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ABSTRACT

Article type:

Objective(s): The goal of this study was assessing the prophylactic effect of exercise and its role as
an adjuvant therapy on level of cytokines involved in angiogenesis in estrogen-dependent breast
cancer.
Materials and Methods: Forty female BALB/c mice were randomly assigned to exercise-tumorexercise (ETE), exercise-tumor-rest (ETR), rest-tumor-exercise (RTE) and rest-tumor-rest (RTR)
groups. After orientation in the environment, two groups of mice performed continuous
endurance exercise for 8 weeks, and thereafter estrogen-dependent MC4L2 cancer cells were
injected to them. Then, one group of each of trained and non-trained mice performed endurance
exercise 5 days per week for 6 weeks. Tumor volume was measured by a digital caliper weekly.
Finally, the mice were sacrificed; tumor tissue was removed, immediately frozen and kept in
-70°C. Tumor sample was homogenized; levels of cytokines were measured and quantified using
ELISA.
Results: There was significant reduction in the level of interlukin-6 (IL-6) (P=0.001), Vascular
endothelial growth factor (VEGF) (P=0.0001) and tumor volume (P=0.0001) among the groups
performing endurance exercise after malignancy (RTE and ETE) in comparison with groups not
performing endurance exercise (ETR and RTR), and these results were in agreement with tumor
growth rate.
Conclusion: Exercise can cause reduction in levels of pro-inflammatory cytokines in tumor tissue.
Decreased IL-6 production could reduce the generation of VEGF, resulting in reduced intra-tumor
angiogenesis. Due to reduction of the level of these cytokines in groups doing exercise before and
after malignancy, exercise is presumed to be an adjuvant therapy in estrogen-receptor dependent
tumors in addition to its effective prophylactic role.
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Introduction

Nowadays, breast cancer is an important risk factor
for women’s health worldwide, as it is the most
common cancer in women and accounting for
approximately one third of all cancers in women at
western countries (1). Breast cancer is also an
important health issue for Iranian women, and its
incidence is increasing. Actual incidence of breast
cancer has been estimated to be nearly 20 new cases
for 100000 individuals per year, and one out of 10
Iranian women bears the risk of this disease. In Iran,
young women are at relatively higher risk for
developing breast cancer than their Western

counterparts, make it important to diagnosis, assess
and control it properly in Iran (2, 3). There are several
major molecular subtypes of breast cancer, grouped in
estrogen receptor dependent and independent breast
cancers. The majority of breast cancers (known as
estrogen receptor-α (ER-α positive) are epithelial
tumors arising from the cells lining breast ducts or
lobules. Animal models are important to understand
the mechanisms related with physical activity and
cancer, as epidemiological studies do not provide
detailed information on initiation, progression or
recovery from cancer associated with exercise (4).
MC4-L2 cell line, a murine ER-α positive cell line, was
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used in our study (5).
Today, exercise training has been recognized as
an effective factor in preventing chronic
inflammatory diseases. Moderate physical activity
plays an important role (with release of myokines
from skeletal muscles) in prevention of inflammatory
diseases including breast cancer (6). Exercise can
decrease body fat, obesity and low-grade systemic
inflammation. Since each of these factors plays a role
in cancer pathogenesis, exercise is potentially
involved in prevention of cancer (7).
In recent years, new research areas have been
developed in Western countries with a therapeutic
approach to exercise. There are lots of evidences
suggesting that physical activity can reduce the risk of
different types of malignant cancers such as colon,
breast, prostate, endometrial and lung (8, 9).
Friedenreich and Cust reviewed 250 epidemiological
studies on the interaction between physical activity and
cancer prevention, and showed that regular physical
activity can act as a potent preventive agent against
cancer, decreasing its incidence by 40% (10). In many
studies, reduced tumor volume has been reported
following regular exercise, but the exact mechanism has
not been identified so far (11-13). Murphy et al
reported that tumor volume was also reduced in
exercise group that perform endurance training for 20
weeks. They attributed the reduction in tumor volume
to the reduction of inflammatory factors.
In addition, intra-tumor angiogenesis and
enhanced blood flow within the tumor is essential
for its growth. Angiogenesis is the formation of new
blood vessels, which is an important precondition for
tumor growth and metastasis. According to one
theory, during physical activity, a competition arises
between tumor microenvironment and active
muscles for supply of blood, oxygen and nutrients. As
blood flow is decreased within the tumor, hypoxia in
the middle part of the tumor increases the likelihood
of apoptosis in it (14). No study has been performed
up to now regarding to evaluate the factors involved
in angiogenesis.
Interleukin-6 (IL-6) and vascular epithelial growth
factor (VEGF) are important cytokines produced
in tumor microenvironment, which play important
roles in intra-tumor angiogenesis. IL-6 is a pleiotropic
cytokine overexpressed in many human diseases such
as arthritis, diabetes, obesity and different cancer
types. IL-6 has a pro-inflammatory role in tumor
microenvironment, and it is involved in tumor
angiogenesis and metastasis (15). Evidences suggest
that IL-6 is produced in high concentrations in estrogen
receptor dependent human breast cancer cells (16) and
breast tumor samples (17). The important role of IL-6
in breast cancer is stimulation of aromatase activity and
production of VEGF. IL-6 up-regulates production
of pro-angiogenic molecules such
as VEGF
(18).
In addition, IL-6 stimulates conversion of estrogen

232

precursors like estrone to estrogen (estradiol) (19,
20). So far, there has been no research on the effects of
endurance exercise on IL-6 level in breast cancer
samples.
VEGF is a potent angiogenic cytokine in normal
tissue and tumor, stimulating endothelial cell
proliferation (21). VEGF is overexpressed in breast
cancer compared with normal breast tissue (22),
and its level correlates with the density of small vessels,
and is also significantly correlated with tumor grade
and invasion of cancer cells (18, 23). No research has
examined the effect of continuous endurance exercise
on VEGF level in tumor tissue till now.
Regarding the fact, that only few studies have
investigated the molecular mechanisms of the effect
of exercise on treatment of cancer, in this research
we seek to survey whether regular physical activity
can have adjuvant effect in inhibition of tumor
growth by modulating angiogenesis and whether
physical exercise before the onset of cancer is
involved in inhibition of tumor growth by evaluating
the cytokines effects in angiogenesis.

Materials and Methods

The exercise protocol
40 BALB/c mice (3 to 5 weeks old weighing
14-15 g) was purchased from Pasteur Institute and
transferred to the animal house in Tarbiat Modares
University. After a week of orientation in the
environment (light, temperature and humidity),
the mice were divided into two groups randomly.
One group underwent 8 weeks of endurance exercise
on treadmill in accordance with Table 1 but the other
group did not perform exercise. All mice were then
injected with cancer cells and after tumor formation,
half of the mice in trained group and half of them in
untrained group randomly selected and they did
endurance exercise on treadmill. Therefore, there are
four groups of mice (10 mice in each group) in this
research: exercise- tumor -exercise (ETE), exercisetumor-rest (ETR), rest-tumor-exercise (RTE) and
rest-tumor-rest (RTR). Frequency of training was 5
days per week.
Cell culture
Estrogen receptor-positive (ER+) breast duct
carcinoma MC4-L2 cells were purchased for the first
time by this research team from the University
of Buenos Aires, Argentina (5), and was donated
to Iranian Institute of Genetic Resources to
be used by other researchers after proliferation
and confirmation. MC4-L2 cells were cultured in
T75 flask in DMEM/F-12 medium containing 15
mM HEPES, Glutamine, 100 μg/ml penicillin, 100 μg/ml
Streptomycin and 10% FBS. After filling 90% of the
flask by cells, the supernatant in the medium was
decanted. The cells were detached from the bottom of
flask using 0.025% trypsin, and after rinsing with PBS
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Table 1. Exercise protocol on treadmill in cancer groups
Groups

Velocity
(m/min)

Time
(min)

6-12

20

14
16
18
20

30
35
35
40

14

25

16
18

30
30

Orientation stage
First two weeks
Second two weeks
Third two weeks
Fourth two weeks
First two weeks
Second two weeks
Third two weeks

Before cancerous
ETR
ETE
After cancerous
ETE
RTE

and enzyme neutralization using 10% FBS, all the flask
contents were emptied into Falcon tubes and
centrifuged in 1200 rpm for 3-5 min. The supernatant
was decanted and the cell plate dissolved in the
medium containing 10% FBS. After that, trypan blue
and hemacytometer were used to determine cell
viability and cell count, respectively.
Tumor formation
After cell culture and count, female BALB/c mice
were anesthetized by using a suitable dose of
ketamine and xyloxine, and then one million cells
were injected subcutaneously into the right upper
thigh of the mice. Approximately 10-14 days after
injection of cancer cells, the tumor was palpable in
the injected area.
Measurement of tumor volume
Tumor size was measured in two dimensions. The
larger tumor dimension was considered as length
(L), and the other (at 90 degrees) as width (W). After
appearance of the tumor, the length and width of the
tumor were measured by a digital caliper once a
week. Tumor volume was then calculated using
tumor volume formula of [V =π/6 (w × L 2] (24). The
measured value of the last day was divided by that of
the first day to determine final tumor volume for
subsequent operations.
Measurement of IL-6 and VEGF
After sacrificing the mice, tumor tissue was
removed immediately and the central necrotic part
of it was eliminated. Superficial part of the tumor
was frozen in liquid nitrogen at -70°C. In the
laboratory, tumor tissue was homogenized with
lyses solution and total protein extracted with
Bradford method, and the supernatant was used for
ELISA. The variables were measured and quantified
using ELISA based on the kit instructions. Ab100713
ELISA kit and ab100752 kit manufactured by Abcam
were used to measure IL-6 and VEGF, respectively.
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Data analysis
SPSS software was used for data analysis. One
way ANOVA and Tukey post hoc tests were used to
determine the significance of differences between
variables. Mean and standard deviation were used to
report the values of measured variables.

Results

The levels of IL-6 and VEGF are shown in graph1
and 2. Based on our findings, the lowest levels of IL-6
and VEGF were related to ETE Group, and their levels
were significantly lower in the two groups who
performed endurance exercise.
The results of one-way ANOVA and Tukey post hoc
test indicated a significant difference between groups
in IL-6 (P=0.001), VEGF (P=0.0001) and tumor volume
(P=0.0001) values. In fact, the exercise protocol was
able to cause difference in rest values of measured
variables between the group there was significant
difference in research variables between ETE group
with RTR and ETR groups. The significant difference
was also observed between RTE and RTR groups,
indicating the effect of endurance exercise as an
adjuvant therapy. Interestingly, there was significant
difference
between RTE and ETR
groups in VEGF
(P=0.001) but not in IL-6 level, indicating the
preventive effects of endurance exercise on tumor
growth. Graph 3 shows the changes in tumor volume

Graph 1. Tissue concentration of IL-6 in groups
*significant difference with Exercise- Tumor -Exercise
# significant difference with Rest- Tumor -Exercise

Graph 2. tissue concentration of VEGF in groups
*significant difference with Exercise- Tumor –Exercise
# significant difference with Rest- Tumor –Exercise
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Tumor Volume(mm3)
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Exercise- Tumor -Rest

Rest- Tumor -Exercise

Rest- Tumor -Rest

Diagram 1. Changes in tumor volume between groups. Tumor growth rate is higher in RTR and ETR groups, initial tumor volume in RTE
group is higher than the other groups but final growth rate has been reduced. ETE (exercise-tumor-exercise group), ETR (exercise-tumorrest group), RTE (rest-tumor-exercise group) and RTR (rest-tumor-rest group). Unit of Tumor volume is cmm3

within 6 weeks in four groups. The results showed
that there was significant difference between groups
in progression of tumor volume (P=0.001). In
fact, tumor volume increased in all the groups,
but regression growth curve was less steep
in ETE and RTE groups. Tumor volume was larger
in RTE compared with ETR group. It should be noted
that the mean volume of primary tumor was larger in
RTE group than the others but regression of its
growth was less than RTR and ETR groups. There
were strong relationship between tumor volume (in
the sixteenth week) and IL-6 (r=0.729 P=0.0001) and
VEGF (r=0.45 P=0.01).

Discussion

The aim of this study was to examine the effects
of endurance exercise on level of cytokines involved
in intra-tumor angiogenesis in order to evaluate its
role as an adjuvant therapy for breast cancer and its
effects on the body's resistance against cancer. The
results showed that the level of IL-6 and VEGF were
significantly different between groups performing
and not performing exercise. Given the smaller
tumor volume in early weeks in ETE and ETR groups
compared with the others and the difference in the
level of measured cytokines after training protocol,
endurance exercise seems to play a preventive role
and be an effective adjuvant therapy in estrogen
hormone dependent breast cancer.
Angiogenesis is a prerequisite for continued growth
and spread of tumors. After reaching a specific extent,
solid tumors develop several hypoxic areas in tumor
center to which oxygen and nutrients are not supplied
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to provide for metabolic needs because of their low
number. Tumor tissue can express and produce several
protein factors during hypoxic and necrotic stress.
These factors are in fact a series of angiogenic peptides
produced by tumor and other cells within
it. Cytokines such as IL-6 and IL-8 activate a wide range
of signal transduction pathways that regulate the
process of angiogenesis. Studies show that these
cytokines lead to activation of NF-κB, JNK, ERK and P38
signaling pathways (25), which ultimately stimulate
vascular endothelial cells to produce VEGF. IL-6
can increase tumor growth by up-regulating angiogenic
and anti-apoptotic proteins in tumor cells. IL-6
plays a key role along with other cytokines in
the angiogenic process, stimulating VEGF production in
vascular endothelial cells. VEGF is not only a potent
mitogen for vascular endothelial cells but also a
vascular permeability factor causing continuous
production of fibrin and fibronectin to produce tissue
matrix (26). In the present study, we observed that
the level of IL-6 and VEGF in tumor tissue was
significantly reduced in groups performing endurance
exercise after tumor induction in comparison with
other groups. Regular exercise reduces the level of
pro-inflammatory cytokines such as IL-6 in tumor
tissue. Since this cytokine has an effective role in
producing VEGF by stimulating the expression
of hypoxia inducible factor- α (HIF-α) (23), reduced
level of IL-6 in groups doing exercise indicated
apparent role of regular physical activity in reduction of
angiogenesis in tumor by suppressing the production of
pro-inflammatory cytokines. These results were in
agreement with tumor growth rate, i.e. regression of
tumor growth was lower in exercise groups.
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Various studies showed tumor volume reduced
following regular exercise (11-13,27). In the present
study, following endurance training, tumor volume
and tumor growth rate was decreased. In another
study, Murphy et al reported reduction in tumor
volume after 20 weeks of exercise in mice with
cancer, which was attributed to reduced level of
intra-tumor inflammatory cytokines, and showed a
direct relationship between inflammatory cytokines
and tumor volume (12). Reduced volume of tumor in
our study was observed in exercise groups, and
considering the strong correlation between the level
of IL-6 and tumor volume (r= 0.729), reduction in
tumor volume in exercise groups was attributed to
decreased level of intra-tumor inflammatory factors.
In this regard, findings of our study can better justify
the relationship between inflammatory cytokines
and tumor volume changes, since it seems that local
cytokine levels in tumor microenvironment is more
effective than systemic and circulating levels of
cytokines. In another study, Donatto et al evaluated
the effect of 6 weeks of endurance exercise on the
levels of IL-6, tumor necrotizing factor- α (TNF-α)
and IL-10 in obese rats with tumor. The results
showed that IL-6 and TNF-α was decreased in tumorexercise group compared with control tumor groups.
In addition, the level of IL-10 as an antitumor
cytokine, was higher relative to TNF-α in the exercise
group (28). Most of the studies in this field support
the positive impact of exercise in reducing chronic
inflammation, and exercise has been introduced as
an effective measure to reduce inflammation.
Zielinski et al showed that endurance exercise led
to a delay in tumor growth. They showed that
performing regular endurance exercise decreases
intra-tumor macrophage and neutrophil density
especially in early stage of the tumor (13). Since
immune cells, in addition to the destruction of tumor
cells play an effective role in production of growth and angiogenesis factors such as IL-6 and IL-8, they
accelerate tumor growth and proliferation. IL-6 plays a
dual role in progression and destruction of tumor cells.
It has the ability to stimulate natural killer cells and Tcytotoxic lymphocytes, and is involved in their
destruction in the early stages of tumor formation, but
when IL-6 production is chronically increased or when
immune cells are persistently present within the tumor,
they become important in tumor progression through
mechanisms involved in angiogenesis and antiapoptotic activity. IL-6 increases the growth of tumor
by up-regulating angiogenic and anti-apoptotic proteins
in tumor cells. In estrogen receptor dependent breast
cancer, estrogen can activate NF-κB when it binds to its
receptor. It leads to increase IL-6 levels, which results
in suppression of programmed cell death 4 (PDCD4)
and tropomyosin 1 (TPM 1) and up-regulation B-cell
lymphoma protein (BCL2), in addition to stimulation
of induction VEGF production for angiogenesis, through
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IL-6/STAT3 pathway (25). So IL-6 play key role in antiapoptotic activity in breast cancer. This study show that
endurance training lowering IL-6 and VEGF levels in
tumor of breast cancer at two groups ETE and RTE.
Since suppression of IL-6 (29) and VEGF expression
(30) within the tumor tissue is a therapeutic target to
prevent tumor growth, and as regular exercise has such
capacity, it can be argued that endurance training has
an adjuvant effect in inhibiting tumor growth at least in
estrogen-receptor dependent cancers.
An interesting finding in this study was that
tumor volume in RTE group was larger than ETR. As
endurance exercise has been claimed to act as an
adjuvant therapy, there seems to be a contradiction
between this point and tumor growth in this
group. There are two reasons for this: First, the
regression of growth was lower in this group, i.e.
primary tumor volume was larger than ETR group,
indicating the role of exercise in inhibition
and formation of tumor in these groups. This means
that the groups that did exercise had smaller tumors
during tumor formation but tumor growth
regression was lower in RTE group after exercise.
Another point is that central part of the
tumor becomes usually necrotic because of low
supply of blood and oxygen. We observed that the
central necrotic part of the tumor was larger in this
group than other groups, and endurance exercises
seem to have increased necrotic stress within the
tumor. The theory seems to be true that there is a
competition between active muscles and tumor
tissue in blood and nutrients supply, during which
blood flow is directed towards active muscles, and
tumor tissue probably undergoes higher necrotic and
apoptotic stress by receiving less blood flow and
nutrients, as nutrients and tropic factors are
consumed in active muscles.
Data show that ETE group was the best group in
terms of preventing cancer progression because
of performing endurance exercise before and after
cancer. Regular exercise contributes to the prevention
and treatment of cancer due to anti-inflammatory,
psychological and metabolic effects and boosting the
immune system. By comparing ETR and RTE groups in
terms of the measured factors, preventive and adjuvant
role of exercise is clearly indicated. Overall, data in this
study proved the efficacy of moderate-intensity
endurance exercise in decreasing the level of
inflammatory and angiogenic intra-tumor cytokine
levels and subsequent tumor volume. Considering these
data, it can be claimed that in addition to preventive
role, exercise has the role of adjuvant role in estrogenreceptor-positive cancers.

Conclusion

The results of this study suggest that continuous
moderate endurance exercise has an effective role in
reduction of inflammatory and angiogenic cytokines

235

Exercise reduce intra-tumor inflammatory cytokines

within the tumor, and these reduced levels are in line
with decreased tumor volume and tumor growth
regression. Therefore, we can claim that exercise
training has an adjuvant role in estrogen-receptor
dependent cancers in addition to prophylactic effect.
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