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Abstract: Physical exercise generates a systemic response in the immune system. It has been observed
that cell populations respond to exercise stimuli, especially Natural Killer cells, whose number
increase within minutes of starting physical exertion. This study aimed to evaluate the acute effect
of moderate- and high-intensity exercise on immunological markers in healthy women. As spe-
cific objectives, the percentages of CD3-CD56+ Natural Killer total cells, CD56brightCD16dim effector
subpopulation, CD56dimCD16bright cytotoxic subpopulation, NKG2A inhibition receptor, NKG2D
activation receptor, and NKT cells were analyzed. In addition, the levels of the cytokines IL-1β, IL-6,
IL-8, IL-10, IL-12p70, and TNF and the chemokines CCL5/RANTES, CXCL9/MIG, CCL2/MCP-1,
and CXCL10/IP-10 were also analyzed. Natural Killer total cells showed an increase in their per-
centage in both exercise protocols (p = 0.001 for the moderate-intensity group and p = 0.023 for the
high-intensity group); however, only in the high-intensity exercise session was there an increase in the
CD56dimCD16bright cytotoxic subpopulation (p = 0.014), as well as a decrease in CD56brightCD16dim

effector subpopulation (p = 0.001) and their NKG2A inhibition receptor (p = 0.043). An increase
in IL-6 was observed after the high-intensity exercise session (p = 0.025). Conclusions. Physical
exercise influences immunological markers and shows an acute response to moderate- or high-
intensity exercise.

Keywords: Natural Killer cells; exercise; cytokine profile

1. Introduction

Physical exercise generates a systemic response in the immune system, in both the
innate and adaptive immune system. This systemic response is reflected in the leukocyte
populations and is characterized by an increase in peripheral blood and redistribution to
organs and tissues, mainly Natural Killer cells (NK), followed by CD8+ T cells, B cells, and
then CD4+ T cells. NK cells are the cells that are most sensitive to the effect of physical
exercise, as their numbers increase within minutes of starting physical exertion [1,2]. These
cells are part of the body’s first line of defense against pathogens or cancer cells, so estab-
lishing an adequate exercise load to increase them and improve their cytotoxic capacity can
improve the prevention of various diseases, in addition to identifying the behavior of its
subpopulations and its specific receptors [3,4]. The increase of NK cells in peripheral blood
is due to the release of cytokines during muscle contraction which induce the proliferation,
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maturation, and activation of NK cells; another way that these cells increase is due to the
catecholamines released by exercise, mobilizing epinephrine-dependent NK cells; finally, in-
creased blood flow stimulates NK reservoirs located in the vascular endothelium. The main
subpopulations of NK cells are CD56brightCD16dim (effector subpopulation) with secretory
function of cytokines and CD56dimCD16bright (cytotoxic subpopulation), which have the
function of eliminating target cells through perforins and granzymes; they correspond to
approximately 10% and 90% in peripheral blood of NK cells, respectively [4].

On the other hand, cytokines and chemokines are the molecules responsible for
communication and signaling between the components of the immune system and are
involved in the acute and chronic response to exercise; they facilitate the distribution of
lymphocytes, neutrophils, monocytes, and other cells, which participate in the elimination
of the antigen and the recovery of homeostasis. Some of these soluble markers are secreted
by contracting muscle fibers and may have anti- and pro-inflammatory properties [5].

The effect of the type, intensity, and duration of exercise has been reported on immuno-
logical markers [6,7]. It has been suggested that moderate-intensity exercise shows greater
benefits to the immune system by stimulating NK cell activity, improving antigen presenta-
tion, reducing inflammation, and preventing cellular ageing. Instead, the high-intensity,
long-duration exercise decreases the proliferation of T cells and their cytotoxic capacity [8],
in addition to the inhibition of immunomodulatory cytokines, which can cause immunity to
remain suppressed for hours or days after strenuous exercise, making the body susceptible
to infections [9]. However, the effect of high-intensity exercise load at short intervals and
the possible immune system stimulation without causing immunosuppression has not
been reported, contrasting with long-duration intense exercise [1].

It is necessary to know the systemic immune response to an exercise load in different
modalities in healthy people to establish the bases for more assertive exercise prescription
in people with health conditions with a compromised immune system. The data currently
accumulated on the effects of exercise in relation to the immune system show the knowl-
edge gap that remains to be explored to take advantage of an adequate dosage of exercise
as a complementary therapy to a comprehensive treatment. Our hypothesis is that physical
exercise of moderate intensity and high intensity of short duration could contribute to the
enhancement of the response of markers of the immune system for the prevention or treat-
ment of diseases; based on this, this study aimed to evaluate the acute effect of moderate-
and high-intensity exercise on immunological markers in healthy women. As specific objec-
tives, the percentages of CD3-CD56+ Natural Killer total cells, CD56brightCD16dim effector
subpopulation, CD56dimCD16bright cytotoxic subpopulation, NKG2A inhibition receptor,
NKG2D activation receptor, and NKT cells were analyzed. In addition, the levels of the
cytokines IL-1β, IL-6, IL-8, IL-10, IL-12p70, and TNF and the chemokines CCL5/RANTES,
CXCL9/MIG, CCL2/MCP-1, and CXCL10/IP-10 were also analyzed.

2. Materials and Methods
2.1. Participants and Study Design

A quasi-experimental study was carried out to evaluate the acute effect of moderate-
(n = 23) and high-intensity (n = 9) physical exercise on immunological markers by flow
cytometry. The study included 30 women recruited through a call. Inclusion criteria
included more than 18 years of age, no acute or chronic conditions, not taking beta-blocker
drugs, and no pregnancy.

The project obtained the approval of the Research Ethics Committee of Hospital
Angeles de Chihuahua (Registration: 18-CI-08-019-009), adherence to the standards of the
Declaration of Helsinki was ensured, and each participant was asked to sign the respective
letter of informed consent; a medical authorization was also required for the participants of
the high-intensity session.
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2.2. Physical Exercise Session

The moderate session consisted of 30 min on a treadmill at 40% of the reserve heart
rate, supervised with Polar OH1 monitor (Model 2L WR30). The high-intensity session
consisted of four minutes of intervals of eight cycles of 20 s of “All-Out” exercise (skipping,
jump squat, butt kicks, and jumping jack) for every 10 s of active rest. Blood samples
were taken before and immediately after each exercise session. All subjects completed the
exercise session, and it was performed individually to ensure blood extraction with the
same post-exercise timing.

2.3. Flow Cytometry

Blood samples were lysed with Red Blood Cell Lysing Buffer Hybrid-MaxTM (Sigma-
Aldrich Co., LLC, REF R7757, San Louis, MO, USA) and stained with anti-CD3 PerCP
(Becton Dickinson, #cat. 347344, clone SK7, CA, United States), anti-CD16 APC-H (Thermo
Fisher Scientific, #cat. 560195, clone 3G8, Madrid, Spain), anti-CD56 APC (Becton Dickinson,
#cat. 555518, clone B159, San Jose, CA, USA), anti-NKG2D FITC (Thermo Fisher Scientific
#cat. 320820, clone 1D11, Walthman, MA, USA), anti-NKG2A Biotinylated (Miltenyi Biotec,
#cat. 130113564, clone REA110, Bergisch Gladbach, Germany), and Streptavidin PE (Becton
Dickinson, #cat. 349023, CA, United States). FMO (Fluorescence Minus One) controls were
performed to identify fluorescence limits and establish populations and Gate Strategies
(Figure 1).
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Figure 1. Fluorescence Minus One (FMO) and Gate Strategy. Representation of the Fluorescence
control Minus One. The dot plot of the unstained control, FMO control, and fully stained sample is
shown for each fluorochrome. The blue line represents the limit of the unstained sample, and the
red line the FMO limit. The Gate Strategy shows the analysis of NK total cells, their NK effectors
CD56brightCD16dim and NK cytotoxic CD56dimCD16bright subpopulations, and their NKG2A and
NKG2D receptors, as well as NKT cells CD3+CD56+. Subpopulations of NK cells were derived from
the NK total population CD3-CD56+.
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Cytokine levels were analyzed by a Cytometric Bead Array, using Human Inflamma-
tory Cytokines Kit BDTM (# cat. 551811, Franklin Lakes, NJ, USA) for the quantification of
IL-1β, IL-6, IL-8, IL-10, IL-12p70, and TNF, and the chemokine levels were analyzed with
the Human Chemokine Kit BDTM (#cat. 552990, NJ, United States) for the quantification
of CCL5/RANTES, CXCL9/MIG, CCL2/MCP-1, and CXCL10/IP-10. In both protocols,
5 µL of each capture bead, 25 µL of the PE Detection Reagent, and 50 µL of plasma were
prepared for each sample in 1.5 mL tubes; they were incubated for 1.5 h at room temper-
ature, protected from light, and washed with 1 mL of Wash Buffer. Samples were then
resuspended with 300 µL of Wash Buffer.

Concentrations in pg/mL were calculated from the construction of a standard curve
for each cytokine and chemokine.

The Thermo Fisher Scientific Attune NxT flow cytometer and FlowJo X Software
(Becton Dickinson ™ v10.7) were used for the analysis of NK cell populations, cytokines,
and chemokines. For the quantification of cytokines and chemokines, the size (FWD)
with the complexity (SSC) of the spheres was considered to delimit the fluorescence in-
tensity corresponding to each one and calculate their concentration in picograms per
milliliter (pg/mL).

2.4. Statistical Analysis

A data analysis was performed in the R 4.2.1 environment for statistical analysis [10].
The normality of the data and the homogeneity of variances were evaluated using the
Shapiro–Wilk and Bartlett tests, respectively. The cosine transformation was applied to both
experimental groups when significant deviations from normality were found. Student’s
t-test for related samples was applied to compare before and after physical exercise, while
a Student’s t-test for independent samples (α = 0.05) was used to compare the two physical
exercise protocols in the total sample of each group. Moreover, categories were generated
to analyze NK cell data with age categories (≤40 years vs. >40 years); Body Mass Index
(normal weight vs. overweight and obesity) according to the Quetelet’s Index and the World
Health Organization, which considers a normal weight to be 18.5–24.9 kg/m2, overweight
to be ≥25 kg/m2, and obesity to be ≥30 kg/m2; and physical condition (sedentary vs.
active) assessed by the International Physical Activity Questionnaire in short form (IPAQ-
SF) and based on the WHO physical activity recommendations.

3. Results

Samples of 30 women who agreed to participate in the study were analyzed. Seven
participants who were taking antidepressant, anxiolytic, or sleeping pills were excluded
(due to possible interference with the immune response). The age of patients ranged
between 21 and 55 years, and they had an average BMI of 25.5 kg/m2. These patients
performed the moderate-intensity session, while the high-intensity session was completed
by nine participants between the ages of 21 and 30.

The percentage of the total NK cell markers CD3-CD56+, the subpopulation effec-
tors CD56brightCD16dim and cytotoxic CD56dimCD16bright, the receptors NKG2A for in-
hibition and NKG2D for activation, and the percentage of total CD3+CD56+ NKT cells
were evaluated.

For the moderate-intensity-session group, it was found that only in the population of
total CD3-CD56+ NK cells was there a statistically significant increase from 5.7 ± 0.7% to
7.3 ± 0.8% (p = 0.001) (Figure 2). However, when considering the age groups, BMI, and
physical condition, changes were observed in most of the markers of these cells (Table 1).

The high-intensity session was performed by nine of the participants; for these women,
we found an increase in the population of total CD3-CD56+ NK cells (7.75 ± 1.5 vs.
19.04 ± 4.8, p = 0.023) and the CD56dimCD16bright cytotoxic population (83.48 ± 7.7 vs.
87.26 ± 8.5, p = 0.014), as well as a decrease in the effector population CD56brightCD16dim

(5.27 ± 1.0 vs. 2.83 ± 1.2, p = 0.001) and the inhibition receptor NKG2A (35.02 ± 3.5 vs.
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32.08 ± 3.4, p = 0.043). In this group, it was impossible to make comparisons according to
age categories, BMI, or physical condition (Figure 2).
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Figure 2. Acute response of the Natural Killer sub-populationto a single load of physical exercise at
moderate and high intensity and the difference in response between both intensities Paired Student’s
t-test for related samples and Student’s t-test for independent samples. * significant differences
p-value < 0.05.

The comparison between the post-exercise results of the moderate-intensity vs. high-
intensity exercise sessions showed a higher increase in the total CD3-CD56+ NK cells
(7.42 ± 0.8 in contrast to 19.04 ± 2.6, p < 0.01) and a higher decrease in the effector popula-
tion CD56brightCD16dim (4.69 ± 0.4 against 2.83 ± 0.7, p = 0.024); a decrease in the inhibition
receptor NKG2A (36.36 ± 2.6 in comparison 32.08 ± 3.4, p = 0.021) was also observed in
those who performed high-intensity session (Figure 2).

The cytokine and chemokine profile analyses (Figures 3 and 4) obtained from six
participants of each exercise protocol were included. The results showed a slight increase
in IL-6 (11.47 ± 0.2 vs. 12.12 ± 0.2, p = 0.025) after four minutes of high-intensity exercise.
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Table 1. Pre–post exercise values on NK cell markers according to age, BMI, and physical condition for moderate-intensity group.

Age BMI Physical Condition

≤40 Years
(n = 16)

>40 Years
(n = 7)

Normal Weight
(n = 14)

Overweight and Obesity
(n = 9)

Sedentary
(n = 11)

Active
(n = 12)

Cell Population
(%) Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

NK total cells
CD3-CD56+ 5.8 ± 0.9 7.2 ± 1.0 * 5.4 ± 0.7 7.5 ± 1.0 ** 6.0 ± 0.9 7.3 ± 1.0 5.1 ± 0.8 7.2 ± 1.10 ** 5.6 ± 1.2 6.7 ± 1.2 5.8 ± 0.7 7.9 ± 1.0 **

NK effectors
CD56brightCD16dim 5.4 ± 0.7 4.3 ± 0.5 *
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4. Discussion

We analyzed 23 women between 21 and 55 years, with a mean of 37 ± 8.5 and a mean
BMI of 25.5 ± 4.2, who performed a moderate-intensity exercise session. After this, nine
participants performed a high-intensity session. The percentages of NK cells and their
populations, as well as the cytokine and chemokine profile, were evaluated to determine
the immune response to an exercise load.

4.1. NK Cells

Total CD3-CD56+ NK cells showed an increase in peripheral blood after moderate-
and high-intensity physical exercise. The increase in the total population of NK cells agrees
with some reports about the acute effect of exercise [11–15]. The reported results and
those obtained in this work suggest that this response is based on the effect caused by
the epinephrine released during physical exertion, which stimulates the beta-adrenergic
receptors present in NK cells, as well as the effect of increased blood flow on NK reservoirs
present in the vascular endothelium [4,16,17]. However, these authors only reported the
percentage of total NK cells, without considering the behavior of their populations or their
receptors; likewise, in their results, not all of them expressed whether there is a possible
influence of individual factors such as age, BMI or physical condition.

In moderate-intensity exercise, the effector population decreased regardless of age,
while the cytotoxic population increased only in those over 40 years of age, a response
similar to that found by Millard et al. in 2013 [18]; however, Campbell et al. (2018) [2]
mention that, despite this response, the cells have a lower cytotoxic capacity due to the
effect of ageing. Sellami et al. (2018) [19] and Lutz et al. (2005) [20] concluded that ageing
induces changes in the phenotype and function of NK cells, finding that these cells present
a higher response in the adult population compared to young individuals. On the other
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hand, Krishnaraj et al. (1998) [21] showed that the increase in catecholamines released
during exercise is greater in older individuals, and it directly influences the beta-adrenergic
receptors of cytotoxic NK cells. It is important to highlight the low migratory potential
of the cytotoxic population towards lymphoid tissues, remaining constant in peripheral
blood, in contrast to the affinity of the effector population for secondary lymphoid tissues,
where it is considered that its decrease due to exercise may be due to a possible relocation
of effector NK cells to other tissues, thus increasing immunosurveillance in the body [2].

The effector population decreased regardless of BMI, while, only in overweight or
obese participants, an increase in the cytotoxic population was observed. There is insuffi-
cient information on the phenotype of NK cells in overweight and obese subjects. However,
Viel et al. (2016) [22] reported that the higher the BMI, the higher the percentage of NK cells;
nevertheless, these increased cells in people with obesity presented impaired cytotoxic
activity due to having a low degranulation capacity, which could contribute to a greater
susceptibility to developing cancer or infectious diseases. No studies were found where
the effect of exercise on NK cells in subjects with a high BMI was analyzed; however,
Viel et al. (2016) [22] and Barh et al. (2018) [23] highlight the importance of exercise for the
regulation of body weight since the alterations generated in NK cells, such as the decrease
in degranulation capacity or low cytotoxic activity, seems to be corrected with weight
loss. In addition, overweight patients could benefit from the increase of the cytotoxic
population generated by the exercise. On the other hand, only in the participants with an
active physical condition was it possible to observe changes in the NK cell populations,
the decrease in the effector population, and the increase in the cytotoxic population. These
results suggest a direct relationship with a previous report [2] about the effect that regular
physical activity can have on limiting or delaying the ageing of the immune system and can
explain the reduction in the incidence of cancer among people who are physically active
throughout life [24].

In women older than 40 years, a slight but significant decrease in NKG2A receptor
inhibition was observed; according to previous studies, the effector population of NK cells
has a high amount of the NKG2A receptor compared to the cytotoxic population, and
this could indirectly explain the decrease in this marker. Additionally, the decrease in
the percentage of this receptor indicates that the NK cell has a more mature stage and,
consequently, a more cytotoxic phenotype. On the other hand, a slight decrease in receptor
activation NKG2D was observed in the mild-intensity-group participants with average
weight, which could reflect a security measure to prevent excessive stimulation of NK cells
that would lead to immunopathology [25]. Previous reports have studied the response of
this receptor to physical exercise. There were no statistical differences [18,26]; however, it is
not possible to establish a comparison between results due to the assortment of samples
and intensity of exercise.

In the high-intensity session, an increase in the total and cytotoxic population of NK
cells was observed, and a decrease in the effector population and the NKG2A receptor in
all participants (n = 9) was observed compared to the moderate-intensity session. This
could indicate that the greater the stimulus, the greater the NK cell response is observed, as
long as it is not a prolonged workload, since it has been found that, during exercises that
combine high intensity and long duration, immunosuppression occurs [27].

4.2. Cytokine and Chemokine Profile

Circulating cytokines and chemokines are essential for the communication of signals
from the immune system; however, the secretion of these factors can be altered by various
stimuli throughout life, including physical exercise [28,29]. Moderate-intensity exercise
has shown anti-inflammatory effects in the context of low-grade chronic inflammation.
Nevertheless, high-intensity interval training has begun to be studied for health purposes
due to its ability to obtain cardiometabolic benefits with shorter exercise sessions; how-
ever, studies under this modality are still scarce compared to those carried out regarding
continuous moderate exercise [30].



Sports 2023, 11, 189 9 of 12

In the present study, a slight increase in the concentration of IL-6 was observed
after a short session of high-intensity exercise. This cytokine has been studied for its
pro- and anti-inflammatory effects and its relationship with physical exertion. Strenuous
exercise can increase the plasma IL-6 levels in healthy individuals in a single session due to
muscle damage [31]; this increase in peripheral blood has an influence on the reduction
of concentrations of postprandial glucose and reduced insulin secretion, in addition to
playing a role in appetite regulation and visceral fat mass loss [32].

In addition, in recent years, it has been observed in murine models that NK cells can
suppress tumor cell growth through the mobilization of epinephrine- and IL-6-dependent
cytotoxic NK cells secreted during exercise [32–34].

The acute effect of exercise generates a complex response of pro- and anti-inflammatory
events that depends on the type, intensity, duration, and specific conditions of each indi-
vidual, such as the age, body composition, physical condition, or presence of diseases. The
practice of regular exercise has been considered an anti-inflammatory therapy. Once the
immediate inflammatory response to physical exertion is reestablished, where it has been
reported that it returns to its basal level from 5 to 24 h after exercise, a response that seems
to be necessary for tissue repair [35].

It is important to highlight that the participants in this investigation were women,
which indicates that many variables would need to be monitored or evaluated to confirm
that the changes found in our study and other investigations are exclusively because of
exercise since the female hormonal variations or the menstrual-cycle stage could influence
the immunological markers evaluated. The immune response, both cellular and humoral,
can be modified according to the different phases of the menstrual cycle. In the follicular
phase, the cellular immune response predominates. During the preovulatory time, there
is a decrease in the cytolytic activity of NK cells, while in the luteal period, there is a
change in the immune response from cellular to humoral [36,37]. In the present study, the
menstrual-cycle phase of the participants was not considered.

As limitations, the number of surface markers related to NK cells needs to be re-
designed, enlarged, and improved to be able to particularly determine their phenotype
and the effect of exercise on the cytotoxic activity; in addition, a functional assay such
as antibody-dependent cellular cytotoxicity (ADCC) could be performed as an indicator
to monitor if exercise protocols are capable of triggering the effector capabilities of NK
cells. Furthermore, we mentioned the need to increase the number of subjects evaluated in
the cytokine and chemokine analyses, even though valuable data were obtained from a
small number of samples. However, the menstrual-cycle status of participants is a critical
experimental variable to avoid a hormonal-bias impact on the results. Thus, a kinetic-
experiment time recovery and their impact on cytokine and chemokine concentrations
must be performed to find the appropriate interrogation time for these particular analytes.
It is necessary to generate studies to assay the acute and chronic effects of a specific physical
activity in concert with the follow-up at different times compared with other exercise
methodologies and other populations at risk, as well as recruit a homogeneous sample of
patients for the study groups.

5. Conclusions

Cell population markers and soluble factors are a fundamental part of understanding
the systemic response generated by exercise on the immune system. This study showed
the acute effect of physical activity on the percentage of total CD3-CD56+ NK cells; their
two main effector subpopulations, CD56brightCD16dim and cytotoxic CD56dimCD16bright;
and their inhibition NKG2A and activation NKG2D receptors, as well as the effect on
concentrations of the IL-1β, IL-6, IL-8, IL-10, IL-12p70, and TNF cytokines and on the
CCL5/RANTES, CXCL9/MIG, CCL2/MCP-1, and CXCL10/IP-10 chemokines. These
populations respond to moderate and high exercise intensities, and there is an influence of
the individual characteristics of the participants, such as age, BMI, and physical condition
(in the case of NK cells).
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Although more evident responses have been observed with high-intensity exercise, the
intention of evaluating the behavior of NK cell populations before a session of continuous
aerobic exercise at a moderate intensity arises from the need to be able to implement these
results in vulnerable populations that need exercise protocols that are suitable for their
physical condition and health, such as older adults, sedentary people, and people with
chronic diseases such as cancer or viral diseases.

Author Contributions: Conceptualization, G.P.E.-S.; methodology, E.Q.-M., J.M.R.-V., A.G.-A., N.C.
and C.E.C.-L.; validation, E.Q.-M., J.M.R.-V., A.G.-A., N.C., C.E.C.-L. and G.P.E.-S.; formal analysis,
E.Q.-M., J.M.R.-V., A.G.-A., N.C. and C.E.C.-L.; investigation, E.Q.-M., J.M.R.-V., A.G.-A., N.C. and
C.E.C.-L.; resources, G.P.E.-S. and E.Q.-M.; data curation E.Q.-M., J.M.R.-V., A.G.-A., N.C. and C.E.C.-
L.; writing—original draft preparation, G.P.E.-S., E.Q.-M., J.M.R.-V., A.G.-A., N.C. and C.E.C.-L. All
authors have read and agreed to the published version of the manuscript.

Funding: GPES sincerely acknowledges funding from Consejo Nacional de Ciencia y Tecnología
(CONACYT), Ciencia Básica Grant No. A1-S-53789. GPES, as part of Laboratorio Nacional de Cito-
metría de Flujo, appreciates the support from CONACYT-Apoyos para Acciones de Fortalecimiento,
Articulación de Infraestructura y Desarrollo de Proyectos Científicos, Tecnológicos y de Innovación
en Laboratorios Nacionales Grant No. 315807.

Institutional Review Board Statement: The study protocol complied with the guidelines established
in the Regulations of the General Health Law in matters of health research, the Declaration of Helsinki,
and the Good Clinical Practices issued by the National Bioethics Commission. The Research Ethics
Committee of the Faculty of Medicine and Biomedical Sciences of the Autonomous University of
Chihuahua also approved it, with registration number 18-CI-08-019-009.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data used to support the findings of this study are available from
the corresponding author upon request.

Acknowledgments: The authors thank all participants in this study. They also acknowledge the
administrative support from Virginia Ramírez and technical support of Juan Carlos Chong and
Hector Rosete.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Wang, J.; Liu, S.; Li, G.; Xiao, J. Exercise Regulates the Immune System. In Advances in Experimental Medicine and Biology; Springer

Nature: Shanghai, China, 2020; Volume 1228, pp. 395–408. Available online: http://link.springer.com/10.1007/978-981-15-1792-
1_27 (accessed on 12 February 2023).

2. Campbell, J.P.; Turner, J.E. Debunking the Myth of Exercise-Induced Immune Suppression: Redefining the Impact of Exercise on
Immunological Health across the Lifespan. Front. Immunol. 2018, 9, 648. [CrossRef] [PubMed]

3. Abel, A.; Yang, C.; Thakar, M.; Malarkannan, S. Natural Killer Cells: Development, Maturation, and Clinical Utilization. Front.
Immunol. 2018, 9, 1869. [CrossRef] [PubMed]

4. Idorn, M.; Hojman, P. Exercise-Dependent Regulation of NK Cells in Cancer Protection. Trends Mol. Med. 2016, 22, 565–577.
[CrossRef] [PubMed]

5. Nieman, D.C.; Pence, B.D. Review Exercise immunology: Future directions. J. Sport Health Sci. 2019, 9, 432–445. [CrossRef]
[PubMed]

6. Leal, D.V.; Standing, A.S.I.; Furmanski, A.L.; Hough, J. Polymorphonuclear leucocyte phagocytic function, γδ T-lymphocytes and
testosterone as separate stress-responsive markers of prolonged, high-intensity training programs. Brain Behav. Immun. Health
2021, 13, 100234. [CrossRef] [PubMed]

7. Mathot, E.; Liberman, K.; Cao Dinh, H.; Njemini, R.; Bautmans, I. Systematic review on the effects of physical exercise on cellular
immunosenescence-related markers—An update. Exp. Gerontol. 2021, 149, 111318. [CrossRef] [PubMed]

8. Wang, Q.; Zhou, W. Roles and molecular mechanisms of physical exercise in cancer prevention and treatment. J. Sport Health Sci.
2021, 10, 201–210. [CrossRef]

9. Suzuki, K.; Hayashida, H. Effect of Exercise Intensity on Cell-Mediated Immunity. Sports 2021, 9, 8. [CrossRef]

http://link.springer.com/10.1007/978-981-15-1792-1_27
http://link.springer.com/10.1007/978-981-15-1792-1_27
https://doi.org/10.3389/fimmu.2018.00648
https://www.ncbi.nlm.nih.gov/pubmed/29713319
https://doi.org/10.3389/fimmu.2018.01869
https://www.ncbi.nlm.nih.gov/pubmed/30150991
https://doi.org/10.1016/j.molmed.2016.05.007
https://www.ncbi.nlm.nih.gov/pubmed/27262760
https://doi.org/10.1016/j.jshs.2019.12.003
https://www.ncbi.nlm.nih.gov/pubmed/32928447
https://doi.org/10.1016/j.bbih.2021.100234
https://www.ncbi.nlm.nih.gov/pubmed/34589749
https://doi.org/10.1016/j.exger.2021.111318
https://www.ncbi.nlm.nih.gov/pubmed/33794319
https://doi.org/10.1016/j.jshs.2020.07.008
https://doi.org/10.3390/sports9010008


Sports 2023, 11, 189 11 of 12

10. R Core Team. R: A Language and Environment for Statistical Computing; R Core Team: Vienna, Austria, 2021.
11. Brahmi, Z.; Thomas, J.E.; Park, M.; Park, M.; Dowdeswell, I.R.G. The effect of acute exercise on natural killer-cell activity of

trained and sedentary human subjects. J. Clin. Immunol. 1985, 5, 321–328. [CrossRef]
12. Fiatarone, M.; Morley, J.; Bloom, E.; Benton, D.; Solomon, G.; Makinodan, T. The effect of exercise on natural killer cell activity in

young and old subjects. J. Steroid Biochem. 1989, 44, 37–45. [CrossRef]
13. Moyna, N.M.; Acker, G.R.; Weber, K.M.; Fulton, J.R.; Robertson, R.J.; Goss, F.L.; Rabin, B.S. Exercise-induced alterations in natural

killer cell number and function. Eur. J. Appl. Physiol. Occup. Physiol. 1996, 74, 227–233. [CrossRef] [PubMed]
14. Ogawa, K.; Oka, J.; Yamakawa, J.; Higuchi, M. A single bout of exercise influences natural killer cells in elderly women. J. Strength

Cond. Res. 2005, 19, 45–50. [PubMed]
15. Huang, C.J.; Webb, H.E.; Garten, R.S.; Kamimori, G.H.; Acevedo, E.O. Psychological stress during exercise: Lymphocyte subset

redistribution in firefighters. Physiol. Behav. 2010, 101, 320–326. [CrossRef] [PubMed]
16. Koelwyn, G.J.; Jones, L.W. Exercise as a candidate antitumor strategy: A window into the future. Clin. Cancer Res. 2019, 25,

5179–5181. [CrossRef]
17. Evans, W. NK cell recruitment and exercise: Potential immunotherapeutic role of shear stress and endothelial health. Med.

Hypotheses 2017, 109, 170–173. [CrossRef] [PubMed]
18. Millard, A.; Valli, P.V.; Stussi, G.; Mueller, N.J.; Yung, G.P. Brief exercise increases peripheral blood NK cell counts without

immediate functional changes, but impairs their responses to ex vivo stimulation. Front. Immunol. 2013, 4, 125. [CrossRef]
19. Sellami, M.; Gasmi, M.; Denham, J.; Hayes, L.D.; Stratton, D.; Padulo, J.; Bragazzi, N. Effects of Acute and Chronic Exercise on

Immunological Parameters in the Elderly Aged: Can Physical Activity Counteract the Effects of Aging? Front. Immunol. 2018,
9, 2187. [CrossRef]

20. Lutz, C.T.; Moore, M.B.; Bradley, S.; Shelton, B.J.; Lutgendorf, S.K. Reciprocal age related change in natural killer cell receptors for
MHC class I. Mech. Ageing Dev. 2005, 126, 722–731. [CrossRef]

21. Krishnaraj, R.; Blandford, G. Age-associated alterations in human natural killer cells. Cell. Immunol. 1988, 114, 137–148. [CrossRef]
22. Viel, S.; Besson, L.; Charrier, E.; Marçais, A.; Disse, E.; Bienvenu, J.; Walzer, T.; Dumontet, C. Alteration of Natural Killer cell

phenotype and function in obese individuals. Clin. Immunol. 2016, 177, 12–17. [CrossRef]
23. Bähr, I.; Jahn, J.; Zipprich, A.; Pahlow, I.; Spielmann, J.; Kielstein, H. Impaired natural killer cell subset phenotypes in human

obesity. Immunol. Res. 2018, 66, 234–244. [CrossRef] [PubMed]
24. Cao Dinh, H.; Beyer, I.; Mets, T.; Onyema, O.O.; Njemini, R.; Renmans, W.; De Waele, M.; Jochmans, K.; Vander Meeren, S.;

Bautmans, I. Effects of Physical Exercise on Markers of Cellular Immunosenescence: A Systematic Review. Calcif. Tissue Int. 2017,
100, 193–215. [CrossRef] [PubMed]

25. Bigler, M.B.; Egli, S.B.; Hysek, C.M.; Hoenger, G.; Schmied, L.; Baldin, F.S.; Marquardsen, F.A.; Recher, M.; Liechti, M.E.; Hess, C.; et al.
Stress-Induced In Vivo Recruitment of Human Cytotoxic Natural Killer Cells Favors Subsets with Distinct Receptor Profiles and
Associates with Increased Epinephrine Levels. PLoS ONE 2015, 10, e0145635. [CrossRef] [PubMed]

26. Bigley, A.B.; Rezvani, K.; Chew, C.; Sekine, T.; Pistillo, M.; Crucian, B.; Bollard, C.M.; Simpson, R.J. Acute exercise preferentially
redeploys NK-cells with a highly-differentiated phenotype and augments cytotoxicity against lymphoma and multiple myeloma
target cells. Brain. Behav. Immun. 2014, 39, 160–171. [CrossRef] [PubMed]

27. Peake, J.M.; Neubauer, O.; Walsh, N.P.; Simpson, R.J. Recovery of the immune system after exercise. J. Appl. Physiol. 2017, 122,
1077–1087. [CrossRef] [PubMed]

28. Pedersen, B.K. Exercise and Cytokine. Chin. J. Clin. Rehabil. 2004, 8, 520–521. [CrossRef] [PubMed]
29. McNeil, L.; Tarnopolsky, M.; Crane, J. Acute, exercise-induced alterations in cytokines and chemokines in the blood distinguish

physically active and sedentary aging. J. Gerontol. Ser. A 2021, 76, 811–818. [CrossRef]
30. Barry, J.C.; Simtchouk, S.; Durrer, C.; Jung, M.E.; Little, J.P. Short-term exercise training alters leukocyte chemokine receptors in

obese adults. Med. Sci. Sports Exerc. 2017, 49, 1631–1640. [CrossRef]
31. Trøseid, M.; Lappegård, K.T.; Claudi, T.; Damås, J.K.; Mørkrid, L.; Brendberg, R.; Mollnes, T.E. Exercise reduces plasma levels of

the chemokines MCP-1 and IL-8 in subjects with the metabolic syndrome. Eur. Heart J. 2004, 25, 349–355. [CrossRef]
32. Ellingsgaard, H.; Hojman, P.; Pedersen, B.K. Exercise and health—Emerging roles of IL-6. Curr. Opin. Physiol. 2019, 10, 49–54.

[CrossRef]
33. Bay, M.L.; Heywood, S.; Wedell-Neergaard, A.S.; Schauer, T.; Lehrskov, L.L.; Christensen, R.H.; Legard, G.E.; Jensen, P.O.;

Krogh-Madsen, R.; Ellingsgaard, H. Human immune cell mobilization during exercise: Effect of IL-6 receptor blockade. Exp.
Physiol. 2020, 105, 2086–2098.

34. Pedersen, L.; Idorn, M.; Olofsson, G.H.; Lauenborg, B.; Nookaew, I.; Hansen, R.H.; Johannesen, H.H.; Becker, J.C.; Pedersen, K.S.;
Dethlefsen, C.; et al. Voluntary running suppresses tumor growth through epinephrine- and IL-6-dependent NK cell mobilization
and redistribution. Cell Metab. 2016, 23, 554–562. [CrossRef]

35. Cerqueira, É.; Marinho, D.A.; Neiva, H.P.; Lourenço, O. Inflammatory Effects of High and Moderate Intensity Exercise—A
Systematic Review. Front. Physiol. 2020, 10, 1550. [CrossRef] [PubMed]

https://doi.org/10.1007/BF00918251
https://doi.org/10.1093/geronj/44.2.M37
https://doi.org/10.1007/BF00377445
https://www.ncbi.nlm.nih.gov/pubmed/8897029
https://www.ncbi.nlm.nih.gov/pubmed/15707382
https://doi.org/10.1016/j.physbeh.2010.05.018
https://www.ncbi.nlm.nih.gov/pubmed/20570686
https://doi.org/10.1158/1078-0432.CCR-19-1318
https://doi.org/10.1016/j.mehy.2017.10.015
https://www.ncbi.nlm.nih.gov/pubmed/29150280
https://doi.org/10.3389/fimmu.2013.00125
https://doi.org/10.3389/fimmu.2018.02187
https://doi.org/10.1016/j.mad.2005.01.004
https://doi.org/10.1016/0008-8749(88)90261-4
https://doi.org/10.1016/j.clim.2016.01.007
https://doi.org/10.1007/s12026-018-8989-4
https://www.ncbi.nlm.nih.gov/pubmed/29560551
https://doi.org/10.1007/s00223-016-0212-9
https://www.ncbi.nlm.nih.gov/pubmed/27866236
https://doi.org/10.1371/journal.pone.0145635
https://www.ncbi.nlm.nih.gov/pubmed/26700184
https://doi.org/10.1016/j.bbi.2013.10.030
https://www.ncbi.nlm.nih.gov/pubmed/24200514
https://doi.org/10.1152/japplphysiol.00622.2016
https://www.ncbi.nlm.nih.gov/pubmed/27909225
https://doi.org/10.1111/j.1440-1711.2000.t01-11-.x
https://www.ncbi.nlm.nih.gov/pubmed/11050536
https://doi.org/10.1093/gerona/glaa310
https://doi.org/10.1249/MSS.0000000000001261
https://doi.org/10.1016/j.ehj.2003.12.006
https://doi.org/10.1016/j.cophys.2019.03.009
https://doi.org/10.1016/j.cmet.2016.01.011
https://doi.org/10.3389/fphys.2019.01550
https://www.ncbi.nlm.nih.gov/pubmed/31992987


Sports 2023, 11, 189 12 of 12

36. Cutolo, M.; Sulli, A.; Capellino, S.; Villaggio, B.; Montagna, P.; Seriolo, B.; Straub, R.H. Sex hormones influence on the immune
system: Basic and clinical aspects in autoimmunity. Lupus 2004, 13, 635–638. [CrossRef] [PubMed]

37. Bouman, A.; Heineman, M.J.; Faas, M.M. Sex hormones and the immune response in humans. Hum. Reprod. Update 2005, 11,
411–423. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1191/0961203304lu1094oa
https://www.ncbi.nlm.nih.gov/pubmed/15485092
https://doi.org/10.1093/humupd/dmi008

	Introduction 
	Materials and Methods 
	Participants and Study Design 
	Physical Exercise Session 
	Flow Cytometry 
	Statistical Analysis 

	Results 
	Discussion 
	NK Cells 
	Cytokine and Chemokine Profile 

	Conclusions 
	References

