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Abstract

Osteoarthritis is a chronic disease for which no efficacious medical intervention is yet available. Recent dis-
appointments in late-stage clinical development of disease-modifying osteoarthritic drugs (DMOADs) have
precipitated efforts in biomarker discovery aimed at developing an analytical tool box with the potential to
improve the clinical development process. In this review, we seek to provide an overview of the biochemi-
cal marker repertoire currently available with a special focus on data originating from their application in
clinical development programmes. Finally, we discuss possible directions in future biomarker research.

Keywords: Joint diseases; osteoarthritis; biochemical markers

Introduction

The road to the identification and the clinical validation
ofboth efficacy and safety of the chondroprotective drug
is paved with numerous obstacles. Over the last few years
the disappointments associated with efforts to develop
a disease-modifying osteoarthritis drug (DMOAD) have
been numerous and still today the millions of patients
suffering from this serious, chronic disease can only be
offered treatments targeting signs and symptoms.

This unmet medical need has been the primary driver
behind major efforts to provide the pharmaceutical
industry with improved analytical techniques allowing
better and more efficient clinical trial design and imple-
mentation (Krasnokutsky et al. 2007). One aspect of this
work includes the search for reliable biomarkers appli-
cable in the drug development process.

The clinically relevant end points in osteoarthritis
(OA) trials are sign and symptoms (Abadie et al. 2004),
and also time to joint replacement have been used;
however, neither of these end points are easy to use in
the early and mid-phases of clinical drug development
programmes, and this dilemma has nourished efforts to

develop biomarkers with higher sensitivity and specifi-
city to reflect the degenerative processes associated with
OA progression.

In contrast to X-rays, magnetic resonance imaging
(MRI) allows direct visualization of the joint including
more or less accurate assessment of cartilage (Pessis
et al. 2003) and cartilage measurements from MRI have
been shown to be more associated with OA symptoms
than joint space narrowing (JSN) (Wluka et al. 2004)
and to be predictive of knee arthroplasty (Cicuttini et al.
2004).

In parallel, and also as a consequence of the efforts to
identify DMOADSs, a series of biochemical markers has
been developed over the past few years and a majority
of these are related to the turnover of the tissue in the
joints, i.e. the bone, the cartilage and the synovium.

In this report, we aim to provide a review of biochem-
ical markers currently applied in OA drug development
programmes. In particular, we investigate the applica-
tion of these analytical markers in clinical studies as
these have been reported in the last few years and we
seek to provide insight into the markers emerging in the
horizon.
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Rationale for application of biochemical
markers in OA drug development

A key finding in osteoarthritis is the progressive
damage of joint tissue, including cartilage erosion,
osteophyte formation, subchondral sclerosis and
synovial alterations (Krasnokutsky et al. 2007). Each
of these pathological findings and their underlying
metabolic processes could in principle serve as targets
for biochemical assessment of the joint, and over the
past decade a large number of biochemical tests have
become available for this purpose. However, before
addressing each of these biochemical markers, a few
important aspects relating to their application should
be considered.

BIPED classification

Biomarkers, including the biochemical markers,
may have many applications in the study of OA as
well as in the management of the patients. However,
appropriate use of the markers is based on compli-
ance to a set of basic requirements and recently the
Osteoarthritis Biomarkers Network funded by the
National Institutes of Health/National Institute of
Arthritis, Musculoskeletal, and Skin Disease (NIH/
NIAMS) proposed a classification scheme for biomar-
kers termed BIPED, an acronym for Burden of Disease,
Investigative, Prognostic, Efficacy of Intervention
and Diagnostic (Bauer et al. 2006). The objective of
the BIPED classification system is to provide specific
biomarker definitions for improving development
capabilities and analysis of OA biomarkers and of
communicating advances within a common frame-
work. Briefly, the five categories are characterized by
the following key features:

1. Burden of disease: burden-of-disease markers assess
the severity or extent of disease, e.g. severity within a
single joint and/or number of joints affected.

2. Investigative: an investigative marker with insuf-
ficient information to allow inclusion into one of
the existing biomarker categories. The investigative
category includes markers for which a relationship
to various normal and abnormal parameters of car-
tilage extracellular matrix turnover has not yet been
established in human subjects.

3. Prognostic: the key feature of a prognostic marker is
the ability to predict the future onset of OA among
persons without OA at baseline or the progression of
OA among those with the disease.

4. Efficacy of intervention: an efficacy-of-intervention
biomarker provides information about the efficacy
of treatment among persons with OA or those at
high risk for development of OA.

5. Diagnostic: diagnostic markers are defined by the
ability to classify individuals as either having or not
having a disease.

The inter-relationship of these distinct categories
of biomarkers is depicted in Figure 1. Obviously, a
single biomarker can encompass features from more
than one category to the extent that the associated
requirements are met by the marker and this has
been established by appropriate validation. Likewise,
the model does not require any OA biomarker to be
applicable in all aspects of diagnosing and monitor-
ing. While genetic markers can assist in the prognosis
of OA (risk assessment) and prediction of treatment
sensitivity they will have little if any potential in the
monitoring of treatment efficacy. The model in Figure
1 also suggests that treatment could be considered in
subjects without the classical OA diagnosis but with
one or more risk factors for disease, accumulating in
a poor prognosis.

Burden of disease (BIPED no. 1)

The classification as a burden of disease marker is gener-
ally based on investigations of sensitivity and specificity
(and derivatives of these), i.e. by comparison of test
results in a study population to a generally accepted
‘gold standard!

Clark and co-workers (Clark et al. 1999) reported
elevated circulating levels of cartilage oligomeric pro-
tein (COMP) in OA patients compared with age- and
gender-matched controls. In addition, they found
increasing levels with increasing knee K/L grade as
well as with number of knee and hip joints involved.
In other studies, it has been reported that the total
radiographic score in patients with OA at multiple
sites (knee, hip, hand, vertebral facet joints, spinal
disc degeneration) was significantly associated with
the urinary fragments of the C-telopeptide of type II
collagen (CTX-II) (Meulenbelt et al. 2006). In addi-
tion they found that all the site specific radiological
OA (ROA) scores, except for spinal disc degeneration,
contributed independently to this association. In other
studies CTX-1II has been associated with disease sever-
ity, i.e. K/L grade, JSN and osteophyte scores (Jordan
et al. 2006), with total radiographic scores in the GARP
study (Meulenbelt et al. 2006), and was reported to be
the marker showing the most consistent association
with signs and symptoms of disease severity among ten
bone, cartilage and synovium markers (Garnero et al.
2005a).

Investigative (BIPED no. 2)

Markers, for which scientific evidence for their classifi-
cation into the other categories are still insufficient, are
designated investigative.
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Figure 1. Biomarkers can be classified as markers of ‘burden of disease; investigative, ‘prognostic, ‘efficacy of intervention’ or ‘diagnostic; i.e.
BIPED (Bauer et al. 2006). This figure provides a schematic representation of the inter-relationship of these distinct categories of biomarkers as
this relates to osteoarthritis (OA). Markers able to classify individuals (alone or in combination) as either having OA or not having OA are defined
as diagnostic. Burden of disease markers will be able to provide information as to the severity or extent of the disease among individuals with OA.
Some of the OA patients will present with one or more of a set of risk factors for OA progression and these can be assessed with the prognostic
biomarkers. These can also predict the future onset of OA among individuals without current OA. Candidates for treatment can be anyone with
OA or with a high risk of developing OA, and markers of efficacy of intervention are able to determine treatment response. The appropriate appli-
cation of the final group of markers, i.e. the investigative biomarkers, has yet to be determined.

Prognostic (BIPED no. 3)

Even though cartilage cannot be visualized on X-rays,
plain radiographs are widely used for assessment of
structural damage in joint diseases, which is an impor-
tant element in several OA scoring systems, e.g. Kellgren
and Lawrence index (Kellgren & Lawrence 1957) and
Whole-Organ Magnetic Resonance Imaging Score
(WORMS) (Peterfy et al. 2004). However, cartilage dam-
age that is detectable on radiographs is already consid-
ered irreversible joint damage (Reijman et al. 2004) and
from both a clinical research as well as an individual
patient point of view it would be desirable to have tech-
niques available that had sufficient sensitivity to identify
healthy or very early-stage individuals with an increased
risk of developing disease. Recently, Reijman and co-
workers performed a longitudinal, population-based
study in 1235 men and women, and found that elevated
urinary excretion of type II collagen fragments (CTX-II)
was associated an 8.4-fold increased risk of radiographic
progression of OA in the hip (Reijman et al. 2004). Similar
studies have associated other biochemical markers with
risk of progression of structural joint damage in OA,

e.g. COMP (Hunter et al. 2007) and serum hyaluronan
(Mazieres et al. 2006). These and other studies suggest
that biochemical markers of the extracellular matrix
(ECM) could potentially assist in the detection of indi-
viduals with an elevated risk of accelerated cartilage loss
eventually expressed in structural damage as detected
by radiographs and/or MRI. At least some studies sug-
gest that these individuals can be detected prior to any
radiographic evidence of joint disease, and this offers
the opportunity to include study participants in clinical
trials at a very early stage of disease development, and,
very importantly, individuals with a relatively high risk
of progression of disease.

Recent studies have demonstrated that the classical
inclusion criteria for intervention trials in OA, i.e. the
American College of Rheumatology (ACR) criteria, often
recruit subjects with a relatively low risk of progression.
In the 2-year, multinational study of risedronate in knee
OA structural arthritis (KOSTAR) (Bingham et al. 2006)
only 13% of those receiving placebo had structural pro-
gression over the 2 years. And in arecent phase Il study of
a matrix metalloproteinase inhibitor, the placebo group
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had a change in joint space width (JSW) from 3.386 to
3.252 over 12 months (Krzeski et al. 2007), which is con-
sistent with an annual decrease in JSN of 0.13+0.15mm
found in a meta-regression analysis covering 34 studies
(Emrani et al. 2008). In both intervention studies the
trial drugs failed to meet the primary end points, i.e. no
significant beneficial effect over the placebo group.

Efficacy of intervention (BIPED no. 4)

Presently, no medical intervention is available which
will arrest the pathological processes underlying
the destruction of joint tissue in OA, i.e. the disease-
modifying osteoarthritis drug (DMOAD). Therefore
the benefit from applying biochemical markers in this
important clinical situation can only be speculated, and
at present the regulatory agencies require improvement
in clinical outcomes for approval of DMOADs (Abadie
et al. 2004). In fact it has even been speculated that pos-
sible DMOADs might have been missed or not proven
because of inadequate biomarker tools to track progres-
sion of OA (Samuels et al. 2008).

The use of radiographs for monitoring the structural
impact of medical intervention is associated with some
difficulties. The rate of change, which can be detected by
X-rays, e.g.JSN, is modest. In general, the annual change
isintherange0.13+0.15mm (Emranietal.2008), whichis
similar to the precision error of the technique. This unfa-
vourable signal-to-noise ratio calls for a large number of
study subjects for along period of time in clinical trials of
potential chondroprotective drugs. We know from asso-
ciated medical areas, e.g. osteoporosis, that biochemi-
cal markers are much more dynamic (than bone mass
measurements) and partly because of this carry signifi-
cant potential for monitoring medical intervention. In
OA, biochemical markers have also been investigated
(seelater section), but a few studies should be addressed
here. In the knee OA structural arthritis (KOSTAR)
study, all doses of risedronate failed to improve above
placebo, signs and symptoms measured by the Western
Ontario and McMaster Universities (WOMAC) osteoar-
thritis index and did not slow radiographic progression
(Bingham et al. 2006). Interestingly, in a subanalysis, it
was demonstrated that in subjects with accelerated car-
tilage degradation at baseline (quantitatively assessed by
urinary CTX-II), a biochemical response after 6 months
of risedronate use was associated with a significant
reduction in radiological progression compared with
subjects with no biochemical response (odds ratio (OR)
0.57; 95% confidence interval (CI) 0.39-0.85) (Garnero
et al. 2008a). In a later section, application of markers
in clinical trials will be reviewed, but here reference is
made to recent reviews on the potential impact of new
and better biomarkers on the development of DMOADs
(Qvist et al. 2008, Krasnokutsky et al. 2007, Schaller et al.
2005, Sumer et al. 2006).

Diagnostic (BIPED no. 5)

Usually osteoarthritis is localized to a single or a few
joints, and even the damage in the affected joints can
be condensed to just small, focal lesions, and therefore
the sensitivity of the markers to reflect the pathological
changes has been questioned. However, a few studies
address the capability for systemic detection of local-
ized joint damage. In a rodent model of traumatic OA
it was demonstrated that 2 weeks after anterior cruciate
ligament transsection in a single joint in the rat, the uri-
nary excretion of CTX-II was elevated by 15.7% (p <0.05)
compared with sham operations (Hayami et al. 2004,
Hayami et al. 2006). In humans the diagnostic marker
will have to be compared with a well-defined and
accepted diagnostic definition, and in OA this could be
the ACR criteria. Taking the complexity of these require-
ments into consideration, it is generally reported that a
single biochemical test relatively poorly distinguishes
individuals with OA from healthy controls. Alternatively,
the test under investigation can be evaluated against a
‘gold standard’ method, and in OA, a radiograph is gen-
erally accepted, with a Kellgren-Lawrence score of 2 or
more required for assigning the OA diagnosis.

Biochemical markers of joint tissue

As a consequence of the aim to develop DMOADs, the
diagnostic industry as well as academic research has
been focused on the development of biochemical mark-
ers reflecting the turnover, i.e. formation and degrada-
tion, of the constituents of the ECM. One of the major
obstacles associated with this development approach is
the fact that many of the molecular components in the
joint are not specific for the joint tissue, but can be found
elsewhere in the body.

Type I collagen is the most prevalent organic mol-
ecule in bone; however, it can be found in most other
connective tissues throughout the body, and therefore
tissue specificity has to be attributed by other means.
The test for fragments of the C-telopeptide of type I
collagen (CTX-I) (Rosenquist et al. 1998) uses mono-
clonal antibodies recognizing the C-telopeptide of type
I collagen, however only after it has been proteolytically
cleaved by cathepsin K, which is produced by the osteo-
clast. The antibodies recognize the amino acid sequence
EKAHDGGRwith a free C-terminal arginine, i.e. theyrec-
ognize a neo-epitope lacking in the uncleaved molecule.
The testhas been used for determining the concentration
of type I collagen fragments originating from osteoclast-
mediated bone resorption, and it has been reported to
be associated with loss of bone mineral density (BMD)
(Bjarnason & Christiansen 2000) and increased risk of
osteoporotic fractures (Garnero et al. 2000b). In contrast,
the biochemical marker cross-linked carboxyterminal
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Figure 2. Visualization of the generation of pathology-relevant neo-
epitopes. In osteoarthritis (OA), the organs of interest are the joints,
and part of the pathology is expressed in the articular cartilage. This
tissue contains, among other things, the chondrocytes and the extra-
cellular matrix. The chondrocytes express proteases, in particular the
matrix metalloproteinases and aggrecanases. The most abundant car-
tilage proteins are collagen type II and aggrecan. Protease-generated
fragments of collagen type II and aggrecan produced through the
action of these important enzymes, which may be relevant molecules
in tissue destruction, can be used to monitor tissue turnover. These
fragments, such as C-terminal telopeptide of type II collagen, may
be used in clinical settings, in preclinical models and in simple ex
vivo and in vitro systems. Therefore, this and other neo-epitopes are
candidates for application in translational science.

telopeptide of typeI collagen (ICTP) uses polyclonal anti-
bodies to the C-telopeptide of type I collagen and these
antibodies recognize an epitope which is destroyed by
cathepsin K (Sassi et al. 2000). Consequently, CTX-I and
ICTP, while both detecting peptide fragments originat-
ing from the C-terminal telopeptide of type I collagen,
reflect different collagenolytic pathways (Garnero et al.
2003). ICTP has recently been applied in studies of mul-
tiple melanoma and bone metastasis (Lein et al. 2009,
Koopmans et al. 2007, Voorzanger-Rousselot et al. 2006,
Leeming et al. 2006).

This illustrates, that careful consideration should be
given to the inter-relationship between the constituents
of the matrix and the sensitivity to the proteases in their
proximity. It should be possible to take advantage of
this molecular interaction in the design of new biomar-
kers, which by virtue of their amino acid sequence and
subsequent post-translational modifications, includ-
ing proteolytic cleavage, carry sufficient information
to allow its detection to be an accurate reflection of
important pathological metabolic processes in the
target tissue. Figure 2 is a schematic representation of
the association between the systemic detection of the
neo-epitopes and the pathogenesis in the target tissue.
The action of enzymes on ECM components results in
matrix degradation fragments, i.e. the neo-epitopes.
The most abundant molecules in the cartilage ECM
are collagen type II and aggrecan. These proteins are
sequentially degraded when cartilage erosion occurs.
In OA, the tissue of interest is the articular cartilage
(Figure 2). The enzymes presently receiving the most
attention are the matrix metalloproteinases (MMPs)

and aggrecanases (ADAM-TS). Protease-generated
fragments of collagen type II and aggrecan produced
by these important enzymes are potential molecular
targets for biomarker discovery. The study of biomark-
ers in OA has attracted much attention, and the field
has been the subject of several reviews over the past
few years (Henrotin et al. 2007, Rousseau & Delmas
2007, Sumer et al. 2006, Abramson & Krasnokutsky
2006, Garnero 2000a, 2006a, b, Kraus 2006, Schaller
et al. 2005).

Another aspect which needs careful consideration
upon interpretation of biochemical data is the possibil-
ity of interfering factors, e.g. preanalytical factors and
confounding factors (an extra variable that correlates
with both the dependent and the independent variable
in a statistical model). Examples of preanalytical factors
could be food intake (Qvist et al. 2002) and diurnal vari-
ation (Kong et al. 2006, Quintana et al. 2008), and many
of these markers reflecting turnover of connective tissue
components are influenced by body mass index (BMI),
age, gender, ethnicity, etc. (Jordan et al. 2003). To control
for these confounding factors the inclusion of appropri-
ate control specimens/subjects are required in scientific
studies. The quality of these controls will determine the
validity of the conclusions made.

The joint has three major compartments, i.e. the
bone, the articular cartilage and the synovium, and all
three are affected by the disease (Samuels et al. 2008),
which manifest as osteophyte formation, subchondral
sclerosis, articular cartilage breakdown and alterations
of the synovium.

Cartilage

A central hallmark in OA pathogenicity is a gradual
destruction of articular cartilage and local denudation
leading to loss of joint function (Fosang et al. 2003). The
turnover of cartilage is normally maintained by a bal-
ance between catabolic and anabolic processes; how-
ever, in the case of pathological matrix destruction, the
rate of cartilage degradation exceeds the rate of forma-
tion, resulting in a net loss of cartilage matrix (Zhen et al.
2008).

Cartilage is a non-vascularized tissue consisting of
chondrocytes (Archer & Francis-West 2003) and ECM.
The ECM is a composite network of proteins, primarily
collagen type II, but also type IX and XI are present in
minor amounts (Garnero et al. 2000a), interacting with
polysaccharides and proteoglycans. Aggrecan is the pre-
dominant proteoglycan in cartilage, and less abundant
proteoglycans include decorin, fibromodulin, perlican
and biglycan. Other important molecules in articular
cartilage include COMP (Saxne & Heinegard 1992), link
protein (Ryu et al. 1982) and hyaluronan (or hyaluronic
acid (HA)).
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The ECM builds the structural integrity of the jointand
serves to protect the chondrocytes from being destroyed
by the mechanical load. In addition, the articular carti-
lage allows smooth, pain-free movement of the skeletal
surfaces.

Chondrocytes can respond to mechanical stimula-
tion through receptors, which are also receptors for
components of the ECM (Millward-Sadler & Salter 2004)
thereby activating a number of intracellular cascades
affecting tissue remodelling, partly through direct or
indirect upregulation of MMP expression (Pulai et al.
2005, Xu et al. 2007). In particular, the MMPs and the
aggrecanases are considered important for degrada-
tion of articular cartilage (Zhen et al. 2008, Bondeson
et al. 2008, Gendron et al. 2007, Sandy 2006, Nagase
& Kashiwagi 2003), but also the cysteine proteases
have been associated with degradation of the cartilage
matrix (Dejica et al. 2008, Salminen-Mankonen et al.
2007).

As cartilage is a non-vascularized tissue, partly
degraded constituents of the ECM have to diffuse
through the ECM before it is released into the synovium
cavity and will then have to pass the synovial membrane
before entering the bloodstream through the lymphatic
vessel. Eventually, some of these molecules are secreted
into urine. In these body fluids they can serve as bio-
logical markers of the metabolic events occurring in the
diseased joint(s).

Selected investigations are referenced for each
biomarker in Table 1.

Bone

Apart from the articular cartilage, which has attracted
much attention in the study of OA pathogenesis, an
increasing body of evidence suggest that healthy
subchondral bone turnover is a prerequisite for pres-
ervation of the structural integrity of the articular carti-
lage (for recent reviews, please refer to Goldring 2009,
Karsdal et al. 2008, Felson & Neogi 2004).

The proliferative abnormalities observed in the
skeletal compartment in OA encompass not only
the bony sclerosis underneath the eroded cartilage
(subchondral sclerosis) and osteophytes, but also
ossification at the ligaments and the joint capsule is
observed (Felson 2004). During the development of
OA, the subchondral cortical and trabecular bone
architecture and properties are modified by cellular
processes involving both osteoclasts and osteoblasts
(Goldring 2009).

These macroscopic alterations, even though being
localized by nature, will eventually lead to changes in
(systemic) biochemical parameters, and these have
been reported in several studies (Hunter & Spector
2003). It should be appreciated, that the skeletal changes

occurring during the development of OA are mediated
by the same cellular and biochemical mechanisms oper-
ating during physiological bone remodelling (Goldring
2009), and therefore many of the biochemical markers
used in the study of (generalized) bone turnover can be
adapted to the study of skeletal involvement in OA as
well. In general, however, bone markers have not been
strongly associated with disease progression in OA, and
in a recent report Hunter and co-workers conclude that
even the association of these with bone marrow lesions
is weak (Hunter et al. 2008).

Markers of bone formation include osteocalcin,
bone alkaline phosphatases, and the propeptides of
type I collagen (N-terminal propeptide of type I pro-
collagen (PINP), C-terminal propeptide of type I pro-
collagen (PICP)), and degradation markers include
primarily various fragments of type I collagen (CTX-I,
N-terminal telopeptide of type I collagen (NTX-I),
ICTP).

Synovium

The vast majority ofbiomarkerresearch hasbeenfocused
on the two other compartments, i.e. the bone and the
articular cartilage, but recent data suggest that synovial
involvement, namely inflammation and proliferation, is
a key component of OA (Samuels et al. 2008).

The synovium consists of the intima, which is alayer of
cells (mostly macrophages and specialized fibroblasts),
a superficial microvasculature net and the subintima,
which contains numerous lymphatic vessels draining
liquid from the synovial cavity (Garnero et al. 2000a).
The ECM of the subintima consists of type I and III colla-
gen, which to some extent carry unusual glycosylations
at the hydroxylysine residues, and hyaluronan as well as
glycoproteins such as fibronectin, laminin, entactin and
tenascin (Garnero et al. 2000a).

Several recent reports find signs of increased inflam-
matory infiltration and overexpression of mediators of
inflammation in the synovial membrane in OA (Benito
et al. 2005, Pearle et al. 2007), e.g. interleukin (IL)-15,
which seems more elevated in early compared with late
OA (Scanzello et al. 2009).

In particular, the urinary concentrations of the gly-
cosylated pyridinium cross-linker, glucosyl-galactosyl
-pyridinoline (Glc-Gal-PYD) has been investigated in
OA as a marker of synovium tissue destruction (Gineyts
et al. 2001). The cross-link has been reported to be
elevated by 18% (p <0.05) in knee OA and was signifi-
cantly associated with total WOMAC index (Garnero
et al. 2001b). Not surprisingly, Glc-Gal-PYD has been
reported to be elevated in rheumatoid arthritis (RA)
as well (Marotte et al. 2008). Recently, increases over 1
year in a type II collagen marker originating from the
triple helix, i.e. Coll 2-1 having the amino acid sequence
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Table 1. Biological marker assays for detection of tissue turnover in the human joint.

ID Target molecule

Short description

Application in human studies

KS/MAb OA-1 Aggrecan

CS846 Aggrecan

342-G2 Aggrecan

G1-G2 Aggrecan

Serum CRP C-reactive protein

COMP Cartilage oligomeric
protein

PICP C-terminus propep-
tide of type I
procollagen

PINP N-terminus propep-
tide of type I
procollagen

Sandwich ELISA using Mab to keratan sulphate and o
mAb OA-1 to AGase neo-epitope ARGSVIL (Pratta et al.
2006)

Monoclonal antibody a HFPG-846 (IgM) recognizing e
chondroitin sulfate moieties on aggrecan (Glant et al.
1986). (Manufacturer: Ibex, Canada)

Sandwich ELISA using monoclonal antibody AF28 .
binding to the neo-epitope 342FFGVG and monoclonal
antibody F78 binding to G1/G2 for detection of MMP-
generated aggrecan fragments (Sumer et al. 2007)

Sandwich ELISA using monoclonal antibody F78 bind- e
ing to G1/G2 both as capture and detector antibody for
detection of intact aggrecan and all aggrecan fragments
carrying G1 and/or G2 (Sumer et al. 2007)

C-reactive protein (CRP). Numerous assays available o
and preferably ultrasensitive formats should be applied

Competition ELISA using polyclonal antibodies (Saxne e
& Heinegard 1992). However, sandwich ELISA based
on two monoclonal antibodies recognizing different
antigenic determinants is described (Vilim et al. 2002).
(Manufacturer: AnaMar Medical, Sweden)

RIA using polyclonal antibodies raised to fibroblast .
PICP digested with bacterial collagenase (Melkko et al.
1990).

(Manufacturer: Orion Diagnostic, Finland) o

A. RIA using polyclonal antibodies recognizing o
PINP (Melkko et al. 1996) (Manufacturer: Orion
Diagnostic, Finland)

B. Electrochimiluminecense using MAbs to PINP
(Garnero et al. 2008b). (Manufacturer: Roche
Diagnostics, Germany)

Detection of fragments in human synovial
fluid (Pratta et al. 2006)

Not predictive for radiographic progression
of JSN in knee OA (Mazzuca et al. 2006); how-
ever, mean levels related to JSN

Elevated in RA, higher levels in fast progres-
sors, and 1 year level predictive of radio-
graphic progression over 4 years (Verstappen
etal. 2006).

Elevated, but non-significantly, in RA (Sumer
etal. 2007)

Suppressed 27-31% in RA (Rousseau et al.
2008, Sumer et al. 2007)

Acute-phase protein widely used as marker of
inflammation

CRP levels decreased significantly in RA
patients responding (EULAR) to intervention
(etanercept and/or methotrexate) (Sennels

et al. 2008)

Single measurements of CRP does not allow
detection of OA (Hurter et al. 2005)

Change in COMP from baseline to 6 years was
associated with (1) development of incident
radiographic hip OA, (2) stabilization of dis-
ease (Chaganti et al. 2008)

Baseline COMP predictive of cartilage loss
over 30 months assessed by WORMS (Hunter
etal. 2007)

Associated with subjective joint inflammation
(Garnero et al. 2005a)

Significant correlation between baseline
COMP and JSN over 3 years (Vilim et al. 2002)
Increased 16% in OA (Garnero et al. 2001b)
Baseline COMP predicted cartilage loss deter-
mined by MRI (Hunter et al. 2007)

PICP concentration in synovial fluid is poorly
correlated to stage of OA (Schmidt-Rohlfing
etal. 2002)

Postoperative PICP concentrations was not
dependent on fixation condition following
total knee arthroplasty (Li et al. 2004)

PICP concentrations were not different in
patients with benign prostatic hypertrophy
with and without osteoarthritis (Akimoto
etal. 1997)

A 57% or more increase in PINP had a sensi-
tivity and specificity of 89% and 82%, respec-
tively, for developing heterotopic ossification
following total hip arthroplasty (Wilkinson
etal. 2003)

PINP levels were unrelated to indexes of joint
damage and symptoms in patients with hip
OA (Garnero et al. 2005a)

Table 1. continued on next page
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Table 1. Continued.

ID

Target molecule

Short description

Application in human studies

CTX-I

NTX-I

ICTP

PIINP

PIIANP

CPII

9A4/5109

CTX-II

uTIINE

Type I collagen

Type I collagen

Type I collagen

N-terminus propep-
tide of type I
procollagen

N-terminus propep-

A sandwich ELISA using MAb F1103 and F12 both
binding to a cathepsin K-derived C-telopeptide neo-
epitope, EKAHD-(3-GGR, where D-f3-G denotes an
isomeried linkage between D and G (Rosenquist et al.
1998). (Manufacturer: IDS, UK).

Also available in an automated version (Garnero et al.
2001a). (Manufacturer, Roche Diagnostics, Germany)

EIA detecting a fragment of the N-telopeptide of
type I collagen (Hanson et al. 1992). (Manufacturer:
Inverness, US)

RIA detecting a fragment of the C-telopeptide of type
I collagen (Elomaa et al. 1992). (Manufacturer: Orion
Diagnostic, Finland)

Monoclonal antibody recognizing the amino acid
sequence GPQPAGEQGPRGDR located in the
N-terminal propeptide of type I procollagen (Olsen
etal. 2007)

An ELISA using rabbit polyclonal antibodies raised

tide of type I procolla- to recombinant exon-2 of the N-terminal propep-

gen, splice variant A

tide of type I procollagen (Rousseau et al. 2004a).
(Manufacturer: Millipore, USA)

C-propeptide of type EIA using rabbit polyclonal antibodies binding to

II collagen

Type II collagen

Type II collagen

Type II collagen

the C-propeptides of type II collagen, i.e. a marker
of collagen synthesis (Nelson et al. 1998).
(Manufacturer: Ibex, Canada)

The collagenase-derived neo-epitope.........
GEGAAGPSGAEGPPGPQG™ containing the
C-terminus of the long 3 fragment. MAb5109 detects
the first underlined sequence, MAb 9A4 the second
(neo-epitope) (Downs et al. 2001)

A. Competition ELISA using MAb F4601 recognizing
the C-telopeptide neo-epitope EKGPDP (Christgau
etal. 2001). (Manufacturer: IDS, UK)

B. MADb 2B4 recognizing the C-telopeptide neo-
epitope EKGPDP (Lohmander et al. 2003)

An LC-MS/MS assay using MAb 5109 (see above) to
affinity purify fragments subjected to MS/MS.
Detects a collagenase-derived 45-mer containing the
C-terminus of the long % fragment (Hellio Le
Graverand et al. 2006)

Decreased 38% in OA (Garnero et al. 2001b)
CTX-Iwas unrelated to bone-related radio-
graphic scores in patients with haemophilic
arthropathy (Jansen et al. 2009)

Following 24 weeks of chondroitin sulfate
therapy, changes in CTX-I was significantly
(p<0.018) different in OARSI responders vs
non-responders (Mazieres et al. 2007)

No association between severity of radio-
graphic OA and CTX-I levels (Jordan et al.
2006)

CTX-Ilevels were elevated in patients with
progressive OA compared with non-progres-
sive OA (Bettica et al. 2002)

Not associated with incident radiographic hip
OA or progression (Chaganti et al. 2008)
NTX-I levels were elevated in patients with
progressive OA compared with non-progres-
sive OA (Bettica et al. 2002)

Baseline ICTP correlated with Larsen score in
RA (Forsblad et al. 2004), and responded to
HRT treatment

Decreasing in RA patients treated with inflixi-
mab (anti-TNFa MAb) (Chopin et al. 2008)

Application in humans not reported

Decreased 31-53% in OA (Rousseau et al.
2004a, b, Garnero et al. 2002)

However, high 5 year mean levels were
associated with increased risk for progression
(Sharif et al. 2007)

Elevated in RA (8.0 ng ml™), but reduced

in OA (4.2ng ml™) compared with controls
(5.2ng ml™) (Nelson et al. 1998)

CPII levels were not associated with structural
progression over 30 months (Mazzuca et al.
2006)

Urinary levels in OA was 312 pM compared
with less than 123 pM in controls (8/10 con-
trol individuals had undetectable concentra-
tions) (Downs et al. 2001)

Increased 25-177% in OA (Christgau et al.
2001, Garnero et al. 2001b, Jung et al. 2004)
Associated with pain (VAS) (Garnero et al.
2005a)

High levels associated with structural pro-
gression (radiographic and MRI) (Mazieres
et al. 2006, Reijman et al. 2004, Dam et al.
2009)

OA patients treated with doxycycline and with
progression had increased baseline urinary
TIINE (47%). No significant association in
placebo group (Hellio Le Graverand et al.
2006)

Baseline uTIINE was not predictive of radio-
graphic progression (JSN); however, serial
measurements of uTIINE reflected concur-
rent JSN (Hellio Le Graverand et al. 2006)

Table 1. continued on next page
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Application in human studies

ID Target molecule Short description
HELIX-II Type II collagen A competition ELISA using polyclonal rabbit
antibodies recognizing the neo-epitope
2ERGETGPP*GTS*?, where P* denotes hydroxy-
proline (Charni et al. 2005)
C2C Type II collagen EIA using a monoclonal antibody recognizing the
fragment carboxyl-terminus of the 3/4 piece of the degraded
alphal(II) chain (Poole et al. 2004). (Manufacturer:
Ibex, Canada)
C1,C2 Type II collagen EIA using rabbit polyclonal antibodies binding to the
fragment carboxy-terminal (COL2-3/4C (short)) neo-epitope
generated by cleavage of native human type II colla-
gen by collagenases. Cross-reactivity to type I collagen
(Billinghurst et al. 1997). (Manufacturer: Ibex, Canada)
PIIINP N-terminus propep- RIA using polyclonal antibodies recognizing PIIINP

uHELIX-II was increased 56% in OA (Charni
etal. 2005)

Specificity recently questioned (Eyre & Weis
2009) as the GPPGTS** neo-epitope is found
in both a1(IIT), a5(IV), and a2(XI), but not in
type II collagen

C2C levels were not associated with structural
progression (JSN) over 30 months (Mazzuca
et al. 2006) or cartilage loss (WORMS) (Hunter
etal. 2007)

Baseline levels not associated with structural
progression over 30 months (Mazzuca et al.
2006, Hunter et al. 2007)

Increased 33% in OA (Garnero et al. 2001b)
Associated with joint surface area (Garnero
etal. 2001b)

Increased 18% in OA (Gineyts et al. 2001)
Associated with total WOMAC index (Garnero
etal. 2001b)

Increased 233% in OA (Garnero et al. 2001b)
High levels associated with structural disease
progression (JSN = 0.5 mm over 3 years)
(Mazieres et al. 2006)

Serum HA was positively associated with all
definitions of radiographic OA (p <0.0001)
(Elliott et al. 2005)

Not related to structural disease progression
(Mazieres et al. 2006)

tide of type II1 (Risteli et al. 1988) (manufacturer Orion Diagnostic,
procollagen Finland)

Glc-Gal-PYD  Glucosyl-galactosyl- HPLC method for determination of the non-reducible

pyridinoline collagen cross-linker glucosyl-galactosyl-pyridinium
present in synovium and absent in bone cartilage and
other soft tissue (Gineyts et al. 2001)

Serum HA Hyaluronic acid Based on HA binding protein isolated from bovine
cartilage. (Manufacturer: e.g. Pharmacia, Sweden,
and Corgenix, UK)

YKL-40 Human glycoprotein A RIA using polyclonal antibodies to a glycoprotein

39 of MW 40 kDa (Johansen et al. 1993).
A combined monoclonal capture and polyclo-
nal (rabbit) detector sandwich assay is available.
(Manufacturer: Quidel Corporation, USA)
(0]0 Osteocalcin Numerous assays available

Decreased 36% in OA (Garnero et al. 2001b)
Associated with total WOMAC index (Garnero
etal. 2001b)

ICTP, cross-linked carboxyterminal telopeptide of type I collagen; C1/C2, C-terminus of MMP-cleaved type I/II collagen; C2C, C-terminus
of MMP-cleaved helical type II collagen; C6S/C4S, chondroitin 6-sulfate, 4-sulfate; COMP, cartilage oligomeric protein; CPII, C-terminus
propeptide of type II procollagen; CRP, C reactive protein; CS846, chondroitin sulfate containing aggrecan; CTX-I, fragment of C-telopeptide of
type I collagen; CTX-II, fragment of C-telopeptide of type II collagen; Glc-Gal-PYD, urinary glucosyl galactosyl pyridinoline; HA, hyaluronan;
MMP, matrix metalloproteinase; NTX-I, fragment of N-telopeptide of type I collagen; OA, osteoarthritis; OC, osteocalcin; PICP, carboxyterminal
propeptide of type I procollagen; PINP, N-terminal propeptide of type I procollagen; PIINP, N-terminal propeptide of type II procollagen; PIIINP,
N-terminal propeptide of type III procollagen; RA, rheumatoid arthritis; TNFo, tumour necrosis factor alpha; uTIINE, urinary fragment (45mer)

of type II collagen; YKL-40, human glycoprotein 40kDa.

108HRGYPGLDG116 and its nitrosylated counterpart
Coll 2-1 NO2 (108HRGY(NO2)PGLDG116), were both
predictive of JSN in patients with knee OA (Henrotin
etal. 2004). Subsequent studies demonstrated that both
markers were elevated in both RA and OA compared
with controls (Debergetal. 2005); however, neither of the
markers were associated with the severity of radiological
OA. Finally, Coll 2-1, but not Coll 2-1 NO,, was reduced
following hip replacement in OA patients (Deberg et al.
2008). Another nitrated type III collagen marker, the
nitrated N-telopeptide of type III collagen based on the
recognition of the sequence QY*DSY*DVKSG (IIINys)
(Charni-Ben et al. 2009, Richardot et al. 2009) was
reported to be elevated in RA.

Overview of biochemical markers of joint tissue

As described above, the joint contains several compart-
ments each of which has a complex biochemical com-
position, and therefore the biochemical marker potential
of the joint is substantial. Table 1 provides an overview of
the biochemical marker repertoire currently available for
quantitative assessment of the tissue turnover in the joint.

Application of biochemical markers in
clinical studies of OA

Peer-reviewed reports of recent clinical trials investi-
gating biochemical markers in OA was searched for in
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Table 2. Osteoarthritis (OA) biomarkers in clinical trials.

No. Study design Intervention

Study subjects Biological marker Findings/comments/conclusions Ref.

1 Prospective, Anti-inflammatory 433 OA
Randomized, 200 days drugs

S-NT-proBNP

Biochemical monitoring related to
potential CV adverse events

(Brune et al. 2008)

2 Longitudinal, Diet and exercise =~ 87 obese OA  S-IL-6, S-TNF-a, Intensive weight-loss intervention (Miller et al. 2008)
Randomized, 6 months S-CRP, S-sTNFR1 improve inflammatory markers and

and S-sTNFR2  physical function

3 Longitudinal, 2weeks Anti-TNFa block- 63 RA, 10 0A, IL-17 gene IL-17/TNF-o. expression ratio could be (Kohno et al.

ers (infliximab or 34 controls expression a suitable marker of response to anti-  2008)
etanercept) TNF-a therapy

4  Longitudinal, Risedronate 1885 OA U-NTX-I, CTX-II levels after 6 months were (Garnero et al.
Randomized, Placebo- U-CTX-1I associated with radiological progres-  2008a)
controlled, 24 months sion at 24 months. No association of
(KOSTAR) NTX-Iwith disease progression could

be detected

5 Asstudy4 2483 OA U-CTX-1I Risedronate failed to improve sign and (Bingham et al.
symptoms (WOMAC, PGA). However, 2006)
risedronate induced a dose-dependant
reduction in U-CTX-II.

6  Longitudinal, Doxycycline 120 OA uTIINE uTIINE was unrelated to change in JSN (Otterness et al.
Randomized, Placebo- observed in the treatment group 2007)
controlled, 30 months

7  Asstudy6 Baseline uTIINE was not a consistent  (Hellio Le

predictor of JSN Graverand et al.
2006)
8 Asstudy6 S-C2C, S-C1/2C, None of the biomarkers was a signifi- (Mazzuca et al.
S-CPII, S-CS846  cant predictor of progression of JSN.  2006)
Over the interval from baseline to 16
months, the mean and the maximum
of the intercurrent CS846 values were
significantly associated with JSN
9 Asstudy6 S-MMP-3 Subjects in the placebo group whose  (Lohmander et al.
MMP-3 concentration was in the upper 2005)
tertile of the baseline distribution had
an odds ratio of 4.12 (p<0.037) for
progression of JSN compared with the
lower tertile

10 Prospective, Two None 340 OA S-COMP, Measurement of serum COMP at base- (Chaganti et al.
nested case-control S-NTX-I line and 6 years may be a method of 2008)
studies, 8.3 years identifying patients at risk for develop-

ing incident RHOA and those with base-
line RHOA that will not rapidly progress
11 Cross-sectional None 603 OA, 596 36 SNPs Additive information from a number of (Valdes et al.
controls genetic variants can predict a substan- 2008)
tial proportion of risk of knee OA

12 Longitudinal, Chondroitin sulfate 307 OA S-CTX-I, Study drug failed to meet clinical end (Mazieres et al.
Randomized, Placebo- U-CTX-II, points. However, significant difference 2007)
controlled, 24 weeks S-HA in non-responders and responders for

24 weeks changes in CTX-I and CTX-II.
13 Longitudinal, Exercise 58 OA S-COMP Increase in S-COMP immediately after (Andersson et al.
Randomized, 24 weeks excise, which returned to baseline after 2006)
30 min of rest. No change in S-COMP
after 6 weeks of exercise programme
14 Longitudinal, 1 month Intra-articular HA 32 OA C6S/C4S and Baseline concentrations of C6S and (Sugimoto et al.
injections aggrecan in aggrecan was associated with improve- 2006)
synovial fluid ment in joint score after injection

15 Longitudinal, Oral salmon calci- 53 OA CTX-II, C2C, Calcitonin induced significant (Manicourt et al.
Randomized, Double- tonin (sCT) MMP-1, improvement in Lequesne’s functional 2006)
blind Placebo- MMP-8, score at day 84. Significant decrease
controlled, 84 days MMP-13, in MMP-3 and hyaluronan in 0.5 and

MMP-3, 1mg daily sCT groups, while CTX-II,
TIMP1, TIMP2, C2C and MMP-13 decreased in the 1 mg
hyaluronan group only.

Table 2. continued on next page
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No. Study design Intervention Study subjects Biological marker Findings/comments/conclusions Ref.
16 Longitudinal Basic fibroblast 30RA,150A  bFGE sE-sel, Serum bFGF and sE-sel were signifi-  (Sharaki et al.
growth factor and 15 controls IL-1f and IL-6  cantly elevated in RA compared with ~ 2004)
(bFGF) and soluble in serum and SF  OA patients and controls, and both
E-selectin (sE-sel) markers were elevated in SF from RA
compared with OA. A positive correla-
tion was found between SF bFGF with
grades of joint derangement assessed
radiologically
17 Longitudinal, Celecoxib and 30 0A SF-PGE(2)and  Both drugs improved joint painand  (Alvarez-Soria
Randomized, 3 months aceclofenac COX-2 expres-  function, inhibited SF PGE(2) con- et al. 2008)
sion in synovial centration, and induced a decrease in
membrane synovial COX-2 mRNA expression and
protein synthesis
18 Longitudinal, Acetaminophen 20 OA Serotonin, P-SP, Plasma SP levels were elevated in (Shen et al. 2006)
Randomized, 3 months (paracetamol) and P-BEND, KOR both groups compared with baseline.
rofecoxib in PBMCs. Acetaminophen significantly reduced
plasma BEND levels, which was cor-
related to pain relief by VAS.
19 Cross-sectional NA (1)3350Aand >25000 SNPs A genetic variant in LRCH1 was consist- (Spector et al.
(case-control) 335 controls, located within ently associated with radiographic knee2006)
(2) 443 OA and approximately  OA.
303 controls, 14 000 genes
(3) 346 OA and
264 controls
20 Prospective, Double- Diacerein 333 0A S-PINP, S-PIIINP, uCTX-II and S-HA in the upper tertile (Mazieres et al.
blind, Placebo- (ECODIAH) S-COMP, had a relative risk of progression of 2006)
controlled, 3 years S-YKL-40, S-HA, 3.73(95% CI 2.48-5.61) compared with
S-MMP-1, patients with markers in the two lower
S-MMP-3, S-CRP, tertiles
S-CTX-Iand
U-CTX-II
21 Cross-sectional NA 376 OA PINP, PIIINP, Pain was associated with CTX-II (Garnero et al.
(ECODIAH) COMP, YKL-40, (p<0.0095) and CRP (p<0.046) and 2005a)
HA, MMP1, joint inflammation with COMP
MMP3, CRP; (p<0.013). Radiographic signs of joint
U-CTX-Iand damage were associated with CTX-II
U-CTX-1I (p<0.001 for JSW; p<0.007 for bone
sclerosis)
22 Cross-sectional NA 119 OA S-CICP, S-ICTP, Bone biochemical markers were (Drees et al. 2005)
DPD, S-PTH, reported not to be associated with OA
S-estrogen,
S-testosterone,
S-bAP, S-hydroxy
vitamin D
23 Cross-sectional NA 28 RAand 26  N-acetyl-beta-  Hex activity in SF from RA was 15.2 (Popko et al.
OA hexosoaminidase nmol ml™ min~, and in OA SF 6.15 2005)
(Hex)inSFand nmol ml'min~'. In serum Hex activity
serum was 4.0-4.7 nml ml™ min~ in both
groups and controls
24 Longitudinal, 3 months 377 OA U-CTX-II, Bone marrow abnormality scores (Garnero et al.
S-CTX-I by MRI correlated significantly with 2005b)

CTX-1I levels (p <0.0001) at baseline.
Baseline CTX-II levels in the high-
est tertile had a relative risk of 2.4
(95% confidence interval 1.1-5.0)

of worsening bone marrow abnor-
malities at 3 months compared with

patients with levels in the lowest tertile.

CTX-Iwas unrelated to bone marrow
abnormalities

Table 2. continued on next page
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Table 2. Continued.

No. Study design Intervention Study subjects Biological marker Findings/comments/conclusions Ref.
25 Longitudinal, Single Nimesulide and 90 OA U-CTX-II, S-HA, At4 weeks nimesulide, not ibuprofen, (Manicourt et al.
blind Randomized, 4  ibuprofen S-MMP-3, reduced the CTX-1I (p <0.001), HA (p 2005)
weeks S-MMP-1 and <0.05), MMP-3 (p <0.05) and MMP-13
S-MMP-13 (p <0.001). Furthermore, in the
nimesulide group, the decrease in levels
of CTX-II correlated significantly with
the decrease in levels of HA and MMP-13
26 Asstudy 25 S-MMP-3, Nimesulide significantly reduced (Bevilacqua et al.
S-TIMP-1, S-HA, HA and MMP-3, whereas ibuprofen 2004)
S-YKL-40 increased significantly MMP-3. None
of the NSAIDs were able to change
induce changes in TIMP-1 and YKL-40
27 Longitudinal, Double Glucosamine sulfate 137 OA S-C2C and No significant differences between the (Cibere et al.
blind Placebo- S-C1/C2 placebo and glucosamine group was ~ 2005)
controlled, 24 weeks observed for C2C or C1/C2
28 Longitudinal, Intra-articular 40 OA ICAM-1 and Both ICAM-1 and VCAM-1 decreased (Karatay et al.
Randomized, 4 weeks sodium HA or cross- VCAM-1in SF after HA injections, but no difference  2004)
linked hylan G-F-20 in ICAM-1 and VCAM-1 was observed
between the treatment groups
29 Cross-sectional Nutrition and 274 OA S-IL-6, S-CRP, High TNF-sR1 and TNF-sR2 were (Penninx et al.
exercise S-TNFa, significantly associated with poor 2004)

S-IL-6sR, S-IL-  physical function (WOMAC) and more
2sR, S-TNF-sR1  symptoms of pain and stiffness
and S-TNF-sR2

30 Longitudinal, Weight loss and 316 OA Serum leptin Serum leptin decreased (p <0.01) in (Miller et al. 2004)

Randomized, exercise diet groups, but not in controls and
18 months exercise only

31 Longitudinal, Ibuprofen 201 OA U-CTX-1I, Glc-  The drug induced response in CTX-II  (Gineyts et al.
Randomized, Place Gal-PYD was different (13%) compared to pla-  2004)
bo-controlled, 6 weeks cebo (p<0.017)

32 Prospective, Total knee 40 OA PICP, OC, ICTP  PICP and OC were higher in the unsta- (Li et al. 2004)
24 months replacement ble fixation group at 12 and 24 months.

No difference observed for ICTP

33 Longitudinal, Glucosamine 212 OA U-CTX-1I Increased baseline levels of CTX-II (Christgau et al.

Double blind sulphate were associated with a worsening of ~ 2004)

Randomized, Place
bo-controlled, 3 years

the WOMAC index (p <0.01). No

significant difference in the CTX-II

response in the placebo group and

the glucosamine-treated group.

The 12 months change in CTX-II in

OA patients with elevated CTX-II at

baseline correlated with the change

in average joint space width observed

after 36 months (R = 0.43, p <0.05)

ICTP, cross-linked carboxyterminal telopeptide of type I collagen; BEND, 3-endorphin; bAP, bone alkaline phosphotase; bFGF, basic fibroblast
growth factor; CICP, C-terminal propeptide of type I collagen; C1/C2, C-terminus of MMP-cleaved type I/II collagen; C2C, C-terminus of MMP-
cleaved helical type II collagen; C6S/C4S, chondroitin 6-sulfate, 4-sulfate; COMP, cartilage oligomeric protein; COX-2, cyclooxygenase-2; CPII,
C-terminus propeptide of type II procollagen; CRP, C reactive protein; CS846, chondroitin sulfate containing aggrecan; CTX-I, fragment of
C-telopeptide of type I collagen; CTX-II, fragment of C-telopeptide of type II collagen; DPD, deoxypyridinoline; Glc-Gal-PYD, urinary glucosyl
galactosyl pyridinoline; HA, hyaluronan; ICAM-1, intercellular adhesion molecule-1; IL, interleukin; IL-2sR, soluble receptor for IL-2; IL-6sR,
soluble receptor for IL-6; KOR, kappa opoid receptor; MMP, matrix metalloproteinase; NT-proBNP, N-terminal pro-B-type natriuretic peptide;
NTX-I, fragment of N-telopeptide of type I collagen; OC, osteocalcin; P, plasma; PICP, carboxyterminal propeptide of type I procollagen; PINP,
N-terminal propeptide of type I procollagen; PIINP, N-terminal propeptide of type II procollagen; PIIINP, N-terminal propeptide of type III
procollagen; PGE(2), prostaglandin E(2); PTH, parathyroid hormone; sE-sel, soluble E-selectin; S, serum; SE, synovial fluid; SP, substance P;
TIMP], tissue inhibitor of MMP 1; TIMP2, tissue inhibitor of MMP 2; TNF, tumour necrosis factor; TNF-sR1, soluble receptor 1 for TNF-o; TNF-
sR2, soluble receptor 2 for TNF-a; uTIINE, urinary fragment (45mer) of type II collagen; VCAM-1, vascular cell adhesion molecule-1; YKL-40,
human glycoprotein 40 kDa.

PubMed and have been reviewed (Table 2). Using the
MESH terms ‘biological markers’ and ‘osteoarthritis’ and
limiting to clinical trials in humans published within the
last 5 years (from December 2003 to December 2008), a

list of 33 papers, including two with only an English sum-
mary, was identified. Among the 33 papers, 21 applied
one or more biochemical markers of joint tissue listed in
Table 1, and all five possible applications encompassed
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by the BIPED classification scheme are represented. The
wide selection of markers applied in these studies partly
reflects the lack of consensus in this emerging area.

The vast majority of studies in Table 2 employ two or
more biomarkers to identify disease changes, but only a
few, e.g. Maziéres and co-workers (2006) actually com-
bine the markers. In a recent study it was demonstrated
that ratios between markers of cartilage degradation and
cartilage synthesis provided a better separation of OA
stages than any individual biomarker (Cibere et al. 2009).
As in other disease areas, e.g. liver fibrosis (Gressner
etal. 2007), allocating more efforts into the development
of algorithms combining biomarkers of both bone and
cartilage and eventually also of the synovium should be
considered. Among the 33 studies, positive associations
to disease prognosis, primarily structural progression,
were reported for COMP (one study), HA (one study)
and CTX-II (five studies).

In a longitudinal intervention study of diacerein,
Mazieres and co-workers found by multivariate analysis
that HA and CTX-II were significantly (both p <0.0001)
associated with radiographic progression of knee OA.
With HA or CTX-II in the highest tertile, the relative risk
for progression was 1.69 (95% CI 1.25-2.27) and 2.00
(95% CI 1.49-2.70), respectively, compared with the two
lowest tertiles (Mazieres et al. 2006). This association
remained significant after adjustment for baseline clini-
cal, radiological and treatment variables, and as the two
biomarkers were independent, patients with both mark-
ers in the highest tertile had a relative risk of progression
of 3.73 (95% CI 2.48-5.61) compared with the two lowest
tertiles.

In a recent study of oral salmon calcitonin, daily
doses of 1mg induced a significant reduction in both
function and pain scores above placebo at days 42 and
84 in subjects with knee OA (Manicourt et al. 2006). At
day 84, urinary levels of a series of biomarkers, includ-
ing CTX-II, MMP-3, MMP-13 and HA, were significantly
suppressed compared with baseline.

In another recent clinical trial, Spector and col-
leagues (2005) reported results from the British study
of risedronate in structure and symptoms of knee OA
(BRISK). It was a 1-year, prospective, double-blinded,
placebo-controlled study of risedronate for treatment
of mild to moderate knee OA. A total of 285 men and
women were randomized to receive daily doses of 5 or
15mg of risedronate or placebo. While the 15 mg group
showed significant improvement in WOMAC index and
patient global assessment, the trend towards attenua-
tion in JSN did not reach statistical significance. Only 8%
of the OA patients in the placebo group had detectable
radiographic progression of the disease. In two parallel
and much larger multinational 2-year studies, i.e. the
knee OA structural arthritis (KOSTAR) study, all doses
of risedronate failed to improve above placebo signs

and symptoms measured by WOMAC and did not slow
radiographic progression (Bingham et al. 2006).

Two other markers of type II collagen-derived neo-
epitopes should be addressed: the HELIX-II and uTI-
INE. The Helix-II test, originally reported by Charni and
co-workers (2005) uses rabbit antibodies to the helical
peptide ERGETGPhypGTS (hyp is hydroxyproline),
which is generated primarily by cathepsin K, L and
S, but is destroyed by cathepsin B (Charni et al. 2008),
and a 56% elevation of Helix-II concentrations was
reported in patients with knee OA (Charni et al. 2005),
and elevated baseline concentrations were significantly
associated with increased risk of structural progression.
It should be noted, however, that the molecular spe-
cificity of the Helix II test has recently been questioned
(Eyre & Weis 2009). The other marker, uTIINE, is a liquid
chromatography-tandem mass spectrometry (LC-MS/
MS) assay detecting a specific collagenase-derived
45-mer of the helical part of type II collagen (Hellio Le
Graverand et al. 2006), which, however, was not found to
be predictive of structural progression (JSN).

The data reported until now for the association of
aggrecan-derived markers with radiographic outcome
or clinical relevant measures of disease activity in OA
patients have been fewer and less convincing. Pratta and
co-workers reported detection of ARGSV-containing
fragments in human OA synovial fluid (Pratta et al.
2006) using the KS/mAb OA-1 sandwich enzyme-linked
immunosorbent assay (ELISA); however, measurement
of fragments in circulation was not reported. CS846 was
not predictive of JSN in 60 radiographic progressors and
60 non-progressors over 30 months, but mean CS846
levels were associated with JSN in the first and second
half of the study (Mazzuca et al. 2006), and clearly fur-
ther studies are needed to determine the benefit of this
and other aggrecan-derived markers in clinical trials.

Circulating levels of COMP have been reported to
be associated with disease progression as referenced
in Table 1. Other studies have reported similar associa-
tions (Sharif et al. 1995) (Fex et al. 1997) (Georges et al.
1997); however negative findings have been reported
(Conrozier et al. 1998).

These and other data suggest, that biochemical
markers are being intensively investigated in clinical
settings, as are other types of biomarkers; however, we
are still quite far from being able to provide evidence-
based recommendations, as to the optimal use of these
technologies. For the present biochemical markers to
be implemented optimally in clinical settings, a better
understanding of the individual marker is needed, and
in this context the BIPED classification might provide the
needed clarification. Only after the clarification of the
clinical usefulness of individual biomarkers in groups
of patients are we able to investigate their application in
the individual patient.
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Future directions in biomarker research

Clearly, the number of scientific reports associating
biochemical markers with clinical relevant end points
or indexes of structural damage in OA is not overwhelm-
ing, but it definitely reflects an area of intense research.
In the near future, we anticipate significant progress in
at least two areas of research.

First, major efforts are currently dedicated to the
development of molecular markers reflecting specific
metabolic processes relevant for the pathogenicity of
OA, in particular the degenerative processes in the artic-
ular cartilage. An increased amount of evidence suggests
that proteases may not only be important for destruction
of the articular cartilage, but in addition for repair and
maintenance. In particular Murphy and Nagase (2008)
reappraised the role of metalloproteinases in cartilage
homeostasis, based on an increased amount of evidence
that MMP inhibitors in clinical studies have failed to
show the promised efficacy, e.g. the report by Krzeski
et al. (2007). They suggested that some metalloprotein-
ases may be essential for normal joint physiology, home-
ostasis and repair. At present much attention is directed
towards MMP and aggrecanase activity by the quantifi-
cation of promiscuous protease sites in aggrecan, which
do not distinguish between the enzymes mediating deg-
radation or repair. In the future, specific proteolytic frag-
ments derived from type II collagen, aggrecan or other
proteins derived from the joint tissue may be identified
and provide yet better tools to understand the molecular
processes behind tissue turnover and homeostasis.

Targeting the biological markers to fragments car-
rying one or more neo-epitopes allows both the amino
acid sequence of the ‘mother’ peptide as well as the tag
of the proteases to be included in the determinants of
the specificity, and this might provide sufficient selectiv-
ity to target the markers to local pathological events. As
illustrated in Figure 3, it can be speculated that measure-
ments of type II collagen fragments carrying the cathep-
sin K-derived neo-epitope will reflect metabolic process-
ing in the calcified cartilage, whereas elevation in both
type II collagen and aggrecan fragments simultaneously
will reflect proteolytic activity in articular cartilage.

Second, the modest association of single markers
measurements with long-term structural changes in the
joints is driving efforts to combine biochemical mark-
ers as well as different biomarker technologies, includ-
ing imaging and genetic markers, for better prognostic
capabilities. While we are waiting for the first DMOAD,
we could consider treatment paradigms based on iden-
tification of treatment candidates at a very early stage,
prior to classical OA symptoms, and subsequently
institute preventive medical intervention. Clearly, such
an approach call for a high level of prognostic accuracy
(apart from availability of safe therapeutic treatment

ECM Proteins and Enzymes - Neoepitopes
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Figure 3. Schematic representation of biomarker candidates based
on proteolytic processing of extracellular matrix (ECM) proteins.
Some of these proteins have a wide tissue distribution, but targeting
the biomarker towards neo-epitopes generated by cleavage by rele-
vant proteases could offer additional selectivity. MMP, matrix metal-
loproteinase; ADAM-TS, aggrecanases.

options), which will allow targeting of the intervention to
those individuals, who will benefit the most. Such accu-
racy is not offered by the current procedures; however
we anticipate that adopting a more integrated approach
in this important clinical decision-making will carry
major potential. It has been reported, that biochemical
markers of bone resorption and measurements of bone
mineral density are independent predictors of fracture
risk and that their combination therefore increases
the predictive power of the risk assessment procedure
(Garnero et al. 1996, 1998). We anticipate that genetic
markers, biochemical markers and imaging technolo-
gies in combination will increase prognostic accuracy
and thereby potentially could offer the necessary justifi-
cation for early, preventive intervention in OA.

Although thebiomarker fieldin OAisstillatanimmature
stage, we anticipate that the significant efforts allocated to
marker discovery in this important area will ensure that an
improved, integrated OA biomarker tool box will be avail-
able upon the emergence of the first DMOAD.

Acknowledgements

We gratefully acknowledge the funding from the Danish
Research Foundation (Den Danske Forskningsfond)
supporting this work.

Declaration of interest: The authors report no conflicts
of interest. The authors alone are responsible for the
content and writing of the paper.

References

Abadie E, Ethgen D, Avouac B, Bouvenot G, Branco J, Bruyere O,
Calvo G, Devogelaer JP, Dreiser RL, Herrero-Beaumont G,

RIGHTS LI N Kdx



Biomarkers Downloaded from informahealthcare.com by Peking University on 11/17/12
For personal use only.

Biochemical markers in development of drugs for osteoarthritis 15

Kahan A, Kreutz G, Laslop A, Lemmel EM, Nuki G, Van De PL,
Vanhaelst L and Reginster JY. (2004). Recommendations for the
use of new methods to assess the efficacy of disease-modifying
drugs in the treatment of osteoarthritis. Osteoarthritis Cartilage
12:263-8.

Abramson S, Krasnokutsky S. (2006). Biomarkers in osteoarthritis.
Bull NYU Hosp Jt Dis 64:77-81.

Akimoto S, Furuya Y, Akakura K, Shimazaki J, Ito H. (1997). Influence
of osteoarthritis on serum marker levels of bone formation and
resorption in patients with benign prostatic hypertrophy. Int J

Urol 4:580-2.

Alvarez-Soria MA, Herrero-Beaumont G, Moreno-Rubio J, Calvo E,
Santillana J, Egido ] and Largo R. (2008). Long-term NSAID treat-
ment directly decreases COX-2 and mPGES-1 production in the
articular cartilage of patients with osteoarthritis. Osteoarthritis
Cartilage 16:1484-93.

Andersson ML, Thorstensson CA, Roos EM, Petersson IF, Heinegard D,
Saxne T. (2006). Serum levels of cartilage oligomeric matrix
protein (COMP) increase temporarily after physical exercise
in patients with knee osteoarthritis. BMC Musculoskelet Disord
7:98.

Archer CW, Francis-West P. (2003). The chondrocyte. Int J Biochem
Cell Biol 35:401-4.

Bauer DC, Hunter DJ, Abramson SB, Attur M, Corr M, Felson D,
Heinegard D, Jordan JM, Kepler TB, Lane NE. (2006).
Classification of osteoarthritisbiomarkers: a proposed approach.
Osteoarthritis Cartilage 14:723-7.

Benito M]J, Veale DJ, FitzGerald O, van den Berg WB, Bresnihan B.
(2005). Synovial tissue inflammation in early and late osteoar-
thritis. Ann Rheum Dis 64:1263-7.

Bettica P, Cline G, Hart DJ, Meyer J, Spector TD. (2002). Evidence for
increased bone resorption in patients with progressive knee
osteoarthritis: longitudinal results from the Chingford study.
Arthritis Rheum 46:3178-84.

Bevilacqua M, Devogelaer JP, Righini V, Famaey JP, Manicourt DH.
(2004). Effect of nimesulide on the serum levels of hyaluronan
and stromelysin-1 in patients with osteoarthritis: a pilot study.
Int ] Clin Pract Suppl 13-19.

Billinghurst RC, Dahlberg L, Ionescu M, Reiner A, Bourne R,
Rorabeck C, Mitchell P, Hambor J, Diekmann O, Tschesche H,
Chen J, Wart HV, Poole AR. (1997). Enhanced cleavage of type
II collagen by collagenases in osteoarthritic articular cartilage.
J Clin Invest 99:1534-45.

Bingham CO III, Buckland-Wright JC, Garnero P, Cohen SB,
Dougados M, Adami S, Clauw DJ, Spector TD, Pelletier JP,
Raynauld JP, Strand V, Simon LS, Meyer JM, Cline GA, Beary JE.
(2006). Risedronate decreases biochemical markers of car-
tilage degradation but does not decrease symptoms or slow
radiographic progression in patients with medial compartment
osteoarthritis of the knee: results of the two-year multinational
knee osteoarthritis structural arthritis study. Arthritis Rheum
54:3494-507.

Bjarnason NH, Christiansen C. (2000). Early response in biochemical
markers predicts long-term response in bone mass during hor-
mone replacement therapy in early postmenopausal women.
Bone 26:561-9.

Bondeson J, Wainwright S, Hughes C, Caterson B. (2008). The regula-
tion of the ADAMTS4 and ADAMTS5 aggrecanases in osteoar-
thritis: a review. Clin Exp Rheumatol 26:139-45.

Brune K, Katus HA, Moecks ], Spanuth E, Jaffe AS, Giannitsis E.
(2008). N-terminal pro-B-type natriuretic peptide concentra-
tions predict the risk of cardiovascular adverse events from anti-
inflammatory drugs: a pilot trial. Clin Chem 54:1149-57.

Chaganti RK, Kelman A, Lui L, Yao W, Javaid MK, Bauer D, Nevitt M,
Lane NE;Study of Osteoporotic Fractures Research Group Sof.
(2008). Change in serum measurements of cartilage oligomeric
matrix protein and association with the development and wors-
ening of radiographic hip osteoarthritis. Osteoarthritis Cartilage
16:566-71.

Charni N, Desmarais S, Bay-Jensen A, Delaisse JM, Percival MD,
Garnero P. (2008). The type II collagen fragments Helix-II and
CTX-II reveal distinct enzymatic pathways of cartilage collagen
degradation. Osteoarthritis Cartilage 16:1183-91.

Charni-Ben TN, Richardot P, Toh L, Marotte H, Bay-Jensen AC,
Miossec P, Garnero P. (2009). Circulating nitrated N-telopeptide
of type III collagen (IIINys) as a biochemical marker of oxida-
tive-related synovial tissue metabolism in rheumatoid arthritis.
Ann Rheum Dis 68:451-2.

Chopin E Garnero P, le HA, Debiais F, Daragon A, Roux C, Sany J,
Wendling D, Zarnitsky C, Ravaud P, Thomas T. (2008). Long-term
effects of infliximab on bone and cartilage turnover markers in
patients with rheumatoid arthritis. Ann Rheum Dis 67:353-7.

Christgau S, Garnero P, Fledelius C, Moniz C, Ensig M, Gineyts E,
Rosenquist C, Qvist P. (2001). Collagen type II C-telopeptide
fragments as an index of cartilage degradation. Bone 29:209-15.

Christgau S, Henrotin Y, Tanko LB, Rovati LC, Collette J, Bruyere O,
Deroisy R, Reginster JY. (2004). Osteoarthritic patients with
high cartilage turnover show increased responsiveness to the
cartilage protecting effects of glucosamine sulphate. Clin Exp
Rheumatol 22:36-42.

Cibere J, Thorne A, Kopec JA, Singer ], Canvin J, Robinson DB, Pope J,
Hong P, Grant E, Lobanok T, Ionescu M, Poole AR, Esdaile JM.
(2005). Glucosamine sulfate and cartilage type II collagen deg-
radation in patients with knee osteoarthritis: randomized dis-
continuation trial results employing biomarkers. / Rheumatol
32:896-902.

Cibere J, Zhang H, Garnero P, Poole AR, Lobanok T, Saxne T, Kraus VB,
Way A, Thorne A, Wong H, Singer J, Kopec J, Guermazi A,
Peterfy C, Nicolaou S, Munk PL, Esdaile JM. (2009). Association
of biomarkers with pre-radiographically defined and radio-
graphically defined knee osteoarthritis in a population-based
study. Arthritis Rheum 60:1372-80.

Cicuttini FM, Jones G, Forbes A, Wluka AE. (2004). Rate of cartilage
loss at two years predicts subsequent total knee arthroplasty: a
prospective study. Ann Rheum Dis 63:1124-7.

Clark AG, Jordan JM, Vilim V, Renner JB, Dragomir AD, Luta G,
Kraus VB. (1999). Serum cartilage oligomeric matrix protein
reflects osteoarthritis presence and severity: the Johnston
County Osteoarthritis Project. Arthritis Rheum 42:2356-64.

Conrozier T, Saxne T, Fan CS, Mathieu P, Tron AM, Heinegard D,
Vignon E. (1998). Serum concentrations of cartilage oligomeric
matrix protein and bone sialoprotein in hip osteoarthritis: a one
year prospective study. Ann Rheum Dis 57:527-32.

Dam EB, Byrjalsen I, Karsdal MA, Qvist P, Christiansen C. (2009).
Increased urinary excretion of C-telopeptides of type II col-
lagen (CTX-II) predicts cartilage loss over 21 months by MRI.
Osteoarthritis Cartilage 17:384-9.

Deberg M, Dubuc JE, Labasse A, Sanchez C, Quettier E, Bosseloir A,
Crielaard JM and Henrotin Y. (2008). One-year follow-up of
Coll2-1, Coll2-1NO2 and myeloperoxydase serum levels in oste-
oarthritis patients after hip or knee replacement. Ann Rheum Dis
67:168-74.

DebergMA, Labasse AH, Collette], Seidel L, Reginster JY, Henrotin YE.
(2005). One-year increase of Coll 2-1, a new marker of type II
collagen degradation, in urine is highly predictive of radiologi-
cal OA progression. Osteoarthritis Cartilage 13:1059-65.

Dejica VM, Mort JS, Laverty S, Percival MD, Antoniou ], Zukor DJ,
Poole AR. (2008). Cleavage of type II collagen by cathepsin K in
human osteoarthritic cartilage. Am J Pathol 1:161-9.

Downs JT, Lane CL, Nestor NB, McLellan TJ], Kelly MA, Karam
GA, Mezes PS, Pelletier JP, Otterness IG. (2001). Analysis of
collagenase-cleavage of type II collagen using a neoepitope
ELISA. ] Immunol Methods 247:25-34.

Drees P, Decking J, Ghezel-Ahmadi V, Delank KS, Wilhelm B,
Eckardt A. (2005). [The common occurrence of osteoarthritis
and osteoporosis and the value of markers of bone turnover].
Z Rheumatol 64:488-98.

Elliott AL, Kraus VB, Luta G, Stabler T, Renner JB, Woodard ]J,
Dragomir AD, Helmick CG, Hochberg MC, Jordan JM. (2005).
Serum hyaluronan levels and radiographic knee and hip oste-
oarthritis in African Americans and Caucasians in the Johnston
County Osteoarthritis Project. Arthritis Rheum 52:105-11.

Elomaa I, Virkkunen P, Risteli L, Risteli J. (1992). Serum concentra-
tion of the cross-linked carboxyterminal telopeptide of type I
collagen (ICTP) is a useful prognostic indicator in multiple mye-
loma. Br ] Cancer 66:337-41.

RIGHTS LI N Kdx



Biomarkers Downloaded from informahealthcare.com by Peking University on 11/17/12
For personal use only.

16 Per Quist et al.

Emrani PS, Katz JN, Kessler CL, Reichmann WM, Wright EA,
McAlindon TE, Losina E. (2008). Joint space narrowing and
Kellgren-Lawrence progression in knee osteoarthritis: an ana-
lytic literature synthesis. Osteoarthritis Cartilage 16:873-82.

Eyre DR, Weis MA. (2009). The Helix-1I epitope: a cautionary tale from
a cartilage biomarker based on an invalid collagen sequence.
Osteoarthritis Cartilage 17:423-6.

Felson DT. (2004). An update on the pathogenesis and epidemiology
of osteoarthritis 17. Radiol Clin North Am 42:1-9, v.

Felson DT, Neogi T. (2004). Osteoarthritis: is it a disease of cartilage or
of bone? 21. Arthritis Rheum 50:341-4.

Fex E, Eberhardt K, Saxne T. (1997). Tissue-derived macromolecules
and markers of inflammation in serum in early rheumatoid
arthritis: relationship to development of joint destruction in
hands and feet. Br ] Rheumatol 36:1161-5.

Forsblad dH, Christgau S, Mattsson LA, Saxne T, Ohlsson C,
Nordborg E, Carlsten H. (2004). Hormone replacement therapy,
calcium and vitamin D3 versus calcium and vitamin D3 alone
decreases markers of cartilage and bone metabolism in rheuma-
toid arthritis: a randomized controlled trial [[SRCTN46523456].
Arthritis Res Ther 6:R457-R468.

Fosang AJ, Stanton H, Little CB, Atley LM. (2003). Neoepitopes as
biomarkers of cartilage catabolism. Inflamm Res 52:277-82.
Garnero P. (2006a). Biochemical markers in osteoarthritis: will they

measure up? Nat Clin Pract Rheumatol 2:116-17.

Garnero P. (2006b). Use of biochemical markers to study and follow
patients with osteoarthritis. Curr Rheumatol Rep 8:37-44.

Garnero P, Aronstein WS, Cohen SB, Conaghan PG, Cline GA,
Christiansen C, Beary JE Meyer JM, Bingham CO III. (2008a).
Relationships between biochemical markers of bone and carti-
lage degradation with radiological progression in patients with
knee osteoarthritisreceivingrisedronate: the Knee Osteoarthritis
Structural Arthritis randomized clinical trial. Osteoarthritis
Cartilage 16:660-6.

Garnero P, Ayral X, Rousseau JC, Christgau S, Sandell L], Dougados M,
Delmas PD. (2002). Uncoupling of type II collagen synthesis and
degradation predicts progression of joint damage in patients
with knee osteoarthritis. Arthritis Rheum 46:2613-24.

Garnero P, Borel O, Delmas PD. (2001a). Evaluation of a fully auto-
mated serum assay for C-terminal cross-linking telopeptide of
type I collagen in osteoporosis. Clin Chem 47:694-702.

Garnero P, Dargent-Molina P, Hans D, Schott AM, Breart G,
Meunier PJ, Delmas PD. (1998). Do markers of bone resorption
add to bone mineral density and ultrasonographic heel meas-
urement for the prediction of hip fracture in elderly women? The
EPIDOS prospective study. Osteoporos Int 8:563-9.

Garnero P, Ferreras M, Karsdal MA, Nicamhlaoibh R, Risteli J,
Borel O, Qvist P, Delmas PD, Foged NT, Delaisse JM. (2003). The
type I collagen fragments ICTP and CTX reveal distinct enzy-
matic pathways of bone collagen degradation. / Bone Miner Res
18:859-67.

Garnero P, Hausherr E, Chapuy MC, Marcelli C, Grandjean H,
Muller C, Cormier C, Breart G, Meunier PJ, Delmas PD. (1996).
Markers ofboneresorption predicthip fracturein elderlywomen:
the EPIDOS Prospective Study. ] Bone Miner Res 11:1531-8.

Garnero P, Mazieres B, Gueguen A, Abbal M, Berdah L, Lequesne M,
Nguyen M, Salles JP, Vignon E, Dougados M. (2005a). Cross-
sectional association of 10 molecular markers of bone, cartilage,
and synovium with disease activity and radiological joint dam-
age in patients with hip osteoarthritis: the ECHODIAH cohort. J
Rheumatol 32:697-703.

Garnero P, Peterfy C, Zaim S, Schoenharting M. (2005b). Bone mar-
row abnormalities on magnetic resonance imaging are associ-
ated with type II collagen degradation in knee osteoarthritis: a
three-month longitudinal study. Arthritis Rheum 52:2822-9.

Garnero P, Piperno M, Gineyts E, Christgau S, Delmas PD, Vignon E.
(2001b). Cross sectional evaluation of biochemical markers of
bone, cartilage, and synovial tissue metabolism in patients with
knee osteoarthritis: relations with disease activity and joint
damage. Ann Rheum Dis 60:619-26.

Garnero P, Rousseau J-C, Delmas PD. (2000a). Molecular basis and
clinical use of biochemical markers of bone, cartilage, and syn-
ovium in joint diseases. Arthritis Rheum 43:953-68.

Garnero P, Sornay-Rendu E, Claustrat B, Delmas PD. (2000b).
Biochemical markers of bone turnover, endogenous hormones
and the risk of fractures in postmenopausal women: the OFELY
study. ] Bone Miner Res 15:1526-36.

Garnero P, Vergnaud P, Hoyle N. (2008b). Evaluation of a fully
automated serum assay for total N-terminal propeptide of
type I collagen in postmenopausal osteoporosis. Clin Chem
54:188-96.

Gendron C, Kashiwagi M, Lim NH, Enghild JJ, Thogersen IB,
Hughes C, Caterson B, Nagase H. (2007). Proteolytic activities of
human ADAMTS-5: comparative studies with ADAMTS-4. ] Biol
Chem 282:18294-306.

Georges C, Vigneron H, Ayral X, Listrat V, Ravaud P, Dougados M,
Sharif M, Dieppe P, Saxne T. (1997). Serum biologic markers as
predictors of disease progression in osteoarthritis of the knee.
Arthritis Rheum 40:590-1.

Gineyts E, Garnero P and Delmas PD. (2001). Urinary excretion of
glucosyl-galactosyl pyridinoline: a specific biochemical marker
of synovium degradation. Rheumatology (Oxford) 40:315-23.

Gineyts E, Mo JA, Ko A, Henriksen DB, Curtis SP, Gertz BJ, Garnero P,
Delmas PD. (2004). Effects of ibuprofen on molecular markers of
cartilage and synovium turnover in patients with knee osteoar-
thritis. Ann Rheum Dis 63:857-61.

Glant TT, Mikecz K, Roughley PJ, Buzas E, Poole AR. (1986). Age-
related changes in protein-related epitopes of human articular-
cartilage proteoglycans. Biochem ] 236:71-5.

Goldring SR. (2009). Role of bone in osteoarthritis pathogenesis. Med
Clin North Am 93:25-35, Xv.

Gressner OA, Weiskirchen R, Gressner AM. (2007). Biomarkers of
hepatic fibrosis, fibrogenesis and genetic pre-disposition pend-
ing between fiction and reality. J Cell Mol Med 11:1031-51.

Hanson DA, Weis MA, Bollen AM, Maslan SL, Singer FR, Eyre DR.
(1992). A specific immunoassay for monitoring human
bone resorption: quantitation of type I collagen cross-linked
N-telopeptides in urine. J Bone Miner Res 7:1251-8.

Hayami T, Pickarski M, Wesolowski GA, McLaneJ, Bone A, Destefano],
Rodan GA, Duong le T. (2004). The role of subchondral bone
remodeling in osteoarthritis: reduction of cartilage degenera-
tion and prevention of osteophyte formation by alendronate in
the rat anterior cruciate ligament transection model. Arthritis
Rheum 50:1193-206.

Hayami T, Pickarski M, Zhuo Y, Wesolowski GA, Rodan GA, Duong
le T. (2006). Characterization of articular cartilage and subchon-
dral bone changes in the rat anterior cruciate ligament transec-
tion and meniscectomized models of osteoarthritis. Bone
38:234-43.

Hellio Le Graverand MP, Brandt KD, Mazzuca SA, Katz BP, Buck
R, Lane KA, Pickering E, Nemirovskiy OV, Sunyer T, Welsch
DJ. (2006). Association between concentrations of urinary
type 1I collagen neoepitope (uTIINE) and joint space narrow-
ing in patients with knee osteoarthritis. Osteoarthritis Cartilage
14:1189-95.

Henrotin Y, Addison S, Kraus V, Deberg M. (2007). Type II collagen
markers in osteoarthritis: what do they indicate? Curr Opin
Rheumatol 19:444-50.

Henrotin'Y, Deberg M, Dubuc JE, Quettier E, Christgau S, Reginster JY.
(2004). Type 1I collagen peptides for measuring cartilage degra-
dation. Biorheology 41:543-7.

Hunter DJ, LaValley M, Li ], Bauer DC, Nevitt M, DeGroot J, Poole R,
Eyre D, Guermazi A, Gale D, Totterman S, Felson DT. (2008).
Biochemical markers of bone turnover and their association
with bone marrow lesions. Arthritis Res Ther 10:R102.

Hunter DJ, Li ], LaValley M, Bauer DC, Nevitt M, DeGroot ], Poole R,
Eyre D, Guermazi A, Gale D, Felson DT. (2007). Cartilage mark-
ers and their association with cartilage loss on magnetic reso-
nance imaging in knee osteoarthritis: the Boston Osteoarthritis
Knee Study. Arthritis Res Ther 9:R108.

Hunter DJ and Spector TD. (2003). The role of bone metabolism in
osteoarthritis. Curr Rheumatol Rep 5:15-19.

Hurter K, Spreng D, Rytz U, Schawalder P, Ott-Knusel F, Schmokel H.
(2005). Measurements of C-reactive protein in serum and lac-

tate dehydrogenase in serum and synovial fluid of patients with
osteoarthritis. Vet J 169:281-5.

RIGHTS LI N Kdx



Biomarkers Downloaded from informahealthcare.com by Peking University on 11/17/12
For personal use only.

Biochemical markers in development of drugs for osteoarthritis 17

Jansen NW, Roosendaal G, Lundin B, Heijnen L, Mauser-
Bunschoten E, Bijlsma JW, Theobald M, Lafeber FP. (2009). The
combination of the biomarkers urinary C-terminal telopeptide
of type II collagen, serum cartilage oligomeric matrix protein,
and serum chondroitin sulfate 846 reflects cartilage damage in
hemophilic arthropathy. Arthritis Rheum 60:290-8.

Johansen JS, Jensen HS, Price PA. (1993). A new biochemical marker
for joint injury. Analysis of YKL-40 in serum and synovial fluid.
Br ] Rheumatol 32:949-55.

Jordan JM, Luta G, Stabler T, Renner ]JB, Dragomir AD, Vilim YV,
Hochberg MC, Helmick CG, Kraus VB. (2003). Ethnic and sex
differences in serum levels of cartilage oligomeric matrix pro-
tein: the Johnston County Osteoarthritis Project. Arthritis Rheum
48:675-81.

Jordan KM, Syddall HE, Garnero P, Gineyts E, Dennison EM, Sayer AA,
Delmas PD, Cooper C, Arden NK. (2006). Urinary CTX-1I and
glucosyl-galactosyl-pyridinoline are associated with the pres-
ence and severity of radiographic knee osteoarthritis in men.
Ann Rheum Dis 65:871-7.

Jung M, Christgau S, Lukoschek M, Henriksen D, Richter W. (2004).
Increased urinary concentration of collagen type I C-telopeptide
fragments in patients with osteoarthritis. Pathobiology 71:70-6.

Karatay S, Kiziltunc A, Yildirim K, Karanfil RC, Senel K. (2004). Effects
of different hyaluronic acid products on synovial fluid levels of
intercellular adhesion molecule-1 and vascular cell adhesion
molecule-1 in knee osteoarthritis. Ann Clin Lab Sci 34:330-5.

Karsdal MA, Leeming DJ, Dam EB, Henriksen K, Alexandersen P,
Pastoureau P, Altman RD, Christiansen C. (2008). Should
subchondral bone turnover be targeted when treating osteoar-
thritis? Osteoarthritis Cartilage 16:638-46.

Kellgren JH, Lawrence JS. (1957). Radiological assessment of rheu-
matoid arthritis. Ann Rheum Dis 16:485-93.

Kohno M, Tsutsumi A, Matsui H, Sugihara M, Suzuki T, Mamura M,
Goto D, Matsumoto I, Ito S, Suguro T, Sumida T. (2008).
Interleukin-17 gene expression in patients with rheumatoid
arthritis. Mod Rheumatol 18:15-22.

Kong SY, Stabler TV, Criscione LG, Elliott AL, Jordan JM, Kraus VB.
(2006). Diurnal variation of serum and urine biomarkers in
patients with radiographic knee osteoarthritis. Arthritis Rheum
54:2496-504.

Koopmans N, de Jong IJ, Breeuwsma AJ, van der Veer E. (2007). Serum
bone turnover markers (PINP and ICTP) for the early detection
of bone metastases in patients with prostate cancer: a longitudi-
nal approach. J Urol 178:849-53.

Krasnokutsky S, Samuels J, Abramson SB. (2007). Osteoarthritis in
2007. Bull NYU Hosp Jt Dis 65:222-8.

Kraus VB. (2006). Do biochemical markers have a role in osteoar-
thritis diagnosis and treatment? Best Pract Res Clin Rheumatol
20:69-80.

Krzeski P, Buckland-Wright C, Balint G, Cline GA, Stoner K, Lyon R,
Beary]J, Aronstein WS, Spector TD. (2007). Development of mus-
culoskeletal toxicity without clear benefit after administration
of PG-116800, a matrix metalloproteinase inhibitor, to patients
with knee osteoarthritis: a randomized, 12-month, double-
blind, placebo-controlled study. Arthritis Res Ther 9:R109.

Leeming DJ, Koizumi M, Byrjalsen I, Li B, Qvist P, Tanko LB. (2006).
The relative use of eight collagenous and noncollagenous mark-
ers for diagnosis of skeletal metastases in breast, prostate, or lung
cancer patients. Cancer Epidemiol Biomarkers Prev 15:32-8.

Lein M, Miller K, Wirth M, Weissbach L, May C, Schmidt K, Haus U,
Schrader M, Jung K. (2009). Bone turnover markers as predictive
tools for skeletal complications in men with metastatic prostate
cancer treated with zoledronic acid. Prostate69:624-32.

Li MG, Thorsen K, Nilsson KG. (2004). Increased bone turnover as
reflected by biochemical markers in patients with potentially
unstable fixation of the tibial component. Arch Orthop Trauma
Surg 124:404-9.

Lohmander LS, Atley LM, Pietka TA, Eyre DR. (2003). The release of
crosslinked peptides from type II collagen into human synovial
fluid is increased soon after joint injury and in osteoarthritis.

Arthritis Rheum 48:3130-9.

Lohmander LS, Brandt KD, Mazzuca SA, Katz BP, Larsson S,
Struglics A, Lane KA. (2005). Use of the plasma stromelysin

(matrix metalloproteinase 3) concentration to predictjoint space
narrowing in knee osteoarthritis. Arthritis Rheum 52:3160-7.

Manicourt DH, Azria M, Mindeholm L, Thonar EJ, Devogelaer JP.
(2006). Oral salmon calcitonin reduces Lequesne’s algofunc-
tional index scores and decreases urinary and serum levels of
biomarkers of joint metabolism in knee osteoarthritis. Arthritis
Rheum 54:3205-11.

Manicourt DH, Bevilacqua M, Righini V, Famaey JP, Devogelaer JP.
(2005). Comparative effect of nimesulide and ibuprofen on the
urinary levels of collagen type II C-telopeptide degradation
products and on the serum levels of hyaluronan and matrix
metalloproteinases-3 and -13 in patients with flare-up of oste-
oarthritis. Drugs R D 6:261-71.

Marotte H, Gineyts E, Miossec P, Delmas PD. (2008). Effects of inf-
liximab therapy on biological markers of synovium activity and
cartilage breakdown in patients with rheumatoid arthritis. Ann
Rheum Dis 68:1197-200.

Mazieres B, Garnero P, Gueguen A, Abbal M, Berdah L, Lequesne M,
Nguyen M, Salles JP, Vignon E, Dougados M. (2006). Molecular
markers of cartilage breakdown and synovitis at baseline as
predictors of structural progression of hip osteoarthritis. The
ECHODIAH Cohort. Ann Rheum Dis 65:354-9.

Mazieres B, Hucher M, Zaim M, Garnero P. (2007). Effect of chondroi-
tin sulphate in symptomatic knee osteoarthritis: a multicentre,
randomised, double-blind, placebo-controlled study. Ann
Rheum Dis 66:639-45.

Mazzuca SA, Poole AR, Brandt KD, Katz BP, Lane KA, Lobanok T.
(2006). Associations between joint space narrowing and molec-
ular markers of collagen and proteoglycan turnover in patients
with knee osteoarthritis. ] Rheumatol 33:1147-51.

Melkko J, Kauppila S, Niemi S, Risteli L, Haukipuro K, Jukkola A,
Risteli J. (1996). Immunoassay for intact amino-terminal
propeptide of human type I procollagen. Clin Chem 42:947-54.

Melkko J, Niemi S, Risteli L, Risteli J. (1990). Radioimmunoassay of
the carboxyterminal propeptide of human type I procollagen.
Clin Chem 36:1328-32.

Meulenbelt I, Kloppenburg M, Kroon HM, Houwing-Duistermaat JJ,
Garnero P, Hellio Le Graverand MP, DeGroot ], Slagboom PE.
(2006). Urinary CTX-II levels are associated with radiographic
subtypes of osteoarthritis in hip, knee, hand, and facet joints in
subject with familial osteoarthritis at multiple sites: the GARP
study. Ann Rheum Dis 65:360-5.

Miller GD, Nicklas BJ, Davis CC, Ambrosius WT, Loeser RF, Messier SP.
(2004). Is serum leptin related to physical function and is it
modifiable through weight loss and exercise in older adults with
knee osteoarthritis? Int ] Obes Relat Metab Disord 28:1383-90.

Miller GD, Nicklas BJ, Loeser RE. (2008). Inflammatory biomarkers
and physical function in older, obese adults with knee pain and
self-reported osteoarthritis after intensive weight-loss therapy.
J Am Geriatr Soc 56:644-51.

Millward-Sadler SJ, Salter DM. (2004). Integrin-dependent signal
cascades in chondrocyte mechanotransduction. Ann Biomed
Eng 32:435-46.

Murphy G, Nagase H. (2008). Reappraising metalloproteinases in
rheumatoid arthritis and osteoarthritis: destruction or repair?
Nat Clin Pract Rheumatol 4:128-35.

Nagase H, Kashiwagi M. (2003). Aggrecanases and cartilage matrix
degradation. Arthritis Res Ther 5:94-103.

Nelson F, Dahlberg L, Laverty S, Reiner A, Pidoux I, Ionescu M,
Fraser GL, Brooks E, Tanzer M, Rosenberg LC, Dieppe P,
Robin PA. (1998). Evidence for altered synthesis of type
II collagen in patients with osteoarthritis. J Clin Invest
102:2115-25.

Olsen AK, Sondergaard BC, Byrjalsen I, Tanko LB, Christiansen C,
Muller A, Hein GE, Karsdal MA, Qvist P. (2007). Anabolic and
catabolic function of chondrocyte ex vivo is reflected by the
metabolic processing of type II collagen. Osteoarthritis Cartilage
15:335-42.

Otterness IG, Brandt KD, Le Graverand MP, Mazzuca SA. (2007).
Urinary TIINE concentrations in a randomized controlled trial
of doxycycline in knee osteoarthritis: implications of the lack
of association between TIINE levels and joint space narrowing.
Arthritis Rheum 56:3644-9.

RIGHTS LI N Kdx



Biomarkers Downloaded from informahealthcare.com by Peking University on 11/17/12
For personal use only.

18 Per Quist et al.

Pearle AD, Scanzello CR, George S, Mandl LA, DiCarlo EF, Peterson
M, Sculco TP, Crow MK. (2007). Elevated high-sensitivity
C-reactive protein levels are associated with local inflammatory
findings in patients with osteoarthritis. Osteoarthritis Cartilage
15:516-23.

Penninx BW, Abbas H, Ambrosius W, Nicklas BJ, Davis C, Messier SP,
Pahor M. (2004). Inflammatory markers and physical func-
tion among older adults with knee osteoarthritis. ] Rheumatol
31:2027-31.

Pessis E, Drape JL, Ravaud P, Chevrot A, Dougados M, Ayral X. (2003).
Assessment of progression in knee osteoarthritis: results of a
1 year study comparing arthroscopy and MRI. Osteoarthritis
Cartilage 11:361-9.

Peterfy CG, Guermazi A, Zaim S, Tirman PF, Miaux Y, White D,
KothariM, LuY, Fye K, Zhao S, Genant HK. (2004). Whole-Organ
Magnetic Resonance Imaging Score (WORMS) of the knee in
osteoarthritis. Osteoarthritis Cartilage 12:177-90.

Poole AR, Ionescu M, Fitzcharles MA, Billinghurst RC. (2004). The
assessment of cartilage degradation in vivo: development
of an immunoassay for the measurement in body fluids of
type II collagen cleaved by collagenases. J Immunol Methods
294:145-53.

Popko J, Zalewska A, Sierakowski S, Macias T, Knas M,
Zwierz K, Sredzinska K. (2005). [Activity of N-acetylo-beta-
hexosamninidase in joint fluid from knee and serum of patients
with rheumatoid arthritis and osteoarthritis]. Przegl Lek
62:650-2.

PrattaMA, SuJL, Leesnitzer MA, Struglics A, Larsson S, LohmanderLS,
Kumar S. (2006). Development and characterization of a
highly specific and sensitive sandwich ELISA for detection
of aggrecanase-generated aggrecan fragments. Osteoarthritis
Cartilage 14:702-13.

Pulai JI, Chen H, Im HJ, Kumar S, Hanning C, Hegde PS, Loeser RE
(2005). NF-kappa B mediates the stimulation of cytokine and
chemokine expression by human articular chondrocytes in
response to fibronectin fragments. J Immunol 174:5781-8.

Quintana DJ, Garnero P, Huebner JL, Charni-Ben TN, Kraus VB.
(2008). PIIANP and HELIXII diurnal variation. Osteoarthritis
Cartilage 16:1192-5.

Qvist P, Bay-Jensen AC, Christiansen C, Dam EB, Pastoureau P,
Karsdal MA. (2008). The disease modifying osteoarthritis drug
(DMOAD): Is it in the horizon? Pharmacol Res 58:1-7.

Qvist P, Christgau S, Pedersen BJ, Schlemmer A, Christiansen C.
(2002). Circadian variation in the serum concentration of
C-terminal telopeptide of type I collagen (serum CTx): effects of
gender, age, menopausal status, posture, daylight, serum corti-
sol, and fasting. Bone 31:57-61.

Reijman M, Hazes JM, Bierma-Zeinstra SM, Koes BW, Christgau S,
Christiansen C, Uitterlinden AG, Pols HA. (2004). A new marker
for osteoarthritis: cross-sectional and longitudinal approach.
Arthritis Rheum 50:2471-8.

Richardot P, Charni-Ben Tabassi N, Toh L, Marotte H, Bay-Jensen AC,
Miossec P, Garnero P. (2009). Nitrated type III collagen as a bio-
logical marker of nitric oxide-mediated synovial tissue metab-
olism in osteoarthritis. Osteoarthritis Cartilage May 12 [Epub
ahead of print].

Risteli J, Niemi S, Trivedi P, Maentausta O, Mowat AP, Risteli L.
(1988). Rapid equilibrium radioimmunoassay for the amino-
terminal propeptide of human type III procollagen. Clin Chem
34:715-18.

Rosenquist C, Fledelius C, Christgau S, Pedersen BJ, Bonde M, Qvist
P, Christiansen C. (1998). Serum CrossLaps One Step ELISA.
First application of monoclonal antibodies for measurement in
serum of bone-related degradation products from C-terminal
telopeptides of type I collagen. Clin Chem 44:2281-9.

Rousseau JC and Delmas PD. (2007). Biological markers in osteoar-
thritis. Nat Clin Pract Rheumatol 3:346-56.

Rousseau JC, Sandell L], Delmas PD, Garnero P. (2004a). Development
and clinical application in arthritis of a new immunoassay for
serum type IIA procollagen NH2 propeptide. Methods Mol Med
101:25-37.

Rousseau JC, Sumer EU, Hein G, Sondergaard BC, Madsen S,
Pedersen C, Neumann T, Mueller A, Qvist P, Delmas P, Karsdal

MA. (2008). Patients with Rheumatoid Arthritis have an altered
circulatory Aggrecan Profile. BMC Musculoskelet Disord 9:74.

Rousseau J-C, Zhu Y, Miossec P, Vignon E, Sandell L], Garnero P,
Delmas PD. (2004b). Serum levels of type IIA procollagen amino
terminal propeptide (PIIANP) are decreased in patients with
knee osteoarthritis and rheumatoid arthritis. Osteoarthritis and
Cartilage 12:440-7.

Ryu J, Towle CA and Treadwell BV. (1982). Characterisation of human
articular cartilage link proteins from normal and osteoarthritic
cartilage. Ann Rheum Dis 41:164-7.

Salminen-Mankonen HJ, Morko J, Vuorio E. (2007). Role of cathepsin
Kin normaljoints and in the development of arthritis. Curr Drug
Targets 8:315-23.

Samuels ], Krasnokutsky S, Abramson SB. (2008). Osteoarthritis: a
tale of three tissues. Bull NYU Hosp Jt Dis 66:244-50.

Sandy JD. (2006). A contentious issue finds some clarity: on the
independent and complementary roles of aggrecanase activity
and MMP activity in human joint aggrecanolysis. Osteoarthritis
Cartilage 14:95-100.

Sassi ML, Eriksen H, Risteli L, Niemi S, Mansell ], Gowen M, Risteli J.
(2000). Immunochemical characterization of assay for carboxy-
terminal telopeptide of human type I collagen: loss of antigenic-
ity by treatment with cathepsin K. Bone 26:367-73.

Saxne T, Heinegard D. (1992). Cartilage oligomeric matrix protein: a
novel marker of cartilage turnover detectable in synovial fluid
and blood. Br J Rheumatol 31:583-91.

Scanzello CR, Umoh E, Pessler F, az-Torne C, Miles T, Dicarlo E,
Potter HG, Mandl L, Marx R, Rodeo S, Goldring SR, Crow MK.
(2009). Local cytokine profiles in knee osteoarthritis: elevated
synovial fluid interleukin-15 differentiates early from end-stage
disease. Osteoarthritis Cartilage 17:1040-8.

Schaller S, Henriksen K, Hoegh-Andersen P, Sondergaard BC,
Sumer EU, Tanko LB, Qvist P, Karsdal MA. (2005). In vitro,
ex vivo, and in vivo methodological approaches for studying ther-
apeutic targets of osteoporosis and degenerative joint diseases:
how biomarkers can assist? Assay Drug Dev Technol 3:553-80.

Schmidt-Rohlfing B, Thomsen M, Niedhart C, Wirtz DC, Schneider U.
(2002). Correlation of bone and cartilage markers in the synovial
fluid with the degree of osteoarthritis. Rheumatol Int 21:193-9.

Sennels H, Sorensen S, Ostergaard M, Knudsen L, Hansen M, SkjodtH,
Peters N, Colic A, Grau K, Jacobsen S. (2008). Circulating levels
of osteopontin, osteoprotegerin, total soluble receptor activator
of nuclear factor-kappa B ligand, and high-sensitivity C-reactive
protein in patients with active rheumatoid arthritis randomized
to etanercept alone or in combination with methotrexate. Scand
J Rheumatol 37:241-7.

Sharaki OA, El-Guiziry DA, bou-Zeid AA, El-Noueam KI, Helal AE,
Gaballah AE. (2004). Clinical usefulness of basic fibroblast
growth factor and E-selectin in patients with rheumatoid arthri-
tis. Egypt ] Immunol 11:91-100.

Sharif M, Kirwan ], Charni N, Sandell L], Whittles C, Garnero P.
(2007). A 5-yr longitudinal study of type IIA collagen synthesis
and total type II collagen degradation in patients with knee oste-
oarthritis-association with disease progression. Rheumatology
(Oxford) 46:938-43.

Sharif M, Saxne T, Shepstone L, Kirwan JR, Elson CJ], Heinegard D,
Dieppe PA. (1995). Relationship between serum cartilage oligo-
meric matrix protein levels and disease progression in osteoar-
thritis of the knee joint. Br ] Rheumatol 34:306-10.

Shen H, Sprott H, Aeschlimann A, Gay RE, Michel BA, Gay S, Sprott H.
(2006). Analgesic action of acetaminophen in symptomatic oste-
oarthritis of the knee. Rheumatology 45:765-70.

Spector TD, Conaghan PG, Buckland-Wright JC, Garnero P, Cline GA,
Beary JF, Valent DJ, Meyer JM. (2005). Effect of risedronate on
joint structure and symptoms of knee osteoarthritis: results
of the BRISK randomized, controlled trial [ISRCTN01928173].
Arthritis Res Ther 7:R625-R633.

Spector TD, Reneland RH, Mah S, Valdes AM, Hart DJ, Kammerer
S, Langdown M, Hoyal CR, Atienza ], Doherty M, Rahman P,
Nelson MR, Braun A. (2006). Association between a variation
in LRCH1 and knee osteoarthritis: a genome-wide single-nu-
cleotide polymorphism association study using DNA pooling.

Arthritis Rheum 54:524-32.

RIGHTS LI N Kdx



Biomarkers Downloaded from informahealthcare.com by Peking University on 11/17/12
For personal use only.

Biochemical markers in development of drugs for osteoarthritis 19

Sugimoto H, Yamada H, Terada N, Kanaji A, Kato S, Date H, Ichinose H,
Miyazaki K. (2006). Intraarticular injection of high molecular
weight hyaluronan for osteoarthritis of the knee - prediction of
effectiveness with biological markers. ] Rheumatol 33:2527.

Sumer EU, Schaller S, Sondergaard BC, Tanko LB, Qvist P. (2006).
Application of biomarkers in the clinical development of new
drugs for chondroprotection in destructive joint diseases: a
review. Biomarkers 11:485-506.

Sumer EU, Sondergaard BC, Rousseau JC, Delmas PD, Fosang
AJ, Karsdal MA, Christiansen C, Qvist P. (2007). MMP and
non-MMP-mediated release of aggrecan and its fragments from
articular cartilage: a comparative study of three different aggrecan
and glycosaminoglycan assays. Osteoarthritis Cartilage 15:212-21.

Valdes AM, Doherty M, Spector TD. (2008). The additive effect of
individual genes in predicting risk of knee osteoarthritis. Ann
Rheum Dis 67:124-7.

Verstappen SM, Poole AR, Ionescu M, King LE, Abrahamowicz M,
Hofman DM, Bijlsma JW, Lafeber FP. (2006). Radiographic joint
damage in rheumatoid arthritis is associated with differences in
cartilage turnover and can be predicted by serum biomarkers: an
evaluation from 1 to 4 years after diagnosis. Arthritis Res Ther 8:R31.

Vilim V, Olejarova M, Machacek S, Gatterova J, Kraus VB, Pavelka K.
(2002). Serum levels of cartilage oligomeric matrix protein

(COMP) correlate with radiographic progression of knee oste-
oarthritis. Osteoarthritis Cartilage 10:707-13.

Voorzanger-Rousselot N, Juillet F Mareau E, Zimmermann J,
Kalebic T, Garnero P. (2006). Association of 12 serum biochemi-
cal markers of angiogenesis, tumour invasion and bone turno-
ver with bone metastases from breast cancer: a crossectional
and longitudinal evaluation. Br J Cancer 95:506-14.

Wilkinson JM, Stockley I, Hamer AJ, Barrington NA, Eastell R. (2003).
Biochemical markers of bone turnover and development of het-
erotopic ossification after total hip arthroplasty. J Orthop Res
21:529-34.

Wiluka AE, Wolfe R, Stuckey S, Cicuttini FM. (2004). How does tibial
cartilage volume relate to symptoms in subjects with knee oste-
oarthritis? Ann Rheum Dis 63:264-8.

Xu L, Peng H, Glasson S, Lee PL, Hu K, Jjiri K, Olsen BR,
Goldring MB, Li Y. (2007). Increased expression of the collagen
receptor discoidin domain receptor 2 in articular cartilage as a
key event in the pathogenesis of osteoarthritis. Arthritis Rheum
56:2663-73.

Zhen EY, Brittain IJ, Laska DA, Mitchell PG, Sumer EU, Karsdal MA,
Duffin KL. (2008). Characterization of metalloprotease cleav-
age products of human articular cartilage. Arthritis Rheum
58:2420-31.

RIGHTS LI N Kdx



	Application of biochemical markers in development of drugs for treatment of osteoarthritis
	Abstract
	Introduction
	Rationale for application of biochemical markers in OA drug development
	BIPED classification
	Burden of disease (BIPED no. 1)
	Investigative (BIPED no. 2)
	Prognostic (BIPED no. 3)
	Efficacy of intervention (BIPED no. 4)
	Diagnostic (BIPED no. 5)


	Biochemical markers of joint tissue
	Cartilage
	Bone
	Synovium
	Overview of biochemical markers of joint tissue

	Application of biochemical markers in clinical studies of OA
	Future directions in biomarker research
	Acknowledgements
	References


