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Abstract

Osteoarthritis (OA) is the most common rheumatic pathology accounting for
much of worldwide disability. OA is related to aging and may affect the structure
of any joint tissue. The early stage accurate diagnosis of OA and the ability to
monitor the efficacy of putative disease-modifying drugs remain among the
essential unmet medical needs for this disease. Despite the prevalence of OA,
the diagnostic methods currently available are limited and lack sensitivity. Fur-
thermore, there is currently no effective therapy capable of slowing or reversing
the pathological changes that occur in the joint during the disease process.
Therefore, the discovery and application of novel, noninvasive, specific biochem-
ical markers remain a priority. This chapter will focus on the current OA protein
markers and the value of proteomics for the discovery and validation of useful

candidates for early diagnosis and drug discovery.
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List of Abbreviations

2-DE Two-dimensional gel electrophoresis
COL2 Type II collagen

COMP Cartilage oligomeric matrix protein
CS Chondroitin sulfate

CTX-II C-telopeptide region of COL2
DIGE Differential in-gel electrophoresis
HA Hyaluronic acid

HC Healthy controls

iTRAQ Isobaric tag for relative quantitation
K/L Kellgren and Lawrence scale

KS Keratan sulfate

LC Liquid chromatography

MALDI-TOF/TOF
MB

Matrix-assisted laser desorption/ionization-time of flight
Magnetic beads

MMP Matrix metalloproteinases

MS Mass spectrometry

NAPPA Nucleic acid programmable protein array
OA Osteoarthritis

OARSI Osteoarthritis Research Society International
PAGE Polyacrylamide gel electrophoresis

PsA Psoriatic arthritis

RA Rheumatoid arthritis

SELDI Surface-enhanced laser desorption/ionization
SF Synovial fluid

SRM Selected reaction monitoring
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TIMP Tissue inhibitor of matrix metalloproteinase
UF Ultrafiltration
YKL-40 Cartilage glycoprotein 39

Key Facts About Osteoarthritis (OA)

* OA is aslowly progressive disease that can affect the structure of all joint tissues.

* OA is a major cause of pain and chronic disability in the elderly.

» To date, OA lacks effective therapies. Current therapeutic strategies are limited to
symptomatic relief, but are not able to slow or reverse joint alterations.

» The diagnosis of OA relies on the description of symptoms, such as pain or
stiffness, and radiography, which is not sensitive enough to detect small changes.

* The complex pathogenesis and the heterogeneity of the clinical manifestations
and progression of OA have hindered development of specific and sensitive tools
for its management and therapy.

* Novel specific and sensitive biomarkers are required to prevail over the medical
needs of OA. Although several molecules have been assayed, to date, none is
approved for use in clinical routines.

Key Facts About Proteomics

» Proteomics is a science focusing on the large-scale analysis of proteins, their
abundance, interactions, and modifications.

» The set of proteins produced by a living organism is termed its proteome.

* Proteomes differ between organisms, tissues, and cell types and change contin-
uously with time, environmental conditions, pathologies, or drug treatment.

* The use of proteomics is a valuable technology for the discovery of protein
markers of disease.

» Techniques employed in proteomics approaches include gel electrophoresis,
liquid chromatography, mass spectrometry, protein microarrays, and
bioinformatics.

Key Facts About Mass Spectrometry (MS)

» MS is an analytical technique capable of characterizing a large variety of chem-
ical species in pure and complex mixtures through measurement of their mass.

* MS is the most commonly employed technology for protein characterization in
proteomics.

» In MS for proteomics, protein fragments are ionized and sorted to obtain their
mass-to-charge (m/z) ratios.
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» The ionization modes most commonly employed in proteomics are electrospray
ionization (ESI) and matrix-assisted laser desorption/ionization (MALDI).

* The mass analyzers most commonly employed in proteomics are time of flight
(TOF), quadrupole, ion traps, and Orbitrap or Fourier transform (FT).

Definition of Words and Terms

Articular cartilage  Hyaline tissue found on joint surfaces, covering the articular
end of the bones. It is a highly structured avascular and
aneural tissue, composed of an extracellular matrix in which
the cells (chondrotytes) are embedded.

Biomarker Substance or feature used as an indicator of a biological state.

Mass spectrometry  Analytical technology capable of identifying and quantifying
molecules (peptides, lipids, metabolites and other small mol-
ecules) in simple and complex mixtures by measuring the
mass-to-charge ratio of their ions.

Osteoarthritis A disorder involving movable joints characterized by cell
stress and extracellular matrix degradation initiated by
micro- and macro-injury that activates maladaptive repair
responses including proinflammatory pathways of innate

immunity.

Proteomics An area of biology focused on the large-scale analysis of
proteins (Proteome), their abundance, modifications, and
interactions.

Synovial fluid Viscous fluid found in the cavities of synovial joints, respon-

sible of lubricating these joints and reducing friction between
the cartilages that cover the articular ends of the bones.

Synovium A specialized connective tissue localized at the surface of
capsules of synovial joints. It is composed of two layers
(intima and subintima).

Osteoarthritis

Osteoarthritis (OA), the most frequently diagnosed arthropathy, is a common, slowly
progressive condition that may affect the structure of any joint and is a major cause
of pain and chronic disability in the elderly. A definition for OA recently proposed
by OARSI (Osteoarthitis Research Society International) is “a disorder involving
movable joints characterized by cell stress and extracellular matrix degradation
initiated by micro- and macro-injury that activates maladaptive repair responses
including proinflammatory pathways of innate immunity” (Kraus et al. 2015). Prev-
alence studies show that OA usually develops from the age of 45 and increases with
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age. It affects more than 10% of the population, and most people over 65 exhibit OA
pathology. OA is the leading cause of permanent work incapacity and one of the
most common reasons for visiting a primary care physician.

OA is a very complex disease that has a multifactorial etiology. Some clearly
identified risk factors include aging, obesity, genetic factors (Valdes et al. 2006), and
mechanical injuries (Lohmander et al. 2004; Roos 2005). The complexity of pro-
cesses underlying OA pathogenesis and the diversity of its clinical presentation
hamper the development of tools sensitive and specific enough for precise diagnosis
and monitoring. In most individuals, OA is characterized by an initial clinically
silent phase, followed by radiographically detectable extensive deterioration of
cartilage and structural joint changes. To date, the diagnosis of OA relies on the
patient’s subjective description of pain or stiffness symptoms and on radiographic
criteria, such as joint space width. Unfortunately, these diagnostic tools lack suffi-
cient sensitivity for detection of small changes and do not provide accurate infor-
mation about disease progression. The lack of accurate and sensitive monitoring
methods is especially critical in the case of OA because the development of new
drugs or therapeutic strategies is hindered. Existing therapies for OA are limited to
pain alleviation and have no effect in slowing or halting disease progression.
Therefore, there is great interest in the discovery and validation of novel OA disease
markers, both to enable early diagnosis and monitoring of joint destruction and to
facilitate the development of OA-modifying therapies.

The Challenge of Finding Biomarkers for OA

Biological markers are needed to understand and characterize disease types, status,
progression, and response to therapy; they must possess proven validity, reproducibil-
ity, and predictive value. By the time that OA patients manifest symptoms of the
disease, cartilage degradation and other joint alterations have progressed. Therefore,
markers specific for pathological joint turnover that can be screened for in advance of
symptom development would be most useful. This is a difficult mission because
cartilage degradation is not consistent during OA disease evolution, being characterized
by intermittent periods of progressive cartilage destruction and remission. Moreover,
highly sensitive methods are required to identify biological markers because the release
of specific proteins or the appearance of neoepitopes during periods of cartilage
degradation is slow, and because of their dilution in biological fluids.

Strong candidate biomarkers for OA should be relevant to processes occurring in
the joint and to clinical endpoints, including structural damage, pain, dysfunction, or
joint replacement. These biomarkers would permit screening for early diagnosis,
thus enabling the selection of procedures designed to slow disease progression
(Ruiz-Romero et al. 2015) before there are clinical symptoms or imaging evidence
of the development of the disease (Fig. 1). This early diagnosis would facilitate the
discovery of new drugs and efficacy monitoring, thus providing information
concerning their success in pharmacological trials. Although both images (x-rays
or MRI) and biochemical molecules can be considered to be markers of OA, this
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Fig. 1 The need for molecular biomarkers to improve the diagnosis of OA. Molecular bio-
markers need to facilitate disease diagnosis at early stages of the process, in which there are no
clinical symptoms or imaging features (Adapted from Ruiz-Romero et al. 2015)

chapter will focus on protein biomarkers and the utility that proteomic technologies
have for generating novel biomarker candidates that may prove useful for early
diagnosis, prognosis, and drug efficacy studies.

“Classical” Protein Biomarkers of OA

Optimal OA biomarker candidates are molecules or molecular fragments present in
the cartilage, bone, or synovium of the joint. To date, several proteins directly or
indirectly involved in cartilage degradation, or proteins synthesized in an attempt to
repair cartilage, have been tested in clinical trials for their use as putative biomarkers
of OA (Table 1). Many of these proteins shown in Table 1 are associated with the
metabolism of type II collagen in cartilage or type I collagen in subchondral bone, or
the metabolism of aggrecan in cartilage.

Because type II collagen (COL2) is relatively specific to and highly abundant in
the articular cartilage extracellular matrix, several studies have examined this protein
and its fragments (Olsen et al. 2007). One widely used biomarker for COL2
degradation is a fragment from the C-telopeptide region (CTX-II), which can be
measured in serum or urine; urinary levels of this fragment are strongly associated
with radiographic subtypes of OA (Valdes et al. 2014; van Spil et al. 2013).
A sequence of the triple helix of COL2 and its nitrosylated form (Coll2-1 and
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Table 1 Candidate biological markers for bone, cartilage, and synovial turnover that have been
examined for use in osteoarthritis (OA) monitoring

Tissue Protein

Bone Type I collagen

Noncollagenous
proteins

Cartilage | Type II collagen

Aggrecan

Nonaggrecan and
noncollagenous
proteins

Synovium | Type IlI collagen

Noncollagenous
proteins

Investigated markers
Synthesis

N- and C-propeptides
(PICP, PINP)

Osteocalcin
Bone alkaline phosphatase

N- and C-propeptides
(PIICP, PIIANP and
PIIBNP)

Chondroitin sulfate
(epitopes 846, 3B3, 7D4)

Glycoprotein 39 (YKL-40)
Cartilage-derived retinoic
acid sensitive protein
(CD-RAP)

Type III N-propeptide
(PIIINP)

Hyaluronan
YKL-40
COMP
MMP-1, 2, 3,9

Degradation

Pyridinoline (PYD)
Deoxypyridinoline (DPD)
C- and N-telopeptides
(CTX-I, NTX-I, ICTP)
Helical peptide

Bone sialoprotein (BSP)
Tartrate resistant acid
phosphatase (TRAP, 5b
isoenzyme)

Cathepsin K

PYD

Type 1I collagen
C-telopeptide (CTX-II)
Type II collagen collagenase
neoepitopes (C2C, C12C,
TIINE)

Type II collagen helical
fragments (Helix-II and Coll
2-1)

Core protein MMPs and
aggrecanase neoepitopes
Keratan sulfate (epitopes
5D4, ANP9)

COMP

PYD

CTX-I, NTX-I
Glucosyl-galactosyl-
pyridinoline (Gle-Gal-PYD)

Coll2-1NO2) has been recognized by two recently developed different assays and
suggested for use as markers for response to viscosupplementation (McAlindon
et al. 2014). COL2 degradation is also indicated by other molecules, including
Helix-II, C2C, and urinary TIINE (type II collagen neoepitope). Finally, measuring
COL2 synthesis has proven indicative of OA. Determination of COL2 propeptides,
such as PITANP showed increased levels in incipient knee OA compared to healthy
controls, while patients in later stages of OA had lowered values (Rousseau
et al. 2004). This finding suggests that there is a cartilage repair mechanism in the
early development of OA that is not detectable in advanced stages.
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Other noncollagenous proteins have been examined as possible markers for
cartilage turnover which are as follows: cartilage oligomeric matrix protein
(COMP) (Hoch et al. 2011); cartilage glycoprotein 39 (YKL-40) (Huang and Wu
2009); proteoglycans, such as keratan sulfate (KS) and chondroitin sulfate (CS); and
enzymes involved in the breakdown and turnover of collagens, such as matrix
metalloproteinases (MMPs), whose activity and inhibition is controlled by a variety
of tissue inhibitors (TIMPs), proinflammatory cytokines, and growth factors
(Raynauld et al. 2011).

Traditional OA biomarker studies have been impacted by problems created by the
use of small sample sizes and case—control designs using cases recruited from
secondary care facilities. In recent years, several studies have addressed these limita-
tions by using larger cohorts. These studies have included the analysis of urinary
CTX-II, serum COMP, serum MMP-degraded type II collagen (sC2M), and serum
hyaluronic acid (sHA), among others (Aslam et al. 2014; Bos et al. 2013; Valdes
et al. 2014; van Spil et al. 2013). These studies reported various associations between
the altered presence of these molecules in urine or serum of patients and OA and
suggested their possible value as predictors or to measure disease activity.

In spite of the promising results obtained with these proteins, no single biomarker
has yet been introduced clinically. Because biochemical markers of joint tissue
turnover would have important roles in clinical rheumatology, a classification of
biomarker utility was proposed some years ago by the Osteoarthritis Biomarkers
Network. This classification, designated as BIPED, focused on the description of the
potential uses of a marker to qualify it for a specific clinical use, including burden of
disease, investigative, prognostic, and efficacy of intervention and diagnosis (Bauer
et al. 2006) (Table 2).

Because most studies performed for biomarker qualification in OA revealed a
large overlap in single marker levels between OA patients and controls, they are
insufficiently sensitive to be useful as diagnostic tools when used independently
(Henrotin et al. 2007). These authors pointed out the utility of analyzing entire panels

Table 2 The BIPED classification scheme for the description of the clinical use of osteoarthritis
(OA) biomarker candidates

BIPED | Definition Description/goal Example | Ref.
B Burden of To assess the severity or extent of OA | sSCOMP | (Fernandes
disease among affected individuals et al. 2007)
1 Investigative | Insufficient information to include in
other category
P Prognostic To provide information about the uCTXIl | (Chaganti
likely clinical course of disease sCOMP | etal. 2008;
Reijman
et al. 2004)
E Efficacy of To discriminate between patients with | uCTXII (Mazieres
intervention and without treatment, or before and et al. 2007)

after treatment within patients

D Diagnostic To identify patients suffering from uCTXII (Garnero
OA et al. 2000)
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of available biomarkers as putative diagnostic tests. Accordingly, other investigators
analyzing the association between individual biochemical markers and radiographic
features established that this association was improved when selected biochemical
markers were combined into a single factor (Davis et al. 2007). Overall, these
findings suggest, as found with diagnostic biomarkers, that combinations of bio-
markers may be more sensitive than individual measurements for reflecting struc-
tural damage in OA patients. Large-scale analyses, allowing for the simultaneous
analysis of multiple molecules, are valuable tools for discovery and validation of
biomarkers that would facilitate more OA biomarker candidates to achieve the
qualification phase (Blanco 2014).

Value of Proteomics in OA Biomarker Research

As previously mentioned, the lack of a complete understanding of the complex
etiology and pathogenesis of OA has hindered the identification of molecules that
might serve as disease process markers, thus contributing to the difficulties of early
diagnosis and evaluation of drug efficacy. In the search for novel biomarkers of OA,
large-scale “omics” analyses have become vital research tools for biomarker discov-
ery, and several approaches using this technology have been implemented (Ruiz-
Romero and Blanco 2010). In contrast to nucleic acid-based expression studies, the
recently emerged proteomic approaches have the advantage of studying actual
functional molecules. Because possible disconnections between genes and protein
expression levels are eliminated by proteomics approaches, this technology is a
powerful method for the discovery of potential novel biomarkers.

Proteomic research utilizes the isolation of proteins from biological samples and
their separation, identification, and quantification, usually by mass spectrometry
(MS) (Fig. 2). This profound characterization of protein mixtures facilitates the

Quantify/Analyze
Osteoarthritis =
patients g .
Digest MS
Serum
Urine 2-DE Identify
Synovial Fluid LC
Digest :l Laol -MS Quantify/Analyze

Protein Isolation | Protein Separation | Protein Identification

Fig. 2 Workflow of proteomic approaches for biomarker discovery in osteoarthritis. Prote-
omic analyses involve three independent steps: obtaining a protein extract, separation of its proteins
(carried out using either gel electrophoresis- or liquid chromatography-based techniques) and
identification/quantification of the proteins, generally by mass spectrometry (Ruiz-Romero and
Blanco 2010). 2-DE two-dimensional gel electrophoresis, LC liquid chromatography, MS mass
spectrometry
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understanding of complex biological systems and the determination of relationships
among proteins, including function and protein-protein interactions. The nontargeted
global approaches used in proteomics make it possible to monitor changes in
abundance and structural modifications of proteins, as well as to establish putative
associations of proteins with disease and treatments. During the last decade, several
“shotgun” proteomics studies have been performed to increase knowledge of the
pathogenesis of OA and to facilitate the search for novel protein biomarkers. Most
studies on the pathogenesis of OA have used joint tissues and cells and their secreted
fractions (Ruiz-Romero and Blanco 2009). On the other hand, analyses with the goal
of discovering novel biomarkers have primarily made use of more accessible
biological fluids and samples derived from them. A summary of the studies
performed to date to search for OA biomarkers in such biological fluids as serum
and synovial fluid is shown in Tables 3 and 4.

There are two general approaches to finding proteomic biomarkers: target-
specific and global/nondirected. The target-specific approach uses antibodies to
screen for specific proteins through enzyme-linked immunosorbent assays
(ELISAs), antibody arrays, or western blot analyses. Although these techniques
generally can only survey a few proteins simultaneously, and therefore are not
ideal for discovering biomarkers, recent advances in the field of MS, which
include selected/multiple reaction monitoring assays and protein arrays, are
more suitable for detecting biomarkers. Immunoaffinity LC-MS/MS for detection
of serum amyloid A-derived peptides in rheumatic SFs (Yavin et al. 2000), col-
lagen type II neoepitope peptides in urine (Nemirovskiy et al. 2007), and endog-
enous aggrecan fragments in both SF and urine (Dufield et al. 2010) have been
developed as targeted approaches to finding proteomic biomarkers. Additionally, a
targeted nucleic acid programmable 80-protein array (NAPPA) was recently
established to more completely inventory the autoantibody profile OA (Henjes
et al. 2014).

In contrast, relatively unbiased, high-throughput screens using global/
nondirected approaches may be better suited than target-specific approaches for
biomarker discovery. Nondirected approaches encompass those that profile
unidentified proteins and those that profile identified proteins (Ruiz-Romero and
Blanco 2010). Protein profiling of unidentified proteins is usually accomplished
through matrix-assisted laser desorption/ionization (MALDI) time-of-flight (TOF)
mass spectrometry (MS), or surface-enhanced laser desorption/ionization (SELDI)-
TOF-MS. These techniques have the advantage of speed, which makes them attrac-
tive tools for clinical screening. The detection of serum biomarkers associated with
RA was the first peptide profiling strategy (de Seny et al. 2005, 2008). In a
subsequent study specifically focused on OA, four differential MS peaks occurring
among OA, RA, and control serum samples were identified by these authors
(de Seny et al. 2011). Because of their high throughput, similar approaches using
ion exchange chromatography magnetic beads to reduce sample complexity prior to
MALDI-TOF analysis have been frequently used. This approach recently enabled
the identification of potentially prognostic markers for knee OA (Takinami
et al. 2013) (Table 3).
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Table 4 Proteomic studies performed on human synovial fluid to search for osteoarthritis
(OA) biomarkers (Adapted from Ruiz-Romero et al. 2015)

Number

Mass of proteins | Relevant
SF Method spectrometer | identified proteins Ref.
Early 1D-PAGE Ion trap 135 18 (Gobezie
and late et al. 2007)
OA
vs. HC
Early 2D-DIGE MALDI- 66 5 verified by (Ritter
and late TOF/LC- MRM et al. 2013)
OA Triple
vs. HC quadrupole
RA 1D-PAGE LC-MALDI- 136 MMP1, (Mateos
vs. OA TOF/TOF BIGH3, FINC, |etal.2012)

GELS

RA ProteinChip SELDI-TOF 3 m/z peaks. (Han
vs. OA array S100A12 et al. 2012)
RA LC-MS/MS FT-TOF/ 677 135 (Balakrishnan
vs. OA TOF differential et al. 2014)

Triple proteins.

quadrupole CAPG
RA LC-MS/MS SELDI 1 MRP-8 (Uchida
vs. OA et al. 2002)
OA UF + LC-MS/ LTQ- 40 COL2, PRG4, | (Kamphorst
vs. HC MS Orbitrap SAA, TUB, et al. 2007)

VIME, MGP

OA MB + MALDI- | MALDI- - Two peptide (Pan
vs. HC TOF TOF/TOF peaks et al. 2012)
PsA LC-MS/ LTQ- 137 12 proteins (Cretu
vs. early | MS + SRM Orbitrap quantified by et al. 2014)
OA TSQ SRM

Vantage

MB magnetic beads, PAGE polyacrylamide gel electrophoresis, SRM selected reaction monitoring,
UF ultrafiltration. Other abbreviations, as in Table 3

However, because peptide profiling approaches do not usually allow differential
MS peak identification, validation of findings by other means is difficult and
information on the biological significance of the findings is lacking. Therefore,
many proteomic strategies based on protein fragmentation, identification by tandem
MS, and subsequent data analysis have been developed for generating profiles of
identified proteins. In OA research, quantitative proteomic profiling of sera from
patients with different grades of OA and from healthy controls first removed the
most abundant proteins (albumin, immunoglobulins and others) from the sample,
thus enriching the levels of the less abundant proteins in the serum fraction. To
identify a panel of proteins whose abundance was associated with OA, differential
labeling was then performed, followed by liquid chromatography coupled to tandem
mass spectrometry (LC-MS/MS) analysis (Fernandez-Puente et al. 2011).
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Studying the synovial fluid (SF) proteome has proven highly advantageous for
OA research. The progression of OA is a long process and inconsistent in devel-
opment with the slow release of specific proteins or the appearance of neoepitopes.
Therefore, the use of SF proteomic technologies is advantageous in the quest for
biochemical markers of OA because of dilution in serum and other biological fluids
(Table 4). SF is derived directly from the disease site, thus this compartment has
great potential to contain OA biomarkers, which directly reflect joint cavity
alterations in the composition of SF due to injury or disease and should better
correlate with disease severity and progression (Hui et al. 2012). In SF samples
from OA and RA patients, and in those from healthy subjects, LC-MS/MS tools
have been used to identify several proteins (Gobezie et al. 2007; Kamphorst
et al. 2007). A proteomic comparison of SF from OA and RA patients has
identified two panels of SF proteins characteristic of each disease (Mateos
et al. 2012). A more recently study identified at least 575 proteins in SF, 135 of
which were differentially abundant in OA compared to RA (Balakrishnan
et al. 2014). Putative SF biomarkers for psoriatic arthritis were documented
using OA samples as the control group (Cretu et al. 2014). Finally, other tech-
niques not based on LC-MS/MS have been performed on SF. Peaks associated with
OA were identified in peptide profiling studies using SELDI (Han et al. 2012) and
weak cation exchange magnetic beads with subsequent MALDI-MS profiling (Pan
et al. 2012). Furthermore, two-dimensional electrophoresis (2-DE) strategies
coupled to MS identification have also been employed to screen for differentially
expressed proteins in SF. Using this approach, samples from early OA, late OA,
and healthy controls were evaluated in a study using differential in-gel electropho-
resis (DIGE) (Ritter et al. 2013).

Potential Applications of OA Biomarkers to Disease Prognosis
and Other Diseases or Conditions

In view of the results obtained in clinical trials to date for targeted screening
of proteins possibly associated with OA, C-terminal telopeptide of collagen
type II (CTX-II) and serum cartilage oligomeric protein (COMP) appear to be
the most promising biomarker candidates. Unfortunately, none of the candi-
dates thus far analyzed has proven to be discriminative enough to:
(1) differentiate between individual OA patients and controls (diagnostic) or
between patients with different disease severities (burden of disease);
(i) predict prognosis in individuals with or without the disease (prognostic);
or (iii) perform sufficiently consistently to function as a surrogate outcome in
clinical trials (efficacy of intervention). In spite of the intense efforts over the
last decade, to date, there is no sufficiently validated or qualified biochemical
marker acceptable for systematic use in diagnostic or monitoring tests for OA
(Lotz et al. 2013).

This conclusion emphasizes the need to analyze entire panels of available bio-
markers as putative diagnostic tests. The limited multiplex capacity of classical
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ELISA-based strategies has increased costs and hampered the simultaneous evalu-
ation of biomarker panels in large cohorts. Therefore, the capacity of proteomics
technologies to perform multiplexed analysis of proteins is very advantageous in the
study of the complex disease of OA, for which no single molecule is currently the
gold standard. In an effort to facilitate the movement of candidates from the
discovery phase into clinical application, after 2 years of basic research, proteomics
technologies have matured sufficiently that their use in clinical practice appears
practical and useful (Aebersold et al. 2013). Targeted proteomics strategies, either
based on MS, such as selected/multiple reaction monitoring assays (Ritter
et al. 2014), or antibodies, such as multiplex bead array assays (Henjes
et al. 2014), are increasingly applicable for biomarker verification in OA and other
pathological conditions. However, standardization and quality control of these pro-
cedures must be established to ensure that proteomics assays are validated for use as
in vitro diagnostic tests to assure the analytical validity of the test procedure and
outcome.

Summary Points

» This chapter focuses on protein biomarkers for osteoarthritis (OA), the most
prevalent rheumatic disease.

» To date, no single protein has been qualified to be an OA biomarker in clinical
applications.

* Results obtained in clinical trials show that the power of combining marker
candidates increases their association with disease.

* Proteomics is a powerful technology for large-scale monitoring of changes in
protein abundance or structure and for establishing their potential association with
disease or treatments.

* In the last decade, using shotgun proteomics technologies, a number of proteins
have emerged as possible biomarkers for OA.

* Further efforts are required to qualify biomarker candidates for use in the man-
agement of OA.
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