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Abstract— Paeoniflorin is an active ingredient derived from Paeonia, which has an anti-
inflammatory effect. However, the potential role and basis of paeoniflorin in rheumatoid arthri-
tis (RA) are indistinct. Cell viability, cycle distribution, migration, and invasion were evalu-
ated via Cell Counting Kit-8 (CCK-8), flow cytometry, and transwell assays. The contents of
inflammatory cytokines were examined using enzyme-linked immunosorbent assay (ELISA).
RNA expression levels were determined via qRT-PCR and western blot. The targeting relation-
ship between miR-671-5p and circ-FAM120A (hsa_circ_0003972) or murine double minute 4
(MDM4) was validated via dual-luciferase reporter assay. Paeoniflorin restrained proliferation,
migration, invasion, and inflammation and accelerated cell cycle arrest in RA fibroblast-like
synoviocytes (RA-FLSs). Circ-FAM120A was boosted in RA synovial tissues and RA-FLSs.
Circ-FAM120A upregulation, miR-671-5p knockdown, or MDM4 augmentation reversed the
repressive effect of paeoniflorin on RA-FLS progression. Moreover, paeoniflorin attenuated
RA-FLS progression by regulating the circ-FAM120A/miR-671-5p/MDM4 axis. Paeoniflorin
inhibited RA-FLS proliferation, mobility, and inflammation and triggered cell cycle arrest via
mediating the circ-FAM120A/miR-671-5p/MDM4 pathway.
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INTRODUCTION

Rheumatoid arthritis (RA) is a common chronic
autoimmune disease characterized by joint inflammation,
as well as the destruction of articular cartilage and bone
[1]. The incidence of RA is about 0.5%, which can lead to
increased disability and mortality [2]. Fibroblast-like syn-
oviocytes (FLSs) are strongly related to the pathogenesis
of RA, including the production of pathogenic factors [3].
FLSs, as non-immune cells, cause joint damage through
multiple mechanisms [4]. Therefore, seeking new drugs
targeting FLSs is essential for RA treatment.

Paeoniflorin is the primary active ingredient
extracted from Paeonia, which has anti-inflammatory
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and immunomodulatory effects [5]. The mechanism
of paeoniflorin in inflammation and immunity is to
inhibit the activation of immune cells and synovial
cells, thereby regulating the release of inflammatory
cytokines and abnormal signal transduction of synovial
cells [6]. In a collagen-induced RA rat model, paeoni-
florin inhibits RA progression by reducing the release of
pro-inflammatory factors [7]. Despite this, the molecu-
lar mechanism of paeoniflorin in RA still needs further
elucidation.

Accumulating evidence has corroborated that
circular RNAs (circRNAs) are implicated in vari-
ous biological functions and exert essential roles in
diverse diseases [8]. Besides, recent studies have man-
ifested that circRNAs participate in regulating autoim-
mune diseases, including systemic lupus erythemato-
sus (SLE), dermatomyositis, and RA [9]. According
to RNA sequencing in peripheral blood mononuclear
cells (PBMCs) from RA, many circRNAs aberrantly
expressed in RA may be diagnostic biomarkers for
RA [10]. In addition, Wen et al. revealed that circ-
FAM120A (hsa_circ_0003972) derived from fam-
ily with sequence similarity 120A (FAM120A) was
overtly upregulated in RA patients through RNA
Sequencing and RT-qPCR [11]. Nonetheless, the
potential function and basis of circ-FAM120A in RA
remain unknown.

Extensive literatures have confirmed that circR-
NAs serve as microRNA (miRNA) sponges to compete
for miRNA binding sites, thereby indirectly modulating
miRNA targets [12]. Furthermore, a large number of
miRNAs dysregulated in RA are intimately related to RA
occurrence and development [13]. For example, miR-
22 suppressed the growth and inflammation of synovial
fibroblasts from RA by inhibiting SIRT1 expression [14].
Additionally, augmentation of miR-410-3p restrained
FLS proliferation and facilitated apoptosis in RA via
repressing YY1 [15]. In this research, bioinformatics
analysis discovered that circ-FAM120A might have a
targeting relationship with miR-671-5p. Nonetheless,
the association between circ-FAM120A and miR-671-5p
remains unknown.

Hence, we confirmed the anti-proliferative and anti-
inflammatory effects of paeoniflorin in RA-FLSs. Further,
we illuminated the association between paeoniflorin and
circ-FAM120A/miR-671-5p/MDM4 axis in RA-FLS pro-
gression, which might provide new biomarkers for RA
treatment.
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MATERIALS AND METHODS

Clinical Samples

RA synovial tissues (n =23) were collected from RA
patients undergoing knee synovectomy or knee replace-
ment surgery. Healthy synovial tissues (n=21) were
obtained from volunteers with traumatic knee condition.
Among them, volunteers as normal controls had no history
of joint abnormalities or systemic diseases. All patients
were recruited from Henan Province Hospital of Tradi-
tional Chinese Medicine. All participants signed a written
informed consent. This research was endorsed by the Eth-
ics Committee of Henan Province Hospital of Traditional
Chinese Medicine. RA synovial tissues and normal syno-
vial tissues were stored at —80 °C for subsequent study.

Cell Culture and Paeoniflorin Treatment

Human normal FLSs and RA-FLSs were com-
mercially obtained from Shanghai and Shanghai Zhen
Biotechnology Co., Ltd. (Shanghai, China). All cells
were maintained in Dulbecco’s modified Eagle medium
(DMEM; HyClone, Logan, UT, USA) containing 10%
fetal bovine serum (FBS; HyClone) at 37 °C with 5%
CO,. For paeoniflorin treatment, RA-FLSs were exposed
to various doses (0, 25, 50 and 100 uM) of paeoniflorin
(Sigma-Aldrich, St Louis, MO, USA) for 48 h.

Cell Transfection

Circ-FAM120A overexpression vector (circ-
FAM120A), miR-671-5p mimics (miR-671-5p), circ-
FAMI120A or MDM4 siRNA (si-circ-FAM120A or
si-MDM4), miR-671-5p inhibitor (anti-miR-671-5p),
MDM4 overexpression vector (MDM4), and negative
controls (pCD5-ciR, miR-NC, si-NC, anti-miR-NC, and
pcDNA) were purchased from GeneChem (Shanghai,
China). These vectors and oligonucleotides were intro-
duced into RA-FLSs via Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA).

Cell Viability Assay

The treated RA-FLSs (1 x 10%) were transferred
to 96-well plates and cultured for 24 h. Afterwards,
DMEM medium containing 10% Cell Counting Kit-8
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(CCK-8) reagent (Solarbio, Beijing, China) was injected
into each well. After reaction for 4 h, the absorbance
was examined via a microplate reader (BioTek, Burl-
ington, VT, USA).

Flow Cytometry

The treated RA-FLSs were trypsinized, and the
pellets were rinsed in phosphate-buffered saline (PBS;
Solarbio). Next, cells were reacted with 80% ethanol and
washed in PBS. Subsequently, the pellets were exposed
to RNase A (Solarbio). Afterwards, cells were incubated
with propidium iodide (Sigma-Aldrich). At last, cell cycle
distribution was monitored via flow cytometry (BD Bio-
sciences, San Diego, CA, USA).

Transwell Assay

Cell migration and invasion abilities were assessed
via transwell chambers (Corning, Corning, NY, USA)
pre-coated without or with Matrigel. The treated RA-
FLSs were injected into the upper chamber. In the
meantime, the lower chamber was filled with 10% FBS.
Then, RA-FLSs were treated with crystal violet. At last,
the migrated and invaded cells were calculated under a
microscope at 100 X magnification.

Enzyme-Linked Immunosorbent Assay

The concentrations of interleukin 1 beta (IL-1f),
interleukin-6 (IL-6), and interleukin-8 (IL-8) in cell cul-
ture medium were examined using ELISA kits (R&D Sys-
tems, Minneapolis, MN, USA) according to the supplier’s
requirements.

Quantitative Real-Time PCR

RNA was extracted with TRIzol reagent (Leagene,
Beijing, China). Next, cDNA was obtained using the spe-
cific RT-PCR kit (Takara, Dalian, China). For circular
determination, 2 pg of RNA was treated with RNase R
(Epicentre, Madison, WI, USA). For circRNA locali-
zation assay, the nucleus and cytoplasm of RA-FLSs
were separated with Nuclear/Cytosol Fractionation Kit
(BioVision, Palo Alto, CA, USA). Subsequently, RNA

levels were measured by SYBR Green PCR Master Mix
(Takara) and counted via the 2722t method. The prim-
ers included circ-FAM120A-F: 5'-CCACCACATTAC
TTAGGAAATCACA-3', circ-FAM120A-R: 5'-GGC
TTTGATCACTACGTCGC-3"; FAM120A-F: 5'-GGC
GGAGTCCAACCTATACC-3', FAM120A-R: 5'-CTG
GTCCTCCGACAGAAACC-3"; miR-671-5p-F: 5'-GCC
CGCAGGAAGCCCUGGAGGGGC-3', miR-671-5p-R:
5'-GTGCAGGGTCCGAGGT3-3'; MDM4-F: 5'-CAG
CAGGTGCGCAAGGTGAA-3', MDM4-R: 5'-CTG
TGCGAGAGCGAGAGTCTG-3’; GAPDH-F: 5°-GGG
AAACTGTGGCGTGAT-3', GAPDH-R: 5'-GAGTGG
GTGTCGCTGTTGA-3'; U6-F: 5'-CTCGCTTCGGCA
GCACA-3’, U6-R: 5'-AACGCTTCACGAATTTGC
GT-3'. GAPDH or U6 (miR-671-5p) was regarded as an
internal control.

Dual-luciferase Reporter Assay

Circ-FAM120A sequence harboring miR-671-5p
wild-type or mutant binding site was inserted into the
pmirGLO vector (LMAI Bio, Shanghai, China) to form
the WT-circ-FAM120A or MUT-circ-FAM120A reporter.
Simultaneously, MDM4 3'UTR containing the miR-
671-5p wild-type or mutant binding site was inserted into
the pmirGLO vector (LMAI Bio) to construct the MDM4
3'UTR-WT or MDM4 3'UTR-MUT reporter. Next, the
constructed reporter was introduced into RA-FLSs with
miR-671-5p or miR-NC. The luciferase ability was meas-
ured via Dual-Lucy Assay Kit (Solarbio).

Western Blot Assay

Protein samples were extracted with RIPA
buffer (Solarbio) and quantified via the BCA method.
Afterwards, the protein was separated by 10% SDS-
PAGE and transferred to PVDF membranes (Corn-
ing). Next, the membranes were incubated with 5%
non-fat milk, followed by primary antibodies against
MDM4 (1:1000, ab16058, Abcam, Cambridge, UK),
p53 (1:500, ab131442, Abcam) or GAPDH (1:2500,
ab9485, Abcam) overnight at 4 °C. Subsequently,
the membranes interacted with a secondary antibody
(1:25,000, ab205718, Abcam). The protein signal was
examined using an ECL system (Beyotime, Shanghai,
China).
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Statistical Analysis

All experimental data were displayed as
mean + standard deviation via GraphPad Prism 7.0
software (GraphPad, San Diego, CA, USA). Student’s
t-test and one-way analysis of variance were employed
to analyze the differences. The association among circ-
FAMI120A, miR-671-5p, and MDM4 was tested using
Spearman’s correlation coefficient. When P < 0.05, it was
considered statistically significant.

RESULTS

Paeoniflorin Inhibits Proliferation, Migration,
Invasion, and Inflammation and Induces Cell
Cycle Arrest in RA-FLSs

To ascertain the role of paeoniflorin in RA pro-
gression, RA-FLSs were stimulated with different
doses of paeoniflorin (0, 25, 50, and 100 uM) for 48 h.
The CCK-8 method illustrated that paeoniflorin sup-
pressed the viability of RA-FLSs dose-dependently
(Fig. 1A). Therefore, 50 uM and 48 h were selected as
treatment conditions for paeoniflorin in the following
research. Next, flow cytometry showed that paeoni-
florin increased the percentage of cells in the GO/G1
phase and decreased the percentage of cells in the S
phase, indicating that paeoniflorin promoted cell cycle
arrest in RA-FLSs (Fig. 1B). Transwell revealed that
paeoniflorin suppressed the migration and invasion of
RA-FLSs (Fig. 1C-F). In addition, IL-1f, IL-6, and
IL-8 levels were strikingly reduced after paeoniflorin
treatment, suggesting that paeoniflorin hindered inflam-
mation in RA-FLSs (Fig. 1G). Taken together, paeoni-
florin hindered the proliferation, migration, invasion,
and inflammation of RA-FLSs and triggered cell cycle
arrest.

Circ-FAM120A Is Upregulated in RA
and Promotes the Development of RA

Next, we detected the expression trend of circ-
FAM120A in RA patients. As exhibited in Fig. 2A,
the circ-FAM120A level in synovial tissues from RA
patients was remarkably increased relative to healthy
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synovial tissues. Similarly, the circ-FAM120A level
in RA-FLSs was markedly higher than that in FLSs
(Fig. 2B). Besides, circ-FAM120A was not affected by
RNase R, indicating that circ-FAM120A was highly sta-
ble in RA-FLSs (Fig. 2C). Moreover, circ-FAM120A
was principally distributed in the cytoplasm (Fig. 2D).
Thus, circ-FAM120A is a novel circRNA and is upregu-
lated in RA.

Next, we further investigated the function of
circ-FAM120A in RA. RA-FLSs were transfected
with si-circ-FAM120A, and the results indicated that
circ-FAM120A was suppressed by half in RA-FLSs
(Fig. S1A). Besides, circ-FAM120A knockdown
suppressed cell proliferation, but induced cell cycle
arrest in contrast with the si-NC group (Fig. S1B and
S1C). Transwell assay indicated that the migration
and invasion abilities of RA-FLSs were significantly
suppressed by circ-FAM120A knockdown (Fig. S1D
and S1E). In addition, circ-FAM120A knockdown also
reduced inflammation in RA-FLSs, as identified by
the decreased levels of pro-inflammatory cytokines
(IL-1B, IL-6, and IL-8) in the si-circ-FAM120A group
(Fig. S1F). Thus, circ-FAM120A promotes the devel-
opment of RA.

Overexpression of Circ-FAM120A Inhibits
the Role of Paeoniflorin in RA-FLSs

To explore whether circ-FAM120A is regulated
by paeoniflorin in RA, RA-FLSs were introduced
with pCD5-ciR or circ-FAM120A before paeoni-
florin administration. Firstly, paeoniflorin reduced the
expression level of circ-FAM120A dose-dependently
(Fig. 3A). As shown in Fig. 3B, circ-FAM120A trans-
fection restored the decrease of the circ-FAM120A
level caused by paeoniflorin stimulation. Moreover,
paeoniflorin suppressed cell proliferation and induced
cell cycle arrest in RA-FLSs, while these impacts were
abolished by upregulating circ-FAM120A (Fig. 3C and
D). Additionally, transwell assay and ELISA suggested
that paeoniflorin stimulation restrained the migration,
invasion, and inflammatory response of RA-FLSs,
whereas introduction of circ-FAM120A alleviated these
effects (Fig. 3E-G). Overall, these data evidenced that
paeoniflorin suppressed RA-FLS growth via decreasing
circ-FAM120A.
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Fig. 1 Effects of paeoniflorin on proliferation, cell cycle arrest, migration, invasion, and inflammation in RA-FLSs. A RA-FLSs were stimulated
with different doses of paeoniflorin (0, 25, 50, and 100 uM) for 48 h, and cell viability was determined by using CCK-8 analysis. B Cell cycle distri-
bution was evaluated by flow cytometry in RA-FLSs treated with paeoniflorin (50 uM) for 48 h. C-F After RA-FLSs were treated with paeoniflorin
(50 uM) for 24 h, the migration and invasion of RA-FLSs were measured by transwell analysis. G The concentration of IL-1p, IL-6, and IL-8 was

examined by ELISA. *P <0.05, **P <0.01, ***P <0.001, ****P <0.0001.

Circ-FAM120A Directly Interacts
with miR-671-5p

The prediction software CircInteractome revealed
that the putative binding site of miR-671-5p was
located in the circ-FAM120A sequence (Fig. 4A).
Dual-luciferase reporter assay showed that miR-671-5p
upregulation prominently decreased the luciferase
activity of WT-circ-FAM120A, but had no effect on
MUT-circ-FAM120A (Fig. 4B). In addition, miR-
671-5p levels in RA synovial tissues and RA-FLSs
were overtly reduced relative to the control group
(Fig. 4C and D). Spearman’s correlation analysis
exhibited that circ-FAM120A and miR-671-5p in RA
synovial tissues were negatively correlated (Fig. 4E).
Subsequently, the knockdown efficiency and overex-
pression efficiency of circ-FAM120A were determined

by RT-qPCR analysis (Fig. 4F). Furthermore, silencing
of circ-FAM120A accelerated miR-671-5p expression,
and augmentation of circ-FAM120A suppressed miR-
671-5p expression (Fig. 4G). These data evidenced
that circ-FAM120A was a decoy of miR-671-5p in
RA-FLSs.

Inhibition of miR-671-5p Abolishes the Effect
of Paeoniflorin on the Progression of RA-FLSs

To elucidate the effect of miR-671-5p on RA
development, RA-FLSs transfected with anti-miR-NC
or anti-miR-671-5p were exposed to 50 uM paeoni-
florin. First of all, paeoniflorin treatment elevated the
miR-671-5p level in a concentration-dependent man-
ner (Fig. 5A). Moreover, anti-miR-671-5p transfection
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C The levels of circ-FAM120A and linear FAM120A were measured by RT-qPCR after treatment with RNase R. D The expression level of circ-
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undermined the increase of the miR-671-5p level
mediated by paeoniflorin administration (Fig. 5B). As
illustrated in Fig. SC, miR-671-5p depletion partially
abolished the suppressive effect of paeoniflorin treat-
ment on RA-FLS proliferation. In addition, miR-671-5p
downregulation partially reversed the inductive effect of
paeoniflorin on cell cycle arrest (Fig. 5D). Furthermore,
downregulation of miR-671-5p alleviated the repres-
sive effect of paeoniflorin on the migration and inva-
sion of RA-FLSs (Fig. 5E and F). Also, paeoniflorin
stimulation led to a significant decrease in IL-1f, IL-6,

and IL-8 levels, while miR-671-5p depletion partially
abolished the effect of paeoniflorin on inflammation
(Fig. 5G). Collectively, these data evidenced that pae-
oniflorin restrained RA-FLSs progression via elevating
miR-671-5p.

MiR-671-5p Directly Targets MDM4

TargentScan online database suggested that miR-
671-5p had multiple target mRNAs. Among these
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Fig. 3 Overexpression of circ-FAM120A inhibits the role of paeoniflorin in RA-FLSs. A RA-FLSs were treated with various concentrations of
paeoniflorin for 48 h, and circ-FAMI120A level was examined by RT-qPCR. After RA-FLSs transfected with pCD5-ciR or circ-FAM120A were
exposed to 50 uM paeoniflorin, appropriate methods were used to detect circ-FAM120A expression (B), cell viability (C), cell cycle distribution
(D), cell migration (E), invasion (F), and inflammation (G). *P <0.05, **P <0.01, ***P <0.001, ****P <(0.0001.

mRNAs, three mRNAs (TLR4, IGF-1R, and MDM4)
are of concern. TLR4 expression is elevated in chon-
drocytes, osteoblasts, and synoviocytes, and has been
confirmed to be a promising therapeutic target for RA
[16]. IGF-1R is activated in RA, and the activation
of IGF-1R signaling contributes to T cell-dependent

inflammation in rheumatoid arthritis [17]. MDM4
is highly expressed in OA, and was reported to be
closely related to the hyperplasia phenotype in RA
[18]. In the present research, we found that MDM4
was the most downregulated mRNA in RA-FLSs with
miR-671-5p mimic transfection (Fig. S2). Hence,
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or circ-FAMI120A. ##P <0.01, ****P <0.0001.

MDM4 was chosen for further research. As displayed
in Fig. 6A, MDM4 3'UTR contained the possible miR-
671-5p binding site. Next, dual-luciferase reporter
assay showed that co-transfection of miR-671-5p and
MDM4 3'UTR-WT resulted in a marked decrease
in luciferase activity (Fig. 6B). Compared with the

normal group, MDM4 mRNA and protein levels in
RA synovial tissues were conspicuously increased
(Fig. 6 C and D). Simultaneously, the MDM4 protein
level in RA-FLSs was overtly elevated compared to
the control group (Fig. 6E). Besides, the miR-671-5p
level in RA synovial tissues was inversely correlated
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with MDM4 level (Fig. 6F). Then, RT-qPCR assay
confirmed that miR-671-5p overexpression and inhi-
bition efficiency were significant (Fig. 6G). In the
meantime, miR-671-5p upregulation markedly reduced

the MDM4 expression and knockdown of miR-671-5p
remarkably increased the MDM4 expression (Fig. 6H).
Taken together, miR-671-5p directly targeted MDM4
in RA-FLSs.
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MDM4 Overexpression Reverses the Role
of Paeoniflorin in RA-FLSs

Next, to investigate the biological function of MDM4
in RA progression, RA-FLSs were introduced with pcDNA
or MDM4 and then stimulated with 50 uM paeoniflorin. As
depicted in Fig. 7A, paeoniflorin suppressed the MDM4
expression dose-dependently. In addition, introduction of
MDM4 restored the decrease of the MDM4 level caused
by paeoniflorin treatment (Fig. 7B). Besides, western blot
showed that suppression of MDM4 promoted p53 expres-
sion (Fig. S3). Furthermore, overexpression of MDM4
mitigated the repressive effects of paeoniflorin on cell
proliferation, migration, invasion, and inflammation, and
the inductive effect of paeoniflorin on cell cycle arrest
(Fig. 7C-G).

Paeoniflorin Regulates RA Development via
the Circ-FAM120A/miR-671-5p/MDM4 Axis

To illuminate the association between paeoniflorin
and the circ-FAM120A/miR-671-5p/MDM4 axis, MDM4
protein expression was measured in RA-FLSs treated with
different combinations. As displayed in Fig. 8A, si-circ-
FAM120A transfection markedly decreased MDM4 protein
level, while this change was abolished via repressing miR-
671-5p. Additionally, overexpression of circ-FAM120A
abrogated the reduction of MDM4 protein level mediated
by paeoniflorin administration (Fig. 8B). Similarly, deple-
tion of miR-671-5p alleviated the suppression of pae-
oniflorin on MDM4 protein expression (Fig. 8C). These
results hinted that paeoniflorin ameliorated RA via regulat-
ing the circ-FAM120A/miR-671-5p/MDM4 axis.
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DISCUSSION

RA is characterized by the activation of FLSs,
leading to synovial inflammation and joint destruction
[19]. In RA progression, FLSs possess tumor-like phe-
notypes, including increased aggressiveness and reduced
apoptosis [20]. IL-1p, IL-6, and IL-8 are critical pro-
inflammatory cytokines and contribute to the activation
of RA-FLSs [21]. Besides, substantial studies have dem-
onstrated paeoniflorin plays an essential role in various
inflammatory disorders including RA by virtue of its
anti-inflammatory effect [22]. In the present research,
paeoniflorin hindered proliferation, migration, invasion,
and inflammation and triggered cell cycle arrest in RA-
FLSs, suggesting that paeoniflorin might be an effective
drug for treating RA.

Compelling evidence has revealed that circRNAs
are crucial regulators in the immune system and are
inextricably linked to the occurrence and development
of autoimmune diseases [23, 24]. For example, circ-
FADS?2 expedited proliferation and restrained apoptosis
in lipopolysaccharide-triggered RA chondrocytes via
sponging miR-498 and upregulating mTOR [25]. Further-
more, depletion of hsa_circ_0001859 attenuated inflam-
matory activity in RA by competitively combining with
miR-204/211 [26]. In this report, the circ-FAM120A level

was prominently increased in RA synovial tissues and
RA-FLSs. Subsequently, circ-FAM120A upregulation
abolished the effect of paeoniflorin in RA-FLSs.

Plentiful literatures have corroborated that circRNAs
regulate a series of biological processes through function-
ing as competing endogenous RNAs (ceRNAs) for miR-
NAs [27]. Herein, miR-671-5p was selected as a potential
target for circ-FAM120A based on prediction software and
previous research. Many investigations have certified that
miR-671-5p exerts an anti-tumor property in various can-
cers, including osteosarcoma [28], gastric cancer [29], and
esophageal squamous cell carcinoma [30]. In osteoarthritis,
miR-671-5p overexpression alleviated IL-1f-resulted chon-
drocyte injury [31]. Tang et al. unveiled that miR-671 was
strikingly downregulated in RA patients [32]. In the pre-
sent research, we validated that miR-671-5p was conspicu-
ously downregulated in RA synovial tissues and RA-FLSs.
Importantly, circ-FAM120A directly targeted miR-671-5p
and miR-671-5p depletion relieved the suppressive effect
of paeoniflorin on RA-FLSs development.

Moreover, extensive evidence has highlighted that
miRNAs directly modulate gene expression through
combining with 3'UTR of mRNAs [33]. Herein, we veri-
fied the targeted binding of MDM4 to miR-671-5p based
on bioinformatics analysis and dual-luciferase reporter
analysis. MDM4 (alias MDMX) is a negative regulator
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of tumor suppressor p53 [34]. A previous study indicated
that MDM4 facilitated RA-FLS proliferation in RA via
inactivating p53 [35]. Furthermore, Hou et al. showed that
miR-34a-3p mimics blocked RA-FLS growth and reduced
pro-inflammatory cytokines in RA by targeting MDM4
[36]. In the present research, upregulation of MDM4
undermined the effect of paeoniflorin on RA-FLS progres-
sion. In terms of mechanism, paeoniflorin ameliorated RA
via the circ-FAM120A/miR-671-5p/MDM4 axis.

In conclusion, paeoniflorin impeded RA-FLS pro-
gression via mediating the circ-FAM120A/miR-671-5p/
MDM4 pathway. These findings demonstrated that the
paeoniflorin/FAM120A/miR-671-5p/MDM4 axis might
provide new therapeutic targets for RA. Thereafter,
in vivo experiments are needed to confirm the conclu-
sion of this research.
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