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Abstract 
 

Introduction: The aim of this study was to compare the protective effects of two types 

of aerobic and intermittent training on breast cancer as a result of TGFβ protein, Smad-3, 

and MMP2 gene in female mice. 

Methods: In the experimental study, a total of 24 female BALB/c mice after 

Tumorigenesis by MC4-L2 cell line in the three groups; Control, Aerobic, and 

Intermittent training groups, and under standard conditions were studied. Aerobic 

continuous training group performed 60 minutes of running on a treadmill with intensity 

of 60-65% VO2max, 5 days a week and high-intensity intermittent program included six 

bouts alternates (3 minutes and 20 seconds with intensity of 85–90%VO2max and a 

minute of recovery with intense 30-35%VO2max between each alternate) for a period of 

10 weeks. Data using one-way ANOVA and Tukey's test at a significance level of 

P<0.05 were analyzed. 

Results: High-intensity intermittent training significantly increased expression of Smad-3 

(P<0.03), and protein TGF-β (P<0.000) and decreased the expression of MMP-2 

(P<0.000) in tumor tissue than in the control group. Aerobic training also significantly 

increased the expression of Smad-3 (P<0.03) and protein TGF-β (P<0.000) and decreased 

the expression of MMP-2 (P<0.04) in tumor tissue than in the control group. No 

significant differences in gene expression Smad-3 and MMP-2 between training groups was 

observed (P<0.05), However, there was significant differences in the TGF-β protein 

between High-intensity intermittent training and aerobic training groups (P<0.05). 

Conclusion: It seems that high-intensity intermittent and aerobic continuous training can 

possibly be effective interventions to reduce breast cancer progression and there is not 

much difference between the effects of two types of training. 

 

Key words: Breast Cancer, Training, TGFβ, Smad, MMP2 

 

 

 
 

Introduction: 

Cancer is one of the most common diseases in 

the civilized world and the number of patients is on 

the rise every day (1). Despite significant advances 

in medical science, cancer continues to be one of 

the fatal diseases of this century, and the second 

leading cause of death after cardiovascular diseases 
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(2). The breast cancer is the most common cancer 

among women in developed and developing 

countries (2). 

We can point to some biomarkers in cancer 

development, simple tests for early diagnosis and 

prognosis of disease, and its severity and response 

to treatment can play a different and essential role. 

Among the factors affecting are MMPs which are 

measured in tumor tissue types (3). The role of 

proteases and especially Matrix metalloproteinase 

(MMPs) in metastasis and invasion of tumor cells 

and completely proven and known that these 

enzymes help this process by facilitating the 

breaking of the connection connective tissue, and 

digesting and extracellular matrix components (4). 

Among this group, the Matrix metalloproteinase -2 

(MMP2), in many normal and deformed cells and 

some malignant cells is generated which can effect 

on collagen membrane based on cellular and 

denatured collagen and gelatin, elastin, 

proteoglycan, laminin and etc (5). On the other, 

Transforming Growth Factor β (TGF-β) is one of 

the most powerful natural inhibitors of cell 

proliferation is vital to its oncogenic activity. 

Autocrine and paracrine effects of TGF-beta in the 

tumor cells and the tumor micro-environment is 

showing both positive and negative effects on the 

development of the cancer. Accordingly, TGF- beta 

signaling pathway as a tumor suppressor and 

promoter of tumor progression and invasion route 

was considered. In normal breast epithelial cells and 

in the early stages of cancer progression, TGF-β 
with its suppressive effect on tumor growth and 

through the inhibition of cell proliferation acts as a 

growth inhibitor. But with a progress of cancer, the 

function of oncogenic and tumor-inducing effect is 

generated and therefore it causes an increase in the 

potential of invasion and metastasis. 

The resistance of cancer cells to the suppressive 

effects of TGF-β signaling pathway occurs through 

different mechanisms (6,7). As described, TGF-β is 
a potential induction expression and is a very 

important factor in cancer development. This 

signaling pathway induces the outcomes by Smad-

dependent and non-dependent Smad pathways. 

Receptors TGF-β (TGF-βR1, R2) are the dual 

acting kinase, which has the activity of tyrosine 

kinase and also show the activity of threonine/serine 

kinases. After closing the complex heterodimeric 

receptors TGF-βR1, R2 is an informative signal 

cascade that begins with phosphorylation of R2 and 

causes Auto phosphorylation serine TGF-βR1 in 

which, a number of phosphorylation of specific 

proteins (especially family of transcription factors 

Smad) become active. Smads bind to a type of Co-

Smad Called Smad4. Complexes 2/3 Smad along 

with minor transcription factors can activate genes 

involved in differentiation (8,9). 

Throughout the years, researchers sought to find 

the best solution for the treatment of this disease.  In 

this regard, the impact of nutritional factors (10), 

pharmaceutical (11) and sport (12-15) on breast 

cancer has been studied. According to the studies, 

the field of physical activity is shown as a safe 

intervention to improve the quality of life and 

treatment for breast cancer patients (16), but it is 

still the controversial aspect of treatment. That's 

why identifying the impact of physical activity on 

cancer pathways could be an important step in 

proving its role in the control and treatment of 

breast cancer. In this regard, some studies have 

shown the positive effects of exercise on breast 

cancer (12-15). Donnelly et al (2014) reported the 

reduction in MMP following the eight-week 

physical activity (17). However, the results of Leith 

et al (2013) studies showed the increase in MMP2 

after 12 weeks of resistance training in mice (18). 

Little research has been done on the effect of 

physical activity on MMP2. The impact of interval 

and continuous physical activity on the MMP2 in 

cancer patients is limited as well. In this regard, 

according to TGFβ protein's role in making 

adaptations to exercise, the impact of different 

training methods is taken into consideration. 

Research showed that TGF-β1 levels in 

gastrocnemius muscle tissue after Intensity interval 

training in male Wistar rats increases (18). In 

extreme sports activities, exhaustive serum levels of 

TGF-B significantly increase as well (19). 

However, 8 weeks of resistance training showed no 

significant changes in serum levels of TGF-β (20). 

It is actually yet to be determined whether aerobic 

continuous and intensive interval training on 

subjects with breast cancer affects the amount of 

TGFβ protein. In general, investigation in respect 

of Smad and its relationship to physical activity in 

disease conditions such as cancer requires further 
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investigation. A study has shown that resistance 

exercise increases levels of mRNA Smad (21). 

An active lifestyle can reduce the risk of 

developing breast cancer. Studies show that active 

women have less chance of developing breast 

cancer than non-active ones (22). Although several 

mechanisms to explain this decrease, but there is 

little evidence to prove each (23). The interaction of 

changes in gene expression and oncogenic agents 

with anti-tumor activity in breast cancer are not well 

defined as well. Most research is done on exercise 

and cancer effects of exercise on quality of life, 

muscle strength and endurance and performance 

indicators in cancer patients, and very few studies 

on the molecular mechanisms and the effects of 

exercise on cellular signaling pathways that 

influence tumor growth is done. As of now, there 

were no investigations carried on the effects of 

exercise, particularly aerobic continuous and 

intensive interval training on the Smad protein and 

gene expression TGFB and mmp2 in patients with 

breast cancer. According to mentioned cases, the 

research intends to evaluate the effect of 10 weeks 

of aerobic continuous training and high-intensity 

intermittent TGFβ protein and describe gene 

expression Smad and mmp2 in mice with breast 

cancer. And it also examines the comparison of the 

protective effects of exercise on these two factors in 

samples of breast cancer patients. 

 

Methods: 

Among population of female BALB/c mice with 

breast cancer, 24 rats (6-8-weeks-old, initially 

weighing 18-20g) have been chosen as statistic 

samples. The statistical sampling of this research 

was targeted sampling method, according to weight 

and age. The rats then were randomly divided into 

three groups, with eight rats in each group (Table 

1): The control group did not participate in any 

exercise program, but to create the same 

environmental conditions were put on non-motion 

treadmill five times a week for 10 to 15 minutes per 

session for adaptation. Sports groups’ aerobic 

continuous and intensive interval did the training for 

10 weeks. Samples tested during the course of a 

week to get familiar laboratory environment and the 

treadmill, and as well as the implementation of the 

Protocol in the form of groups of five rats in a cage 

in transparent polycarbonate, in an environment 

with a temperature of 20-24°C, humidity 45-55% 

brightness and darkness cycle of 12:12 hours were 

kept. To absorb urine and feces samples and make 

them comfortable and clippings, wood chips were 

sterile. Cleaning cages and wood chips were 

changed daily. 

 
Table 1. The number of subjects and age groups 

Groups Control 
Aerobic continuous 

training 

Intense interval 

training 

Number 8 8 8 

Ages (weeks) 6-8 6-8 6-8 

Weighing 18-20 18-20 18-20 

 

Breast duct carcinoma cell (MC4-L2) were 

cultured in T75 flasks in medium DMEM/F- 12 

with 15 mm HEPES buffer, glutamine, penicillin, 

Streptomycin and FBS% 10. After filling 90% of 

the flask by cell supernatants were harvested and 

then Washing with PBS, then with the enzyme 

trypsin 025/0 of the floor plate cells were isolated, 

and after neutralizing the enzyme with medium 

containing 10% FBS All contents the flask was 

poured into Falcon tubes and centrifuged at a speed 

of 1200 for 3-5 minutes, in next step, supernatant 

was removed and the cell plate was dissolved in 

10% FBS medium. Then, to determine the living 

cell count remained contained, and counted by 

using of Trypan blue and hemocytometer slide 

respectively (24). 

BALB/c female mice which were supplied by 

the Pasteur Institute of Iran. After culturing the cell 

line MC4-L2 and the preparation of a cell 

suspension, about one million cells were suspended 

in PBS were injected subcutaneously into the right 

side of the mice, and then breast tumors appear 

after 8 to 12 days (24). 

 

Measurement of tumor volume 

After the injection of cancer cells and tumor 

genesis, tumor volume was measured every week. 

For the measurement of tumor volume from used 

of the Jones et al. formula [V=1/2(L2×W)]. The 

tumor volume was measured in two dimensions. 

After the tumor was considered as the largest tumor 

and the other (at 90 degrees) as the matter was 

considered (25).  
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Aerobic continuous training protocol 

Each session includes 70 minutes of continuous 

endurance exercise program running on a treadmill. 

The steps include heating stage, including 5minute 

warm-up intensity, was 30-40% VO2max. The 

main phase of training consists of 60 minutes of 

running at 60-65% VO2max intensity. The 5minute 

cool-down with 30-40% VO2max was considered. 

 

Intense interval training protocol 

Each session of interval protocol consists of 35 

minutes running on a treadmill. The steps include 

heating stage, which was 5minute warm-up with 

intensity at 30-40% VO2max. The main stage 

exercise included six alternates (three minutes and 

20 seconds with an intensity of 80-95% VO2max, 

and one-minute recovery between each period of 

30- 35% VO2max). The 5minute cool-down with 

30-40% of VO2max was also considered. 

 

Stages of tissue sampling and measurement of 

protein and gene expression         

Mice anesthetized with intraperitoneal injection 

of ketamine [90 mg/kg] and xylazine [10 mg/kg] 24 

hours after the last training session. And then they 

were sacrificed, blood samples, collected directly 

from the heart mice, and serum isolation by 

centrifugation at C 3000g, 10, 4 min was 

performed. The tumor tissue was extracted and 

immediately frozen at -80 nitrogen and stored for 

later analysis. 

 

Gene expression measurement of Smad and 

mmp2 by REAL TIME PCR method. 

To get even and uniform solution, 0.7 g of 

agarose powder in 70 ml of buffer TAE (1X) boiled 

for 2-3 minutes in the microwave oven. Then 3.5 

ml DNA safe stain is added to the gel before 

hardening. And gel contents poured in the specially 

molded gel (Tray) container, and special comb put 

in it and we wait to become the fully-formed gel. 

 

Total RNA extraction process were as follows: 

1) Homogeneous tissue, 2) the isolation of 

RNA, 3) washing the RNA, 4) suspension of this, 

5) and reading the OD with Nanodrop. RNA 

quality control was performed using an agarose gel 

electrophoresis. After preparing the gel, it was 

placed in the tank for electrophoresis. And it is 

poured in the tank, buffer TAE (1x), until it covers 

even or a bit higher than the gel. The comb is 

slowly withdrawn and the samples and the 

molecular weight markers in special loading place 

for sampling were placed. Electrophoresis was 

performed at a voltage of 120 for 60-90 minutes 

and maximum 18s to 28s bands under fluorescent 

light using gel doc for observation (26). 

 

c DNA synthesis for gene Smad and mmp2 

At this stage, the reaction product, DNase 

Treatment which contains 11 microliters of RNA, 

and 1 microliter of random primers was added for 

10 minutes at 65°C. After the incubation time the 

reaction product was put on ice, and for each 

micro-tube, four microliters of 5X Reaction Buffer, 

0.5 microliters RiboLock RNase Inhibitor (20 

u/µl), 2 microliters dNTP Mix and 0/5 microliters 

(200 u/ul RevertAid) M-Mul Reverse Transcriptase 

is added. And then put in Corbett thermocycler. 

Temperature and reaction time based on the kit 

were: 25°C for 10 minutes, 50°C for one hour, 

85°C for five minutes and finally the reaction 

product for subsequent reactions - 80°C maintained 

(26). 

First synthesized cDNA for IGF-1, IGF-1R 

with 40 microliters of RNase & DNase -free water 

was diluted. 1.5 microliters of each of the dilutions 

with 7.5 microliters Master Mix produced by 

ampliqon (Denmark) and one microliter of Forward 

primers and one microliter of backward primers in 

four microliters nucleate-free water to reach the 

final volume of 15 microliters solution were mixed 

well. All reactions to form pairs (duplicated) were 

carried out. Finally, micro-tubes were put in their 

own special places in the device and proliferation 

reactions in 40 cycles according to the 

manufacturer's instructions kit was performed as 

follows: at 95°C for 15 seconds and at 60°C for 60 

seconds. It should be noted that the initial 

denaturation temperature and time were 95°C and 

10 minutes respectively. Finally, standard graph 

and proliferation primers in the system were 

analyzed and drawn by the software. To be certain 

of the outcome, reaction product melting 

temperature curve was also drawn. Proliferation 

response of every specified gene in this study, as 

described above is done, with this difference that 

the proliferation response was used for only to a 
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dilution of the sample (optimal dilution) model. To 

study the gene expression changes qRT-PCR 

response was performed in the same order. 

GAPDH was used for internal control gene and for 

quality control of reaction product of GAPDH 

related to sample on the gel 2% of it was 

transferred to investigate presence or absence of it 

(26). 

 

Quantification of target gene expression levels 

To quantify the levels of gene expression the 2-

ΔΔCT method was used. In this method, necessary 

values were obtained through the process and were 

placed in the method and And fold change values 

were calculated. 

ΔCt = Ct (a target gene) - Ct (a reference gene) 

ΔΔCt = ΔCt (an experimental sample) - ΔCt (a 

control sample) 

2-ΔΔCT = gene expression changes compared to 

the control group 

 

Extraction of total cellular protein by Western 

Blot 

In this study, to evaluate the protein TGF-β and 

β -Actin total cellular proteins were extracted first. 

The approximate value of 106×10 cells per flask 

by centrifugation (2000 rpm for 5 minutes and the 

temperature of 4 °C) were taken and washed with 

cold phosphate saline buffer. Then for every cell 

sediment with respect to deposited cells, a certain 

amount of lysis buffer cell (containing 1% NP-40, 

0.5% SDS, 10 millimolar Tris-HCl (pH: 7.4), 150 

millimolar NaCl, 5 millimolar EDTA, 5.0% 

sodium deoxycholate, 100 millimolar PMSF and 

protease and phosphatase inhibitors) were added. 

Samples were placed on ice for 30 minutes at a 

temperature of four degrees Celsius. The specimens 

were Vertex every five minutes. After this phase, 

cell samples were centrifuged for 20 minutes at a 

temperature of four degrees Celsius at 13000 rpm 

(27).  

To ensure the normal distribution of data 

Kolmogorov-Smirnov test was used. Then, to 

determine the significance of differences in the 

expression of each training group and the control 

group as well as to study the differences between 

the three groups T-independent test was used, in 

another way ANOVA test for homogeneity of 

variances and determining the position of 

significance in post hoc Tukey test was used as 

well. All statistical operations of research using 

SPSS version 22 with the significance level of 

0.05> P were considered. 

 

Results: 

The values in Table 2. The mean and standard 

deviation of tumor volume are shown in research 

groups in separate weeks.  

In Table 2. The mean and standard deviation of 

the expression of MMP-2 Smad-3, in the group's 

research, is stated as well. Independent t-test results 

showed that aerobic exercise (P<0.04) and high-

intensity interval (P<0.000) significantly decreased 

the mean value of expression of MMP-2 in tumor 

tissue compared to the control group. The results 

also showed that aerobic exercise (P<0.000) as 

well as high-intensity interval training (P<0.000) a 

significant increase of mean value in TGF-β protein 

concentration in tumor tissue compared to the 

control group.  

In addition, aerobic training (P<0.03), as well 

as high-intensity interval training (P<0.007), 

caused a significant mean value increase in the 

expression of Smad-3 in tumor tissue compared to 

the control group. ANOVA test results showed 

significant differences between gene expression of 

MMP-2, Smad-3 and TGF-β levels between the 

experimental and control groups (P<0.05).  

Tukey test showed a significant difference 

between the two groups of high-intensity 

intermittent training and control groups, as well as 

continuous endurance and control group in the gene 

expression of MMP-2 (P<0.05). But among 

training groups, there are no significant differences 

in the expression of MMP-2 gene (P>0.05) 

(Figure 1).  
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Table 2. Mean tumor volume (tumor volume in mm3) in different 

Group Week Intensity interval training Aerobic continuous training Control 

1 177.44±49.25 121.04±19.78 108.38±24.39 

2 208.43±51.81 174.11±30.34 159.67±26.13 

3 279.65±58.55 221.82±32.97 239.37±29.98 

4 375.58±74.76 284.64±27.42 379.19±43.22 

5 531.53±81.15 377.64±42.89 478.09±35.70 

6 655.70±103.24 479.53±44.63 667.46±52.21 

7 846.66±93.77 652.16±73.22 789.86±39.10 

8 1109.30±162.31 848.23±80.36 997.38±71.09 

9 1298.34±229.34 107.80±122.73 1151.31±94.75 

10 1503.96±242.50 1158.00±134.40 1314.90±125.27 

 
Table 3. Mean and standard deviation Smad-3 MMP-2 gene in study groups 

Group Variable Intensity interval training Aerobic continuous training Control 

Smad-3 1.454±0.323 1.455±0.451 1 

MMP-2 0.577±0.75 0.737±0.279 1 

 

 
 

Figure 1. Change in expression of MMP-2 after the 

intervention stage 
 

Also, there were significant differences in 

intensity interval training group and control group, 

continuous endurance group and control group and 

between intensity intermittent and continuous 

endurance groups in the amount of TGF-β 
(P<0.05) (Figure 2).  

 

 
Figure 2. TGF-Β protein values after the 

intervention stage 

In addition, there was significant differences 

between the two groups of high-intensity 

intermittent exercise and control group, as well as 

continuous endurance group and control group in 

Smad-3 gene expression (P<0.05). But no 

significant differences between training groups in 

the Smad-3 gene expression was observed 

(P>0.05) (Figure 3). 

 

 
 

Figure 3. Changes in the expression of Smad-3 

after the intervention stage 

 

Conclusion: 
The results of the current research showed that 

high intensity intermittent aerobic exercise 

significantly decreased the mean value of 

expression of MMP-2 in tumor tissue. Studies have 

shown the possibility of the influence of MMP-2 in 

physical exercises. In this regard, some research 

has reported the reduction of MMP-2 after physical 
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activity. Consistent with the findings of this study, 

Seidanloo and Farzanegi concluded that regular 

physical activity (Pilates exercises for eight weeks, 

three sessions per week, and each session 60 

minutes) in overweight women, significantly 

reduces the amount of MMP-2. Their results 

showed that Pilates training has a positive effect on 

MMP-2 in overweight women (22). Also, Posa et 

al (2015) study showed that physical activity is 

optional six weeks reduced serum levels of MMP-2 

in desert rats (23) Changes in serum levels of 

MMPs are as a result of changes in the MMPs in 

tissue (28). TIMPs and α2 Microglobulin and TSP-

1 are the most important inhibitors of MMPs (29). 

Rullman and colleagues demonstrated an increased 

amount of MMPs mRNA immediately after the 

exercise. They stated that these factors may cause 

reduction of MMP-2 in response to exercise (28). 

α2 microglobulin is the largest anti-serum protease 

which is made by the liver macrophages and 

fibroblasts and influences almost all of proteinase, 

regardless of their stages. α2-microglobulin binds 

only to activate MMPs (30). Ferguson and 

colleagues observed the increase in α2-

microglobulin levels after an exercise period (31). 

TSP-1 also through the connection of MMP-2 

zymogens prevents activation of the MMP-2. 

Therefore, TSP-1 reduces the level of MMP-2 

activity (32). Research has shown that the level of 

TSP-1 increases in response to physical activity 

(33). On the other hand, glycoprotein receptors 

called integrins, are the main binders of 

extracellular matrix ligands and cytoskeleton 

structures. Research has shown that MMPs are able 

to connect to these receptors, therefore the binding 

of MMP-2 to integrin receptors can also reduce 

MMP-2, and is one of the factors (34). Some 

studies have also reported no change or no increase 

of MMP-2 after physical activity (34-36). The 

reasons for the differences in these results with 

previous studies could be related to the intensity and 

duration of activity so that after protocol and 

preparation of increased short-term (less than 20 

min), no change in MMP-2 have been reported 

(36). Also in response to an exhaustive aerobic 

exercise, significantly increased levels of MMP-2 

have been reported (37). The reason for this 

difference may be as a result of more severe 

damage to the myofibrils of muscles caused by 

activities involved in running on a slope that could 

result from further changes in the levels of MMPs 

while the study was conducted about the vigorous 

aerobic continuous and intermittent exercises. Also, 

in a study, after cycling in the form of periodic and 

high-intensity cycling in 10 three-minute periods, 

about 85% of a significant increase in serum levels 

of MMP-2 was reported (38). The results of the 

above study are inconsistent with current research, 

and appear to be Continuation of iterations and, a 

lot of periodicity in this area was effective and 

caused discrepancies in results.  

According to the methods employed in this 

study such kind of training, participants, as well as 

sampling (muscle biopsy) with the current study, 

has a significant difference. Accordingly, the 

difference in results is conceivable. On the other 

hand, in spite of much research about finding 

markers for tracking the status of published tumors 

seems that scholars’ debate and struggle over this 

issue persists. And they still have not reached a 

consensus agreement on such markers. And a 

combination of multiple markers should be given to 

increase the specificity and sensitivity of this issue 

(39). The results of this study show that high-

intensity intermittent aerobic exercise and caused a 

significant increase in a mean value of TGF-β in 

protein concentration in tumor tissue in practice 

groups. According to the analysis done, this is the 

first study that levels of β-TGF subsequent periodic 

training and endurance are reported in terms of 

breast cancer. The results of the current research 

were in line studies in which increased levels of 

TGF-β1 after acute and long-term activities have 

been reported (20,40). The pattern of changes in 

serum levels of TGF-β1 expression, muscle and 

tissue are quite different which confirms that the 

serum levels of TGF-β1 protein expression are not 

affected by muscle and tissue. In previous research, 

increased expression of TGF-β1 has been reported 

in various tissues after acute exercise as well (41). 

Another factor is increasing blood lactate levels 

and muscles that are an integral part of intense 

interval training. Lactate positive effects on raising 

the expression of TGF-β1 in the cerebrospinal fluid 

have been reported in previous studies (42). With 

the rise in blood lactate levels during exercise and 

muscle HITT, the substrate that can be easily cross 

the blood brain barrier, and rise lactate in the brain 
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and increase expression of TGF-β1 is the ultimate 

outcome of this process is a rise of the expression of 

TGF-β1 in blood and tissues. The rise of TGF- β1 

is uncertain, however, oxidative stress and hypoxia 

induced by exercise are two possible mechanisms 

(18). Studies showed that by increasing expression 

of NADPH oxidase and decreased expression of 

superoxide dismutase raises expression of TGF-β1 

in cardiac muscle and kidney (43). Because after an 

intense workout the situation of oxidant/antioxidant 

of muscle changes, according to the antioxidant 

effects of TGF-β1 probably one of the reasons for 

the increase of TGF-β1 after training is to support 

the antioxidant status. The other more important 

reason, is the occurrence of cellular hypoxia as a 

result of HITT training. Doing these exercises 

accompanies with severe hypoxia in muscle cells, 

which leads to increased expression of HIF-1α 

(Hypoxia-induced Factor 1-α). This factor is 

increased in cells in response to hypoxia. And it 

mediates the biological activities of numerous 

intermediaries. In previous research, increased 

expression of TGF- β1 influenced by the increased 

expression of HIF-1α has been reported (44), 

which can be upregulated HIF-1α as a factor 

influencing the expression of TGF-β1 after intense 

workouts raise. In support of this possibility, the 

increase in -mRNA β1 TGF content immediately 

after endurance training has been reported in 

previous studies (45). The TGF-β1 is a 

multifunctional protein that acts as an anti-

inflammatory cytokine as well (45). Due to the fact 

that severe sports activities cause destruction of 

fiber and inflammatory responses associated with it, 

and another reason for the increased expression of 

TGF-β1 may be caused by inflammation of muscle 

tissue after intense training. However, some 

research has been reported the reduction of serum 

levels of TGF-β as a result of exercise (19,46). 

Perhaps decreased levels of TGF-β is followed by 

training is influenced by the type of training. 

Because the levels of TGF-β acts against 

hypertrophy exercise and stimulates atrophy, as a 

result, its serum level is decreased. It has been 

shown that eight weeks of swimming training leads 

to no changes in the levels of TGF-β in healthy rats 

(47). Exercise protocol in the above study, taking 

into account the induction of diabetes, from 5 

minutes swimming in the first week rose to 30 

minutes swimming in the third week and then 

continued for 8 weeks. It seems that the above 

exercise did not induce enough adaptations in 

healthy mice, therefore, was not able to change the 

indices of cardiac tissues. This is probably related to 

insufficient intensity and duration of exercise or 

normal adjustment of indicators in the heart tissue 

of diabetic rats compared to the healthy ones. At the 

most, the results of a current study indicate that 

high intensity intermittent aerobic exercise has 

significantly increased a mean value of expression 

of Smad-3 in tumor tissue in the endurance group 

with respect to the control group. Research have 

shown that TGF-β signaling pathway starts with 

stimulation of Smad2 and Smad3, and finally, 

under the influence of Smad4 receiver serine-

threonine kinase is connected to the cell 

phosphorylation membrane and is activated (48).  

This protein is in the form of identical or non-

identical compounds with other members of the 

Smad family enters into the core and does the 

process of prohibiting cell differentiation and cell 

growth arrest (49). The main objective of TGF-β/ 
Smad-3 is Non-proliferation and cell growth 

process (50). Therefore, he increases the expression 

of Smad-3/TGF-β as a result of endurance training 

can affect the rise in the inhibition of this pathway 

and can prevent cell differentiation and cell growth 

in the tumor. Unfortunately, the study method is 

not the way that can be certainly commented about 

this factor. The further study with simultaneous 

control of several factors is recommended to further 

researchers. The observed increase in the 

expression of TGF-β and Smad-3 in the present 

study seeks to apply cardio and interval, by 

considering the role of these factors in cell 

differentiation and growth inhibition of tumor cells 

prohibition, this factor has special importance. 

However, in this study, levels of MMPs and other 

factors of Smads not measured. In addition, the lack 

of control over the strict diet (measured energy 

intake and consumption) is one of the limitations of 

this study. Finally, according to the results suggest 

that the check the strength training on inflammatory 

responses in breast cancer. It is also recommended 

that the above cases involving human subjects.  

In conclusion, according to the findings of the 

study, it showed that aerobic training and periodic 

significantly decreased expression of MMP-2 and 
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significantly increased a mean value of protein 

concentration TGF-β and Smad-3 gene expression 

in tissue. According to the findings of current 

research, it seems that aerobic endurance and high-

intensity intermittent training may be effective 

interventions in reducing breast cancer progression, 

and there is not much difference between the effects 

of two types of training. 
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مقایسه اثر حفاظتی دو نوع تمرین هوازی و تناوبی بر سرطان پستان بواسطه پروتئین 

TGFβ  و ژنSmad-3  وMMP2 در موش های ماده 
 
 1حسن متین همایی  1 محمد علی آذربایجانی 1 مقصود پیری 1 حید مقدمو
 گروه فیزیولوژی ورزشی، دانشگاه آزاد اسلامی واحد تهران مرکز، تهران، ایران.  2

 35-96 صفحات  69 اولشماره  و یکم  بیستمجله پزشکی هرمزگان  سال 

 دهچکی

 TGFβوع تمرین هوازی و تناوبی بر سرطان پستان بواسطه پروتئین مقایسه اثر حفاظتی دو ن ،هدف از این تحقیق: مقدمه

 .های ماده بوددر موش MMP2و  Smad-3و ژن 

در قالب سه گروه  MC4-L2سر موش ماده نژاد بالب سی پس از توموری شدن بوسیله رده سلولی 68تعداد  :روش کار
اندارد مورد مطالعه قرار گرفتند. برنامه تمرین هوازی کنترل، تمرین تداومی هوازی و تمرین تناوبی شدید در شرایط است

، پنج روز در هفته و برنامه تمرین تناوبی شامل VO2maxدرصد  26 -24دقیقه دویدن روی تردمیل با شدت  26شامل
درصد 04تا  06و یک دقیقه ریکاوری با شدت  VO2maxدرصد  84تا  86ای با شدت ثانیه 66ای و شش تناوب )سه دقیقه

VO2max طرفه و آزمون تعقیبی توکی در سطح  ها به روش تحلیل واریانس یکهفته بود. داده 26 بین هر تناوب( به مدت
 .تجزیه و تحلیل شدند >64/6P داریمعنی

 TGF-βو پروتئین  Smad-3 (600/6P=)دار بیان ژن ییک دوره تمرین تناوبی با شدت بالا موجب افزایش معن :نتایج

(666/6P=) دار بیان ژن یو کاهش معنMMP-2 (666/6P=) در بافت تومور نسبت به گروه کنترل شد. همچنین تمرین 
 دار بیانیو کاهش معن TGF-β (666/6P=)و پروتئین  Smad-3 (600/6P=)دار بیان ژن یهوازی موجب افزایش معن

-MMP و Smad-3داری در بیان ژن نیدر بافت تومور نسبت به گروه کنترل شد. اختلاف مع MMP-2  (688/6P=)ژن 

 بین گروه تمرین TGF-βداری در مقادیر پروتئین ، اما اختلاف معنی(<64/6P) بین دو گروه تمرینی مشاهده نشد 2
 (.>64/6P) تناوبی و تداومی وجود داشت

 سرطان پیشروی اهشک برای موثری مداخلات توانندمی شدید هوازی و تناوبی تمرین رسد،به نظر می :گیرینتیجه
 .ثیر دو نوع روش تمرینی تفاوت چندانی وجود نداردأباشند و بین ت پستان

 TGFβ ،Smad-3 ،MMP2سرطان پستان، تمرین،  :هاکلیدواژه
 پژوهشی  نوع مقاله:

 03/0/69پذیرش مقاله:     5/0/69اصلاح نهایی:      02/11/63 دریافت مقاله:

در  MMP2و  Smad-3و ژن  TGFβمقایسه اثر حفاظتی دو نوع تمرین هوازی و تناوبی بر سرطان پستان بواسطه پروتئین آذربایجانی محمد علی، متین همایی حسن.  مقدم وحید، پیری مقصود، ارجاع:

 35-96(: 1)01؛1569مجله پزشکی هرمزگان . های مادهموش

 

 

 

 

 

D
ow

nl
oa

de
d 

fr
om

 h
m

j.h
um

s.
ac

.ir
 a

t 1
6:

36
 +

03
30

 o
n 

W
ed

ne
sd

ay
 O

ct
ob

er
 1

1t
h 

20
17

   
   

   
 [ 

D
O

I: 
10

.1
88

69
/a

ca
dp

ub
.h

m
j.2

1.
1.

36
 ] 

 
Archive of SID

www.SID.ir

http://hmj.hums.ac.ir/article-1-1694-en.html
http://dx.doi.org/10.18869/acadpub.hmj.21.1.36

