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MicroRNA-10b Plays a Role in Bone Formation by
Suppressing Interleukin-22 in Ankylosing Spondylitis
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Objective. The microRNA (miR)-10b is the T helper (Th) 17 cell specific in patients with ankylosing spondylitis (AS). The inter-
leukin (IL)-22, which is closely related to Th17 cells, has been implicated in the regulation of new bone formation in ex-
perimental models. Therefore, the aim of this study was to evaluate whether miR-10b affects bone formation via the IL-22 path-
way in AS. Methods. Primary CD4 + T cells from AS were purified and transfected with miR-10b, anti-miR-10b, or scramble.
Cell-surface markers and cytokine expression were analyzed by flow cytometry and enzyme-linked immunosorbent assay.
Primary bone-derived cells (BdCs) from the facet joints of the spine were isolated, then osteogenic differentiation of primary
BdCs was performed. We assessed alkaline phosphatase (ALP) activity and staining of BdCs at early time points. Alizarin red
S staining of BACs was performed at late time points. Results. Overexpression of miR-10b reduced both IL-22 producing cell
frequencies and cytokine production in T cells from the patients with AS. The IL-22 significantly increased ALP staining and
bone mineralization. The ALP promotor activity of AS-BdCs was notably higher for the IL-22 concentration. The supernatants
of the miR-10b overexpression group suppressed ALP activity on osteogenic progenitor cells from the facet joints of the spine
in patients with AS. Conclusion. Our data suggest that miR-10b suppresses IL-22 production, which was involved in osteogenic
proliferation in AS. Therefore, miR-10b might be a potential therapeutic candidate for regulation of new bone formation in pa-
tients with AS. (J Rheum Dis 2020;27:61-67)
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more prevalent in peripheral blood mononuclear cells
(PBMCs) in patients with AS. Subsequent studies have
revealed that the activation of Th17 cells is critical for in-

INTRODUCTION

Ankylosing spondylitis (AS) is characterized by in-

flammation of the axial skeleton, sacroiliac joints and, to
a lesser degree peripheral arthritis and certain ex-
tra-articular organs, including the gastrointestinal tract,
eyes, skin, and cardiovascular system [1].

AS is genetically associated with single nucleotide poly-
morphisms (SNPs) in the common p40 subunit of inter-
leukin (IL)-12/23 and IL-23 receptor (IL-23R) SNPs.
Recently, accumulating data suggest that the IL-23 path-
way plays a main role in AS. Two of the major effector cy-
tokines downstream of IL-23R are IL-17 and IL-22 [2].
The IL-17 producing T helper (Th) 17 cells are significantly

flammatory responses in AS [3-7]. The most character-
istic feature in AS is subchondral eburnation and syn-
desmophytes that could lead to ankylosis and spinal
fusion. Although the basis for the new bone formation in
AS remains poorly understood, recently it was reported
that IL-22 has been implicated in the regulation of new
bone formation [8]. Moreover, it was suggested that hu-
man mesenchymal stem cell osteogenesis was enhanced
following IL-22 exposure [9].

The microRNA (miR) is noncoding RNA oligonucleo-
tide that has emerged as potent regulator of target gene
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expression [10]. They have been identified as appearing
to be critical for fine-tuning many biological processes
and offer the prospect of multiple targets [11,12]. Emerging
data suggest that single miR species can alter the immune
responses [13-15]. We recently reported a novel Th1l7
regulator miR-10b that is present in Th17 cells from pa-
tients with AS [16].

Th17 cells are the main producers of IL-22 [17], which
was involved in osteogenesis in AS. Because we found
that the main function of miR-10b is suppression of
pro-inflammatory Th17 cell cytokines, we hypothesized
that miR-10b may suppress production of IL-22 cytokines
from Th17 cell and retard bone formation in AS.

MATERIALS AND METHODS

Purification of primary CD4 + cell and transfection

We obtained blood samples from six patients with AS
(defined by modified NewYork criteria). This study was
approved by the Institutional Review Board (IRB) of
Chonnam National University Hospital (IRB no. CNUH-
2011-199) and Hanyang University Hospital (IRB no.
2014-05-002-001). Primary CD4+ T cells were purified
using a negative selection by MACS CD4+ T cell isolation
kit (Miltenyi Biotec, Bergisch Gladbach, Germany). We
did transfection with a Neon transfection system device
(Thermos Fisher Scientific, Waltham, MA, USA) accord-
ing to the manufacturer’s instructions. Briefly, CD4+
cells were stimulated for 19 hours with 2 ug/mL phyto-
haemagglutinin before transfection and resuspended in T
buffer solution. 20 uM oligonucleotides (including
miR-10b mimic, anti-miR-10b, and miR-scramble) were
added into the solution and mixed. Then the mixtures
were transferred to electroporation cuvettes and placed in
the transfection device. After transfection, cells were cul-
tured in RPMI with 10% fetal calf serum. Transfected cells
were then incubated under normal condition (humidified
37°C/5% CO,) until analysis.

Human primary BdCs isolation and in vitro
osteogenic differentiation

Primary bone-derived cells (BdCs) were isolated and
cultured as previously described [18]. Osteogenic differ-
entiation of primary BdCs was performed using the pre-
vious method [19]. Briefly, the cells were seeded in
growth medium and then stimulated with osteogenic
conditional medium, including ascorbic acid, beta-glycer-
ol phosphate, and dexamethasone. The osteogenic me-
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dium (OM) was changed every three days. We assessed
alkaline phosphatase (ALP) activity and staining at early
time points after stimulation with OM. Alizarin red S
(ARS) staining was performed at late time points after the
stimulation with OM.

ALP promoter assay

A plasmid with the ALP promoter was a gift from Prof.
KwangYoul Lee (College of Pharmacy, Chonnam National
University, Gwangju, Korea) [20]. The 293T cells were
co-transfected with the ALP promoter plasmid and the
firefly luciferase gene using Lipofectamine 3000, after
which luciferase activity was assessed according to the
manufacturer’s protocol (E1500; Promega, Madison, W1,
USA). Luciferase activity was measured with a lumin-
ometer (Berthold, Oak Ridge, TN, USA).

Flow cytometry analysis

Cell-surface markers and cytokine expression were de-
tected by flow cytometry after re-stimulation with PMA
and ionomycin in the presence of brefeldin A. The anti-
bodies used for the surface phenotype, allophycocya-
nin-labeled anti-CD4 (Becton Dickinson, San Diego, CA,
USA), and phycoerythrin—Cy7-labeled anti-IL-22 (Becton
Dickinson, San Diego, CA, USA). Flow cytometric data
were collected on an LSRII (BD PharMingen, San Jose, CA,
USA); a minimum of 1x10° events were collected. Data
were analyzed using FlowJo software (Tree Star, Ashland,
OR, USA).

Detection of cytokines in cell culture supernatant

The sample was collected and transferred into a single
well of a cytokine assay plate supplied by the manu-
facturer (Ebioscience, San Diego, CA, USA), followed by
washing and binding with the primary and secondary
antibodies. The secondary antibody contained a horse-
radish peroxidase enzyme that can metabolize the sub-
strate to turn it blue color. The color changes to yellow-
brown upon addition of the stop reaction buffer. The color
intensity representing the level of cytokine expression
was measured in the plate reader at 405 nm. A stand-
ardized column for each cytokine was set in each assay
plate to convert the light absorbance from each sample in-
to the weight per mL of medium.

Statistical analysis
Statistical analysis was performed using GraphPad
Prism software version 5 (GraphPad, Inc., San Diego, CA,
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USA). A p-value less than 0.05 was considered statisti-

cally significant.

RESULTS

miR-10b suppresses IL-22 cytokine production
We first investigated the effects of miR-10b on IL-22
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production in AS. CD4+T cells from PBMCs of AS were
isolated and transfected with miR-10b mimic, an-
ti-miR-10b, or scramble as a control. The cell viability did
not affected by miR-10b transfection (Supplementary
Figure 1). After 72 hours culture, a representative figure
of flow cytometry results was shown for each group
(Figure 1A). Overexpression of miR-10b reduced IL-22
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Figure 1. MicroRNA (miR)-10b suppresses interleukin (IL)-22 cytokine production. Frequency of I1L-22 producing cells and pro-
duction of IL-22 in CD4 T cells from ankylosing spondylitis (AS) transfected with miR-10b mimic, anti-miR-10b, or miR-scramble
and stimulated with anti-CD2/3/28-coated beads for 72 hours. A representative flow cytometry result is shown for each group (A).
Overexpression of miR-10b reduced IL-22 producing cell frequencies and cytokine production in T cells from the patients with AS.
Whereas, inhibition of miR-10b significantly increased the expression of IL-22 cytokine (B, C). APC: allophycocyanin, PE-Cy7: phy-

coerythrin-Cy?7.
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producing cell frequencies (2.49+1.56 vs. 2.04+1.38,
p=0.035) (Figure 1B, left panel). Silencing of miR-10b re-
sulted in reduced levels of IL-22 production, verified by
decreased in the proportion of IL-22 positive cell
(1.78+0.37 vs. 2.16+0.38, p=0.011) (Figure 1B, right pan-
el). miR-10b overexpression markedly decreased IL-22
cytokine production in T cells from the patients with AS
(600.3+189.9 vs. 387.7x163.9, p=0.015), whereas in-
hibition of miR-10b significantly increased the expression
of IL-22 cytokine (601.5+182.6 vs. 932.0+283.1, p<
0.001) (Figure 1C, right panel).

IL-22 enhances osteogenic activity and differentiation
in AS

It has been reported that the levels of secreted and anch-
ored ALP were elevated in AS-BdCs [21]. We wondered

whether IL-22 can induce osteogenic activity in AS.
Therefore, we stimulated AS-BdCs with IL-22 in a
dose-dependent manner (0, 5, 10, 20 ng/mL). We finally
observed that IL-22 significantly increased ALP staining
and mineralization as assessed by ARS staining (Figure
2A). The ALP promotor activity of AS-BdCs was notably
higher for the IL-22 concentration up to 20 ng/mL
(Figure 2B). Furthermore, adding IL-22 exhibited in-
duced intercellular ALP activity (Figure 2C).

miR-10b suppresses ALP activity on osteoprogenitor
cells in AS

We collected supernatants from three-days cultured T
cells, which had been transfected with miR-10b mimic or
scramble. Then we added these supernatants to the
AS-BdCs to see whether the miR-10b affected osteogenic
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Figure 2. Interleukin (IL)-22 promotes osteoblastogenesis. Primary bone-derived cells (BdCs) from ankylosing spondylitis (AS)
were isolated and cultured. Alkaline phosphatase (ALP) activity and staining were assessed at early time points after stimulation
with osteogenic medium (OM). Alizarin red S (ARS) staining was done at late time points after stimulation with OM (A). The ALP
promotor and intercellular ALP activity of AS-BdCs depending on 1L-22 concentration were measured (B, C).
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Figure 3. MicroRNA (miR)-10 suppresses alkaline phospha-
tase (ALP) activity on osteoprogenitor cells in ankylosing spon-
dylitis (AS). Supernatants from T cells, which had been trans-
fected with miR-10b mimic or scramble, were added on the
primary bone-derived cells bone-derived cells from the facet
joint in AS.

activity. We found that supernatants of the miR-10b over-
expression group suppressed ALP activity on osteogenic
progenitor cells from the facet joints of the spine in pa-
tients with AS (21.67+4.74 vs. 18.50+3.37 p=0.015)
(Figure 3).

DISCUSSION

The AS shows a propensity for new bone formation fol-
lowing inflammation. Bone formation occurs at sites of
the entheseal region and histologically may exhibit endo-
chondral, intramembranous or chondroidal metaplasia
[22]. Although the mechanism for the new bone for-
mation in AS remains poorly understood, elevated ALP
levels in serum were observed in patients with AS.
Moreover, ALP secretion and levels of anchored ALP were
high in AS-BdCs compared with healthy control-BdCs
[21]. In this study, we isolated and cultured primary BdCs
from surgically obtained bone from patients with AS.
Because AS-BdCs exhibited dramatically increased ALP
activity and mineralization, which are both features of
terminally differentiated osteoblasts, AS-BdCs can be
suitable samples for experiment of bone formation in AS.

Human MSC may play a major role in both bone repair
and aberrant new bone formation at the enthuses [23].
IL-22 regulates stem cell function in the liver, skin, and
intestine has been dubbed a master regulator of stem cell
function [24]. One study has found that IL-22 was in-
volved in human MSC proliferation and migration in in-
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flammatory environments [9]. Sherlock and his colleague
tested whether IL-22 could have an osteoproliferative ef-
fect using an experimental model for sponsyloarthritis.
Osteoblasts from MSC are central to the formation of new
bone, IL-22 more effectively induces genes that regulate
bone formation, specifically those that encode Wnt fam-
ily members, bone morphogenic proteins and alkaline
phosphatase. Taken together, these results suggest that
the osteoprolifera—tive component of disease is medi-
ated by IL-22, promoting entheseal and periosteal bone
formation [8]. Based on these observations, we hypothe-
size that IL-22 may also regulate human MSC function,
particularly MSC osteogenesis in an inflammation-
dependent context. According to the data of ALP promo-
tor activity and mineralization of AS-BdCs, IL-22 can in-
duce osteogenic activity in patients with AS. In line with
previous results, we also concluded that IL-22 induced
osteogenesis in AS-BdCs.

Although there has been interest in the progression of
structural damage in AS, only limited and inconsistent
data are available about the treatment for structural dam-
age [25,26]. We previously identified AS Th17-specific
miRs and described the function of miR-10b, in the neg-
ative regulation of inflammatory cytokine productions by
Th17 cells, using RNA sequencing. miR-10b was upregu-
lated in AS Th17 cells, where it likely functions to sup-
press IL-17A production. Previous researches have linked
miR-10b to cancer pathogenesis. It is up-regulated in
metastatic breast cancer, where it down-regulates
Homeobox D10 [27], and can inhibit cell proliferation
and enhance apoptosis in gastric cancer cell lines [28].
However, we reported that miR-10b can inhibit MAP3K7
expression in CD4 T cells and that this can lead to in-
hibition of Th17 cell cytokine (without significant effects
on cell viability) [16]. MAP3K7 activates NF- « B signal
transduction by causing I « B degradation [29]. NF- « B
has been shown to be involved in the regulation in-
flammatory gene expression in Th17 cells, suggesting in-
hibition of NF « B as a downstream mechanism for miR-
10b regulation of Th17 function. It is possible that sup-
pression of MAP3K7 as a target of miR-10b resulted in de-
crease of IL-22 cytokines. In this study, miR-10b over-
expression reduced both IL-22 producing cell frequencies
and IL-22 production in T cells from the patients with AS.
Therefore we did further experiments using Th17 cell
specific miR-10b, focusing on treatment for bony pro-
gression in AS. In line with the miR-10b effect on IL-22,
miR-10b overexpression suppresses osteoblastic activity

65



Pu-Reum Park et al.

in patients with AS by suppressing IL-22 production. For
the suppression of osteogenic IL-22, gene therapy using
miR-10b might be a potential candidate for controlling in-
flammation and delaying bony progression in patients
with AS.

There are some limitations to this study. Because the os-
teogenic effect of miR-10b was shown only by ALP activ-
ity, experiments about mineralization or calcification by
miR-10b on AS-BdCs should be carried out. IL-22 block-
ing experiment should be carried out to verify the IL-22
effects on osteogenesis by miR-10b. All experiments were
carried out in vitro. Further in vivo studies should be done
considering not only IL-22 but also other confounding
factors.

However our data suggest that miR-10b has preventive
effect on osteoblastic activity in AS via suppressing IL-22
cytokines. Therefore, the gene based novel therapy can be
a candidate for treatment of inflammation and bony pro-
gression in AS.

CONCLUSION

In the present study, miR-10b overexpression reduced
both IL-22 producing cell frequencies and IL-22 pro-
duction in T cells from the patients with AS. miR-10b
overexpression suppresses osteoblastic activity in pa-
tients with AS by suppressing IL-22 production. Therefore,
miR-10b might be a potential therapeutic candidate for
controlling inflammation and regulation of new bone for-
mation in patients with AS.
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