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Osteoarthritis (OA) is the most frequent rheumatic disease and is the leading cause of disability in
developed countries. Its poorly understood pathophysiology limits the discovery of targets for
pharmacological intervention and there are few effective medical treatments beyond pain control and
surgery. Proteomic technologies may help identifying new targets of OA as well as diagnostic or
therapeutic biomarkers, which has stimulated interest in this field. In this review, we discuss the most
recent findings arising from the use of proteomics for the identification of OA biomarkers in synovial
fluid and serum, and for the discovery of possible therapeutic targets in cartilage or by using chondrocyte

culture systems.

Introduction

Osteoarthritis (OA) is the leading cause of disability in developed
countries. In addition to hereditary components, ageing and
obesity are the two main risk factors of OA explaining why its
incidence is dramatically increasing [1]. More than 25 million
Americans were affected in 2005 with eighty percent being over 50
years old [2]. The sex ratio of OA is two females for one male. Pain,
loss of function and stiffness are the main clinical symptoms of the
disease (Figure 1), knee, hip, hand and spine being the most
frequently affected sites [3]. OA mostly affects articular cartilage,
a soft connective tissue that covers and protects the end of bones in
all synovial joints. Although only a few millimeters thick, articular
cartilage has an incredibly low coefficient of friction which,
coupled with its ability to bear very large compressive loads,
ensures joint mobility. OA is characterized by a progressive loss
of articular cartilage and in advanced cases, its total loss leads to
friction between adjacent bones and limitation of joint mobility.
In OA, cartilage degeneration is generally associated with altera-
tions in the subchondral bone area, inflammation and neovascu-
larization processes. The method generally used for diagnosis of
OA is X-ray, showing joint space narrowing, osteophyte formation
and subchondral bone sclerosis (Figure 1). Pharmacological treat-
ments are essentially symptomatic and include oral (systemic) or
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topical remedies, intraarticular therapies, and dietary supple-
ments, all of which may only reduce pain. Unfortunately, no drug
has yet demonstrated any disease-modifying activity, which
explains why the number of surgical interventions for total joint
prosthesis, the only real ‘cure’ for OA, is increasing in parallel with
the growing incidence of the disease. Although several drugs
acting in the subchondral bone area and/or targeting various
cytokines and growth factors have been moved forward into
clinical development [4], focusing efforts on the identification
of new drug targets would undoubtedly lead to the identification
of treatments addressing the causes of OA. However, in order to
reliably monitor OA progression and assess treatment efficacy,
surrogate markers are desperately needed [5,6]. Proteomic tech-
nologies are particularly well suited for the identification of pro-
teins involved in the etiology and progression of most pathologies,
as well as for the identification of diagnostic or therapeutic bio-
markers.

Clinical heterogeneity of OA: a complication for
proteomic analyses

The application of proteomic technologies in OA is not straight-
forward due to the inherent complexity of this disease. The clinical
heterogeneity is a hallmark of OA. The progression of OA is slow
and periodic, with intermittent episodes of inflammatory flares
and remission periods, so the contribution of proteomics to the
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OSTEOARTHRITIS
Clinical features Imaging features
* Pain on walking » Joint space narrowing
* Pain at rest « Subchondral bone sclerosis
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* Joint deformities * Maniscal damage
« Joint laxity * Bone marrow edema
* Muscle weakness
* Abnormal gait
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FIGURE 1

Clinical and Imaging features of osteoarthritis. The central picture illustrates an X-ray photograph of the knee joint, one of the sites most frequently affected by
osteoarthritis. Abbreviations: FC, femoral condyles; TP, tibial plateaus; SB, subchondral bone; AC, articular cartilage; JS, joint space.

successful identification of potential drug targets or biomarkers
during the course of the disease requires thorough clinical assess-
ment. Although serum and urine biomarkers for diagnosis and
prognosis have been proposed recently [5,6], none of them can be
used in clinical practice because of large interindividual variations.
Furthermore, potential biomarkers released into the synovial fluid
during the course of cartilage remodeling are highly diluted in
plasma and urine, and their identification requires highly sensitive
and reliable techniques. The identification of drug targets in early
OA is problematic as OA is rarely detected before the appearance of
pain symptoms, which occurs at a more advanced stage of the
disease. In addition, it is difficult to obtain healthy and OA human
cartilage for comparative studies and it should be noted that OA
cartilage is heterogeneous, with intact and moderately to severely
damaged cartilage zones coexisting in a single affected joint. In
healthy cartilage, the density of functional cells (chondrocytes) is
low, and it is even lower in OA cartilage. Nevertheless, recent
progress made in the development of sensitive and reliable pro-
teomics tools is promising to bypass these difficulties. A list of
proteomics techniques that have been used for the identification
of drug targets and biomarkers of OA is summarized in Table 1. In
addition, an overview of the strategies that have been or could be
used for proteomic intervention in OA is illustrated in Figure 2 and
detailed below.

Delving into the core of OA: cartilage proteomics

The nature of cartilage composition and its implication for
proteomic analyses

Cartilage proteomics primary aims at the identification of new
drug targets for the treatment of OA. Cartilage predominantly
consists of water, with a high concentration of anionic macro-
molecules, including hyaluronan and the highly sulfated proteo-
glycan aggrecan, and collagens, all of which build the extracellular
matrix. Only a few chondrocytes are scattered within the extra-
cellular matrix. In normal conditions, these highly specialized
cells synthesize the cartilage components and their main role is
to maintain a balance between synthesis and degradation of

extracellular matrix. During OA, this balance is not maintained
and dysregulation of chondrocyte metabolism leads to progressive
degradation of the cartilage matrix. It is commonly accepted that
metalloproteinases and aggrecanases induced by catabolic cyto-
kines such as interleukin-1 (IL-1) and tumor necrosis factor «
(TNFa) favor the degradation of extracellular matrix proteins.
Much attention has been focused on cartilage in order to identify
some proteins playing a role in the etiology of OA. However, the
molecular composition of cartilage presents huge technical pro-
blems. To analyze the cartilage proteome, it is necessary to discard
collagens and proteoglycans that interfere with the first analytical
steps, while maintaining the integrity of the small amount of
important proteins. One way this was successfully achieved was
by prior aggregation of proteoglycans with the cationic detergent
cetylpyridinium chloride, which then allowed better analysis of
proteins extracted from pathologic human cartilage [7]. Similar
qualitative electrophoretic profiles of about 600 proteins were
obtained with cartilage coming from patients with early OA,
rheumatoid arthritis, psoriatic arthritis or chondrosarcoma,
demonstrating that it was possible to depict a global ‘cartilage
signature’. However, the large amount of albumin remaining in
protein extracts meant that informative proteins were probably
underrepresented, pointing out the necessity to develop comple-
mentary or alternative methods in order to detect low abundance
proteins. In a recent study, cartilage proteins of OA patients were
analyzed after digestion of the cartilage tissue with a collagenase
cocktail [8]. Over 100 different proteins could be identified from
nearly 700 peptide sequences. However, a filtration step used to
remove collagenase in this procedure had probably led to the loss
of some important cartilage proteins. Recently, two groups inde-
pendently reported improved procedures for the analysis of car-
tilage proteins starting from murine cartilage samples [9,10].
Pecora et al. used a passive rehydration loading approach that
reduced the entry of proteoglycans and collagens into immobi-
lized pH gradient (IPG) strips. The advantage of this method was
that no sample pretreatment was required, thus minimizing the
possibility of selective protein loss [9]. In order to improve the
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TABLE 1

Analytical platforms used for proteomic studies of OA

Materials Analytical platform References
Cartilage 2-DE/MS Vincourt et al. [7]

1-D-SDS-PAGE/LC-MS

Pecora et al. [9]

Wilson and Bateman [10]
Guo et al. [12]

Garcia et al. [8]

Wu et al. [11]

Culture medium/buffer of cartilage explants

2-D DIGE/MS

2-DE/LC-MS

2-DE/MS

Off-Gel electrophoresis/MS
Antibody microarrays
LC-MS

Wilson et al. [13]
Hermansson et al. [17]
De Ceuninck et al. [18]
De Ceuninck et al. [18]
De Ceuninck et al. [18]
Zhen et al. [19]

Chondrocytes

2-DE/MS

2-D DIGE/MS

Ruiz-Romero et al. [21]
Ruiz-Romero et al. [22]
Lambrecht et al. [30]
Rollin et al. [23]

Culture medium of chondrocytes

Antibody microarrays
2-DE/MS

De Ceuninck et al. [24]
Catterall et al. [25]

Chondrocyte mitochondria 2-DE/MS Ruiz-Romero et al. [27]
2-D DIGE/MS Ruiz-Romero et al. [28]
Synovial fluid 2-DE/MS Sinz et al. [14]
2-DE Yamagiwa et al. [31]
1-D-SDS-PAGE/LC-MS Gobezie et al. [32]
LC-MS Kamphorst et al. [34]
Steinbeck et al. [35]
LC/2-DE Jmeian and El Rassi [36]
Serum Antibody microarrays Ling et al. [37]

2-DE/MS

Xiang et al. [38]

Xiang et al. [39]

2-DE: two-dimensional electrophoresis, MS: mass spectrometry, LC-MS: liquid chromatography-mass spectrometry, 2D-DIGE: two-dimensional difference gel electrophoresis, OA:

osteoarthritis.

extraction of proteins from cartilage, Wilson and Bateman used a
sequential fractionation procedure with a NaCl buffer that
extracted mostly intracellular proteins and with a guanidinium
chloride buffer that disrupted tightly interacting matrix compo-
nents [10]. These two methods were claimed to be efficient and
reproducible and thus suited to prepare samples for the compar-
ison of normal and pathological proteomes.

Differential proteomics comparing normal with OA cartilage

As if to confirm the difficulty to establish reliable and repro-
ducible proteome maps of cartilage tissue, only two studies have
so far been published comparing normal and OA cartilage
proteomes [11,12] (Table 2). In the first study, more than 800
proteins were identified, and 59 proteins were found to be
increased in OA cartilage compared with normal cartilage
[11]. Among these, proteins known to be involved in the degra-
dation of the extracellular matrix of cartilage such as the serine
protease Htral and matrix metalloproteinase-2 were identified,
as well as anti-catabolic factors such as TIMP-2 and cystatin c,
demonstrating that certain mechanisms to counteract cartilage
loss were still functioning in OA cartilage. Other proteins
involved in lipid metabolism, immune responses and signal
transduction were also identified as being dysregulated in OA
cartilage. Guo et al. identified more than 1400 protein spots in
OA cartilage [12]. Eight spots were found to be increased and

eight spots were found to be decreased in OA cartilage compared
to normal cartilage. Five of these proteins were known to be
involved in the regulation of glycolysis and energy production,
and the authors suggested that a resulting decrease of the
ATP/ADP ratio could be responsible for the decreased ability
of chondrocytes to combat efficiently degradation of the
extracellular matrix.

Cartilage explant models

Cartilage explants incubated in a culture medium may be treated
so as to reflect the behavior of native cartilage in a (patho)phy-
siological environment. On the basis of this assumption, in vitro
models of cartilage explants have been used to understand protein
changes occurring in OA cartilage and to identify potential drug
targets. Moreover, the identification of proteins released into the
culture medium may give clues about potential biomarkers
released into the synovial fluid during the course of cartilage
degradation in OA. The catabolic cytokines IL-1 and TNFa were
used to induce pathological changes in cartilage explants and to
identify protein degradation products released into the culture
medium. Using this approach, however, required certain precau-
tions such as the use of fresh cartilage biopsies to maintain
chondrocyte viability, and removal of fetal calf serum in the
medium. Mouse cartilage explants stimulated with IL-1a released
high levels of calgranulin B and cyclophilin B [13], two proteins
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PROTEOMIC ANALYSIS OF OSTEOARTHRITIS
MODELS
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FIGURE 2

Proteomic intervention in osteoarthritis. Samples from osteoarthritic patients or animal models of osteoarthritis (OA) can be used for the identification of disease
targets or biomarkers of OA. Pathophysiological events arising in the subchondral bone, synovial membrane or cartilage can induce the release of specific proteins
or protein fragments into biological fluids. Proteomic technologies can help in the identification of biomarkers in synovial fluid, serum or urine. Moreover, in vitro
systems of cartilage degradation, synovial inflammation or subchondral bone remodeling can be analyzed by proteomics to better the understanding of the

underlying mechanisms of OA and identify drug targets.

previously described as being more closely associated to
rheumatoid arthritis than OA [14,15]. Additionally, YKL-40, a
protein known to act as a growth factor for cartilage [16], matrix
metalloproteinase-3, an enzyme involved in the degradation of
the extracellular matrix, and proteins newly identified in carti-
lage, haptoglobin, and neutrophil gelatinase-associated lipocalin
(NGAL), were also increased in the medium of cartilage stimu-
lated with IL-1a. Using different techniques, two independent
groups identified similar proteins released by human OA cartilage
explants, such as the pigment epithelium derived factor (PEDF),
osteoglycin/mimecan, and the serum amyloid-P component
[17,18], in addition to proteins originating from serum, synovial
fluid, or the subchondral bone, thereby demonstrating that car-
tilage is under the influence of proteins from its surrounding
tissues/fluids. The presence of serum proteins within OA cartilage
also underlined that neovascularization is a hallmark of OA
progression. Antibody microarray analysis of the culture medium
of OA cartilage explants also demonstrated high levels of eleven
proteins previously known to be involved in inflammatory,
angiogenic, degradative and reparative processes, including tis-
sue inhibitor of metalloproteinases-1 and -2 (TIMP-1, TIMP-2),

vascular endothelial growth factor (VEGF), monocyte chemoat-
tractant protein-1 (MCP-1), angiogenin, thrombopoietin and
osteoprotegerin [18]. In order to identify new possible markers
of cartilage degradation, Zhen et al. examined proteolyzed pep-
tide products induced by the action of activated metalloprotei-
nases on human cartilage explants [19]. A wide variety of peptides
originating from type-I, -II and -III collagens, aggrecan, small
leucine rich proteoglycans, cartilage oligomeric matrix protein
(COMP) and cartilage intermediate-layer protein (CILP) were
identified. These findings provided insights into the large number
of substrates susceptible to specific metalloprotease proteolysis in
diseased cartilage, and raised the possibility that these peptides
may represent potential markers of OA.

Cell culture models

The use of primary chondrocytes in culture is also relevant for the
proteomic identification of OA targets (Table 2). Because of the
paucity of chondrocytes in cartilage, cells must first be grown in
culture before analysis. The main advantage of using chondrocytes
rather than cartilage is to reduce the complexity of the biochem-
ical procedures used to extract proteins for further analysis. The
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TABLE 2
Selected potential targets/biomarkers of osteoarthritis identified by proteomics

Protein Materials Function Increased or References
decreased in OA

Htra 1, MMP-2 Cartilage Protease 1 Wu et al. [11]

Timp-2, cystatin-c Cartilage Protease inhibition 1 Wu et al. [11]

Alcohol dehydrogenase, pyruvate Cartilage Energy homeostasis 1 Guo et al. [12]

kinase, a enolase,

Adenylate kinase, flavin reductase  Cartilage Energy homeostasis ! Guo et al. [12]

Thioredoxin dependent peroxide Cartilage Redox ! Guo et al. [12]

reductase, superoxide dismutase

HSP903, GRP78, GRP94 Chondrocytes (monolayers) Stress response 1 Ruiz-Romero et al. [22]

G3PDH, enolase, fructose Chondrocytes (monolayers) Energy homeostasis l Ruiz-Romero et al. [22]

biphosphate aldolase
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TRAP-1 Chondrocyte mitochondria Counteracts oxidative stress 1 Ruiz-Romero et al. [27]
Superoxide dismutase 2 Chondrocyte mitochondria Antioxidant properties ! Ruiz-Romero et al. [27]
Vimentin cleavage products Chondrocytes in alginate Cytoskeleton organization 7 Lambrecht et al. [30]
Apolipoprotein A-IV Serum Lipid metabolism T Jmeian and El Rassi [36]
Apolipoprotein A-l Serum Lipid metabolism l Jmeian and El Rassi [36]
VE-cadherin Serum Cell adhesion 1 Ling et al. [37]

BLC, MIP-1¢q, IL-2 Serum Immune response, inflammation 1 Ling et al. [37]

MMP-7 Serum Protease T Ling et al. [37]

NT-4 Serum Growth factor T Ling et al. [37]
Triosephosphate isomerase Serum (in these studies), autoantigens T Xiang et al. [38,39]

and fibulin-4 autoantibodies

MMP-2: matrix metalloproteinase 2, NT-4: neurotrophin-4, MIP-1a: macrophage inflammatory protein-ca.

difficulty with this approach is that chondrocytes dedifferentiate
into fibroblast-like cells in culture and it is necessary to use cells at
high density and avoid passages [20]. After a pilot study to estab-
lish a 2-DE map of the human normal chondrocyte proteome [21],
comparative proteomic analyses allowed the identification of 28
proteins which were differentially expressed in OA chondrocytes
compared to normal cells [22]. Three stress response proteins
(heat shock protein 908, Glucose-regulated 78 kDa protein and
Glucose-regulated 94 kDa protein) were found to be increased in
OA cells, whereas three proteins involved in energy production
(Glyceraldehyde 3 phosphate dehydrogenase, enolase and fruc-
tose biphosphate aldolase) were decreased. A similar result was
obtained in OA cartilage [12], suggesting that the decrease of ATP/
ADP ratio could be a key event in OA. A comparative analysis
between cultured chondrocytes coming from healthy donors or
patients with end-stage OA by two-dimensional difference gel
electrophoresis (DIGE) identified an altered expression of 27
proteins involved in cytoskeleton organization, apoptosis, gly-
colysis, protein folding and protein degradation [23]. The use of
antibody microarrays to analyze the secretome of human OA
chondrocytes in culture revealed several unexpected proteins,
including epidermal growth factor (EGF), thrombopoietin, glial
cell-line derived neurotrophic factor (GDNF), neurotrophins-3
and -4 (NT-3, NT-4), as well as a wide variety of chemokines [24].
These findings suggested that the intrinsic proinflammatory
equipment of OA chondrocytes may play an important part in
the pathogenesis and/or progression of OA. Using 2-DE, OA
chondrocytes stimulated by the catabolic cytokines IL-1 or oncos-
tatin M were found to release small peptide fragments of matrix
metalloproteinases-1, -3, YKL-40, and cyclophilin A [25]. There is
also increasing evidence that mitochondrial dysfunction in OA
chondrocytes mediates pathways involved in cartilage degrada-
tion, including alterations in respiratory chain complexes,

increased oxidative stress and apoptosis [26]. Following the estab-
lishment of a 2-DE reference map of the mitochondrial proteome
of normal articular chondrocytes [27], DIGE was used to compare
normal and OA human mitochondrial proteomes [28]. TRAP-1, a
chaperone with reactive oxygen species antagonist activity, was
found tobeincreased in OA chondrocytes. This can be interpreted
as a possible compensational mechanism to the increased oxida-
tive stress environment. At the same time, superoxide dismutase 2
(SOD2), a protein with antioxidant properties was decreased in
OA chondrocytes. In order to avoid the dedifferentiation of
chondrocytes cultured in monolayers, the culture of chondro-
cytes in collagen sponges or in alginate beads has also been used
for proteomicinvestigations [29,30]. Increased vimentin cleavage
products were identified in human OA chondrocytes compared to
normal chondrocytes cultured in alginate beads, revealing a
possible disorganization of the OA chondrocyte cytoskeleton
[30].

Proteomic analysis of synovial fluid in OA

It is obvious that progress in monitoring the efficacy of OA
treatments would be improved with the identification of bio-
markers. Accordingly, proteomic techniques have been used to
search new OA biomarker candidates in the synovial fluid (SF)
and serum of OA patients. Because of a higher concentration of
cartilage degradation products in the SF compared to serum,
most studies looking for OA biomarkers have focused on the SF
of the affected joints. While this is a reasonable approach
for research, a biomarker from SF would be impractical for
large scale clinical diagnosis and monitoring. Moreover, the
abundance of the anionic macromolecule hyaluronan in SF
complicates biomarker detection. Before proteomic analysis,
SF samples need to be subjected to various separation
procedures including hyaluronidase treatment to remove
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hyaluronan, centrifugation to remove contaminating cells, and
affinity chromatography to remove abundant proteins such as
albumin and immunoglobulins, which mask the detection of
lower abundance proteins. In a study aiming at the identifica-
tion of biomarkers in the SF of OA patients by 2-DE, Yamagiwa
et al. demonstrated a high level of interindividual heterogeneity
with differences of more than 100-fold for certain proteins [31].
In a larger cohort of patients with early or late OA and healthy
individuals, 135 high-abundance SF proteins were identified in
all three groups. Eighteen proteins were found to be differen-
tially expressed between healthy individuals and OA patients,
but no significance between patients with early or late OA could
be identified [32]. In two other studies aiming at comparing the
proteomes of SF obtained from patients with OA and various
inflammatory joint disorders, some proteins were found to be
more related to inflammatory arthritis than OA [14,33]. A gel-
free technique was claimed to be robust, on the basis of the
successful profiling of peptides in the SF from an OA patient and
a healthy control [34]. In parallel with an increase of myeloper-
oxidase, an enzyme responsible for the production of highly
reactive hypochlorous acid, elevated levels of chlorinated pep-
tides were identified by LC-MS in the SF of patients with early or
mild OA, but were barely detectable in healthy controls or
patients with late OA [35].

Proteomic analysis of serum in OA

Because of easier access, serum has been investigated as a
possible source for specific OA biomarkers (Table 2). However,
as mentioned above, biomarkers derived from a slow and focal
cartilage degradation process are expected to be highly diluted
in serum and therefore require highly sensitive and reliable
detection techniques. In order to deplete high-abundance pro-
teins from sera taken from control or OA patients, Jmeian and El
Rassi developed an integrated microcolumn-based fluidic plat-
form followed by 2-DE analysis [36]. 2-DE maps indicated that
apolipoprotein A-IV was increased and apolipoprotein A-I
decreased in the serum of OA compared to healthy donors.
Furthermore, it was demonstrated that supplementing the diet
of OA patients with soy protein decreased the levels of serum
hemopexin, whereas kininogen, the vitamin D-binding protein,
and transthyretin were increased after treatment. Unfortu-
nately, the correlation between protein changes and clinical
efficacy of this treatment was not studied, casting doubt on the
possible use of these proteins as biomarkers of OA. Recently, a
microarray platform was used to identify sixteen proteins dif-
ferentially expressed in the serum of OA patients compared to
control individuals [37]. The most noticeable changes were
found for VE-cadherin, interleukin-2 (IL-2), macrophage
inflammatory protein-la (MIP-1a), NT-4, vascular adhesion
protein-1 (VAP-1), matrix metalloproteinase-7 (MMP-7), and B
lymphocyte chemoattractant (BLC), with increases by 20-35%
above control individuals. By using 2-DE nitrocellulose maps of
chondrocyte-derived proteins incubated with the serum of
patients with different arthritic disorders, another study ele-
gantly demonstrated the presence of specific autoantibodies
against triosephosphate isomerase and fibulin-4 in the serum
of OA patients [38,39]. It was suggested that OA-specific auto-
antigens may drive chronic synovitis and lead to an increased

production of cytokines and proteinases responsible for carti-
lage degradation [40].

Future research

We emphasize that some emerging areas of investigation deserve
further attention. Although excessive remodeling is known to
exist in the subchondral bone of OA patients [41], no proteomic
study has addressed this question yet. Interestingly, differential
proteome analysis of bone marrow mesenchymal stem cells
between healthy donors and OA patients suggested that cells
coming from OA patients may be activated in response to
chemotactic signals sent by the altered subchondral bone, in
an attempt to heal damaged tissue [42]. It is also noteworthy that
animal models of naturally occurring or induced OA have not
been properly investigated yet, despite their obvious advantage
in bypassing the heterogeneity of human OA. Using proteomics
to analyze such models could help detecting new relevant bio-
markers of OA at early stages of the disease, as well as monitoring
the efficacy or the protein changes occurring after the admin-
istration of new pharmacological treatments. Future fields of
investigation should also include the use of phosphoproteomic
tools, as the modification of the ATP/ADP ratio in OA cartilage
may lead to profound alterations in the activity of an important
number of proteins involved in normal chondrocyte function-
ing. Finally, on the fringe of proteomics, the recent analysis of
glycosaminoglycan profiles in cartilage by glycomics, using an
amide-hydrophilic interaction chromatography online LC-MS/
MS procedure [43], was demonstrated to be promising for the
identification of glycosaminoglycans changes occurring in OA
cartilage.

Conclusions

OA proteomics is still in its early years. The studies of this past
decade brought to the forefront the existence of a multitude of
pathophysiological events, including increased cartilage degra-
dation due to an imbalance between catabolic and repair pro-
cesses, mitochondrial dysfunction, immunological mechanisms,
and inflammation. Although OA was initially considered merely
a disease of cartilage, proteomic studies have confirmed the
importance of tissues surrounding cartilage and biological fluids
in the etiology and progression of this disease. However, the
diversity of approaches and models, together with the hetero-
geneity of OA samples has not allowed the identification of
consensual drug targets or biomarkers yet. In this respect, the
relevance of proteins proposed as OA biomarkers will need to be
addressed in longitudinal studies using large cohorts of patients
at different stages of the disease. It should also be noted that most
studies used 2-DE, a method that is known to detect only 30-50%
of the proteome depending on the sample analyzed, and often
shows significant gel-to-gel variation. Techniques such as 2D-
DIGE, which enables the simultaneous analysis of two samples,
may circumvent gel-to-gel variability. It is also known that
degradation of cartilage matrix proteins by metalloproteinases
in OA generates a large number a peptide fragments, which
cannot be detected by 2-DE. As these peptide fragments represent
potential OA biomarkers, gel-free techniques that have proven to
be useful for such identifications clearly need to be used as more
global approaches [19]. Undoubtedly, progress towards these
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directions should increase our knowledge of this complex pathol-
ogy, and help in the identification of druggable targets and of
specific clinical biomarkers.
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