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SUMMARY

Objective: The aim of this narrative review is to summarize important findings from biochemical marker
studies relevant to osteoarthritis (OA) in the context of new discoveries and clinical and scientific need.
Design: We conducted a systematic search of electronic medical databases (Embase, Medline, Web of
Science, Cochrane central) between 01-03-2017 and 31-03-2018. The search was restricted to human
studies, English language and full text available publications while reviews were excluded. Only papers
describing protein based biomarkers measured in human body fluids (blood, urine and synovial fluid
(SF)) were included. Of the 992 papers, 86 were reviewed here, with inclusion primarily based on
relevance to OA biochemical markers.

Results: This review highlights a selection of studies based on their quality and perceived importance to
the field mainly including those that! evaluate prognostic value of biomarkers for OA progression (i.e.,
biomarkers reflecting change in composition of joint tissues and biomarkers of inflammation)?, help in
assessment of intervention efficacy, and> are innovative and uncover new candidate biomarkers, or use
new approaches in biomarker discovery.

Conclusions: Key findings and implications for possible clinical utility of biochemical markers are sum-
marized and discussed. Given the paucity of robust biomarkers within the field, and the heterogeneity of
the condition, enormous works are needed for development and validation of novel and clinically

applicable biomarkers to reduce the impact of this highly prevalent and debilitating condition.
© 2018 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Introduction

Osteoarthritis (OA), the most common form of arthropathy, is a
leading cause of chronic pain and impaired mobility in older in-
dividuals. Structurally, it is characterized by alteration of joint
structure including progressive cartilage destruction, synovial
inflammation, and changes to the subchondral bone’.

It is increasingly recognized that OA affects all structures within
the joint via multiple causal pathways. Recent efforts are now
focused on identifying subgroups of patients with distinct disease
pathology, which will allow the development of new targeted
therapies’. Biochemical markers (biomarkers) have the potential to
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serve as a measure of the different pathological processes linked to
OA. Both effector molecules, such as cytokines and enzymes, and
extracellular matrix constituents, such as precursors or degradation
products of collagen and proteoglycan, have potential as bio-
markers. Their concentrations are linked to tissue metabolism and
can be measured in blood, urine, or synovial fluid (SF)?. Moreover,
biomarkers can be used in the process of drug development as well
as in assessment of an individual patient's response to treatment or
intervention.

The aim of this review is to summarize the OA related soluble
biomarker publication recently examined in observational and
interventional studies.

Methods
Search strategy and inclusion criteria

We conducted a systematic search of electronic medical data-
bases from 03-2017 by 03—2018 to identify scientific articles
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assessing OA related biomarkers. The search strategy in “Appendix”
was applied. Only original studies carried out in humans, with
English language and full text available publication were included.
OA defined according to validated structural or clinical criteria
including Kellgren and Lawrence score (KL > 2), joint space nar-
rowing (JSN), American College of Rheumatology criteria, Croft
classification system, and total joint replacement (TJR) due to pri-
mary OA were used. Studies reported markers for OA, but without
information on the joint site were excluded given the heteroge-
neous nature of the disease. Selection was restricted to protein
based biomarkers measured in blood, urine and SF. Moreover,
publications on biomarkers from cartilage, bone, or tissue extracts
were not included, given the restricted availability and accessibility
of these tissues. Additionally, to further limit inclusion to high
quality studies, publications need to present associations between
biomarkers and OA adjusted for major risk factors such as age, sex,
and body mass index or body weight in order to be eligible. This
resulted in 86 publications, which are referenced in this study

(Fig. 1).
Results
Predictors of OA progression

Table I shows prospective observational and interventional
studies that reported biomarkers of progression. Traumatic knee
injury, such as an anterior cruciate ligament (ACL) injury, is asso-
ciated with increased release of different proteins of bone, cartilage,
and synovium. Predictive SF biomarkers for risk of radiographic
Knee OA (RKOA) after 16 years following an ACL injury were eval-
uated for 88 patients without KOA at baseline. Biomarkers were

Records identified through
database searching, n=1861

Embase.com, n=587
Medline (OvidSP), n=641
Web of Science, n=565
Cochrane central, n=68

assessed during the first 7.5 years after the ACL injury. SF collected
early after injury had considerably higher concentrations of
aggrecan and cartilage oligomeric matrix protein (COMP) than the
levels in the knees of the healthy reference group and the levels
decreased to reference values during follow-up. Concentrations of
aggrecan, COMP, matrix metalloproteinase-3 (MMP-3) and tissue
inhibitor of metalloprotease-1 (TIMP-1) failed to predict KOA after
ACL injury in this study?. Progression of articular cartilage damage
determined by arthroscopic evaluation was evaluated for 62 ACL
patients approximately 2 years post-operation®. The progression of
high-grade cartilage damage was associated with baseline SF levels
of Adi-C6S, keratan sulfate (KS), and C6S/C4S ratio. Interestingly,
subjects with progression showed a cartilage aggrecan metabolism
similar to that observed in patients with advanced radiographic OA
in previous studies”. In another study among 26 ACL subjects who
underwent reconstruction at an average of 8 weeks after injury,
articular cartilage degeneration was measured by T1p and T2
relaxation times using quantitative magnetic resonance prior to
surgery and during the 3 years after surgery®. At the time of ACL
reconstruction, profiles of SF inflammatory cytokines, degradative
enzymes, and cartilage breakdown products show promise as
predictors of abnormal cartilage tissue integrity (increased T1 p and
T2 values) throughout the first 3 years after surgery.

Changes in bone remodeling are frequently present early in the
OA process’. Using data of the Osteoarthritis Initiative, association
between serum (S) and urine (U) biochemical markers of bone
turnover and bone features on magnetic resonance images (MRI)
was evaluated. Although at baseline, most biomarkers, in particular
urinary C-telopeptide of type II collagen (uCTX-II), were associated
with bone marrow lesions (BMLs), the markers were not predictive
of changes in BMLs or osteophytes at follow-up’. Serum biomarkers

A4

Records screened for title and
abstract, n=992

> Duplicates removed, n=869

Records excluded based on title

A4

Original article for full text
assessment, n=158

and abstract, n=834

Conference abstract, n=15
OA wasn't disease of interest, n=21
Other markers, n=7

N4
Studies included, n=86

No proper control group, n=2
No data on OA site, n=9

No adjustment/low quality, n=2
Laboratory test evaluation, n=2
Earlier published*, n=15

A 4

Fig. 1. Flow chart of the inclusion of the articles. *Earlier published before the first of March 2017.
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Table I
Longitudinal observational and interventional studies on associations with changes of OA features
Biomarker Sample Outcome Study size and results Ref.
COMP, Aggrecan, MMP3, TIMP1 SF RKOA 88 ACL and 12 controls; Levels of COMP and aggrecan were elevated in 3
comparison with the reference group. Neither acute nor chronic
concentrations of the four biomarkers were associated with the development
of radiographic knee OA at the 16 year follow-up
C2C, KS, €4S, C6S SF Preradiographic high- 62 ACL injury patients; Progression of high-grade cartilage damage, observed 4

grade focal cartilage
damage

IL1a, IL1B, IL2, IL4, IL6, IL8, IL10, IL12p70, IL13, IL1ra, SF
TNFa, INFy, CTXII, COMP, sGAG, MMP1, MMP3,
MMP9, CPII, NTX

Articular cartilage
degeneration in MRI

CTX-I, CTX-II, CTX-Ia, CTX-Ib, NTX-I S, U Change in MRI bone
features

MMP-3, HA, Coll2-1NO2 S Change in MRI
features of synovitis

hsCRP, GSP S RKOA

TRACP5Db, cath-K S Knee pain

C1M, C2M, C3M, CRPM, IL6 S Pain and function,
radiographic
progression

Coll2-1, Fib-3-2 S Symptomatic

improvement

arthroscopically, was significantly correlated with baseline levels of Adi-C6S
(OR = 0.23), Adi-C4S (OR = 0.08), KS (OR = 0.11), and Adi-C6S/Adi-C4S ratio
(OR = 0.06)

26 ACL injury patients; The high sGAG cluster showed higher relaxation times 6
compared with inflammation cluster

RKOA patients (KL1 = 75, KL2 = 306, KL3 = 219); Biomarkers were not 7
predictive of changes in BMLs or osteophytes. uCTX-II was associated with
BMLs, large osteophytes, bone area and shape at baseline and changes in bone
shape over 24 months

RKOA patients (KL1 = 75, KL2 = 306, KL3 = 219); At baseline, sHA and sSMMP-3 8
were associated with moderate to large effusion synovitis but there was no
significant association between biomarkers (baseline and 12 and 24 month)
and changes in MRI markers of synovitis

54 Subjects classified in 3 groups: (i) incident accelerated KOA (ii) incident
typical KOA and (iii) No KOA; GSP and CRP were not significantly associated
with incident accelerated RKOA while lower and higher GSP levels were
associated with incident typical KOA compared with adults with
concentrations (log) closer to 5.7

129 RKOA (97 with 3-year follow-up); Serum TRAcP5b activity was associated
with baseline WOMAC pain (8 = 1.28) and pain change measured by NHANES |
(8 = 0.67) during a 3-year follow up.

429 KOA (KL = 2-3) patients randomized to either an 18 month exercise 14
control group (E), weight loss diet (D), or D &E. No marker was associated with
change in WOMAC pain or radiographic progression. C3M and CRPM were
positively associated with change in WOMAC function. Change in IL6 was
positively associated with change in C1M, C3M, and CRPM.

192 obese KOA, The clinical improvement after a substantial weight loss and
weight maintenance in KOA patients was not associated with decrease in
markers of cartilage breakdown Coll2-1 or Fib3-2, even with indications of a
slightly negative effect.

—_

0

—_

1

5

0Odd ratio (OR), , chondroitin-6-sulfate (C-6S), cross-linked C-terminal telopeptide of type 2 collagen (CTX-II), , C-terminal crosslinked telopeptide of type I collagen (CTX-I),

type I collagen degraded by MMP (C1M), type II collagen degraded by MMP (C2M).

of synovial inflammation, MMP-3 and hyaluronic acid (HA), were
associated with moderate to large effusion MRI-detected synovitis;
but there was no association between the markers and changes in
MRI features of synovitis (Hoffa and effusion synovitis)®. In contrast
with the result of a recent meta-analysis®, serum high-sensitivity C-
reactive protein (hsCRP) was not predictive of incident accelerated
(>1 knee developed advance-stage KOA (KL Grade 3 or 4) within 48
months) or typical (>1 knee increased in radiographic scoring
within 48 months (excluding those with accelerated KOA)) RKOA'®.

Two osteoclast biomarkers (TRAcP5b and cath-K) were
measured in serum samples of KOA patients from the Prediction of
Osteoarthritis Progression cohort. Baseline TRAcP5b was associated
with OA pain and pain change during a 3-year follow up as eval-
uated by the National Health and Nutrition Examination Survey
(NHANES) I pain questionnaire'’.

Generating OA prediction models

Combining biochemical markers with other markers (i.e., im-
aging, genetic, and clinical markers) and bioinformatics may facil-
itate earlier detection of OA. Using data of the prevention of knee
osteoarthritis in overweight females study, a randomized
controlled trial of middle-aged women with high BMI, authors
generated 5 predictive models for KOA incidence including clinical
variables, food and pain questionnaire data, as well as biochemical
markers and imaging based information'?. Several biomarkers of
extracellular matrix tissue turnover provided information on the
risk of KOA incidence. Serum type I collagen degraded by MMP

(C1M) and type II collagen degraded by MMP (C2M) seemed to be
negatively associated with the incidence of KOA. In a similar way,
the urine nitrated form of peptide Coll2 (Coll2-1NO2) exhibited a
negative relationship with incidence of KOA. A prognostic model
for 10-year incident radiologic hip OA (HOA) was developed uti-
lizing 2327 individuals of Rotterdam study'>. A basic model
including the demographic, questionnaire, and clinical examination
variables or a model containing genetic markers or uCTX-II levels
alone were not good predictors of incident HOA. By contrast, a
model including the basic model with imaging features reached a
fair predictive value (AUC = 0.78) and might be applicable in
clinical practice when validated in other studies'®. These findings
suggest that biomarkers together with other predictors may pro-
vide valuable information on OA development and prediction of
disease incidence.

Association with clinical scores and changes

Using longitudinal data from an 18-month clinical trial of ex-
ercise and weight loss for KOA, serum biomarkers of type I and type
III collagen degradation were found to be decreased in response to
weight loss or exercise plus weight loss intervention when
compared to an exercise only group. The decrease in these markers
over the course of the study and two systemic markers of inflam-
mation, MMP-derived inflammation (CRPM) and interleukin-6 (IL-
6), were strongly associated with weight loss indicating that over-
weight and obese adults with KOA who lose weight experienced
reduced inflammation at a systemic as well as tissue level*
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(Table I). In contrast, among overweight KOA patients who followed
a 16-week weight loss intervention and 52-week weight mainte-
nance, the clinical improvement after weight loss and weight
maintenance was not associated with change in serum markers of
Coll2-1 and fibulin3-2'° (Table I).

Type Il collagen is a major structural protein of the cartilage and
together with other collagen types and non-collagenous proteins,
such as COMP, provides a tensile meshwork for cartilage?. Several
studies showed that serum and SF Levels of COMP and fibulin-3,
marker of extracellular matrix, and uCTX-II were related to KOA
severity'®~ 1%, Serum N terminal propeptide of collagen II o
(PIIANP), representing collagen synthesis, was lower in individuals
with a greater burden of HOA and KOA”® (Table II).

Low-grade inflammation occurs in OA and correlates with dis-
ease severity and progression as well as pain and disability. In a
post-hoc analysis of baseline data from a randomized clinical trial
(RCT), local inflammation represented by SF cytokines was associ-
ated with self-reported knee pain. Pro-inflammatory biomarker
profiles associated with movement and rest pain were different, i.e.,
IL-6, IL-8, and tumor necrosis factor alpha (TNF-a) playing a role in
pain upon movement, and TNF-¢ in pain at rest’’. Serum IL-16
levels significantly correlated with the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) score and its
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subscales in KOA patients?> while serum C1M and SF IL-6 were
associated with synovitis and neuropathic pain features among end
stage KOA?>. Moreover, hsCRP was associated with knee and hand
OA severity®, greater painful joint count among women, but not
men?’, and BML and knee effusion®®. Serum levels of IL-1 and TNF-
o in postmenopausal women were associated with severity of KOA
and the lack of estradiol was associated with the pathogenesis of
KOA in postmenopausal women?’.

Ghrelin has been proven to inhibit inflammation and promote
cartilage growth. SF levels of ghrelin were negatively related to
TNF-a, IL-6 levels, and disease severity in patients with primary
KOA?®. Another study showed that ghrelin were significantly
associated with increased knee symptom, infrapatellar fat pad
(IPFP) (local adipose tissue situated in the knee under the patella)
signal intensity alteration®. They reported that serum levels of
ghrelin were positively associated with serum levels of MMP-3,
MMP-13, N-telopeptide of type I collagen (NTX-I), and N-terminal
procollagen III propeptide (PIIINP), suggesting that ghrelin may be
associated with increased cartilage breakdown and bone resorption
in patients with KOA%®.

Adipokines are pro-inflammatory molecules secreted systemi-
cally by adipose tissue but also locally in the synovial tissue. Adi-
ponectin is increased in KOA patients and associated with OA

Table II
Cross-sectional and case—control observational studies on associations with OA features
Biomarker Sample Outcome Design Study size and results Ref.
COMP S, SF Radiographic CS 124 KOA patients and 105 HCs;77 samples SF only, 78 samples to serum only, and for 16
severity 74 individuals, both SF and serum samples; both COMP levels in SF and serum were
higher in patients than in controls. SF COMP levels were considerably higher than
serum levels for both groups. Severity of disease (KL grade) was positively correlated
with SF COMP levels.

Fibulin-3 S, SF Radiographic Cs 209 KOA subjects and 165 HCs. Significant positive correlation between serum and SF 17

severity fibulin-3 concentrations with KL grades.

COMP, MMP-3, Coll2-1, CRP S Radiographic Cs 56 KOA (KL1 = 17, KL2-3 = 39) (isolated KOA = 24, generalized OA = 32) and 31 HCs; 18

severity higher serum COMP and MMP-3 levels in KOA patients compared to controls;
Patients with KL2-3 KOA had greater median COMP levels than KL1 patients. In the
generalized OA group (symptomatic in two or more locations: hands, hips, knees,
spine, and feet), mean MMP-3 levels were higher than in the isolated KOA group (did
not have any signs of OA in any other region).

CTX-II U Radiographic (&) 82 KOA and 20 HCs; CTX-II level was higher in KOA patients and correlated with KL 19

severity grade.

PIIANP S Radiographic (& 1235 participants from the Genetics of Generalized Osteoarthritis study; Higher 20

severity PIIANP concentrations were associated with lesser burden of osteoarthritic features
(osteophyte and joint space narrowing) in lower extremity joints (knees and hips).
IL1B, IL6, IL8, TNF-a, CTXI, CTX-II (SF, U) SF, U  Radiographic CS 70 KOA subjects; sffu CTX-II was associated with radiographic severity, but not with 21
severity, Pain knee pain. sf IL6 and IL-8 were associated with pain on movement. sf IL1b was
inversely associated with pain. Sf TNF-a was associated with WOMAC total pain and
both pain on movement and at rest.
COMP, IL16 N Radiographic and CS 90 KOA (KL2 = 30, KL3 = 27, KL4 = 7) and 30 HCs; no differences in levels of COMP 22
clinical severity and IL16 between HCs and KOA patients and within the different KL grades in the
KOA patients. IL16 levels significantly correlated with the WOMAC score and its
subscales, pain, stiffness, and physical function.

C1M, IL6 S,SF Pain, MRI (& 104 severe KOA; sf-IL6 was associated with synovitis in the parapatellar subregion, 23

Synovitis score and an association between serum C1M and synovitis in the periligamentous
subregion. sf-IL6 was significantly associated with pain (WOMAC, NPQ).

hsCRP S Radiographic (& 2376 participants from ongoing prospective Dong-gu Study; neither osteophytes nor 24

severity JSN, in hand or knee OA, were associated with the level of hs-CRP; total OA score,
erosion and sclerosis in both knee and hand OA and malalignment in hand OA
showed positive associations with high hs-CRP levels.

CRP, COMP S Pain CS 189 late stage hip/knee OA; a dose—response association between painful joint 25
burden in OA and systemic inflammation, and the association was sex-specific
(women).

CRP, GSP S BML, effusion CS 343 high risk subjects (KLO-KL1); CRP was related to the presence of BMLs and 26
effusion among normal weight individuals and abnormal GSP was associated with
effusion.

IL1, IL6, TNF-a, CRP, estradiol S, SF Cartilage injury in CC 58 postmenopausal KOA, 58 patients with menstrual disorders without KOA, and 27

arthroscopy

35 HCs. Serum IL1 and TNF-a increased with increasing of cartilage injury while
serum E2 was gradually decreased. Serum levels of IL1, IL6, TNF-a, and CRP increased
in KOA patients compared with both control groups.

(continued on next page)
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Table II (continued )

Biomarker

Sample Outcome

Design Study size and results Ref.

Ghrelin, IL6, TNF-o. S, SF

Ghrelin, COMP, CTX-I, NTXI, PIIINP, MMP-3, S
MMP-10, MMP-13

Leptin, resistin, adiponectin, C2C, Ghrelin, S
IL6, CRP

Adiponectin S

Leptin, adiponectin, resistin, visfatin, hsCRP, SF
osteopontin, omentin, chemerin, IL6,
TNF-a

ox-LDL, PONI, LDL, HDL S

Glucose, insulin, c-peptide, cholesterols, S
OxS markers

YKL-40, CRP S, SF

IL1B, IL6, IL18, TNF-g, leptin, Nox, Uric acid S, SF

DKK1, TNF-a, OPG S
FGF-23 S
Eotaxin 1, MMP-3, IL6 S, SF
TGF-B1, PDGF—BB, CTX-1 S

MMP-13, VEGF, IL10, IL8, IL6, IL1, TNF-0a,  SF
collagenase 2

TIMP-1, Bcl-2 SF

Radiographic and CS
clinical severity

Radiographic and CS
MRI features, Pain
Radiographic CS
severity, pain

score

Radiographic and CS
clinical severity

Clinical severity CS

Radiographic and CS
clinical severity

Radiographic CcC
severity

US findings (&

Radiographic (&
severity

Radiographic cc
severity

Radiographic/ (&
symptomatic
severity
Radiographic and CS
clinical severity

Radiographic CcC
severity
Radiographic and CS
clinical severity

Radiographic (&
severity

52 KOA and 52 HCs; No difference in serum ghrelin levels between KOA and HCs; sf 28
ghrelin levels were significantly negatively correlated with KL grade and

symptomatic severity; more diagnostic value for sf ghrelin than IL-6 and TNF-a. for
assessing radiographic progression in ROC.

146 KOA (mild to moderate); Positive association between ghrelin and WOMAC 29
scores, IPFP signal intensity alteration, NTXI, PIIINP, MMP-3, MMP-13

50 KOA (mostly severe) and 50 HCs; Total adiponectin was higher in women with OA 30
compared to women from the HS group. Total adiponectin was borderline associated
with the KL grade.

60 KOA and 25 HCs; There was a positive correlation between adiponectin level and 31
KL grading scores and clinical variables (VAS and WOMAC total scores). SF-36 scores
were inversely associated with adiponectin levels.

115 symptomatic KOA female; an association was found for adiponectin with pain 32
and for resistin and visfatin with function

203 KOA (KL1 = 50, KL2 = 54, KL3 = 49, KL4 = 50) and 194 HCs; ox-LDL and oxidant 33
parameters were significantly higher in patients compared to controls whereas PONI
was significantly lower. ox-LDL was positively correlated with radiographic severity,
WOMAC score, and oxidant parameters.

55 severe hip/knee OA and 55 HCs; OA patients have increased levels of OxS and 34
decreased antioxidant capacity. OA was associated with impaired lipid metabolism
and dysglycemia. Radiographic severity was associated with LDL-cholesterol and
oxidized LDL.

50 KOA; a strong relationship between sf YKL-40 and GSUS and feeble with PDUS. 35
YKL-40 correlated with inflammatory activity in knee joints and neovascularization
detected by US.

134 post-traumatic KOA (KL1-2 = 103, KL3-4 = 31) and 37 HCs; KL score was 36
correlated with leptin levels in plasma and SF and with the synovial IL18 level. Early
OA was associated with serum IL1f.

148 KOA (KL2 = 35, KL3 = 65, KL4 = 48) and 101 HCs; Lower level of DKK-1and 37
higher levels of OPG and TNF-a in KOA compared to the controls; DKK1 correlated
with the progression of KOA. The serum levels of TNF-a, OPG, and DKK-1 correlated
with risk of KOA.

50 KOA and 20 HCs; FGF-23 level was higher in KOA patients and in patients who had 38
effusion or bilateral involvement. FGF-23 level correlated with WOMAC, KL, age,
disease duration

143 KOA (KL2 = 50, KL3 = 52, KL4 = 41) and 135 HCs; Elevated plasma eotaxin-1 39
levels in KOA patients; sf Eotaxin-1 associated with KL grading criteria, WOMAC,
MMP-3 and IL6

160 KOA (KL1 = 28, KL2 = 35, KL3 = 55, KL4 = 42) and 80 HCs; higher TGF-B1 in cases 40
and positively associated with KL grades.

51 KOA (KL1 = 18, KL2 = 17, KL3 = 16) and 40 meniscus injury (MI). No associations 41
between KL scores and biomarker levels in KOA. In MI patients, TNF-o was associated
with MRI score. Higher IL6 in KOA than MI.

70 KOA and 30 HCs; higher expression levels of TIMP-1 and Bcl-2 in KOA patients; 42
positive correlation between severity of KOA and the expression level of TIMP-1

and Bcl-2

Cross sectional (CS), case—control (CC), ultrasonography (US), visual analog scale (VAS), neuropathic pain questionnaire (NPQ), , chondroitin-6-sulfate (C-6S), cross-linked C-
terminal telopeptide of type 2 collagen (CTX-II), , , C-terminal crosslinked telopeptide of type I collagen (CTX-I), type I collagen degraded by MMP (C1M), type II collagen
degraded by MMP (C2M), osteoprotegerin (OPG), Dickkopf-1 (DKK1), gray-scale ultrasonography (GSUS), power Doppler ultrasonography (PDUS), paraoxonase (PONI), N-
telopeptide of type I collagen (NTXI), N-terminal pro-peptide of type III procollagen (PIIINP), platelet-derived growth factor BB (PDGF—BB).

severity>%>L Studies suggest a different pattern of association be-
tween adipokines and components of KOA severity, pointing to an
association of adiponectin with pain and a link between resistin
and visfatin with disability>?. Oxidized low density lipoprotein (ox-
LDL), induced by oxidative stress, contributes to inflammation and
plays a role in the pathogenesis of articular cartilage degenera-
tion>>. ox-LDL and oxidative stress parameters were reported to be
higher in KOA patients and correlated with KOA severity>>. End-
stage HOA/KOA patients have increased levels of oxidative stress
markers, decreased antioxidant capacity, impaired lipid meta-
bolism, and dysglycemia®*. Moreover, glycoprotein YKL-40, a po-
tential marker for active inflammatory process, is involved in the
pathogenesis of KOA synovitis>°. Patients with early- and late-stage
posttraumatic KOA have increased levels of circulating pro-
inflammatory NOx and IL-6 compared with healthy controls
(HCs) and KOA severity was correlated with leptin levels in both
plasma (P) and SF?°. Dickkopf-1, a key factor of bone metabolism in

normal joint bone, and osteoprotegerin together with TNF-a, were
predictors of KOA severity”’.

Plasma levels of fibroblast growth factor 23 (FGF-23)*® and
eotaxin-1 levels in SF of KOA patients were significantly associated
with severity of KOA®®. Moreover, SF eotaxin-1 was associated with
MMP-3 and IL-6 levels in SF, suggesting possible induction of
breakdown of cartilage matrix. FGF-23 has been shown to be highly
expressed in osteoarthritic chondrocytes and have low expression
levels in normal chondrocytes>®. Transforming Growth Factor beta-
1 (TGF-B1) was also reported to be correlated with KOA severity“°,
while another study did not show any association between knee
Kellgrene Lawrence (KL) grade and SF levels of growth factor
marker, vascular endothelial GF*'.

The relative expression of TIMP-1 and B-cell lymphoma/
leukemia-2, an anti-apoptotic protein that promotes cell survival
by inhibiting apoptosis, were significantly increased in the SF of
KOA patients compared with the control group®’. Moreover, the
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expression levels of both markers in the synovial tissues of KOA
patients were positively correlated with KOA severity.

Early and late assessment of intervention efficacy and
understanding of mode of action

Biochemical markers may be used to facilitate drug develop-
ment. They can be used for different purposes; from playing a role
as a pharmacodynamic marker to companion diagnostic data uti-
lized in the clinic. Table III shows the results of the papers that
evaluated biomarkers associated with an intervention. IL-1f is a

key pathogenic factor in OA. Animal studies suggested that inhib-
iting IL-1a/p may reduce pain and slow structural progression in
OA.In a phase 1 trial, KOA patients were randomized to get an anti-
IL1a/p drug (ABT-981) in 3 different doses or a placebo control**.
Treatment of patients with ABT-981 reduced serum biomarkers of
inflammation including CRP, C1M, C3M, and CRPM. Decreased
levels of the markers occurred within 4 days of the first dose and,
once a nadir was reached, remained suppressed throughout the
treatment duration. The final observations took place 70 days after
the last dose for all groups, when ABT-981 serum concentrations
were 5% of maximum levels, yet many of the biomarkers among

Table III
Associations with treatment response in interventional studies
Biomarker Sample Sample size and results Ref.
type
C1M, C2M, C3M, CRPM, IL6 S RKOA (n = 429); C1M and C3M reduced with diet and diet & exercise 14
Coll2-1, Fib-3-2 S Obese KOA (n = 192); No association observed between the markers and weight loss 15

intervention

IL1a, IL1B, IL1IRA, C1M, C2M, C3M, CRPM, COMP, CTX-I, CRP, S, U RKOA (n = 36); IL14a, IL1B, C1M, C3M, CRPM, and CRP levels reduced with treatment of anti- 43
MMP-9, Creatinine, CTX-II, TIINE-50H, VEGF, VICM, AGNx1 interleukin-1a/p dual variable domain immunoglobulin

COMP, hyaluronan, sCD14, aggrecanase-1 (ADAMTS-4) SF, P Knee cartilage defects (n = 54); presence of ADAMTS-4 activity in SF decreased the response 44
to autologous chondrocyte implantation

HA, CRP, adipsin, leptin, PIIANP, CTX-I, MMP-1, MMP-3 S KOA (n = 119); greater response to chondroitin sulfate treatment on cartilage volume loss 45
in patients with low level of inflammation (HA, leptin, adipsin) and/or greater level of
cartilage catabolism (PIIANP, CTX-1, MMP-1, MMP-3)

Coll2-1 S RKOA (n = 60); Coll2-1 level decreased by intra-articular injection of an autologous plasma- 47
rich-platelet; improvements in WOMAC by intra-articular injection

C1M, C2M, C3M, COMP, CS846, MMP3, PIINAP, CTX-I, CTX-II S, U RKOA (n = 163); serum CTX-I and urine CTX-II levels decreased with intra-articular 48
TissueGene-C treatment; TG-C was associated with significant improvements in functions
and pain

COMP S Erosive radiographic hand OA (n = 143); decreased COMP level in treatment with 66
intramuscular clodronate; significant reduction in the consumption of anti-inflammatory
or analgesic drugs and increasing the functionality of the hands by treatment.

C-6S, CTX-II, TOS, TAC, MMP-3, CRP S, SF Symptomatic RKOA (n = 20); intra-articular N-acetyl cysteine reduced C-6S and CTX-II 67
levels; significant reduction in WOMAC score after treatment with NAC

CTX-II, COMP S, U Symptomatic RKOA (n = 166); treatment with choline-stabilized orthosilicic acid (ch-OSA) 68
reduced the level of both markers in men only; reducing symptoms of KOA by treatment
only among men

MMP-9, TIMP-1, COMP, IL6, CRP, ESR, CTX-II, fructosamine S,U Symptomatic RKOA (KL0-2) (n = 87); Litsea japonica fruit extract reduced the MMP-9 levels 69
and reduced joint pain and stiffness and improved joint function

CTX-II, C2C, PIICP, MMP-13 S, U Symptomatic RKOA (KLO-2) (n = 44); No association observed between the markers and 70
Ajuga decumbens extract supplement treatment; treatment improved joint function

TNF-a, CTX-II S, U Symptomatic RKOA (n = 135); a decrease observed between urinary level of CTX-Il for 71
extract of Morus alba and Acacia catechu treatment; improvements in pain and function that
were comparable with placebo and glucosamine/chondroitin

C2C, PIICP, C2C/PIICP S Healthy subjects (n = 120); C2C levels and C2C/PIICP ratio decreased with N-acetyl- 72
glucosamine in subjects with BMI<25 and KL = 0

C1,2C, COMP, CS846, PIICP S Knee joint discomfort (n = 55); C1,2C decreased with proteoglycan treatment among 73
subjects with high levels of knee pain and physical dysfunction

Coll2-1 S Symptomatic RKOA (n = 81); Coll2-1 decreased with intraarticular injection of hyaluronic 74
acid; No differences on the changes in function or pain between treatment and placebo
groups

PINP, -CTX, COMP S RKOA (n = 61); reduced COMP level in treatment with higher dose of Wnt pathway 75
inhibitor; reducing pain and improving function with the treatment

hsCRP, TNF-a, COMP S Healthy overweight (n = 105); no association with treatment with Terminalia chebula fruit; 76
improvement in function and pain by treatment

MMP-3, TNF-o, S Symptomatic KOA (n = 72); markers level reduced in response to treatment with - 77
carnitine supplement; decrease on severity of disease by treatment compared with placebo

IL6, IL1B, MMP-3,MMP-8, CRP S Obese RKOA (n = 17); IL-6, IL-1p, MMP-3 and pain significantly decreased with strawberry 78
supplementation

hs-CRP, IL1p, TNF-o S RKOA (n = 90); level of all markers doped significantly with treatment with Moxibustion 79
plus Duhuo Jisheng decoction

IL6, uCTX-II S, U Knee pain (n = 16); IL-6 level decreased in the treatment with a supplement containing 80
glucosamine, chondroitin sulfate, and five bioactive ingredients; pain and joint stiffness
decreased with treatment

COMP S Symptomatic KOA (n = 20); no association observed between COMP and joint stabilization 81
exercises; decreasing pain, improving ROM and muscle strength with stabilization exercise

MMP-2, TIMP-2 SF Symptomatic KOA (n = 27); A significant reduction in MMP-2 observed with intra-articular 82
HA treatment

IL1B, TNF-a, IL8, IL6, IL10, TGF-B, cortisol, eHsp72 S Symptomatic KOA (n = 21); levels of IL-1f, TNF-a, IL-8, IL-6, TGF-3, eHsp72 were markedly 83

decreased with pelotherapy; improved OA-related pain, stiffness and physical function
with pelotherapy

(continued on next page)
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Table Il (continued )

Biomarker Sample Sample size and results Ref.
type

CRP, IgG glycan (Plasma glycan profiles) SF, P RKOA (n = 17); no association between markers and intra-articular injection of the final 84
microfragmented adipose tissue product; pain reduction with treatment

uCTXII U healthy postmenopausal women with exercise-induced joint pain in knee (n = 60); natural 85
eggshell membrane decreased uCTX-II; reduced pain and stiffness with treatment

IL1B, CXCL13, TNF-o. SF Symptomatic RKOA (n = 57); arthroscopic knee surgery can reduce IL-1f, CXCL13, and TNF- 86
a levels; markers reduction correlates with clinical improvement

uNTX, uCTX-II, COMP, HA, PIIANP, YKL S, U Symptomatic KOA (n = 80); urinary CTX-II decreased with intra-articular corticosteroid 87
injections; uCTX-II baseline level and change from baseline to 3 weeks post injection
correlated with joint space narrowing

MMP-1, MMP-3, MMP-13, CTX-II, ADAMTS-4, ADAMTS-5, S, SF Severe RKOA (n = 33); ADAMTS-5 in serum decreased after 3 weeks treatment with 88

Helix-II, sGAG
MMP-3, MMP-9, TIMP-1, COMP, IL-6, MDA, Fructosamid, uCTX- S, U

maritime pine bark extract
KOA (n = 50); no association between markers and Deer bone extract supplementation 89

I treatment; no significant difference in pain and function between treatment and placebo

IL6, IL8, TNF-a, IL18, CD14, CTX-I, CTX-II, hsCRP

S, SF, U Symptomatic KOA (n = 109); colchicine treatment reduced hs-CRP and SF CTX-I but did not 90

reduce KOA symptoms over a 16-week study period.

COMP S

Symptomatic RKOA (n = 112); no association between marker and Channa striatus 91

treatment; improvement in stiffness and function with treatment compared to placebo

COMP, CRP, IL6, TNF-q, IL1B, calprotectin S

RKOA (n = 18); no association between marker, KOOS scores, or muscle strength and 92

creatine monohydrate supplementation

Chondroitin-6-sulfate (C-6S), cross-linked C-terminal telopeptide of type 2 collagen (CTX-II), total oxidant status (TOS), total antioxidant concentration (TAC),, , type Il collagen
synthesis (PIICP), C-terminal crosslinked telopeptide of type I collagen (CTX-I), malondialdehyde (MDA), , type I collagen degraded by MMP (C1M), type II collagen degraded by
MMP (C2M), vascular endothelial growth factor (VEGF), MMP-degraded and citrullinated vimentin (VICM), aggrecan (AGNx1).

groups had not returned to pre-dose baseline levels. This slow
rebound of biomarker levels after termination of treatment sug-
gests that alleviation of pro-inflammatory cytokines may have
acute and prolonged beneficial effects on tissue turnover.

Currently, there are no wet biomarker tests available to clini-
cians that can predict the outcomes of cell therapy. Four markers of
COMP, HA, sCD14, and aggrecanase-1 (ADAMTS-4) activity in SF and
COMP and HA in plasma samples were measured for 54 patients
with cartilage defects in the knee treated with autologous chon-
drocyte implantation (ACI)**. Improved Lysholm score at least 10
points after 1 year was classified as responders. The presence or
absence of ADAMTS-4 activity in SF was the most important pre-
dictive factor. When ADAMTS-4 activity was detectable in SF, the
odds of being a responder were 3 times reduced than when
ADAMTS-4 activity was not detectable. Other predictive factors
were the baseline Lysholm score, age at ACI, and defect patch type
used. Authors suggest that ADAMTS-4 activity levels in the SF of
joints with cartilage defects may be used to help identify patients
who will have a poorer outcome after conventional ACI treatment.

In a post-hoc study explored in a 2-year RCT of KOA patients,
some serum biomarkers were found to be associated with a better
response to chondroitin sulfate (CS) in reducing cartilage volume
loss. The results suggested a greater response to CS treatment on
cartilage volume loss in KOA patients with low level of inflammation
(HA, leptin and adipsin) and/or greater level of cartilage catabolism
(PIIANP, CTX-I, MMP-1, MMP-3)*. In another study, serum
biomarker phenotypes associated with the occurrence of all-cause
TJR were retrospectively explored using data from a phase III trial
of tanezumab®®. Patients included in this analysis were reclassified
into three groups based on nonsteroidal anti-inflammatory drugs
(NSAID) use before and during tanezumab treatment. Biomarkers of
synovial inflammation (C3M) were the strongest biomarkers for
distinguishing between cases and controls in the non-NSAID group
as well as in the NSAID group where high levels appear to be pro-
tective of a TJR, suggesting that NSAID use could be suppressing
synovial inflammation. Bone metabolism markers of CTX-I, osteo-
calcin (OC), and Dkk1 were present in the phenotypes of 71% of the
cases and controls in the NSAID-user group, but was lower in the
non-NSAID and scrNSAID groups (used during screening and for <90
days during treatment). This suggests an important interaction ex-
ists between NSAID use and bone metabolism.

Medications which protect or stimulate healing of the cartilage
are still under investigation. The effect of one dose injection of
intra-articular platelet-rich plasma (PRP) in the knee joint on a
serum biomarker of cartilage degeneration, Coll2-1 was evaluated
over a short period of 3 months. They reported a reduction in Coll2-
1 following injection emphasizing that PRP could be a promising
safe and tolerable effective therapeutic option”’. In another study,
clinical efficacy of TissueGene-C (TG-C), a cell and gene therapeutic
consisting of non-transformed and retrovirally transduced chon-
drocytes to overexpress TGF-1 (3:1), was evaluated for KOA pa-
tients. TG-C was associated with statistically significant
improvement in function and pain in KOA patients. Moreover,
decreased levels of serum CTX-I and uCTX-II, indicating less sub-
chondral bone and cartilage degradation, respectively, were re-
ported in patients treated with TG-C*S.

Understanding the biology of joint deterioration

Trauma-induced cytokine response after knee injury has a role in
the development of posttraumatic KOA. An exploratory analysis of a
RCT showed that surgical ACLR in the acute post-injury phase rep-
resents a second trauma to the injured knee resulting in a prolonged
elevation of already high SF levels of inflammatory cytokines such as
IL-6, IL-8, IL-10, TNF, and IFN-y even after 5 years’®. The lowest
concentrations of inflammatory biomarkers after injury were seen
in the rehabilitation alone group. Interestingly, in the group treated
with rehabilitation alone, subjects who underwent non-ACL
arthroscopic surgeries during the 5-year period showed no signifi-
cant differences in levels of any of the biomarkers at the 5-year visit
compared with patients without arthroscopic procedures*’.

Irrespective of how OA is classified, mechanical load - either
abnormal load on a normal joint, or normal load on a joint that has
lost its mechano-protective mechanisms, is an etiological factor in
development of OA®C. The association between biomechanical
outcomes of walking gait 6 months following ACLR and biomarkers
of serum type-II collagen turnover, plasma degenerative enzymes,
and a pro-inflammatory cytokine were evaluated for 17 patients’.
Individuals with lesser biomechanical loading on the ACLR limb at
the 6-month follow-up exam, compared to the contralateral limb,
demonstrated greater concentrations of plasma MMP-3 and IL-6, as
well as serum type-II collagen turnover, indicating early
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interactions between mechanical joint loading and metabolic
processes that may influence the future breakdown of cartilage and
future KOA onset. In a small intervention study (n = 16), changes to
serum level of C1,2C and CS846 in response to a 30-min walk in
patients with medial KOA was evaluated®’. Regional cartilage
thickness changes were measured from MRI obtained at study
entry and at 5-year follow-up. Subjects with increased C1,2C had
greater medial tibial cartilage thinning 5 years later than those with
decreased C1,2C, suggesting that an increase in biomarker con-
centration following stimulus reflects progression of medial OA.
Cartilage thicknesses in the medial compartment have been asso-
ciated with individual variations in gait mechanics. Thus, gait dif-
ferences between patients with medial compartment KOA would
preclude finding a proportional relationship between biomarkers
and cartilage changes?. In another study including asymptomatic
subjects with MRI-evidence of cartilage loss and asymptomatic
HCs, specific gait mechanics and systemic inflammation differences
(increased serum TNF-0) were suggested to precede the onset of
symptoms of KOA®>. The study finding that asymptomatic subjects
with cartilage loss had gait and inflammatory characteristics
similar to those previously reported in symptomatic KOA pa-
tients°*>> supports the idea that there are specific mechanical and
biological factors that precede the onset of knee pain in the path-
ogenesis of KOA™>,

In a small cross-sectional study, DKK1 and FRZB (antagonists of
the WNT-signaling pathway), and GREM1 (antagonist of the BMP-
signaling pathway) in SF samples from subjects with knee injury
or KOA were evaluated®®. All three antagonists decreased with
increasing time after injury as well as with increasing age, but the
temporal change after injury was less accentuated for FRZB
compared to that of DKK1 and GREM1. They found positive corre-
lations between FRZB concentrations and levels of sulfated
glycosaminoglycan (sGAG), ARGS-aggrecan, COMP, and type II
collagen degradation (epitope C2C). On the other hand, levels of
DKK1 and GREM1 inversely correlated with concentrations of C2C,
and DKK1 negatively correlated with ARGS-aggrecan. This suggests
that directly after knee injuries DKK1 and GREM1 work co-
operatively to block and/or balance the catabolic signaling, and
this process is partly separated from the action of FRZB>°.

An aberrant immune response has been implicated in the
pathogenesis of OA. CD4+T cells, particularly T follicular helper
(TFH) cells, are known to regulate B-cell activation and functional
differentiation. In a case—control study, expression of IL-21 + TFH
cells in KOA patients demonstrated a positive correlation with KOA
disease activity, serum CRP levels, and WOMAC”’. Furthermore,
serum IL-21, IL-17A, and IFN-vy levels in KOA patients were signifi-
cantly higher than those in HCs.

Endotypes/phenotypes and novel OA markers

Although inflammation is associated with the onset and pro-
gression of OA, different inflammatory signaling may be present in
patients with HOA vs KOA. A large panel of cytokines, chemokines,
and GFs were measured in serum and SF samples of patients with
KOA, HOA, and controls in a cross-sectional study®®. The three
groups showed distinct serum cytokine profiles. Epidermal GF,
FGF2, monocyte chemotactic protein-3, and IL-8 significantly
differed between HOA and KOA. Specifically within the HOA sub-
jects, IL-6, monocyte-derived chemokine and interferon gamma-
induced protein 10 were associated with pain and were also
found to be present in SF and synovial membrane (except IL-6) of
patients with HOA®®. In another study of late stage HOA/KOA pa-
tients undergoing total joint arthroplasty, IL-17 and several adipo-
kines and inflammatory markers were measured in SF and serum
samples®®. IL-17 is a pro-inflammatory cytokine that induces

upregulation of inflammatory cytokines and adipocytokines. Of
study population 9% had detectable IL-17 in SF. These patients had
higher levels of IL-6, leptin, resistin, chemokine (C-C motif) ligand 7,
and nerve GF in SF and reduced osteophytes, sclerosis, and mini-
mum joint space width. Increased SF levels of IL-6 were found for
both HOA and KOA patients with detectable IL-17. So it seems that
the presence of IL-17 in SF could identify a subset of primary end-
stage OA patients with a distinct radiographic, inflammatory
cytokine, and adipocytokine profile®®.

Studies have shown that lower serum level of adropin, a newly
discovered peptide hormone, induces weight gain and impacts
lipid metabolism and glucose homeostasis. Adropin levels inversely
correlated to white blood cell, neutrophil to lymphocyte ratio, and
TNF-a. levels and decreased parallel to the increase in BMI in
particular in KOA patients with BMI>30°°. KOA patients showed
lower levels of adropin and higher levels of TNF-o. compared with
the HCs. There was a significant decrease in adropin levels and
increase in TNF-a levels parallel to the increase in the KL grade. The
study provides a new link between adropin and diseases with
inflammation®’. Another study suggested that serum measures of
impaired glucose homeostasis such as glycated serum protein (GSP)
may predict individuals at risk of incident typical KOA but not
accelerated KOA'®. A U-shaped relationship between incident
typical KOA and GSP indicates that there are two clinically relevant
subsets at risk for typical KOA - those with low GSP concentrations
and others with high GSP concentrations. The study findings sup-
port the notion that accelerated KOA may be a distinct disorder
from typical KOA. Among the 78 different investigated proteins,
three proteins, C3, ITIH1 and S100A6, significantly differed between
KOA patients and HCs, with the potential to be of additive value for
the diagnosis and monitoring of KOA. Serum levels of two of these
proteins, C3 and ITIH1, differed also among KOA and RA patients,
which suggests that C3 and ITIH1 are proteins specifically increased
in KOA®,

A cross-sectional analysis of the Johnston County Osteoarthritis
Project showed that OA of the synovial facet joint was associated
with HA while spine OA, affecting intervertebral discs that contain
collagen type II, was associated with uCTX-11°2, consistent with
other study that showed lumbar intervertebral disc degeneration
patients had higher uCTX-II than HCs®?. These findings suggest that
biomarkers may reflect structural differences between spine
degeneration phenotypes®?.

The identification of biomarkers capable of discriminating
erosive hand osteoarthritis (EHOA) from non-erosive hand OA
(NEHOA) could improve the diagnostic accuracy. A cross-sectional
study demonstrated a significant increase in myeloperoxidase
serum levels in patients with EHOA and NEHOA in comparison to
the control group and a significant increase in EHOA compared with
NEHOA®*. Myeloperoxidase levels significantly correlated with the
disease duration in the NEHOA group and with the Kallman score in
EHOA patients. Moreover, higher serum levels of visfatin in EHOA in
comparison to NEHOA was found, speculating its potential useful-
ness as biomarker to distinguish the EHOA from NEHOA®’.

Conclusions

This “Year in review” included a low number of articles pub-
lished about other joints other than the knee. Only nine of the
included articles were about other joints including hand
(n = 4)>*%4766 hip (n = 3)>**%659 and spine (n = 2)°%%. A large
number of these studies focused on the systemic and tissue in-
flammatory markers as well as cartilage markers.

The number of investigative biomarkers has increased rapidly
with expansion of proteomics. Metabolic changes of joint tissues
start long before the onset of structural alterations. Therefore,
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identification of early OA biomarkers will help for diagnosis or
developing new therapeutic alternatives®>. To date, there are an
extensive list of OA biomarkers and efforts are now under way to
use some of these markers to identify sub-clinical phenotypes
given the heterogeneous nature of the disease. Moreover, a
consensus has been reached that the assessment of multiple bio-
markers associated with different joint tissue types like cartilage,
bone, and synovium, products of pathological pathways and even
genetic factors, is required for considering a personalized medica-
tion protocol for the treatment of OA in the near future. However,
currently, lack of clinically validated biomarkers, in particular early
OA biomarkers, hinders therapeutic advancements necessary to
develop disease-modifying drugs®®. The areas and questions that
still require further attention in the identification of biochemical
markers for OA are described below:

- Research is needed to explore whether there are specific bio-
markers for specific joints

- Can current analytical platforms be refined to improve sensi-
tivity and specificity?

- Biomarker development needs to be much more bound to drug
development

- Need for studies combining biochemical markers with other
types of markers like MRI- and ultrasound-based markers

- Collaboration between different experts in the OA field and large
well designed consortiums are probably needed to overcome
the above issues

International standardization of future investigations are war-
ranted for further advances in OA biomarker qualification and
progress towards the clinical utility of biochemical markers.

Author contributions

FSH was the main author who searched, reviewed, and wrote
the first draft of the manuscript. AB] and SBZ contributed to the
selection and justification process, and were involved in revising
the article critically for important intellectual content and expert
view.

Declaration of interest

The authors do not have any commercial relationships that
could be construed as biased or inappropriate. Anne-Christine Bay-
Jensen works for Nordic Bioscience, a company involved in
biomarker identification, validation and development. Dr. Bierma-
Zeinstra reports grants from Dutch Arthritis Foundation, the
Netherlands Organization for Health Research and Development,
EU Horizon 2020, Stichting Coolsingel, Nuts-Ohra, and EU Fp7,
other from Regeneron, Infirst healthcare, personal fees from Oste-
oarthritis & Cartilage, personal fees from OARSI, EULAR, Regeneron,
and Infirst healthcare, outside the submitted work.

Appendix
Search term

Embase.com

(osteoarthritis/exp/mj OR (osteoarthrit* OR ((hand OR hip OR
knee) NEAR/3 o0a) OR (osteo NEXT/1 arthrit*) OR (degenerat* NEAR/
3 (arthrit* OR ‘joint disease’ OR ‘joint diseases’)) OR arthropa-
th*):ab,ti) AND (marker/exp OR ‘disease marker’/exp OR ‘C reactive
protein’/exp OR ‘cartilage oligomeric matrix protein’/exp OR
(marker* OR biomarker* OR (Crosslink* NEAR/3 telopeptide*) OR
‘uctx ii’ OR ‘uctx 2’ OR crp OR hsCRP OR ‘ctx ii’ OR ‘ctx 2’ OR ‘ntx ii’

OR ‘ntx 2’ OR comp OR sCOMP OR ‘Col2:3/4Cshort’ OR ‘C1,2C’ OR
‘Col2:3/4Clongmono’ OR ‘COL2-3/4Clong’ OR C2C OR Col2CT-
x):ab,ti) NOT ([animals]/lim NOT [humans]/lim) AND [english]/lim
NOT ([Conference Abstract]/lim OR [Letter]/lim OR [Note]/lim OR
[Conference Paper]/lim OR [Editorial]/lim) AND [2017-2018]/py.

Medline (OvidSP)

(exp osteoarthritis/OR (osteoarthrit* OR ((hand OR hip OR knee)
ADJ3 oa) OR (osteo ADJ arthrit*) OR (degenerat® ADJ3 (arthrit* OR
joint disease OR joint diseases)) OR arthropath*).ab,ti.) AND (exp
Biological Markers/OR C-Reactive Protein/OR cartilage oligomeric
matrix protein/OR (marker* OR biomarker* OR (Crosslink* ADJ3
telopeptide*) OR uctx ii OR “uctx 2” OR crp OR hsCRP OR ctx ii OR
“ctx 2” OR ntx ii OR “ntx 2” OR comp OR sCOMP OR “Col2 3/
4Cshort” OR “C1,2C” OR “Col2 3/4Clongmono” OR “COL2-3/4Clong”
OR C2C OR Col2CTx).ab,ti.) NOT (exp animals/NOT humans/) AND
english.la. AND (2017 OR 2018).yr.

Cochrane central

((osteoarthrit* OR ((hand OR hip OR knee) NEAR/3 o0a) OR (osteo
NEXT/1 arthrit*) OR (degenerat* NEAR/3 (arthrit* OR ‘joint disease’
OR ‘joint diseases’)) OR arthropath*):ab,ti) AND ((marker* OR
biomarker* OR (Crosslink* NEAR/3 telopeptide*) OR ‘uctx ii’ OR
‘uctx 2’ OR crp OR hsCRP OR ‘ctx ii’ OR ‘ctx 2’ OR ‘ntx ii’ OR ‘ntx 2’ OR
comp OR sCOMP OR ‘C1,2C’ OR C2C OR Col2CTx):ab,ti) AND
((*follow up’ OR longitudin* OR cohort® OR prospecti* OR trial* OR
((clinical* OR control*) NEAR/3 stud*)):ab,ti).

Web-of-science

TS=(((osteoarthrit* OR ((hand OR hip OR knee) NEAR/3 oa) OR
(osteo NEAR/1 arthrit*) OR (degenerat* NEAR/3 (arthrit* OR “joint
disease” OR “joint diseases”)) OR arthropath*)) AND ((marker* OR
biomarker* OR (Crosslink* NEAR/3 telopeptide*) OR “uctx ii” OR
“uctx 2” OR crp OR hsCRP OR “ctx ii” OR “ctx 2” OR “ntx ii” OR “ntx
2” OR comp OR sCOMP OR “C1,2C” OR C2C OR Col2CTx)) NOT
((animal* OR rat OR rats OR mouse OR mice OR murine OR pig OR
pigs OR piglet OR dog OR dogs OR ovine OR bovine OR equin* OR
horse* OR rabbit* OR chick* OR rodent* OR monkey*) NOT (human*
OR patient*))) AND LA=(english) AND DT=(article).
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