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Abstract
Background: Osteoarthritis is characterized by the continuous degradation of the
articular cartilage. The microRNA miR-448 has been found to be broadly involved in
cellular processes, including proliferation, apoptosis, invasion and EMT. While aberrant
expression of miR-448 has been found in multiple cancers, its level in osteoarthritis
cartilage and its role in the progression of this disease are still unknown. Here, we
examined the functional roles of miR-448 and its expression in osteoarthritis tissues,
including IL-1β-stimulated osteoarthritis chondrocytes.
Methods: Chondrocytes were isolated from human articular cartilage and stimulated
with IL-1β. The expression levels of miR-448 in the cartilage and chondrocytes were
both determined. After transfection with an miR-448 mimic or inhibitor, the mRNA
levels of aggrecan, type II collagen and MMP-13 were determined. Luciferase reporter
assay, qRT-PCR and western blot were performed to explore whether matrilin-3 was a
target of miR-448. Furthermore, we co-transfected chondrocytes with miR-448 inhibitor
and siRNA for matrilin-3 and then stimulated them with IL-1β to determine whether
miR-448-mediated IL-1β-induced cartilage matrix degradation resulted from directly
targeting matrilin-3.
Results: The level of miR-448 was significantly higher and matrilin-3 expression was
significantly lower in osteoarthritis cartilage and IL-1β-induced chondrocytes than in
normal tissues and cells. Furthermore, matrilin-3 expression was reduced by miR-448
overexpression. MiR-448 downregulation significantly alleviated the IL-1β-induced
downregulation of aggrecan and type II collagen expression, and upregulation of
MMP-13 expression. MiR-448 overexpression had the opposite effects. Knockdown of
matrilin-3 reversed the effects of the miR-448 inhibitor on the expressions of aggrecan,
type II collagen and MMP-13.
Conclusion: The findings showed that miR-448 contributed to the progression of
osteoarthritis by directly targeting matrilin-3. This indicates that it has potential as a
therapeutic target for the treatment of osteoarthritis.
Keywords: Osteoarthritis, MicroRNA-448, Interleukin-1 beta, Chondrocyte, Extracellular
matrix, Matrilin-3
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Background
Osteoarthritis (OA), which is characterized by articular cartilage degradation, is the most
common type of degenerative joint disease [1]. Chondrocytes are the only cells found in
the articular cartilage and they play a critical role in maintaining matrix integrity and tissue
homeostasis [2]. During the progress of osteoarthritis, they are metabolically activated,
whereupon they subsequently disrupt the metabolic homeostasis of the extracellular matrix
(ECM) by increasing the production of matrix-degrading enzymes such as matrix metalloproteinase 13 (MMP-13) and decreasing the synthesis of aggrecan and type II collagen [3].
This results in the degradation of the ECM. Developing effective therapeutic strategies to
treat osteoarthritis will certainly require an understanding of chondrocyte injuries and
related mechanisms.
It has been reported that interleukin-1 beta (IL-1β), one of the main cytokines involved in
the pathogenesis of osteoarthritis, can inhibit cell proliferation, reduce the synthesis of aggrecan and type II collagen, and increase the expression of MMP-13 in chondrocytes [2, 3].
MicroRNAs (miRNAs) are a class of non-coding small RNA identified as critical
post-transcriptional regulators. They play critical roles in several biological processes,
including cell proliferation, migration, invasion and differentiation [4, 5]. An increasing
number of studies have indicated that miRNAs participate in the pathogenesis of osteoarthritis, with confirmation for miR-139, miR-140, miR-23a-3p and miR-365 [6–9].
It has been reported that miR-448 is broadly involved in cellular processes, including proliferation, apoptosis, invasion and epithelial–mesenchymal transition (EMT) [10, 11]. Aberrant
miR-448 expression has been confirmed in many cancers [12–14]. However, the levels of
miR-448 in osteoarthritis cartilage and its role in progression of this disease are still unclear.
Earlier studies have also demonstrated that the expression of matrilin-3 is dramatically lower in osteoarthritis cartilage than in normal cartilage [15]. Thus, miRNAs and
matrilin-3 clearly both have the important roles in the pathogenesis of osteoarthritis.
The online database microRNA.org was used to predict that matrilin-3 is a binding
target of miR-448. This study focuses on whether miR-448 plays a significant role in
progression of osteoarthritis by targeting matrilin-3.
Our data show that the miR-448 level significantly increased and the expression of
matrilin-3 significantly decreased in osteoarthritis cartilage compared to normal cartilage.
Furthermore, we confirmed that miR-448 could directly target the matrilin-3 gene. The
functional analysis showed that knockdown of miR-448 upregulated IL-1β-inhibited the
expressions of aggrecan and type II collagen, and downregulated IL-1β-induced MMP-13
expression by increasing matrilin-3 expression, contributing to the protection of chondrocytes from IL-1β-induced degradation of ECM. To confirm these results, the functional
roles of miR-448 were studied in osteoarthritis chondrocytes. As expected, miR-448 also
had similar effects on IL-1β-induced chondrocytes. According to the findings, miR-448 is
a promising target for prevention and treatment of osteoarthritis.

Methods
Specimen selection

Human cartilage samples were collected from 10 osteoarthritis patients undergoing total
knee replacement surgery and from 10 traumatic amputees without rheumatoid arthritis
or osteoarthritis. Patients with osteoarthritis were diagnosed according to the American
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College of Rheumatology criteria. All samples were collected from the Department of
Orthopedics, Dalian University Affiliated Xinhua Hospital. Informed consent was obtained
from all patients and the study was approved by the Ethics Committee of Dalian University
Affiliated Xinhua Hospital.

Cell culture and treatment

To isolate the primary osteoarthritis and normal chondrocytes, osteoarthritis and normal
articular cartilage slices were chopped finely with a scalpel blade. Cartilage tissue was
predigested with trypsin (0.1%, w/v; Sigma) for 10 min at 37 °C. After removing the trypsin solution, the tissue slices were treated overnight with type IV Clostridium collagenase
in Dulbecco’s modified Eagle medium (DMEM) with 5% fetal bovine serum (FBS). Then
the sample was filtered to remove the undigested cartilage and the chondrocyte cells were
pelleted at 2000 x g for 5 min before being resuspended. After the initial isolation, the
cells were maintained in high-density cultures in DMEM supplemented with 10% FBS, Lglutamine, 100 units/ml penicillin, and 100 μg/ml streptomycin (GIBCO). First passage
chondrocytes were obtained after 2 weeks. All the experiments were done within 3 days
of the passage 1 culture.
Primary osteoarthritis and normal chondrocytes were transfected with miR-448
mimic or inhibitor (RiboBio) at a 100 nM concentration by using Lipofectamine 3000
reagent (Invitrogen) following the manufacturer’s instructions. After transfection for
48 h, the medium was removed, and cells were stimulated with 5 ng/ml IL-1β for 24 h
or were not stimulated, and then total RNA prepared from chondrocytes was used to
check the expressions of miR-448, matrilin-3, aggrecan, type II collagen and MMP-13.
Cell supernatants were harvested and MMP-13 production was quantified via ELISA.

RNA extraction and quantitative real-time PCR

Total RNA of chondrocytes was extracted for the analysis of miRNA and mRNA following the manufacturer’s instructions. For quantification of miR-448, the TaqMan
MicroRNA Reverse Transcription Kit and TaqMan miRNA assay (Qiagen) were respectively used to perform reverse transcription and PCR following the manufacturer’s
instructions. U6 was used as the internal control. The gene expressions of matrilin-3,
aggrecan, type II collagen and MMP-13 were detected using the SYBR Green PCR kits
(TAKARA). GAPDH served as an internal control. All PCR assays were performed in
CFX96 Touch (Bio-Rad). The following primers were used:
 Matrilin-3 forward, 5’-TCTCCCGGATAATCGACACTC-3′, reverse, 5’-CA

AGGGTGTGATTCGACCCA-3’
 Aggrecan forward, 5’-ACCAGACGGGCCTCCCAGAC-3′, reverse, 5’-TGG

CTCTGCCCCAGAGGGAC-3′
 Type II collagen forward, 5’-TGAGGGCGCGGTAGAGACCC-3′, reverse, 5’-TG

CACACAGCTGCCAGCCTC-3’
 MMP-13 forward, 5’-ATGCGGGGTTCCTGATGTGG-3′, reverse, 5’-GG

CCCAGGAGGAAAAGCATG-3’
 GAPDH forward, 5’-ACAACTTTGGTATCGTGGAAGG-3′, reverse, 5’-GC

CATCACGCCACAGTTTC-3’
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 U6 forward, 5’-CGCTTCGGCAGCACATATAC-3′, reverse, 5’-AA

ATATGGAACGCTTCACGA-3′

Western blot analysis

Chondrocytes were lysed using RIPA buffer (Beyotime Institute of Biotechnology) with a
protease inhibitor cocktail (Millipore). The protein concentration of cell lysates was quantified using a BCA Kit (Beyotime Institute of Biotechnology), and 50 ng of protein were
separated via 8% SDS-PAGE and then transferred onto a PVDF membrane (Millipore).
The membranes were blocked in 5% non-fat dry milk diluted with TBST at room
temperature for 1 h and probed overnight at 4 °C with anti-matrilin-3 antibody (ab106388;
1:1000 dilution; Abcam). After that, the membranes were washed with TBST and incubated
with a goat anti-rabbit IgG conjugated to horseradish peroxidase (1:1000 dilution; Abcam)
for 1 h at room temperature. Incubation with monoclonal mouse GAPDH antibody
(ab9485; 1:5000 dilution; Abcam) was performed as the loading control. The proteins were
visualized using ECL western blotting detection reagents (Millipore). The densitometry of
the bands was quantified using the Image J 1.38X software.

Dual-luciferase reporter assay

Before transfection, chondrocytes were seeded in 6-well plates (1 × 106 cells/well) and incubated for 24 h. Next, the wild-type pGL3-matrilin-3-3’UTR or mutant pGL3-matrilin-33’UTR plasmid (GeneChem), the miR-448 inhibitor and anti-miR-NC inhibitor, or the
miR-448 mimic and miR-NC mimic, and the pRL-TK Renilla luciferase reporter (Promega)
were co-transfected into the chondrocytes using Lipofectamine 3000 (Invitrogen). Chondrocytes were collected 48 h after transfection and analyzed using the dual-luciferase
reporter assay. Firefly luciferase activities were normalized to renilla luciferase activities.

MMP-13 ELISA

After transfection, chondrocytes were treated with IL-1β for 24 h, and the expression
of MMP-13 in the culture supernatants was quantified using an ELISA kit according to
the manufacturer’s instructions (R&D Systems, Inc.). Plates were read at 450 nm using
a Thermo Fisher Scientific Microplate Reader, and the MMP-13 concentration in the
samples was calculated using a standard curve.

Statistical analysis

Experiments were repeated at least three times. Values are expressed as means ± SEM.
Data were evaluated for statistical significance using one-way analysis of variance
(ANOVA) with p < 0.05 considered a statistically significant difference. All statistical
analyses were performed using GraphPad Prism 5.0 (GraphPad Software, Inc.).

Results
The level of miR-448 was increased and the expression of matrilin-3 was decreased in
osteoarthritis cartilage and IL-1β-induced chondrocytes

In this study, the mRNA and protein levels of matrilin-3 in osteoarthritis cartilage were
respectively detected using quantitative real-time PCR and western blot. Our data
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demonstrate that the matrilin-3 expression was dramatically reduced in osteoarthritis
cartilage (Fig. 1a), which is consistent with previous findings [15].
Based on information obtained using the online database microRNA.org, we choose
miR-186, miR-384, miR-410, miR-448, miR-496 and miR-544 to further study which
miRNA might regulate matrilin-3 expression. We found that the miR-448 level was

Fig. 1 The levels of matrilin-3 and miR-448 in osteoarthritis cartilage and IL-1β-induced chondrocytes. a The
mRNA and protein levels of matrilin-3 in normal and osteoarthritis cartilages were determined using quantitative
real-time PCR and western blot, n = 10. b The levels of miR-186, miR-384, miR-410, miR-448, miR-496 and miR-544
in osteoarthritis cartilages were determined using quantitative real-time PCR, n = 10. c Pearson’s
correlation analysis of the relative expression levels of miR-448 and the relative matrilin-3 mRNA
levels in osteoarthritis cartilage. d Chondrocytes were treated with 5 ng/ml IL-1β for 24 h. The expression of
matrilin-3 was analyzed using quantitative real-time PCR and western blot, and normalized to GAPDH, n = 4. e The
level of miR-448 was analyzed using quantitative real-time PCR and normalized to U6, n = 4. The data shown are
means ± SEM. OA: chondrocytes from patients with osteoarthritis. Normal: chondrocytes from patients without
osteoarthritis. ***p < 0.001 vs. normal or control
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dramatically higher in osteoarthritis cartilage than in normal cells (Fig. 1b) and was the
highest among these six miRNAs.
To determine whether the matrilin-3 expression was closely related to miR-448 level in
osteoarthritis cartilage, Pearson’s correlation analysis was applied. It revealed a significant
inverse correlation between matrilin-3 and miR-448 in osteoarthritis cartilage (Fig. 1c).
To investigate the functional roles of matrilin-3 and miR-448 in osteoarthritis, the expressions of matrilin-3 and miR-448 were determined in IL-1β-induced chondrocytes.
Compared with the untreated group, the mRNA and protein levels of matrilin-3 in IL-1βinduced chondrocytes were lower (Fig. 1d), and the miR-448 level was higher (Fig. 1e).
Effects of miR-448 on IL-1β-induced inhibition of aggrecan and type II collagen mRNA
expressions in chondrocytes

To study the effect of miR-448 on the IL-1β-induced chondrocytes, we transfected
chondrocytes with an miR-448 mimic or inhibitor before treatment with IL-1β. The
miRNA transfection efficiency was evaluated using quantitative real-time PCR. The
miR-448 level was significantly higher in the miR-448 mimic group than in the miRNC group after transfection for 48 h (Fig. 2a). The level of miR-448 was significantly
decreased in chondrocytes transfected with miR-448 inhibitor compared with the cell
treated with anti-miR-NC.
Next, to explore whether miR-448 had an effect on IL-1β-induced matrix degradation, we transfected chondrocytes with miR-448 mimic or inhibitor, and then exposed
chondrocytes to IL-1β for 24 h. The mRNA levels of aggrecan and type II collagen were
analyzed using quantitative real-time PCR. As expected, the aggrecan and type II collagen mRNA levels were dramatically restored in chondrocytes transfected with miR-448
inhibitor when compared with the levels for IL-1β-treated chondrocytes (Fig. 2b). However, miR-448 mimic further reduced aggrecan and type II collagen synthesis in IL-1βtreated chondrocytes (Fig. 2c), further confirming the effect of miR-448 in aggrecan
and type II collagen mRNA expressions.
Effects of miR-448 on IL-1β-induced MMP-13 production in chondrocytes

MMP-13 is a major collagenase involved in the catabolic processes in osteoarthritis. It acts
by cleaving key ECM constituents such as aggrecan and type II collagen. Chondrocytes
were stimulated with IL-1β for 24 h after transfection with miR-448 mimic or inhibitor for
48 h, and then MMP-13 expression was determined at the mRNA and protein levels using
PCR or ELISA. IL-1β stimulation promoted chondrocytes to secrete MMP-13 protein in
the culture supernatant, and downregulation of miR-448 significantly reduced the secretion
of MMP-13 induced by IL-1β (Fig. 3a). Knockdown of miR-448 obviously reduced the increase in IL-1β-induced MMP-13 mRNA expression (Fig. 3b). Overexpression of miR-448
promoted IL-1β-stimulated expression of MMP-13 (Fig. 3c and d).
MiR-448 directly targets matrilin-3

The online database microRNA.org was used to predict the target gene. It showed that
matrilin-3 is a direct target of miR-448. The expressions of matrilin-3 at the mRNA
and protein levels were assessed using PCR and western blot assays in chondrocytes
transfected with the miR-448 inhibitor or mimic. The results indicate that after IL-1β

Page 6 of 14

Yang et al. Cellular & Molecular Biology Letters (2018) 23:7

Fig. 2 Effects of miR-448 on IL-1β-induced inhibition of aggrecan and type II collagen mRNA expressions
inchondrocytes. a Chondrocytes were transfected with miR-448 mimic or inhibitor. The level of miR-448
was determined using quantitative real-time PCR. Chondrocytes were treated with 5 ng/ml IL-1β for 24 h
after transfection with miR-448 inhibitor b or mimic c. The mRNA levels of aggrecan and type II collagen
were determined using quantitative real-time PCR. The data shown are means ± SEM, n = 4. **p < 0.01 vs.
control; #p < 0.05, ##p < 0.01, ###p < 0.001 vs. vehicle + IL-1β

exposure, the mRNA level of matrilin-3 was significantly lower than with overexpression of miR-448 (Fig. 4a), but significantly higher in the cells with inhibition of miR448 compared with the IL-1β-treated cells.
To further confirm whether matrilin-3 was a direct target of miR-448, we constructed
a luciferase reporter vector containing the WT 3’-UTR matrilin-3, and the putative
miR-448 binding site in the matrilin-3 3’-UTR was mutated (MUT 3’-UTR matrilin-3;
Fig. 4b). The findings indicated that overexpression or knockdown of miR-448 respectively suppressed or enhanced the luciferase activity in chondrocytes transfected with
the WT 3’-UTR of matrilin-3 (Fig. 4c). The MUT 3’-UTR of matrilin-3 blocked the
effect of miR-448. These data demonstrate that matrilin-3 is directly and negatively
regulated by miR-448, and that miR-448 might function in osteoarthritis through
regulation of matrilin-3.
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Fig. 3 Effect of miR-448 on IL-1β-induced MMP-13 in chondrocytes. Chondrocytes were treated with IL-1β
(5 ng/ml) for 24 h after transfection with miR-448 mimic or inhibitor. a, c The expression level of secreted
MMP-13 protein was determined using ELISA. b, d The mRNA level of MMP-13 was determined using quantitative
real-time PCR. The data shown are means ± SEM, n = 4. ***p < 0.001 vs. control; #p < 0.05, ##p < 0.01 vs. vehicle
+ IL-1β

Inhibition of matrilin-3 is essential for protective effect of miR-448 on IL-1β-induced
chondrocyte injury

To explore whether downregulation of miR-448 protected IL-1β-induced chondrocytes in
a manner dependent on the matrilin-3 level, chondrocytes were co-transfected with miR448 inhibitor and si-matrilin-3, and then stimulated with IL-1β for 24 h. Our findings
showed that the IL-1β-inhibited expression of matrilin-3 in chondrocytes was significantly
upregulated after transfection with the miR-448 inhibitor, and knockdown of matrilin-3
could block the effect of the miR-448 inhibitor on matrilin-3 expression (Fig. 5a and b).
Silencing miR-448 attenuated the IL-1β-induced decrease in aggrecan and type II collagen
mRNA expressions and the increase in MMP-13 protein expression, but this effect was
was blocked by the addition of si-matrilin-3 (Fig. 5c–e). This clearly confirms that inhibition of miR-448 improved IL-1β-induced decreases in collagen synthesis of chondrocytes
by increasing matrilin-3 expression.

The effects of miR-448 on osteoarthritis chondrocytes

We transfected human osteoarthritis chondrocytes with an miR-448 mimic or inhibitor, expressions of matrilin-3, aggrecan, type II collagen and MMP-13 were determined using
western blot, quantitative real-time PCR and ELISA assays as appropriate. The findings
suggested that introduction of miR-448 significantly decreased the protein expression of
matrilin-3 and the mRNA levels of aggrecan and type II collagen, and enhanced the
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Fig. 4 Matrilin-3 was a direct target of miR-448. Chondrocytes were treated with 5 ng/ml IL-1β for 24 h after
transfection with miR-448 mimic or inhibitor. a The mRNA and protein levels of matrilin-3 were respectively
determined using quantitative real-time PCR and western blot. Matrilin-3 expression was normalized to GAPDH.
b Schematic representation of matrilin-3 3’UTRs showing putative miRNA target site. c The analysis of the
relative luciferase activities of matrilin-3-WT and matrilin-3-MUT. All data are presented as means ± SEM,
n = 4. *p < 0.05, **p < 0.01 vs. control; ##p < 0.01, ###p < 0.001 vs. vehicle + IL-1β or miR-NC or anti-miR-NC

secreted protein expression of MMP-13 compared with osteoarthritis chondrocytes transfected with miR-NC (Fig. 6). Knockdown of miR-448 significantly increased the expressions
of matrilin-3, aggrecan and type II collagen, and decreased the expression of MMP-13
compared with osteoarthritis chondrocytes transfected with anti-miR-NC (Fig. 6).
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Fig. 5 Matrilin-3 was involved in the effects of miR-448 on IL-1β-induced cartilage degradation in chondrocytes.
Chondrocytes were transfected with either miR-448 inhibitor or si-matrilin-3, and then treated with 5 ng/ml IL-1β
for 24 h. a, b The mRNA and protein levels of matrilin-3 were respectively determined using quantitative
real-time PCR and western blot. The mRNA levels of aggrecan (c) and type II collagen (d) were determined
using quantitative real-time PCR. GAPDH was detected as a loading control. e The expression level of secreted
MMP-13 protein was determined by ELISA. All data are presented as means ± SEM, n = 4. **p < 0.01, ***p <
0.001 vs. control; #p < 0.05, ##p < 0.01 vs. vehicle + IL-1β; &p < 0.05 vs. IL-1β + miR-448 inhibitor

Discussion
Osteoarthritis is a complex inflammatory disease involving the whole joint [16]. MiRNAs have been demonstrated to have functional roles in its pathogenesis [17]. Since
IL-1β plays an important role in the pathogenesis of osteoarthritis, it has often been
used to establish an in vitro osteoarthritis model in chondrocytes [18, 19]. In studies
examining responses to IL-1β, the processes of disrupted cartilage homeostasis have
been found to be regulated by several miRNAs, including miR-145, miR-139, miR-9,
miR-193b and miR-320 [20–24]. To further our understanding of the disease and find
potential treatments, it is critical to characterize the gene networks regulated by these
miRNAs.

Page 10 of 14

Yang et al. Cellular & Molecular Biology Letters (2018) 23:7

Fig. 6 Effects of miR-448 on osteoarthritis chondrocytes. Osteoarthritis chondrocytes were transfected with
miR-448 mimic or inhibitor. a The protein level of matrilin-3 were determined using western blot. The mRNA
levels of aggrecan (b) and type II collagen (c) were determined using quantitative real-time PCR. GAPDH was
detected as a loading control. d The expression level of secreted MMP-13 protein was determined using ELISA.
All data are presented as means ± SEM, n = 4. ##p < 0.01 vs. miR-NC or anti-miR-NC

It has been reported that miR-448 acts as a tumor suppressor in many cancers. For
example, miR-448 inhibits invasion and EMT by downregulating ROCK2 in hepatocellular carcinoma [25]. Yu et al. demonstrated that miR-448 can suppress the metastasis
of pancreatic ductal adenocarcinoma by targeting the JAK1/STAT3 pathway [26].
Overexpression of miR-448 suppresses proliferation and invasion by regulating IGF1R
in colorectal cancer cells. It is thus interesting to examine whether this miRNA also
plays an important role in other pathologies, such as osteoarthritis.
Our data show that the level of miR-448 was significantly higher in osteoarthritis cartilage than in normal cartilage, and significantly increased in response to IL-1β stimulation. These results suggest that miR-448 potentially contributes to the pathogenesis of
osteoarthritis.
During the development of osteoarthritis, IL-1β plays a key role in cartilage degradation
[27]. Articular cartilage ECM regulates multiple biological processes that are important
for the repair and homeostasis of cartilage [28]. The impairment of joint function is
induced by the continuous loss of cartilage ECM, which is involved in the progression of
osteoarthritis [29]. Several studies have confirmed that IL-1β greatly influences the production of the ECM components in chondrocytes, leading to interference with the
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synthesis of key structural proteins such as aggrecan and type II collagen. Moreover, IL1β affects MMP synthesis in the chondrocytes, including that of MMP-13 [30].
Consistent with earlier results, our data also showed that IL-1β induced a decrease in
the expressions of aggrecan and type II collagen, and an increase in MMP-13 expression.
A functional analysis of miR-448 was done to confirm whether it regulated the expressions of ECM components. Modulation of miR-448 efficiently affected IL-1β-stimulated
degradation and synthesis of ECM in osteoarthritis chondrocytes. Knockdown of miR-448
could reverse IL-1β-induced impairment of aggrecan and type II collagen, and evidently
inhibited the increase in IL-1β-induced MMP-13 expression. Conversely, introduction of
miR-448 aggravated IL-1β-induced decreased expression of aggrecan and type II collagen,
and further enhanced IL-1β-induced MMP-13 production. These results indicated that
the downregulation of miR-448 inhibited the progression of osteoarthritis by promoting
chondrocyte ECM synthesis.
Matrilin-3 is a non-collagenous oligomeric ECM protein, belonging to one of the four
members of the matrilin family [31–34]. As an ECM protein, matrilin-3 can interact
with collagen fibrils, multiple proteoglycans and other glycoproteins, playing a critical
structural role in forming a filamentous matrix network [35]. Mutations of matrilin-3
in humans are closely related to many kinds of skeletal disease, including osteoarthritis
[36–39], emphasizing its importance in the development and homeostasis of cartilage.
Furthermore, it has been identified that miR-448 directly regulated matrilin-3, which
was an essential factor for chondrocyte homeostasis, by binding the predicted seed
sites, contributing to the inhibition of matrilin-3 expression at the mRNA level.
It was previously demonstrated that matrilin-3 modulates the balance between ECM
synthesis and degradation of articular chondrocyte via upregulation of the expressions
of aggrecan and type II collagen, and downregulation of MMP-13 expression [15]. In
this study, the data show that matrilin-3 was evidently reduced in osteoarthritis cartilage compared to normal cartilage. Consequently, it was speculated that increased miR448 regulated the progression of osteoarthritis via decreasing matrilin-3 expression.
The data indicate that upregulation of miR-448 markedly reduced the mRNA expression of matrilin-3. However, the downregulation of miR-448 upregulated the matrilin-3
mRNA level. The upregulation of aggrecan and type II collagen and downregulation of
MMP-13, which were stimulated by knockdown of miR-448, were significantly reduced
by decreasing the matrilin-3 expression.
The results suggest that introduction of miR-448 downregulated matrilin-3, thereby
inhibiting ECM synthesis of chondrocytes and resulting in the progression of osteoarthritis. Eventually, to confirm these results, the effects of miR-448 were studied in osteoarthritis chondrocytes. As expected, miR-448 also had similar effects on IL-1β-induced
chondrocytes. Based on our findings, we believe that the levels of miR-448 and
matrilin-3 could be considered as biomarkers for a diagnostic index of osteoarthritis.

Conclusions
Our findings demonstrate that miR-448 inhibition directly upregulated matrilin-3
expression, protecting IL-1β-induced and osteoarthritis chondrocytes from ECM
degradation. MiR-448 acts as a negative regulator of the IL-1β-induced disturbance to
the metabolism of human chondrocytes, and this occurs partially through the inhibition
of matrilin-3.

Page 12 of 14

Yang et al. Cellular & Molecular Biology Letters (2018) 23:7

Abbreviations
ECM: Extracellular matrix; miRNA: microRNA; MMP-13: Matrix metalloproteinase 13
Acknowledgments
Not applicable.
Consent to publication
We have obtained consent to publish individual patient data from the participants.
Funding
None.
Availability of data and materials
The datasets used and/or analyzed during this study are available from the author for correspondence upon
reasonable request.
Authors’ contributions
HY and DW performed the experiments. HL and NC analyzed the data. YS wrote the manuscript. All authors read and
approved the final manuscript.
Ethics approval and consent to participate
Studies involving human tissues:This study was approved by the Ethics Committee of Dalian University Affiliated
Xinhua Hospital.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Author details
1
Department of Orthopedics, First Affiliated Hospital of Kunming Medical University, Kunming 650032, Yunnan
Province, People’s Republic of China. 2Department of Orthopedics, Dalian University Affiliated Xinhua Hospital, No. 156
Xinhua Street, Shahekou District, Dalian 116021, Liaoning Province, People’s Republic of China.
Received: 8 November 2017 Accepted: 5 February 2018

References
1. Lawrence RC, Helmick CG, Arnett FC, Deyo RA, Felson DT, Giannini EH, Heyse SP, Hirsch R, Hochberg MC, Hunder
GG, Liang MH, Pillemer SR, Steen VD, Wolfe F. Estimates of the prevalence of arthritis and selected
musculoskeletal disorders in the United States. Arthritis Rheum. Arthritis Rheum. 1998;41:778–99.
2. Qin J, Shang L, Ping AS, Li J, Li XJ, Yu H, Magdalou J, Chen LB, Wang H. TNF/TNFR signal transduction pathway-mediated
anti-apoptosis and anti-inflammatory effects of sodium ferulate on IL-1β-induced rat osteoarthritis chondrocytes in vitro.
Arthritis Res Ther. 2012;14:R242.
3. Sandell LJ, Aigner T. Articular cartilage and changes in arthritis. An introduction: cell biology of osteoarthritis.
Arthritis Res. 2001;3:107–13.
4. Cheng AM, Byrom MW, Shelton J, Ford LP. Antisense inhibition of human miRNAs and indications for an
involvement of miRNA in cell growth and apoptosis. Nucleic Acids Res. 2005;33:1290–7.
5. Chen CZ, Li L, Lodish HF, Bartel DP. MicroRNAs modulate hematopoietic lineage differentiation. Science. 2004;303:83–6.
6. Kang L, Yang C, Song Y, Liu W, Wang K, Li S, Zhang Y. MicroRNA-23a-3p promotes the development of
osteoarthritis by directly targeting SMAD3 in chondrocytes. Biochem Biophys Res Commun. 2016;478:467–73.
7. Liang Y, Duan L, Xiong J, Zhu W, Liu Q, Wang D, Liu W, Li Z, Wang D. E2 regulates MMP-13 via targeting miR-140
in IL-1β-induced extracellular matrix degradation in human chondrocytes. Arthritis Res Ther. 2016;18:105.
8. Hu W, Zhang W, Li F, Guo F, Chen A. miR-139 is up-regulated in osteoarthritis and inhibits chondrocyte proliferation
and migration possibly via suppressing EIF4G2 and IGF1R. Biochem Biophys Res Commun. 2016;474:296–302.
9. Yang X, Guan Y, Tian S, Wang Y, Sun K, Chen Q. Mechanical and IL-1β responsive miR-365 contributes to
osteoarthritis development by targeting histone deacetylase 4. Int J Mol Sci. 2016;17:436.
10. Lv Y, Lei Y, Hu Y, Ding W, Zhang C, Fang C. miR-448 negatively regulates ovarian cancer cell growth and
metastasis by targeting CXCL12. Clin Transl Oncol. 2015;17:903–9.
11. Shen L, Liu L, Ge L, Xie L, Liu S, Sang L, Zhan T, Li H. miR-448 downregulates MPPED2 to promote cancer
proliferation and inhibit apoptosis in oral squamous cell carcinoma. Exp Ther Med. 2016;12:2747–52.
12. Li B, Ge L, Li M, Wang L, Li Z. miR-448 suppresses proliferation and invasion by regulating IGF1R in colorectal
cancer cells. Am J Transl Res. 2016;8:3013–22.
13. Sasahira T, Kurihara M, Nishiguchi Y, Fujiwara R, Kirita T, Kuniyasu H. NEDD 4 binding protein 2-like 1 promotes
cancer cell invasion in oral squamous cell carcinoma. Virchows Arch. 2016;469:163–72.
14. Bamodu OA, Huang WC, Lee WH, Wu A, Wang LS, Hsiao M, Yeh CT, Chao TY. Aberrant KDM5B expression
promotes aggressive breast cancer through MALAT1 overexpression and downregulation of hsa-miR-448. BMC
Cancer. 2016;16:160.

Page 13 of 14

Yang et al. Cellular & Molecular Biology Letters (2018) 23:7

15. Jayasuriya CT, Goldring MB, Terek R, Chen Q. Matrilin-3 induction of IL-1 receptor antagonist is required for up-regulating
collagen II and aggrecan and down-regulating ADAMTS-5 gene expression. Arthritis Res Ther. 2012;14:R197.
16. Rainbow R, Ren W, Zeng L. Inflammation and joint tissue interactions in OA: implications for potential therapeutic
approaches. Arthritis. 2012;2012:741582.
17. Wu C, Tian B, Qu X, Liu F, Tang T, Qin A, Zhu Z, Dai K. MicroRNAs play a role in chondrogenesis and osteoarthritis
(review). Int J Mol Med. 2014;34:13–23.
18. Chakraborti S, Mandal M, Das S, Mandal A, Chakraborti T. Regulation of matrix metalloproteinases: an overview.
Mol Cell Biochem. 2003;253:269–85.
19. Fernandes JC, Martel-Pelletier J, Pelletier JP. The role of cytokines in osteoarthritis pathophysiology. Biorheology.
2002;39:237–46.
20. Yang B, Kang X, Xing Y, Dou C, Kang F, Li J, Quan Y, Dong S. Effect of microRNA-145 on IL-1β-induced cartilage
degradation in human chondrocytes. FEBS Lett. 2014;588:2344–52.
21. Makki MS, Haqqi TM. miR-139 modulates MCPIP1/IL-6 expression and induces apoptosis in human OA
chondrocytes. Exp Mol Med. 2015;47:e189.
22. Makki MS, Haseeb A, Haqqi TM. MicroRNA-9 promotion of interleukin-6 expression by inhibiting monocyte
chemoattractant protein-induced protein 1 expression in interleukin-1β-stimulated human chondrocytes. Arthritis
Rheumatol. 2015;67:2117–28.
23. Hou C, Yang Z, Kang Y, Zhang Z, Fu M, He A, Zhang Z, Liao W. MiR-193b regulates early chondrogenesis by
inhibiting the TGF-beta2 signaling pathway. FEBS Lett. 2015;589:1040–7.
24. Meng F, Zhang Z, Chen W, Huang G, He A, Hou C, Long Y, Yang Z, Zhang Z, Liao W. MicroRNA-320 regulates
matrix metalloproteinase-13 expression in chondrogenesis and interleukin-1β-induced chondrocyte responses.
Osteoarthritis Cartilage. 2016;24:932–41.
25. Zhu H, Zhou X, Ma C, Chang H, Li H, Liu F, Lu J. Low expression of miR-448 induces EMT and promotes invasion
by regulating ROCK2 in hepatocellular carcinoma. Cell Physiol Biochem. 2015;36:487–98.
26. Yu DL, Zhang T, Wu K, Li Y, Wang J, Chen J, Li XQ, Peng XG, Wang JN, Tan LG. MicroRNA-448 suppresses metastasis of
pancreatic ductal adenocarcinoma through targeting JAK1/STAT3 pathway. Oncol Rep. 2017;38:1075–82.
27. Hashimoto M, Nakasa T, Hikata T, Asahara H. Molecular network of cartilage homeostasis and osteoarthritis. Med
Res Rev. 2008;28:464–81.
28. Gao Y, Liu S, Huang J, Guo W, Chen J, Zhang L, Zhao B, Peng J, Wang A, Wang Y, Xu W, Lu S, Yuan M, Guo Q. The
ECM-cell interaction of cartilage extracellular matrix on chondrocytes. Biomed Res Int. 2014;2014:648459.
29. Huang K, Wu LD. Aggrecanase and aggrecan degradation in osteoarthritis: a review. J Int Med Res. 2008;36:1149–60.
30. Vincenti MP, Brinckerhoff CE. Transcriptional regulation of collagenase (MMP-1, MMP-13) genes in arthritis:
integration of complex signaling pathways for the recruitment of gene-specific transcription factors. Arthritis Res.
2002;4:157–64.
31. Deák F, Wagener R, Kiss I, Paulsson M. The matrilins: a novel family of oligomeric extracellular matrix proteins.
Matrix Biol. 1999;18:55–64.
32. Wagener R, Kobbe B, Paulsson M. Primary structure of matrilin-3, a new member of a family of extracellular matrix
proteins related to cartilage matrix protein (matrilin-1) and von Willebrand factor. FEBS Lett. 1997;413:129–34.
33. Piecha D, Muratoglu S, Mörgelin M, Hauser N, Studer D, Kiss I, Paulsson M, Deák F. Matrilin-2, a large, oligomeric matrix
protein, is expressed by a great variety of cells and forms fibrillar networks. J Biol Chem. 1999;274:13353–61.
34. Klatt AR, Nitsche DP, Kobbe B, Macht M, Paulsson M, Wagener R. Molecular structure, processing, and tissue
distribution of matrilin-4. J Biol Chem. 2001;276:17267–75.
35. Klatt AR, Nitsche DP, Kobbe B, Mörgelin M, Paulsson M, Wagener R. Molecular structure and tissue distribution of
matrilin-3, a filament-forming extracellular matrix protein expressed during skeletal development. J Biol Chem.
2000;275:3999–4006.
36. Mostert AK, Dijkstra PF, Jansen BR, van Horn JR, de Graaf B, Heutink P, Lindhout D. Familial multiple epiphyseal
dysplasia due to a matrilin-3 mutation: further delineation of the phenotype including 40 years follow-up. Am J
Med Genet A. 2003;120A:490–7.
37. Cotterill SL, Jackson GC, Leighton MP, Wagener R, Mäkitie O, Cole WG, Briggs MD. Multiple epiphyseal dysplasia
mutations in MATN3 cause misfolding of the A-domain and prevent secretion of mutant matrilin-3. Hum Mutat.
2005;26:557–65.
38. Stefánsson SE, Jónsson H, Ingvarsson T, Manolescu I, Jónsson HH, Olafsdóttir G, Pálsdóttir E, Stefánsdóttir G,
Sveinbjörnsdóttir G, Frigge ML, Kong A, Gulcher JR, Stefánsson K. Genomewide scan for hand osteoarthritis: a
novel mutation in matrilin-3. Am J Hum Genet. 2003;72:1448–59.
39. Borochowitz ZU, Scheffer D, Adir V, Dagoneau N, Munnich A, Cormier-Daire V. Spondylo-epi-metaphyseal
dysplasia (SEMD) matrilin 3 type: homozygote matrilin 3 mutation in a novel form of SEMD. J Med Genet. 2004;41:
366–72.

Page 14 of 14

