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Abstract: Exercise influences inflammatory response and immune system performance. The regular
practice of a moderate activity positively regulates immunity and the inflammatory process, while
intensive training depresses it and enhances inflammatory marker secretion. Calprotectin is involved
in the inflammatory process, promoting neutrophil recruitment, cell degranulation, and inflammatory
mediators. Furthermore, calprotectin has been associated with various inflammatory diseases,
including inflammatory rheumatic diseases. The present review explores the effect of exercise on
calprotectin levels in both healthy and inflammatory rheumatic conditions. Data show that the
intensity duration and the type of exercise modulate calprotectin levels and participant inflammatory
status. The exact role of calprotectin in the exercise response is yet unknown. Calprotectin could
constitute an interesting biomarker for monitoring both the effect of exercise on the inflammatory
process in healthy volunteers and the efficiency of exercise treatment programs in a patient with
inflammatory rheumatic disease.

Keywords: calprotectin; exercise; health; chronic inflammatory rheumatic diseases

1. Introduction

The effect of physical exercise on the immune system and inflammatory response
has been studied for over 100 years [1]. In 1902, Larrabee had already observed a marked
leukocytosis following violent exercise, including many polymorphonuclear neutrophils.
It is now admitted that physical exercise is a significant stress for the body, threatening its
homeostasis. Exercise acts on the immune system and notably on the total number and
composition of circulating leukocytes. Lymphocytes and neutrophils are the cells that are
the most mobilized during exercise [2–4]. During acute practice, a transient increase in
leukocytes has been observed. This increase returns to normal within 6 to 24 h after exercise.

Furthermore, regular exercise can have different effects depending on its intensity.
Excessive training, defined as a high volume of training over a long period, leads to
dysfunction of the immune system, accompanied by an increase in inflammatory mediator
concentrations [5]. In contrast, regular training of moderate intensity has beneficial effects
on immune systems, such as an increase in serum immunoglobulins and several other
small changes in circulating numbers of immune system variables [6]. In addition to the
change in counts, cell activities can be altered, such as phagocytosis, respiratory burst, and
secretion of inflammatory markers [6].

Proteins S100A8, S100A9, and the heterodimer S100A8/A9, also called calprotectin,
are part of the S100 calcium-binding protein family [7]. These molecules are constitutively
expressed in neutrophils and monocytes/macrophages [8,9] but also in bone cells (pre-
osteogenic cells, osteoblasts, and osteoclasts) and cartilage cells (chondrocytes) [10]. Under
inflammatory conditions, endothelial and synovial cells also express them [10]. An expres-
sion of S100A8/A9 in muscle cells was reported by Mortensen et al. [11]. These proteins are
also found in inflammatory diseases [8,10,12]. Several studies highlighted the role of calpro-
tectin and S100A9 in rheumatoid arthritis (RA) [13–16] and showed that calprotectin could
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be a promising biomarker for disease activity [17–20]. Recently, various studies suggested
a role for calprotectin in several other chronic inflammatory rheumatic disorders, such
as juvenile chronic arthritis [21] or spondyloarthritis and ankylosing spondylitis [22,23].
Calprotectin, S100A8, and S100A9 serve as pro-inflammatory cytokines, possess innate
immunity functions such as cell adhesion and chemotaxis, and show antimicrobial proper-
ties [13,24,25]. They are also involved in bone remodeling and, more particularly, in bone
erosion [26,27]. Under certain circumstances, these proteins have also been shown to have
anti-inflammatory roles due to their antioxidant capacity [28,29].

Herein, we discuss the effect of exercise intensity on calprotectin levels in healthy
volunteers and in patients with inflammatory rheumatic diseases.

2. Calprotectin, a S100 Protein
2.1. Generalities

In the 1960s, Moore observed for the first time the S100 proteins [30]. In the 1990s,
expression of S100A8 and S100A9, also called myeloid-related proteins 8 and 14 (MRP8 and
MRP14), respectively, were identified in myeloid lineage cells [31,32]. They are also known
as calgranulin A and B due to their calcium-binding properties. The S100A8/S100A9
heterodimer is also called calprotectin. As already mentioned, these molecules are ex-
pressed by immune cells [8,9,32], bone cells, cartilage cells [10] and are reported, under
inflammatory conditions, in endothelial and synovial cells [10], and during exercise in
muscle cells [11].

As mentioned above, S100A8 and S100A9 proteins can form homodimers and het-
erodimers. Each of these forms has been reported in the literature to exert biological
functions either intracellularly or extracellularly. We know that the three forms are not
always co-expressed and that their secretion can occur independently during inflammatory
responses or processes [32,33]. When these molecules are in the extracellular space, they act
as a warning/danger signal. Therefore, these molecules belong to the damage associated
molecular pattern (DAMPs) family and are also called alarmins [34]. The following sections
focus on the extracellular functions of these proteins in inflammatory situations and bone
modifications.

2.2. Extracellular Role of the Calprotectin, S100A8, and S100A9

In this paragraph, we briefly present the extracellular roles of the calprotectin, S100A8,
and S100A9. It is common for the roles reported for these proteins to be for the homodimer
forms and that calprotectin was used rather as a biomarker for inflammatory disease. In the
literature, studies report that murine S100A8 and human S100A8 have a chemotactic capac-
ity for neutrophils [9,35]. In addition to their chemotactic ability, human S100A8 and human
S100A9 stimulate neutrophil adhesion to fibrinogen, allowing for cell migration [9,13,24,25].
It has also been reported that S100A9 stimulates neutrophil phagocytosis [36], degran-
ulation [37], phagocyte migration [13,38], and that it promotes the differentiation of the
acute myeloid leukemia cell [39]. Blocking S100A9 in the arthritis-induced model leads
to decreased disease activity by increasing cell infiltration and bone erosion [13]. In 2015,
Dapunt et al. showed that S100A9 directly promotes osteoclast differentiation [40]. S100A8
also inhibits the differentiation of acute myeloid leukemia cells into mature neutrophils and
monocytes [39,41] and enhances osteoclastic bone resorption in murine antigen-induced
arthritis [42].

Regarding cytokine secretion, studies report that calprotectin, S100A8, and S100A9 in-
duce pro-inflammatory cytokine secretion. S100A9 induces the secretion of pro-inflammatory
cytokines such as interleukin (IL)-6, IL-8, monocyte chemoattractant protein-1 (MCP1),
tumor necrosis factor-α (TNF-α), and IL-1β [13,25,43]. S100A8 induces secretion of IL-1β
and TNF-α [43,44], while calprotectin induces TNF-α and IL-6 [45,46], as well as IL-8
secretion [47].

However, the roles of calprotectin, S100A8, and S100A9 are not only confined to
pro-inflammatory effects [28,29]. Calprotectin appears to have the ability to trap cy-
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tokines [48,49], highlighting an anti-inflammatory capacity. Glucocorticoids and IL-10
can induce S100A8 expression by macrophages. Interestingly, S100A8 can also induce IL-10
expression [48,50,51]. S100A8 is easily oxidized, making it a good scavenger of reactive
oxygen species (ROS), leading against oxidative damage [28,52–54]. The oxidized form of
S100A8 exhibits an anti-inflammatory function [55], resulting in the reduction of mast cell
degranulation and the repression of pro-inflammatory cytokine secretion [56]. Recently, a
study reported the viability of S100A8 knockout mice for the first time. These mice have
increased numbers of granulocyte and monocyte progenitors. They develop a severe arthri-
tis following chemical induction, with worse clinical scores than wild-type mice, along
with an increase in bone destruction [57]. The increase in bone destruction is due to the
enhanced osteoclastic activity. These observations are consistent with studies suggesting
an anti-inflammatory role for S100A8.

To conclude, calprotectin, S100A8, and S100A9 harbor complex and conflicting roles.
These proteins can be pro-inflammatory due to exaggerated expression, resulting in an
ambient inflammatory environment. On the contrary, by modulating and restoring home-
ostasis during inflammatory episodes, anti-inflammatory effects are observed.

3. Effect of Exercise Intensity on Calprotectin Level
3.1. Intense Physical Effort in Healthy Volunteers

As mentioned in the introduction, physical activity can influence the immune system.
Regular physical activity with appropriate rest periods is beneficial for immunity, but acute
bouts of intense activity can lead to opposite effects [58–60]. In the literature, acute exercise
influences the inflammatory response, and intense endurance exercise mimics a response
such as septicemia [61]. A strong mobilization of leukocytes is observed in these cases,
increasing circulating inflammatory mediators [62–65]. Here we focus on the presentation
of the effect of physical exercise on calprotectin.

In 2005, Fagerhol et al. studied the effect of long-distance running on plasma cal-
protectin levels [66]. The study involved long-distance runners: marathon (42 km), half
marathon (24 km), cross country participants (30 km), and cadets participating in a ranger
training race (8 days). The authors measured the plasma level of calprotectin in participants
before and after the exercise, except for the cross-country group. In this case, analyses were
done immediately, or at 6 and 18 h after the physical effort. For the cadets, analyses were
done immediately and at 2, 4, and 8 days during the races and following 1 or 3 days of rest.
The results obtained showed an increase in the plasma concentration of calprotectin in all
the experimental groups, with different increase rates depending on the effort intensity.
Concentration of plasma calprotectin increased by 96-, 13-, and 20-fold for the marathon,
half marathon, and cross-country runners, respectively. A 7-fold increase was observed
following the ranger training race, but the return to normal levels was longer than in other
exercises. Prolonged physical exercise together with external factors such as stress, food,
or sleep deprivation were hypothesized to cause lower decrease in calprotectin plasma
concentration. Mooren et al., in 2006, obtained similar results for marathon runners [67]. In
this study, blood samples were taken before and immediately after the marathon and then
at 1, 3, and 24 h post-exercise. The results show an increase in calprotectin following the
marathon, with a maximum level just after the end of the physical effort. The authors also
observed that calprotectin concentration decreased after the first hour post-exercise and
returned to regular 24 h post-exercise.

Interestingly, Mooren et al. divided the runners into two groups according to their
level of training: well-trained and less well-trained [67]. An increase of plasma calprotectin
concentration was observed in both groups but differed according to the training level.
The well-trained group showed a higher increase in calprotectin levels than the less well-
trained group. This study also showed that during a marathon, the increase in plasma
calprotectin level was associated with increased leukocyte count, which unlike calprotectin
does not differ according to the training status. Niemela et al. recently conducted a study
of marathon runners, half-marathon runners, and cross-country skiers (24 h races) [68].
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The marathon runners and skiers were endurance-trained fitness enthusiasts, whereas
the half marathon runners were recreational runners. The protocol was described in the
article and referred to two other publications made by the same team and the same type
of participants [69,70]. Results were in line with those obtained in the two studies above
mentioned and confirmed an increase in serum calprotectin concentration following long
and intense efforts, as well as confirming increases in IL-8, IL-6, and IL-10 levels. This
increase in cytokine levels could be associated with the regulation of tissues damages [71].
It is interesting to note that cross-country skiers with a 24 h event showed the highest
calprotectin levels.

Both Niemema et al. and Mooren et al. showed an increase in the number of leukocytes
following exercise. This increase coincided with that of calprotectin. Therefore, the authors
hypothesized that calprotectin could serve as a marker of myeloid reactions when analyzing
the immune/inflammatory response to exercise.

Finally, for the intense exercises, in 2021 Tominaga et al. investigated the changes in
urinary markers of inflammation, including calprotectin, during a 3000 m time trial [72].
Ten runners carried out a 3000 m trial at an athletic field in the evening (4:00 p.m. to
6:00 p.m.) after a selected warm up. The results showed an increase in urinary calprotectin
level post-exercise. The authors did not provide an explanation or hypothesis for this result.

Peake et al. in 2008, in a prolonged but moderate-intensity exercise protocol performed
on an ergo cycle at 60% of maximal oxygen uptake (VO2max), observed an increase in
calprotectin concentration of about 2.5-fold [73]. In this study, the authors also looked at
the effect of temperature by putting the subjects in 18 ◦C immersion [73]. This change
of temperature from 32 ◦C to 18 ◦C did not impact the observed increase of calprotectin.
Similarly, Kim et al. studied cyclists performing a 60 min exercise at 65% of VO2 max at
5 ◦C or 21 ◦C and showed an increase in serum calprotectin concentration post-exercise
in both cases without significant difference between the two groups [74]. The authors
hypothesized that this increase observed with the number of neutrophils indicated an
increase in post-exercise neutrophil activity. Interestingly, a difference between subjects
acclimatized to cold before exercise who showed a significant increase in calprotectin
concentration as a direct response to cold and non-acclimatized subjects was observed.

Different studies have shown an increase in plasma calprotectin concentration during
short but intense exercise [66,67,75]. Fagerhol et al. showed that there is a 3-fold increase
in calprotectin concentration in subjects undergoing a treadmill test, compared with the
baseline value [66]. Briefly, the test was performed on an electric treadmill with an incli-
nation of 3 ◦C or 6 ◦C. Each participant had a warm-up period at 50% of VO2 max, then
speed increased by 1 km.t−1 every 30 s until the VO2 max peak was reached. Mooren et al.,
in their study, also observed an increase in calprotectin concentration after treadmill run-
ning [67]. After running at 80% of VO2 max and until exhaustion, results demonstrated
a tripling of serum calprotectin concentration after exercise. This study also observed
a post-exercise increase in two experimental groups performing concentric or eccentric
efforts whose intensity corresponded to 80% of VO2 max. This increase was observed just
after the physical effort. At 24 h after the effort, calprotectin plasma concentration returned
to normal for the concentric group, contrary to results in the eccentric group

Finally, regarding short but intense exercises, in acute high-intensity interval exercise
(HIE) on an ergo cycle (10 min warm-up at 50 Watts (W), immediately followed by 10 high-
intensity intervals of cycling for the 60 s at 90% Wmax with 2 min of active recovery
interval exercise without resistance between each high-intensity session), Fico et al. (2017),
observed a doubling of the concentration of calprotectin post-exercise associated with an
increase of myeloperoxidase (MPO) and MCP1 [75]. It is interesting to note that this study
also compared results obtained with a continuous moderate-intensity exercise (10 min
warm-up followed by 28 min of continuous exercise at 60% Wmax). Authors observed
a higher increase in serum calprotectin concentration in the continuous exercise than in
the interval exercise (about 5-fold and 2-fold, respectively). The authors hypothesized that
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acute HIE could potentially reduce the expression of inflammatory markers compared with
continuous exercise.

On the other hand, Moreen et al. did not observe an immediate increase after exercise
but found a 2-fold increase of circulating calprotectin after one hour of rest following
treadmill running exercise at an intensity of 60% of VO2 max [67]. However, this increase
was smaller than in the case of intense exercise, where the plasma calprotectin increase was
immediate to the effort. During a short but intense exercise, Maharaj et al. showed a 3-fold
increase in calprotectin concentration and an increase in IL-6, MCP1, and MPO following
a 30 min treadmill run at 75% of VO2 max [76]. This result also underlined a significant
relationship between IL-6 and calprotectin before and after exercise. This study concluded
that acute aerobic exercises mediated calprotectin in healthy volunteers and was associated
with the secretion of other inflammatory factors, such IL-6 and MPO.

In 2020, Goh et al. were interested in the alarmin concentration, such as calprotectin,
during concurrent high intensity aerobic and resistance training [77]. In this study, vol-
unteers followed a 3-week protocol with 3 consecutive days of training per week, with
running as a warm-up, followed by bench press, squat, and shoulder row. Each week,
the speed of the treadmill increased, and the number of repetitions cycles increased. Cir-
culating calprotectin increased post-exercise by 5.8-fold, 2.5-fold, and 4.3-fold at weeks
1, 2, and 3, respectively. At week 3, the results also showed a 3.7-fold increase at 30 min
post-exercise, which was not observed in weeks 1 and 2.

In parallel, one study investigated the secretion of calprotectin by the muscle in
response to exercise [11]. The authors assumed that IL-6 secreted by the muscle during
exercise could lead to the secretion of other factors. Using a microarray analysis and
reverse transcription-polymerase chain reaction (RT-PCR) confirmation, they observed that
following a recombinant human IL-6 infusion (for 3 h at a rate of 5 µg·h−1 in a volume of
25 mL·h−1), S100A8 and S100A9 mRNA were overexpressed by 3-fold in muscle biopsies
(quadriceps), but plasma concentration was not affected. As muscle secretes IL-6 following
exercise, the authors analyzed the mRNA levels of S100A8 and S100A9 in skeletal muscle in
response to exercise. For this, healthy volunteers performed 3 h of cycling at approximately
60% of VO2 max. Quadriceps biopsies were taken post-exercise, and the results showed
an approximately 5-fold increase in S100A8 and S100A9 mRNA expression compared
with control. A 5-fold increase in plasma calprotectin concentration was also observed.
Interestingly, the authors measured the calprotectin concentration in the arterial or femoral
vein following two-legged knee extensor exercise. Results showed an increase in arterial
plasma concentration of calprotectin, indirectly indicating that the secretion of calprotectin
and the increase in plasma concentration following exercise could mainly come from
the skeletal muscle. However, other studies showed an increase in the number of blood
leukocytes, particularly neutrophils, which are the primary calprotectin source [15].

Altogether, the amount of circulating calprotectin increases following exercise, and
levels depend on the intensity, duration, and type of physical exercise. Calprotectin ex-
pression also increases in skeletal muscle in response to exercise. It is important to note
that the increase of calprotectin level in serum is associated with an increase in circulating
leukocytes and the secretion of other inflammatory factors such as IL-6, MCP-1, MPO, and
IL10 [68]. In these different studies, the authors put forward hypotheses on the role of
calprotectin during exercise—in particular, its role in the extravasation of leukocytes [16]
and in the activation of inflammatory signaling pathways, including NF-κB [78], and that
this increase reflects an alteration in endothelial cells [66]. Furthermore, the calprotectin
secretion in response to an acute bout of physical exercise could indicate neutrophil acti-
vation and could play a pivotal regulatory role in controlling inflammatory cascade. For
IL-6, the increase observed could be explained in part by its release from muscle tissue.
Interestingly, IL-6 had dual role as a pro-inflammatory and an anti-inflammatory. This
increase could be associated with the regulation of the acute phase response, hematopoiesis,
and tissues regeneration [71]. These changes in pro- and anti-inflammatory mediators (IL-6,
IL-8, MCP-1, MPO, IL-10) following physical exercise highlight that a coordinated balance
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between anti- and pro-inflammatory cascades is needed to counteract exercise-induced
inflammation and tissue damage. However, calprotectin’s exact role in response to exercise
remains poorly understood to date, and further studies are warranted.

3.2. Moderate Exercise in Patients with Chronic Inflammatory Rheumatic Diseases

As already mentioned, intense physical activity provokes a robust immune system
response, notably by the secretion of inflammatory mediators such as calprotectin. Reg-
ular physical activity with appropriate periods of rest can be beneficial to inflammatory
responses [79,80]. This is mainly observed in people with inflammatory diseases. Herein,
we focus on the effect of exercise treatment programs on calprotectin in the context of
rheumatic diseases such as rheumatoid arthritis, juvenile idiopathic arthritis, and spondy-
loarthritis. Calprotectin as well as S100A8 and A9 play an essential role in the inflammatory
process related to these diseases [13–16]. In addition, calprotectin correlates with the clinical
score of these diseases [17–23].

Acar et al., in 2016, studied, after a low-intensity exercise, the modulation of calpro-
tectin plasma concentration in patients with RA [81]. In this study, patients performed one
hour of exercise three times a week for eight weeks. The sessions consisted of a warming
period of 10 min, followed by aerobic exercise (20 min running treadmill, 65–70% or 75–80%
of the maximal heart rate, initial and advanced program, respectively), then 20 min of mus-
cle strengthening and finally 10 min of relaxation periods. Blood samples were taken after
a period of 12 to 16 h without food intake. The results showed (1) higher calprotectin levels
in the RA group and (2) a decrease in serum calprotectin concentration in RA patients after
exercise not observed in the control group. This decrease was correlated with a decrease
in nitric oxygen, C reactive protein, white blood cell count, and therefore with a decrease
in inflammation.

Rochette et al. investigated, in two studies in patients with juvenile idiopathic arthritis,
the inflammatory responses following acute exercise [82,83]. The exercise protocol used in
their two studies consisted of a 20 min exercise at the beginning of the day (8:30 a.m. to
8:50 a.m.) performed on a cycle ergometer at 70% of the maximal theoretical heart rate. In
the first study, blood samples were taken several times during the day (7:30 a.m., 8:30 a.m.,
8:50 a.m., 9:30 a.m., 10:30 a.m., noon, 3 p.m., and 5:30 p.m.) before the day of exercise (D1),
on the day of the exercise (D2), and the following day (D3) [82]. The results showed that in
D1, the calprotectin and IL-6 levels were stable until noon, and then there was a peak at
3 p.m. In D2, exercise induced a 1.7-fold increase in calprotectin level immediately after
exercise, associated with an increase in the pain felt. The amount of calprotectin returned
to normal 3 h after exercise. This increase was not observed for IL-6, which, suggests that
the increase in pain is associated with post-exercise calprotectin increase. Finally, at D3, the
levels were stable for calprotectin and IL-6 except for a peak in calprotectin level at 5:30 p.m.
In the second study, identical post-exercise results were obtained for calprotectin levels [83].
The authors hypothesized that exercise could be used to control calprotectin levels. This is
interesting, considering that a low-dose stimulation of monocytes with calprotectin induces
a state of stress tolerance, and prolonged exposure to calprotectin blocks dendritic cell
differentiation and antigen presentation, resulting in a decrease of T cell response and
thereby preventing amplified adaptive immune responses [84].

Levitova et al. studied the effect of an exercise treatment program on patients with
spondyloarthritis [85]. The study population consisted of two subgroups of patients
with ankylosing spondylitis and non-radiographic axial spondyloarthritis, two variants
of spondyloarthritis. The program carried out by the patients lasted six months and was
composed of 60 min sessions twice a week in physiotherapy and a home-based exercise
program. The supervised programs were divided into three parts: (1) warm-up (car-
diorespiratory fitness method), (2) the central part (muscles in motion, balance training
abdominal muscle activity, etc.), and (3) a final part (relaxation, breathing exercise). The
results obtained showed a significant decrease in the plasma concentration of calprotectin
in both groups of patients. The authors also compared the concentration in a control
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group with two samples taken six months apart. The results showed no change in the
level of calprotectin. Moreover, the authors showed a correlation between the decrease
in circulating calprotectin following the program and improved symptoms. In another
study, published in 2019 by Buijze et al., a slight decrease in calprotectin concentration
was observed following their program but was not significant in patients with spondy-
loarthritis [86]. This result may be explained by the program’s content, which consisted
of breathing exercise, cold exposure, and meditation without any muscular mobilization
exercise, unlike Levitova et al. [85].

The studies mentioned above present decreased levels of calprotectin during long-term
exercise programs in rheumatic disease patients. However, a slight increase is observed
after an acute exercise, which then returns to normal level. Regular physical activity seems
to lead to a reduction in the level of inflammatory molecules such as calprotectin, which
also reduces the disease’s activity, as has already been demonstrated.

4. Conclusions

Physical exercise can be considered as a stress for the organism by modifying the
immune system response, especially inflammatory response, and has been studied for
over 100 years [1]. However, care must be taken when considering the effect of exercise
to separate acute and regular basis exercise, as these practices do not have the same
effects. Indeed, acute exercise is pro-inflammatory, while regular exercise seems to have
the opposite effect [79,80]. Herein, we focus on calprotectin, a molecule involved in
inflammatory process and a surrogate for inflammatory rheumatic disease activity. To date,
few studies have been performed on healthy volunteers and few also on patients with
inflammatory rheumatic disease.

In conclusion, intensity, duration, and type of exercise need to be considered in
the different studies on calprotectin levels (substantial increase, moderate increase, or
decrease). Interestingly, calprotectin expression also increases skeletal muscle response
to exercise, suggesting its participation in calprotectin level increases. Some hypotheses
can be proposed for the role of calprotectin during exercise, for example, a role in the
extravasation of leukocytes [16], in the activation of inflammatory signaling pathways
including NF-κB [78], or in reflecting an alteration in endothelial cells [66]. In patients with
inflammatory rheumatic disease, a decrease in calprotectin levels during long-term exercise
programs but a slight increase following an acute exercise session, followed by a return to
baseline levels, was observed. These results are in line with those that show that regular
physical activity leads to a reduction in the level of inflammatory molecules [79,80]. We
can also hypothesize that in patients with inflammatory rheumatic diseases, this decrease
in calprotectin observed after exercise programs could result in a decrease in bone erosion.
Regardless, calprotectin’s exact role in exercise response in both healthy volunteers or
patients with rheumatic remains poorly understood to date, and further studies will be
required. However, calprotectin is an interesting biomarker for monitoring the effect of
exercise on inflammatory processes in healthy volunteers and exercise treatment program
efficiency in patients with inflammatory rheumatic diseases.
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Abbreviations

RA rheumatoid arthritis
DAMPs Damage Associated Molecular Pattern
MRP8 myeloid-related proteins 8
MRP14 myeloid-related proteins 14
IL Interleukin
MCP1 Monocyte chemoattractant protein-1
TNF-α Tumor Necrosis Factor- α
ROS reactive oxygen species
VO2 max maximal oxygen uptake
HIE high-intensity interval exercise
W watts
MPO myeloperoxidase
RT-PCR reverse transcription-polymerase chain reaction
a.m. Ante meridiem
p.m. Post meridiem

References
1. Larrabee, R.C. Leucocytosis after violent Exercise. J. Med. Res. 1902, 7, 76–82.
2. Nieman, D.C.; Henson, D.A.; Gusewitch, G.; Warren, B.J.; Dotson, R.C.; Butterworth, D.E.; Nehlsen-Cannarella, S.L. Physical

activity and immune function in elderly women. Med. Sci. Sports Exerc. 1993, 25, 823–831. [CrossRef]
3. Nieman, D.C.; Johanssen, L.M.; Lee, J.W. Infectious episodes in runners before and after a roadrace. J. Sports Med. Phys. Fit. 1989,

29, 289–296.
4. Walsh, N.P.; Gleeson, M.; Shephard, R.J.; Gleeson, M.; Woods, J.A.; Bishop, N.C.; Fleshner, M.; Green, C.; Pedersen, B.K.;

Hoffman-Goetz, L.; et al. Position statement. Part one: Immune function and exercise. Exerc. Immunol. Rev. 2011, 17, 6–63.
[PubMed]

5. Pedersen, B.K.; Ullum, H. NK cell response to physical activity: Possible mechanisms of action. Med. Sci. Sports Exerc. 1994, 26,
140–146. [CrossRef] [PubMed]

6. Simpson, R.J.; Kunz, H.; Agha, N.; Graff, R. Exercise and the Regulation of Immune Functions. Prog. Mol. Biol. Transl. Sci. 2015,
135, 355–380. [CrossRef] [PubMed]

7. Nacken, W.; Roth, J.; Sorg, C.; Kerkhoff, C. S100A9/S100A8: Myeloid representatives of the S100 protein family as prominent
players in innate immunity. Microsc. Res. Tech. 2003, 60, 569–580. [CrossRef] [PubMed]

8. Brun, J.G.; Jonsson, R.; Haga, H.J. Measurement of plasma calprotectin as an indicator of arthritis and disease activity in patients
with inflammatory rheumatic diseases. J. Rheumatol. 1994, 21, 733–738.

9. Ryckman, C.; Vandal, K.; Rouleau, P.; Talbot, M.; Tessier, P.A. Proinflammatory activities of S100: Proteins S100A8, S100A9, and
S100A8/A9 induce neutrophil chemotaxis and adhesion. J. Immunol. 2003, 170, 3233–3242. [CrossRef]

10. Perera, C.; McNeil, H.P.; Geczy, C.L. S100 Calgranulins in inflammatory arthritis. Immunol. Cell Biol. 2010, 88, 41–49. [CrossRef]
11. Mortensen, O.H.; Andersen, K.; Fischer, C.; Nielsen, A.R.; Nielsen, S.; Akerstrom, T.; Aastrom, M.B.; Borup, R.; Pedersen, B.K.

Calprotectin is released from human skeletal muscle tissue during exercise. J. Physiol. 2008, 586, 3551–3562. [CrossRef] [PubMed]
12. Tibble, J.A.; Bjarnason, I. Non-invasive investigation of inflammatory bowel disease. World J. Gastroenterol. 2001, 7, 460–465.

[CrossRef]
13. Cesaro, A.; Anceriz, N.; Plante, A.; Page, N.; Tardif, M.R.; Tessier, P.A. An inflammation loop orchestrated by S100A9 and

calprotectin is critical for development of arthritis. PLoS ONE 2012, 7, e45478. [CrossRef]
14. Hammer, H.B.; Odegard, S.; Fagerhol, M.K.; Landewe, R.; van der Heijde, D.; Uhlig, T.; Mowinckel, P.; Kvien, T.K. Calprotectin (a

major leucocyte protein) is strongly and independently correlated with joint inflammation and damage in rheumatoid arthritis.
Ann. Rheum. Dis. 2007, 66, 1093–1097. [CrossRef]

15. Pyne, D.B. Regulation of neutrophil function during exercise. Sports Med. 1994, 17, 245–258. [CrossRef] [PubMed]
16. Robinson, M.J.; Tessier, P.; Poulsom, R.; Hogg, N. The S100 family heterodimer, MRP-8/14, binds with high affinity to heparin

and heparan sulfate glycosaminoglycans on endothelial cells. J. Biol. Chem. 2002, 277, 3658–3665. [CrossRef] [PubMed]
17. Garcia-Arias, M.; Pascual-Salcedo, D.; Ramiro, S.; Ueberschlag, M.E.; Jermann, T.M.; Cara, C.; Martin-Mola, E.; Balsa, A.

Calprotectin in rheumatoid arthritis: Association with disease activity in a cross-sectional and a longitudinal cohort. Mol. Diagn.
Ther. 2013, 17, 49–56. [CrossRef] [PubMed]

18. Hammer, H.B.; Odegard, S.; Syversen, S.W.; Landewe, R.; van der Heijde, D.; Uhlig, T.; Mowinckel, P.; Kvien, T.K. Calprotectin (a
major S100 leucocyte protein) predicts 10-year radiographic progression in patients with rheumatoid arthritis. Ann. Rheum. Dis.
2010, 69, 150–154. [CrossRef]

19. Hurnakova, J.; Zavada, J.; Hanova, P.; Hulejova, H.; Klein, M.; Mann, H.; Sleglova, O.; Olejarova, M.; Forejtova, S.; Ruzickova, O.;
et al. Serum calprotectin (S100A8/9): An independent predictor of ultrasound synovitis in patients with rheumatoid arthritis.
Arthritis Res. Ther. 2015, 17, 252. [CrossRef] [PubMed]

http://doi.org/10.1249/00005768-199307000-00011
http://www.ncbi.nlm.nih.gov/pubmed/21446352
http://doi.org/10.1249/00005768-199402000-00003
http://www.ncbi.nlm.nih.gov/pubmed/8164530
http://doi.org/10.1016/bs.pmbts.2015.08.001
http://www.ncbi.nlm.nih.gov/pubmed/26477922
http://doi.org/10.1002/jemt.10299
http://www.ncbi.nlm.nih.gov/pubmed/12645005
http://doi.org/10.4049/jimmunol.170.6.3233
http://doi.org/10.1038/icb.2009.88
http://doi.org/10.1113/jphysiol.2008.153551
http://www.ncbi.nlm.nih.gov/pubmed/18511485
http://doi.org/10.3748/wjg.v7.i4.460
http://doi.org/10.1371/journal.pone.0045478
http://doi.org/10.1136/ard.2006.064741
http://doi.org/10.2165/00007256-199417040-00005
http://www.ncbi.nlm.nih.gov/pubmed/8009138
http://doi.org/10.1074/jbc.M102950200
http://www.ncbi.nlm.nih.gov/pubmed/11723110
http://doi.org/10.1007/s40291-013-0016-9
http://www.ncbi.nlm.nih.gov/pubmed/23329363
http://doi.org/10.1136/ard.2008.103739
http://doi.org/10.1186/s13075-015-0764-5
http://www.ncbi.nlm.nih.gov/pubmed/26373925


Life 2021, 11, 377 9 of 11

20. Kang, K.Y.; Woo, J.W.; Park, S.H. S100A8/A9 as a biomarker for synovial inflammation and joint damage in patients with
rheumatoid arthritis. Korean J. Intern. Med. 2014, 29, 12–19. [CrossRef] [PubMed]

21. Frosch, M.; Strey, A.; Vogl, T.; Wulffraat, N.M.; Kuis, W.; Sunderkotter, C.; Harms, E.; Sorg, C.; Roth, J. Myeloid-related proteins 8
and 14 are specifically secreted during interaction of phagocytes and activated endothelium and are useful markers for monitoring
disease activity in pauciarticular-onset juvenile rheumatoid arthritis. Arthritis Rheum. 2000, 43, 628–637. [CrossRef]

22. Oktayoglu, P.; Bozkurt, M.; Mete, N.; Caglayan, M.; Em, S.; Nas, K. Elevated serum levels of calprotectin (myeloid-related protein
8/14) in patients with ankylosing spondylitis and its association with disease activity and quality of life. J. Investig. Med. 2014, 62,
880–884. [CrossRef] [PubMed]

23. Turina, M.C.; Yeremenko, N.; Paramarta, J.E.; De Rycke, L.; Baeten, D. Calprotectin (S100A8/9) as serum biomarker for clinical
response in proof-of-concept trials in axial and peripheral spondyloarthritis. Arthritis Res. Ther. 2014, 16, 413. [CrossRef]
[PubMed]

24. Anceriz, N.; Vandal, K.; Tessier, P.A. S100A9 mediates neutrophil adhesion to fibronectin through activation of beta2 integrins.
Biochem. Biophys. Res. Commun. 2007, 354, 84–89. [CrossRef]

25. Simard, J.C.; Cesaro, A.; Chapeton-Montes, J.; Tardif, M.; Antoine, F.; Girard, D.; Tessier, P.A. S100A8 and S100A9 induce cytokine
expression and regulate the NLRP3 inflammasome via ROS-dependent activation of NF-kappaB(1.). PLoS ONE 2013, 8, e72138.
[CrossRef] [PubMed]

26. Di Ceglie, I.; Kruisbergen, N.N.L.; van den Bosch, M.H.J.; van Lent, P. Fc-gamma receptors and S100A8/A9 cause bone erosion
during rheumatoid arthritis. Do they act as partners in crime? Rheumatology (Oxford) 2019, 58, 1331–1343. [CrossRef] [PubMed]

27. Zreiqat, H.; Howlett, C.R.; Gronthos, S.; Hume, D.; Geczy, C.L. S100A8/S100A9 and their association with cartilage and bone. J.
Mol. Histol. 2007, 38, 381–391. [CrossRef] [PubMed]

28. Lim, S.Y.; Raftery, M.; Cai, H.; Hsu, K.; Yan, W.X.; Hseih, H.L.; Watts, R.N.; Richardson, D.; Thomas, S.; Perry, M.; et al.
S-nitrosylated S100A8: Novel anti-inflammatory properties. J. Immunol. 2008, 181, 5627–5636. [CrossRef]

29. Hsu, K.; Passey, R.J.; Endoh, Y.; Rahimi, F.; Youssef, P.; Yen, T.; Geczy, C.L. Regulation of S100A8 by glucocorticoids. J. Immunol.
2005, 174, 2318–2326. [CrossRef]

30. Moore, B.W. A soluble protein characteristic of the nervous system. Biochem. Biophys. Res. Commun. 1965, 19, 739–744. [CrossRef]
31. Kerkhoff, C.; Klempt, M.; Sorg, C. Novel insights into structure and function of MRP8 (S100A8) and MRP14 (S100A9). Biochim.

Biophys. Acta 1998, 1448, 200–211. [CrossRef]
32. Rammes, A.; Roth, J.; Goebeler, M.; Klempt, M.; Hartmann, M.; Sorg, C. Myeloid-related protein (MRP) 8 and MRP14, calcium-

binding proteins of the S100 family, are secreted by activated monocytes via a novel, tubulin-dependent pathway. J. Biol. Chem.
1997, 272, 9496–9502. [CrossRef]

33. Raquil, M.A.; Anceriz, N.; Rouleau, P.; Tessier, P.A. Blockade of antimicrobial proteins S100A8 and S100A9 inhibits phagocyte
migration to the alveoli in streptococcal pneumonia. J. Immunol. 2008, 180, 3366–3374. [CrossRef] [PubMed]

34. Foell, D.; Wittkowski, H.; Vogl, T.; Roth, J. S100 proteins expressed in phagocytes: A novel group of damage-associated molecular
pattern molecules. J. Leukoc. Biol. 2007, 81, 28–37. [CrossRef] [PubMed]

35. Devery, J.M.; King, N.J.; Geczy, C.L. Acute inflammatory activity of the S100 protein CP-10. Activation of neutrophils in vivo and
in vitro. J. Immunol. 1994, 152, 1888–1897. [PubMed]

36. Simard, J.C.; Simon, M.M.; Tessier, P.A.; Girard, D. Damage-associated molecular pattern S100A9 increases bactericidal activity of
human neutrophils by enhancing phagocytosis. J. Immunol. 2011, 186, 3622–3631. [CrossRef] [PubMed]

37. Simard, J.C.; Girard, D.; Tessier, P.A. Induction of neutrophil degranulation by S100A9 via a MAPK-dependent mechanism. J.
Leukoc. Biol. 2010, 87, 905–914. [CrossRef] [PubMed]

38. Ryckman, C.; McColl, S.R.; Vandal, K.; de Medicis, R.; Lussier, A.; Poubelle, P.E.; Tessier, P.A. Role of S100A8 and S100A9 in
neutrophil recruitment in response to monosodium urate monohydrate crystals in the air-pouch model of acute gouty arthritis.
Arthritis Rheum. 2003, 48, 2310–2320. [CrossRef]

39. Laouedj, M.; Tardif, M.R.; Gil, L.; Raquil, M.A.; Lachhab, A.; Pelletier, M.; Tessier, P.A.; Barabe, F. S100A9 induces differentiation
of acute myeloid leukemia cells through TLR4. Blood 2017, 129, 1980–1990. [CrossRef]

40. Dapunt, U.; Giese, T.; Maurer, S.; Stegmaier, S.; Prior, B.; Hansch, G.M.; Gaida, M.M. Neutrophil-derived MRP-14 is up-regulated
in infectious osteomyelitis and stimulates osteoclast generation. J. Leukoc. Biol. 2015, 98, 575–582. [CrossRef]

41. Oduro, K.A., Jr.; Liu, F.; Tan, Q.; Kim, C.K.; Lubman, O.; Fremont, D.; Mills, J.C.; Choi, K. Myeloid skewing in murine autoimmune
arthritis occurs in hematopoietic stem and primitive progenitor cells. Blood 2012, 120, 2203–2213. [CrossRef] [PubMed]

42. Grevers, L.C.; de Vries, T.J.; Vogl, T.; Abdollahi-Roodsaz, S.; Sloetjes, A.W.; Leenen, P.J.; Roth, J.; Everts, V.; van den Berg, W.B.;
van Lent, P.L. S100A8 enhances osteoclastic bone resorption in vitro through activation of Toll-like receptor 4: Implications for
bone destruction in murine antigen-induced arthritis. Arthritis Rheum. 2011, 63, 1365–1375. [CrossRef] [PubMed]

43. Holzinger, D.; Nippe, N.; Vogl, T.; Marketon, K.; Mysore, V.; Weinhage, T.; Dalbeth, N.; Pool, B.; Merriman, T.; Baeten, D.; et al.
Myeloid-related proteins 8 and 14 contribute to monosodium urate monohydrate crystal-induced inflammation in gout. Arthritis
Rheumatol. 2014, 66, 1327–1339. [CrossRef] [PubMed]

44. Vogl, T.; Tenbrock, K.; Ludwig, S.; Leukert, N.; Ehrhardt, C.; van Zoelen, M.A.; Nacken, W.; Foell, D.; van der Poll, T.; Sorg, C.;
et al. Mrp8 and Mrp14 are endogenous activators of Toll-like receptor 4, promoting lethal, endotoxin-induced shock. Nat. Med.
2007, 13, 1042–1049. [CrossRef]

http://doi.org/10.3904/kjim.2014.29.1.12
http://www.ncbi.nlm.nih.gov/pubmed/24574827
http://doi.org/10.1002/1529-0131(200003)43:3&lt;628::AID-ANR20&gt;3.0.CO;2-X
http://doi.org/10.1097/JIM.0000000000000095
http://www.ncbi.nlm.nih.gov/pubmed/24922195
http://doi.org/10.1186/s13075-014-0413-4
http://www.ncbi.nlm.nih.gov/pubmed/25135077
http://doi.org/10.1016/j.bbrc.2006.12.203
http://doi.org/10.1371/journal.pone.0072138
http://www.ncbi.nlm.nih.gov/pubmed/23977231
http://doi.org/10.1093/rheumatology/kez218
http://www.ncbi.nlm.nih.gov/pubmed/31180451
http://doi.org/10.1007/s10735-007-9117-2
http://www.ncbi.nlm.nih.gov/pubmed/17636430
http://doi.org/10.4049/jimmunol.181.8.5627
http://doi.org/10.4049/jimmunol.174.4.2318
http://doi.org/10.1016/0006-291X(65)90320-7
http://doi.org/10.1016/S0167-4889(98)00144-X
http://doi.org/10.1074/jbc.272.14.9496
http://doi.org/10.4049/jimmunol.180.5.3366
http://www.ncbi.nlm.nih.gov/pubmed/18292562
http://doi.org/10.1189/jlb.0306170
http://www.ncbi.nlm.nih.gov/pubmed/16943388
http://www.ncbi.nlm.nih.gov/pubmed/8120396
http://doi.org/10.4049/jimmunol.1002956
http://www.ncbi.nlm.nih.gov/pubmed/21325622
http://doi.org/10.1189/jlb.1009676
http://www.ncbi.nlm.nih.gov/pubmed/20103766
http://doi.org/10.1002/art.11079
http://doi.org/10.1182/blood-2016-09-738005
http://doi.org/10.1189/jlb.3VMA1014-482R
http://doi.org/10.1182/blood-2011-11-391342
http://www.ncbi.nlm.nih.gov/pubmed/22855602
http://doi.org/10.1002/art.30290
http://www.ncbi.nlm.nih.gov/pubmed/21337316
http://doi.org/10.1002/art.38369
http://www.ncbi.nlm.nih.gov/pubmed/24470119
http://doi.org/10.1038/nm1638


Life 2021, 11, 377 10 of 11

45. Ma, L.; Sun, P.; Zhang, J.C.; Zhang, Q.; Yao, S.L. Proinflammatory effects of S100A8/A9 via TLR4 and RAGE signaling pathways
in BV-2 microglial cells. Int. J. Mol. Med. 2017, 40, 31–38. [CrossRef] [PubMed]

46. Nishikawa, Y.; Kajiura, Y.; Lew, J.H.; Kido, J.I.; Nagata, T.; Naruishi, K. Calprotectin Induces IL-6 and MCP-1 Production via
Toll-Like Receptor 4 Signaling in Human Gingival Fibroblasts. J. Cell Physiol. 2017, 232, 1862–1871. [CrossRef]

47. Gao, H.; Hou, J.; Meng, H.; Zhang, X.; Zheng, Y.; Peng, L. Proinflammatory effects and mechanisms of calprotectin on human
gingival fibroblasts. J. Periodontal. Res. 2017, 52, 975–983. [CrossRef] [PubMed]

48. Hiroshima, Y.; Hsu, K.; Tedla, N.; Chung, Y.M.; Chow, S.; Herbert, C.; Geczy, C.L. S100A8 induces IL-10 and protects against acute
lung injury. J. Immunol. 2014, 192, 2800–2811. [CrossRef]

49. Otsuka, K.; Terasaki, F.; Ikemoto, M.; Fujita, S.; Tsukada, B.; Katashima, T.; Kanzaki, Y.; Sohmiya, K.; Kono, T.; Toko, H.; et al.
Suppression of inflammation in rat autoimmune myocarditis by S100A8/A9 through modulation of the proinflammatory cytokine
network. Eur. J. Heart Fail. 2009, 11, 229–237. [CrossRef] [PubMed]

50. Endoh, Y.; Chung, Y.M.; Clark, I.A.; Geczy, C.L.; Hsu, K. IL-10-dependent S100A8 gene induction in monocytes/macrophages by
double-stranded RNA. J. Immunol. 2009, 182, 2258–2268. [CrossRef]

51. Xu, K.; Yen, T.; Geczy, C.L. Il-10 up-regulates macrophage expression of the S100 protein S100A8. J. Immunol. 2001, 166, 6358–6366.
[CrossRef] [PubMed]

52. Harrison, C.A.; Raftery, M.J.; Walsh, J.; Alewood, P.; Iismaa, S.E.; Thliveris, S.; Geczy, C.L. Oxidation regulates the inflammatory
properties of the murine S100 protein S100A8. J. Biol. Chem. 1999, 274, 8561–8569. [CrossRef] [PubMed]

53. Lim, S.Y.; Raftery, M.J.; Geczy, C.L. Oxidative modifications of DAMPs suppress inflammation: The case for S100A8 and S100A9.
Antioxid. Redox Signal. 2011, 15, 2235–2248. [CrossRef]

54. Raftery, M.J.; Yang, Z.; Valenzuela, S.M.; Geczy, C.L. Novel intra- and inter-molecular sulfinamide bonds in S100A8 produced by
hypochlorite oxidation. J. Biol. Chem. 2001, 276, 33393–33401. [CrossRef] [PubMed]

55. Gomes, L.H.; Raftery, M.J.; Yan, W.X.; Goyette, J.D.; Thomas, P.S.; Geczy, C.L. S100A8 and S100A9-oxidant scavengers in
inflammation. Free Radic. Biol. Med. 2013, 58, 170–186. [CrossRef] [PubMed]

56. Zhao, J.; Endoh, I.; Hsu, K.; Tedla, N.; Endoh, Y.; Geczy, C.L. S100A8 modulates mast cell function and suppresses eosinophil
migration in acute asthma. Antioxid. Redox Signal. 2011, 14, 1589–1600. [CrossRef] [PubMed]

57. Cesaro, A.; Defrene, J.; Lachhab, A.; Page, N.; Tardif, M.R.; Al-Shami, A.; Oravecz, T.; Fortin, P.R.; Daudelin, J.F.; Labrecque,
N.; et al. Enhanced myelopoiesis and aggravated arthritis in S100a8-deficient mice. PLoS ONE 2019, 14, e0221528. [CrossRef]
[PubMed]

58. Nielson, C.M.; Lockhart, B.D.; Hager, R.L.; George, J.D.; Eggett, D.L.; Steffen, P.R.; Mitchell, U.H.; Bailey, B.W. The Effect of CardioWaves
Interval Training on Resting Blood Pressure, Resting Heart Rate, and Mind-Body Wellness. Int. J. Exerc. Sci. 2016, 9, 89–100.

59. Nieman, D.C.; Wentz, L.M. The compelling link between physical activity and the body’s defense system. J. Sport Health Sci. 2019,
8, 201–217. [CrossRef] [PubMed]

60. Sellami, M.; Gasmi, M.; Denham, J.; Hayes, L.D.; Stratton, D.; Padulo, J.; Bragazzi, N. Effects of Acute and Chronic Exercise on
Immunological Parameters in the Elderly Aged: Can Physical Activity Counteract the Effects of Aging? Front. Immunol. 2018, 9, 2187.
[CrossRef]

61. Fehrenbach, E.; Schneider, M.E. Trauma-induced systemic inflammatory response versus exercise-induced immunomodulatory
effects. Sports Med. 2006, 36, 373–384. [CrossRef] [PubMed]

62. Beavers, K.M.; Brinkley, T.E.; Nicklas, B.J. Effect of exercise training on chronic inflammation. Clin. Chim. Acta 2010, 411, 785–793.
[CrossRef] [PubMed]

63. Bernecker, C.; Scherr, J.; Schinner, S.; Braun, S.; Scherbaum, W.A.; Halle, M. Evidence for an exercise induced increase of TNF-alpha
and IL-6 in marathon runners. Scand. J. Med. Sci. Sports 2013, 23, 207–214. [CrossRef]

64. Cerqueira, E.; Marinho, D.A.; Neiva, H.P.; Lourenco, O. Inflammatory Effects of High and Moderate Intensity Exercise-A
Systematic Review. Front. Physiol. 2019, 10, 1550. [CrossRef] [PubMed]

65. Tauler, P.; Martinez, S.; Moreno, C.; Monjo, M.; Martinez, P.; Aguilo, A. Effects of caffeine on the inflammatory response induced
by a 15-km run competition. Med. Sci. Sports Exerc. 2013, 45, 1269–1276. [CrossRef] [PubMed]

66. Fagerhol, M.K.; Nielsen, H.G.; Vetlesen, A.; Sandvik, K.; Lyberg, T. Increase in plasma calprotectin during long-distance running.
Scand. J. Clin. Lab. Investig. 2005, 65, 211–220. [CrossRef]

67. Mooren, F.C.; Lechtermann, A.; Fobker, M.; Brandt, B.; Sorg, C.; Volker, K.; Nacken, W. The response of the novel pro-inflammatory
molecules S100A8/A9 to exercise. Int. J. Sports Med. 2006, 27, 751–758. [CrossRef] [PubMed]

68. Niemela, M.; Niemela, O.; Bloigu, R.; Bloigu, A.; Kangastupa, P.; Juvonen, T. Serum Calprotectin, a Marker of Neutrophil
Activation, and Other Mediators of Inflammation in Response to Various Types of Extreme Physical Exertion in Healthy
Volunteers. J. Inflamm. Res. 2020, 13, 223–231. [CrossRef]

69. Niemela, M.; Juvonen, J.; Kangastupa, P.; Niemela, O.; Juvonen, T. Clinical and Laboratory Responses of Cross-Country Skiing for
a 24-H World Record: Case Report. J. Sports Sci. Med. 2015, 14, 702–707. [PubMed]

70. Niemela, M.; Kangastupa, P.; Niemela, O.; Bloigu, R.; Juvonen, T. Acute Changes in Inflammatory Biomarker Levels in Recreational
Runners Participating in a Marathon or Half-Marathon. Sports Med. Open 2016, 2, 21. [CrossRef] [PubMed]

71. Tanaka, T.; Kishimoto, T. The biology and medical implications of interleukin-6. Cancer Immunol. Res. 2014, 2, 288–294. [CrossRef]

http://doi.org/10.3892/ijmm.2017.2987
http://www.ncbi.nlm.nih.gov/pubmed/28498464
http://doi.org/10.1002/jcp.25724
http://doi.org/10.1111/jre.12465
http://www.ncbi.nlm.nih.gov/pubmed/28643937
http://doi.org/10.4049/jimmunol.1302556
http://doi.org/10.1093/eurjhf/hfn049
http://www.ncbi.nlm.nih.gov/pubmed/19151078
http://doi.org/10.4049/jimmunol.0802683
http://doi.org/10.4049/jimmunol.166.10.6358
http://www.ncbi.nlm.nih.gov/pubmed/11342660
http://doi.org/10.1074/jbc.274.13.8561
http://www.ncbi.nlm.nih.gov/pubmed/10085090
http://doi.org/10.1089/ars.2010.3641
http://doi.org/10.1074/jbc.M101566200
http://www.ncbi.nlm.nih.gov/pubmed/11445563
http://doi.org/10.1016/j.freeradbiomed.2012.12.012
http://www.ncbi.nlm.nih.gov/pubmed/23277148
http://doi.org/10.1089/ars.2010.3583
http://www.ncbi.nlm.nih.gov/pubmed/21142608
http://doi.org/10.1371/journal.pone.0221528
http://www.ncbi.nlm.nih.gov/pubmed/31437241
http://doi.org/10.1016/j.jshs.2018.09.009
http://www.ncbi.nlm.nih.gov/pubmed/31193280
http://doi.org/10.3389/fimmu.2018.02187
http://doi.org/10.2165/00007256-200636050-00001
http://www.ncbi.nlm.nih.gov/pubmed/16646626
http://doi.org/10.1016/j.cca.2010.02.069
http://www.ncbi.nlm.nih.gov/pubmed/20188719
http://doi.org/10.1111/j.1600-0838.2011.01372.x
http://doi.org/10.3389/fphys.2019.01550
http://www.ncbi.nlm.nih.gov/pubmed/31992987
http://doi.org/10.1249/MSS.0b013e3182857c8a
http://www.ncbi.nlm.nih.gov/pubmed/23299767
http://doi.org/10.1080/00365510510013587
http://doi.org/10.1055/s-2005-872909
http://www.ncbi.nlm.nih.gov/pubmed/16944403
http://doi.org/10.2147/JIR.S250675
http://www.ncbi.nlm.nih.gov/pubmed/26664265
http://doi.org/10.1186/s40798-016-0045-0
http://www.ncbi.nlm.nih.gov/pubmed/27747777
http://doi.org/10.1158/2326-6066.CIR-14-0022


Life 2021, 11, 377 11 of 11

72. Tominaga, T.; Ma, S.; Sugama, K.; Kanda, K.; Omae, C.; Choi, W.; Hashimoto, S.; Aoyama, K.; Yoshikai, Y.; Suzuki, K. Changes
in Urinary Biomarkers of Organ Damage, Inflammation, Oxidative Stress, and Bone Turnover Following a 3000-m Time Trial.
Antioxidants 2021, 10, 79. [CrossRef]

73. Peake, J.; Peiffer, J.J.; Abbiss, C.R.; Nosaka, K.; Okutsu, M.; Laursen, P.B.; Suzuki, K. Body temperature and its effect on leukocyte
mobilization, cytokines and markers of neutrophil activation during and after exercise. Eur. J. Appl. Physiol. 2008, 102, 391–401.
[CrossRef] [PubMed]

74. Kim, K.; Suzuki, K.; Peake, J.; Ahn, N.; Ogawa, K.; Hong, C.; Kim, S.; Lee, I.; Park, J. Physiological and leukocyte subset responses
to exercise and cold exposure in cold-acclimatized skaters. Biol. Sport 2014, 31, 39–48. [CrossRef]

75. Fico, B.G.; Whitehurst, M.; Slusher, A.L.; Mock, J.T.; Maharaj, A.; Dodge, K.M.; Huang, C.J. The comparison of acute high-intensity
interval exercise vs. continuous moderate-intensity exercise on plasma calprotectin and associated inflammatory mediators.
Physiol. Behav. 2018, 183, 27–32. [CrossRef] [PubMed]

76. Maharaj, A.; Slusher, A.L.; Zourdos, M.C.; Whitehurst, M.; Fico, B.G.; Huang, C.J. Association of calprotectin with leukocyte
chemotactic and inflammatory mediators following acute aerobic exercise. Appl. Physiol. Nutr. Metab. 2016, 41, 83–87. [CrossRef]

77. Goh, J.; Hofmann, P.; Aw, N.H.; Tan, P.L.; Tschakert, G.; Mueller, A.; Wong, S.C.; Tan, F.; Gan, L.S.H. Concurrent high-
intensity aerobic and resistance exercise modulates systemic release of alarmins (HMGB1, S100A8/A9, HSP70) and inflammatory
biomarkers in healthy young men: A pilot study. Transl. Med. Commun. 2020, 5, 4. [CrossRef]

78. Hermani, A.; De Servi, B.; Medunjanin, S.; Tessier, P.A.; Mayer, D. S100A8 and S100A9 activate MAP kinase and NF-kappaB
signaling pathways and trigger translocation of RAGE in human prostate cancer cells. Exp. Cell Res. 2006, 312, 184–197. [CrossRef]

79. Kasapis, C.; Thompson, P.D. The effects of physical activity on serum C-reactive protein and inflammatory markers: A systematic
review. J. Am. Coll. Cardiol. 2005, 45, 1563–1569. [CrossRef]

80. Beavers, K.M.; Hsu, F.C.; Isom, S.; Kritchevsky, S.B.; Church, T.; Goodpaster, B.; Pahor, M.; Nicklas, B.J. Long-term physical
activity and inflammatory biomarkers in older adults. Med. Sci. Sports Exerc. 2010, 42, 2189–2196. [CrossRef] [PubMed]

81. Acar, A.; Guzel, S.; Sarifakioglu, B.; Guzel, E.C.; Guzelant, A.Y.; Karadag, C.; Kiziler, L. Calprotectin levels in patients with
rheumatoid arthritis to assess and association with exercise treatment. Clin. Rheumatol. 2016, 35, 2685–2692. [CrossRef]

82. Rochette, E.; Merlin, E.; Hourde, C.; Evrard, B.; Peraira, B.; Echaubard, S.; Duche, P. Inflammatory Response 24 h Post-Exercise in
Youth with Juvenile Idiopathic Arthritis. Int. J. Sports Med. 2018, 39, 867–874. [CrossRef] [PubMed]

83. Rochette, E.; Pascale, D.; Hourde, C.; Evrard, B.; Pereira, B.; Echaubard, S.; Merlin, E. Single Bout Exercise in Children with
Juvenile Idiopathic Arthritis: Impact on Inflammatory Markers. Mediat. Inflamm. 2018, 2018, 9365745. [CrossRef]

84. Austermann, J.; Friesenhagen, J.; Fassl, S.K.; Petersen, B.; Ortkras, T.; Burgmann, J.; Barczyk-Kahlert, K.; Faist, E.; Zedler, S.; Pirr,
S.; et al. Alarmins MRP8 and MRP14 induce stress tolerance in phagocytes under sterile inflammatory conditions. Cell Rep. 2014,
9, 2112–2123. [CrossRef] [PubMed]

85. Levitova, A.; Hulejova, H.; Spiritovic, M.; Pavelka, K.; Senolt, L.; Husakova, M. Clinical improvement and reduction in serum
calprotectin levels after an intensive exercise programme for patients with ankylosing spondylitis and non-radiographic axial
spondyloarthritis. Arthritis Res. Ther. 2016, 18, 275. [CrossRef] [PubMed]

86. Buijze, G.A.; De Jong, H.M.Y.; Kox, M.; van de Sande, M.G.; Van Schaardenburg, D.; Van Vugt, R.M.; Popa, C.D.; Pickkers, P.;
Baeten, D.L.P. An add-on training program involving breathing exercises, cold exposure, and meditation attenuates inflammation
and disease activity in axial spondyloarthritis—A proof of concept trial. PLoS ONE 2019, 14, e0225749. [CrossRef] [PubMed]

http://doi.org/10.3390/antiox10010079
http://doi.org/10.1007/s00421-007-0598-1
http://www.ncbi.nlm.nih.gov/pubmed/17962974
http://doi.org/10.5604/20831862.1086731
http://doi.org/10.1016/j.physbeh.2017.10.015
http://www.ncbi.nlm.nih.gov/pubmed/29042269
http://doi.org/10.1139/apnm-2015-0385
http://doi.org/10.1186/s41231-020-00056-z
http://doi.org/10.1016/j.yexcr.2005.10.013
http://doi.org/10.1016/j.jacc.2004.12.077
http://doi.org/10.1249/MSS.0b013e3181e3ac80
http://www.ncbi.nlm.nih.gov/pubmed/20421832
http://doi.org/10.1007/s10067-016-3240-y
http://doi.org/10.1055/a-0640-9063
http://www.ncbi.nlm.nih.gov/pubmed/30119133
http://doi.org/10.1155/2018/2074269
http://doi.org/10.1016/j.celrep.2014.11.020
http://www.ncbi.nlm.nih.gov/pubmed/25497086
http://doi.org/10.1186/s13075-016-1180-1
http://www.ncbi.nlm.nih.gov/pubmed/27887637
http://doi.org/10.1371/journal.pone.0225749
http://www.ncbi.nlm.nih.gov/pubmed/31790484

	Introduction 
	Calprotectin, a S100 Protein 
	Generalities 
	Extracellular Role of the Calprotectin, S100A8, and S100A9 

	Effect of Exercise Intensity on Calprotectin Level 
	Intense Physical Effort in Healthy Volunteers 
	Moderate Exercise in Patients with Chronic Inflammatory Rheumatic Diseases 

	Conclusions 
	References

