at the post-transcriptional 
level (5). Recent studies on miRNAs 
have demonstrated aberrant expres-
sion and/or function of miRNAs in 
chronic inflammatory and autoimmune 
diseases such as rheumatoid arthritis 
and multiple sclerosis (MS) (5, 6). To 
date, miRNA-155 (miR-155) is one of 
the most common miRNAs implicated 
in chronic inflammation and autoim-
munity (7, 8). Additionally, it has been 
shown that miR-155 regulates mega-
karyopoiesis and the expression of 
inflammatory molecules by targeting 
Ets-1 in endothelial cells (9, 10). Mois-
an et al. (11) reported that Ets-1 has 
an inhibitory role on Th17 differentia-
tion in mice. However, it is not known 
whether Ets-1 is a target of miR-155 
in human CD4+ T cells or whether it is 
associated with Th17 differentiation in 
BD. In this study, the expression and 
function of miR-155 and its potential 
as a therapeutic target in BD were in-
vestigated in human cells.

Materials and methods
Patients
The study enrolled 46 BD patients, who 
were treated at the Department of Der-
matology of Ajou University Hospital. 
Eighteen patients diagnosed with recur-
rent aphthous ulcer (RAU) without any 
other evident disease were classified as 
the disease control group, and 23 healthy 
volunteers were recruited to the healthy 
control (HC) group. All BD patients met 
the international criteria for the diagno-
sis of BD (12), as well as the diagnostic 
criteria of the BD Research Committee 
of Japan (13). BD patients were divided 
into either the group with active disease, 
when they presented with at least one 
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BD symptom despite treatment, or the 
group with inactive disease, when their 
BD was in a well-controlled state. En-
rolled patients did not take high-dose 
systemic corticosteroids or any other 
immunosuppressive agent for at least 1 
month prior to blood sampling. Demo-
graphics and clinical characteristics of 
patients and controls are summarised in 
Table I. This study was approved by the 
Institutional Review Board of Ajou Uni-
versity (AJIRB-GEN-GEN-11-243).

Cell culture and condition 
of Th17 polarisation
Peripheral blood mononuclear cells 
(PBMCs) were separated using Ficoll-
Paque PLUS (GE Healthcare, Freiburg, 
Germany). CD4+ T cells were isolated 
using the EasySep™ Human CD4 Se-
lection Kit (StemCell Tech., Vancouver, 
BC, Canada) according to the manufac-
turer’s instructions. PBMCs or CD4+ T 
cells were resuspended in RPMI 1640 
(GIBCO-BRL, Grand Island, NY) sup-
plemented with 2 mM l-glutamine, 
100 U/mL penicillin, and 100 μg/mL 
streptomycin with fetal bovine serum 
(GIBCO-BRL) and cultured at 37°C 
under a 5% CO2 atmosphere. Cells were 
activated with anti-CD3 (100 ng/mL, 
clone HIT3a) and anti-CD28 (200 ng/
mL, clone CD28.2), and differentiated 
into Th17 cells by supplementation with 
IL-1β (10 ng/mL), IL-6 (20 ng/mL), IL-
23 (100 ng/mL), TNF-α (10 ng/mL), 
and TGF-β (1 ng/mL) (R&D Systems 
Inc., Minneapolis, MN) for 5 days. 
During the final 4 h, 2 μM of monen-
sin (eBiosciences, San Diego, CA) was 
added to the stimulated PBMCs.

Transfection of CD4+ T cells 
with microRNA
CD4+ T cells were transfected with a 
miR-155 mimic, miR-155 hairpin in-
hibitor (Dharmacon, Chicago, IL), or 
miR-155 locked nucleic acid (LNA) 
inhibitor (Exiqon, Woburn, MA) using 
the NeonTM Transfection System (Inv-
itrogen, Carlsbad, CA, USA) or Lipo-
fectamine™ 2000 (Invitrogen). Nega-
tive control mimics or inhibitors (Dhar-
macon) were used as matched controls. 
MiR-155 LNA inhibitor was used for 
the long-term inhibition of miR-155 in 
CD4+ T cells (14).

Flow cytometric analysis
Intracellular cytokine staining was per-
formed using BD Cytofix/Cytoperm 
(BD Pharmingen, San Jose, CA). Cells 
were labelled with APC-conjugated 
anti-CD4 and PE-conjugated anti-
IL-17 (BD Biosciences Pharmingen, 
San Diego, CA) antibodies and then 
analysed by multi-colour flow cytom-
etry (BD FACS CantoII, San Jose, CA, 
USA).

Enzyme-linked immunosorbent assay 
(ELISA)
IL-17 concentrations in serum and in 
culture supernatants were measured 
using ELISA kits (R&D Systems Inc.) 
and all samples were processed in du-
plicate.

RNA preparation and real-time 
polymerase chain reaction
Total RNA was isolated from fresh and 
stimulated PBMCs with TRIzol® (Inv-
itrogen). Reverse transcription of RNA 
was performed using dNTP and oligo 
(dT) primers (Invitrogen). cDNA pro-
duction from miRNA was performed 
using the TaqMan® MicroRNA Reverse 
Transcriptase Kit (Applied Biosys-
tems, Foster, CA). The obtained cDNA 
was analysed by real-time PCR using 
the ABI Prism 7000 Sequence Detec-
tion System (Applied Biosystems) 
and the 2–∆∆Ct method. Normalisation 
was performed using glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) 
for mRNA or U6 for miR-155.The 
calibrator sample (∆Ct calibration) was 
assigned from the HC group. Rela-
tive mRNA levels were calculated by 

the 2–∆∆Ct method. Primers and inter-
nal probes for miR-155 (Hs002623), 
IL-17 (Hs00174383_m1), Ets-1 
(Hs00428293_m1), U6 (Hs001973), 
and GAPDH (Hs99999905_m1) were 
purchased as assay-on-demand primer-
probe sets (Applied Biosystems).

Western blot analysis
Briefly, cells were extracted in RIPA 
buffer (Sigma-Aldrich, St. Louis, MO, 
USA) containing protease inhibitors 
(Sigma-Aldrich) and extracts were sub-
jected to western blotting using anti-
Ets-1 and anti-IL-17 (Abcam, Cam-
bridge, UK) antibodies and Immobilon 
Western chemiluminescent HRP Sub-
strate (Merck Millipore, Darmstadt, 
Germany). We used Image J software 
for quantification of the results.

Luciferase reporter assay
Jurkat T cells were transfected with ei-
ther pGL3 Ets-13´-UTR plasmid (kind-
ly provided by Dr G. Marziali from 
Istituto Superiore di Sanità, Italy (10)) 
or pGL3-Basic, together with 10, 30, 
or 60 pmol of either a miR-155 mimic 
(Dharmacon) or a miRNA mimic nega-
tive control (Dharmacon) by using the 
NeonTM Transfection System (Invitro-
gen). To normalise for the differences 
in transfection efficacy, cells were co-
transfected with pEGFP-N1 plasmid at 
a ratio of 1:10. After 48 h, cells were 
washed and lysed according to the 
manufacturer’s protocol (Promega, 
Madison, WI). Luciferase activity in 
the cell lysate was measured using a 
luminometer (Molecular Devices, Sun-
nyvale, CA).

Table I. Demographics and clinical characteristics of patients and controls.

Characteristics Active BD Inactive BD RAU HC
  (n=24) (n=22) (n=18) (n=23)

Age, years1 44.5 ± 6.3 41.7 ± 8.6 44.4 ± 9.6 39.0 ± 4.7
Sex, no. male/female 6/18 13/9 5/13 6/17
ESR, mm/hr1 31.3 ± 23.5 13.7 ± 9.2 21.3 ± 20.5 –
CRP, mg/dL1 1.6 ± 4.0 0.3 ± 0.3 0.3 ± 0.6 –

Medications, no. of patients    
Steroids (≤10 mg)2 4 5 2 –
Colchicine 10 19 6 –

1Mean± standard deviation, 2Prednisone or equivalent dosage of another steroid. Dosages of other 
steroids were converted to prednisone equivalents (e.g. 40 mg of methylprednisolone was considered 
equivalent to 50 mg of prednisone).
BD: Behçet’s disease; RAU: recurrent aphthous ulcer; HC: healthy control; ESR: erythrocyte sedimen-
tation rate; CRP: C-reactive protein.
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Statistical methods
Student’s t-test was performed and p-
values lower than 0.05 were considered 
statistically significant.

Results
Upregulation of IL-17 in patients 
with BD
To verify Th17-mediated inflamma-
tion in BD patients, IL-17 expression 
was measured using flow cytometry 
and ELISA. IL-17 levels in sera and in 
cells were below the detection limit in 
the resting state in all patients and con-
trols (data not shown). On day 5 after 
Th17 cell polarisation, intracellular IL-
17 expression in PBMCs was increased 
in all experimental groups. The fre-
quency of IL-17-expressing cells was 
significantly increased in the active 
and inactive BD groups, as compared 
to the RAU and HC groups (Fig. 1A). 
Secretory IL-17 levels in the superna-
tant on day 5 after polarisation of Th17 
cells were also significantly increased 
in the active and inactive BD groups, 
as compared to those in the RAU and 
HC groups (Fig. 1B). Next, the IL-17 
mRNA levels in PBMCs were quan-
tified. In PBMCs obtained on day 0, 
IL-17 mRNA levels were significantly 
higher in the group of patients with 
active BD than in the RAU and HC 
groups (Fig. 1C). On day 5 after Th17 
cell polarisation, IL-17 mRNA levels in 
PBMCs were also increased in the BD 
groups relative to the control groups, 
although a significant difference was 
observed only between the inactive 
BD and the HC group. Taken together, 
these results suggest that inflammation 
in BD is associated with the upregula-
tion of IL-17.

Suppressed Ets-1 expression in 
patients with BD
Since Ets-1 was reported as a negative 
regulator of Th17 differentiation (11), 
we further investigated Ets-1 expression 
in PBMCs obtained on day 0 and day 
5 from BD patients and control groups. 
In PBMCs on day 0, Ets-1 mRNA lev-
els were significantly lower in patients 
with active BD as compared to those in 
the HC group (Fig. 2A). Although Ets-
1 expression was increased after 5 days 
of culture in the Th17 polarisation con-

dition in all groups, active BD patients 
showed significantly suppressed Ets-1 
mRNA levels compared to those in the 
HC group. Ets-1 mRNA levels were 
also significantly decreased in patients 
with inactive BD compared to those in 
the RAU and HC groups.
To evaluate Ets-1 protein levels and 
their relationship with IL-17, western 
blotting was performed using PBMCs 
obtained on day 0 and day 5 from pa-
tients with active BD and from HCs. 
As expected, Ets-1 protein levels were 
significantly decreased in patients with 
active BD compared to those in the HC 
group on day 5 (Fig. 2B). In contrast, 
IL-17 expression was significantly en-
hanced in patients with active BD com-
pared to that observed in the HC group 
on day 0 and day 5. Taken together, pa-
tients with active BD showed decreased 
Ets-1 expression and increased IL-17 

expression, in contrast to what was ob-
served in HCs.

Ets-1 is a target of miR-155 in T cells
Although Ets-1 was reported as a target 
of miR-155 in megakaryocytes (10), 
miRNA targets may differ according 
to cellular contexts (15). Therefore, 
we wanted to determine whether Ets-1 
mRNA is also a target of miR-155 in 
T cells. We performed a luciferase re-
porter assay using the pGL3 Ets-1 3´-
UTR plasmid, which contains potential 
miR-155-binding sites at nucleotides 
4570–4592 (Fig. 3A). Jurkat T cells 
were transfected with different con-
centrations of miR-155 mimic or miR 
control, together with pGL3 Ets-1 3´-
UTR plasmid. Luciferase activity was 
significantly repressed by miR-155 co-
transfection as compared to miR control 
co-transfection at a concentration of 60 

Fig. 1. Upregulation of IL-17 in patients with BD.
PBMCs were cultured in Th17 polarisation conditions for 5 days. 
A. The amount of IL-17-expressing cells in PBMCs from active BD (n=6), inactive BD (n=7), RAU 
(n=6), and HC (n=7) groups after 5 days of cultivation were determined by flow cytometry. 
B. IL-17 levels in culture supernatants of PBMCs from active BD (n=5), inactive BD (n=5), RAU 
(n=5), and HC (n=5) groups after 5 days of cultivation were measured by ELISA. 
C. IL-17 mRNA levels in PBMCs from active BD (n=5), inactive BD (n=6), RAU (n=5), and HC (n=7) 
groups were determined by quantitative real-time PCR. The measured mRNA levels were normalised 
to those of GAPDH (mean ± SD).  *p<0.05, **p<0.01, ***p<0.001.
BD: Behçet’s disease; PBMCs: peripheral blood mononuclear cells; RAU: recurrent aphthous ulcer; 
HC: healthy control; ELISA: enzyme-linked immunosorbent assay; PCR: polymerase chain reaction; 
GAPDH: glyceraldehyde-3-phosphate dehydrogenase; SD: standard deviation.
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pmol (p<0.05) (Fig. 3B), indicating that 
miR-155 targets Ets-1. To further con-
firm that Ets-1 is a functional target of 
miR-155, CD4+ T cells from HCs were 
transfected with a miR-155 mimic or 
miR-155 hairpin inhibitor. Subsequent-
ly, Ets-1 expression was analysed by 
western blotting. The results indicated 
that miR-155 significantly suppressed 
the expression of Ets-1 protein (Fig. 
3C), consistent with the results of the 
luciferase reporter assay. However, Ets-
1 expression was not significantly in-
creased in CD4+ T cells transfected with 
miR-155 hairpin inhibitor compared to 
matched controls, which may be due to 
short half-life of the hairpin inhibitor 
(16). Nevertheless, this result indicates 
that miR-155 inhibits Ets-1 expression, 
specifically in CD4+ T cells.

Upregulation of miR-155 
in patients with BD
The expression of miR-155 in BD pa-
tients was investigated using real-time 

PCR. MiR-155 levels in PBMCs 
showed a tendency to increase in pa-
tients with active BD as compared to 
that observed in the control groups, 
although this observation was not sta-
tistically significant in either the rest-
ing or the stimulation state (Fig. 4A). 
In CD4+ T cells, miR-155 expression 
was significantly increased in patients 
with active BD compared to that in 
the RAU and HC groups (Fig. 4B). 
We also analysed the difference in 
miR-155 expression with respect to 
organ involvement. Although there 
was no statistically significant differ-
ence, miR-155 expression in PBMCs 
showed a tendency to increase in ac-
tive BD patients with mucocutaneous 
symptoms than in controls; however, 
no differences were observed between 
active BD patients with uveitis and 
controls. The expression of miR-155 
in CD4+ T cells showed no differenc-
es with respect to organ involvement 
(Data are not shown.).

Inhibition of miR-155 in CD4+ T cells 
impairs IL-17 expression
To evaluate the suppressive effect of 
miR-155 inhibitor on IL-17 expres-
sion, we transfected CD4+ T cells from 
patients with active BD with miR-155 
LNA inhibitor, and the transfected cells 
were polarised to Th17 cells for 5 days. 
The frequency of IL-17-expressing 
CD4+ T cells was significantly de-
creased in cells transfected with miR-
155 LNA inhibitor compared to the 
cells transfected with miR inhibitor 
control (Fig. 5A, B). The concentration 
of IL-17 in the supernatant of the cul-
tures was also significantly decreased 
in cells transfected with miR-155 LNA 
inhibitor (Fig. 5C). Overall, a decrease 
in the number of Th17 cells and in the 
production of IL-17 was observed upon 
miR-155 inhibition.

Discussion
In recent years, several studies have 
demonstrated that Th17 cells play a 

Fig. 2. Suppressed Ets-1 expres-
sion in patients with BD.
PBMCs were cultured in Th17 
polarisation conditions for 5 days. 
A. Expression of Ets-1 in PBMCs 
from active BD (n=5), inactive 
BD (n=6), RAU (n=5), and HC 
(n=7) groups were determined 
on day 0 and day 5 by quantita-
tive real-time PCR. The measured 
mRNA levels were normalised to 
those of GAPDH (mean ± SD).
B. Western blotting and densito-
metric analysis of Ets-1 and IL-17 
were performed for PBMCs from 
active BD (n=4) and HC (n=4) 
groups on day 0 and day 5. Protein 
expression levels were normalised 
against β-actin levels. 
*p<0.05, **p<0.01.
BD: Behçet’s disease; 
PBMCs: peripheral blood mono-
nuclear cells; 
RAU: recurrent aphthous ulcer;
HC: healthy control; 
PCR: polymerase chain reaction; 
GAPDH: glyceraldehyde-3-phos-
phate dehydrogenase; 
SD: standard deviation.
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critical role in the pathology of BD, 
although the underlying mechanisms 
of Th17 skewing are not clear. Here, 
we demonstrate that the expression of 

Ets-1 is decreased and inversely corre-
lated with IL-17 expression in patients 
with active BD. In addition, we showed 
that Ets-1 expression in CD4+ human T 

cells was inhibited by miR-155, whose 
levels were increased in BD patients. 
Moreover, miR-155 suppression led 
to a significant inhibition of Th17 dif-
ferentiation of CD4+ T cells in patients 
with active BD.
Our results suggest that enhanced 
miR-155 expression might lead to low 
expression of Ets-1 and an increased 
frequency of Th17 in BD. The associa-
tion of miR-155 with Th17 has been 
previously reported. Yao et al. (17) 
demonstrated that miR-155 is involved 
in the regulation of Treg/Th17 cell dif-
ferentiation and IL-17A production. 
O’Connell et al. (18) showed that mice 
deficient in miR-155 were resistant to 
experimental autoimmune encephalitis 
because of the inhibition of Th17 cell 
development, indicating that miR-155 
plays a critical role in inflammatory T 
cell development. In a mouse model 
of collagen-induced arthritis, miR-155 
knockout mice were protected against 
arthritis development (19, 20). A study 

Fig. 3. MiR-155 targets Ets-1 in T cells.
A. Sequence of miR-155 and its potential 
binding sites in Ets-1 3´-UTR. 
B. Relative luciferase activity of a reporter 
plasmid carrying Ets-1 3´-UTR sites in Jurkat 
T cells co-transfected with miR-155 mimic or 
miR control. Data are expressed as mean ± SD 
of 10 independent experiments. 
C. Representative data of western blotting and 
densitometric analysis of Ets-1 protein levels 
in CD4+ T cells from the HC group (n=7).
 Isolated CD4+ T cells were transfected with 
60 pmol of miR-155 mimic, miR-155 hairpin 
inhibitor, or their matched controls and sub-
jected to western blotting 2 days later. The 
mock experiment represents the cells that were 
treated with transfection reagent without oli-
gonucleotides. Ets-1 expression levels were 
normalised against β-actin levels. 
*p<0.05.
MiR-155: microRNA-155; 
UTR: untranslated region; 
SD: standard deviation; 
HC: healthy control.

Fig. 4. Upregulation of miR-155 in patients with BD.
A. Expression of miR-155 in PBMCs from active BD (n=5), inactive BD (n=6), RAU (n=5), and HC 
(n=7) groups before and after 5 day-culture in Th17 polarisation conditions. 
B. Expression of miR-155 in CD4+ T cells from active BD (n=5), inactive BD (n=10), RAU (n=6), 
and HC (n=6) groups. MiR-155 levels were determined by quantitative RT-PCR and normalised to the 
levels of U6 small nuclear RNA. *p<0.05, **p<0.01.
MiR-155: microRNA-155; BD: Behçet’s disease; PBMCs: peripheral blood mononuclear cells; 
RAU: recurrent aphthous ulcer; HC: healthy control.
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of the underlying mechanisms revealed 
that the protection resulted from the im-
paired production of pathogenic autore-
active B and T cells as well as Th17 po-
larisation. Although Ets-1 was a known 
target of miR-155 in Th17 cells in mice 
(21), this observation was not con-
firmed in human T cells. In this study, 
luciferase reporter assays and western 
blotting identified Ets-1 as the target 
gene of miR-155 in human T cells (Fig. 
3). Furthermore, Ets-1 expression had 
not been analysed in BD patients. Simi-
lar to our results, expression of Ets-1 
decreased in relapsing MS patients 
compared to healthy donors (14).
In accordance with the findings of a po-
tential pathologic association between 
miRNAs and chronic inflammatory 
and autoimmune diseases, it is reported 
that specific miRNAs including miR-
196a, miR-146, miR-499, and miR-182 
play a role in the pathogenesis of BD 
(22-25). These reports demonstrate that 
gene polymorphisms of miRNAs may 
lead to BD development by modulat-
ing miRNA expression and by regulat-

ing the production of proinflammatory 
cytokines. It has also been suggested 
that miRNAs, such as miR-199-3p and 
miR-720, may act as biomarkers for 
discriminating between BD patients 
and HC (26). We detected an upregula-
tion of miR-155 expression in CD4+ T 
cells of patients with active BD (Fig. 
4). A recent report by Zhou et al. dem-
onstrated that miR-155 expression is 
significantly decreased in PBMCs and 
dendritic cells (DCs) but not in CD4+ 
T cells from BD patients with active 
intraocular inflammation, as compared 
to those without active disease or to 
HCs (27). They also observed that in-
troduction of miR-155 in DCs inhib-
ited intracellular IL-17 expression in 
CD4+ T cells. These findings are not 
in agreement with the findings of our 
study, where we observed higher ex-
pression of miR-155 in BD, promotion 
of Th17 differentiation, and produc-
tion of IL-17. Even though the reasons 
for these discrepancies are not clear, 
these may be attributed to the method 
of CD4+ T cell separation and differ-

ent methods for evaluating the effect 
of miR-155 on IL-17 expression. In the 
study by Zhou et al., peripheral CD4+ 
T cells were isolated from PBMCs by 
negative selection whereas in the cur-
rent study, they were isolated by posi-
tive selection, which may be one of the 
possible explanations. They also trans-
fected miR-155 in DCs and evaluated 
the expression of IL-17 in co-cultured 
CD4+ T cells. In contrast, we directly 
transfected the miR-155 in CD4+ T 
cells following their differentiation 
to Th17 cells and then evaluated IL-
17 expression. Additionally, the type 
of BD manifestation and treatment 
also could be the reason for the dis-
crepancies. The other study described 
ocular symptoms alone in BD patients, 
whereas we enrolled BD patients with 
oral ulcers (50%) and erythema nodo-
sum-like lesions (41.7%) as the major 
symptoms. Active uveitis is typically 
treated with systemic immunosuppres-
sive agents because of its characteristic 
resistance to treatment and the pos-
sibility of blindness. Although Zhou 

Fig. 5. Repression of miR-155 
in CD4+ T cells impairs IL-17 ex-
pression.
Isolated CD4+ T cells from active 
BD (n=5) patients were transfect-
ed with miR-155 LNA inhibitor 
or control inhibitor. Subsequent-
ly, transfected cells were cultured 
in Th17 polarisation conditions 
for 5 days. 
A. Representative FACS plots for 
a patient with active BD. 
B. The proportion of CD4+IL-
17-expressing T cells was mea-
sured by flow cytometry.
C. IL-17 concentration in cul-
ture supernatants of stimulated 
CD4+ T cells from patients with 
active BD (n=5) were measured 
by ELISA. Bars show the relative 
expression levels (mean ± SD).
 **p<0.01, ***p<0.001.
MiR-155: microRNA-155; 
BD: Behçet’s disease; 
LNA: locked nucleic acid; 
ELISA: enzyme-linked immuno-
sorbent assay; 
SD: standard deviation.
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et al. mentioned that the enrolled BD 
patients with active ocular inflamma-
tion had not received any systemic im-
munosuppressive agents for at least 1 
week before enrolment, the effects of 
previous treatment could have per-
sisted at the time of blood sampling. In 
our study, only four patients presented 
with active uveitis, and they were new 
patients who had not taken any drugs, 
including immunosuppressive agents 
or corticosteroids, prior to enrolment. 
Although some of the enrolled BD pa-
tients used low-dose corticosteroids, its 
effect was not immunosuppressive, but 
was anti-inflammatory (28). Addition-
ally low-dose corticosteroids were also 
used in some of the RAU groups; there-
fore, we assumed that the effect of the 
drugs was quite marginal. We also ana-
lysed the difference in the expression 
of miR-155 among active mucocutane-
ous BD, active ocular BD, RAU, and 
HC. Although there was no statistically 
significant difference, the expression of 
miR-155 in PBMCs showed a tendency 
to increase in active BD patients with 
mucocutaneous symptoms than in con-
trols, but no differences were observed 
between patients with active BD with 
ocular symptom and the controls. On 
the contrary, the expression of miR-155 
in CD4+ T cells showed no difference 
with respect to organ involvement. Fu-
ture studies with large sample sizes are 
required to clarify this issue.
The main goal of BD treatment is reliev-
ing the symptoms and resolving the in-
flammation to prevent tissue damage and 
complications. There is some evidence 
that manipulation of aberrant miRNA 
levels could inhibit inflammation and 
disease progression. In mice models of 
MS, overexpressed miR-326 aggravated 
the phenotype of experimental autoim-
mune encephalomyelitis, whereas this 
aggravation completely disappeared 
by suppression of miR-326 (14). MiR-
155 knockout mice were also protected 
against arthritis by impaired production 
of pathogenic B and T cells (19, 20). 
Glucocorticoids (GCs), as one of the 
most widely used anti-inflammatory 
therapy in BD, inhibit the expression of 
miR-155 in lipopolysaccharide-induced 
inflammatory responses (29). Addition-
ally, combined therapy with GCs and 

miR-155 inhibition showed a synergis-
tic effect on the anti-inflammatory effect 
of GCs. We observed that antagonising 
miR-155 in CD4+ T cells from patients 
with active BD resulted in a significant 
decrease in IL-17-expressing T cells and 
IL-17 levels (Fig. 5). Blocking miRNA 
function using compounds such as an-
timiRs may be an effective therapeutic 
strategy. Several efforts have been made 
to deliver antimiRs into cells and tissues 
in an efficient and stable manner (16). 
Further animal studies using antimiRs 
are needed to develop this therapeutic 
strategy in the context of BD.
In conclusion, we have demonstrated 
that miR-155 targets Ets-1 in human 
CD4+ T cells and observed an increased 
expression of miR-155 in CD4+ T cells 
from patients with active BD. Inhibi-
tion of miR-155 expression in CD4+ T 
cells from patients with active BD re-
sulted in a decrease in the number of 
IL-17-producing CD4+ T cells. These 
results suggest that miR-155 may be a 
critical factor in the regulation of Th17 
differentiation by targeting Ets-1 in hu-
man T cells. Therefore, the development 
of a miR-155 antagonist could be use-
ful as a therapeutic target to regulate the 
Th17 immune response in BD.
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