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Abstract

Background: Short-term exercise training programs that consist of moderate intensity endurance training or high
intensity interval training have become popular choices for healthy lifestyle modifications, with as little as two weeks
of training being shown to improve cardiorespiratory fitness and whole-body glucose metabolism. An emerging
concept in exercise biology is that exercise stimulates the release of cytokines and other factors into the blood that
contribute to the beneficial effects of exercise on metabolism, but whether these factors behave similarly in response
to moderate and high intensity short term training is not known. Here, we determined the effects of two short-term
exercise training programs on the concentrations of select secreted cytokines and Klotho, a protein involved in anti-
aging.

Methods: Healthy, sedentary men (n = 22) were randomized to moderate intensity training (MIT) or sprint intensity
training (SIT) treatment groups. SIT consisted of 6 sessions over 2 weeks of 6 X 30 s all out cycle ergometer sprints with
4 min of recovery between sprints. MIT consisted of 6 sessions over 2 weeks of cycle ergometer exercise at 60%
VO,peak, gradually increasing in duration from 40 to 60 min. Blood was taken before the intervention and 48 h after the
last training session, and glucose uptake was measured using ['®FIFDG-PET/CT scanning. Cytokines were measured by
multiplex and Klotho concentrations by ELISA.

Results: Both training protocols similarly increased VO,peqr and decreased fat percentage and visceral fat (P < 0.05).
MIT and SIT training programs both reduced the concentrations of IL-6, Hepatocyte Growth Factor (HGF) and Leptin.
Interestingly, MIT, but not SIT increased monocyte chemoattractant protein-1 (MCP-1) concentrations, an exercise-
induced cytokine, as well as Klotho concentrations.

Conclusion: Short-term exercise training at markedly different intensities similarly improves cardiovascular fitness but

results in intensity-specific changes in cytokine responses to exercise.

Background

Short-term exercise training for as little as two weeks
exerts multiple beneficial effects on the body, including
improving whole-body glucose homeostasis and
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increasing insulin-stimulated glucose uptake in skeletal
muscle and subcutaneous white adipose tissue' ™. The
standard approach for short-term training programs has
generally consisted of moderate-intensity training, defined
as continuous bouts of exercise for 45-60 min at 70-75%
of VOypeak- A more recently developed exercise training
paradigm consists of high-intensity interval training
(HIIT). HIIT programs are relatively short, vigorous bouts
of exercise lasting for 1-4 min that elicit 80-100% of
maximal heart rate, interspersed with episodes of rest or
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exercise with minimum intensity®. These HIIT sessions
typically last 20—25 min and are generally performed 2-3
times per week. HIIT protocols performed with excep-
tionally high intensity (>100% of VO, 30 s/bout), are
categorized as sprint interval training (SIT). While short-
term moderate intensity training, high intensity interval
training, and sprint interval training may induce systemic
health benefits, the circulating factors contributing to the
health benefits of these exercise training programs are
not known.

Over the last decade an emerging concept in exercise
biology is that in response to exercise, skeletal muscle and
other organs initiate tissue-to-tissue crosstalk by the
secretion and release of circulating factors”®. These
exercise-stimulated factors can include proteins, peptides,
hormones, metabolites, and cytokines. Cytokines are
~5-20kDa polypeptide proteins that play an important
role in cell signaling and may mediate tissue-to-tissue
cross-talk’. One of the most studied cytokines that has
largely been investigated in the context of circulatory
responses to a single bout of exercise is interleukin 6 (IL-
6)'°. The major source of IL-6 under resting conditions is
macrophages and mature adipocytes from white adipose
tissue'!. IL-6 is also produced in white blood cells and
skeletal muscle'?. Studies in human subjects established
that a single bout of moderate intensity exercise increases
circulating IL-6 concentrations'®, while an endurance
exercise training program may reduce IL-6 concentra-
tions'* or decrease the magnitude of the acute exercise IL-
6 response’”. The effects of short-term exercise training at
different intensities on IL-6 concentrations have not been
studied.

Another well-established cytokine involved in multiple
biological functions is the small polypeptide of ~13 kDa
monocyte chemoattractant protein 1 (MCP-1), also
referred to as chemokine (C—C motif) ligand 2 (CCL2)*.
MCP-1 plays a role in monocyte and T-cell recruit-
718 " inducing angiogenesis in endothelial cells'?,
and enhancing wound healing®™. Incubation of primary
human skeletal muscle cells with MCP-1 reduced insulin
signaling and insulin-stimulated glucose uptake®'. Con-
ditioned media from human adipocytes contained MCP-
1, suggesting adipose tissue can secrete MCP-1 that can
exert effects in other organs®’. MCP-1 has also been
studied in the context of exercise. A single bout of HIIT
exercise increased circulating MCP-1 concentrations in
young men”? whereas in another study, MCP-1 con-
centrations did not change after two weeks of HIIT
training®®. Two weeks of moderate intensity training in
obese subjects also did not change MCP-1 concentra-
tions**, These data suggest that MCP-1 concentrations
are responsive to an acute bout of exercise, but whether
short-term exercise training at different intensities reg-
ulates MCP-1 concentrations has not been determined.
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While exercise regulates the concentrations of circu-
lating cytokines, exercise may also regulate the con-
centrations of secreted proteins with a higher molecular
weight, an example of which is Klotho. Klotho is a
transmembrane protein of ~130 kDa, and, as a product of
alternative splicing, circulating soluble Klotho with a
weight of ~70 kDa may exert multiple systemic effects on
distant organs in an endocrine manner”, Secreted Klotho
has putative enzymatic activity modulating glycoproteins,
resulting in the removal of terminal sialic acids from N-
linked glycans®. Secreted Klotho suppresses the activity
of insulin and insulin-like growth factor-1 (IGF-1)*° by
suppressing ligand-stimulated autophosphorylation of
insulin and IGF-1 receptors’. Klotho is involved in aging,
as a transgenic mouse model overexpressing Klotho
showed an extended lifespan compared to wild-type
mice”®. Interestingly, soluble Klotho concentrations are
increased with an acute bout of exercise in men and
women””?%, and 12 weeks of moderate aerobic exercise
training Klotho concentrations in post-
menopausal women®’, The effects of short-term exercise
training, and the effects of exercise training at different
intensities on soluble Klotho concentrations are
not known.

To understand the systemic effects of short-term exer-
cise training programs at two different intensities, we
determined the effects of a moderate intensity training
program and sprint interval training program for two
weeks on the regulation of numerous cytokine and Klotho
responses in men. Our data show that despite similar
adaptations in cardiorespiratory fitness, only moderate
intensity training, and not sprint interval training,
increases the concentrations of MCP-1 and Klotho,
demonstrating training intensity-specific regulation of
circulating factors.

increases

Subjects and methods
Study subjects

Twenty eight healthy middle-aged sedentary men were
recruited and randomized into either sprint interval
training or moderate intensity continuous training. Of the
initial 28 subjects, cytokine analysis was performed on
22 subjects (n =12 for SIT, n =10 for MIT), due to the
availability of pre-training and post-training speci-
mens"?. Inclusion criteria consisted of: age 40—55 years;
body mass index 18.5-30 kg/mz; and VOgpeac up to
40 mL/kg/min. The study was approved by the local ethics
committee of the Hospital District of Southwest Finland,
Turku (decision 95/180/2010 §228) and was carried out in
compliance with the Declaration of Helsinki. Informed
consent was obtained prior to any study procedures. The
Institutional Review Board of the Joslin Diabetes Center
reviewed the biospecimen analysis plan. This study is part
of a larger study, registered at clinicaltrials.gov
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(#NCTO01344928), and part of the presented data have
been published'. The recruitment process, inclusion and
exclusion criteria, and study design have been previously
described in detail°.

Exercise training intervention, VO,peak test, and indirect
calorimetry

Subjects performed either 6 sprint interval training ses-
sions which consisted of 6 x30s all-out cycle ergometer
sprints with 4 min of recovery between sprints or 6 mod-
erate intensity continuous training (MIT) sessions which
consisted of ergometer cycling at a constant intensity of 60%
VO,peak and cycling cadence of 60 revolutions per minute,
initially 40 min, increasing to 60 min by session 3—-6 over a
2-week period’. All sessions were monitored and conducted
in an exercise laboratory. VOspeq Was determined during a
graded exercise capacity test 1 week before the exercise
intervention and ~96 h after the last exercise session using
the cycling ergometer test (Ergoline 800's; VIASYS Health-
care, Germany) as described"*’. The two training programs
were not designed to have similar workloads, and primarily
due to the shorter total exercise time, SIT produced less
workload than MIT?',

Body composition and PET scanning

Using magnetic resonance imaging, body composition
was determined, and abdominal subcutaneous and visc-
eral adipose tissue masses were calculated’. Bioimpedance
monitoring (InBody 720; Mega Electronics, Kuopio, Fin-
land) was used to measure percentage body fat.

2-deoxy-2-[18F]ﬂu0r0-D-gluc0se ([**F]FDG) positron
emission tomography/computed tomography (PET/CT)
images were acquired by using the GE Discovery TM ST
System (General Electric Medical Systems, Milwaukee,
Wisconsin). Participants fasted 212 h and avoided physi-
cal activity, and caffeine and alcohol for ~48 h prior to the
PET/CT scans’.

Cytokine and klotho measurements

Blood was drawn before the intervention and 48 h after
the last exercise session and processed for serum. Pre-
training and post-training blood samples were available
for analysis for a total of 22 subjects (12 sprint interval
trained and 10 moderate intensity trained subjects).
Serum cytokine concentrations of nerve growth factor
(NGF), interleukin 6 (IL-6), interleukin 8 (IL-8), Leptin,
hepatocyte growth factor (HGF), monocyte chemoat-
tractant protein 1 (MCP-1), and tumor necrosis factor
(TNF)-a were analyzed using the Adipokine Magnetic
Bead Panel 2 (Cat#HADK2MAG-61 K; Millipore, Bill-
erica, Massachusetts) on the Luminex-Multiplex analyzer
(Millipore). Klotho was measured using an ELISA kit
(Human Klotho ELISA Kit, NeoBioLab, (#HK0034),
according to the manufacturer’s instructions.
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Statistical methods

Descriptive statistics are provided as model-based
means and 95% confidence intervals (Cls). Logarithmic
transformation was carried out for NGF, IL-6, insulin, and
TNF-o. Statistical analyses were performed with hier-
archical linear mixed models compound symmetry cov-
ariance structure, including 1 within-factor (training;
before and after intervention in the whole group) inter-
action term (training*intensity; the sprint interval training
and moderate intensity training groups behaved differ-
ently for the change in variable, with significant differ-
ences between the training intensities). Missing data
points were accounted for by restricted maximum like-
lihood estimation within the linear mixed models. Cor-
relation analyses were performed between the variables on
a whole-group level (n=22) and subgroups using Pear-
son’s correlation. All values are reported as model-based
mean (SAS least squares means) values from all of the
variables measured before and after training. P values <
0.05 were taken to indicate statistical significance. The
analyses were performed using SAS System, version 9.3
for Windows (SAS Institute Inc., Cary, North Carolina).

Results
Baseline characteristics of subjects and effects of short-
term training

Subjects were all healthy, sedentary males, age 48 + 5 years
with a BMI of 26 + 2.3 kg/m?, and VOspeak Of 34.2 + 4.2 mL/
kg/min (Table 1). Subjects were randomized to the sprint
interval training (SIT) or moderate intensity training (MIT)
intervention. There were no significant differences between
subject groups at baseline, including age which was 48.2
years for both training interventions (Table 1). The short-
term exercise training interventions for a total of six sessions
over a two-week period similarly increased aerobic capacity,
as determined by VOjpeq (Table 1). Whole-body fat per-
centage and visceral fat and waist/hip ratio were also simi-
larly decreased after both the sprint interval training and
moderate intensity training interventions, and fat free mass
increased after the training intervention in both groups
(Table 1). These data demonstrate that only two weeks of
sprint interval training and moderate intensity training can
induce improvements in cardiorespiratory fitness and body
fat mass, and that there are similar responses to the two
types of training.

Short-term exercise training reduces IL-6, HGF, and Leptin
concentrations, and moderate intensity exercise increases
MCP-1 and Klotho concentrations

The beneficial effects of exercise training may be mediated
by a number of small molecular weight cytokines mediating
tissue-to-tissue crosstalk. IL-6 is a well-studied myokine that
has both pro-inflammatory and anti-inflammatory proper-
ties. Except for one subject in each group, all subjects
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0.72

0.002

35.1 [32.3;380]
84.7 [79.3;90.1]

26.2 [24.6,27.8]
223 [19.7,24.8]

339 [31.036.7]
84.8 [794,90.3]

36.0 [33.4;38.6]
83.5 [78.5;88.5]

25.8 [24.3,27.2]
219 [19.6,24.2]

345 [31.937.1]
84.1 [79.1,89.0]
26.0 [24.5274]
229 [20.6;25.3]
4.1 [34,5.0]

VOspear (Mi/kg/min)

040
0.39
0.27

Body mass (kg)
BMI (kg/m?)

26.2 [24.7,27.8]
22.7 [20.2;,25.3]
4.2 [34,51]

0.007
0.08
0.02

Whole body fat (%)

0.25

4.1 [34,5.0]

40 [344.8]
2.7 [2.03.8]

0.9 [0.9,1.0]
65.1 [62.1,68.1]

Subcutaneus fat (kg)A

097

[33;1.6]

23

24 [34;,1.6]

29 [2.04.0]

Visceral fat (kg)A

0.07

[0.9,1.0]
65.6 [62.3,68.9]

1.0

1.0 [0.9;1.0]
65.3 [62.0,68.6)

[0.9,1.0]
64.7 [61.6,67.7]

1.0

Waist/Hip ratio

0.59

0.047

Fat free mass (kg)

The p-value for ‘Training’ shows the differences after training as a whole group, ‘Training*intensity’ demonstrates an interaction between the training intensities. All data are presented as model based means [95%

confidence interval, CI]. Logarithmic transformation has been done to the variables with A. The values are LS means translated into original unit. BMI (Body mass index), VO,peak (aerobic capacity).
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decreased IL-6 concentrations after short-term training
(Table 2, Fig. la). Exercise training reduced IL-6 con-
centrations in healthy men by 49% for sprint interval
training and by 11% in moderate intensity training, although
this reduction was not statistically significant between
exercise training intensities. These data demonstrate that in
contrast to the effect of acute exercise to increase IL-6, both
moderate and high intensity short-term exercise training
reduce IL-6 concentrations. These data also show that two
weeks of short-term training induces similar reductions in
IL-6 concentrations as seen after long-term training, inde-
pendent of training intensity'.

Another well-established circulating cytokine is Leptin,
which reflects adipose tissue mass®*>. Consistent with a sig-
nificant decrease in adipose tissue mass (Table 1), both
short-term exercise training programs decreased Leptin
concentrations (Fig. 1b). We also determined the effects of
short-term training on the concentrations of hepatocyte
growth factor (HGF), a protein involved in angiogenesis,
which was previously found to be increased after a single
bout of HIIT exercise®. Short-term exercise training sig-
nificantly reduced HGF concentrations to a similar extent in
response to both training intensities (Fig. 1c). HGF is a key
regulator of satellite cell activity during muscle regenera-
tion®, and the reduction in HGF seen with short-term
training may indicate training-related adaptations to skeletal
muscle. Taken together, these data show that only two
weeks of exercise training of both intensities decreases the
cytokine concentrations of IL-6, HGF and Leptin. Interest-
ingly, the reductions in these cytokines with training are in
contrast with the increases that are seen in an acute exercise
bout for IL-6'%*> and HGF™.

MCP-1 is a cytokine that exerts multiple biological
functions, including the recruitment of monocytes'” and
induction of angiogenesis'”"". Sprint interval training did
not alter MCP-1 concentrations; however, moderate
intensity training increased MCP-1 concentrations by 14%
(Table 2, Fig. 1d). In contrast to changes in IL-6, HGF,
Leptin, and MCP-1, moderate intensity training and
sprint interval training did not significantly change NGF,
insulin, IL-8, and TNF-a concentrations (Fig. le—h).
Insulin concentrations decreased in the majority of sub-
jects in both training intensities, but this was not statis-
tically significant (Fig. 1f). We also determined the effects
of exercise training intensity on Klotho concentrations, a
soluble protein involved in anti-aging. Moderate inten-
sity training increased Klotho concentrations by 55%,
while sprint interval training did not alter Klotho con-
centrations (Fig. 1i).

MCP-1 and Klotho concentrations correlate with brown

adipose tissue glucose uptake and metabolic parameters
We have previously shown that both short-term sprint

interval training and moderate intensity exercise training
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Fig. 1 Effect of sprint interval training and moderate intensity training on cytokine concentrations. Changes in IL-6 (a), Leptin (b), HGF (c),
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ml. *P < 0.05 for differences pre-training and post-training. **P < 0.01 for differences pre-training and post-training. *P < 0.05 for differences between

Nutrition and

Diabetes



Middelbeek et al. Nutrition and Diabetes (2021)11:5

Page 7 of 11

.

B Baseline
8-
°
6 °
n [}
E 471
> r?=0.18
< 24 p=0.043
=
0 1
400
.24 MCP1 (pg/mL)
D Baseline
10 7
®
®
-4 5 [
E ‘9. r’=0.32
o | TN ...
& ....~. .................. p=0.009
©
=
Klotho (ng/mi)

Fig. 2 Correlations between baseline measurements of MCP-1 and Klotho and baseline metabolic parameters. Pearson’s correlations
between baseline concentrations of MCP-1 (a—c) in both training groups with triglycerides (a), BAT glucose uptake (b) and IL-6 concentrations (c),

A Baseline
2.0
°
—~ 1.5
S
°
£
1.0
E
0]
-
0.5
r?=0.23
p=0.02
0.0 T T T 1
0 100 200 300 400
MCP1 (pg/mL)
C Baseline
6
<
£ °
re o
S ..
°
g 2 r?=0.266
2
- p=0.049
2
o 0 T T T 1
: 100 200 300 400
m 5 MCP1 (pg/mL)
E Baseline
6
£
E
o 4-
o
o
Ay
©°
24
€
2
=}
o 0 T T T 1
- 2 4 6 8
<
o 5. Klotho (ng/ml)
and Klotho concentrations (d-e) with IL-6 concentrations (d) and BAT glucose uptake (e). N = 9-12/group.

responses in MCP-1 correlate with IL-8 and HDL in
sprint interval training, and with IL-8, TNF-a, and
abdominal subcutaneous glucose uptake after moderate
intensity training. These data suggest that correlations
between training response in MCP-1 and in other cyto-
kines are dependent on exercise training intensity.

Exercise training-induced changes in Klotho correlate with
abdominal glucose uptake

Klotho concentrations after short-term exercise training
in all subjects combined did not correlate significantly

Nutrition and Diabetes

with any metabolic parameters, including change in
weight and body fat mass or glucose uptake. However,
when determining correlations by exercise intensity, in
the sprint interval training group, Klotho correlated
positively with visceral white adipose tissue glucose
uptake (Fig. 3j). With moderate intensity training, there
was no correlation between Klotho and visceral glucose
uptake (data not shown). Sprint interval training also
correlated with free fatty acid concentrations, as measured
during the oral glucose tolerance test (Fig. 3k). Taken
together, these data show that the effects of a short-term
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exercise training program on MCP-1 and Klotho con-
centrations, and the correlations between MCP-1 and
Klotho with other cytokines and glucose metabolism
measurements, are dependent on the intensity of the
exercise training program.

Discussion

Exercise training exerts a strong physiological stimulus
on the body that results in the release of cytokines and
other factors into the circulation, which in turn can reg-
ulate metabolic processes. Given the recent emphasis on
short-term exercise training as a means to improve
metabolism, in this study we determined if the intensity of
short-term training was an important factor determining
circulating factor responses in healthy men. While we
found that both moderate and high intensity short-term
training increased fitness and reduced the concentrations
of IL-6, HGF, and Leptin, the circulating cytokine MCP-1
and Klotho responses were different between these dif-
ferent training intensities.

Our finding that short-term exercise training decreased
IL-6 is consistent with animal data showing that exercise
training reduced IL-6 concentrations in both normal
glucose tolerant and hyperglycemic rats*®. The decrease
in IL-6 after short-term training is also in line with other
training studies evaluating endurance training for longer
periods of time including patients with coronary heart
disease who trained for 12 weeks®” and healthy, older
adults who trained for up to 10 months®®. A short-term
HIIT program in obese men did not significant reduce IL-
6 concentrations, but did decrease IL-6 protein con-
centrations within subcutaneous white adipose tissue®,
which is the primary tissue responsible for IL-6 produc-
tion under resting conditions'>*’. In contrast to exercise
training studies generally showing decreases in IL-6, sin-
gle bouts of endurance exercise have shown rapid
increases in IL-6 immediately after exercise followed by a
gradual decline in IL-6 concentrations back to baseline in
the post-exercise period'®?>. The IL-6 reduction seen
after short-term training in our study thus appears to be
more reflective of a longer-term training adaptation and
may be indicative of a reduced pro-inflammatory state
after exercise training.

The short-term moderate intensity exercise training pro-
gram induced an intensity-specific increase in the con-
centrations of MCP-1, with only moderate intensity training
showing an increase in this cytokine. MCP-1 can function to
activate monocytes in skeletal muscle and play a role in
muscle recovery after exercise™’. As the duration of each of
the six exercise bouts in the two week training programs was
longer in the moderate intensity training program compared
to the sprint interval training program (up to 60 vs. 27 min/
day), the increased MCP-1 concentrations may reflect a
prolonged muscle recovery after repeated exercise bouts in
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the moderate intensity training program. While we found no
change in MCP-1 concentrations after sprint interval
training, in a previous study, two weeks of HIIT in young,
obese men reduced MCP-1 concentrations™, which may be
due to their subjects being approximately 25 years younger
(48 £5 years vs. 24 +5 years)”. MCP-1 concentrations
increase with age*, and the baseline concentrations in our
study were >50% higher.

We previously demonstrated that short-term training
increases glucose uptake in femoral subcutaneous adipose
tissue, which tended to be higher in sprint interval
training compared to moderate intensity training '. Here
we show a positive correlation between the increase in
abdominal glucose uptake and increase in MCP-1 con-
centrations after moderate intensity training. Exercise
training causes a shift in adipose tissue macrophages from
pro-inflammatory M1 to anti-inflammatory M2 macro-
phages®. It has been speculated that skeletal muscle-
derived MCP-1 contributes to this shift to M2*. This
raises the possibility that association between MCP-1 and
increased abdominal adipose tissue glucose uptake may be
due to changes in macrophages, although more studies
are needed to better understand the role of MCP-1 in
adipose tissue glucose uptake with exercise training.

Few studies have investigated Klotho in relation to acute
exercise and exercise training®®. A single exercise bout at
maximal running capacity for 20 min increased Klotho
concentrations in trained, healthy women, but not in
men®®, In another study, completing sixteen weeks of
endurance training increased the response in Klotho
concentrations after an acute exercise bout in young
subjects (age 25-45), but the Klotho response to acute
exercise was blunted in older subjects (age 65-74)*°. A
recent study found that 12-weeks of exercise training
increases Klotho concentrations in middle-aged adults®.
Our data now demonstrate that short-term moderate
intensity exercise training for two weeks also regulates
Klotho in men, and underscore that Klotho concentra-
tions are responsive to a single bout of exercise, as well as
short-term and long-term exercise training programs.

The increase in Klotho concentrations seen with sprint
interval training correlated with increased visceral adipose
tissue glucose uptake and baseline Klotho concentrations
correlated with brown adipose tissue glucose uptake. The
relationship between Klotho and visceral white adipose
tissue and brown adipose tissue glucose metabolism is not
known but could be mediated by fibroblast growth factors
(FGFs). FGF-19 binds to Klotho, and overexpression of
FGF-19 in mice activates brown adipose tissue thermo-
genesis*®. These data also suggest that cytokine responses
correlate to adipose tissue-depot specific responses in
glucose uptake after exercise training, which highlights
the heterogeneity of the different adipose tissue depots in
the body.
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The study also has limitations. Only men were studied,
limiting the generalizability of the findings, and larger
studies should include women, as well as men to deter-
mine if there are sex-specific differences. Subjects were
metabolically healthy, and inclusion of subjects with
obesity and type 2 diabetes can determine whether
exercise-intensity targeted programs may mediate meta-
bolic disease.

In summary, two weeks of exercise training at two dif-
ferent training intensities result in beneficial whole-body
adaptations, which are accompanied by a decrease in IL-6,
HGF and Leptin at both intensities. The intensity of
short-term training is a key determinant in the regulation
of the responses in MCP-1 and Klotho, as their con-
centrations increase with moderate intensity training only.
These findings enhance our understanding of the effects
of training intensity on cytokine responses and can con-
tribute to the development of more personalized exercise
training programs.
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