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Abstract

The progressive nature of osteoarthritis is manifested by the dynamic increase of degenerated
articular cartilage, which is one of the major characteristics of this debilitating disease.
As articular chondrocytes become exposed to inflammatory stress they enter a pro-catabolic
state, which leads to the secretion and activation of a plethora of proteases. In aim to detect the
disease before massive areas of cartilage are destroyed, various protein and non-protein
biomarkers have been examined in bodily fluids and correlated with disease severity. This
review will discuss the widely research extracellular degraded products as well as products
generated by affected cellular pathways upon increased protease activity. While extracellular
components could be more abundant, cleaved cellular proteins are less abundant and are
suggested to possess a significant effect on cell metabolism and cartilage secretome. Subtle
changes in cell secretome could potentially act as indicators of the chondrocyte metabolic
and biological state. Therefore, it is envisioned that combined biomarkers composed of both
cell and extracellular-degraded secretome could provide a valuable platform for testing drug
efficacy to halt disease progression at its early stages.
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Introduction

Osteoarthritis (OA) is a progressive age-related disease,

wherein cartilage extracellular matrix (ECM) is degraded in

response to mechanical joint destabilization and long-term

low-grade inflammatory exposure (Burrage et al., 2006;

Goldring & Goldring, 2006; Iannone & Lapadula, 2003).

As a result of progressive articular cartilage destruction, joint

space narrows, possibly causing ankyolisis of the joint, severe

pain and restricted movement. The diagnosis of OA often

occurs by assessing joint space on an X-ray radiograph by an

orthopedic specialist. However, since the disease is latently

progressed, pain and radiographic evidence is manifested only

at its late stages, when a significant amount of cartilage has

been damaged, at which point the patient is referred for

joint replacement surgery and physical therapy. In fact, joint

replacement surgeries are becoming extremely common and

present a significant socio-economic burden (Litwic et al.,

2013). It is expected that the burden of OA will increasingly

rise in developed countries, especially given that extended life

expectancy and increased obesity and BMI – two risk factors

of OA – within these population (Litwic et al., 2013).

The field of OA research has been facing two major

challenges in the past decade: (1) identifying and developing

quantifiable and measurable diagnostic biomarkers and (2)

developing efficacious disease modifying osteoarthritis drug

(DMOAD) to hinder cartilage degeneration at its early stages.

Ideally, diagnostic and prognostic biomarkers would support

the development of DMOAD to reverse or hinder OA

development. Despite that currently DMOADs are unavail-

able; it appears that developing bioassays for early detection of

OA would be a good starting point, given that such measures

could also provide a platform for examining drug efficacy.

A diagnostic biomarker will only indicate the pathology

exists, whereas a prognostic biomarker will provide an

indication of the pathophysiological severity and likelihood

of progressing (Abramson & Krasnokutsky, 2006; Karsdal

et al., 2011). In such a case wherein a given biomarker is both

prognostic and diagnostic, it would be expected that its

generation is tightly linked to the disease pathogenesis,

making it also a potential drug target. To this end, the disease

mechanism must be fully understood, before a candidate

biomarker is attempted to be detected in bodily fluids.

Much of the basic research in the field of OA clearly shows

that chondrocytes, residing within articular surfaces, undergo

significant stress related to inflammatory, metabolic and

mechanical stresses (Abella et al., 2014; Blanco et al., 1998;

Brady et al., 2014; Burrage et al., 2006; Goldring &

Goldring, 2006; Iannone & Lapadula, 2003). This leads to a

pronounced activation of matrix-degrading enzymes targeted

at the extracellular milieu, but also at some intracellular
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targets. In the field of OA, much of the focus has been towards

understanding the mechanisms by which ECM is degraded

and the resulting degradation products as potential diagnostic

and prognostic biomarkers. Fewer reports have examined the

cellular proteins affected by enhanced proteolytic activity

within the cell, albeit their potential link to disease develop-

ment. This concise review will highlight both cellular and

extracellular targets and discuss the pathways attributes of

cellular protease activity. Despite OA being considered as a

joint disease involving cartilage, bone, tendon and synovium,

this review will focus mostly on chondrocytes and the process

leading to cartilage destruction by cartilaginous matrix

degrading enzymes.

Stimulators of catabolism in cartilage

Several stimulators of cartilage degradation via catabolic

enzymatic activity and expression have been extensively

demonstrated with regard to OA research. The major stimu-

lators described in the literature are cytokines possessing a

pro-inflammatory effect. One such cytokine is tumor necrosis

factor alpha (TNFa) which binds toll-like receptor (TLR)-2,

-4 and has been implicated to enhance matrix metalloprotei-

nase (MMP)-3, -13 and cyclooxygenase (COX)-2 via nuclear

factor kappa-light-chain-enhancer of activated B cells (NFjB)

dependent mechanism, indicating that its effect is not only

pro-catabolic but also pro-apoptotic (Kim et al., 2006; Sakai

et al., 2001). Albeit the pro-catabolic impact of TNFa in

articular cartilage, it is likely to be more pronounce in

rheumatoid arthritis (RA) or inflammatory arthritis, as its

levels in the synovial fluid are markedly higher in RA

compared to OA (Manicourt et al., 2000).

An additional cytokine involved in OA pathogenesis is

Interleukin 1 beta (IL1b) which elicits increased levels of

MMP-1-13, A Disintegrin And Metalloproteinase with

Thrombospondin Motifs (ADAMTS)-4, 5 and 9 via mitogen-

activated protein kinases (MAPK) p38 signaling pathway

(Demircan et al., 2005; Mengshol et al., 2000, 2001). Similar

findings were also reported for IL-17 and oncostatin M

(OSM), a member of the IL6 family (El Mabrouk et al., 2007;

Sylvester et al., 2004). Interestingly, many of the proinflam-

matory cytokines exacerbate a chemokine-dependent reaction

that not only induces expression of matrix degrading enzymes

but inhibit ECM synthesis in articular chondrocytes (Borzi

et al., 2000; Yuan et al., 2001).

Increased matrix degradation results in breakdown prod-

ucts which may possess new functional attributes. Breakdown

oligosaccharides derived from hyaluronic acid (HA) have

been shown to promote ADAMTS-4, -5 expression through

their capacity to interact with CD44 receptors upon chondro-

cytes (Ariyoshi et al., 2012). Another example for the

influence of matrix breakdown fragments in the exacerbation

of pro-catabolic enzymes is the capacity of fibronectin

fragments to bind cell-surface integrins and enhanced MMP

and reactive oxygen species (ROS) in chondrocytes by

regulating NFjB and MAPK activity (Del Carlo et al., 2007).

The depletion of cartilaginous matrix is often accompanied

with enhanced chondrocytes apoptosis and cellular caspase

levels. For example, caspase 3 and 9 have been enhanced in

superficial zone of articular cartilage and in clustered

chondrocytes undergoing apoptosis and correlated with OA

severity grade (Matsuo et al., 2001). It was also suggested

that structural changes in the extracellular framework of

chondrocytes elicits a pro-apoptotic effect by initiating FAS

Figure 1. Intracellular and extracellular proteolytic targeting of articular
cartilage. (A) Illustration of an articular chondrocyte embedded in
extracellular matrix composed of HA, aggrecan and collagen type II
fibrils. Upon pro-catabolic stress, proteolytic enzymes as MMPs and
ADAMTS are released to the extracellular space via exocytotic vesicles,
while lysosomal cathepsins are also found throughout the cellular
compartments, due to leaky lysosomes. One cellular protein target of
cathepsins is SIRT1 which is cleaved (i.e. 75SIRT1) and exported from
the nucleus under proinflamtory conditions, as also reported for Bid
(Cirman et al., 2004; Dvir-Ginzberg et al., 2011). (B) Collagen type II
cleavage by cathepsins (white scissors), MMP (grey scissors). MMPs
target the collagen type II triple helix, generating Helix-II, C2C, Coll2-
1NO2/Coll2-1 and C1,C2 neo-peptides (Dejica et al., 2012; Rousseau &
Delmas, 2007). Cathepsins are capable of cleaving the collagen type II
N-telopeptide (i.e. generating C2K, PIINP and PIIANP) and
C-telopeptide (i.e. generating CTX-II neopeptide fragments) (Dejica
et al., 2012; Rousseau & Delmas, 2007). (C) ADAMTS (striped
scissors) mediated cleavage of aggrecan between the G1/G2 domains
and several regions between the G2 and G3 which are glycosylated with
keratin sulfate (KS) and chondroitin sulfate (CS) (Fosang et al., 2008).
Cathepsin (B and D; blue scissors) additionally cleave G1/G2 domains
and targets chondroitin sulfate attachment regions (Handley et al., 2001;
Mort et al., 1998). (D) Linear hyaluronic acid is cleaved by
hyaluronidase (HAse; black scissors) at the b(1,4) site between
N-acetyl-D-glucosamine and D-gluroniuc acid leading to smaller and
random fragments which reduce the overall molecular weight of the HA
mesh within articular cartilage.
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signaling (Kim et al., 2001), possibly through the generation

of new breakdown products.

Although a plethora of extrinsic biochemical factors

(Figure 1A) deriving from degraded matrix of signaling

molecules may perpetuate OA pathogenesis, it is clear that

mechanical stimuli and its magnitude could also facilitate

changes in ECM synthesis. Several elegant studies by the

Kandel group show that short-term cyclic mechanical com-

pression enhances matrix remodeling and synthesis in chon-

drocytes via MAPK/AP-1 pathway (De Croos et al., 2006;

Spiteri et al., 2010). Furthermore, Li et al. showed that the

extent of loading and combination with pro-inflammatory

stimuli could be extremely detrimental to the state of cartilage

(Li et al., 2013). In fact, an eight day moderate loading

regimen in the presence of pro-inflammatory stimuli was not

considered to result in a pro-catabolic or pro-apoptotic affect

in bovine articular cartilage (Li et al., 2013). It is possible

that variations in-vitro explant load systems may stem from

differences in responsiveness of the various cartilage zones

(Raizman et al., 2009) or the limitations in reproducing the

exact biomechanical profiles and alterations of the joint which

are often caused by lifelong changes in BMI, joint misuse

and age-related joint laxity.

In essence, many signaling molecules, some of which

indicated in Figure 1(A), are capable of facilitating cross talk

with cartilage and driving pro-catabolic responses which are

often accompanied with progressive chondrocytes apoptosis.

Before reaching the state of apoptosis, it appears that one

factor leads to chondrocyte susceptibility perpetuated by

another, causing a ‘‘snowball’’ effect that ends inevitably in

extensive cell death. Interestingly, cartilage tissue is not

permissive for clearance of apoptotic cell debris, a fact that

may increase the instances of secondary necrosis in apoptotic

chondrocytes. This may possibly lead to a unique secretome

profile of chondrocyte-derived molecules that may otherwise

not permeate into the synovial fluid or blood. Hence, not only

fragments of cartilaginous matrix and signaling molecules but

also chondrocyte secretome derived from the inner chondro-

cyte proteome may predict cartilage state and possibly

OA severity.

Proteases and their ECM targets

The primary constituent of cartilage is collagen type II which

provides the tissue with tensile strength and is targeted for

proteolytic degradation by MMPs, namely MMP-1,-8,-13 and

-14 (Burrage et al., 2006; Fosang & Beier, 2011; Troeberg &

Nagase, 2012), which are zinc-dependent endopeptidases. In

fact, murine MMP13 nulls are resistant to OA, indicating it is

a primary protease in the pathogenesis of the disease (Little

et al., 2009). This is supported by the numerous reports

indicating that MMP13 is enhanced during proinflammatory

stimulation of articular chondrocytes (El Mabrouk et al.,

2007; Kim et al., 2006; Mengshol et al., 2000, 2001; Sakai

et al., 2001; Sylvester et al., 2004). Collagenase activity of

MMPs target the collagen type II triple helix, generating

Helix-II, C2C, Coll2-1NO2/Coll2-1 and C1,C2 neo-peptides,

wherein C1 is derived from the collagen type I triple helix

(Dejica et al., 2012; Rousseau & Delmas, 2007). Additional

to MMPs, cathepsins are capable of cleaving the collagen type

II N-telopeptide (i.e. generating C2K, PIINP and PIIANP)

and C-telopeptide (i.e. generating CTX-II neopeptide frag-

ments) (Dejica et al., 2012; Rousseau & Delmas, 2007).

Peptides derived from collagen type II C-telopeptide (CPII)

and their levels compared to N-propeptide fragments (PIINP

and PIIANP) which are correlative to matrix synthesis, may

provide an overall indication regarding cartilaginous matrix

homeostasis and its potential disruption (Karsdal et al., 2011;

Rousseau & Delmas, 2007). It is therefore not surprising that

these fragments are found in blood and urine of OA patients

correlating with the burden of disease and used as a

prognostic measure for OA (Abramson & Krasnokutsky,

2006). Nitration of collagen type II derived triple helix

(Coll2-1NO2, a.a. 108–116) has also been examined and

compared to Coll2-1, which is the un-nitrated form (Deberg

et al., 2005a,b). Sera examination of Coll2-1NO2 and Coll2-1

show it is enhanced in sera of OA and RA (Deberg et al.,

2005a), while a one-year examination of these fragments in

urine samples from 75 patients with primary knee OA

revealed that they are predictive markers for radiographic OA

progression (Charni et al., 2005). As an additional triple helix

derivate, Helix-II (a.a. 622–632) showed great promise as a

biomarker capable of distinguishing amongst healthy, knee

OA or RA (Charni et al., 2005). More recently, Eyre and

Weis reported an error in the core peptide sequence against

which the Helix-II antibodies were generated, indicating that

the clinical data require some re-evaluation (Eyre & Weis,

2009). Figure 1(A) illustrates the gross regions of collagen

type II cleavage, generated fragments and responsible

proteolytic enzymes.

Aggrecanase (ADAMTS), especially ADAMTS-4 and -5

have been implicated to target the proteoglycan aggrecan

between the unglycosylated G1 and G2 domains and several

regions between the G2 and G3 which are glycosylated with

keratin sulfate (KS) and chondroitin sulfate (CS) (Fosang

et al., 2008). Mice bearing inactive ADAMTS-5 were more

resistant to inflammatory arthritis (Stanton et al., 2005), while

double knockouts for ADAMTS-4 and -5 developed lower

severities of OA (Majumdar et al., 2007). Furthermore,

aggrecan cleavage at the G1/G2 interglobular domain was

previously attributed to cathepsin B and D, the last also targets

chondroitin sulfate attachment regions (Handley et al., 2001;

Mort et al., 1998). Figure 1(C) illustrates aggrecan regions

targeted by cathepsins and ADAMTS. The cleavage of

aggrecan generates an ARGS neopeptide which is generated

from the G1/G2 cleavage site was found increased in synovial

fluid with OA severity (Germaschewski et al., 2014). The

examination of keratin sulfate (KS) and chondroitin sulfate

(CS) using antibodies against both epitopes show that they are

elevated in OA cartilage and synovial fluid, their detection was

significantly lower in serum, hence significantly restricting

their use as an OA biomarker (Garvican et al., 2010).

Hyaluronidase (HAase) is a protease that targets the linear

Hyaluronic acid at the b(1,4) site between N-acetyl-D-

glucosamine and D-Gluroniuc acid (Figure 1D). Nagava

et al. examined the presence of HAase in SF and serum of

RA and OA patients, and also found it is correlated with

synovitis and RA rather than OA (Nagaya et al., 1999). No

reports regarding the detection of HA polymer fragments have

been attempted, possibly due to its high variation and potency
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in numerous tissues other than cartilage. Hyaluronan is often

intra-articularly injected to relive OA symptoms, hence

posing an additional restriction in attempting to detect its

cleaved polymers.

Different from the previously indicated catabolic enzymes

involved in cartilage breakdown, lysosomal cysteine prote-

ases, particularly cathepsin K, have also been shown to

contribute to cartilage ECM degradation (Dejica et al., 2012;

Panwar et al., 2013). However, cathepsins are generally more

potent and active in acidic pHs, whereas activities of MMPs

and ADAMTS are less influenced by pH. Cathepsin potency

in acidic pHs enables efficient turnover of cellular proteins

confined to the lysosomes into peptide or amino acids. It has

been previously established that OA cartilage and synovial

fluid possess acidic pH (Konttinen et al., 2002), which may

favor cathepsin catabolic activity. Albeit many reports

regarding the involvement of cathepsin K in OA (Konttinen

et al., 2002; Salminen-Mankonen et al., 2007), its involve-

ment in enhanced bone resorption facilitated by osteoclast

activity in osteoporosis suggests it may not be an ideal

candidate biomarker for OA, especially that both conditions

are prevalent during progressive ages. On the other hand,

cathepsin S and B are enhanced under pro-inflammatory

stress and remain relatively active at pH 6–7 supporting that

they may target collagen type II and possibly other ECM

constituents of cartilage (Baici et al., 1995; Caglic et al.,

2013; Dvir-Ginzberg et al., 2011, Salminen-Mankonen et al.,

2007). Figure 2(A) shows primary OA-derived chondrocytes

exposed to cytokine treatment with enhanced levels of

cathepsin B in cell cellular compartments. It has been well

established that cathepsins may permeate through the lyso-

some during inflammatory conditions and thus modulate

various cellular and extracellular targets (Dvir-Ginzberg

et al., 2011; Guicciardi et al., 2000) (Figure 1A). Solau-

Gervais et al. examined the activity of cathepsin B, L,

dipeptidyl peptidase and calpain in synovial tissues, and found

cathepsin and calpain activities were augmented in RA and

OA patients compared to controls (Solau-Gervais et al.,

2007). RA exhibited more enzymatic activity of these

proteases than OA (Solau-Gervais et al., 2007). These data

support the relationship of cathepsin activity, expression and

synovial inflammation which is in line with numerous basic

studies (Appleton et al., 2007; Lambert et al., 2014). It may

be therefore possible to categorize inflammatory state of OA

based on the type, activity and level of cathepsins, which may

be therapeutically targeted, using personalized medicine.

It should be noted that many of the above-indicated

proteases have natural inhibitors. For example, tissue inhibitor

of metalloproteinases (TIMPs) inhibits MMP/ADAMTS

activity, while cystatins are potent inhibitors of many

cathepsins. Overall, these matrix degrading enzymes are

necessary for normal ECM turnover, their augmented activity

and levels disrupt the normal homeostasis. It is the net effect

matrix degrading enzyme expression and levels versus their

inhibitors which will determine the state of joint cartilage,

therefore more efforts in detecting enzyme activity levels

could provide good indicators of disease severity.

Protease cellular targets and affected pathways

While MMP/ADAMTS are often generated and target extra-

cellular components, it is less expected that they would

directly affect cellular signaling circuits. One example for the

impact of proteases on cell regulation is syndecan 4, which is

a transmembrane heparan sulfate proteoglycan capable of

associating augmenting ADAMTS-5 activation in collagen

type X-expressing chondrocytes (Echtermeyer et al., 2009).

Syndecan 4 ectodomain shedding by protease activity

(Fitzgerald et al., 2000) could rescue OA phenotype as

observed in Syndican null mice (Echtermeyer et al., 2009).

Within the cell, caspases cysteine proteases are involved in

inducing cell apoptosis under extrinsic and intrinsic stress

conditions. Given that chronic low-grade inflammation is

involved in OA pathogenesis, it is not surprising that caspases

are active in OA articular chondrocytes (Blanco et al., 1998).

The increase in cell apoptosis is accompanies with pro-

catabolic joint destruction that appears with OA. The canonical

caspase pathway is a mitochondrial-dependent signaling

pathways which is induced by an extrinsic death signal,

often caused by ligand binding to the death receptor, as

Figure 2. Increased cellular cathepsin during
cytokine treatment of human chondrocytes.
OA human-derived chondrocytes were
obtained following an informed consent from
individuals undergoing total knee replace-
ment (Hadassah Institutional approval
obtained). Chondrocytes were isolated and
cultured, treated (Cytokine: 50 ng/ml
TNFa+2 ng/ml IL1b, 24 h) and stained as
previously described (Dvir-Ginzberg et al.,
2011; Oppenheimer et al., 2012). Cells
stained with DAPI (i.e. nuclei in blue fluor-
escence), cathepsin B (i.e. active cathepsin B
in green florescence), Phalloidine (i.e.
F-actin filaments in red florescence),� 600
magnification. The images clearly show that
cytokine treatment renders increased cathe-
psin B levels throughout the cell compart-
ment, as well as the nucleus. The
micrographs are representative images of
data previously described by Oppenheimer
et al., Arthritis and Rheumatology
(Oppenheimer et al., 2012).
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TNFa/TLR or FASL/FAS. As part of this process, cytochrome

C, which is loosely associated with the inner mitochondrial

membrane, is released through mitochondrial pores that are

increasingly formed in the outer mitochondrial membrane. The

increase of cellular ROS during pro-death signaling also aids in

the release of cytochrome C from its mitochondrial anchor

cardiolipin, enabling the increase levels of soluble cytochrome

C in the cell cytoplasm. Increasing ROS levels additionally

enhance lysosomal permeability and cause the dispersity of

lysosomal proteases like cathepsins throughout the cells

(Figures 1(A) and 2A). Cellular cathepsins are known to

cleave BH3 interacting-domain death agonist (Bid) to form

truncated Bid (tBid) which binds BCL-2-like protein 4 (Bax)

and their multimerization to form pores through which

cytochrome C escapes the mitochondria (Cirman et al.,

2004). Another example for cathepsin activity within the cell

is the capacity of cathepsin L to cleave the N-terminal domain

of histone 3 during mouse embryogenesis, thereby possibly

effecting the gene regulation during ESC differentiation

(Duncan et al., 2008).

With regard to articular chondrocytes, our group identified

enhanced cathepsin B levels throughout the cell upon

cytokine stimulation results in C-terminal truncation of the

protein deacetylase SIRT1, hence inducing its nuclear export

and influencing numerous cellular pathways (Dvir-Ginzberg

et al., 2011; Oppenheimer et al., 2012). These data were also

supported by in-vivo observations, showing Sirt1 wild-type

(WT) 9-month-old strains presenting the 75SIRT1 cleaved

variant in articular chondrocytes compared to haploinsuffi-

cient mice (Gabay et al., 2012). More interestingly,

9-month-old WT mice exhibited reduced OA severity and

chondrocyte apoptosis compared with age-matched haploin-

sufficient mice, indicating 75SIRT1 could rise from stressed

chondrocytes primed to apoptose, making it a potential

biomarker candidate for predicting OA susceptibility. More

recent studies showed that high-fat diet (HFD) fed mice and

adipose express a caspase 1 N-terminally cleaved variant of

SIRT1 (Chalkiadaki & Guarente, 2012). These observations

suggest that the inflammasome are activated in adipose

tissue, and thus induce N-terminal truncation of SIRT1. The

inflammasome is a multi-protein oligomer composed of Nod-

like receptors (NLRs), apoptosis-associated speck-like protein

containing a CARD (ASC) and pro-caspase 1. Upon assem-

bly, pro-caspase 1 becomes active and cleaved pro-IL1b,

pro-IL-18 perpetuating a pro-inflammatory response and

activating pyroptosis process, which is a type of programmed

cell death induced by pathogens (Franchi et al., 2009).

Therefore, it is not surprising that the activation and assembly

of inflammasome has been linked to exposure to microbial

molecules or insoluble crystals such as urate crystals and

fibrilar amyloid-b, hence associating this mechanism with

Gout, Atherosclerosis, Alzheimer’s and Diabetes (Tschopp &

Schroder, 2010). The engulfment of crystalline or other

particulate structures have been reported to cause lysosomal

rupture and cathepsin B release prior to inflammasome

assembly. Notably, cathepsin B has been suggested to cleave

and activate the NLR family and facilitate inflammasome

formation (Franchi et al., 2009), hence it appears that both

inflammasome and apoptosome pathways are affected by

cathepsin activity within the cytoplasm.

Summery and discussion

In recent years, a substantial degree of effort has been

invested in identifying biomarkers for OA predisposition and

severity. These biomarkers and/or advanced imaging tech-

niques not only identify the exact stage of joint destruction

and OA severity but also pose an attractive setting to test

drug efficacy and prognosis. Hence, the identification of

novel means to detect OA susceptibility is paramount for the

discovery of novel drug targets as well as validating their

efficacy. It is notable that the past decade of research

yielded various markers based on matrix degradation

products and enzymes. The most remarkable and consistent

of those is the collagen type II degradation fragments,

CTXII which have been identified in serum and urine of OA

patients (Abramson & Krasnokutsky, 2006). Nonetheless,

biomarkers which are responsive to the biological state of

cartilage and chondrocytes are less successfully identified.

Given that cartilage is continuously remodeled, it would be

difficult to assess subtle changes of collagen type II

fragments and correlate them with remission of disease.

It is therefore envisioned that an ideal biomarker or

combination thereof would be significantly altered during

disease progression and remission. For this reason, bio-

markers derived from key signaling circuits linked to

chondrocyte biology may answer this unmet limitation.

Moreover, the process of enhanced ECM proteolysis is

attractive given the abundance of cartilaginous fragments

and their relative ease of detection, however, detection of

proteolytically processed cellular components may be diffi-

cult, especially given the restricted amount of articular

chondrocytes compared to other tissues. Nonetheless if this

is achieved, such cellular biomarkers could be of paramount

importance in delivering a biological beacon of cartilage

nature. Cathepsins and caspases are the two major enzymes

partaking in cellular processes. While caspases are activated

in cell stress and death, cathepsins are primarily lysosomal

and participate in protein turnover. Under stress, cathepsins

participate in cleavage of extracellular aggrecan and colla-

gen type II (Handley et al., 2001; Mort et al., 1998), as well

as cellular SIRT1, Histone 3, Bid and indirectly IL1b/18 via

inflammasome activation (Cirman et al., 2004; Duncan

et al., 2008; Dvir-Ginzberg et al., 2011; Franchi et al.,

2009; Tschopp & Schroder, 2010).

More specifically, the cleavage of SIRT1, an important

regulator of cartilage homeostasis and survival (Dvir-

Ginzberg & Steinmeyer, 2013; Dvir-Ginzberg et al., 2008;

Gabay et al., 2013; Oppenheimer et al., 2014), could be a

good indicator of cartilage stress especially if it is present in

synovial secretome and blood. An interesting study recently

published showed that SIRT1 (full-length) is reduced in

Alzheimer susceptible patients, using an ELISA based

method, showing an overall reduction of serum Sirt1 with

age and susceptibility to Alzheimer’s (Kumar et al., 2013).

Given that SIRT1 reduction may be an age-dependent

process, analyzing tissue-specific SIRT1-derived proteolytic

variants could make a more distinctive observation regarding

particular pathologies, as OA.

Summarizing the efforts in the next years should target

cell-derived proteolytic products which are more likely
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linked to the biological state of the cells and may enable,

based on their levels and timing of detection, the application

of disease modifying agents as a therapeutic intervention.

This not only answers an unmet need in the biomarker arena

of OA, but also opens a new venue of personalized care for

OA susceptible individuals based on the disease stage and

severity.
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