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The silencing of miR-199a-5p protects the articular cartilage
through MAPK4 in osteoarthritis
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Background: Osteoarthritis (OA) is the most common joint disorder, and places a heavy burden on
individuals and society. As conventional therapies, such as surgery, rarely cure the disorder, targeted therapies
represent a promising alternative. This research sought to explore the potential effect of miR-199a-5p on the
development of OA.

Methods: Based on the OA rat model, the serum was collected at 6 and 12 weeks, and microRNA
(miRNA) sequencing was performed. A bioinformatics analysis was conducted to examine the differentially
expressed micro ribonucleic acids, and qRT-PCR (real-time quantitative PCR) was conducted to determine
their expression in the joint tissues of rats with OA. Rats articular chondrocytes were collected and treated
with a miR-199a-5p antagomir or agomir. Afterwards, cell viability, autophagy was determinated. Dual
luciferase was used to verify that miR-199a-5p targets the regulation of mitogen-stimulated protein kinase
4 (MAPK4). Subsequently, in chondrocytes, MAPK was knockdown to rescue the effect of miR-199a-5p
inhibition, and cell viability and autophagy were examined. Finally, the OA model was treated with
miR-199a-5p antagomir to detect joint pathology, cartilage tissue and inflammatory factor and autophagy
was measured.

Results: MiR-199a-5p was greatly upregulated in OA, and miRNA was found to be differentially expressed
in OA tissues. MAPK4 was identified to be a target gene of miR-199-5p. Inhibiting miR-199a-5p not only
decreased the survival of chondrocytes and induced apoptosis, but also relieved inflammation and decreased
the content of pro-inflammatory cytokines. Further, the silencing of miR-199a-5p protected the articular
cartilage and improved gait abnormalities, but this effect was abrogated by the silencing of MAPK4.
Conclusions: The silencing of miR-199a-5p appears to improve gait abnormalities, promote the
survival of chondrocytes, and improve the condition of OA. Our findings may lead to the development of
miR-199a-5p-based targeted therapy for OA.
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Introduction With aging and the increased prevalence of obesity, the

prevalence of OA continues to increase year by year, and
Osteoarthritis (OA) is a very common form of currently, about 250 million individuals have OA worldwide
musculoskeletal disease, and its risk factors include aging, (1,5). Despite great advances in OA treatments, including

gender, obesity, and chronic systemic diseases (1-4). intra-articular injection, oral administration, and surgery,
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there is still no cure for OA (6,7). Notably, gene therapies
and small-molecule therapies based on the pathogenesis of
the disorder represent a promising alternative treatment
option for OA, and it may be an important way to treat OA
in the future. In fact, autophagy is thought to play a key
role in osteoarthritis. A new study shows that inhibiting
autophagy in chondrocytes may accelerate the progression
of osteoarthritis (8). Li er /. Also found that inducing
autophagy of chondrocytes is conducive to reducing
cartilage loss and matrix degradation(9). However, the
mechanism of autophagy in osteoarthritis is still unclear.
Thus, it is essential to further unravel the mechanism and
pathological changes of the disorder.

Micro ribonucleic acids (miRNAs), a type of non-coding
RNAs (ncRNAs), are widely studied in the human body,
and ncRNAs also include long non-coding RNAs and
circular RNAs (ribonucleic acid) (10,11). As we all know,
ncRNAs, including miRNAs, pathologically regulate gene
transcription and translation by RNA/protein sponging
and epigenetic alternation, and thus participate in various
cellular processes (11-15). Research has shown that some
miRNAs take part in the pathogenesis and progression of
diverse diseases, such as cancers (13) and neurodegenerative
diseases (16), and mediate the process of inflammation
(17,18). miRNAs also play a crucial role in OA and
osteoporosis. For example, research has shown that intra-
articularly injected miR-140-5p enters the cartilage and
restrains the progression of early OA in rats (19). As a
matter of fact, miR-199a-5p has been found to be increasing
in kee osteoarthritis (20). Wu et 4/. found that inhibition
of miR-199a-5p expression alleviated synovitis caused by
osteoarthritis (21). However, the mechanism of miR-199a-5p
in osteoarthritis remains to be explored.

The mitogen-activated protein kinase (MAPK) family
exerts a core effect on the signal cascade, and mediates
cellular responses, including the cell cycle, proliferation,
chromatin remodeling (22,23). Previous study on MAPKs
have focused on MAPK3/1 (ERK1/2), MAPK®8/9/10
(JNK1/2/3) (c-Jun N-terminal kinase 1/2/3), and
MAPK14/11/12/13 (P380//y/3), but only a few studies have
examined the role of MAPK4 (24). MAPK4 (also known
as ERK4, or p63 MAPK) is an atypical MAPK located on
chromosome 18q12-21 (25). Structurally, MAPK4 lacks
the Thr-X-Tyr activation motif, but contains the SEG
(single exon gene) sequence and SPR motif, and thus
cannot be phosphorylated by dual Ser/Thr and Tyr MAPK
kinase (23,26,27). Research has shown the significance of
MARK in the progression of several diseases, including
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prostate cancer (28), triple negative breast cancer (29),
and cervical cancer (23). Additionally, MAPK4 could serve
as a new modulator of acute lung injury (30). Thus, research
on MAPK4 may extend understandings of the disease
mechanism. However, to date, the function of MAPK4 in
OA remains unknown.

This study sought to screen the differentially expressed
miRNAs in OA, explore the potential functions of these
miRNAs in OA and investigate the underlying mechanism
of OA to provide novel therapeutic strategies for treating
OA. We present the following article in accordance with
the ARRIVE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-2057/rc).

Methods
Animal model of OA

The Nanfang South Medical University Animal Resource
Center provided the rats (which weighed 300-350 g
and were aged 11-12 weeks old). The rats underwent a
transection of the anterior and posterior cruciate ligament,
medial collateral ligament, and medial meniscus of the knee
to establish the rat knee OA model. On the 7th day post-
surgery, the rats were gathered to increase the weight of
the surgical limbs and accelerate the cartilage degeneration.
For the treatment group, the joints of the rats were injected
with miR-199a-5p antagomir (dose: 50 nmol/L; volume:
200 pL) every week after modeling. The blood of the
rats was collected, and the serum was obtained at the 6th
and 12th week for the RNA-sequencing analysis. Animal
experiments were performed under a project license (No.
RH2021-05-02) granted by ethics committee of Guangdong
Second Provincial General Hospital, in compliance with
Guangdong Second Provincial General Hospital guidelines
for the care and use of animals.

Library prep and miRNAs sequencing

miRNA was extracted from the joint tissues using a Qiagen
miRNeasy Kit. The TruSeq quick SBS kit (Illumina,
San Diego, CA, USA) was used in accordance with the
manufacturer’s instructions to construct a small RNA-
sequencing library. For the specifically enriched miRNAs,
the RNAs were separated by 4-20% sodium dodecyl-
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and eluted from the gel. The Agilent 2100 bioanalyzer
was used to measure the quality of the miRNAs, and the
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sequencing was made using Illumina HiSeq2500 (Illumina,
San Diego, CA, USA).

The raw information was filtered with fastx (version:
0.0.13; (http://hannonlab.cshl.ed u/fastx_toolkit/index.html)
to remove any unqualified reads of low quality, sequencing
primers, or low end quality. To identify the differentially
expressed miRNAs, a principal component analysis was
conducted on the miRNA-sequencing data set. After quality
control, 9 samples from the small RNA-sequencing data set
were included in the downstream analysis.

Gene target and pathway envichment analysis

The differentially expressed miRNAs were analyzed
from the collected samples using edgeR (31). Multiple
hypothesis testing was conducted to examine and adjust
the P value and determine the beginning of the P value
(a parameter to restrict false positive rate) by restricting
the false discovery rate (32,33). The q-value, and adjusted
P value were also calculated. Additionally, we calculated the
fold-change of differentially expressed miRNAs based on
the TPM (Transcripts Per Million) value and screened the
differentially expressed miRNAs with a P value <0.05 and a
fold-change >2.

miRNA-mRNA

The targeted binding of the differentially expressed
miRNA and messenger RNA (mRNA) 3 prime untranslated
region (3'UTR) was forecast using miRanda (http://www.
microrna.org/microrna/home.do) (34). The miRTarBase
(http://mirtarbase.mbc.nctu.edu.tw/index.html) was used
to summarize the known target genes of the differentially
expressed miRNAs (35). Gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses were subsequently conducted with
DIANA-miRPath v 3.0 (http://diana.imis.athena-innovati
on.gr/DianaTools/index.php) (36).

Reverse transcription-quantitative polymerase chain
reaction (qRT-PCR)

Th overall RNA from the tissues and cells was extracted
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA),
and then subjected to reverse transcription using the
PrimeScript RT Reagent Kit (TaKaRa, Tokyo, Japan). The
complementary RNA underwent a qRT-PCR analysis using
the Thermal Cycler CFX6 System (Bio-Rad, Hercules,
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CA, USA), and the SYBR Green PCR Kit (TaKaRa).
After normalizing miR-199a-5p to U6, the gene level was

measured using the 27 method.

Cell culture

At 7 days after birth, the primary chondrocytes were
taken from 5 Sprague-Dawley rats (three male and two
female). The digestion of the articular cartilage from
the end of the tibia and femur was performed with 0.2%
(w/v) type-1II collagenase, and cultured in a medium with
F12 and 10% (w/v) fetal bovine serum (FBS) and 1% (w/v)
penicillin/streptomycin. The seeding of the chondrocytes
at the first passage was made on glass slides in 24-
well plates for the immunofluorescence analysis. The
chondrocytes were treated with miR-199a-5p antagomir
or agomir for the subsequent experiments 24 hours after
the cell inoculation.

Immunoﬂuorescence

After the cells adhered to the walls, the cells were seeded
and exposed to 5Gy radiation. After being fixed with
4% paraformaldehyde, the SiHa or caSki cells were
permeabilized in 0.1% Triton X-100. Next, the cells
were blocked with 5% bovine serum albumin, and then
underwent an overnight probe with anti-vimentin or
anti-LC3 II primary antibodies at 4 °C and fluorescein
isothiocyanate-conjugated secondary antibodies. To
visualize the nuclear deoxyribonucleic acid, the cell nuclei
were stained with 4',6-Diamidino-2-Phenylindole (Sigma-
Aldrich, St. Louis, MO, USA), and then photographed

using a confocal microscope (Nikon).

CCK-8 assays

Approximately 1x10° cells was seeded in 96-well plates,
and then cultured for 0, 24, and 72 hours. A Cell Counting
Kit-8 (CCK-8) (Dojindo Molecular Technology) was
used to evaluate cell viability. CCK-8 reagent (10 pL) was
added to every well, and the cells were incubated at 37 °C
for 2 hours. The optical density at 450 nm was examined
using an ELx800 absorbance microplate reader (BioTek
Instruments).

EdU assay

The chondrocytes were seeded in a 6-well plate, and then
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incubated overnight. Subsequently, the cells were treated
for 24 hours with a miR-199a-5p antagomir or agomir.
Cell proliferation was then examined using a 5-ethynyl-2'-
deoxyuridine (EdU) test kit (KTA2030; Abbkine, USA) in

accordance with the manufacturer’s instructions.

Western blot

The chondrocytes were lysed with pre-chilled
radioimmunoprecipitation assay buffer lysis buffer
(Beyotime), and then quantified using a bicinchoninic acid
protein detection kit (Solarbio, Beijing, China). The protein
samples (50 pg) were isolated by 10% SDS-PAGE, and the
nitrocellulose membranes were transfected (Millipore, New
York, NY, USA). Next, the membranes were incubated
overnight with primary antibodies at 4 °C, and then with
secondary antibodies for 2 hours at room temperature. The
membranes were developed by chemiluminescence signal
with an enhanced chemiluminescence imaging kit (Thermo
Fisher Scientific, Waltham, MA, USA, Cat. #32209).

Target prediction

To explore the mechanism by which miR-199a-5p affects
OA, the TargetScan (http://www.targetscan.org) and
StarBase (http://starbase. sysu.edu.cn/) databases were used
to predict the target genes of miR-199a-5p.

Dual-luciferase reporter gene assay

"To assess the binding association between miR-199a-5p and
MAPK4, a fragment sequence with the putative binding site
of MAPK4 3'UTR and miR-199a-5p and the corresponding
mutation site was probed into pmirGLO plasmid (Promega,
Madison, WI, USA) to construct the WT-MAPK4 and
MUT-MAPK4 vectors. The constructed vectors were then
transfected into chondrocytes with miR-199a-5p or NC
(Negative control)mimic with Lipofectamine 3000 reagent
(Invitrogen). After 48 hours, the dual-luciferase reporter
system (Promega Corporation, USA) was used to assess
luciferase activity.

shRNA

Sigma-Aldrich (St. Louis, Missouri, USA) provided short-
hairpinRNA(ShRNA) targeting MAPK4, which was transfected
in accordance with the manufacturer’s instructions. shRNA
sequences: CGGCTGCATCCTGGCTGAGATGCATAT.
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Safranin O-fast green staining

The rat knee joints were fixed overnight in 4%
paraformaldehyde, after which they were dehydrated,
transparentized, and embedded in paraffin. Next, the
paraffin was cut into 5-pm sections and collected on a glass
slide. The sections were stained using the Safranin O/Fast
Green staining kit ICH World, Woodstock, MD, USA),
and the specimens were then photographed under an
inverted microscope.

Hematoxylin and eosin staining

The rat cartilage tissues were fixed for 12 hours in
4% paraformaldehyde phosphate buffer, followed by
deparaffinization and gradient alcohol hydration (with
absolute ethanol, 95% ethanol, and 75% ethanol for
3 minutes). After being boiled in 0.01 M citrate buffer
for 15-20 minutes, the slides were sealed with goat
serum blocking solution, and the excessive liquid was
removed. The tissues were stained with hematoxylin and
differentiated with hydrochloric acid and ethanol. After
routine dehydration, the tissues were sealed and observed
under an inverted microscope.

ELISA

Enzyme-linked immunosorbent assays (ELISAs) were
conducted to assess the levels of interleukin (IL)-1p, IL-6,
and IL-18 using an ELISA kit (R&D Systems, Minneapolis,
MN, USA) in accordance with the manufacturer’s
instructions.

Statistical analysis

The data are presented as the mean + standard deviation,
and the p values were determined using SPSS v22.0 with
a 2-tailed unpaired Student’s z-test (95% confidence
interval). A P value <0.05 indicated a statistically significant
difference.

Results

Establisbment of the OA model and identification of
differentially expressed miRNAs in OA

To study the abnormal expression of miRNAs in OA, a rat
OA model was established through surgery, and rat serum
was collected at 6 and 12 weeks for miRNA sequencing
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(see Figure 14,1B). The sequencing results showed
10upregulated miRNAs and 10 downregulated miRNAs.
The qRT-PCR analysis of the upregulated miRNAs
revealed that the expression levels of multiple miRNAs
increased at 12 weeks, and the expression levels of miR-
199a-5p increased the most significantly (see Figure 1C).

A bioinformatics analysis was conducted using the
miRanda and miRTarBase database for the targeted
binding prediction of the 3'UTR of differentially expressed
miRNAs and mRNAs. The GO and KEGG analyses
were subsequently conducted on the target genes (see

Figure 24,2B).

MiR-199a-5p is a significant regulator of chondrocyte
proliferation and survival

The rat articular chondrocytes were isolated for the primary
cultures, and immunofluorescence staining was conducted to
identify the morphology of chondrocytes (see Figure 34,3B).
The chondrocytes were transfected for 48 hours with
antagomiRs targeting miR-199a-5p, and the outcomes of
the qRT-PCR analysis confirmed that the expression of
miR-199a-5p decreased after the antagomir treatment (see
Figure 3C). The CCK-8 and Edu proliferation tests showed
that the knockdown of miR-199a-5p greatly increased the
cell proliferation rate (see Figure 3D,3E). Additionally, the
Western blot analysis revealed that upon treatment with
antagomiRs, the expression of LC3B and Beclin 1 decreased
and the expression of P62 increased, indicating that the
downregulation of miR-199a-5p inhibited autophagy. Thus,
our findings indicated that decreasing the expression of
miR-199a-5p increased the proliferation and survival of
chondrocytes (see Figure 3F).

qRT-PCR was used to confirm the overexpression of
miR-199a-5p by an agomir in chondrocytes (see Figure 4A),
cell proliferation was decreased (see Figure 4B,4C).
Additionally, the immunofluorescence staining, and Western
blot analysis showed that the overexpression of miR-199a-
5p led to an increase in autophagy (see Figure 4D,4E). Our
findings confirm to the outcomes of antagomir treatment,
and jointly prove that miR-199a-5p exerts a key effect on
the proliferation and survival of chondrocytes.

MiR-199a-5p targets MAPK4

To further examine the role of miR-199a-5p in
chondrocytes, the target genes of miR-199a-5p were
forecast with the TargetScan and StarBase databases, and
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the results revealed that MAPK4 may be the target gene
of miR-199a-5p (see Figure 5A). To verify the interaction
between MAPK4 and miR-199a-5p, wild-type and mutant
MAPK4 were co-transfected into 293T cells. The results
of the dual-luciferase reporter gene assays revealed that
miR-199a-5p binds to MAPK4 and inhibits MARPK4
expression (see Figure 5B). When the chondrocytes were
overexpressed for miR-199a-5p following the transfection
with the agomir, the protein expression of MAPK4 was
decreased; however, the protein expression of MAPK4
expression was increased after antagomir treatment (see
Figure 5C). These results indicate that miR-199a-5p binds
to the 3'UTR of MAPK4 and inhibits the expression of
MAPK4.

To further verify the effect of miR-199a-5p-MAPK4 on
the growth of chondrocytes, human articular chondrocytes
(HAC:s) were selected for the follow-up experiments and
first treated with LPS (Lipopolysaccharide). As LPS can
induce cell apoptosis and inflammation, LPS treatment
decreases cell proliferation significantly (30). Notably,
the miR-199a-5p antagomir treatment rescued the HAC
proliferation, but when MAPK4 expression was silenced
through shRNA treatment, the cell proliferation decreased
(see Figure 6A4,6B). Thus, miR-199a-5p functions by
targeting MAPK4. Similarly, the expression of the
autophagy-related protein LC3B increased after treatment
with MAPK4shRNA (see Figure 6C). The electron
microscopy results also revealed that the inhibition of
miR-199a-5p decreased the production of autophagosome
(see Figure 6D). Next, after examining the effect of
miR-199a-5p-MAPK4 on the expression of key genes
in the chondrocytes, the results revealed that silencing
miR-199a-5p targets MAPK4 to regulate the protein expression
of Collagen II, MMP13 (matrix metalloproteinases 13), and
ADAMTSS5 (ADAM metallopeptidase with thrombospondin
type 1 motif 5) (Figure 6E).

Controlling miR-199a-5p protects articular cartilage and
improves gait abnormality

To further examine the role of miR-199-5p in OA, we
established a rat knee OA model through the incision of the
anterior and posterior cruciate ligaments, medial collateral
ligaments, and medial meniscus. The rats in the treatment
group were then injected with miR-199a-5p antagomir
every week. The staining results of the knee joints revealed
that the silencing of miR-199a-5p effectively decreased
inflammation (see Figure 74,7B). Further, the ELISA assays
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(B) KEGG analysis. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes
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Figure 4 The overexpression of miR-199a-5p inhibits the proliferation and survival of chondrocytes. The chondrocytes were treated with
or without the miR-199a-5p Agomir. (A) The qQRT-PCR validation of miR-199a-5p expression; (B and C) cell proliferation and viability

were assessed by CCK8 and EdU assays; (D) the expression of LC3B was analyzed by immunofluorescence; (E) the protein expression levels
of LC3B, P62, and Beclin 1 were analyzed by Western blot. *P<0.05, **P<0.01, ***P<0.001 Agomir vs. NC. Scale bar: 100 pm. NC, negative

control; qRT-PCR, reverse transcription-quantitative polymerase chain reaction.

showed that inhibiting the expression of miR-199a-5p
decreased the expression of the pro-inflammatory cytokines,
IL-1B, IL-6, and IL-18 (see Figure 7C). Similarly, treatment
with the miR-199a-5p antagomir in vive also regulated the
protein expression of Collagen II, MMP13, and ADAMTSS
(see Figure 7D), which supports the findings of the in-vitro
experiments. Thus, our results indicate that miR-199a-5p is
involved in the progression of OA by targeting MAPK4.

© Annals of Translational Medicine. All rights reserved.

Discussion

The use of intra-articular administration to treat
OA appears to have more advantages than systemic
administration, including lower costs, fewer adverse
reactions, and higher local utilization. Currently, hyaluronic
acid (HA) and glucocorticoids (GCs) are commonly used
drugs, but their effects on OA are still controversial.
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Dexamethasone has been shown to save cartilage matrix
loss and chondrocyte viability in OA, but it also damages
healthy cartilage at some doses and durations (37). Recent
clinical trials have found in consistent results on the safety
and effectiveness of GCs, but it should be noted that these
clinical trials employed different methods (38). HA enables
OA to recover the rheological nature of synovial fluid,
thereby relieving the injury and improving functionality,
but its efficacy remains controversial. GC injections (rather
than HA intra-articular injections) are often recommended
for knee OA and thumb-base OA (7,39,40). Other methods
of intra-articular treatment, including small-molecule
drugs, stem-cell therapy, and growth-factor therapy, are
still under clinical development. In recent years, miRNNAs
have shown promise as biomarkers, as their expressions are
closely related to the progression of OA (41). However, the
mechanism underlying miRNAs in OA remains unclear.
This research sought to identify differentially expressed
miRNAs in OA, and then explore their functions and
potential regulatory mechanisms.

We found that miR-199a-5p exerted a key effect on
the OA rat model in vivo and in vitro. With the high
expression of miR-199a-5p in the chondrocytes of OA rats,
the control of miR-199a-5p increased the proliferation
of chondrocytes and induced autophagy, while the

© Annals of Translational Medicine. All rights reserved.

overexpression of miR-199a-5p aggravated the progression
of chondrocytes. At present, many miRNA studies related
to OA have been based on bioinformatics analyses or the
results of previous studies. The present study screened
the differentially expressed miRNAs in a OA rat model
by eukaryotic miRNA-sequencing analysis and then
miRNAs were detected by qRT-PCR. Our results indicate
that miR-199a-5p had the most obvious expression.
Previous sequencing studies have also noted the abnormal
expression of miR-199a-5p in OA at different stages, and
it is believed that the expression of miR-199a-5p in late
OA is significantly lower than that in early OA. However,
these studies failed to clearly elucidate the functional
verification of miR-199a-5p and its downstream targets,
and the difference between OA and normal tissues has
not yet been explored (20,42). Notably, it is likely that
miR-199a-5p exerts a different function in the pathology
of early OA and late OA, and we intend to examine this
further in future research.

Additionally, this research further showed that MAPK4
is the downstream target of miR-199a-5p, as knocking
down MAPK4 abrogated the role of miR-199a-5p in
cell proliferation and autophagy. Further, miR-199a-5p
regulates Collagen II, MMP13, and ADAMTSS5 expression
requiring MAPK4. The significance of MAPK4 (an atypical

Ann Transl Med 2022;10(10):601 | https://dx.doi.org/10.21037/atm-22-2057
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Figure 6 miRNA-MAPK4 regulates chondrocyte proliferation and survival, and the expression of genes related to chondrogenesis.
Chondrocytes were treated with or without LPS or miR-199a-5p antagomir or shMAPK4. (A,B) Cell proliferation and viability were
assessed by CCKS8 and EdU assays; (C) the expression levels of LC3B were analyzed by immunofluorescence; (D) the autophagosomes (red
arrow) were observed with an electron microscope; (E) the protein expression levels of Collagen II, MMP13 and ADAMTS-5 were analyzed
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MAPK) has been noted in various cancers, but its function
in OA is not yet known. Our research suggests that MAPK4
may drive the function of miR-199a-5p.

Cartilage loss is the leading cause of OA. Cartilage
cells are enclosed by a large amount of extracellular
matrix, of which collagen and aggrecan are important
components (43). The deterioration of aggrecan is an
early event in OA pathology, and the degradation and loss
of collagen are irreversible (44). The ADAMTS family
comprises the aggrecanase involved in cartilage degradation
in OA. ADAMTS-5 is the main aggrecanase involved in
cartilage catabolism, and its potency is about 30 times that
of ADAMTS-4 (45,46). Collagen II is the main collagen in
cartilage ECM, and is extremely resistant to degradation
by most proteases, but it is degraded by collagenases,
including MMP-1, MMP-8, and MMP-13 (43). MMP-13 is
the primary collagenase involved in OA, and its expression
increases in OA cartilage (47,48). Our outcomes showed
that inhibiting miR-199a-5p protected Collagen II and
decreased the expression of MMP13 and ADAMTS-5.

IL-1B, IL-6, and IL-18 are all inflammatory cytokines
involved in the pathogenesis of OA. IL-1p has the
function of inducing inflammation and catabolism, and it
is associated with Toll-like receptors. IL-1B transmits the
signal to the adaptor protein MyD88 to recruit TRAF6
and the downstream IKK kinase complex, stimulating the
transcription element NF-xB and enhancing inflammatory
response (49-51). IL-1p also affects the synthesis of MMP13
and ADAMTS-4 by chondrocytes (52,53), promotes the
formation of osteoclasts, and is crucial to variations in
the subchondral bone layer (54). Additionally, IL-6 acts
synergistically with IL-1 B to promote the formation of
MMPs and reduces the production of Collagen II (55).
IL-18 also induces the destruction of chondrocytes by
promoting the excessive synthesis of MMPs and inhibiting
the synthesis of Aggrecan (56,57). Our research shows that
the intra-articular injection of the miR-199a-5p antagomir
significantly decreased the level of IL-1p, IL-6, and IL-18.

Conclusions

Collectively, the current research showed that the silencing
of miR-199a-5p protects the articular cartilage in OA
by regulating MAPK4, improves gait abnormalities, and
restrains the progress of OA. Inhibiting the proliferation
and anti-inflammatory effects of miR-199a-5p may be an
effective way to relieve OA, and our findings have certain
clinical significance.

© Annals of Translational Medicine. All rights reserved.
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