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Abstract figure legend This study demonstrated that high-intensity interval exercise is a sufficient dose of exercise to
significantly increase IL-15, IL-6, IL-10 and IL-1ra concentrations immediately after exercise. However, there was no
significant influence of training on this response. Myokines including IL-15 and IL-6 have been previously associated
with the suppression of cancer growth in pre-clinical and in vitro models. Therefore, it can be postulated that repeated
bouts of high-intensity exercise may, at least in part, be a key mechanism behind the anti-oncogenic effect of exercise
and 4×4 high-intensity interval exercise is sufficient stimulus to elicit this myokine response.
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Abstract Pre-clinical murine and in vitro models have demonstrated that exercise suppresses
tumour and cancer cell growth. These anti-oncogenic effects of exercise were associated with the
exercise-mediated release of myokines such as interleukin (IL)-15. However, no study has quantified
the acute IL-15 response in human cancer survivors, and whether physiological adaptations to
exercise training (i.e. body composition and cardiorespiratory fitness) influence this response. In the
present study breast, prostate and colorectal cancer survivors (n = 14) completed a single bout of
high-intensity interval exercise (HIIE) [4×4 min at 85–95% heart rate (HR) peak, 3 min at 50–70%
HR peak] before and after 7 months of three times weekly high-intensity interval training (HIIT)
on a cycle ergometer. At each time point venous blood was sampled before and immediately after
HIIE to assess the acute myokine (IL-15, IL-6, IL-10, IL-1ra) responses. Markers of inflammation,
cardiorespiratory fitness andmeasures of body composition were obtained at baseline and 7months.
An acute bout of HIIE resulted in a significant increase in IL-15 concentrations (pre-intervention:
113%; P = 0.013, post-intervention: 102%; P = 0.005). Post-exercise IL-15 concentrations were
associated with all other post-exercise myokine concentrations, lean mass (P = 0.031), visceral
adipose tissue (P = 0.039) and absolute V̇O2 peak (P = 0.032). There was no significant effect of
7 months of HIIT on pre- or post-HIIE IL-15 concentrations (P > 0.05). This study demonstrates
HIIE is a sufficient stimulus to increase circulating IL-15 and other myokines including IL-6, IL-10
and IL-1ra which may be clinically relevant in the anti-oncogenic effect of exercise and repetitive
exposure to these effects may contribute to the positive relationship between exercise and cancer
recurrence.

(Received 27 November 2023; accepted after revision 27 August 2024; first published online 20 September 2024)
Corresponding author M. Farley: Cancer and Palliative Care Outcomes Centre, Faculty of Health, Queensland
University of Technology, Brisbane, Australia. Email: m.farley@qut.edu.au

Key points
� Exercise has been demonstrated to reduce the risk of cancer recurrence.
� Pre-clinical murine and in vitro models have demonstrated that exercise suppresses tumour and
cancer cell growth, mediated by exercise-induced myokines (IL-6 and IL-15).

� High-intensity interval exercise significantly increased myokines associated with the
anti-oncogenic effect of exercise and the magnitude of response was associated with lean
mass, but training did not appear to influence this response.

� Given IL-15 has been implicated in the anti-oncogenic effect of exercise and is being explored
as an immunotherapy agent, high-intensity interval exercise may improve outcomes for people
living beyond cancer through IL-15-mediated pathways.

� Interventions that increase lean mass may also enhance this response.

Introduction

Breast, prostate and colorectal cancers represent the
largest proportion of cancer survivors in Australia
(Australian Institute of Health & Welfare, 2019), who
as a result of their disease- and treatment-related side
effects are living with a heightened risk of cancer
recurrence and the development of comorbidities (Ng
et al., 2018). Physical activity is associatedwith a reduction
in recurrence of these cancers (Friedenreich et al., 2016;
Holmes et al., 2005; Meyerhardt et al., 2006), with exercise
also demonstrating reductions in cancer cell growth in in

vitro and pre-clinical models (Kurz et al., 2022; Orange
et al., 2020; Pedersen et al., 2016). It is thought that
the interplay between transient systemic perturbations in
immune cells in response to acute exercise and the chronic
adaptations in immune function to exercise training
contribute to the anti-oncogenic effect of exercise (Farley
et al., 2023).
Interleukin-15 (IL-15) is a pleiotropic cytokine with

demonstrated potential as an effective immunotherapy
agent (Hu et al., 2018). The binding of IL-15 to its
receptor complex activates an ‘immune enhancing’
signalling cascade with multiple effects including

© 2024 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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T-cell proliferation, upregulation of natural killer
cell (NK-cell)-derived cytokines, stimulation and
proliferation ofβ-cells, and enhancedNK-cell cytotoxicity
(Argiles et al., 2009; Fehniger & Caligiuri, 2001; Mishra
et al., 2014). As one of the most abundant myokines (i.e.
cytokines produced by working skeletal muscle) found in
skeletal muscle (Quinn et al., 1995), IL-15 may play a key
role in the anti-oncogenic potency of exercise. Indeed,
a recent pre-clinical trial observed an exercise-induced
increase in tumour infiltrating lymphocytes (CD8+
T-cells), mediated by IL-15/IL-15Rα (receptor sub-
unit alpha), and resulting in tumour suppression
(Kurz et al., 2022). Despite this, very few studies have
explored the IL-15 response to exercise in human cancer
populations.

Only one study to date has investigated acute changes
in IL-15 concentrations in response to exercise in
a cancer population (Kim et al., 2023). Kim et al.
(2023) recently reported a significant increase (7.8%)
in post-exercise IL-15 concentrations in response to a
34 min high-intensity interval cycling session in nine
men with metastatic castrate-resistant prostate cancer.
This coincided with a 17% reduction in cancer cell
growth in vitro compared to pre-exercise serum (Kim
et al., 2023). However, the variation among participants’
IL-15 concentrations immediately following exercise were
approximately twice as large as the pre- to post-exercise
mean response. The variation in IL-15 response may be
explained by other factors that are also influenced by
exercise. For example, markers of inflammation such
as C-reactive protein (CRP), IL-6, IL-10 and IL-1ra,
body composition, and cardiorespiratory fitness, which
are all responsive to exercise (Dethlefsen et al., 2016;
Devin et al., 2016; Devin et al., 2019), are implicated
in cancer progression, yet their association with IL-15
is yet to be explored (Ekblom-Bak et al., 2023; Pati
et al., 2023; Zhao et al., 2021). Furthermore, the acute
post-exercise IL-15 response is speculated to be either
blunted following exercise training due to improved
myokine clearance or heightened due to improvements in
lean mass (Farley et al., 2023). Whether exercise training
influences the IL-15 response and/or its relationship with
factors implicated in cancer progression remains to be
elucidated.

The primary aim of this study was to investigate the
acute response of IL-15 to a single bout of high-intensity
interval exercise (HIIE) in breast, prostate and colorectal
cancer survivors. The secondary aims were to (1) explore
relationships between acute IL-15 response to exercise,
andmarkers of systemic inflammation [CRP, IL-6, tumour
necrosis factor alpha (TNF-α) and IL-10], other myo-
kines (IL-6, IL-10 and IL-1ra), body composition and
cardiorespiratory fitness, and (2) determine the effect of
7 months of high-intensity interval training (HIIT) on
these outcomes.

Methods

Participants

Male and female breast, prostate and colorectal cancer
survivors were recruited. Participants included had a
confirmed diagnosis of breast, prostate or colorectal
cancer, completed their primary cancer treatment (e.g.
radiation therapy, chemotherapy or surgical treatment)
≥1 month previously and were ≥18 years old (mean
age: 59.7 ± 8.0 years). Participants were excluded
if they currently performed high-intensity exercise,
were pregnant, or presented with any musculoskeletal,
neurological, respiratory, metabolic, or cardiovascular
conditions that would prevent safe completion of HIIE
and HIIT. Participants were required to obtain physician
consent for participation in the programme and were
individually screened via a medical history form and
interview with the investigators to determine eligibility.
All participants provided written informed consent and
the present study was approved by the Human Research
Ethics Committee of Bellberry Ltd (#2015−12-840). This
is a secondary analysis of data collected for the ‘Peer
support for the maintenance of physical activity and
health in cancer survivors: the PEER trial’ (Australian
New Zealand Clinical Trial Registry 12618001855213).
The study was conducted according to the guidelines of
the Declaration of Helsinki and Good Clinical Practice
and analyses were conducted by a blinded investigator. No
participants died before the experiments were concluded.

Study design

Participants completed an initial familiarisation session
and returned to the laboratory within 1 week to complete
baseline testing where measures of cardiorespiratory
fitness and body composition, and resting markers of
inflammation were obtained. Participants then completed
an HIIE testing session within 1 week of their baseline
and 7 month assessments. The first month of the inter-
vention was supervised by an Accredited Exercise Physio-
logist (AEP; Exercise and Sport Science Australia) and
the following 6 months was completed unsupervised in a
community-based setting. Participants underwent testing
at baseline and 7 months for other physiological measures
(body composition, cardiorespiratory fitness and systemic
inflammation).

Testing procedures

Familiarisation. Participants completed a familiarisation
session 1 week prior to baseline testing. During this
session participants’ medical histories were obtained prior
to completing a peak oxygen uptake (V̇O2 peak) test to
familiarise the participants with testing procedures.

© 2024 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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Pre-testing requirements. For each testing session,
participants were asked to maintain a hydrated state
in the 24 h prior to testing, abstain from caffeine and
alcohol intake for 12 h prior to testing, and avoid any
vigorous, high- or unaccustomed moderate-intensity
exercise or physical activity for the 48 h prior to testing
which was confirmed via a checklist prior to commencing
the session. Participants were also required to keep a 24 h
food diary prior to baseline testing and 7 month testing to
control for dietary changes. For follow-up testing sessions
participants were given a copy of their food diary and
asked to maintain a similar diet.

Testing session 1

Participants returned to the laboratory 1 week after their
familiarisation sessions and after the 7 month exercise
intervention where blood samples were obtained, and
body composition and cardiorespiratory fitness tests were
completed.

Systemic inflammation. Fasted blood samples were
obtained at baseline and after 7 months of HIIT. Samples
were obtained at rest and analysed for markers of systemic
inflammation (i.e. CRP, IL-6, IL-15 and TNF-α). Plasma
samples were immediately stored on ice and centrifuged
for 10 min at 900 g. Samples were stored at −80°C prior
to analysis.

Body composition. Body composition was assessed
at baseline and following the intervention through
dual-energy X-ray absorptiometry (DXA; Horizon A;
Hologic, Washington, DC, USA). Values derived were
whole-body leanmass, lower body leanmass, whole-body
fat mass, body fat percent and visceral adipose tissue
(VAT) mass.

Cardiorespiratory fitness. V̇O2 peak testing was
completed using a cycle ergometer (Lode Excalibur
Sport; Lode B.V., Groningen, Netherlands) and a portable
metabolic cart system (ParvoMedics TrueOne 2400,

Sandy,Murray, UT, USA), in accordance with the protocol
outlined by Devin et al. (2016).

Testing session 2

High intensity interval exercise testing session. At
baseline, and following 7 months of HIIT, participants
completed a single HIIE testing bout, where blood
was sampled before and immediately after exercise.
Participants arrived fasted and consumed a meal
replacement of 0.5 g/kg of Sustagen Sport (Nestle
Australia, Sydney, Australia) mixed with 300 mL of water
and then rested for 30 min. After this time, resting venous
blood (30–40 mL) was sampled from an antecubital
vein. An HIIE session was then completed as per the
sessions prescribed within the exercise intervention and
is depicted in Fig. 1. Blood was then sampled immediately
following HIIE. Plasma samples were immediately stored
on ice and centrifuged for 10 min at 900 g. Samples were
stored at −80°C prior to analysis.

Exercise intervention

The 4×4 HIIE protocol included a 38 min session which
comprised a 10 minute warm up at 50–70% heart rate
(HR) peak followed by 4×4 minute bouts of cycling
at 85–95% HRpeak, separated with 4×3 minute bouts
of recovery at 50–70% HRpeak. The HIIE protocol is
depicted in Fig. 1. Participants wore a heart rate monitor
during all sessions, and power and heart rate data
were collected from wattbike data and attendance via a
logbook. Adherence to the testing protocol and inter-
vention was measured as adherence to the prescribed
intensity measured as the mean heart rate achieved within
the high-intensity intervals relative to the measured heart
rate peak and expressed as a percentage, attendance to the
intervention was measured as the number of completed
sessions divided by the prescribed number, and expressed
as a percentage, and duration as the average time of the
completed sessions.

Figure 1. High-intensity exercise testing protocol
HIIE: high-intensity interval exercise, HR: heart rate. [Colour figure can be viewed at wileyonlinelibrary.com]

© 2024 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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Plasma analysis

Plasma samples were analysed for an array of cyto-
kines/myokines (IL-1ra, IL-6, IL-10, IL-15) using an
electrochemiluminescent multiplex Magpix system
(MILLIPLEX, Merck Millipore, Billerica, MA, USA).
Resting CRP concentrations were measured using a
Randox RX Daytona+ system (Randox Laboratories Ltd,
Crumlin, UK). All samples were analysed in duplicate
as per the manufacturer’s instructions; the technical
coefficient of variation for IL-1ra, IL-6, IL-10, IL-15
and CRP was 6.5, 6.8, 7.9, 9.4 and 1.0% respectively.
The biological variation added 0.00–0.17 pg/mL to the
technical variation when samples collected from the same
participant on different days were analysed (Rose et al.,
2022). Where samples fell below the limits of detection
(IL-15: <0.25, IL-1ra: <0.46, IL-6: <0.12, IL-10: <0.37),
the sample was assigned to the minimal detectable limit.
Of the 104 measures of myokines, seven (6.7%) fell below
the detectable limits of our assay.

Statistical analysis

A priori sample size determinations were calculated using
Statistical Considerations Software (Harvard University,
MGH). Using data from Riechman et al. (2004), a total
of seven participants would be required to determine
possible differences in IL-15 (mean = 0.8 pg/mL
and an SD of 0.06 pg/mL) at an alpha = 0.05 and
power = 0.9. Data were assessed for normality using
a Shapiro–Wilk test; for data that were not normally
distributed, non-parametric tests and median (inter-
quartile range) were used and reported. To account
for the individual change scores, change scores were
calculated for each participant and then the mean and SD
or median and interquartile range of these values were
reported for all physiological outcomes.

The influence of HIIE on IL-15, IL-6, IL-10 and IL-1ra
concentrations was assessed using a paired-samples
t test or a Wilcoxon signed rank test as appropriate.
Effect sizes (ES) were calculated using Cohen’s d and
Bonferroni adjustments were made to account for
multiple comparisons with each analysis. To assess
the change in acute inflammatory response following
the 7 month exercise intervention, the delta change
(acute pre- to post-exercise) was computed at each
time point and analysed by ANOVA. Relationships
between IL-15 response to HIIE and other outcomes were
assessed using Pearson’s product moment or Spearman
rank correlation coefficients as appropriate. Where
correlations were significant, partial correlations were
performed to determine the influence of pre-exercise
IL-15 concentrations on the relationship. Change in
physiological outcomes (fasted markers of inflammation,
body composition and cardiorespiratory fitness) were

Table 1. Participant characteristics

n 14
Age (years) 59.7 ± 8.0
Body mass (kg) 69.1 ± 17.7
Body mass index (kg/m2) 23.8 ± 3.5
Women [n (%)] 8 (57)
Cancer history
Breast cancer [n (%)] 5 (36)
Prostate cancer [n (%)] 4 (28)
Colorectal cancer [n (%)] 5 (36)
Time since diagnosis (years) 3.9 ± 3.6
Time since treatment (years) 3.0 ± 3.7
Cancer treatment [n (%)]
Surgery 6 (43)
Surgery & radiation 1 (7)
Surgery, chemotherapy & radiation 1 (7)
Surgery, chemotherapy, radiation &
hormone therapy

2 (14)

Surgery, radiation & hormone therapy 3 (21)
Surgery, chemotherapy & hormone therapy 1 (7)
Medications (SD) 2.5 ± 4.1
Ethnicity [n (%)]
Caucasian 13 (93)
Asian 1 (7)
Education [n (%)]
Grade 10 1 (7)
Grade 11/12 1 (7)
Certificate/Diploma 3 (21)
University degree 9 (64)
Marital status [n (%)]
Physiological measures
Systolic blood pressure (mmHg) 115 ± 16
Diastolic blood pressure (mmHg) 76 ± 11
Resting heart rate (b.p.m.) 68 ± 11

SD: standard deviation, b.p.m.: beats per minute.

analysed using a paired-samples t test or the Wilcoxon
signed rank test as appropriate. Data are presented as
mean ± SD unless otherwise stated. Change scores
are presented as the mean or median of participants’
individual change scores. Alpha was set at <0.05.

Results

Participants

Fourteen participants completed baseline HIIE testing,
while 12 participants completed post-training HIIE
testing. One participant had a recurrence of their cancer
during the first 4 weeks of training and withdrew from
the study. During the post-training HIIE testing session
blood was unable to be sampled from one participant.
Participant characteristics for age, sex, body composition,
cancer history and psychosocial characteristics are shown
in Table 1. Participants were predominantly women
(57%), with an average age of 59.7 ± 8.0 years and

© 2024 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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Table 2. Participant adherence to pre-testing requirements, high-intensity interval exercise testing protocol and high-intensity inter-
val training intervention

Baseline 7 months
Mean ± SD Mean ± SD

Duration of blood draw
Start (min, following the final exercise bout) 2.5 ± 2.3 2.3 ± 1.5
End (min, following the final exercise bout) 4.6 ± 3.3 4.1 ± 2.3
Pre-testing requirements (%) 100 100
HIIE testing session adherence∗

Time to heart rate zone (s) 40.5 ± 37.1 35.05 ± 30.7
Heart rate maximum (%) 94.2 ± 5.7 95.6 ± 6.7
HIIT intervention adherence† Supervised Unsupervised
Attendance (%) 100 ± 8 62 ± 16
Intensity (% HRmax) 92 ± 6 94 ± 9
Duration (min) 38 ± 0.1 37 ± 0.8

∗
HIIE testing session adherence data include time to zone, expressed as time taken to reach the high-intensity zone, and heart rate

maximum, expressed as a percentage of heart rate maximum achieved in the V̇O2
peak test.

†
Intervention adherence data include attendance expressed as a percentage of prescribed sessions completed, intensity expressed as

mean percentage of heart rate maximum for completed sessions, and duration expressed as mean time (min) of exercise completed.
SD: standard deviation, HIIE: high-intensity interval exercise, HIIT: high-intensity interval training, HR: heart rate.

had a body mass index of 23.8 ± 3.5 kg/m2. Of the 14
participants enrolled in the study, five women had been
treated for breast cancer, five men and women had been
treated for colorectal cancer, and four men had been
treated for prostate cancer. Participants were on average
3.0 ± 3.7 years post-treatment.

Adherence to protocol

All participants adhered to the pre-testing requirements
(i.e. fasted and no vigorous exercise or caffeine 24 h
previously). There was no significant difference in
dietary recall between testing time points for total energy
(P = 0.678), protein (P = 0.173), fats (P = 0.314) or
carbohydrates P = 0.374). Post-exercise venous blood
was sampled 2.5–4.6 ± 2.3–3.3 minutes following
the pre-training high-intensity exercise bout and
2.3–4.1 ± 1.5–2.3 minutes following the post-training
HIIE bout. Adherence to the testing and exercise training
intervention is presented in Table 2. All participants
adhered to the acute testing (HIIE) session and to the
exercise intervention during the supervised phase. Whilst
adherence was met for intensity (94 ± 9% HRmax) and
duration (37 ± 0.8 min) during the unsupervised phase,
62% of prescribed sessions were attended.

Myokines

Pre-intervention acute exercise response. There was a
significant (113%) increase in acute IL-15 concentrations
from pre- to post-exercise before training (ES = 0.58;
P = 0.013); post-exercise IL-6, IL-10 and IL-1ra were

also higher than pre-exercise concentrations by 96%
(P = 0.004), 68% (P = 0.022) and 48% (P = 0.004),
respectively, withmoderate to large effect sizes (ES= 0.91,
0.74 and 0.63, respectively) before the HIIT intervention
(data are presented in Table 3). Individual responses to
HIIE before intervention are presented in Fig. 2.
When the acute exercise bout was repeated following

7 months of HIIT, there was a large increase (102%)
in acute IL-15 concentrations from pre-exercise values
(ES= 1.33; P= 0.005). Post-exercise acute concentrations
of IL-6, IL-10 and IL-1ra were also higher than
pre-exercise concentrations (by 68, 36 and 60%;P= 0.017,
P= 0.004 and P= 0.012, respectively) following 7months
of HIIT and presented in Table 3. Individual post-exercise
responses after a 7 month HIIT intervention can be seen
in Fig. 2.

Comparison of the acute responses to exercise,
before and after 7 months of HIIT. When comparing
pre-exercise to post-exercise changes in myokines before
and after a 7 month HIIT intervention, there were no
significant differences in any of the myokines (data
presented in Table 3).

Associations

Pre-training. Post-exercise IL-15 concentrations were
strongly associated with all post-exercise myokine
concentrations (IL-6, IL-10, IL-1ra) (all = P < 0.001)
after adjustment for multiple comparisons. Whilst
post-exercise IL-15 concentrations were strongly
associated with lean mass (rs = 0.622, P = 0.031),

© 2024 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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VAT mass (rs = 0.601, P = 0.039) and absolute V̇O2

peak (rs = 0.574, P = 0.032) pre-HIIT intervention,
they did not remain significant after correction for
multiple comparisons (data presented in Table 4). No
associations were observed between post-exercise IL-15
concentrations and relative V̇O2 peak, leg lean mass,
body fat percentage and fat mass before intervention.
When controlling for baseline IL-15 concentrations, the
only association that remained significant was between
post-HIIE IL-15 concentrations and post-HIIE IL-10
concentrations (r = 0.675, P = 0.011).

Changes to baseline markers in response to HIIT

Physiological changes in response to 7months of HIIT are
presented in Table 5.

Chronic inflammation. In response to the 7 month HIIT
intervention, there was a non-significant (P = 0.173)
moderate reduction (ES = 0.51) in fasted resting
concentrations of IL-15 (Table 5). There was a significant
reduction in fasted resting concentrations of IL-6 after

7 months of HIIT (ES = 0.46; P = 0.012). Both IL-10
and TNF-α also showed a reduction in fasted resting
concentrations in response to the exercise intervention
(IL-10: ES = 0.76; P = 0.008, TNF-α: ES = 1.23;
P = 0.012).

Body composition. Following the 7-month HIIT inter-
vention there was a moderate decrease in total fat mass
(−1.0 ± 1.5 kg; ES = 0.69; P = 0.036) compared to
pre-training values. There was a large increase in leg lean
mass (+0.5 ± 0.6 kg; ES = 0.83; P = 0.015) post-exercise
intervention compared to pre-training. There were no
significant differences observed in VAT mass (ES: 0.18;
P = 0.555) or total lean mass (ES: 0.11; P = 0.814) from
baseline to 7months post-HIIT. Additionally, therewas no
significant change in body fat percentage (−1.5 ± 2.3%;
95% CI = −0.03 to 3.02; ES = 0.62; P = 0.054) (Table 5).

Cardiorespiratory fitness. There was a moderate 7.2%
increase in relative V̇O2 peak (1.9 ± 2.4 mL/kg/min;
ES= 0.74; P= 0.035), but there was no change in absolute
V̇O2 peak (P = 0.145) after 7 months of HIIT (Table 5).

Figure 2. Pre-training and. individual post-training responses
2.1: pre-training responses of (A) IL-15, (B) IL-6, (C) IL-10 and (D) IL-1ra to acute high-intensity exercise; and 2.2:
individual post-training responses of (A) IL-15, (B) IL-6, (C) IL-10 and (D) IL-1ra to high-intensity interval exercise after
7 months of high-intensity interval training. Data are presented as median and interquartile range and analysed
using a paired-samples t test except where data were not normally distributed, and a Wilcoxon signed rank test
was used. ∗P < 0.05; ∗∗P < 0.01. IL: interleukin, ra: receptor alpha.

© 2024 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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Discussion

Acute responses of IL-15 to a single bout of HIIE before
and after an HIIT intervention in breast, prostate
and colorectal cancer survivors were investigated,
demonstrating a 113% increase in IL-15 concentrations
immediately afterHIIEwith a strong effect size (P= 0.013,
ES = 0.58). After 7 months of HIIT we also observed an
102% (P = 0.005, ES = 1.33) increase in post-exercise
IL-15 concentrations. However, there was no significant
influence of training on the response of IL-15 to a bout of
high-intensity exercise.
Acute bouts of high-intensity exercise elicited

large increases (102–113%) in IL-15 concentrations
immediately following exercise for cancer survivors,
consistent with the majority of the literature among
other healthy and clinical populations. Of the seven
studies exploring the acute response of IL-15 to exercise
in predominantly healthy or overweight and obese
populations, five observed significant increases (6–142%)
in IL-15 following exercise (Christiansen et al., 2013;
Hingorjo et al., 2018; Kim et al., 2023; Pierce et al.,
2015; Tamura et al., 2011). Of the two studies (He
et al., 2018; Rinnov et al., 2014) that did not observe
a significant effect of exercise on IL-15 concentrations,
both included young healthy populations and did not
report baseline concentrations of IL-15, which may
have influenced the response to exercise. Furthermore,
the exercise bout prescribed by Rinnov et al. (2014)
was longer in duration and performed at a much lower
power output (3 h of cycling at ∼60% of V̇O2 max) than
was performed in the present study. Additionally, He
et al. (2018) failed to perform statistical analyses on
their pre-/immediately post-exercise samples, despite
appearing potentially different, and this may have
contributed to their non-significant findings. A larger
fold increase in post-exercise IL-15 concentrations
appeared to be observed when studies prescribed higher
intensity exercise (Hingorjo et al., 2018; Pierce et al.,
2015; Tamura et al., 2011). This is unsurprising given
the exercise-induced secretion of myokines is closely
associated with muscle glycogen content, and higher
intensity exercise triggers greater intramuscular glycogen
depletion (Keller et al., 2001). Furthermore, exercise at
higher intensities is associated with greater catecholamine
release, which has been associated with rapidmobilisation
of immune cells, leading to the suppression of cancer
growth in pre-clinical models (Pedersen et al., 2016).
Thus, future studies exploring the IL-15 response to
exercise should consider the population, baseline IL-15
concentrations and prescribed exercise intensity utilised.
The only previous study (Kim et al., 2023) to explore

the acute response of IL-15 to high-intensity exercise
in a cancer population (metastatic castrate-resistant
prostate cancer) also observed a significant increase

© 2024 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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Table 4. Associations between post-exercise IL-15 concentrations and post-exercise myokine concentrations, baseline CRP, baseline
measures of body composition and cardiorespiratory fitness pre-training

Pre-training Correlation coefficient P-value

Post-exercise IL-15 concentration
Post-IL-6 concentration (pg/mL) 0.902a,b <0.001
Post-IL-10 concentration (pg/mL) 0.902a,b <0.001
Post-IL-1ra concentration (pg/mL) 0.895a,b <0.001
Baseline CRP (mg/L) 0.554a 0.050
Fat mass (kg) 0.378 0.226
Body fat percentage (%) −0.245 0.443
Lean mass (kg) 0.622a 0.031
Leg lean mass (kg) 0.566 0.055
VAT mass (g) 0.601a 0.039
Absolute V̇O2

peak (L/min) 0.574a 0.032
Relative V̇O2

peak (mL/kg/min) −0.095 0.748

Data are presented as Spearman correlation coefficients. IL: interleukin, ra: receptor alpha, CRP: C-reactive protein, VAT: visceral
adipose tissue.
a
P < 0.05.

b
P < 0.05 after adjustment for multiple comparisons.

Table 5. Changes in body composition, chronic inflammation and cardiovascular fitness in response to 7 months of high-intensity
interval training

Baseline (n = 14) 7 months (n = 13) P-value ES

Mean ± SD/median
(IQR)

95% CI Mean ± SD/median
(IQR)

95% CI

Body mass (kg) 69.1 ± 17.7 55.7–82.4 67.6 ± 18.8 52.3–82.9 0.089 0.49
Fat mass (kg) 26.9 ± 10.1 20.4–33.3 25.7 ± 9.4 19.8–31.6 0.036 0.69
Body fat

percentage
(%)

35.9 ± 6.4 31.7–40.1 35.0 ± 6.4 30.1–39.1 0.054 0.62

VAT (g) 609.8 ± 260.3 437.0–782.5 577.2 ± 2.3 400.6–753.9 0.555 0.18
Lean mass (kg) 43.4 (0.2) 39.3–54.9 40.6 (1.9) 39.5–54.0 0.814 0.11
Leg lean mass

(kg)
14.8 ± 3.5 12.4–17.2 15.1 ± 3.8 12.7–17.5 0.015 0.83

Chronic IL-15
(pg/mL)

4.3 (2.5) 2.7–6.1 2.5 (3.2) 1.6–5.4 0.173 0.51

Chronic IL-6
(pg/mL)

1.7 (1.9) −4.0 to 24.2 0.3 (7.7) −1.5 to 10.1 0.012 0.46

Chronic IL-10
(pg/mL)

15.1 (27.2) 6.7–63.7 7.9 (28.6) 0.6–34.1 0.008 0.76

Chronic TNF-α
(pg/mL)

5.2 (3.5) 4.6–8.2 3.1 (1.2) 2.0–4.2 0.012 1.23

CRP (pg/mL) 0.4 (1.5) −0.8 to 4.8 0.4 (0.7) 0.1–1.4 0.640 0.14
V̇O2

peak (L/min) 1.9 (0.6) 1.6–2.3 2.0 (0.7) 1.5–2.5 0.145 0.48
V̇O2

peak
(mL/kg/min)

25.7 ± 6.9 21.6–29.9 28.7 ± 7.3 23.6–33.8 0.035 0.74

ES: effect size, VAT: visceral adipose tissue, TNF: tumour necrosis factor, CRP: C-reactive protein, IQR: interquartile range
Where data are normally distributed, a paired-samples t test was performed and data displayed as mean ± SD. Where data are not
normally distributed, a Wilcoxon signed rank test was performed and data displayed as median (IQR). Bold text indicates p-values.
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(7.8%) in IL-15 concentrations after exercise. However,
the post-exercise response of IL-15 in the study by Kim
et al. (2023) was lower than was observed in the pre-
sent study. The blunted IL-15 response may, at least in
part, be explained by the concurrent anti-cancer therapies
in the men with metastatic prostate cancer and their
advanced stage disease compared to the participants
in this study who were off-treatment and early-stage
survivors of cancer. Secondly, this may be explained by
a lower exercise intensity (70–85% heart rate maximum)
utilised by the authors in comparison to the present
study (85–95% heart rate maximum). Interestingly, the
magnitude of change in IL-15 concentrations observed in
this study was associated with significant reductions in
prostate cancer cell growth in vitro when incubated with
post-exercise sera compared to pre-exercise sera (Kim
et al., 2023). Therefore, one would expect that the larger
magnitude of change observed after the present study
following higher intensity exercise may result in a similar
if not greater suppression of cancer cell growth in vitro.
Collectively this supports the potential role of exercise
intensity in influencing the myokine response.
The potential importance of IL-15 in the

anti-oncogenic effect of exercise is supported by a recent
pre-clinical trial demonstrating the potential clinical
utility of the exercise-induced IL-15 response. This
pre-clinical model demonstrated an exercise-induced
suppression of cancer growth and enhanced efficacy of
immunotherapy in a pancreatic cancer murine model,
which was mediated by the IL-15 axis (Kurz et al.,
2022). Indeed, IL-15 is also being trialled as an immuno-
therapy agent in combination with immune checkpoint
inhibitors in humans (Waldmann et al., 2020). Pre-
liminary results demonstrate enhanced anti-cancer
efficacy, further highlighting the potential clinical
relevance of exercise-mediated repeated spikes of IL-15
concentrations. Collectively, this supports the role IL-15
may play in the anti-oncogenic effect of exercise. Thus,
future research is required to confirm whether the acute
post-exercise IL-15 response in humans is clinically
meaningful and the utility of high-intensity exercise as
an effective adjuvant therapy during immunotherapy in
humans.
Post-exercise IL-15 concentrations were associated

with body composition (i.e. lean mass and VAT mass),
cardiorespiratory fitness (i.e. absolute V̇O2 peak), CRP
and post-exercise concentrations of other myokines (i.e.
IL-6, IL-10 and IL-1ra). Strong relationships among
post-exercise IL-15 concentrations and post-exercise IL-6,
IL-10 and IL-1ra concentrations are inherently due to
the fact these are all myokines released from exercising
muscles. The positive relationship between post-exercise
IL-15 concentrations and lean mass is unsurprising
given IL-15 is one of the most abundant myokines
found in skeletal muscle and skeletal muscle synthesis

influences fat oxidation (Quinn, 2008; Quinn et al.,
1995; Quinn et al., 2002; Quinn et al., 2009). However,
the positive relationship with VAT mass was somewhat
surprising. This relationship may at least in part be due
to adipocyte-mediated inflammation, resulting in elevated
pre-exercise IL-15 concentrations and thus a higher
IL-15 response to exercise. Furthermore, the absolute
power output during exercise likely to be achieved by
those with higher levels of fat and lean mass may have
contributed to a greater IL-15 release. It may also be
that whilst DXA-derived VAT reliability is <5% (Rose
et al., 2021), DXA is not the gold standard measurement
of VAT mass. The positive relationship between cardio-
respiratory fitness and post-exercise IL-15 levels may have
resulted from a greater absolute intensity and subsequent
recruitment of type II muscle fibres achieved by people
with higher fitness during the HIIE session (Nielsen
et al., 2007; Kristensen et al., 2015). This increased
recruitment of type II muscle fibres may also be associated
with an increased catecholamine release and subsequent
immune cell mobilisation, resulting in the suppression
of cancer growth (Pedersen et al., 2016). Importantly,
these associations were not significant after controlling for
baseline IL-15 concentrations, suggesting the importance
of baseline IL-15 in the post-HIIE IL-15 response. This
demonstrates a complex interplay between fitness, body
composition and myokines.
Three previous studies have explored the effect of

resistance training on acute IL-15 responses to exercise,
but to our knowledge ours is the first to explore the effect
of an aerobic training intervention (Micielska et al., 2019;
Prestes et al., 2009; Riechman et al., 2004). Despite the
reduction in fat mass and resting IL-6, IL-10 and TNF-α,
and increases in leg leanmass and cardiorespiratory fitness
being of a moderate to large effect, the acute response
of IL-15 to HIIE did not change following 7 months
of HIIT. This finding contradicts our hypothesis that
the acute IL-15 response to exercise would heighten
following training due to training-induced increases in
leg lean mass and cardiorespiratory fitness. It may be that
the magnitude of change in leg lean mass and cardio-
respiratory fitness was not sufficient to influence the acute
myokine response to exercise following the training inter-
vention. Interventions targetingwhole body leanmass and
greater improvements in cardiorespiratory fitness may be
required to influence the acute IL-15 response to exercise.
Interestingly, this study observed significant reductions

in markers of chronic inflammation in response to
7 months of HIIT. Given the relationships between
systemic markers of inflammation and cancer incidence
and recurrence, and responsiveness to treatment, this may
be of clinical importance to this population (Coussens
& Werb, 2002; Dranoff, 2004; Schauer et al., 2023;
Wesselink et al., 2021). This systemic reduction in
chronic inflammation may, at least in part, result from

© 2024 The Author(s). The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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repeated perturbations in myokines associated with the
anti-inflammatory effect of exercise (Petersen & Pedersen,
2005). This study demonstrates the ability of HIIT to
elicit changes in markers of inflammation in response to
training, but it would seem that the acute response to
exercise is not responsive to training in this population.
Therefore, future research should focus on optimising this
acute myokine response for the potential to concurrently
improve markers of systemic inflammation.

There are several limitations worthy of consideration.
First, the present study was only able to analyse
post-exercise blood at one time point; additional time
points would have allowed greater insight into the time
course of the IL-15 response to HIIE and to capture the
peak concentrations of other myokines included within
the present study. Second, whilst the sample size was
sufficient to address the primary aim of the study, the
secondary and tertiary outcomes would have benefited
from a larger sample size to ensure the robustness of
the findings and allow for sub-analysis of other factors
that may influence the post-exercise myokine response
(e.g. sex and adherence). Whilst there are biological
(0.00–0.17 pg/mL) and technical (1.0–9.4%) variations
in the inflammatory analyses, our previous work has
demonstrated this to be small relative to the magnitude
of change observed in this study. Furthermore, other
studies that have included a control group have observed
no difference in myokine concentrations (>0.05) (Rose
et al., 2022). Therefore, we are confident despite a lack
of a control group that the differences observed are real.
In total, 6.7% of pre-exercise myokine concentrations
fell below the detectable limits for analysis and were
assigned the minimum detectable value, which may have
led to an underestimation of the overall magnitude of
change identified within this study. Given the immuno-
modulatory role of IL-15 (Farley et al., 2023), the pre-
sent study did not quantify the relationship between
exercise-mediated changes in IL-15 concentrations and
relationships with immune function. Future research
should aim to elucidate these relationships. Whilst this
study observed high attendance (100%) to the inter-
vention during the supervised phase, attendance reduced
to 62% during the unsupervised phased. Whilst this
is in line with other homebased exercise interventions
(Neil-Sztramko et al., 2022; Taylor et al., 2020) whether a
change in myokine response to HIIE after training would
have been observed with higher attendance rates remains
to be elucidated and warrants further research.

In conclusion, the present study demonstrated that
IL-15 concentrations increased in response to an acute
bout of HIIE in breast, prostate and colorectal cancer
survivors. The acute post-HIIE increases in IL-15 were
associated with myokines (i.e. IL-6, IL-10 and IL-1ra),
body composition and cardiorespiratory fitness. Seven

months of HIIT did not affect the IL-15 response to HIIE,
nor the baseline concentration of IL-15, despite significant
improvements in othermarkers of systemic inflammation,
body composition and cardiorespiratory fitness. Given
IL-15 has been implicated in the tumour suppressive
effect of exercise and improvement in immunotherapy
efficacy, and is being explored as an immunotherapy
agent, transient exercise-induced increases in IL-15 may
be clinically meaningful. This research identifies the
potential ability of repeated bouts of HIIE to improve
outcomes for people living with and beyond cancer via
pathways, probably mediated, at least in part, through
IL-15, highlighting the importance of frequent exercise
bouts. Future research is required to explore whether
the HIIE-induced IL-15 response results in favourable
changes in immune function and cytotoxicity.
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