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Abstract
This study explored the effect of paeoni�orin(PAE) on apoptosis of �broblast-like synoviocytes(FLS)
mediated by the Wnt1/β -catenin pathway in collagen-induced arthritis(CIA) rats based on the expression
of lncRNA MALAT1. Sprague-dawley(SD) rats were randomly divided into control group, CIA model group,
PAE low-dose group, PAE medium-dose group and PAE high-dose group. Quantitative polymerase chain
reaction (qPCR) was then performed to determine the expression of MALAT1 in rat FLS. Next, the
apoptosis rate of FLS was detected by terminal-deoxynucleotidyl transferase-mediated nick end
labeling(TUNEL), whereas cell morphology was observed by electron microscopy. Enzyme-linked
immunosorbent assay (ELISA) was used to determine the levels of TNF –α, IL-6, and IL-2 cytokines. The
mRNA expressions of Wnt1, β-catenin, Caspase-3, Caspase-9, Bcl-2 and Bax were determined by qPCR,
whereas the protein expressions of Wnt1, β-catenin, Caspase-3, Caspase-9, Bcl-2 and Bax were measured
by western blot analysis. PAE alleviated arthritis in CIA rats in a dose-dependent manner. In CIA rats, PAE
reduced arthritis scores and decreased joint histopathological changes. The expression level of MALAT1
was lower in the CIA group compared with the control group, but the expression was reversed after PAE
treatment. The expression levels of Wnt1 and β-catenin in the CIA group were increased compared with
the control group, and the levels of cytokine TNF –α, IL-6, and IL-2 were raised compared to the control
group. However, treatment with PAE decreased the levels of all these cytokines. Besides, PAE could
improve the cell apoptosis rate, and increase the expression levels of Caspase-3, Caspase-9 and Bax,
reducing the expression level of Bcl-2. PAE may promote the apoptosis of RA-FLS by up-regulating
MALAT1 to inhibit activation of the Wnt1/β -catenin pathway, thereby alleviating arthritis in CIA rats.

Introduction
Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by joint damage, stiffness,
and swelling [1, 2]. Fibroblast-like synoviocytes(FLSs) exhibit an epigenetic aggressive phenotype of RA,
which transforms the synovium into proliferative in�ltrating tissue, and ultimately leads to bone erosion
and cartilage destruction[3]. With regard to the clinical manifestations, RA patients eventually develop
progressive disability and complications, which seriously affect their quality of life [4]. To date, the
conventional synthetic disease-modifying antirheumatic drugs (csDMARD), which mainly relieve the local
symptoms, are still the mainstream RA treatment method. In recent decades, several biological agents,
including tumor necrosis factor inhibitors (TNFi) and non-TNFi drugs, and targeted synthetic drugs such
as Janus kinase (JAK) inhibitors have been gradually developed. Studies have shown that they produce
anti-in�ammatory effects by inhibiting cytokines associated with synovial in�ammation [5]. However, in
clinical treatment, these biological agents and targeted synthetic drugs are often not considered as �rst-
line drugs due to inadequate response or intolerance to drugs and their very high cost, Which results in a
risk of poor prognosis[6, 7]. Therefore, this calls for development of a safe, effective, and more
economical way to suppress the joint structural damage in RA treatment.

Recent studies have shown that long non-coding RNA metastasis-associated lung adenocarcinoma
transcript 1(lncRNA MALAT1) can inhibit the transcription and expression of FLS-related genes, thereby
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participating in the apoptosis and in�ammatory reactions of FLS [8]. LncRNA MALAT1, with a length of
about 8 KB in the human body, located on chromosome 11Q13, and widely expressed in normal tissues,
is one of the research hotpots [9]. Notably, FLS is the main effector cell of RA leading to joint destruction,
and has a unique invasive behavior in RA. Given its limited in situ proliferation ability and resistance to
endoplasmic reticulum (ER) stress and migration of mesenchymal stem cells, FLS can resist apoptosis
and activate high invasion and migration ability to surrounding bone and cartilage[3]. This suggests that
targeted lncRNA MALAT1 therapy may inhibit the pathological changes of FLS, thereby achieving the
effect of remission or even RA treatment.

Paeoni�orin (PAE) is a water-soluble monoterpene glycoside, which has been used to treat immune
diseases for more than a thousand years in China[10]. Modern pharmacological studies have con�rmed
that PAE has anti-in�ammatory, antioxidative, autophagy modulation, and neuroprotection abilities [11–
13]. One study reported that PAE plays a critical role in the anti-in�ammatory and immunomotor
mechanisms by reducing abnormal signal transduction and regulating the function of immune cells[10].
However, although the pharmacological role of PAE in RA treatment has been gradually con�rmed by
various studies, there is no report on whether PAE participates in MALAT1-targeted RA treatment.

In our previous in vitro study (currently under review for publication), we found that lncRNA MALAT1
expression was down-regulated in the RA-FLS group compared to the control group, whereas PAE up-
regulated the expression of lncRNA MALAT1, and promoted the apoptosis in the RA-FLS group. Based on
these �ndings, we hypothesized that PAE may target MALAT1 to promote apoptosis of RA-FLS.
Consequently, this study conducted in vivo experiments to evaluate the effect of PAE on articular
in�ammation in CIA rat models, and explored the effects of PAE on lncRNA MALAT1 expression, cell
apoptosis, and potential signaling pathways in vivo, with the overarching goal of providing new evidence
to support PAE treatment of RA.

Materials And Methods

Reagents
PAE(>98%pure) was supplied by Shanghai Yuanye Biotechnology Co., Ltd. (Shanghai, China). DMEM,
fetal bovine serum, penicillin and streptomycin were purchased from Hyclone Biotechnology Co., Ltd.
(Logan, UT, USA). Phosphate-buffered saline(PBS) was purchased from Nanjing Shengxing
Biotechnology Co., Ltd. (Nanjing, Jiangsu, China). Trizol, PrimeScript™ RT reagent Kit with gDNA Eraser
were purchased from Takara Biotechnology Co., Ltd. (Tokyo, Japan). NanoDrop 2000 spectrophotometer
was purchased from Thermo Fisher Scienti�c(Waltham, MA, USA). Fluorescence quantitative PCR was
purchased from Applied Biosystems. Wnt1 primary antibody was obtained from Abcam(Cambridge, UK),
Bax, Bcl2 and β –catenin primary antibodies were purchased from Protein Tech(Chicago, IL, USA),
caspase3 and caspase9 primary antibodies were obtained from Biorbyt(Cambridge, UK). Bicinchoninic
acid(BCA) protein assay kit was purchased from Beyotine. ECL luminous �uid was purchased from
Tanon Biotechnology Co., Ltd. (Shanghai, China). IL-2 ELISA kit, IL-6 ELISA kit, TNF-α ELISA kit were
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purchased from Cusabio Technology(Beijing, China). Tanon ECL was used for chemiluminescence, and
pictures were photoed by Tanon5200 chemiluminescence imager. Bovine type II collagen was purchased
from Beijing biolead Technology Development Co., Ltd. (Beijing, China). Microscope was purchased from
Nikon Corporation(Tokyo, Japan).

Establishment of CIA rats model
8-week-old female sprague-dawley(SD) rats were purchased from the experiment animal management
department of Shanghai institute of family planning science(Shanghai, China). The protocol was
approved by the Ethics Committee of Jinling Hospital.

Bovine type II collagen emulsi�er was prepared to induce arthritis. In a sterile environment, 50mg bovine
type II collagen was completely dissolved into acetic acid solution at a concentration of 2mg/mL, and
then placed overnight in a refrigerator at 4℃. The same volume of complete Freund's adjuvant and
bovine type II collagen acetic acid solution were fully dissolved to prepare an emulsion with a
concentration of 1mg/ mL. The rats were divided into ctrl group and CIA group, and the CIA group was
injected with 0.2 mL emulsion at tail root on day 0 and 7, respectively. Ctrl group rats were injected with
the same amount of normal saline. From the 10th day of modeling, arthritis score was performed twice a
week according to erythema, swelling and stiffness of ankle joint. After successful modeling of CIA, the
rats were divided into 5 groups: RA model control group, CIA group and 3 doses of PAE treatment
group(50mg/kg, 100mg/kg, 150mg/kg)[14]. The 3 doses of PAE treatment group were respectively
represented as PAE-low, PAE-middle, PAE-high.

Arthritis assessment indicators
The rat arthritis index is based on a cumulative score that is the degree of swelling in the joints of the
extremities and is expressed on a scale of 0-4, with 4 being the most in�ammatory. Therefore, the
maximum cumulative score for each rat is 16. The detailed scoring criteria are as follows: 0=normal or no
in�ammation; 1= slight redness or swelling of the little toe joint; 2= swelling and redness of the little toe
joints and toes; 3= swelling and redness below the ankle; 4= severe swelling and redness of the ankle
joint, and even severe joint deformation[15]. The joint in�ammation index was recorded every 5 days from
the day of successful modeling.

The volume below the ankle was measured with a hind limb volumeter and paw swelling degree was
obtained by the following formula: V(%)=(Vafter-Vbefore)/Vbefore×100%. With the same frequency as the
arthritis index, paw swelling(%) was recorded every 5 days.

Histopathological analysis
The fresh synovial tissues from the rats model were �xed in 4% paraformaldehyde for 24h and
dehydrated by gradient ethanol in turn. The wax-soaked tissues were embedded in the embedding
machine, and the �nished wax blocks were placed on the para�n slicer for sectioning with a thickness of
4µm. Then the nucleus was stained with hematoxylin, the cytoplasm was stained with eosin, and the
images were collected and analyzed under a microscope. Scores from 0 to 4 indicate the severity of the
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lesion in turn, as assessed by the pathological appearance of arthritic lesions. Refer to the following
criteria: 0=normal, 1=minimal in�ammatory in�ltration with pannus formation, 2 = mild in�ltration with
super�cial cartilage thinning, 3 = moderate aggregates with lymphoid in�ltration, cartilage zone damage
and signi�cant bone resorption, 4 = signi�cant in�ltration with edema, subchondral erosion and severe
bone erosion[16].

Quantitative polymerase chain reaction (qPCR)

The purity and concentration of RNA were determined by NanoDrop 2000 spectrophotometer. According
to the instructions of PrimeScript RT Reagent Kit with gDNA Eraser reverse Transcription Kit, PCR reaction
conditions were 50 ℃ for 15 min and 85 ℃ for 5 min. PCR reaction procedure: denaturation at 95 ℃ for
10 min; (95℃ denaturation for 15 s, 60℃ annealing for 1 min) ×40 cycles. With Glyceraldehyde-3-
phosphate dehydrogenase(GAPDH) as an internal reference, real-time PCR was performed by
�uorescence quantitative PCR, and the results were calculated according to the 2−ΔΔCt formula. The
primers of lncRNA MALAT1, Bax, Bcl2, caspase3, caspase9, and GAPDH were designed and synthesized
by Enhance Biotechnology Co., Ltd. (Nanjing, China)(Table 1)

Table 1
Primer sequences for q-PCR

  Forward Reverse

MALAT1 GGGGGAATGGGGGCAAAATA ACTGTAAACCTGGCGAGCTC

Wnt1 CAACATCGATTTCGGTCGCC CACTCTTGGCGCATCTCAGA

β-catenin AAGGTGCTGTCTGTCTGCTC CTAGAGTCCCAAGGAGGCCT

Bax GAACCATCATGGGCTGGACA GTGAGTGAGGCAGTGAGGAC

Bcl2 CTTCTCTCGTCGCTACCGTC CAATCCTCCCCCAGTTCACC

caspase3 ACTACTGCCGGAGTCTGACT TAACCGGGTGCGGTAGAGTA

caspase9 TGGTTCTGGCAGAGCTCATG AGCTTCTCACAGTCCACGTG

GAPDH TGATGGGTGTGAACCACGAG AGTGATGGCATGGACTGTGG

Western blot analysis
FLSs were lysed using Radio Immunoprecipitation Assay(RIPA) lysis buffer on ice for 30min and
centrifuged at 12,000rpm for 5min at 4℃ to obtain the supernatant. According to the instructions of the
BCA kit to determine the protein content. The protein samples were separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis(SDS-PAGE) and transferred to the PVDF membrane by
electrophoresis. After soaking the membrane from bottom to top with TBS, the membrane was blocked
with solution (5% defatted milk powder TBST solution) at room temperature for 1 h and incubated with
the following primary antibodies overnight at 4℃:anti-Bax(1:2000), anti-Bcl2(1:1000), anti-
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caspase3(1:500), anti-caspase9(1:1000), anti-Wnt1(1:1000), anti-β-catenin(1:1000). Secondary
antibodies that goat anti-rabbit IgG and goat anti-mouse IgG labeled by HRP were incubated with the
membrane at 37℃ for 2h.

Isolation and culture of rat �broblast-like synoviocytes
Experiment after euthanasia by cervical dislocation, surgically remove tissue samples from the right
ankle joint were taken and rinsed twice in PBS buffer containing penicillin-streptomycin to remove
residual blood. The tissue was cut into the smallest possible blocks and transferred to a centrifugal tube.
0.1% collagenase IV was added to obtain FLS cells, then placed FLSs in a thermostatic shaker at 37℃,
shaking digestion at 150rpm for 2h. Filter with 100µm cell sieve, centrifugation at 1500rpm for 5min, the
cell density was adjusted to 1×105 cells and inoculated into Petri dishes. The cells were cultured in a
DMEM medium containing 10% fetal bovine serum, 100U/mL penicillin, and 100µg/mL streptomycin in a
cell incubator containing 5%CO2 at 37℃. When the cells grew to 80-90%, they were passed 1:3 and
cultured in Petri dishes for follow-up experiments.

Elisa
The RA-FLS supernatant was obtained and tested the expression levels of IL-2, IL-6, TNF-α according to
the corresponding enzyme-linked immunosorbent assay(ELISA) kit instructions. The diluent was added to
a 96-well plate, incubated for 2h at 37 ° C, 100µL biotin-labeled antibody was added to each well, then
added 100µL HRP-labeled anti-biotin-labeled protein was to each well and cultured for 1h. After washing,
90µL TMB reaction substrate was added into each well, �nally, 50µL termination buffer was mixed with
them in each well after dark incubation. The absorbance was measured at 450nm on the microplate
reader.

Tunel
Apoptosis was detected by TUNEL assay. Following the instructions of the TUNEL assay kit, the fresh
tissue was �xed in 4% paraformaldehyde for more than 24h. After dehydration, the working solution of
protease K was dropped to cover the tissue (the storage solution of protease K was diluted with PBS 1:9),
and the tissue was incubated for 30min at 37 ° C. Mixed with 50µ L TdT+450µ L luciferase labeled dUTP
solution, and incubate in a wet box at 37℃ for 2 hours. After the slides were dried, added 50µl POD to the
specimens, and incubated for 30min in a wet box at 37℃. Fresh DAB chromogenic solution was dropped,
and the positive results indicated that the nuclei were brownish yellow, and the sections were washed
with running water to stop chromogenic. After the photo was taken, redye with hematoxylin or methyl
green and rinse immediately with running water after a few seconds. Gradient alcohol dehydration, xylene
transparent, neutral gum sealing sheet. Apoptotic cells were observed by a light microscope.

Statistical analysis
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Graphpad Prsim 5.0(Graphpad Software, USA) was used for statistical analysis. The measurement data
were represented as mean± SD, the difference between the two groups was evaluated by T-test, and the
measurement data between multiple groups were compared by one-way ANOVA, P<0.05 was statistically
signi�cant.

Results

LncRNA MALAT1 was low expression in �broblast-like
synoviocytes of CIA rats
Fibroblast-like synoviocytes(FLS) were isolated and cultured from synovial tissues of rats, the FLS were
divided into CIA and ctrl groups. The mRNA expression of MALAT1 in rat model FLS was detected by
qPCR, and it was found that compared with the ctrl group, the expression level of lncRNA MALAT1 was
signi�cantly decreased in the CIA group(Fig. 1, P<0.01).

PAE could up-regulate MALAT1 and promote apoptosis of
FLS in CIA rats
As shown in Fig. 1, compared with the ctrl group, the expression level of MALAT1 was decreased in the
CIA group. After PAE treatment, MALAT1 expression was upregulated in CIA rats, and the upregulation
amplitude was increased in a PAE concentration-dependent manner. Meanwhile, the apoptosis rate of
FLS in CIA rats was observed by TUNEL assay. Compared with the control group, the apoptosis rate was
decreased in CIA group, and the number of apoptosis cells increased after PAE intervention(Fig. 2a-b).
Apoptosis rate increased after PAE treatment compared with the CIA group. The CIA+PAE-high group
signi�cantly promoted the apoptosis rate. The effect of PAE to promote apoptosis of FLS was also
elevated in a concentration-dependent manner, which is consistent with our previous study in vitro that
PAE upregulates MALAT1.

PAE could allievate arthritis index, degree of paw swelling in
CIA rats
The assessment indicators including arthritis index and degree of paw swelling were used to evaluate the
therapeutic effects of PAE. As shown in Fig. 3a, compared with the ctrl group, the ankle joints of CIA rats
were signi�cantly swollen, the degree of joint swelling in the CIA group was high throughout the
observation period due to successful modeling, nevertheless, the swollen joint could be improved after
PAE intervention, with the best improvement in the CIA+PAE-high group (Fig. 3b). The arthritis index of the
CIA group was signi�cantly higher from the 10th day, while the CIA rats that had undergone PAE
treatment had decreased in all dosage groups, with the highest improvement being observed in the
CIA+PAE-high group(Fig. 3c), implying a concentration-dependent improvement in the therapeutic effect
of PAE. Fig. 3d revealed the body weights of all rats gradually increased during the experimental
observation period, whereas the CIA group lost signi�cantly more weight compared with the ctrl group.
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The degree of weight loss alleviated after PAE intervention, which was related to PAE dose, with the
CIA+PAE-high group showing the best improvement in weight loss compared with CIA+PAE-low and
CIA+PAE-mid groups.

PAE could ameliorate pathological changes of joints in CIA
rats
As shown in Fig. 4a-b, in the CIA group the tissue structure of the ankle joints showed local moderate
destruction of the articular cartilage, which was replaced by �brous tissue, and the joint synovium was
severely hyperplastic, with visible hyperplastic synovium deep into the joint cavity, interstitial severe
in�ammatory cell in�ltration and �brous tissue proliferation. After PAE treatment, the degree of joint
synovial hyperplasia and osteointerstitial in�ammatory cell in�ltration continuously decreased with the
rising drug dose, among which the CIA+PAE-high group displayed the best therapeutic effect, the
difference between it and CIA group was statistically signi�cant(P<0.001).

PAE could reduce the expression levels of IL-2, IL-6 and
TNF –α in CIA rats
The expression level of in�ammatory cytokine is also an indicator to evaluate the effect of PAE on CIA
rats. ELISA was used to detect their expression levels of them. In the CIA group, the levels of IL-2, IL-6 and
TNF –α were signi�cantly higher than those in ctrl group(P<0.01)(Fig. 4c-e). Compared with the CIA
group, the expression of IL-2, IL-6 and TNF –α decreased signi�cantly after PAE treatment, particularly the
CIA+PAE-high group can signi�cantly inhibit these in�ammatory factors(P<0.01).

PAE could inhibit the activation of the Wnt1/β-catenin
pathway
In order to further explore the mechanism of PAE up-regulating MALAT1 and promoting synovial cell
apoptosis, we detected the mRNA and protein expression of wnt, β-catenin, bax,caspase3,caspase9 and
bcl-2. As shown in Fig. 5a-e, compared with the ctrl group, in the CIA group, the mRNA expression of Wnt1,
β-catenin and bcl-2 increased, while the mRNA expression of bax, caspase 3 and caspase 9
decreased(P<0.01). Compared with the CIA group, after PAE treatment, the mRNA expressions of Wnt, β-
catenin and bcl-2 decreased in a dose-dependent manner, while the mRNA expressions of bax, caspase 3
and caspase 9 increased in a dose-dependent manner(P<0.05, P<0.01).

In Fig. 6, compared with the ctrl group, the protein expression levels of Wnt1, β-catenin and bcl-2
increased in the CIA group, while the levels of bax, caspase 3 and caspase 9 decreased(P<0.01).
Moreover, compared with the CIA group, PAE inhibited protein expression of Wnt1, β-catenin and bcl-2 in a
dose-dependent manner, while the in�uence of PAE on the protein expression of bax, caspase 3 and
caspase 9 increased in a dose-dependent manner(P<0.05).

Discussion
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Studies have demonstrated that FLS highly specialized mesenchymal cells found in the synovium of
diarthrodial joints, contribute to the destruction of joint structure in RA[3]. When the joint structure is
damaged, the synovial tissue responds as an ill-adapted wound healing response, however if has
destructive characteristics and will ultimately lead to irreversible tissue damage to the tendon, cartilage
and bone[17]. Therefore, it is important to explore potential therapeutic targets associated with the
immune-in�ammatory mechanism of the synovial tissue[18]. It has previously been reported that lncRNA
MALAT1 is involved in the immune-in�ammatory response of RA and is one of the potential therapeutic
targets for RA[19]. In this study, we found that the expression level of lncRNA MALAT1 was lower in the
CIA group than that in the ctrl group, this was consistent with the downregulation of MALAT1 in
peripheral blood mononuclear cells in patients [20].

In recent years, lncRNA MALAT1 has been one of the star molecules in lncRNA research, with most
studies mainly focusing on its tumor immune mechanism. It is considered to have signi�cant lncRNA-
targeting potential due to the existence of a highly conserved triple helix structure (ENE) at its 3 'terminal
[21, 22]. Therefore, its high conservation is suitable for the study of various immune mechanisms.
Studies have been proved that MALAT1 not only regulates apoptosis-related genes by binding to proteins
or acting as competitive endogenous RNA[23], but can also be regulated by drugs to affect apoptosis-
related pathways[24]. Herein, results showed that the expression level of MALAT1 was downregulated in
RA-FLS in vivo, but its level could be increased by PAE, This �nding is consistent with our previous study
(currently under review for publication) which found that PAE regulates lncRNA MALAT1 to participate in
its treatment of RA in FLS.

In the current study, we explored the therapeutic effect of PAE on CIA rat models. It is worth noting that
CIA model has been used extensively to study the mechanism of RA because the model has mature
conditions in immunological and pathological features[25]. Our results revealed that PAE reduced the
arthritis score. Speci�cally, histopathology results showed that joint synovial hyperplasia and
osteointerstitial in�ammatory cell in�ltration were reduced after administering PAE, whereas the levels of,
the in�ammatory cytokines such as TNF –α, IL-6 and IL-2, were all decreased by PAE. Collectively, these
�ndings suggest that PAE has a good therapeutic effect on CIA rat models. A previous study revealed that
in�ammatory cytokines participate in the pathogenesis of joint in�ammatory injury in RA, and there is a
wide network of cytokines that contribute to mediating cartilage and bone destruction[26]. TNF –α and IL-
6 are both pro-in�ammatory cytokines produced by activated RA-FLS[27]. Besides, IL-2, a cytokine
glycoprotein, could stimulate T cells and natural killer cells, and take part in the immune response
mediated by the Th1 cytokine pathway [28]. It should be noted that the therapeutic effect of PAE
increased in a dose-dependent manner. Although several recent studies that have reported that PAE can
ameliorate RA joint in�ammation by regulating the function of immune cells or related signaling
pathways [14, 29, 30], the effect of PAE on MALAT1 has rarely been reported. Based on our previous
experimental results, we speculated that PAE may regulate the expression level of MALAT1 to treat RA in
FLS. This study found that the arthritis score in the CIA group was higher than that in all PAE treatment
groups, which suggests that PAE may reduce the production of in�ammatory cytokines and improve
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synovial tissue in�ammation by upregulating MALAT1 in FLS, thereby decreasing joint arthritis scores in
CIA rat models.

Considering the unique aggressive phenotype in RA, cell apoptosis plays an important role in the
pathological process of RA-FLS [31]. A previous study proved that inducing the apoptosis of RA-FLS may
alleviate the development of RA [32]. The TUNEL staining performed in this study displayed that the cell
morphology changed, which indicated cell apoptosis, but the number increased after PAE treatment.
Moreover, the apoptosis rate was signi�cantly higher in the CIA group with lower expression of MALAT1
than in all PAE treatment groups, suggesting that PAE could improve the apoptosis of RA-FLS by
upregulating MALAT1. Furthermore, we explored the expression levels of Bcl-2, Bax, caspase-3 and
caspase-9. As one of the conservative cell death pathways, apoptosis is regulated by Bcl-2(B cell
Lymphoma 2) family proteins, which composed of pro-apoptotic (such as Bax and Bak) and pro-
survival(such as Bcl-2 and Bcl-XL) members [33]. Notably, when the balance between pro-apoptotic and
pro-survival factors is broken, caspase 3 and caspase 9 are activatied and mitochondrial cytochromes
are released to promote cracking of the cell structure, which ultimately induces cell apoptosis [34]. Herein,
qPCR results indicated that PAE treatment could increase the mRNA expression levels of Bax, caspase 3
and caspase 9, and decrease the mRNA expression level of Bcl-2. Meanwhile, western blot analysis
results showed that PAE had the same in�uence on their protein expression level. Overall, these �ndings
suggest that the mechanism through which PAE alleviates the development of RA may associated with
the pathway participating in apoptosis.

Accumulating evidence has suggested that the Wnt/β-catenin signaling pathway is activated in the
pathogenesis of RA[8, 35]. As a conserved evolutionary pathway, it controls a variety of cellular behaviors
in RA. Wnt1, a member of the Wnt ligand gene family, abnormally activates the Wnt/β-catenin pathway
and regulates transcription of downstream genes, thereby maintaining cell proliferation, apoptosis,
metastasis, and stem cell properties [36–38]. A previous study found that lncRNA MALAT1 affects cell
proliferation and apoptosis by inhibiting the Wnt/β-catenin pathway, even including reducing cell
in�ammatory injury [39]. In this study, the mRNA and protein expression levels of Wnt1 and β-catenin,
indicated that the Wnt1/β-catenin pathway was signi�cantly activated in the CIA group, but it was
inhibited by PAE in a dose-dependent manner. This result suggested that PAE promotes cell apoptosis in
CIA rat models by inhibiting activation of the Wnt1/β-catenin pathway. Moreover, the expression level of
MALAT1 was improved in all PAE treatment groups, whereas the Wnt1/β-catenin pathway activity was
inhibited in all PAE treatment groups, which further suggests that PAE could enhance inhibition of the
Wnt1/β-catenin pathway by upregulating MALAT1.

Results obtained in this study demonstrated that PAE had a bene�cial therapeutic effect on arthritis in
CIA rats. It was evident that PAE could up-regulate the expression level of lncRNA MALAT1 in FLS of CIA
rats, reduce the expression levels of in�ammatory cytokines such as TNF –α, IL-6 and IL-2, and inhibit
activity of the Wnt1/β-catenin pathway.

Conclusion
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In summary, this study explored the therapeutic effect of PAE on CIA rat models, and found that it could
alleviate arthritis in CIA rat models. It was evident that PAE could promote synovial cells apoptosis in CIA
and its mechanism of action was through inhibition of the Wnt1/β-catenin pathway by upregulating the
expression level of lncRNA MALAT1. Collectively, our results suggest that PAE promotes apoptosis of
synovial cells and in�ammatory in�ltration in CIA. This �ndings provide novel insights for alleviation of
joint in�ammation by PAE, which suggests that it may be a potential drug targeting lncRNA MALAT1 to
treat RA.
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Figures

Figure 1

The mRNA expression level of lncRNA MALAT1 in CIA rats. for each group of 3. * P<0.05, ** P<0.01.
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Figure 2

Effect of PAE on the apoptosis rate of FLS in CIA rats. (A) Immunohistochemical pictures of FLS
apoptosis by TUNEL(×400). (B) Statistic analysis of TUNEL staining positive cells. for each group of 3. *
P<0.05, ** P<0.01.
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Figure 3

Different treatment on each group. (a) Photos of successful modeling in each treatment group. (b)
Arthritis index of each treatment groups. (c) Degree of paw swelling in each treatment groups. (c) Change
in body weight of each treatment groups. for each group of 3. Compared with the ctrl group, * P<0.05, **
P<0.01,*** P<0.001. Compared with the CIA group, # P<0.05, ## P<0.01,### P<0.001. Compared with the
CIA+PAE-low group, & P<0.05, && P<0.01,&&& P<0.001.
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Figure 4

Effects of PAE on changes of in�ammation in CIA rats. (a) Representative view under a microscope of HE
staining sections of ankle joints(×200). (b) Statistics analysis of pathological scores in different groups.
(c) Effect of PAE on IL-6. (d) Effect of PAE on TNF –α. (e) Effect of PAE on IL-2. for each group of 3. *
P<0.05, ** P<0.01.
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Figure 5

The mRNA expression levels in each group. (a).The mRNA expression of Wnt1. (b) The mRNA exoression
of β-catenin. (c) The mRNA expression of bax. (d) The mRNA expression of caspase 9. (e) The mRNA
expression of caspase 3. (f) The mRNA expression of bcl2. for each group of 3. * P<0.05, ** P<0.01.
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Figure 6

Western blot analysis of each group. (a) The grey scale of Wnt1, β-catenin, bax, caspase 9,caspase3, and
bcl2. (b) The protein expression of Wnt1. (c) The protein expression of β-catenin. (d) The protein
expression of bax. (e) The protein expression of caspase 9. (f) The protein expression of caspase 3. (g)
The protein expression of bcl2. for each group of 3. * P<0.05, ** P<0.01.
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