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Abstract

Introduction: New studies show that inhibiting the growth of tumorsby reducing
the expression of angiogenesis factors in various ways, including sports activity,
can be a valuable method in controlling the progress of cancer. Galectin-1 and
galectin-3 play a vital role in inducing and maintaining tumor angiogenesis. The
present research aimed to compare the effect of two selected exercise programs on
the expression of galectin-1 and galectin-3 genes in the tumor tissue of female
balb-c mice with breast cancer.

Methods: Twenty-four female balb-c mice were infected with breast tumor by
injection of MC4L2 estrogen receptor dependent cancer cells. Then, they were
divided into three groups of eight: tumor (T), tumor +aerobic exercise (T+AE), and
tumor + high intensity interval training (T+HIIT). The T+AE group performed an
aerobic exercise protocol for six weeks, five days a week, and each session lasted
60 minutes. The T+HIIT group performed high intensity interval training protocol
three days a week for six weeks, and each session lasted 60 minutes. Finally, mice
were anesthetized by injecting ketamine and xylazine, the tumor tissue was
removed and frozen in liquid nitrogen. The expression of galectin-1 and galectin-3
was measured by Real Time-PCR method, and the results were expressed as fold
change at a significant level (P<0.05) with GENEX software.

Results: The results showed that the aerobic exercise protocol had no significant
effect on the expression of galectin-1 in the T+AE group, compared to the T group,
while it decreased the expression of galectin-3 by 1.70 times (P=0.00). In the
T+HIIT group, compared to the T group, the expression of galectin- 1 decreased
3.04 times (P=0.00), and the expression of galectin-3 decreased 6.57 times
(P=0.00). In the T+HIIT group, compared to the T+ group, AE, the expression of
galectin-1, decreased 2.58 times (P=0.00), and the expression of galectin-3
decreased 3.86 times (P=0.00).

Conclusion: Aerobic exercise by reducing the expression of galectin-3 and high
intensity interval training by reducing the expression of galectin-1 and galectin-3
are effective in preventing the progression of breast cancer.
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Introduction

Tumor angiogenesis is considered one of the
hallmarks of cancer and an attractive target for
cancer therapy (1). Recently, it has been
revealed that galectins contribute to the
activation of endothelial cells and other steps
of angiogenesis pathways. For this reason, in
the last decade, galectins have been considered
as target molecules for the treatment of cancers
(2). In addition to the importance of galectins
in all stages of tumor angiogenesis, galectins,
especially GAL-1 and GAL-3, maintain tumor
cell proliferation, escape from growth
suppressors, resist cell death, protect tumor
cells during replication, and induce metastasis.
GAL-1 and GAL-3 are involved in increasing
the metabolic ability and energy supply of
tumor cells, genomic instability and mutation,
inducing inflammation and helping tumor cells
to escape from immune responses (2). Despite
the great importance of GAL-1 and GAL-3 in
all stages of tumor growth, no research has
been done on the effect of sports activities on
these factors in tumor tissue. Therefore, this
study attempted to compare the effect of six
weeks of aerobic exercise and high intensity
interval training on the expression of GAL-1
and GAL-3 in the tumor tissue of female mice
with breast cancer.

Materials and Methods

Twenty-four female balb-c mice aged 5-6
weeks with an average weight of 20 grams
were infected with mammary tumors by
injecting MCA4L2 estrogen receptor-dependent
cancer cells. Before the injection of cancer
cells, in order to anesthetize the mice, the
combination of xylazine and ketamine (dose
of ketamine 80 mg per kg of body weight +
xylazine dose of 10 mg per kg of body weight)
was injected subcutaneously (3). Then, the
mice were randomly divided into three groups
with eight mice in each group: tumor (T)
(breast cancer tumor creation), tumor group +
aerobic exercise (T+AE) (breast cancer tumor
creation and aerobic exercise), and tumor
group + high-intensity interval training
(T+HIIT) (creating breast cancer tumor and

performing high-intensity interval training).
Mice in T+AE group performed aerobic
exercise incrementally for six weeks/five days
per week. In the first week, mice ran on the
treadmill at a speed of 6 to 14 m/min for 33-45
minutes; in the second week, the mice ran
faster and longer at a speed of 8 to 16 m/min
for 48 to 60 minutes, and in the third to sixth
week, mice were subjected to 60 minutes of
treadmill running at aspeedof 10 to
20m/ min/. (The exercise protocol was
performed at the average speed of 14 and 18
meters per minute in the first and last half
hour, respectively.) Mice in the T+HIIT group
performed high-intensity interval training in
the form of treadmill running for 60 minutes,
six weeks, three days per week. The training
session started with 2 minutes of running at the
maximum speed obtained in the exercise
capacity test, and after each 2 minutes of
running, 2 minutes of rest was performed. In
the first week, the mice ran for 2 minutes at
maximum speed, and after 2 minutes of rest,
they ran on the treadmill for 60 minutes at a
speed of 15 m/min in intervals of 2 minutes of
exercise and 2 minutes of rest. The speed of
the exercise was increased by 1 m/min each
week (5). All study groups, after 12 to 14
hours of fasting (48 hours after the last
exercise session) under the same conditions,
were rendered unconscious by injection of
ketamine and xylazine, and the tumor tissue of
the mice was removed. The tumor was then
divided into smaller pieces, immediately
frozen in liquid nitrogen and stored at -70.
After extracting RNA, synthesizing cDNA,
and performing Real Time-PCR steps, the
expression levels of GAL-1 and GAL-3 were
measured. The results were expressed as fold
change at a significant level (P<0.05) with
GENEX software.

Results

The research findings show that in the T+AE
group, compared to the T group, the expression
of GAL-1 was not significantly different; in
contrast, the expression of GAL-3 was
significantly decreased by 1.70 times (Tables
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1, 2 and Graphs 1 and 2). In the T+HIIT group,
compared to the T group, the expression of
GAL-1 decreased by 3.04 times (significant),
and the expression of GAL-3 decreased by
6.57 times (significantly) (Tables 1, 2 and
Graphs 1 and 3) ). In the T+HIIT group,

compared to the T+AE group, the expression
of GAL-1 decreased by 2.58 times
(significant), and the expression of GAL-3
decreased by 3.86 times (significantly) (Tables
1, 2, Graphs 1 and 4).

Table 1: Mean values and standard deviation (-AACT) of research variables

Gal-1 Gal-3
Tumor (T) 0.00+0.11 0.00+0.05
Tumor + Aerobic exercise (T+AE) 0.23+0.09- -0.760.10
Tumor + High-intensity interval training (T+HIIT) 0.60+0.19- -2.71+0.25
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Fig 1: Mean values and standard deviation (-AACT) of research variables

Table 2: The ratio of expression of variables (Fold Change) in the group of tumor + aerobic (T + AE) and the group of
tumor + high intensity interval training (T + HIIT) compared to the group of tumor (T), the ratio of expression of
variables (Fold Change) in the group of tumor + high intensity interval training (T+HIIT) compared to tumor +
aerobic (T+AE) group, p value of one-way analysis of variance and the result of changes in research variables.

Gal-1 Gal-3
Fold change of the tumor + aerobic (T + AE) group, compared to the tumor (T) group -1.17 -1.70
Fold change of the tumor + high-intensity interval training (T + HIIT) group, compared to
-3.04 -6.57
the tumor (T) group
Fold change of the tumor + high-intensity interval training (T + HIIT) group, compared to 258 -3.86
the tumor + aerobic (T + AE) group ' '
P 0.00: 0.00:
Result significant  Significant

difference difference

* indicates the significance of the difference (P < 0.05).

Fold change

W9 -

£

Genes

* indicates the significance of the difference (P < 0.05)
Fig 2: Expression ratio of variables in the tumor+aerobic group (T+AE), compared to the tumor group (T) (Fold

Change)
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* indicates the significance of the difference (P < 0.05).
Fig 3: The expression ratio of variables in the tumor + high-intensity interval training group (T + HIIT), compared to
the tumor group (T) (Fold Change)
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* indicates the significance of the difference (P < 0.05).
Fig 4: The expression ratio of variables in tumor + high-intensity interval training group (T + HIIT), compared to the
tumor + aerobic group (T + AE) (Fold Change)

Discussion

There are very few studies investigating the
effect of exercise activity on the expression of
GAL-1 and GAL-3 in the tumor tissue of
cancer patients; however, the present study is
probably the first study that investigated the
effect of exercise activity on the expression of
GAL-1 and GAL-3 in the tumor tissue.
Although the mechanism of the effect of
exercise activity on tumor angiogenesis and
tumor tissue is not fully understood, it is
known that the tumor has a heterogeneous
environment with variable blood flow and
shear stress (The endothelium of tumor vessels
is exposed to acid and hypoxia conditions due
to the rapid proliferation of tumor cells, which
lead to an increase in the production of pro-
angiogenic factors), and exercise may have a
direct effect on tumor physiology through the
redistribution of cardiac output. Research on
rats with prostate cancer has shown that tumor
blood flow increases during exercise by almost
200% compared to the inactive group and
leads to a 50% reduction in hypoxia in the

tumor vessels that may be the consequence of
the simultaneous reduction of the receptors
related to vasoconstriction (especially the
reduction of alpha-adrenergic receptor) and the
reduction of myogenic tone (the tone resulting
from intense intravascular pressure) (6).
Aerobic exercise and high-intensity interval
training will have different effects on tumor
blood flow and tumor hypoxia conditions;
therefore, comparing the impact of these two
types of exercise training on the expression of
GAL-1 and GAL-3 in tumor tissue will
provide valuable information to identify the
best type of exercise for breast cancer patients.
Galectin expression is induced under hypoxia.
In addition, extracellular matrix components
and factors secreted by tumor cells or
inflammatory cells can affect endothelial
galectin expression. For example, interferon-
gamma can induce the expression of GAL-1,
and Interleukin-1 beta induces the expression
of endothelial GAL-1 and GAL-3 (7). As a
result, if the type and intensity of exercise lead
to an increase in tumor blood flow,
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and,subsequently, a decrease in hypoxia and
acidosis in the tumor vessels, it may cause a
decrease in the expression of GAL-1 and
GAL-3 and other pro-angiogenic factors. The
results showed that the high- intensity interval
training protocol reduced the expression of
GAL-1 and GAL-3 (GAL-1 expression, 2.58
times reduction and GAL-3 expression, 3.86
times reduction), compared to the aerobic
exercise protocol group. It appears that high-
intensity interval training, compared to an
aerobic training exercise, caused a greater
increase in the blood flow of tumors and a
reduction in hypoxia. Moreover, it has been
more effective in reducing the expression of
GAL-1 and GAL-3.

Conclusion

According to the findings, aerobic exercise
training led to a reduction in the expression of
GAL-3, and high-intensity interval exercise
training led to a reduction in the expression of
angiogenesis factors GAL-1 and GAL-3.
Therefore, these two training protocols could
be considered as strategies to reduce tumor
angiogenesis and tumor growth in breast
cancer.
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