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Running decreases knee intra-articular cytokine and cartilage 
oligomeric matrix concentrations: a pilot study 
Robert D. Hyldahl, Alyssa Evans, Sunku Kwon, Sarah T. Ridge, Eric Robinson, J. Ty Hopkins, Matthew 
K. Seeley

Abstract 

Introduction 

Regular exercise protects against degenerative joint disorders, yet the mechanisms that underlie these 
benefits are poorly understood. Chronic, low-grade inflammation is widely implicated in the onset and 
progression of degenerative joint disease. 

Purpose 

To examine the effect of running on knee intra-articular and circulating markers of inflammation and 
cartilage turnover in healthy men and women. 

Methods 

Six recreational runners completed a running (30 min) and control (unloaded for 30 min) session in a 
counterbalanced order. Synovial fluid (SF) and serum samples were taken before and after each session. 
Cytokine concentration was measured in SF and serum using a multiplexed cytokine magnetic bead array. 
Ground reaction forces were measured during the run. 

Results 

There were no changes in serum or SF cytokine concentration in the control condition. The cytokine GM-
CSF decreased from 10.7 ± 9.8 to 6.2 ± 5.9 pg/ml pre- to post-run (p = 0.03). IL-15 showed a trend for 
decreasing concentration pre- (6.7 ± 7.5 pg/ml) to post-run (4.3 ± 2.7 pg/ml) (p = 0.06). Changes in IL-15 
concentration negatively correlated with the mean number of foot strikes during the run 
(r2 = 0.67; p = 0.047). The control condition induced a decrease in serum COMP and an increase in SF 
COMP, while conversely the run induced an increase in serum COMP and a decrease in SF COMP. 
Changes in serum and SF COMP pre- to post-intervention were inversely correlated (r2 = 0.47; p = 0.01). 

Conclusions 

Running appears to decrease knee intra-articular pro-inflammatory cytokine concentration and facilitates 
the movement of COMP from the joint space to the serum. 

Keywords 

Inflammation, Synovial fluid, Knee joint, Osteoarthritis, Exercise, Biomarker, COMP, Ground reaction 
force, GM-CSF, IL-15, IL-6  



Abbreviations 

ANOVA 
Analysis of variance 
COMP 
Cartilage oligomeric matrix protein 
GM-CSF 
Granulocyte macrophage colony-stimulating factor 
GRF 
Ground reaction force 
IFNa2 
Interferon alpha-2 
IL-10 
Interleukin-10 
IL-13 
Interleukin-13 
IL-15 
Interleukin-15 
IL-17 
Interleukin-17 
IL-1ra 
Interleukin-1 receptor antagonist 
IL1b 
Interleukin-1 beta 
IL1a 
Interleukin-1 alpha 
IL-4 
Interleukin-4 
IL-6 
Interleukin-6 
IL-8 
Interleukin-8 
IL-12p40 
Interluekin-12 subunit beta 
IP-10 
Interferon-gamma-inducible protein-10 
MCP-1 
Monocyte chemoattractant protein-1 
MIP-1a 
Macrophage inflammatory protein-1 alpha 
MIP-1b 
Macrophage inflammatory protein-1 beta 
OA 
Osteoarthritis 
RA 
Rheumatoid arthritis 
SF 
Synovial fluid 
Communicated by Olivier Seynnes. 

 



Introduction 

Engagement in regular exercise has well known and widespread salutary benefits for disease prevention 
and improvement of life quality. Among the benefits induced by regular, moderate intensity exercise is 
prevention of articular cartilage degenerative pathologies such as osteoarthritis (OA) (Mikesky et 
al. 2006; Semanik et al. 2012). Chronic physical exercise also improves measures of disability, pain and 
physical performance in patients with diagnosed knee and hip OA (Juhl et al. 2014; Ettinger et al. 1997; 
Zhang et al. 2010). In fact, physical exercise is the most recommended non-pharmacological intervention 
for OA patients (McAlindon et al. 2014). Despite the prevalence of data that support exercise as a 
successful symptomatic treatment for degenerative joint disorders, the mechanism(s) underlying its 
chondroprotective effects are unclear. 

While a unifying model to explain the protective effect endowed by chronic exercise has not yet been 
established, researchers have identified possible factors that may contribute to its positive effect on joint 
health, including: greater knee stability, improved joint proprioception, and/or greater muscle strength 
(van der Esch et al. 2013; Knoop et al. 2013). An alternative, but not exclusive, hypothesis is that the joint 
loading associated with exercise promotes chondroprotection by altering the biochemical milieu of the 
intra-articular environment. Accumulating evidence suggests that a rise in chronic, low-grade synovial 
inflammation precedes structural degeneration that accompanies joint degenerative diseases (Benito et 
al. 2005; Sokolove and Lepus 2013; Haywood et al. 2003). Moreover, chronic intra-articular 
inflammation has been demonstrated to be a reliable predictive measure of disease development in early 
stage patients (Ayral et al. 2005). Importantly, long-term exercise is capable of attenuating the systemic 
low-grade inflammation associated with a number of pathologic conditions including cardiovascular 
disease, diabetes and obesity (Wärnberg et al. 2010). We, therefore, questioned whether an acute loading 
exercise (i.e., running) could generate an intra-articular anti-inflammatory environment that may 
contribute to the long-term benefits of chronic exercise on joint health. 

Cyclic mechanical loading of the joint has also been shown to increase circulating markers representative 
of cartilage turnover, most notably the peptide cartilage oligomeric matrix protein (COMP). The 
magnitude of COMP changes, due to exercise, appears to be influenced by both the duration and intensity 
of the exercise (Denning et al. 2016; Niehoff et al. 2010), lending support to the theory that joint loading 
may induce cartilage adaptation by driving the remodeling response. Several specific characteristics of 
mechanical load (i.e., number of foot strikes, load rate, and impulse due to load) experienced during 
exercise, including running, have been related to measures associated with articular cartilage condition 
(Bennell et al. 2011; Pamukoff et al. 2016; Russell et al. 2010). Nevertheless, a relationship between joint 
loading and COMP has not been established. Further, because serum COMP also originates from 
anatomical sources outside of the knee joint capsule (e.g., ligaments and tendons of other load bearing 
joints) (Müller et al. 1998), it is difficult to know how accurately serum COMP concentration, before and 
after exercise, represents knee joint health changes due to exercise. Further, the relationship between 
serum COMP concentration and knee intra-articular COMP concentration during exercise, for healthy 
individuals, has not yet been studied. 

The primary purpose of this study was to explore intra-articular measures of inflammatory markers and 
COMP, before and after exercise, to better understand the potential salutary benefits of exercise on joint 
health. To accomplish this purpose, we formulated three aims: (1) to comprehensively examine the effect 
of an acute loading exercise (running) on intra-articular inflammation using a high throughput cytokine 
array in healthy, non-osteoarthritic individuals; (2) to determine the effect of the same acute loading 
exercise on intra-articular COMP concentration, and determine whether changes in knee intra-articular 
COMP, due to exercise, accurately represent changes observed in serum COMP; and (3) to evaluate 



potential relationships between the aforementioned intra-articular measures of inflammatory markers and 
COMP, and three characteristics of mechanical load during running (number of foot strikes, load rate, and 
impulse due to vertical ground reaction force). 

 

Methods 

Subjects 

A total of 15 healthy, recreational runners (11 men and 4 women, 24 ± 4 years; 72 ± 15 kg; and 
175 ± 8 cm) were recruited to participate in this study. All subjects provided informed consent in 
accordance with the appropriate Institutional Review Board, and the Declaration of Helsinki. Each 
participant was (1) between the ages of 18 and 40, (2) had no history of lower-extremity surgery in their 
lifetime, (3) no history of knee articular cartilage injury, (4) no knee pain in the 3 months prior to data 
collection, and (5) able to run at 3.0, 3.5, or 4.0 m/s for 30 continuous minutes. Due to the difficulty of 
collecting synovial fluid (SF) from healthy joints, we were only able to collect sufficient SF at both time 
points, under both conditions (control and run), in 6 of the 15 subjects. We were successful in obtaining 
SF samples for two of the time points in two subjects and unsuccessful in collecting any SF from seven of 
the subjects. Analyses were performed only on the six subjects (five men and one woman, 26 ± 7 years; 
71 ± 6 kg; and 174 ± 8 cm) with a full complement of SF samples. 

Study design 

This study was a randomized, cross-over trial. Each participant completed two experimental sessions (run 
and control) in a counterbalanced order 1 week apart. For both experimental conditions, baseline blood 
and synovial fluid samples were collected at a local healthcare facility, and then participants were 
immediately transported to a nearby university biomechanics laboratory. Participants remained in an 
unloaded (seated) position during this transport. For the run session, approximately 15 min after the 
baseline samples were collected; participants ran for 30 min at a self-selected speed on an AMTI 
(Watertown, MA) treadmill instrumented with two fore-aft force plates. Ground reaction forces (GRF) 
were measured for 30 s at the 9th (0:09:30), 19th (0:19:30), and 29th (0:29:30) minute. Immediately 
following the run, subjects were seated in a chair and a second blood sample was collected. Participants 
were then transported back to the local health care facility, in an unloaded position (wheelchair), where a 
third blood and second synovial fluid sample were taken approximately 15 min after the completion of the 
run. The control session was identical to the run session except, rather than running for 30 min, the 
participants rested in an unloaded, seated position in the laboratory for 30 min. All synovial fluid samples 
were taken from the right leg. 

Mechanical load measures 

Three-dimensional GRF data were collected using VICON Nexus (VICON, Centennial, CO, USA) 
software and then exported to MATLAB, where they were smoothed using a low-pass (50 Hz) 4th order 
Butterworth filter. We measured three variables that influence the way the right knee is loaded during 
running: (1) number of right foot strikes throughout the run, (2) mean load rate (i.e., the slope of the 
force × time curve) between heel strike and the impact transient peak (Fig. 1) for vertical GRF applied to 
the right leg, and (3) mean impulse (time integral) due to vertical GRF, for the right leg, during the stance 
phase of running. The second and third aforementioned variables were averaged across 60 stance phases, 
20 from the 9th, 19th, and 29th minute of the run. 



 

Fig. 1 

Mean vertical ground reaction force (solid line) throughout the stance phase of running, for all of the trials 
observed during the present study, and the corresponding 95 % confidence intervals (dotted lines). For 
each trial, load rate was calculated as the average slope of the curve between the heel strike and impact 
transient peak 

Synovial fluid and blood sampling 

Synovial fluid was aspirated (without lavage) from the lateral suprapatellar space of the participant’s right 
knee using a 10-mL syringe and 18-gauge 1.5″ hypodermic needle. Once aspirated, samples were stored 
on ice, centrifuged at 4,000 rpm at 4 °C for 10 min to remove cell debris and stored at −80 °C. Blood 
samples were taken from a vein in the antecubital region and centrifuged at 4,000 rpm. Serum was then 
aliquoted into cryo-vials and stored at −80 °C until analysis. 

COMP analysis 

COMP was quantitatively assessed in all serum and synovial fluid samples using a commercially 
available ELISA kit (R&D systems, Minneapolis, MN, USA) according to the manufacturer’s 
recommendations. All samples were run in duplicate. 

Cytokine analysis 

A Luminex Magpix multiplexing platform was used for multianalyte profiling of synovial fluid and 
serum samples. Cytokines were measured using a 17-plex cytokine kit in compliance with manufacturer’s 



parameters (EDM Millipore, Billerica, MA). Cytokines included: GM-CSF, IFNa2, IL-10, IL-12p40, IL-
13, IL-15, IL-1ra, IL1b, IL1a, IL-4, IL-6, IL-8, IP-10, MCP-1, MIP-1a, MIP-1b and IL-17. Briefly, 25 μl 
of serum or synovial fluid was incubated overnight at 4 °C with antibody-conjugated magnetic beads. The 
bead-complex was then washed, followed by 30 min incubation at room temperature on a plate shaker in 
biotinylated detection antibody. Streptavidin–phycoerythrin was subsequently added and samples were 
incubated for an additional 30 min on a plate shaker at RT. A Magpix (Luminex Corporation, Austin, TX, 
USA) system was used to quantify bead-complexes. All samples were run in duplicate. Data analysis was 
based on a minimum of 80 beads using median fluorescence values. Cytokines that measured below the 
lower limit of quantification in greater than half of the samples among the 6 subjects were considered 
undetectable and not included in the analysis. Cytokines that measured below the lower limit of 
quantification in less than half of the samples among the 6 subjects were included in the analysis. This 
was done to ensure that cytokines that were undetectable in a subject under one condition (i.e., pre-run) 
and became detectable in another condition (i.e., post-run) could be included in the analysis. In this case, 
cytokines that measured below the detectable limit were indicated as the value of the lowest point on the 
calibration curve divided by 2. 

Statistical analysis 

Both serum and synovial fluid COMP data were analyzed independently using a two-way repeated 
measures ANOVA with factors for time and condition (control vs. run). COMP data are presented as 
mean ± SD. Correlation analyses were used to evaluate potential relationships between changes in serum 
COMP and synovial fluid COMP within each condition. Correlational analyses were done using a mixed 
models linear regression. Due to non-normal data distribution, differences in synovial fluid and serum 
cytokines within each condition were determined using a Mann–Whitney U test. Cytokine data are 
presented as median ± interquartile range (IqR). Effect sizes were calculated using Cohen’s d. Mixed 
model linear regression analyses were used to evaluate changes in cytokine concentrations, due to the run, 
and the three variables related to knee load, as well as subject demographics (height, mass, body mass 
index and age) and knee load variables. A p < 0.05 was accepted as a significant difference. 

 

Results 

Synovial fluid and serum cytokine concentration 

Table 1 presents cytokine concentrations from synovial fluid samples pre- and 15 min post-intervention 
for both the control and running conditions. The control condition (unloading) did not alter the 
concentration of any cytokine. However, the cytokine granulocyte macrophage colony-stimulating factor 
(GM-CSF) displayed a trend (p = 0.06) for increasing following the unloaded period (Fig. 2a). In the 
exercise condition, synovial fluid GM-CSF decreased in all subjects (Fig. 2c) and median GM-CSF 
decreased by 41 % (from 6.8 ± 10.8 to 4.0 ± 5.1 pg/ml; p = 0.06; effect size = 0.55) pre- to post-exercise. 
Additionally, median interleukin-15 (IL-15) decreased 48 % (17.8 ± 11.7 to 9.6 ± 15.1 pg/ml) as a result 
of the run, and demonstrated a trend for statistical significance and a large effect size (p = 0.06; effect 
size = 0.96)(Fig. 2d). As shown in Fig. 2d, IL-15 decreased in five of the six subjects. The remaining 
subject had IL-15 levels that were below the detectable limit in both the pre- and post-exercise sample. 
Changes in IL-15 were highly variable in the control condition and were not significantly different pre- to 
post-unloading (Fig. 2b). There were no changes in any cytokine measured in the serum pre- to post-
unloading in the control condition. In the exercise condition, interleukin-6 increased in the serum from a 
median of 14.0 pg/ml pre-run to 24.9 pg/ml post-run (p = 0.02). 



 

 

 



 

Fig. 2 

Synovial fluid cytokine concentrations decrease following a 30-min run. GM-CSF and IL-15 
concentration (pg/ml) in the control condition (a, b) before and after 30 min of unloading. GM-CSF and 
IL-15 concentration in the exercise condition (c, d) before and after 30 min of running. Data for all six 
subjects are shown 

Cytokines and mechanical load 

Subjects ran at an average running speed of 3.25 ± 0.21 m/s. Mean vertical GRF loading rate, impulse due 
to vertical GRF, and number of right foot strikes per 30-min run were 44.4 ± 10.0 KN/s, 256 ± 39 Ns, and 
2490 ± 236 strikes, respectively. We observed one significant correlation between absolute change in 
synovial fluid cytokine concentration during the run and the three measures of mechanical load. As 
number of foot strikes increased, so did decrease for IL-15 (r2 = 0.67; p = 0.05). This indicates that 
subjects who took more steps during the run experienced a greater decrease in IL-15 concentration during 
the run. Finally, we observed no significant correlations between subject demographics (height, mass, 
body mass index and age) and the three variables related to knee load. 

Synovial fluid and serum COMP 

For serum COMP, we observed a significant main effect of time (p < 0.001) and a significant time x 
condition (control vs. exercise) interaction (p < 0.001). In the control (unloaded) condition, mean serum 
COMP concentration decreased from 150.7 ± 73.7 ng/ml to 126.6 ± 67.0 ng/ml at the immediately post-
unloading time point (Fig. 3a), and to 111.3 ± 50.2 ng/ml at the 15-minute post-unloading time point. 
During the 15 min between blood draws, the subjects remained in an unloaded seated position. In 
contrast, exercise increased mean serum COMP concentration from 134 ± 60.0 ng/ml in the pre-exercise 



sample to 180.8 ± 60.6 ng/ml at the immediately post-exercise time point (Fig. 3a). By 15 min post-
exercise, serum COMP concentrations were 117 ± 50.1 ng/ml, which was not significantly different than 
the pre-exercise measurement. For knee synovial fluid COMP concentrations, we likewise observed a 
significant time × condition (control vs. exercise) interaction (p = 0.004). Synovial fluid COMP increased 
significantly in the control (unloaded) condition from 1001.2 ± 743.8 to 1823.1 ± 1209.2 ng/ml at the 15-
min post-unloading time point (Fig. 3b). Conversely, exercise resulted in a decrease in synovial fluid 
COMP from 1529.7 ± 859.8 to 914 ± 923.5 ng/ml pre- to 15-min post-run, respectively (Fig. 3b). Similar 
to the control condition, subjects were placed in an unloaded seated position for the 15 min between 
finishing the run and the synovial fluid draw. Mixed models linear regression showed no significant 
relationship between the change in serum and SF COMP 15 min post-exercise (r2 = −0.03; p = 0.61). 
However, when changes in SF COMP concentrations (15-minutes post-exercise) were compared to the 
change in serum COMP immediately post-exercise, there was a significant inverse relationship 
(r2 = −0.48; p = 0.013) (Fig. 3c). 

 

 



 

Fig. 3 

Synovial fluid and serum COMP concentrations in the control and exercise condition. aConcentration of 
serum COMP (μg/ml) in the control (unloading) and exercise condition before, immediately after and 
15 min after each intervention. b Concentration of synovial fluid COMP (μg/ml) in the control 
(unloading) and exercise condition before and 15 min after each intervention. c Association between 
changes in serum COMP (pre-exercise vs. immediately post-exercise) and synovial fluid COMP (pre-
exercise vs. 15 min post-exercise) when data from exercise and control condition are pooled 

 

 

 

 

 



Discussion 

Physical activity has been associated with a reduced risk for development of joint degenerative diseases 
such as OA, and exercise is a widely prescribed and effective treatment modality for OA (McAlindon et 
al. 2014; Zhang et al. 2010). To better understand the underlying chondroprotective nature of exercise, we 
screened SF and serum samples from healthy subjects for markers of inflammation and cartilage turnover 
following a common joint loading exercise. Our most notable finding was that 30 min of running was 
sufficient to lower the intra-articular concentration of two pro-inflammatory cytokines (GM-CSF and IL-
15), both with characterized roles in the pathogenesis of joint disease. Further, we confirmed that running 
invariably increases circulating levels of COMP; and show for the first time a significant inverse 
relationship between SF and serum COMP concentrations. Regrettably, we were only able to obtain 
paired samples under both the control and exercise conditions for 6 subjects. Nevertheless, we feel that 
the data are of value because, to our knowledge, this is the first study to comprehensively assess a large 
panel of pro- and anti-inflammatory mediators in the knee joint of healthy men and women following 
exercise. 

Though the effect of exercise on intra-articular inflammation has not previously been investigated in 
healthy subjects, data in OA patients suggest a similar anti-inflammatory effect. Helmark et al. (2010) 
used a micro-dialysis method to assess the changes in intra-articular inflammatory markers in OA patients 
following 25 sets of one-legged knee extension exercises. Their most remarkable finding was a significant 
increase in interleukin-10 (IL-10), attributable to the exercise intervention. IL-10 is widely known to 
possess anti-inflammatory properties, and has been found to have chondroprotective properties via its 
inhibition of pro-inflammatory cytokine production by macrophages in diseased knee joints (Hart et 
al. 1995). In the current study, IL-10 was detected at very low levels and was not statistically different 
pre- to post-exercise. The IL-10 response was variable, and our inability to detect changes in IL-10 was 
likely influenced by low sample size and low levels of detection in our non-pathologic subject population. 
Similar to acute bouts of exercise, chronic exercise also appears to decrease intra-articular markers of 
inflammation in OA patients. Specifically, 4 weeks of exercise therapy, combined with anti-inflammatory 
medication in OA patients, decreased SF tumor necrosis factor-α (TNF-α) concentration to a greater 
extent than anti-inflammatory medication alone (Zhang et al. 2013). Unfortunately, in our sample of 
healthy subjects, TNF-α was undetectable in all conditions, indicating that its intra-articular accumulation 
may be a feature of diseased knees. Taken together with the OA studies, the results of the present study 
suggest that joint loading in the form of purposeful exercise has an intra-articular anti-inflammatory 
effect, and that the effect is present in both diseased and non-diseased knee capsules. 

One of the most remarkable findings of the present study was the decrease in concentration of the 
cytokine GM-CSF in knee joint synovial fluid of all subjects following the run. This result is particularly 
interesting because synovial fluid GM-CSF is known to be significantly elevated in cases of knee OA and 
rheumatoid arthritis (RA) (Cameron et al. 1997; Arend and Dayer 1990), as well as in cases of knee injury 
that precede knee OA (Stone et al. 2015). Further, it is believed that neutralization of GM-CSF might 
effectively control OA pain and progression (Cook et al. 2012). In recent studies, GM-CSF antagonists 
have been shown to be a promising therapeutic avenue for the treatment of both RA and OA (Greven et 
al. 2014). Also interesting was the statistical trend towards increasing synovial fluid GM-CSF 
concentrations in the control condition. This suggests that unloading the joint, even for short periods, may 
be sufficient to initiate changes in the intra-articular biochemical environment. Our findings fall in line 
with evidence that sedentary behavior (i.e., reduced knee joint load) is generally detrimental to joint 
health and results in morphologic cartilage changes in both healthy and osteoarthritic subjects (Lee et 
al. 2015; Owman et al. 2014). However, to our knowledge, it seems that neither the acute nor chronic 



effect of unloading on markers of joint disease has been investigated. Taken together, reduction of GM-
CSF following loading exercise may represent a potential mechanism of the joint protection provided by 
exercise and should be investigated more extensively in future studies. The other notable cytokine finding 
was the trend for reduction in IL-15 concentration attributable to the exercise. In our cohort, five out of 
six subjects showed a decrease in IL-15 following the run, and it was undetectable in the pre- and post-
exercise sample of the other subject. Due to our low sample size, the undetectable sample in one subject 
might have contributed to the statistically non-significant (0.06) result. In light of this, along with a 
reasonably large effect size (0.96), we feel that the finding is compelling, particularly insomuch as IL-15 
has been associated with OA pathogenesis and severity (Miller et al. 2014; Tao et al. 2015). 

The only significant correlation between mechanical variables and changes in cytokine concentration pre- 
to post-exercise was found for IL-15 and the number of foot strikes during the run. As number of foot 
strikes increased, so did a decrease for IL-15, indicating that subjects who took more steps during the run 
experienced a greater decrease in IL-15. The fact that the frequency of GRF application (i.e., number of 
foot strikes) was associated with an intra-articular biomarker change supports the idea that frequency of 
load application is as important as some other mechanical characteristics of load (e.g., peak knee joint 
contact force or peak external knee adduction moment). Denning et al. (2016) observed changes in 
concentration for an OA-associated biomarker (COMP) due to running, and these changes also appeared 
to be dependent upon step count. Further, Maly et al. (2013) observed that cumulative knee adductor load, 
defined as the product of the knee adductor impulse and daily step count, was twice as high for OA 
patients relative to healthy controls. The present results in combination with this previous work indicate 
that, in addition to observing peak force or peak torque magnitudes, it is important that researchers who 
study effect(s) of movement mechanics on knee joint health observe a variety of load characteristics, 
including frequency of load application. Regarding changes of serum cytokines, the only significant 
finding was an increase in IL-6 following the run. This result was expected, as increased circulating IL-6 
is a remarkably consistent finding following exercise interventions (Fischer 2006). The lack of change in 
intra-articular IL-6 indicates that the knee joint is likely not a significant source of circulating IL-6. This 
assertion is further supported by previous studies, which have shown quite definitively that circulating IL-
6 is primarily derived from working muscles following exercise (Steensberg et al. 2000). 

In accordance with several previous studies, we found that mechanical loading of the knee joint, due to 
exercise, increases circulating levels of COMP immediately post-exercise (Denning et al. 2016; Niehoff 
et al. 2010). We also show that 15 min of unloading following the exercise is sufficient to reduce COMP 
levels back to baseline. Previous work in our laboratory has shown that COMP concentration returns to 
baseline no later than 30 min post-exercise (Denning et al. 2016), while others have shown a return to 
baseline after 60 min using a similar 30 min run (Niehoff et al. 2011), and 30 min following a walking 
exercise (Mündermann et al. 2005). Interestingly, Mündermann et al. (2005) showed that, although serum 
COMP initially returns to baseline 30 min following loading, it appears to increase again after 5.5 h of 
unloading, suggesting the possibility of a delayed cartilage metabolic response. The physiological 
significance of elevated serum COMP in response to exercise is not fully understood. However, a 
hypothesis implicated in the delayed increase in serum COMP up to 5 h post-loading is that late appearing 
COMP fragments in the serum reflect cartilage turnover, indicative of a remodeling process induced by 
joint loading. A possible explanation for the immediate changes in serum COMP following loading 
(15 min to 5 h) is that the cyclic loading of exercise enhances diffusion of the COMP fragments 
(Mündermann et al. 2005). While no study has directly assessed the diffusion properties of COMP 
fragments from the cartilage to the blood in knee joints, our data are consistent with this idea. We show 
here that under unloading conditions (the control session) COMP concentration increases in the SF, while 
concomitantly decreasing in the serum. This result is consistent with the findings of Mündermann et al. 



(2005), who showed significant declines in serum COMP over a 6 h unloading period in healthy adults. In 
a likewise and counter manner, loading the knee joint reduces COMP SF concentration, while increasing 
COMP in the serum. To determine if there was a significant inverse relationship between COMP changes 
in the two compartments (SF and serum), we performed regression analysis on data points from both the 
control and exercise conditions. Ideally, we would have preferred to compare SF and serum data points at 
the same time point immediately post-exercise. Unfortunately, due to the constraints of having to travel a 
short distance to collect SF samples, our first SF draw occurred 15 min post-exercise. There was no 
correlation between the two compartments when compared 15 min post-exercise—the lack of relationship 
being driven primarily by the fact that serum COMP had already returned to baseline levels 15-min post-
exercise. However, when we compared changes in SF COMP 15-min post-exercise to changes in serum 
COMP immediately post-exercise, we found a significant inverse relationship. This relationship may 
provide evidence that joint loading facilitates the diffusion of COMP. However, a definitive conclusion is 
not possible, as we were not able to collect SF immediately post-exercise, when serum COMP remained 
elevated in the serum. Nevertheless, the data are sufficient to emphasize the critical nature of controlling 
physical activity prior to serum biomarker tests and may suggest that the increased serum COMP 
following lower body loading is derived primarily from the knee joint. This latter observation is 
important, as serum COMP is an oft-utilized biomarker for the diagnosis of knee-related cartilage 
pathology (Bay-Jensen et al. 2016). Whether running induces greater COMP release from the articular 
cartilage into the synovial fluid, or simply facilitates its exit into the blood serum cannot be determined by 
our data and is an interesting question for future research. 

We again acknowledge that our conclusions are based on a relatively small sample of human subjects. 
Unfortunately, we were only able to collect sufficient SF samples under both conditions pre- and post-
exercise in 6 of the 15 recruited subjects. The difficulty of collecting adequate SF from non-effused joints 
has been acknowledged previously by others (Helmark et al. 2012). Thus, it appears uncertain whether 
sampling a large number of subjects with healthy knees is possible using the present aspiration technique. 
Perhaps the micro-dialysis method used by Helmark et al. (2010) to assess cytokine concentration in 
knees of OA patients may be more appropriate for intra-articular sampling of healthy joints. 
Notwithstanding the small sample size, the strength of the present study is bolstered by a more robust 
crossover, repeated measures design, in which subjects randomly completed both the exercise and control 
session. However, it will be important to confirm these data in future studies using a larger sample size. 

 

Conclusion 

In summary, this is the first study to evaluate a wide panel of inflammatory mediators in the knee joints of 
healthy subjects following running. Our results suggest that running decreases intra-articular 
inflammation and brings to light a novel potential mechanism for the chondroprotective nature of exercise 
in non-pathologic knees. Interestingly, this benefit appears to be related to frequency of load application. 
We also provide additional detail on the kinetics of COMP between the serum and SF compartments and 
reveal an interesting relationship indicating that serum COMP following lower body exercise may be 
derived, in large part, from the knee joint. 
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