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Gr   upSM
Recent Advances in Molecular Mechanisms of 
Cartilage Degeneration during Osteoarthritis

Osteoarthritis (OA) is the most common musculoskeletal disease, affecting around 50% of 
the population over 65 years of age [1]. OA is also a major cause of disability, which affects all 
joint tissues, but mainly the joints of knees, hands and hips. The high prevalence and disabled 
rate make OA a major social issue. However, to date, there is no efficacious therapy to slow and 
reverse joint damage during OA progression, mainly because the exact mechanisms driving OA 
development and progression remain largely unclear. Because the irreversible loss of articular 
cartilage is the main characteristic of OA, this seminar summarizes recent findings regarding OA 
articular cartilage to shed light on the molecular pathogenesis of cartilage degeneration.

CHONDROCYTE CHANGES 
Chondrocytes are the only cells in articular cartilage, and are responsible for cartilage integrity 

by synthesis of extracellular matrix. Thus chondrocytes changes may be a core component of 
cartilage degeneration. Osteoarthritis is characterized by destruction of extracellular matrix and 
loss of chondrocyte function, chondrocyte mainly experience following phenotype change.
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Chondrocyte Death 

Chondrocyte depletion accompanied with large numbers of empty lacunae was found to be a 
persistent and important event in OA, and chondrocyte death was believed to be a major cause 
[2,3]. Cell dies usually by two processes, necrosis or apoptosis. Apoptosis is a programmed and 
energy-dependent cell death with distinctive morphological manifestations, including membrane 
blebbing, cell shrinkage, chromatin condensation, nuclear fragmentation, and formation of 
apoptotic bodies. Necrosis, however, is a non-programmed and energy-independent form of 
cell death. Many studies have demonstrated that there are both necrosis and apoptosis in OA 
cartilage, and the numbers of chondrocyte apoptosis is significantly correlated with severity 
of OA [2-4]. Although the increased cell death in OA is confirmed, the precise mechanism of 
chondrocyte death is still not established. Wei et al [5] discovered that the concentration of 
chemokine Stromal Cell-Derived Factor-1 (SDF-1) was significantly higher in Synovial Fluid 
(SF) of OA patients. While the pathological concentrations of SDF-1 (> or = 200 ng/mL) in SF 
induced death of human chondrocytes in a necrosis-dependent manner. In addition, Wei et al 
[3] discovered that the CD95 (Fas) pathway can mediate cell death in primary OA chondrocytes. 
Anti-CD95 induced both chondrocyte apoptosis and necrosis during development of OA, which 
depended on the activity of p38 mitogen-activated protein kinase (MAPK) within chondrocytes. 
The p38 MAPK inhibitor, SB203580, abolished anti-CD95 induced cell death by inhibiting the 
activities of ATF-2 and caspase-3.

Chondrocyte Hypertrophy

Recent studies indicate that during OA development, chondrocytes in articular cartilage 
undergo hypertrophy-like changes, which has a remarkably resemblance to the phenotype of 
terminally differentiating chondrocytes during the growth plates development [6]. Normal 
chondrocytes is characterized by proliferation and expression of chondrogenic genes, including 
Sex Determining Region Y Box 9 (SOX9), Aggrecan, type II collagen (Col2A1). When the healthy 
chondrocyte phenotype switches toward a hypertrophic chondrocyte phenotype, chondrocyte 
become large about tenfold and expresses Runt-Related Transcription Factor 2 (Runx2), Indian 
Hedgehog (Ihh), Alkaline Phosphatase (ALPs), type X Collagen and Matrix Metalloproteinase 
13 (MMP-13), which leads to cartilage breakdown and bone deposition [6,7]. Based on recent 
literature, multiple signaling pathways have been involved in regulation of hypertrophic 
differentiation in chondrocytes. The most important signaling pathways included WNT, Bone 
Morphogenetic Protein (BMP)/ Transforming Growth Factor-β (TGF-β), Parathyroid Hormone-
Related Peptide (PTHrP), Ihh, Fibroblast Growth Factor (FGF), Insulin like Growth Factor (IGF) 
and Hypoxia-Inducible Factor (HIF) signaling pathways [8].

Chondrocyte Senescence

A study showed that the density of chondrocytes had been reduced 30% in human hip 
joint cartilage between the ages of 30 and 70, the reduction of the cellularity with age is more 
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accentuated in the superficial than in the deeper zone and is even limited to the superficial 
zone during the latter part of aging; The loss of chondrocytes is more evident in aged cartilage 
with OA than without OA [9]. The loss of the chondrocytes can be attributed to chondrocyte 
death, or decrement of proliferation. The loss of resident cells in the articular cartilage results 
in disadvantageous impacts such as impaired matrix remodelling and development of OA [3]. 
Meanwhile, with age, chondrocytes exhibit senescent features, such as shortening of telomere 
and increase of β-galactosidase activity. Accordingly, aged chondrocytes decreased synthetic 
activity, and secrete smaller and more irregular proteoglycans [10]. The senescent chondrocytes 
also increased production of cytokines, Including Interleukin 6 (IL-6) and Interleukin 1 β (IL-
1 β), Matrix Metalloproteinases (MMPs), and growth factors such as FGF with some features 
in common with the OA chondrocyte phenotype. Studies have shown that expression of MMP-
3 and MMP-13 were increased in aged cartilage, accompanied with accumulation of collagen 
neoepitopes representing denatured or cleaved collagen [11]. These senescent changes impair 
the ability to maintain the surrounding extracellular matrix.

There are two types of cell senescence: intrinsic senescence and extrinsic senescence. Intrinsic 
senescence, also terms the classic replicative senescence, is attributed to telomeres shortening 
and telomere dysfunction. Extrinsic senescence, also terms stress-induced senescence, results 
from telomere-damaging stimuli, including oxidative damage [12], activated oncogenes and 
inflammation [13]. It has been evidenced that telomeres become short in chondrocytes of older 
adults [14]. But considerring those telomere-damaging stimuli frequently occurs in aging cartilage 
and OA, chondrocytes senescence in articular cartilage seems more attributed to the extrinsic 
senescence [10,14].

The mediators of chondrocytes senescence mainly include Telomeric Repeat Binding Factor 
(TRF), X-ray repair complementing defective repair in Chinese Hamster Cells 5 (XRCC5), 
and Sirtuin 1 (Sirt1). TRF1 and TRF2 are telomeric proteins to form and maintain telomere 
structure [15]. XRCC5 plays an importent role in repairing DNA double-strand damage [16]. 
Sirt1 promotes growth, and prevents senescence and apoptosis as an inhibitor of p53 [17]. 
Oxidative stress induces senescence and accelerates telomere shortening in human chondrocytes 
[12]. Acute oxidative insult induced up regulation of TRF1, TRF2, XRCC5 and Sirt1 in the early 
passages of human chondrocytes, but induced to a less extent in aged chondrocytes [12]. This 
finding suggests that TRF1, XRCC5, and Sirt1 help young chondrocytes to resist damage from 
oxidative stress by repairing DNA damage accumulation and preventing telomere shortening. 
Consistently, aged chondrocytes with lower induction levels of these regulatory proteins lose 
this ability to withstand oxidative challenge, and may trigger chondrocyte senescence. Membrane 
protein caveolin-1 is also involved in regulation of chondrocytes senescence. Study revealed that 
expression of caveolin proteins is increased in old rats; over expression of caveolin-1 contributes 
to a senescent phenotype, while reduction of caveolin-1 can reversed senescent phenotype [18].



4Osteoarthritis  | www.smgebooks.com
Copyright  Wei L.This book chapter is open access distributed under the Creative Commons Attribution 4.0 
International License, which allows users to download, copy and build upon published articles even for commercial 
purposes, as long as the author and publisher are properly credited. 

CARTILAGE MATRIX DEGENERATION
The most representative characteristic of OA is irreversible and ingravescent degeneration 

of articular cartilage. The articular cartilage is composed of chondrocytes and extracellular 
matrix, essential components of which include collagen and aggrecan. The negatively charged 
glycosaminoglycan chains of aggrecan attract water molecules, endowing the cartilage with the 
high osmotic pressure; while the cartilaginous collagen network provides the tissue with its 
tensile resistance. Chondrocyte, embedded in it, has a responsibility for maintaining homeostasis 
of cartilage via expression of various matrix proteins. The fundamental function of articular 
cartilage is bearing loading, and its function relies on integrity of its structure, cartilage matrix 
degeneration will impair its function and contribute to OA.

Age-Related Matrix Changes

Many evidences demonstrate that increase of age is the most remarkable risk factor for the 
primary OA [19]. With aging, cartilage matrix was experiencing age-related changes, which maybe 
contributed to OA development.

Accumulation of AGEs: With age, there is much accumulation of Advanced Glycation 
Endproducts (AGEs) in articular artilage. AGEs are produced via a nonenzymatic reaction 
between reducing sugars and free amino groups of proteins, lipids, or nucleic acids. Accumulation 
of AGEs has a pathogenetic effect on the body, such as enhanced oxidative stress and inflammation 
[20]. In chondrocytes, AGEs stimulates the production of inflammatory cytokine, such as tumour 
necrosis factor-α (TNF-α), IL-1β and IL-6, and inflammatory mediators, such as nitric oxide and 
prostaglandin E2; Meanwhile, AGEs inhibits the expression of aggrecan and type II collagen, and 
promotes the expression of Metalloproteinases (MMPs) and A Disintegrin And Metalloproteinase 
With Thrombospondin-Like Motifs (ADAMTS) [21]. AGEs accumulation also has adverse effects 
on the cartilaginous matrix. AGEs promotes collagen cross-linking, which increases tissue stiffness 
and makes cartilage more brittle and susceptible to fatigue failure [10].

Aggrecan degradation: Aggrecan is a large “aggregating” proteoglycan, and consists of a core 
protein which is covalently attached by numerous highly sulfated glycosaminoglycan chains. 
Owing to the hydrophilic nature of negatively charged sulfated glycosaminoglycan chains, 
articular cartilage contains around 70%–80% water and is very resilient. With aging, aggrecan, the 
second most abundant cartilage matrix protein, has some age-related changes in size, structure, 
and sulfation [10]. At same time the degraded fragments from aggrecan will be left behind and 
accumulate in cartilage with age. All this will impair cartilage resiliency and hydration [10]. MRI 
studies showed that knee cartilage become thin with aging, particularly on the femoral side of the 
joint and in patellae [22]. This could be due to loss of chondrocytes and cartilage matrix, but also 
to reducation of water content.

Increase of ROS: With age, levels of Reactive Oxygen Species (ROS) are increased in cartilage, 
and chondrocytes are more susceptible to impairment from ROS. Excessive ROS can cause oxidative 
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damages to proteins, lipids, and DNA; Excessive ROS also results in telomere shortening, reduced 
production of matrix, chondrocyte senescence, and chondrocyte apoptosis. Increase of ROS cans 
up regulate pro-inflammatory cytokines and MMPs, which mediate degradation of cartilage [23]. 
The ROS imbalance may be caused by an age-related change of mitochondria which is a major 
regulator of ROS and can protect cells from ROS damage [24]. Many inflammatory cytokines, such 
as IL-1β and TNF-α, can lead to mitochondrial DNA damage, which contributes to chondrocyte 
death [24].

ROS plays an importent role in cartilage degeneration via several signaling pathways. Excessive 
ROS inhibits matrix synthesis by activation of the IRS-1-PI-3 kinase-Akt signaling pathway; 
Meanwhile, ROS suppresses the expression of aggrecan, type II collagen, and SOX9 by activation 
of ERK and MAP kinase in chondrocytes [25,26]. Continuing activation of ERK can induce cell 
senescence. Moreover, extracellular ROS can inhibit the Akt pathway through oxidization of Low-
Density Lipoprotein (LDL). The binding of oxidized LDL to cell surface receptor LOX-1 can induce 
chondrocyte senescence. Oxidized LDL can also promote chondrocyte hypertrophic phenotype [27]. 

Imbalance of Matrix Metabolism

In healthy articular cartilage, chondrocytes maintain the balance between anabolism and 
catabolism. In OA, however, damaging stimulus disrupte this balance. At early stage of OA, 
chondrocytes increased proliferation, which results in formation of chondrocyte clusters; 
meanwhile chondrocytes increased matrix synthesis, but synthesized lots of irregular matrix 
ingredient, such as smaller and more irregular collagens and proteoglycans. With OA progression, 
excessive catabolic activity from chondrocyte broke the balance of cartilage homeostasis and lead 
to decomposition of cartilage matrix [28]. During OA development, chondrocytes in articular 
cartilage also underwent hypertrophy-like changes to express type X collagen and MMP-13, 
which lead to cartilage breakdown and bone deposition [6,7]; Meanwhile, chondrocytes death 
resulted in reducation of number of functional chondrocytes.

The balance of anabolism and catabolism is regulated by several mediators. Catabolic factors 
include TNF- α, IL-1β, IL-6 and matrix-degrading enzymes, such as the collagenases (MMP-1, -3 
and -13) and Aggrecan-Degrading Enzymes (ADAMTS-4 and -5). Anabolic factors include IGF-
1, Transforming Growth Factor-β (TGF-β), Osteogenic Protein-1 (OP-1) and bone morphogenic 
protein-7. In OA cartilage, anabolic factors remarkably reduced, while catabolic factors abundantly 
increased [1].

SIGNAL PATHWAY INVOLVING IN CARTILAGE DEGENERATION
TGF-β Signal Pathway

TGF-β plays a vital role in development and homeostasis of cartilage. It can regulate cell 
proliferation and differentiation, control ECM synthesis and degradation. TGF-β is secreted in 
an inactive form and requires activatity via binding to two of its receptor in cytomembrane,                         
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the type I receptors and type II receptors, also termed receptor-like kinases 1 (ALK1) and receptor-
like kinases 5 (ALK5). TGF-β mainly signals via formation of heteromeric complexes of TGF-β, 
transmembrane type I and type II receptors to activate ALK5, which results in phosphorylation 
of Smad2 or Smad3. Phosphorylated Smad2 or Smad3 will form complex with the co-Smad 
(Smad4) and move to the nucleus to promote anabolism and proliferation. However, TGF-β is 
also able to signal via only binding to TGF-β type I receptor, and activating ALK1, which will lead 
to phosphorylation of Smad1, Smad5, or Smad8. Phosphorylated Smad1, Smad5, or Smad8 can 
also form complex with the Smad4 and move to the nucleus to modify gene expression in opposite 
directions [29,30]. During OA, the ratio of ALK1 to ALK5 is increased to promote OA development 
[30]. In OA, ALK5 expression decreased much more than ALK1, resulting in increase of the ALK1/
ALK5 ratio, which was associated with an increased of Id-1 (inhibitor of DNA binding-1)/PAI-
1 (plasminogen activator inhibitor-1) ratio [30,31]. In chondrocytes, overexpression of active 
ALK1 increased MMP-13 expression, while siRNA against ALK1 resulted in decrease of MMP-13 
expression to nondetectable levels; Overexpression of constitutive active ALK5 increased aggrecan 
expression, whereas siRNA against ALK5 increased MMP-13 expression. Similarly, in human 
OA cartilage ALK1 was highly correlated with expression of MMP-13, and ALK5 was correlated 
with expression of aggrecan and type II collagen [30,31], Moreover, in the DMM (meniscus 
destabilization OA model) and the STR/ORT mice (spontaneous OA model), development of the 
disease was correlated with decreased ALK5 expression. In STR/ORT mice model, the ALK1/
ALK5 ratio was increased from 5 to 18 at the medial tibia, increased from 1 to 5 at the lateral 
tibia during 1-year OA. Thus, increase of ALK1/ALK5 ratios in chondrocytes is associated with OA 
development [31]. 

The Smad pathway is the most important for TGF-β signaling, but is not the solely only 
pathway. Erk, Jun N-Terminal Kinase (JNK) and p38MAPK pathways are all involved in TGF-β 
signaling [32,33]. The Smad-pathway can intersect with other TGF-β signaling pathways via 
phosphorylated by ERK or JNK, or via interaction between Smad complexes and MAPK-activated 
transcription factors. But MAPK activation can also be triggered by various extracellular cytokines, 
such as TNF-a and IL-1. Therefore, the Smad/MAPK interactions are a result lead by interaction of 
various cytokines [32,33]. 

Ihh Signal Pathways 

Indian Hedgehog (Ihh) is mainly expressed by prehypertrophic chondrocytes. Vertebrate 
Ihh signaling is transducted through two multipass transmembrane proteins, Patched1 (Ptch1) 
and Smoothened (Smo). In the absence of Ihh signal, the Ihh binding receptor Ptch1 inhibits the 
signaling component Smo and represses the downstream gene expression by suppressing the Gli/
Ci zinc finger transcription factors (Gli1, 2, and 3). When Ihh is present, Ihh binds to Ptch1 and 
releases Smo, allowing Smo to transduce the Ihh signal to intracellular components and allowing 
the active Gli/Ci transcription factors to enter the nucleus and enhance the transcription level of 
downstream targets [6,7]. 
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Recent studies have demonstrated that Ihh expression is very low in healthy human articular 
cartilage but increases during OA development [7,34]. During OA development, articular cartilage 
chondrocytes recapitulate a process of chondrocyte hypertrophy, terminal differentiation, 
ossification and finally apoptosis. The expression of Ihh, MMPs, and genes associated with 
chondrocyte hypertrophy and cartilage degradation is upregulated in early human articular 
cartilage lesions, suggesting that Ihh-mediated chondrocyte hypertrophy differentiation may 
be associated with early cartilage degeneration in OA. Meanwhile, type X collagen expression, 
a specific marker for hypertrophic chondrocytes, significantly increases around chondrocyte 
clusters in damaged cartilage, but not in normal cartilage [6]. 

Genetic studies using knockout mice have demonstrated that activation of Ihh downstream 
signaling pathways increased chondrocyte hypertrophy and symptoms resembling human OA 
in the affected joints. Elevated Ihh induced cartilage damage in adult Ptch1 C/C, Col2a1-CreER 
transgenic mice, including thinner articular cartilage lining and decreased Proteoglycan (PG) 
content. In contrast, reduced Ihh activity has a chondroprotective effect, causing thickening of 
articular cartilage lining and increased PG content in Smo C/C, Col2al-CreER. These observations 
imply that Ihh may play a role in cartilage degradation. Consistent with these observations, 
increased Hh signaling is involved in mouse OA development and increased Ihh expression is 
associated with the severity of OA cartilage damage [35]. Previous study, in which human OA tissues 
were analyzed for Ihh and hypertrophic marker contents, as well as the effect of Ihh signaling 
on OA chondrocyte hypertrophy, provided strong evidence that Ihh signaling may promote OA 
development by driving chondrocyte hypertrophy [7]. Later, another study demonstrated that 
Ihh signaling is part of the pathobiology of OA development by utilizing Ihh conditional knockout 
mice (Col2a1-CreERT2; Ihhfl/fl), a Tamoxifen (TM)-inducible CreERT2 recombinase and partial 
medial meniscectomy [6]. Moreover, Ihh is also involved in cartilage endplate degeneration [36].

In addition to inducing chondrocyte hypertrophy and cartilage degradation in OA, Ihh is also 
a mechanoresponsive gene related to mechanical stress. It is likely that the redistribution of the 
stress in the knee following injury, such as Anterior Cruciate Ligament (ACL) injury, stimulates the 
synthesis and release of Ihh into the synovial fluid. Thus, evaluating the biosynthesis of Ihh will 
provide insight into mechanisms of cartilage degeneration mediated by Ihh pathway and provide 
important data regarding the potential efficacy of Ihh-targeted therapies for treating OA [7].

SDF-1/CXCR4 Signal Pathway

Chemokines and their receptors play important role in cell immune, migration of stem cells, 
and invasion of cancer cell. Of which particular interest in cartilage biology is Stromal Cell-
Derived Factor 1 (SDF-1) and Chemokine Receptor Four (CXCR4). SDF-1 is an 8-kDa chemokine 
originally isolated from bone marrow stromal cells; CXCR4 is a seven-transmembrane G-protein-
coupled receptor, whose activation leads to intracellular signaling cascades. The SDF-1/CXCR4 
axis is unique in that SDF-1 is the only known ligand of CXCR4. When binding to CXCR4, SDF-1 will 
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activate a wide variety of primary cells to stimulate proliferation, differentiation, and apoptosis 
[37]. In the joint, CXCR4 is expressed by chondrocytes, while SDF-1 is synthesized by the 
synovium. SDF-1/CXCR4 plays a role in the progression of OA. In chondrocytes, SDF-1 activates 
the calcium, Erk and p38 MAP kinase signaling pathways, thereby inducing the release of MMPs, 
such as MMP-3 and MMP-13. In vivo, SDF-1 markedly increased in the synovial fluid from the 
knee joints of rheumatoid arthritis and OA patients, and synovectomy significantly reduces the 
serum concentrations of SDF-1, MMP-9 and MMP-13; The binding of SDF-1 to CXCR4 induces 
OA cartilage degeneration [5,38]. The catabolic processes can be disrupted by pharmacologic 
blockade of SDF-1/CXCR4 signaling.

The drug AMD3100 is a specific inhibitor of SDF-1 pathway, also is the prototypical CXCR4 
blocking drug with high specificity for CXCR4. AMD3100 has been approved for human use. In 
vitro, AMD3100 blocked CXCR4-induced expression of MMP-1 and invasion in chondrosarcoma 
cells. In vivo, AMD3100 inhibited collagen-induced joint inflammation. Recent studies have 
demonstrated that AMD3100 relieved OA via blockade of the SDF-1/CXCR4 signaling pathway in 
primary guinea pig OA model [39]. Therefore, Blocking SDF1/CXCR4 signaling pathway is a novel 
therapeutic target for the prevention and treatment of OA.

EPIGENETICS
Accumulating evidence indicates that environmental OA risk factors can mediate cartilage 

homeostasis by epigenetic mechanisms, mainly including DNA methylation, histone modification 
and Micro-RNA (miRNA) [40].

DNA Methylation 

DNA methylation plays an essential role in regulating gene expression by alteration of 
chromatin structure. DNA methylation is controlled by different DNA Methyltransferases 
(DNMTs), among which DNMT1 and DNMT3A are present at high levels in cartilage tissue [41]. 
DNA methylation patterns exhibit dynamic alterations at the promoter regions of individual 
genes in OA chondrocytes. First, methylation of DNA is likely to influence the expression levels 
of anabolic factors in OA. For example, the Collagen Type Ⅸ A1 (COL9A1) enhancer was 
hypermethylated, and the hypermethylation of COL9A1 enhancer attenuates the binding of 
SOX9 to the COL9A1 promoter, and leads to transcriptional repression of COL9A1 during OA 
development [42]. Similarly, DNA methylation also influences the expression of inflammatory 
cytokines and catabolic factors. The expression of IL-1β gene requires demethylation of the 
CpG sites of IL-1β promoter in OA [43]. The MMP-13 promoter region was also demethylated 
in OA chondrocytes. The demethylation of MMP-13 promoter can make the cAMP response 
element bind to the promoter region to upregulate MMP-13 expression [43, 44]. In addition, the 
promoters of other catabolic factors, such as MMP-3,-9 and ADAMTS4, are all demethylated when 
the expression of these genes increased under OA-related pathogenic conditions [41].
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Histone Deacetylase

Histone Deacetylase (HDACs) deacetylates histone to achieve transcriptional regulation of 
gene by alterring the interaction between histone and DNA. Histone Deacetylase 4 (HDAC4), a 
member of the class IIa histone deacetylase family, is highly expressed in the cartilage [45]. Recent 
studies show HDAC4 prevents chondrocyte hypertrophy by repressing the activity of Runx2. 
The lacking HDAC4 mutant mice display chondrocyte hypertrophy, increased MMP-13, and 
premature ossification of developing bones owing to constitutive expression of Runx2 [46]. Our 
recent findings reveal that HDAC4 decreases dramatically in human OA cartilage, and decrease of 
HDAC4 was associated with increase of Runx2 and other OA-related genes in human OA cartilage, 
specifically: MMP-13, Ihh and type X collagen. While over expression of HDAC4 reduced the 
mRNA expression of Runx2, MMP-1, MMP-3, MMP-13, type X collagen, Ihh, ADAMTS-4 and -5 
and promoted the mRNA expression of type II collagen and aggrecan. HDAC4 inhibited Runx2 
and MMP-13 promoter activities in a dose dependent manner [47]. Thus, increase of HDAC4 may 
attenuate OA.

Sirtuins, a family of NADt-dependent deacetylases, is the class Ⅲ histone deacetylase, also 
involved in regulation of chondrocyte energy and metabolism [48]. The Sirt1, a member of the 
Sirtuins, promotes chondrocyte survival and matrix gene expression. Moreover, TNF-α signaling 
triggers cathepsin B-mediated cleavage of Sirt1, which lead to reduced matrix gene expression 
[49]. Heterozygous Sirt1+/− or Sirt1 mutant mice, lacking Sirt1 enzymatic activity, developed 
premature OA-like changes at 9 months of age, which may be due to increased chondrocyte 
apoptosis [50]. Similarly, the expression of Sirt1 is decreased over the course of OA; chondrocyte-
specific deletion of the Sirt1 gene significantly accelerated OA pathogenesis in surgically-induced 
mouse OA model, accompannied with down regulation of anabolism and up regulation of cartilage 
degrading enzymes [51].

miRNAs

miRNAs are a class of non-coding RNA that has been implicated in important cellular processes. 
They are post-transcriptional regulators that bind to 3’-untranslated sequences on target 
messenger RNAs (mRNAs), usually resulting in translational repression or target degradation 
and gene silencing [52,53]. The regulative effects of miRNAs on OA are obvious through 
studies comparing miRNA expression between OA cartilage tissues and their normal cartilage 
counterparts [52]. Iliopoulos et al [52] measured the expression of 365 miRNAs and identified 
9 significantly up regulated miRNAs and 7 down regulated miRNAs in OA cartilage, compared 
with normal controls, suggesting that miRNAs are involved in OA development. Jones et al [53] 
examined the expression of 157 human miRNAs and identified 17 miRNAs whose expression 
varied by 4-fold or more when comparing normal with late-stage OA cartilage. 

It is well known that IL-1β contributes to the progression of OA. Recent studies demonstrated 
that miRNAs are implicated in the processes of OA cartilage breakdown triggered by IL-1, including 
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miR-140, miR-27b, miR-146, miR-9, miR-98 and miR-558. Several functional experiments 
indicated miR-9 in the regulation of MMP-13 expression, as well as miR-9, miR-98, and miR-146a 
in the control of TNF expression, suggesting that these miRNAs may play a protective role in OA 
[53-56].

The miR-146a gene is significantly upregulated in human knee OA joint cartilage. Functional 
experiments implicated miR-146a significantly suppressed extracellular matrix associated 
proteins in human knee joint chondrocytes and regulated inflammatory cytokines in synovial cells 
from human knee joints. MiR-146a controls knee joint homeostasis and OA-associated algesia by 
balancing inflammatory responses in cartilage. MiR-146a functions in an anti-catabolic manner in 
articular cartilage by antagonizing the IL-1β induced expression of cartilage degrading enzymes 
MMP-13 and ADAMTS5 [57].

 Reduced miR-140 expression was observed in human OA cartilage compared with normal 
cartilage [54,58] and decreased miR-140 expression was also reported in OA chondrocytes [58]. 
In vitro treatment of chondrocytes with IL-1β suppressed miR-140 expression. Transfection of 
chondrocytes with ds-miR-140 down-regulated IL-1β induced ADAMTS5 expression and rescued 
the IL-1β dependent repression of aggrecan gene expression [54]. Moreover expression of MMP-
13 is inhibited by miRNA-140 in C28/I2 cells [59]. MiR-140-/- mice showed age-related OA-like 
changes, characterized by proteoglycan loss and fibrillation of articular cartilage. In contrast, over 
expression of miR-140 in chondrocytes protected cartilage from damage in an antigen-induced 
arthritis model [55].

The miR-558 was mainly expressed by normal human articular cartilage, and its expression 
level was significantly lower in OA cartilage. When stimulated by IL-1β, there was a significant 
reduction of miR-558 mRNA level in both normal and OA chondrocytes. IL-1β induced activation 
of MAPK and Nuclear Factor-kB (NF-kB) decreased miR-558 expression and induced COX-2 
expression in chondrocytes. Interestingly, IL-1 induced activation of NF-kB and expression of 
MMP-1 and MMP-13 was significantly inhibited by miR-558 overexpression. MiR-558 directly 
targets COX-2 and regulates catabolic effects stimulated by IL-1β in human chondrocytes [56]. 

Increased levels of miR-203 led to elevated secretion of MMP-1 and IL-6, suggesting that miR-
203 might be a pro-inflammatory and joint destructive factor [60]. Over-expression of miR-203 
resulted in increased secretion of nitric oxide, which was one of the major pro-inflammatory 
factors in OA [61]. 

In summary, the function of joint depends on integrity of articular cartilage, and progressive 
cartilage degeneration is a pivotal aspect of OA. Over the past few decades, researches have 
obtained many importent findings. It is sure that more extensive researches focusing on this topic 
will provide a much more clues for understanding or treatment of OA in future.
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