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Introduction

Osteoarthritis (OA) is the most common joint disease,  
characterized by articular cartilage degeneration and bone 
remodeling.1,2 Chondrocytes are the unique type of cells in 
articular cartilage. Not only do they synthesize the compo-
nents of ECM,3,4 but their quantity and activity are also 
more suitable for the physiological state of cartilage tissue. 
Chondrocyte apoptosis,5 autophagy,6 and reductions in 
chondrocyte numbers7 caused by inflammation play an 
important regulatory role in the pathogenesis of OA.

Noncoding RNA molecules, miRNAs, regulate cell 
proliferation, apoptosis, inflammation, and autophagy.8,9 
Studies have shown that miRNA is abnormally expressed in 
OA tissues and plays an important role in the pathogenesis 
of OA. The levels of miR-146a and miR-155 in patients 
with OA were increased at the progressive stages (grade 3 
and 4).10 MiR-335-5p alleviated inflammation by activating 
autophagy11 and miR-128a-induced loss of Atg12 inhibited 
chondrocyte autophagy, which aggravated the progress of 
OA.12 The level of miRNA-140 was significantly reduced 

in chondrocytes and synovial fluid derived from human OA 
cartilage, and upregulated miR-140 increased the number of 
chondrocytes, cartilage thickness, and collagen expression 
in rat cartilage.7

We screened out a total of 10 target genes (TRAF6, 
IRAK1, SEC23IP, PPP1R11, NUMB, RARB, STRBP, 
ZFYVE1, LRRC15, PRX) for miR-146a-5p through 4 
online tools, including TargetScan 7.2 (http://www.tar-
getscan.org/vert_72/), MicroT-CDS (http://www.microrna.gr/
microT-CDS), RNA22 full sets of predictions (https://
cm.jefferson.edu/rna22/Precomputed/), PicTar (http://
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Objective. miR-146a-5p was found to be significantly upregulated in cartilage tissue of patients with osteoarthritis (OA). 
NUMB was shown to be involved in the autophagy regulation process of cells. We aimed to learn whether NUMB was 
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in chondrocytes treated with miR-146a-5p mimic/inhibitor or pcDNA3.1-NUMB/si-NUMB and IL-1β, respectively. In vivo 
experiment, intra-articular injection of miR-146a-5p antagomir/NC was administered at the knee of OA male mice before 
and after model construction. Chondrocyte apoptosis and the expression of apoptosis and autophagy-related proteins 
were also detected. Results. miR-146a-5p was highly expressed in knee cartilage tissue of patients with OA, while NUMB 
was lowly expressed and negatively regulated by miR-146a-5p. Upregulation of miR-146a-5p can promote cell apoptosis 
and reduce autophagy of human and mouse chondrocytes by modulating the levels of cleaved caspase-3, cleaved PARP, 
Bax, Beclin 1, ATG5, p62, LC3-I, and LC3-II. Increasing the low level of NUMB reversed the effects of miR-146a-5p on 
chondrocyte apoptosis and autophagy. Intra-articular injection of miR-146a-5p antagomir can also reverse the effects of 
miR-146a-5p on the apoptosis and autophagy of knee joint chondrocytes in OA mice. Conclusion. Downregulation of miR-
146a-5p suppresses the apoptosis and promotes autophagy of chondrocytes by targeting NUMB in vivo and in vitro.
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www.pictar.org/), miRDB (http://mirdb.org/), and all 10 
target genes were conserved among human beings, mice 
and rats. Then, what we found from previous study was that 
miR-146a-5p is significantly upregulated (>2-fold change) 
in the cartilage tissue of patients with OA.13 MiR-146a-5p 
has also been found to significantly promote the apoptosis 
of prostate cancer cells,14 rat cardiomyocytes15 indicating 
that it plays an important role in the process of cell apopto-
sis. Another study has shown that miR-146a-5p as a major 
microRNA in CRCSCs targets NUMB to regulate the Wnt-
β-catenin pathway, which is reported to be involved in 
chondrocyte apoptosis in OA.16-18 Some studies have shown 
that a novel role of NUMB as a regulator of pro-inflamma-
tory cytokine production19 and NUMB was involved in 
autophagy regulation.20,21 Therefore, we hypothesize that 
NUMB may be involved in the apoptosis or autophagy 
process of chondrocytes in OA.

The inflammatory cytokine interleukin-1β (IL-1β) is not 
only highly expressed in OA tissues22 but is also related to 
the occurrence and progression of OA.23 In this study, we 
investigated the expression of miR-146a-5p and candidate 
target gene (NUMB) in OA tissues, and verified the rela-
tionship between them. We also explored the role of miR-
146a-5p and target genes in apoptosis and autophagy of 
IL-1β-induced human and mouse chondrocytes in vitro. On 
this basis, we further examined the effect of intra-articular 
injection of miR-146a-5p antagomir on chondrocyte apop-
tosis and autophagy in the OA tissues of rat knees. Our 
results demonstrated that high-level miR-146a-5p increases 
OA chondrocyte apoptosis and reduces cell autophagy by 
reducing NUMB expression level.

Materials and Methods

Samples

OA cartilage specimens were collected from 22 patients 
(aged 62.3 [SD = 5.2] years) with OA of the knee requiring 
total knee arthroplasty and normal cartilage specimens were 
collected from 22 patients (age 55.8 (SD = 4.6] years) 
underwent amputation at our hospital. This study was 
approved by the Ethics Committee of our institution, and 
written informed consent was obtained from each patient. 
Patients with primary knee OA diagnosed according to 
the American College of Rheumatology (ACR) knee OA 
criteria,24 and the classification is based on the Kellgren- 
Lawrence scoring system.25 The Kellgren-Lawrence score 
ranged from 0 to 4, where 0 = normal radiographs; 1 = 
suspected pathology; 2= small osteophytes, possibly steno-
sis, cysts, and sclerosis; 3 = moderate, defined osteophytes 
with moderate joint space narrowing; and 4 = severe, with 
large osteophytes and definite joint space narrowing. In our 
study, the number of patients in each grade is 22 (grade 0), 
3 (grade 1), 7 (grade 2), 7 (grade 3), and 5 (grade 4).

Chondrocytes Isolation and Culture

Chondrocytes were isolated from normal fresh cartilage 
specimens of human knee or mouse knee using 0.25% tryp-
sin and type II collagenase.11 Cells were cultured in high–
Dulbecco’s modified Eagle medium (high-DMEM) medium 
containing 10% fetal bovine serum and transfected with 
the miR-146a-5p mimics (100 nM) or inhibitor (100 nM) 
using lipofectamine 3000. Cells were treated with IL-1β 
(10 ng/mL) for 24 hours to establish OA cell model 48 
hours after transfection. Furthermore, chondrocytes were 
co-transfected with miRNA-146a-5p mimics (100 nM) or 
inhibitor (100 nM) and pcDNA3.1-NUMB or siNUMB for 
48 hours to detect the expression of apoptosis or autophagy 
related proteins. miRNA-146a-5p mimics, inhibitor, plas-
mid pcDNA3.1-NUMB, and siNUMB were synthesized by 
Shanghai GenePharma Co., Ltd. (Shanghai, China).

Luciferase Reporter Assay

The wild-type sequence and mutation sequence of NUMB 
3′UTR containing the miR-146a-5p binding site were 
cloned into pmirGLO vector (Promega, Madison, WI, 
USA), respectively. Luciferase assay was performed in 
HEK-293T cells (24-well plate) co-transfected with lucif-
erase reporter constructs (200 ng) and 400 ng miR-146a-5p 
mimics or NC mimics, miR-146a-5p inhibitor or NC inhib-
itor. Luciferase activity was detected using the Dual 
Luciferase Reporter Assay kit (Promega) at 24 hours after 
transfection.

Immunofluorescence (IF)

Chondrocytes were fixed with 100% methanol, permeabi-
lized with 0.1% Triton X-100, and blocked with 1% bovine 
serum albumin (BSA)/10% normal goat serum/0.3 M gly-
cine in 0.1% phosphate buffered saline (PBS)-Tween 
(Sigma Aldrich, Germany) in PBS. Then cells were incu-
bated with LC3 antibody (1:1000, Abcam) overnight at 
4 °C and subsequently incubated with goat secondary anti-
body to rabbit IgG (Alexa Fluor 488) (1:500, Abcam) at 
room temperature for 1 hour and stained with DAPI. The 
images were collected by a Nikon Eclipse 50i electron 
microscope.

Quantitative Real-Time Reverse Transcription–
Polymerase Chain Reaction (qRT-PCR)

Total RNA was extracted from cartilage specimens or chon-
drocytes using TRIzol reagent. One microgramme total 
RNA was reversely transcribed into cDNAs by PrimeScript 
RT reagent kit (Takara, China), and cDNA was amplified 
with TB Green Premix Ex Taq using a qTOWER3G detec-
tion system (Analytikjena, Jena, Germany). Target genes 

http://www.pictar.org/
http://mirdb.org/


Zhang et al.	 1469S

expression levels were normalized with U6 RNA and 
GAPDH mRNA. Gene expression levels were calculated 
using the 2−ΔΔCt method.

OA Model

OA model of rat knee was constructed using anterior cru-
ciate ligament transection (ACLT) method as previously 
described.12 All rats were randomly divided into 4 groups 
with 24 rats in each group. Sham group: only exposed  
the cartilage surface of the knee joint, and then sutured. 
OA group: rats underwent ACLT to induce the formation 
of OA. OA/NC group: rats underwent ACLT and intra-
articular injection of miR-146a-5p negative control (NC) 
(50 nmol/L) at 6 hours before surgery and 12 weeks after 
surgery (once a week). OA/antagomir group: rats under-
went ACLT and intra-articular injection of miR-146a-5p 
antagomir (50 nmol/L) at 6 hours before surgery and 12 
weeks after surgery (once a week). Six random rats in each 
group were sacrificed every 4 weeks.

Western Blotting

Total protein was extracted with RIPA lysis buffer contain-
ing protease inhibitor (Beyotime). Fifty micrograms protein 
was conducted on a 10% gel using sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred to a polyvinylidene difluoride membrane (Millipore, 
Burlington, MA, USA). After sealing in 5% skimmed milk, 
the membrane was incubated with primary antibodies for 
cleaved caspase 3 (1:1000, Abcam), cleaved PARP (1:1000, 
Abcam), Bax (1:1000, Abcam), Bcl-2 (1:500, Abcam), 
Beclin 1 (1:1000, Abcam), NUMB (1:1000, Abcam), ATG5 
(1:5000, Abcam), p62 (1:1000, Abcam), LC3 (1:2000, 
Abcam), GAPDH (1:5000, Abcam) overnight at 4 °C. Then 
membrane was incubated with goat anti-rabbit IgG H&L 
(HRP) (1:50000, Abcam). Finally, an enhanced chemilumi-
nescence (ECL) kit was used to detect the signal.

Immunohistochemistry (IHC)

Cartilage specimens from rat knee were fixed in 10% for-
malin and decalcified in 10% ethylenediaminetetraacetic 
acid before embedding in paraffin. IHC was carried out 
using EnVision Ⅲ Detection System/Mo&Rb (Dako, 
Glostrup, Denmark). Sections (7 µm) were obtained to  
perform the deparaffinage, rehydration, and blocking the 
endogenous peroxidases with 3% hydrogen peroxide in 
methanol (Sigma-Aldrich). The sections were incubated 
with NUMB (1:1000, Abcam) or LC3-II (1:200, Abcam) 
antibody at 4 °C overnight and subsequently incubated 
with secondary antibody at 37 °C for 30 minutes. Then sec-
tions were stained with diaminobenzidine chromogen and 
counterstained with hematoxylin (ZYMED Laboratories/

Invitrogen). Photomicrographs were captured with a Nikon 
Eclipse 50i microscope (Nikon, Milville, NY, USA) and 
Nikon DS-FiI digital camera.

Assessment of Cell Apoptosis

Cell apoptosis of chondrocytes were confirmed using flow 
cytometry (BD FACSCanto II, San Jose, CA, USA) and 
TUNEL staining. Cell apoptosis of OA specimens from rat 
were confirmed using TUNEL staining. Flow cytometry was 
performed using Annexin V-FITC/PI Apoptosis Detection 
Kit (Elabscience, China) and TUNEL staining was performed 
using One Step TUNEL Apoptosis Assay Kit (Beyotime, 
China) according to the manufacturer’s instructions.

Statistical Analysis

All statistical analysis was performed using GraphPad 
Prism 8 (GraphPad Software, San Jose, USA). First, we 
used three methods (D ‘Agootino-Pearson method, 
Kolmogrov-Smirnov method and Shapiro-Wilk method) 
provided by GraphPad Prism 8 to analyze whether the data 
were in accordance with normal distribution. And then, the 
correlation between the expression levels of miR-146a-5p 
and NUMB mRNA was analyzed using Pearson correlation 
analysis. All quantitative data were expressed as mean ± 
standard deviation (SD). Differences between different 
groups were analyzed using Student t test or one-way analy-
sis of variance. When P < 0.05, the difference was consid-
ered statistically significant.

Results

Aberrant Expression of miR-146a-5p and 
NUMB mRNA in OA Cartilage

According to qRT-PCR, we verified that miR-146a-5p 
was upregulated in OA cartilage, compared with normal 
cartilage (P < 0.001) (Fig. 1A); while the level of NUMB 
mRNA was decreased significantly in OA cartilage com-
pared with normal cartilage (P < 0.001) (Fig. 1B). 
Furthermore, Pearson correlation analysis showed that 
the miR-146a-5p expression was negatively related to 
the expression of NUMB mRNA in human OA cartilage 
(R2 = 0.2989) (Fig. 1C).

MiR-146a-5p Targeted NUMB to Inhibit Its 
Expression

The binding site of has-miR-146a-5p or mmu-miR-146a-5p 
within NUMB 3′UTR was predicted using 5online tools 
(Fig. 2A). And the relative luciferase activity in NUMB 
3′UTR wild-type + miR-146a-5p mimics group was 
reduced remarkably compared with that in NUMB 3′UTR 
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wild-type + NC mimics group (P < 0.01). While the 
relative luciferase activity in NUMB 3′UTR wild-type + 
miR-146a-5p inhibitor group was increased notably than 
that in NUMB 3′UTR wild-type + NC inhibitor group 
(P < 0.001) (Fig. 2B). The level of miR-146a-5p in human 
chondrocytes was decreased significantly (P < 0.001) or 
increased significantly (P < 0.001) when transfecting with 

Figure 1. E xpression levels of miR-146a-5p and NUMB in cartilage tissues from osteoarthritis and nonosteoarthritis patients. (A) 
QRT-PCR showed the relative miR-146a-5p levels in clinical specimens. (B) QRT-PCR showed the relative NUMB mRNA expression. 
(C) The expression of miR-146a-5p was negatively correlated with the NUMB expression in the osteoarthritis cartilage.

Figure 2.  MiR-146a-5p negatively regulated NUMB expression via a direct binding site at 3′UTR of NUMB mRNA. (A) There is a 
potential miR-146a-5p binding sequence in the 3′UTR of NUMB mRNA. (B) The relative luciferase activity after the co-transfection 
of miR-146a-5p mimic/inhibitor and 3′UTR of NUMB mRNA. (C, D) QRT-PCR showed the miR-146a-5p and NUMB mRNA levels in 
the 2 types of cells after transfection with miR-146a-5p mimic or inhibitor. (E, F) Western blotting showed the NUMB protein levels 
in the 2 types of cells after transfection with miR-146a-5p mimic or inhibitor.

miR-146a-5p mimics or miR-146a-5p inhibitor, respec-
tively, as same as that in mouse chondrocytes (Fig. 2C). 
Furthermore, NUMB mRNA level and protein level were 
also declined notably in miR-146a-5p mimics treated 
human or mouse chondrocytes (P < 0.05), while pro-
moted notably in miR-146a-5p inhibitor treated human or 
mouse chondrocytes (P < 0.01) (Fig. 2D-F).
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Elevated miR-146a-5p Promoted IL-1β-Induced 
Chondrocyte Apoptosis

According to flow cytometry, both in human chondrocytes 
and mouse chondrocytes, we verified the increased apopto-
sis in IL-1β-induced chondrocytes (P < 0.01), while miR-
146a-5p mimics enhanced the cell apoptosis (P < 0.01) 
but miR-146a-5p inhibitor weakened the cell apoptosis 

Figure 3.  Cell apoptosis of the chondrocytes analyzed using flow cytometry (FCM). The histogram showed the results based on 
3parallel experiments.

(P < 0.05) (Fig. 3). This was also observed in TUNEL 
assay (Fig. 4A). In addition, the apoptosis-related proteins 
were also abnormally expressed in these chondrocytes. 
The levels of cleaved caspase-3 and PARP, Bax were 
upregulated significantly and Bcl-2 was decreased signifi-
cantly in IL-1β + miR-146a-5p mimics group as well as 
those in IL-1β group, compared with those in control group 
(P < 0.05). But the effect of miR-146a-5p inhibitor on 
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Figure 4.  MiR-146a-5p promotes IL-1β-induced chondrocyte apoptosis in osteoarthritis (OA) progression. (A) TUNEL assays were 
performed to evaluate apoptosis of chondrocytes. (B) The protein level of cleaved caspase 3, cleaved PRAP, Bax, and Bcl2 measured 
with Western blotting.
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these proteins was opposite to that of miR-146a-5p mimics 
(Fig. 4B).

MiR-146a-5p Regulated the Autophagy in  
IL-1β-Induced Chondrocytes

To investigate the effects of miR-146a-5p on autophagy in 
IL-1β-induced human and mouse chondrocytes, we detected 
the autophagy related proteins (Beclin 1, ATG5, p62, LC3-II 
and LC3-I) in IL-1β group, IL-1β + miR-146a-5p mimics 
group, IL-1β +miR-146a-5p inhibitor group using Western 
blotting and IF (Fig. 5). Elevated miR-146a-5p intensified 
the reduction of Beclin 1, ATG5 and the ratio of LC3-II/ 
LC3-I, and the increase of p62 in IL-1β-induced chondro-
cytes. Declined miR-146a-5p reversed the effects of IL-1β 
on chondrocyte autophagy.

NUMB Mediated the Effects of miR-146a-5p 
on Primary Chondrocytes

Human or mouse primary chondrocytes were, respectively, 
co-transfected with miR-146a-5p mimics or miR-146a-5p 

inhibitor and pcDNA3.1-NUMB or siNUMB to investigate 
the function of NUMB in the effects of miR-146a-5p on 
primary chondrocytes. Overexpression of NUMB attenu-
ated the apoptosis of miR-146a-5p mimics treated chon-
drocytes but improved the apoptosis of miR-146a-5p 
inhibitor treated chondrocytes (P < 0.05) (Fig. 6A). In 
addition, the levels of cleaved caspase-3, cleaved PARP, 
and Bax were downregulated significantly in miR-146a-5p 
mimics + NUMB group, while Bcl-2 was upregulated sig-
nificantly, compared with those in miR-146a-5p mimics + 
vector group. Si-NUMB also reversed the effects of miR-
146a-5p inhibitor on primary chondrocytes (P < 0.05) 
(Fig. 6B). The autophagy related proteins were also modu-
lated by NUMB in miR-146a-5p mimics or miR-146a-5p 
inhibitor treated primary chondrocytes (Fig. 6C-E).

MiR-146a-5p Antagomir Suppressed the 
Articular Chondrocyte Apoptosis while It 
Promoted Autophagy In Vivo

The level of miR-146a-5p was upregulated significantly 
(P < 0.001) in OA cartilage of rat knees at 4 and 8 weeks 

Figure 5.  Knockdown of miR-146a-5p reversed IL-1β-mediated chondrocyte autophagy inhibition in osteoarthritis (OA) progression. 
(A) The protein level of LC3, Beclin1, ATG5, and p62 measured with Western blotting. (B, C) The histogram showed the relative 
levels of Beclin1, ATG5, and p62 and the ratio of LC3-II to LC3-I. (D) LC3-II was determined by immunofluorescence staining 
(magnification 200×).
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after ALCT surgery while the level of NUMB mRNA was 
downregulated significantly (P < 0.001). The continuous 
injection of antagomir significantly reduced the level of 
miR-146a-5p (P < 0.001) and increased the level of NUMB 
mRNA (P < 0.001) (Fig. 7A). In addition, the expression of 
apoptosis-related proteins and autophagy-related proteins 
in OA cartilage of rat knee were modulated as same as those 
in miR-146a-5p mimics treated chondrocyte, and reversed 
by antagomir as well as the effects of miR-146a-5p inhibi-
tor on primary chondrocytes (Fig. 7B and C). TUNEL assay 
also showed the decreased apoptosis in OA + antagomir 
group compared with apoptosis in OA group and OA+ NC 
group (Fig. 7D). Furthermore, the levels of NUMB and 
LC3-II proteins were also suppressed in the OA and OA + 
NC groups, but were improved in the OA + antagomir 
group (Fig. 7E).

Discussion

OA is a chronic arthritis characterized by the gradual degra-
dation of articular cartilage and inflammation of the syno-
vial membrane.26 Studies have shown that in OA cartilage 
tissue, there may be an interaction between cell apoptosis 
and cartilage degradation,26 and autophagy can help inhibit 
cartilage cell degeneration.27 In OA cartilage, cell apoptosis 

is obvious28 and autophagy is reduced.29 This study shows 
that miR-146a-5p was highly expressed in human OA tis-
sues, and high levels of miR-146a-5p in chondrocytes 
increased chondrocyte apoptosis and decreased autophagy, 
which indicates that miR-146a-5p can promote the process 
of OA. In addition, intra-articular injection of antagomir 
significantly inhibited the level of miR-146a-5p in the 
cartilage tissue of the knee joint of OA rats, and inhibited 
chondrocyte apoptosis and increased autophagy. This fur-
ther validates the role of miR-146a-5p in the development 
of OA.

Caspase activation and PARP degradation are molecular 
markers of apoptosis.30 Bax is a pro-apoptotic gene that 
exists in the cytoplasm. It can be expressed in large quanti-
ties during cell apoptosis and promotes apoptosis.31 The 
anti-apoptotic protein Bcl-2 prevents apoptosis by protect-
ing the integrity of the outer mitochondrial membrane.32 In 
this study, upregulated miR-146a-5p promoted caspase-3 
activation, PARP degradation, and Bax expression, but 
suppressed Bcl-2 expression. While downregulated miR-
146a-5p inhibited caspase-3 activation, PARP degradation 
and Bax expression, but increased Bcl-2 expression. This 
indicates that the pro-apoptotic effect of miR-146a-5p is 
related to change in activation of caspase-3 and protein lev-
els of PARP, Bax, and Bcl-2.

Figure 6.  Human primary chondrocytes and mouse primary chondrocytes were transfected with miR-146a-5p mimic or inhibitor, 
and/or NUMB or empty vector, si-NUMB or negative control siRNAs, and then stimulated with IL-1β. (A) The histogram showed 
the cell apoptosis rate of the chondrocytes. (B) The mRNA levels of cleaved caspase 3, cleaved PRAP, Bax, and Bcl2 measured with 
qRT-PCR. (C) The protein levels of LC3, Beclin1, ATG5, and p62 measured with Western blotting. (D, E) The histogram showed the 
relative levels of Beclin1, ATG5, and p62 and the ratio of LC3-II to LC3-I.
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Figure 7.  miR-146a-5p antagomir suppressed the articular chondrocyte apoptosis while it promoted autophagy in vivo. (A) QRT-
PCR showed the miR-146a-5p and NUMB levels in the tibial cartilage on 1 day, 3, 4, or 6 weeks after surgery. (B) Western blotting 
showed the protein levels of cleaved caspase 3, cleaved PRAP, Bax, and Bcl2, and the corresponding statistical results. (C) Western 
blotting showed the protein levels of LC3, Beclin1, ATG5, and p62, and the corresponding statistical results. (D) TUNEL staining 
showed the apoptotic chondrocytes in the cartilage, and the cell counting results of the positive stained were presented in the 
histogram. (E) Immunohistochemical staining showed the NUMB and LC3-II expression.

Beclin 1 pathway activation is related to autophagy 
activation,33 and Beclin 1 can be combined with class I 
phosphoinositide 3-kinase to cause autophagy.34 The 
conversion of LC3-I to LC3-II is an initiating step in 
autophagy.35,36 ATG5 is also an autophagy protein.37 The 
autophagy substrate p62 assists the transmission of inflam-
masomes to autophagosomes and participates in the process 
of inflammation.38 In this study, upregulated miR-146a-5p 
suppressed the expression of Beclin 1 and ATG5, but pro-
moted p62 expression and the conversion of LC3-I to 
LC3-II. While downregulated miR-146a-5p promoted the 
expression of Beclin 1 and ATG5, but decreased p62 expres-
sion and the conversion of LC3-I to LC3-II. This indicates 
that miR-146a-5p directly or indirectly inhibits autophagy, 
as decrease in key regulators of autophagy is accompanied 
by increase in apoptosis,39 and the cleavage of Beclin 1 and 
ATG5 eliminate cytoprotective autophagy and promote 
apoptosis.40

We found that NUMB was negatively regulated by miR-
146a-5p and was lowly expressed in human OA tissues. 
NUMB is an evolutionarily conserved cargo-selective 

endocytic adaptor protein, which plays a key role in cell 
division, differentiation, migration, and endocytosis.41-43 
Overexpression of NUMB reversed the effects of miR-
146a-5p on chondrocytes apoptosis and autophagy in this 
study, indicating that NUMB is the target gene of miR-
146a-5p, and participates in the process of miR-146a-5p’s 
regulating cell apoptosis and autophagy.

MiR-146a-5p modulates the expression of apoptosis- or 
autophagy-related proteins by targeting NUMB, and affects 
chondrocyte apoptosis and autophagy. This is of great sig-
nificance to the dysfunction of chondrocytes, the decrease 
in chondrocyte number, and the degradation of cartilage in 
OA tissue. Therefore, detecting the expression level of miR-
146a-5p in different stages of OA progression, as well as the 
expression of miR-146a-5p in the synovium, subchondral 
bone, and meniscus besides cartilage tissue may be helpful 
to understand the role of miR-146a-5p in the development 
of OA.

In summary, this study showed that miRNA-146a-5p is 
highly expressed in human OA chondrocytes and nega-
tively regulates the expression of NUMB, which is involved 
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in chondrocyte apoptosis and autophagy. Our results con-
firm that increasing the level of miRNA-146a-5p in human 
chondrocytes or mouse chondrocytes will reduce the 
expression level of NUMB, thereby modulating the expres-
sion of apoptosis- or autophagy-related proteins, and pro-
moting the increase of chondrocyte apoptosis and the 
decrease of autophagy. Our results also show that intra-
articular injection of miR-146a-5p antagomir can reduce 
chondrocyte apoptosis and increase autophagy in the knee 
joint of OA rats. This provides new clues for understanding 
the complex molecular mechanism of chondrocyte apopto-
sis and autophagy in OA tissue.
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