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Summary

Background: Molecular serum markers that can identify early reversible osteoarthritis (OA) in horses are lacking.

Objectives: We studied serum concentrations of a novel cartilage oligomeric matrix protein (COMP) neo-epitope in horses subjected to short-term
exercise and with acute lameness. The effects of circadian rhythm and age were also evaluated.

Study design: Longitudinal studies in healthy horses and cross-sectional comparison of lame and non-lame horses.

Methods: Sera were collected from five horses before and after short-term interval exercise and during full-day box rest. Sera from 32 acutely lame
horses were used to evaluate age-related effects. Independent samples from control horses (n = 41) and horses with acute lameness (n = 71) were
included. COMP neo-epitope concentrations were analysed using custom-developed inhibition ELISAs validated for equine serum. The presence of
COMP neo-epitope was delineated in healthy and osteoarthritic articular cartilage with immunohistochemistry.

Results: COMP neo-epitope concentrations decreased after speed training but returned to baseline levels post-exercise. No correlations between age
and serum COMP neo-epitope concentrations were found (r = 0.0013). The mean (£s.d.) serum concentration of COMP neo-epitope in independent
samples from non-lame horses was 0.84 + 0.38 pg/mL, and for lame horses was 5.24 + 1.83 pg/mL (P<0.001). Antibodies against COMP neo-epitope
did not stain normal articular cartilage, but intracytoplasmic staining was found in superficial chondrocytes of mild OA cartilage and in the extracellular
matrix of moderately osteoarthritic cartilage.

Main limitations: ELISA was based on polyclonal antisera rather than a monoclonal antibody. There is a sex and breed bias within the groups of
horses, also it could have been of value to include horses with septic arthritis and tendonitis and investigated joint differences.

Conclusions: This COMP neo-epitope can be measured in sera, and results indicate that it could be a biomarker for pathologic fragmentation of

cartilage in connection with acute joint lameness.
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Introduction

Osteoarthritis (OA), a slow and progressive low-grade inflammatory disease
[1,2], affects the athletic horse at an early age [3]. Possible monitoring of
early biochemical cartilage degradation is a prerequisite to alter
progression from a reversible to an irreversible event [4]. Imaging
biomarkers are traditionally used to diagnose and study OA progression.
However, different imaging techniques are limited in distinguishing normal
tissue from early disease [5]. This has shifted focus towards biochemical
fluid (‘wet’) markers [4]. Immunological assays are most commonly used to
investigate OA in humans [6] and horses [7,8]. Specific antibodies that
detect matrix components and proteinases in sera, urine and synovial
fluids from horses have been used for enzyme-linked immunosorbent
assay (ELISA) [4]. However, available biomarker assays are unable to
distinguish pathologic fragmentation from normal cartilage turnover;
instead, biomarkers of cartilage matrix changes must exclusively detect
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pathological degradation. Several studies [9—11] have shown that cartilage
oligomeric matrix protein (COMP) in synovial fluid and serum is a promising
biomarker of OA-associated cartilage destruction in horses.

COMP, a major noncollagenous, 524-kDa, homo-pentameric protein, is
present in articular cartilage where it binds collagen type Il [12] and IX [13],
cross-bridging the collagen network. Synovial fluid COMP concentrations
decrease in young horses during long-term training and in OA joints [14].
However, elevated concentrations were observed in equine joints with
osteochondral fractures [15]. These studies utilised ELISA with polyclonal
antibodies that detect the native molecule and degraded monomers and
further cleaved fragments. Recently [16], we analysed a unique COMP neo-
epitope in synovial fluids from horses and found that its concentration
increased in animals with acute lameness compared to that in horses with
chronic lameness and in non-lame joints.

Our aim was to develop an ELISA that can measure this neo-epitope in
serum and delineate if short-term training, circadian rhythm, age of the
horse and acute lameness affect its concentration. We hypothesised that
the neo-epitope could be measured in serum, and that its concentration is
not affected by sampling time, short-term training or animal age. We also
predicted that concentrations would increase with acute lameness similar
to that observed for synovial fluid [16].
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Materials and methods

Horses after short-term exercise and box rest

Serum samples were collected from five Standardbred (STB) horses before
and after a short-term interval exercise session (Table 1). Five horses were
also sampled several times during a 24-h box rest [17,18]. The horses
belonged to the Swedish Academy of Trotting and Thoroughbred Racing,
Sweden. They were used for the education of apprentices and professional
race trainers, and performed a simulated 2,140 m trotting race or interval
training once a week. Lameness examination was not performed on these
horses before exercise sessions or box rest. On days when no intensive
exercise was performed, horses spent the morning hours in paddocks or
were subjected to lighter exercise. The study took place between April and
June 1995.

Exercise tests: In the morning (08:00-12:00), exercise tests were
performed on a field track. For this, the horses trotted five 500 m intervals
at a speed of 11.1 + 0.2 m/s (heart rate ~200 beats/min; heart-rate
recorder)®. After each interval, the horses returned to the start in a slow
trot. This return trip took 2-4 min, depending on whether or not blood
samples were collected. Exercise started with a warm-up in slow trot
(14 min). The horses returned to the stable in slow trot which took 13 min
immediately after the last interval. An intravenous catheter was inserted
into a jugular vein, in the evening before the exercise test, and flushed with
heparinised saline (0.2% heparin) overnight and with isotonic saline between
samplings. Blood samples were collected at rest 1), after warm-up 2),
before and after interval number four (time points 3 and 4), before and
after interval number five (time points 5 and 6) and 15, 20, 30, 40 and
50 min after the last exercise interval (time points 7, 8, 9, 10 and 11). A final
blood sample (time point 12) was collected before the next feeding the
same day (1-4.5 h post-exercise).

Circadian sampling: Five STB horses were used for blood sampling every
hour for 24 h to determine the resting profile of each animal (Table 1).
Additional blood samples were taken every 15 min for 1 h after the 17.30
and 05.30 meals were provided. Blood samples were taken via a catheter
(Intranule [2.0 x 105 mm))® introduced into one of the jugular veins. An
extension tube was attached to the catheter to facilitate blood sampling.
At 03:30, several horses were lying down; therefore, this sample was not
collected.

Horses of different ages

Blood samples were collected from 32 acutely lame horses of different
ages that underwent a lameness examination at the University Animal
Hospital (Uppsala, Sweden) (Table 1).

Independent samples from control and lame horses

The inclusion criteria for the control horses (n = 14) recruited in the study
were: considered to be sound by their owner, fit for breeding evaluation

Serum concentrations of a COMP neo-epitope in horses

test including no radiological changes in their tarsal joints. Additional
healthy stallions of the Icelandic horse breed (n = 27) with no radiological
changes in their tarsal joints were included. These stallions were predicted
to be fit for the riding test, included in a breeding evaluation, by their
owners.

The inclusion criteria for the lame horses were: presented with acute
lameness (duration not more than 2 weeks according to the owner)
originating from one or more joints, and verified by a flexion test reaction,
and that intra-articular anaesthesia reduced the pain by up 75-100%. The
horses were recruited from Kungsbacka Horse Clinic (n = 29), Gothenburg,
Sweden and University Animal Hospital (n = 42), Uppsala, Sweden (Table 1).

All samples were stored in aliquots in —80°C to prevent unnecessary
freezing and thawing.

Neo-epitope ELISA

The neo-epitope at the N-terminal part of one COMP fragment, containing
five amino acids from the native COMP sequence (SGPTH), was detected in
media at day 3 after interleukin-1B stimulation in vitro [19].

An inhibition ELISA was developed to quantify the COMP neo-epitope in
serum, and was modified based on a previous protocol [16]. In short,
NUNC plates® were coated with 4.0 pg/mL peptide (sequence, SGPTHEGVC)
diluted in 0.1 mol/L carbonate buffer (pH 9.6), and incubated at 4°C
overnight. A serial dilution of 5.0 ng/mL of peptide (sequence
SGPTHEGVGMA) in 10 mmol/L PBS with 0.6% BSA and 0.8% SDS was used
as the calibration curve (range = 5-0.078 pg/mL). Serum samples were
diluted 1:10 in PBS with 0.89% SDS. Standard and serum samples were
incubated in 96-well Sterilin plates® at 25°C overnight. On the second day,
primary anti-neo-epitope of COMP antibody (diluted in PBS with 1% BSA
and 4% triton-X-100) was added to the plates, which were incubated for
80 min at 25°C. NUNC plates were washed and blocked with 200 uL PBS
with 1% BSA and 0.1% tween for 1 h, at 25°C. Next, 100 uL was transferred
from the plates to NUNC plates and incubated for 1 h at 25°C. After
incubation, NUNC plates were washed and secondary antibody (goat anti-
rabbit 1IgG H&L [HRP]) (Ab97051)d, diluted 1:20,000 in PBS with 1% BSA and
0.1% tween, was added. The plates were incubated for 1 h at 25°C and
then washed six times and incubated with substrate (Substrate Reagent
Pack DY999)° for approximately 8 min at 25°C. Stop solution (1 mol/L
H,S0,) was added, and the absorbance was measured at 450 nm
(SpectraMaxPlus 384)". The intra-assay precision was determined by
analysing 20 replicates of one sample with a medium concentration of the
COMP neo-peptide. The inter-assay precision was determined through the
analysis of 20 replicates from one sample on two occasions.

The detection limit for the assay was determined by analysing 20
replicate samples at varying concentrations.

Quiality control samples consisting of pooled sera from 20 horses were
run for every ELISA to ensure inter-assay stability.

Immunohistochemistry-based cartilage sampling

Articular cartilage was from morphologically (macroscopically and
microscopically) classified joints; one normal (carpal) sample and two with

TABLE 1: Age, sex, breed and joint distribution of horses included in studies of a novel serum concentrations of cartilage oligomeric matrix

protein (COMP) neo-epitope

Breed Joints

Age Sex

Mean =+ s.d. Icelandic
Horses N (min—max) (h=M,G,S) SWH STB Ponies horses PRE Coffin' Fetlock® Carpal Tarsal Stifle
Short-term exercise study 5 7.0+ 2.0 (5-10) 0, 5,0) 5 NA
24 h box-rest study 5 7.4419(5-10) 0, 5,0) 5 NA
Age correlation study 32 11 +£47((3-20 (10,21,1) 21 8 1 7 28 13 9 0
Acutely lame horses 71 92 4 4.6 (2-20) (28, 34, 4) 35 1" 3 2 15 45 52 9 2
Non-lame horses 41 7.9 £ 4.6 (5-20) (14,0, 27) 41 NA

N, number of horses; Min, minimum; Max, maximum; Sex: M, mare; G, gelding; S, stallion; NA, not applicable; SWH, Swedish Warmblood horses; STB,

Standardbred horses; PRE, Pura Raza Espanola.
'Distal interphalangeal joint.
“Metacarpal/phalangeal/metatarsal/phalangeal joints.
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OA lesions (carpal and fetlock) were sampled at necropsy. Articular
cartilage was immersed in 10% buffered formaldehyde, dehydrated,
embedded in paraffin and tissue sections were stained with a polyclonal
antibody against the COMPS neo-epitope (dilution 1:1000) and native COMP
(Ab74524)¢ (dilution 1:800) [16]. Briefly, specimens were sectioned and
mounted onto slides, deparaffinised, rehydrated and washed in phosphate-
buffered saline (PBS; 0.01 mol/L phosphate, 0.15 mol/lL NaCl, pH 7.4).
Endogenous peroxidase activity was quenched with 3% hydrogen peroxide
in PBS. Nonspecific binding was blocked with 2% normal goat serum
(X0907)", prior to incubation with antiserum. After rinsing in PBS, sections
were incubated with horseradish peroxidase (HRP)-conjugated secondary
antibodies (K5007) and visualisation (Real EnVision" Detection System
k5007 [ready-to-use kith)" was performed using the colour developer 3,
3-diaminobenzidine. For negative (isotype) controls, the primary antibody
was substituted with nonimmune rabbit serum (X0936)" at the same
dilution used for the primary antibody. The sections were evaluated by
light microscopy'.

Data analysis

Values for COMP neo-epitope in serum are presented as means and
standard deviations (s.d.). Second-degree polynomials in time points were
fitted to data simultaneously for both short-term exercise and box-rested
COMP values (series) with interaction terms for series and time, and series
and squared times. A linear relationship between age and serum
concentration of COMP neo-epitope was investigated by calculating the
correlation coefficient with a corresponding P value. This was performed
parametrically (Pearson) and P<0.05 was considered significant. The
difference in means between lame and healthy horses was significantly
different from 0 as tested by a two-sample t test. The diagnostic
performance of the ELISA that discriminated lame horses from healthy
animals was evaluated by receiver operating characteristic (ROC) curve
analysis [20]. Statistical calculations were performed using SAS-procedure
mixed (SAS version 9.4y and ROC test was performed in GraphPad Prism
(version 5.01 for Windows)k.

Results

ELISA

The ELISA for serum COMP neo-epitope was determined to be valid with a
detection limit of 0.156 pg/mL and inter-assay variation of 10.6% and intra-
assay variation of 10.5%.

Effects of short-term exercise

The mean (£s.d.) serum concentrations of COMP neo-epitope at time
points 1 and 12 were 2.25 pug/mL (£0.12) and 2.17 pg/mL (+0.19),
respectively, during shortterm exercise (Fig 1). However, the curve was
convex with an initial decrease that was followed by an increase up to the
last time point; hence, the coefficient for squared time was positive and
statistically significant. The equation for values for exercised horses was
y = 2.5281-0.2467t + 0.01614t>, with P = 0.003 for time and P = 0.003
for time-squared.

Circadian effects

The mean (+s.d.) serum concentrations of COMP neo-epitope at time
points 1 and 30 (the last time point) were 3.14 (+0.68) pug/mL and 2.89
(£0.95) pg/mL respectively. The coefficients for time and time-squared
were not statistically significant; hence, no differences were identified
during box rest (Fig 2).

The equation for values for box-rested horses was y =3.1143 +
0.002851t—4.79* 107° 2, with P = 0.9 for time and P>0.9 for squared
times.

Age-related effects

The mean (+s.d.) age of the 32 horses was 11 (£4.7) years, with a range
of 3-20 years, and the serum concentration of COMP neo-epitope was 4
(0.96) pg/mL. The correlation coefficient for age and serum concentration
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Fig 1: Mean (+s.d.) serum concentration of COMP neo-epitope (ug/mL) in five
horses after short-term exercise. Blood samples were taken at rest 1), after
warm-up 2), before and after interval number four (time points 3 and 4), before
and after interval number five (time points 5 and 6) and 15, 20, 30, 40 and
50 min after the last exercise interval (time points 7, 8, 9, 10 and 11). A final
blood sample (time point 12) was collected before feeding the same day (1-4.5 h
post-exercise).

was r=0.0013 and the corresponding P value (>0.9) indicated no
correlation between these parameters (Fig 3).

Independent samples from non-lame horses and
acutely lame horses

Forty-one healthy horses, mean age (+s.d.) 7.9 + 4.6 and 71 lame horses,
age 9.2 + 4.6, were included. The mean (+s.d.) serum concentrations of
COMP neo-epitope in independent samples were 0.84 + 0.38 pg/mL and
5.24 + 1.83 pg/mL for non-lame and lame horses respectively (P<0.001;
Fig 4). The area under the ROC curve was 0.99 (standard error, 0.0006) and
the 95% confidence interval was 0.99-1.00, which was significantly different
from 0.5 (P<0.0001).

Immunohistochemistry analysis

The two OA joints were characterised as mild, with only focal superficial
lesions of the articular cartilage, and moderate, with an area in the radial
facet of cartilage fraying, cleft formations (superficial and middle layers) and
erosions. The normal articular cartilage presented extracellular matrix (ECM)
staining with antibodies against native COMP in all cartilage layers (Fig 5a);
however, no COMP neo-epitope staining (Fig 5b) was found. The articular
cartilage with mild lesions showed staining with antibodies against native
COMP in the ECM of all cartilage layers; however, fainter staining was
observed in middle and deep layers compared to that in the superficial
layer  (Fig 5¢).  Antibodies against COMP  neo-epitope  showed
intracytoplasmic staining of the superficial chondrocytes in cluster
formations (chondrones) surrounding small areas of acellular ECM
(chondronecrosis) (Fig 5d). Adjacent single chondrocytes within the
superficial zone displayed intracytoplasmic and ECM staining (Fig 5d).

Articular cartilage with moderate OA lesions showed intense staining in
the ECM of all cartilage layers, with antibodies against native COMP (Fig 5e).
Antibodies against the COMP neo-epitope stained the chondrocytes in
cluster formations and the ECM of superficial and middle articular cartilage
layers (Fig 5f). The pericellular matrix surrounding the chondrones did not
show immunostaining (Fig 5f). Controls did not result in staining in normal
and OA articular cartilages.

Discussion

Assays to detect OA joints have been developed that detect matrix
components such as collagens, aggrecan and COMP and inflammatory
cytokines in serum and synovial fluid. However, these biomarkers reflect
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Fig 2: Mean (£s.d.) serum concentration of COMP neo-epitope (ug/mL) in five horses during 24 h box rest. Blood samples were taken every hour for 24 h to determine
the resting profile. Additional blood samples were taken every 15 min for 1 h after the 17:30 and 05:30 meals.
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Fig 3: Serum concentrations of COMP neo-epitope (ug/mL) related to age in 32
horses. The correlation coefficient for age and serum concentration was

r=0.0013 and the corresponding P value (0.99) indicated no correlation
between these parameters.

both normal and pathologic matrix degradation and synthesis as well as
overall inflammation. Available assays cannot detect early disease in
individual animals, although they might indicate joint disease in
populations. It is crucial that a biomarker can distinguish normal cartilage
metabolism from pathologic fragmentation to identify joint pathology.
Successful diagnostic assays will enable the detection of early OA and its
progression on an individual level. Additionally, diagnosing acute lameness
and monitoring treatment effects would be of great value. These assays
can be used to adapt new physiological training programmes and reduce
animal suffering.

This study was the first to show that increased serum concentrations of
a unique COMP neo-epitope are associated with acute lameness in horses.
The ROC analysis assessing diagnostic and predictive accuracy showed
that the test discriminates clearly between healthy and lame horses. In vivo
results corresponded with a previous inflammatory explant model, in
which the cleavage site of COMP increased after IL-1B stimulation [19].
Similar results were obtained for horses with chronic stages of OA, with
increased concentrations of other COMP fragments in the synovial fluid,
whereas no significant difference was found for serum levels of these
COMP fragments in horses with OA compared to the levels in healthy
horses [10], probably reflecting normal and pathologic cartilage turnover.
Using sandwich ELISA based on a combination of unlabelled 2A11 and
biotinylated 11 F10 monoclonal antibodies (mAbs), a significant increase in
synovial fluid COMP concentrations was identified in horses with OA [10].
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Fig 4: Serum concentration of COMP neo-epitope (ug/mL) in independent
samples from healthy horses (n = 41) and those with acute lameness (n = 71).
Significantly increased COMP neo-epitope concentrations were found in horses
with acute lameness (mean + s.d., 5.24 + 1.83 pg/mL) compared to those in
healthy horses (0.84 + 0.38 pg/mL; P<0.001).

However, mAbs that bound smaller COMP fragments did not show any
change in serum and synovial concentrations in horses with experimentally
induced osteochondral fractures; whereas, the concentration of COMP
fragments was significantly higher in horses that developed osteophytes,
suggesting increased COMP concentrations during severe chronic stages
[11]. In contrast, our study suggested that the unique COMP neo-epitope
(with N-terminal cleavage site SGPTH), is a potential biomarker of acute
lameness in individual horses.

Immunohistochemical staining of the COMP neo-epitope in articular
cartilage with mild and moderate destruction showed a different pattern,
and no staining could be seen in normal articular cartilage. The cartilage
with cleft formations had more prominent staining compared to that in the
focally superficial fibrillated cartilage. The COMP neo-epitope staining
pattern in articular cartilage with lesions compatible with OA supports the
higher serum concentrations found in acutely lame horses.

The STB horses used for circadian and shortterm exercise
measurements were subjected to conventional race training. These horses
were not clinically examined with flexion tests before entering the study.
Hence, one can speculate that the higher serum concentrations (mean 2—
3 pug/mL) compared to those in healthy horses (mean 0.84 pg/mL), might
reflect horses with chronic joint pathology; however, they were not
obviously lame upon sampling.

Our results show that serum COMP neo-epitope concentrations are not
influenced by time of day (circadian), short-term exercise or age. However,
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Fig 5: Immunohistochemistry analysis of articular cartilage of equine joints with normal articular cartilage a), b), articular cartilage with superficial mild fibrillation c), d)
and that with fibrillation and cleft formation e), f), using a polyclonal antibody against the COMP neo-epitope b), d), f) and a polyclonal antibody against native COMP (a,

c, €). Scale bar = 0.5 mm.

there was a statistically significant decrease in concentrations after short-
term speed training 3, which could be explained by reduced plasma
volumes [21] as one may speculate that the COMP fragment can leave the
circulation due to the high hydrostatic pressure developed during high
intensity exercise. However, after 20 min post-exercise, values returned to
baseline. Studies contradicting our results have been presented; serum
concentrations of total and fragmented COMP in horses were found to
decrease with age [22] and OA [23], and to increase after exercise [24] and
in race horses with OA subjected to long-term training (5 years) [25]. Higher
urine total COMP concentrations were also found in horses with septic and
aseptic arthritis [26]. Further, no changes in synovial fluid total COMP
concentrations were found following arthroscopic removal of
osteochondral fragments in horses [27]. However, in contrast to the
present study, these assays measure COMP fragmentation from normal
turnover and pathologic destruction, explaining the reported different
results. COMP measurements using different assays are not consistent;
probably due to the use of antibodies that recognise internal/native
epitopes and hence detect both intact and fragmented forms of the
protein.

We chose Icelandic horses as control horses, since this breed is known
to have OA in the distal tarsal joints (spavin) [28], but rarely in other joints
[29]. The horses included had normal radiographs of the tarsal joints and
were clinically fit for the riding test. Serum concentrations of COMP neo-
epitope were low in these horses compared to those in horses with
clinically acute lameness.

Other COMP neo-epitopes have been identified in synovial fluid from
patients with different joint diseases; patients with acute knee pain had the
highest serum concentrations of these neo-epitopes, as compared to those
in patients with rheumatoid arthritis or OA [30]. The cytokine IL-1B has
been shown to enhance the cleavage and release of COMP from tendon
explants [31], with fragments being present in the early stage of tendon
disease. The authors concluded that these fragments can ‘provide a
platform for the development of neo-epitope assays specific to injury stage
for tendon disease’.

The COMP neo-epitope quantified in the current study was also
identified in an IL-1B-stimulated equine explant model [19] and was already
degraded at day 3 of cytokine stimulation. Its concentration was found to
increase in synovial fluid [16] and sera from horses presenting with acute

lameness. Furthermore, immunolabelling detected the COMP neo-epitope
in the cytoplasm of chondrocytes surrounding the fibrillation of the mild
and severe OA articular cartilage, but not in chondrocytes of normal
articular cartilage. Its presence in superficial and deep fraying of articular
cartilage and the increase in serum and synovial concentrations [16] in
horses with acute lameness suggest that this neo-epitope has a role in the
early and acute stages of equine OA. Hence, unique COMP fragmentation
related to cytokine stimulation could be valuable for monitoring the stages
of connective tissue damage.

Our results also show that short-term training does not influence serum
concentrations of this unique COMP neo-epitope. This is in accordance
with results in humans, wherein no changes in serum COMP
concentrations were observed after 1 h of running [32] or during a follow-
up of long-term training in volleyball athletes [33].

Easy-to-use biomarker assays that can diagnose the early painful OA
stage would be of great value, especially in young racehorses. If early
joint disease is identified, it will be possible to change the training
programme and treat the joint inflammation, which could prevent OA
progression.

In conclusion, the present study showed that serum concentrations of a
unique COMP neo-epitope in horses represent a potential biomarker for
acute joint disease that is not affected by age, short-term training or
circadian rhythms during rest. The production of monoclonal antibodies
has been initiated to establish a sandwich ELISA. Further studies must be
performed using a larger population of healthy and diseased horses, and
these reference values will provide the basis for developing a diagnostic
tool. Additional to future studies we would investigate whether different
joints can influence the levels.

Authors’ declaration of interests

No competing interests have been declared.

Ethical animal research

The Ethical Committee on Animal Experiments, Stockholm, Sweden
approved the study protocol (Dnr; N378/12).

678 Equine Veterinary Journal 51 (2019) 674-680 © 2019 The Authors. Equine Veterinary Journal published by John Wiley & Sons Ltd on behalf of EVJ Ltd.



S. Ekman et al.

Owner informed consent

Horse owners provided informed consent for the collection of serum for
biobanking for research purposes.

Sources of funding

Western Region Research Funding (ALF GBG-716171), the Swedish-
Norwegian Foundation for Equine Research (H0947014), Swedish Research
Council grant (VR 2015-02959) and the Swedish Research Council for
Environment, Agricultural Sciences and Spatial Planning (FORMAS 221-
2013-317) supported this research.

Acknowledgements

We thank Christina Nilsson at SLU for excellent technical assistance, Karin
Holm-Forsstrom at University Animal Hospital, SLU and Marie Rhodin at
SLU for providing clinical cases and Kjell Pettersson at Health Metrics,
Sahlgrenska Academy, for valuable help with statistical calculations.

Authorship

S. Ekman contributed to study design, data analysis and interpretation and
preparation of the manuscript. A. Lindahl contributed to study execution,
data analysis and interpretation and preparation of the manuscript. U.
Rietschi, K. Bjorkman and L. Mattson Hultén contributed to study design
and study execution. A. Jansson contributed to study execution and
preparation of the manuscript. K. Abrahamsson-Aurell, S. Bjornsdottir and
M. Lofgren contributed to study execution and data analysis and
interpretation. E. Skidldebrand contributed to study design, study
execution, data analysis and interpretation and preparation of the
manuscript. All authors gave their final approval of the manuscript.

Manufacturers’ addresses

“Optipuls, Borlange, Sweden.

bsweVet-Piab, Sjobo, Sweden.

“Thermo Fisher Scientific, Waltham, Massachusetts, USA.
4Abcam, Cambridge, UK.

°R&D Systems, Abingdon, Oxford, UK.

'MDS Analytical Technologies Ltd, Wokingham, Berkshire, UK.
8Genscript, Piscataway, New Jersey, USA.

"DAKO Sweden AB, Stockholm, Sweden.

'Nikon Instruments Inc., Melville, New York, USA.

ISAS Institute Inc, Cary, North Carolina, USA.

kGraphPad Software, La Jolla, California, USA.

References

1. Robinson, W.H., Lepus, C.M., Wang, Q., Raghu, H., Mao, R., Lindstrom,
T.M. and Sokolove, J. (2016) Low-grade inflammation as a key mediator of
the pathogenesis of osteoarthritis. Nat. Rev. Rheumatol. 12, 580-592.

2. Goldring, M.B. and Otero, M. (2011) Inflammation in osteoarthritis. Curr.
Opin. Rheumatol. 23, 471-478.

3. Mcllwraith, C., Frisbie, D.D., Kawcak, C. and van Weeren, R. (2016) Joint
Disease in the Horse, 2nd edn., Elsevier, New York. pp 408.

4. Mcllwraith, C.W., Kawcak, C.E., Frisbie, D.D., Little, C.B., Clegg, P.D.,
Peffers, M.J., Karsdal, M.A., Ekman, S., Laverty, S., Slayden, R.A., Sandell,
LJ., Lohmander, L.S. and Kraus, V.B. (2018) Biomarkers for equine joint
injury and osteoarthritis. J. Orthop. Res. 36, 823-831.

5. Hunter, D.J., Eckstein, F., Kraus, V.B., Losina, E., Sandell, L. and Guermazi,
A. (2013) Imaging biomarker validation and qualification report: sixth
OARSI Workshop on imaging in Osteoarthritis combined with third OA
Biomarkers Workshop. Osteoarthritis Cartilage 21, 939-942.

6. Kraus, V.B., Blanco, F.J., Englund, M., Henrotin, Y., Lohmander, L.S.,
Losina, E., Onnerfiord, P. and Persiani, S. (2015) OARSI clinical trials
recommendations: soluble biomarker assessments in clinical trials in
osteoarthritis. Osteoarthritis Cartilage 23, 686-697.

20.

21.

22.

23.

24.

25.

26.

Serum concentrations of a COMP neo-epitope in horses

. Mcllwraith, C.W. (2005) Use of synovial fluid and serum biomarkers in

equine bone and joint disease: a review. Equine Vet. J. 37, 473-482.

. Frisbie, D.D., Mcllwraith, C.W. and de Grauw, J.C. (2016) Synovial fluid and

serum biomarkers. In: Joint Disease in the Horse, 2nd edn., Eds: C.W.
Mcllwraith, D.D. Frisbie, C.E. Kawcak, van P.R. Weeren, Elsevier, St Louis. pp
179-191.

. Skioldebrand, E., Lorenzo, P., Zunino, L., Rucklidge, G.J., Sandgren, B.,

Carlsten, J. and Ekman, S. (2001) Concentration of collagen, aggrecan and
cartilage oligomeric matrix protein (COMP) in synovial fluid from equine
middle carpal joints. Equine Vet. J. 33, 394-402.

. Yamanokuchi, K., Tagami, M., Nishimatsu, E., Shimizu, Y., Hirose, Y., Komatsu,

K. and Misumi, K. (2009) Sandwich ELISA system for cartilage oligomeric
matrix protein in equine synovial fluid and serum. Equine Vet. J. 41, 41-46.

. Arai, K., Tagami, M., Hatazoe, T., Nishimatsu, E., Shimizu, Y., Fujiki, M. and

Misumi, K. (2008) Analysis of cartilage oligomeric matrix protein (COMP) in
synovial fluid, serum and urine from 51 racehorses with carpal bone
fracture. J. Vet. Med. Sci. 70, 915-921.

. Rosenberg, K., Olsson, H., Morgelin, M. and Heinegard, D. (1998) Cartilage

oligomeric matrix protein shows high affinity zinc-dependent interaction
with triple helical collagen. J. Biol. Chem. 273, 20397-20403.

. Thur, J.,, Rosenberg, K., Nitsche, D.P., Pihlajamaa, T., Ala-Kokko, L.,

Heinegard, D., Paulsson, M. and Maurer, P. (2001) Mutations in cartilage
oligomeric matrix protein causing pseudoachondroplasia and multiple
epiphyseal dysplasia affect binding of calcium and collagen |, Il, and IX. J.
Biol. Chem. 276, 6083-6092.

. Skioldebrand, E., Heinegard, D., Olofsson, B., Rucklidge, G., Roneus, N.

and Ekman, S. (2006) Altered homeostasis of extracellular matrix proteins
in joints of standardbred trotters during a long-term training programme.
J. Vet. Med. A Physiol. Pathol. Clin. Med. 53, 445-449.

. Skioldebrand, E., Heinegard, D., Eloranta, M.L., Nilsson, G., Dudhia, J.,

Sandgren, B. and Ekman, S. (2005) Enhanced concentration of COMP
(cartilage oligomeric matrix protein) in osteochondral fractures from
racing Thoroughbreds. J. Orthop. Res. 23, 156-163.

. Skioldebrand, E., Ekman, S., Mattsson Hulten, L., Svala, E., Bjorkman, K.,

Lindahl, A., Lundqvist, A., Onnerfjord, P., Sihlbom, C. and Ruetschi, U.
(2017) Cartilage oligomeric matrix protein neo-epitope in the synovial fluid
of horses with acute lameness: a new biomarker for the early stages of
osteoarthritis. Equine Vet. J. 49, 662-667.

. Jansson, A. and Dahlborn, K. (1999) Effects of feeding frequency and

voluntary salt intake on fluid and electrolyte regulation in athletic horses.
J. Appl. Physiol. 86, 1610-1616.

. Jansson, A., Sandin, A. and Lindberg, J.E. (2006) Digestive and metabolic

effects of altering feeding frequency in athletic horses. Equine Comp.
Exerc. Physiol. 3, 83-91.

. Svala, E., Lofgren, M., Sihlbom, C., Ruetschi, U., Lindahl, A., Ekman, S. and

Skioldebrand, E. (2015) An inflammatory equine model demonstrates
dynamic changes of immune response and cartilage matrix molecule
degradation in vitro. Connect. Tissue Res. 56, 315-325.

Linden, A. (2006) Measuring diagnostic and predictive accuracy in disease
management: an introduction to receiver operating characteristic (ROC)
analysis. J. Eval. Clin. Pract. 12, 132-139.

Masri, M., Freestone, J.F., Wolfsheimer, KJ. and Shoemaker, K. (1990)
Alterations in plasma volume, plasma constituents, renin activity and
aldosterone induced by maximal exercise in the horse. Equine Vet. J. 22,
Suppl. 9, 72-77.

Smith, R.K. and Heinegard, D. (2000) Cartilage oligomeric matrix protein
(COMP) levels in digital sheath synovial fluid and serum with tendon
injury. Equine Vet. J. 32, 52-58.

Misumi, K., Vilim, V., Hatazoe, T., Murata, T., Fujiki, M., Oka, T., Sakamoto,
H. and Carter, S.D. (2002) Serum level of cartilage oligomeric matrix
protein (COMP) in equine osteoarthritis. Equine Vet. J. 34, 602-608.

Helal, I.E., Misumi, K., Tateno, O., Kodama, T., Ishimaru, M., Yamamoto, J.,
Miyakoshi, D. and Fujiki, M. (2007) Effect of exercise on serum
concentration of cartilage oligomeric matrix protein in Thoroughbreds.
Am. J. Vet. Res. 68, 134-140.

Bertuglia, A., Pagliara, E., Grego, E., Ricci, A. and Brkljaca-Bottegaro, N.
(2016) Pro-inflammatory cytokines and structural biomarkers are effective
to categorize osteoarthritis phenotype and progression in Standardbred
racehorses over five years of racing career. BVC Vet. Res. 12, 246.
Misumi, K., Tagami, M., Kamimura, T., Miyakoshi, D., Helal, I.E., Arai, K.
and Fujiki, M. (2006) Urine cartilage oligomeric matrix protein (COMP)

Equine Veterinary Journal 51 (2019) 674-680 © 2019 The Authors. Equine Veterinary Journal published by John Wiley & Sons Ltd on behalf of EVJ Ltd. 679



Serum concentrations of a COMP neo-epitope in horses

measurement is useful in discriminating the osteoarthritic Thoroughbreds.
Osteoarthritis Cartilage 14, 1174-1180.

S. Ekman et al.

matrix protein (COMP) neoepitopes identified in synovial fluids from patients
with joint diseases using affinity chromatography and mass spectrometry. J.

27. Brink, P., Smith, R.K. Tverdal, A. and Dolvik, N.Il. (2015) Changes in Biol. Chem. 289, 20908-20916.
synovial fluid biomarker concentrations following arthroscopic surgery in 31. Dakin, S.G., Smith, R.K., Heinegard, D., Onnerfjord, P., Khabut, A. and
horses with osteochondritis dissecans of the distal intermediate ridge of Dudhia, J. (2014) Proteomic analysis of tendon extracellular matrix reveals
the tibia. Am. J. Vet. Res. 76, 599-607. disease stage-specific fragmentation and differential cleavage of COMP
28. Bjornsdottir, S., Axelsson, M., Eksell, P., Sigurdsson, H. and Carlsten, J. (cartilage oligomeric matrix protein). J. Biol. Chem. 289, 4919-4927.
(2000) Radiographic and clinical survey of degenerative joint disease in 32. Kersting, U.G., Stubendorff, J.J., Schmidt, M.C. and Bruggemann, G.P.
the distal tarsal joints in Icelandic horses. Equine Vet. J. 32, 268-272. (2005) Changes in knee cartilage volume and serum COMP concentration
29. Strand, E., Braathen, L.C., Hellsten, M., Huse-Olsen, L. and Bjornsdottir, S. after running exercise. Osteoarthritis Cartilage 13, 925-934.
(2007) Radiographic closure time of appendicular growth plates in the 33. Boeth, H., MacMahon, A. Poole, AR., Buttgereit, F., Onnerfjord, P.,

30.

Icelandic horse. Acta Vet. Scand. 49, 1-17.
Ahrman, E., Lorenzo, P., Holmgren, K., Grodzinsky, A.J., Dahlberg, L.E.,
Saxne, T., Heinegard, D. and Onnerfjord, P. (2014) Novel cartilage oligomeric

Joint Disease in the Horse

Second Edition

Editors: Wayne Mcllwraith, David Frisbie,
Christopher Kawcak & René van Weeren

Publisher: Elsevier, November 2015 - Hardback 456 pages

The first text to specifically address joint disease in the horse! Written by
29 pioneers in the field, the book presents the latest information on basic
joint pathobiology and translates these findings into practice-applicable
guidance. Clinical studies, methods of diagnosis, rationales for treatment,
and critical evaluations of treatment are presented to help readers make
the best management choices for each patient. This book offers the ideal
combination of solid scientific grounding and up-to-date clinical detail.

Describes the general principles of joint pathobiology providing

the background to evaluate and interpret the diagnostic and

surgical aspects of disease.

Lorenzo, P., Klint, C., Pramhed, A. and Duda, G.N. (2017) Differences in
biomarkers of cartilage matrix turnover and their changes over 2 years in
adolescent and adult volleyball athletes. J. Exp. Orthop. 4, 7.

JOINT DISEASE
IN THE HORSE

C. WAYNE McILWRAITH - DAVID D. FRISBIE
CHRISTOPHER E. KAWCAK - RENE VAN WEEREN

(o

\%

SECOND EDITION
(

a’r

ELSEVIER

BEVA Member: £94.49
Non Member: £117.89

Explores treatments for traumatic arthritis and osteoarthritis and
other joint entities, offering users a broad range of options and
up-to-date recommendations for problematic decisions.
Discusses current research providing insight for difficult cases and delineates the directions in which
future arthritis research is headed.

Includes over 325 photographs and line drawings.

Provides an overview of arthroscopic surgery for the acute injury, and the results, including fragment
removal, fragment fixation and synovectomy.

B EVA Bookshop

www.beva.org.uk + 01638 723555 - bookshop@evj.co.uk

Wayne Mcllwraith, BVSc, PhD, DSc, FRCVS, Dipl ACVS, Dipl ECVS, Dipl ACVSMR, Professor of Surgery, Director of Equine
Sciences, Orthopedic Research Laboratory, College of Veterinary Medicine and Biomedical Sciences, Colorado State
University, Fort Collins, Colorado, USA; David Frisbie, DVM, PhD, DACVS, DACVSMR, Orthopedic Research Laboratory, College

of Veterinary Medicine and Biomedical Sciences, Colorado State University, Fort Collins, Colorado, USA; Christopher Kawcak,
DVM, PhD, DACVS, DACVSMR, Professor, Orthopedic Research Laboratory, College of Veterinary Medicine and Biomedical
Sciences, Colorado State University, Fort Collins, Colorado, USA; and René van Weeren, DVM, PhD, DiplECVS, Professor,
Department of Equine Sciences, Faculty of Veterinary Medicine, Utrecht, Netherlands

680 Equine Veterinary Journal 51 (2019) 674-680 © 2019 The Authors. Equine Veterinary Journal published by John Wiley & Sons Ltd on behalf of EVJ Ltd.



