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LncRNA MALAT1/MiR-145 Adjusts  
IL-1β-Induced Chondrocytes Viability  
and Cartilage Matrix Degradation  
by Regulating ADAMTS5 in Human Osteoarthritis

Chengyao Liu1, Shan Ren1, Shifeng Zhao2, and Yandong Wang3

Departments of 1Bone and Joint Surgery and 2Dermatology, The Sixth People’s Hospital of Ji’nan City  
(Zhangqiu People’s Hospital affiliated to Jining Medical University), Shandong; 
3Department of Orthopedics, the Forth Hospital of Yulin (Xingyuan Hospital), West Yulin, Shaanxi, China.

Purpose: Accumulating evidence suggests that microRNA-145 (miR-145) plays an important role in osteoarthritis (OA), which is a 
chronic progressive joint disease. Long noncoding RNA metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) pro-
motes metastasis in cancers and functions as a sponge for miR-145. However, the role of MALAT1/miR-145 in OA pathogenesis 
has not yet been elucidated. 
Materials and Methods: The expression of MALAT1 and miR-145 was examined by quantitative real-time PCR; the interaction 
between miR-145, MALAT1 and a disintegrin and metalloproteinase with thrombospondin motifs (ADAMTS) 5 was verified by lu-
ciferase reporter assay. Correlations among MALAT1, miR-145, and ADAMTS5 were analyzed by Spearman rank analysis. Chondro-
cytes viability and cartilage extracellular matrix (ECM) degradation were investigated with cell viability assay and Western blotting 
analyzing expression of ADAMTS5, collagen type 2 alpha 1 (COL2A1), aggrecan (ACAN), and cartilage oligomeric matrix protein 
(COMP). 
Results: MALAT1 was upregulated, and miR-145 was downregulated in OA samples and IL-1β-induced chondrocytes. Mechani-
cally, miR-145 could directly bind to MALAT1 and ADAMTS5. Moreover, miR-145 expression was negatively correlated with  
MALAT1 and ADAMTS5 expression in OA patients, whereas MALAT1 and ADAMTS5 expression was positively correlated. Func-
tionally, overexpression of MALAT1 inhibited chondrocyte viability and promoted cartilage ECM degradation in IL-1β-induced 
chondrocytes. In support thereof, MALAT1 silencing and miR-145 upregulation exerted the opposite effect in IL-1β-induced 
chondrocytes. Moreover, the effect of MALAT1 was counteracted by miR-145 upregulation, and ADAMTS5 restoration could 
abate miR-145 effects.
Conclusion: An MALAT1/miR-145 axis contributes to ECM degradation in IL-1β-induced chondrocytes through targeting AD-
AMTS5, suggesting that MALAT1/miR-145/ADAMTS5 signaling may underlie human OA pathogenesis. 
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INTRODUCTION

Osteoarthritis (OA), also called chronic progressive joint dis-
ease1 or degenerative arthritis,2 is caused by various factors and 
may lead to chronic disability. OA is very common in older adults. 
The main characteristic of OA is the destruction of articular car-
tilage3 due to the degeneration of cartilage extracellular matrix 
(ECM) and the loss of polyproteoglycans, such as a disintegrin 
and metalloproteinase with thrombospondin motifs (ADAMTS) 5, 
which belongs to the ADAMTS family.4 The family of aggrecan-
ases comprises the main degradation enzymes of proteoglycans 
in cartilage matrix,5 of which ADAMTS5 is the major metallopro-
teinase6 and positively correlated with articular cartilage degra-
dation.7 Accordingly, gaining a deeper understanding of8 and 
searching for new molecular mechanisms and therapeutic strat-
egies towards ADAMTS5 have become increasingly important.

MicroRNAs (miRNAs) are a series of small non-coding endog-
enous RNAs about 18–22 nucleotides in length9 that often have 
been found to negatively regulate protein-coding gene expres-
sion10 by commonly complementary binding to the 3’ untrans-
lated regions (3’ UTR) of specific mRNA targets.9 Previous stud-
ies have indicated that miRNAs could be useful in searching 
diagnostic biomarkers,11 as well as providing novel therapeutic 
targets12 for intervention in OA. For example, miRNA-145 (miR-
145) has been shown to regulate chondrocyte homeostasis.13 
MiR-145 is implicated in cartilage dysfunction in OA. A previ-
ous study reported that miR-145 regulates MKK4,14 SMAD3,13 
Sox9,15 and TNFRSF11B16 expression by targeted binding in OA. 
However, whether miR-145 modulates ADAMTS5 expression 
by directly binding in OA tissues and cultured chondrocytes is 
unclear. 

MiRNAs display functions in cellular events, which are ubiq-
uitously mediated by long non-coding RNAs (lncRNAs) spong-
ing.17 LncRNAs are a cluster of non-coding endogenous RNAs 
over 200 nucleotides in length18 and take part in regulating key 
cellular processes,11 such as proliferation, apoptosis, and differ-
entiation. Recently, studies have been confirmed that lncRNA 
plays important roles in the development of inflammation-re-
lated diseases,19,20 such as rheumatoid arthritis,21 septicemia,22 
and OA.19 LncRNA metastasis-associated lung adenocarcinoma 
transcript 1 (MALAT1) has been implicated drug resistance23 
and migration24 in cancer and has been found to have protective 
effects in cardiomyocytes25 and angiogenesis.26 Also, research 
has indicated that MALAT1/miRNA sponges exist extensively 
among cancers.27-31 However, the function of MALAT1 in OA has 
not been elucidated. 

Cytokines are involved in the pathogenesis of OA,20 for exam-
ple IL-1β and TNF-α. High expression of IL-1β is usually in-
volved in OA progression.32 Evidence further suggests that IL-1β 
regulates the expression of ADAMTS433 and ADAMTS534 in 
chondrocytes in OA. Compared with normal cartilage, ADAMTS5 
is the most upregulated gene in human OA cartilage.35 Thus, 
there may a link between MALAT1, miR-145, and ADAMTS5 

that has not yet been fully clarified.
In this study, we investigated the expression levels of MALAT1, 

miR-145, and ADAMTS5 in OA tissues and cells and correlations 
among them. MALAT1 upregulation attenuated cell viability 
and expression of cartilage ECM-related proteins collagen type 
2 alpha 1 (COL2A1), aggrecan (ACAN) and cartilage oligomeric 
matrix protein (COMP) were accompanied by decreased miR-
145 expression. MiR-145 sequestered the effects of MALAT1 
and ADAMTS5, likely by targeting binding. Our data suggest 
that a MALAT1/miR-145/ADAMTS5 axis could be an important 
pathway in OA progression, potentially holding novel clinical 
implications in clinical diagnosis of and treatment strategies 
for OA.

MATERIALS AND METHODS

Patients and tissue samples
This study was approved by the Research Ethics Committee of 
the Forth Hospital of Yulin (Xingyuan Hospital), and written in-
formed consent was obtained from all patients. Cartilage tissues 
from 24 OA patients (age 65.8±8.5 years) were obtained from the 
Forth Hospital of Yulin (Xingyuan Hospital). Normal cartilage 
tissues were collected from 11 patients (age 44.3±6.5 years) who 
underwent amputation without a history of OA or rheumatoid 
arthritis. The diagnoses of these people were made according 
to the American College of Rheumatology criteria. Samples 
were immediately frozen and stored in liquid nitrogen.      

Cell line and culture
Chondrocytes were isolated from OA cartilage tissues, as previ-
ously described.13 In brief, cartilage samples were cut into small 
chippings, followed by being subjected to digestion with 0.1% 
trypsin (Invitrogen, Carlsbad, CA, USA) for 30 min and then with 
0.2% collagenase II  (MilliporeSigma, Billerica, MA, USA) in high-
glucose Dulbecco’s modified Eagle’s medium (H-DMEM) (Hy-
Clone, Logan, UT, USA) for 10 h at 37°C with stirring every 1 h. 
After centrifugation, chondrocytes were obtained and cultured 
in H-DMEM containing 10% (v/v) fetal bovine serum (HyClone), 
and 1% antibiotics (80 U/mL penicillin and 80 μg/mL streptomy-
cin) (Invitrogen) at 37°C in an atmosphere of 5% CO2. The prima-
ry culture was for 7 days, and secondary cultures were seeded 
onto 6-well plates (Corning, NY, USA) or 35-mm plates (Corn-
ing) for further study.  

Transient transfection
For overexpression, MALAT1 and ADAMTS5 CDS were am-
plified and cloned into the multiple cloning site (MCS) of the 
pcDNA3.1 vector (Invitrogen). Small interfering RNA (siRNA) 
against MALAT1 (si-MALAT1), miR-145 mimics, and inhibitors 
were purchased from Ribobio Co. (Guangzhou, China). Sequenc-
es were as follows: si-MALAT1, 5’-GAGGUGUAAAGGGAU 
UUAUTT-3’; and si-MALAT1 #2, 5’-AUAAAUCCCUUUACACC 
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UCTT-3’. 
Cell transfection with oligonucleotides or plasmids into chon-

drocytes was performed by Lipofectamine 2000 reagent (Invi-
trogen) according to the manufacturer’s instructions. Cells were 
subsequently cultured about 48 h for further study.

IL-1β-stimulated chondrocytes
Chondrocytes secondary cultured were exposed into medium 
containing recombinant human IL-1β (R&D Systems, Minneap-
olis, MN, USA). Pretreatment with serum-free for 16 h, chondro-
cytes were stimulated with 5, 10 ng/mL IL-1β for 24 h. The follow-
ing experiments are based on the subline cells IL-1β-stimulated 
chondrocytes, such as cell viability assay and Western blotting 
to detect functions of miR-145 and ADAMTS5.

Dual-luciferase reporter assay
Artificially synthesized MALAT1 wild-type and mutant-type 
(namely MALAT1-WT/MUT) and ADAMTS5 3’ UTR wild-type 
and mutant-type (ADAMTS5-WT/MUT) constructs containing 
the putative binding sites of miR-145 were cloned into pGL3-
basic vectors (Promega, Madison, WI, USA) behind the lucifer-
ase gene, respectively. Following restriction endonuclease di-
gestion, the target fragment was inserted into the pGL3 reporter 
plasmid. Chondrocytes were cultivated in 24-well plates (Corn-
ing) and co-transfected with either MALAT1-WT/MUT or AD-
AMTS5-WT/MUT and either miR-145/NC mimics or inhibitors 
for 48 h. The plasmid phRL-tk (used as internal control) con-
taining the Renilla luciferase gene was purchased from Prome-
ga and co-transfected with recombinant pGL3-basic vectors. 
Cells were collected and analyzed with a dual-luciferase report-
er assay system (Promega), according to the manufacturer’s in-
structions. The relative luciferase activity was the ratio of Firefly 
to Renilla luciferase activity.  

RNA isolation and quantitative real-time PCR 
Total RNA from OA tissues and cultured chondrocytes was ex-
tracted with TRIzol reagent (Thermo Fisher Scientific, Waltham, 
MA, USA) following the manufacturer’s protocol. The concen-
tration and purity of total RNA was examined using a NanoDrop 
2000 spectrophotometer (Thermo Fisher Scientific). 

Reverse transcription to cDNA depended on a reverse tran-
scription kit (Abcam, Cambridge, UK). The amplification of 
cDNA was performed by SYBR Premix Ex Taq Master Mix (2×) 
(Takara, Mountain View, CA, USA) supplemented with ROX ref-
erence Dye II on an Applied Biosystems 7500 Real-Time PCR 
System (Thermo Fisher Scientific). The reaction system (20 μL) 
included 10.0 μL of SYBR Premix Ex Taq Master Mix (2×), 0.8 μL 
each of forward and reverse primers (10 μM), 2.0 μL of cDNA 
(<500 ng), and 6.4 μL of nuclease free-H2O. The real-time PCR 
program was as follows: 95°C for 3 min, followed by 40 cycles at 
94°C for 15 s, 60°C for 30 s, 72°C for 20 s, and then 4°C for 10 min. 
The expression levels of MALAT1 and mature miR-145 were cal-
culated by 2−ΔΔCT methods with normalization to glyceraldehyde-

3-phosphate dehydrogenase (GAPDH) and U6 small nuclear 
RNA (U6), respectively. Primers were as follows: MALAT136: 
5’-ATGCGAGTTGTTCTCCGTCT-3’ (forward) and 5’-TATCTG 
CGGTTTCCTCAAGC-3’ (Reserve); miR-14537: 5’-TCCAGTTT 
TCCCAGGAATCCCT-3’ (forward) and 5’-CGCTTCACGAATT 
TGCGTGTCAT-3’ (Reserve); GAPDH37: 5’-GTCAACGGATTT 
GGTCTGTATT-3’ (forward) and 5’-AGTCTTCTGGGTGGCAG 
TGAT-3’ (Reserve); U637: 5’-GCTTCGGCAGCACATATACTAA 
AAT-3’ (forward) and 5’-CGCTTCACGAATTTGCGTGTCAT-3’ 
(Reserve). 

Cell viability assay
Cell viability was assayed using (4-5-dimethylthiazol-2-yl)-2, 
5-diphenyl tetrazolium bromide (MTT) assay.38 Cultured chon-
drocytes with different treatments were incubated in 96-well 
plates (Corning) at a cell density of 1×105 cells per well in 150 μL 
of medium for 24 h prior to insult with 5 mg/mL of MTT (Sig-
ma-Aldrich, St. Louis, MO, USA) for another 4 h, followed by 
the addition of 150 μL of DMSO (Sigma-Aldrich) to dissolve the 
generated formazan crystals. Absorbance at a wavelength of 490 
nm was detected using a microplate reader.

Western blotting
Total protein from cultured chondrocytes was extracted with 
RIPA Reagent (Beyotime Institute of Biotechnology, Jiangsu, 
China) and analyzed by Western blotting. The concentrations of 
total protein were measured with BCA reagent (Beyotime Insti-
tute of Biotechnology). 20 μg total protein was loaded on 8–10% 
sodium dodecyl sulfate polyacrylamide gel electrophoresis, 
and after 120 min, proteins were transferred onto a polyvinyli-
dene fluoride membrane (MilliporeSigma), which was blocked 
with 5% nonfat milk for another 2 h at room temperature or over-
night at 4°C. Then, membranes were incubated with primary 
antibody against ADAMTS5 (1:200 dilution; Sigma-Aldrich), CO-
L2A1 (1:2500 dilution, Abcam, Cambridge, UK), ACAN (1:200 di-
lution, Abcam), COMP (1:200 dilution, Abcam), GAPDH (1:5000; 
Cell Signaling Technology, Danvers, MA, USA) overnight at 4°C. 
GAPDH was used as an internal loading control. After being in-
cubated with horseradish peroxidase-conjugated secondary 
antibody (Santa Cruz, Dallas, TX, USA) at room temperature for 
1 h, the membranes were visualized using enhanced chemilumi-
nescence assay (MilliporeSigma) on a chemiluminescence in-
strument. The quantification analysis was conducted using Im-
age J 1.8.0 (The National Institutes of Health, Bethesda, MD, USA).

Statistical analysis
Data are presented as means±SD. Statistical significance was 
determined by Mann-Whitney U test. The correlation between 
the expression of MALAT1, miR-145, and ADAMTS5 was exam-
ined by Spearman rank analysis using SPSS 16.0 software (SPSS 
Inc., Chicago, IL, USA). p<0.05 was considered significant. 
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RESULTS

MiR-145 expression is negatively correlated with 
MALAT1 in OA patients
MiR-145 plays important roles in OA progression,13-15 and MALAT 
displays cellular functions by inhibiting miR-145 expression28-31 
by target binding. To identify the potential role of MALAT1 and 
miR-145 in OA, we first checked their expression levels in sam-
ples derived from 11 normal tissues and 24 OA cartilage tissues 
using quantitative real-time PCR (qRT-PCR). Compared with 
normal, MALAT1 expression was increased (Fig. 1A) in OA sam-
ples, while miR-145 was decreased (Fig. 1B). Also, the expres-
sion of MALAT1 was negatively correlated with miR-145 (Fig. 1C) 
as analyzed by Spearman rank analysis. These results suggest 
that MALAT1/miR-145 might be involved in OA.  

MALAT1 directly targets miR-145 in OA
To further clarify the relationship between MALAT1 and miR-145, 
we used starBase (http://starbase.sysu.edu.cn/) to predict po-
tential binding sites. As shown in Fig. 2A, the GGAAAACTGGAA 
region in MALAT1 was a candidate binding site of miR-145. To 
confirm this, the dual-luciferase reporter system was applied. 
As was shown in Fig. 2B, the relative luciferase activity decreased 
by about 60% in cells co-transfected with MALAT1-WT and 
miR-145 mimics, while there was no significant difference in 
MALAT1-MUT cells, compared to miR-NC mimics. Relative lu-
ciferase activity increased about 80% (Fig. 2C) in cells co-trans-
fected with MALAT1-WT and miR-145 inhibitors, while there 
was no significant difference in MALAT1-MUT cells, compared 
to miR-NC inhibitors. Next, we checked whether MALAT1 could 
affect miR-145 expression. We used siRNA to knockdown MALAT1 
in cultured chondrocytes (Fig. 2D) and found that miR-145 ex-
pression was upregulated over three-fold in cells treated with 
si-MALAT1 (Fig. 2E) using qRT-PCR. Instead, MALAT1 overex-
pression (Fig. 2F) could decrease miR-145 expression (Fig. 2G). 
These results demonstrated that MALAT1 inhibited miR-145 
expressions through direct binding.

MALAT1 modulates cell viability and cartilage ECM 
degradation via miR-145 in IL-1β-induced chondrocytes
To explore the effect of MALAT1 in OA, we treated chondrocytes 
with 10 ng/mL of IL-1β to mimic human OA.7,13 First, MALAT1 
and miR-145 expression induced by IL-1β was tested. As Fig. 3A 
and B showed, IL-1β stimulated MALAT1 upregulation and 
miR-145 downregulation simultaneously, and this affect was 
dose-dependent. Secondary, the effect of MALAT1 on cell via-
bility was measured with MTT assay. MALAT1 impaired cell 
viability in IL-1β-induced chondrocytes (Fig. 3C); conversely, 
siMALAT1 boosted chondrocytes viability. Also, the absorbance 
of si-MALAT1 chondrocytes and MALAT1 chondrocytes showed 
significant differences at 24 h, 48 h, and 72 h, compared with 
that in IL-1β-induced chondrocytes (ctrl). Interestingly, upon 
co-transfection of miR-145 mimics, the cells exhibited higher 
cell viability (Fig. 3D) at 48 h and 72 h than MALAT1 cells. This 
suggested that miR-145 reversed the effect of MALAT1 on an-
ti-proliferation in IL-1β-induced chondrocytes. Considering that 
ADAMTS5, COL2A1, ACAN, and COMP are the biomarkers of 
cartilage ECM, we checked their expression by Western blotting. 
ADAMTS5 was upregulated in IL-1β treatment; while COL2A1, 
ACAN, and COMP were lower. MALAT1 induced ADAMTS5 ex-
pression, whereas si-MALAT reversed this greatly. Moreover, 
the effects of MALAT1 on COL2A1, ACAN, and COMP were in 
opposition to that on ADAMTS5 (Fig. 3E). The quantification 
and normalization of ADAMTS5, COL2A1, ACAN, and COMP 
expression levels were conducted on Image J software (Fig. 3F 
and G). Promisingly, miR-145 rescued ECM-related protein ex-
pressions induced by MALAT1 (Fig. 3H and I). ADAMTS5 ex-
pression was ameliorated with co-expression of miR-145 mim-
ics. Similarly, COL2A1, ACAN, and COMP expression was restored 
by miR-145. These data indicated that overexpression of MALAT1 
elicits the anti-proliferation and pro-degradation effects of ECM 
stimulated by IL-1β, and the effects could be reversed by miR-
145. Further, we supposed that MALAT1 and IL-1β upregulate 
ADAMTS5 synergistically in OA.

Expression correlation of ADAMTS5 with MALAT1 
and miR-145 in OA samples 
Expecting that ADAMTS5 would be promoted by MALAT1 and 

Fig. 1. The roles of MALAT1 and miR-145 in osteoarthritis (OA) samples. (A and B) qRT-PCR showed increased MALAT1 and decreased miR-145 in OA 
samples, compared with that in normal cartilage tissues. (C) Spearman rank analysis revealed a negative correlation between MALAT1 and miR-145 ex-
pression. *p<0.05.  
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overturned by miR-145, we wondered whether any correlation 
between ADAMTS5, MALAT1, and miR-145 would be discern-
ible. Thus, expressions of MALAT1, miR-145, and ADAMTS5 
were estimated in OA samples, and correlation analysis was 
performed. The results revealed a positive linear correlation 

(Fig. 4B) between ADAMTS5 and MALAT1 and a negative lin-
ear correlation (Fig. 4A) between ADAMTS5 and miR-145. This 
indicated that MALAT1/ADAMTS5 plays a complicated and vi-
tal role in OA pathological mechanisms.    

Fig. 2. MALAT1 attenuates miR-145 expression by target binding. (A) According to starBase, there was a conserved complementary binding site of miR-
145 in MALAT1. The mutant of MALAT1 wild-type (MALAT1-WT) is presented and named as MALAT1-MUT. (B and C) Transfection of miR-145 mimics/in-
hibitors distinctly decreased/facilitated the luciferase activity of MALAT1-WT chondrocytes. Expression level of MALAT1 and miR-145 in chondrocytes 
transfected with (D and E) siRNAs against MALAT1 (si-MALAT1 #1 and 2) or (F and G) pcDNA3.1-MALAT1 (MALAT1) vector. Data represent means±SD. 
*p<0.05.  
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ADAMTS5 is a direct target of miR-145
As we found MALAT1 suppresses miR-145 and promotes AD-
AMTS5 in OA tissues and/or IL-1β-induced chondrocytes, we 
continued to research the interaction of miR-145 and ADAMTS5. 
First, as shown in Fig. 5A, ADAMTS5 and miR-145 owned two 
complementary combining regions in nature, and the GAU-
AACUGGA region and ACUGGA region in ADAMTS5 were can-
didate binding sites of miR-145. Accordingly, we mutated both 
regions in pGL3-basic. Subsequent dual-luciferase report as-
say validated that miR-145 targets and binds to ADAMTS5 (Fig. 
5B and C). The interplay of each other was analyzed by West-
ern blotting and qRT-PCR. ADAMTS5 protein (Fig. 5D and E) 
and mRNA levels (Fig. 5F and G) were reduced because of 
miR-145 mimics and elevated because of miR-145 knockdown. 
These results demonstrated that miR-145 sequesters ADAMTS5 
through targeted binding.  

MALAT1/miR-145 modulates IL-1β-induced chon-
drocyte viability and cartilage ECM degradation via 
ADAMTS5 
MALAT1, miR-145, and ADAMTS5 worked with each other in 
a manner of linear dependence. More experiments were de-
signed and conducted to identify the impact of MALAT1/miR-

145 on ADAMTS5 in IL-1β-induced chondrocytes. Cell viabil-
ity assay revealed that ADAMTS5 impairs miR-145 viability (Fig. 
6A). Western blotting assay suggested that ADAMTS5 reduced 
COL2A1, ACAN, and COMP upregulation modulated by miR-
145 (Fig. 6B-D). Also, miR-145 downregulated ADAMTS5 and 
upregulated COL2A1, ACAN, and COMP in IL-1β-induced 
chondrocytes (Fig. 6B-D). These tests demonstrated that AD-
AMTS5 affects MALAT1/miR-145 cellular functions, including 
cell viability and cartilage matrix homeostasis. 

DISCUSSION

OA has always been one of the most leading non-fatal burden 
of life all over the world.39 LncRNAs and miRNAs have garnered 
increasing attention in OA pathogenesis and progression recent-
ly.40,41 In this report, we identified MALAT1 expression as being 
higher and miR-145 expression as being lower in OA tissues and 
cultured cells. We also demonstrated that MALAT1 downregu-
lates miR-145 likely via direct binding and is upregulated by IL-1β 
in chondrocytes. Meanwhile, miR-145 suppressed ADAMTS5 
possibly by target binding and was inhibited by IL-1β in chon-
drocytes. Moreover, MALAT1 contributed to anti-proliferation 
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and cartilage ECM degradation, which was reversed by miR-145: 
miR-145 protected cell viability and cartilage matrix stability, 
which was canceled by ADAMTS5. In conclusion, MALAT1 mod-
ulated IL-1β-induced chondrocyte viability and cartilage ECM 
degradation via miR-145/ADAMTS5 axis. 

Accumulating evidence suggests that multiple lncRNAs are 
involved in the pathogenesis of OA. For example, synovial flu-
id-derived exosomal lncRNA PCGEM142 was shown to be a bio-
marker for analyzing the different stages of OA. MALAT1 has 
been shown to affect drug resistance and migration in cancer23,43 
and to exert protective effects in cardiomyocytes25 and angio-

genesis.26,44 However, there have been no research investigating 
the role of MALAT1 in OA. In our study, we found that MALAT1 
was detrimental to cell viability and aggravated cartilage ma-
trix degradation in OA. Overexpression of MALAT1 attenuated 
the cell viability, and knockdown of MALAT1 greatly improved 
cell viability in cultured chondrocytes. Meanwhile, overexpres-
sion of MALAT1 induced greater levels of ADAMTS5, COL2A1, 
ACAN, and COMP, compared with those stimulated by IL-1β. 
Knockdown of MALAT1 negatively regulated both IL-1β-mediated 
ADAMTS5 and non-IL-1β-mediated ADAMTS5 in chondrocytes. 
In addition, knockdown of MALAT1 positively regulated both 

Fig. 3. MALAT1 modulates IL-1β-induced chondrocytes cell viability and cartilage ECM degradation via miR-145 in IL-1β-induced chondrocytes. (E) Ex-
pression of ECM-related proteins was examined by Western blotting in chondrocytes transfected with si-MALAT1 #1 and MALAT1 vector. (F and G) 
Quantitative analysis of ADAMTS5, COL2A1, ACAN, and COMP expressions using Image J. (H and I) Expression of ADAMTS5, COL2A1, ACAN, and 
COMP in IL-1β-induced chondrocytes transfected with MALAT1 vector only or combined with miR-145 mimics. All data are presented as means±SD. 
*p<0.05. ECM, extracellular matrix.
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IL-1β-mediated and non-IL-1β-mediated COL2A1, ACAN, and 
COMP in chondrocytes. 

MiR-145 plays a vital role in arthritic chondrocytes. In previ-
ous studies, miR-145 was found to act as a TNF-α-responsive 
miRNA in chondrocytes,14 to regulate radiosensitivity of HR-HPV+ 
cervical cancer,28 to enhance docetaxel-resistance of prostate 
cancer,29 to promote vascular endothelial cell angiogenesis,44 
and to protect against oxygen-glucose deprivation-induced apop-
tosis. According to this study, miR-145 upregulation rescued 
and canceled the anti-proliferation effect of MALAT1 in chon-
drocytes. We observed that cell viability was dramatically de-
creased when chondrocytes overexpressed MALAT1, which was 
significantly elevated when chondrocytes co-overexpressed of 
MALAT1 and miR-145. Additionally, there was no difference be-

tween chondrocytes co-overexpressing MALAT1 and miR-145 
and normal chondrocytes. We proposed that miR-145 restrained 
cartilage matrix degradation by turning down ADAMTS5 and 
turning up COL2A1, ACAN, and COMP. Recently, a few miR-
NAs,33,45,46 including miR-146a, miR-148a, and miR-140, have been 
shown to be involved in the regulation of ADAMTS5 expression. 
Some evidence has suggested that miR-14514 attenuates TNF-α-
induced cartilage matrix degradation by downregulating AD-
AMTS5 and MMP3/13, showing no significant difference on 
COL2A1, SOX9, and ACAN. Another study15 showed that miR-145 
reduced COL2A1 and ACAN and increased RUNX2 and MMP13 
to regulate chondrocyte functions. Meanwhile, the expression 
levels of miR-145 in OA tissues has remained controversial,13,14,16,31 
compared with normal articular cartilage tissues. Our data sup-
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port the idea of downregulation of miR-145, which is consistent 
with studies by Hu, et al.14 and Wang, et al.16 and in opposition 
to that by Yang, et al.13

MALAT1/miRNA sponges have been reported in cancers: for 
instance, MALAT1/miR-66347 in colon cancer, MALAT1/miR-
21148 in ovarian carcinoma, and MALAT1/miR-142-3p43 in cer-
vical cancer. MALAT1 targeting miR-145 has been well-discussed 
in different diseases, including cancer and fibrosis. With bio-
informatics tools, potential targets of a MALAT1/miR-145 axis 
have been described and further confirmed using luciferase re-
porter assay, RNA immunoprecipitation, and RNA pull-down 
assay. For example, downregulating the MALAT1/miR-145 
axis targeting ZEB2 inhibited expression of α-SMA, fibronec-
tin, and collagen I in human kidney-2 (HK2) cells under high 
glucose treatment, which eventually resulted in tubulointer-
stitial fibrosis and glomerulosclerosis.49 MALAT1 knockdown 
attenuated angiotensin II-mediated cardiac fibrosis of infarct-
ed hearts, as evidenced by decreases in α-SMA and collagen I 

and III, by directly binding to miR-145.50 However, there is no 
information about MALAT1/miR-145 axis in OA. This was why 
we planned to explore the action of MALAT1/miR-145 sponge 
in OA chondrocytes. In this study, we searched the putative bind-
ing site between MALAT1 and miR-145 on starBase software 
and further identified this target relationship utilizing lucifer-
ase reporter assay. Promisingly, we verified our hypothesis that 
miR-145 played important roles in chondrocyte viability and 
matrix homeostasis by MALAT1 sponging.

MiR-145 directly binds to ADAMTS5 to regulate cartilage ma-
trix. Recently, a few miRNAs,33,45,46 including miR-146a, miR-148a 
and miR-140, have been shown to be involved in the regulation 
of ADAMTS5 expression. Previous studies have reported miR-145 
targets at MKK4,14 SMAD3,31 SEMA3A,51 and TNFRSF11B16 in 
arthritis, including OA and rheumatoid arthritis. Thus, we as-
sumed that miR-145 directly acts on ADAMTS5 in OA, rather 
than via SOX9.15 Consistent with this expectation, the luciferase 
activity was decreased in chondrocytes co-expressing miR-145 
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and wild-type ADAMTS5 and increased dramatically in chon-
drocytes co-expressing miR-145 and mutated ADAMTS5. The 
outcomes revealed that miR-145 likely targets ADAMTS5 to reg-
ulate IL-1β-stimulated chondrocytes and functions with AD-
AMTS5 in a manner of negative linear dependence.  

IL-1β, in turn, modulated MALAT1 and miR-145 expression 
in chondrocytes. Studies have shown that cytokines are involved 
in the pathogenesis of OA,20 including IL-1β and TNF-α. Evidence 
suggests that IL-1β regulate the expressions of ADAMTS433 and 
ADAMTS534 in chondrocytes in OA. In one study, miR-145 act-
ed as a TNF-α-responsive miRNA in chondrocytes.14 We noticed 
that MALAT1 was upregulated and that miR-145 was down-reg-
ulated in the presence of IL-1β, to a certain extent in a concen-
tration-dependent manner. Hong, et al.51 reported that miR-145 
rendered sensitivity of synoviocytes to stimuli of TNF-α and 
VEGF. Li, et al.52 confirmed that miR-145 promoted the expres-
sion of IL-1β and TNF-α in atherosclerosis. Overall, MALAT1/
miR-145/ADAMTS5 appear to comprise a complicated and in-
tertwining network in IL-1β-stimulated OA.

Regrettably, these data lack the examination of ADAMTS5 
expression in OA samples derived from patients. Still, the pro-
tein expression levels of ADAMTS5 were detected in cultured 
OA chondrocytes and were higher, which is identical with that 
in previous studies. Also, it is well known that ADAMTS5 expres-
sion is high in OA tissues and cells. Further investigations are 
required to validate the direct binding of miR-145 with MALAT1 
and ADAMTS5. Nevertheless, our data were in agreement with 
previous descriptions of the interplay of MALAT1 and miR-145, 
which is target-binding to each other. Notably, we observed lu-
ciferase mRNA expression changes were similar to that of pro-
tein levels (data not shown), suggesting that miR-145 might be-
gin to inhibit MALAT1 and ADAMTS5 at the transcription level. 
This hypothesis remains to be further investigated and con-
firmed, as well as the regulatory mechanism underlying miR-
145 in modulating MALAT1 and ADAMTS5. 

Because the self-renewal of articular cartilage is extremely 
limited,53 most clinical and research efforts have focused on the 
restoration of cartilage damage in connection with OA or trau-
ma. First and foremost, we pointed out the effect of MALAT1 
in OA pathogenesis and the molecular mechanism of upregu-
lating miR-145 targeting ADAMTS5. This research suggested 
that MALAT1/miR-145/ADAMTS5 could be a novel pathway of 
OA pathogenesis and a potential therapeutic strategy in clini-
cal diagnosis and treatment of human OA by MALAT1 knock-
down and/or miR-145 overexpression. Based on previous evi-
dence and our present experiments, we speculate that MALAT1 
and miR-145 could be promising therapeutic biomarkers to im-
pede, stop, and even reverse OA progression by MALAT1 knock-
down and/or miR-145 overexpression. Hence, it seems to be es-
sential and indispensable to transfect lv-sh-MALAT1 into mouse 
cartilage chondrocytes.54 Experiments should be conducted to 
trace and monitor OA symptoms and progression.

In summary, MALAT1 was upregulated in OA tissues and cul-

tured cells, and MALAT1 knockdown contributed to cell viabil-
ity and matrix stability in IL-1β-stimulated chondrocytes. AD-
AMTS5, COL2A1, ACAN, and COMP together resulted in cartilage 
matrix degradation and the loss of chondrocyte activity. MALAT1 
could bind to miR-145 to regulate ADAMTS5 expression. Over-
expression of MALAT1 repressed cell viability and improved 
ADAMTS5, which either MALAT1 knockdown or miR-145 over-
expression could reverse. Upregulation of miR-145 advanced 
cell viability and reduced ADAMTS5 expression, which overex-
pression of ADAMTS5 could overturn. Collectively, this study 
demonstrated that miR-145 reverses MALAT1-mediated ECM 
degradation and anti-proliferation by inhibiting ADAMTS5 in 
IL-1β-induced chondrocytes. This MALAT1/miR-145/ADAMTS5 
regulatory axis provides a new theoretical basis for research on 
lncRNA-directed therapeutics in OA.
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