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Abstract
Osteoarthritis (OA) is a prevalent degenerative joint disease whose pathogenesis 
remains unclear. The research aims to investigate the roles of Circ_0136474/miR‐
127‐5p/MMP‐13 axis in OA. Differentially expressed circRNAs and miRNAs in OA 
cartilage tissue were screened out and visualized by R project based on RNA‐seq data 
and microarray data respectively. qRT‐PCR was carried out for detection of relative 
expression levels of Circ_0136474, miR‐127‐5p, MMP‐13 and other inflammatory 
factors and Western blot analysis was conducted to detect the protein expression 
level of MMP‐13. CCK‐8 assay and flow cytometry were conducted to determine 
cell proliferation and cell apoptotic ability respectively. RNA‐fluorescence in situ 
hybridization (RNA‐FISH) experiments were conducted to confirm the immune‐lo‐
calization of the Circ_0136474 and MMP‐13 in human tissues. Targeted relationships 
were predicted by bioinformatic analysis and verified by dual‐luciferase reporter 
assay. Our findings revealed that the expression levels of both Circ_0136474 and 
MMP‐13 in OA cartilage tissue were significantly higher than that in normal cartilage 
tissue. Circ_0136474 could suppress cell proliferation by facilitating MMP‐13 expres‐
sion and suppressing miR‐127‐5p expression in OA. Overexpression of miR‐127‐5p 
negatively regulated MMP‐13 expression to enhance cell proliferation. Our study 
demonstrated that Circ_0136474 and MMP‐13 suppressed cell proliferation, while 
enhanced cell apoptosis by competitive binding to miR‐127‐5p in OA, which may well 
provide us with a new therapeutic strategy for osteoarthritis.
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1  | INTRODUC TION

Osteoarthritis (OA) is one of the most common joint diseases mainly 
characterized by the degradation of the articular cartilage and 

osteophyte formation,1,2 which is also regarded as the most com‐
mon chronic and potentially irreversible disease that affects the 
joints globally.3 OA is highly prevalent among the elder and also one 
of the three most frequent causes of disability in younger people.4 
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Although OA therapy has been significantly upgraded, more optimal 
and integrated treatment has yet to be developed.5 Hence, it is vital 
to study underlying mechanisms of OA pathogenesis, which will pro‐
vide us with new therapeutic strategies for treatment of OA.

Circular RNAs (circRNAs) are endogenous RNAs featuring for 
covalent loop structures with neither 5′ to 3′ polarity nor a polya‐
denylated tail.6 It was reported that circRNAs regulate the gene ex‐
pression in both transcriptional and post‐transcriptional process.7 
Recently, circRNAs, novel noncoding RNAs with varied biological 
functions and pathological implications, have been shown to be 
closely related with various diseases, including osteoarthritis, ath‐
erosclerotic vascular disease risk, neurological disorders, Parkinson's 
disease, Alzheimer's disease, schizophrenia and so on.8 However, the 
roles of circRNAs, as well as circRNA and miRNA axis in the devel‐
opment and progression of OA are little understood. In this study, 
our attention is mainly fixed on the function of Circ_0136474 in OA 
progression.

miRNA is one of the most eminent classes of ncRNAs and in‐
volved in several aspects of gene regulation in eukaryotes. miRNAs 
always serve as fine‐tuning regulators such as onco‐miRNAs or tu‐
mour‐suppressor miRNAs for diverse biological processes, which 
is mainly dependent on its downstream genes.9 Previous studies 
showed that miR‐9 was up‐regulated in late‐stage OA cartilage 
and directly targeted MMP‐13.10 Besides, Okuhara et al reported 
that miR‐146a could also directly target MMP‐13 and was signifi‐
cantly higher during the early stages of OA than during the later 
stages.11 Based on latest research, miR‐127‐5p regulated MMP‐13 
expression and IL‐1β‐induced catabolic response in human 
chondrocytes.12

Matrix metalloproteinases (MMPs) family function in irrevers‐
ible matrix degradation and subsequent joint destruction in OA.13 
Previous reports showed that Interleukin‐1β (IL‐1β) and tumour ne‐
crosis factor‐α (TNF‐α) are two most potent catabolic factors that 
increase the production of inflammatory mediators and the expres‐
sion of MMPs in chondrocytes.14 Among these MMPs, MMP‐13 has 
caught a lot of attention in that it was significantly overexpressed in 
both joints and articular cartilage in OA patients and could hardly be 
detected in normal tissues. Besides, MMP‐13 was known to function 
as an extracellular matrix (ECM)‐degrading enzyme in OA joints.15,16 
In clinical samples, MMP‐13 was abnormally expressed during dif‐
ferent stages of OA process and was found to up‐regulated during 
the early stage and down‐regulated during the late stage in human 
OA cartilage, which indicated its central node in the cartilage deg‐
radation network and contribution of MMP‐13 to the initiation/
onset of OA.17,18 In addition, the activity of MMP‐13 can be regu‐
lated at multiple levels, including epigenetic modification, transcrip‐
tional regulation and post‐transcriptional regulation by ncRNAs.19,20 
Furthermore, it was revealed that MMP‐3 and MMP‐13 were both 
up‐regulated in articular chondrocytes of OA patients.21

Along with the illumination of circRNAs acting as endogenous 
miRNA sponges by competitive binding to miRNA response ele‐
ments to suppress their expression, a new mode of action for cir‐
cRNAs was unveiled.22 Interaction between miRNA and circRNAs 

has already been validated to be very significant in cases of osteo‐
arthritis, gastric cancer, colorectal cancer and neurodegenerative 
pathologies. For instance, circRNA‐CER (Circ_100876) serves as a 
miR‐136 sponge, sequestering miRNAs and controlling the expres‐
sion level of MMP13 and participating in the process of chondrocyte 
ECM degradation in OA.23

Although quite a lot of miRNAs have been reported to play a piv‐
otal role in OA,24 the specific micro‐environmental factors that are 
involved in this pathological process have not been fully elucidated. 
Therefore, researches on the effects of both miRNAs and their po‐
tential circRNA regulators on OA progression may help clarify the 
pathogenesis of OA.

Our study showed Circ_0136474 promoted MMP‐13 expression 
via inhibiting miR‐127‐5p, which might well provide us with more po‐
tential and therapeutic strategies for treatment of OA.

2  | MATERIAL S AND METHODS

2.1 | High‐throughput sequencing analysis

High‐throughput sequencing data of 18 normal tissue samples and 
20 OA human knee cartilage tissue samples were obtained from 
Gene Expression Omnibus (GEO) (https ://www.ncbi.nlm.nih.gov/
geo/query/ ). The series accession number was GSE114007 and 
corresponding platform was GPL11154. Given that the sequenc‐
ing quality of one normal knee cartilage tissue sample was not as 
good as we expected, only 17 normal tissue samples and 20 OA 
human knee cartilage tissue samples were employed for differen‐
tial analysis. The expression values of circRNAs in normal cartilage 
tissues and OA cartilage tissues were obtained after quantification 
and background correction. Differentially expressed circRNAs were 
screened out with the screening criteria |log2 (Fold Change)|>1 and 
adjusted P value < 0.05 by limma package. Top 20 differentially 
expressed circRNAs (7 up‐regulated and 13 down‐regulated) were 
visualized by heatmap.

2.2 | Microarray analysis

Microarray data of miRNA expression profile in OA were down‐
loaded from GEO (https ://www.ncbi.nlm.nih.gov/geo/query/ ). The 
series accession number was GSE105027 and matched platform was 
GPL21575. In brief, data were filtered out and normalized for select‐
ing differentially expressed miRNAs with selecting criteria adjusted 
P value < 0.05 and |FC (Fold Change)|>2 by limma package. Besides, 
miRNAs which potentially targeted Circ_0136474 were predicted 
by circular RNA Interactome (https ://circi ntera ctome.nia.nih.gov/) 
and listed in Table S1. Based on circular RNA Interactome (https ://
circi ntera ctome.nia.nih.gov/), miR‐127‐5p was predicted to target 
Circ_0136474. Besides, OA‐related miRNAs, including miR‐127‐5p 
were singled out and listed in Table S2 based on HMDD (http://
www.cuilab.cn/hmdd). Finally, miR‐127‐5p showed up in three ta‐
bles mentioned above and Circ_0136474/miR‐127‐5p were selected 
for further investigation.

https://www.ncbi.nlm.nih.gov/geo/query/
https://www.ncbi.nlm.nih.gov/geo/query/
https://www.ncbi.nlm.nih.gov/geo/query/
https://circinteractome.nia.nih.gov/
https://circinteractome.nia.nih.gov/
https://circinteractome.nia.nih.gov/
http://www.cuilab.cn/hmdd
http://www.cuilab.cn/hmdd


6556  |     LI et aL.

2.3 | Clinical samples

A total of seven OA cartilage samples were obtained from OA pa‐
tients who underwent total knee arthroplasty. All of OA patients 
were pathologically and cytologically diagnosed according to 
American College of Rheumatology criteria. Normal articular carti‐
lage was obtained from seven trauma patients with no history of 
OA. Informed consent was signed by all tissue donors involved in this 
study. The research was allowed by the Ethics Committee of Peking 
University First Hospital.

2.4 | RNA‐FISH assay

The FISH assay was performed according to the manufacturer's pro‐
tocol (Sino Biological Inc, Beijing, China). Briefly, after the fixed slides 
being dehydrated, the probes specific to Circ_0136474 and MMP‐13 
were added to the slides and then pre‐denatured at 78℃ for 5 min‐
utes. Hybridization was then carried out at 42℃ overnight. Nuclei 
were counterstained with 4,6‐diamidino‐2‐phenylindole (DAPI, 
Sigma). Images were examined with a Zeiss LSM 700 Meta confocal 
microscope (Jena, Germany).

2.5 | Cell culture and cell transfection

Human OA articular chondrocytes were isolated from articu‐
lar cartilage of OA knee joints. In brief, articular cartilage was 
dissected and subjected to sequential digestion with both col‐
lagenase B and pronase in DMEM (Thermo Fisher Scientific, 
China). Thereafter, isolated articular chondrocytes were centri‐
fuged and washed several times with PBS. OA articular chon‐
drocytes were maintained in DMEM supplemented with 10% 
foetal bovine serum (FBS; Thermo Fisher Scientific, China), 
100 U/mL penicillin and 100 μg/mL streptomycin (Gibco‐BRL, 
Gaithersburg, MD, USA) at 37℃ in a humidified atmosphere 5% 
CO2. OA articular chondrocytes needed to be passaged twice 
or three times for use in subsequent experiments. Cell trans‐
fections were all performed with Lipofectamine 2000 reagent 
(Invitrogen, Carlsbad, CA, USA) following the manufacturer's 
protocols. si‐Circ_0136474‐1 and si‐Circ_0136474‐2 (small in‐
terfering RNAs for Circ_0136474), pcDNA3.1‐Circ_0136474, 
si‐MMP‐13‐1 and si‐MMP‐13‐2, miR‐127‐5p mimics, miR‐127‐5p 
inhibitor and negative control (NC) were all purchased from 
GenePharma (China).

2.6 | qRT‐PCR

TRIzolTM Reagent (Thermo Fisher Scientific) was utilized for iso‐
lation of total RNA. RNase‐R digestion treatment was conducted 
at 37°C by using RNase‐R (Epicenter) 2 U/mg for 25 minutes. 
Thereafter, RNA was reversely transcribed into cDNA with Reverse 
Transcription Kit (Takara, Dalian, China). Subsequently, qRT‐PCR 
was carried out by SuperReal SYBR Green kit (Thermo Fisher 
Scientific) following manufacturer's instructions. The expression 

levels of mRNAs were normalized against GAPDH and relatively 
quantified using 2−ΔΔCt method. The expression levels of miRNA 
and circRNA were normalized against U6 and relatively quantified 
using 2−ΔΔCt method. The primers for qRT‐PCR in this study are en‐
listed in Table 1.

2.7 | Dual‐luciferase reporter gene assay

The pmirGLO luciferase reporter gene vector (Promega, Madison, 
WI, USA) with either Circ_0136474 WT or Circ_0136474 MUT 
was co‐transfected with miR127‐5p mimics or mimics control into 
HEK‐293 cells using Lipofectamine 2000 reagent (Invitrogen). 
Similarly, the pmirGLO luciferase reporter gene vector (Promega, 
Madison, WI, USA) loaded with either MMP‐13 WT or MMP‐13 
MUT was co‐transfected with miR127‐5p mimics or mimics control 
into HEK‐293 cells using Lipofectamine 2000 reagent (Invitrogen). 
The relative luciferase activities should be measured 48 hours after 
transfection.

2.8 | Western Blot

Total proteins were isolated by RIPA buffer (Solarbio, China) and 
quantified by BCA Protein Assay Kit (Beyotime, Shanghai, China). 
Samples ran SDS‐PAGE for about 2.5 hours, then were transferred 
to the polyvinylidene fluoride (PVDF) membranes (Invitrogen). The 
membranes were then blocked by 3% Bovine Serum Albumin (BSA) 
(Sigma‐Aldrich). Afterwards, primary antibodies were added as well 
as incubated overnight at 4℃. Next, secondary antibody horserad‐
ish peroxidase (HRP)‐conjugated goat‐anti‐rabbit Immunoglobulin G 
(IgG) (ab205718, 1:2000, Abcam) was added and incubated at 37℃ 

TA B L E  1   Primers used in this study

Gene Sequence

Circ_0136474‐F TGCCATCACAGTGGGAATAC

Circ_0136474‐R GGTTGTCATAAGCAGGACCA

MMP‐13‐F GCAGTCTTTCTTCGGCTTAGAG

MMP‐13‐R GTATTCACCCACATCAGGAACC

TNF‐α‐F GCCAGAGGGCTGATTAGAGA

TNF‐α‐R TCAGCCTCTTCTCCTTCCTG

IL‐17‐F CCACCTCACCTTGGAATCTC

IL‐17‐R CAGGATCTCTTGCTGGATGG

IL‐1β‐F CGATCGCGCAGGGGCTGGGCGG

IL‐1β‐R AGGAACTGACGGTACTGATGGA

GAPDH‐F GGAAGGTGAAGGTCGGAGTC

GAPDH‐R CGTTCTCAGCCTTGACGGT

U6‐F TGCGGGTGCTCGCTTCGGCAGC

U6‐F CCAGTGCAGGGTCCGAGGT

Collagen II‐F CAAGTCGCTG AACAACCAGA

Collagen II‐R GCCCTCATCTCCACATC ATT

Note: F, Forward primer; R, Reverse primer.
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for 1 hours. Primary antibodies were as follows: rabbit anti‐MMP‐13 
(ab38012, 1:5000, Abcam) and rabbit anti‐GAPDH (ab9485, 1:2500, 
Abcam). Primary antibodies were all purchased from Abcam. Images 
were obtained by a Tanon‐4200 Chemiluminescent Imaging System 
(Tanon, China).

2.9 | Cell Counting Kit‐8 (CCK‐8) assay

Cells were seeded in 96‐well plates at the density of 2 × 104 cells/
mL and then incubated at 37°C. CCK‐8 reagent (Beyotime Institute 
of Biotechnology, Haimen, China) was added into each well of a 
96‐well plate for 30 minutes at 37°C and the OD values were read 
at 490 nm.

2.10 | Flow cytometry assay

Cell apoptotic rate was detected following the manufacturer's 
protocols of Annexin V‐FITC/PI Apoptosis Detection Kit (KeyGEN 
Biotech, Nanjing, China). After successively staining with both 
Annexin V‐FITC and PI for half an hour, cells were incubated in a 
dark room for 25 minutes. Afterwards, the status of cell apopto‐
sis was detected by the MoFlo flow cytometer (Beckman Coulter, 
Atlanta, GA, USA).

2.11 | Statistical analysis

ANOVA, along with the t test were adopted to test the statis‐
tical differences among multiple groups. Data were obtained 
from at least three independent tests. All statistical analysis 
was carried out using GraphPad Prism 6.0 software (La Jolla, 
CA, USA). The differences were deemed statistically significant 
with * P < 0.05.

3  | RESULTS

3.1 | Circ_0136474 was up‐regulated in OA 
cartilage tissues and could be targeted by miR‐127‐5p

Differentially expressed circRNAs between OA cartilage tissues and 
normal cartilage tissues were filtered out, top 20 of which were visu‐
alized in heat map in Figure 1A. Among them, Circ_0136474 showed 
a robust increase in OA. And we further detected the expression 
level of Circ_0136474 in OA tissues and normal tissues. Figure 1B 
revealed that relative expression of Circ_0136474 was largely higher 
in OA than in normal tissues. In general, RNase R can digest liner 
RNA but not circRNA. As shown in Figure 1C, the relative expression 
of GAPDH was greatly decreased after digestion by RNase R and the 
relative expression of Circ_0136474 was not affected, suggesting 
the cyclic structure of Circ_0136474.

Furthermore, differentially expressed miRNAs between 
OA cartilage tissues and normal tissues were filtered out from 
GSE105027 and visualized in heat map in Figure 2A. Among them, 
miR‐127‐5p was predicted to target Circ_0136474 based on cir-
cular RNA Interactome and closely related with OA progression 
based on HMDD. Therefore, Circ_0136474/miR‐127‐5p was se‐
lected for further investigation in this study. After further anal‐
ysis of the sequence of Circ_0136474, targeted relationship was 
found between miR‐127‐5p seed region and Circ_0136474 3’UTR 
region based on circular RNA Interactome. Relative luciferase ac‐
tivity in that group co‐transfected with miR‐127‐5p mimics and 
Circ_0136474‐WT was lower than that of group with co‐trans‐
fection of both miR‐127‐5p NC and Circ_0136474‐WT, reveal‐
ing the direct binding between miR‐127‐5p and Circ_0136474 in 
OA (Figure 2B, P < 0.01). Subsequently, qRT‐PCR was employed 
for validation of transfection efficiency. Figure 2C showed us 

F I G U R E  1   Circ_0136474 expression 
was significantly higher in OA than in 
normal tissues. A, Heatmap contains 
expression profiles of 20 different 
circRNAs between normal tissues and 
OA cartilage tissues and Circ_0136474 
showed a robust increase in OA. B, It was 
verified by qRT‐PCR that Circ_0136474 
was significantly higher in OA cartilage 
tissues than in normal cartilage tissues. C, 
Linear RNA can be digested by RNase R 
and GAPDH expression was significantly 
decreased after digested with RNase R 
while Circ_0136474 has not been affected 
significantly. **P < 0.01 and ***P < 0.001 
meant that there was a significant 
difference compared with NC group
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that overexpression of Circ_0136474 tremendously increased 
Circ_0136474 expression, which was instead largely reduced 
with either si‐Circ_0136474‐1 or si‐Circ_0136474‐2 (P < 0.01). 
Given that knockdown efficiency of si‐Circ_0136474‐2 was bet‐
ter than si‐Circ_0136474‐1, si‐Circ_0136474‐2 was selected for 
further experiments. Besides, Figure 2D revealed that overex‐
pression of Circ_0136474 largely decreased miR‐127‐5p expres‐
sion, which was otherwise increased with si‐Circ_0136474‐1 or 
si‐Circ_0136474‐2 (P < 0.01). In brief, Circ_0136474 was up‐regu‐
lated in OA cartilage tissues and could be targeted by miR‐127‐5p.

3.2 | miR‐127‐5p could directly target MMP‐13 and 
suppress its expression in OA

After analysing the sequence of MMP‐13, targeted relationship 
was uncovered between miR‐127‐5p seed region and MMP‐13 
3′UTR region based on circular RNA Interactome. Relative lu‐
ciferase activity in that group co‐transfected with miR‐127‐5p 
mimics and MMP‐13 WT was lower than that of group with co‐
transfection of both miR‐127‐5p NC and MMP‐13 WT, suggest‐
ing the direct binding between miR‐127‐5p and MMP‐13 in OA 
(Figure 3A, P < 0.01). Thereafter, qRT‐PCR was adopted for vali‐
dation of transfection efficiency. Overexpression of miR‐127‐5p 
tremendously increased miR‐127‐5p expression, which was largely 
reduced with inhibitor of miR‐127‐5p as shown in Figure 3B. Based 

on Figure 3C, inhibition of miR‐127‐5p greatly increased both 
mRNA expression and protein expression of MMP‐13, which was 
largely decreased with overexpression of miR‐127‐5p (P < 0.01). 
To summarize, miR‐127‐5p could directly target MMP‐13 and 
suppress its expression in OA. Thereafter, the relative expres‐
sion of miR‐127‐5p and MMP‐13 in both OA cartilage tissues and 
normal cartilage tissues was measured as shown in Figure 3D,E 
respectively. miR‐127‐5p expression was significantly down‐reg‐
ulated in OA cartilage tissues compared with in normal cartilage 
tissues (P < 0.01), while the expression of MMP‐13 was signifi‐
cantly higher in OA cartilage tissues than that in normal cartilage 
tissues (P < 0.01). We further performed RNA‐FISH in OA tissues 
to determine their immune‐localization. MMP‐13 was detected 
in the cytoplasm and Circ_0136474 was detected both in nu‐
cleus and cytoplasm. It showed an overlap in the expression of 
MMP‐13 and Circ_0136474, which indicated that the MMP‐13 and 
Circ_0136474 were co‐localized in the cytoplasm (Figure 3F). As 
shown in Figure 3G, overexpression of Circ_0136474 or inhibi‐
tion of miR‐127‐5p greatly increased MMP‐13 protein expression, 
which was largely reduced with si‐Circ_0136474‐2 or miR‐127‐5p 
mimics (P < 0.01). In addition, si‐Circ_2 alone suppressed protein 
expression of MMP‐13, which could be rescued to normal expres‐
sion level after co‐transfection with miR‐127‐5p inhibitor. Besides, 
p‐circ alone increased protein expression of MMP‐13, which could 
be retrieved to normal expression level after co‐transfection with 

F I G U R E  2   Circ_0136474 could 
bind to the miR‐127‐5p and suppress 
its expression. A, Visualization of 20 
different miRNAs between normal 
cartilage tissues and OA cartilage tissues 
and miR‐127‐5p was significantly down‐
regulated in OA. B, The predicted targeted 
relationship between Circ_0136474 
and miR‐127‐5p using Circular RNA 
Interactome (https ://circi ntera ctome.nia.
nih.gov/). Dual‐luciferase reporter gene 
assay verified the targeted relationship 
between Circ_0136474 and miR‐127‐5p. 
C, p‐circ could greatly up‐regulate the 
expression of Circ_0136474, which could 
be instead suppressed with the silencing 
of Circ_0136474. D, Overexpression of 
Circ_0136474 could greatly suppress 
the expression of miR‐127‐5p, which 
could otherwise be reversed with the 
knockdown of Circ_0136474. **P < 0.01 
meant that there was a significant 
difference compared with NC group

https://circinteractome.nia.nih.gov/
https://circinteractome.nia.nih.gov/
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miR‐127‐5p mimics. Taken together, Circ_0136474 sponged for 
up‐regulation of MMP‐13 in OA.

3.3 | Overexpression of Circ_0136474 promoted 
cell apoptosis yet suppressed cell proliferation by 
promoting the expression of MMP‐13 yet suppressing 
miR‐127‐5p expression

To further investigate the roles of Circ_0136474/miR‐127‐5p in 
OA progression, flow cytometry and CCK‐8 assay were adopted 
for assessment of cell apoptotic rate and cell proliferation rate re‐
spectively. As shown in Figure 4A,B, either si‐Circ_0136474‐2 or 
miR‐127‐5p mimics could restrain cell apoptosis, which could be 
instead enhanced with the overexpression of Circ_0136474 or 
miR‐127‐5p inhibitor. Figure 4C reveals that the overexpression of 

Circ_0136474 or miR‐127‐5p inhibitor could suppress cell prolifera‐
tion, which could be otherwise promoted with si‐Circ_0136474‐2 
or miR‐127‐5p mimics. Besides, the relative expression levels of 
apoptosis‐related proteins, including Bax, Bcl2 and Caspase3 were 
further detected as shown in Figure 4D,E. The overexpression of 
Circ_0136474 or miR‐127‐5p inhibitor increased the relative protein 
expression of Caspase3 and Bax yet down‐regulated the expres‐
sion of Bcl2, indicating the increase in cell apoptotic rate. In addi‐
tion, silencing of Circ_0136474 or miR‐127‐5p mimics decreased cell 
apoptotic rate by down‐regulating protein expression of Caspase3 
and Bax, while up‐regulating the expression of Bcl2. In addition, 
collagen type II, IL‐1β, TNF‐α and IL‐17 were inflammatory factors 
closely related with cell proliferation and cell apoptosis in OA. Based 
on Figure 5A, si‐Circ_0136474_2 or overexpression of miR‐127‐5p 
promoted the expression of Collagen type II, which was suppressed 

F I G U R E  3   miR‐127‐5p could bind to 
MMP‐13 and suppress its expression. 
A, The targeted relationship between 
miR‐127‐5p and MMP‐13 using Circular 
RNA Interactome (https ://circi ntera 
ctome.nia.nih.gov/) and it was verified 
by dual‐luciferase reporter gene assay. B, 
The expression of miR‐127‐5p could be 
up‐regulated with miR‐127‐5p mimics yet 
down‐regulated with miR‐127‐5p inhibitor. 
C, Overexpression of miR‐127‐5p greatly 
down‐regulated the protein expression 
of MMP‐13, which could be instead 
up‐regulated with miR‐127‐5p inhibitor. 
D, E, Relative expression of miR‐127‐5p 
and MMP‐13 was tested in the normal 
cartilage tissues and OA cartilage tissues. 
F, RNA in situ hybridization reveals the 
immune‐localization of Circ_0136474 
and MMP‐13 in OA tissues. Nuclei were 
stained with DAPI. Scale bar, 10 μm. G, 
The expression of MMP‐13 was tested 
by qRT‐PCR and Western blot. **P < 0.01 
meant that there stood a significant 
difference compared with NC group

https://circinteractome.nia.nih.gov/
https://circinteractome.nia.nih.gov/
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with overexpression of Circ_0136474 or inhibition of miR‐127‐5p 
(P < 0.01). Furthermore, si‐circ‐2 alone increased the expression of 
Collagen type II, which could be rescued to normal expression level 
after co‐transfection with miR‐127‐5p inhibitor. Besides, p‐circ alone 
decreased protein expression of MMP‐13, which could be recovered 
to normal expression level after co‐transfection with miR‐127‐5p 
mimics. Figure 5B‐D showed that si‐Circ_0136474‐2 or overexpres‐
sion of miR‐127‐5p suppressed the expression of IL‐1β, TNF‐α and 
IL‐17, which was enhanced with overexpression of Circ_0136474 or 
inhibition of miR‐127‐5p (P < 0.01).

In addition, si‐Circ_2 alone suppressed expression of IL‐1β, 
TNF‐α and IL‐17, which could be retrieved to normal expression 

level after co‐transfection with miR‐127‐5p inhibitor. Besides, p‐
circ alone up‐regulated the expression of IL‐1β, TNF‐α and IL‐17, 
which could be rescued to normal expression level after co‐trans‐
fection with miR‐127‐5p mimics. Furthermore, silencing of IL‐1β 
greatly down‐regulated the expression of MMP‐13 as shown in 
Figure 5E, indicating the potential positive feedback loop between 
IL‐1β and MMP‐13. As shown in Figure 5F,G, there might be po‐
tential positive feedback loop between IL‐17 and MMP‐13, as well 
as TNF‐α and MMP‐13. In short, overexpression of Circ_0136474 
promoted cell apoptosis yet suppressed cell proliferation by pro‐
moting the expression of MMP‐13 yet suppressing miR‐127‐5p 
expression.

F I G U R E  4   Circ_0136474 affected cell apoptosis and proliferation by down‐regulation of miR‐127‐5p. A, B, Si‐circ and miR‐127‐5p mimics 
reduced the cell apoptotic rate in OA cartilage tissues, while p‐circ and inhibitor enhanced the cell apoptotic rate markedly. C, The results 
of cell proliferation showed that si‐circ and miR‐127‐5p mimics could promote the cell proliferation and p‐circ or miR‐127‐5p inhibitor could 
suppress the cell proliferation while it was reverted by co‐transfection of si‐circ and inhibitor. D, E, The detection of expression level of 
apoptosis‐related proteins was included to ensure the effects on cell numbers in cell apoptosis were direct. *P < 0.05 and ** P < 0.01 showed 
there was a significant difference compared with NC group
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3.4 | Silencing of MMP‐13 suppressed cell apoptosis 
yet enhanced cell proliferation via down‐regulation of 
IL‐1β, TNF‐α and IL‐17 and up‐regulation of Collagen 
type II

As shown in Figure 6A,B, si‐MMP‐13‐1 and si‐MMP‐13‐2 could 
up‐regulate cell proliferation rate yet decrease cell apoptotic rate, 
which could be reversed with co‐transfection with miR‐127‐5p 
inhibitor (P < 0.01). In addition, knockdown of MMP13 largely 
decreased MMP13 expression, which was retrieved to NC after 
co‐transfection with miR‐127‐5p inhibitor (P < 0.01) as shown in 
Figure 6C. Figure 6D showed that silencing MMP‐13 increased 
the expression of Collagen type II, which was rescued to NC after 
co‐transfection with inhibitor of miR‐127‐5p (P < 0.01). Based on 

Figure 6E‐G, down‐regulation of MMP‐13 reduced the expression 
of IL‐1β, TNF‐α and IL‐17, which was rescued to NC after co‐trans‐
fection with inhibitor of miR‐127‐5p (P < 0.01). In short, silencing 
MMP‐13 suppressed cell apoptosis yet enhanced cell proliferation 
via down‐regulation of IL‐1β, TNF‐α and IL‐17 and up‐regulation of 
Collagen type II.

4  | DISCUSSION

It was unveiled by this study that both Circ_0136474 and MMP‐13 
were significantly up‐regulated, whereas miR‐127‐5p expression 
was tremendously reduced in OA cartilage tissues compared with 
normal cartilage tissues. The overexpression of Circ_0136474 

F I G U R E  5   Circ_0136474 affected expression of inflammatory cytokines by down‐regulation of miR‐127‐5p. A‐D, Relative expression of 
collagen type II, IL‐1β, TNF‐α and IL‐17 was conducted via qRT‐PCR. (E‐G) Silencing TNF‐α, Il‐17 or IL‐1β could down‐regulate the expression 
of MMP‐13. **P < 0.01 showed there was a significant difference compared with NC group
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could suppress cell proliferation yet enhance cell apoptosis by 
inhibiting miR‐127‐5p expression and enhancing MMP‐13 expres‐
sion in OA. Circ_0136474 sponged miR‐127‐5p for up‐regulation 
of MMP‐13 in OA. Knockdown of Circ_0136474 or silencing of 
MMP‐13 inhibited the expression of some inflammatory mediators, 
including IL‐1β, TNF‐α and IL‐17, while enhanced expression of col‐
lagen type II to suppress OA progression.

Circular RNAs (circRNAs), ubiquitously existing in the cyto‐
plasm of eukaryotic cells are characterized by stable structure 
and high tissue‐specific expression. The aberrant expression of 
circRNAs was always accompanied with the development and 
progression of several types of diseases, such as atherosclero‐
sis and nervous system disorders.25 Hence, circRNAs might well 
be selected as therapeutic targets, as well as new biomarkers. 
The circRNAs could regulate the expression of the mRNA by re‐
ducing the inhibitory effect of miRNAs.26 Our result revealed 

that Circ_0136474 was highly expressed in OA cartilage tissues 
compared with normal cartilage tissues and played its role in the 
cytoplasm. In addition, the overexpression of Circ_0136474 sup‐
pressed cell proliferation yet enhanced cell apoptosis by regulat‐
ing inflammatory mediators and collagen type II in OA, which was 
similar to the stimulative roles of Circ_Atp9b in OA progression.6

miRNAs controlled a large set of biological processes through 
direct interaction with their target mRNAs. This regulation could 
occur by repressing the translation or by triggering the degrada‐
tion of its target mRNAs. Previous studies showed that miRNAs 
played significant roles in the treatment of tumour.19 Our re‐
sults showed that miR‐127‐5p was lowly expressed in OA carti‐
lage tissues compared with normal cartilage tissues, indicating 
the suppressive role of miR‐127‐5p in OA progression. Targeting 
MALAT1 to rescue miR‐127‐5p expression in OA might inhibit 
chondrocyte proliferation through miR‐127‐5p‐mediated OPN 

F I G U R E  6   Circ_0136474 inhibited 
miR‐127‐5p to promote MMP‐13 
expression in OA cartilage tissues. A, 
Si‐MMP‐13‐1 and si‐MMP‐13‐2 reduced 
cell apoptotic rate in OA cartilage 
tissues. B, The results of cell proliferation 
rate showed that si‐MMP‐13‐1 and 
si‐MMP‐13‐2 could promote the cell 
proliferation, while it was reverted by co‐
transfection of inhibitor and si‐MMP‐13. 
C, It was verified that si‐MMP‐13‐1 and 
si‐MMP‐13‐2 could down‐regulate the 
expression of MMP‐13, which could 
be rescued to normal level with co‐
transfection of inhibitor. D‐G, Relative 
expression of collagen type II, IL‐1β, 
TNF‐α and IL‐17 was performed via qRT‐
PCR. *P < 0.05 and ** P < 0.01 showed 
that there was a significant difference 
compared with NC group
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regulation and downstream PI3K/AKT pathway.27 Based on lat‐
est research, miR‐27b was identified as a potential regulator of 
MMP‐13 expression in human chondrocytes by demonstrating its 
modulation by IL‐1β in human chondrocytes.28 Furthermore, it was 
reported that IL‐1β and TNF‐α were the two most potent cata‐
bolic factors that increased the production of inflammatory me‐
diators and the expression of MMPs in chondrocytes.29 miR‐181b 
was a negative regulator of cartilage development and in vitro 
attenuation reduced MMP‐13 expression while inducing collagen 
type II expression.30 miR‐127‐5p promoted cell proliferation yet 
suppressed cell apoptosis by down‐regulation of MMP‐13 in OA, 
which was in line with results previously reported. In addition, 
knockdown of MMP‐13 inhibited the expression of some inflam‐
matory mediators, including IL‐1β, TNF‐α and IL‐17, which meant 
that MMP‐13 could promote the expression of those inflammatory 
mediators above‐mentioned. Besides, silencing inflammatory me‐
diators, such as IL‐1β, TNF‐α and IL‐17 could greatly down‐regu‐
late MMP‐13 to affect OA progression, indicating that the positive 
feedback loop may exist between MMP‐13 and inflammatory me‐
diators and it will provide us with new insight into regulatory re‐
lationships between inflammatory mediators and MMP‐13, as well 
as other matrix metalloproteinases in OA progression. In addition, 
the cascade of Circ_0136474/miR‐127‐5p/MMP‐13 in regulating 
cell proliferation and cell apoptosis in OA was illuminated prelim‐
inarily in our study.

However, there were also some limitations which should never 
be overlooked. The samples were not big enough for further veri‐
fication of Circ_0136474/miR‐127‐5p/MMP‐13 in OA progression. 
Furthermore, the majority of experiments was carried out at the 
molecular level and cellular level, in vivo experiments were also re‐
quired for further validation. In addition, it was not clear what re‐
ally affected the expression alternation of Circ_0136474 and what 
the direct upstream or downstream targets of Circ_0136474/
miR‐127‐5p/MMP‐13 might be in regulating the pathologies of OA. 
In addition, relative expression change in ASH2L mRNA and pro‐
tein between OA cartilage tissues and normal cartilage tissues was 
not illuminated, which was not enough for the elucidation of the 
relationships between ASH2L and Circ_0136474 in OA. However, 
this part of experiment will be involved in further studies for fur‐
ther validation of roles of Circ_0136474/miR‐127‐5p/MMP‐13 in 
OA progression. Last, diagnosis and treatment of OA is far more 
sophisticated than our expectations. Therefore, it really does mat‐
ter to identify new circRNAs, miRNAs and mRNAs, as well as in‐
terpret the mechanisms underlying. In short, Circ_0136474 could 
suppress cell proliferation yet enhance cell apoptosis by inhibiting 
miR‐127‐5p expression and enhancing MMP‐13 expression in OA.

ETHIC S APPROVAL AND CONSENT TO 
PARTICIPATE

This study was authorized by Peking University First Hospital and 
written informed consents were obtained from all the participants.

CONFLIC T OF INTERE S T

No conflict of interest exits in the submission of this manuscript.

DATA AVAIL ABILIT Y S TATEMENT

The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID

Zhenpeng Guan  https://orcid.org/0000‐0002‐4487‐7918 

R E FE R E N C E S

 1. Blaney Davidson EN, Vitters EL, Bennink MB, et al. Inducible chon‐
drocyte‐specific overexpression of BMP2 in young mice results in 
severe aggravation of osteophyte formation in experimental OA with‐
out altering cartilage damage. Ann Rheum Dis. 2015;74:1257‐1264.

 2. Loeser RF, Goldring SR, Scanzello CR, Goldring MB. Osteoarthritis: a 
disease of the joint as an organ. Arthritis Rheum. 2012;64:1697‐1707.

 3. Wojdasiewicz P, Poniatowski LA, Szukiewicz D. The role of inflam‐
matory and anti‐inflammatory cytokines in the pathogenesis of os‐
teoarthritis. Mediators Inflamm. 2014;2014:1‐19.

 4. Neogi T, Zhang Y. Epidemiology of osteoarthritis. Rheum Dis Clin 
North Am. 2013;39:1‐19.

 5. Bijlsma JW, Berenbaum F, Lafeber FP. Osteoarthritis: an update 
with relevance for clinical practice. Lancet. 2011;377:2115‐2126.

 6. Zhou Z‐B, Du DI, Huang G‐X, Chen A, Zhu L. Circular RNA Atp9b, a 
competing endogenous RNA, regulates the progression of osteoar‐
thritis by targeting miR‐138‐5p. Gene. 2018;646:203‐209.

 7. Li Y, Zheng Q, Bao C, et al. Circular RNA is enriched and stable in 
exosomes: a promising biomarker for cancer diagnosis. Cell Res. 
2015;25:981‐984.

 8. Zhang H‐D, Jiang L‐H, Sun D‐W, Hou J‐C, Ji Z‐L. CircRNA: a novel 
type of biomarker for cancer. Breast Cancer. 2018;25:1‐7.

 9. Song J, Jin E‐H, Kim D, Kim KY, Chun C‐H, Jin E‐J. MicroRNA‐222 
regulates MMP‐13 via targeting HDAC‐4 during osteoarthritis 
pathogenesis. BBA Clin. 2015;3:79‐89.

 10. Jones SW, Watkins G, Le Good N, et al. The identification of differ‐
entially expressed microRNA in osteoarthritic tissue that modulate 
the production of TNF‐alpha and MMP13. Osteoarthritis Cartilage. 
2009;17:464‐472.

 11. Okuhara A, Nakasa T, Shibuya H, et al. Changes in microRNA ex‐
pression in peripheral mononuclear cells according to the progres‐
sion of osteoarthritis. Mod Rheumatol. 2012;22:446‐457.

 12. Shoichi I, Kiyoshi M, Hirotaka K, Toshifumi T, Kiichi A, Hideo S. 
Calcium is essential for both the membrane binding and lytic activ‐
ity of pore‐forming protein (perforin) from cytotoxic T‐lymphocyte. 
Mol Immunol. 1990;27:803‐807.

 13. Yuan Y, Tan H, Dai P. Kruppel‐Like factor 2 regulates deg‐
radation of Type II Collagen by suppressing the expression 
of matrix Metalloproteinase (MMP)‐13. Cell Physiol Biochem. 
2017;42:2159‐2168.

 14. Goldring MB, Otero M, Plumb DA, et al. Roles of inflammatory and 
anabolic cytokines in cartilage metabolism: signals and multiple ef‐
fectors converge upon MMP‐13 regulation in osteoarthritis. Eur Cell 
Mater. 2011;21:202‐220.

 15. Li H, Wang D, Yuan Y, Min J. New insights on the MMP‐13 regula‐
tory network in the pathogenesis of early osteoarthritis. Arthritis 
Res Ther. 2017;19:248.

https://orcid.org/0000-0002-4487-7918
https://orcid.org/0000-0002-4487-7918


6564  |     LI et aL.

 16. Ma C‐H, Wu C‐H, Jou I‐M, et al. PKR activation causes inflamma‐
tion and MMP‐13 secretion in human degenerated articular chon‐
drocytes. Redox Biol. 2018;14:72‐81.

 17. Philipot D, Guérit D, Platano D, et al. p16INK4a and its regulator 
miR‐24 link senescence and chondrocyte terminal differentiation‐
associated matrix remodeling in osteoarthritis. Arthritis Res Ther. 
2014;16:R58.

 18. Sato T, Konomi K, Yamasaki S, et al. Comparative analysis of gene 
expression profiles in intact and damaged regions of human osteo‐
arthritic cartilage. Arthritis Rheum. 2006;54:808‐817.

 19. Park SJ, Cheon EJ, Lee MH, et al. MicroRNA‐127‐5p regulates 
matrix metalloproteinase 13 expression and interleukin‐1beta‐in‐
duced catabolic effects in human chondrocytes. Arthritis Rheum. 
2013;65:3141‐3152.

 20. Xu N, Zhang L, Meisgen F, et al. MicroRNA‐125b down‐regulates 
matrix metallopeptidase 13 and inhibits cutaneous squamous cell 
carcinoma cell proliferation, migration, and invasion. J Biol Chem. 
2012;287:29899‐29908.

 21. Oh H, Kwak JS, Yang S, et al. Reciprocal regulation by hypoxia‐in‐
ducible factor‐2alpha and the NAMPT‐NAD(+)‐SIRT axis in articular 
chondrocytes is involved in osteoarthritis. Osteoarthritis Cartilage. 
2015;23:2288‐2296.

 22. Kulcheski FR, Christoff AP, Margis R. Circular RNAs are miRNA 
sponges and can be used as a new class of biomarker. J Biotechnol. 
2016;238:42‐51.

 23. Yao J‐T, Zhao S‐H, Liu Q‐P, et al. Over‐expression of CircRNA_100876 
in non‐small cell lung cancer and its prognostic value. Pathol Res 
Pract. 2017;213:453‐456.

 24. Si F, Sun J, Wang C. MicroRNA‐138 suppresses cell proliferation in 
laryngeal squamous cell carcinoma via inhibiting EZH2 and PI3K/
AKT signaling. Exp Ther Med. 2017;14:1967‐1974.

 25. Liu Q, Zhang X, Hu X, et al. Emerging roles of circRNA related to the 
mechanical stress in human cartilage degradation of osteoarthritis. 
Mol Ther Nucleic Acids. 2017;7:223‐230.

 26. Zheng F, Yu X, Huang J, Dai Y. Circular RNA expression profiles 
of peripheral blood mononuclear cells in rheumatoid arthritis pa‐
tients, based on microarray chip technology. Mol Med Rep. 2017;16: 
8029‐8036.

 27. Liang J, Xu LI, Zhou F, et al. MALAT1/miR‐127‐5p regulates 
Osteopontin (OPN)‐Mediated proliferation of human chon‐
drocytes through PI3K/Akt pathway. J Cell Biochem. 2018;119: 
431‐439.

 28. Akhtar N, Rasheed Z, Ramamurthy S, Anbazhagan AN, Voss FR, 
Haqqi TM. MicroRNA‐27b regulates the expression of matrix metal‐
loproteinase 13 in human osteoarthritis chondrocytes. Arthritis 
Rheum. 2010;62:1361‐1371.

 29. Guo JY, Li F, Wen YB, et al. Melatonin inhibits Sirt1‐dependent 
NAMPT and NFAT5 signaling in chondrocytes to attenuate osteo‐
arthritis. Oncotarget. 2017;8:55967‐55983.

 30. Nugent M. MicroRNAs: exploring new horizons in osteoarthritis. 
Osteoarthritis Cartilage. 2016;24:573‐580.

SUPPORTING INFORMATION

Additional supporting information may be found online in the 
Supporting Information section at the end of the article.  

How to cite this article: Li Z, Yuan B, Pei Z, et al. Circ_0136474 
and MMP‐13 suppressed cell proliferation by competitive 
binding to miR‐127‐5p in osteoarthritis. J Cell Mol Med. 
2019;23:6554–6564. https ://doi.org/10.1111/jcmm.14400 

https://doi.org/10.1111/jcmm.14400

