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Abstract
At the 2010 OARSI congress in Brussels I was asked to present on “Biochemical Markers” in the
“Year in Review” session. This provided an opportunity to summarize ongoing work and
consensus building in the osteoarthritis research community related to osteoarthritis biomarkers,
and second, and an opportunity to briefly overview a subset of studies from the previous 12
months related to soluble biomarkers that provided novel insights in the field. This review
therefore briefly summarizes the progress in 2010 of the OARSI OA Biomarkers Global Initiative
and the OARSI FDA Biomarkers Working Group, and provides a summary of selected
osteoarthritis biomarker studies reported over the previous 12 months based on a review of articles
from seven musculoskeletal journals and a PubMed search using the terms biomarkers and
osteoarthritis.
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Introduction
The field of osteoarthritis (OA) biochemical markers is steadily advancing, leading to the
progressive unfolding of the potential role to be played by osteoarthritis biomarkers in basic
research, clinical studies and clinical practice. The long-term goal is to advance, through
clinical qualification, a subset of useful biomarkers from the realm of the plausible to the
realm of practical application. Increasingly the OA disease process is being considered a
continuum, beginning with an inciting event, such as genetic variation or injury, progressing
through molecular, preradiographic, and radiographic stages, culminating in end-stage
disease [1]. With this reclassification of the disease process as a continuum of a series of
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stages, it is readily apparent that biomarkers could play a pivotal role in disease detection
and monitoring, particularly during the critical early molecular stages when other tools could
not readily identify it. These developments are occurring in parallel with efforts to harness
biomarkers for applications in a wide variety of diseases and to standardize the regulatory
process for biomarker qualification to accelerate development of therapies [2]. To put into
perspective the progress on OA-related biochemical biomarkers in the past year, I
summarize here the recent history of the networking efforts in the OA biomarkers research
community, and highlight some of the biomarker studies published in the last 12 months.

OARSI OA Biomarkers Global Initiative
The OARSI OA Biomarkers Global Initiative grew out of an NIH/NIAMS sponsored
biomarkers network of investigators and public biomarkers research meetings funded from
2002 through 2006. In 2008 the NIH/NIAMS funded support for three OA-related
biomarkers workshops to continue the investigative momentum in the OA biomarker field.
A first workshop was held in April, 2009 (Bethesda, MD) focusing on OA-related
biochemical markers with a meeting summary published this year [3]. A second workshop,
focusing on OA-related genetic markers, was held in November, 2010 (Atlanta, GA). The
slides from these meetings are available through the OARSI website (http://www.oarsi.org/)
and a meeting summary is in preparation. A third workshop will be held in 2012 focusing on
OA-related imaging biomarkers. These workshops are serving the purpose for which they
were designed, namely, to bring together a critical mass of OA biomarkers researchers to
advance the knowledge, qualification, and clinical application of biomarkers in OA.

OARSI FDA Biomarkers Working Group
A second major accomplishment related to OA biomarkers, to come to fruition in 2010, has
been production of a comprehensive white paper on the “Application of Biomarkers in the
Development of Drugs Intended for the Treatment of Osteoarthritis” by the OARSI FDA
Biomarkers Working Group [4]. This group was one of seven that dealt with different
aspects of OA, all part of a major initiative on the part of OARSI to assist in overcoming
barriers to development of successful disease modifying agents for OA. The forthcoming
white papers (to be published in OAC in 2011) represent responses to queries posed by the
FDA in an effort to consider revision of guidelines for drug development. Action items
posed in the white paper represent a summary of critical needs in the OA biomarkers field as
envisioned by the 20 experts of the biomarkers working group. The white paper on
biochemical markers included recommendations on biomarker qualification (defined as the
evidentiary process of linking a biomarker with biological processes and clinical endpoints),
and elucidated unmet needs in the field including articulating a research agenda. A few key
recommendations include the need to standardize reporting of biomarker results, to find
minimal meaningful differences in biomarkers in the presence and absence of a treatment, to
standardize methods of sample collection for biomarker studies (the white paper provides an
appendix with suggested methods of sample collection), to collect information on non-signal
joints in studies measuring systemic biomarkers, to identify principal tissue sources of a
biomarker, and finally, to begin epitope mapping of biomarkers using techniques such as
mass spectroscopy (using the antibodies or reagents specific to the particular assay). It is
hoped that this white paper will inform and facilitate the process of advancing OA
biomarkers for drug development and clinical trial applications.

Summary of Selected Biomarkers Publications (2009-2010)
To identify OA biomarker studies for this year in review presentation, I reviewed the OA
biomarker studies of the past 12 months in seven musculoskeletal journals (Osteoarthritis &
Cartilage, Arthritis & Rheumatism, Arthritis Care & Research, Arthritis Research &
Therapy, Annals of Rheumatic Disease, J Rheumatology, and J Orthopaedic Research),
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performed a PubMed search using the query terms of biomarkers and osteoarthritis with the
search limited to the prior 12 months, and reviewed the abstracts of the 2010 World
Congress on Osteoarthritis OARSI (Brussels). A summary of selected studies is provided in
Table 1. In brief, this Table summarizes: a recent major review of human OA biomarker
studies fulfilling the need for a means of comparing and contrasting various trials and
biomarkers using some specific reporting criteria [5]; 2 trials (one clinical in humans and
one preclinical animal study) addressing the need for greater inclusion of biomarkers in OA
clinical trials in order to potentiate the effective clinical use of biomarkers in the future; 5
studies related to advances with aggrecanase-generated neoepitopes providing excellent
examples of efforts to develop biomarker tools to facilitate dose setting in early clinical
studies and to increase confidence in drug mechanism; 2 studies related to prediction of
incident OA addressing the need to identify biomarkers that recognize the early molecular
stages of OA that may be most susceptible to disease modification [6,7]; 4 studies related to
various OA disease subsets addressing the need to study a wide-variety of patient types with
varied clinical characteristics and joint-site involvement; and 3 studies related to identifying
the joint tissue source of a biomarker addressing the need to understand the principle tissue
source(s) of a given biomarker as accurately as possible so that the origin(s) of the epitope(s)
is/are clearly understood.

I would like to highlight a few particulars from several of these studies. The paper on OA
biomarkers by van Spil and colleagues [5] represents a seminal review on the current
qualification status of OA biomarkers for structure and pain outcomes. Van Spil summarized
biomarker results from knee and hip OA studies (84 in all), and classified them according to
the BIPED classification scheme [8] (denoting Burden of disease, Investigative, Prognostic,
Efficacy of intervention and Diagnostic biomarkers). Of note, the OARSI FDA initiative
Biomarkers Working Group recently expanded the acronym to BIPEDS with the addition of
a Safety biomarker category, to be able to categorize this additional essential use and
capability of biomarkers, anticipated to be of increasing importance as the armamentarium
of biomarkers expands and becomes more sophisticated. The van Spil review was elegantly
organized, and included two monumental supplementary tables that provide a succinct and
comprehensive summary of the vast majority of biomarker studies performed to date. The
strength (or lack thereof) of evidence for a biomarker to be classified into a BIPED category
was scored on a 1-2+ scale. In addition, the precise details were provided regarding the
particular assay used (e.g. manufacturer, antibodies, additional references, etc), thus
providing a strong paradigm for a method of reporting biomarker results and an example of
the level of detail that is not only useful, but increasingly necessary, as we endeavor to
further refine our understanding OA-related biomarkers and seek to apply them clinically.

Two papers provided data showing baseline biomarkers predicting incident knee OA ~7-10
years later [6,7]. I look upon these studies as providing particularly exciting evidence to
support the capability of select biomarkers to detect the molecular stage of the disease and to
pave the way for gaining insights into the early molecular stages of OA. The first, by Ling,
is a case-control study nested within the Baltimore Longitudinal Study of Aging that
included 22 incident cases of radiographic OA (both hand and knee together) and 66 age,
sex and body mass index matched controls without radiographic hand or knee OA [6]. The
samples that were tested were obtained at the time of radiographic classification as either
case or control and they had a second sample that was obtained up to 10 years earlier at a
time when the participants were free of radiographic hand and knee OA, representing pre-
radiographic or molecular earlier stages of the disease. Antibody-based micro-arrays,
requiring only 20 μL of serum, were used to screen 169 proteins. Overall, there were 10
differentially expressed proteins predictive of incident OA and 16 proteins that were
significantly different between cases and controls at the time of classification at follow-up
diagnostic of OA. There were a total of 6 ‘disease initiating event’ biomarkers that were
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elevated and differentially expressed prior to radiographic OA but that were not
differentially expressed at the time of prevalent OA. There were a total of 4 ‘disease
sustaining event’ biomarkers that were elevated both before and at the time of radiographic
OA. There were several ‘take-home messages’ from this study: that altered extracellular
matrix catabolism plays a central role in OA initiation; that increased expression of
inflammatory cytokines and chemokines are associated with prevalent OA, lending
additional support to the notion of OA as an inflammatory disease; and that prevalent OA is
associated with ongoing attempts at repair based on the observation of increased expression
of TIMPs and growth factors.

The second study by Golightly [7], presented as a poster at OARSI (Brussels), evaluated the
predictive ability of biomarkers for incident knee OA. There were no statistically significant
biomarker associations with incident knee OA based on using Kellgren-Lawrence (KL)
grading, however, serum Cartilage Oligomeric Matrix Protein (COMP) was highly
predictive of incident osteophytes, and both COMP and serum hyaluronan (HA) were
predictive of incident joint space narrowing. It was also notable that osteophyte and joint
space narrowing were detected by different biomarkers, and as presented in the Year in
Review session by Wim van den Berg (his own work and that of Chris Little's), these two
processes appear involve different pathways, and different pathophysiologies. This suggests
that these two aspects of radiographic OA are inappropriately conflated by KL grade, and in
biomarker studies, analyses of these features should ideally, be looked at individually.

Three studies addressed the effects of immobilization and activity on biomarkers [9-11] and
are remarkable for their novelty and rigor. The first, a crossover trial of 5 individuals,
studied the effects of 14 days of enforced immobilization in a 6 degree “head-down-tilt-bed-
rest’ position, with and without 2 brief treatments (5 minutes) of whole body vibration [9].
The two-week periods of immobilization were separated by a recuperation period of 5 1/2
months. Serum COMP decreased continuously throughout the bedrest period (with or
without vibration), but returned acutely, within 24 hours of resuming activity, back to the its
constitutive levels in the adaptation period. The average cartilage thickness increased by
21.9% with vibration, and decreased 8% in the control (non-vibration) phase relative to the
adaptation period. The biomarker results would suggest that both structural outcomes may
be deleterious, the increase in cartilage volume possibly representing cartilage swelling and
the decrease, cartilage atrophy or degradation. The papers by Helmark [10,11] evaluated the
production of biomarkers at a local level by microdialysis after an acute bout of activity
versus immobilization, by placing two catheters into the knee joints, one intra-articular and
the second perisynovial. Microdialysis was performed by perfusing the catheters slowly with
liquid; epitopes of interest diffused into the tubing from the surrounding region and could be
measured in the dialysate that flowed through the catheter. COMP increased immediately
after exercise (leg extensions) and dropped during the subsequent period of immobilization
(3 hours after leg extensions). Intraarticular levels of COMP were twice those of the
perisynovial tissue and comparable to serum levels. These studies showed consistent effects
of activity and immobilization on COMP and provided some of the first evidence to
elucidate the potential specific joint site contributions to the systemic concentrations of
biomarkers.

Finally there has been substantial progress in the last year related to the aggrecanase-
generated neopepitope biomarker assays, summarized in an editorial by Fosang [12]. This
has culminated, at long last, in an ELISA assay sensitive enough to detect an aggrecanase-
generated neoepitope in both human serum and urine [13]. The BC3 antibody, that detects
the aggrecanase-generated ARGS neoepitope in the aggrecan interglobular domain, was
reverse engineered to create BC3 C-2; BC3 C-2 is much more sensitive for the ARGS
neoepitope, with a 10,000-fold increased affinity over BC3, and unlike the parent antibody,
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does not require aggrecan deglycosylation, thereby lessening the sample manipulation that
could potentially cause loss of the epitope. This is a very exciting development in that it has
enabled detection of the aggrecanase-generated neoepitope for the first time in human serum
and urine, and could therefore greatly facilitate patient selection, and dose setting, and
provide an early indication of drug activity in clinical trials that target aggrecan degradation.

In the last year, Aebersold [14] depicted the biomarker development process as consisting of
steps such as sample handling, complexity reduction, chromatography, mass spectrometry,
and bioinformatics. Two pathways of biomarker qualification were depicted as two trails up
a mountain, one a ‘guided and targeted trail’ representing the process of validating and
qualifying candidate biomarkers, and the other a ‘discovery trail’ representing an unbiased
approach to identification of biomarkers. Although the latter was depicted as the trail at the
‘higher altitude’, both trails were long and arduous with plenty of mountain to tackle, which
I take as plenty of room for discovery and improvement of biomarkers for disease detection,
prognosis and monitoring. I also like this analogy as it engenders thoughts of a steady march
and a prospect of exciting vistas ahead. In summary, as the qualification of biomarkers
yields more specific and/or more sensitive biomarkers, it is expected that clinical
applicability will become increasingly feasible, and, as stated at the outset, transition from
the realm of the plausible to the realm of the practical.

Acknowledgments
For supporting her research Virginia Kraus acknowledges the NIA 5P30-AG028716-05 and NIAMS 5P01-
AR050245.

Role of the funding source

The funding bodies had no role in the design of the study, data collection, analysis and interpretation of the data, the
writing of the manuscript or in the decision to submit the manuscript.

References
1. Kraus V. Waiting for action on the osteoarthritis front. Current Drug Targets. 2010; 11:1–2.

[PubMed: 20017724]
2. Goodsaid FM, Mendrick DL. Translational medicine and the value of biomarker qualification. Sci

Transl Med. 2010; 2:47ps44.
3. Kraus VB, Nevitt M, Sandell LJ. Summary of the OA biomarkers workshop 2009--biochemical

biomarkers: biology, validation, and clinical studies. Osteoarthritis Cartilage. 2010; 18:742–745.
[PubMed: 20206708]

4. Kraus V, Burnett B, Coindreau J, Cottrell S, Eyre D, Gendreau M, et al. Application of biomarkers
in the development of drugs intended for the treatment of osteoarthritis. Osteo Cartilage. 2011 in
press.

5. van Spil WE, Degroot J, Lems WF, Oostveen JC, Lafeber FP. Serum and urinary biochemical
markers for knee and hip-osteoarthritis: a systematic review applying the consensus BIPED criteria.
Osteoarthritis Cartilage. 2010; 18:605–612. [PubMed: 20175979]

6. Ling SM, Patel DD, Garnero P, Zhan M, Vaduganathan M, Muller D, et al. Serum protein
signatures detect early radiographic osteoarthritis. Osteoarthritis Cartilage. 2009; 17:43–48.
[PubMed: 18571442]

7. Golightly Y, Marshall S, Kraus V, Renner J, Villaveces A, Casteel C, et al. Serum cartilage
oligomeric matrix protein, hyaluronan, high-sensitivity C-reactive protein, and keratan sulfate as
predictors of incident radiographic knee osteoarthritis: Differences by chronic knee symptoms.
Osteoarthritis Cartilage. 2010; 18:S62–S63.

8. Bauer DC, Hunter DJ, Abramson SB, Attur M, Corr M, Felson D, et al. Classification of
osteoarthritis biomarkers: a proposed approach. Osteoarthritis Cartilage. 2006; 14:723–727.
[PubMed: 16733093]

Kraus Page 5

Osteoarthritis Cartilage. Author manuscript; available in PMC 2012 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



9. Liphardt AM, Mundermann A, Koo S, Backer N, Andriacchi TP, Zange J, et al. Vibration training
intervention to maintain cartilage thickness and serum concentrations of cartilage oligometric
matrix protein (COMP) during immobilization. Osteoarthritis Cartilage. 2009; 17:1598–1603.
[PubMed: 19747585]

10. Helmark IC, Mikkelsen UR, Borglum J, Rothe A, Petersen MC, Andersen O, et al. Exercise
increases interleukin-10 levels both intraarticularly and peri-synovially in patients with knee
osteoarthritis: a randomized controlled trial. Arthritis Res Ther. 2010; 12:R126. [PubMed:
20594330]

11. Helmark IC, Mikkelsen UR, Krogsgaard MR, Belhage B, Petersen MC, Langberg H, et al. Early
osteoarthritis and microdialysis: a novel in vivo approach for measurements of biochemical
markers in the perisynovium and intraarticularly. Knee Surg Sports Traumatol Arthrosc. 2010

12. Fosang AJ, Rogerson FM. Identifying the human aggrecanase. Osteoarthritis Cartilage. 2010;
18:1109–1116. [PubMed: 20633677]

13. Swearingen CA, Carpenter JW, Siegel R, Brittain IJ, Dotzlaf J, Durham TB, et al. Development of
a novel clinical biomarker assay to detect and quantify aggrecanase-generated aggrecan fragments
in human synovial fluid, serum and urine. Osteoarthritis Cartilage. 2010; 18:1150–1158. [PubMed:
20633682]

14. Aebersold R. A stress test for mass spectrometry-based proteomics. Nat Methods. 2009; 6:411–
412. [PubMed: 19448640]

15. Pelletier JP, Raynauld JP, Caron J, Mineau F, Abram F, Dorais M, et al. Decrease in serum level of
matrix metalloproteinases is predictive of the disease-modifying effect of osteoarthritis drugs
assessed by quantitative MRI in patients with knee osteoarthritis. Ann Rheum Dis. 2010

16. Settle S, Vickery L, Nemirovskiy O, Vidmar T, Bendele A, Messing D, et al. Cartilage degradation
biomarkers predict efficacy of a novel, highly selective matrix metalloproteinase 13 inhibitor in a
dog model of osteoarthritis: confirmation by multivariate analysis that modulation of type II
collagen and aggrecan degradation peptides parallels pathologic changes. Arthritis Rheum. 2010;
62:3006–3015. [PubMed: 20533541]

17. Madsen SH, Sumer EU, Bay-Jensen AC, Sondergaard BC, Qvist P, Karsdal MA. Aggrecanase-
and matrix metalloproteinase-mediated aggrecan degradation is associated with different
molecular characteristics of aggrecan and separated in time ex vivo. Biomarkers. 2010; 15:266–
276. [PubMed: 20039789]

18. Caterson B, Flannery CR, Hughes CE, Little CB. Mechanisms involved in cartilage proteoglycan
catabolism. Matrix Biol. 2000; 19:333–344. [PubMed: 10963994]

19. Fosang AJ, Last K, Gardiner P, Jackson DC, Brown L. Development of a cleavage-site-specific
monoclonal antibody for detecting metalloproteinase-derived aggrecan fragments: detection of
fragments in human synovial fluids. Biochem J. 1995; 310(Pt 1):337–343. [PubMed: 7544117]

20. de Jong H, Berlo SE, Hombrink P, Otten HG, van Eden W, Lafeber FP, et al. Cartilage
proteoglycan aggrecan epitopes induce proinflammatory autoreactive T-cell responses in
rheumatoid arthritis and osteoarthritis. Ann Rheum Dis. 2010; 69:255–262. [PubMed: 19213744]

21. Swearingen CA, Chambers MG, Lin C, Marimuthu J, Rito CJ, Carter QL, et al. A short-term
pharmacodynamic model for monitoring aggrecanase activity: injection of monosodium
iodoacetate (MIA) in rats and assessment of aggrecan neoepitope release in synovial fluid using
novel ELISAs. Osteoarthritis Cartilage. 2010; 18:1159–1166. [PubMed: 20633676]

22. Dufield DR, Nemirovskiy OV, Jennings MG, Tortorella MD, Malfait AM, Mathews WR. An
immunoaffinity liquid chromatography-tandem mass spectrometry assay for detection of
endogenous aggrecan fragments in biological fluids: Use as a biomarker for aggrecanase activity
and cartilage degradation. Anal Biochem. 2010; 406:113–123. [PubMed: 20603097]

23. Hughes CE, Caterson B, Fosang AJ, Roughley PJ, Mort JS. Monoclonal antibodies that
specifically recognize neoepitope sequences generated by “aggrecanase” and matrix
metalloproteinase cleavage of aggrecan: application to catabolism in situ and in vitro. Biochem J.
1995; 305:799–804. [PubMed: 7531436]

24. Tortorella MD, Pratta M, Liu RQ, Austin J, Ross OH, Abbaszade I, et al. Sites of aggrecan
cleavage by recombinant human aggrecanase-1 (ADAMTS-4). Journal of Biological Chemistry.
2000; 275:18566–18573. [PubMed: 10751421]

Kraus Page 6

Osteoarthritis Cartilage. Author manuscript; available in PMC 2012 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



25. Vilim V, Voburka Z, Vytasek R, Senolt L, Tchetverikov I, Kraus VB, et al. Monoclonal antibodies
to human cartilage oligomeric matrix protein: epitope mapping and characterization of sandwich
ELISA. Clin Chim Acta. 2003; 328:59–69. [PubMed: 12559599]

26. Lindhorst E, Vail TP, Guilak F, Wang H, Setton LA, Vilim V, et al. Longitudinal characterization
of synovial fluid biomarkers in the canine meniscectomy model of osteoarthritis. J Orthop Res.
2000; 18:269–280. [PubMed: 10815829]

27. Filkova M, Senolt L, Braun M, Hulejova H, Pavelkova A, Sleglova O, et al. Serum hyaluronic acid
as a potential marker with a predictive value for further radiographic progression of hand
osteoarthritis. Osteoarthritis Cartilage. 2009; 17:1615–1619. [PubMed: 19577671]

28. Goekoop RJ, Kloppenburg M, Kroon HM, Frolich M, Huizinga TW, Westendorp RG, et al. Low
innate production of interleukin-1beta and interleukin-6 is associated with the absence of
osteoarthritis in old age. Osteoarthritis Cartilage. 2010; 18:942–947. [PubMed: 20417290]

29. Rousseau JC, Chevrel G, Schott AM, Garnero P. Increased cartilage type II collagen degradation in
patients with osteogenesis imperfecta used as a human model of bone type I collagen alterations.
Bone. 2010; 46:897–900. [PubMed: 20005316]

30. Chayanupatkul M, Honsawek S. Soluble receptor for advanced glycation end products (sRAGE) in
plasma and synovial fluid is inversely associated with disease severity of knee osteoarthritis. Clin
Biochem. 2010; 43:1133–1137. [PubMed: 20627100]

Kraus Page 7

Osteoarthritis Cartilage. Author manuscript; available in PMC 2012 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kraus Page 8

Ta
bl

e 
1

Su
m

m
ar

y 
of

 se
le

ct
 b

io
m

ar
ke

r s
tu

di
es

 (2
00

9-
20

10
).

R
ef

er
en

ce
Fo

llo
w

-u
p

Po
pu

la
tio

n/
C

on
tr

ol
s (

N
)

B
IP

E
D

S
R

es
ul

ts
 D

es
cr

ip
tio

n 
an

d 
C

om
m

en
ts

A
ss

ay

R
E

V
IE

W
S

V
an

 S
pi

l [
5]

N
/A

R
ev

ie
w

 o
f 8

4 
st

ud
ie

s
A

LL
C

om
pr

eh
en

si
ve

 re
vi

ew
 o

f h
ip

 a
nd

 k
ne

e 
O

A
 st

ud
ie

s t
ha

t e
va

lu
at

ed
bi

om
ar

ke
rs

; t
hi

s s
em

in
al

 w
or

k 
di

st
in

gu
is

he
s a

ss
oc

ia
tio

ns
 w

ith
st

ru
ct

ur
al

 v
er

su
s s

ym
pt

om
 o

ut
co

m
es

.

Se
e 

th
e 

pr
im

ar
y 

ar
tic

le
 fo

r
de

ta
ils

T
R

IA
L

S

Pe
lle

tie
r 2

01
0 

[1
5]

2-
ye

ar
s

16
1 

kn
ee

 O
A

 p
at

ie
nt

s (
81

 li
co

fe
lo

ne
tre

at
ed

, 7
4 

na
pr

ox
en

 tr
ea

te
d)

P,
 E

C
lin

ic
al

 tr
ia

l o
f l

ic
of

el
on

e 
ve

rs
us

 n
ap

ro
xe

n;
 in

 m
ul

tiv
ar

ia
te

an
al

ys
es

 a
dj

us
te

d 
fo

r a
ge

, s
ex

, a
nd

 tr
ea

tm
en

t (
bu

t n
ot

 B
M

I)
ba

se
lin

e 
lo

w
er

 se
ru

m
 M

M
P-

1,
 h

ig
he

r M
M

P-
3 

an
d 

hi
gh

er
 C

O
M

P
pr

ed
ic

te
d 

ris
k 

of
 M

R
I c

ar
til

ag
e 

lo
ss

 in
 th

e 
m

ed
ia

l, 
m

ed
ia

l, 
an

d
la

te
ra

l c
om

pa
rtm

en
ts

 re
sp

ec
tiv

el
y;

 a
dj

us
te

d 
fo

r a
ge

, s
ex

, a
nd

tre
at

m
en

t (
bu

t n
ot

 B
M

I)
 c

ha
ng

e 
in

 se
ru

m
 C

R
P 

pr
ed

ic
te

d 
ch

an
ge

 in
m

ed
ia

l c
ar

til
ag

e 
vo

lu
m

e 
lo

ss
; a

dj
us

te
d 

fo
r b

as
el

in
e 

bi
om

ar
ke

r
le

ve
l, 

M
M

P-
3 

in
cr

ea
se

d 
si

gn
ifi

ca
nt

ly
 le

ss
 o

ve
r 2

-y
ea

rs
 in

 th
e

lic
of

el
on

e 
co

m
pa

re
d 

w
ith

 th
e 

na
pr

ox
en

 g
ro

up
; u

na
dj

us
te

d 
fo

r
B

M
I, 

ba
se

lin
e 

C
R

P 
pr

ed
ic

te
d 

sy
m

pt
om

at
ic

 re
sp

on
se

 to
 tr

ea
tm

en
t;

ba
se

lin
e 

se
ru

m
 C

TX
I c

or
re

la
te

d 
w

ith
 in

cr
ea

se
 in

 si
ze

 o
f b

on
e

m
ar

ro
w

 le
si

on
s o

n 
M

R
I.

Fa
st

in
g 

se
ru

m
: M

M
P-

1,
M

M
P-

3,
 IL

-6
, C

R
P

(F
lu

or
ok

in
e 

M
A

P,
 R

&
D

Sy
st

em
s, 

M
N

, U
SA

); 
C

O
M

P
(B

io
ve

nd
or

, N
C

, U
SA

);
C

TX
-I

 (s
er

um
 C

ro
ss

la
ps

,
ID

S,
 B

ol
do

n,
 U

K
), 

ur
in

ar
y

C
TX

-I
I (

C
ar

til
ap

s, 
ID

S,
B

ol
do

n,
 U

K
)

Se
ttl

e 
20

10
 [1

6]
Y

es
, 2

8 
da

ys
fo

llo
w

in
g 

m
ed

ia
l

m
en

is
ce

ct
om

y

60
 sk

el
et

al
ly

 m
at

ur
e 

fe
m

al
e 

be
ag

le
s

E
A

 h
ig

hl
y 

se
le

ct
iv

e 
M

M
P-

13
 in

hi
bi

to
r e

xh
ib

ite
d 

ch
on

dr
op

ro
te

ct
iv

e
ef

fe
ct

s i
n 

an
 in

 v
itr

o 
ca

rti
la

ge
 e

xp
la

nt
 m

od
el

 a
nd

 in
 a

n 
in

 v
iv

o
ca

ni
ne

 m
ed

ia
l m

en
is

ce
ct

om
y 

(M
M

) m
od

el
 w

hi
ch

 w
as

 re
fle

ct
ed

 in
th

e 
m

ed
ia

 a
nd

 b
io

lo
gi

ca
l s

am
pl

es
: u

rin
ar

y 
TI

IN
E 

(ty
pe

 II
 c

ol
la

ge
n)

an
d 

sy
no

vi
al

 fl
ui

d 
ag

gr
ec

an
 (A

R
G

S 
an

d 
A

G
EG

 e
pi

to
pe

s)
de

gr
ad

at
io

n 
ep

ito
pe

s;
 E

LI
SA

 a
nd

 L
C

-M
S/

M
S 

de
te

ct
ed

 T
II

N
E

w
er

e 
co

m
pa

ra
bl

e 
an

d 
2-

fo
ld

 in
cr

ea
se

d 
fo

llo
w

in
g 

M
M

; N
ei

th
er

A
R

G
S 

no
r A

G
EG

 w
er

e 
de

te
ct

ed
 in

 u
rin

e 
fo

llo
w

in
g 

M
M

;
bi

om
ar

ke
rs

 P
II

N
P 

an
d 

C
PI

I d
id

 n
ot

 c
ha

ng
e 

in
 u

nt
re

at
ed

 c
on

tro
l

(m
en

is
ce

ct
om

iz
ed

) a
ni

m
al

s;
 p

er
 th

e 
au

th
or

s:
 ‘f

ra
gm

en
ts

 o
f b

ot
h

co
lla

ge
n 

an
d 

ag
gr

ec
an

 a
re

 p
ot

en
tia

l a
nd

 p
os

si
bl

y 
co

m
pl

em
en

ta
ry

m
ar

ke
rs

 o
f d

is
ea

se
 p

ro
gr

es
si

on
’; 

ni
ce

ly
 c

ha
ra

ct
er

iz
ed

 c
ha

ng
e 

in
45

- m
er

 T
II

N
E 

pe
pt

id
es

 w
ith

 d
og

 a
ge

.

TI
IN

E 
as

sa
ye

d 
by

 sa
nd

w
ic

h
EL

IS
A

 w
ith

 5
10

9/
9A

4
m

on
oc

lo
na

l a
nt

ib
od

ie
s a

nd
by

 L
C

-M
S/

M
S;

 a
gg

re
ca

n
ne

oe
pi

to
pe

s b
y

im
m

un
oa

ff
in

ity
 L

C
-M

S/
M

S
us

in
g 

B
C

3 
an

ti-
A

R
G

N
an

tib
od

y 
an

d 
an

 in
-h

ou
se

an
ti-

 17
72

A
G

EG
 a

nt
ib

od
y;

PI
IN

P 
(P

fiz
er

); 
C

PI
I (

Ib
ex

,
M

on
tre

al
, C

an
ad

a)

A
G

G
R

E
C

A
N

A
SE

 N
E

O
E

PI
T

O
PE

 R
E

L
A

T
E

D

M
ad

se
n 

20
10

 [1
7]

N
/A

In
 v

itr
o 

bo
vi

ne
 a

rti
cu

la
r c

ar
til

ag
e

st
im

ul
at

ed
 w

ith
 c

yt
ok

in
es

N
/A

In
 c

yt
ok

in
e 

st
im

ul
at

ed
 c

ar
til

ag
e 

ex
pl

an
t m

ed
ia

, g
ly

co
sy

la
te

d
(A

D
A

M
TS

-4
 a

gg
re

ca
na

se
-g

en
er

at
ed

) 37
4 A

R
G

SV
I f

ra
gm

en
ts

de
te

ct
ed

 a
fte

r 7
 d

ay
s a

nd
 a

 d
eg

ly
co

sy
la

te
d 

lo
w

-m
ol

ec
ul

ar
 w

ei
gh

t
(M

M
P-

ge
ne

ra
te

d)
 34

2 F
FG

V
G

 w
as

 d
et

ec
te

d 
af

te
r 2

1 
da

ys
; u

na
bl

e 
to

co
nc

lu
de

 o
n 

ba
si

s o
f i

n 
vi

tr
o 

st
ud

ie
s w

he
th

er
 g

ly
co

sy
la

tio
n 

pl
ay

ed
an

 im
po

rta
nt

 ro
le

 in
 e

nz
ym

at
ic

 c
le

av
ag

e 
ev

en
ts

.

W
es

te
rn

 b
lo

ts
 w

ith
 B

C
3 

an
ti-

A
R

G
SV

I a
nt

ib
od

y 
(C

at
er

so
n

20
00

)[
18

]; 
A

F2
8 

an
ti-

FF
G

V
G

 a
nt

ib
od

y(
Fo

sa
ng

19
95

)[
19

]

D
e 

Jo
ng

 2
01

0 
[2

0]
N

/A
32

 O
A

 a
nd

 6
0 

R
A

 p
at

ie
nt

s
I

A
 m

od
es

t b
ut

 c
on

si
st

en
t a

nt
ig

en
ic

 re
sp

on
se

 (p
ro

lif
er

at
io

n 
an

d
cy

to
ki

ne
 p

ro
du

ct
io

n)
 w

as
 o

bs
er

ve
d 

by
 e

x 
vi

vo
 st

im
ul

at
io

n 
of

pe
rip

he
ra

l b
lo

od
 m

on
on

uc
le

ar
 c

el
ls

 o
f R

A
 a

nd
 O

A
 p

at
ie

nt
s w

ith
ag

gr
ec

an
 G

1 
ep

ito
pe

s.

Se
ru

m
 c

yt
ok

in
es

 b
y 

La
bM

A
P

Te
ch

no
lo

gy
 (L

um
in

ex
, T

X
,

U
SA

)

Sw
ea

rin
ge

n 
20

10
a 

[1
3]

Y
es

-1
 w

ee
k

24
 L

ew
is

 ra
ts

 fo
r 7

 d
ay

 ti
m

ec
ou

rs
e;

~6
6 

Le
w

is
 ra

ts
 fo

r t
re

at
m

en
t

ef
fic

ac
y 

ev
al

ua
tio

n;
 1

8 
hu

m
an

E
M

on
oi

od
oa

ce
ta

te
 in

tra
ar

tic
ul

ar
 in

je
ct

io
n 

in
to

 th
e 

ra
t k

ne
e 

re
su

lte
d

in
 a

 ti
m

e 
de

pe
nd

en
t r

el
ea

se
 (o

ve
r 7

 d
ay

s)
 o

f a
gg

re
ca

na
se

-g
en

er
at

ed
ne

oe
pi

to
pe

s i
n 

sy
no

vi
al

 fl
ui

d 
(c

ol
le

ct
ed

 b
y 

la
va

ge
) t

ha
t w

as

Sa
nd

w
ic

h 
EL

IS
A

s w
ith

 a
nt

i-
H

A
B

R
 a

nt
ib

od
y 

(I
nv

itr
og

en
C

A
H

P0
02

2,
 C

ar
ls

ba
d,

 C
A

,

Osteoarthritis Cartilage. Author manuscript; available in PMC 2012 April 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kraus Page 9

R
ef

er
en

ce
Fo

llo
w

-u
p

Po
pu

la
tio

n/
C

on
tr

ol
s (

N
)

B
IP

E
D

S
R

es
ul

ts
 D

es
cr

ip
tio

n 
an

d 
C

om
m

en
ts

A
ss

ay
sy

no
vi

al
 fl

ui
ds

 fr
om

 ti
m

e 
of

 jo
in

t
re

pl
ac

em
en

t f
or

 a
ss

ay
 sp

ec
ifi

ci
ty

ev
al

ua
tio

n

in
hi

bi
te

d 
in

 a
 d

os
e-

de
pe

nd
en

t m
an

ne
r b

y 
an

 a
gg

re
ca

na
se

-in
hi

bi
to

r;
EL

IS
A

 sp
ec

ifi
ci

ty
 d

em
on

st
ra

te
d 

by
 p

ep
tid

e 
co

m
pe

tit
io

n 
in

 h
um

an
sy

no
vi

al
 fl

ui
d;

 N
IT

EG
E 

as
sa

y 
m

ea
su

re
d 

bo
vi

ne
, h

um
an

 a
nd

 ra
t

ag
gr

ec
an

 w
ith

ou
t n

ee
d 

fo
r a

gg
re

ca
n 

de
gl

yc
os

yl
at

io
n;

 A
R

G
S 

as
sa

y
re

qu
ire

d 
ag

gr
ec

an
 d

eg
ly

co
sy

la
tio

n 
in

 b
ov

in
e 

an
d 

hu
m

an
m

ea
su

re
m

en
ts

 b
ut

 n
ot

 ra
t (

th
at

 la
ck

s K
S 

re
si

du
es

).

U
SA

) c
ou

pl
ed

 w
ith

 a
nt

i-
N

IT
EG

E 
(6

81
-3

 a
nt

ib
od

y)
 o

r
an

ti-
A

R
G

S 
(B

C
3 

an
tib

od
y)

Sw
ea

rin
ge

n 
20

10
 b

 [2
1]

Y
es

-b
as

el
in

e,
 2

an
d 

4 
w

ee
ks

42
 in

di
vi

du
al

s (
14

/g
ro

up
) w

ith
 n

o,
m

ild
 o

r m
od

er
at

e 
O

A
 o

n 
cl

in
ic

al
ex

am
s &

 ra
di

og
ra

ph
ic

 a
na

ly
si

s o
f

kn
ee

, h
ip

 a
nd

 sp
in

e

D
ev

el
op

m
en

t o
f a

n 
op

tim
iz

ed
 a

nt
i-A

R
G

S 
an

tib
od

y 
(B

C
3-

C
2)

 a
bl

e
to

 d
et

ec
t a

gg
re

ca
n 

ne
oe

pi
to

pe
 in

 h
um

an
 c

ar
til

ag
e 

ex
pl

an
t c

ul
tu

re
m

ed
ia

 a
nd

 h
um

an
 se

ru
m

, u
rin

e 
an

d 
sy

no
vi

al
 fl

ui
d 

(th
at

 d
oe

s n
ot

re
qu

ire
 sa

m
pl

e 
de

gl
yc

os
yl

at
io

n)
.

Sa
nd

w
ic

h 
EL

IS
A

 w
ith

 B
C

3-
C

2 
ca

pt
ur

e 
an

d 
an

ti-
H

A
B

R
de

te
ct

io
n 

an
tib

od
ie

s

D
uf

ie
ld

 2
01

0 
[2

2]
no

11
3 

O
A

 p
at

ie
nt

s w
ith

 sy
m

pt
om

s
(n

=6
5)

, k
ne

e/
hi

p 
(n

=3
0)

, o
r h

an
d/

sp
in

e 
(n

=1
8)

, a
nd

 a
 n

o 
O

A
 re

fe
re

nc
e

co
nt

ro
l g

ro
up

 (n
=1

2)
; a

dd
iti

on
al

gr
ou

p 
(o

ve
rla

p 
w

ith
 fi

rs
t g

ro
up

 n
ot

-
sp

ec
ifi

ed
) o

f 4
0 

he
al

th
y 

co
nt

ro
ls

 a
nd

40
 O

A
 p

at
ie

nt
s

D
D

es
cr

ip
tio

n 
of

 d
ev

el
op

m
en

t o
f a

 se
ns

iti
ve

 im
m

un
oa

ff
in

ity
-b

as
ed

liq
ui

d 
ch

ro
m

at
og

ra
ph

y-
ta

nd
em

 m
as

s s
pe

ct
ro

m
et

ry
 m

et
ho

d 
to

de
te

ct
 a

gg
re

ca
n 

cl
ea

va
ge

 b
y 

ag
gr

ec
an

as
es

 a
nd

 m
et

al
lo

pr
ot

ei
na

se
s;

fir
st

 re
po

rt 
of

 d
et

ec
tio

n 
of

 a
gg

re
ca

na
se

-g
en

er
at

ed
 A

R
G

S
ne

oe
pi

to
pe

 in
 u

rin
e;

 m
et

ho
d 

w
or

ke
d 

on
 h

um
an

 u
rin

e 
an

d 
sy

no
vi

al
flu

id
 a

nd
 se

ve
ra

l o
th

er
 sp

ec
ie

s (
ra

t, 
do

g,
 a

nd
 b

ov
in

e)
; p

ilo
t r

es
ul

ts
sh

ow
ed

 h
ig

he
r l

ev
el

s i
n 

O
A

 p
at

ie
nt

s t
ha

n 
co

nt
ro

ls
 a

nd
 a

n 
A

R
G

S/
A

G
EG

 ra
tio

 in
 sy

no
vi

al
 fl

ui
d 

of
 O

A
 jo

in
ts

 o
f 1

9.

Im
m

un
oa

ff
in

ity
 b

as
ed

 o
n

B
C

3 
an

ti-
A

R
G

S 
an

tib
od

y
[2

3]
; a

nd
 a

n 
in

-h
ou

se
po

ly
cl

on
al

 a
nt

ib
od

y 
to

th
e 

18
20

A
G

EG
 e

pi
to

pe
 o

f
ag

gr
ec

an
 [2

4]

IN
C

ID
E

N
T

 O
A

Li
ng

 2
00

9 
[6

]
U

p 
to

 1
0 

ye
ar

s
(9

.3
-1

1.
9 

ye
ar

s)
N

es
te

d 
ca

se
-c

on
tro

l s
tu

dy
 w

ith
in

 th
e

B
al

tim
or

e 
Lo

ng
itu

di
na

l S
tu

dy
 o

f
A

gi
ng

 - 
22

 in
ci

de
nt

 c
as

es
 o

f k
ne

e
O

A
 a

nd
 6

6 
ag

e,
 se

x 
an

d 
bo

dy
 m

as
s

in
de

x 
m

at
ch

ed
 c

on
tro

ls

P
Te

st
ed

 1
69

 p
ro

te
in

s u
si

ng
 2

0 
μL

 o
f s

er
um

; i
de

nt
ifi

ed
 1

0
di

ff
er

en
tia

lly
 e

xp
re

ss
ed

 O
A

 p
re

di
ct

iv
e 

pr
ot

ei
ns

 (I
L-

15
, M

M
P-

7,
PA

I-
1,

 V
A

P-
1,

 D
D

5,
 D

D
6,

 E
ot

-2
, I

C
A

M
-1

, M
M

P-
2,

 P
-s

el
ec

tin
)

an
d 

16
 d

iff
er

en
tia

lly
 e

xp
re

ss
ed

 O
A

 a
ss

oc
ia

te
d 

pr
ot

ei
ns

 (p
re

se
nt

 a
t

th
e 

tim
e 

of
 O

A
 d

ia
gn

os
is

 o
f I

L-
15

, M
M

P-
7,

 P
A

I-
1,

 V
A

P-
1,

6C
ki

ne
, B

LC
, F

G
F-

7,
 G

M
-C

SF
, I

C
A

M
-3

, I
G

FB
P-

2,
 IL

-1
α,

 IL
-2

,
M

IP
-1
α,

 N
T-

4,
 T

IM
P1

, V
E-

ca
dh

er
in

).

A
nt

ib
od

y 
ba

se
d 

m
ic

ro
ar

ra
ys

us
in

g 
R

ol
lin

g 
C

irc
le

A
m

pl
ifi

ca
tio

n 
as

sa
ys

 o
f

M
ol

ec
ul

ar
 S

ta
gi

ng
, I

nc
.

G
ol

ig
ht

ly
 2

01
0 

[7
]

A
ve

ra
ge

 fo
llo

w
-

up
 6

 y
ea

rs
54

2 
kn

ee
s w

er
e 

at
 ri

sk
 fo

r i
nc

id
en

t
O

A
 b

y 
K

L 
gr

ad
es

 (K
L 

gr
ad

e 
of

 0
-1

at
 b

as
el

in
e)

, 3
49

 k
ne

es
 a

t r
is

k 
fo

r
in

ci
de

nt
 O

ST
 fo

rm
at

io
n 

(O
ST

=0
 a

t
ba

se
lin

e)
, a

nd
 4

40
 k

ne
es

 a
t r

is
k 

fo
r

in
ci

de
nt

 JS
N

 (J
SN

=0
 a

t b
as

el
in

e)

P
In

 a
dj

us
te

d 
m

od
el

s (
ag

e,
 g

en
de

r, 
B

M
I, 

bi
la

te
ra

l c
lu

st
er

in
g 

of
kn

ee
s)

, t
he

 h
az

ar
d 

of
 in

ci
de

nt
 k

ne
e 

O
ST

 a
nd

 in
ci

de
nt

 JS
N

in
cr

ea
se

d 
w

ith
 h

ig
he

r b
as

el
in

e 
C

O
M

P 
le

ve
ls

. T
he

 h
az

ar
d 

of
 o

nl
y

in
ci

de
nt

 k
ne

e 
JS

N
 in

cr
ea

se
d 

w
ith

 h
ig

he
r H

A
 le

ve
ls

. B
as

el
in

e 
C

R
P

an
d 

K
S 

di
d 

no
t p

re
di

ct
 in

ci
de

nt
 k

ne
e 

ou
tc

om
e.

C
O

M
P 

(in
 h

ou
se

 E
LI

SA
 w

ith
16

F1
2 

an
d 

17
C

10
m

on
oc

lo
na

l a
nt

ib
od

ie
s [

25
])

;
H

A
 (C

or
ge

ni
x,

 W
es

tm
in

st
er

,
C

O
, U

SA
); 

hs
C

R
P 

(U
B

I
M

ag
iw

el
 E

nz
ym

e
Im

m
un

oa
ss

ay
, U

ni
te

d
B

io
te

ch
 In

c.
 M

ou
nt

ai
n 

V
ie

w
,

C
A

); 
K

S 
(in

-h
ou

se
co

m
pe

tit
iv

e 
EL

IS
A

 w
ith

 5
D

4
m

on
oc

lo
na

l a
nt

ib
od

y 
[2

6]
)

O
A

 S
U

B
T

Y
PE

S

Fi
lk

ov
a 

20
09

 [2
7]

 –
H

A
N

D
 O

A
Y

es
, B

as
el

in
e

bl
oo

d 
&

 b
on

e
sc

in
tig

ra
ph

y;
ha

nd
 x

-r
ay

s a
t

ba
se

lin
e 

an
d 

2
ye

ar
s

55
 e

ro
si

ve
 a

nd
 3

3 
no

n-
er

os
iv

e 
ha

nd
O

A
 fe

m
al

e 
pa

tie
nt

s
B

, P
Se

ru
m

 H
A

 c
or

re
la

te
d 

w
ith

 a
ge

 a
nd

 d
is

ea
se

 d
ur

at
io

n 
of

 h
an

d 
O

A
bu

t n
ot

 B
M

I n
or

 tr
ea

tm
en

t w
ith

 N
SA

ID
s;

 b
as

el
in

e 
se

ru
m

 H
A

 w
as

hi
gh

er
 in

 e
ro

si
ve

 th
an

 n
on

-e
ro

si
ve

 h
an

d 
O

A
 g

ro
up

s, 
co

rr
el

at
ed

w
ith

 n
um

be
r o

f h
an

d 
jo

in
t d

ef
or

m
iti

es
, c

or
re

la
te

d 
w

ith
 K

al
lm

an
ra

di
og

ra
ph

ic
 h

an
d 

O
A

 sc
or

es
 (a

t b
as

el
in

e 
an

d 
fo

llo
w

-u
p)

, a
nd

co
rr

el
at

ed
 w

ith
 le

ve
l h

an
d 

jo
in

t b
on

e 
re

m
od

el
in

g 
by

 la
te

 p
ha

se
bo

ne
 sc

in
tig

ra
ph

y 
bu

t n
ot

 w
ith

 n
um

be
rs

 o
f i

nf
la

m
ed

 jo
in

ts
 b

y
bl

oo
d 

po
ol

 p
ha

se
 b

on
e 

sc
in

tig
ra

ph
y;

 C
R

P 
w

as
 n

ei
th

er
 e

le
va

te
d 

no
t

as
so

ci
at

ed
 w

ith
 sc

in
tig

ra
ph

ic
 fi

nd
in

gs

H
A

 (C
or

ge
ni

x,
 U

SA
); 

C
R

P
(im

m
un

o-
tu

bi
do

m
et

ric
te

ch
ni

qu
e,

 b
io

ch
em

ic
al

an
al

yz
er

 O
ly

m
pu

s 4
00

,
Ja

pa
n)

Osteoarthritis Cartilage. Author manuscript; available in PMC 2012 April 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kraus Page 10

R
ef

er
en

ce
Fo

llo
w

-u
p

Po
pu

la
tio

n/
C

on
tr

ol
s (

N
)

B
IP

E
D

S
R

es
ul

ts
 D

es
cr

ip
tio

n 
an

d 
C

om
m

en
ts

A
ss

ay

G
oe

ko
op

 2
01

0 
[2

8]
 –

H
A

N
D

, H
O

P 
or

 K
N

EE
O

A

Y
es

, b
lo

od
 a

t
ag

e 
85

 a
nd

 8
6

ye
ar

s;
ra

di
og

ra
ph

s a
t

ag
e 

90
 y

ea
rs

82
 in

di
vi

du
al

s f
ro

m
 th

e 
Le

id
en

 8
5-

pl
us

 S
tu

dy
D

Lo
w

 in
na

te
 p

ro
du

ct
io

n 
of

 IL
-1
β 

an
d 

IL
-6

 u
po

n 
w

ho
le

 b
lo

od
st

im
ul

at
io

n 
(4

 h
ou

rs
 v

er
su

s 2
4 

ho
ur

s n
ot

 sp
ec

ifi
ed

) w
ith

 L
PS

 w
as

as
so

ci
at

ed
 w

ith
 in

cr
ea

se
d 

lik
el

ih
oo

d 
of

 b
ei

ng
 “

fr
ee

 fr
om

 O
A

” 
(n

o
ra

di
og

ra
ph

ic
 h

ip
 o

r k
ne

e 
O

A
 d

ef
in

ed
 a

s K
L<

2 
an

d 
no

 m
or

e 
th

an
 2

ha
nd

 jo
in

ts
 w

ith
 ra

di
og

ra
ph

ic
 O

A
); 

lo
w

 in
na

te
 IL

-6
 a

nd
 IL

-1
R

a
as

so
ci

at
ed

 w
ith

 la
ck

 o
f h

an
d 

O
A

; l
ow

 in
na

te
 IL

-1
β 

as
so

ci
at

ed
 w

ith
la

ck
 o

f h
ip

 O
A

; n
o 

as
so

ci
at

io
ns

 fo
r T

N
F-
α 

or
 IL

-1
0.

M
or

ni
ng

 b
lo

od
: c

yt
ok

in
e

an
al

ys
is

 b
y 

no
n-

sp
ec

ifi
ed

co
m

m
er

ci
al

ly
 a

va
ila

bl
e

EL
IS

A
s p

er
fo

rm
ed

 in
 a

ce
nt

ra
l l

ab
or

at
or

y

R
ou

ss
ea

u 
20

10
 [2

9]
 –

K
N

EE
 O

A
no

64
 o

st
eo

ge
ne

si
s i

m
pe

rf
ec

ta
 p

at
ie

nt
s

an
d 

64
 h

ea
lth

y 
ag

e-
m

at
ch

ed
co

nt
ro

ls
; 8

7 
kn

ee
 O

A
 p

at
ie

nt
s a

nd
29

1 
ag

e-
m

at
ch

ed
 c

on
tro

ls

D
B

ot
h 

os
te

og
en

es
is

 im
pe

rf
ec

ta
 (O

I)
 a

nd
 k

ne
e 

O
A

 a
ss

oc
ia

te
d 

w
ith

el
ev

at
ed

 C
TX

-I
I a

s w
el

l a
s l

ow
er

 ty
pe

 I 
co

lla
ge

n 
m

at
ur

at
io

n 
(α

/
βC

TX
I r

at
io

) i
nd

ic
at

iv
e 

of
 tu

rn
ov

er
 o

f r
ec

en
tly

 sy
nt

he
si

ze
d

co
lla

ge
n 

I, 
i.e

. ‘
lo

w
er

 ty
pe

-I
 c

ol
la

ge
n 

m
at

ur
at

io
n’

; r
es

ul
ts

 su
gg

es
t

ca
rti

la
ge

 d
eg

ra
da

tio
n 

re
la

te
d 

to
 b

on
e 

re
so

rp
tio

n 
bu

t c
au

sa
lit

y 
co

ul
d

no
t b

e 
in

fe
rr

ed
 fr

om
 th

is
 c

ro
ss

-s
ec

tio
na

l s
tu

dy
; H

el
ix

-I
 w

as
 h

ig
he

r
in

 O
I b

ut
 n

ot
 O

A
 p

at
ie

nt
s c

om
pa

re
d 

w
ith

 c
on

tro
ls

.

U
rin

ar
y 
α 

an
d 
βC

TX
I a

nd
C

TX
-I

I (
ID

S,
 B

ol
do

n,
 U

K
);

ur
in

ar
y 

H
el

ix
-I

 (M
et

ra
,

Q
ui

de
l C

or
p,

 M
ou

nt
ai

n
V

ie
w

, C
A

, U
SA

)

C
ha

ya
nu

pa
tk

ul
 2

01
0 

[3
0]

– 
K

N
EE

 O
A

no
36

 k
ne

e 
O

A
 p

at
ie

nt
s a

nd
 1

5 
he

al
th

y
co

nt
ro

ls
 (a

ll 
no

n-
di

ab
et

ic
)

B
Pl

as
m

a 
sR

A
G

E 
w

as
 si

gn
ifi

ca
nt

ly
 lo

w
er

 in
 O

A
 p

at
ie

nt
s t

ha
n 

in
he

al
th

y 
co

nt
ro

ls
; s

R
A

G
E 

in
 p

la
sm

a 
an

d 
sy

no
vi

al
 fl

ui
d 

w
as

in
ve

rs
el

y 
co

rr
el

at
ed

 w
ith

 k
ne

e 
O

A
 se

ve
rit

y,
 p

os
si

bl
y 

du
e 

to
de

cr
ea

se
d 

pr
od

uc
tio

n 
or

 in
cr

ea
se

d 
co

ns
um

pt
io

n 
or

 c
le

ar
an

ce
 o

f
sR

A
G

E 
w

ith
 d

is
ea

se
 se

ve
rit

y;
 sR

A
G

E 
in

 p
la

sm
a 

co
rr

el
at

ed
 w

ith
an

d 
w

as
 h

ig
he

r t
ha

n 
pa

ire
d 

sy
no

vi
al

 fl
ui

d 
co

nc
en

tra
tio

ns
.

sR
A

G
E 

(Q
ua

nt
ik

in
e 

EL
IS

A
,

R
&

D
 S

ys
te

m
s, 

M
N

, U
SA

)

T
IS

SU
E

 L
O

C
A

L
IZ

A
T

IO
N

Li
ph

ar
dt

 2
00

9 
[9

]
Y

es
-2

 w
ee

ks
8 

yo
un

g 
(m

ea
n 

ag
e 

26
 y

ea
rs

) h
ea

lth
y

m
al

es
I

C
ro

ss
ov

er
 tr

ia
l o

f v
ib

ra
tio

n 
th

er
ap

y 
fo

r i
m

m
ob

ili
za

tio
n:

 1
4 

da
ys

 o
f

6 
de

gr
ee

 h
ea

d 
do

w
n 

til
t w

ith
 o

r w
ith

ou
t t

w
ic

e 
da

ily
 w

ho
le

 b
od

y
vi

br
at

io
n 

(5
 m

in
s)

; s
er

um
 C

O
M

P 
de

cl
in

ed
 1

0-
15

%
 d

ur
in

g 
be

dr
es

t
de

sp
ite

 v
ib

ra
tio

n;
 se

ru
m

 C
O

M
P 

de
cl

in
ed

 w
ith

in
 2

4 
ho

ur
s o

f
be

dr
es

t a
nd

 re
tu

rn
ed

 to
 b

as
el

in
e 

w
ith

in
 2

4 
ho

ur
s o

f r
ec

ov
er

y;
 M

R
I

ca
rti

la
ge

 th
ic

kn
es

s o
f t

he
 w

ei
gh

t b
ea

rin
g 

tib
ia

 d
ec

re
as

ed
 8

%
fo

llo
w

in
g 

co
nt

ro
l i

nt
er

ve
nt

io
n 

an
d 

in
cr

ea
se

d 
22

%
 fo

llo
w

in
g

vi
br

at
io

n 
in

te
rv

en
tio

n 
bu

t p
or

te
nt

 o
f t

hi
s i

s u
nk

no
w

n.

Fa
st

in
g 

bl
oo

d:
 C

O
M

P
(A

na
M

ar
 M

ed
ic

al
 A

B
,

Sw
ed

en
)

H
el

m
ar

k 
20

10
 [1

1]
no

7 
pa

tie
nt

s w
ith

 k
ne

e 
O

A
 sc

he
du

le
d

fo
r a

rth
ro

sc
op

y
I

In
tra

ar
tic

ul
ar

 (I
A

) a
nd

 su
bs

yn
ov

ia
l (

SS
) m

ic
ro

di
al

ys
is

 c
at

he
te

rs
re

tri
ev

ed
 sa

m
pl

es
 fo

r b
io

m
ar

ke
rs

 sh
ow

in
g:

 C
O

M
P 

IA
>S

S,
ag

gr
ec

an
 IA

=S
S.

 a
nd

 G
lc

-G
al

-P
Y

D
 IA

>S
S.

C
O

M
P 

(A
na

M
ar

, S
w

ed
en

);
A

gg
re

ca
n 

(I
D

S,
 N

or
di

c,
D

en
m

ar
k)

; G
lc

-G
al

-P
Y

D
(S

yn
ar

c)

H
el

m
ar

k 
20

10
 [1

0]
no

29
 w

om
en

 (1
3 

no
n-

ex
er

ci
se

 a
nd

 1
6

ac
ut

e 
bo

ut
 o

f e
xe

rc
is

e)
 w

ith
sy

m
pt

om
at

ic
 k

ne
e 

O
A

I
Sa

m
pl

es
 o

bt
ai

ne
d 

af
te

r e
xe

rc
is

e 
(o

ne
-le

gg
ed

 k
ne

e 
ex

te
ns

io
n)

 o
r

no
-e

xe
rc

is
e 

fr
om

 b
lo

od
, u

rin
e,

 in
tra

ar
tic

ul
ar

 IA
) a

nd
 su

bs
yn

ov
ia

l
(S

S)
 si

te
s b

y 
m

ic
ro

di
al

ys
is

; m
ea

n 
C

O
M

P 
an

d 
ag

gr
ec

an
 w

er
e

hi
gh

er
 IA

 th
an

 S
S;

 IA
 C

O
M

P 
de

cr
ea

se
d,

 a
nd

 IA
 a

nd
 S

S 
IL

-1
0

in
cr

ea
se

d 
fo

llo
w

in
g 

ex
er

ci
se

 c
om

pa
re

d 
w

ith
 n

on
-e

xe
rc

is
e.

C
O

M
P 

(A
na

M
ar

 M
ed

ic
al

A
B

, S
w

ed
en

); 
To

ta
l

A
gg

re
ca

n 
fo

r C
ul

tu
re

 E
LI

SA
(I

D
S 

N
or

di
c,

 D
en

m
ar

k)
;

C
TX

-I
I (

se
ru

m
 a

nd
 u

rin
e

Pr
ec

lin
ic

al
 C

ar
til

ap
s, 

ID
S

N
or

di
c,

 S
w

ed
en

); 
IL

-6
, I

L-
8,

IL
-1

0,
 T

N
F-
α

(M
ill

ip
le

sM
A

P,
 M

ill
ip

or
e,

B
io

ib
er

ic
a,

 M
A

, U
SA

)

O
A

=o
st

eo
ar

th
rit

is
; R

A
=r

he
um

at
oi

d 
ar

th
rit

is
; N

/A
=n

ot
 a

pp
lic

ab
le

;

B
IP

ED
S 

de
no

te
s 6

 c
at

eg
or

ie
s o

f b
io

m
ar

ke
rs

: B
ur

de
n 

of
 D

is
ea

se
, I

nv
es

tig
at

io
na

l, 
Pr

og
no

st
ic

, E
ff

ic
ac

y 
of

 In
te

rv
en

tio
n,

 D
ia

gn
os

tic
 a

nd
 S

af
et

y 
B

io
m

ar
ke

rs
;

K
L=

K
el

lg
re

n 
La

w
re

nc
e;

 O
ST

=o
st

eo
ph

yt
e;

 JS
N

=j
oi

nt
 sp

ac
e 

na
rr

ow
in

g;
 K

L=
K

el
lg

re
n 

La
w

re
nc

e 
gr

ad
e 

of
 O

A
; B

M
I=

bo
dy

 m
as

s i
nd

ex
; L

C
-M

S/
M

S=
liq

ui
d 

ch
ro

m
at

og
ra

ph
y-

m
as

s s
pe

ct
ro

m
et

ry
;

LP
S=

lip
op

ol
ys

ac
ch

ar
id

e;
 ID

S=
Im

m
un

oD
ia

gn
os

tic
s S

ys
te

m
s;

Osteoarthritis Cartilage. Author manuscript; available in PMC 2012 April 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kraus Page 11
IL

=i
nt

er
le

uk
in

 -1
α,

 –
Iβ

. -
2,

 -6
, -

8,
 -1

0,
 -1

5;
 M

M
P=

m
at

rix
 m

et
al

lo
pr

ot
ei

na
se

 -2
, -

7;
 sV

A
P-

1=
so

lu
bl

e 
va

sc
ul

ar
 a

dh
es

io
n 

pr
ot

ei
n-

1;
 P

A
I-

1=
pl

as
m

in
og

en
 a

ct
iv

at
or

 in
hi

bi
to

r-
1;

 D
-d

im
er

s (
D

D
)5

 a
nd

 D
D

6;
E0

t-2
=e

ot
ax

in
-2

; I
C

A
M

=i
nt

ra
ce

llu
la

r a
dh

es
io

n 
m

ol
ec

ul
e 

-1
, -

3;
 P

-s
el

ec
tin

; B
LC

=B
-ly

m
ph

oc
yt

e 
ch

em
ok

in
e;

 6
C

ki
ne

 =
6-

ch
em

ok
in

e;
 M

IP
-1
α=

m
ac

ro
ph

ag
e 

in
hi

bi
to

ry
 p

ro
te

in
-1
α;

 F
G

F-
7=

fib
ro

bl
as

t g
ro

w
th

fa
ct

or
-7

; I
G

FB
P-

2=
in

su
lin

-li
ke

 g
ro

w
th

 fa
ct

or
 b

in
di

ng
 p

ro
te

in
-2

; G
M

-C
SF

=g
ra

nu
lo

cy
te

 m
ac

ro
ph

ag
e 

co
lo

ny
 st

im
ul

at
in

g 
fa

ct
or

; N
T-

4=
ne

ur
ot

ro
ph

in
-4

; V
E-

ca
dh

er
in

=v
as

cu
la

r e
nd

ot
he

lia
l c

ad
he

rin
; T

N
F-

α=
tu

m
or

 n
ec

ro
si

s f
ac

to
r-
α;

 IL
-1

R
a=

in
te

rle
uk

in
-1

 re
ce

pt
or

 a
nt

ag
on

is
t; 

(h
s)

C
R

P=
(h

ig
h 

se
ns

iti
vi

ty
) C

 re
ac

tiv
e 

pr
ot

ei
n;

 C
TX

-I
= 

C
-te

lo
pe

pt
id

e 
of

 ty
pe

 I 
co

lla
ge

n;
 C

O
M

P=
ca

rti
la

ge
 o

lig
om

er
ic

 m
at

rix
 p

ro
te

in
;

G
lc

-G
al

-P
Y

D
 =

gl
uc

os
yl

-g
al

ac
to

sy
l-p

yr
id

in
ol

in
e;

 H
A

=h
ya

lu
ro

na
n;

 C
TX

-I
I=

 C
-te

lo
pe

pt
id

e 
of

 ty
pe

 II
 c

ol
la

ge
n;

 sR
A

G
E=

so
lu

bl
e 

re
ce

pt
or

 fo
r a

dv
an

ce
d 

gl
yc

at
io

n 
en

d 
pr

od
uc

ts
; T

II
N

E=
ty

pe
 II

 c
ol

la
ge

n
ne

oe
pi

to
pe

; A
R

G
N

 =
ag

gr
ec

an
 p

ep
tid

e 
en

di
ng

 in
 A

R
G

N
; A

G
EG

 =
ag

gr
ec

an
 p

ep
tid

e 
en

di
ng

 in
 A

G
EG

; C
PI

I =
C

-p
ro

pe
pt

id
e 

of
 ty

pe
 II

 c
ol

la
ge

n;
 P

II
N

P 
=N

-p
ro

pe
pt

id
e 

of
 ty

pe
 II

 c
ol

la
ge

n;
 K

S=
ke

ra
ta

n 
su

lfa
te

Osteoarthritis Cartilage. Author manuscript; available in PMC 2012 April 1.


