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Abstract. – OBJECTIVE: Knee osteoarthri-

tis (KOA) is currently indicated to be characterized by destruction of articular cartilage. The
destruction can be described as an imbalance
between synthesis and degradation of extracellular matrix (ECM) components. It is accompanied with changes of pro-inflammatory cytokines and degradation enzymes dominated by
matrix metalloproteinase (MMP) and a disintegrin and metalloproteinase with thrombospondin
motifs (ADAMTS). Recent studies have revealed
that microRNAs (miRNAs) are associated with
synthesis and degradation of extracellular matrix (ECM). They play an important role in articular cartilage homeostasis of knee osteoarthritis
(KOA). The related mechanisms include mediating the relevant enzymes and pro-inflammatory
cytokines. The aim of this study is to reveal the
potential microRNAs (miRNAs) and their corresponding upstream or downstream targeting on
cartilage extracellular matrix (ECM) degradation
in knee osteoarthritis (KOA).
MATERIALS AND METHODS: 7 databases were extensively searched with a theme of
MicroRNAs (miRNAs) and knee osteoarthritis
(KOA). The articles were searched regardless of
publication status and language. The databases include PubMed, Cochrane Library, EMbase,
China Biology Medicine (CBM), China National
Knowledge Infrastructre (CNKI), WanFang Data
and Chinese Scientific Journal Database (VIP).
RESULTS: This article reviews the microRNAs (miR-140, miR-146a, miR-25, miR-543, miR19, miR-125b, miR-92a, miR-27b, miR-448, miR558, miR-155) and their corresponding upstream
or downstream in mediating cartilage extracellular matrix (ECM) degradation.
CONCLUSIONS: MicroRNAs (miRNAs) have
been involved in the pathogenesis of KOA. They
can directly regulate cartilage homeostasis by
targeting on ECM degradation via corresponding upstream/downstream.
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Introduction
Knee osteoarthritis (KOA) is a chronic degenerative joint disease affecting millions of people
worldwide1. It is indicated that approximately
6% adults aged above 30 will be suffered from
symptomatic KOA2. While 80% people aged over
70 have been experiencing the harm brought by
KOA. KOA is clinically characterized by joint
pain, stiffness and varied degrees of functional
disabilities. Factors as age, gender, obesity, trauma and genetics are all contributing to KOA development and progression3,4. However, the exact
pathogenesis of KOA has not been fully illuminated. Current explored pathology of KOA is illustrated in Figure 1. Recent studies have found
destruction of articular cartilage may be the key
pathogenesis of KOA. It is caused by an imbalance between synthesis and degradation of extracellular matrix (ECM) components, such as
type II collagen (Col2a1) and aggrecans (ACAN).
At molecular level, ECM imbalance occurs accompanied with pro-inflammatory cytokines
and degradation enzymes dominated by matrix
metalloproteinase (MMP) and a disintegrin and
metalloproteinase with thrombospondin motifs
(ADAMTS). ECM degradation can be divided
into two phases in KOA. In the early on degradative phase, ADAMTS and MMP-13 digest the
ECM in the presence of pro-inflammatory cytokines. Then in the compensative biosynthetic
phase, the chondrocytes will proliferate to repair
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the damaged ECM. Once the compensation was
disrupted by pro-inflammatory cytokines, the
cartilage erosion will be accelerated subsequently.
Significant efforts have been made to understand the molecular mechanisms underlying KOA
pathogenesis. Scholars5,6 revealed that microRNAs
(miRNAs) are involved in articular cartilage homeostasis of KOA. MiRNAs are a class of endogenous non-protein-coding small RNA identified as
critical post-transcriptional regulators. MiRNAs
exert their biological effects mainly through the
regulation of post-transcriptional gene expression.
Binding to 3’-untranslated region (3’UTR) of target gene, miRNAs can then play critical roles in
cell proliferation, migration, invasion and differentiation. In regard to ECM degradation of KOA,
dysregulation of several miRNAs is indicated to
be involved in (miR-140, miR-146a, miR-25, miR543, miR-19, miR-125b, miR-92a, miR-27b, miR448, miR-558, miR-155) (Table I). Meanwhile,
subsequent AMAMTS and MMP-13 changes are
also one of the vital processes in ECM destruction. For example, ADAMTS-4 and ADAMTS-5
are downstream of miR-140 related to chondrocyte apoptosis. Up-regulated MMP-13 induced by
down-regulated miR-27b is found to correlate with
chondrocytes degradation. Although many studies have indicated the close relationship between
miRNAs and ECM degradation in KOA, the corresponding upstream or downstream have not been
illuminated clearly yet.
Thus, this review aimed at describing the miRNAs and associated upstream or downstream
targeting on ECM degradation in KOA. The
discussed pathology will involve chondrocyte,
subsequent changes of MMP, ADAMTS and
pro-inflammatory cytokines. It will also give new
insight to therapeutic strategies in KOA clinically.
MicroRNA and Chondrocyte
Cartilage degradation is of great importance
in KOA. Chondrocytes are responsible for synthetizing ECM components and maintain cartilage homeostasis. Iliopoulos et al7 screened
365 miRNAs genes and found 16 ones varying
in articular chondrocytes. Cong et al8 identified
46 differentially expressed miRNAs involved in
chondrocyte apoptosis, autophagy, differentiation and ECM degradation. In detail, miRNAs
such as miR-140, miR-146a, miR-135b, miR-27b,
miR-448, miR-558 are indicated to correlate with
chondrocyte proliferation, differentiation and
apoptosis. Above miRNAs are then subsequently
involved in ECM degradation9-13.
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MiR-140
MiR-140 is one of research highlights among
miRNA molecules in KOA. It is closely related
to cartilage homeostasis including chondrocyte
proliferation, differentiation, apoptosis, autophagy and inflammatory responses. MiR-140 is expressed only in cartilage during the development
of embryonic cartilage14-20. The expression of miR140 will increase in parallel with the differentiation and mature of chondrocytes21,22. MiR-140-deficient mice will obtain skeletal malformations
and articular cartilage cells after birth. Moreover,
miR-140- / - mice will obtain age-related KOA-like
changes such as loss of specific proteoglycan and
osteophyte in articular cartilage. Transgenic mice
overexpressed with miR-140, however, will acquire resistance to pro-induced arthritis23. Thus,
miR-140 is proved as an important factor in mediating chondrocyte homeostasis. In detail, miR140 is indicated to influence chondrocyte degradation via chondrogenic factor transcription factor
SRY-box-containing gene 9 (SOX9), ADAMTS,
fucosyltransferase (FUT) and runt-related transcription factor (Runx2) regulators and pathways.
SOX9
SOX9 is the upstream of miR-140. The level
of SOX9 is positively correlated with miR-140
as knocking down of SOX9 will significantly decrease miR-140. SOX9 is a key transcription factor in cartilage maturity24. Nakamura et al18 found
in zebrafish cartilage that SOX9 mutations will
lead to absence of miRNA-140 transcription. In
addition, Luciferase detection revealed that SOX9
could induce miR-140 expression binding to intron
10 of the WWP2 gene25. Yamashita et al26 found
that SOX5 and SOX6 can target on SOX9 and enhance the miR-140 expression in transgenic mice.
Once when SOX9 increased, miR-140 would also
be up-regulated. The expression of Col2a1 and
ACAN will be promoted subsequently. Then, the
equilibrium points of chondrocyte differentiation,
Bap×1/ Nk×3.2, will be affected in order to influence chondrocyte differentiation27. Moreover,
upregulated SOX9 can inhibit the expression of
chondrocyte hypertrophy differentiation marker
Col10a1 through miR-14028. MiR-140 can thus
promote the expression of ACAN and Col2a1 and
inhibit Col10a1 via SOX9. Then it is able to maintain the normal chondrocyte phenotype.
ADAMTS
ADAMTS-4 (Aggrecanase-1) and ADAMTS-5
(Aggrecanase-2), mainly responsible for ACAN

Table I. MicroRNAs and associated molecular regulators.
Key MicroRNA in
KOA
Chondrocyte
miR-14021,22

Tissue

Chondrocyte

Changes
in KOA
↓

Biological Targets
Involved
Chondrocyte proliferation/differentiation/
apoptosis/autophagy
ECM homeostasis

Upstream of the
MicroRNA
SOX924
(SOX5/SOX6)
WWP2 gene25
IL-1
/
/

miR-146a45

↓

miR-2548

Chondrocyte
Synoviocytes
Chondrocyte

↓

Chondrocyte proliferation/apoptosis
ECM homeostasis
Chondrocyte proliferation/apoptosis

/

miR-54356

Chondrocyte

↓

ECM homeostasis

IL-1β49
MAPK 4 (p38)54
IL-1β

miR-19b59

Chondrocyte

↓

Chondrocyte proliferation/apoptosis

IL-1β

miR-27b66
miR-146a71

Chondrocyte
Chondrocyte/
Synoviocytes
Chondrocyte
Chondrocyte

↓
↓

ECM homeostasis
ECM homeostasis

NF-κB
NF-κB

↓
↑

ECM homeostasis
Chondrocyte apoptosis
ECM homeostasis

Estrogen/E2
/

Colorectal cells
fibroblasts
Chondrocyte

↓

Chondrocyte apoptosis
ECM homeostasis
Chondrocyte apoptosis
ECM homeostasis

NF-κB (TNF-α/IL-1/
IL-6)
NF-κB/JNK

Chondrocyte inflammation

/

MMP

miR-14099
miR-44882
miR-55885
miR-15588

Pro-inflammatory Cytokines
miR-146a93
Chondrocyte/
Synoviocytes

↑
↓

Downstream of the MicroRNA

Bap × 1 / Nk × 3.2 27
Col10a128
Col2a1 and ACAN
TIMP-ADAMTS4/5 balance30
Col2a1 and ACAN
FUT1 33
(LC-3II/Atg5/ Beclin-1 protein)
Col2a1 and ACAN
Runx2 42-44
(Smad1/Smad3)
(ADAMTS/ Col10a1)
Smad4→VEGF
ATF-2/ MEF-2C 55
Col2a1 and ACAN
MDM4 (TP53/Cytochrome C) 57
Akt1 (mTOR) 58
Bcl-2 58
GRK6
p65 (NF-κB)
Col2a1 and ACAN
MMP-13 70
IRAK1/TRAF6
MMP-13
MMP-13
Matrilin-3
MMP-13
Col2a1 and ACAN
COX2/PGE2
MMP-13
AP-1
MMP-13
TLR4/TRAF6/IRAK1
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degradation, are the downstream of miRNAs.
Expressions of ADAMTS are negatively correlated with the level of miR-14029. Compared with
normal chondrocytes, in response to IL-1 stimulation, miR-140 was markedly decreased while
ADAMTS4/5 overexpressed. Overexpressed
ADAMTS-4 and ADAMTS-5 will significantly
decrease ACAN release/catabolism via affecting
the protease/tissue inhibitor of metalloproteinases (TIMP)30. That is to say, the balance between
TIMP-3 and ADAMTS-4/5 will be disturbed.
The delicate ECM balance will then be destroyed
and result in chondrocyte degradation. As listed above, miR-140 can indeed mediate chondrocyte degradation via regulating downstream
ADAMTS-4/5. However, the mechanism how
ADAMTS-4 and ADAMTS-5 are regulated by
miR-140 is still unexplored. MiR-140 is indicated to regulate ADAMTS-4/5 via interleukin-1
(IL-1), tumor necrosis factor-α (TNF-α) or transforming growth factor β (TGF-β). Song et al31
found that ADAMTS-4 could be regulated by the
growth arrest-specific 5 gene (GAS5) involved in
stimulating chondrocyte apoptosis. Moreover, the
fibroblast growth factor-2 (FGF2), nuclear factor
kappa-light-chain-enhancer of activated B cells
(NF-κB) and mitogen-activated protein kinas-

es (MAPK) activation are also associated with
ADAMTS-4/5 regulation at molecular levels.
FUT1
FUT1 is the direct downstream of miR-140 in
chondrocyte regulation. It is negatively correlated with miR-140. FUT1, a fucosylated synthase,
plays an important role in mediating inflammatory cell adhesion and chondrocyte proliferation32.
Wang et al33 identified that FUT1 was aberrant
upregulated in KOA cartilage tissues. Meanwhile,
miR-140 was significantly down-regulated in
KOA patients compared with the healthy group.
Study showed that overexpressed miR-140 inhibited apoptosis and promoted proliferation of primary chondrocytes via down-regulating FUT1.
On the contrary, the downregulation of miR-140
would inhibit chondrocyte proliferation and contribute to ECM degradation via upregulating
FUT133. The luciferase assay further verified
miR-140 could directly mediate FUT1 by bounding to its 3’-UTR in chondrocytes. Besides, in
terms of corresponding protein levels, the Western blot showed decreased miR-140 could significantly reduce the expressions of LC-3II, Atg5, and
Beclin-1 protein levels. Thus, miR-140, FUT1 and
associated proteins might serve as prospective

Figure 1. Current explored pathology of knee osteoarthritis. The left one stands for healthy knee joint. The right one stands
for the joint of knee osteoarthritis. Inflammatory cells infiltrate the synovium resulting in the release of pro-inflammatory mediators and chronic inflammation. The cartilage and bone are degraded and remodeled with subchondral sclerosis, osteophyte
and cyst formation.
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biomarkers and potential therapeutic targets in
future KOA treatment.
RUNX2
Runx2 is the downstream protein which can
be directly affected by miR-140. Runx2 is required for the differentiation of prehypertrophic
chondrocytes to hypertrophic chondrocytes34-36.
Runx2 –/– mice lack hypertrophic chondrocytes
in most of the skeleton 37,38. Runx2 usually works
as Runx2-Smads complex in chondrocyte regulation. Among the Smads family, Smad1 and
Smad3 can bind with Runx2 competitively. The
former activates Runx2 while the latter inhibits Runx239,40. Komori41 has showed that level of
Runx2 is negatively correlated with miR-140.
Down-regulated miR-140 will promote Smad1
expression in KOA. Runx2 will be activated and
overexpressed due to up-regulation of Smad1
subsequently. Then the chondrocyte maturation
in whole cartilage will be accelerated. Impaired
joint and chondrocyte will be formed as a result. Moreover, Runx2 can induce the expression of ADAMTS5 which will further disrupt
the ECM synthesis 42-44. Col10a1, the chondrocyte hypertrophy differentiation marker, will
also be activated when Runx2 overexpressed.
The chondrocyte degradation will be quickened
subsequently.
MiR-146a
MiR-146a is markedly expressed in KOA cartilage. Actually, miR-146a is involved in human
chondrocyte apoptosis in response to mechanical
injury. It may contribute to chondrocytes degradation by increasing vascular endothelial growth
factor (VEGF) levels via Smad4 in cartilage.
Saito et al45 found that VEGF, one of the major
regulators in KOA pathology, was downstream of
miR-146a. VEGF and its receptors can be significantly up-regulated and involved in chondrocytes
vascularization and inflammatory response46.
Once the balance between anti-angiogenic factors
and pro-angiogenic factors mediated by VEGF
was disrupted, blood vessels would then grow
from subchondral bone into articular chondrocyte. Hypertrophy, degradation and apoptosis of
chondrocytes will then be led to consequently47.
Moreover, Smad4 was identified as a direct target
of miR-146a by harboring its binding sequence
in the 3’-untranslated region (3’-UTR). In KOA,
decreased miR-146a could up-regulate VEGF via
Smad4 in KOA development and contribute to
chondrocyte degradation47.

MiR-25
Recent studies have showed that transfected
miR-25 will significantly decrease the apoptotic
rate and improve proliferation rate of chondrocytes. Meanwhile, the transfected miR-25 inhibitors will reverse above condition. This indicates that miR-25 can protect chondrocytes from
degradation48. It decreased significantly in KOA
chondrocyte.
IL-1β
IL-1β is a major inflammatory cytokine playing a vital role in pathogenesis and development
of KOA [49]. It is the downstream of miR-25.
Meanwhile, IL-1β is negatively correlated with
miR-25. This cytokine can not only inhibit the
chondrocyte proliferation and differentiation, but
also induce chondrocytes degradation and apoptosis49-53. Increased IL-1β means down-regulated
production of ACAN and Col2a1 in ECM. As an
anti-IL-1β factor, miR-25 can effectively slow
down chondrocyte degradation via down-regulating IL-1β.
MAPK
MAPK plays an important role in KOA development. MAPK4 acts as the activator of intracellular phosphorylation cascade signaling pathway. Proved by targeting binding gene sequence,
MAPK 4 gene is indicated to be miR-25 upstream54. Activated MAPK4 will significantly decrease miR-25 expression. Meanwhile, MAPK4
is also a significant activator of 38 kDa protein
kinase (p38) [55]. P38 can further activate intracellular activated transcription factor-2 (ATF-2)
and the transcription factor myocyte enhancement factor (MEF-2C) in chondrocyte apoptosis.
Moreover, activated ATF-2 and MEF-2C can increase related inflammatory genes expressions in
KOA and promote ECM degradation55. Therefore,
activated upstream MAPK4 gene and p38 can decrease miR-25 and contribute to ECM degradation.
MiR-543
MiR-543 may also be involved in chondrocyte
homeostasis56. MiR-543 can promote chondrocytes proliferation. The expression of miR-543 in
KOA chondrocyte decreased significantly. This
suggests that normal expression of miR-543 may
be of great significance in maintaining normal
physiological function of chondrocytes. Research
has indicated that proteins such as MDM4, Bcl-2
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and Akt1 may be downstream of miR-543. MiR543 can reduce the release of pro-apoptotic protein MDM4 and increase the levels of apoptosis
resistant proteins like Bcl-2 and Akt157. MDM4
downstream TP53 mitochondrial and cytochrome
C apoptosis are thus declined in order to protect
chondrocytes from degradation. Additionally,
Akt1 can reduce chondrocyte apoptosis by regulating the mTOR signaling pathway, thereby
maintaining the balance of ECM58.

MMP 13−/− mice are protected from cartilage
erosion in a surgical KOA model64. As a marker of chondrocyte hypertrophy and differentiation, it has the strongest ability to break down
Col2a165. Recent studies have reported miRNAs
can mediate MMP-13 transcription in regard to
pro-inflammatory cytokines as TNF-α/IL-1β/
NF-κB (miR-27b, miR-146a, miR-155, miR-124),
hormones changes (miR-140) and proteins or enzymes (miR-448, miR-558).

MiR-19b
MiR-19b is indicated to play a protective role
in chondrocyte as its mimic can dramatically increase the viability of chondrocyte and suppress
cell apoptosis. Meanwhile, miR-19b up-regulation can substantially restore the ECM homeostasis. Luciferase reporter assay showed that G protein-couple receptor kinase 6 (GRK6) gene was a
direct downstream of miR-19b. MiR-19b exerts its
protective role via NF‑κB/GRK6 signaling pathway. GRK6 is a member of the GRK family related to various inflammatory processes in chondrocyte degradation59. MiR-19b was significantly
decreased in KOA chondrocytes. The level of
miR-19b was in paralleled with decreased ACAN,
Col2a1 expressions and elevated GRK6 levels60.
Decreased miR-19b in paralleled with increased
GRK6 significantly suppressed cell viability and
promoted chondrocyte apoptosis61. Moreover,
NF‑κB pathway, which plays a significant role in
chondrocyte differentiation and apoptosis, was
also correlated with miR-19b. Decreased miR19b could no longer suppress the expression of
p65 and resulted in increase of pro-inflammatory
cytokines such as IL-6 and IL-8. Thus, local inflammatory responses were aggravated and chondrocyte degradation accelerated. Taken together,
these results indicated that miR-19b could affect
chondrocyte homeostasis via GRK6 accompanied with NF‑κB pathway.

MiR-27b
MiR-27b is negatively correlated with the expression of MMP-13. MMP-13 is the downstream
of miR-27b. KOA chondrocytes with overexpressed miR-27b produced 38% less MMP-13
protein while inhibited miR-27b resulted in an
increase of 13% in MMP-13 protein expression66.
Besides, compared with non-transfected controls,
KOA chondrocytes transfected with miR-27b inhibitor alone produced 51% more MMP-13 protein66. MiR-27b significantly decreased in KOA
patients induced by activated upstream NF-κB
signaling pathway directly67,68. NF-κB is a protein
complex which plays a crucial role in inflammatory responses and chondrocyte apoptosis. The
activation of NF-κB signaling pathways will trigger release of pro-inflammatory cytokines. The
degree of cartilage damage and the balance of
ECM metabolism will then be altered69,70. Previous studies have shown that NF-κB can up-regulate the levels of p38 MAPK70. Apart from the
effect derived from NF-κB, activated p38 MAPK
can also decrease miR-27b and increase MMP-13
expression. Meanwhile, down-regulated miR-27b
could directly increase MMP-13. That is to say,
the activated NF-κB could up-regulate the expression of MMP-13 but act as a negative regulator of
miR-27b in promoting chondrocytes degradation.

MicroRNA and MMP
Except for directly affecting chondrocytes,
miRNAs can also mediate MMP transcription
in inducing ECM degradation. MMPs are Zn2+
dependent endopeptidase, which have high specificity to collagen. MMP-1, MMP-3, MMP-8,
MMP-9, MMP-13 and MMP-14 are all found associated with chondrocyte degradation62. However, among above MMPs, MMP-13 is considered
to be the most important collagenase. Conditional
expression of MMP-13 in murine cartilage induces spontaneous cartilage degradation63. Whilst
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MiR-146a
MiR-146a is a negative upstream of MMP-13
in KOA cartilage. It can regulate MMP-13 via
a feedback loop. This loop involves miR-146a,
MMP-13, IL-1 receptor–associated kinase 1
(IRAK1) and TNF receptor associated factor 6
(TRAF6). First, Taganov et al71 reported miR146a could directly inhibit the expression of
IRAK1 and TRAF6 binding to the 3’-UTR. Second, miR-146a was markedly decreased in human chondrocytes in parallel with significantly
increased MMP-13. MiR-146a was inferred to
regulate MMP-13 through IRAK1 and TRAF6.
In primary KOA compensatory stage, miR-146a
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could still maintain the delicate balance of ECM
homeostasis through the feedback loop. However,
during decompensated period, the negative feedback loop was destroyed. Significantly decreased
miR-146a could not inhibit IRAK1 and TRAF6
and thus resulted in MMP-13 upregulation. Once
MMP-13 was up-regulated, ECM homeostasis
would be destroyed.
MiR-140
MiR-140 is also a negative regulator of MMP13 in chondrocyte degradation72. However, the
mechanism underlies miR-140-mediated regulation on MMP-13 is currently unclear. Recent studies have showed the possible correlations among
miR-140, estrogen and MMP-13. Sex hormone is
considered as an important etiology of KOA. The
increased prevalence in women with menopausal
transition is considered as a result of estrogen levels reduction73,74. Both estrogen receptor (ER) and
MMP-13 are expressed in joint tissue and chondrocytes, indicating that chondrocytes can respond to estrogen levels75,76. MMP-13 levels were

significantly suppressed by 17-β-estradiol (E2) in
chondrocytes in female patients66. Moreover, E2
is indicated to be the upstream of miR-140. E2 can
directly up-regulate the expression of miR-140 in
chondrocyte. Meanwhile, E2 has the capacity to
down-regulate MMP-13 transcription and protein levels in KOA-diseased chondrocytes. MiR140 can also down-regulate MMP-13 as already
known. Thus, miR-140 is a crucial regulator in
E2-mediated cartilage homeostasis as miR-140
can enable E2 to suppress MMP-13 production.
The chondrocytes are thus protected from degradation. Taken together, these findings provide
new insight into the mechanism of menopausal
caused KOA. The E2/miR-140/MMP-13 axis is
indicated to be a potential target for therapeutic
interventions for KOA.
MiR-448
It has been reported that miR-448 is broadly involved in chondrocyte apoptosis77,78. In chondrocyte regulation, miR-448 is positively correlated
with MMP-13 levels. Recent studies have indicat-

Figure 2. MicroRNAs and associated regulators in ECM degradation. Cartilage degradation is considered to be the central
pathogenesis of KOA. The imbalance between catabolic and anabolic expression accompanied with MMP-13 and inflammation contributes to the ECM degradation. MicroRNAs such as miR-140, miR-146a, miR-25, miR-543, miR-19b can directly
regulate chondrocyte and destroy the balance established in ECM by affecting their upstream/downstream regulators or pathways including ADAMTS, SOX9, p38 MAPK, VEGF, FUT1 and RUNX2. Besides, miRNAs can regulate the activation of
key enzymes such as MMP-13 in order to degrade chondrocytes. For example, miRNAs such as miR-27b, miR-146a, miR-558,
miR-155, miR-140 and miR-448 can up-regulate the expression of MMP-13 via NF-κB, estrogen and matrilin-3 pathways.
Meanwhile, miRNAs play a significant role in regulating inflammation. MiRNAs such as miR-146a can increase inflammatory
responses via various inflammatory cytokines especially through TLR4/NF-κB pathways.
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ed that miR-448 can regulate MMP-13 by directly
targeting on matrilin-379. Matrilin-3 is a non-collagenous oligomeric ECM protein, belonging to
one of the four members of the Matrilin family80.
As an ECM protein, matrilin-3 can interact with
collagen fibrils, multiple proteoglycans and other glycoproteins. It significantly contributes to
the formation of filamentous matrix network81.
In KOA, it was discovered that miR-448 was significantly increased while matrilin-3 decreased82.
Overexpression of miR-448 would up-regulate
MMP-13 level and down-regulate ACAN and Col2a1 expression. Reversely, knockdown of miR448 significantly increased the expressions of
matrilin-3, ACAN and Col2a1. The expression of
MMP-13 was thus decreased subsequently compared with osteoarthritis chondrocytes. These
data indicated that overexpression of miR-448
could up-regulate MMP-13 via matrili-3 in ECM
degradation. This also indicates that matrilin-3
may be a potential highlight for future research.

signal groups which are extracellular signal regulated kinase (ERK), Jun-N terminal kinase (JNK)
and 38 kDa protein kinase (p38). Impairment of
JNK signal transmission, directly targeting on
miR-155, contributes to the chondrocyte development, growth and apoptosis89. Moreover, JNK can
regulate MMP production89. In KOA chondrocyte, activated JNK level will increase Activator
protein-1 (AP-1) and then up-regulate miR-155 in
parallel with MMP-13. Chondrocyte degradation
was thus accelerated due to MMP-13 upregulation. Therefore, miR-155 was indicated to regulate chondrocyte via JNK, miR-155, MMP-13
paticipation90. MAPK and AP-1 can be seen as
therapeutic target in alleviating KOA.

MiR-558
MiR-558 was first identified in human colorectal cells and then found to be up-regulated in
irradiated fibroblasts. It is now noted for targeting genes involved in chondrocyte apoptosis83,84.
MMP-13 and COX2 are downstream of miR55885. COX-2 is a major prostaglandin E2 (PGE2)
synthetic enzyme involved in the pathogenesis of
chronic inflammation and pain in KOA. COX-2
can be directly down-regulated by miR-558 overexpression by binding to COX-2 3’UTR in human
chondrocytes85. NF-κB acts as the upstream of
miR-558, the activation of which can significantly
inhibit miR-558 expression. In human KOA chondrocyte, miR-558 was reported to be significantly
down-regulated by upstream NF-κB activation86.
Decreased miR-558 up-regulated COX-2 mRNA
levels and promoted the expression of COX2.
Meanwhile, MMP-13 expression was significantly increased due to miR-558 decrease. Then, Col2a1 synthesis decreased and ECM degraded as a
result of above condition. These findings demonstrated that chondrocyte homeostasis could be
influenced by miR-558 via upstream NF-κB and
downstream COX/MMP-13.

MicroRNA and Pro-inflammatory
Cytokines
Recent evidence suggests that pro-inflammatory cytokines/pathways contribute to the abnormal
inflammatory network within KOA91. Toll-like
receptors (TLRs) are indicated to be controlled
post-transcriptionally by specific miRNAs92. Previous studies have demonstrated that overexpression of miR-146a could decrease TLR4-mediated
inflammation through inhibition of TLR4/NF-κB
signaling93. However, the detailed mechanism has
not been illuminated. Current research showed
that abnormal inflammation is associated with
danger-associated molecular patterns (DAMPs).
Innate immune responses can be activated not
only against pathogens but also by DAMPs released upon pathological conditions in KOA94.
DAMPs are recognized by pattern recognition
receptors such as TLRs. They will lead to activation of signaling adaptor proteins (IRAK1 and
TRAF-6). Subsequently, they will result in nuclear translocation of the central pro-inflammatory
transcriptional factor NF-κB and mediate the cytokine responses94.
The increased production of pro-inflammatory
cytokines observed in KOA is thought to be mediated by the activation of TLR495. Upon DAMPs
stimulation, overexpressed TLR4 in KOA chondrocytes initiates the downstream signaling pathway and leads to inflammatory responses via NFκB activation95.

MiR-155
It has been shown that miR-155 plays an important role in chondrocyte degradation via upstream MAPK pathway87,88. MAPKs are central
regulators in chondrocyte proliferation, survival
control and matrix synthesis. MAPKs have three

MiR-146a
MiR-146a has been described as one of the key
molecules in inflammatory responses. It will lead
to pain and abnormal immune responses in KOA.
Taganov et al71 reported that miR-146a could be
induced by inflammatory cytokines. Moreover, it
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was a NF-κB dependent gene which could inhibit
IRAK1 and TRAF6 expressions.
TLR4/IRAK1/TRAF6 pathway is downstream
of miR-146a. MiR-146a can regulate inflammatory responses via above signaling pathway. TLR4
is indicated to be the only common KOA-related
target gene of miR-146a involved in KOA inflammatory response96. Overexpression of miR-146a
can result in a strong negative effect on TLR4 expression in chondrocyte. Meanwhile, overexpression of miR-146a can result in significant reduction
of NF-κB phosphorylation levels and related gene
expressions, as well as IL-1β, IL-6 and TNF-α97.
Moreover, IRAK1 and TRAF6 expressions can
be regulated by TLR4 and negatively correlated
with miR-146a as mentioned. Compared with
normal chondrocytes, the expression of miR-146a
decreased in KOA. Decreased miR-146a would
make TLR4 dependent signaling over-activated.
Meanwhile, pro-inflammatory cytokines levels
such as IL-6 and TNF-α induced by NF-κB were
also up-regulated. The directly targeted IRAK1
and TRAF6 would also be up-regulated subsequently97. Thus, decreased chondrocyte proliferation and increased chondrocyte apoptosis were
led in KOA progression. That is to say, decreased
miR-146a could lead to chondrocyte apoptosis
and inhibit proliferation by promoting TLR4 activation and expression of IRAK1 and TRAF6.
Moreover, recent studies showed that miR-146a
has suppressed the expressions of some proteins
related to ECM in chondrocytes98-101. However,
the detailed mechanisms at the protein molecular
levels are remained unclear. It has then pointed
out a future potential research field for KOA.

Conclusions
There are increasing studies indicating miRNA has been involved in the pathogenesis of
KOA. MiRNAs can directly regulate chondrocyte homeostasis targeting on ECM degradation
by affecting their upstream/downstream or pathways (Figure 2). Moreover, as KOA is an inflammation-related disease, miRNAs also play a significant role in regulating inflammation. To date,
the interactions among above factors in the pathogenesis and development of KOA have been less
understood. Further studies should be focused on
exploring the following aspects. First, the complex network involving miRNAs, proteins and
corresponding pathways should be analyzed in order to make clear the specific mechanism of KOA.

Second, the value of miRNAs in clinics serving
as potential new drugs should be paid attention
to. For example, the development of nano carriers
based on miRNAs and the preparation of corresponding drugs have broad application prospects.
In fact, miRNAs, especially their application in
exosomes, are likely to make a breakthrough. In
a recent study, a platelet rich plasma derived exosome was used to interfere with the inflammatory
model of chondrocytes. It was showed that exosomes could alleviate the inflammatory response
and promote cell proliferation. Moreover, intra-articular administration of the exosomes and
miRNA has already been used in the treatment of
KOA. It is of great significance for the treatment
of osteoarthritis.
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