wdJ 0

World Journal of
Orthopedics

Online Submissions: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5312/wjo.v6.i1.95

World | Orthop 2015 January 18; 6(1): 95-105
ISSN 2218-5836 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

WJO 5™ Anniversary Special Issues (5): Knee
Cytokines as biochemical markers for knee osteoarthritis

Thomas Mabey, Sittisak Honsawek

TOPIC HIGHLIGHT

Thomas Mabey, Sittisak Honsawek, Department of Biochemistry,
Faculty of Medicine, Chulalongkorn University, King Chulalongkorn
Memorial Hospital, Thai Red Cross Society, Bangkok 10330,
Thailand

Author contributions: Mabey T and Honsawek S solely
contributed to this paper.

Supported by Ratchadapiseksompotch Fund (RA55/22), Faculty
of Medicine, Chulalongkorn University and Office of the Higher
Education Commission (CU-NRU, Aging Society Cluster).
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Sittisak Honsawek, MD, PhD, Department
of Biochemistry, Faculty of Medicine, Chulalongkorn University,
King Chulalongkorn Memorial Hospital, Thai Red Cross Society,
Pathumwan, Bangkok 10330,

Thailand. sittisak. h@chula.ac.th

Telephone: +662-256-4482

Fax: +662-256-4482

Received: December 5, 2013

Peer-review started: December 8, 2013

First decision: March 12, 2014

Revised: March 24, 2014

Accepted: July 17,2014

Article in press: July 17,2014

Published online: January 18, 2015

Abstract

Osteoarthritis (OA) is a debilitating degenerative joint
disease particularly affecting weightbearing joints
within the body, principally the hips and knees. Current
radiographic techniques are insufficient to show
biochemical changes within joint tissue which can occur
many years before symptoms become apparent. The need
for better diagnostic and prognostic tools is heightened
with the prevalence of OA set to increase in aging and
obese populations. As inflammation is increasingly being
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considered an important part of OAs pathophysiology,
cytokines are being assessed as possible candidates
for biochemical markers. Cytokines, both pro- and anti-
inflammatory, as well as angiogenic and chemotactic, have
in recent years been studied for relevant characteristics.
Biochemical markers show promise in determination of
the severity of disease in addition to monitoring of the
efficacy and safety of disease-modifying OA drugs, with
the potential to act as diagnostic and prognostic tools.
Currently, the diagnostic power of interleukin (IL)-6 and
the relationship to disease burden of IL-1p, IL-15, tumor
necrosis factor-a, and vascular endothelial growth factor
make these the best candidates for assessment. Grouping
appropriate cytokine markers together and assessing
them collectively alongside other bone and cartilage
degradation products will yield a more statistically
powerful tool in research and clinical applications, and
additionally aid in distinguishing between OA and a
number of other diseases in which cytokines are known
to have an involvement. Further large scale studies are
needed to assess the validity and efficacy of current
biomarkers, and to discover other potential biomarker
candidates.

Key words: Biomarker; Cytokines; Interleukin; Knee
osteoarthritis
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Core tip: This review discusses the role and significance
of cytokines implicated in the pathophysiology and
development of knee osteoarthritis. We aim to describe
and summarize the current knowledge and advancement
of the use of cytokines as biochemical markers in
diagnosis and management of knee osteoarthritis (OA).
Cytokines play an important role in the pathogenesis of
OA. A better understanding of the biological mechanisms
involved in this process may result in better treatment
for OA patients. Biomarker investigation for OA diagnosis
is still in the forefront of the research repertoire in OA.
This review highlights some biomarker studies published
in the PubMed database.
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INTRODUCTION

Osteoarthritis (OA) is a degenerative joint disease charac-
terized by articular cartilage degradation which can affect
many joints in the body, but is particularly common in
weight-bearing joints such as the knee and hip. The loss
of cartilage can lead to joint space narrowing (JSN), pain,
and loss of function and ultimately leads to the need for
total joint replacement. There are a number of risk factors
associated with OA, including genetic predisposition,
obesity, age, and previous joint trauma. With obesity set to
rise in future years", combined with OA being a frequent
condition among the elderly and an ageing popularionm,
the prevalence of OA is expected to increase. An effective
and reliable method for diagnosis and prognosis is needed,
with increased demands on health services around the
world.

Radiography is routinely used to aid in the diagnosis
of OA. The Kellgren-Lawrence (KL) grading system of
radiographic OA is one method commonly used to assess
the severity of cases”. However, radiographic imaging is
ineffective at detecting and monitoring the biochemical
changes within joint tissue which can occut long before
symptoms present. Because OA can take years and
even decades to develop, finding biochemical markers
associated with OA is an attractive idea. As they can be
used to diagnose and predict prognosis in patients in
ways that radiography cannot, they can therefore be early
indicators of patients at risk of developing the disease.
This would prove beneficial as preventative or mitigating
measures could be taken.

In recent years, there has been a considerable effort
to find biochemical markers which could aid in the
monitoring of OA. Research has predominantly looked
at two main candidates. The first are products of bone
and cartilage degradation such as C-terminal telopeptide
of type II collagen, cartilage oligomeric matrix protein,
a collagen type II specific neoepitope, an aggrecan
neoepitope, a number of matrix metalloproteinases, and
procollagen type T amino-terminal propeptide”.

The second group of possible candidates has come to
light with the increased understanding that inflammation
plays a key role in OA, which is a shift from the historic
opinion that it was solely a “wear and tear” disease. Pro-
and anti-inflammatory agents, particulatly cytokines, have
been studied for their associations with the development
and progression of OA in both human and animal
models. As well as pro- and anti-inflammatory roles
(for example, interleukin (IL)-6, IL-1f, tumor necrosis
factor (INF)-q, IL-10, T1.-13 and TL-4)""", cytokines
also contribute to the pathophysiology of OA through

- : . [16-21
angiogenesis and chemotaxis' ",
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Different compounds may show different biochemical
marker properties at different stages of the disease,
reflecting the pathophysiological changes occurring within
the joint tissue. Therefore, characterization of potential
biomarkers is important to ensure their appropriate and
optimal use. The characterization method used to assess
biochemical markers in OA is BIPEDS; which stands
for: Burden of disease, Investigative, Prognostic, Efficacy
of intervention, Diagnostic, and Safetylzz’m. Diagnostic
markers, as their name suggests, would aid in the diagnosis
of OA. Early and reliable detection of the disease in a
patient is obviously beneficial. Potential prognostic markers
aid in the prediction of disease progression within OA
patients, but also identify individuals who are at a higher
risk of developing OA in the future. Due to the slow
progression of the disease, which can take a number of
decades to develop, preventative or mitigating measures
could be taken before any symptoms became apparent to
the patient or clinician. Additionally, identifying groups
of patients in which the disease will progtess at different
rates can help physicians assign patients to a more
appropriate and tailored treatment program. A burden of
disease marker would reflect the severity of the disease in
a patient and help in the administration of the appropriate
treatment. Efficacy of intervention and safety biochemical
markers assist in the ongoing hunt for disease modifying
osteoarthritis drugs. Cytokines have also become targets
themselves for therapeutic agents and as therapeutic
agentsmm. Investigative matkers are those for which there
is insufficient data to assign them to another category.

The ideal scenario, in terms of biochemical markers
of OA, would be to have a non-invasive, reliable and
valid biochemical marker or cluster of markers that
could be measured to aid in the diagnosis and predict the
development of OA in patients at an eatly stage before the
disease becomes symptomatic. The ability to reduce the
long-term effects of the disease could considerably reduce
the substantial socioeconomic costs of QAP

This review aims to examine and summarize current
knowledge of the use of cytokines as biochemical markers
in the diagnosis and management of knee OA. Table
1 shows a summary of a number of articles in which
possible biochemical markers for OA have been studied.

PROINFLAMMATORY CYTOKINES

Inflammation is increasingly being regarded as an important
part of OA. Inflammation can occur locally, within the
synovium, and systemically, with inflammatory agents
circulating in the blood. In the pathophysiology of OA,
proinflammatory cytokines have been shown to play
important roles in the destruction of cartilage, synovitis,
and painmw. The severity and form of inflammation
appears to change with disease progression, with different
cytokine signatures being present in early and advanced
stages of the disease.

A number of proinflammatory cytokines have been,
and continue to be, studied as potential biochemical
markers with possible candidates being found for burden
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Doss e al™ suggested possible subgroups of OA
patients with varying levels of IL-6. Patients found to
produce relatively high levels of IL.-6 showed a possible
increase in the frequency of the " C-allele of the
1L-6 gene. Whilst the authors note the study size was
insufficient to draw a significant result, it does raise an
important point that the presence of subgroups could
pose an obstacle in the hunt for a universal and specific
biochemical marker for OA due to the varying levels of
expression between groups. Another consideration to
take into account with the use of II.-6 as a biochemical
marker is that it appears to have a circadian thythm™. Tn
addition, plasma IL-6 levels have been seen to increase
significantly during periods of modest sleep deprivation
in healthy adults”". These could potentially interfere
with measurements of biochemical markers. Another
noteworthy point that should be taken into consideration
when assessing 11.-6 is that levels have been shown to
increase with repeated catheter use when drawing blood
samples. This is thought to be local production rather
than a physiological process[zo’szl.

IL-13

One of the most important proinflammatory cytokines to
play a role in the pathophysiology of OA is IL-1f. This 17.5
kDa protein™ is a suppressor of type II collagen and aggrecan
synthesis which are key constituents of cartilagem’m. With
a decreased production of these components, cartilage
degradation is worsened. Furthermore, IL-1f induces the
production of a number of cytokines and chemokines
which contribute to the state of inflammation; these include
IL-6 and I1.-8"*" (reviewed by Kapoor et a/'"). Due
to its large involvement, IL-1f3 has been investigated
in a number of studies as a potential candidate as a
biochemical marker.

Ning ez al™ examined the expression of IL-1f in
23 patients with medial knee OA. They found, through
immunohistochemical analysis, that expression of IL-1f
in both the lining and sublining of the medial perimeniscal
synovial tissue samples collected had a significant positive
correlation with joint space width. The levels were also
negatively correlated with joint alighment (femoro-tibial
angle). As well as joint alignment, the authors reported
a significant negative correlation with physical disability.
This study suggested that local expression levels of I1L-1f3
are associated with the severity of disease and thus have
potential as burden of disease markers.

Using lipopolysaccharides (LPS) to stimulate whole
blood samples, Riyazi et al™ investigated the production
of IL-1p, as well as IL-1 receptor antagonist (IL-1Ra),
IL-10, and TNF-a in OA patients. The patients had OA
in various joints including hips, the spine, hands, and
knees. High innate ex vivo production of IL-1§ and IL-
1Ra was associated with an increased risk of familial OA
at multiple sites. However, in a separate study, both IL-
1P and IL-1Ra failed to show a significant association
between innate ex vivo production and the progression of
knee OA (JSN) over a 2-year period””.

Very recently, mouse models have shown that IL-
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1B plays important roles in pain sensitivity™. However,
interestingly, IL-1f levels in guinea pig serum were
statistically similar between OA-prone and OA-resistant
strains”. In rabbits, the expression levels of IL-1(
and TNF-o were suggested to reflect the severity of
inflammation in experimental OA. Levels were increased
in early stages of the disease but reduced with regression
of synovitis””

IL-1B has been used as a marker of efficacy of
intervention in a study assessing the effects of intraarticular
hyaluronic acid treatment in patients with knee OA. A
moderate negative correlation between changes in synovial
fluid IL-1B and a reduction in pain severity over a 6-mo
period was observed™”.

Tumor necrosis factor-o

TNF-q, is a 17 kDa protein produced predominately by
activated macrophages which effects the production of
cytokines including IT.-6 and I1.-8 among others”****,

In the same study as previously mentioned in
which hyaluronic acid injections in OA patients were
assessed through measuring 1L-1f, TNF-q, also showed
a significant reduction from baseline to 6 mo in adults
compared with elderly adults™.

Soluble TNF receptors in serum samples from OA
patients showed a positive correlation with pain, joint
stiffness and higher radiographic severity of disease®"!.
However, in canine models, TNF-q, and its receptors did
not show an association with mild osteoarthritic changes
when increased in articular cartilage[()z]. In addition, no
association was found between plasma TNF-q levels and
OA characteristics in patients with hand OA™. Following
LPS stimulation, high ex »ivo production of TNF-q did
not increase the risk of QA"

TNF-o has shown characteristics as a marker of
treatment efficacy, and mixed results as a burden of disease
matker. Further study is needed to clarify its position and
efficacy as a biochemical marker of OA.

IL-15

IL-15 contributes to inflammation in OA as a proinfla-
mmatory cytokine. There have been relatively few studies
examining its potential use as a biochemical marker.
However, a few articles have suggested it could be a
prognostic and burden of disease marker.

In a study of knee and hand OA patients and controls,
IL-15 was found to predict the development of OA in
patients who were asymptomatic for OA at baseline then
assessed at a 10-year follow-up. At baseline and at follow-
up, the levels of 1L-15 in OA patients’ serum wete elevated
compared with healthy controls. These two findings suggest
IL-15 has potential as both a diagnostic and prognostic
biochemical marker™.

I1-15 was found to be slightly, but significantly, elevated
in serum samples of OA patients compared with those
of controls. In the same study, IL-15 levels wete found to
have an independent positive correlation with WOMAC
pain scores but showed no significant relationship with the
severity of OA (KI)*,
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It can be suggested from this that IL.-15 is a possible
burden of disease biomarker for assessing the pain
associated with OA but not, however, for the assessment of
the progression of cartilage destruction and severity. I1-15
also has potential as a diagnostic biochemical marker.

IL-18

Whilst SF 1L-18 levels have been shown to have no
correlation with OA grade (KIL), BMI or agem], 1L-18 levels
in plasma, SF and articular cartilage samples from knee OA
patients have been shown to be significantly higher than
in healthy controls. Patients with higher disease severity
had significantly higher IL.-18 in all three sample media™
This would suggest 11.-18 has the potential to distinguish
between healthy and OA sufferers and to assess the
severity of the disease in OA patients.

ANTI-INFLAMMATORY CYTOKINES

Countering the proinflammatory cytokines, antiinflammatory
cytokines also play a role in the pathophysiology of OA. In
particular, IT.-10 and IL-4 contribute to the suppression of
inflammation of the synovial membrane!™*. By reducing
inflammation, these mediators can support cartilage
production, acting as anabolic effectors which can slow the
progression of OA. In disease-free conditions, the balance
between anabolic and catabolic cytokines enables stable
levels of cartilage. In OA, an imbalance in this equilibrium
contributes to the pathophysiology of the disease. Generally,
however, anti-inflammatory cytokines have been less well
studied in the search for biochemical markers of OA.

IL-10 and IL-2
Low ex vivo production of 1L-10 upon LPS stimulation
was associated with an increased risk of familial OA at
multiple sites”. In a similar study using L.PS stimulation
of knee OA samples, patients in the highest quartile of
ex vivo 1L-10 production had a 4-fold increased risk of
radiological progression of JSN. This association was
independent of age, sex or BMIP".

IL-2 was found by Ling e# al® to be higher in knee
OA patients at the end of a 10-year follow-up period
compared with healthy controls.

CHEMOKINES AND ANGIOGENIC
GROWTH FACTORS

Chemotactic cytokines, or chemokines, have been shown
to influence inflammation in OA through their ability
to influence the number of immune cells in the vicinity
of the joint. They also stimulate IL-6 production and
proteoglycan depletionlw’m. Angiogenic growth factors
contribute to synovitis and pain as well as cartilage

. [16,1871
destruction" """,

Vascular endothelial growth factor
Vascular endothelial growth factor (VEGF) is a 46-48
kDa glycosylated polypeptidel72J and a potent angiogenic
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cytokine that has been shown to play a role in OA"™™ 1t

1s produced by hypotrophic chondrocytes, macrophages
and synovial fibroblasts” .

VEGF in SF has been shown to correlate with OA
severity, and no correlation with BMI, with a 2-fold
increase between grade 0 and grade 3-4 patientsml. We
recently found similar results in our laboratory. SF and
plasma levels were both positively correlated with the
severity of OA (KL), though SF samples presented a
stronger correlation'””,

IL-7

IL-7 is a hemopoietic growth factor involved in the
development of B and T cells. It has been found to
increase with age in samples of SF from OA patients,
with the median concentration in patients over 60 years
old double that of those under 60 years old. However, in
the same study, there was no reported association between
OA severity and 1L-7 levels, and levels were depressed in
patients with severe 3-compartment OA. IL-7 levels were
found to have a weak correlation with BMI™.

IL-8

IL-8 (also known as CXXIL8) is a potent chemokine
in the immune system. Few studies have examined
this chemokine in detail with respect to levels in both
SF or circulating media, and its relationship with OA.
Nevertheless, it has been shown not to correlate with OA
grade, BMI or age™ in SF samples from OA patients.
Pierzchala ez a/”" found no correlation between I1.-8
levels and OA severity (WOMAC) nor was there an
association with bone remodelingwsj. Hitherto, there is
insufficient evidence to suggest I1.-8 possesses traditional
characteristics of a biochemical marker. However, there
have been few studies examining its potential. In contrast,
it might be applicable as a housckeeping marker with
levels not expected to change throughout the course of
the disease or between healthy controls and OA patients.

CONCLUSION

A number of cytokines have shown potential as different
types of biochemical markers (Table 2). Currently, IL-6
shows potential as a diagnostic and prognostic biomarker
of OA. Other cytokines, including IL-1f3, TNF-q, IL-15
and VEGE, show promise as burden of disease markers.

Differences between circulating (systemic) and SF
(local) sampling should be taken into consideration when
designing future studies and clinical applications to assess
cytokine levels.

Due to their increased statistical power, using clusters of
markers will have more impact than individual biomarkers.
Unfortunately, in the hunt for biochemical markers specific
to OA, most cytokines can be associated with a number
of diseases. IL-15, for example, plays roles in rheumatoid
arthritis, diabetes mellitus type 1 and type 2, and cancers”™ ™,
This is a hindrance shared with many cytokines being
investigated and supports the need to assess multiple
candidates together.
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Table 2 Classification of cytokines as biochemical markers in

osteoarthritis

Cytokine BIPEDS classification
IL-6 D,P

IL-1B B, E

TNF-a. B,E

IL-15 B,D

IL-18 D

IL-10 P

IL-2 D

VEGF B

IL-7 D

B: Burden of Disease; D: Diagnostic; E: Efficacy of Intervention; I: Investi-
gative; P: Prognostic; S: Safety; TNF: Tumor necrosis factor; VEGF: Vascu-
lar endothelial growth factor.

Owing to the invasive nature of collecting SF samples,
it is usually only collected from patients undergoing
knee surgery. In future clinical applications of the use of
biochemical markers, this may not be feasible. Less invasive
sample mediums, for example serum, plasma, and urine
should continue to be investigated and validated.

More large-scale studies are required to assess the use
of groups of biochemical markers and their effectiveness.
Different groups designed for different purposes, for
example diagnostic or prognostic, may prove valuable.
In addition to customization of groups for intended
purposes, adjusting for the stage of disease to be assessed,
particularly for burden of disease assessment, would yield
a more finely tuned clinical tool.
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