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Abstract

and CCR5 in mice with breast cancer.

(0.36 £ 0.12vs.1.00 £ 0.001; P=0.001), respectively.

Background: Some chemokines like C C motif chemokine ligand (CCL) 2 and 5 and their receptors (CCR) 2 and 5 are mediators
of chronic inflammation and cancer development. Moreover, physical exercise can increase the activity of antioxidant enzymes.
However, its effect on cancer cells has not been reported at present.

Objectives: Therefore, the present study aimed to ascertain the effect of 12-week aerobic exercise training (AET) on CCL2, CCR2, CCL5,

Methods: Sixteen Balb/c mice aged 4 - 5 weeks (n =16; approximate weight: 18 + 2 g) were divided into two groups: AET group (AETG)
and control group (CG) (n = 8 per group). The AETG performed 12-week treadmill running at 18 m/min for 40 min and five times a
week. Plasma levels of CCL2 and CCL5 were measured by ELISA, and the CCR2 and CCR5 were evaluated by Western blotting. Two
independent sample t-test was applied to compare the differences between AETG and CG.

Results: The analysis displayed after 12 weeks showed a significant reduction in AETG compared to CG in CCL2 (3.94 £ 1.12vs.15.40 +
3.29 pg/mL; P=0.001), CCR2(0.56 £ 0.19 vs.1.00 + 0.001; P=0.002), CCL5 (138.59 * 15.72 vs. 267.57 + 49.06 ng/mL; P=0.001) and CCR5

Conclusions: We concluded that one of the main mechanisms of a positive effect of exercise on breast cancer is reducing the in-
flammation via CCL2 and CCL5 and their related receptors CCR2 and CCRS5, respectively. Since these molecules can be triggered off
oxidative stress and tumorigenesis, these results can pave the way for further studies in this field.
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1. Background

Breast cancer (BC) is the most common cancer in
women, and it is generally the second most common can-
cer worldwide (WHO) (1, 2). Due to the role of tumor mi-
croenvironment components in most malignancies, spe-
cial attention is paid to inflammatory mediators such as cy-
tokines and their respective receptors and oxidative stress
(3-5). This pro-inflammatory such as tumor necrosis fac-
tor (TNF)-a, interleukin (IL-13, IL-6, IL-12 and IL-17) cytokines
promote pyrogenesis and acute inflammatory responses
such as leukocytosis (neutrophilia), by promoting granu-
locyte colony-stimulating factor (G-CSF) and chemokines
(chemotactic cytokines) such as IL-8 and monocyte chemo-

tactic protein (MCP)-1 (6, 7). Oxidative stress may acti-
vate several transcription factors, such as activator pro-
tein 1 (AP-1), nuclear factor kappa-light chain-activated B
cell enhancer (NF-kB), and the tumor protein p53. The
activation of these factors may lead to the expression of
more than 500 different genes, such as anti-inflammatory
molecules, cell cycle regulatory molecules, chemokines,
inflammatory cytokines, and growth factors (8). Cancer
cells have arisen from cellular redox imbalance due to ox-
idative stress (8). Inflammation caused by adipose tissue
dysfunction in obesity is associated with increased free
radicals and oxidative stress. This may indicate a directlink
between obesity and tumor growth thatleads to cancer (9).
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It has been shown that the effect of chemokines on ma-
lignancy can be in various ways, enhancing tumor growth
or metastasis (10-12). The biological effects of chemokines
include invoking host immune cells to the site of infec-
tion, regulating lymphocytes and other leukocytes, trans-
mitting through peripheral lymph tissues, and develop-
ing non-lymphatic organs (13). Many BC researchers paid
special attention to C C motif chemokine ligand (CCL) 2,
MCP-1, and CCL5 (regulated on activation, normal T ex-
pressed and secreted: RANTES) (14). CCL2 binds specifically
to the chemokine receptor (CCR) 2 (15-17), through CCR2 it
activates down (18) stream signaling pathways, including
mitogen-activated protein kinases (p42/p44MAPK), phos-
pholipase C-v, and protein kinase (PKC) through G protein-
dependent mechanisms in regulating cell adhesion and
motility (19-21). CCL5 production is concerned with devel-
oping appropriate immune responses against tumors (22,
23). CCL5, in turn, is connected with cancer progression
and metastasis. CCL5/CCR5 interaction can produce tumor
growth in several ways, such as recruitment of additional
stromal and inflammatory cells, regulation of extracellu-
lar matrix, angiogenesis, activation of growth factors, and
involvement in immune escape mechanisms (24).

While practicing exercise, mitochondria”s inner mem-
brane is a major source of reactive oxygen species (ROS),
and exercise”s volume and intensity condition the produc-
tion of free radicals that may lead to various levels of ox-
idative damage (25). Cytokine-induced inflammation has
been related to increased ROS production and the develop-
mentof BC(26). Comparing two legs of healthy individuals
with one-way training has shown that exercise can grad-
ually increase the antioxidant enzyme activity of the tar-
get tissue in exercise compared to untrained tissue. These
local changes indicate the effect of exercise on the antiox-
idant capacity of healthy individuals, but there are cur-
rently no reports of cancer cells (27).

There are also a small number of studies on oxidative
stress and exercise in cancer patients. In these studies, con-
flicting results of increasing or decreasing oxidative stress
conditions have been reported, and studies have not yet
reached an agreement (28). A previous report mentioned
that extracellular in-vivo levels of CCL5 and CCL2 were 3 to
5 times higher in women~s cancerous tissue with BC than
in normal breast tissue (18). According to Troseid et al., aer-
obic exercise training (AET) could lower plasma levels of
CCL2 in patients with metabolic syndrome (29). Therefore,
considering the scarce studies carried out on the effect of
AET on CCL2 and CCL5 and their receptors (i.e., CCR2 and
CCR5), further research is needed to shed light on this as-
pect.

2. Objectives

The present study was conducted to answer whether
AET affects CCL2, CCL5, and their receptors.

3. Methods

3.1. Laboratory Animals

The present research was experimental with a post-test
design with an AET group (AETG) and a control group (CG).
Four to five weeks Balb/c mice (n =16), weighing approxi-
mately18 + 2 g, were maintained under standard light con-
ditions (12 hours of daylight and 12 hours of darkness), a
constant temperature of 23 £+ 1°C and a relative humidity
of 50 + 3% in cages. The animals received rodent pellet diet
and had permanent access to water. Food intake was mea-
sured on a daily basis.

3.2. Cell Culture

4T1 BC cell line was purchased from Iranian Genetic
Resources (Tehran, IRAN) and cultured according to the
American type culture collection (ATCC) protocol. The
cells were transferred to 25 cm? flasks and passaged in the
Roswell Park Memorial Institute (RPMI) 1640 medium fol-
lowing their growth. For the passage of cells, the culture
medium was first evacuated; then, the cells were washed
each time with 2 mL of the PBS solution and then incu-
bated with trypsin (1 mL) for 15 min to detach the cells, and
culture medium was first evacuated; then, the cells were
washed each time with 2 mL of the PBS solution and then
incubated with trypsin (1 mL) for 15 min to detach the cells
from the flask. Then, 10 mL of the culture medium con-
taining the 10% FBS serum was added and centrifuged at
1000 rpm for 10 min, the cell pellet was flashed, and the
cells were discarded in flasks. Consequently, the cells were
transferred to 25 cm? flasks for passage. They were kept in
the CO2 incubator with 97% humidity, 5% CO2, and a tem-
perature of 37°C for 1 week; the culture medium was com-
pletely changed every two days. The culture medium con-
sisted of RPMI 1640 + FBS10% +1% NEAA +1% Pen-Str. Then,
each of the anesthetized Balb/c mice was anesthetized with
an appropriate dose of ketamine and Xylazine (10 mg to 1
mg),and 2 x 10° cellsin 200 uL of PBS were subcutaneously
injected into the upper right thigh of the animal. About10-
20 days after cancer cell injection (second 4-week period of
AETG) the tumor was appreciable in the injected area (30).

3.3. Aerobic Exercise Training Program

One week after adaptation to the environment, the
mice were randomly assigned into two groups of 8 per
cage, and animals were familiarized with the treadmill
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activities for two weeks (6 - 18 m/min for 10 min). AETG
was performed for 3-4 weeks’ continuous periods in both
cancerous and non-cancerous called CG. The tumor was
formed in the second 4-week period. AETG was performed
with the intensity of 40 -50% of maximal oxygen consump-
tion. For all groups, AETG at a speed of 18 m/min was per-
formed for 20 min, five times per week, at 0 degrees (31).
It should be noted that to create completely identical con-
ditions, the CG was placed on the immobilized treadmill
under the same conditions. During the tumor growth, 2
x 10° cells from the 4T1 cell line were subcutaneously in-
jected into the upper right thigh. The injection was made
with the mice anesthetized and utilizing an adequate dose
of ketamine and xylazine. After 3 - 4 weeks, the tumor was
palpable under their skin. The tumor was weighed after ex-
traction under sterile conditions. It was then frozen in lig-
uid nitrogen. Tissue samples were preserved at -70°C for
subsequent processes. The tumor size was measured lon-
gitudinally and transversely. After tumor appearance, tu-
mor length and width were measured with a digital caliper
weekly. We used the following formula to estimate the tu-
mor volume [V =76 (w X L 2)]. Maximum tumor volume
was reported to be1851.67 mm?>. Moreover, the tumor of the
mice was not damaged during the experiment, and the in-
tensity of the exercise was controlled and moderate. Thus,
the mice did not die during the intervention. Additionally,
no shocker was used to avoid stressing the animals, and we
used the tail-touching method. Free access to water and
food was also provided. Finally, all mice were anesthetized
using ketamine (90 mg/kg) and xylazine (10 mg/kg) to be
sacrificed at the end of the training interval. Then, their tis-
sue and serum were harvested.

3.4. Sampling and Analysis (ELISA & Western Blot)

After the last session, animals were anesthetized us-
ing ketamine + tyrosine injection, and their blood sam-
ples were collected using heparin from the large under-
lying vein. Plasma was separated after centrifugation at
10,000 g (for 10 min) and stored at -80°C before being an-
alyzed. Plasma CCL2 and CCL5 levels were examined utiliz-
ing the enzyme-linked immunosorbent assay (ELISA) kits
(Minneapolis MN R&D Systems).

Tumors were excised from the dermis and adnexal tis-
sues. They were then homogenized with protein extraction
solution (PRO-PREPTM, Intron Biotechnology, Seoul, Korea)
and 10 mg/mL proteinase inhibitor (Roche)before incubat-
ing them at 4°C with gentle agitation between 2 and 3 h.
The samples were then centrifuged in an Eppendorph 5415
R centrifuge at 4°C at 12,000 rpm for 10 min. The super-
natant containing the protein was extracted and used for
Western blotting. Protein concentration was estimated by
Bradford protein assay.
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A total of 20 micrograms of protein per sample were
separated and transferred onto a nitrocellulose membrane
onal5% SDS-PAGE gel. Blots were blocked for one h atroom
temperature using blocking solution (Roche) and next in-
cubated with primary antibody, CCR2 (anti-mouse or hu-
man)and CCR5 (anti-mouse or human)(all 1: 1000, Abcam)
overnight at 4°C along with a control (S-actin 1: 1000, Ab-
cam) followed by washing with 0.1% TBST solution three
times, each time 5 min with vigorous shaking. The paper
was next incubated with HRP-conjugated secondary anti-
body for one hour (1: 3000, Abcam). The paper was coated
with the ECL kit and observed using the radiology film. The
j software image was used to convert the Western blot im-
ages into quantitative data.

3.5. Ethics Issue

All the experiments were approved by the Ethical Com-
mittee of the University of Isfahan (approval number:
IR.UL.LREC.1399.004, Iran). All institutional, national, and
international recommendations were applied in the care
and use of the animals.

3.6. Statistical Methods

The normality of the data was verified using the
Shapiro-Wilk test and the homoscedasticity with Levene’s
test. After ensuring the normality of the data and check-
ing the homogeneity, the t-test for independent samples
was used to compare the means of both groups. The sig-
nificance level was considered at P < 0.05. The statistical
analysis was conducted using the SPSS statistical software
version 22 (22.0; IBM SPSS Inc., Chicago, IL, USA)

4. Results

Means and standard deviations of the CCL2, CCL5,
CCR2, and CCR5 levels in the test for AETG and CG are pre-
sented in Table 1.

Independent t-test results showed that there was a sig-
nificant difference in CCL2 level (¢t = 8.07, P = 0.001) and
CCL5level (t=6.13,P=0.001) between the AETG and CG (Fig-
ure1). According to the results of the t-test analysis, a signif-
icant difference between the groups was also observed in
terms of CCR2 level (t =5.64, P =0.002) and CCRS5 (t =13.55,
P=0.001) (Figure 2).

5. Discussion
This study aimed to evaluate the effect of 12-week AET

on CCL2, CCR2, CCL5, and CCRS5 levels in the tumor cells of
mice suffering from BC. According to the results, after 12
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Table 1. Mean and Standard Deviation of the Research Variables in the AETG and CG

Variables AETG CG T P

CCL2 (pg/mL) 3.94% 112 15.40 £ 3.29 8.07 0.001
CCR2 fold of control 0.56 % 0.19 1.00 £ 0.001 5.64 0.002
CCL5 (ng/mL) 138.59 + 15.72 267.57+ 49.06 6.13 0.001
CCRs5 fold of control 036+ 0.12 1.00 £ 0.001 13.55 0.001

Abbreviations: CCL2, chemokine (C-C motif) ligand 2; CCR2, C-C chemokine receptor type 2; CCL5, chemokine (C-C motif) ligand 5; CCR5, C-C chemokine receptor type 5;

AEGT, aerobic exercise training group; CG, control group.

GAPDH
I —
CCR2

Figure 1. ELISA results of chemokine ligand (CCL) 2 and CCL5 levels in the aerobic
exercise training group (AETG) and control group (CG); *P < 0.05.

weeks of AETG, significant decreases in CCL2, CCL5, CCR2,
and CCR5 levels were observed compared to CG.

Physical activity (PA) can prevent the progression and
metastasis of cancer by inhibiting interleukin 6 (IL-6), TNF-
«, and CCL2 activity (32). Previous studies suggest that co-
expression of CCL2, CCL5, TNF-cr, and IL-18 may be impor-
tant for disease metastasis and that TNF-« and IL-15 may
increase disease return (33).

In a study by Mandal et al., there was a significant de-
crease in CCL2, CCL5, and CCL2 levels and a decrease in
the number of metastatic lung nodes using an inhibitor
in a Balb/c mouse model of 4T1 cancer (34). Carlin et al.
found that PA inhibits the gene expression of the CCL2
and CXCL10 chemokines in the cortex (35). In another
study, Chiu et al. showed that high-grade cancer cells ex-
pressed higher levels of CCL2 than low-grade cancer and
had greater migration. Although activation of CCL2/CCR2
signals does not significantly affect cell growth, it induces
cell migration and invasion through activation of pro-

tein kinase C and phosphorylation and tyrosine in Pax-
illin. It has been reported that CCL2 and CCR2 blocking
with shCCL2 inhibited cell migration via CCL2/CCR2 (36).
In the study of Saji et al., a significant correlation was
found between CCL2 and the progression of BC. The ex-
pression of CCL2 in tumor cells was found to have a signif-
icant correlation with the expression of thymidine phos-
phorylation and the type of membrane matrix-1 metallo-
proteinase, which showed that CCL2 might play a key role
in macrophages, in the expression of angiogenic factors
and matrix metalloproteinase activation in patients with
BC (37).

In a study by Goh et al.,, they found that pre-tumor
exercise reduces BC in older mice (38). PA is a moderat-
ing factor in lifestyle that reduces the risk of BC and im-
proves the quality of life after diagnosing BC (39, 40). Ex-
ercise reduces the expression of Toll-like receptors (TLRs)
in monocytes and macrophages by reducing visceral fat
mass, increasing the production and release of inflamma-
tory cytokines and reactive oxygen species, and ultimately
preventing macrophages from penetrating adipose tissue,
which can prevent the progression of chronic inflamma-
tion. Inflammation is a key event in the growth and spread
of BC and other types of tumors. There is a clear link be-
tween cancer and inflammation. Therefore, the prevention
of inflammation is a potential goal in preventing tumor
progression and treating cancer (41).

In recent years, new areas of PA have emerged in de-
veloped countries that look at sports as a therapeutic
approach (41). In connection with cancer, research re-
sults show that exercise has positive psychological and im-
munological effects in the treatment of patients with can-
cer. Evidence suggests that PA reduces the risk of vari-
ous malignant tumors such as colon, breast, prostate, uter-
ine, and lung cancers (42). Exercise has a special role in
preventing chronic diseases, especially BC, by strengthen-
ing the immune system and reducing body fat percentage
(41-43). Epidemiological evidence suggests that increas-
ing PA is related to a reduced risk of BC. Thus, rates of BC
in women who exercise regularly are estimated to be 70%
lower than in sedentary women (44). Randomized clini-
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Figure 2. Western blot results of chemokine ligand (CCR) 2 and CCR5 levels in the aerobic exercise training group (AETG) and control group (CG); *P < 0.05.

cal trials on the positive effects of PA on cardiopulmonary
and biological function show that exercise reduces sex hor-
mones, body fat mass, insulin, insulin-like growth factor-
1 (IGF1), adipocytokines, and mammographic density, as
well as improves immune function (45, 46). PA can de-
crease insulin resistance in the liver and muscle and in-
crease glucose metabolism through various mechanisms,
such as increasing post-insulin receptor signaling. This de-
crease in insulin resistance may decrease circulating in-
sulin levels, decreasing the available IGF-1 through insulin-
induced changes in IGFBP levels (47). Obesity leads to in-
creased inflammation, and exercise can improve some of
the negative health outcomes associated with obesity (35,
41). Hyperlipidemia can increase tumor cells by inducing
chronic inflammation and mitogenic action of cholesterol
in the tumor. Exercise may reduce chronic inflammation,
lower serum lipids, enhance the immune system’s ability
to detect and kill tumor cells (41), and by normalizing the
tumor vascular network, reduce hypoxia to counteract the
effect of the tumor, and as aresult, may inhibit BC progres-
sion (48).

Finally, it is necessary to mention the strengths and
limitations of the present study. As for the strengths, un-
like previous studies that analyzed the antioxidant capac-
ity of aerobic exercise on healthy individuals, the current
work examines the antioxidant effect of aerobic exercise
training on cancer cells. Furthermore, it is a randomized
controlled study conducted under laboratory conditions
with mice to ensure the genetic homogeneity of the sub-
jects. Regarding the limitations, since the existing stud-
ies on the effect of exercise in cancer patients focused on
its preventive ability rather than its anti-inflammatory ca-
pacity, the scope of the results of the present study can-
not be compared with previous randomized controlled tri-
als. Similarly, since there was only one intervention group,
it was not possible to verify the effect of different exer-
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cise regimens. Therefore, future studies might contrast
the impact of different physical activity programs to es-
tablish the appropriate exercise dose to maximize its anti-
inflammatory effects.

5.1. Conclusions

One of the main positive effects of exercise on BC is the
reduction of CCL2 and CCL5 chemokines and their recep-
tors. Also, the role of oxidative stress in cancer, particularly
BC, has been investigated to identify better the factors in-
volved in the onset and spread of cancer and redefine treat-
ment targets. This significant result, which can pave the
way for further studies in this field, has been obtained for
the first time in the present study.
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