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Abstract. - OBJECTIVE: STAT3 expression Key
is elevated in the synovial tissue of patients with
rheumatoid arthritis (RA). MiR-20a plays a role in
mediating synovial inflammation in RA. Bioinfor-
matics analysis has identified a binding site be-
tween miR-20 and the 3-UTR of STAT3 mRNA.
This study aimed to investigate the role of miR-
20a in the regulation of STAT3 expression and
synovial cell proliferation as well as apop

PATIENTS AND METHODS: Synovial
were collected from RA patients and os
thritis (OA) patients to measure miR-20a, S
p-STAT3, and Ki-67 expressions. Fibroblast
synoviocytes (FLS) were treated with IL-17
ng/ml) and then Ki-67 expres

. STAT3, Bcl-2, RA,

pathy rized by chronic inflammatory
povial tissue hyperplasia'. Fibroblast-like sy-
(FLS) are the main cell type in the
issue. Their excessive proliferation and
activation play an important role in RA patho-
genesis®. Janus kinase (JAK)-signal transducer
A and activator of transcription (STAT) signaling
geting relationship betweeg . pathway play a critical role in multiple biological
was assessed by dual | processes, including cell proliferation, apopto-
assay. FLS cells were d sis, inflammation, and homeostasis®. STAT3 is a
miR-NC, miR-20a mi member of STAT family in JAK-STAT signaling
pathway. It can promote the expression of seve-
ral multiple target genes, such as Bcl-2, Cyclin
D1, and VEGEF, to facilitate cell proliferation and
restrain cell apoptosis®. It has been shown that
STATS3 is abnormally elevated in the synovial tis-
sue in RA patients compared with that in normal
control*®. A previous clinical study has revealed
gulaterg-ﬁxt:-ltisc;nagg that. attenuatiqn ot“ STAT3 .activity can 'a.lleviate
iR-20a mimic and/or the inflammation in RA patlertts7: In addltlen, the
arently downregulated role of'Bcl-2 reductl.on in medlatlng.synowal cell
cl-2 expression, attenu- excessive proliferation and promoting RA pro-
ell proliferation promotive gression, has also been confirmed by several stu-
poptosis in FLS cells. dies®’. MicroRNAs are a type of small noncoding
IONS: The expression of miR-20a RNAs that play a key role in the epigenetic gene
synovial tissue of RA patients regulation. They can regulate more than 30% of

the increased level of STAT3. Downregu- human eene expression. th rvine as a critical
jon of miR-20a promoted the expression of u gene expression, thus Serving as a critic

, p-STAT3, and Bcl-2, facilitated FLS cell modulator in controlling cell growth, apoptosis,
ation, reduced apoptosis and, thereby, and immunologic function maintenance. It has

played a critical role in RA. been reported that miR-20a was downregulated in
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multiple autoimmune diseases, including multiple
sclerosis'® and systemic lupus erythematosus''. In
addition, miR-20a was demonstrated to play a re-
gulatory role in the inflammation of synovial cells
in RA"?", Bioinformatics analysis has identified
a binding site between miR-20 and the 3’-UTR of
STAT3 mRNA. This study investigated the role
of miR-20a in regulating STAT3 expression, as
well as synovial cell proliferation and apoptosis.

Patients and Methods

Patients

We enrolled a total of 49 RA patients in Bai-
se People’s Hospital between December 2015 and
August 2016, including 19 males and 30 females
with a mean age of 60.8 + 12.9 years (range: 49-73
years). No patients received vitamin D, glucocorti-
coid, or immunosuppressor treatment before sur-
gery. Twenty-one patients with osteoarthritis (OA)
in Baise People’s Hospital during the same period
were selected as controls. The synovial tissues and
articular cavity synovia were collected.

Main Reagents and Materials
Dulbecco’s Modified Eagle Medium (D
and fetal bovine serum (FBS) were purcly

systems (Minneapolis, MN,
were synthetized by Geng
na). QuantiTect SYBR
purchased from Qiagen

nology (Santa
and mouse |

orter vector was pur-
iddlesex, UK). Endonu-
were purchased from New
anghai, China). Dual-Luci-
er Assay System was provided by

Immunofiuorescence

The frozen section of synovial tissue
pared to measure STAT3 expression
was fixed with formaldehyde and g
by Triton X. After the section
BSA, it was incubated overnt

e was digested by 0.1% type
.05% trypsin. Next, the cells
EM. The cells in the 4™ ge-
for the experiment.

7A level in articular cavity synovia
vas detected by ELISA. The plate was incubated
sequentially with primary antibody and biotin
labeled secondary antibody. After washing and
development, the absorbance of each well was de-
tected by a spectrometer at 450 nm.

IL-17A Treatment

FLS cells were seeded into a 6-well plate and
treated with I[L-17A (10 ng/ml) to simulate inflam-
mation condition. The cells were then collected
after 48 h treatment.

Luciferase Reporter Assay

The full-length fragment or mutant fragment of
STAT3 3-UTR was amplified by PCR. The product
was treated with Sacl and Xbal, and further cloned to
pIS2 luciferase vector. After sequencing, the plasmid
with correct sequence was named as pIS2-STAT3-wt
and pIS2-STAT3-3’-mut, respectively. pIS2-STAT3-
wt or pIS2-STAT3-3’-mut was co-transfected to
HEK?293T cells using Lipofectamine 2000 together
with miR-20a mimic or miR-NC. Luciferase activity
was measured after 48 h by the kit.

FLS Cell Transfection and Grouping

FLS cells in the 4" generation were seeded into
10-cm dish and transfected using Lipofectamine
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2000 transfection reagent. FLS cells were divided
into five groups, including miR-NC, miR-20a mi-
mic, si-NC, si-STAT3, and miR-20a mimic + si-
STATS3 groups. After 48 h of cultivation, the cells
were treated with 10 ng/ml IL-17A for 48 h.

gRT-PCR

QuantiTect SYBR Green RT-PCR Kit was used for
gRT-PCR detection. The primers used were as follows.
STAT3P,: 5-"ATCACGCCTTCTACAGACTGC-3,
STAT3P,: 5-CATCCTGGAGATTCTCTACCACT-3;,
Bcl-2P,: 5-GGTGGGGTCATGTGTGTGG-3,
Bcl-2P,: 5-CGGTTCAGGTACTCAGTCATCC-3;
B-actinP,: 5~GAACCCTAAGGCCAAC-3', and
B-actinP_: S“TGTCACGCACGATTTCC-3"

Western Blot
Total protein was extracted and separated by
sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE). Then, the pro-
tein was transferred to polyvinylidene fluoride
(PVDF) membrane and blocked with skim milk
at room temperature for 60 min. Next, the mem-
brane was sequentially incubated wrth prrrnary
antibody (STAT3, p-STAT3, Bcl-2, and (8
at a dilution of 1:300, 1:200, 1: 300 1:34
1:600, respectively) and secondary antibQ
a dilution of 1:5000. At last, the membranc
developed by ECL and scanned.

Flow Cytometry Detectiog

Is were tested on Al
metry to evaluate
collected and 1n

s were performed by SPSS
SPSS, Chicago, IL, USA).
presented as mean +
pared by #-test. p<0.05

Results

IR20a Downregulated, while STAT3
ated in the Synovial Tissue of RA
result showed that the level of IL-17A
was significantly increased in the articular cavi-
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ty synovia of RA compared with that in OA (Fr-
gure 1A). qRT- PCR analys1s demonstratadatis

mRNA expression was enhanced '
red with that in OA (Figure 1B)
scence analysis revealed that S
was markedly higher in the
than that in OA (Figure
gested that STAT3 and
sions in RA were app

Ki-67 level was i
that in OA, 1n

was positively correlated
ression, and negatively

xpressions in FLS Cells

f IL-17A, flow cytometry de-
and revealed that [L-17A signi-
i-67 expression, facilitated cell
reduced cell apoptosis (Figure 2A
Moreover gRT-PCR exhibited that IL-17A
ed miR-20a expression and elevated
'AT3 expression in FLS cells (Figure 2C). Western
blot confirmed the finding and demonstrated that
STATS3, p-STAT3, and Bcl-2 protein levels after 1L-
17A treatment were markedly higher compared with
before treatment (Figure 2D). Bioinformatics analysis
revealed the binding site between miR-20 and the 3’-
UTR of STAT3 mRNA (Figure 2E), which was later
confirmed by the reporter assay revealing that miR-
20a mimic transfection significantly declined the re-
lative luciferase activity in HEK293T cells after tran-
sfected with pIS2-STAT3-wt (Figure 2F), indicating
the targeted regulatory effect of miR-20a on STAT3.

Upregulation of miR-20a Inhibited STAT3
Expression, Attenuated Cell Proliferation,
and Increased Cell Apoptosis

To elucidate the function of miR-20a on the
expression of STAT3, we used miR-20a mimic

Table I. Correlation analysis of IL-17A with miR-20a and
STATS3.

IL-17A
r P
miR-20a -0.583 0.037
STAT3 0.615 0.031
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Figure 1. The synovial tissué
17A content in the articula

various cytokines, including IL-6, TNF-q, IL-
-17, IFN-y and plays a key role in regulating
of pathophysiological processes, such as
cell proliferation, apoptosis, inflammation, and

P<0.05

N
)

P<0.05

Relative gene expression
N
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miR-20a

(B)
OA

homeostasis'>'®. STAT3 is one of the most impor-
tant members of STAT family and participates in
promoting cell proliferation and inhibiting cell

Table Il. Mean fluorescence intensity of Ki-67 expression
in each group.

Ki-67 protein mean
Group fluorescence
intensity (n=3)
miR-NC 218.7£19.5
miR-20a mimic 31.5+2.4
si-NC 235.6+21.4
si-STAT3 19.8+1.1
miR-20a mimic+ si-STAT3  9.2+0.5
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Figure 2. IL-17A upregulated STAT3 expression in FLS cells. (4) flow cytometry detection of

Ki-67 expression 4

which further elucidates the role of JAK-STAT3
in RA’. MiR-20a was downregulated in multiple
autoimmune diseases, including multiple sclerosis
ckage was an important and systemic lupus erythematosus'®!!, It has been

re of RA"®, JAK-STAT3 shown that miR-20a played a regulatory role in
g pathwaWmay be involved in RA pa- mediating synovial cell inflammation in RA'>13-15,
@mconsidering its role in regulating cell Bioinformatics analysis has revealed a binding

d apoptosis. More importantly, it site between miR-20 and the 3’-UTR of STAT3
s been confirmed that STAT3 was abnormal- mRNA. This study investigated the role of miR-
oregulated in the synovial tissue of RA pa- 20a in regulating STAT3 expression, as well as

& On the contrary, attenuation of STAT3 synovial cell proliferation and apoptosis. Flow

led to alleviation of inflammation in RA, cytometry exhibited that Ki-67 level was signi-
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Figure 3. Upregulation of miR-20a inj
sion, attenuated cell proliferation, ag

ytes from peripheral blo-
. Lee et al” found that the
and p-STAT3 was enhanced
a of RA compared with that of OA.

Were similar to those in Isomaki et
and Lee et al'®, which confirmed that STAT3
poulation was associated with the pathogene-
BA. Li et al'? showed that miR-20a level in
F LS rom rat RA model was markedly lower than

the control. Our study found that miR-20a expres-
sion in synovial tissue of RA was lower thaasth

et al'2. ELISA showed that IL-1
gnificantly increased in the grti
via of RA compared with

correlated” with STAT3
atively correlated with
vial tissue. It sugge-
at IL-17A might plaWa role in downregu-
g miR-20a, upregulating STAT3, and promo-
etry detection revealed that
enhanced Ki-67 expression,
7A facilitated cell prolifera-
emonstrated that IL-17 facili-
ration of synovial cells from RA
tro. Hashizume et al** reported that FLS cell
was markedly enhanced after treated
. We observed that [L-17A apparently ac-
celerated FLS cell proliferation, which was consi-
stent with the results obtained by Lee et al’” and
Hashizume et al*2. Moreover, IL-17A significantly
downregulated miR-20a expression, while eleva-
ted STAT3, p-STAT3, and Bcl-2 levels in FLS
cells. Philippe et al”® used LPS to treat FLS cells
in vitro, and found that miR-20a expression was
reduced in FLS cells, revealing that miR-20a mi-
ght be involved in the pathogenesis of RA. In this
study, miR-20a expression was markedly repres-
sed in FLS cells after treated with IL-17A, which
was consistent with Philippe et al”® findings. Lee
et al® demonstrated that IL-17 significantly facili-
tated STAT3 activation in FLS cells. Lee et al”” re-
ported that IL-17 can upregulate Toll-like recep-
tor 3 expression via promoting STAT3 activation.
Also, the present study found the enhancement of
IL-17 on STAT3 expression, of which miR-20a
downregulation may be a reason of STAT3 ele-
vation. Lee et al® revealed that IL-17 can induce
Bcl-2 expression in synovial cells. Dual luciferase
reporter gene assay confirmed that miR-20a can
bind to the 3’-UTR of STAT3 mRNA and regu-
late STAT3 expression. Both Kim et al?® and Lee
et al® suggested the role of STAT3 activation in
upregulating Bcl-2 expression, accelerating FLS
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cell proliferation, and antagonizing apoptosis. In
this study, IL-17A-mediated Bcl-2 elevation may
be achieved by enhancing STAT3 and p-STATS3,
which was similar with Kim et al** and Lee et al®
results. Besides, it has been demonstrated that
miR-20a induced the apoptosis of HepG2 cel-
Is and subsequently reduced cell proliferation
via the activation of caspase-8 and caspase-3%.
Therefore, we further explored the potential role
of miR-20a on the proliferation and apoptosis
of FLS cells. MiR-20a mimic and/or si-STAT3
transfection apparently downregulated STATS3,
p-STAT3, and Bcl-2 expressions, attenuated the
proliferation promotion effect of IL-17A, and
enhanced cell apoptosis in FLS cells. Lee et al®
found that STAT3 inhibitor STA21 induced sy-
novial cell apoptosis and attenuated the effect of
IL-17 on the promotion of synovial cells growth.
Kim et al?** showed that melittin accelerated FLS
cell apoptosis via inhibiting STAT3 activation
and downregulating Bcl-2 expression. Also, our
study demonstrated that reduction of STAT3 mi-
ght suppress FLS cell proliferation and increase
apoptosis, which was consistent with Lee et al®
and Kim et al** findings.

4)

Conclusions

Decreased level of miR-20a expgession and 10)

tissue of RA patients. Do
20a promoted STATS3, p-

11)

12)

ession of IL-17 homologs
the synovial cells of rheu-

nts. Mol Cells 2005: 19: 180- 19

y M, ZHao XQ, ZHaAo JN, CHEN FF, Yu W, Gao
: roteomic analysis of synovial fibro-
blast-like synoviocytes from rheumatoid arthritis.
Clin Exp Rheumatol 2013; 31: 552-558.

1ERKOT J, NowAk B, CzArRNY A, ZAczYNSKA E, SokoLik
ADEJ M, KORMAN L, SEBASTIAN A, WoJTALA P, Lu-
BINski L, WiLano P. The Activity of JAK/STAT and

14)

NF-kappaB in Patients with Rheumatoid Arthritis.
Adv Clin Exp Med 2016; 25: 709-717.

Zhu Z, Li E, Liu Y, Gao Y, Sun H,
Z, Liu X, Wang Q, Qu X, Yu Y. |
STAT3 pathway enhances bufalj
tosis in colon cancer SW620 g
Oncol 2012; 10: 228.

Gao W, McCormick J, Co
ALE DJ, Fearon U. Hyp
interactions regulate

1275-1283.
IsomAKI P, JUNT

d anti-interleukin-6 rec®ptor antibody: a multi-
center, double-blind, placebo-controlled trial. Ar-
4; 50: 1761-1769.

N HJ, RyuJG, Kiv EK, OH HJ, CHo
H, Kim HY. IL-17-mediated Bcl-2
ates survival of fibroblast-like sy-
rheumatoid arthritis through STAT3
activation. Arthritis Res Ther 2013; 15: R31.

YANG Y, Cal X, Gao Y, Du J, CHen S. The ef-
arctigenin on human rheumatoid arthritis
fibroblast-like synoviocytes. Pharm Biol 2015; 53:
1118-1123.

Cox MB, Cairns MJ, GanbHi KS, CarroLL AP, Mo-
scovis S, STEwART GJ, BroapLEY S, Scott RJ, BootH
DR, LecHNer-Scott J. MicroRNAs miR-17 and
miR-20a inhibit T cell activation genes and are
under-expressed in MS whole blood. PLoS One
2010; 5: e12132.

CARLSEN AL, ScHeTTER AJ, Nietsen CT, Loop C, KNub-
SeN S, Voss A, HARrris CC, HELLMARK T, SEGELMARK M, JA-
coBseN S, BENGTssoN AA, Heegaarp NH. Circulating
microRNA expression profiles associated with
systemic lupus erythematosus. Arthritis Rheum
2013; 65: 1324-1334.

Li XF, SHEN WW, Sun YY, Li WX, Sun ZH, Liu YH,
ZHANG L, Huang C, Meng XM, Li J. MicroRNA-20a
negatively regulates expression of NLRP3-inflam-
masome by targeting TXNIP in adjuvant-induced
arthritis fibroblast-like synoviocytes. Joint Bone
Spine 2016; 83: 695-700.

PHiupPe L, ALsAaLEH G, PicHoT A, OsSTERMANN E, ZUBER
@G, FriscH B, SiBILIA J, PFEFFER S, BAHRAM S, WACHSMANN
D, GeorceL P. MiR-20a regulates ASK1 expression
and TLR4-dependent cytokine release in rheuma-
toid fibroblast-like synoviocytes. Ann Rheum Dis
2013; 72: 1071-1079.

VicenTe R, NoeL D, Pers YM, ArpARAILLY F, JORGENSEN
C. Deregulation and therapeutic potential of mi-
croRNAs in arthritic diseases. Nat Rev Rheumatol
2016; 12: 211-220.



MiR-20a regulates fibroblast-like synoviocyte proliferation and apoptosis in rheumatoid arthritis

15)

16)

17)

19)

Waiker JG, SmitH MD. The Jak-STAT pathway
in rheumatoid arthritis. J Rheumatol 2005; 32:
1650-1653.

IvasHkiv LB, Hu X. The JAK/STAT pathway in rheu-
matoid arthritis: pathogenic or protective? Arthritis
Rheum 20083; 48: 2092-2096.

MoreL J, Aubo R, HaHne M, Cowmee B. Tumor ne-
crosis factor-related apoptosis-inducing ligand
(TRAIL) induces rheumatoid arthritis synovial fi-
broblast proliferation through mitogen-activated
protein kinases and phosphatidylinositol 3-kina-
se/Akt. J Biol Chem 2005; 280: 15709-15718.

ItoH K, Hase H, Kosma H, Saotome K, NisHioka K, KoBATA
T. Central role of mitochondria and p53 in Fas-me-
diated apoptosis of rheumatoid synovial fibroblasts.
Rheumatology (Oxford) 2004; 43: 277-285.

Lee SY, Yoon BY, Kim JI, HEo YM, Woo YJ, PARrk
SH, Kim HY, Kim SI, CHo ML. Interleukin-17 incre-
ases the expression of Toll-like receptor 3 via
the STAT3 pathway in rheumatoid arthritis fibro-
blast-like synoviocytes. Immunology 2014; 141:
353-361.

Tsal CH, Liu SC, WanG YH, Su CM, Huang CC, Hsu
CJ, TanG CH. Osteopontin inhibition of miR-129-3p

21)

22)

23)

24)

enhances IL-17 expression and monocyte migra-
tion in rheumatoid arthritis. Biochim Biophys A
2017; 1861: 15-22.

Paviovic V, Dimic A, MiLenkovic S, K

Sci 2014; 19: 18-22.

HasHizume M, HAvakawa N,
gnalling directly induce
synovial cells and is i
by TNF-alpha and
2008; 47: 1635-16,

X. Targeting
tentiate T

cl-2 expression for human fibroblast-like sy-
noviocytes in rheumatoid arthritis. Joint Bone






