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microRNA-23 inhibits inflammation to alleviate
rheumatoid arthritis via regulating CXCL12
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Abstract. Rheumatoid arthritis (RA) is a common systemic,
inflammatory and autoimmune disorder. MicroRNAs (miRs)
are strongly associated with the initiation and progression
of RA. However, the functions and mechanisms underlying
miR-23 in RA are not completely understood. Therefore, the
present study aimed to investigate the molecular mechanisms
underlying miR-23 in RA. A bioinformatics tool (StarBase)
and a wide range of experimental assays, including reverse
transcription-quantitative PCR, western blotting, luciferase
reporter assays and ELISAs, were performed to investigate
the biological role of miR-23 in RA. The results indicated
that miR-23 was downregulated and chemokine C-X-C motif
ligand 12 (CXCL12) was upregulated in RA samples compared
with healthy samples. Furthermore, miR-23 overexpression
suppressed inflammation via reducing TNF-a., IL-1p and IL-8
expression levels compared with the NC mimic group. Regarding
the underlying mechanism, compared with NC mimic, miR-23
mimic decreased CXCL12 mRNA expression by binding to its
3'-untranslated region. Additionally, CXCL12 overexpression
reversed miR-23 mimic-mediated effects on inflammation.
NF-«B signaling is associated with inflammation. Therefore, the
present study indicated that CXCL12 promoted inflammation
by activating NF-«B signaling. In conclusion, miR-23 inhibited
inflammation to alleviate RA by regulating CXCL12 via the
NF-«B signaling pathway, which may serve as a potential target
for the diagnosis and treatment of RA.

Introduction

Rheumatoid arthritis (RA), a common systemic autoimmune
disease, is primarily characterized by chronic inflammation
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and cell infiltration in synovial tissues, which contribute to the
destruction or loss of cartilage and bone (1-4). Although several
risk factors, including genetic factors, viral infection and sex
hormones, have been reported to be strongly associated with
the occurrence of RA, the etiology of RA is not completely
understood (5,6). During the progression of RA, various
inflammatory cells are activated by a series of cytokines
and chemokines or via cell-cell contact (7). Fibroblast-like
synoviocytes (FLSs), a type of inflammatory cell, are highly
enriched in the synovial membrane (8). Additionally, FLSs
have been widely reported to serve a critical role in the initia-
tion and development of RA (9). Moreover, FLSs secrete a
number of proinflammatory cytokines, such as TNF-a, IL-1§3
and IL-6, resulting in aggravation of chronic inflamma-
tion (10). Therefore, further studies investigating the molecular
mechanism underlying inflammation in RA are required.

MicroRNAs (miRNAs/miRs), a subgroup of non-coding
RNAs, are short and single-stranded RNAs (11), which have
been reported to exert an important impact on a broad spectrum
of cellular processes, including cell proliferation, differentia-
tion, inflammation and fibrosis in various diseases (12,13). For
example, hematopoietic miR-126 inhibits fibrosis in renal isch-
emia/reperfusion injury via regulating C-X-C motif chemokine
receptor 4 (14). In addition, it has been reported that miR-21
genetic ablation promotes fibrosis and inflammation to aggra-
vate cardiac remodeling and dysfunction in hypertension (15).
Furthermore, the methylation of miR-495 promoter activates
NOD-like receptor protein 3 inflammasome to facilitate acute
lung injury progression via promoting inflammation (16).
It has been reported that miR-23 overexpression induces
trophoblast cell apoptosis by binding to X-linked inhibitor of
apoptosis (17). In addition, miR-23 promotes myelination in
the central nervous system (18). Moreover, it has been demon-
strated that miR-23 is downregulated in patients with RA who
are treated with anti-TNF-a, indicating that miR-23 may serve
as a potential biomarker for RA therapy (19). However, the
biological functions and regulatory network of miR-23 in RA
are not completely understood.

Furthermore, the regulation of inflammation in diverse
diseases via chemokine C-X-C motif ligand 12 (CXCL12) has
been widely reported (20,21). For example, CXCL12 promotes
a-synuclein-triggered neuroinflammation in Parkinson's
disease (22). Additionally, tissue-infiltrating inflammatory
cells highly express CXCL12, serving a significant role in
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chronic periaortitis (23). A previous study demonstrated that
CXCL12 downregulation in synovial fibroblasts via DNA
demethylation inhibited RA development (24). Nevertheless,
the mechanism underlying the miR-23/CXCRI12 axis in RA is
not completely understood.

The NF-«B signaling pathway is involved in the regulation
of inflammation (25-27). However, the association between
miR-23 or CXCL12 and NF-kB signaling requires further
investigation.

In conclusion, the present study investigated the function
and mechanism underlying miR-23 in RA, with the aim to
develop a novel diagnostic and therapeutic strategy for the
treatment of RA.

Materials and methods

Samples of synovial tissue and serum. Synovial (n=22) and
healthy (n=22) tissue samples were obtained from patients
with RA (10 males and 12 females; average age, 51 years old)
and healthy volunteers (9 males and 13 females; average age,
47 years old) at The Second Changzhou People's Hospital
Affiliated to Nanjing Medical University from March 2016
to April 2018. Following surgery, samples were immediately
stored at -80°C. In addition, blood samples were collected
from patients with RA (n=22) and healthy volunteers (n=22).
Written informed consent was obtained from patients and
volunteers prior to surgery. The present study was approved
by the Ethics Committee of The Second Changzhou People's
Hospital Affiliated to Nanjing Medical University.

FLSs. FLSs were isolated from synovial tissues. Briefly, the
synovial tissues were sectioned and digested with 0.25%
trypsin to isolate the synoviocytes at 37°C for 30 min. Following
culturing overnight in DMEM supplemented with 10% FBS as
well as penicillin (100 IU/ml) and streptomycin (100 pxg/ml) at
37°C, the non-adherent cells were removed and the adherent
cells were cultured in DMEM (Thermo Fisher Scientific,
Inc.) containing 10% FBS and 1% mixture of penicillin and
streptomycin at 37°C in a humidified atmosphere containing
5% CO,. Cells were collected and used for subsequent assays
at passage 4-8. FLSs were stimulated with 10 pg/ml lipopoly-
saccaride (LPS; Sigma-Aldrich; Merck KGaA) for 24 h at
37°C to establish the RA model.

Cell transfection. miR-23 mimic (5'-AAACCGUUAGGG
GUUC-3'), miR-23 inhibitor (5'-GCUGUCAUUCGUUAU
C-3") and their corresponding negative controls (NCs; NC
mimic; 5'-AAGUGGCAACGAACCG-3"; NC inhibitor;
5'-AUGCACUUAGUA AUGA-3") were synthesized by
Shanghai GenePharma Co., Ltd. Small interfering (si) RNAs
targeting CXCLI12 (siCXCLI12; 5-CGAGGGCGAGCAUGC
GUGUUGAUUG-3") and inhibitor kBa (IkBa; silkBa;
5'-GCUAGGUAAAUCGGUUGGGUCGUGA-3") were
obtained from Shanghai GenePharma Co., Ltd., were used
to knockdown CXCLI12 and IkBa, respectively, and siNC
(5'-UCAAGUCCAGCACGACAUUG-3") was used as the
negative control. The full length CXCLI12 gene was inserted
into the pcDNA3.1 vector (Shanghai GenePharma Co., Ltd.)
to overexpress CXCL12, whereas the empty pcDNA3.1 vector
served as a control. FLSs (5x10%) were transfected with 50 nM

vectors using Lipofectamine® 3000 (Invitrogen; Thermo
Fisher Scientific, Inc.) for 48 h prior to subsequent assays.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA wasisolated from cultured FLSs,serumor synovial tissues
using an Eastep Super Total RNA Extraction kit (Promega
Corporation). Total RNA was reverse transcribed into cDNA
using the Perfect Real Time RT Reagent kit (Takara Bio, Inc.)
at 37°C for 15 min for the measurement of CXCL12 and IxkBa
expression levels according to the manufacturer's instructions.
Additionally, total RNA was reverse transcribed into cDNA
using the TransScript Green miRNA RT SuperMix (Beijing
Transgen Biotech Co., Ltd.) for the measurement of miR-23
expression levels. Subsequently, gQPCR was performed using
the SYBR-Green PCR Master mix kit or the TagMan miRNA
assay kit on a 7900HT Fast Real-Time system (all from
Applied Biosystems; Thermo Fisher Scientific, Inc.). The ther-
mocycling conditions were as follows: Initial denaturation at
95°C for 3 min, followed by 40 cycles of denaturation at 95°C
for 30 sec, annealing at 60°C for 30 sec and extension at 72°C
for 20 sec, followed by a final extension at 72°C for 5 min.
miRNA and mRNA expression levels were quantified using
the 224 method (28) and normalized to the internal refer-
ence genes U6 and GAPDH, respectively. Primer sequences
used for RT-qPCR analysis were as follows: miR-23 forward,
5'-CCTACTGTCGTCCCAAGACCT-3' and reverse, 5'-GGG
GCTCGTGCAGAAGAAT-3"; and CXCLI12 forward, 5-TCC
AAACTGTGCCCTTCA-3' and reverse, 5'-CTCTTCTTC
TGTCGCTTCTT-3"; and IkBa forward, 5-TGGCCAGTG
TAGCAGTCTTG-3' and reverse, 5'-GACATCAGCACCCAA
AGTCA-3"; and GAPDH forward, 5-GCTGGCGCTGAG
TACGTCGT-3' and reverse, 5S'-"ACGTTGGCAGTGGGGACA
CG-3"; and U6 forward, 5'-CTCGCTTCGGCAGCACA-3' and
reverse 5'-AACGCTTCACGAATTTGCGT-3.

Western blotting. Total protein was extracted from FLSs
using RIPA buffer (Beyotime Institute of Biotechnology) and
protein concentrations were measured using the BCA protein
assay kit (Beyotime Institute of Biotechnology). Equal quanti-
ties (15 ug/lane) of protein were separated via 10% SDS-PAGE
and transferred onto PVDF membranes (EMD Millipore).
Following blocking with 5% skimmed milk for 2 h at room
temperature, membranes were incubated overnight at 4°C with
the following primary antibodies: Anti-phosphorylated (p)-p65
(1:1,000; cat. no. 3033; Cell Signaling Technology, Inc.),
anti-IkBa (1:1,000; cat. no. 4812; Cell Signaling Technology,
Inc.) and anti-GAPDH (1:1,000; cat. no. 5174; Cell Signaling
Technology, Inc.). Subsequently, the membranes were incu-
bated with horseradish peroxidase-conjugated goat anti-rabbit
(1:3,000; cat. no. GB23303; Wuhan Servicebio Technology
Co., Ltd.) secondary antibody in the dark at room temperature
for 1 h. Protein bands were visualized using an ECL reagent
(EMD Millipore). GAPDH was used as the loading control.
Protein expression was quantified using Image-Pro Plus
software (version 6.0; Media Cybernetics, Inc.).

Luciferase reporter assay. StarBase V2.0 (http:/starbase.sysu.
edu.cn/index.php) was used to validate the putative bindings
between miR-23 and CXCL12 3'-untranslated region (3'-UTR).
The wild-type (WT) or mutant (Mut) binding sequences
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Figure 1. miR-23 is downregulated and CXCL12 is upregulated in RA. miR-23 expression levels in (A) serum, (B) synovial tissues and (C) FLS cells. CXCL12
expression levels in (D) serum, (E) synovial tissues and (F) FLS cells. ‘P<0.05. miR, microRNA; CXCL12, chemokine C-X-C motif ligand 12; RA, rheumatoid

arthritis; LPS, lipopolysaccharide; FLS, fibroblast-like synoviocytes.

of CXCLI12 3-UTR were cloned into the pmirGLO vector
(Promega Corporation). 293T cells (ATCC; 5x10%) were
co-transfected with 50 nM miR-23 mimic, miR-23 inhibitor, NC
mimic or NC inhibitor and CXCL12-WT or CXCL12-Mut using
Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.) according
to manufacturer's instructions. At 48 h post-transfection,
luciferase activities were detected using the Dual-Luciferase
Reporter assay system (Promega Corporation) according to
the manufacturer's instructions. Firefly luciferase activity was
normalized to Renilla (Promega Corporation).

ELISA. Cell culture media from cultured FLSs was harvested
and stored at -80°C. Subsequently, The supernatants were
collected by centrifugation at 1,000 x g for 5 min at 4°C, and
the secretory levels of TNF-a, IL-13 and IL-8 in the superna-
tants of cultured FLSs were measured using a Duoset ELISA
kit (cat. no. dy206; R&D Systems, Inc.) according to the manu-
facturer's instructions.

Statistical analysis. Data are presented as the mean + stan-
dard deviation of three independent experimental repeats.
Statistical analyses were performed using SPSS 17.0 (SPSS,
Inc.) and GraphPad Prism (version 5; GraphPad Software, Inc.)
software. Comparisons between two groups were analyzed
using the paired or unpaired Student's t-test. Comparisons
among multiple groups were analyzed using one-way ANOVA
followed by Tukey's post hoc test. P<0.05 was considered to
indicate a statistically significant difference.

Results

miR-23 is downregulated and CXCLI2 is upregulated in RA.
To determine the expression levels of miR-23 and CXCLI12 in
RA, serum and synovial tissues were collected from patients
with RA and healthy volunteers, and RT-qPCR was performed.
The expression levels of miR-23 were significantly reduced in
the serum and synovial tissues of patients with RA compared
with healthy samples (Fig. 1A and B). In addition, induction of
FLSs with lipopolysaccharide (LPS) significantly decreased
miR-23 expression levels compared with the mock group
(Fig. 1C). By contrast, CXCL12 expression levels were signifi-
cantly increased in the serum or synovial tissues of patients
with RA compared with healthy controls (Fig. 1D and E).
Moreover, CXCL12 expression levels were significantly
increased in LPS-treated FL.Ss compared with the mock group
(Fig. 1F). Overall, the results indicated that miR-23 was down-
regulated and CXCL12 was upregulated in RA.

miR-23 suppresses inflammation and binds to the 3'-UTR of
CXCLI2. Several miRNAs have been associated with the inhibi-
tion of RA progression (29). In addition, miR-23 is upregulated
following anti-TNF-a/disease-modifying antirheumatic drugs
combination therapy, thus suggesting that miR-23 may serve as a
potential biomarker for RA treatment (19). However, the biolog-
ical functions and molecular mechanism underlying miR-23 in
RA are not completely understood. In the present study, a series
of experiments were designed to investigate the role of miR-23 in
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Figure 2. miR-23 suppresses inflammation and binds to the 3'-UTR of CXCL12. (A) Transfection efficacy of miR-23 mimic and miR-23 inhibitor. ELISAs
were performed to assess the effects of miR-23 overexpression and knockdown on the secretory levels of (B) TNF-a, (C) IL-18 and (D) IL-8. (E) The binding
sequences between miR-23 and CXCL12 were predicted using StarBase. (F) The luciferase reporter assay was performed to verify the interaction between
miR-23 and CXCL12. (G) CXCLI12 expression levels were negatively regulated by miR-23 in FLS cells. "P<0.05. miR, microRNA; UTR, untranslated region;
CXCL12, chemokine C-X-C motif ligand 12; WT, wild-type; Mut, mutant; NC, negative control.

RA. Compared with NC mimic and NC inhibitor, miR-23 mimic
and miR-23 inhibitor significantly increased and decreased the
expression levels of miR-23, respectively (Fig. 2A). Subsequently,
the effect of miR-23 on inflammation was investigated. TNF-a.,
IL-1p and IL-8 are typical markers of inflammation (30). The
ELISA results suggested that the levels of TNF-a, IL-1p and
IL-8 were significantly increased in miR-23 inhibitor-transfected
FLSs compared with the NC inhibitor group, whereas miR-23
mimic significantly decreased the secretory levels of inflamma-
tory markers compared with the NC mimic group (Fig. 2B-D).
Furthermore, the mechanism underlying the effects of miR-23
on RA progression was investigated. Increasing evidence has
suggested that miRNAs regulate mRNA expression at the
post-transcriptional level via interacting with the 3'-UTR of the
target mRNA (31). The binding sequence between miR-23 and
CXCL12 3'-UTR (3280-3287 bp) was predicted using StarBase
(http://starbase.sysu.edu.cn/) (Fig. 2E). Furthermore, the lucif-
erase reporter assay indicated that miR-23 mimic significantly
decreased the luciferase activity of CXCL12-WT compared with
NC mimic, whereas miR-23 inhibitor displayed the opposite
effect compared with NC inhibitor. By contrast, the luciferase
activity of CXCLI12-Mut was not significantly altered by miR-23
mimic or inhibitor compared with NC mimic and inhibitor,
respectively (Fig. 2F). Similarly, the RT-qPCR results suggested
that miR-23 mimic and miR-23 inhibitor significantly decreased
and increased CXCL12 mRNA expression levels compared with
NC mimic and NC inhibitor, respectively (Fig. 2G). Collectively,

the aforementioned results suggested that miR-23 suppressed
inflammation and bound to the 3'-UTR of CXCLI12.

CXCLI2 overexpressionreverses the inhibitory effect of miR-23
on inflammatory cytokine expression. Subsequently, the
biological function of CXCL12 in RA was explored. The results
indicated that the levels of CXCL12, TNF-a, IL-1p and IL-8
were significantly decreased in the siCXCL12 group compared
with the siNC group (Fig. 3A-D). CXCL12 expression levels
were significantly increased in pcDNA3.1-CXCLI12-trans-
fected FLSs compared with pcDNA3.1-transfected FLSs
(Fig. 3E). Furthermore, miR-23 mimic-mediated decreased
levels of CXCL12 mRNA were significantly reversed following
CXCLI12 overexpression (Fig. 3F). Likewise, the inhibitory
effect of miR-23 overexpression on TNF-a, IL-1p and IL-8
levels was significantly reversed by CXCLI12 overexpression
(Fig. 3G-I). The results demonstrated that miR-23 inhibited
inflammation via regulating CXCL12 expression.

NF-xB signaling is crucial for miR-23-mediated regula-
tion of inflammatory cytokine expression. It has been
reported that NF-kB signaling, an inflammation-associated
signaling pathway, may be activated by CXCL12 via the
CXCLI12/CXCR7 axis (32). CXCL12 knockdown decreased
the protein expression levels of p-p65 and increased the
protein expression levels of IkBa compared with the siNC
group (Fig. 4A). The transfection efficacy assay indicated
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Figure 4. NF-«B signaling is crucial for miR-23-mediated regulation of inflammatory cytokine expression. (A) The effects of CXCL12 knockdown on the
protein expression levels of p65, p-p65 and IkBa were measured via western blotting. (B) IkBa expression levels following transfection with silkBa and siNC
were measured via RT-qPCR. IxBo (C) mRNA and (D) protein expression levels were measured via RT-qPCR and western blotting, respectively. ELISAs
were performed to measure the secretory levels of (E) TNF-a., (F) IL-1p and (G) IL-8. "P<0.05. miR, microRNA; CXCL12, chemokine C-X-C motif ligand 12;
p, phosphorylated; IkBa, inhibitor kBa; si, small interfering RNA; NC, negative control; RT-qPCR, reverse transcription-quantitative PCR.

that the expression of IxkBa was significantly decreased in
silkBa-transfected FLSs compared with siNC-transfected
FLSs (Fig. 4B). The RT-qPCR and western blotting results
indicated that the mRNA and protein expression levels of
IkBa were markedly increased by miR-23 mimic compared
with NC mimic, but decreased following co-transfection with
silkBa (Fig. 4C and D). Furthermore, the suppressive effects
of miR-23 mimic on TNF-a, IL-1p and IL-8 secretory levels
were significantly reversed by co-transfection with silkBa
(Fig. 4E-G). In conclusion, the results suggested that CXCL12
promoted inflammation by activating NF-kB signaling.

Discussion

RA impacts the quality of life of patients (33). Modern
advanced therapies, including surgical resection, medical
treatment and other complementary therapies, have been
applied for the treatment of RA (34). However, the treatment
of RA is challenging due to inflammatory cell infiltration and
bone destruction (35).

Emerging evidence has demonstrated that miRNA expres-
sion is dysregulated in FLSs or synovial tissues of patients
with RA, which is potentially associated with the pathology of
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RA (36). Although miRNAs do not encode protein products,
they may modulate gene expression at the post-transcriptional
level via interacting with the 3'-UTR of target mRNAs (29,37).
For instance, miR-338-5p promotes cell viability, proliferation
and migration of RA-FLSs via targeting nuclear factor of acti-
vated T cells 5 (38). In addition, miR-20a regulates the secretion
of IL-6, IL-1p and TNF-a in FLSs via targeting apoptosis
signal-regulating kinase 1 (39). Furthermore, it has been previ-
ously demonstrated that miR-23 is downregulated in patients
with RA who are treated with anti-TNF-a (19). Therefore, the
present study further explored the function and mechanism
underlying miR-23 in RA. The results suggested that miR-23
negatively regulated the expression of IL-8, IL-1p and TNF-a
in FLSs, indicating that miR-23 served as an anti-inflammatory
factor in FLSs. On the basis of the underlying mechanism, it
was predicted that miR-23 directly targeted CXCL12 3'-UTR.

CXCL12 has been widely reported to regulate inflamma-
tory cell infiltration. For example, high mobility group box 1
induces tissue damage by recruiting inflammatory cells via
forming a complex with CXCLI12 (40). Furthermore, it has
been demonstrated that CXCL12 accumulation results in an
increase in matrix metalloproteinases, resulting in the perpet-
uation of RA (41). However, the present study focused on the
effect of CXCL12 on inflammation. The results suggested
that CXCL12 knockdown reduced inflammation, whereas
CXCLI12 overexpression reversed the suppressive effect of
miR-23 mimic on inflammation.

NF-«xB signaling is closely associated with inflamma-
tory cell infiltration (42-44). On the basis of the underlying
mechanism, phosphorylation of NF-«kB (p65) and downregula-
tion of IkBa may activate NF-kB signaling (45). Therefore,
it was hypothesized that CXCL12 induces inflammation via
NF-«B signaling. The present study indicated that CXCLI12
knockdown increased IxkBa and decreased p-p65 expression
levels compared with siNC, resulting in inactivation of the
NF-«B signaling pathway. Furthermore, rescue assays in FLSs
indicated that IxBa knockdown significantly reversed miR-23
mimic-mediated downregulation of the inflammatory process.
Overall, the results suggested that miR-23 was downregulated
and CXCL12 was upregulated in RA.

Collectively, the present study suggested that miR-23 inhib-
ited inflammation to alleviate RA by regulating CXCL12 via
the NF-«kB signaling pathway. The novel mechanism identified
in the present study may provide a potential target for RA treat-
ment. However, the present study had a number of limitations.
Firstly, an animal model was not established, therefore the role
of miR-23 in vivo requires further investigation. Secondly,
although miR-23 may serve arole in cell proliferation, migration
and apoptosis in RA, the present study only focused on inflam-
mation. Finally, as RA pathology is complex, future studies
should investigate further miR-23-mediated mechanisms.
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