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Circ_0025908 regulates cell vitality and
proliferation via miR-137/HIPK2 axis of
rheumatic arthritis
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Abstract

Background: Rheumatic arthritis (RA) is an autoimmune disease with bad effects. Recent researches have shown
that circular RNAs (circRNAs) could affect the progress of RA, but the mechanism still indistinct. In this work, we
explored the roles of circ_0025908 in RA.

Methods: The levels of circ_0025908, microRNA-137 (miR-137), and mRNA of homeodomain-interacting protein
kinase 2 (HIPK2) were detected by quantitative real-time reverse transcription-polymerase chain reaction (qRT-PCR)
in RA tissues. Meanwhile, the level of HIPK2 was quantified by Western blot analysis. Besides, the cell functions were
examined by CCK8 assay, EdU assay, flow cytometry assay, ELISA, and Western blot. Furthermore, the interplay
between miR-137 and circ_0025908 or HIPK2 was detected by dual-luciferase reporter assay.

Results: The levels of circ_0025908 and HIPK2 were upregulated, and the miR-137 level was decreased in RA tissues
in contrast to that in normal tissues. For functional analysis, circ_0025908 deficiency inhibited cell vitality, cell
mitotic cycle, cell proliferation, and immunoreaction in RA cells, whereas promoted cell apoptosis. Moreover, miR-
137 was confirmed to repress the progression of RA cells by suppressing HIPK2. In mechanism, circ_0025908 acted
as a miR-137 sponge to regulate the level of HIPK2.

Conclusion: Circ_0025908 facilitates the development of RA through increasing HIPK2 expression by regulating
miR-137, which also offered an underlying targeted therapy for RA treatment.
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Introduction
Rheumatic arthritis (RA) is a progressive inflammatory
autoimmune disease, whose pathogenesis is related to
environmental and genetic factors [1]. In developed
countries, RA affects women more physically, with an
incidence of 1-2%. RA causes severe effects on the body
of patients, such as bone erosion, bone destruction, car-
tilage degeneration, synovial inflammation, and joint
stiffness [2–4]. At present, glucocorticoids, non-steroidal

anti-inflammatory drugs, and other drugs have great side
effects, and the effect is unsatisfactory [5]. Therefore, it
is urgent to further study new treatment methods.
Circular RNAs (circRNAs) are a class of structurally

stable RNAs with covalent closed circular conformation
[6, 7]. Studies have shown that circRNAs exert import-
ant effects in the process of many diseases [8, 9]. For in-
stance, circRNA_09505 aggravates inflammation and
joint damage in arthritis mice [10]. Besides, hsa_circ_
0001859 regulates the progression of human RA [11]. In
addition, circ-AFF2 regulates proliferation, inflammatory
response, migration, and invasion of RA synovial fibro-
blasts [12]. However, so far, the specific regulatory
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mechanism of circ_0025908 on RA is still not clear,
which needs further research.
MicroRNAs (miRNAs) are a type of small non-coding

RNAs, which could affect the target genes and regulate
cellulate processes [6, 7]. According to previous reports,
some miRNAs have been reported in human diseases. In
addition, microRNAs play a key role in the treatment of
tendon injuries [13–15]. Moreover, miR-137 is a thera-
peutic target for human glioma [16]. Besides, miR-137-
3p regulates the progression of prostate cancer [17].
Moreover, miR-137 acts as a tumor suppressor gene in
pituitary adenoma [18]. MiR-338-5p regulates the prolif-
eration, apoptosis, and migration of RA [19]. MiR-708-
5p promotes the apoptosis of RA [20]. In addition,
miRNA-1183 takes part in the pathogenesis of rheum-
atic heart disease [21]. Nevertheless, our comprehending
of the specific effect of miR-137 in RA remains restricted
and needs further study.
Homeodomain-interacting protein kinase 2 (HIPK2) is

a serine-threonine kinase, which could control many
biological processes, such as apoptosis, angiogenesis, and
cell proliferation and invasion [22–25]. Previous studies
have shown that HIPK2 function is closely related to
Alzheimer’s disease, cardiovascular disease, acute mye-
loid leukemia, and myelodysplastic syndrome [25–27].
However, the underlying mechanisms that affect the re-
lationship between HIPK2 and the behavior of RA cells
are still unclear.
In this paper, we discovered the function of circ_

0025908 in RA cells. The research reveals that circ_
0025908 may facilitate RA development by sponging miR-
137 and increasing the HIPK2 levels. In addition, our
study may help bridge the gap between basic science and
clinical science, thus accelerating the understanding of
RA. Translational medicine (TM) is an emerging medical
method and a process that effectively promotes medical
progress [28, 29]. Our next experiment will verify the role
of circ_0025908 in clinical practice in the context of TM,
so as to further promote the development of RA targeted
therapy research. Our findings could be a new insight into
the evolution of targeted therapies for RA.

Materials and methods
Clinical samples
The study was audited by Huizhou Central People’s
Hospital. Forty pairs of synovial tissue samples from pa-
tients with RA and normal tissue were gathered from
Huizhou Central People’s Hospital. All patients have
written the informed consent. Subsequently, the samples
were frozen and preserved at −80 °C for use.

Cell lines and cell culture
In this study, we isolated cells from normal and RA sam-
ples. The tissue is chopped into small pieces and then

placed in a tube filled with 2 mg/mL type II collagenase
for digestion for 2 h. Whereafter, the cells were collected
and were labeled FLS-Normal and FLS-RA.

Quantitative real-time reverse transcription-polymerase
chain reaction (qRT-PCR)
RNAs from 40 paired samples and RA cells were utilized
using a Trizol reagent (Sigma-Aldrich, St. Louis, MO,
USA). The total RNA was manufactured complementary
DNA. Next, the SYBR Green kit (Takara, Tokyo, Japan)
was used to calculate qRT-PCR. GAPDH and RNU6
(U6) were employed as controls to normalize circRNA
and miRNA expressions. The primer sequences used
were as follow: circ_0025908, F: 5′-GTCAGCTAAC
CACTCGCTCT-3′ and R: 5′-GACTGGACAGGCCTCT
CTTT-3′; miR-137, F: 5′-GCCGAGTTATTGCTTAAG
AA-3′ and R: 5′-CTCAACTGGTGTCGTGGA-3′;
HIPK2, F: 5′-CACAGGCTCAAGATGGCAGA-3′ and
R: 5′-GGGATGTTCTTGCTCTGGCT-3′; GAPDH, F:
5′-TCCCATCACCATCTTCCAGG-3′ and R: 5′-GATG
ACCCTTTTGGCTCCC-3′; U6, F: 5′-CTCGCTTCGG
CAGCACATATACT-3′ and R: 5′-ACGCTTCACG
AATTTGCGTGTC-3′. Relative expressions were calcu-
lated with the 2−△△Ct method.

Western blot
According to the method described by Hou et al., we
carry out Western blot [30]. In line with the instructions,
the protein was extracted and observed through the
Immuno Star LD (Wako Pure Chemical, Osaka, Japan).
The antibodies were listed as follows: anti-HIPK2
(ab108543; 1:2000; Abcam, Cambridge, MA, USA), anti-
Ki67 (ab92742; 1:1,000; Abcam), anti-PCNA (ab92552; 1:
1,000; Abcam), anti-Bax (ab32503; 1:1,000; Abcam),
anti-Bcl-2 (ab32124; 1:500; Abcam), p-NF-KB p65 rabbit
monoclonal antibody (1:1000; Cell Signaling Technology,
USA), anti-Total-NF-KB p65 (ab32536; 1:50,000;
Abcam), and anti-β-actin (ab8227; 1:1000; Abcam).

Cell transfection
The si-circ_0025908, the control si-NC, Bio-miR-137,
Bio-NC, miR-137 mimics, miR-137 inhibitors, and con-
trols were acquired from Ribobio (Guangzhou, China).
HIPK2 overexpression (pcDNA-HIPK2) and control
plasmid (pcDNA) were also fabricated by Ribobio.
Transfection was implemented through Lipofectamine
2000 (Sigma) in line with the instruction.

CCK8 assay
For determining cisplatin sensitivity, RA (2.0 × 103/well)
cells with diverse transfection were seeded in 96-well
plates. In each well, 20 μL of CCK8 (Sigma) was added
and incubation was 4 h. The absorbancy with assessing
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at 450 nm, then, the same method was used to verify the
cell viability.

Cell proliferation assay
In this experiment, 5-ethynyl-29-deoxyuridine (EdU)
was enforced to detect the cell proliferation rate. After
post-transfection, RA cells were planted into 96-well
plates. The EdU proliferation assay was implemented
with the EdU Apollo In Vitro Imaging Kit (RiboBio).
Then, the cell proliferation rates were detected and
analyzed.

Flow cytometry assay
After post-transfection, RA (1 × 106) cells were cultured
in 6-well plates. Annexin V-FITC/Propidium Iodide kit
(Sigma) was employed to stain the treated cells. Apop-
totic cells were measured using a flow cytometer. Mean-
while, the Propidium Iodide Flow Cytometry Kit
(Abcam) was applied to detect the cell cycle of RA cells.
According to the protocol, the transfected RA cells were
fixed and resuspended. Finally, the stained cells were ex-
amined using a flow cytometer. The different DNA con-
tent represents the diverse cell cycle phase by the cells.

Dual-luciferase reporter assay
The targeting sequence between miR-137 and circ_
0025908 or HIPK2 was forecasted by Starbase (http://
starbase.sysu.edu.cn/). Then, the sequences of wild and
mutant circ_0025908 or wild and mutant HIPK2, syn-
thesized from Ribobio (circ_0025908-WT, HIPK2 3′
UTR-WT or circ_0025908-MUT, HIPK2 3′UTR-MUT).
The luciferase activity was examined.

RNA immunoprecipitation assay (RIP assay)
RIP assay was applied using a RIP kit (Geneseed,
Guangzhou, China) to reveal the relation between miR-
137 with circ_0025908 and HIPK2. Briefly, RA cells were
incubated with anti-Argonaute2 (anti-Ago2) or anti-IgG
for 12 h. Next, the RNA was isolated and qRT-PCR was
performed using the RNA as a template to detect the ex-
pression level of miR-137, circ_0025908, and HIPK2.

RNA pull-down
MiR-137 mimic-biotin (Bio-miR-137) and its negative
control (Bio-NC) were synthesized from RiboBio. A
Pierce Magnetic RNA-Protein Pull-Down Kit (Sigma)
was used to identify the relationship between circ_
0025908 and miR-137. Briefly, RA cells with diverse
transfection were lysed and incubated with the probe-
bead complex at 4 °C for 3 h. After, the reaction tubes
were placed on the magnetic stand for the collection of
the beads. Protein K and DNase A were later used to re-
move the protein and DNA, respectively. Finally, the
RNA was eluted using the RNeasy Mini Kit (Sigma) and

qRT-PCR was performed using the enriched RNA as a
template to detect the expression level of circ_0025908
and miR-137.

Enzyme-linked immunosorbent assay (ELISA)
The concentrations of IL-1β, IL-6, and TNF-α produced
by RA cells were measured by IL-1β, IL-6, and TNF-α
ELISA kits (eBioscience, USA, Cat: 70-EK201B/3-96,
Cat: 70-EK206/3-96, and Cat: BMS223HS) in accordance
with the manufacturer’s guidelines.

Immunohistochemistry (IHC) assay
Primarily, the tissues were made into paraffin slides. The
slides were then treated for antigen retrieval. Afterwards,
tissue slides were quenched and blocked, then incubated
with anti-HIPK2 (ab108543; 1:2000; Abcam). Subse-
quently, specimen slides were mixed with HRP-
conjugated secondary antibody (ab205718; 1:1,000;
Abcam). Finally, the slides were observed.

Statistical assay
All data were gathered from at least 3 groups of repeat.
Pearson’s correlation analysis was applied to measure
the correlation between the two groups. The difference
between 2 or multiple groups was examined by the Stu-
dent’s t test or ANOVA by applying SPSS (version 17.0;
SPSS Inc., Chicago, IL, USA). P value < 0.05 was
significant.

Results
The expression of circ_0025908 was memorably
upregulated in RA tissues and cells
As shown in Fig. 1A, circ_0025908 is on chromosome
chr12:42778741-42792796. The qRT-PCR assay was
conducted to measure the expression level of circ_
0025908 in RA tissues (n = 40) compared with normal
tissues (n = 40), and the outcome indicated that the level
of circ_0025908 was significantly increased in RA tissues
(Fig. 1B). Moreover, our data also suggested that circ_
0025908 was upregulated in FLS-RA cell relative to the
control cell line FLS-Normal (Fig. 1C). These results re-
vealed the circ_0025908 expression was upregulated in
RA tissues and cells, which might take effect in RA.

Silencing circ_0025908 promoted cell apoptosis, whereas
restrained cell vitality, cell mitotic cycle, cell proliferation,
and immunoreaction in RA cells
FLS-RA cells were transfected with si-circ_0025908, with
si-NC as the control. Transfection efficiency of si-circ_
0025908 was detected by qRT-PCR. The result indicated
that circ_0025908 expression was memorably restricted
in FLS-RA cells transfected with si-circ_0025908 com-
pared to the si-NC group (Fig. 2A). Functionally, the re-
sults of the CCK8 assay uncovered the knockdown of
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Fig. 1 Circ_0025908 expression was enhanced in RA tissues. (A) The position of circ_0025908. (B) The expression of circ_0025908 in RA tissues (n
= 40) and normal tissues (n = 40) was detected by qRT-PCR. (C) The expression of circ_0025908 in FLS-RA cells and control (FLS-Normal) was
detected by qRT-PCR. *P < 0.05

Fig. 2 Circ_0025908 knockdown inhibited RA progression. (A) The silencing efficiency of circ_0025908 was measured by qRT-PCR. (B) CCK8 assay
was applied to evaluate the cell viability cells. (C) The EdU positive cell was detected by EdU assay. (D) Flow cytometry assay was carried out to
explain the cell mitotic cycle. (E) The protein level of Ki67 and PCNA was examined by western blot. (F) Flow cytometry assay was employed to
explain the apoptosis of RA cells. (G) The protein level of Bax and Bcl-2 were examined by western blot. (H-J) The level of IL-1β, IL-6, and TNF-α
were measured by ELISA. (K) The protein levels of p-NF-KB p65 and total-NF-KB p65 were examined by western blot. *P < 0.05

Wang et al. Journal of Orthopaedic Surgery and Research          (2021) 16:472 Page 4 of 11



circ_0025908 decreased the cell vitality (Fig. 2B). Next,
EdU assays unfolded that knockdown of circ_0025908
significantly lessened the cell proliferation of RA cells in
contrast to controls (Fig. 2C).
The flow cytometry assay results demonstrated that si-

circ_0025908 could significantly block RA cells in the
G0/G1 phase (Fig. 2D). Ki67 and PCNA were proved to
be involved in cell proliferation. Here, we verified that
si-circ_0025908 transfection conspicuously decreased
the expression of Ki67 and PCNA (Fig. 2E). Besides,
circ_0025908 knockdown remarkably induced cell apop-
tosis in RA cells (Fig. 2F). Bax and Bcl-2 were proved to
be involved in apoptosis of RA cells. We confirmed that
si-circ_0025908 transfection conspicuously increased the
expression of Bax, but reduced the expression of Bcl-2
in RA cells compared to the si-NC group (Fig. 2G). IL-
1β, IL-6, and TNF-α are a class of immune cell cyto-
kines. We indicated that si-circ_0025908 transfection
conspicuously decreased the expression of IL-1β, IL-6,
and TNF-α (Fig. 2H-J). The expression of p-NF-KB p65
and total-NF-KB p65 were detected by western blot. The
si-circ_0025908 transfection conspicuously decreased

the expression of p-NF-KB p65, but the expression of
total-NF-KB p65 barely changed in RA cells compared to
the si-NC group (Fig. 2K). Our results indicated that
circ_0025908 deficiency might inhibit the cell vitality,
cell mitotic cycle, cell proliferation, and immunoreaction
in RA cells.

MiR-137 acted as the target of circ_0025908 in RA cells
Starbase was implemented to predict the miR-137 is a
target of circ_0025908 (Fig. 3A). The qRT-PCR assay
was conducted to measure the expression level of miR-
137 in RA tissues (n = 40) compared with normal tissues
(n = 40), the level of miR-137 was significantly decreased
in RA tissues (Fig. 3B). Besides, Pearson’s correlation
analysis unfolded that miR-137 expression was nega-
tively correlated with circ_0025908 in RA tissues (Fig.
3C). Then, the relative levels of miR-137 in RA cells that
were transfected with miR-137 mimics and miR-NC
were determined by qRT-PCR. After the addition of
miR-137 mimic, the expression of miR-137 significantly
increased (Fig. 3D). Results indicated that the luciferase
activity was significantly decreased in circ_0025908-WT

Fig. 3 Circ_0025908 acted as a sponge for miR-137. (A) The targeted miRNAs of circ_0025908 were forecast by Starbase. (B) The expression of
miR-137 in RA tissues (n = 40) and normal tissues (n = 40) was detected by qRT-PCR. (C) Pearson’s correlation analysis confirmed that
circ_0025908 was negatively associated with miR-137 (R = −0.627) in RA tissues. (D) QRT-PCR was used to detect the miR-137 expression. (E)
Dual-luciferase reporter assay was used to verify the relationship between circ_0025908 and miR-137. miR-NC: miR-137 negative control, miR-137:
miR-4319 mimic, circ_0025908-WT: circ_0025908 wild type, circ_0025908-MUT: circ_0025908 mutant type. (F) RIP assay was used to verify the
relationship between circ_0025908 and miR-137. (G) RNA-pulldown assay was used to verify the relationship between circ_0025908 and miR-137.
(H) QRT-PCR was used to detect the miR-137 expression. (I) The expression of miR-137 in RA cells was detected by qRT-PCR. *P < 0.05
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and miR-137 co-transfected in RA cells compared to
miR-NC groups even though no difference was found
between circ_0025908-MUT co-transfection groups (Fig.
3E). The RIP assay and RNA pull-down assay further
validated the direct reciprocity between miR-137 and
circ_0025908 in RA cells (Fig. 3F and G). Moreover, we
discovered that the expression of miR-137 was increased
by si-circ_0025908 (Fig. 3H). In addition, miR-137 ex-
pression was markedly decreased in FLS-RA cells com-
pared with that in FLS-Normal cells (Fig. 3I). In a word,
results indicated that circ_0025908 acted as a sponge for
miR-137 in RA, and it may play an important role in RA
development.

Circ_0025908 facilitated the progression of RA by
sponging miR-137
Firstly, qRT-PCR assessed that the expression of miR-
137 was significantly decreased by miR-137 inhibitors in
RA cells (Fig. 4A). CCK8 assay unfolded that circ_
0025908 silencing diminished the cell vitality; however,
this effect was dramatically impaired by miR-137 knock-
down (Fig. 4B). Meanwhile, cell proliferation was
assessed by EdU assays, which manifested that anti-miR-
137 restricted the inhibition effects of circ_0025908 si-
lencing in RA cells (Fig. 4C). The flow cytometry assay
results demonstrated that si-circ_0025908 could signifi-
cantly block RA cells in the G0/G1 phase, whereas anti-
miR-137 could partially weaken the effect (Fig. 4D). We
further implemented a western blot assay, which con-
firmed that anti-miR-137 restrained the impacts of circ_
0025908 silencing on decreased expression of Ki67 and
PCNA (Fig. 4E). Besides, circ_0025908 knockdown re-
markably induced cell apoptosis, however, this effect was
dramatically impaired by miR-137 knockdown (Fig. 4F).
We confirmed that si-circ_0025908 transfection con-
spicuously increased the expression of Bax, but reduced
the expression of Bcl-2, whereas the anti-miR-137 re-
strained the impacts (Fig. 4G). Meanwhile, we indicated
that circ_0025908 silencing conspicuously decreased the
expression of IL-1β, IL-6, and TNF-α, whereas the anti-
miR-137 restrained the impacts (Fig. 4H-J). Moreover,
the circ_0025908 silencing notably decreased the expres-
sion of p-NF-KB p65, however, the anti-miR-137 less-
ened the impacts. Meanwhile, the expression of total-
NF-KB p65 barely changed (Fig. 4K). In conclusion, our
findings demonstrated that circ_0025908 silencing hin-
dered RA development by releasing miR-137.

MiR-137 targeted HIPK2 in RA cells
Starbase was applied to predict the binding sites of miR-
137 in HIPK2 3′UTR (Fig. 5A). Moreover, the expres-
sion level of HIPK2 was examined by qRT-PCR and
Western blot in RA tissues. Results showed that HIPK2
expression at mRNA levels and protein levels were

remarkably upregulated in RA tissues when compared
with control (Fig. 5B and D). Meanwhile, the IHC assay
showed the expression of HIPK2 were higher in RA tis-
sues compared with control in specimens (Fig. 5C). Be-
sides, Pearson’s correlation analysis unfolded that miR-
137 expression was negatively correlated with HIPK2 in
RA tissues (Fig. 5E). Dual-luciferase reporter assay vali-
dated that the luciferase activity of HIPK2 3′UTR-WT
was notably downregulated after miR-137 mimic trans-
fection. However, the luciferase activity of HIPK2 3′
UTR-MUT was not significantly changed by miR-137
(Fig. 5F). RIP assay results demonstrated that firsthand
interaction between miR-137 and HIPK2 in RA cells
(Fig. 5G). Figure 5H and I showed that compared with
the control group, the expression level of HIPK2 is sig-
nificantly increased by miR-137 inhibitors and signifi-
cantly decreased by miR-137 mimics. Moreover, we
discovered that the expression of HIPK2 was remarkably
higher in FLS-RA cells compared with FLS-Normal (Fig.
5J and K). Collectively, these discoveries suggested that
miR-137 could interact with HIPK2 to inhibit its
expression.

MiR-137 suppressed RA progression by targeting HIPK2
Firstly, qRT-PCR and western blot assay assessed that
the expression of HIPK2 was significantly increased by
transfected pcDNA-HIPK2 compared with the pcDNA
group in RA cells (Fig. 6A and B). Subsequently, the
CCK8 assay revealed that miR-137 mimic restrained the
cell viability, but this impact was significantly attenuated
by HIPK2 overexpression (Fig. 6C). EdU assay results
confirmed that miR-137 mimic could reduce the cell
proliferation of RA cells, an outcome that was antagonis-
tic to the positive effect of HIPK2 overexpression (Fig.
6D). The flow cytometry assay results demonstrated that
miR-137 could significantly block RA cells in the G0/G1
phase, whereas HIPK2 overexpression could partially
weaken the effect (Fig. 6E). We further implemented
western blot assay, which confirmed that HIPK2 overex-
pression restrained the impacts of miR-137 on decreased
expression of Ki67 and PCNA (Fig. 6F). Subsequently,
we found that miR-137 mimic facilitated cell apoptosis
in RA cells, and this impact was restricted by HIPK2
overexpression (Fig. 6G). Figure 6H showed that the ex-
pression of Bax was increased and Bcl-2 was diminished
by miR-137 mimic, whereas HIPK2 overexpression could
partially lessen these influences. Meanwhile, we indi-
cated that miR-137 mimic conspicuously decreased the
expression of IL-1β, IL-6, and TNF-α, whereas the
HIPK2 overexpression restrained the impacts (Fig. 6I-K).
Moreover, the miR-137 mimic notably decreased the ex-
pression of p-NF-KB p65; however, the HIPK2 overex-
pression lessened the impacts. Meanwhile, the
expression of total-NF-KB p65 barely changed (Fig. 6L).
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Fig. 4 Circ_0025908 facilitated the progression of RA by sponging miR-137. (A) The expression of miR-137 was detected by qRT-PCR. (B) The cell
viability, (C) the rate of EdU positive cells, (D) the cell mitotic cycle, (E) the protein level of Ki67 and PCNA, (F) the rate of apoptosis, (G) the
protein level of Bax and Bcl-2, (H-J) the level of IL-1β, IL-6, and TNF-α, (K) the protein level of p-NF-KB p65 and total-NF-KB p65 were examined by
CCK8 assay, EdU assay, flow cytometry assay, ELISA, and western blot, respectively. *P < 0.05
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In short, all data illustrated that miR-137 regulated the
progress of RA cells by targeting HIPK2.

HIPK2 was regulated by circ_0025908 and miR-137
Pearson’s correlation analysis validated that circ_
0025908 expression was positively correlated with
HIPK2 expression (Fig. 7A). Meanwhile, the expression
of HIPK2 was diminished by si-circ_0025908, whereas

anti-miR-137 could partially lessen these influences (Fig.
7B and C). In conclusion, the expression of HIPK2 was
regulated by circ_0025908 and miR-137.

Discussion
RA is a chronic autoimmune disease that could lead to
joint deformity and loss of function and is highly disab-
ling [31]. RA could cause redness, swelling, and pain in

Fig. 5 MiR-137 targeted HIPK2 in RA cells. (A) The binding site between miR-137 and HIPK2 was analyzed by Starbase. (B and C) The expression
of HIPK2 in RA tissues and normal tissues was detected by qRT-PCR and western blot. (D) Pearson’s correlation analysis confirmed that HIPK2 was
negatively associated with miR-137 (R = −0.662) in RA tissues. (E) Dual-luciferase reporter assay was used to confirm the relationship between
miR-137 and HIPK2. HIPK2 3′UTR-WT: HIPK2 3′UTR wild type, HIPK2 3′UTR-MUT: HIPK2 3′UTR mutant type. (F) RIP assay was used to verify the
relationship between HIPK2 and miR-137. (G and H) The expression of HIPK2 in RA cells was detected by qRT-PCR and western blot. (I and J) The
expression of HIPK2 in RA cells was detected by qRT-PCR and western blot. *P < 0.05
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the distal joints [32]. Worldwide, the incidence is about
1%, and it is more common in Europe and Asia [33]. RA
has become a challenge for people. However, the role of
circRNA in RA is still unclear. Therefore, our study in-
vestigated the role of circ_0025908.
Previous studies have been discovered that some cir-

cRNAs are crucial for RA. For instance, hsa_circ_
0001200, hsa_circ_0001566, hsa_circ_0003972, and hsa_
circ_0008360 may serve as potential biomarkers for the
diagnosis of RA [34]. In our experiment, we determined
the circ_0025908 regulates RA progression. Our results
indicated that the silencing circ_0025908 induces cell
apoptosis, whereas inhibits the progression of RA cells.
There have been increasing reports that circRNAs could
impact specific gene expression and competitively
sponge for miRNAs. For example, circRNA_09505 could
target miR-6089 and circFADS2 could regulate miR-498
in RA [10, 35]. In this study, circ_0025908 was observed

to accelerate RA progression by sponging miR-137,
which is similar to previous findings.
According to previous reports, miR-137 could regulate

the progress of glioma, prostate cancer, and pituitary ad-
enoma [16–18]. These results unfold that miR-137 takes
part in the development of human diseases. In this
paper, we found that miR-137 could regulate the pro-
gress of RA. We also manifested the prohibitive role of
miR-137 in the development of RA by targeting HIPK2.
The results validated that miR-137 may take part in the
progress of RA.
The previously reported that HIPK2 plays important

role in inflammatory cytokine production [36]. In this
work, the expression of HIPK2 was a prominent upregu-
lation in RA tissues and cells. Even more important, we
observed that miR-137 upregulation inhibited the devel-
opment of RA and this impact was lessened by HIPK2.
We also unfolded that miR-137 inhibitor repressed the

Fig. 6 MiR-137 regulated the progression of RA by targeting HIPK2. (A and B) The level of HIPK2 expression was detected by qRT-PCR and
western blot. (C) The cell viability, (D) the rate of EdU positive cells, (E) the cell mitotic cycle, (F) the protein level of Ki67 and PCNA, (G) the rate
of apoptosis, (H) the protein level of Bax and Bcl-2, (I-K) the level of IL-1β, IL-6, and TNF-α, (L) the protein level of p-NF-KB p65 and total-NF-KB
p65 were examined by CCK8 assay, EdU assay, flow cytometry assay, ELISA, and western blot, respectively. *P < 0.05
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inhibitory effect of circ_0025908 knockdown on HIPK2
level in RA cells. These results are further supporting
the regulatory role of the circ_0025908/miR-137/HIPK2
in RA cells.
In a word, the study confirmed that circ_0025908 and

HIPK2 were highly expressed and miR-137 was lowly
expressed in RA tissues and cells. Furthermore, our
study for the first time manifested that circ_0025908
knockdown suppressed RA cell vitality, cell mitotic cycle,
cell proliferation, and immunoreaction by regulating the
miR-137/HIPK2 axis. This mechanism may be further
demonstrated by clinical experiments in the future. The
next stage, we will verify the conclusions of this paper in
the in vivo joint model and clinical practice, and pro-
mote the translation of the research results into clinical
practice. We believe that this knowledge could provide a
new mechanism for the development of RA treatments.

Acknowledgements
None

Authors’ contributions
The authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
Please contact the correspondence author for the data request.

Declarations

Ethics approval and consent to participate
Written informed consent was obtained from patients with approval by the
Institutional Review Board in Huizhou Central People’s Hospital.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 21 May 2021 Accepted: 13 July 2021

References
1. Choy E. Understanding the dynamics: pathways involved in the

pathogenesis of rheumatoid arthritis. Rheumatology (Oxford). 2012;51(Suppl
5):v3–11.

2. Ahmed YM, Messiha BA, Abo-Saif AA. Granisetron and carvedilol can protect
experimental rats againstadjuvant-induced arthritis. Immunopharmacol
Immunotoxicol. 2017;39(2):97–104. https://doi.org/10.1080/08923973.2017.12
86502.

3. Riemekasten G, Siegert E. Sex-specific differences of the immune system. Z
Rheumatol. 2014;73:600–6.

4. Cutolo M, Sulli A, Capellino S, Villaggio B, Montagna P, Seriolo B, et al. Sex
hormones influence on the immune system: basic and clinical aspects in
autoimmunity. Lupus. 2004;13(9):635–8. https://doi.org/10.1191/0961203304
lu1094oa.

5. Lampropoulos CE, Orfanos P, Bournia VK, Karatsourakis T, Mavragani C,
Pikazis D, et al. Adverse events and infections in patients with rheumatoid
arthritis treated with conventional drugs or biologic agents: a real world
study. Clin Exp Rheumatol. 2015;33(2):216–24.

6. Ambros V. The functions of animal microRNAs. Nature. 2004;431(7006):350–
5. https://doi.org/10.1038/nature02871.

7. Garzon R, Marcucci G, Croce CM. Targeting microRNAs in cancer: rationale,
strategies and challenges. Nat Rev Drug Discov. 2010;9(10):775–89. https://
doi.org/10.1038/nrd3179.

Fig. 7 The expression of HIPK2 was regulated by circ_0025908 and miR-137. (A) Pearson’s correlation analysis confirmed that HIPK2 was positively
associated with circ_0025908 (R = 0.614) in RA tissues. (B and C) The expression of HIPK2 in RA cells was detected by qRT-PCR and western blot.
*P < 0.05

Wang et al. Journal of Orthopaedic Surgery and Research          (2021) 16:472 Page 10 of 11

https://doi.org/10.1080/08923973.2017.1286502
https://doi.org/10.1080/08923973.2017.1286502
https://doi.org/10.1191/0961203304lu1094oa
https://doi.org/10.1191/0961203304lu1094oa
https://doi.org/10.1038/nature02871
https://doi.org/10.1038/nrd3179
https://doi.org/10.1038/nrd3179


8. Greene J, Baird AM, Brady L, Lim M, Gray SG, McDermott R, et al. Circular
RNAs: biogenesis, function and role in human diseases. Front Mol Biosci.
2017;4:38. https://doi.org/10.3389/fmolb.2017.00038.

9. Sheng JQ, Liu L, Wang MR, Li PY. Circular RNAs in digestive system cancer:
potential biomarkers and therapeutic targets. Am J Cancer Res. 2018;8(7):
1142–56.

10. Yang J, Cheng M, Gu B, Wang J, Yan S, Xu D. CircRNA_09505 aggravates
inflammation and joint damage in collagen-induced arthritis mice via miR-
6089/AKT1/NF-kappaB axis. Cell Death Dis. 2020;11(10):833. https://doi.org/1
0.1038/s41419-020-03038-z.

11. Li B, et al. Hsa_circ_0001859 regulates ATF2 expression by functioning as an
MiR-204/211 sponge in human rheumatoid arthritis. J Immunol Res. 2018;
2018:9412387.

12. Qu W, Jiang L, Hou G. Circ-AFF2/miR-650/CNP axis promotes proliferation,
inflammatory response, migration, and invasion of rheumatoid arthritis
synovial fibroblasts. J Orthop Surg Res. 2021;16(1):165. https://doi.org/10.11
86/s13018-021-02306-8.

13. Giordano L, Porta GD, Peretti GM, Maffulli N. Therapeutic potential of
microRNA in tendon injuries. Br Med Bull. 2020;133(1):79–94. https://doi.
org/10.1093/bmb/ldaa002.

14. Oliviero A, Della Porta G, Peretti GM, Maffulli N. MicroRNA in osteoarthritis:
physiopathology, diagnosis and therapeutic challenge. Br Med Bull. 2019;
130(1):137–47. https://doi.org/10.1093/bmb/ldz015.

15. Gargano G, Oliviero A, Oliva F, Maffulli N. Small interfering RNAs in tendon
homeostasis. Br Med Bull. 2021;138(1):58–67. https://doi.org/10.1093/bmb/
ldaa040.

16. Wang Y, et al. miR-137: a novel therapeutic target for human glioma. Mol
Ther Nucleic Acids. 2020;21:614–22.

17. Zang Y, et al. miR-137-3p modulates the progression of prostate cancer by
regulating the JNK3/EZH2 axis. Onco Targets Ther. 2020;13:7921–32.

18. Duan J, et al. miR-137 functions as a tumor suppressor gene in pituitary
adenoma by targeting AKT2. Int J. Clin Exp Pathol. 2019;12:1557–64.

19. Guo T, et al. miR-338-5p regulates the viability, proliferation, apoptosis and
migration of rheumatoid arthritis fibroblast-like synoviocytes by targeting
NFAT5. Cell Physiol Biochem. 2018;49:899–910.

20. Wu J, Fan W, Ma L, Geng X. miR-708-5p promotes fibroblast-like
synoviocytes’ cell apoptosis and ameliorates rheumatoid arthritis by the
inhibition of Wnt3a/beta-catenin pathway. Drug Des Devel Ther. 2018;12:
3439–47.

21. Li N, et al. miRNA-1183-targeted regulation of Bcl-2 contributes to the
pathogenesis of rheumatic heart disease. Biosci Rep. 2020;40.

22. Kim YH, Choi CY, Lee SJ, Conti MA, Kim Y. Homeodomain-interacting
protein kinases, a novel family of co-repressors for homeodomain
transcription factors. J Biol Chem. 1998;273(40):25875–9. https://doi.org/10.1
074/jbc.273.40.25875.

23. Feng Y, Zhou L, Sun X, Li Q. Homeodomain-interacting protein kinase 2
(HIPK2): a promising target for anti-cancer therapies. Oncotarget. 2017;8(12):
20452–61. https://doi.org/10.18632/oncotarget.14723.

24. Rinaldo C, Prodosmo A, Siepi F, Soddu S. HIPK2: a multitalented partner for
transcription factors in DNA damage response and development. Biochem
Cell Biol. 2007;85(4):411–8. https://doi.org/10.1139/O07-071.

25. Nardinocchi L, Puca R, Givol D, D’Orazi G. HIPK2-a therapeutical target to be
(re)activated for tumor suppression: role in p53 activation and HIF-1alpha
inhibition. Cell Cycle. 2010;9(7):1270–5. https://doi.org/10.4161/cc.9.7.11125.

26. Lanni C, Nardinocchi L, Puca R, Stanga S, Uberti D, Memo M, et al.
Homeodomain interacting protein kinase 2: a target for Alzheimer’s beta
amyloid leading to misfolded p53 and inappropriate cell survival. PLoS One.
2010;5(4):e10171. https://doi.org/10.1371/journal.pone.0010171.

27. Shang Y, Doan CN, Arnold TD, Lee S, Tang AA, Reichardt LF, et al.
Transcriptional corepressors HIPK1 and HIPK2 control angiogenesis via TGF-
beta-TAK1-dependent mechanism. PLoS Biol. 2013;11(4):e1001527. https://
doi.org/10.1371/journal.pbio.1001527.

28. Mediouni M, Schlatterer DR, Madry H, Cucchiarini M, Rai B. A review of
translational medicine. The future paradigm: how can we connect the
orthopedic dots better? Curr Med Res Opin. 2018;34:1217–29.

29. Worboys M, Toon E. Special issue-before translational medicine: laboratory
clinic relations lost in translation? Cortisone and the treatment of
rheumatoid arthritis in Britain, 1950-1960. Hist Philos Life Sci. 2019;41(4):54.
https://doi.org/10.1007/s40656-019-0269-7.

30. Hou W, Zhang Y. Circ_0025033 promotes the progression of ovarian cancer
by activating the expression of LSM4 via targeting miR-184. Pathol Res
Pract. 2021;217:153275. https://doi.org/10.1016/j.prp.2020.153275.

31. Scott DL, Wolfe F, Huizinga TW. Rheumatoid arthritis. Lancet. 2010;
376(9746):1094–108. https://doi.org/10.1016/S0140-6736(10)60826-4.

32. Davis JM 3rd, Matteson EL. R. American College of, R. European League
Against, My treatment approach to rheumatoid arthritis. Mayo Clin Proc.
2012;87:659–73.

33. Lawrence RC, Felson DT, Helmick CG, Arnold LM, Choi H, Deyo RA, et al.
Estimates of the prevalence of arthritis and other rheumatic conditions in
the United States. Part II. Arthritis Rheum. 2008;58(1):26–35. https://doi.org/1
0.1002/art.23176.

34. Wen J, Liu J, Zhang P, Jiang H, Xin L, Wan L, et al. RNA-seq reveals the
circular RNA and miRNA expression profile of peripheral blood
mononuclear cells in patients with rheumatoid arthritis. Biosci Rep. 2020;
40(4). https://doi.org/10.1042/BSR20193160.

35. Li G, et al. circFADS2 protects LPS-treated chondrocytes from apoptosis
acting as an interceptor of miR-498/mTOR cross-talking. Aging. 2019;11:
3348–61.

36. Xu L, Fang H, Xu D, Wang G. HIPK2 sustains inflammatory cytokine
production by promoting endoplasmic reticulum stress in macrophages.
Exp Ther Med. 2020;20:171.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Wang et al. Journal of Orthopaedic Surgery and Research          (2021) 16:472 Page 11 of 11

https://doi.org/10.3389/fmolb.2017.00038
https://doi.org/10.1038/s41419-020-03038-z
https://doi.org/10.1038/s41419-020-03038-z
https://doi.org/10.1186/s13018-021-02306-8
https://doi.org/10.1186/s13018-021-02306-8
https://doi.org/10.1093/bmb/ldaa002
https://doi.org/10.1093/bmb/ldaa002
https://doi.org/10.1093/bmb/ldz015
https://doi.org/10.1093/bmb/ldaa040
https://doi.org/10.1093/bmb/ldaa040
https://doi.org/10.1074/jbc.273.40.25875
https://doi.org/10.1074/jbc.273.40.25875
https://doi.org/10.18632/oncotarget.14723
https://doi.org/10.1139/O07-071
https://doi.org/10.4161/cc.9.7.11125
https://doi.org/10.1371/journal.pone.0010171
https://doi.org/10.1371/journal.pbio.1001527
https://doi.org/10.1371/journal.pbio.1001527
https://doi.org/10.1007/s40656-019-0269-7
https://doi.org/10.1016/j.prp.2020.153275
https://doi.org/10.1016/S0140-6736(10)60826-4
https://doi.org/10.1002/art.23176
https://doi.org/10.1002/art.23176
https://doi.org/10.1042/BSR20193160

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Clinical samples
	Cell lines and cell culture
	Quantitative real-time reverse transcription-polymerase chain reaction (qRT-PCR)
	Western blot
	Cell transfection
	CCK8 assay
	Cell proliferation assay
	Flow cytometry assay
	Dual-luciferase reporter assay
	RNA immunoprecipitation assay (RIP assay)
	RNA pull-down
	Enzyme-linked immunosorbent assay (ELISA)
	Immunohistochemistry (IHC) assay
	Statistical assay

	Results
	The expression of circ_0025908 was memorably upregulated in RA tissues and cells
	Silencing circ_0025908 promoted cell apoptosis, whereas restrained cell vitality, cell mitotic cycle, cell proliferation, and immunoreaction in RA cells
	MiR-137 acted as the target of circ_0025908 in RA cells
	Circ_0025908 facilitated the progression of RA by sponging miR-137
	MiR-137 targeted HIPK2 in RA cells
	MiR-137 suppressed RA progression by targeting HIPK2
	HIPK2 was regulated by circ_0025908 and miR-137

	Discussion
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

