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Abstract. Accumulating evidence suggests that autophagy 
is closely related to the pathogenesis of osteoarthritis (OA). 
The aim of this study was to determine the changes in 
autophagy during the progression of OA and to elucidate the 
specific role of autophagy in OA. For this purpose, a cellular 
model of OA was generated by stimulating SW1353 cells 
with interleukin (IL)-1β and a rabbit model of OA was also 
established by an intra-articular injection of collagenase, 
followed by treatment with the autophagy specific inhibitor, 
3-methyladenine  (3-MA). Cell viability was analyzed by 
MTS assay, and the mRNA expression levels of matrix 
metalloproteinases (MMP)-13 and tissue inhibitor of metallo-
proteinase (TIMP)-1 were determined by RT-qPCR. Cartilage 
degeneration was examined under a light microscope, and 
autophagosome and chondrocyte degeneration was observed 
by transmission electron microscopy. The protein expression 
of Beclin-1 and light chain 3 (LC3)B was evaluated by western 
blot analysis and immunofluorescence staining. We found that 
the autophagy was enhanced during the early stages and was 
weakened during the late stages of experimental OA. The 
inhibition of autophagy by 3-MA significantly aggravated the 
degeneration of chondrocytes and cartilage in experimental 
OA. Our results thus determine the changes in autophagy 
during different stages of OA, as well as the role of impaired 
autophagy in the development of OA. Our data suggest that 
the regulation of autophagy may be a potential therapeutic 
strategy with which to attenuate OA.

Introduction

Osteoarthritis (OA) is a degenerative joint disease that severly 
affects the quality of life of patients (1). Traditional treatments 
only temporally attenuate the clinical symptoms, but do not 
effectively inhibit the pathological progression of OA. It is 
therefore important to elucidate the mechanisms responsible 
for OA and to identify safe and effective treatments for OA.

Articular cartilage degeneration is the main pathological 
change associated with OA (2). A variety of cytokines, growth 
factors and enzymes, such as interleukin (IL)-1β (3-5) and colla-
genase (6-8) are involved in articular cartilage degeneration. 
IL-1β is secreted from synovial cells and inflammatory cells 
in OA, and stimulates the production of proteolytic enzymes, 
such as stromelysin and collagenase, causing synovial inflam-
mation and bone resorption (5). Collagenase is upregulated in 
OA-affected cartilage and animal models of OA have been 
successfully established by an intra-articular injection of colla-
genase (6-8). In addition, matrix metalloproteinases (MMPs) 
have been shown to play an important role in the pathogenesis of 
OA (9), and the activity of MMPs is regulated by tissue inhibi-
tors of metalloproteinase (TIMP)-1 in OA (10). In our previous 
study, we demonstrated that inflammatory cytokines increase 
MMP-13 secretion, which in turn promotes the degradation of 
type II collagen in chondrocytes, resulting in the occurrence 
of OA (11).

The death of chondrocytes is a hallmark of cartilage 
degeneration in OA; however, the mechanisms responsible for 
chondrocyte death in OA-affected cartilage remain largely 
unknown. Autophagy plays a crucial role in maintaining cellular 
metabolism and homeostasis  (12,13). However, excessive 
autophagy may lead to cell death (14,15). Autophagy is regu-
lated by a series of autophagy-related genes (ATGs) (16), such 
as Beclin-1 (17) and light chain 3 (LC3) (18). The expression 
levels of these genes are commonly used to monitor autophagic 
activity and flux (19). LC3 is present in two forms (LC3-I 
and LC3-II) and several isoforms (LC3A, LC3B, LC3C). The 
conversion of LC3-I to LC3-II is an indicator of autophago-
some formation (20). Accumulating evidence suggests that the 
deregulation of autophagy is closely related to the pathogenesis 
of OA (21-24). Some researchers have reported that autophagy 
is enhanced in OA-affected cartilage (25); however, others have 
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reported that autophagy is significantly reduced in OA-affected 
cartilage, and the age-related loss of autophagy has been linked 
to cell death in OA-affected cartilage (26).

In order to elucidate the changes in autophagy occurring 
during the progression of OA and the specific role of autophagy 
in OA, in this study, we established a cellular model of OA by 
treating SW1353 chondrosarcoma cells with IL-1β. In addition, 
we created a rabbit model of OA by an intra‑articular injec-
tion of collagenase, followed by treatment with the autophagy 
specific inhibitor, 3-methyladenine (3-MA). We then observed 
the degeneration of cells and cartilage and detected the levels 
of autophagy at different time points. The results demon-
strated that autophagy was enhanced during the early stages 
of experimental OA and was weakened during the late stages; 
the inhibition of autophagy aggravated the degeneration of 
chondrosarcoma cells and cartilage. Our results determine the 
changes of autophagy during the different stages of OA and 
the role of impaired autophagy in the development of OA, 
suggesting that the regulation of autophagy may be a potential 
therapeutic strategy with which to attenuate OA.

Materials and methods

Cell culture and treatment. SW1353 human chondrosarcoma 
cells were purchased from the Institute of Life Science Cell 
Culture Center  (Shanghai, China) and were cultured in 
α-minimal essential medium (α-MEM; HyClone, Logan, UT, 
USA) supplemented with 10%  fetal bovine serum  (Gibco, 
Grand Island, NY, USA), 100 IU/ml penicillin and 100 µg/ml 
streptomycin (Gibco). The α-MEM contained RNA and DNA, 
2  mM L-glutamine and 1  mM sodium pyruvate, but no 
vitamin C or glucose. The cells were incubated at 37˚C in 
humidified air containing 5% CO2. Upon reaching 80% conflu-
ence, the cells were pre-treated with or without the autophagy 
inhibitor, 3-MA at 5 mmol/l (Sigma-Aldrich, St. Louis, MO, 
USA). One hour after pre-treatment, the cells were stimulated 
with 10 ng/ml IL-1β (PeproTech, Inc., Rocky Hill, NJ, USA) for 
12, 24, 36 and 48 h, separately. The cells that were not exposed 
to 3-MA and IL-1β were used as controls.

Cell viability analysis. The viability of thecells was assessed 
by MTS assay. The SW1353 cells were seeded on 96-well plates 
(5,000 cells/well) and incubated at 37˚C for 24 h, followed by 
pre-treatment with or without 3-MA (5 mmol/l) for 1 h, and 
then stimulation with IL-1β (10 ng/ml). The wells that were 
treated without 3-MA and IL-1β were used as controls. Each 
sample concentration was replicated 6 times. Following incu-
bation for 0, 12, 24, 36, and 48 h, 10 µl of MTS (Sigma-Aldrich) 
were added to each well and the cells were incubated at 37˚C 
for a further 2 h. The absorbance was measured using a multi-
functional microplate reader (Molecular Devices, Sunnyvale, 
CA, USA) at 490 nm. The relative cell viability  (RCV) to 
the controls was calculated using the following equation: 
RCV = (ODtest/ODcontrol) x100%.

Reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR). Total RNA was extracted using TRIzol 
reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) 
according to the manufacturer's instructions. First-strand cDNA 
was synthesized using the ReverTra Ace reverse transcriptase 

cDNA synthesis kit (Applied Biosystems Inc., Foster City, CA, 
USA). Quantitative PCR  (qPCR) was performed using a 
7500 real‑time PCR system with SYBR-Green (both from 
Applied Biosystems Inc.). The forward and reverse primers 
used were as follows: MMP-13, 5'-CGACTTCTACCCA 
TTTGA-3' and 5'-TAGCCTTTGGAACTACTTGTC-3'; 
TIMP-1, 5'-AGATAGCCTGAATCCTGCC-3' and 5'-CTGGG 
TGGTAACTCTTTATTTC-3'; β-actin, 5'-TCGACAACGG 
CTCCGGCAT-3' and 5'-AAGGTGTGGTGCCAGATTTTC-3', 
respectively. β-actin was used as an internal control. Each 
experiment was repeated 3 times in triplicate. The relative 
expression of target genes was calculated using the 2-ΔΔCq method.

Immunofluorescence. The cells were seeded at 1x105/ml on a 
glass coverslip into a 6-well plate. Following treatment, the 
cells were fixed with 4% cold paraformaldehyde (Solarbio, 
Beijing, China) for 30 min and permeabilized with 0.5% T
riton X-100 (Sigma‑Aldrich) in PBS for 5 min, followed by 
PBS washing 3 times. After blocking for 30 min with 2 ml of 
PBS-0.5% Triton-10% goat serum (Gibco), the cells were incu-
bated with rabbit anti-LC3B antibody (1:400; Cat. no. 2775; 
Cell Signaling Technology, Inc., Danvers, MA, USA) at 4˚C 
overnight. Following 3  washes with PBS, the cells were 
incubated with Alexa Fluor 555 goat anti-rabbit secondary anti-
body (1:1,000 dilution; Cat. no. ZB-2301; Zhongshan Golden 
Bridge Biotechnology, Beijing, China) at room temperature for 
2 h followed by 3 separate PBS washes. Subsequently, DAPI 
staining (Cat. no. C1006; Beyotime Biotechnology, Shanghai, 
China) was used to stain the nuclei, and after rinsing with 
ddH2O, the slide was mounted with anti-fading agent and 
examined using a confocal microscope  (Olympus  Corp., 
Tokyo, Japan) to quantify the expression of LC3B protein.

Rabbit model of OA. A total of 54  healthy New  Zealand 
white male rabbits  (3 months old; weighing 2.30-2.56 kg) 
were obtained from the Animal Center of Capital Medical 
University  (Beijing, China). All animal experiments were 
performed following the approval of the Ethics Committee 
of Capital Medical University. After 4  weeks, the rabbits 
were anesthetized with 10% chloral hydrate (2 ml/kg body 
weight) by an intraperitoneal injection. Subsequently, the first 
experimental group (collagenase‑injected group) received an 
intra-articular injection in the right knee joint with 0.5 ml saline 
containing 2.0 mg/ml of collagenase (type II; Sigma‑Aldrich), 
and the second experimental group  (3-MA-treated group) 
received an intra-articular injection in the right knee joint with 
0.5 ml saline containing 2.0 mg/ml of collagenase combined 
with 5  mmol/l  3-MA. The injection was administered on 
days 1 and 4 (injected twice) as previously described (6,27). 
The control group (rabbits injected twice with 0.5 ml normal 
saline) contained 6 rabbits, and the collagenase-injected experi-
mental group and the 3-MA-treated experimental group each 
contained 24 rabbits. The rabbits from the control group were 
sacrificed at 8 weeks, while the rabbits from the collagenase-
injected experimental group and 3-MA-treated experimental 
group were averagely sacrificed at 2, 4, 6 and 8 weeks.

Histological evaluation. Following sacrifice, the lateral 
femoral condyles of the rabbits were removed and fixed in 
10% neutral buffered formalin (pH 7.4; VWR International, 



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  39:  1224-1232,  20171226

Radnor, PA, USA) for 48 h and decalcified with 20% EDTA 
(Gibco). This was followed by dehydration through a series 
of increasing concentrations of ethanol. The samples were 
paraffin-embedded, and 5‑µm-thick microsections [created 
using a microtome (Leica RM2145; Leica, Wetzlar, Germany)] 
were stained with Safranin-O (Cat. no. G2540; Solarbio). The 
grading of Safranin-O staining was evaluated by blinded indi-
viduals according to the Mankin scoring system (28).

Transmission electron microscopy. The medial femoral 
condyles were first fixed with 2.5%  glutaraldehyde in 
PBS (pH 7.0) for 48 h. This was followed by 3 PBS washing 
steps, and decalcification with 20% EDTA. The samples were 
further fixed with 1% OsO4 in PBS (pH 7.0) for 2 h and washed 
3 times in PBS, and were then dehydrated with a series of 
ethanol concentrations (50, 70, 90, and 100%) for 15 min inter-
vals. The samples were subsequently incubated in a mixture 
of alcohol and isoamyl acetate (v:v=1:1) for 30 min, followed 
by incubation with pure isoamyl acetate for 1 h. Finally, the 
samples were coated with gold-palladium, cut into ultrathin 
sections, and observed using a transmission electron micro-
scope (TEM; Hitachi, Tokyo, Japan).

Western blot analysis. The cells were washed in ice-cold PBS 
and lysed in total protein lysis buffer (Sigma-Aldrich) supple-
mented with 1 mg/ml protease inhibitor cocktail (Roche, 
Indianapolis, IN, USA) at 4˚C for 30 min. Cartilage from 
the tibial plateaus was cut into 1‑mm-thin slices, and 200 mg 
of frozen cartilage was pulverized in liquid nitrogen. The 
cartilage dry weight was measured, and the same amount of 
cartilage was resuspended in total protein lysis buffer supple-
mented with 1 mg/ml protease inhibitor cocktail in order to 
attain homogenates using the T10 tissue homogenizer (IKA, 
Staufen, Germany). The homogenates were incubated at 4˚C 
for 30 min. The samples were then centrifuged at 15,000 rpm 
for 30 min, and the supernatants were harvested to measure 
protein concentrations using the bicinchoninic acid reagent 
assay (Thermo Fisher Scientific, Inc., Waltham, MA, USA). 
Equal amounts of protein were heated at 99˚C for 10 min, 
and separated using Tris-glycine gels (Sigma-Aldrich). The 
proteins were then transferred onto nitrocellulose membranes 
(Millipore Corp., Billerica, MA, USA). After blocking with 
5%  dry milk in Tris‑buffered saline Tween-20  (TBST; 
Merck Millipore) for 2 h, the membranes were incubated 
at 4˚C (overnight) with rabbit polyclonal antibody specific 
for Beclin-1 (Cat. no. 3738) and LC3B (Cat. no. 2775) (Cell 
Signaling Technology), and mouse monoclonal antibody 
specific for β-actin (sc-69879; Santa Cruz Biotechnology, Inc., 
Santa Cruz, CA, USA). Following three wash steps with TBST, 
the membranes were incubated with horseradish peroxi-
dase (HRP)-conjugated goat anti-rabbit (Cat. no. ZB-2301) or 
goat anti‑mouse (Cat. no. ZB-5305) IgG (Zhongshan Golden 
Bridge Biotechnology Co., Ltd., Beijing, China) for 2 h. The 
membranes were washed 3 times with TBST, and subjected to 
signal development using enhanced chemiluminescence (ECL) 
substrate (Thermo Fisher Scientific, Inc.).

Statistical analysis. The data are expressed as the 
means ±  standard deviation  (SD). Statistical analysis was 
performed using one-way ANOVA and the Student's t-test 

using SPSS statistical software 19.0 (SPSS Inc., Chicago, IL, 
USA). P-values <0.05 were considered to indicate statistically 
significant differences.

Results

Cell viability. Compared with the control group, there was 
no apparent loss of viability in the SW1353 cells treated with 
IL-1β for 0, 12, 24 and 36 h (P=0.365, 0.402, 0.600 and 0.582, 
respectively). However, treatment of the SW1353 cells with 
IL-1β for 48 h resulted in a significant loss of cell viability 
when compared with the control group (P<0.001). The viability 
of the cells treated with IL-1β in combination with 3-MA was 
significantly decreased when compared with that of the cells 
treated only with IL-1β at 12, 24, 36 and 48 h (P=0.012, 0.024, 
0.007 and 0.043 respectively) (Fig. 1).

Expression of MMP-13 and TIMP-1. The mRNA level of 
MMP-13 in the IL-1β-stimulated SW1353 cells became increas-
ingly higher with time, and it was increased at each time point 
when compared with the normal cells (P=0.078, 0.024, 0.002 
and <0.001 respectively). The increase in MMP-13 expres-
sion was significantly enhanced by 3-MA in comparison with 
the cells treated with IL-1β only (all P<0.001) (Fig. 2A). The 
mRNA level of TIMP-1 in the IL-1β-stimulated SW1353 cells 
was highest at 12 h, and then it decreased with time. It was 
increased at 12 and 24 h (P=0.071 and 0.067), while it was 
decreased at 36 and 48 h when compared with the normal 
cells (P=0.071 and 0.001). In addition, the decrease in TIMP-1 
expression was enhanced by 3-MA in comparison with cells 
treated with IL-1β only (P=0.001, <0.001, 0.003 and 0.057 
respectively) (Fig. 2B).

Expression of Beclin-1 and LC3B in IL-1β-stimulated 
SW1353  cells. To detect the levels of autophagy in the 
IL-1β‑stimulated SW1353 cells, we evaluated the protein 
expression levels of Beclin-1 and LC3B by western blot 

Figure 1. Comparison of the cell viability in interleukin (IL)-1β-stimulated 
SW1353 cells between the control and 3-methyladenine (3-MA)-treated cells. 
*P<0.05, **P<0.01, ***P<0.001. N.S., not significant.
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analysis (Fig. 3A). In the IL-1β-stimulated SW1353 cells, the 
expression levels of Beclin-1 and the LC3B-II/LC3B-I ratio 
were both highest at 12 h, and they then decreased with time. 
Both of these were increased at 12 (P=0.007 and <0.001), 
24  (P=0.029 and  0.013) and 36  h  (P=0.045 and  0.364), 
while they were decreased at 48 h (P=0.631 and 0.010) in 
the IL-1β‑stimulated SW1353 cells when compared with 
the normal cells. At each time point, the expression levels 

of Beclin-1 (P=0.009, 0.005, 0.003 and 0.005 respectively) 
and the LC3B-II/LC3B-I ratio  (P=0.006, <0.001, <0.001 
and 0.004 respectively) were both decreased in the cells 
treated with 3-MA when compared with the cells treated 
only with IL-1β (Fig. 3C and D). We further evaluated the 
protein expression of LC3B by immunofluorescence and 
found that the results observed were the same as those of 
western blot analysis (Fig. 3B). These results demonstrated 

Figure 3. (A) The protein expression levels of Beclin-1 and light chain 3 (LC3) B evaluated by western blot analysis in interleukin (IL)-1β-stimulated SW1353 cells, 
control and 3-methyladenine (3-MA)-treated cells. (B) The protein expression of LC3B (white arrows) evaluated by immunofluorescence. (C and D) Comparison 
of the protein expression level of Beclin-1 and the LC3B-II/LC3B-I ratio. *P<0.05, **P<0.01, ***P<0.001. N.S., not significant.

Figure 2. (A) Comparison of the mRNA expression level of matrix metalloproteinase (MMP)-13 in interleukin (IL)-1β-stimulated SW1353 cells between the 
control and 3-methyladenine (3-MA)-treated cells. (B) Comparison of the mRNA expression level of tissue inhibitor of metalloproteinase (TIMP)-1. *P<0.05, 
**P<0.01, ***P<0.001. N.S., not significant.
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that autophagy was first enhanced and then weakened in the 
IL-1β‑stimulated SW1353 cells, and the expression levels of 
Beclin-1 and the LC3B-II/LC3B-I ratio were inhibited by 
3-MA treatment.

Histological evaluation. The cartilage of the lateral femoral 
condyles was stained with Safranin-O and examined under a 
light microscope (Fig. 4A), and the average scores of Safranin-O 
staining were evaluated by blinded observers  (Fig.  4B). 
Photomicrographs of the cartilage revealed that the cartilage 
of the control group was not degenerated. In the collagenase-
injected group, the cartilage surface was slightly irregular and the 
slight loss of Safranin-O staining was observed at 2 weeks after 
the injection. At 4 weeks, clefts were observed in the transitional 

zone, and cell proliferation and relatively reduced Safranin-O 
staining ability were observed in the transitional and radial 
zone. At 6 weeks, clefts and the disappearance of cells in the 
transitional zone, and reduced Safranin-O staining were evident. 
At 8 weeks, the loss of cartilage extended to the radial zone, and 
clefts and reduced staining of Safranin-O were apparent. The 
extent of OA was presented as Mankin scores (higher score, 
greater degeneration of cartilage). According to the summed 
score, the collagenase-injected group developed OA in a time-
dependent manner and had a significantly higher score than the 
control group at 4, 6 and 8 weeks (P=0.004, <0.001 and <0.001 
respectively). The score in the 3-MA-treated group was signifi-
cantly higher than the collagenase-injected group at each time 
point (all P=0.001). These results indicated that the inhibition 

Figure 4. Histological evaluation. (A) Representative images of Safranin-O staining from control, collagenase-injected and 3-methyladenine (3-MA)-treated 
rabbits. (B) Graph indicating the Mankin scores. **P<0.01, ***P<0.001. N.S., not significant. Clefts in images are marked with black arrows (magnification, x40). 
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of autophagy by 3-MA significantly enhanced the collagenase-
induced cartilage degeneration of OA.

Transmission electron microscopy. The cartilage of the medial 
femoral condyles was examined by a TEM to observe autopha-
gosomes and chondrocyte degeneration (Fig. 5). In the control 
group, chondrocytes containing round nuclei were observed in the 
lacunae. In the collagenase-injected group, much more autopha-
gosomes in chondrocytes were observed at 2 and 4 weeks, and 
the autophagosomes became less at 6 and 8 weeks. Furthermore, 
chondrocyte degeneration increased with time. In addition, abun-
dant rough endoplasmic reticulum and other organelles were 
observed in the cytoplasm. In the cartilage from the collagenase-
injected group at 8 weeks, condensed chondrocytes with several 
autophagosomes were observed. In the 3-MA-treated group at 
all 4 time points, autophagy in chondrocytes was less and chon-
drocyte degeneration was greater than the collagenase-injected 
group. In the cartilage from the 3-MA-treated group at 8 weeks, 
apparent chondrocyte lysis and cell debris were observed in the 
lacunae of cellular materials.

Expression of Beclin-1 and LC3B in cartilage from rabbit 
with OA. To further investigate the changes in autophagy 
and the role of impaired autophagy in the pathological 
process of OA, we evaluated the protein expression levels 
of Beclin-1 and LC3B in cartilage from rabbits with OA 
by western blot analysis  (Fig.  6A). In cartilage from the 
collagenase‑injected group, the expression levels of Beclin-1 
and the LC3B-II/LC3B-I ratio were both highest at 2 weeks, 
and they then decreased with time. The expression level 
of Beclin-1 was increased at 2, 4 and 6 weeks  (P<0.001, 
0.094 and  0.768, respectively), and it was decreased at 
8  weeks  (P=0.003) compared with the cartilage from 
the control group. The LC3B-II/LC3B-I ratio was only 
increased at 2 weeks (P=0.007), and decreased at 4, 6 and 
8  weeks  (P=0.437, 0.002 and  <0.001, respectively). At 
each time point, the expression levels of Beclin-1 and the 
LC3B-II/LC3B-I ratio were decreased in cartilage from 
the 3-MA-treated group compared to cartilage from the 
collagenase‑injected group. These results demonstrated that 
autophagy was first enhanced and then weakened in cartilage 

Figure 5. Representative images of transmission electron microscopy from control, collagenase-injected and 3-methyladenine (3-MA)-treated rabbits. 
Autophagosomes and chondrocyte degeneration were observed. Autophagosomes in images are marked with black arrows, the nuclei are marked with an 
asterisks (*). Scale bar, 1 µm.
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from rabbits with collagenase-induced OA, and treatment 
with 3-MA enhanced the decrease in Beclin-1 expression 
and the LC3B-II/LC3B-I ratio.

Discussion

OA is a complex joint disorder with multiple etiologies, including 
aging, obesity, mechanical and biochemical factors (29,30). 
The degeneration of cartilage is the main pathology of OA 
and is associated with many inflammatory cytokines, such 
as IL-1β (31,32) and collagenase (33,34). IL-1β stimulates the 
expression of collagenase in chondrocytes and is often applied 
to produce cellular OA models for in vitro studies (35), and a 

number of of studies have shown that SW1353 cells can take 
the place of human chondrocytes for research (36-38). In this 
study, IL-1β was applied to SW1353 cells to establish a cellular 
model of OA. We found that the expression of MMP-13 was 
significantly promoted, while the expression of TIMP-1 and 
cell viability were significantly suppressed at 48 h, further indi-
cating that IL-1β induced the degeneration of chondrocytes.

Previous studies have successfully established models 
of OA using rabbits following the intra-articular injection 
of collagenase (39,40). Moreover, it has been reported that 
the injection of 1.0 mg of collagenase is sufficient to induce 
OA-like changes for 6  weeks  (6). Accordingly, 1.0  mg of 
collagenase was injected into the right knees of rabbits in 
this study, and the results observed by light microscopy and 
TEM were roughly consistent with those of previous studies, 
and further demonstrated that collagenase may be involved in 
cartilage degeneration in OA. However, the time needed for 
OA-like changes to occur was not 6 weeks but 8 weeks in this 
study, which may be due to various reasons, such as individual 
differences between animals. Other methods such as the one 
described by Hulth et al (41) involve the opening of the joint, 
exposing the articular surface, resulting in swelling, edema and 
congestion, which may affect the experimental results. The 
intra-articular injection of drugs does not involve the exposure 
of the articular surface, and this thus avoids side-effects such 
as swelling, edema and congestion caused by surgery affecting 
the experimental results. Thus, this method is suitable for the 
investigation of the effects of drugs on OA.

Recent studies have demonstrated that autophagy is involved 
in certain bone and cartilage diseases, such as cervical disc 
degeneration (42), cartilage degeneration of the temporoman-
dibular joint (23), degradation of Meckel's cartilage (43) and 
OA (44). However, the results regarding changes in autophagy 
and the specific role of autophagy in the progression of OA 
are sometimes contradictory (25,26). In this study, we found 
that the expression of Beclin-1 and LC3B was first increased 
and then decreased both in the IL-1β-stimulated SW1353 cells 
and in cartilage from rabbits with collagenase-induced OA. 
TEM observation revealed that much more autophagosomes in 
chondrocytes were observed at the early time points and less 
were observed at later time points in cartilage from rabbits with 
collagenase‑induced OA. These results suggest that autophagy 
is enhanced during the early stages and is weakened during the 
late stages of experimental OA, which determines the changes 
in autophagy in different stages of OA and provides the possible 
cause of the contradictory reports.

During the early period, there was no apparent loss of cell 
viability in the IL-1β-stimulated SW1353 cells; the mRNA 
level of MMP-13 was increased at 12 h and that of TIMP-1 
was increased at 12 and 24 h without statistical significance. 
Moreover, the OA score of cartilage from the collagenase-
injected group at 2 weeks showed no significance compared to 
the control group. These results may be related to the enhance-
ment of autophagy during the early period of experimental OA.

To further investigate the role of the loss of autophagy in 
the pathogenesis of OA, a chemical inhibitor of the autoph-
agic process, 3-MA, was applied to treat IL-1β-stimulated 
SW1353 cells and was directly injected into the knee joints of 
rabbits (45). We found that 3-MA treatment significantly inhib-
ited the expression of Beclin-1 and LC3B in cells and caitilage, 

Figure 6. (A) The protein expression levels of Beclin-1 and light chain 3 (LC3) B 
evaluated by western blot analysis in cartilage from control, collagenase-
injected and 3-methyladenine (3-MA)-treated rabbits. (B and C) Comparison 
of the protein expression level of Beclin-1 and the LC3B-II/LC3B-I ratio. 
*P<0.05, **P<0.01, ***P<0.001. N.S., not significant.
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and the autophagosomes in chondrocytes were reduced. In addi-
tion, the loss of cell viability, the upregulation of MMP-13 and the 
downregulation of TIMP-1 induced by IL-1β were significantly 
enhanced in the SW1353 cells treated with 3-MA. Importantly, 
the degeneration of cartilage and chondrocytes in rabbit joints 
with collagenase-induced OA was aggravated by treatment with 
3-MA . These results demonstrated that 3-MA aggravated the 
severity of experimental OA by inhibiting autophagy.

In conclusion, our results demonstrated that autophagy 
was first enhanced and then weakened in IL-1β-stimulated 
SW1353 cells and in rabbits with collagenase‑induced OA 
degenerative cartilage. 3-MA aggravated the severity of experi-
mental OA via the inhibition of autophagy, suggesting that the 
regulation of autophagy may be a potential therapeutic strategy 
for the treatment of OA.
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