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Purpose: Osteoarthritis (OA) is an age-related degenerative disease associated with enhanced degradation of extracellular matrix
(ECM) and decreased autophagy. Our study is aimed to explore how corosolic acid (CRA) affect cartilage ECM metabolism and the
potential mechanism.

Methods: Rat chondrocytes were pretreated with different concentrations of CRA (0, 2.5, 5, and 10 uM), and were stimulated with
IL-1B (10ng/mL) for 24 h, subsequently. RT-qPCR, Western blot, and immunofluorescence were used to detect the expression of genes
related to ECM metabolism and explore the potential molecular mechanism. The effect of CRA on articular cartilage was observed in
the surgically induced OA rat model with the method of Safranin O/Fast green and immunohistochemical staining.

Results: Results showed that CRA reversed the IL-1B-induced degradation of aggrecan and type II collagen and the high expression
of MMP13 and ADAMTSS. Mechanistically, CRA enhanced autophagy through inhibiting the classical PI3K/AKT/mTOR signaling
pathway. Furthermore, inhibition of autophagy partly abolished the protective effects of CRA on ECM synthesis in IL-1p-treated
chondrocytes. Correspondingly, the protective effect of CRA was also confirmed in a rat OA model.

Conclusion: Herein, we demonstrate that CRA can enhance autophagy by inhibiting PI3K/AKT/mTOR signaling pathway, prevent
IL-1B-induced cartilage ECM degradation, and may be a potentially applicable candidate for the treatment of OA.
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Introduction

Osteoarthritis (OA) is a common degenerative joint disease associated with joint pain and dysfunction, which can lead to
disability in the elderly and bring substantial social burden.'” It is characterized by synovial inflammation, subchondral
bone structure changes, and articular cartilage degeneration.® IL-1p is thought to promote the occurrence and progression
of OA via inducing apoptosis and inhibiting autophagy of chondrocyte.** It also promotes the expression of inflamma-
tory-related proteins such as INOS and COX-2 in chondrocytes, thereby causing cartilage extracellular matrix (ECM)
degradation.®” The cartilage ECM is considered to be an important component for maintaining cartilage function and
structure.®® Therefore, inhibiting IL-1p-induced ECM degradation may be an effective strategy to ameliorate OA
progression. Although many drugs are used to treat OA in the clinic, none of them can effectively reverse the progression
of OA. Besides, serious side effects limit their clinical use.'? Thus, it is imminent to discover a new and effective drug for
OA treatment.
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Autophagy is a catabolic process that degrades cellular components through lysosomal mechanisms to achieve cell
homeostasis.!' LC3 and P62 are marker proteins that respond to autophagosome formation and degradation. LC3-II is
a structural protein of the autophagosome. LC3/Atg8 is cleaved by Atg4 to generate LC3-1, which undergoes a ubiquitin-
like reaction to generate LC3-II and attaches to the autophagosome membrane. P62 is an autophagy substrate protein.
When lysosomes degrade, the P62 protein bound to the substrate is also hydrolyzed by proteolytic enzymes.'? In the
development of OA, autophagy not only involves articular cartilage morphogenesis, but also plays an important role in
ECM homeostasis.'*'* In the initial degeneration stage of articular cartilage, autophagy increases to protect chondro-
cytes from various environmental changes. Subsequently, with the gradual degradation of articular cartilage, autophagy
decreases in chondrocytes.'> In addition, autophagy increased the expression of type II collagen (COL2A1) and
aggrecan (ACAN) in IL-1B-treated chondrocytes, but decreased the levels of matrix metallopeptidase 13 (MMP13)
and a disintegrin and metalloproteinase with thrombospondin motifs 5 (ADAMTSS5).!® The previous study has also
shown that the loss of autophagy associated gene 5 (Atg5) in chondrocytes can lead to age-related osteoarthritis in
mice.'” These studies suggest that activating chondrocyte autophagy can protect cells from stress and alleviate the
progression of OA.

Corosolic acid (CRA) is a natural pentacyclic triterpenoid discovered in many medicinal herbs, especially
Lagerstroemia speciosa. CRA initially attracted the attention of researchers due to its anti-diabetic function.'®
However, some current studies have shown that it also has significant effects on anti-inflammatory, anti-tumor, anti-
fibrosis, etc.'®** Moreover, it has been reported that CRA is closely related to autophagy. It can improve mice’s
myocardial hypertrophy and protect hepatocytes from ethanol-induced injury by regulating autophagy.?*-** However, its
effect on chondrocyte autophagy and its potential therapeutic effect on OA remains unclear.

In this study, we explored the effects of CRA on chondrocyte autophagy and ECM metabolism and further analyzed
its molecular mechanism. In addition, we evaluated the potential therapeutic effect of CRA in a rat OA model.

Materials and Methods

Reagents

CRA (purity > 98%) was purchased from Mansite Biotechnology Co., Ltd., (Chengdu, China). Rat IL-1p and Cell
Counting Kit-8 were purchased from Beyotime Institute of Biotechnology (Shanghai, China). 3-methyladenine (3-MA)
was purchased from Meilun Biotechnology Co., Ltd., (Dalian, China). 740Y-P (PI3K activator) was purchased from
MCE (Shanghai, China). The primary antibodies against LC3 and P62 were obtained from Sigma-Aldrich (St. Louis,
MO, USA); antibodies against AKT, p-AKT, p-mTOR, and mTOR were purchased from Cell Signaling Technology
(Danvers, MA, USA); antibodies against PI3K and p-PI3K was acquired from ABclonal Technology Co., Ltd. (Wuhan,
China); antibodies against COL2A1, ACAN, ADAMTSS, and MMP13 were obtained from Proteintech (Wuhan, China).
The TRIzol reagent kit was obtained from Invitrogen (Carlsbad, CA, USA). The mRNA reverse transcription and real-
time RT-PCR kits were purchased from Vazyme Biotechnology Co., Ltd. (Nanjing, China).

Isolation, Culture, and Treatment of Chondrocytes

The articular cartilage was isolated from the femoral grooves and femoral condyles of 4-week-old Wistar rats. After
shredded, the cartilage was fully digested with 0.3% collagenase Il and then filtered by a cell screen to prepare
a single-cell suspension. Finally, the cells were transferred to a culture flask and incubated with DMEM (containing
10% fetal bovine serum, 100 pg/mL streptomycin, and 100 U/mL penicillin) in a 5% CO, incubator at 37°C. Cells
from the second and third generations were used for subsequent experiments. For in vitro experiments, chondrocytes
were either treated with 10 ng/mL IL-1f for 24 h or pretreated with CRA for 5 h and then co-treated with IL-1f (10
ng/mL) for 24 h. For autophagy studies, the chondrocytes were pretreated with 3-MA (5 mM) for 3 h before
treatment with CRA or IL-1B. For signaling pathway analysis, the chondrocytes were pretreated with 740Y-P
(30 uM) for 1 h before treatment with CRA or IL-1p.
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Cell Viability Assay

CCKS8 kit was used to detect cell viability. The chondrocytes were seeded into 96-well plates at a density of 5000 cells
per well and incubated for 24 h. CCK-8 solution was added after CRA treatment and incubated at 37°C for 1 h in the
dark. The absorbance at 450 nm was determined with a microplate reader.

Quantitative RT-PCR

Total RNA was extracted from rat chondrocytes using TRIzol reagent (Invitrogen, USA), and the RNA was reverse
transcripted into ¢cDNA using HiScript III RT SuperMix for qPCR (+ gDNA wiper) (Vazyme) according to the
manufacturer’s instructions. Real-time PCR was carried out using AceQ Universal SYBR qPCR Master Mix

—AACt

(Vazyme). The gene expression was calculated in accordance with the 2 method. The results were analyzed after

target gene expression was normalized to GAPDH expression. The sequences of the primers are listed in Table 1.

Western Blot

Total chondrocyte protein was extracted according to the kit instructions (Beyotime, Shanghai, China). Total 30 pg of
proteins were loaded to each lane, isolated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and then transferred to polyvinylidene difluoride (PVDF) membranes. The PVDF membrane was blocked with 5% skim
milk and incubated overnight with primary antibodies directed against COL2A1 (1:500), ACAN (1:500), MMP13
(1:500), ADAMTSS (1:500), LC3B (1:1000), P62 (1:1000), PI3K (1:1000), P-PI3K (1:1000), AKT (1:1000), P-AKT
(1:1000), mTOR (1:1000), P-mTOR (1:1000), GAPDH (1:5000) at 4°C. After washing with TBST, the membrane and
HRP-conjugated secondary antibodies were incubated at room temperature for 1 h. The protein bands were examined
with an enhanced ECL kit. Image J was used to measure the density of the membrane quantitatively.

Cellular Immunofluorescence Staining

Chondrocytes were seeded on the cover glass of the 6-well plate and treated with IL-1B or CRA. Then, they were washed
with PBS, fixed in 4% paraformaldehyde, and permeated in 0.5% Triton X-100 for 15 minutes. Next, cells were blocked
with 3% bovine serum albumin (BSA) and incubated with primary antibodies at 4°C overnight. On the second day, the
cells were incubated with anti-rabbit CY3 and anti-rabbit FITC conjugated secondary antibody for 1h. After labeling
with DAPI, images were captured using Olympus fluorescence microscopy (Tokyo, Japan).

Transmission Electron Microscopy

After treating chondrocytes with IL-1p or CRA, the culture medium was removed and washed with PBS three times.
Then, the cells were fixed with 2.5% glutaraldehyde in 0.1 M of phosphate buffer for 10 min and post-fixed with 1%
osmium tetroxide/1.5% potassium ferrocyanide solution for 2 h. The chondrocytes were dehydrated through a graded
series of ethanol and embedded in Epon 618. Finally, Epon 618 was embedded after ethanol grading dehydration.
Ultrathin sections (50 nm) were cut with LKB-Vultra microtome (Bromma, Sweden), stained with uranyl acetate and
lead citrate, and examined with a Hitachi H600 transmission electron microscope (Hitachi, Tokyo, Japan).

Table | Primers Used for the Real-Time Quantitative Polymerase Chain Reaction

Genes Forward Primers Reverse Primers

ADAMTSS GCAACAAAGTGGGACTACA GAGAGAATGCATCCCTTAGC
MMP13 CCCTGATGTTTCCCATCTATAC GTCACACTTCTCTGGTGTTT
COL2AI CTGGTGGAGCAGCAAGAGC GTGGACAGTAGACGGAGGAAAG
ACAN GATGTCCCCTGCAATTACCA TCTGTGCAAGTGATTCGAGG
GAPDH GGGTGTGAACCACGAGAAAT ACTGTGGTCATGAGCCCTTC

Abbreviations: ADAMTSS5, a disintegrin and metalloproteinase with thrombospondin motifs 5; MMP13, matrix
metallopeptidase 13; COL2AI, al chain of type Il collagen gene; ACAN, aggrecan; GAPDH, glyceraldehyde

3-phosphate dehydrogenase.
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Animal Model of OA

Specific pathogen-free male Wistar rats [aged 8 weeks and weighing 170-230 g; license number: SCXK (Hubei),
NO.2020-0018, n=10] were purchased from the Experimental Center of the Hubei Medical Scientific Academy. All the
animal procedures were performed in accordance with the Guidelines for Care and Use of Laboratory Animals of the
National Institutes of Health and approved by the Animal Ethics Committee of Wuhan University (Licence number:
14016). After one week of adaptive feeding, these rats were randomly divided into three groups: Sham-operated group,
OA group, and OA + CRA group. The control rats in Sham group underwent simply opening joint cavity surgery while
the OA group underwent the transection of Anterior cruciate ligament (ACLT) to induce OA, as previously reported.?
Postoperatively, rats in OA + CRA group were given CRA (20 mg/kg/d) by gavage for 8 weeks. The remaining two
groups were given the same amount of normal saline. The rats were sacrificed at postoperative week 8. The knee
specimens of the right side were collected and fixed with 4% paraformaldehyde for 48 h for further analysis.

Histopathology and Immunohistochemical Staining
After a series of processing, the joint sections were stained with Safranin O/Fast green staining. The Osteoarthritis
Research Society International (OARSI) guidelines were used to quantify the degeneration of cartilage.*®

For immunohistochemical staining, samples were cut through the medial knee joints and 5 um sections were used.
Paraffin sections were dewaxed, rehydrated and antigen retrieval, then treated with EDTA antigen-repaired buffer.
Sections were then blocked with 5% BSA at room temperature for 2 h, followed by overnight incubation at 4°C with
primary antibodies against LC3B, COL2A1 and MMP13. Finally, the sections were visualized after interacting with
HRP-conjugated secondary antibodies and DAB. All of the images were captured and then analyzed using a Nikon NIS
Elements BR light microscope (Nikon, Tokyo, Japan).

Statistical Analysis

The data were analyzed by using GraphPad Prism7 software (GraphPad Software Inc.). All of the numerical results are
presented as mean + standard error of the mean (S.E.M.). Significant differences between control and treatment groups
were identified using Student’s #-tests. The differences among more than two groups were determined using the one-way
analysis of variance (ANOVA). P < 0.05 was considered statistically significant.

Results
Effect of CRA on Rat Chondrocytes Viability

To evaluate the toxicity of CRA (Figure 1A) to rat chondrocytes, we used CCK-8 kit to detect cell viability. Firstly, we
examined the cytotoxicity of chondrocytes treated with CRA at different concentrations (0, 2.5, 5, 10, and 20 uM) for 24
h. As shown in Figure 1B, the survival rate of chondrocytes was significantly affected when the concentration of CRA
increased to 20 uM. Moreover, we also detected the cytotoxicity of CRA at different time points (0, 12, 24, 36, and 48 h)
at the concentration of 10 uM, and the results showed that there was no obvious cytotoxicity from the beginning time to
the end time (Figure 1C). Thus, we chose 2.5-10 uM CRA for the subsequent experiments.

Effect of CRA on ECM Metabolism of Chondrocytes Treated with IL-1[3

COL2A1 and ACAN were previously reported as primary components of ECM.?”*® MMP13 and ADAMTSS5 are
proteolytic enzymes that mediate ECM destruction during OA.?° To evaluate the effect of CRA on cartilage ECM
metabolism, we treated rat chondrocytes with IL-1p alone or co-treated with different concentrations of CRA (0, 2.5, 5,
and 10 uM). Finally, the expression of genes related to chondrocyte extracellular matrix metabolism (COL2A1, ACAN,
MMP13, and ADAMTSS) was detected. We found that IL-1f could significantly reduce the mRNA expression of ECM
synthesis-related genes COL2A1 and ACAN, and increase the mRNA expression of ECM degradation-related genes
MMP13 and ADAMTSS. Nevertheless, the effects of IL-1B on the above genes were partially reversed in
a concentration-dependent manner after treatment with different concentrations of CRA (Figure 2A). Then, we further
detected the protein expression of the above genes by Western blot and immunofluorescence, and similar results were
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Figure | Effect of corosolic acid on rat chondrocytes viability. (A) Chemical structure of corosolic acid. (B) The chondrocytes were treated with different concentrations of
corosolic acid (0, 2.5, 5, 10, and 20 uM) for 24 h, and the cell viability was detected through CCK-8 assay. (C) Chondrocytes were treated with 10 M corosolic acid for 0,
12, 24, 36, and 48 h, and the cell viability was detected by CCK-8 assay. The data were expressed as Mean * S.EM,, n=3, **P < 0.0] compared with control group.
Abbreviation: NS, no significance.

obtained (Figure 2B—E). When chondrocytes were treated with CRA alone, the mRNA expression levels of COL2A1 and
MMP13 did not change significantly (Supplementary Figure 1A). In summary, CRA protects against ECM degradation in
IL-1B-induced chondrocytes, but not in normal chondrocytes.

Effects of CRA on Autophagy of Chondrocytes Treated with IL-13

Autophagy is often one of the important mechanisms for cells to protect themselves from damage and degeneration and
maintain homeostasis.'**° Therefore, we examined the protein expression of autophagy-related genes (LC3II/LC3I ratio
and P62) to evaluate the effect of CRA on chondrocyte autophagy. Western blot analysis showed that CRA increased
LC3II/LC3I ratio and decreased P62 expression in a concentration-dependent manner (Figure 3A). The data from the
transmission electron microscope revealed that CRA treatment increased the number of autophagosomes in chondrocytes
compared to the treatment of IL-1P alone (Figure 3B). When we treated CRA alone, the expression level of autophagy-
related proteins did not change significantly (Supplementary Figure 1B and C). These findings indicated that CRA

exclusively enhanced autophagy of OA chondrocytes, but for the normal chondrocytes.

The activation of autophagy may affect the anabolism and catabolism of ECM."" To further confirm the role of CRA-
induced autophagy in chondrocyte ECM metabolism, we detected the expression of genes related to ECM metabolism in
the presence of an autophagy inhibitor 3-MA. We found that CRA increased the mRNA expressions of COL2A1 and
ACAN, and decreased the mRNA expressions of MMP13 and ADAMTSS compared to the treatment of IL-1p alone. In
contrast, 3-MA treatment partially eliminated the effect of CRA on the expression of these genes (Figure 3C). Then, the
protein expressions of COL2A1, ACAN MMP13, and ADAMTSS were detected by Western blot, and similar results
were obtained (Figure 3D and E). These results suggested that CRA could inhibit cartilage ECM degradation by
enhancing autophagy.

Effects of CRA on PI3K/AKT/mTOR Signaling Pathway in IL-I-Treated Chondrocytes

Previous studies have shown that PI3K/AKT/mTOR signaling pathway plays an important role in regulating cartilage
ECM metabolism and autophagy.®'*? Therefore, the activation of PI3K, AKT, and mTOR was examined by Western blot
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Figure 2 Effect of corosolic acid on ECM metabolism of chondrocytes treated with IL-1B. (A) RT-qPCR was used to detect the effect of corosolic acid on the mRNA
expression of COL2AI, ACAN, MMP13, and ADAMTSS. (B) Western blot analysis of ACAN and ADAMTSS protein expression level. (C) Quantitative analysis of ACAN
and ADAMTSS protein expression. (D and E) The protein expressions of COL2A| and MMP13 were detected by immunofluorescence staining (scale bar = 50 um). Mean *
S.E.M,, n=3, ¥P < 0.0] compared with control group; “P<0.05 and **P < 0.01 compared with IL-1p treated alone.

Abbreviations: COL2AI, al chain of type Il collagen gene; ACAN, aggrecan; MMPI3, matrix metallopeptidase |3; ADAMTSS, a disintegrin and metalloproteinase with
thrombospondin motifs 5; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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assay. As shown in Figure 4A and B, IL-1p significantly activated PI3K, AKT, and mTOR, while the increased
phosphorylation levels of PI3K, AKT, and mTOR were inhibited with the pretreatment with different concentrations
of CRA. The above data suggested that CRA could affect the PI3K/AKT/mTOR signaling pathway in IL-1B-induced OA
chondrocytes. To further assess the role of the PI3K/AKT/mTOR pathway in the anti-ECM degradation of CRA, we
administered 740Y-P (a PI3K agonist) treatment. Our results demonstrated that CRA’s enhanced autophagy and anti-
ECM degradation effects were reversed by 740Y-P (Figure 4C and D). Taken together, our findings demonstrated that
CRA could enhance autophagy by inhibiting the PI3K/AKT/mTOR signaling pathway and then play a regulatory role in
cartilage ECM metabolism.

Effects of CRA on OA Progression and Autophagy in ACLT Rat Model

Since the in vitro data revealed a protective effect of CRA on the ECM metabolism associated with OA pathology,
a surgically induced ACLT model was established to verify whether CRA protects against the development of OA
in vivo. The pathological changes of articular cartilage were detected by Safranin O staining. We found that pathological
changes such as cartilage erosion, ECM loss, and superficial cartilage destruction were reduced in the CRA-treated group
compared with the OA group (Figure 5A). In addition, the CRA group also showed a lower OARSI score (Figure 5B).
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Figure 3 Corosolic acid participates in the regulation of cartilage ECM metabolism by enhancing autophagy. (A) Western blot analysis of autophagy-related genes LC3-II/I
and P62 protein expression level. (B) Autophagosomes in chondrocytes were observed by using transmission electron microscope. The red arrowheads indicate
autophagosomes. (scale bar = 5 um). (€) RT-qPCR was used to detect the mRNA expression of COL2AI, ACAN, MMPI3, and ADAMTS5 after administering the
autophagy inhibitor 3-MA. (D and E) Western blot was performed to analyze the protein level of COL2AI, ACAN, MMPI13, and ADAMTSS after administering the
autophagy inhibitor 3-MA and quantitative analysis. Mean * S.E.M., n=3, *P<0.05, **P<0.0] compared with respective controls; #P<0.05, #P < 0.01 compared with the

appropriate controls.
Abbreviations: CRA, Corosolic acid; 3-MA, 3-methyladenine; COL2AI, al chain of type Il collagen gene; ACAN, aggrecan; MMPI3, matrix metallopeptidase 13;

ADAMTSS, a disintegrin and metalloproteinase with thrombospondin motifs 5; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Immunohistochemical results showed that CRA treatment could up-regulate the expression of COL2A1 and down-
regulate the expression of MMP13 in articular cartilage. At the same time, it also increased the level of autophagy-related
gene LC3B (Figure 5C and D). These results suggested that CRA can delay the progression of OA and enhance

autophagy in vivo.

Discussion

OA, dominated by articular cartilage degeneration and dysfunction, is one of the most important global causes of
disability.>**> ECM is the main component in cartilage, and its metabolic abnormality is one of the critical factors leading
to the occurrence and progression of OA.* Besides, many studies have shown that the promotion of cartilage ECM
anabolism and inhibition of catabolism can effectively prevent the occurrence and slow down the development of
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Figure 4 Corosolic acid inhibits the activation of PI3K/AKT/mTOR signaling. (A and B) The protein levels of PI3K, P-PI3K, AKT, P-AKT, mTOR, and P-mTOR were
determined by Western blot and quantitative analysis. (C and D) The protein levels of LC3, P62, MMPI3, and COL2A| were detected by Western blot after 740Y-P (a PI3K
agonist) treatment for 24 h and quantitative analysis. Mean % S.E.M., n=3, *P<0.05, **P<0.0| compared with respective controls; *P<0.05, *P < 0.01 compared with the
appropriate controls.

OA.73%3 CRA, isolated from Lagerstroemia speciosa, shows anti-inflammatory, anti-tumor, and anti-fibrosis biological
activities.'” > In this study, we investigated the effect of CRA on the ECM metabolism of OA chondrocytes induced by
IL-1B and explored its potential mechanism. Meanwhile, we also found that treatment with CRA reduced joint
degeneration in a rat OA model in vivo.

In view of the key role of ECM in OA progress, we first studied the effect of CRA on the ECM metabolism of OA
chondrocytes. The IL-1B-induced chondrocyte inflammatory response of rat chondrocytes was applied to simulate the
inflammatory injury of OA in vivo. Consistent with expectations, the use of IL-1p significantly increased the expression
of chondrocyte matrix-degrading enzymes and decreased ECM synthesis. However, pretreatment with different concen-
trations of CRA could partially reverse the ECM damage induced by IL-1B. When we treated chondrocytes with CRA
alone, there was no significant effect on extracellular matrix metabolism. These results indicated that CRA could promote
the anabolism of OA chondrocytes and inhibit their catabolism, but had no significant effect on normal chondrocytes.

Autophagy is a cell homeostasis mechanism in various pathological events.*® The weakening of autophagy is also one
of the main characteristics of cartilage degeneration caused by aging. Due to cartilage degeneration and reduced
autophagy, the adaptability of chondrocytes to the external environment is significantly reduced, which can eventually
lead to cell damage and metabolic abnormalities.>’* Previous studies have shown that CRA has a close relationship with
autophagy. CRA not only antagonize pressure overload-induced cardiac hypertrophy through enhancing autophagy, but
also protect hepatocytes from ethanol-induced damage via activating autophagy.”*** Therefore, we further studied the
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Figure 5 Corosolic acid retarded OA progression and enhanced autophagy in vivo. (A) Pathological changes of articular cartilage were detected by safranin O staining (scale
bar = 50 um). (B) Degree of joint damage was evaluated using the Osteoarthritis Research Society International (OARSI) scores. (C) The protein expressions of COL2AI,
MMP13, and LC3B in joint tissues were detected by immunohistochemistry staining (scale bar = 25 um). (D) Quantitative analysis was made on the protein expressions of
COL2AI, MMPI3, and LC3B in joint tissues. Mean * S.E.M., n=8 per group, *P < 0.0 represents the comparison with the Sham group; “P < 0.05, *P < 0.01 represent the
comparison with OA group.

effect of CRA on chondrocyte autophagy. Our data showed that IL-1p significantly decreased the autophagy flux marker
LC3-II/LC3-I ratio and increased the expression of P62, indicating that IL-1p played a negative role in the regulation of
chondrocyte autophagy, which was consistent with the results of previous studies.**** However, the administration of
CRA could partly reverse the IL-1B—induced autophagy downregulation. Chondrocyte autophagy was not affected when
CRA was administered alone. These suggested that CRA could only enhance autophagy in the presence of IL-1p.
Besides, the autophagy inhibitor 3-MA can partially block the beneficial effects of CRA on cartilage ECM synthesis.
Taken together, our results suggested that CRA exerted a protective effect on ECM by enhancing OA chondrocyte
autophagy.

The PI3K/AKT/mTOR signaling pathway plays a crucial role in regulating cell proliferation, apoptosis, metabolism,
differentiation, and cell cycle.*' ™ At the same time, this signaling pathway is also an important regulator of chondrocyte
autophagy flux. The promoting effects of its silencing on autophagy have been widely reported as an effective strategy to
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alleviate OA progression.>'***> Therefore, we further explored whether the enhancement of chondrocyte autophagy
caused by CRA was related to the inhibition of PI3K/AKT/mTOR signaling pathway. We found that CRA can decrease
IL-1B-activated phosphorylation levels of PI3K, AKT, and mTOR in a concentration-dependent manner. Besides, the
PI3K activator 740Y-P can partially reverse the effects of CRA on autophagy and ECM metabolism. These indicated that
CRA could enhance autophagy and inhibit ECM degradation by inhibiting PI3K/AKT/mTOR signaling pathway.

We further studied the effects of CRA on articular cartilage in a rat OA model. In this study, we established the OA
model by ACLT, which is a classic model of OA.?* The results of Safranin O-fast green staining showed that CRA could
alleviate the progression of OA and reduce the OARSI histological score. At the same time, we also observed that CRA
could significantly up-regulate the expression of COL2A1 and autophagy-related gene LC3-II, and reduce the expression
of MMP13 in articular cartilage. In brief, all these data suggested that CRA could enhance autophagy and inhibit
cartilage ECM degradation and had a potential application value in OA treatment.

Conclusions

In summary, our results indicated that CRA could enhance autophagy and alleviate IL-1p -induced cartilage ECM
degradation by inhibiting PI3K/AKT/mTOR signaling pathway. Our in vivo experiments also confirmed the therapeutic
effect of CRA on OA. This study provides a potential therapeutic strategy for OA, but it still needs further research
before its clinical application.
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