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Abstract
Objective
To explore the inhibitory effect and mechanism of 1,25-dihydroxy vitamin D, (1,25(OH),D;) on receptor activator of
nuclear factor-xB ligand (RANKL) expression in fibroblast-like synoviocytes (FLSs) and osteoclastogenesis induced by
interleukin (IL)-22 in patients with rheumatoid arthritis (RA).

Methods
Fibroblast-like synoviocytes from patients with rheumatoid arthritis (RA-FLSs) were cultured and stimulated for
RANKL expression with IL-22 in the absence or presence of various concentrations of [,25(OH),D;, and JAK-2 inhibitor
or p38 MAPK inhibitor at the optimised time point of IL-22 treatment. The level of RANKL messenger RNA (mRNA) or
protein was measured using real-time polymerase chain reaction (RT-PCR) or western blot method. To assess the impact
of ,L25(OH),D; on osteoclastogenesis, isolated monocytes were activated by M-CSF and RANKL or cocultured with FLSs
stimulated by IL-22 in the presence or absence of ,25(OH),D; and those inhibitors. TRAP-positive cells as differentiated
osteoclasts were stained for alkaline phosphatase.

Results
FLSs stimulated with IL-22 for 72 hours were used in further experiment because of the highest expression of RANKL
at this time point. The expression of RANKL mRNA and protein in IL-22-stimulated FLSs were significantly inhibited by
1 nM of 1,25(0OH),D; (p<0.05). Interestingly, this inhibition was reversed by inhibitor of JAK-2/STAT-3 or p38 MAPK/
NF-xB signalling. In monocytes cocultured with IL-22-stimulated FLSs in the presence of exogenous RANKL and M-CSF,
1,25(0H),D; could block the process of osteoclastogenesis by JAK-2/STAT-3 or p38 MAPK/NF- kB signalling.

Conclusion
1,25(0OH),D; may exert inhibitory effect on osteoclastogenesis of RA-FLSs by down-regulating RANKL expression,
which could be mediated by IL-22 through JAK-2/STAT-3 and p38 MAPK/NF-xB signalling.
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Introduction

Rheumatoid arthritis (RA) is a systemic
autoimmune disease, mainly character-
ised by persistent synovitis induced by
extensive synovial cell proliferation,
synovial tissue hyperplasia, and pannus
formation. Activated synoviocytes at-
tacking cartilage and bone cause arthri-
tis and joint deformity, and, even worse,
may lead to high risk of morbidity and
mortality (1). It is reported that about
75% of RA patients would have joint
erosions after 2 years of disease onset
(2). Therefore, early diagnosis and early
reversal of bone destruction could be as-
sumed enormous importance. However,
the exact aetiology and pathogenesis
of RA bone erosions are still unknown,
while genetic and environmental factors
seem to play a key role (3). One of the
crucial environmental factors related to
RA is vitamin D deficiency (4-7).
Traditional vitamin D was reported to
act as a hormone precursor to exert its
anti-inflammatory and immune-regula-
tion role (8-10), including the release
of related chemokines and cytokines
(11-13). Among cytokines, IL-22 can
be produced by many cells including
activated NK and T cells and suggested
to play crucial roles in innate immune
responses, autoimmunity and tissue re-
generation (14). However, the roles of
IL-22 and vitamin D in rheumatoid ar-
thritis are still unclear.

Fibroblast-like synoviocytes (FLSs)
existing in articular cavity, are charac-
terised by excessive proliferation in in-
flammatory environment and play a cru-
cial role in bone destruction. A variety
of inflammatory cytokines and matrix
proteins can stimulate their proliferation
and differentiation (15). Cytokines such
as IL-1,IL-6,IL-17, and tumor necrosis
factor-a. (TNF-a), especially IL-22 can
activate FLSs. IL-22 was also highly ex-
pressed in FLSs and could promote the
proliferation of FLS (16, 17). The acti-
vation of FLSs induces the expression of
receptor activator of nuclear factor-kB
ligand (RANKL), which is necessary
to promote monocyte/macrophage to
differentiate into osteoclasts (18), even-
tually leading to the destruction of car-
tilage and bone. Interestingly, 1,25-di-
hydroxy vitamin D, (1,25(OH),D;) can
significantly reduce the expression of

cytokines including IL-17, IL-22, IL-6
and TNF-a in patients with RA and may
have a plausible link with NF-xB (19).

Our previous study found that the lev-
els of 1,25(0OH),D; in patients with RA
were significantly lower than those of
healthy volunteers (20). The negative
correlation between serum 1,25 (OH),D,
levels and several markers of RA dis-
ease activity suggests the involvement
of vitamin D in the pathogenesis of RA
(20). Furthermore, 1,25(0OH),D, could
reduce the production of RANKL and
the secretion of TNF-a, IL-17, and IL-6
in peripheral blood mononuclear cells
(PBMCs) of RA patients (21). These
findings have reminded us that the bone-
preserving effects of 1,25(OH),D; in RA
patients could be at least partly ascribed
to regulate the expression of RANKL
signalling pathway. Here, we provided
new insights into the stimulus-specific
roles of 1,25(OH),D, in RA. Our find-
ings demonstrated that the presence
of 1,25(OH),D; could down-regulate
RANKL expression in RA-FLS and
inhibit  osteoclastogenesis mediated
by JAK-2/STAT-3 and p38 MAPK/
NF-xB signalling, delaying the process
of bone destruction of RA. Therefore,
1,25(0OH),D, may be of value in prevent-
ing bone erosions in patients with RA.

Patients and methods

Patients and tissue specimens

PBMCs were obtained from 18 RA
patients (6 men and 12 women: age,
mean+SD: 4445 years) and 18 age-, sex-
matched healthy volunteers. Synovial
samples were isolated from another 3
patients with RA (1 men and 2 women:
age, mean+SD: 43+6 years) through
blind type needle synovial biopsy sur-
gery. All patients fulfilled the American
College of Rheumatology (ACR) 1987
revised criteria for RA (22). Informed
consents were obtained from all patients
and healthy volunteers, and the experi-
mental protocol was approved by the
Medical Ethics Committee of the Second
Hospital of Shanxi Medical University,
which complied with the Declaration of
Helsinki (approval no.: 2013ky007).

Reagents

1,25(OH)2D3 was supplied by Sigma
Company (St. Louis, USA). IL-22 and
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macrophage colony-stimulating factor
(M-CSF) were purchased from Pep-
roTech Company (New Jersey, USA).
AG490 (JAK-2/STAT pathway inhibi-
tor) and SB203580 (p38 MAPK path-
way inhibitor) were obtained from R&D
Company (Santa Monica, USA). All the
other chemical agents used were of ana-
Iytical grade.

T lymphocyte activation

and IL-22 expression assay

To assay down-regulated effect of
1,25(0H),D; on IL-22 expression of
PBMCs activated by anti-CD3/anti-
CD28, these cells were isolated from
RA patients as reported previously (16).
The PBMCs were suspended in phenol
red-free Iscove’s modified Dulbecco’s
medium (IMDM) (Gibco, Breda, The
Netherlands) supplemented with 10%
charcoal-treated FCS, 100 units/ml
penicillin, and 100 pg/ml streptomy-
cin (BioWhittaker, Walkersville, MD)
and cultured for 72 hours in 96-well
plates (200ul/well). Different concen-
trations (0.1 nM, 1 nM, and 100 nM)
of 1,25(0OH),D; were used to stimulate
the cells with the presence of anti-CD3
(300 ng/ml, 1XE, Sanquin, Amsterdam,
The Netherlands) and anti-CD28 (400
ng/ml, 15E8, Sanquin, Amsterdam, The
Netherlands). At 72 hours after treat-
ment, the culture supernatant was col-
lected for further examination of IL-22
by a sandwich Enzyme-linked immu-
nosorbent kit (ELISA) (16).

RANKL expression of FLSs

stimulated by IL-22

FLSs, synoviocytes type B, from RA
were isolated from the synovial tissue
using a process of enzymatic digestion
(23). The isolated FLSs were suspended
in DMEM/F12 (Gibco) supplemented
with 10% FCS, 100 units/ml penicil-
lin, and 100g/ml streptomycin (Gibco)
and inoculated into 6-well plates (2 ml/
well). The FLSs were stimulated with
IL-22 at 10ng/ml for 48 hours, 72 hours
or 96 hours, and then selected one op-
timal time point. At the optimal time
point (72 hours after treatment), the
FLSs were incubated in the presence or
absence of different concentrations (0.1
nM,1 nM, and 100 nM) of 1,25(OH),D,
and/or different pathway inhibitors
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(50 uM) (AG490 for JAK-2/STAT-3,
SB203580 for p38 MAPK/NF-kB).
After the inhibitor treatment for 1 hour
and the addition of IL-22 again, FLSs
were incubated with different concen-
trations (0.1 nM, 1 nM, and 100 nM) of
1,25(0OH),D, for 72 hours. Expression
of RANKL messenger RNA (mRNA)
and protein was examined by real-time
polymerase chain reaction (PCR) and
western blot.

Measurement of RANKL messenger
RNA (mRNA) expression by real-time
polymerase chain reaction (PCR)
mRNA was extracted using RNAzol B
(Biotex Laboratories), according to the
manufacturer’s instructions. Inner ref-
erence ([3-actin) cDNA was amplified
with the following oligonucleotides:
5’-GGA CTT CGA GCA AGA GAT
GG-3’ as the forward primer sequence,
and 5’-TGT GTT GGC GTA CAG
GTC TTT G-3’as the reverse primer se-
quence. Target gene (RANKL) cDNA
was amplified with the following oligo-
nucleotides: 5’-ACC AGC ATC AAA
ATC CCA AG-3’ as the forward primer
sequence, and 5’-CCC CAA AGT ATG
TTG CAT CC-3’ as the reverse primer
sequence. Reverse transcription of 2 ug
total RNA was carried out at 37°C for 15
minutes using the SuperScript reverse
transcription system (Takara). Quanti-
tative PCR was performed in a 20pl fi-
nal volume in capillary tubes in a Light-
Cycler instrument (Roche Diagnostics).
The reaction mixture contained 2 pul of
LightCycler FastStart DNA MasterMix
for SYBR Green I (Roche Diagnostics),
0.5 uM of each primer, 4 mM MgCl2,
and 2 pl of template DNA. All of the
capillaries were amplified with the pre-
denaturing of polymerase at 95°C for 30
seconds, followed by 40 cycles of 95°C
for 5 seconds and 60°C for 30 seconds.
The temperature transition rate was
20°C/second for all steps. The double-
stranded PCR product was measured
during the 72°C extension step by the
detection of fluorescence associated
with the binding of SYBR Green I to
the product. Melting curve analysis was
performed immediately after the ampli-
fication protocol, under the following
conditions: 0 seconds (hold time) at
95°C, 15 seconds at 71°C, and O sec-

onds (hold time) at 95°C. Negative con-
trols were also included and contained
all elements of the reaction mixture, ex-
cept for the template DNA. All samples
were processed in triplicate.

The fluorescence curves were analysed
using LightCycler software (v. 3.0;
Roche Diagnostics). The relative ex-
pression level of mRNA in each sample
was calculated as the level of RANKL
normalised to the endogenously ex-
pressed housekeeping gene (f3-actin).

Western blot analysis of

RANKL expression

The IL-22-stimulated FLSs were
incubated with various doses of
1,25(0OH),D;, either AG490 (50 uM) or
SB203580 (50 uM), or 1,25(0OH)2D3
plus either AG490 or SB203580. Af-
ter incubation for 72 hours, whole cell
lysates of FLS were prepared by ho-
mogenisation in the lysis buffer (RIPA
lysate, Thermo Bio, USA). The protein
concentration in the supernatant was
measured using the Bicinchonininc
acid (BCA) method. The protein sam-
ples were separated on 10% sodium
dodecyl sulfate-polyacrylamide gel
electrophoresis (BOSTER Bio) and
transferred to a nitrocellulose (NC)
membrane. For Western hybridisation,
2ul of anti-RANKL antibody (Abcam
Bio.) was added and incubated over-
night at 4°C. After wash and addition of
2ul horseradish peroxidase- conjugated
goat anti-rabbit antibody (BBI life sci-
ences Bio), the hybridised bands were
detected using an enhanced chemilumi-
nescence detection kit and Hyperfilm-
ECL reagents (BOSTER Bio).

Effect of 1,25(0OH),D;on monocytes

PBMCs obtained from healthy vol-
unteers were separated from the buffy
coats by Ficoll-Hypaque (Sigma) den-
sity gradient centrifugation. Monocytes
were purified using magnetic bead
separation (Miltenyi Biotec, Cologne,
Germany) from PBMCs and stained
with a monocyte-specific anti-CD14*
monoclonal antibody to assess the pu-
rity of the preparation, which revealed
that 90% of the isolated cells expressed
CD14*. Osteoclast precursors were
prepared using the monocyte-enriched
fraction from the peripheral blood. The
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Fig. 1. Effect of 1,25(0H),D; on IL-22 secretion in RA-PBMCs stimulated by anti-CD3/anti-CD28. (A) FLS preparation and culture. Left, Synovial tissue
pieces were digested by collagenase I for 4-6 hours (Inverted microscope 200 x). Right, FLSs were cultured for 5 days (Inverted microscope 200 x). (B)
ELISA assay showed the levels of IL-22 in cultured PBMCs from 18 RA and 18 healthy controls. *=p<0.05 versus healthy PBMCs; #=p<0.05 versus RA
PBMCs. The addition of 0.1 nM, 1 nM, or 100 nM of 1,25(OH),D, led to an inhibition of IL-22 secretion in cultured RA-PBMCs compared to that with
anti-CD3/anti-CD28-stimulated only, though the results did not reach a statistical degree (p>0.05). Bar show the mean and SD. (C) Optimal time for up-
regulation of RANKL in FLSs by IL-22 stimulation. The addition of IL-22 to FLSs at increasing culturing time points led to a time-dependent stimulation
and reached the highpoint at 72 hours of the expression of RANKL mRNA, relative to 3-actin. *=p<0.05 versus blank control.

isolated human monocytes were in-
cubated with RANKL (30ng/mL) and
M-CSF (25ng/mL), in the presence or
absence of 1,25(0OH),D, (InM). The
medium was changed every 2 days.
On day 14, tartrate-resistant acid phos-
phatase (TRAP, as a marker of os-
teoclast differentiation)-positive cells
were counted for the number of osteo-
clasts. Real-time PCR was performed
to measure the mRNA expression of
osteoclastogenic markers, such as
TRAP, matrix metalloprotein-9 (MMP-
9), and cathepsin K.

Detection of osteoclast formation

As described above, the isolated hu-
man CDI14* monocytes (1x10 °cells/
well) were added to the cultures of
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stimulated fibroblasts in fresh medium.
The cells were incubated for 2 weeks
in o-minimum essential medium and
10% heat-inactivated FBS in the pres-
ence of 25 ng/ml of M-CSF. The me-
dium was changed at day 3, and every
other day thereafter. The cells treated
with recombinant human RANKL pro-
tein and prepared as described previ-
ously were used as the positive control
and with M-CSF only as negative con-
trol. At day 21, TRAP—positive cells,
differentiated osteoclasts, were identi-
fied using a leukocyte acid phosphatase
kit (Sigma-Aldrich), according to the
manufacturer’s protocol (24). The
mRNA expression of TRAP, MMP-9,
and cathepsin K was also measured as
above mentioned.

Statistical analysis

Samples were analysed at least in trip-
licates. All quantitative data were ex-
pressed as mean =+ standard deviation.
Data of normal distribution and ho-
mogeneity of variance were compared
variance (ANOVA). Student’s ¢-test
was used to compare multi group vari-
ables, or by rank sum test. A p-value of
less than 0.05 was considered statisti-
cally significant. Statistical analyses
were performed by SPSS v. 23.0.

Results

Down-regulation of IL-22 secretion
after 1,25(0OH),D; treatment and
optimal time of IL-22 stimulation for
up-regulation of RANKL in FLSs
IL-22 expression was significantly
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Fig. 2. Inhibitory effect of 1,25(0OH),D; on the expression of RANKL mRNA and protein mediated by JAK-2/STAT-3 or p38 MAPKxB signaling pathway
in IL-22 stimulated RA-FLS. (A and B) RA-FLSs were pretreated for 1 hour with AG490 (JAK-2/STAT pathway inhibitor, 50 uM) (A) or SB203580 (p38
MAPK pathway inhibitor, 50 uM) (B) and then were cultured with 0.1 nM, 1 nM, or 100 nM of 1,25(OH),D, for 72 hours. Bars show the mean + SD of 3 in-
dependent experiments. *=p<0.05 versus IL-22 alone. *=p<0.05 versus combination of IL-22 and AG490 or SB203580. (C) The exposure image of RANKL
protein after IL-22 stimulation for 72 hours. A molecular weight of 37kDa band agreed with that of RANKL and -Actin was used as loading control.

higher in RA-PBMCs than in healthy
control (p<0.05) and dramatically in-
creased in RA-PBMC:s after anti-CD3/
anti-CD28 treatment (p<0.05) (Fig. 1A-
B). To assess the effect of 1,25(0OH),D,
on IL-22 secretion, RA-PBMCs were
incubated with 1,25(OH),D,. The ad-
dition of different concentrations of
1,25(0OH),D;, led to a decrease of IL-
22 secretion in RA-PBMCs compared
to that stimulated with anti-CD3/anti-
CD28 only, though it did not reach a
statistical degree (p>0.05) (Fig. 1B).
Furthermore, the experimental doses
of 1,25(0OH),D, at different time point
had no cytotoxic effect or proliferative
effects on the RA synovial fibroblasts
(results not shown). Herein, we exam-
ined whether IL-22 induced the ex-
pression of RANKL in RA-FLSs and
detected the best time for stimulation.
The addition of increasing culture time
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(48 hours, 72 hours or 96 hours) of
IL-22 to FLSs (Fig. 1A) led to a time-
dependent stimulation and reached the
highpoint at 72 hours of the expression
of RANKL mRNA (Fig. 1C).

Inhibitory effect of 1,25(0OH),D; on

the expression of RANKL stimulated
by IL-22 was mediated by JAK-2/STAT-3
and p38 MAPK/NF- kB signalling
pathway in RA-FLSs

Since JAK-2 / STAT-3 and p38 MAPK
pathway may mediate the expression of
RANKL, we further characterised the
relationship between 1,25(0OH),D, treat-
ment and RANKL expression mediated
by JAK-2 / STAT-3 and p38 MAPK.
RA-FLSs were stimulated with 10 ng/
ml IL-22 for 72 hours and then incu-
bated for 1 hour in the presence or ab-
sence of the different signal inhibitors
together with or without various con-

centration of 1,25(OH),D,. The expres-
sion of RANKL mRNA in IL-22 stimu-
lated FLSs decreased significantly after
the treatment of 1,25(OH),D, (each
p<0.05) (Fig. 2A-B). The middle dose
(1nM) of 1,25(0OH),D, showed superior
inhibitory activities for RANKL mRNA
expression. (Fig. 2A-B). However, the
presence of 1,25(0OH),D, significantly
up-regulated RANKL mRNA expres-
sion after the activities of JAK-2 and
p38 MAPK pathways were inhibited
by their inhibitors (each p<0.05). No
cytotoxic effects of these chemical in-
hibitors on RA synovial fibroblasts were
observed under the experimental con-
centrations used (results not shown). We
also examined whether 1,25(0OH),D,
regulated RANKL expression in protein
level. A similar pattern was observed
when the synovial fibroblasts were ana-
lysed by Western blotting (Fig. 2A-B-C).

Clinical and Experimental Rheumatology 2018
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1,25(0OH),D; inhibition effect

on osteoclastogenesis in human
CD14* monocytes

Monocytes can differentiate  into
TRAP-positive multinucleated osteo-
clasts in the presence of RANKL and
M-CSF. But M-CSF alone had a less-
er effect (p<0.05) in the absence of
RANKL. When the monocytes were in-
cubated with RANKL and M-CSF, the
presence of 1,25(OH),D, could block
the differentiation of TRAP-positive
multinucleated cells (p<0.05) (Fig.
3A). Similar patterns were found using
other osteoclastogenic markers, such as
TRAP, MMP-9, and cathepsin K (each
p<0.05) (Fig. 3B).

1,25(0OH),D; inhibition of osteoclasto-
genisis via the JAK-2/STAT-3 and p38
MAPK/NF-kB signalling pathways in
the coculture of human CD14* mono-
cytes and IL-22-stimulated RA-FLS

To determine whether 1,25(OH),D,
has a role in the intracellular signal-
ling pathways mediating osteoclast
differentiation, the isolated monocytes
were cocultured with IL-22—stimulated
RA-FLSs in medium containing the
different signal inhibitors in the pres-
ence of 1,25(0OH),D;. A combination
of 1,25(0OH),D, and inhibitor of STAT-
3 (AG490) or inhibitor of p38 MAPK
(SB203580), significantly increased the
differentiation of the cells into osteo-
clasts (p<0.05). On contrast, the addi-
tion of 1,25(OH),D; only down-regu-
lated the process of osteoclastogenisis
compared with the positive control (co-
culture of RA-FLS and monocytes with
combination of M-CSF and RANKL)
(Fig. 4A). The expression of other os-
teoclastogenic markers, such as TRAP
(Fig. 4B), MMP-9 (Fig. 4C), and cath-
epsin K (Fig. 4D), was also measured
by real-time PCR and similar patterns
were found as above mentioned (each
p<0.05). The relative mRNA expression
of each of these markers correlated well
with the number of TRAP positive os-
teoclasts (Fig. 4E).

Discussion

IL-22 plays a dual role in pro-inflam-
matory process and bone destruction. A
high concentration of IL-22A was se-
creted by activated natural killer cells as
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mRNA (relative to f-actin),
in cocultures of monocytes
and RA-FLSs with M-CSF
and RANKL, in the presence
of 1.25(0H),D,, with or
without various inhibitors.
Bars show the mean+SD of
4 independent experiments.
*p<0.05 versus cocultures
with M-CSF and RANKL
only.
#p<0.05 versus cocultures
with M-CSF and RANKL, in
# the presence of 1,25(0OH),D;.
(E) Osteoclast differentia-
tion was assessed after iso-
lated monocytes and RA-
FLSs were cocultured with
M-CSF, 125(0H),D; and
specific inhibitors against
JAK-2/STAT-3 (AG490) or
p38 MAPK (SB203580).
TRAP-positive multinucle-
ated cells (differentiated os-
teoclast) were identified with
staining.

*

Monocytes Monocytes
+RA-FLS +RA-FLS+M-CSF
+M-CSF +RANKL

Monocytes Monocytes Monocytes
+RA-FLS +RA-FLS +RA-FLS
+M-CSF+IL-22 +M-CSF +IL-22 +M-CSF+IL-22
+1,25(0H),D5 +1,25(0H),D; +1,25(0H),D3
+AG490 +SB20358

well as by other cells, especially by the
FLS of RA patients (17). A link should
exist between increased expression of
IL-22 mRNA and protein in RA (25),
and elevated RA disease activity (26).
Given the close connection between
RA and IL-22, we found that the levels
of IL-22 in PBMCs were higher in RA
patients than in healthy controls, and
dramatically increased in RA-PBMCs
after anti-CD3/anti-CD28 treatment. So
far, there was not report showing cor-
relation between the levels of IL-22 and
1,25(0OH),D,. We showed firstly that the
addition of different concentrations (0.1
nM,1 nM, and 100 nM) of 1,25(OH),D,
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led to a decrease of IL-22 secretion in
RA-PBMCs compared to that stimulat-
ed with anti-CD3/anti-CD28 only only.
Though it did not reach a significantly
statistical degree, this down-regulation
of IL-22 expression may play a part of
the role in the function of 1,25(0OH),D,
inhibiting IL-22.

Danks L et al. (27) reported that the ex-
pression of RANKL on synovial fibro-
blasts rather than T cells was predomi-
nantly responsible for the formation of
osteoclasts and erosions during inflam-
matory arthritis. To investigate the as-
sociation of 1,25(0OH),D, with RANKL
expression stimulated by IL-22, based

on the research of literatures (16, 28),
we treated the cells with IL-22 for 48h,
72h or 96h respectively and revealed
that RANKL mRNA reached the maxi-
mum value at 72 hours after treatment,
which was demonstrated as the most
effectively time (16, 28). In our study,
FLSs treated with 1nM of 1,25(OH),D,
were selected for further protein experi-
ment because of the strongest inhibition
of RANKL mRNA. And the results in-
dicated that 1,25(OH),D, could inhibit
the expression of RANKL mRNA and
protein induced by IL-22.

Osteoclasts are the primary cells re-
sponsible for bone resorption in both
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physiologic and pathologic conditions
and play a substantial role in bone de-
struction in RA (29). In incubation of
monocytes with M-CSF alone, lesser
multinucleated osteoclasts produced
and more with combination of M-CSF
and RANKL, mirroring the synergistic
effects of them on the osteoclast differ-
entiation, consistent with the results of
Kim KW’s study (16). We found that
the presence of 1,25(OH),D; could in-
hibit osteoclast precursors into osteo-
clasts induced by IL-22 in monocytes.
Furthermore, 1,25(0OH),D, significant-
ly decrease the differentiation of the
cells into osteoclasts induced by IL-22
in coculture of RA-FLSs and mono-
cytes, and this is consistent with re-
duced osteoclast TRAP positivity and
osteoclast number in Zarei et al. study
(30).

Interestingly, the combination 1,25-
(OH),D; and JAK-2/STAT-3 or p38
MAPK/NF-«B signalling pathway in-
hibitor resulted in an additive promo-
tion but not inhibition of the expression
of RANKL and the differentiation of
monocytes cocultured with IL-22 stim-
ulated FLSs into osteoclasts. The ob-
served effect might be partially attribut-
able to the specific action of inhibitors
blocking the pathways of 1,25(OH),D,
induced RANKL expression. Our study
indicated that the determination of
1,25(0OH),D; inhibition or promotion
of osteoclastogenesis via activation or
inactivation of JAK-2/STAT-3 and p38
MAPK/NF-xB signalling pathways.
The mechanism and potential applica-
tion of this promotion effect on osteo-
clastogenesis are required to investigate
further.

Taken together, the study in vitro ini-
tially indicated that the presence of
1,25(0H),D; could down-regulate
RANKL expression in RA-FLS and
inhibit osteoclastogenesis mediated
by IL-22 through JAK-2/STAT-3 and
p38 MAPK/NF-kB signalling, delay-
ing the process of bone destruction of
RA. Therefore, 1,25(OH),D, may be of
value in preventing bone erosions in pa-
tients with RA. In addition, we still need
more samples and no IL-22 treatment
control for further experiments to have
a broader relevance and make a guide
for clinical application.
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