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Gr   upSM
Biomarkers for Early Diagnosis of                 

Osteoarthritis

Osteoarthritis (OA) is the most common form of degenerative joint disease characterized by 
progressive degeneration of articular cartilage, osteophyte formation and joint space narrowing. 
OA may commonly develop in knees, hips, hands, facet joints and feet. OA is a significant public health 
problem that costs society, at least, $200 billion per year and the incidence of OA is estimated over 
100 million people in the world per year. The diagnosis of OA is based on clinical and radiological 
imaging. However, onset of the OA is before radiological diagnosis. So that radiological methods 
are not sensitive enough in the early stages of OA. Early diagnosis of OA may allow preventive 
treatments without the destruction of joints. Therefore, there is a need for diagnostic methods. 
The term “biomarker” refers to a measurable indicator for biological processes including 
osteogenesis and inflammation. OA is believed to be caused by osteogenesis, mechanical stress 
on the joint and inflammatory process. So there are lots of candidate biomarkers, for mechanisms 
of OA and there are some novel biomarkers which may be used to predict OA. These biomarkers 
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have two groups including non-inflammatory (Type II collagen, NTX-I, CTX-I, CTX-II, aggrecans, 
Fib3-1, COMP, FSTL1, hyaluronic acid, BGP/OC, MGP, urotensin-II, OPN, ALP, BMPs, P1CP, P1NP, 
RANKL, MMPs, TRAcP, YKL-40) and inflammatory (IL-1β, IL-4, IL-6, IL-7, IL-8, IL-10, IL-13, IL-
15, IL-17, IL-18, TNF-α and CRP) biomarkers. Inflammatory biomarkers have also two groups 
which are pro-inflammatory and anti-inflammatory. Thus, OA is a multifactorial disease but so 
far its mechanism is not clear yet. The mentioned and unmentioned or unknown biomarkers are 
important for OA and this chapter highlights the recent advances in the use of biomarkers of OA 
and osteogenesis that could have facilitated the screening, diagnosis and management of OA.

INTRODUCTION
OA is the most common form of degenerative joint diseases [1,2]. OA is the cause of functional 

limitations and characterized by progressive degeneration of articular cartilage, osteophyte 
formation, joint space narrowing, sclerosis on subchondral bone and inflammation of tissue, 
proliferation of synovial and cellular differentiation [2-5]. Although OA is the most common 
form of degenerative joint diseases, its pathogenesis is unclear [6]. Its major risk factors such as, 
genetic predisposition, aging and obesity, are associated with the pathogenesis of OA [7-9]. Since 
2012 OA has become a significant public health problem that costs society, at least, $200 billion 
per year and the incidence of OA is estimated over 100 million people in the world per year.  [10]. 
Moreover, OA causes the loss of labor productivity among the mid-aged and the elderly people 
[11]. The diagnosis of OA is based on clinical and radiological imaging. However, the onset of OA 
is before radiological diagnosis. So that radiological methods are not sensitive enough in the early 
stages of OA. Early diagnosis of OA may allow preventive treatments without the destruction of 
joints, therefore there is an (urgent) need for diagnostic methods [12]. The term biomarker refers 
to a measurable indicator for biological processes including osteogenesis and inflammation. OA is 
believed to be caused by osteogenesis, mechanical stress on the joint and inflammatory process. 
Therefore, many biomarkers, due to related mentioned mechanisms, are candidate for OA. There 
are some novel biomarkers which may be used to predict OA [13].

OA biomarkers indicating the changes in serum, urine or synovial fluid levels, can be detected 
earlier than radiological changes and they indicate growth or degradation of tissue. There are 
some biomarkers available for the diagnosis of early stage of OA. Regarding OA, a lot of novel 
biomarkers should have some characteristics in order to be used for prognostic and diagnostic 
purposes at early stage [14]. Nowadays lots of research have focused on two groups of biomarkers 
including non-inflammatory (biomarkers in metabolism of collagen and in non-collagen proteins) 
and inflammatory biomarkers [2-9].  Inflammatory biomarkers include two groups which are 
pro-inflammatory and anti-inflammatory [15-18]. 

I. Non-inflammatory biomarkers; 

1. Biomarkers in metabolism of collagen

2. Biomarkers in metabolism of non-collagen
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2.1. Aggrecan biomarkers

2.2. Non-aggrecan biomarkers

II. Inflammatory biomarkers

1. Pro-inflammatory 

2. Anti-inflammatory

OA is a multifactorial disease, but so far its mechanism is not clear yet. Inflammatory and 
non-inflammatory biomarkers are important for OA (Figure 1). This chapter highlights the recent 
advances in the use of biomarkers of OA and osteogenesis that could have facilitated the screening, 
diagnosis and management of OA. 

NON-INFLAMMATORY BIOMARKERS
For OA, there are two groups in non-inflammatory markers including biomarkers in the 

metabolism of collagen and non-collagen. 

Biomarkers in Metabolism of Collagen

Collagen is the most abundant insoluble fibrous protein in the Extracellular Matrix (ECM) of 
bone and cartilage [19]. Collagen plays an important role in the metabolism of bone and cartilage. 
The collagen network works metabolically active, meaning, the balance between the synthesis and 
degradation defines the turnover rate of collagens. This process is estimated to be 80 to 120 days 
and all biomolecules which work in this process are candidate biomarkers for OA [20]. Associated 
with OA pathogenesis, it has been shown a clear evidence of increased bone and cartilage mass 
along with increases in denaturation, cleavage and loss of type II collagen and proteoglycan. 
Previous studies have shown product of type II collagen denaturation [21-23].  

Type II collagen is synthesized as a procollagen at articular cartilage. This procollagen is 
cleaved by the procollagen N- and C- proteinases and form Procollagen Type II C-Propeptide 
(PIICP) and Procollagen Type II N-Propeptide (PIINP) [24]. Half-life of PIICP is relatively short 
(14-16 hours) and it is a putative marker for synthesis of type II collagen. Furthermore, synthesis 
and degradation of type II collagen are increased in osteoarthritic cartilage in early stage of OA 
[25]. There is also positive correlation between the level of PIICP and OA in early stage [21]. The 
advantages of PIICP and PIINP as a biomarker are their determined levels in serum, synovial fluid, 
and tissue as well as their altered concentrations in early stage of OA.   

Cross linked N-Telopeptide of Type I Collagen (NTX-I) and cross linked C-Telopeptide of Type 
I Collagen (CTX-I), which are metabolites of type I collagen, are associated with progression of OA 
[26]. CTX-I and NTX-I are used as a biomarker for resorption and formation of bone respectively. 
Procollagen type I N-propeptide (PINP) is also a biomarker for resorption of bone. α-CTX-I, a 
form of CTX-I, is an indicator for new bone formation [27]. C-Telopeptide of Type II Collagen 
(CTX-II) is a product of type II collagen denaturation and is an important biomarker for damaged 
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cartilage. Joint erosion correlated with increased CTX-II [28].  A (recent) study emphasizes the 
association between CTX-II concentration and radiographic progression of OA [29]. Moreover, 
there is a correlation between CTX-II levels and osteophyte formation. As a result it is proposed 
that CTX-II can be a sensitive biomarker to assess OA severity [27].  

Biomarkers in Metabolism of Non-Collagen

Biomarkers in metabolism of non-collagen comprise two groups including biomarkers in 
metabolism of aggrecan and non-aggrecan.

Aggrecans

These biomarkers are aggrecans including chondroitin sulfate and keratan sulfate which are 
the basic proteoglycans of cartilage. Aggrecan is the major proteoglycan in the joint cartilage and 
is important for the proper functioning of articular cartilage. Moreover, it plays an important 
role in chondroskelatal morphogenesis during development and in mediating chondrocyte-
chondrocyte and chondrocyte-matrix interactions, and its ability to bind Hyaluronic Acid (HA) 
[30]. Keratan sulfate level indicates the turnover of aggrecan and is measured in body fluids [31]. 
Both keratan sulfate and chondroitin sulfate are sulfated glycosaminoglycans. Larsson et al. report 
that aggrecan fragments in synovial fluids are associated with pain, articular function and reduced 
articular distance in OA patients [27]. A study by Wakitani confirms that keratan sulfate level is 
significantly higher in the knee trauma patients than those in control group. In this study, serum 
keratan sulfate level of OA patients with Kellgren and Lawrence grades 0 and I is higher than the 
OA patients with Kellgren and Lawrence grades II, III, IV. Moreover, the serum concentration of 
keratan sulfate has been correlated with the damage of the articular cartilage and significantly has 
been increased even at an early stage after the injury [32]. Piscoya et al. report that keratan sulfate 
level and chondroitin sulfate release increased in a bimodal of increasing stress in porcine with 
articular stress [33]. In order to identify biochemical markers of OA in the guinea pig, Huebner et 
al have characterized keratan sulfate. Synovial fluid concentration of keratan sulfate increased in 
OA patients and was correlated with the severity of histological damage [34].

Non-aggrecan biomarkers 

These biomarkers consist of via formation and degradation of ECM components except 
collagen. One of the members of ECM components is called Cartilage Oligomeric Matrix Protein 
(COMP) also known as thrombospondin-5 in cartilage. COMP is synthesized by chondrocytes, 
osteoblasts, fibroblasts of tendon and synovial cells. The best known resorption marker is COMP 
and increased COMP level is correlated with the late stage of OA. Collagen degradation, also 
known as Col2-3/4C (C2C), is another biomarker for resorption of cartilage. It is reported that the 
serum levels of COMP and C2C are increased in patients with knee OA [27].  

Fibulin-3 peptides (Fib3-1 and Fib3-2) are the members of ECM protein family. They are 
synthesized as glycoproteins that incorporate into a fibrillar ECM [35]. A previous study has 
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suggested that Fib3-1 and Fib3-2 are potential biomarkers of OA. This study reported that Fib3-1 
and Fib3-2 are expressed in cartilage and serum of OA patients. The levels of Fib3-1 and Fib3-2 are 
significantly elevated in the superficial layer of fibrillated cartilage in OA patients [36]. Fibulin-3 
peptides are associated with the tissue inhibitor of matrix metalloproteinase 3 (TIMP3). The 
overexpression of fibulin-3 suppresses the differentiation of chondrocytes, formation of cartilage 
nodules, production of proteoglycan, and matrix gene expression [37]. A recent study has shown 
that the levels of Fib3-1 and Fib3-2 significantly increased in OA patients compared to control 
group [38].

Follistatin-like protein 1 (FSTL1) is a novel OA biomarker in serum. FSTL1 is secreted as 
glycoprotein and can bind to heparin. This protein can modulate the action of Bone Morphogenetic 
Proteins (BMPs) on cell proliferation and differentiation [35]. A previous study showed that 
FSTL1 is overexpressed in synovium of rheumatoid arthritis patients which inhibits synovial 
cell growth. FSTL1 mRNA and protein levels increased in synovial tissues of OA patients. It 
is expressed in the cytoplasm of synovial and endothelial cells but is weakly expressed in 
chondrocytes. However, FSTL1 expression in serum and synovial cells is strongly elevated in 
OA patients [39]. In vivo and in vitro studies have shown that FSTL1 inhibits both MMPs and 
cytokines thus protects the joint from articular damage [39]. Serum FSTL1 concentrations are 
also correlated with age and OA progression. Therefore, FSTL1, which reflects the severity of joint 
damage, monitors OA progression and is an effective pharmacotherapeutic agent against OA, is a 
useful serum biomarker in OA [40].

Hyaluronic Acid (HA), also known as hyaluronon or hyaluronate, is a marker for early stage of 
OA [41]. HA has some physiological and biological functions and plays a role in ECM construction 
of cartilage and bone tissues. It can be measured in serum, skin, urine and synovial tissue [42]. 
The serum of OA patients contains a lower concentration of HA than healthy ones. HA prevents 
degeneration of cartilage and promotes regeneration of cartilage [43]. The serological HA level is 
correlated with the degree of synovial proliferation and the length of osteophytes in OA patients 
[41]. Intra-articular HA injection is a useful method for the treatment of OA. It has been shown 
that HA treatment improves the joint function and reduces pain [44]. The level of HA can be a 
biomarker for prediction of OA [27].

YKL-40 (Chitinase-3-Like-1 [CHI3L1], human cartilage glycoprotein) is a potential biomarker 
for diagnosis of OA progression. The level of YKL-40 indicates regeneration of cartilage but the 
exact functions of YKL-40 are still unknown. However, it is known that YKL-40 stimulates growth 
of fibroblast cells, activates the AKT and phosphoinositide-3 kinase signaling pathway [45]. YKL-
40 is expressed in chondrocytes, synovial cells and macrophages of articular cartilage [46]. In a 
study, it is reported that the serum and synovium fluids of late stage OA patients contain higher 
concentration of YKL-40 than healthy ones. However, YKL-40 level is not useful during early stage 
of OA. The YKL-40 level in synovium and cartilage is correlated with the degree of OA [27,46].
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Matrix metalloproteinases (MMPs; also known as matrixin) are also potential biomarkers 
for OA. MMPs have biological roles including degradation and turnover of most of the ECM 
components such as fibronectin, laminin, proteoglycan and collagen. MMPs which are catalytic 
enzymes (proteinases) break peptide bounds of target proteins in ECM. MMPs are expressed 
in synovial cells and chondrocytes, and comprise a family of over 20 proteins. According to 
structural and functional characteristics of MMPs, their family members are classified into six 
groups; collagenases (MMP-1, 8, 13, and 18), gelatinases (MMP-2 and 9), stromelysins (MMP-3, 
10, 11), elastases (MMP-7 and 12), membrane type MMPs (MT-MMPs, MMP-14, 15, 16 and 17) 
and a group of unnamed MMPs [47]. A recent study showed that there is a correlation between 
MMP-1, MMP-3 and cartilage loss in 161 OA patients [48].

OA has been shown to be associated with basal calcium deposition in articular cartilage, 
synovial fluid and synovial membrane [49]. Bone Gamma-Carboxyglutamic Acid Protein (BGP), 
also known as Osteocalcin (OC), and Matrix Gamma-Carboxyglutamic Acid Protein (MGP) are 
vitamin K-dependent proteins. Both of them have been isolated from bone. BGP/OC, characterized 
by the presence of Gla residues, is the amplest non-collagenous protein in bone [50,51]. The level 
of BGP/OC in serum is closely linked to bone metabolism, thus its serum concentration serves as 
an indicator for OA [50]. Previous studies show that local reductions of BGP/OC levels in human 
osteons are associated with reduced cortical remodeling [52]. Gla-Rich Protein (GRP) is also a 
vitamin K-dependent protein and molecular mechanism of its function is still unknown. However, 
GRP has been suggested to act as a negative regulator of osteoblastic differentiation, a modulator of 
calcium availability and an inhibitor of soft tissue calcification [53]. Rafael et al. have demonstrated 
the carboxylated-GRP accumulation in control group whereas un-carboxylated-GRP was the 
predominant form in OA-affected tissues, co-localizing at sites of ectopic calcification. On the 
other hand, MGP is widely accepted as one of the strongest physiological inhibitors of soft tissue 
calcification [54]. According to unpublished data of our group, in human synovial cells with OA, 
MGP concentration is significantly higher than control group. Furthermore, OA leads to synovial 
fibrosis, and Urotensin II (U-II) may cause pathologic fibrosis in cardiovascular system, lung and 
liver. Gogebakan et al. report that the level of U-II is elevated in synovial fluid of OA patients [55]. 
However, further studies are needed to recognize U-II and MGP as candidate biomarkers.  

The regulation of calcium availability and subsequent deposition in the ECM is also reported 
to be determinant for disease progression, which prompted us to investigate the relation between 
calcium mineral deposition and GRP expression and accumulation. Furthermore, GRP, also 
named Ucma (upper zone of growth plate and cartilage matrix associated protein), was reported 
as a specific cartilage associated protein and suggested to be a negative regulator of osteogenic 
differentiation in mice [16].

Alkaline Phosphatase (ALP) is a hydrolase enzyme and removes phosphate groups from 
molecules such as nucleotides, proteins, etc. Bone and calcifying cartilage tissues express ALP 
which is observed on the cell surface and within matrix vesicles. ALP is a glycoprotein and 
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regulates other genes (e.g. BGP/OC) in the developmental program [56]. Therefore, ALP is the most 
frequently used biomarker in detection of osteoblastic bone formation. The ALP concentrations 
in liver and bone have been applied in routine diagnosis of OA [57] .  Moreover, the level of ALP 
indicates that there can be active bone formation occurring as ALP is a byproduct of osteoblast 
activity [58]. Corrado et al. showed in OA cells that BGP/OC and ALP production have enhanced 
cell proliferation. In the same study, mentioned biomarkers have reduced cell proliferation in 
osteoporotic cells [59].  

Osteopontin (OPN; also known as Bone Sialoprotein [BSP-1]) is an extracellular structural 
glycoprotein. OPN is expressed in bone cells (pre-osteoblasts, osteoblasts, osteoclasts, osteocytes, 
odontoblasts, and hypertrophic chondrocytes), macrophages, endothelial cells, smooth muscle 
cells and epithelial cells [60]. OPN plays role in diverse biological processes including bone 
morphogenesis, bio-mineralization, leukocyte recruitment, cell survival, and inflammation [61].  
The role of OPN has been demonstrated as a biomarker that both as a synovial lining layer at the 
site of cartilage invasion and as mediating the attachment of synovial fibroblasts to cartilage at 
the sites of invasion. Furthermore, it contributes to matrix degradation in rheumatoid arthritis 
[62]. In cartilage and synovial fluid, OPN expression is associated with destruction and swelling of 
the joint, and loss of proteoglycan substance in articular cartilage of mice [63]. Cheng et al. report 
that high level of OPN is associated with OA progression [64]. A study by Xu et al. represents that 
phosphorylation of OPN induces activation of MMP-13 expression at gene and protein levels in 
the cartilage, and it has been further correlated with the cartilage degeneration [65].     

INFLAMMATORY BIOMARKERS
Inflammation has a crucial role in the development and progression of OA. Inflammatory 

cytokines is the most important biomarkers participating in the pathogenesis of OA. They are 
responsible for loss of metabolic homeostasis of tissues forming joints because of promoting 
catabolic and destructive processes. As to OA, inflammatory markers are divided into two groups; 
pro-inflammatory and anti-inflammatory biomarkers [15-18].

Pro-inflammatory Biomarkers

There are many pro-inflammatory cytokine studies with respect to using as diagnostic in the 
literature. Interleukin-1β (IL-1β), IL-6, IL-15, IL-17, IL-18, tumor necrosis factor alpha (TNF-α), 
CRP, and adipokines are pro-inflammatory biomarkers [66,67].

IL-1β, which is a member of the IL-1 family consisting of 11 members, plays a role in the 
pathogenesis of OA [68]. IL-1β induces catabolic activity independently or dependently with 
other mediators, and suppresses type II collagen and aggrecan [15,16,69]. IL-1β is expressed by 
chondrocytes, osteoblasts, synovial membrane cells and mononuclear cells in joint [70-75]. IL-1β 
induces also the production of several cytokines and chemokines such as IL-6 and IL-8 [76,77]. IL-
1β levels highly increased in synovial fluids, synovial membranes, cartilage and subchondral bone 
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layers of OA patients [71,72,74,78]. Furthermore, Ning et al. show that the expression of IL-1β is 
correlated with severity of OA. In the same study they propose that IL-1β is a potential biomarker 
indicating the severity (or grade) of OA disease [79]. Another study affirms that IL-1β is a useful 
biomarker assessing the effect of treatment with HA in OA patients [80]. 

IL-6 is another pro-inflammatory biomarker for OA pathogenesis. Previous studies show that 
IL-6 inhibits the production of type II collagen in animal models of OA [81]. IL-6 is induced by 
IL-1β in chondrocytes during inflammation process. IL-6 is also a regulator of inflammatory and 
immunological processes. High level of IL-6 is shown to be present in synovial fluids of rheumatoid 
arthritis and OA patients [76,82]. 

Another well-known pro-inflammatory cytokine is IL-15 used as a biomarker in OA diagnosis. 
Recent studies show that IL-15 indicates disease level and is a progressive marker for OA [83,84]. 
Teunis et al. show that the serum level of IL-15 is higher in OA patients compared to healthy 
controls [85]. Another previous study demonstrates that MMP-7 and IL-15 can play crucial roles 
in the pathogenesis of OA [86]. 

Another member of pro-inflammatory markers is IL-18. A recent study demonstrates that 
the IL-18 level significantly increased in OA patients compared to control groups. Another study 
shows that the more severity of disease increases, the more IL-18 level increases. The same study 
proposes that IL-18 can be used as a biomarker for OA and in assessing of disease severity [87]. 
In a previous study, IL-18 level significantly increased in synovial fluid and articular cartilage of 
OA patients, which is positively correlated with radiographic severity. According to this result, 
Wang et al. support the role of IL-18 in the pathophysiology of OA. They also demonstrate that 
IL-18 stimulates the COX-2 and TNF-α expressions in primary synovial cells, while increasing 
Prostaglandin-E2 (PGE₂) and TNF-α levels in the supernatant of the culture medium in primary 
synovial cells and inducing high PGE₂ level production in second-generation synovial cells [87].

TNF-α that is an inflammatory marker plays a role in pathophysiologic processes of OA. 
The TNF-α secretion is correlated synergistically with the level of IL-1β [70-77,88]. A major 
risk factor in injuries is mechanical stress which results in the subsequent release of cartilage 
matrix degradation products during starting and progression of OA. This situation triggers the 
same signaling pathways as those induced by pro-inflammatory biomarkers including TNF-α and 
IL-1β. It means that the mentioned cytokines trigger inflammation and catabolic processes in 
joint tissues such as cartilage and synovial fluids, and so activate inner cell pathways [89,90]. 
For example, TNF-α suppresses the syntheses of type II collagen and proteoglycan. Hence, MMP-
1, MMP-3, MMP-13, a kind of disintegrin, and metalloproteinase with thrombospondin motifs-4 
(ADAMTS-4) are synthesized in induced chondrocytes [91,92]. It is shown that there is a positive 
correlation between the expression of TNF receptor and pain, joint stiffness, and disease severity 
in serum of OA patients [93]. As a result, it is proposed that TNF-α is a good biomarker for OA.
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C-Reactive Protein (CRP) is a pentameric protein in blood plasma and its level rises in response 
to inflammation. Increased CRP levels following IL-6 secretion induces pro-inflammatory 
cytokines [94]. Jin et al. report that the CRP level is increased in OA patients compared to healthy 
control group [95]. Moreover, a previous study shows that there is an association between CRP 
and the loss of physical function in OA patients [96].

Adipokines are expressed from adipocytes and related with pathogenesis of OA. Adipokines 
including leptin, adiponectin, visfatin and resistin play role in cartilage and bone homeostasis 
[97]. They have inflammatory effect and are associated with OA [27]. It is shown that adiponectin 
and leptin are correlated with extra articular symptoms [98]. Popa et al. demonstrate the 
existence of an inverse correlation between severity of inflammation and plasma leptin levels in 
active rheumatoid arthritis [99]. A study by Berner proved that adiponectin is also expressed by 
osteoblasts and has a role in bone homeostasis [100]. The increased level of synovial adiponectin 
has been confirmed by Senolt et al. in rheumatoid arthritis [101].                   

Anti-Inflammatory Biomarkers

In OA, anti-inflammatory cytokines are responsible for anabolic or catabolic mechanism of 
chondrocytes. There are many anti-inflammatory cytokines including IL-4, IL-7, IL-8, IL-10 and 
IL-13 which play role in OA pathophysiology [13].  

IL-4 has a crucial role in shaping the nature of immune responses. Moreover, it suppresses 
bone resorption in vitro and in vivo [102,103]. This activity is indicated through ability of IL-4 
to inhibit the expression of IL-1, TNF and RANKL in adjacent cells which modulate osteoclast 
proliferation and life span [103]. Assirelli et al. have also shown the differences in the spectrum of 
biological effects promoted by IL-4 in human OA cartilage. Their outcomes indicate that IL-4 has 
the ability to inhibit the IL-1β -suppressed release of MMP-13 and “chemokine (C-C motif) lig and 
5 regulated on activation normal T cell expressed and secreted” (CCL5/RANTES). Both MMP-13 
and CCL5/RANTES are synthesized in OA chondrocytes which indicates IL-4 as a vital anabolic 
cytokine during OA cartilage pathogenesis [104]. IL-4 and IL-13 are closely related cytokines 
which are known to inhibit osteoclastogenesis by aiming osteoblasts to produce an inhibitor 
against OPG. Yamada et al. report that the inhibitory effect of IL-4 is stronger than that of IL-13 
throughout osteoclast differentiation in cell culture system [105].  

IL-7 is also a cytokine and induces bone loss through increased osteoclastogenesis. It regulates 
bone resorption both peri-articular and systemically. High level of IL-7 is associated with 
rheumatoid arthritis [106]. Toralto et al. propose that elevated levels of IL-7 lead to bone loss by 
two mechanisms. First one is that, IL-7 causes the T cell proliferation of the key osteoclastogenic 
cytokines RANKL and TNF. And the second one is that IL-7 leads to the expansion of the OC 
precursor pool by inducing the osteoclast proliferation. The increased concentrations of circulating 
osteoclastogenic cytokines cause the increased bone loss associated with inflammation [107]. 
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IL-8, also known as CXCL8, is a neutrophil selective chemo-attractant cytokine. IL-8 is expressed 
in macrophages, neutrophils and endothelial cells. A study by Bendre shows that IL-8 may be a 
potential activator of osteoclast mediated bone resorption [108]. Previous studies reveal that IL-8 
has multiple functions like chemotactic activity [109]. 

IL-10 is an anti-inflammatory cytokine that inhibits immunoproliferative and inflammatory 
processes. IL-10 is produced by B cells, mast cells, eosinophils, macrophages and dendritic cells. 
IL-10 can also down-regulate the synthesis of pro-inflammatory cytokines and chemokines as 
well as the synthesis of nitric oxide, gelatinases and collagenases [110]. The low level of IL-10 
causes the inhibition of the pro-inflammatory cytokines and collagenases. Previous studies have 
confirmed that lack of IL-10 causes femur bone loss and alveolar bone loss in various animal models 
[111,112]. Recent studies show that IL-10 has potent inhibitory effects on osteoclastogenesis 
[113]. The molecular mechanism is that IL-10 up-regulates OPG expression but down-regulates 
RANKL [114].

CONCLUSION
In addition to all OA biomarkers described above, there are epigenetic biomarkers which have 

also emerged as a key mechanism in the development of OA. Moreover, Vascular Endothelial 
Growth Factor (VEGF) can be used for determining severity of OA [115].  

In conclusion, biomarkers are important for early diagnosis of OA which is a multifactorial 
disease. Radiological methods are not sensitive enough in the early stages of OA.  Early diagnosis 
may allow preventive treatments without (before?) the joint destruction. As a final remark, there 
is an urgent need for novel diagnostic methods to improve prognosis of OA patients.
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