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Moderate Exercise Enhances the Production of Interferon-y
and Interleukin-12 in Peripheral Blood Mononuclear Cells
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The purpose of this study was to explore the effect of two months moderate exercise on levels of IFN-y, IL-12, IL-6
and IL-4 in serum and supernatants of in vitro mitogen-activated (PHA for 48 h) whole blood (WB) and peripheral
blood mononuclear cells (PBMCs). Sixteen healthy males participated in running program (30 min/day, 5 days/
week). Blood samples were collected in three stages; 24 h before to start exercise, 48 h and two months after the last
session of the exercise. The samples were analyzed for the cytokines by ELISA. The levels of IFN-y and IL-12 were
increased significantly in activated PBMCs culture after exercise and were back to normal level after two months rest.
A significant elevation of IFN-y/IL-4 ratio was observed in activated PBMCs culture by acting possibly on IFN-y. The
results suggest that short moderate intensity exercise enhances Th1 immune inflammatory and anti-allergic conditions
in response to mitogen.
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INTRODUCTION

The two major arms of the immune system are interferon
(IFN)-y producing T helper 1 (Th1) and interleukin (IL)-4
producing Th2 cells (1). IFN-y provides help for humoral
and cellular immune responses to clearing infections and
are known as powerful cytokine that induce immunity,
while IL-4 play a key role in promoting allergic inflam-
mation (2-4).

Immune system is highly influenced by physical exer-
cise. The clinical reported effects of moderate exercise on
the immune system differ from that of excessive physical
exercise. Short moderate exercise is correlated with re-
duced incidence of respiratory infections and asthma (5,6),
while excessive amount of exercise is considered a ma-
jor risk factor for allergic disorders (7,8). The molecular

mechanism underling these differences in disease suscep-
tibility based on exercise intensity are not clearly under-
stood. The possible important mechanisms behind these
phenomena are cytokines (9). During and after physical
activity, levels of a variety of peripheral cytokines chang-
es (10). For example, certain cytokines such as IL-1, IL-
8, IL-6 and TNF-a are produced directly during exercise
(11,12). On the other hand, Th1l immune response is
differentially affected by intensity of exercise. Moderate
exercise increased CD4" Thl cells and induced differen-
tiation of naive T cells toward the Th1 phenotype (13-15),
while excessive amount of exercise causes a decrease in
the frequency of circulating CD4" Thl cells (16,17).
Based on this background, we hypothesized that short
moderate exercise training in young men affects the bal-
ance between Thl-inflammatory and Th2-allergic cy-
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tokine response. As a result, we evaluated the effect of
moderate exercise on behavior of typical Th1 and Th2 cy-
tokines (IFN-y and IL-4) as well as other cytokines (IL-12
and IL-6) in serum and supernatants of in vitro mitogen-
activated WB and PBMCs, in three different pre-exercise,
post-exercise and recovery periods.

MATERIALS AND METHODS

Participants

This study was a part of a larger study to explore the ef-
fect of exercise on immune systems. Sixteen healthy, un-
trained male university students (aged 19~23 years, mean
22.4+0.9 years, mean weight 71.5£2.5 kg, mean height
176+2 cm) with sedentary life style were selected and at-
tended in this study. All volunteers completed a question-
naire assessing their physical activities, medical histories,
demographic characteristics. The exclusion criteria were:
presence of autoimmune disorders; cardiovascular dis-
eases; uncontrolled or untreated hypo/hyperthyroidism;
severe asthma; history of treatment with any medication
(in the previous 6 mouths); known or suspected abuse of
alcohol, drugs or narcotics; recent infections or presence
of acute or chronic inflammatory disease. All the partici-
pants signed an informed written consent for the study
which were approved by the Ethics Committee of Hama-
dan University of Medical Sciences.

Exercise protocol

The participants performed an exercise protocol on a
treadmill. Before beginning the protocol, the primary
exercise sessions were performed to detect the maximum
heart rate (HR) of each participant. The target HR training
zone were calculated for the intensity level of 60~65% us-
ing Karvonen formula as follows: [Target HR=((max HR—
resting HR)x% intensity)+resting HR]. The participants
took part in the exercise 5 days a week for two months at
17:30 to 18:00 (5 min warm-up, 20 min at target HR, and
5 min cool down). During training, maximal heart rate
was measured, every 5 min throughout the trial to ensure
that each participant was exercising at the correct relative
intensity (60~65% max HR). During the study, participant
did not perform any activities other than training.

Sample collection

Blood samples were collected in three different times for
all participants including; 24 h before start the exercise
protocol (pre-exercise), 48 h after the last session of the
exercise (post-exercise) and two months rest after the

http://immunenetwork.org

Immune Network

exercise (recovery). The participants did not perform any
physical activity during the recovery period and returned
to normal sedentary life style. Blood samples were ob-
tained from the cubital vein in the morning between 7~8
am, after a 12 h overnight fast. Samples were collected in
two specimen containers, one containing ethylenediami-
netetraacetic acid (EDTA) as anticoagulant (10 ml), and
the other without anticoagulant (5 ml). Serums were col-
lected and frozen at —80°C for subsequent ELISA/ hema-
tological analysis, and anticoagulant blood used to culture
experiments.

Isolation of PBMCs

Peripheral blood samples were collected in tubes with
EDTA (Becton Dickinson). The PBMCs were isolated by
Ficoll-Hypaque (Histopaque-1077, Biochrome) density-
gradient centrifugation, described previously (18). PBMCs
were collected into cell culture medium and washed twice
with sterile phosphate buffer saline (PBS). Viability of
cells was determined by trypan blue dye exclusion.

PBMCs and WB cells culture

For experiments using PBMCs, isolated cells (2x10°
cells) were cultured in round bottom plates (Jet Biofil,
Shanghai, PRC) and stimulated with 5 ug/ml of Phyto-
hemagglutinin (PHA, Sigma) and incubated for 48 h at
37°C. The dose of mitogen was calculated based on pre-
vious studies (19,20). In parallel experiments, one ml of
fresh blood containing anticoagulant was suspended in
one ml complete culture media supplemented/ stimulated
with materials like for the PBMCs culture and incubated
for 48 h. All culture experiments done in duplicate. To de-
termine in vitro production of cytokines, the cell culture
supernatant was collected and frozen at —80°C until cy-
tokine measurements. As a culture medium, RPMI 1640
(Gibco) supplemented with 2 mM L-glutamine (Gibco),
100 U/ml penicillin (Hayan, Iran), 100 ug/ml strepto-
mycin (Hayan, Iran) and 10% heat inactivated fetal calf
serum (Gibco) were used.

Measurement of cytokines

IFN-y, IL-12, IL-6 and IL-4 were analyzed from serum
and cell culture supernatants using a sandwich enzyme-
linked immunosorbent assays (Invitrogen Corporation,
Camarillo, CA, USA) according to the manufacturer’s
instructions. Before analysis all thawed samples were
centrifuged to remove debris. The standard curves were
generated by Smart Magellan™ data analysis software.
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Hematological analyses

Total and differential circulating white blood cell (WBC)
and platelet counts were determined by using Sysmex-
KX2IN (Diamond Diagnostics, USA) cell counter ana-
lyzer with standard laboratory procedures.

Statistical analysis

Results were expressed as mean£standard error of the
mean. Data were checked for normality by the Shapiro-
Wilk test, homogeneity of variance, and sphericity, before
statistical analysis. ANOVA was used to assess differ-
ences among 3 time points. When appropriate, a post-
hoc Bonferroni test was applied for multiple comparisons
over time within the session. For all tests, p-value<0.05
was considered statistically significant. Statistical analy-
sis was performed using the Statistical Package for Social
Sciences (SPSS, Version 21) and graphs were drawn with
Graph Pad Prism software (version 6.07).
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RESULTS AND DISCUSSION

The effect of moderate exercise on cytokine production
The biological significance of alterations in the immune
system by exercise are unknown but the possible im-
portant mechanisms behind that are cytokines. Most of
the researches do only look at direct cytokine responses
occurring immediately after different type of physical
activity in serum or plasma. In this work, we attempted
to evaluate the response of the IFN-y, IL-12, IL-4 and
IL-6 cytokines to short time moderate exercise in serum
and supernatants of mitogen-stimulated WB and PBMCs.
The boosting of cytokine responses in PBMCs by PHA in
many ways mimics the initial adaptive immune response
to infection. Three different samples of blood serum, WB
and PBMCs were collected at three different stages; pre-
exercise, post-exercise and after recovery period.

In the post-exercise PBMCs samples, a significant in-
crease of IFN-y was observed compared with pre-exercise
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Figure 1. The effect of moderate exercise on cytokine production. Three different samples of blood serum, WB and PBMCs were collected at three
different phases. Serum and culture supernatants were assayed for IFN-y (A), IL-12 (B), IL-4 (C) and IL-6 (D). Horizontal lines show mean+=SEM.
WB, whole blood; PBMCs, peripheral blood mononuclear cells; *p=0.01; **p<0.001.
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samples (93£18.3 vs. 49.7+7.04, p=0.01). The level of
IFN-y was decreased significantly after two months rest-
ing in PBMCs samples (93£18.3 vs. 39.5+6.9, p=0.01)
(Fig. 1A). Additional investigations including PHA stimu-
lation of PBMCs showed increased production capacity
for IL-12 in the post-exercise phase compared with pre-
exercise phase (68362 vs. 222+78.5, p<0.001) and re-
turned to baseline values after recovery (311.1£63.3 vs.
683+62, p<0.001) (Fig. 1B). Data analysis of results for
IL-6 and IL-4 showed that moderate exercise did not sig-
nificantly affect the level of these cytokines in different
samples (Fig. 1C, 1D).

Focusing on the effect of moderate exercise, our major
findings are that there was significant difference between
pre-exercise and post-exercise phase; that the level of
IFN-y was increased significantly in activated PBMCs
culture after exercise; and that increased level of IL-12
was seen in post-exercise state compared with pre-exer-
cise state in PBMCs culture. Our finding are in agreement
with pervious study reported that moderate intensity exer-
cise might promote the Th1-type cytokine in vitro (21).

Previous study on professional wrestlers with exces-
sive amount of exercise revealed that production of IL-6
was elevated in mitogen-activated PBMCs culture su-
pernatants, whereas IL-12 was decreased (19). Here, we
observed that moderate intensity of exercise increase sig-
nificantly production of IL-12 but has no effect on IL-6 in
PBMC:s culture after stimulated by mitogen. This finding
provided another possible differences between high and
moderate intensity of exercise related to cytokine re-
sponse.

Moderate exercise alters IFN-y/IL-4 ratio
To be able to compare the effect of exercise on Th1/Th2
cells balance, the ratio of IFN-y and IL-4 were assessed
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(13,17). When examining PHA-stimulated cytokine levels
in PBMCs culture, the ratio of IFN-y/IL-4 was increased
after the exercise and returned to baseline level after re-
covery period, respectively (2.2+0.11 vs. 4.7+0.86, 4.7+
0.86 vs. 1.8+0.24, p<0.001) (Fig. 2A). The ratio of IFN-y/
IL-4 did not fluctuate significantly in relation to moderate
exercise in WB and serum samples (Fig. 2B, 2C).

The balance between Th1 and Th2 responses is essential
for maintaining normal immune system. IFN-y and IL-4
are main cytokines of Th1l and Th2 cells, respectively
(1). Due to the roles of IFN-y and IL-4 in the initiation,
expansion and regulation of the Th1/Th2 system, the ratio
of IFN-y/IL-4 has been deemed indicators between auto-
immunity and allergy (22). IFN-y is one of the most vital
cytokines that induced immune shift towards Th1 and
play a crucial role in clearing pathogens and preventing
allergic inflammation (2). Moreover, increased level of
IFN-y and reduced IL-4 is an approach that physicians are
trying to perform it for the treatment of allergies (23,24).
It has been shown that exercise in moderate intensity can
diminish the incidence of respiratory infections and aller-
gies (5,6). However, molecular mechanisms that underlie
this observation still need further explanation. Here we
report that short time moderate exercise induces a tempo-
rary increase in the IFN-y/IL-4 ratio on PBMCs cultures
in response to mitogen, an effect that may contribute to
our understanding of exercise-related immunity and anti-
allergic hypothesis.

Hematological analyses
Total white blood cell counts did not change significantly
after the exercise training course. We observed no chang-
es in neutrophils, lymphocytes and platelets counts after
the moderate exercise separately (Table I).

Overall, several studies were tested the effects of ex-
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Figure 2. Moderate exercise alters IFN-y/IL-4 balance. To be able to compare the effect of exercise on Th1/Th2 balance, the ratio of IFN-y and IL-4
were calculated in PBMCs (A), WB (B) and serum (C). Horizontal lines show mean+SEM. WB, whole blood; PBMCs, peripheral blood mononucle-

ar cells; *p<0.001.
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Table 1. Comparison the effect of moderate exercise on WBC variables

Moderate Exercise and Cytokine

Parameter Pre-exercise Post-exercise Recovery p-value
Total WBC count (x10°/L) 5.83+0.41 6.08+0.43 5.36+0.34 NS
Neutrophils (%) 62.23+2.58 63.242.97 61.18+3.3 NS
Lymphocytes (%) 34.69+2.77 34.542.95 36.243.17 NS
Platelets (x10°/L) 264.2+16.1 271.9+13.5 270.4+13.5 NS

Results are presented as mean+SEM. NS, not statistically significant.

ercise on serum Thl and Th2 cytokines. Some studies
reported that cytokine enhances in response to exercises
while others indicated a decrease (14,16,25,26). The in-
consistent results from existing research may clarified
by the use of a variety of exercise models, participants as
well as intensity and duration of exercise. In this study,
we focused to determine if short time moderate exercise
was able to change the cytokine production levels in re-
sponse to mitogen in vitro. The effect of exercise, report-
ed here, was intense and observed in activated PBMCs
but not detected significantly in other samples, suggesting
that IFN-y and IL-12 were intensely increased in mitogen-
stimulated PBMCs after short time moderate exercise.
A significant elevation of IFN-y/IL-4 was observed in
mitogen-activated PBMCs culture. This data suggest that
moderate intensity exercise may divert the subtle balance
in the immune system towards Thl, by acting possibly
on IFN-y. This may explain, at least partially, molecular
mechanism behind the exercise-induced anti-allergic ef-
fect related to Th1/Th2 cytokines balance.
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