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Abstract – Objective: E-cadherin is a tumor suppressor that expresses in normal epithelial tissues. Loss of it can be a cause of invasiveness in most carcinomas. Our study aims to investigate the
effect of interval training on the E-cadherin gene in the breast tumors of mice.
Materials and Methods: 16 female Balb/c mice were divided into four groups. The cancer
groups were tumorized with subcutaneous 4T1 cell line injection. An average intensity aerobic
interval training protocol of 10 weeks was performed five sessions per week. E-cadherin gene
expression was investigated using Real-time PCR method, and metastasis was evaluated with H&E
staining in lung and liver tissues.
Results: Significant difference was found between the groups that participated in the training
protocol before and after tumor induction and the non-trained group (p= 0.031). Also, between
the groups which participate in pre- and post-training protocol and the group that had only attended the preconditioning training protocol (p= 0.042). The infiltration of cancer cells was visible
in the lung and liver of the non-trained group.
Conclusions: According to the results, it can be claimed that aerobic interval exercise training
may influence the key genes involved in the development of the metastasis process and even reverse this process.
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INTRODUCTION
Cancer is one of the leading causes of death in the
world. In 2008, about 8 million deaths from cancer were recorded, and it is estimated to reach 11
million by 2030. Breast cancer is the most common cancer among women worldwide affecting 1
out of 8 women, and is the second cause of cancer death after lung cancer1. A large proportion of
this disease is related to lifestyle-related behaviors. Exercise and active lifestyle are one of the
interventional behaviors in reducing the incidence
of cancer. Epidemiological studies show that the

incidence of cancer, including breast cancer, decreases with increasing physical activity2.
Cancer cells find changes in the shape and adhesion to other cells and the extracellular matrix
(ECM); sooner or later, during the progression of
many types of cancer, primary tumor cells extend
into adjacent tissues. They metastasize to form
colonies, which are responsible for 90% of all
cancer patients’ deaths3. Members of the cadherin
family form cell-to-cell interactions and communication. Cadherins are calcium-dependent agents
that act as membrane receptors and mediate intracellular communication. Frequent observations of
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the down-regulation of E-cadherin in human carcinoma support the role of E-cadherin as an invasion and metastasis suppressor4,5. In other words,
invasive cells undergo alterations in cell adhesion
and epithelial to mesenchymal transition (EMT),
a process that is not seen in the normal cells4. In
most cancers with an epithelial origin, cadherin-mediated cell-cell adhesion is dissolved along
with malignant tumor growth and development6.
In patients with metastatic cancers of the colon,
breast, and fewer observations in cancers of the
thyroid, bladder, and cancers of the females, the
E-cadherin gene is mutated and results in the expression of non-functional proteins.
In most cases, E-cadherin expression is
down-regulated at the transcriptional stage7. On
the other hand, the immune system and the release of myokines are affected and strengthened
by moderate-intensity exercise, which has a vital
role in preventing inflammatory diseases such
as breast cancer. Also, physical activity can prevent half of the cancers by decreasing in body fat
and systemic inflammation8. Some studies have
shown that E-cadherin is regulated by many different signaling cascade proteins, such as β-catenin, TGF-β1, and GSK3-β9-11. Some studies have
shown that voluntary training in APC Min/+mice
with colon cancer reduces and increases the levels
of nuclear beta-catenin and E-cadherin, respectively12. Interval exercises, including short-term,
high-intensity with low-rest, or low-intensity exercises, prevent symptoms such as feet fatigue
and nausea13. No study has been carried out to
investigate the effects of interval training on adhesion molecules such as E-cadherin. Also, most
studies in the field of exercise oncology have often
examined the signals related to tumor growth, angiogenesis, apoptosis, and inflammation. Still, the
number of studies on the cell adhesion, metastasis,
and exercise is limit14. Besides, medications used
to treat cancer are often single-purpose, high-toxicity, and costly. So this study aimed to investigate
the effect of interval training protocol on the gene
expression of E-cadherin in the primary tumor of
BALB/c mice with breast cancer.
MATERIALS AND METHODS
The present study was an experimental study
approved by the Ethics Committee of Tarbiat Modares University, Iran (IR.MODARES.
REC.1397.264). We purchased 16 female Balb/c mice between 3 to 5 weeks old and average
weight of 17±0.8 g from Pasteur Institute (Karaj,
Iran) and transferred to the Animal Laboratory of
Tarbiat Modares University (Tehran, Iran). Mice
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were housed under controlled environmental conditions at an average temperature of 22±3°C and
relative humidity of 40%, dark-light controlled
cycles of 12/12 hours, and free access to water
and the standard diet of mice. After two weeks of
animal identification and adaptation to the lab environment, the mice were randomly divided into
four groups. Each group contains four mice:
In the first group, Exercise-Tumor-Exercise
(ETE), after completing the six-week interval preconditioning training protocol, mice were tumorized with the injection of 4T1 cell line and re-participated into the interval training protocol.
The second group, Exercise-Tumor-Sedentary
(ETS) which participated in the preconditioning
interval training protocol and did not participate
in the training program after tumor induction.
The third group, Sedentary-Tumor-Exercise
(STE) which was only involved in the training
program after tumor induction.
The fourth group, Sedentary-Tumor-Sedentary
(STS) which did not attend any training program
at any time and was only induced with cancer tumor.
TRAINING PROTOCOL
The training protocol included 6-week preconditioning interval treadmill running and 4-week
after tumor induction (Table 1). It should be noted
that during the preparation, mice were walked on
treadmill five times a week for 10-15 minutes at
a speed of 8 m/min. After the end of the preparation period, the maximal test was performed
to determine the training intensity. The exercise
protocol was performed at 50% and 70% of the
maximum speed of the mice in 20 intervals of 2
minutes. It should be noted that in our study, no
electric shock was used to stimulate the mice to
run, and only if necessary, sound stimulation was
used12,15,16.
TUMOR INDUCTION
For metastatic breast cancer induction, the 4T1
cell line was used. 4T1 cells of Pasteur Institute of
Iran were cultured to achieve the required amount
of cells. After cell counting and ensuring that the
cells were reached to the required number, the cell
suspension was prepared at a density of 10°C per
ml of PBS buffer; and injected subcutaneously to
the right thigh of the mice.
After about ten days of injection, and the emergence of tumor tissue, tumor volume was calculated weekly by a digital caliper (A Brand Digi-
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TABLE 1. Training protocol.
First 2 weeks

Second 2 weeks

Third 2 weeks

Before
Velocity 20-15
Velocity 20-25
Velocity 25-30
Tumor induction
Duration: 20 intervals Duration: 20 intervals
Duration: 20 intervals
	  with 2 minutes 	  with 2 minutes	  with 2 minutes
Week 1

Week 2

Week 3

Week 4

After
Velocity 25-35
Velocity 20-25
Velocity 15-20
Velocity: 10-15
Tumor induction
Duration: 15 intervals Duration: 15 intervals
Duration: 15 intervals Duration: 15 intervals
	  with 2 min 	  with 2 min 	  with 2 min 	  with 2 min

tal Caliper 300 mm, China). The tumor volume
was measured using the formula V= ½(L²×W).
Accordingly, the volume of tumor measured in
two dimensions, the largest dimension of the tumor considered as the length (L), and the other
dimension is considered at a 90-degree angle as
the width (W) of the tumor. The tumor volume
was evaluated in all groups per week13.
EXTRACTION AND STORAGE
OF TISSUES
Forty-eight hours after the last training session,
mice were anesthetized by intraperitoneal injection
of Ketamine (90 mg/kg) and Xylazine (10 mg/kg).
Immediately after anesthesia, the tumor tissue was
removed and then frozen in liquid nitrogen. Spleen
tissue was weighted for the indirect examination of
systemic inflammation. The tissue samples were
kept at -80°C in the freezer for subsequent analyzes
of the E-cadherin gene expression.
HEMATOXYLIN AND EOSIN STAINING
To assess the metastasis in the liver and lungs, we
rinsed them in phosphate-buffered saline (PBS) to
remove the blood and then fixed in 10% formalin.
Tissues were embedded in paraffin, and a sampling of sections was taken across each tissue. The
consecutive sections were then stained using Hematoxylin and Eosin (H&E). Tissue sections were
imaged at 5X magnification using a microscope.
REAL TIME-PCR
For extracting total RNA, the tumor tissue was
homogenized in a QIAzol Lysis reagent in a ratio of 1 to 10. And the protocol was executed according to the order of Qiagen company (Hilden,
Germany). The integrity of RNA was measured
by electrophoresis using agarose iodide bromide
at 1%, and the ratio of 260 to 280 was determined

from 1.8 to 2 as desirable purification. Synthesis
of cDNA was performed using 1 μg of RNA using random hexamer prime and M-MuLV Reverse
transcriptase enzyme and stored at a negative
temperature of 20. For measuring the relative expression of mRNA using real-time PCR, stepone
plus (AB Applied Biosystems, Foster City, CA,
USA) was used. The sequence of the Forward and
Rivers gene of E-Cadherin and β-Catenin, used
as the reference gene, is presented in Table 2.
STATISTICAL ANALYSIS
Kruskal-Wallis test (KS) was used for testing normality, and the Leven test was used to check the
homogeneity of variances. Regarding the rejection
of the KS test, Kruskal-Wallis as a non-parametric
statistical test was used to examine the difference
between the groups and the effect of the training intervention. Statistical analysis was performed using
SPSS 20 (SPSS Inc., Armonk, NY, USA) software,
and a significant level of 0.05 was considered.
RESULTS
The results of the statistical analysis of weight
did not show a significant difference among the
groups (p=0.3). On the other hand, the relative
weight of the heart in the STS group that did not
participate in the training program was lower than
other groups. Still, this difference was not statistically significant (p=0.15). To measure indirect
systemic inflammation, we measured the relative
weights of the spleen and liver, which had a signifTABLE 2. Training protocol.
Gene Name

Sequence (5’ → 3’)

E-cad F
E-cad R
ACTB F
ACTB R

CTGCTGCTCCTACTGTTTCTACG
TGGCTCAAATCAAAGTCCTGGTC
GGCTGTATTCCCCTCCATCG
CCAGTTGGTAACAATGCCATGT

3

TABLE 3. Statistical analysis of the variables: body weight, the relative weight of the heart, spleen, liver and the tumor volume.
Sig

STS

STE

ETS

ETE

Variables/groups

Body weight
Heart weight/BW (mg/g)
Spleen weight/BW (mg/g)

21.18±1.24
5.09±0.17
4.65±0.12

21.05±0.54
4.51±0.20
5.11±0.33

21.52±1.13
4.86±0.27
4.86±0.13

19.4±2.64
4.23±0.44
5.90±0.60

0.399
0.158
0.008

Liver weight/BW (mg/g)

51.30±1.61

65.78±5.60

55.02±2.45

66.160±11.99

0.042

Tumor volume (mm3)

7.52±1.02

45.73±15.64

19.12±12.18
Ê

63.34±11.77
Ê

0.000

15



é
é

é

é




In each row (variable) similar symbol shows significant different between 2 groups.
 Circle shows the significant difference between ETE and STS.
é Star shows the significant difference between ETE and ETS.
Triangle shows the significant difference between ETS and STE.
Ê Plus, shows the significant difference between STE and STS.

icant difference between the STS and ETE group
in both the spleen weight and liver weight. There
is a relationship between ETE and ETS groups,
which indicates systemic inflammation in the STS
group. Also, there was a significant difference
between ETE and STS groups in tumor volume
(p=0.00). Table 3 provides information on these
variables.
Statistical analysis of the gene expression of
E-cadherin showed a significant difference between the groups (p=0.018). Post hoc tests also
showed a significant difference between ETS and
ETE (p=0.031), ETE, and ETS (p=0.042), which
is significantly higher in the ETE group (Figure 1).
H&E TEST RESULT
H&E staining was used to evaluate the metastasis in
different groups. Infiltration of cancer cells is visible
in stained sections. Microscopic shots and reports of
lungs and liver sections are shown in Figure 2 (liver),
Figure 3 (lung), and Table 4 (report).

According to the stained sections microscopic
shots, the degree of deterioration and infiltration
of cancer cells in the groups can be expressed
from the lowest (ETE) to the highest (STS).
(lowest cancer cell infiltration)
ETE<STE<ETS<STS (highest cancer cell infiltration)
DISCUSSION
In the present study, we investigated the effect
of interval training protocol on the gene expression of CDH1 in the primary tumor of BALB/c
mice with breast cancer. Metastasis and EMT are
regulated and activated by a variety of signaling
pathways such as TGF-β, PDGF, EGF, Wnt/β-catenin, IL-6, IL-8, and TNF-α pro-inflammatory
cytokines. These factors lead to the inhibition of
epithelial gene expression17. In the present study,
E-cadherin gene expression after ten weeks (six
weeks before and four weeks after tumor induc-

Fig. 1. E-cadherin mRNA expression in each
group. Similar symbols show significant different between groups.
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Fig. 2. Stained sections of the liver. histopathology changes of the liver in different groups indicated with H&E staining.

tion) of interval exercise training in the ETE
group was significantly higher than the STS and
ETS groups (p≤0.05). On the other hand, no significant difference was observed in groups that
participated in the preconditioning protocol. This
indicates a significant decrease in E-cadherin
gene expression in non-training groups. In other
words, intermittent exercise can be considered as

a therapeutic strategy to prevent cancer progression, since interval training has had its greatest
effect after tumor induction to mice.
There is no research on the effect of interval
training on CDH1 gene expression. Still, the results of this study are consonant with the results
of Zhang et al18 that investigated the effect of
continuous exercise training on this gene. They

Fig. 3. Stained sections of the lung. histopathology changes of lung in different groups indicated with H&E staining.
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TABLE 4. Reports of stained sections of lungs and livers by groups.
Tissue/Groups

Liver

Lung

STS
Neoplastic cell metastasis is visible around
Intense metastasis is visible in the interstitial lung
	  the central vein of the liver lobule.	  tissue, and between the alveolar wall; hyperemia,
		  inflammation, and thickening of the interstitial
		  wall of the alveoli are visible.
ETS
Polymorphic neoplastic metastatic cells are Intense metastasis and presence of neoplastic cells
	  clearly visible around the central vein, 	  in the interstitial lung space of the alveoli;
 	  and extravasation and invasion of neoplastic 	  Inflammatory cells and hyperemia are also visible
	  cells are visible in portal space	  in the interstitial space
STE
Neoplastic cell infiltration and metastasis
Inflammation and infiltration of neoplastic cells are
	  are not seen around the central vein.	  visible in the interstitial space of the alveolar wall.
		  A slight thickening is also visible on the interstitial
		 wall.
ETE
Metastasis and neoplastic cell infiltrates,
In the interstitial space of the lung, low metastasis is
	  was not visible around the central vein	  observed from neoplastic cells. Hyperemia and
		  inflammation in the interstitial wall of the alveoli
		  are minimal

reported that moderate-intensity exercise in mice
with cancer significantly increased E-cadherin
expression, decreased TGF-β, and tumor volume.
In contrast, high-intensity or long-term exercise
has the opposite effect.
The mechanism of the effect of exercise training on E-cadherin gene expression has not yet
been elucidated, but some studies may suggest
some possible mechanisms. The role of cytokines
as an inflammatory mediator of EMT has been
widely reported in several studies. Thus, a regular exercise program can modulate E-cadherin
gene expression by inhibiting or activating some
of these cytokines. TGF-β is one of the biomarkers that target E-cadherin and thereby stimulate
EMT19. There is clear evidence that TGF-β gene
expression increases CDH1 expression. On the
other hand, another study examining the effects
of exercise training on TGF-β showed that intermittent exercise and aerobic exercise could reduce TGF-β expression in the tumor of mice with
breast cancer10. Palena et al20 also showed a decreasing effect of exercise training on TGF-β gene
expression.
Another mechanism that Ruiz et al21 proposed concerning the effect of exercise training
on cancer cell invasion and metastasis was that
exercise training could decrease beta-catenin and
increase E-cadherin levels in the tumor cell nucleus. Exercise can also be mediated by increased
dopamine 2 (DR2) receptor activity, followed by
suppression of TGF-β1 and GSK-3β, and ultimately suppression of EMT and metastasis. Different
GSK-3β-mediated signaling pathways promote
EMT development, Wnt, and PI3K stimulation. In
these pathways, regulation of other factors such as
beta-catenin by GSK3β is concomitant with snail
6

changes and, subsequently, E-cadherin. Murphy
et al22 also observed the effect of moderate-intensity exercise on reducing lung metastasis in
cancer mice, which is consistent with the results
of the present study. According to recent studies,
moderate-intensity interval exercise training can
benefit from the positive effects of physical activity due to a break between exercise intervals
in cancer patients who have lower threshold tolerance than healthy individuals. They can benefit
from the positive effects of physical activity and
increase cardiopulmonary capacity, muscle activation, and subsequent production of biomarkers,
activate messenger pathways, produce and release
anti-inflammatory cytokines.
The results also showed that tumor growth in
the ETE and STE groups was significantly lower than the ETS and STS groups. The mean tumor volume in the fourth week in the STS group
was about 8.5 times the tumor volume in the ETE
group (p≤0.05). The results also showed that in
the ETS and ETE groups that had six weeks of
interval training before cancer, the tumor volume was significantly lower than the STS control
group with no training and the STE group that had
trained only after cancer (p≤0.05). Tumor volume
results indicate that interval exercise training decreases tumor volume, and, given the intergroup
differences, it can be stated that exercise has not
been preventive but can be used as a post-treatment method for cancer. These results are similar
to those from other studies21,22. Ranjbar et al16 report reduced tumor volume in breast cancer mice
after participating in the interval training protocol
and the use of selenium nanoparticles.
On the other hand, the present study examined the spleen and liver weight relative to body
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weight, which may be an indirect indicator of
systemic inflammation22. Our results showed that
systemic inflammation was significantly lower in
the ETE group compared to the STS control group
without any training intervention (p≤0.05). Consistent with the present results, studies are showing a decrease in systemic inflammation after an
interval exercise training16,22.
CONCLUSIONS
This study aimed to investigate the effect of interval training protocol on the gene expression
of CDH1 in the primary tumor of BALB/c mice
with breast cancer. The results showed that interval training protocol could be considered as
a non-pharmacological strategy to modulate tumor suppressor gene expression, tumor invasion,
metastasis, and systemic inflammation and even
reverses the progression of cancer invasion and
metastasis. There are currently few studies investigating the effects of exercise training and, in
particular, interval exercises on E-cadherin gene
expression as a tumor suppressor, tumor volume,
and systemic inflammation; this makes it difficult
to interpret the results in this regard. Therefore,
future studies need to investigate the other factors involved in the expression of cadherins and
metastasis processes to elucidate the mechanism
of effect.
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