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CircASH2L facilitates tumor-like biologic
behaviours and inflammation of fibroblast-
like synoviocytes via miR-129-5p/HIPK2 axis
in rheumatoid arthritis
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Abstract

Background: Previous study showed that circular RNA Absent-Small-Homeotic-2--Like protein (circASH2L) was
higher in rheumatoid arthritis (RA) patients. However, the roles and mechanisms of circASH2L in RA progression
remain unclear.

Methods: Levels analysis was conducted using western blot and qRT-PCR. The proliferation, apoptosis, cell cycle
progression, migration, invasiveness, and inflammation of RA fibroblast-like synoviocytes (RA-FLSs) were determined
via MTT, flow cytometry, western blot, transwell, and ELISA assays.

Results: CircASH2L knockdown in RA-FLSs suppressed cell proliferative, migratory, and invasive capacities, triggered
cell cycle arrest, promoted apoptosis, and inhibited inflammation. Mechanistically, circASH2L targeted miR-129-5p,
and repression of miR-129-5p abolished the functions of circASH2L silencing on the growth, motility, and
inflammation of RA-FLSs. Besides, miR-129-5p was found to directly target HIPK2, and suppressed the tumor-like
biologic behaviors and inflammation of RA-FLSs via regulating HIPK2. Importantly, we proved that circASH2L could
modulate HIPK2 expression via miR-129-5p.

Conclusion: CircASH2L promoted RA-FLS growth, motility, and inflammation through miR-129-5p/HIPK2 axis.
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Introduction
Rheumatoid arthritis (RA) has incredibly high mortality
and morbidity rates, impacting around 1% of the popula-
tion [1, 2]. RA etiology is complex; genetics, epigenetics,
and environment are all believed to affect the pathogen-
esis of RA [3]. Among them, growing findings have indi-
cated the key role of fibroblast-like synoviocytes (FLSs)
in the destructive process of RA [4]. FLSs from RA pa-
tients (RA-FLSs) display “tumor-like” properties,

including excessive proliferation, resistance to apoptosis
and increased invasiveness, which result in synovial pan-
nus formation and joint damage [4, 5]. Besides, RA-FLSs
stimulate synovial vascularization, which supports the
influx of immune cells into affected joints, thus facilitat-
ing inflammatory cytokines secretion, ultimately exacer-
bate the progression of RA [6]. Therefore, a better
knowledge on RA-FLS aggressive phenotypes is truly ur-
gent for improving the therapy regimens of RA.
Circular RNAs (circRNAs) are a kind of non-coding

transcripts with circular structures, which enable cir-
cRNAs resist to RNA degradation pathways and stably
represent in eukaryotic cells [7–9]. Existing findings
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have corroborated that circRNAs involve in managing a
variety of cell biological events, including apoptosis, pro-
liferation, invasion, migration, metabolism, inflamma-
tion, and vascularization [10, 11], and their dysregulation
is correlated with various diseases, like cancers, cardio-
vascular, and autoimmune diseases [12–14]. Addition-
ally, several circRNAs have been identified as important
regulators in RA development. For example, Li et al. un-
covered that hsa_circ_0001859 expedited inflammatory
activity through upregulating transcription factors 2 ex-
pression via absorbing miR-204/211 [15]. Circular CDR1
antisense (ciRS-7) relieved miR-7-mediated repression of
mTOR, thereby involving in the progression of RA [16].
Recently, circular RNA Absent-Small-Homeotic-2--Like
protein (circASH2L, ID: hsa_circ_0083964) was reported
to be higher in RA, suggesting the potential influence of
circASH2L on the occurrence and development of RA
[17].
Herein, this work focused on detecting the expression

pattern of circASH2L in RA and RA-FLSs, and explored
the role and mechanism of circASH2L with regard to
RA-FLS tumor-like biologic behaviors and inflammation,
which may help in the understanding of RA
pathogenesis.

Materials and methods
Clinical specimens and cell culture
The synovial specimens of RA (RA-synovial) were col-
lected from 18 RA patients who received knee synovial
debridement or knee joint replacement surgery at West-
ern Theater General Hospital. All patients were diag-
nosed as RA in line with the American College of
Rheumatology classification. The normal synovial speci-
mens (N-synovial) form 18 patients with severe joint
trauma were included to serve as controls, and patients
with systemic diseases or joint abnormalities were ex-
cluded. All specimens were collected from discarded tis-
sues and instantly stored in −80 °C for further analysis.
Informed consents have been signed by all subjects, and
this study has obtained approval form the Ethics Com-
mittee of Western Theater General Hospital.
RA-synovial and N-synovial were cut into small pieces

of approximately 1 mm3. After washing with Hank’s so-
lution, all pieces were digested by 1 mg/mL collagenase
at 37 °C for 3 h to isolate synoviocytes. After that, RA-
FLSs and normal FLSs (N-FLSs) were separated using
the fluorescence-activated cell sorting (FACS) technique.
All collected cells were grown in DMEM containing 10%
FBS with 5% CO2 atmosphere at 37 °C.

Cell transfection
The miR-129-5p inhibitor (anti-miR-129-5p) or mimic
(miR-129-5p), circASH2L-specific siRNA (si-cir-
cASH2L), pcDNA3.1 vector encoding homeodomain-

interacting protein kinase 2 (HIPK2), and negative con-
trol (anti-miR-NC, miR-NC, si-NC, or vector) were ac-
quired from Invitrogen (Carlsbad, CA, USA). Thereafter,
RA-FLSs were transfected with these recombinants (4
μg) and miRNAs mimics or inhibitors (50 nM) using Li-
pofectamine 2000 (Invitrogen).

RNase R digestion and qRT-PCR
Total RNAs was obtained by using Trizol reagent. Then
treatment with RNase R (3 U/μg) was undertaken at 37
°C for 15 min to detect circRNA. After that, first-strand
cDNAs were synthesized with the Reverse Transcription
System Kit (Qiagen, Tokyo, Japan), and qPCR was con-
ducted by Power SYBR Green (Qiagen). U6 or GAPDH
was used as the internal control, and data was assessed
using the 2−ΔΔCt method. Primers for PCR amplification
were listed: circASH2L: F 5′-ACCAGTCCATTGGCAA
ACACT-3′, R 5′-AGGCCCTCACCATAGAGTAGC-3′;
HIPK2: F 5′-CCCGTGTACGAAGGTATGGC-3′; R 5′-
AGTTGGAACTCGGCTCTATTTTC-3′; ASH2L: F 5′-
GGAATTGCAGCAGGAAGCAG-3′, R 5′-GGCG
CTGAGCAGAAAACAAA-3′; GADPH: F 5′-GGAC
CTGACCTGCCGTCTAG-3′, R 5′-TAGCCCAGGA
TGCCCTTGAG-3′.

MTT assay
Transfected RA-FLSs (5000 cells/well) were interacted
with the MTT reagent (Invitrogen), then DMSO (150
μL) were pipetted into each well to solubilize the MTT.
Finally, the absorbance was read to assess cell prolifera-
tion at 570 nm.

5-Ethynyl-20-Deoxyuridine (EdU) assay
Transfected RA-FLSs were placed into 96-well plates at
a density of 5 × 104 cells/well. Then, cell proliferation
rated was evaluated using the EdU incorporation assay
kit (Keygen, Nanjing, China). A fluorescence microscope
was employed to obtain images.

Flow cytometer
RA-FLSs resuspended in binding buffer were double-
stained with 10 μL Annexin V-FITC and PI away from
light after assigned transfection, then the apoptotic ana-
lysis of RA-FLSs was performed using the flow
cytometry.
After transfection, RA-FLSs were in 75% ice-cold etha-

nol for 24 h, and then stained with FxCycle PI/RNase
staining solution (Invitrogen) away from light following
the instructions of protocol. At last, cell cycle was quan-
tified using the flow cytometer.

Western blot
Protein extraction was conducted with RIPA buffer
(Beyotime, Shanghai, China) from cells. Then
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Fig. 1 CircASH2L expression in RA. a Schematic illustration demonstrates the formation of circASH2L via the circularization of exons 11 and 12 in
ASH2L. b, c Detection of circASH2L expression in synovial tissues with RA and non-RA, as well as in RA-FLSs and N-FLSs with qRT-PCR. d
Detection of circASH2L and linear ASH2L mRNA expression in RA-FLSs after RNase R treatment using qRT-PCR analysis. *P<0.05

Fig. 2 Effects of circASH2L on the tumor-like biologic behaviors of RA-FLSs. a-i si-circASH2L or si-NC was transfected into RA-FLSs, respectively. a
Measurement of circASH2L expression in RA-FLSs with qRT-PCR. b, c Cell proliferation analysis with MTT assay and Edu assay. d Flow cytometry
for cell apoptosis. e Detection of apoptosis-related protein using western blot. f Flow cytometry of cell cycle analysis. g, h Cell migration and
invasion analysis with transwell assay. i Detection of inflammatory cytokines expression using ELISA. *P<0.05
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immunoblotting was performed according to standard
procedures. The bands of interest were quantified using
an ECL Substrate Kit (Tanon, Shanghai, China). All anti-
bodies used were shown as followed: Bcl-2 (1:3000,
ab692), Cleaved caspase 3 (c-caspase-3) (1:2000,
ab2302), Bax (1:3000, ab32503), HRP-conjugated sec-
ondary antibody (1:1000, ab205719), all obtained from
Abcam (Cambridge, MA, USA), HIPK2 (1:1000, PA5-
14470) obtained from Invitrogen, and β-Actin (1:1,000,
4967) obtained from CST (Boston, MA, USA).

Transwell assay
Cell invasion or migration capacities were determined
using the transwell chambers pre-coated with or without
Matrigel (8 μm pore size) (Sangon Biotech, Shanghai,
China). Equal numbers of transfected RA-FLSs (1×105 for
invasion, 5×104 for migration) with serum-free medium
were plated in the upper chambers, lower chamber was
filled with medium containing 10% serum. Cells on the
lower side were fixed and stained after 24 incubations, and
then imaged (×100) and counted using a microscope.

ELISA assay
After appropriate transfection, the concentrations of
TNF-α, IL-1β, and IL-6 from the culture supernatants of
RA-FLSs were tested using commercial the ELISA kits.

Dual-luciferase reporter assay
The specific sequences of circASH2L and HIPK2 3′UTR
containing the complementary site of miR-129-5p were
annealed into the pmirGLO dual-luciferase vector

(Promega, Madison, WI, USA). Then, circASH2L WT/
MUT or HIPK2 3′UTR WT/MUT (1 μg) in combin-
ation with miR-129-5p or miR-NC (100 nM) were co-
transfected into RA-FLSs. At last, the relative luciferase
activities were analyzed employing the Dual Luciferase
Reporter Assay System.

Statistical analysis
Data were exhibited as mean ± SD and handled with the
GraphPad Prism 7 software. Statistical differences were
performed using the Student’s t test and one-way
ANOVA. P < 0.05 suggested statistically significant.

Results
CrcASH2L expression profile in RA
CircASH2L (ID: hsa_circ_0083964) was looped and
comprised exons 11 and 12 of its parental gene ASH2L
(Fig. 1a). Then, the expression profile of circASH2L in
RA was investigated adopting qRT-PCR assay. It was ob-
served that circASH2L was expressively elevated in syn-
ovial tissues with RA in comparison to these in normal
synovial specimens (N-synovial) (Fig. 1b). Also, its ex-
pression was elevated in RA-FLSs compared with normal
FLSs (N-FLSs) (Fig. 1c). Additionally, qRT-PCR analysis
also suggested circASH2L, but not linear ASH2L mRNA,
could resist RNase R digestion in RA-FLSs (Fig. 1d),
confirming that circASH2L was indeed circular. There-
fore, all these data suggested that the aberrant cir-
cASH2L expression might be associated with the
progression of RA.

Fig. 3 CircASH2L directly bind to miR-129-5p in RA-FLSs. a Binding sites between miR-129-5p and circASH2L. b Interaction analysis between miR-
129-5p and circASH2L using the dual-luciferase reporter assay. c, d MiR-129-5p expression in synovial tissues with RA and non-RA, as well as in
RA-FLSs and N-FLSs was examined by qRT-PCR. e qRT-PCR analysis of miR-129-5p expression in circASH2L-decreased RA-FLSs. *P<0.05
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Effects of circASH2L on the tumor-like biologic behaviors
of RA-FLSs
Next, the action of circASH2L in RA progression was
studied. The si-circASH2L was used to knockdown cir-
cASH2L in RA-FLSs, as expected, circASH2L expression
was significantly reduced in si-circASH2L-transfected
RA-FLSs (Fig. 2a). After that, we found that circASH2L
silencing suppressed cell proliferation in RA-FLSs, as
MTT assay and Edu assay indicated (Fig. 2b, c). Con-
versely, the apoptosis of RA-FLSs was remarkably pro-
moted by the downregulation of circASH2L, evidenced
by the increase of apoptotic cells (Fig. 2d), Bax, c-
caspase-3 protein expression, and decreased of Bcl-2 ex-
pression (Fig. 2e) in the si-circASH2L group. Meanwhile,
results from flow cytometry also revealed that cir-
cASH2L silencing induced the increase of the propor-
tions of cells in G0/G1 phase and decrease in S phase,
inducing cell cycle arrest (Fig. 2f). Thus, knockdown of
circASH2L had an inhibitory effect on RA-FLS growth.
Additionally, transwell assay results showed a prominent

reduction of cell migratory and invasive capacities in
circASH2L-decraesed RA-FLSs (Fig. 2g, h). Furthermore,
it was also discovered that the secretion of IL-6, TNF-α,
and IL-1β was suppressed by the introduction of si-
circASH2L in RA-FLSs (Fig. 2i). Taken together, cir-
cASH2L knockdown repressed the growth, motility, and
inflammation of RA-FLSs.

MiR-129-5p is a target of circASH2L in RA-FLSs
To elucidate circRNA-microRNA (miRNA) inter-
action potentials, the bioinformatics method (star-
Base v2.0) were employed and miR-129-5p was
found to have complementary binding sites in cir-
cASH2L (Fig. 3a). Afterwards, the dramatically re-
duction of the luciferase activity in RA-FLSs co-
transfected with circASH2L WT or miR-129-5p
mimic confirmed the direct interaction between cir-
cASH2L and miR-129-5p (Fig. 3b). Thereafter, a de-
creased miR-129-5p expression was detected in RA
synovial tissues and RA-FLSs by contrast with

Fig. 4 Knockdown of circASH2L suppresses the tumor-like biologic behaviors of RA-FLSs through miR-129-5p. a-i RA-FLSs were co-transfected with si-
circASH2L and/or anti-miR-129-5p. a qRT-PCR analysis of miR-129-5p expression in RA-FLSs. b, c Cell proliferation analysis using MTT assay and Edu assay. d
Flow cytometry of cell apoptosis analysis. e Detection of apoptosis-related protein expression using western blot. f Flow cytometry of cell cycle analysis. g,
h The migratory and invasive activities analysis of cells using transwell assay. i) The measurement of inflammatory cytokines levels using ELISA. *P<0.05
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normal controls (Fig. 3c, d). Importantly, it was
proved that circASH2L silencing increased miR-129-
5p level in RA-FLSs (Fig. 3e). Collectively, we con-
firmed that circASH2L directly targeted miR-129-5p
and suppressed its level in RA-FLSs.

Knockdown of circASH2L suppresses the tumor-like
biologic behaviors of RA-FLSs through miR-129-5p
To elucidate whether si-circASH2L-induced inhibitory
effects was dependent on miR-129-5p, miR-129-5p in-
hibitor was introduced into si-circASH2L-transfected
RA-FLSs, and miR-129-5p repression significantly re-
duced si-circASH2L-induced elevation of miR-129-5p
level in RA-FLSs as expected (Fig. 4a). Then, we dis-
covered the introduction of miR-129-5p inhibitor not-
ably impaired si-circASH2L-mediated repression of
cell proliferation (Fig. 4b, c), promotion of cell apop-
tosis (Fig. 4d, e), arrest of cell cycle (Fig. 4f), decrease
of cell migration and invasiveness (Fig. 4g, h), and in-
hibition of inflammation (Fig. 4i) in RA-FLSs.
Altogether, circASH2L knockdown reduced RA devel-
opment via miR-129-5p.

CircASH2L indirectly regulates HIPK2, the target of miR-
129-5p, via targeting miR-129-5p in RA-FLSs
We then further studied the possible molecular mecha-
nisms that were responsible for the action of miR-129-
5p in RA development. Through starBase v2.0 online
database, miR-129-5p also was found to have comple-
mentary binding sites in HIPK2 (Fig. 5a). Then, it was
proved that miR-129-5p overexpression declined the lu-
ciferase activity of HIPK2 3′UTR WT reporter, but not
the mutant one in RA-FLSs, revealing that miR-129-5p
targeted HIPK2 (Fig. 5b). HIPK2 expression was found
to be higher in RA synovial tissues and RA-FLSs (Fig.
5c-f); meanwhile, when we elevated miR-129-5p level by
transfecting miR-129-5p mimic into RA-FLSs (Fig. 5g),
the expression of HIPK2 showed a marked decrease in
miR-129-5p-upregulated RA-FLSs (Fig. 5h, i). All these
data validated that miR-129-5p targetedly modulated
HIPK2 expression in RA-FLSs.
Besides that, we also found knockdown of circASH2L

weaken the expression of HIPK2 in RA-FLSs, which was
rescued by miR-129-5p inhibition (Fig. 5j, k), indicating
circASH2L could indirectly regulate HIPK2 expression
via miR-129-5p.

Fig. 5 CircASH2L indirectly regulates HIPK2 via miR-129-5p in RA-FLSs. a Binding sites of miR-129-5p on HIPK2 3′UTR. b Interaction analysis
between miR-129-5p and HIPK2 using the dual-luciferase reporter assay. c-f HIPK2 expression level in synovial tissues with RA and non-RA,
as well as in RA-FLSs and N-FLSs was determined. g MiR-129-5p expression analysis using qRT-PCR in RA-FLSs transfected with miR-NC or
miR-129-5p. h, i HIPK2 expression analysis in miR-129-5p-increased RA-FLSs with qRT-PCR and western blot. j, k RA-FLSs were co-
transfected with si-circASH2L and/or anti-miR-129-5p and HIPK2 level was examined using qRT-PCR and western blot. *P<0.05
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MiR-129-5p impairs RA-FLS tumor-like biologic behaviors
through HIPK2
Next, we attempted to probe whether FGFR1 was the
functional target of miR-129-5p in inhibiting RA pro-
gression. The miR-129-5p and/or HIPK2 were co-
transfected into RA-FLSs, then it was observed that
HIPK2 rescued miR-129-5p-stimulated decrease of
HIPK2 expression in cells (Fig. 6a), suggesting the suc-
cessful interference. After that, MTT assay, flow cytome-
try, and western blot were carried out. Results indicated
miR-129-5p re-expression in RA-FLSs suppressed cell
proliferation (Fig. 6b, c), promoted apoptosis (Fig. 6d, e),
and evoked cell cycle arrest (Fig. 6f); however, these ef-
fects were partially overturned by HIPK2 overexpression
(Fig. 6b-f). In addition, transwell assay showed that the
anti-motility roles of miR-129-5p restoration on RA-
FLSs could be abolished by HIPK2 upregulation (Fig. 6g,
h). Moreover, results of ELISA exhibited that HIPK2
overexpression abated the repressive functions of miR-

129-5p mimic on RA-FLSs inflammation, reflected by
the increase of TNF-α, IL-6, and IL-1β levels in cells
(Fig. 6i). Thus, we demonstrated that miR-129-5p hin-
dered RA progression through regulating HIPK2.

Discussion
Currently, increasing evidence has indicated that FLSs in
the synovial intimal lining contribute to cartilage de-
struction by producing cytokines to perpetuate inflam-
mation; besides that, RA-FLSs actively increase
invasiveness into articular cartilage, positively inducing
the expression of adhesion molecules and proinflamma-
tory and matrix-degrading mediators, which in turn ex-
acerbate joint damage [6, 18]. Therefore, studies on the
mechanisms that control RA-FLSs behavior may help
further to elucidate the pathogenesis of RA.
CircRNAs are a kind of RNAs that show high stability,

evolutionary conservation, and tissue-specific expression,
which render them suitable for further development into

Fig. 6 MiR-129-5p impairs RA-FLS tumor-like biologic behaviors through HIPK2. The miR-129-5p and/or HIPK2 were co-transfected into RA-FLSs.
After transfection, a western blot analysis of HIPK2 expression using western blot; b, c MTT assay of cell proliferation and Edu assay; d flow
cytometry of cell apoptosis detection; e western blot analysis of apoptosis-related protein expression in cells; f flow cytometry for cell cycle
analysis; g, h cell migratory and invasive abilities detection using transwell assay; i the measurement of inflammatory cytokines levels using
ELISA. *P<0.05
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putative biomarkers of various diseases [19, 20], besides,
they play key regulatory roles in multiple cellular pro-
cesses [10]. Lately, deregulation of circRNAs in RA was
revealed to be functionally associated with RA progres-
sion [21–23]. In this study, circASH2L expression
showed a significant increase in RA, after knocking
down the expression of circASH2L in RA-FLSs using
siRNA, and found circASH2L downregulation repressed
cell proliferation, invasion, migration, cell cycle progres-
sion, triggered cell apoptosis, and prevented inflamma-
tion in RA-FLSs. Therefore, knockdown of circASH2L
might impair the progression of RA through suppressing
RA-FLS growth, motility, and inflammation.
Previous findings have documented that circRNAs can

function as sponges of miRNAs to control gene expres-
sion [20, 24]. The circRNA-miRNA-mRNA axis has
been revealed to implicate in a variety of signaling cas-
cades, such as those associated with the growth, apop-
tosis, vascularization, and invasion [25]. Thus, the
regulatory network underlying circASH2L in RA-FLSs
was investigated. This study confirmed that circASH2L
directly targeted miR-129-5p. One previous study dis-
played that miR-129-5p was decreased in RA, which up-
regulation in RA-FLSs induced cell proliferation
inhibition and apoptosis promotion [26]. In this work, a
decreased miR-129-5p in RA was also observed, besides
that, its re-expression also suppressed cell growth. In the
meanwhile, we also proved that miR-129-5p restoration
destroyed cell growth, motility, and inflammation in RA-
FLSs. Importantly, miR-129-5p repression partially over-
turned the inhibitory effects of si-circASH2L on RA-FLS
tumor-like biologic behaviors and inflammation.
In the current work, we also verified that miR-129-5p

directly targeted HIPK2 in RA-FLSs; moreover, cir-
cASH2L could indirectly regulate HIPK2 by targeting
miR-129-5p. HIPK2 belongs to the HIPKs family, and
can be categorized as a serine/threonine protein kinase,
which involves in transcription modulation, p53/TP53-
mediated cellular apoptosis, and cell cycle regulation
[27, 28]. Previous researches have showed HIPK2 was
enriched in RA patients and RA-FLSs [29, 30], and par-
ticipated in the GAS5-mediated repression of the inflam-
matory response and proliferation in RA-FLSs [30]. This
study also showed a high expression of HIPK2 in RA;
more importantly, overexpression of HIPK2 abrogated
the action of miR-129-5p in RA-FLS tumor-like biologic
behaviors.
In summary, this study demonstrated that circASH2L

promoted RA-FLS tumor-like behaviors and inflamma-
tion via miR-129-5p/HIPK2 axis, extending current
knowledge on RA pathogenesis. Currently, there are
more than 20 clinical trials that are underway evaluating
the potential utility of RNA interference (RNAi)-based
therapeutics in various human diseases, six RNAi-based

therapeutic agents using synthetic siRNAs or bifunc-
tional shRNA have progressed into phase 3 clinical trials
[31]. Therefore, the synthetic siRNAs targeting cir-
cASH2L may be candidates for the development of
therapeutic methods for RA patients. However, the ex-
pression and function of siRNAs in healthy cell lines
should be analyzed before the application in clinical to
ensure the safety and efficiency. Besides that, the delivery
method, limited oral bioavailability, and rapid clearance
rate from circulation of siRNAs remain the major chal-
lenges for the development of RNAi-based therapeutics.
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