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ABSTRACT

The purpose of the present research was to determine the effects of aerobic exercise on
NF-kB, Lin28B, let-7a microRNA and IL-6 of tumor tissue in mice with breast cancer. 20 female
BALB/c mice were injected with MC4-L2 estrogen-receptor-positive breast-cancer cells, then
divided into two groups of 10 mice each: tumor-exercise (TE) and tumor-control (TC). The TE
group performed aerobic exercise five days per week for six weeks. Widths and lengths of the
tumors were measured weekly using digital calipers. The mice were sacrificed 48 hours after the
last exercise session. Expression of NF-kB, Lin28B and miRNA let-7a genes were quantified with
Real time-PCR and IL-6 was measured by the ELISA test. Tumor volume, expression of NF-kB
and Lin28B genes and IL-6 levels diminished significantly in the TE group compared with the TC
group, but let-7a microRNA expression showed a significant increase in the TE group compared
with the TC group (P<0.05). The results demonstrate that aerobic exercise can have an effective
role in the diminution of IL-6, Lin28B and NF-kB, and the increase of microRNA let-7a and it seems
that regular aerobic training may at least have a therapeutic role in estrogen-receptor-dependent
breast cancers. However, more studies are needed.
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INTRODUCTION

Inflammatory response has a pivotal role
in the tumorigenesis, progress and metastasis of
most cancers, particularly breast cancer ). Breast
cancer is the most health-threatening factor for
females, as it is the most common cancer in this
gender group?. Breast cancer is of several major
molecular subtypes, which are classified as either
estrogen-dependent or estrogen-independent.
Most breast cancers are epithelial tumors arising

from the cell linings of breast ducts or lobules of
breast, and are called estrogen a-receptors positive
[ER alpha positive]®.

It has been demonstrated that an
epigenetic switch, from normal breast cell to
cancerous, is activated by an inflammatory signal,
and epigenetic inheritance is mediated by a
positive feedback loop involving the nuclear factor
kappa-light-chain-enhancer of activated B class
(NF-kB), Lin28 homolog B (Lin28B) protein, Lethal-
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7a (let-7a) microRNA and Interleukin-6 (IL-6). This
regulatory circuit links inflammation to cellular
transformation®.

NF-kB is a transcription factor regulating
the expression of anti-apoptosis genes that also
activates pre-inflammatory chemokines and
cytokines. In fact, NF-kB is a key mediator of
cancerogenesis induced by inflammation. NF-kB
prevents expression of let-7. Considering this view,
preventing the expression of NF-kB leads to
incremental expression of let-7°. Let-7 is a family of
miRNA consisting of 12 members in the human
genome that has a close relationship with cancers
of all types. Let-7a is a member of let-7, which acts
as a suppressor'. In confirming this, studies have
demonstrated that diminution of the let-7a gene is
accompanied by increased tumorigenesis.
Moreover, increased gene expression causes
decreased implanted tumor cells and the tumor
itself® 7.

Because NF-kB acts as an activator
protein, direct inhibition of let-7a expression
appears impossible. Instead, it is proposed that NF-
kB may activate an inhibitor of let-7a, such as
Lin28B, that strongly prevents expression of let-7
in both the transcription and post-transcription
stages. Lin28 is a protein expressed in two forms —
Lin28A and Lin28B — which can be linked to pre
let-7 and prevent the production of let-78.

Thus, NF-kB, by using Lin28B as a
mediator, immediately transmits an inflammatory
signal to a mechanism that eventually inhibits let-
7a expression. In contrast, IL-6, a main mediator of
inflammatory response, is directly suppressed by
let-7a. It has been shown that IL-6 is increased in
epithelial cancers such as breast carcinoma®. IL-6
is a cytokine that has a pre-inflammatory function
in the tumor micro-environment and affects — and
metastasis '° as well as angiogenesis (the creation
of new blood vessels that increase the blood flow,
and therefore growth, of the tumor').

Although it has been demonstrated that
inflammation diminishes following aerobic
exercise, the existing results, particularly in the
domain of cancer, are not exclusive. There is a
question whether aerobic exercise can decrease
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the activity of the positive feedback loop between
NF-kB, Lin28B, let-7a and IL-6, and eventually
reduce inflammation and tumor growth in mice with
breast cancer. Therefore, this research aimed to
investigate the effects of a course of moderate-
intensity aerobic exercise on NF-kB, Lin28B, let-7a
and IL-6 in the tumor tissue of mice with breast
cancer.

MATERIALS AND METHODS

Subjects

Twenty BALB/c (four to five weeks old and
weighing 15-17g) female mice were purchased
from Pasteur Institute and kept five to a cage in 22-
23 °C and 45% humidity. Twelve hours of light and
12 hours of darkness (light from 6 am, darkness
from 6 pm) were applied for physiologic adaptation
of the mice. The animals’ feed was the usual mice
feed, which they could access ad lib up to the end
of the protocol.

Exercise Protocol

All of the mice were familiarized with the
living conditions of the animal house and the manner
of running on the treadmill for one week. They were
then inoculated with the cancer cells, and after 10
days, were divided into two 10-mouse groups: the
tumor-control (TC) group, which performed no
exercise, and the tumor-exercise (TE) group, which
performed moderate-intensity aerobic exercise five
days a week for six weeks, as shown in Table 1. The
protocol consisted of aerobic exercise; specifically,
running on a treadmill®. This exercise was used
because the investigator could easily regulate its
intensity and duration. Because doctors and
specialists have recommended that exercise
intensity should be at an efficacious and safe level,
and that an exercise program that would normally
be considered mild or moderate may be high for
cancer patients®, in this study, moderate-intensity
exercise (55-70 percent VO,max) was applied. The
different intensities of exercise were based on the
research conducted by Agha-Alinezhad in 20082

Cell Culture

As the majority of breast cancers are
known as ER-a positive®, Carcinoma cells of
estrogen-positive breast cancer (MC4-L2) cell line,
a murine ER-o positive cell line, was used in our
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study. MC4-L2 cell line were obtained from Lanari,
an investigator from Buenos Aires University in
Argentina'. The MC4-L2 cells were cultured in a
T75 flask in a DMEM/F-12 environment added to
15 mM of HEPES buffer, glutamine, 100 ig/ml of
penicillin, 100 ig/ml of streptomycin, and 10% FBS.
After 90% of the flask was filled with cells, the
supernatant was withdrawn and, after washing with
PBS, it was separated from the cell plate using 0.025
trypsin enzyme; then, following neutralization of the
enzyme in an environment containing 10% FBS,
the entire contents of the flask were poured into a
Falcon tube and centrifuged at 1200 rpm for 3-5
minutes; in the subsequent stage, the supernatant
was withdrawn and the cell plate was dissolved in
an environment containing 10% FBS. Then, trepan
blue was used to determine the cells’ viability and
hematocytometer was used to count them3.

Tumor formation

Female BALB/c mice were anesthetized
using a suitable dose of ketamine and xyloxine,
and one million cells were injected subcutaneously
into each mouse’s right upper thigh. Approximately
10-14 days after the injection of cancer cells, the
tumor was palpable in the injected area. After the
tumor emerged, its length (L) and width (W) were
measured every week. The formula of Jones et al.,
V=08/2(L>xW), was used to calculate the tumor
volume™,

787

IL-6 Measurement

Forty-eight hours after the last exercise
session, the mice of both groups were sacrificed.
The tumor tissue was removed immediately and its
central necrotic part was discarded. The superficial
part of the tumor was frozen in liquid nitrogen at -
70°C. Tumor tissue was homogenized with lyses
solution, total protein was extracted using the
Bradford method, and the supernatant was used
for ELISA. IL-6 was measured and quantified using
ELISA based on the kit instructions. The Ab100713
ELISA kit by Abcam was used to measure IL-6.

RNA isolation and cDNA Synthesis

RNA isolation stages were performed
based on the Trizol protocol of Life Technology Co.
of the United States. To isolate let-7 microRNA, after
adding isopropanol, the supernatant was kept at
20 °C for 24 hours and the subsequent stages of
isolation were performed®. The Qiagen kit was used
for NF-kB and Lin28B cDNA Synthesis and the
Stratagen kit, made by Agilent Technology Co. of
the United States, was used for let-7a cDNA
synthesis accordingto the company’s protocol.

Real-Time PCR

The Real-Time PCR program was used
on Model 5 plex HRM Corbett apparatus
manufactured in Australia for Lin28B and NF-kB
genes at 40 cycles per minute for the following
configurations: 95 °C for 10 minutes, 95 °C for 15

Table1: Aerobic exercise protocol on treadmill

Exercise period  Velocity (m/min) Time (min)  Repetition (Day/Week)
Familiarization step 6-10 20 5
First 2 weeks 14 25 5
Second 2 weeks 16 30 5
Third 2 weeks 18 30 5

Table 2: Utilized primers

Genes NCBI Forward Sequence Reverse Sequence

let-7a NR_029725 —_— UGAGGUAGUAGGUUGUAUAGUU
ue NR_003027 G TGCAGGGTCCGAGGT GCGCGTCGTGAAGCGTTC
NF-kB NM_008689 ATCACTTCAATGGCCTCTGTGTAG GAAATTCCTGATCCAGACAAAAAC
Lin-28  NM_145833.1 CTTCCATGTGCAGCTTGCTCT GTTCGGCTTCCTGTCTATGACC

GAPDH NM_008084

ACCCTGTTGCTGTAGCCGTATTC

TCAACAGCAACTCCCACTCTTCC
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seconds, 60 °C for one minute, and, for let-7a at: 95
°C for 10 minutes at 45 cycles per minute, 95 °C for
10 seconds, 60 °C for 15 minutes and 72 °C for 20
seconds. The expression of GAPDH was also
determined as an internal control of Lin28B and
NF-kB, and the expression of U6 was used as the
control the gene let-7a (3).Data analysis

In the SPSS19 software, repeated
measures of ANOVA and the student’s t test were
used to assess tumor volume and IL-6, respectively.
Statistical analysis of NF-kB, Lin28B and let-7a was
performed by REST".

RESULTS

The results of repeated measures ANOVA
demonstrated a significant difference between the
tumor growth of the two groups (F=9.7, P=0.001).
The growth process in the protocol that included
six weeks; is shown in the figure1. The final tumor
growth and the growth process in the tumor-control
group were higher than those in the tumor-exercise
group. The original tumor volume in both the tumor-
exercise (TE) and tumor-control (TC) groups were
relatively equal, but the final growth rate of the tumor
eventually diminished in the TE group.

The data gained using quantitative Real-
Time PCR was analyzed by REST. The results
showed a significant reduction of Nf-kB following
aerobic exercise training. Expression of Lin28B also
significantly decreased. The data demonstrated a
significant increase of let-7a expression in the TE
group compared with the TC group. The ratio of the
expression of let-7a in the TE group to that of the TC
group was 21.37 (Table 3).
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Also, the student’s t-test showed a
significant difference in the IL-6 of the two groups
(t=3.11, P:0.007). The amount of IL-6 in the TC group
was 1.6 times that in the TE group (Figure 2).

DISCUSSION

In the present investigation, diminution of
tumor volume in the TE group compared to the TC
group was observed following aerobic exercise
training. The mechanisms of the effects of exercise
on tumor volume are complex. Inflammatory status
is one of the mechanisms involved in tumor growth;
it has been shown that aerobic exercise training
can reduce this status. In this study, the levels of IL-
6, which act as an inflammatory cytokine in the
tumor tissue, were assessed. The results showed
that, following aerobic exercise training, the levels
of this cytokine diminished significantly and seemed
to be effective in decreasing tumor volume. IL-6
cytokine activates a wide spectrum of messaging
routes that lead to angiogenesis. Investigations
show that these cytokines induce activation of
messaging routes such as Nf-kB in the tumor tissue,
which ultimately lead to stimulation of blood vessels’
endothelial cells and cause angiogenesis and
increased tumor growth of.

Other studies have also reported
diminution of tumor volume following regular sport
exercise® '® 7. Murphy et al. (2011) reported
reduction of tumor volume in mice with breast
cancer following 20 weeks of aerobic exercise,
attributing the reduction to lowered levels of pre-
inflammatory cytokines such as IL-6; they reported
the presence of a direct relationship between pre-
inflammatory cytokines and tumor volume'.

Table 3: Results of expression ratio of variables in tumor-exercise
compared to tumor-control groups

Expression ratio of tumor- P Results
exercise groups to tumor-control groups
Nf-kB 0.128 0.004* DOWN
Lin28B 0.305 0.001* DOWN
Let-7a 21.366 0.000* upP

*significant difference between groups (A P value <0.05 was considered

significant)
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Zielinski et al. (2004), too, showed that intensive
activity affects tumor growth by affecting the micro-
environment of the tumor, and leads to delayed
tumor growth'®. Verma et al. (2009) also observed a
reduction in tumor growth and related it to the
reduction of angiogenesis, reduced expression of
VEGF, erythrocyte count and lactates in the micro-
environment of the tumor and increased levels of
oxygen and nitric oxide'®.

The present research also showed
significantly reduced expression of Nf-kB in the
tumor-exercise group compared with the tumor-
control group following six weeks of aerobic
exercise. In the domain of the effects of exercise
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Fig. 1: Rate of tumor growth in research groups.
Tumor growth rate is higher in TC group, initial
tumor volume in TE group is insignificantly higher
than the other group but the final growth rate has
been reduced following aerobic exercise in TE
group.TC (Tumor-Control group), TE (Tumor-
Exercise group)
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training on the expression of Nf-kB in breast cancer,
no research has been conducted thus far. The effect
of one bout of exercise on the expression of Nf-kB
in healthy individuals has been surveyed in only a
few studies’ 2. In the investigation conducted by
Cuevas et al. (2005), expression of Nf-kB
significantly increased following a bout of super-
maximal aerobic exercise in professional bike
riders. Vider et al. (2001) observed a significant
increase of Nf-kB in blood macrophages following
one bout of exercise with 80% VO,max?'.
Discrepancies between the results of these studies
and those of the present research can be justified
as follows: first, in both of the mentioned studies,
the effect of only one bout of exercise had been
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Fig. 2: IL-6 levels in Tumor-Control and Tumor-
Exercise groups. IL-6 levels have been
diminished significantly following aerobic
exercise and seemed to be effective in
decreasing tumor volume
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Fig. 3: Schematic overview of inflammatory positive feedback loop during cellular transformation
(lliopoulos et al. 2009). In normal cells’ process of converting to cancer cells, Scr created an
inflammation starting signaling for the loop that leads to increased activity of Nf-kB. Nf-kB causes
increases in Lin28B, which in turn leads to suppressed expression of let-7a
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investigated, while in the present investigation, the
effects of six weeks of aerobic exercise on the
expression of Nf-kB was measured. Second, the
types of exercise applied in the studies were
different: maximal and super-maximal sport
activities in the earlier studies, and moderate
intensity aerobic exercise in the present
investigation.

In the present investigation, a significant
reduction in the expression of Lin28B and a
significant increase in the expression of let-7a were
observed in the tumor-exercise group compared
with the tumor-control group. Frequency studies
have demonstrated that the expression of let-7a is
reduced in many cancers. In an animal-model study
(mice with breast cancer), inoculation of let-7a
induces decremental regulation of Ras and HMGA2
oncogens?®. It has been reported that let-7a may
target estrogen receptors and, potentially, prevent
signaling of estrogen in estrogen-receptor-positive
breast cancers. Also, it has been demonstrated that
let-7a can prevent tumor-growth angiogenesis and
metastasis in breast cancer by suppressing the
expression of Angiogenin, Fibroblast Growth Factor
(FGF), Matrix Metalloproteinase (MMP) and IL-623.
It appears that let-7a is a molecular marker in special
cancers and has the capacity to be applied as a
therapeutic method in the treatment of some
cancers?*.

To date no research has examined the
effects of exercise on let-7a and Lin28B in breast
cancer, but the results of the investigation conducted
by Simon et al. (2006) indicate that one of the
reasons for diminished IL-6 following exercise
training in healthy people is an increase in let-7%.
Micro-RNA let-7 can, directly and indirectly, prevent
gene expression of IL-6*. The present research also
shows decreases in IL-6 and increases in let-7; one
can attribute part of the reduction in IL-6 to
increased let-7a following aerobic exercise.

However, as observed in Figure-1, IL-6 is
an element of positive feedback loop in the
emergence of breast cancer, and let-7a, Lin28B
and Nf-kB are other elements of it*. It appears that
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diminution of Nf-kB following a course of aerobic
exercise, observed in the present study, may have
a role in the diminution of Lin28B and, consequently,
escalation of expression of let-7a.

In the research conducted by lliopoulos et
al. (2009), in normal cells’ process of converting to
cancer cells, Scr created an inflammation starting
signaling for the loop that leads to increased activity
of Nf-kB. Nf-kB causes increases in Lin28B, which
in turn leads to suppressed expression of let-7a.
Thus, Nf-kB can increase IL-6 by suppressing the
expression of let-7a both directly and indirectly.
Increase of IL-6 induces more escalation of Nf-kB
and ultimately leads to the activation of STAT3.
STAT3 is a transcription factor that activates growth
factors such as vascular endothelial growth factor
(VEGF), and has a role in breast-cancer
tumorigenesis® 2°,

CONCLUSION

The results of the present investigation
demonstrate that regular aerobic exercise training
can have an effective role in reducing Lin28B and
NF-kB and increasing microRNA let-7a. As it has
been demonstrated that perturbation of any
component of the regulatory circuit (inhibition of
NF-kB, Lin28B or IL-6 or overexpression of let-7a)
could induce significant reduction of tumor growth
and mortality in breast cancer, it could be claimed
that regular aerobic training may at least have a
therapeutic role in estrogen-receptor-dependent
breast cancers. In general, the findings of the
present study propose that regular aerobic exercise
can be applied as an adjuvant therapeutic method
along with other methods of therapy in breast cancer.
However, more studies are needed.
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