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Abstract: Serum biomarkers of osteoarticular diseases have been in the limelight of current

clinical research trends. Laboratory validation of defined and candidate biomarkers for both

osteoarthritis and osteoporosis is of key importance for future decisional algorithms in the

diagnosis, monitoring, and prognosis of these diseases. The current guidelines recommend

the use of collagen degradation remnants, eg, CTX-I and CTX-II, in the complementary

diagnosis of both osteoporosis and osteoarthritis. Besides the collagen degradation markers,

enzymes that regulate bone and articular metabolism are useful in the clinical evaluation of

osteoarticular pathologies. Along these, several other recommended and new nominee

molecules have been recently studied. Wnts and Wnt-related molecules have a cardinal

role in the bone-joint homeostasis, making them a promising target not only for pharmaceu-

tical modulation, but also to be considered as soluble biomarkers. Sclerostin and dickkopf,

two inhibitor molecules of the Wnt/β-catenin signaling, might have a dual role in the

assessment of the clinical manifestations of the osteoarticular unit. In osteoarthritis, besides

fragments of collagen type II many pathway-related molecules have been studied and

proposed for biomarker validation. The most serious limitation is that a significant proportion

of studies lack statistical power due to the reduced number of cases enrolled. Serum

biomarkers of bone and joint turnover markers represent an encouraging possibility for the

diagnosis and prognosis of osteoarticular diseases, although further studies and laboratory

validations should be carried out as to solely rely on them.
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Introduction
According to the Biomarkers, EndpointS, and other Tools (BEST) Resource glos-

sary, biomarkers are assigned as

A defined characteristic that is measured as an indicator of normal biological pro-

cesses, pathogenic processes, or responses to an exposure or intervention, including

therapeutic interventions.1

This document classifies biomarkers in seven groups, as follows: diagnostic, mon-

itoring, pharmacodynamics/response, predictive, prognostic, safety, and surrogate

biomarkers.

The Guidelines for Biomarkers Working Group of the Osteoarthritis Research

Society International (OARSI), emitted in 2015 formulates recommendations based

on current knowledge and putative, exploitable benefits.2 Biomarkers must be

Correspondence: Előd Ernő Nagy
Department of Biochemistry and
Environmental Chemistry, George Emil
Palade University of Medicine, Pharmacy,
Science and Technology of Târgu Mureș,
Gheorghe Marinescu Street No. 38,
Târgu Mureș 540139, Romania
Tel +40-265 215551 int. 187
Email elod.nagy@umfst.ro

Clinical Interventions in Aging Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Clinical Interventions in Aging 2020:15 501–518 501

http://doi.org/10.2147/CIA.S242288

DovePress © 2020 Nagy et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://orcid.org/0000-0001-5215-6152
http://orcid.org/0000-0002-2503-5555
http://orcid.org/0000-0003-3881-8636
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


distinguished from clinical outcome assessment, they

represent direct measures of feeling, function or survival

of subjects supposed to a therapeutic intervention. The

development of a soluble biomarker has three essential

phases: analytical validation, qualification and practical

application.3

Biomarkers can be applied at the preclinical level and

in clinical studies, too. Their main goals are the establish-

ment of diagnosis, disease staging, and monitoring, con-

firmation of pharmacological mechanism of action;

demonstration of the biological mechanism of action; pre-

diction of clinical outcome of the disease.4

Bone, although presenting as a passive tissue, is under

a continuous, apprehensive metabolic equity, and its

homeostasis relies on the harmonious interplay between

the bone-forming and bone-disturbing events. In mamma-

lian skeleton, proper bone turnover assures the repair of

micro-architectural damage of the osseous tissue and

simultaneously contributes to calcium homeostasis.5,6

Osteoporosis is a multifactorial, progressive skeletal

disease, one of the most prevalent osteoarticular patholo-

gies, with primary and secondary forms, having distinct

etiologic backgrounds.7,8 Type 1 primary osteoporosis is

related to postmenopausal women, where decreased estro-

gen levels are associated with increased pro-inflammatory

cytokine levels, eg interleukins (IL-1, IL-6), which cause

increased osteoclast activity and subsequent imbalance in

bone metabolism shifting to bone loss. In contrast, type 2

primary osteoporosis has an incompletely elucidated

pathologic mechanism, usually, bone atrophy that can

occur regardless of sex.9 Secondary osteoporosis occurs

as a comorbidity with various endocrine affections, like

hyperthyroidism or Cushing’s syndrome.7

Osteoporosis has numerous etiologic backgrounds,

amongst which age and related low estrogen levels in the

postmenopausal period, fracture anamnesis, hyperthyroid-

ism and use of oral corticosteroids are the most

noteworthy.10 The main risk factor in osteoporosis is repre-

sented by fractures that appear in low-trauma situations.

According to the current statistics published by the

International Osteoporosis Foundation (IOF) around

200 million people are affected worldwide, mainly repre-

sented by the geriatric population and annually over

9 million fractures are reported. These numbers are pre-

dicted to arise in the future decades around 2.5–3 times in

both the male and female populations, making not only

osteoporosis but the musculoskeletal diseases an emerging

global health and economic burden.11,12 According to

a current experts’ point of view published by Kanis et al13

for the diagnosis of osteoporosis the measurement by dual

X-ray absorptiometry (DXA) of bone mineral density

(BMD) remains the golden standard. Bone turnover markers

(BTMs) might have some prognostic value for the assess-

ment of fragility fractures, when BMD measurements are

unavailable.

In this view, the present article seeks to bring an

updated overview on the management of both osteoporosis

and osteoarthritis, by emphasizing the currently available

data and future perspectives of soluble biomarkers, which

might augment the diagnosis, monitoring, and prediction

of these diseases.

BTMs – General Aspects and
Classification in a Nutshell
BTMs are endogenously secreted proteins or derivatives

thereof, that are synthesized by osteoblasts and osteoclasts

during bone remodeling and offer information about bone

physiology and patient’s response to various osteoporosis

therapies.14,15 According to the consensus and based on

the recent publications elaborated by the IOF and

International Federation of Clinical Chemistry and

Laboratory Medicine (IFCC), the current recommended

reference BTMs for evaluating bone health are serum

PINP (procollagen type I N propeptide), as bone formation

marker and s-CTX (serum C-terminal telopeptide of type

I collagen), as a bone resorption marker.16 BTMs can be

enrolled in two major categories:17

1. Bone resorption markers, wherein the collagen degra-

dation markers dominate, like deoxypyridinoline

(DPD), pyridinoline, (PYD), amino-terminal cross-

linking telopeptide of type I collagen (NTX) and

carboxy-terminal cross-linking telopeptide of type

I collagen (CTX). Amongst the enzymes that regulate

the bone formation, tartrate-resistant acid phosphatase

(TRACP) possesses a marker role in bone turnover.

2. Bone formation markers, wherein various matrix pro-

teins, like osteocalcin (OC), procollagen type

I C propeptide (PICP) and PINP are included.

Enzymes, like alkaline phosphatase (ALP) and bone-

specific alkaline phosphatase (BALP), might as well

be considered as biomarkers of bone formation.

CTX-I is a metabolic remnant of type I collagen, being

released under cathepsin K cleavage of intact bone
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collagen.18 Serum levels of CTX-I present a circadian

variation and are slightly affected by various conditions

(eg gender, age, menopausal status) with a maximum

being observed at 05:00 in the morning and an afternoon

minimum at 14:00.19

Adolescent boys achieving higher peak bone mass

show significantly higher levels of OC, BALP and serum

CTX-I (s-CTX-I) than age-matched girls.20 A recent study

performed on 205 Vietnamese men and 432 women high-

lighted an interesting switch in age/gender dependency of

the β-isomerized form of CTX-I along PINP, which were

more increased in <50–year-old men and in >50–year-old

women than in their age-matched gender counterparts.21

Currently, several working groups are implied in the

bio-analytical validation of these molecules aiming to

standardize methods for the use of CTX-I and PINP as

BTMs.22–25 Szulc et al24 recently have elaborated a paper

focusing on the pre-analytical variability of CTX-I and

PINP measurements. These variables include both control-

lable (circadian variation, food intake, and lifestyle fac-

tors) and uncontrollable factors (age, gender, etc.),

accelerator conditions of bone turnover (hyperparathyroid-

ism, immobility), or diseases lowering (hypothyroidism),

or dissociating (rheumatoid arthritis, multiple myeloma)

bone turnover. According to the formulated recommenda-

tions based on the extensive literature review, the determi-

nation of BTMs should be carried out concerning their

circadian rhythm and taking into consideration the varia-

bility of the uncontrollable aspects.

Complementary or Contradictory
Clinical Aspects of BTMs in
Osteoporosis?
Currently, the diagnosis of osteoporosis is generally made

using DXA investigations. For bone turnover assessment

the gold standard technique is the analysis of bone histo-

morphometry and BTMs are often measured as auxiliary

or complementary diagnostic information.26 In a large

cohort study realized by Chavassieux et al27 on 370

patients with postmenopausal women, concluded that

there is only a weak correlation between bone formation

(PINP and BALP), bone resorption (s-CTX-I) BTMs and

corresponding bone histomorphometry results. Although,

this correlation pitfall might be due to the different data

carrying of BTMs vs bone histomorphometry. Whereas

BTMs show the metabolic shifts and turnover of the

whole skeleton, bone histomorphometry offers a precise

assessment of one part of the investigated bone site and

due to this limitation, bone histomorphometry cannot serve

as an indicator of the integrity of the whole skeleton.

Park et al28 have evaluated bone turnover in the postme-

nopausal period (PMOP) of Korean women by assessing

s-CTX-I, serum OC, urinary DPD and BMD. Amongst the

quantified BTMs only s-CTX-I showed a statistically

greater level in the group of osteoporosis patients (0–6

years of onset) when compared to the non-osteoporosis

group and this tendency was similar up to 10 years of

PMOP. In a review article, Krege et al29 summarized the

clinical significance of osteoblast-derived protein PINP, in

patients receiving anabolic therapy with teriparatide. PINP

showed a significant increase as soon as 3 months after

therapy initiation, showing good correlation with the bone

histomorphometric parameters. In this view, BTMs might

have prognostic potential in the evaluation of osteoporosis,

but a synchronous measurement of BTMs and BMD is

deemed for a proper evaluation of PMOP.

Besides the well-established BTMs by IOF and IFCC,

recent publications aim to compare the levels of circulating

pro- and anti-resorptive cytokines in impaired bone meta-

bolism. Azizieh et al30 evaluated the circulatory levels of

selected cytokines (pro-resorptive: TNFα – tumor necrosis

factor, IL-1β, IL-6, IL-8, IL-12, IL-17 and anti-resorptive:

IFN-γ – interferon, IL-4, IL-10, IL-13, TGF-β – transform-

ing growth factor beta), adipokines (eg adiponectin), BTMs

(PINP, CTX) in postmenopausal women with normal and

low BMD. Although, the CTX-I levels did not indicate

a significant change in serum concentration levels, PINP

and PINP/CTX ratio were significantly lower in patients

with low BMD compared to the normal BMD PMOP

patients. The patterns of the circulatory cytokine network

remained similar between groups, except for TGF-β, which

was significantly greater in patients with osteopenia, com-

pared to the osteoporosis group.

BTMs and Their Clinical Significance
Under Osteoporosis Treatment
Pharmacologic medication in osteoporosis aims the

diminution of fracture risk in patients suffering from

impaired bone formation. As a classification the therapeu-

tic possibilities can be divided into two major groups: a)

antiresorptive drugs – bisphosphonates, selective estrogen

receptor modulators, receptor activator of nuclear factor

κB (RANK) inhibitors, calcitonin, calcium, vitamin D, and

phytoestrogens; b) bone remodeling drug – strontium
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ranelate as a dual-acting bone agent, and parathormone

and Wnt signaling inhibitors as anabolic agents.31,32

The variations in BTMs under pharmacologic anti-

osteoporotic intervention has been evaluated since the

last decades of the past millennium. In an early study

published by Bettica et al33 a rapid and significant reduc-

tion of bone-remodeling markers (CTX, NTX, DPD) was

shown under alendronate and etidronate treatment, reach-

ing a reduction plateau around 2–4 weeks after the begin-

ning of the treatment. OC and BALP also presented

reduced levels, at 56 and 84 days, respectively. The

study included 74 women with PMOP, being divided into

four subgroups with the following treatment allocated:

calcium carbonate (50 mg/day), alendronate in 5 mg/day

and 10 mg/day dosage, and cyclical etidronate. In a pilot

study on ibandronate, serum and urinary CTX-I (u-CTX-I)

levels were evaluated under medication of 50, 100,

150 mg of ibandronate administrated monthly to PMOP

women. The results presented by Reginster et al34 showed

an effectively decreased bone turnover for both s-CTX-I

and u-CTX-I in a dose-response dependent manner.

A similar study conducted by Binkley et al35 enrolled 67

women patients of which 47 received anti-resorptive med-

ication, 150 mg ibandronate monthly. The measurements

of s-CTX-I showed a marked reduction after 3 days of

therapy initiation and remained suppressed over six

months, showing a regular monthly fluctuation. Similar

long-term inhibitory effects of bisphosphonates on BTMs

were described in a prospective study by Borba et al.36 In

their study, patients receiving a single dose of 4 mg of

injectable zoledronic acid presented under baseline levels

of both CTX-I and BALP even after 18 months of follow-

up. Concurrently with these findings, after 18 months gain

in BMD was also observed.

Serum markers of bone turnover, namely BALP and

s-CTX were measured by Kaufman et al37 in men with

primary osteoporosis. Patients received 2 g/day strontium

ranelate for two years and both BALP and s-CTX were

assessed at 3, 6, 9, 12, 18 and 24 months. s-CTX levels

were significantly reduced in the strontium ranelate treated

group in comparison to placebo peers throughout the testing

period. In a large cohort study published by Bruyère et al38

and including 2373 women the bone resorption marker

s-CTX was decreased by 5.9%, whereas BALP and PICP,

as bone-forming markers were elevated by 9.6% and 9.9%,

respectively. Moreover, an association between the BTMs

and BMD was found, indicating the clinical importance of

these soluble markers along with BMDmeasurements for the

monitoring of strontium ranelate therapy.

Clinical effects of 2 g/day strontium ranelate (SrR) vs

70 mg/week alendronate therapy were evaluated and com-

pared by Rizzoli et al,39 enrolling Caucasian PMOP

women in a randomized 2-year-long trial. Medical treat-

ment was supplemented with a daily intake of 500 mg

calcium and 400 IU of vitamin D. s-CTX levels were

significantly reduced, while BALP levels presented

a significant increase after 3 and 18 months of treatment

with SrR, respectively, compared to placebo. This ten-

dency was not characteristic for alendronate, as BALP

levels remained under borderline throughout the testing

period.

Predictive Roles of BTMs in
Osteoporosis-Related Pathologies
Obesity is one of the increasing global epidemic concerns,

alarmingly affecting the younger population.40 Although

conventionally considered as a promoter of bone forma-

tion through a greater mechanical loading of bone, obesity

is unquestionably a prominent risk factor for various

chronic diseases.41 In this perspective, the increased mass

of adipose tissue, as an outcome of adipocyte-directional

differentiation of mesenchymal stem cells, may result in an

adipocyte loading of skeletal tissue cavities, instead of

trabecular bone formation. Complementarily, low grade

inflammation related to obesity promotes adipogenesis in

the detriment of osteoblastogenesis and calcium absorp-

tion, increasing the risk of fractures and osteoporosis.42–44

In a study presented by Ambroszkiewicz et al45 higher

CTX-I levels indicated a defective bone formation in thin

children, compared to normal-weight peers. Moreover, the

ratio of the carboxylated OC/undercarboxylated OC, as

well as the BMD were significantly lower in thin children

when compared to the normal-weight group.

A meta-analysis published (2016) by Starup-Linde et al46

summarizes the contradictory information that BTMs pro-

vide in diabetic (DM) patients. Comparing and stratifying the

BTM levels in type I diabetes mellitus (T1DM) and type II

diabetes mellitus (T2DM) it has been outlined that OC levels

decrease in T1DM, but show only a borderline decline in

T2DM. Further studies included have also pointed out the

conflicting evidence regarding BTMs in DM. Pater et al47

found that both OC and CTX-I levels were decreased at the

onset of T1DM in children, and after 3 months returned to

their normal levels. TRACP5b showed a gradual increase in
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12 months, becoming significantly higher at this time point

when compared to the onset of T1DM. Other studies have

found that besides CTX, OC, P1NP, TRACP also showed

a decrease in T2DM, along with sclerostin, PTH and

BALP.46,48 In a recent study, Liu et al49 presented an associa-

tion between s-CTX and dysglycaemia. They proposed that

bone, as an endocrine organ might contribute to glucose

homeostasis, by increasing osteoclast activity in the early

stages of DM, thus exhausting the bone metabolism, which

results in impaired osteoclast activity, resulting in distur-

bances in both bone and glucose homeostasis. The former

observation might be due to the formation of glycated

s-CTX, as an advanced glycated end product. As both gly-

cated s-CTX, and non-glycated s-CTX, derive from type

I collagen, the assumption that the glycated s-CTX is already

present in diabetic patients promotes glycated s-CTX to a pro-

mising BTM.

Wnts and Wnt-Pathway Related
Molecules as Putative Future
Biomarkers of Bone Metabolism?
Amongst the broad intracellular and intercellular molecu-

lar pathways, which regulate bone metabolism, Wnt sig-

naling occupies a prominent spot in the nebulous world of

these communication systems. In recent years, emerging

evidence has been reported describing the crucial roles of

Wnt proteins in bone homeostasis. In a review published

by Canalis E,50 the altered biological activity of Wnt1 due

to WNT1 mutations has been summarized. These impaired

biological events are responsible for the early onset of an

autosomal recessive form of osteogenesis imperfecta, lead-

ing to osteoporosis in children. Supportive evidence was

disclosed by Mäkitie et al51 having found that skeletal

changes and impaired bone mass due to mutations in

WNT1, affecting Wnt1 protein activity can be observed

even from the pubertal years. Recent studies categorize

Wnt1 as a bone-anabolic Wnt ligand. The data presented

by Luther et al52 characterized Wnt1 as a major bone-

anabolic juxtacrine mediator of the osteoblastic lineage.

Non-canonical Wnt modulators also have noticeable

effects on the metabolic equilibrium of the osseous tissue.

Okamoto et al53 followed the mechanism of osteoblasto-

genesis in Wnt5a− deficient mice. Their findings indicate

that Wnt5a-deficient signaling is strongly correlated with

impaired bone formation and concurrent adipocyte differ-

entiation. They also investigated the effect of exogenous

Wnt5 on the Wnt5a− rodent calvarial cells. Interestingly,

Wnt5a increased the expression of LRP5/6 (lipoprotein

receptor-related proteins), indicating that Wnt5a does not

grant the activation of Wnt/β-catenin signaling to a direct

activation, but more likely by enhanced expression of the

receptors involved in the activation of the canonical

β-catenin pathway.

Recent studies bring further insights into the potential

biomarker role of Wnt signaling related molecules.

Endogenous Wnt signaling inhibitors such as Sclerostin

(WISE, SOST) and Dickkopfs (DKKs) have been in the

limelight of contemporary research advances. Numerous

studies focusing on sclerostin has been reviewed by

Garnero et al,54 having shown that serum sclerostin levels

are increased in patients with a high risk of osteoporosis.

Tian et al55 found a significant increase in serum DKK-1

levels in patients with postmenopausal osteoporosis in

comparison with the age-paired control group. Intriguing

insights into bone remodeling processes during osteoporo-

sis have been disclosed by Ueland et al.56 According to

their findings, both sclerostin and DKK-1 are incorporated

in the bone mass under normal Wnt signaling; during

menopausal imbalance, these proteins are unsynchronized

released in the bone matrix further promoting bone resorp-

tion. Corrado et al57 described increased secretion of

DKK-1 from primary human osteoblasts compared to the

healthy, in contrast with osteoarthritic osteoblasts. In

severe osteoporosis related to spinal cord injury, DKK-1

was not associated with bone mineral content or density.58

However, in a 4-year follow-up study, performed on 238

geriatric patients, DKK-1 proved to be a strong predictor

of mortality at patients experiencing hip fracture.59

Currently available biomarkers of osteoporosis are

shown on Figure 1 and their potential applications are

encountered in Table 1.

Trends and Limitations for
Biomarker Research in
Osteoarthritis
Osteoarthritis (OA) is the most common chronic muscu-

loskeletal disorder, with complex and yet incompletely

known etiopathogenic pathways. According to the white

paper of OARSI, an estimated 242 million people live

with symptomatic OA of the hip or knee.60 Clinically it

appears with articular pain, stiffness which then pro-

gresses to deformities and altered quality of life. At the

tissue level, progressive deterioration and low-grade

inflammation of the cartilage, synovitis with
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inflammatory cell infiltration and subchondral bone remo-

deling are the most characteristic changes.61 There are

many candidate diagnostic, monitoring and prognostic

biomarkers that were reported to have relationships with

the mainstream pathogenic processes of OA.62 At their

individual level, these markers show variable sensitivity

and specificity. This is the reason for which in the past

years more effort has been taken to apply complex ana-

lytical approaches to enlarge the panel of discoveries.

Proteomic studies were initiated to explore the sera,

synovial fluid, the cartilage and chondrocyte secretome

of OA patients, for a better understanding of disease

mechanisms and definition of diagnostic and prognostic

biomarker panels.63,64 Clinical OA biomarker studies, in

general, suffer from a lack of proper experimental design,

generating insufficient data to achieve adequate statistical

power at the individual stages of the biomarker pipeline.2

In the proteomic approach, a consensus is needed to set

statistical criteria for clinical relevance and to calculate

the appropriate sample size. In the past two decades, for

the coverage of the pathway streamline of OA, biochem-

ical markers of the entire joint, including bone turnover –

CTX-I, PINP, OC –, cartilage turnover – C2M (MMP-

derived degradation of type II collagen), PIIANP (serum

N-propeptide of collagen IIA), and COMP (cartilage oli-

gomeric matrix protein) –, inflammation – a hsCRP (high

sensitive C-reactive protein), IL-6 –, and connective tis-

sue biochemical turnover – C3M (MMP-derived degrada-

tion of type III collagen), C1M (MMP-derived

degradation of type I collagen), ICTP (serum cross-

linking C-terminal telopeptide), and matrix metalloprotei-

nase (MMP) 9 –, as well as bone-related Wnt signaling

antagonists – sclerostin and DKK-1 – were analyzed in

diverse studies.65

Genetic screening also can help in the identification of

differentially expressed members of the chondrocyte,

Bone formation markers

Osteocalcin
PICP

PINP
ALP
BALP

Bone resorption markers

CTX-I

DPD
PYD
NTX

TRACP

Normal bone Osteoporosis

Osteoclasts

Osteoblasts

Collagen type I

CTSK

Therapeutic agents

OsteocytesBMSC

Sclerostin

DKK

Figure 1 Metabolic imbalance is the source of biomarkers in osteoporosis In osteoporosis, a balanced activity between osteoblasts and osteoclasts is of utmost importance.

An imbalance between the bone-forming and disturbing activities on the hand of the latter results in altered bone formation and eventually osteoporosis. Bone turnover

biomarkers are promising candidates to monitor these molecular changes in this microcosm. Collagen type I produced by osteoblasts is of key importance in bone integrity

and homeostasis. Under proteolytic activity promoted by osteoclast derived CTSK, collagen type I is degraded into several remnants, like CTX-I, NTX, PYD, and DPD.

These collagen degradation products are candidate molecules for laboratory diagnosis of osteoporosis from biological fluids (patients’ sera and urine), CTX-I being currently

the most widely accepted BTM for this clinical purposes. On the other hand, procollagens and osteocalcin are key participants in bone metabolism. According to the current

guidelines PINP is considered the clinical counterpart of CTX-I, as a BTM of osteoporosis. Wnt signal molecules have a cardinal role in the interplay of cellular participants in

bone tissues. Osteocyte derived sclerostin and DKKs secreted by BMSCs and osteoblasts, as inhibitors of the Wnt pathways and subsequently bone formation are two

nominee molecules for future perspectives. Arrows in green represent activation or secretory mechanisms. Arrows in red indicate inhibition or degradation mechanisms.

Abbreviations: DPD, deoxypyridinoline; PYD, pyridinoline; NTX, amino-terminal cross-linking telopeptide of type I collagen; CTSK, cathepsin K; CTX, carboxy-terminal

cross-linking telopeptide of type I collagen; TRACP, tartrate-resistant acid phosphatase; OC, osteocalcin ; PICP, procollagen type I C propeptide; PINP, procollagen type

I N propeptide ; ALP, alkaline phosphatase; BALP, bone-specific alkaline phosphatase.
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synovial cell or osteoblast transcriptome in various clinical

stages of the disease.

In a recent study, Soul et al66 described 2980 differ-

entially expressed genes in OA versus non-OA indivi-

duals, and additional 2122 distinctive genes when

patients were divided into groups according to disease

activity. The first patient group showed up-regulated

chemokine signaling, inflammasome activity, Toll-

receptor activation along with changes in glycosamino-

glycan synthesis, presenting also increased expression of

collagen type II, V, IX, XI, but decreased expression of

collagen type I. The second group had characteristic

changes in complement cascade regulation, Wnt system

and eicosanoid receptor signaling, and pericellular

matrix interactions, with reduced expression of Sox-9,

SIRT-1, collagen type IX, and higher expression of

collagen type I, VI, laminin, perlecan, and RUNX2

(runt-related transcription factor). Out of these factors,

478 differentially expressed proteins were secreted in

the synovial fluid. These are important findings that

may guide many future studies in the research endeavor.

Proinflammatory Cytokines and
Chemokines
OA is characterized by low-grade inflammation of the

cartilage, subchondral bone marrow, and cartilage-bone

transition zone. CD86+/iNOS+ (inducible nitric oxide

synthase) M1-type macrophages and a subset of osteo-

blasts are important sources of pro-inflammatory cytokines

in the joint tissue.67,68 We demonstrated in an experimen-

tal model, that cyclooxygenase-2 expression is detectable

at the bone-cartilage interface, in subchondral bone and

bone marrow, but is abolished by long-term meloxicam

treatment.69

Table 1 Currently Available Data on Osteoporosis Serum Biomarkers and Their Applicability in the Diagnosis, Progression and

Monitoring of Osteoporosis

Biomarker Diagnosis Staging/

Progression

Monitoring Predictive Value

Bone

formation

markers

S-PINP ± N/A + Possible role in evaluating therapeutic

response. Decrease in OP/T2DM

TRACP N/A N/A N/A Decrease in OP/T2DM

OC N/A - (during anti-

resorptive treatment)

+ s-OC no difference between OP and non-

OP patients. Lower values in obesity, T1DM,

T2DM

PICP N/A + (on anabolic

treatment)

+ N/A

BALP N/A - (during anti-

resorptive treatment)

+ (on anabolic

treatment)

+ Decrease in OP/T2DM

Anti-resorptive cytokines:

IFNγ, IL-4, IL-10, IL-13,

TGFβ

+ N/A N/A TGFβ greater in osteopenia than OP

Bone

resorption

markers

S-CTX-I + +

- (during anti-

osteoporotic

treatment)

+ Increased in OP. Higher values in obesity.

Decrease in OP/T2DM

DPD N/A - (during anti-

resorptive treatment)

+ u-DPD no difference between. OP and non-

OP patients.

NTX N/A - (during anti-

resorptive treatment)

+ N/A

Pro-resorptive cytokines:

TNFα, IL-1β, IL-6, IL-8, IL-

12, IL-17

± N/A N/A N/A

DKK, SOST + N/A N/A Increase in OP

Notes: +: increased/positive correlation; -: decreased/negative correlation; N/A: not available data.
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Many results support the important pathogenic role of

several proinflammatory cytokines, especially IL-1β and

TNFα, but also IL-6, IL-15, IL-17 in the progressive

degeneration of the cartilage.70 However, clinical studies

could not reveal an unambiguous biomarker role for the

majority of these factors. Imamura et al71 found in 53

female patients, aged 71±7 years, significant elevations

of IL-6 and IL-10, but not IL-8 or TNFα. Radojcic et al72

described that synovial IL-6, but not plasma IL-6, are

associated with magnetic resonance imaging signs of para-

patellar synovitis, pain and the WOMAC (Western Ontario

and McMaster Universities Osteoarthritis Index) score.

A nutrition study highlighted that on 99, mainly female

volunteers aged 31–90 a 16 weeks Mediterranean type diet

decreases serum IL-1β with 47%, and serum COMP with

8%.73 Shan et al measured higher serum levels of proin-

flammatory cytokines IL-21, IL-17A and IFN-γ at 40

individuals recently diagnosed with OA.74

In animal models, synovial levels of pro-inflammatory

cytokines can be used to monitor moderate physical

activity.75 Oxidative stress is an important trigger in the

pathogenesis of OA; age-related NADPH oxidase, an

enzyme involved in reactive oxygen species neutralization,

presents increased activity in advanced-stage OA.76 HIF-

1α (hypoxia inducible factor), a transcription factor

induced in hypoxic chondrocytes is present in about four-

fold levels in the synovial fluid of OA patients. In the

study of Chu et al,77 performed on 278 patients and 203

controls, HIF-1α slightly increased in parallel with the

Kellgren-Lawrence score (K-L). However, it seems that

HIF-1α has mainly protective actions inducing Sox-9, and,

HIF-2α is responsible for the up-regulation of the pro-

inflammatory environment in the joint.78

A chemokine promoting macrophage migration, CCL3

(Chemokine C-C motif ligand 3) was proposed to be used

as a marker of early cartilage degeneration. In the study of

Zhao et al,79 this reached a sensitivity of 70% with

a specificity of 96% in distinguishing pre-X ray defined

knee degeneration patients (with alterations diagnosed

with magnetic resonance imaging or arthroscopy) from

controls. It is to mention that there was a significant dif-

ference in the two groups’ age (early OA: n=47, 29 ±8

years, controls n=75, 43 ± years), however, plasma CCL3

could distinguish also between the K-L I–IV groups of

X-ray defined knee OA patients (n=50, age 61 ± 13 years).

TGF-β, an anti-inflammatory and pro-regenerative cyto-

kine, proved a modest efficiency for the diagnosis of OA

in the study of He et al80 on 160 knee OA cases compared

to 80 healthy controls (aged 66 ± 10 and 66 ± 8 years,

respectively). Serum levels of the molecule were asso-

ciated with the K-L scores, qualifying TGF-β a putative

biomarker of established OA severity. Adropin, a 76-

aminoacid small protein, coded by the energy-

homeostasis related gene (Enho), regulates energy status

and storage and body mass. OA patients have significantly

lower levels of adropin compared to healthy controls even

in the lowest K-L grade 1 and significant differences

between the highest grade 4 versus the other grades.

Adropin correlates negatively with serum TNFα and the

body mass index (BMI).81

Collagen Type II Degradation
Products and COMP as Biomarkers
of OA
Loss of proteoglycan matrix and type II collagen are hall-

marks of the osteoarthritic cartilage. Carboxy-terminal

cross-linking telopeptide of type II collagen (CTX-II) is

released in circulation due to the activity of Cathepsin B,

MMP-1,-3,-7,-9,-13 and is filtrated in urine.82

Exploring 615 healthy men and women, aged 20–87

years, Mouritzen et al83 stated that urinary CTX-II

(u-CTX-II) depends on gender, age, body-mass-index, it

is higher in postmenopausal women than in their age-

matched premenopausal counterparts and is suppressed

by hormone replacement therapy. Bihlet et al84 confirmed

the gender dependency, reporting significantly elevated

u-CTX-II values (along with u-CTX-I and OC) especially

in women with bilateral OA and high K-L scores of 2/4 or

3/4. Reijman et al85 performed a large-scale investigation

on 1235 men and women enrolled in the Rotterdam Study,

aged ≥55 years and proved that u-CTX-II in the highest

quartile confers a 4.2-fold risk for the presence of knee/hip

OA, a 6.0-fold risk for knee OA progression, and an

8.4-fold risk for hip OA progression. Lehman and

colleagues86 reported that high-dose anti-resorptive treat-

ment (at least 3 years with 20 mg alendronate, or at least

1 year with 2.5–5 mg ibandronate) decreases u-CTX-II

with about 50%, and this down-regulation is maintained

even 1–3 years after cessation of pharmacotherapy.

It was suggested that CTX-II levels reflect spinal ver-

tebral radiological findings and BMD, which are possibly

related also to the bone turnover in men with ankylosing

spondylitis.87 However, Catterall et al88 proved that CTX-

II is not released when bone tissue is treated with cathe-

psin K, MMPs or activated osteoclasts. In the Genetics,
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Arthrosis, and Progression (GARP) Study, in 302 sibling

pairs suffering from multiplex OA, Meulenbelt et al89

found that u-CTX-II was related to the radiological signs

of the knees, hips, hands, and vertebral joints. CTX-II

detection is possible not only in the urine but also in

serum by various methods, like enzyme immunoassays or

fluorescent beads-based chip techniques.90 In a chemically

generated rat OA model, we observed that s-CTX-II is

suppressed significantly by meloxicam treatment even 4

weeks after stopping the therapy.91 Luo et al argue for the

non-comparable value of the two markers: examining 227

participants of the C4Pain Study they observed that only

u-CTX-II could be significantly correlated to the WOMAC

scores.92 Also, the group of Luo elaborated an electroche-

miluminescent immunoassay named hs-PROC2 that mea-

sures the splice-variant of the N-terminal propeptide of

collagen type II (PIIBNP). This fragment indicates the

intensity of collagen synthesis, increases upon growth-

factor triggering of human cartilage explants, and was

significantly higher in K-L score 0–1 patients than in

advanced disease.93

Another collagen II degradation product is Coll2-1

(108HRGYPGLDG116), located in the triple helix of the

molecule. In 60 OA patients aged 62–67 years, this marker

showed the difference between K-L grade <3 and

K-L grade ≥3 patients, being reduced along with the

improvement of the WOMAC score of patients receiving

a single intra-articular platelet-rich plasma injection.94

C2M is a degradation product of collagen type II, with

the sequence RDGAAG released from position 1053.95

Helix-II, another type II collagen fragment is measurable

from synovial fluid and was reported to show good corre-

lations with the severely damaged cartilage and also ele-

vated in early OA disease but without the relevance for

disease staging.96

COMP is an extracellular matrix protein with five iden-

tical glycoprotein subunits, that binds to collagens and is

a reliable marker of cartilage turnover; Verma et al96 in

a case-control study conducted on 100 OA patients described

more than a three-fold elevation of this molecule compared

to controls. COMP serum concentrations were negatively

correlated with disease duration, and positively associated

with age, physical and sports activities.96,97 Bai et al98

induced OA in rabbits by anterior crucial ligament transsec-

tion and monitored the evolution of s-CTX-II and COMP at

baseline and weeks 2, 4, 6, 8, 10, and 12 after the interven-

tion. The CTX-II and COMP concentrations increased gra-

dually to week 12, in parallel with the disease severity index

Mankin score. Histological findings confirmed a slow, but

progressive cartilage deterioration.98,99 In such a design, the

CTX-II/COMP combination may be a marker for early diag-

nosis, evolution, and disease severity. In the study of

Riegger et al,100 conducted on 754 subjects who underwent

total joint replacement, serum COMP levels positively cor-

related with markers of renal (cystatin C, creatinine, esti-

mated glomerular filtration rate-eGFR) and cardiac

(N-terminal propeptide of brain natriuretic peptide) function.

After adjustment for eGFR, COMP levels were still asso-

ciated with WOMAC scale and sub-scales, 6 months after

surgery.

Matrix Metalloproteinases, Other
Collagen Degradation Products, and
Biomarker Combinations
MMP-13 is by far the most investigated metalloproteinase

in cartilage pathology.101 Ruan et al102 performed a cross-

sectional study on 149 subjects with established OA. They

found that serum MMP-13 was negatively correlated with

cartilage volume, but positively associated with infrapatellar

fat pad MRI signal alternation, and K-L radiological grades.

Moreover, MMP-13 showed significant positive correla-

tions with pro-inflammatory cytokines IL-1β, IL-18, and
TNFα along with an inverse relationship with adiponectin.

Synovial MMP-3 levels were higher in operated knee joints

of 22 OA patients than in their contralateral knee, even with

decades after meniscectomy, and correlated with the radio-

graphic scores, predicting life quality in a regression model,

together with glycosaminoglycan levels. Serum MMP-3

correlated significantly with synovial MMP-3 of the oper-

ated knee, thus it had been proposed as a surrogate marker

for diagnosis and staging of OA.103

Collagen type II is the most abundant species in cartilage,

but collagen type I and III are also present in the subchondral

bone and synovial membrane. Dedifferentiated chondrocytes

also produce collagen I and III.104 Metalloproteinases gen-

erate neoepitopes by the degradation of collagen I, II and III.

MMP-2,-9 and −13 form the fragment C1M from the mature

collagen type I with the sequence GSPGKDGVRG.105 C3M

is a 12-mer peptide (GGPGQPGTEGNK), cleaved byMMP-

9 from mature collagen type III.106

The use of complex biomarker combinations proved to

be useful in the prediction of surgical solutions. In a Phase

III trial investigating the need for total joint replacement in

OA patients treated with anti-nerve growth factor, tanezu-

mab, Arends et al107 identified combinations of biomarkers
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which could predict with 77% certainty total joint replace-

ment, in the six months of follow-up. Their combinations

comprised molecules reflecting cartilage and bone turn-

over, inflammatory mediators and effector MMPs, along

with Wnt inhibitors DKK-1 and sclerostin. In the OA

group naïve for NSAID-treatment, C3M, C2M, the CTX-

I/OC I ratio, PIIANP, hsCRP, and IL-6 treatment were

predictive. In patients receiving NSAIDs only in the

screening period, classification by IL-6 level proved to

be useful, in combination with COMP, C3M, and ICTP.

In those who were treated with NSAIDs throughout the

study, six markers: C3M, PIIANP, COMP, MMP-9, the

CTX-I/OC ratio, and DKK-1 could be applied.

In a large-scale meta-analysis, Valdes et al108 com-

pared CTX-II, COMP, and C2M at 3582 participants of

the Rotterdam, GARP, Chingford, and TwinsUK studies.

COMP was associated with hip and knee OA incidence,

C2M predicted knee OA incidence and progression; CTX-

II proved to be the most versatile as it predicted the risk

for hand, knee, hip OA, and indicated incidence along with

progression. Collagen X overexpression indicates altered

chondrocyte metabolism and hypertrophy; He et al mea-

sured the degradation products of collagen type X and

found that OA patients with K-L scores ≥ 2have signifi-

cantly higher levels of the molecule. He et al109 also

performed investigations on patients of the C4pain Study

(n=253), and a cohort of the NYU OA Progression Study

(n=146) and found that a cathepsin K-generated fragment

of collagen type X, Col10neo, measured from urine is

significantly higher in the OA group than in controls and

RA subjects, and it is associated to the K-L scores.

MicroRNA as OA Biomarkers
MicroRNA (miR) may be regulatory from secreted exo-

somes or microvesicles. Profiling the exosome cargo will

help to highlight the role of this micro-compartment.110

miR expression profile varies in different forms of OA.

In the study of Wan et al,111 miR-136, an effector of IL-17

degradation, proved to be negatively correlated to circulat-

ing IL-17 levels and disease severity. Zeng et al112 reported

characteristically elevated miR-98 plasma levels, along with

collagen type III degradation product CTX-III (20 patients

vs 20 controls). Li et al99 described several sets of mRNA

and miR differentially regulated in arthritic mice joint sam-

ples. Among these, there were mRNAs of chemokine CCL2

(Chemokine C-C motif ligand 2), responsible for the attrac-

tion of inflammatory cells, arginase 1, an enzyme character-

istic for M2-type macrophages, miR-7, miR-150, and

miR200b. In a six-week follow-up study of Celecoxib treat-

ment, Dong et al113 showed ten down-regulated miR spe-

cies: miR-675-5p, miR-126-5p, miR-155-5p, miR-320a,

miR-210, miR-3197, miR-17-3p, miR-146a-5p, miR-4796,

and miR-92a-3p. Among these miR-155-5p is known to

trigger the key pro-inflammatory cytokines IL-1β, IL-6,

IL-8, and TNFα.

Other Degradation Products of the
Extracellular Matrix
Fibulin-3 is an extracellular matrix protein controlling the

differentiation of chondrocytes and inhibits angiogenesis.

In an experimental rat grove model, the Fibulin-3-3 pep-

tide increased about 30% in sera of animals with cartilage

damage induced on a high-fat diet background.114 In a 30

months duration human survey, Fibulin-3 degradation pep-

tides proved to prognostic for OA on 241 women with

slightly elevated BMI, initially free of disease.115

De Seny et al116 analyzed 284 serum samples from knee

OA cases of the Bristol OA 500 cohort and the Bristol

Validation Study with K-L scores 0–4, along with healthy

controls and rheumatoid arthritis patients. Applying the

SELDI-TOF MS proteomics approach, they identified four

novel biomarkers in sera of OA patients: V65, C3f, the 3762

protein, and CTAPIII (Connective tissue-activating peptide

III). The C-terminal end-product of vitronectin, V65, showed

elevated levels in MS spectra in all K-L grades, but not in

controls or rheumatoid arthritis cases. These findings empha-

size its specificity for OA. Moreover, V65 correlated posi-

tively with CTX-II, an established marker of cartilage

degradation. Vitronectin is a ligand for the αVβ3 integrin

receptor, being degraded by several metalloproteinases, like

MMP-1,-2,-3,-7 and −9.117 Vitronectin is a cell-adhesion and

spreading factor, and bone-resorbing osteoclasts intensely

express αVβ3. The C3f peptide is highly expressed especially

in advanced cases (K-L 3 and 4), it is present also in the

synovial fluid, and it correlates significantly with V65. The

strongly hydrophobic 3762 protein was also elevated only in

OA subjects, and it correlated with MMP-3, PYD, and DPD

levels. Meanwhile, CTAPIII found to be decreased in OA

cases and especially in groups K-L 3 and 4 seemed to be

produced outside of the joint since it cannot be detected in the

synovial fluid.

Recently, two immunoassays have been built for the

measurement of C3f and V65 from patients’ sera, but these

yet lack the necessary diagnostic sensitivity for OA.118
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Kraus et al119 selected 129 controls from 2722 African-

American and Caucasian participants of the Foundation

for the National Institutes of Health (FNIH) OA

Biomarkers Consortium Project to determine the gender-

based reference values for u-CTX-II, s-MMP-3, uNitrated

type II collagen degradation fragment (uCol2-1 NO2) and

hyaluronan and based on race for u-CTX-II, sCOMP,

s-CTX-I and uCol2-1 NO2.

Wnt Signaling Molecules and
Antagonists as Biomarkers of OA
The Wnt signaling system, at the basic level of activity, is

homeostatic for the cartilage. However, its activation trig-

gers hypertrophic degeneration of chondrocytes, MMP

cleavage and loss of proteoglycan matrix. Some check-

points of the Wnt signaling are promising therapeutic

targets in OA.78 Weng et al120 studied in rats the compo-

nent of a plant used in traditional Chinese medicine for the

treatment of OA, called Achyranthes bidentata polysac-

charides (ABPS) and demonstrated activation of Wnt/β

catenin pathway, they also used Western blot for Wnt4,

Frizzled 2, β catenin. ABPS seems to have beneficial

effects in patients with OA by inducing proliferation of

chondrocytes120 Cassuto et al followed proinflammatory

cytokines, anabolic and catabolic pathways in patients

following hip arthroplasty. They found increased levels

of the anabolic molecules, including Wnt/β catenin, and

transient and remodeling activities for Wnt inhibitor mole-

cules (ex. DKK-1, sFRP – soluble Frizzled receptor related

protein) - calling their action as “fine-tuning”.121

Theologis et al122 investigated the Wnt inhibitors

DKK-1 and sclerostin levels both in serum and synovial

fluid of 40 patients with knee OA, as well as 20 control

patients, by correlating his result to the radiographic stage

of the disease. He found that DKK-1 in synovial fluid was

higher than in healthy subjects, and correlating especially

with patients having grade 4 (K-L) OA. On the other hand,

they did not find any significant difference between serum

DKK-1, and neither serum or synovial fluid sclerostin and

radiographic progression of the disease. In equine OA

Mills et al123 found a higher DKK-1 level in low motion

joint, but no significant difference was observed with

radiographic progression.

A pioneering study by Lu et al124 evaluated DKK-1

and sclerostin serum levels in OA patients who had total

joint arthroplasty (TJA). They measured the levels 1 day

before the TJA, as well as 1, 3 and 5 days after the TJA.

The results are surprising because there is an opposite

change in the level of these molecules, namely DKK-1

shows an increasing trend after TJA reaching its maximum

after 5 days post-operation, while sclerostin has a lowering

trend, reaching its minimum after 3 days post-operation.

The study team has no explanation for these results,

requiring further studies for elucidating the exact molecu-

lar mechanisms. Huang et al125 reported recently that

synovial fluid s-FRP and DKK-1 correlate negatively

with the cartilage deterioration scores, synovial NO (nitric

oxide) and IL-1β. In their study performed on 132 sub-

jects, the synovial and the serum levels of these molecules

showed similar trends of variability.

Even if the most researched molecule from the DKK

family is DKK-1, many studies demonstrated the role of

the non-canonical member, DKK-3, in OA, but there is no

consensus on the exact role of this mediator. Snelling

et al126 evaluated DKK-3 in human OA patients’ cartilage

and synovial tissue sample, as well as cell culture, carti-

lage expats, hip avulsion from mice and synovial fluid

sampling for expression, immunohistochemistry and

ELISA detection of DKK-3. They found that DKK-3 is

up-regulated in OA, but decreased during chondrogenesis,

thus concluding that in vitro DKK-3 has a protective role

from cartilage destruction.

Current or candidate biomarkers of OA, and their

metabolic relevance are shown in Figure 2 and their poten-

tial applications are summarized in Table 2.

Conclusions
According to the IOF Datasheet, osteoporosis affects one

in three women and one in five men over 50 years. Upon

estimation, the incidence of the disease in Europe, India,

Japan, and the US is about 125 million, and this number is

quickly increasing due to the aging population and life-

style change. The imbalance of bone remodeling in the

favor of resorption is a hallmark of osteoporosis. IOF and

IFCC recommend bone formation and bone resorption

biomarkers for the evaluation of bone turnover. The bio-

analytical validation of these markers in many cases is on

ongoing process. For the bone turnover biomarkers,

a desirable goal is to correlate with BMD results. Since

the metabolic activity of bone synthesis and degradation is

powerfully influenced by anti-resorptive or pro-anabolic

therapies, these markers proved to be adequate in the

evaluation of therapeutic efficiency. Currently, the most

accepted anabolic marker PINP is suitable for monitoring

teriparatide therapy. CTX-I, the C-terminal cross-linked
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telopeptide of collagen type I decreases in a dose-response

manner during ibandronate administration and similar

effects were seen with other bisphosphonates. CTX-I is

also efficient in the evaluation of combined therapies, eg

strontium ranelate, and bisphosphonates. Some members

of the Wnt signaling family, like the pro-anabolic agonist

Wnt1, are putative markers of bone formation, but yet do

not have the necessary investigational background.

Sclerostin and DKK-1 are Wnt inhibitors and promote

bone catabolic processes, which are also candidates for

osteoporosis diagnosis and monitoring.

OA is a complex disease with cartilage deterioration,

low-grade inflammation, synovial infiltration of inflamma-

tory cells and excessive subchondral bone remodeling. The

global prevalence of the disease is almost 5%, presenting

also an increasing rate. The application of biomarkers for

diagnosis or monitoring treatment of OA is not so well

established since the majority of studies were performed

only on limited numbers of patients. Proinflammatory cyto-

kines, with some exceptions, did not prove useful for

diagnostic or prognostic purposes. Some molecules partici-

pating in the mainstream pathways of OA, like HIF-1α or

CCL3 have been proposed as markers of chondrocyte home-

ostasis and early cartilage degeneration. CTX-II, the cross-

linked telopeptide of collagen type II is formed due to

cathepsin and metalloproteinase processing, and it is

a parameter of cartilage turnover. CTX-II is suppressed by

anti-inflammatory treatment; its urinary fraction being

significantly associated with the WOMAC scores. The com-

bination of CTX-II and COMP may be a marker of early

diagnosis, evolution and disease severity. The cartilage

degrading enzyme MMP-13 is a promising marker since

negatively correlates with cartilage thickness, and positively

with the K-L score. Complex combinations of biomarkers,

among which collagen I, II, III neoepitopes, the CTX-I/OC

ratio, PINP, COMP, IL-6, and other molecules were nomi-

nated are suitable to define patient subgroups who will

undergo total joint replacement with 77% certainty. The

vitronectin V65 degradation product and the C3f comple-

ment fragment are new candidates, which show elevated
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Figure 2 The basic structures of the cartilage, molecular sources and main groups of osteoarthritis biomarkers. Superficial and deep cartilage, synovial membrane and the

subchondral bone marrow are all affected in osteoarthritis. Inflammatory cells invade the synovial membrane, the subchondral bone suffers intense remodeling, and the

metabolic turnover of the extracellular matrix components is high. Collagen type II fragments: CTX-II, Coll2-1, Helix II, C2M are cleaved and released in the synovial fluid

and the blood. Collagen I, III, vitronectin and proteoglycans are also excessively degraded, which results in the loss of matrix. The main groups of osteoarthritis biomarkers:

cartilage turnover/anabolic markers, proinflammatory cytokines/chemokines, collagen II fragments, matrix metalloproteinases, and various homeostatic molecules are shown

in boxes.

Abbreviations: CTX-II, carboxy-terminal cross-linking telopeptide of type II collagen; Coll2-1, collagen type II degradation nonapeptide; C2M, collagen type II degradation

hexapeptide.
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spectra in patients with high K-L scores, being present also

in the synovial fluid. Wnt inhibitors, sclerostin and DKK-1

and DKK-3 presumably possess protective actions in the

cartilage, but in the lack of sufficient data, there is no

consensus concerning their use. Clinical studies with an

appropriate design probably will validate new biomarkers

and new applications in the near future.

Abbreviations
ABPS, Achyrantes bidentata polysaccharides; ALP, alkaline

phosphatase; BALP, bone-specific alkaline phosphatase;

BEST, Biomarkers, EndpointS, and other Tools Resource glos-

sary; BMD, bone mineral density; BMI, body mass index;

BTM, bone turnover marker; C1M, MMP-derived degradation

of type I collagen; C2M, MMP-derived degradation of type II

collagen; C3M,MMP-derived degradation of type III collagen;

CCL2, Chemokine (C-C motif) ligand 2; CCL3, Chemokine

(C-C motif) ligand 3; COMP, cartilage oligomeric matrix pro-

tein; CTAPIII, Connective tissue-activating peptide III; CTX-I,

carboxy-terminal cross-linking telopeptide of type I collagen;

CTX-II, carboxy-terminal cross-linking telopeptide of type II

collagen; CTX-III, carboxy-terminal cross-linking telopeptide

of type III collagen; DKK, dickkopf; DM, diabetes mellitus;

DPD, deoxypyridinoline; DXA, dual X-ray absorptiometry;

Enho, energy-homeostasis related gene; FNIH, Foundation for

the National Institutes of Health; GARP, Genetics, Arthrosis,

and Progression Study; HIF, hypoxia inducible factor; hsCRP,

high-sensitive C-reactive protein; ICTP, serum cross-linking

C-terminal telopeptide; IFCC, International Federation of

Clinical Chemistry and Laboratory Medicine; IFN, interferon;

IL, interleukin; iNOS, inducible nitric oxide synthase; IOF,

International Osteoporosis Foundation; IU, international units;

Table 2 Currently Available Evidence of Soluble Biomarkers for the Diagnosis, Staging and Monitoring of Osteoarthritis

Biomarker Diagnosis Staging/

Progression

Monitoring Predictive

Adropin – – N/A Significantly lower levels in OA

Age-related

NADPH oxidase

N/A + N/A N/A

C2M + + N/A +

CCL3 + + N/A N/A

Col10neo + + N/A N/A

Coll2-1 (serum) N/A + N/A Reduced level and improved WOMAC score after PRP intraarticular

injection (more obvious in milder cases, KL<3 grade)

COMP + + + Negatively correlated with disease duration, positively correlated with

age. Eligible for preemptive diagnosis of OA

CTAP III ± - N/A Produced outside of the joint?

CTX II (serum) - + (experimental

study)

N/A Negatively associated with WOMAC pain and stiffness

CTX II (urinary) + + + Positively associated with WOMAC pain and stiffness. Decreases with

high dose antiresorptive therapy

DKK-1 (synovial) + + N/A Especially correlating with KL 4 grade

DKK-3 + + N/A Upregulated in OA, in vitro protective role in cartilage degeneration

Fibulin-3 N/A + N/A Increased in experimental rat model of OA. Degradation peptides

prognostic value in humans

HIF-1α N/A + N/A Increased secretion associated with prognosis of knee OA

MMP-13 + + N/A Positive correlation with KL score and proinflammatory cytokines

MMP-3 ± + N/A Remains increased 40 years after meniscectomy

Proinflammatory

cytokines

± IL-21,

IL-17A,

IFNγ

± IL-1β, TNFα?, Il-6,

IL-8? IL-15, IL-17

± N/A

Sclerostin + + N/A Some contradictory studies. Needs further research

TGF-β ± + N/A N/A

V65, C3f + + N/A Available tests lack the necessary diagnostic sensitivity for OA

Wnt 4 ± - N/A Reduced level in OA patients

β catenin ± - N/A Reduced level in OA patients

Notes: +: positively correlated; -: negatively correlated; N/A: not available data.
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K-L, Kellgren-Lawrence score; LRP, lipoprotein receptor-

related proteins; miR, microRNA; MMP, matrix metalloprotei-

nase; NADPH, Nicotinamide adenine dinucleotide phosphate;

NO, nitric oxide; NSAID, non-steroid anti-inflammatory drug;

NTX, amino-terminal cross-linking telopeptide of type

I collagen; OA, osteoarthritis; OARSI, Osteoarthritis Research

Society International; OC, osteocalcin; PICP, procollagen type

I C propeptide; PIIANP, serum N-propeptide of collagen IIA;

PIIBNP, N-terminal propeptide of collagen type II; PINP, pro-

collagen type I N propeptide; PMOP, postmenopausal period

osteoporosis; PYD, pyridinoline; RANK, receptor activator of

nuclear factor κB; RUNX, runt-related transcription factor;

s-CTX-I, serum carboxy-terminal cross-linking telopeptide of

type I collagen; sFRP, soluble Frizzled receptor related proteins;

SIRT, sirutin; SOST, sclerostin gene; T1DM, type 1 diabetes

mellitus; T2DM, type 2 diabetes mellitus; TGF, transforming

growth factor; TJA, total joint arthroplasty; TNF, tumor necro-

sis factor; TRACP, tartrate-resistant acid phosphatase; uCol2-1

NO2 - urinary nitrated type II collagen degradation fragment;

u-CTX-I, urinary carboxy-terminal cross-linking telopeptide of

type I collagen; u-CTX-II, urinary C-terminal cross-linked

telopeptide of type II collagen; WOMAC, Western Ontario

and McMaster Universities Osteoarthritis Index.
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