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Introduction: This study explores the combined effects of concurrent training
and capecitabine consumption on breast cancer prevention and therapy,
focusing on the modulation of BRCA1 gene expression.

Material & Methods: In the main study, 12 mice were divided into groups,
including Exercise-Tumor-Exercise (ETE), Exercise-Tumor-Exercise+Drug
(ETE + D), and various others. Resistance and endurance training were
conducted five days a week for 12 weeks before and eight weeks after tumor
induction, accompanied by capecitabine administration. BRCAI gene
expression was assessed post-intervention using SPSS 20.

Results: MC4-L2 injection induced tumors. Both pre and post-cancer induction,
exercise significantly increased BRCA1 gene expression (p = 0.001, p = 0.001).
Exercise combined with post-cancer capecitabine led to increased BRCA1
expression (p = 0.001). Capecitabine alone post-cancer also elevated BRCA1
expression (p = 0.001). Exercise, exercise with capecitabine, and capecitabine
alone post-cancer showed significantly higher BRCA1 expression than exercise
pre-cancer (p = 0.001). Exercise-tumor-exercise and Exercise-Tumor-
Exercise+Drug groups exhibited increased BRCAI expression compared to
exercise-tumor-drug (p = 0.001).

Conclusion: The ETE+D protocol, involving exercise and capecitabine post-
cancer, increased BRCA1 expression, suggesting potential roles in tumor
prevention and therapy.
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Introduction

Cancer is generally considered a genetic,
but not hereditary, disorder that can
substantially change the expression of
certain genes. In hereditary disorders,
genetic defects arise in parental
chromosomes and are transmitted to the
zygote. On the other hand, the genetic
changes associated with cancer occur in
somatic DNA throughout life, leading to
the uncontrolled proliferation of cancer
cells and the formation of malignant
masses invading healthy tissues and
doubling their growth rate (1). In the case
of localized tumors, it is possible to
eradicate the malignant mass via surgery,
but this strategy is not applicable for
metastatic malignant masses in which
cells enter the lymph or blood vessels,
spreading throughout the body and
forming secondary tumors (2). Studies
have shown that regular physical activity
can have positive effects (the most potent
impacts according to some reports)
against breast cancer (BC). Exercise can
reduce the incidence of secondary
diseases in cancer patients. Poor nutrition,
depression, anxiety, and poor resting
strategies  will  accelerate  cancer
progression while adequate exercise
under the supervision and approval of a
physician can miraculously control and
reverse the disease progression (3).
Physical activity has been associated with
a reduction in the risk of breast, colon,
prostate, and lung cancers (4).
Researchers  believe  that regular
resistance exercises can reduce the
density of neutrophils and macrophages
inside the tumor, especially in the early
phases of its growth. Inflammatory cells
such as macrophages and neutrophils can
play two different roles in tumors. On the

one hand, they are capable of Kkilling
tumor cells, and on the other hand, these
cells may accelerate tumor cells’
proliferation and growth via producing
growth factors and inducing angiogenesis.
Although a reduction in inflammatory
mediators may not alter tumor size, it will
delay tumor growth and, most
importantly, tumor regression  (5).
Exercise usually has a positive effect on
most biological processes such as insulin
resistance, inflammation, energy
expenditure, and the function of most
organs. Based on research evidence,
physical activity can improve cancer
patients’ quality of lives, reduce their
fatigue, and alleviate many cancer
complications during and after the
therapeutic course. Therefore, it is
important for cancer patients to adhere to
exercise protocols and physical activity
programs during different stages of the
disease (6). Carcinogenesis is a multi-step
process intercalated with epigenetic,
genetic, and environmental changes.
Genetic changes that play a role in this
phenomenon affect the pathways
involved in cellular growth and trigger the
uncontrolled proliferation, growth, and
survival of cells. Among these genes are
those involved in apoptosis (i.e.,
programmed  cell  death),  tumor
suppressor genes, oncogenes, and DNA
repair genes (7). Tumor suppressor genes
are important parts of the genome and
regulate multiple cellular functions. These
genes can be broadly classified based on
their roles in the cell (e.g., cell cycle
progression, cell proliferation, DNA
repair, and other important cellular
signaling functions such as apoptosis
induction). In the absence of functional
tumor suppressor genes, there is a
substantial risk for abnormal cell growth,
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which is a known cancer development
mechanism (8). In fact, functional
mutations in tumor suppressor genes have
been identified in many cancers, including
ovary, lung, pancreas, uterus, breast, and
bladder cancers (9). Various genes have
been noted to be involved in BC
development, showing different
expression levels between cancerous and
normal tissues. One of the most important
tumor suppressor genes is Breast cancer
type 1 (BRCA1) that contributes to the
repair of double-stranded DNA breaks.
Changes in the sequence of the BRCA1
gene have been reported to increase the
risk of a variety of cancers, including BC,
and BRCAL gene mutations are detected
in most BC patients. Mutations in this
gene have been reported in approximately
50% and 80% of families with early-onset
breast and ovarian cancers, respectively.
In women with a family history of BC, the
risk of this condition is substantially high,
bolding the genetic predisposition of these
individuals (10). Around 15% of all BC
cases can be related to a strong genetic
predisposition, indicating a hereditary
pattern. The genes that predispose to
hereditary (i.e., familial) BC are classified
into  high-risk and  moderate-risk
categories, with BRCAL belonging to the
high-risk group (11). Both BRCAL and
BRCAZ2 interact with many proteins and
are involved in multiple biological
pathways, including DNA repair in which
they promote unique roles (12). For
example, BRCA1l has a role in the
progression of the S and G2 phases of the
cell cycle, where it interacts with RAD51.
During the repair of double-stranded
DNA, the RADS51 protein binds to a
single-stranded DNA, forming an
adhesive strand that can penetrate into a
parallel double-stranded DNA (13). The

mechanism by which BRCAl and
BRCA2 promote DNA repair involves
integration with DNA homologs and
double-stranded DNA breaks. During this
process, BRCA2 guides RAD51 towards
the DNA damage site by directly binding
to this protein. Simultaneously, BRCA1
controls signaling pathways, including
those involved in homologous
recombination, to ensure that all DNA
double-strand breaks are repaired upon
RAD51 complex formation (14). Breast
cancer type 1 is responsible for repairing
damaged DNA repair and also helps
destroy cells whose DNA cannot be
repaired. If this gene is mutated, DNA
repair will not be done properly, boosting
the risk of BC. This protein interacts with
RNA polymerase Il via its C-terminal
domain, as well as with the histone
deacetylase complex. So, in addition to its
role in double-stranded DNA repair, this
protein also plays a role in gene
transcription. The BRCAL gene contains
three functional domains, participating in
the formation of several protein domains
(15). Breast cancer can be treated via
surgery, chemotherapy, etc. Various
chemotherapeutics involve doxorubicin,
capecitabine, etc.,, which can be
prescribed as either injectable or oral
form. Capecitabine, a prodrug of 5-
fluorouracil, has shown noteworthy
antitumor efficacy (16) and is converted
into its only active metabolite (i.e., F6) by
the thymidine phosphorylase enzyme that
is highly expressed in various tumors and
the liver tissue compared to normal
tissues.  Capecitabine  has  shown
acceptable tolerability and varying
degrees of efficacy in different cancers,
including prostate, kidney, ovary,
pancreatic, metastatic breast, and colon
cancers (17). Upon oral administration,
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the drug is rapidly absorbed via intestinal-
gastric neuronal fibers and converted to 5-
fluorouracil (5-FU), its active form, via
three enzymatic reactions. Initially, the
cytidine deaminase enzyme, which is
abundant in the liver and tumor tissue,
catalyzes the production of deoxy-5-
fluorouridine  (5-dFUrd). Finally, 5-
dFUrd is converted to 5-FU by the
thymidine phosphorylase enzyme, a
reaction that exclusively occurs in the
tumor tissue (18). The risk of BC has been
noted to decrease by leisure familial
activities (21% on average), riding a
bicycle and walking (18%), and sport
competitive activities (13%). Exercise
and physical activity at any age can
significantly reduce the risk of BC, but the
greatest impact of these activities has been
reported in the age of 50 years and older.
Exercise has been particularly effective in
reducing the risk of BC in women without
a family history of the disease,
postmenopausal women, and women with
normal BMlIs (19). In a literature review,
we found no studies assessing the effect of
combined exercises in parallel with
capecitabine consumption on BRCAL
gene expression. Therefore, in this study,
we aimed to investigate the effects of
combined exercises, with or without
capecitabine treatment, on BRCAL gene
expression in animal models of BC.

Materials and methods
Experimental Design and Animal

Allocation

This true experimental study involved 92
female mice with a mean weight of 15-20
g, obtained from a supplier. The mice
were housed in groups of three per cage in
a controlled environment with a
temperature of 22 = 2 °C, relative

humidity of 55 * 5%, and a 12-hour light
and dark cycle. Daily measurements of
their weight and food intake were
recorded throughout the study.

In the primary study, 12 mice were
randomly divided into two groups: six
healthy mice and six tumor-bearing mice
for the induction of breast cancer. Breast
cancer was induced experimentally by
injecting one million MC4-L2 cancer
cells intraperitoneally.

For the main study, 80 mice were
randomly assigned to eight groups, each
consisting of six mice. The groups were as
follows: 1. Exercise-Tumor-Exercise
Group (ETE), 2. Exercise-Tumor-
Exercise + Drug Group (ETE + D), 3.
Exercise-Tumor-Drug Group (ETD), 4.
Exercise-Tumor-Rest Group (ETR), 5.
Rest-Tumor-Exercise Group (RTE), 6.
Rest-Tumor-Exercise + Drug Group
(RTE + D), 7. Rest-Tumor-Drug Group
(RTD), 8. Rest-Tumor-Rest Group (RTR)

These groups were established to
investigate the effects of different
interventions on breast cancer in the mice
model, considering exercise, drug
administration, and rest as variables. The
research protocol received approval from
the ethics committee of Sistan and
Baluchestan University, Zahedan, Sistan
and Baluchestan province, Iran, with the
ethical code IR.USB.REC.1398.0109.

Exercise Training Protocol

In this study, a 12-week combined
exercise regimen was implemented, both
before tumor development and after the
onset of cancer. The exercise sessions
were carried out for 8 weeks and
comprised a comprehensive protocol
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involving resistance and endurance
training.

For the pre-tumor training, animals
underwent progressive resistance
exercises five sessions per week over 12
weeks. Each session involved four
climbing series on a 110-cm vertical
ladder inclined at 80° with a
progressively heavier load affixed to the
proximal part of the animal's tail using
tape. The load for the first two series was
set at 50% of the animal's total body mass,
progressively increasing to a final load of
100% in subsequent series. The rest
interval between series was 60 seconds. A
one-week familiarization protocol with
the ladder was conducted, involving three
trials per day for three days.

The endurance protocol included running
exercises on a flat-bed treadmill at a speed
of 12 meters per minute. Initially, for 5
days per week and 10 minutes per day in
the first week, gradually increasing up to
64 minutes by the 12th week. A one-week
running familiarization protocol preceded
the main exercises, with speeds ranging
from 8 to 10 meters per minute, conducted
5 days per week for 5 to 10 minutes per
day.

After tumor formation, an 8-week
modified combined exercise routine was
implemented. The gavage protocol for the
capecitabine drug was as follows: for 8
weeks, every week for 5 days at a rate of
2 mg per week; capecitabine was orally
gavaged to mice. Tumor size was
measured weekly with a digital caliper.

Tissue Collection

Forty-eight hours after the final training
session, the animals underwent anesthesia
through intraperitoneal injection of a

ketamine-xylazine mixture (30-50 mg/kg
ketamine, 3-5 mg/kg xylazine). Tissue
samples were extracted from the
surrounding areas and immediately
preserved in liquid nitrogen at -80 °C.
Homogenization of mouse tissue was
carried out in the laboratory. RNA
extraction from the homogenized tissues
followed the Trizol extraction Kit
instructions. The expression of the
BRCA1 gene was determined through
real-time PCR using a specific Kit.
Laboratory findings from peripheral
tissues were obtained for all eight groups
of mice.

RNA and cDNA extraction and

purification

Total RNA isolation from peripheral
tissue specimens was performed using the
Total RNA Extraction Kit (Parstous,
Mashhad, Iran). Following traditional
deparaffinization with ethanol and xylene
solutions, as per the manufacturer’s
instructions (20), the quantification and
quality assessment of total RNAs were
conducted wusing a ScanDrop 250
spectrophotometer ~ (Analytik  Jena,
Germany) and electrophoresis on a 1%
agarose gel, respectively.

To prevent DNA contamination, the total
RNA underwent DNase | treatment
(Thermo Fisher Scientific, Waltham,
MA). Subsequently, the synthesis of first-
strand cDNA was carried out using the
Easy™ cDNA Synthesis Kit (Parstous,
Mashhad, Iran), following  the
manufacturer’s guidelines. The PCR
products were then stored at -20 °C for
future use.

Quantitative  Real-Time PCR for

Assessment of BRCAL Expression Level
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The mRNA expression level of BRCAL in
all 8 groups of mice was assessed by
quantitative real-time PCR (qRT-PCR)
using the SYBR Green method on a
StepOneTM Real-Time PCR System
thermocycler (Thermo Fisher Scientific,
USA). gRT-PCR reactions followed a
thermal cycling profile consisting of 15 s
at 95 °C, followed by 40 cycles including
denaturation for 30 seconds at 95 °C,
annealing for 1 minute at 60 °C, and

experiment was conducted in duplicate
tubes and repeated three times on different
days.  Glyceraldehyde  3-phosphate
dehydrogenase (GAPDH) served as a
reference gene in each experiment. The
optimal thermal profile for the studied
gene, its primer sequence, and the size of
the amplicon and fragment amplified by
this primer are presented in Table 1.

extension for 30 s at 72 °C. Each

Table 1. Primer Sequences and Annealing Temperature for qRT-PCR.

Gene Sequences (5’ to 3")

Annealing Tm (°C)

BRCA1 F- CTGCCGTCCAAATTCAAGAAGT
R- CTTGTGCTTCCCTGTAGGCT

60 °C

GAPDH

F- TCAACAGCAACTCCCACTCTTCC
R- ACCCTGTTGCTGTAGCCGTATTC

60 °C

Statistical Analyses

SPSS 20 was employed for statistical
analysis, and all values were presented as
mean and standard deviation. The
ANOVA test was utilized to assess
significant  differences, with a
significance level set at p < 0.05 for all
comparisons.

Results

Based on the results of the Kolmogorov-
Smirnov test, all research variables in the
research groups exhibited a normal
distribution. No significant difference was

observed in the body weights among the
groups. The study's findings indicated that
following MC4-L2 injection, the tumor
volume in the induced group exhibited a
statistically significant increase compared
to the healthy group (p = 0.001).

Table 2 reveals a significant difference in
BRCAL gene expression between the
exercise-tumor-rest and rest-tumor-rest
groups. Engaging in exercise prior to the
onset of breast cancer significantly
increased the expression of the BRCAL
gene in the tumor tissue of female rats.

Table 2. Effect of Exercise Before Breast Cancer on BRCA1 gene expression.

Variable Groups (each containing 6 Mean P- value
rats)

Differences

Exercise- Tumor- Rest

BRCA1 Gene Expression

Rest- Tumor- Rest

1.1400 0.001

According to Table 3, a significant difference in BRCA1 gene expression is observed
between the Rest-Tumor-Exercise and Rest-Tumor-Rest groups.
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Table 3. Effect of Exercise Before Breast Cancer on BRCA1 gene expression.

Variable Groups (each containing 6 Mean P- value
rats) Differences

Rest- Tumor- Exercise
BRCA1 Gene Expression 0.890 0.001
Rest- Tumor- Rest

As depicted in Table 4, a significant difference in the expression of the BRCAL gene is
observed between the Rest-Tumor-Exercise+ Drug and Rest-Tumor-Rest groups. Exercise
+ drug after breast cancer significantly increased the expression of BRCA1 gene in tumor
tissue of female rats.

Table 4. Effect of Exercise + drug After Breast Cancer on BRCA1 gene expression.

Variable Groups (each containing 6 Mean P- value
rats) Differences

Rest- Tumor- Exercise + Drug
BRCA1 Gene Expression 1.680 0.001
Rest- Tumor- Rest

According to Table 5, a significant difference in BRCA1 gene expression is observed
between the rest-tumor-drug and rest-tumor-rest groups. Drug after breast cancer
significantly increased the expression of BRCA1 gene in tumor tissue of female rats.

Table 5. Effect of Drug After Breast Cancer on BRCA1 Gene Expression.

Variable Groups (each containing 6 Mean P- value
rats) Differences

Rest- Tumor- Drug
BRCA1 Gene Expression 0.790 0.001
Rest- Tumor- Rest

According to Table 6, a significant difference in BRCAL gene expression is observed
between the Exercise-Tumor-Exercise and Rest-Tumor-Exercise groups. Exercise before
breast cancer significantly increased the expression of BRCAL gene in tumor tissue of
female rats.

Table 6. Effect of Exercise Before Breast Cancer on BRCA1 Gene Expression.

Variable Groups (each containing 6 Mean P- value
rats) Differences

Exercise- Tumor- Exercise
BRCA1 Gene Expression 1.880 0.001
Rest- Tumor- Exercise

According to Table 7, there is a significant difference in BRCA1 gene expression between
the Exercise -Tumor-Exercise+Drug and the Rest-Tumor-Exercise+Drug groups. Exercise
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before, along with Exercise+Drug after breast cancer, significantly increased the expression
of BRCAL gene in tumor tissue of female rats.

Table 7. Effect of Exercise Before along with Exercise+ Drug After Breast Cancer on BRCAI Gene

Expression.
Variable Groups (each containing 6 rats) Mean P- value
Differences
Exercise- Tumor- Exercise +
b];‘fffjsgiir;e Drug 1.518 0.001
P Rest- Tumor- Exercise + Drug

According to Table 8, there is a significant difference in BRCA1 gene expression between
the Exercise-Tumor-Drug and the Rest-Tumor-Drug groups. Exercise before, along with
Drug after breast cancer, significantly increased the expression of BRCAL gene in tumor
tissue of female rats.

Table 8. Effect of Exercise Before along with Drug After Breast Cancer on BRCA1 Gene Expression.

Variable Groups (each containing 6 rats) Mean P- value
Differences
Exercise- Tumor- Drug
iRCA] Gene 1.310 0.001
Xpression Rest- Tumor- Drug

According to Table 9, when comparing BRCA1 gene expression between groups following
the induction of breast cancer along with pre-induction exercise, the Exercise+ Drug group
demonstrated a significantly higher level of BRCA1 gene expression compared to all other
groups.

Table 9. Comparison of BRCA1 Gene Expression Between Groups After Induction of Breast Cancer
along with Pre-Induction Exercise.

Variable Groups (each containing 6 rats) Mean P-
Differences | value

. Exercise- Tumor- Exercise
BRCA1 Exerg;eel:c'glemor— + Drug 0.42857 0.067
Gene Exercise - Tumor- Drug 0.70000 0.001
Expression Exerc1§e - Tumor- Exercise - Tumor- Drug 1.12857 0.001
Exercise + Drug

Discussion induction. Combined resistance and
One of the important objectives of this endurance exercises have been noted to
study was to investigate the preventive improve the function of the immune
effects of combined exercises. For this system, cardiovascular system,
purpose, four groups of mice performed respiratory system, etc. Research has
combined (resistance and endurance) shown that BRCAL gene expression
exercises for 12 weeks before tumor resistance exercise increases the number
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of immune cells, including natural killer
cells, in blood circulation and protects the
body against infections and tumor
development. In addition, GAPDH gene
expression endurance exercise has been
reported to improve the performance of
the cardiovascular and respiratory
systems,  boosting  oxygen-carrying
ability. In the present research, four
groups of mice performed pre-tumor
induction exercises (a total of 40 Balb/c
mice), 12 of which rejected the tumor.
Since all the animals received the same
number of cancerous cells (i.e., one
million), the rejection of tumors by some
of these mice can be attributed to pre-
tumor induction  activities  that
strengthened the immune  system.
Regarding tumor size in the first week, the
mice that performed pre-tumor induction
exercises (i.e., Exercise-Tumor-Exercise,
Exercise-Tumor-Exercise ~ + Drug,
Exercise-Tumor-Rest + Drug, and
Exercise-Tumor-Rest) showed smaller
tumors compared with the animals that
did not perform these activities before
tumor induction (i.e., Rest-Tumor-
Exercise, Rest-Tumor-Exercise + Drug,
Rest-Tumor-Rest + Drug, and Rest-
Tumor-Rest). Therefore, it can be said
that these exercises could promote a type
of anti-tumor immunity and prevent
tumor growth. Overall, our observations
indicated a lower level of tumor growth in
the mice that performed combined
exercises than the animals that did not
perform these exercises. Collectively,
regarding the higher tumor rejection rate
and the smaller tumor volume observed
during the first week after tumor induction
in the mice that performed combined
exercises, it can be concluded that
combined exercises can prevent tumor
development or decelerate its growth.

According to our results, by changing
sedentary machine-oriented lifestyles to
more active ones and conducting regular
physical activities and sports, it is possible
to reduce the risk of BRCALl gene
expression development. In fact, exercise
has a protective effect against BRCA1
gene expression. People who do regular
sports, especially women, are less likely
to develop cancer. Also, the risk of
developing non-cutaneous cancers has
been lower in the women who had
performed exercises during their youth
than those who did not exercise (21).
Research shows that a reduction in sex
hormone-binding globulin (SHBG) may
increase the risk of BRCALl gene
expression incidence among women and
its recurrence after menopause. In this
regard, Liedtke et al. (2011) investigated
the relationship between sex hormones
and physical activity in postmenopausal
women and reported that there was a
direct correlation between GAPDH gene
expression levels and physical activity.
However, the relationship between
exercise activity and GAPDH gene
expression levels in postmenopausal
women with BRCA1 gene expression
remains unclear (22).

Studies on the effects of exercise on
BRCAL gene expression are infrequent. It
has been suggested that exercise may
reduce the risk of BC in the carriers of
BRCAL/2 mutations. Considering the
biological role of BRCAl and the
pathological features of BC, it seems that
one of the key functions of this gene is to
regulate breast stem cells. It seems that
physical activities and exercises can
induce substantial biological changes,
including changing the number of stem
cells (SCs). Regular exercise has been
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reported to affect BRCAL gene expression
and tumor growth (23). It has been
observed that physical activity can reduce
the growth of cancerous breast tumors in
the adult women carrying a mutant
BRCA1 gene. A 20-day period of
treadmill exercises significantly increased
the expressions of the BRCAL, p53, and
estrogen receptor-(ER) S genes and
reduced ER-a in the mammary gland in
14-day-old rats (24). Regarding the
inhibitory effect of BRCAL on estrogen
receptors, Zarbaf et al. (2018) reported a
decrease in the number of terminal end
buds (TEDs) in the mammary glands of
the mice born to the mothers who had
performed exercise. This was associated
with a reduction in ER-B expression (i.e.,
reduced proliferation) and an increase in
the ratio of ER-a to ER-B ratio in
mammary lobules and tubes (i.e., a higher
rate of differentiation). Overall, these
findings correlated with a reduction in the
risk of breast tumor development in the
siblings whose mothers had performed
exercise (25). So far, no study has been
conducted on the link between BRCA1
expression and exercise activities in
Balb/c mice with BC. However, tumor
suppressor genes, which are important
players in preventing gene mutations,
have been subjected to many studies. For
example, Kazemi et al. (2015)
investigated the effect of endurance
exercise on the gene expression of
microRNA (miR)-155 (an oncogene) and
SOCS1 (a tumor suppressor) in the tumor
tissues of mice with BC. Their results
showed that exercise significantly
reduced miR-155 expression and boosted
SOCSL1 expression in the tumor tissue,
suggesting a potential therapeutic role for
endurance exercise in BC via enhancing
the expression of anti-tumor genes and

suppressing the expression of oncogenes
(26). Sadeghi Poor Vojdani et al. (2019)
conducted a study investigating the
impact of intermittent exercise on the
gene expression of the E-cadherin tumor
suppressor, systemic inflammation, and
tumor volume in mice with breast cancer.
The findings revealed that intermittent
exercise, serving as a non-pharmaceutical
approach, effectively influenced the
expression of tumor suppressor genes,
hindered metastasis, tumor invasion, and
systemic inflammation, and even
demonstrated the potential to reverse
disease progression and metastasis (27). A
few studies have been performed on the
effect of exercise on BRCA1l gene
expression. Overall, combined exercise
seems to be effective in either reducing or
delaying tumor growth. The results of the
present study revealed that eight weeks of
combined exercise (either before or after
tumor induction) along with capecitabine
treatment decreased the expression of the
BRCAL gene compared with other groups.
These findings suggest that exercise
before tumor induction may prevent
tumor growth by improving the function
of the immune system. The effect of pre-
tumor induction exercise was observed to
be enhanced after being combined with
post-tumor induction exercise and
capecitabine treatment, suggesting a
synergistic ~ effect  between  drug
consumption and exercise. It seems that
combined exercise can modulate stem
cells’ functions, a feature that is a key
function of the BRCAL gene as well. More
studies are needed to draw accurate
conclusions on this subject. Research
suggests the contribution of a series of
changes in the cancerous transformation
of cells. The oncogene triggers cellular
proliferation, leading to tumor growth.
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The complex processes that facilitate the
growth of cancer cells are not well
understood. While we had only a handful
of anti-cancer drugs in the past, there are
currently multiple chemotherapeutics that
travel throughout the body via the
bloodstream and eradicate fast-dividing
cancerous cells in the body. These drugs
may be utilized in a variety of forms (28).
During cancer therapeutic course,
exercise protocols aim to maintain
patients’  strength, endurance, and
performance so that they recover their
previous levels of physical and
psychological functions. Aerobic exercise
can prevent fatigue, and resistance
exercise can help maintain muscle mass.
The recent is particularly important as
about 50% of people with cancer suffer
muscle loss. Chemotherapeutics generally
target rapidly-dividing cells, so they can
affect healthy dividing cells as well, such
as cells in hair follicles, nails, the oral
cavity, gastrointestinal tract, bone marrow
(i.e., hematopoietic stem cell). Targeted
therapies recognize cancer cells’ specific
features, for example a protein that
confers these cells rapid proliferation, and
therefore, inflict less harm to healthy cells
than chemotherapy drugs. Today, along
with the long list of available anti-cancer
drugs, other methods such as exercise and
physical activity can be used to help
eradicate cancer cells or reduce tumor
growth. In the therapeutic course of BC,
physical activity, in parallel with other
medications, can prevent the side effects
of chemotherapy and significantly reduce
tumor growth. In the present study, we
investigated the effect of combined
exercises (before and after tumor
induction, with or without capecitabine
treatment) on tumor growth in mice
models of BC. Comparing the two groups

of Exercise-Tumor-Drug and Rest-
Tumor-Drug at the end of eight weeks of
exercise, the results showed a greater
reduction in cancer cell growth in the
group  participating in  pre-tumor
induction exercise. This observation
suggests a role for pre-tumor induction
exercise in boosting the function of the
immune system. Thus, this exercise
protocol can be effective in the treatment
of BC, and it is suggested to be used as a
complementary strategy along with
chemotherapy. The results of the present
study showed a higher tumor rejection
rate and lower tumor growth in the mice
performing combined exercises before
and after tumor induction along with
capecitabine consumption (i.e., the
Exercise-Tumor-Exercise + Drug group)
compared to others. Regular exercise can
promote psychological and
immunological functions, boosting the
body’s ability to fight against cancerous
lesions.

Conclusion

The results of this study showed that the
mice that performed pre-tumor induction
exercise had better resistance against
cancer development. We also compared
capecitabine-treated mice that performed
post-tumor induction exercise with the
animals that received the drug but did not
perform the exercise protocol after tumor
induction. The results indicated the
positive effects of exercise on the cancer
chemotherapy course. Therefore, it can be
concluded that regular exercise, in
addition to a preventive effect, can serve
as a complementary approach to reduce
the side effects of chemotherapy and help
treat estrogen receptor-dependent
cancers.


https://jbrms.medilam.ac.ir/article-1-757-en.html

[ Downloaded from jbrms.medilam.ac.ir on 2026-01-31 ]

Capecitabine and Combined Training on BRCA1 Expression

Acknowledgements

We express our gratitude to the Institute
of Experimental Animal Research at
Zahedan University of Medical Sciences
for their invaluable assistance in
conducting this research.

Financial support

This project received financial support
from Sistan and Baluchestan University.

Conflict of interest

There are no conflicts of interests in the
present study.

Authors’ contributions

M SN conceived and designed the study,
contributed to data acquisition and
interpretation, drafted the manuscript. AS
contributed to the study’s conception,
interpretation of data, drafted the
manuscript. MB participated in drafting
and critically revising the manuscript. HF
conceived and designed the study,
abstracted and analyzed data.


https://jbrms.medilam.ac.ir/article-1-757-en.html

[ Downloaded from jbrms.medilam.ac.ir on 2026-01-31 ]

References

Poor zarandi H, Hematiafif A, Ghasemi AM,
Erfanipour M. The first national conference
on modern sports science, professional
sports and health promotion. Sport
Canc.1394; 8(3):46-55. dio:
10.1016/s8756-3282(03)00212-6.

Tan B, Huang L, Wu Y, Liao J. Advances and
trends of hydrogel therapy platform in
localized tumor treatment: A review. ]
Biomed Mater Res. 2020; 8(3) 1-22. doi:
10.1002/jbm.a.37062.

Amo Mohammadi M, Gholami M, Abed
Natanzi H. The effect of four-weeks
continuous and interval exercise training
on activin-A muscular level in female mice
with breast cancer. ] Anim Biol. 2019;
12(1):37-48.
https://ascij.damghan.iau.ir/article_6697
16.html?lang=en.

Gholamian S, Attarzadeh Hosseini R,
Rashidlamir A, Agha Ali Nejad H. Effect of
interval training on the expression of
mesenchymal biomarker vimentin and
tumor volume in mice with breast cancer.
Iran Q ] Breast Dis.2019; 12(1):19-28.
http://dx.doi.org/10.30699 /acadpub.ijbd.
12.01.19.

Bray F. Global cancer statistics 2018:
Globocan estimates of incidence and
mortality worldwide for 36 cancers in 185
countries. CA Cancer J. Clin. 2018; 68: 394-
424.doi: 10.3322/caac.21492.

Jacobs BAW, Deenen M], Joerger M, Rosing
H, De Vries N, Meulendijks D, et al
Pharmacokinetics of capecitabine and four
metabolites in a heterogeneous population
of cancer patients: a comprehensive
analysis. ~ CPT  Pharmacomet  Syst
Pharmacol. 2019; 8(12):940-950. doi:
10.1002/psp4.12474.

Kuchenbaecker KB, Hopper JL, Barnes DR,
Phillips KA, Mooij TM, Roos-Blom M], et al.
Risks of breast, ovarian, and contralateral
breast cancer for BRCA1 and BRCA2
mutation carriers. JAMA. 2017;
317(23):2402-2416.
doi:10.1001/jama.2017.7112.

Marshall PW, McEwen M, Robbins DW.
Strength and neuromuscular adaptation
following one, four and eight sets of high
intensity resistance exercise in trained
males. Eur] Appl Physiol. 2011; 12: 3007-
16.doi: 10.1007/s00421-011-1944-x.
Noori Daloii MR, Zekri A. Genetic instability
and centrosome abnormality in cancer.
Med Sci 2014; 24(3):125-35.
http://tmuj.iautmu.ac.ir/article-1-831-
en.html.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

79

Capecitabine and Combined Training on BRCA1 Expression

Ren JX, Gong YL, Hu HX, Shao ZM.
Racial/ethnic differences in the outcomes
of patients with metastatic breast cancer:
contributions of demographic,
socioeconomic, tumor and metastatic
characteristics. Breast Cancer Res.
2019;173 (1): 225-237. doi:
10.1007/s10549-018-4956-y.

Shiovitz S, Korde LA. Genetics of breast
cancer: a topic in evolution. Ann. Oncol.
2015; 26 (7):1291-1299. doi:
10.1093/annonc/mdv022.

Cardoso F, Cataliotti L, Costa A, Knox S,
Marotti L, Rutgers E, et al. European breast
cancer conference manifesto on breast
centres/units. Eur ] Cancer. 2017; 72:244-
50. doi: 10.1016/j.ejca.2016.10.023.
Villareal DT, Aguirre L, Gurney AB, Waters
DL, Sinacore DR, Colombo E, et al. Aerobic
or resistance exercise, or both, in dieting
obese older adults. N. Engl. ]. Med. 2017;
376: 1943-1955. doi:
10.1056/NEJMoal1616338.

Johnsson A, Demmelmaier I, Sjovall K,
Wagner P, Olsson H, Tornberg AB. A single
exercise session improves side-effects of
chemotherapy in women with breast
cancer: an observational study. BMC
Cancer. 2019; 19(1): 1073. doi:
10.1186/s12885-019-6310-0.

British national formulary: BNF 69. British
Medical Association. 2015; 585, 588. ISBN
9780857111562.

Surmelioglu N, Paydas S, Karatas Y,
Seydaoglu G. Evaluation of lipid profiles in
patients treated with capecitabine. Tur ]
Med Sci. 2017; 47(4): 1206-1209.doi:
10.3906/sag-1607-53.

Rezaei, Z Shakerian S, Nikbakht M. The
effect of ten weeks of high intensity
interval  training and  continuous
endurance training on the expression of
MIR-205 and VEGF gene in mice with
breast cancer has been compared. ] Appl
Health Stud Sport Physiol. 2019; 6(1): 37-
44. doi: 10.22049/jassp.2019.26611.1258.
Amani Shalamzari S, Agha Ali Nejad H,
Alizadeh SH, Kazemi AR, Saei MA, Minayi N,
Shokrolahi F. The effect of endurance
training on the level of tissue IL-6 And
VEGF in mice with breast cancer. ]
Shahrekord Univ Med Sci. 2014 :16(2):10-
21. http://78.39.35.44 /article-1-1586-
en.html.

Forbes C, Fayter D, De Kock S, Quek RGW. A
systematic review of international
guidelines and recommendations for the
genetic screening, diagnosis, Genetic
Counseling and treatment of BRCA-
mutated breast cancer. Cancer Manag. Res.


https://jbrms.medilam.ac.ir/article-1-757-en.html

[ Downloaded from jbrms.medilam.ac.ir on 2026-01-31 ]

80

Capecitabine and Combined Training on BRCA1 Expression

20.

21.

22.

23.

24.

25.

26.

27.

2019; 2321-2337. doi:
10.2147/CMAR.S189627.

Korbler T, Grskovi¢ M, Dominis M, Antica
M. A simple method for RNA isolation from
formalin-fixed and paraffin-embedded
lymphatic tissues. Exp Mol Pathol.2003;
74(3): 336-340. doi: 10.1016/s0014-
4800(03)00024-8.

Paluch-Shimon S, Cardoso F, Sessa C,
Balmana ], Cardoso M], Gilbert F, et al.
Prevention and screening in BRCA
mutation carriers and other
breast/ovarian hereditary cancer
syndromes: Esmo clinical practice
guidelines for cancer prevention and
screening. Ann Oncol. 2016 ; 27(5): 103-
110. doi: 10.1093 /annonc/mdw327.
Liedtke S, Schmidt ME, Becker S, Kaaks R,
Zaineddin AK, Buck K, Flesch-Janys D, et al.
Physical activity and endogenous sex
hormones in postmenopausal women: to
what extent are observed associations
confounded or modified by BMI? Cancer
Causes Control. 2011; 22(1):81-9. doi:
10.1007/s10552-010-9677-4.

Liang M. Association between
CHEK2*1100delC and breast cancer: a
systematic review and metaanalysis. Mol.
Diagn. Ther. 2018; 22: 397-407. doi:
10.1007/s40291-018-0344-x.

Thomas BN, Hardy JW, Kelly SE, Ludlow §]J,
Lankford DE. Comparison in strength gains
with periodized training for 1 set, 1 set-3
set, and 3 set over 12 weeks. Int ] Exerc Sci;
2013. 8; Iss 1, Article 18.
https://digitalcommons.wku.edu/ijesab/v
018/iss1/18.

Zarbaf R, Koushki Gahromi M, Sofi Abadi M,
Daryanoosh F, Peymani ©H. The effects of
aerobic exercise in sprague dawley
pregnant rats on BRCA1 and P53 gene
expression of adult offspring breast tissue.
] Shahrekord Univ Med Sci. 2018; 20 (5)
:13-24.

http://78.39.35.44 /article-1-3512-
en.html.

Kazemi A, Agha Alinejad H, Alizadeh §,
Shahbazi Sh, Amani Shalamzari S. The
effect of endurance training on Mir-155
expression, stat3 gene expression, and
interleukin 6 protein in mice with breast
cancer. ] Kerman Univ Med Sci. 2015;
22(6): 42 - 52.
https://jkmu.kmu.ac.ir/article_16273.htm
1

Sadeghipoor Vojdani F, Agha-Alinejad H,
Molanouri Shamsi M, Soudi S, Khanchi S.
The effect of interval training on the
expression of tumor suppressor gene,
systemic inflammation, and tumor volume

in breast cancer-bearing BALB/c Mice.
Iran Q ] Breast Dis. 2019; 12(3):17 -25. doi
:10.30699/acadpub.ijbd.12.3.17.

28. Jacobs BAW, Deenen M]J, Joerger M, Rosing

H, De Vries N, Meulendijks D, et al
Pharmacokinetics of capecitabine and four
metabolites in a heterogeneous population
of cancer patients: a comprehensive
analysis. =~ CPT  Pharmacomet  Syst
Pharmacol. 2019; 8(12):940-950. doi:
10.1002/psp4.12474.


https://jbrms.medilam.ac.ir/article-1-757-en.html
http://www.tcpdf.org

