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Aim: To evaluate the impact of exercise training plasma on in vitro prostate cancer cell
viability and proliferation.

Methods: PC3 prostate cancer cells were incubated with plasma obtained from young
men with high and low physical fitness (PF) (high PF, n = 5; low PF, n = 5) and with the
plasma collected from institutionalized older adults (n = 8) before and after multimodal
exercise training. Cell viability and proliferation, mitochondria membrane polarization,
reactive oxygen species (ROS) generation, and apoptosis were evaluated after the cell
treatment with plasma. Systemic cytokines were evaluated in the plasma of
institutionalized older adults submitted to an exercise training protocol.

Results: Plasma from high-PF men lowers both cell viability and proliferation after the
incubation time. PC3 cells also presented lower cell viability and diminished rates of cell
proliferation after the incubation with post-training plasma samples of the older adults. The
incubation of PC3 cells with post-training plasma of older adults depolarized the
mitochondrial membrane potential and increased mitochondrial reactive oxygen
species production. Post-training plasma did not change apoptosis or necrosis rates
in the PC3 cell line. Multimodal exercise training increased the plasma levels of IL-2, IL-10,
IFN-α, and FGF-1 and decreased TNF-α concentrations in institutionalized older adults.

Conclusion: Adaptations in blood factors of institutionalized older adults may alter cell
viability and proliferation by targeting mitochondrial ROS in a prostate cancer cell line.
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INTRODUCTION

Biological aging impacts several aspects of the host immune
system, characterized by a chronic inflammatory state
associated with an accumulation of senescent exhausted
myeloid and lymphoid cells (Bauer and De la Fuente, 2013).
The chronic increases in inflammatory molecules are associated
with the etiology and clinical course of most age-related diseases
and mortality, including several cancer types (Barbé-Tuana et al.,
2020). In this sense, prostate cancer becomes more prevalent in
aging men, once the enhancement in the innate and adaptive
inflammatory response contributes to prostate carcinogenesis
(Taverna et al., 2014).

Emerging data indicate that physical exercise may have
positive effects on the prevention and treatment of prostate
cancer (Kim et al., 2021). Both preclinical and clinical studies
described several immunological and physiological exercise-
mediated adaptations that may prevent or attenuate prostate
cancer progression, including enhanced T-cell and natural
killer functional activity as well as the modification of
systemic biochemical molecules (Kim et al., 2021).
Furthermore, changes in systemic inflammation and the
composition of blood factors induced by exercise training
adaptations may directly impact cancer cell viability. Past
data highlighted the role of acute exercise-conditioned serum
or plasma from young and aged humans in the decrease of
cancer cell viability, indicating that changes in blood
molecules (i.e., hormones, cytokines, and reactive oxygen
species) contribute to the anticarcinogenic potential during
acute bouts (Hwang et al., 2020; Soares et al., 2021; Orange
et al., 2022).

Decreases in prostate cancer cell viability induced by
pharmacological drugs are mediated by changes in
mitochondrial functions (Seo et al., 2019). In fact,
mitochondria are emerging players in the tumorigenic
process by maintaining the energetic capabilities of cancer
cells (Boland, Chourasia, and Macleod, 2013). In prostate
cancer, it is now clear that mitochondria are involved in the
malignant process, cell proliferation aggression, and
metastasis formation (Zichri et al., 2021). Mitochondria
dysfunction and reactive oxygen species (ROS) generation
are important events to reduce cancer cell viability (Wu et al.,
2011). Modifications in mitochondrial activity lead to the
expression of the cell cycle inhibitor p53, cell cycle arrest at
the G2/M phase, DNA fragmentation, and subsequent cell
death induction (Wu et al., 2011). Furthermore, in vivo
observations demonstrated that ROS could trigger tumor
apoptosis through increasing lipid, protein, and DNA
damage within the tumor (Xie et al., 1995). It is
interesting to note that chemotherapeutic agents induce
ROS-induced lipid peroxidation and apoptosis in tumor
cells (Jana et al., 2014). Exercise changes the redox state in
several tissues and may be an important non-
pharmacological agent to contribute to the tumor cell’s
growth, acting as a preventive agent or as a rehabilitation
tool. However, few studies evaluated the potential effects of
exercise training to induce anticarcinogenic effects in the

plasma of older adults (Soares et al., 2021). Furthermore, to
date, no study focused on mitochondrial activity of cancer
cells after exercised plasma treatment. This in vitro study
evaluated the role of the older adult plasma submitted to
multimodal exercise training in the viability and proliferation
of immortalized prostate cancer androgen unresponsive
PC3 cells.

METHODS

Participants
Eight institutionalized older adults (aged 73.38 ± 11.28 y;
body mass index 27.8 ± 4.9 kg/m2) living in a long-term
facility in Porto Alegre City, south of Brazil, were
considered. The inclusion and exclusion criteria were
previously reported (Fraga et al., 2021). The sample size
of older adults was limited to the individuals who lived in a
single long-term facility and were able to perform exercise.
Participants were not engaged in structured exercise
training protocols for a period prior to 6 months before
the trial. The Ethics Research Committee of Centro
Universitario Metodista-IPA, Brazil, approved the current
study number 3.376.078. All participants signed written
informed consent before enrollment, and all procedures
were in conformity with the Declaration of Helsinki. This
study was not prospectively registered. Additionally, we
collected venous blood samples from young lean men
with high physical fitness (PF) (high PF: n = 5; age,
27.8 ± 5.6 y; body mass index, 24.3 ± 1.3 kg/m2; VO2Peak

49.7 ± 2.67 ml.kg.min) and low PF (low PF: n = 5; age, 29.8 ±
2.7 y; body mass index, 23.1 ± 2.1 kg/m2; VO2Peak 37.8 ±
3.1 ml.kg.min) as controls of the study. The criteria for being
physically active were the completion of at least 3 h of
endurance training per week, for a minimum of 3 years,
and a peak oxygen consumption (VO2Peak) of at least
45 ml/kg/min. Individuals who reported less than 100 min
of physical activity per week and not engaging in regular
exercise training for at least 2 years were defined as
physically inactive/sedentary. All young participants were
recruited from the general community of Porto Alegre/
Brazil and performed a cardiopulmonary exercise (CPET)
to determine their physical fitness. Detailed information
regarding recruitment criteria was previously published in
Dorneles et al. (2019). Physical fitness was evaluated by a
CPET test as previously described Dorneles et al., 2019. In
brief, the CPET was performed on an electric treadmill
(Centurion 300; Micromed, Brasilia, Brazil) using a ramp
protocol. Both the speed and incline of the treadmill
gradually increased up to the maximum limit of the
participant. Ventilatory and metabolic parameters were
collected by respiration using a Metalyzer 3B (Cortex,
Leipzig, Germany) and were analyzed after the mean of
the data in eight respiratory cycles. The CPET system was
calibrated before each test with respect to both airflow and
O2 and CO2 analyzers. The average of the last 30 s of the test
was used to determine the VO2 peak.
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Study Design and Training Protocol
Older adults participated in a multimodal exercise training
(8 weeks, 2x/week, 60 min each session) supervised by a
trained physiotherapist. The multimodal protocol used in
the current study was based on a previous study (Pereira
et al., 2018). The components of intervention are in
adherence to the Consensus on Exercises Reporting
Template (CERT) (Supplementary Material S1). The
exercise intervention was intended to stimulate
physiological, perceptual, and cognitive mechanisms.
Therefore, the exercise sessions were planned to guarantee
stimuli relevant to promoting simultaneous motor and
cognitive stimulation and to incorporate challenging
activities that induced the participants to mobilize several
types of abilities.

Specifically, each session was divided into the four following
moments: 1) warm-up (5min), with stretching and active upper/
lower limb exercises; 2) exercises focused on cardiovascular capacity,
strength, balance/agility, and flexibility (25min), which included
walking, stationary gait, resistance exercises for the main upper/
lower muscle groups, unipodal support with open/closed arms over
the chest, anterior/lateral inclination, and static stretches; 3) exercises
focused on perception and cognition (such as double-task), attention,
memory, and processing of requested actions (25min), such as
walking and naming fruit/color names, completing previously
established circuits, attending to requested verbal commands, and
memorizing motor/verbal signals; and 4) stretching, breathing, and
relaxation movements to cool down (5min).

The sessions aimed to develop a safe and progressive training
schedule and the level of difficulty of the proposed tasks increased
along the program. Exercise intensity and tolerability were
supervised by observation, with an emphasis on participants’
respiratory responses to talk during exercise performance. In
cases where the exercise intensity was not perceived as tolerable
by the participants, the intensity was reduced until being
perceived as comfortable (Marmeleira et al., 2018).

Blood Samples and Cytokine Measurement
Fasting venous blood samples were collected from the antecubital
vein into EDTA tubes (8 ml), centrifuged (1,000 g, 10 min),
aliquoted into microtubes, and stored at -80°C. Blood
collection was performed before the first exercise session and
48 h after the last exercise bout. We selected a panel of cytokines
related to metabolic, endocrine, and immunological effects that
are impacted by aging. The systemic levels of interleukin (IL)-1ra,
IL-1β, IL-2, IL-6, IL-10, IL-17, interferon (IFN)-α, tumor necrosis
factor (TNF)-α (all fromThermo Fisher, United States), fibroblast
growth factor (FGF)-1, platelet-derived growth factor (PDGF),
and transforming growth factor (TGF)-α (all from RayBiotech,
United States) were determined by enzyme-linked immunosorbent
assay (ELISA) following the manufacturer’s instructions in a
microplate reader (EzReader, Biochrom, United States). The
coefficients of variation of all assays were always <7.5%.

Cell Culture Experiments
The PC3 prostate cancer cell line from the American Type
Culture Collection (ATCC® CRL-1435™) was used in this

study. PC3 cells were used in this study due to their use in
investigating biochemical changes in advanced prostate
cancer cells and their characteristic of androgen
unresponsiveness which makes them ideal for aging
studies. Cells were cultured in 75 cm2

flasks using Roswell
Park Memorial Institute medium-1640 (RPMI-1640)
supplemented with 10% (v/v) fetal bovine serum (FBS),
0.1 mg/ml streptomycin, and 100 U/mL penicillin. Cells
were maintained in a humidified incubator at 37°C and at
5% CO2, during a maximum of 15 passages. Cells were plated
in a 96-well plate with 10% FBS for 24 h before replacing the
FBS with human plasma. During experiments, 10% FBS was
replaced with 10% of human plasma obtained from older
adults before or after the training sessions and from young
lean men with low and high PF. Plasma obtained before and
after training was incubated separately with PC3 cells. All
experiments were done in triplicate, and the results were
shown as the mean of triplicates from three independent
experiments.

After a 48-h treatment, the cell viability assay [3-(4,5-
dimethylthiazole bromide-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) and LDH release] was performed by colorimetric
reduction of MTT to formazan. Samples were read using a
spectrophotometer at 492 nm (Mosmann, 1983). Appropriate
controls with dimethyl sulfoxide (DMSO) (extract solvent) and
the blank liposome were performed to eliminate the membrane
solvent hydrolysis effect in the interpretation of the results. PC3 cells
treated with pre-post-training plasma obtained from older adults
were also incubated with N-acetylcysteine (NAC, 2mM) for 24 h
before the cell viability determination by MTT.

LDH activity was evaluated in a commercial kit (LDH Roche,
Brazil). Released LDH in the culture media was coupled to an
enzymatic assay yielding a red color, the intensity of which was
measured at 490 nm using a microplate reader.

The proliferative response of PC3 was evaluated by the
decay of carbofluorescein succinimidyl ester (CFSE)
fluorescence using an FACSCalibur (Becton Dickinson, San
Jose, CA) flow cytometer equipped with a blue argon laser
(488 nm) and a 530/30 nm bandpass filter. The CFSE
fluorescence was analyzed in histograms of the FL1
channel. The “M1 region” was defined as CFSE-stained
cells derived from unstimulated cultures, which
represented the peak of quiescent cells, and the M2 region
was defined as proliferative cells according to the peaks of
CFSE intensity. Apoptosis and necrosis of PC3 cells were
measured using FITC Annexin V with a propidium iodide
Apoptosis/necrosis Detection Kit (556547, BD Biosciences)
according to the manufacturer’s instructions using an
FACSCalibur flow cytometer (BD Biosciences).

Mitochondrial membrane polarization and cytosolic and
mitochondrial reactive oxygen species (ROS) analyses were
performed after 12 h of in vitro PC3 incubation with pre- and
post-exercise training plasma. The mitochondrial membrane
potential (ΔΨm) was quantified according to a method previously
described (Ferlini and Scambia, 2007) using the fluorescent dye
rhodamine 123 (Rh 123, Sigma-Aldrich, United States).
Mitochondrial superoxide generation in live cells was assessed
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with MitoSOX Red (Invitrogen, Thermo Fisher, United States).
Cytosolic ROS production was evaluated using the reagent 20,70-
dichlorofluorescein diacetate (DCF-DA), which becomes fluorescent
when oxidated by ROS (SigmaAldrich, United States). Analyses were
performed by using CELLQuest Pro Software (BD Bioscience) on an
FACSCalibur flow cytometer (BD Bioscience).

Statistical Analysis
Data were analyzed in GraphPad Prism 8.0 (United States). Data
were presented as mean ± standard deviation. Nonparametric
tests were used in this study because of the small sample size of
in vitro experiments. The before–after exercise training
comparisons were analyzed by the Wilcoxon matched-pairs
signed rank test. The effects of plasma obtained from high PF
and low PF as well as the plasma collected before and after
exercise training from older adults on cell viability evaluated by
the MTT assay, LDH release, and PC3 cell proliferation were
compared by the Kruskal–Wallis test corrected by Dunn’s post-
test for multiple comparisons. Spearman’s correlation test was
applied to verify the relationship between systemic inflammatory
mediators and in vitro PC3 measurements. p-value ≤0.05 was
considered statistically significant.

RESULTS

Prostate Cancer Cell Viability and
Proliferation Are Modulated by Physical
Fitness Status and Exercise Training
Practice
All participants completed all intervention trial sessions, and no
adverse effect was reported. Furthermore, all participants provide
blood samples before and after exercise training. First, we
evaluated the effects of plasma obtained from young
individuals with different PF statuses (low and high) and from
older adults before the engagement in a multimodal exercise
training (Figures 1, 2). PC3 incubated with plasma acquired from
young men with high PF presented low cell viability (p = 0.01)
and higher LDH released (p = 0.001) compared to the incubation
trial with plasma obtained from the older adults. The percentage
of cells undergoing proliferation was lower in the incubation of
PC3 with plasma from the high-PF group compared to the older
adults (p = 0.001). However, the analyses of PC3 cell viability or
proliferation in the low-PF young group did not differ compared
to the other groups (p > 0.05).

FIGURE 1 | Effects of plasma from young high-PF adults (n = 5), young low-PF adults (n = 5), and older adults (n = 8) submitted to multimodal exercise training on
viability and proliferation of the PC3 prostate cancer cell line. PC3 prostate cancer cell lines were incubated with the plasma of young high-PF adults and young low-PF
adults and with the plasma of institutionalized older adults obtained before training and 48 h after 8 weeks of exercise training. Cell viability was evaluated by MTT and
LDH activity and proliferation by the drop of CFSE fluorescence in PC-3 cells after 48 h of cell culture. All experiments were done in triplicate, and the results are
shown as the mean of triplicates from three independent experiments. *p < 0.05; **p < 0.01; ***p < 0.001.
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Thus, plasma factors in the blood of individuals with a higher
PF status presented anticarcinogenic effects in a prostate cancer
cell line compared to those observed in the plasma of older adults.
Next, older adults were submitted to 8 weeks of multimodal
exercise training, and plasma was obtained after the intervention.

Interestingly, the incubation of the PC3 prostate cancer cell line
with the post-training plasma of older adults resulted in lower cell
viability (p = 0.03) and cell proliferation (p = 0.007) and higher
LDH release (p = 0.02) compared to the pre-training plasma
condition.

FIGURE 2 | Anticarcinogenic effects of plasma from trained older adults (n = 8) in the PC3 prostate cancer cell line. PC-3 Prostate cancer cell lines were incubated
with the plasma of institutionalized older adults obtained before training and 48 h after 8 weeks of exercise training. The histogram of rhodamine-123 (A) evaluated the
mitochondrial membrane potential (B), the histogram of Mitosox (C) quantified mitochondrial superoxide (D) generation, and the histogram of DCF (E) evaluated
cytosolic ROS (F) production after 12 h of PC3 cell line incubation with plasma obtained before and after exercise training. Apoptosis (Annexin-V+ cells) or necrosis
(propidium iodide + cells) did not differ before and after comparison (G). (H) Cell viability (MTT) was evaluated without and with NAC concomitant with the incubation of
PC3 cells with plasma from older adults. All experiments were done in triplicate, and the results are shown as themean of triplicates from three independent experiments.
*p < 0.05; **p < 0.01; ***p < 0.001.
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Plasma Acquired After Multimodal Exercise
Training Changes the Mitochondria
Membrane Potential and Increases
Mitochondrial Reactive Oxygen Species
Production
Next, we evaluated the role of mitochondria-induced ROS
generation in the anticarcinogenic effects of plasma of trained
older adults. After 12 h of PC3 cell culture, post-training plasma
decreased mitochondrial membrane polarization compared to
pre-training plasma incubation conditions (p < 0.01). The
mitochondrial membrane depolarization was accompanied by
increased mitochondrial ROS production in the PC3 cell line
incubated with post-training plasma (p = 0.007), without changes
in cytosolic ROS generation (p > 0.05). Finally, PC3 cell line
incubation with post-training plasma did not change apoptosis or
necrosis cell events (p > 0.05). In addition, we treated PC-3
prostate cancer cells with NAC, an antioxidant molecule and a
glutathione/trypanothione precursor, to evaluate if the viability of
PC3 cells could be preserved. When we added NAC in the
exercised plasma treatment of PC3 cells, the action of
conditioned plasma was almost completely reversed (p = 0.038).

Multimodal Exercise Training Alters
Systemic Cytokine Levels of
Institutionalized Older Adults
Increases in the plasma levels of interleukin (IL)-2 (p = 0.007),
interferon-alpha (IFN-α) (p = 0.007), and fibroblast growth factor
(FGF)-1 (p = 0.001) occurred after the training period. On the
other hand, tumor necrosis factor-alpha (TNF-α) concentrations
decreased (p = 0.03) after training (Figure 3). No statistical
differences were observed in IL-1ra, IL-1β, IL-6, IL-10, PDGF,
IL-17a, or TGF-α (p > 0.05) (Supplementary Figure S2).

The percentage (%) of change of cytokine plasma levels in
response to multimodal exercise training was correlated with the
percentage of changes of in vitro experiments, MTT, LDH, CFSE
cell proliferation, cytosolic ROS, mitochondrial membrane
polarization, and mitochondrial ROS, in the PC3 prostate
cancer cell line. IL-10 correlated with mitochondrial
membrane polarization (r = 0.82; p = 0.04), TNF-α inversely
correlated with mitochondrial ROS (r = −0.94; p = 0.005), IL-6
positively correlated with mitochondrial ROS (r = 0.82; p = 0.04),

and cell viability evaluated by MTT correlated with IL-17 (r =
0.76; p = 0.02).

DISCUSSION

Themain results of this study were as follows: 1) the incubation of
the PC3 prostate cancer cell line with plasma acquired from
young men with high PF leads to lower cell viability and
proliferation compared to the cell treatment with pre-training
plasma obtained from older adults; 2) post-exercise training
plasma of older adults leads to lower cell viability and
proliferation rates in PC3 prostate cancer cells; 3) conditioned
post-training plasma induced mitochondrial membrane
depolarization and higher mitochondrial ROS, but not
cytosolic ROS, in PC3 prostate cancer cells without changes in
apoptosis/necrosis rate; 4) 8 weeks of multimodal exercise
training increases the systemic levels of IL-2, IFN-α, and FGF-
1 and decreases the TNF-α concentrations in aged individuals.
Taken together, we showed for the first time that multimodal
exercise training induces systemic inflammatory adaptations in
institutionalized older adults in parallel to the enhanced
anticarcinogenic potential of blood mediators against prostate
cancer through changes in mitochondrial membrane polarization
and mitochondrial ROS generation.

The plasma collected from highly conditioned young men, but
not from low-PF individuals, decreased the PC3 cell viability and
lowered cell proliferation. These results are in line with the results
previously reported by a series of systematic reviews and meta-
analysis recently published, which demonstrated the
anticarcinogenic potential of peripheral blood factors of
exercised individuals (Metcalfe et al., 2021; Soares et al., 2021).
The regular practice of exercise leads to chronic adaptations that
reduce cancer risk through changes in cancer risk circulating
biomarkers (Friedenreich et al., 2017). The difference between
young and older adults might also occur due to the age-related
changes in immune functions that contribute to the relationship
concerning cancer and the aging process (Ames and Gold, 1991).
The mechanisms of cancer development with age involve the
chronic elevations in concentrations of pro-inflammatory
cytokines resulting in low-grade inflammation together with a
lifetime accumulation of DNA mutation, leading to inevitable
errors during repair or replication of damaged DNA (López-Otín

FIGURE 3 | Impact of 8 weeks of multimodal exercise training on systemic cytokine levels of institutionalized older adults. *p < 0.05; **p < 0.01; ***p < 0.001.
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et al., 2013; Ferrucci and Fabbri, 2018). Notwithstanding, the
present data reinforce the concept that plasma from young
trained human participants can modulate cancer cell viability
and proliferation and can be applied to probe mechanisms and
countermeasures to age-related cancer development.

Interestingly, apoptosis and necrosis rates were unchanged after
the incubation of the PC3 prostate cell linewith conditioned exercised
plasma, confirming previous data that demonstrate that exercised
mediators reduce cell viability without changes in cell death pathways
(Rundqvist et al., 2013; Matos et al., 2021). Notably, several studies
were conducted using acute exercise session models, and the tumor-
suppressive effects of chronic exercise training are poorly studied.
Moreover, some past longitudinal studies contrast with our findings
regarding the role of plasma collected after exercise training on
changes in cancer cell viability and proliferation (Devin et al.,
2019; Soares et al., 2021). In a recent systematic review with
meta-analysis, Soares and others (2021) identified that the viability
of cancer cells did not change after post-training plasma stimuli. The
authors indicated that conflicting results may be related to the
population study, cancer cell lineage, or exercise intervention
types. On the other hand, prostate cancer cells may be more
susceptible to changes in post-training plasma composition. In
this line, plasma acquired from trained rats reduced prostate
cancer cell viability without changes in other key prostate tumor
characteristics (i.e., migration and cell cycle) (Opoku-Acheampong
et al., 2019). Similarly, two recent studies from the same research
group demonstrated that long-term supervised multimodal exercise
training changes blood factor composition and the incubation of
cancer cells with the trained serum reduces tumor cell growth (Kim
J.-S. et al., 2022; Kim JS. et al., 2022).

Here, we describe for the first time the mitochondrial dysfunction
in the PC3 prostate cell line incubated with post-exercise training
plasma of older adults. Targeting cancer cell mitochondria has been
long suggested as a therapeutic approach to control cell proliferation
and growth (Chattopadhyay and Roy, 2017). In this sense, several
pharmacological therapies alter mitochondrial functions to induce
cell death and lower tumor progression (Wen et al., 2013). In the
present study, we show that depolarization of the mitochondrial
membrane potential is associated with increasing superoxide
production (mitochondrial ROS) after 12 h of PC3 incubation
with the conditioned plasma of the older adults. Furthermore,
mitochondrial membrane depolarization leads to translocation of
apoptosis-induced factor (AIF) to the nuclei and activation of
caspase-12 associated with the endoplasmic reticulum to induce
cell death (Wang and Youle, 2009). Moreover, mitochondrial
membrane depolarization directly affects complex II and its
function in electric chain transport, leading to ROS generation
and the activation of the apoptotic cascade (Zorov et al., 2014).
Furthermore, increases in p53 protein expression in prostate tumor
cells by exercise conditioned serum were previously related to a
reduction in cell growth and proliferation (Leung et al., 2004). P53 is
commonly described as a tumor suppressor gene by its role in
conserving genome stability and preventing DNA mutation and
becomes activated in response to myriad stressors, including
oxidative stress (Leung et al., 2004). However, the lack of changes
in apoptosis rate after conditioned plasma incubation may indicate
the need for repeated or prolonged incubation time to induce cancer

cell death. Notably, decreases in mitochondria membrane
depolarization result in elevated cytochrome c release, a marker of
low cell viability, since proper levels of cellularATP and redox balance
are essential for cell viability and proliferation (MacDonald et al.,
2018). Furthermore, pharmacological suppression of NADPH
oxidase (NOX), an enzymatic complex capable of oxidizing
NAPH or NADH to NADP+ or NAD+, directly impacts cancer
cellmitochondria, leading to a decrease in cellular glycolysis and a loss
of cell viability and growth (Lu et al., 2012). Furthermore, we cannot
exclude the fact that mitochondrial membrane depolarization and
ROS generationmay directly impact on cell viability and proliferation
by targeting the Warburg effect, an event related to increases in
aerobic glycolysis that supports tumor growth (Wen et al., 2013).

Here, exercise training was able to decrease pro-inflammatory
TNF-α levels, suggesting a role to induce an anti-inflammatory
profile in institutionalized elderlies. However, other classic
proinflammatory mediators, such as IL-6, IL-17a, and IL-1β,
did not change after 8 weeks of multimodal exercise. These
results may suggest that the potential anti-inflammatory
adaptations observed in previous observational and exercise
training studies (Sellami et al., 2021) may need a longer
intervention time than 8 weeks to be achieved. On the other
hand, this is the first study to observe increased FGF-1 increased
after an exercise training period. FGF-1, also called acidic FGF,
plays an important role in the regulation of cell survival, cell
division, angiogenesis, cell differentiation, and migration (Li,
2018). Interestingly, experimental studies show that mice
treated with FGF-1 restore blood glucose levels and
endothelial functions, highlighting the role of this growth
factor in vascular health and metabolic control (Keeley et al.,
2019). Furthermore, the mutated fgf1 gene is linked to an
accelerated neurological senescence profile in mice (Carter
et al., 2005). Thus, FGF-1 emerges as an important biological
mediator in the control of aging through exercise training.

We found an increase in IL-2 and IFN-α levels in the peripheral
blood of the older adults after the exercise training period. Both IL-2
and IFN-α have strong antitumorigenic direct effects against cancer
cells, and in vitro cytokine treatment of prostate tumor cell lines can
effectively alter a number of prostate carcinoma properties closely
associated with tumor invasion and the metastatic phenotype
(Westdorp et al., 2014). IFN has an important role in the
regulation of mitochondrial functions, and seminal studies pointed
out that IFN treatment causes a reduction in cellular ATP levels and
inhibits tumor growth (Shan, Vazquez, Lewis, 1990; Lewis et al.,
1996). Furthermore, IFN type I has a cross-over interaction with
mitochondrial ROS to control cell proliferation and survival (Yim
et al., 2012; Wang et al., 2017). The correlation between post-training
cytokine levels and PC3 cell viability, proliferation, andmitochondrial
functions revealed some associations between changes in systemic
inflammatory mediators and the cancer cell phenotype. In this line, a
recent study conducted by Orange et al. (2022) indicated that
systemic myokine release induced by exercise directly impacts
tumor cell DNA damage induction and repair which may be
associated with reductions in cancer cell proliferation.

In conclusion, this exercise training study described for the first
time the potential of conditioned plasma to decrease cell viability and
proliferation in the PC3 prostate tumor cell line. We also
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demonstrated a new mechanistic pathway by which exercise may
alter prostate cell functions through mitochondrial functions, mainly
by mitochondrial membrane depolarization and superoxide
formation. These changes were accompanied by alterations in
several systemic inflammatory mediators after multimodal exercise
training. Collectively, changes in blood factor composition by exercise
training contribute to the control of prostate tumorigenesis,
suggesting the role of exercise as an adjuvant therapy in cancer
treatment and prevention.
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