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New Findi

e Pr@state cdhcer treatments, including androgen deprivation therapy (ADT), adversely target

muI:'p @hysiological systems with minimal evidence on the immune response at rest and
t

wi xercise, which has implications on exercise prescription.

e rr ive of ADT, smaller exercise-induced risesin epinephrine were observedin prostate
cancer sugVivors compared to controls, yet natural killer (NK) cell mobilisation was similar

be roups. Intracellular cytokine expression was altered during prostate cancer
tre

potentially affecting NK cell function. However, NK cell populations returned to

resti Is 24 hours after exercise, suggesting that training on successive days will have
no immune consequences.

Abstra

Prostat atment affects multiple physiological systems, although the immune response
during exercise has been minimally investigated. Purpose: To characterise the natural killer (NK) cell
response f!lowing acute exercise in prostate cancer survivors. Methods: Prostate cancer survivors
on androge

(CON) co

deprivation therapy (ADT) and those without (PCa) along with non-cancer controls

@ moderate intensity cycling bout. NK cells were phenotyped before and Oh, 2h,
and 24h afte exercise using flow cytometry. Results: CD56total NK cell frequency increased by
6.2% at Oh{{P<0.001) and decreased by 2.5% at 2h (P<0.01) with similar findings in CD56°™ cells. NK
cell countg also exhibited a biphasic response. Independent of exercise, ADT had intracellular
interferon IFNy) expression that was nearly two-fold higherthan CON (P<0.01). PCa perforin
expression was teéduced by 11.4% (P<0.05), suggesting these cells may be more prone to

degranulation. CD57 NK cells demonstrated increased perforin and IFNy frequencies after exercise

ithinthe CD57" populations. All NK and leukocyte populations returned to baseline
by 24h. Conc s: NK cells mobilisation and egress with acute exercise appears normal, as cell
counts and frequencies in prostate cancer survivors change similarly to CON. However, lower

perforin proportions (PCa)and higher IFNy expression (ADT) may alter NK cytotoxicity and requires
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further investigation. The return of NK cell proportions to resting levels overnight suggests that

consecutive training sessions can be used without adverse effects on the immune system during

prostatthent.

IntroductiQ

Begulamexercise is recommended as acomplementary therapy to minimize the side effects
of prostatmtreatment and to improve physical function, quality of life, and even survival
(Campbell02019; Hayes, Newton, Spence, & Galvao, 2019; Wang et al., 2017). Exercise

interventi

physical fmmnson, Wagoner, Anderson, & Battaglini, 2016; Yunfeng, Weiyang, Xueyang,
Yilong, & Y 2

rostate cancer survivors result in improved strength, body composition, and

) with high adherence rates and few adverse incidents (Hayes et al., 2019).

However, |mmu5[ endocrine, and inflammatory status following acute exercise during prostate
h

cancer tre ave received minimal attention (Fairey, Courneya, Field, & Mackey, 2002;
Khosravi, Stoner, Farajivafa, & Hanson, 2019; Kruijsen-Jaarsma, Revesz, Bierings, Buffart, & Takken,
2013) des systems playing critical roles in cancer progression and recurrence (Koelwyn,

Wennerbria, & Jones, 2015). This represents akey gap in the exercise oncology literature.

veral factors linked with prostate cancer treatment that may alterimmune cell
counts, freq ies and function. Chronic, unresolved inflammation observed in prostate cancer
survivo, 0, Nakai, & Nelson, 2007) is linked to cardiovascular disease, increased risks of
secondary cancers, and poor prognosis (Donin et al., 2016; Fujita, Hayashi, Matsushita, Uemura, &

Nonomures 2019; Shafique et al., 2012), as prostate tumour progression is accelerated by

inflammation jita et al., 2019; Koelwyn et al., 2015). Androgen deprivation therapy (ADT) is a
@ butleadsto loss of lean massand increasesin fat mass and body fat percentage
(Galvao et al., 2008; van Londen, Levy, Perera, Nelson, & Greenspan, 2008). Changes in body
compositi@h furtherincrease proinflammatory cytokine levels in older adults (Schmidt et al., 2015)
and thoselunder,)ing ADT (Saylor et al., 2012) that are correlated with disease progression
(Michalaki, Syrigos, Charles, & Waxman, 2004). Prostate cancer treatments also appear to directly
influenceimmunefiunction. For example, radiotherapy decreases leukocyte and lymphocyte counts

(Hojanetal., 2016)g but when combined with exercise training there was greater natural killer (NK)

cell infi and reduced tumour volume (Dufresne et al., 2020). One year of ADT increased in

naive CD4 T ce pportions and overall proliferation initially but not long term (Morse & McNeel,
2010), while NK cell counts nearly doubled following short-term ADT that was prevented with

testosterone replacement (Page et al., 2006).
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In healthy individualsitis well-established that leucocytosis occurs with acute exercise in an
intensity-dependent manner while moderateintensity exercise training reduces the risk of infection
(Niemamsh et al., 2011). However, the immune response to exercise in cancer survivors
has only beg erficially examined (Khosravi etal., 2019; Kruijsen-Jaarsma et al., 2013). Complete
blood cou most common outcome (Galvao et al., 2008; Jonsson et al., 2011; Ladha,
Courneys, Belimbie!d, & Grundy, 2006; Shore & Shepard, 1999) with minimal work investigating
changes wW cell types (Evans et al., 2015; Zimmer et al., 2016). As the stress hormone
response cuf@exercise appears attenuated in prostate cancer (Hanson et al., 2018), this may
diminish Im
induced Imis and lymphocytosis (Galvao et al., 2008). However, the effects of aerobic

exercise a oW different immune cell populations respond along with cellular egress during

recovery are a ljknown and have potential implications on exercise prescription and immune

functiond

emobilisation. Previously, acute resistance exercise in prostate cancer survivors

ostate cancer treatment.

Cogentional NK cells represent 5-15% of all human circulating lymphocytes, are highly

responsive i@

g exercise (Rooney etal., 2018) and are frequently studied during cancer (Khosravi

et al., 2019) g E their role in tumour suppression. This makes them a logical initial choice for

examinj une system during prostate cancer treatment. NK cells are highly cytotoxic and

express per d granzyme proteases to lyse target cells, with several factors appearing to

bright

influen ponse to acute exercise. CD56 cells, the less mature, less frequent subset

responsible primarily for cytokine production (De Maria, Bozzano, Cantoni, & Moretta, 2011), have a

smaller reSonse to exercise relative to their CD56"™ counterparts (Campbell et al., 2009), the

dim

subsetresponsible for cytotoxicfunction. CD56™" NK cells expressing CD57, a marker of maturation,

have greaté pxic functions than CD57"* NK cells (Kared, Martelli, Ng, Pender, & Larbi, 2016;

Lopez-Verges et al., 2010; Nielsen, White, Goodier, & Riley, 2013), and have preferential
mobilisatis and egress compared to other NK cells (Bigley et al., 2014). NK cells also produce

interferongammagflFNy) following activation (De Maria et al., 2011), which may enhance cytotoxic
functior@, Stutzman, Zou, & Sun, 2012).

Fo i xercise-induced increase of immunecells, lymphocyte numbers abruptly decline
duringthe fi hours of recovery (Nieman, 1994). While reductionsinimmunecell number post-
exercis cently been questioned as a risk factor for opportunistic infections (Campbell &
Turner, 2018), NK mobilisation and egress following acute exercise driven partly by alterations in

hormonal and inflammatory markersincreases immune cell infiltration that reduces tumour viability

(Dethlefsen et al., 2016; Pedersen et al., 2016). However, it is currently unknown if circulating
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immune counts and proportions return to baseline levels in prostate cancer survivors after an
overnight rest. Repeated bouts of acute exercise without restoration of immune function may
comproWneﬁts of training during cancertreatment, through missed sessions or increased
frequency .Assuch, itisimperativethatthe use of exercise asa complementary therapy for
cancer ist@plored inall physiological systems, including immune function. This study is
an initiahstepimemderstanding the specificimmune responses to acute exercise in prostate cancer

survivors

1

plications on exercise prescription and recovery in oncology populations.

Thgpurpoge of this study was to characterize the NK cell response following acute moderate

C

intensity aerobic exercise in prostate cancer survivors relative to age-matched controls with no
history of d@@ng€’r alid to examine the relationship between stress hormones and NK cell mobilisation.

As ADT m nce immune status, the response to exercise was determined separately in

U

prostate cancer sulivivors on the basis of ADT use. We hypothesised that NK cell populations would
exhibit a bj response following a single bout of exercise but overall responses would be

smaller thak non-cancer controls due to attenuated stress hormone release (Hanson et al., 2018).

1

We further esised that NK cells from prostate cancer survivors would have greater NK cell

maturity aRd | IFNy and perforin expression in response to acute exercise.

a

Metho

M

Ethics Approval

[

Local ethi jitees at Peter MacCallum Cancer Centre (protocol #12/131), Victoria University,

and West th approved this project. All procedures were conducted in accordance with

0

standards e Declaration of Helsinki,except for registration in a database. Participants were

informed dy procedures and provided written informed consent.

h

Partici

L

hysician diagnosed prostate cancer on ADT [ADT; n=11, 67 (2yr)] and not on ADT

[PCa; n=14, were recruited from local oncology practices and support groups in Melbourne,

U

Australia h non-cancer controls [CON; n=8, 64 (3y)]. All participants were sedentary (no
regular ex cept for walking for previous 6 months) and were screened for conditions that

would dicate participation in aerobic exercise. Exclusion criteria included uncontrolled

A

prostate cancer, symptomatic cardiovascular disease, any conditions that caused severe pain with
exertion, Type 1 diabetes, uncontrolled Type 2 diabetes, history of bone fractures, inability to

engage safely in moderate exercise, or lack of medical clearance from their oncologist, urologist,
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general practitioner or specialist physician. CON metall inclusion and exclusion criteriaand reported

no previous history of cancer.
Design H

Detai ethods have been published elsewhere (Hanson et al., 2018). Briefly, the trial
consisted ms completed across 1-2 weeks. A familiarisation session preceded
cardiopul menamwexercise testing (CPET) followed by the main testing sessions (visit 3 and 4), which
were perfMthe early morning and at the same time of day to minimize the effects of diurnal
variations.
Familiariza it 1)

PMS were fitted with all equipment and completed 3to 4 submaximal CPET stages (0
0

watts up 80 watts) using an electronically braked cycle ergometer (Lode, Gronigen,
Netherlands). Prétassessment guidelines, 2 or more hours fasted, no exercise in previous 24 hours,

and no caf alcohol for previous 12 and 48 hours, were discussed and used for all subsequent

visits. s

Preliminary, gy (Visit 2)
Bo osition was determined using dual-energy x-ray absorptiometry (Hologic,

Waltha .The scanner was calibrated daily and all scans were performed and analysed by

the same etry technician. A CPET was used to determine peak oxygen consumption

(VO,pe rcise trials workloads. Participants completed 1-minute stages with 20 watt
increases until volitional exhaustion. Expired gases were sampled every 15seconds using automated
gas anaIysSs (Moxus Modular VO, System, AEl Technologies, Pittsburgh, PA, USA) calibrated priorto

each test. VQapeak was determined as the average oxygen consumption across the last minute of

Trial ProtoFl ( Visi' 3and 4)

Apfrfximitely 1 week later, participants returned to the laboratory between 0600 and

0900. A venous catheter was inserted for repeat blood sampling and a resting blood sample was

obtained. Participants completed an acute, intermittent exercise bout consisting of 10 intervals of 3

minute ling at 60% of peak wattage from the CPET followed by 1.5 minutes of passive

recovery. Thi tocol was adapted from work in breast cancer survivors (Evans et al., 2015).
Respiratory gases, heartrate, and RPE measurements were collected throughout the trial. Additional

blood samples were obtained immediately (Oh) and 2h after exercise. During recovery, participants
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remained seated and consumed water ad libitum. Participants then went home before returning to

the laboratory 24h after exercise for an additional blood sample. They were asked to consume an

identicaw to visits 3and 4.

Hormone 1
Pr ific antigen levels (R & D Systems, Minneapolis, MN, USA) and total

testostewonenlamova, Taipei City, Taiwan) were determined at baseline only while epinephrine,
norepinepw cortisol levels (Abnova, Taipei City, Taiwan) were determined at baseline and

Oh, 2h, andwrexercise.Allhormones were analysed in duplicate using ELISA and have been
y

previousl| d (Hanson et al., 2018).
Haematolwsis

Du t&Complete blood counts were determined from each time point (Sysmex KX-21N,
Kobe, Japan) wi maximal white blood cell difference of 0.1 cells/uL and values were averaged.
Haemoglo aematocrit were used to estimate plasma volume shifts following exercise (Dill &
Costill, 1974).

Peripheral nonuclear cells isolation and immunofluorescence.

Frmated peripheral blood mononuclear cell (PBMC) were labelled as performed
previously {Ha et al., 2019; Hanson et al., 2017). Briefly, whole blood was diluted in PBS and
isolate epMate-50 (Stemcell, Vancouver, BC Canada) following manufacturer instructions.
Peripheral ononuclear cells were washed, counted via haemocytometer and 2 x 10° cells
were al nalysis. NK cell phenotyping was determined using direct immunofluorescence

labelling of cells by identifying surface markers with mouse anti-human monoclonal antibodies

(Biolegen iggo, CA) in 100 pL of cell staining bufferfor 15 min at 4°C inthe dark. Lymphocytes
were gate rward and side scatter parameters, with NK cells identified as CD3" (APC-Cy7) and
CD56" (AF entify the dim, bright, and total populations. CD16 was omitted from the final
analysis of 4™ due to inconsistent staining patterns. However, the use of CD56°™ alone was
able toﬂ%% of the CD16°CD56"™ cells in a subset of individuals (data not shown). CD57

(Pacificwused as a marker of maturity and differentiation status. Intracellular NK cell
cytokinee was measured as anindicator of function. Cells were washed twice in 200 pL of

PBS beforesfixati®n and permeabilization according to manufacturerinstructions (Cytofix/Cytoperm

kit, BD Bio ,SanJose, CA). Intracellular perforin (PE, Biolegend, San Diego, CA) and IFNy (PE-

Cy7) we ed in 100 pL at 4°Cin the dark for 30 min. After washing, cells were resuspended in
200 pL of cell staining buffer for flow cytometry analysis.

Flow Cytometry
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500,000 events for each sample were acquired and analysed via flow cytometry on a BD
Canto Il running FACSDIVA v6.1 (BD Biosciences) software. Gating analyses (Figure 1) were done in
duplicaWﬁ investigators using FCS express v7.0 (Pasadena, CA, USA). Fluorescence minus
one and si lour compensation tubes were used with every experiment. NK cell counts
(cells/uL) &ined by multiplying the percentage of each population with the haematology
lymphoeyteseemmis (Hanson et al., 2019; Hanson et al., 2017). NK cell subpopulation counts were
determineMe NK cell count and the percentage of the respective daughter populations for
each specifi€ ceype. Levels of surface and intracellular marker expression amongst expressing
subsets we ated using Median Fluorescent Intensity (MFI).
Data Availm
Th a%Upporting the findings of this study are available from the corresponding author
upon reasﬂquest. The data are not publicly available due to privacy or ethical restrictions.

Statistical

Gr@Up differencesfor participant characteristics were assessed using one-way ANOVA with

Tukey post® lysis. Two-way repeated measures ANOVA with Tukey post-hoc analyses were
used to ass€s gesin stress hormone levels across time and between groups and are reported
as the meantdi nce relative to baseline. Allimmune analyses were examined using linear mixed
modell group and time as fixed factors with a random intercept. Group x time interactions
were resol simple effects examining the group response at each time point. Paired t-tests
were u ine differencesin cell proportions between CD56°™ and CD56°"" populations.

Correlation coefficients were determined to assess the relationship between immune cell

mobilisatihirculating stress hormones. Data are presented as mean = SD, with model

estimates @ pressed as the mean difference relative to baseline orthe CON group and include
95% ‘

confide ervals. Percentage change was calculated as 100 x [(final —original)/(original)]
where bas ON was the original. Effects sizes (es) were calculated using Cohen’s D (d) such
that 0. represent small, medium, and large differences, respectively. All data were

analyseWovi v1.0.2.0 and figures were created in GraphPad Prism version 8 (La Jolla, CA,

USA) with STI significance set at P<0.05.

Results<

Participants. Individuals in this study were sedentary and overweight but relatively healthy

otherwise based on comorbidity index (Table 1). Men on ADT had greater body mass (P=0.019) and
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% fat (P<0.001) compared to CON and lowertotal testosterone compared to PCa and CON ( P<0.001,
Table 1). Both ADT and PCa were similar in years post-diagnosis, with ADT having higher Gleason
scores (With no apparent differences in the proportion of men treated with surgery or
radiation.

Acute exer: es. AbsoluteVO,peak and peak power outputs were similar between groups
with reI:ti szeak beingsignificantly lowerfor ADT (Table 1) vs. CON (due to higher body mass).
Average hh and oxygen uptake during acute exercise were 83.9% + 10.2 and 80.7% =+ 7.8 of
maximum‘respe’ively, as published previously (Hanson et al., 2018), with similar responses

between grqu

Haematologiéal Whanges with Exercise. A group x time interaction (P=0.016) was present for
leukocyte countsy(Table 2). At Oh, CON increased by 46.3% (2.5x10° cells/uL [95% CI 1.8, 3.3],
P<0.001), 356.7% (3.1x10° cells/pL [95% CI 2.4, 3.8], P<0.001) and PCa by 39.3% (2.0x10’

cells/uL [QSA) Cl 1.4, 2.6], P<0.001) compared to baseline. At 2h, leukocytes decreased slightly but
remained elevated relative to baseline for CON by 33.2% (1.8x10’ cells/uL [95% Cl 1.0, 2.6], P<0.001)

T (1.8x10° cells/pL [95% CI 1.1, 2.4], P<0.001) while PCa increased to 46.3%

(2.4x10° cells/pLT95% Cl 1.8, 3.0], P<0.001). Lymphocytes increased by 58.1% at Oh (0.9x10° cells/uL
[95% CI 0.7 P<0.001) before returning to baseline by 2h with similar patterns for mixed cells.
Neutrophi eased by 46.3% at Oh (1.5x10° cells/pL [95% CI 1.1, 1.9], P<0.001) and 63.9% at 2h

(2.1x10° cells/uL [95% CI 1.7, 2.5], P<0.001). Plasma volume shifts were observed at all recovery
timepoint!AII counts returned to baseline by 24h.

NK Cell Freg ies and Counts. Group x time interactions for NK cell proportions trended toward
significan @ al CD56 (P=0.071, Figure 2A) and CD56"™ cells (P=0.091, Figure 2B), with cell
frequemngto baselineat2h in ADT but declining below in CON and PCa. Across time only,

total C ons increased at Oh (6.2% [95% Cl 4.5, 7.9], P<0.001) and decreased at 2h (-2.5%
[95% CIMP:0.00S) compared to baseline with similar values by 24h with nearly identical

changes i $ cells (Figure 2B). CD56""®™ cell proportions increased only at Oh (0.2% [95% Cl
0.06 to 0.3],.P= , Figure 2C).

56" cell counts increased by 171% (247 cells/uL [95% CI 190, 305], P<0.001) at Oh
and decrea w baseline by 38% (-54 cells/uL [95% Cl -112, 4], d=0.7, P=0.074) at 2h, although

this did not reach significance (Table 3). CD56°™ cells increased by 185% (236 cell/uL [95% CI 180,
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293], P<0.001) while CD56°™™ counts increased by 100% (10 cells/uL [95% CI 7, 14], P<0.001) at Oh

only.

NK Cell ’e’onn. ﬂerforin expression in total CD56" cells was lower in PCa (-11.4% [95% Cl -21.6, -

1.3], P=0.0 vared to CON with a trend to change over time (-4.4% [95% CI -10.0, 1.1], d=1.0,

P=0.081, FigUre D56°™ cells showed a similar pattern for group differences but did not reach
I I

significancg(P=0.090, Figure 3B) whereas the proportion of cells positive for perforin was reduced at

24h (—6.8‘%& -13.5, -0.2], P=0.047). Relative to CD56"™, CD56""" cells had a slightly lower

percentag@lof perférin expressing cells (-3.5% + 1.4, P<0.001) and did not change over time or across

group (Figure . Perforin MFI was also unchanged for group and time across all three NK

populatio ure 3D, E, F).

To‘talm%rforin+ cell counts increased by 181% (240 cells/uL [95% CI 183, 297], P<0.001,

Table 4) a tended to decrease below baseline by 39% (-52 cells/uL [95% CI -110, 6], d=0.7,

P=0.081). Ej‘fells increased by 185% (229 cell/uL [95% Cl 172, 286], P<0.001) and CD56"""
rease

countsinc i/ 90% (9 cells/uL [95% CI 6, 12], P<0.001) at Oh only.

NK Cell IFNy. The proportion of total CD56%, CD56"™, and CD56°"®™ cells expressing IFNy did not
- -

change with exercise or with prostate cancer treatment (Figure 4A, B, C). CD56""" NK cells had

f

lower IFNy expression levels compared with CD56°™ (-8.2% + 1.3, P<0.001). IFNy MF| was greater in

\

ADT in all 3 NK cell populations (total CD56": 1503 [95% CI 766, 2241], P=0.002, Figure 4D; CD56™™:
1404 [95% Cl 643, 2165], P=0.003, Figure 4E: CD56""®": 1035 [95% CI 272, 1800], P=0.020, Figure 4F)

compared to CON.

Celf’counts for total CD56'IFNy*, CD56"™IFNy*, CD56°™™IFNy" did not change with acute

exercise (Table 4).

h

NK CD57 Freguencies and Counts. CD57 was used as a marker of maturity within CD56 total,
bright, andgdim cell populations. The proportion of total CD56" expressing CD57" cells did not

change in 35 immediately following exercise but was reduced at 24h (-6.5% [95% CI -11.7, -

{

1.2], P=0.018, Figlire 5A) compared to baseline. A similar trend was observed for CD56%™ cells

(P=0.069, FigureqaB). The proportion of CD56°€"CD57" cells was reduced at 2h (-5.3% [95% CI -10.0,

-0.7], P igure 5C) and 24h (-5.6% [95% CI -10.3, -0.9], P=0.023).

Cell counts for total CD56'CD57" increased by 198% (166 cells/uL [95% Cl 122, 211], P<0.001,
Table 3), CD56"™CD57" by 190% (165 cells/pL [95% Cl 122, 210], P<0.001), and CD56°""CD57" by
200% (2 cells/uL[95% CI 1, 4], P<0.001) at Oh only.
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Perforin and IFNy Expression is Affected by CD57. To determine if maturity status affected
intracellular perforin and IFNy proportions, CD57" and CD57 NK cells were compared. Overall, CD57

NK cells had lower perforin proportions (CD56 total: -20.2% + 1.6, CD56"™: -14.2% + 1.4, CD56""™: -
S

31.8% + 3. .01) vs. CD57" cells. Across time, CD56'CD57 perforin proportions increased at Oh
(5.7% [959 ], P=0.016, Figure 6A) and decreased at 2h (-4.9% [95% Cl -9.6, -0.4], P=0.037)
while GBS Zapeneentages showed a decrease at 24h only (-6.6 [95% CI -11.8, -1.3], P=0.017). CD56™"

and CDSGM demonstrated similar but smaller effects with increases in CD57 perforin

proportiongfat nly (Figure 6B & 6C).

Overa 57 NK cell IFNy expression was greater for CD56 total (7.5% + 2.3, P=0.002) and
cD56™ cells (4.9% + 2.1 P=0.023) but lower in CD56"™" cells (-9.9% * 3.0, P=0.002). Across time,

IFNy exprassi s increased at 24h compared to baseline in CD56'CD57 cells (9.4% [95% CI 1.6,
17.2], P:0.024: F|Sre 5D) but was unchanged in CD57" cells. CD56°™CD57 cells trends for increased

IFNy propQaki t 24h (P=0.059, d=0.5, Figure 5E) with no changes within CD56""CD57 cells
(Figure 5F)

Stress Horf@o d Correlations with Immune Changes. Cortisol levels were elevated at Oh and
dropped b seline at 2h (both P<0.05, Table 5). There was also a group differences between
ADT an =0.017). There was a group x time interaction (P<0.001) for epinephrine where the
change at 0 reater in CON vs. PCa (P=0.01) and ADT (P=0.008). Norepinephrine levels were
elevat 2h (both P<0.001). All stress hormone levels had returned to resting levels by
24h.

L

No correlations between epinephrine and any NK cell counts were observed at baseline or

0Oh (data nc

~

. The change (Base to Oh) in epinephrine was correlated (r=0.40, P=0.043, Figure
7A) with the change in CD56"®" but not total CD56 of CD56°™ cells. Baseline norepinephrine was
also correl‘ed with the change in CD56°™™ cells (r=0.51, P=0.008, Figure 7B). Cortisol demonstrated

no relatioihip w"h any NK cell populations (data not shown).

Discussion

p cancer treatments are associated with adverse effects, including altered immune
function. With exé¥cise being recommended to counteract treatment-related side effects, this study
addresses a key knowledge gap by providing an initial characterization of NK cell mobilisation and

egress following acute exercise in men being treated for PCa with and without ADT. We show, for
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the first time, that prostate cancer survivors have NK cell mobilisation that is compared to CON
following acute exercise, although the CD56 total cell egress tended to be attenuated in ADT. ADT
also conWowed a less mature phenotype with greater proportion of IFNy expression and
possibly lower cytotoxicity, although perforin levels were unchanged. However, the proportion of
perforin e i K cells in PCa was reduced, suggesting these cells may be more prone to
degranulatienmBy24h, all NK and leukocyte populations returned to baseline, tentatively implying
that consemmning sessions could be used without adverse immune system effects during
prostate cmwever, acute exercise responses need to be examined across micro- and meso-

cycles of tr support this hypothesis.

ToWalizethese findings, the limitations and strengths of this study are reported here.
Small sam izesin each group may have limited the ability to detect the significantinteractions or
group differences
reported tﬁ interpretation. The time since diagnosis was highly variable, possiblyinfluencing

baseline colunts; however, diagnosis time and treatments were similar between PCa and ADT. This
study did inglude NK cytotoxicity assays, instead reporting markers (e.g. perforin, IFNy)
associatemction. Study strengths include reporting of cell counts and proportions for all

e often missing in exercise and cancer studies (Khosravi et al., 2019). Multiple

outco i r
recovery tim wats were used, including 24h post exercise to assess if immune cells normalize after
onenig e also examined NK cell populations that have not previously been reported in

prostate cancer survivors and subdivided these men on the basis of ADT use to further characterize

(i.e. Figure 2). When statistical trends were present, effect sizes were also

the responge to acute exercise.

De pvious reports on changesinlymphocyte counts with prostate cancer treatments

(Hojan et Page et al., 2006), we observed minimal haematological differences between

groupsﬂ response to acute exercise, leukocyte counts increased similarly at Oh but
remain orPCaonly at 2h. As neutrophil, monocyte (mixed), and lymphocyte counts all

demonMarablechanges across groups, itis unclearwhat cell population was responsible

for thisint . We are aware of only one otheracute exercise andimmune study where menon
ADT perfommi sistance exercise demonstrated 15% and 20% increases in leukocyte and
neutrophil , respectively, with no change in lymphocyte or monocyte counts (Galvao et al.,
2008). exercise modes confound the comparison, the attenuated haematological response

compared to the current study is potentially due to differences in catecholamine and shear stress

levels (Walsh et al., 2011), both of which were likely greater in aerobic vs. resistance exercise.
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Within NK cells, CD56 total and CD56"™ frequencies demonstrated biphasic responses to
acute exercise, which supported our hypothesis. There was a trend (P=0.074) in CD56 total for CON
NKceIIWeateregress at 2h, with a 3.7% decline infrequency belowbaseline whereas ADT
showed a | (-0.4%) change (Figure 2A). This partially supports our hypothesis that the
response @ould be lowerin prostate cancer survivors, although PCa NK cell frequencies
closely ali gnmwiblmthe response in CON. NK cell counts all robustly increased at Oh but did not
demonstrm biphasic response, as the declines at 2h were not reduced relative to baseline
(Table 3). Whth ck of NK and exercise data in prostate cancer, we compared our findings to a
similar stuUeast cancer. Immediately following exercise, NK cell counts in breast cancer

survivors im by 126%, which was similar to healthy controls (Evans et al., 2015) and also the
f t

current st icularly after accounting for small differences in exercise intensity. To the
contrary, NK'ce portions in breast cancer survivors decreased below baseline at 15 min and 24h
after a hal on (Zimmer et al., 2016). Decreased NK cell counts at 15 min are likely due to a
rapid egr at occurs almost immediately following exercise cessation (Rooney et al., 2018),
whereas ther (Evans et al., 2015) completed the post-exercise draw immediately after
stopping I e sustained suppression at 24h is interesting and may be related to the longer
duration (a exhausting) exercise session, although cell counts were not reported to confirm
this. C ely, there is little evidence that NK cell frequency or number respond substantially
differently exercisein hormone-sensitive cancers. Thisis despite attenuated stress hormone
respon et al., 2018), although CD56°®" cell mobilisation correlates with resting

norepinephrineand exercise-induced increases in epinephrine. While this initial characterization of

NK cell moh and egressare intriguing, our findings warrant confirmation using larger samples

sizes. Q
While changesin NK cell counts are important, functional outcomesin NK cells have greater

clinical sigfiificance and are less commonly reported. The frequency of CD56 total cells expressing

perforin *s rechd in PCa compared to CON, suggesting that PCa were more prone to

degranulation and a lower cytotoxic capacity (Figure 3A). Perforin expression has previously been
shown to be low@ in circulating peripheral lymphocytes (He et al., 2015) and NK CD56"™ cells

isolated from malignant prostate tissue (Tokmadzic et al., 2011). Interestingly, ADT perforin levels

were u d and the reasons for this are unclear. One possibility is a change in the ratio of

testosterone ta-oestradiol. During 4 weeks of medically induced castration in healthy men,
both sex hormones decreased butto a greater extent in testosterone such that this ratio was much

less pronounced (Page et al., 2006). Testosterone suppression and NK cell function is complex, as
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older women appear to have greater NK cytotoxic responses than older men (Al-Attar, Presnell,
Peterson, Thomas, & Lutz, 2016) while NK cytotoxicity is greater in young men vs. young women
(Yovel, Wen-Eliyahu, 2001). Short-term ADT increases NK cell number but not homing or
activation (Page etal., 2006). Moreover, high doses of beta-oestradiol inhibited murine NK
cell cytoto@ (Curran et al., 2001), providing additional evidence of the effects of the sex
hormone onmbiitseells. We propose that a critical balance may exist between testosterone to beta-

oestradiol esto cytotoxicfunction, although different outcomes and immune populations

prevent digéet cOfparisons.

GE

While te exercise has increased NK cell activity in other cancer survivors (Kruijsen-

dim

Jaarsma etigl. f2018), we observed asmall decrease in perforin proportions within CD56° " cells only.

Althoughss t unexpected, this was consistent with decreased perforin expression following
acute

strenuous ercise in young endurance athletes (Staats et al., 2000). Because greater than

90% of NK pressed perforin (potential ceiling effect) and changes occurred only at 24h,
perforin was also determined (Figure 3D, E, & F). The lack of change in perforin expression
suggests thatamye@otential improvements in cytotoxicity would likely be the result of greater cell

% t of this, we report that the absolute number of NK cells expressing perforin

increas fold at Oh (Table 4). Moreover, a methodological review of NK cell activity with
acute exercis icates increasesin functionthatare no longer present but when adjusted on a per

numbers.

cell bas cer populations (Zimmer et al., 2017). Alternatively, acute exercise may also be

improving otherfunctional markers that contribute to cytotoxic function were not examined in the

current stL!y (e.g. granzyme B).

Almaffected by acute exercise, IFNy MFI levels were elevated in ADT across all NK

cell popul igure 4). IFNy has multiple functional roles within NK cells, including cellular
migration and activation (De Maria et al., 2011). CD56°"™" cells are less mature and have poorer
cytotoMAl—Attar et al., 2016; Kared et al., 2016) with their principal role being cytokine
product“ria etal., 2011), including IFNy. Despite not reaching statistical significance, the

proportion of NK cells expressing IFNy appears lower with ADT. As such, the greater MFI may be a

) |

compensatory response and perhaps explains the consistent response across both CD56 bright and
- |

dimcells. Interestingly, systemicIFNy levels are elevated with obesity (Schmidt et al., 2015) and we

- 1
report higher body mass index and % fat in ADT (Table 1). However, inflammatory cytokines from
-

excess body fat are likely secreted from infiltrating macrophages or the adipocytes directly (Deng,
Lyon, Bergin, Caligiuri, & Hsueh, 2016) rather than NK cells. We postulate that greater IFNy

production may be the result of the reduced CD57 expression and lower NK cell maturity after ADT.
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dim

This immature status may be particularly relevant within CD56""" cells, as any loss of cytotoxic

function could compromise control of infections or tumours.

iw, examined if cancer treatment or acute exercise alters maturity status and

subseque sion of intracellular cytokines. The lack of group differences for CD57 proportions

(Figure 5) O pers (Table 3) initially suggests that increased IFNy MFI during ADT (Figure 4)
I . : . .

was unrelated to NK cell maturation. However, when CD57" and CD57 populations were examined

separately‘ Yy ), the CD57" fraction appears to be driving the increase within ADT as the CD57°

cellslacked group differences. Moreover, CD57 cells had greater IFNy production that is consistent

with higher expressionlevels in less mature cells (De Maria et al., 2011). Looking at acute exercise,
NK CD57" MCreased by ~2-fold (Table 3), which supports previous work in healthy cyclists

(Bigley et but did not immediately alter CD57 cell proportions. Instead, lower percentages
of total CD56 and) CD56°""CD57" cells occurred during recovery (Figure 5A & C). This NK cell

redistribut represent a greater egress of highly cytotoxic cells into the tissues following

exercise. Ggnsidering that greater CD57° NK cell numbers have been measured within tumour

,2016; Nielsenetal., 2013), an additional influx of cells following acute exercise

ional benefit via greater killing capacity. Furthermore, the decrease at 24h in
with a decrease in perforin expression, which is also suggestive of a shift in
exercise induces a biphasic response for perforin proportions within CD57 but
ith ceiling effects beinglesslikelyinthe formergiven the lowerrelative expression

levels. It is unknown if increased perforin expression within these less mature CD57 NK cells has

functionaISnsequences.

Fr ctical standpoint, there is very limited evidence examining immune function

0

duringrec m training bouts that follow current exercise oncology guidelines (Campbell et

al., 2019; [.,2019). While decreased cellnumbers post-exercise are now largely viewed as

n

a redistmi ells out of circulation (Campbell & Turner, 2018), we demonstrate that leukocyte,

L

lympho K cell counts and proportions to return to baseline by 24h after exercise and is

consistent east cancer survivors (Evans et al., 2015). These collective works provide

U

prelimina i ce that NK cell numbers normalise following overnight rest and suggests that
consecutiv ng sessions could be used without adverse affecting the immune system. Exercise

training s tumour progression via NK cell infiltration (Pedersen et al., 2016), with the acute

A

exercise that stimulates large but transient alterations in circulating factors (e.g. NK cells,
catecholamine and inflammatory markers) being a key stimulus for attenuated tumour growth and

viability (Dethlefsen, Pedersen, & Hojman, 2017). However, careful consideration of total training
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volumes with adequate recovery period are prudent to minimise possible reductions in immunity
overtime (Peake, Neubauer, Walsh, & Simpson, 2017). With only limited evidence to date (Khosravi
etal,, Z(Wtensitytraining programs may be a double-edged sword. Increasing the training
stimulusm ide greateradaptation within select physiological systems (e.g. cardiorespiratory,
musculosk&ootentially at the expense of others (e.g. immune and endocrine) if training
loads ane toesmigha(Peake et al., 2017; Walsh et al., 2011).

Conclusiorh

In , NK cell numbers and proportions changed similarly between prostate cancer

survivors following acute exercise. However, compared to CON and independent of
exercise, A adgreater IFNy expression and PCa demonstrated lower perforin proportions. This
suggests tha: projte cancer treatments may alter maturity and degranulation status and therefore

cytotoxicf . Importantly, NK cell proportions mostly returned to resting levels by 24h, which

suggeststgconsecutive training sessions using moderate intensity are unlikely to adversely affect

immune f hile this is an initial step examining how immune function responds to acute

exercise as current guidelines, larger trials that examine repeated acute exercise bouts

and include'diré@®measures of NK cell function are required.
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Table 1. Participantcharacteristics.

ADT (n=11) PCa (n=14) CON (n=8) P value
Age (y) 67+7 67+7 64 +8 0.378
Mass (kg) 91.9+19.8' 81.0+8.1 75.1+6.4 0.019
Height (cm) 173.1+8.1 1749+6.0 173.1+3.9 0.730
% Fat 299+6.7" 253139 21.0£35 0.001
Lean Mass (kg) 59.6 +8.9 56.5+5.7 55.7+4.7 0.370
Comorbidities 15+1.1 14+1.1 06+1.1 0.988
VO, peak (I/min) 21406 20+0.6 24406 0.320
VO,peak (ml/kg/min) 23.9+84" 25.1+5.8 324+8.1 0.040
Maximal HR (bpm) 157 £ 25 152 £13 158 +£11 0.659
Trial Workload (w) 175+72 166 +58 206 +40 0.285
PSA (ng/mL) 9.31+26.8 16+25 19+1.2 0.438
Testosterone (ng/dL) 46.3+235" 640.7+354.2  669.2+231.1 <0.001
Gleason Score g+1' 7+1 - 0.007
Diagnosis Days 1241 + 1365 1307 £1099 - 0.894
Prostatectomy (%) 36 43 - -
Radiation (%) 55 50 - -
ADT Length (d) 596 +383 - - R

Mean * SD. ADT = Androgen deprivation therapy group; PCa = prostate cancer group; CON =
controls; Comorbidities is the sum of the following conditions being present: hypertension,
hypercholesterolemia, Type Il diabetes, smoker, former smoker, and regular alcohol consumption.
Peak oxygen uptake = VO,peak; HR = heart rate; bpm = beats per min; w = watts; PSA = prostate

specific antigen;
t P<0.05 vs. CON

¥ P<0.05 vs PCa

<
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Table 2. Complete blood counts and plasma volume (PV) shifts before and after

acute exercise.

Leukocytes

(x103 cells/uL)

Lymphocytes

(xlO3 ceIIs/uf)

Mixed
(x103 cells/uL)

Neutrophils

(x103 cells/uL)

PV Shift

(%)

Base Oh 2h 24h
Total 53%12 79%15 73+15 54+1.2
ADT 55+12 85%15 7217 53+0.8
PCa 51%13 7.1+14 75+17 54+16
CON 5408 79+13 72+11 53+1.1
Total 16+05 25+0.9 15+05 1.6+05
ADT  16+05 28%0.7 16+0.4 1605
PCa 1504 2309 1.4+0.4 15+0.4
CON 18+0.6 25+1.0 1.4+0.7 17407
Total 06+02 07£03 0.6+0.2 0.6+0.2
ADT  05+01 07%0.2 0.5+0.2 0.5+0.1
PCa 06+03 0703 0.6+0.3 0.6+0.3
CON 05+0.2 08£0.3 0.6+0.2 0.6+0.1
Total 32%09 47+13 53+15 3.2+09
ADT  31+11 42%15 55+1.6 33+05
PCa 32:10 48+12 53+1.6 32413
CON 35%+07 52%11 52+1.0 3.2+0.5
Total - 143+55 -56+50 27+58
ADT - 13.7+46 46+47 0.1£5.0
PCa - 14.8+7.0 7.0+42 4359
CON - 14.2 4.0 48165 3.6%59

Mean £ SD. When statistical significanceis indicated on the Total, this represents a

time main effect.

* P<0.05 *** P<0.001 vs. baseline
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Table 3. Changesin NK cell counts before and after acute exercise.

Base Oh 2h 24h

CD3°CD56" Total 144+94  391+236  90+57  126+112
cells/ul) - + + + +
(cells/uL) ADT  104+52 410+ 197 103+52 82 +40

PCa  156+101 361+ 275 90+62  163+139

CON  171+123 401+ 264 78+62 135+ 130
cD3cD56°™ Total 133+90  379+232  82+52  117+110
(cells/uL) ADT  95+47 387+ 185 93+48 75439

PCa  143+92  340+272 80+54 150+ 137

CON  163+123 383+ 269 74+61 1274130
CD3°CD56""E" Total 10%11 20+18 8+9 9+8
(cells/uL) ADT 95 23+16 106 7+4

PCa  13%16 21+24 9+13 12+11

CON 95 18+ 14 5+3 8+4
CD3CD56'CD57" Total 81167 249+188  51+34 7482
(cells/uL) ADT 59435 260165 57429 46427

PCa  86+66 220+ 194 49+33 106+ 107

CON  108+99  273+235 48+46  81%99
cD3cD56°™cD57* Total 80+68 247+189 51+35 74 +83
(cells/uL) ADT 59436 258+ 163 56+29  46+28

PCa 83166 217+ 195 48+32 105+ 107

CON  108+101 272+239 48+47  81+100
CD3CD56"™"cD57"  Total 242 4+5 1+1

1+1

(cells/uL) ADT 1+1 4+5 1+1 0+1

PCa 2+3 4+3 1+1 242

CON 1#1 4+7 0+1 1+2

Mean * SD. When statistical significance is indicated on the Total, this represents a

time main effect. *** P<0.001 vs. baseline
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Table 4. Changes in NK cell counts expressing perforin and IFNy before and after
acute exercise.

Base Oh 2h 24h
CD3°CD56"Perf Total 132%86 3724239  81+49  113+108
(cells/uL) ADT  97%52 399+ 200 93+44  74+43

PCa 139+ 88 332+281 77 £50 147+ 144

CON 161+ 117 385+ 262 71+56 117+ 116

CD3'CD56°™ Perf" Total 122+86 3514242 73+47 107+ 108
(cells/ul)  ADT  89+48 379+189 85440 69 +42
PCa  123+89 304+ 291 68+51 136+ 143
CON  155+119  371+268 65+51 115+ 120
CD3'CD56° ™" Perf”  Total 9+10 19+17 7+7 8+8
(cells/ul) ADT  8#5 21+15 9+5 64
PCa  13+15 18 +21 8+10 11+11
CON 8t4 16 +13 4+3 67
CD3°CD56'IFNy" Total 2027 29 +£37 13+20 20+21
(cells/uL) ADT 7+5 9+5 9+9 108
PCa  31t41 52 £ 60 18+33 26424
CON 21%24 25+18 10+11 24427
CD3'CD56" ™I FNY” Total 18+26 26 £35 11+18  16+18
(cells/ul)  ADT 545 745 7+8 745
PCa  30+40 50 +56 17+31 2423
CON 2022 22 +15 9+9 18 +20
cD3'CD56" ™M IFNY"  Total 0.4+05 0.6+0.8 0.5+0.6
02 + 0.4
(cells/pL) ADT  0.0+0.0 0.1£0.0 01+02 01+£0.1
PCa 05%06 1.0+ 1.0 04+05 08+0.8
- CON 0406 0.6+0.7 02+03 05£0.5

Mean * SD. When statistical significance is indicated on the Total, this represents a time main effect. ***
P<0.001 vs. baseline
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Table 5. Changes from baseline of circulating stress hormones with acute

exercise.
AOh A2h A24h
Cortisol Total 59.2+105.0  -32.2+33.1 -14.2+405
(ng/mL) ADT  50.3+82.7" 282+138" -17.0+235"
PCa  99.8+1420  -21.1%331 3.1+493
CON  15.8+486 -532+447 -349%353
Epinephrine Total 96.2+73.7 0.6 £12.6 0.0+ 16.2
(pg/mL) ADT  70.6%638" 51+116 7.0£86
PCa  69.6+540"  -30+126 -57+6.0
CON  162.0+728  -26+134  1.0%272
Norepinephrine Total 2602% 1862 799+703 160+ 367
(pg/mL) ADT  2544+2213  714+473 221+ 376
PCa  2292+1769 746+ 542 138 + 447
CON  3095%1695  967+1090 122+ 256

Data are presented as the mean difference from baseline + SD. When

statistical significance is indicated on the Total, this represents a main

effect.

* P<0.05 *** P<0.001 vs. baseline

t P<0.05 vs. CON

¥ P<0.05 vs. PCa
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