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Abstract. In the present study, the expression of Beclin 1 in 
osteoarthritis (OA) cartilage tissue was investigated, and also 
its role in proliferation, apoptosis and expression of matrix 
metalloproteinases (MMPs) in chondrocytes obtained from 
patients with OA. Beclin 1 expression in cartilage tissue from 
OA patients, and in the age- and sex-matched controls, was 
detected by immunohistochemistry, semi-quantitative poly-
merase chain reaction and western blotting. Chondrocytes 
were divided into control and Beclin 1-overexpressed groups. 
After transfection for 48, 72 and 96 h, cell viability, apoptosis, 
the phosphatidylinositol-3-kinase (PI3K)/protein kinase B 
(Akt)/mammalian target of rapamycin (mTOR) signaling 
pathway and MMPs were examined. The mRNA and protein 
expression levels of Beclin 1 were significantly decreased 
in cartilage tissue from OA patients compared with the sex- 
and age-matched controls (P<0.05). In chondrocytes from 
OA patients, Beclin 1 overexpression significantly increased 
cell viability (P<0.05). Beclin 1 overexpression additionally 
decreased the degree of apoptosis, as demonstrated by Hoechst 
staining and flow cytometric analysis. B-cell lymphoma-2 
(Bcl-2) was upregulated, and Bcl-2 associated X was down-
regulated, following Beclin 1 overexpression (P<0.05). The 
PI3K/Akt/mTOR signaling pathway was mitigated following 
Beclin 1 overexpression (P<0.05). In addition, MMP1, MMP3 
and MMP13 were downregulated after Beclin 1 overexpres-
sion (P<0.05). Taken together, low expression levels of Beclin 
1 may contribute towards the degeneration of chondrocytes. 
Beclin 1 overexpression increased cell viability, inhibited 
apoptosis and MMPs, likely via the PI3K/Akt/mTOR signaling 
pathway.

Introduction

Osteoarthritis (OA) is a chronic degenerative joint disease 
that frequently presents in the elderly, and has the potential 
to cause disability. Age, sex, obesity, trauma, inflammation, 
mechanical stress and genetic factors are the primary causes 
of OA (1). To the best our knowledge, there are no available 
treatments for OA possibly due to the unclear underlying 
molecular mechanism of the disease. Cartilage is composed 
of chondrocytes and extracellular matrix (ECM). Cartilage 
degeneration is the primary pathological feature of OA (2). In 
addition, apoptosis of chondrocytes is the key factor involved 
in cartilage degeneration (3). The loss of chondrocytes leads 
to an insufficient number of cartilage cells and contributes to 
functional loss. Subsequently, synthesis of the ECM decreases, 
and this may eventually lead to the manifestation of OA (4,5). 
Therefore, inhibition of apoptosis of chondrocytes may aid 
treatment of OA.

Autophagy is a cellular stress responseto exogenous 
or endogenous stimuli, mediated by lysosomal removal of 
damaged or functionally unnecessary organelles. This 
inhibits cellular apoptosis and enhances the cell survival 
rate (6,7). Beclin 1, a homolog of the yeast Atg6, is a protein 
encoded by an autophagy-associated gene. A complex 
of phosphatidylinositol 3-kinase (PI3K) and Beclin 1 is 
formed that promotes the formation of autophagosomes, 
thereby inducing autophagy (8,9). Autophagy is thought 
to be cell-protective under certain pathological condi-
tions (10,11). In recent years, studies demonstrated that, under 
low nutrient conditions, apoptosis of cartilage cells was 
inhibited due to autophagy stimulation (12). These data 
suggested that autophagy may be useful in protecting the 
loss of cartilage cells, and may provide a novel therapeutic 
approach for OA (13,14). However, previous studies have 
primarily been focused on Beclin 1 expression and its effect on 
chondrocyte autophagy, and the effects of Beclin 1 expres-
sion on the apoptosis of chondrocytes and the activity 
of matrix metalloproteinases (MMPs) has yet to be 
elucidated (8,12,13). In the present study, the role of 
Beclin 1 in chondrocyte apoptosis was investigated, as 
were the effects on ECM metabolism, and their underlying 
molecular mechanisms.
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Materials and methods

Patients. Patients were enrolled at Guizhou Osteological 
Hospital (Guiyang, China) between May 2015 and May 2016. 
Cartilage tissue was obtained from 30 OA patients receiving 
knee joint replacement. The diagnosis of OA was based on 
the America OA diagnosis standards (2008) (15). Disease 
history, clinical examinations and x-ray scans were referred to 
in order to diagnose OA. The age of the patients ranged from 
56-85 years with an average of 68 years, including 12 males and 
18 females. In addition, cartilage tissue was collected from 10 
sex- and age-matched control subjects, without OA diagnoses. 
Informed written consent was obtained from each participant. 
Experiments were approved by the Ethics Committee of 
Guizhou Osteological Hospital (Guiyang, China).

Immunohistochemistry. Cartilage tissues were fixed in 
4% paraformaldehyde and embedded in paraffin wax. 
Subsequently, the specimens were sliced (20 µm), and xylene 
dewaxing and dehydration in graded alcohol were performed. 
Antigen retrieval was conducted in sodium citrate buffer 
(10 mM) at room temperature for 2 days and the slices were 
blocked in 5% horse serum (Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) at room temperature for 2 h. Sections 
were incubated with a Beclin 1 primary antibody (1:100 
dilution; cat. no. ab62557; Abcam, Shanghai, China) at 4˚C 
overnight. After incubation with the donkey anti-rabbit IgG 
H&L horseradish peroxidase-conjugated secondary antibody 
(1:200; cat. no. ab98488; Abcam) at room temperature for 2 h, 
sections were incubated with 3,3'-diaminobenzidine substrate 
(1 mg/ml) at room temperature for 5 min. Hematoxylin 
(Beyotime Institute of Biotechnology, Haimen, China) was 
applied to stain the nuclei for 1 min at room temperature. 
Beclin 1 positive staining (brown staining) was localized to 
the cytoplasm based upon the negative control (incubated 
without primary antibody). The images were taken under a 
light microscope (BX51; Olympus Corporation, Tokyo, Japan).

Semi-quantitative polymerase chain reaction (sqPCR). Total 
RNA was extracted using TRIzol® reagent according to the 
manufacturer's protocol (cat. no. 15596026; Thermo Fisher 
Scientific, Inc., Shanghai, China) and the concentration 
and purity of the RNA were determined using a Nanodrop 
2000 spectrophotometer. RNA (2 µl) was used to synthesize 
cDNA using a one-step reverse transcription kit according 
to the manufacturer's protocol (Takara Biotechnology Co., 
Ltd., Dalian, China). Primers were synthesized by Shanghai 
Sangong Pharmaceutical Co., Ltd. (Shanghai, China). Primer 
sequences were as follows: Forward, 5'-TAT TGA AAC TCC 
TCG CCA GGA-3' and reverse, 5'-GGC ATA ACG CAT CTG 
GTT TT-3' for BECN1; and forward, 5'-AGC CAC ATC GCT 
CAG ACA-3' and reverse, 5'-TCT CCT GGG AGG CAT AGA 
CC-3' for GAPDH. Cycling conditions were as follows: An 
initial predenaturation step at 95˚C for 5 min, followed by 
37 cycles of denaturation at 95˚C for 30 sec, annealing at 60˚C 
for 13 sec and extension at 72˚C for 30 sec. PCR products were 
detected by 2% agarose gel electrophoresis with ethidium 
bromide staining and the density of the bands was analyzed 
using ImageJ Software v1.48u (National Institutes of Health, 
Bethesda, MD, USA).

Preparation of chondrocytes. Cartilage tissue was cut into 
sections in a sterile environment and digested using 0.25% 
trypsin for 30 min and 0.2% collagenase for 2 h. The mixture 
was centrifuged at 1,896 x g for 10 min to collect the chondro-
cytes. Cells were resuspended in Dulbecco's Modified Eagle 
medium/F-12 supplemented with 10% fetal bovine serum, and 
cultured in an incubator at 37˚C and 5% CO2. When cells reached 
80% confluence, they were divided into two groups: the Beclin 
1 overexpression group and the control group. The Beclin 1 
overexpression group was transfected with the pcDNA™ 

3.1-BECN1 (https://www.ncbi.nlm.nih.gov/gene/8678) plasmid 
(1 µl) using Lipofectamine™ 2000 (Shanghai Jima Industrial 
Co., Ltd., Shanghai, China). The control group was transfected 
with an empty vector (pcDNA™ 3.1; Shanghai Jima Industrial 
Co., Ltd.). After 24, 48, 72 and 96 h transfection at 37˚C, cells 
were collected for subsequent experiments.

MTT assay. Chondrocytes in the logarithmic growth phase 
were seeded in a 96-well culture plate. Following transfec-
tion, 20 µl MTT reagent (5 mg/ml) was added to the 200 µl 
culture medium in each well. After a 4 h incubation at 37˚C, 
the medium was removed, and 150 µl dimethyl sulfoxide 
was added into each well to dissolve the precipitation. The 
absorbance was measured at a wavelength of 560 nm using an 
automated microplate reader (IMark Group, Inc, MD, USA). 
A blank control (media without cells) was set to subtract the 
background for comparisons.

Flow cytometry. Chondrocytes in logarithmic growth phase 
(3x103) were seeded. After transfection for 48 h, cells were 
collected for Annexin V/propidium iodide staining (Beyotime 
Institute of Biotechnology) and detected within 1 h using a 
FACSCalibur flow cytometer (BD Biosciences, Franklin 
Lakes, NJ, USA) and the data were analyzed using FlowJo v10 
windows software (Tree Star, Inc., Ashland, OR, USA).

Hoechst staining. Chondrocytes in the logarithmic growth 
phase (3x103) were seeded. After transfection for 48 h, 
cells were stained with Hoechst (Beyotime Institute of 
Biotechnology) for 5 min at room temperature, and the images 
were captured using a fluorescence microscope (DMI4000B; 
Leica Microsystems GmbH, Wetzlar, Germany).

Western blotting. Chondrocytes in the logarithmic growth 
phase (3x103) were seeded. After transfection for 48 h, cells 
were collected and lysed using radioimmunoprecipitation lysis 
buffer (Beyotime Institute of Biotechnology) for 5 min on ice. 
Protein concentration was quantified using a bicinchoninic 
acid assay (Beyotime Institute of Biotechnology). An equal 
amount of protein (20 µg) was loaded onto 10% gels prior 
to SDS-PAGE. After electrophoresis, proteins were trans-
ferred onto nitrocellulose membranes. Non-specific protein 
binding was blocked with 4% skimmed milk for 2 h at room 
temperature. The membranes were incubated at 4˚C over-
night with primary antibodies against Beclin 1 (1:1,000; cat. 
no. ab62557; Abcam), Bcl-2 associated X (Bax; 1:1,000; cat. 
no. ab32503; Abcam), B-cell lymphoma (Bcl-2; 1:1,000; 
cat. no. ab32124; Abcam), PI3K (1:1,000; cat. no. ab86714; 
Abcam), protein kinase B (Akt; 1:1,000; cat. no. ab8805; 
Abcam), phosphorylated (p)-Akt (1:1,000; cat. no. ab8932; 
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Abcam), mammalian target of rapamycin (mTOR; 1:1,000; 
cat. no. ab2732; Abcam), p-mTOR (1:1,000; cat. no. ab109268; 
Abcam), MMP1 (1:1,000; cat. no. ab52631; Abcam), MMP3 
(1:1,000; cat. no. ab53015; Abcam), MMP13 (1:1,000; cat. 
no. ab39012; Abcam) and GAPDH (1:1,000; cat. no. AG019; 
Beyotime Institute of Biotechnology). After washing with 
PBST (PBS containing 0.1% Tween-20), membranes were 
probed with anti-mouse or anti-rabbit horseradish peroxidase 
secondary antibodies (1:100; cat. nos. ab131368 and ab191866; 
Abcam) at room temperature for 2 h. The signal was detected 
using an enhanced chemiluminescence detection kit (GE 
Healthcare Life Sciences, Chalfont, UK) and images were 
captured using the ChemiDoc™ XRS instrument (Bio-Rad 
Laboratories, Inc., Hercules, CA, USA). The densities of the 
blots were quantified using Quantity One software v4.6.0 
(Bio-Rad Laboratories, Inc.).

Statistical analysis. Data are presented as the mean ± standard 
deviation. Statistical analyses of the data were performed 
using Student's t-test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Beclin 1 expression is reduced in cartilage tissue of OA 
patients. Beclin 1 expression was reduced in cartilage 
tissues from patients with OA when compared with the 10 
sex- and age-matched control subjects, as determined by 

immunohistochemistry (Fig. 1A), sqPCR (Fig. 1B) and western 
blotting (Fig. 1C and D).

Beclin 1 overexpression increases cell viability. As Beclin 1 
expression in the cartilage tissues of OA patients was reduced, 
it was investigated whether Beclin 1 overexpression altered 
cell viability. Beclin 1 was overexpressed at the mRNA 
(Fig. 2A) and protein (Fig. 2B) levels compared with the 
control. Compared with the control, the optical density was 
significantly enhanced after 48, 72 and 96 h transfection with 
the Beclin 1-containing plasmid (Fig. 2C), which reached a 
peak at 72 h.

Beclin 1 overexpression decreases apoptosis. Apoptosis was 
reduced following transfection with the Beclin 1-containing 
plasmid compared with the control, as demonstrated by 
Hoechst staining (Fig. 3A) and Annexin V/propidium iodide 
double staining and flow cytometric analysis (Fig. 3B). The 
early apoptotic rates in the control and Beclin 1 plasmid 
groups were 12.46±0.31 and 2.89±0.28%. The late apop-
totic rates in the control and Beclin 1 plasmid groups were 
3.38±0.31 and 2.18±0.20%. Additionally, the expression 
levels of apoptotic-associated proteins were measured. 
The expression level of the anti-apoptotic protein, Bcl-2, 
was significantly enhanced, whereas expression of the pro-
apoptotic Bax protein was significantly reduced following 
Beclin1 overexpression compared with the control (P<0.01; 
Fig. 3C and D).

Figure 1. Beclin 1 expression levels in cartilage tissues from patients with OA are reduced compared with the control, as demonstrated using three different 
methodologies, including (A) immunohistochemistry, (B) semi-quantitative polymerase chain reaction and (C) western blotting. (D) Quantification data of 
Beclin 1 expression. *P<0.05 vs. control. OA, osteoarthritis.
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Beclin 1 overexpression downregulates the PI3K/Akt/mTOR 
signaling pathway. Expression levels of proteins of the 
PI3K/Akt/mTOR signaling pathway were compared between 
the two groups. Beclin 1 overexpression markedly reduced 
the expression levels of PI3K, p-Akt and p-mTOR compared 
with the control, whereas the expression levels of total Akt and 
mTOR were not significantly affected (Fig. 4A and B).

Beclin 1 overexpression decreases MMPs expression. The 
expression levels of MMPs were also detected after Beclin 
1 overexpression. As demonstrated in Fig. 5A and B, MMP1, 
MMP3 and MMP13 were significantly reduced after Beclin1 
overexpression compared with the control.

Discussion

Cartilage is a connective tissue that serves a role in elasticity 
and support. It is composed of chondrocytes and ECM. 
Chondrocytes are responsible for the generation of the ECM, 
whereas the ECM maintains the normal function of chondro-
cytes (2,4). OA and cartilage degeneration resulted in apoptosis 
of chondrocytes and degradation of the ECM (16,17). Due to 
an insufficient production of the ECM, chondrocytes lost the 
support from the ECM. Therefore, it was of interest to inhibit 
apoptosis of chondrocytes and increase cell survival for effi-
cient treatment of OA (18).

However, the current treatment for OA with drugs or 
surgery has not gained satisfactory efficacy. In patients with 
OA, apoptosis of chondrocytes was significantly increased 

and cell survival significantly decreased (19). In addition, 
autophagy was significantly decreased, and therefore upregu-
lation of autophagy may inhibit the apoptosis of chondrocytes, 
promote cell survival and prevent further degeneration of 
chondrocytes (19). However, the association between OA 
and autophagy remains to be established. Autophagy is a 
type of programmed cell death, which is highly conserved in 
eukaryotic cells. It enables the degradation and recycling of 
aging organelles and macromolecules in double-membraned 
autophagosomes. This process is important for cell prolifera-
tion and apoptosis. Autophagy is primarily regulated by genes, 
including those for Beclin 1 (BECN1), autophagy-related 
(ATG) and microtubule-associated protein 1A/1B light chain 
3A (MAP1LC3A) (20). Beclin 1 may regulate other autophagy 
genes and determine the level of autophagy. The present study 
revealed that Beclin 1 expression was significantly down-
regulated in cartilage tissue from OA. Beclin 1 in cartilage has 
been positively associated with the level of autophagy (14,21). 
Therefore, the present study compared the expression levels 
of Beclin 1 in cartilage tissue of OA patients and a matched 
control by immunohistochemistry staining, western blotting 
and sqPCR. Beclin 1 expression in OA cartilage tissue was 
lower than that in normal cartilage, a finding that was consis-
tent with previous publications that demonstrated that Beclin 
1 is closely associated with OA development (14). One publi-
cation revealed that downregulation of Beclin 1 expression 
significantly affected autophagy, which additionally affected 
cell proliferation and apoptosis (13). Therefore, Beclin 1 over-
expression may regulate apoptosis in chondrocytes.

Figure 2. Beclin 1 overexpression increases cell viability of chondrocytes. (A) Semi-quantitative polymerase chain reaction confirmed the overexpression of 
Beclin 1, and (B) western blotting confirmed overexpression of Beclin 1 compared with the control. (C) Compared with the control, overexpression of Beclin 
1 resulted in enhanced cell viability. **P<0.01 vs. control. OD, optical density.
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Figure 3. Beclin 1 overexpression reduces apoptosis. (A) Hoechst staining (magnification, x200) and (B) Annexin V/propidium iodide staining and flow 
cytometric analysis. (C) Bcl-2 and Bax expression levels in cells transfected with Beclin-1 or the control. (D) Quantification of Bcl-2 and Bax by densitometric 
analysis. **P<0.01 vs. control. Bcl-2, B-cell lymphoma-2; Bax, Bcl-2 associated X.

Figure 4. Beclin 1 overexpression downregulates the PI3K/Akt/mTOR signaling pathway. (A) Representative blots for PI3K, p-Akt, Akt, p-mTOR, mTOR and 
GAPDH in cells transfected with Beclin-1 or the control. (B) Quantification of proteins by densitometric analysis. **P<0.01 vs. control. PI3K, phosphatidylino-
sitol-3-kinase; p-Akt, phosphorylated protein kinase B; Akt, protein kinase B; p-mTOR, phosphorylated mammalian target of rapamycin; mTOR, mammalian 
target of rapamycin.

Figure 5. Beclin 1 overexpression decreases expression levels of MMPs. (A) Representative blots for MMP1, MMP3 and MMP13 in cells transfected with 
Beclin-1 or the control. (B) Quantification of proteins by densitometric analysis. **P<0.01 vs. control. MMP, matrix metalloproteinase.
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In the present study, Beclin 1 overexpression enhanced cell 
viability following 48, 72 and 96 h transfection, and reached a 
peak at 72 h. Apoptosis was determined by using two different 
methodologies: Hoechst staining and Annexin V/propidium 
iodide staining. The results suggested that Beclin 1 overexpres-
sion inhibits apoptosis in chondrocytes. In addition, Bcl-2 and 
Bax expression levels were determined, proteins that serve roles 
in the regulation of mitochondria-dependent apoptosis. Bcl-2 
was upregulated, whereas Bax was downregulated following 
Beclin 1 overexpression.

Beclin 1 may bind to PI3K and inhibit the level of autophagy. 
PI3K regulates autophagy (22,23); however, it is additionally 
involved in apoptosis (24). PI3K activates Akt and mTOR when 
insulin receptors, growth factor receptors or interferon receptors 
are engaged (25). Subsequently, downstream gene expression is 
initiated to regulate autophagy, apoptosis, differentiation and 
proliferation.

As demonstrated by previously published reports, the 
PI3K/Akt/mTOR signaling pathway was persistently activated 
in articular cartilage of OA rats (26,27). Caramés et al (14) 
revealed that rapamycin significantly upregulated Beclin1, 
LC3-I/II and ATG expression to inhibit apoptosis of cartilage 
cells and aid protection. Zhang et al (28) also demonstrated 
that inhibition of the mTOR signaling pathway may inhibit 
OA development. In the present study, Beclin 1 overexpression 
reduced the expression levels of PI3K, and inhibited phosphory-
lation of Akt and mTOR. These data suggested that Beclin1 
overexpression inhibits the PI3K/Akt/mTOR signaling pathway 
to promote cell viability.

In addition, apoptosis of chondrocytes prohibits the accumu-
lation of ECM molecules, and subsequently, decreases support 
for chondrocytes. Therefore, the present study investigated the 
degradation of the ECM, despite apoptosis of chondrocytes being 
inhibited following Beclin 1 overexpression. The degradation of 
the ECM is modulated by various proteases, including MMPs, 
which are a Zn2+-dependent protease family (29). There are ≥25 
types of MMPs, including MMP1, MMP3 and MMP13. These 
three MMPs have an ability to degrade type II collagen. MMP1 
may also degrade the protein polysaccharide and type I and type 
III collagen. MMP13 has a degradation ability ~10-fold higher 
compared with that of MMP1, and degrades the three-helical 
structure of type II collagen (30). MMP13 may additionally 
stimulate the activation of other MMPs, including MMP1 (31). 
In the present study, MMP1, MMP3 and MMP13 expression 
levels were reduced after Beclin 1 overexpression, a finding that 
suggested that the degradation of ECM was inhibited.

In conclusion, the present study demonstrated that Beclin 1 
expression was downregulated in OA cartilage. Overexpression 
of Beclin 1 increased cell viability, reduced apoptosis, inhib-
ited the PI3K/Akt/mTOR signaling pathway and reduced 
expression of MMPs in OA chondrocytes. Therefore, Beclin1 
may be a potential target for OA therapy.
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