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ABSTRACT 

 
Physical activity and diet are the most important modifiable determinants of cancer risk. The objective of this study 
was to examine the effect of intense intermittent training with and without taking vitamin E on expression of p53 and 
PTEN tumor suppressing genes in the prostate gland of male rats. For this purpose, 50 Sprague-Dawley male rats 
were randomly assigned into 5 groups: [1] control (CON, n = 10), [2] sham (S, n = 10), [3] intense intermittent 
training (IIT, n = 10), [4] intense intermittent training + vitamin E (IIT + VE, n = 10), [5] vitamin E (VE, n = 10). 
Protocol of this study was implemented for 6 days per week for 6 weeks, with observing the overload principle on 
the motorized treadmill. After implementing training protocol, expression rate of p53 and PTEN genes reduced 
significantly (p<0.000, p<0.031, respectively). Taking vitamin E with intermittent training caused significant 
reduction in p53 expression (p<0.013), while it caused significant increase in expression of PTEN (p<0.035). These 
results showed that intense intermittent training reduces expression of p53 and PTEN tumor suppressing genes and 
taking supplementation vitamin E along with this type of training could cause different effects in expression of these 
tumor suppressor genes. 
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INTRODUCTION 
 
Prostate cancer is the second most common cancer in men around the world [1]. Lifestyle and especially dietary and 
physical activity are among the factors that could reduce the risk of prostate cancer progression and death. Many 
prospective studies in healthy people show that intense physical activity is correlated with a reduced risk of prostate 
cancer [2].  
 
p53 and PTEN tumor suppressor genes are most common inactivated and mutated genes in different types of cancer 
[3]. Tp53 gene encodes p53 tumor suppressing protein and this protein is called as "guardian of the genome". When 
the p53 gene is damaged, tumor suppression is severely reduced [4, 5]. Many stresses lead to stabilization and 
activation of p53, including oxidative stress [6], damage to DNA, hypoxia, deprivation of food and DNA replication 
[7]. In response to cellular stresses, p53 tumor suppressor gene encodes a transcription factor [8] leading to 
inhibition of cell cycle progression, induced aging, differentiation or apoptosis [9], depending on the type of cell, the 
cell environment and oncogenic alterations. Phosphatase and tensin homolog gene [PTEN] encodes the PTEN tumor 
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suppressing protein [10]. This protein regulates cellular processes such as cell proliferation and death through the 
phosphoinositide 3-kinase/protein kinase B/mammalian target of rapamycin [11, 12]. PTEN gene acts as tumor 
suppressor through negative regulation of signaling pathway AKT/PKB, and it is considered as the most common 
tumor suppressor gene deleted in prostate cancer [13]. 
 
p53 and PTEN control cell proliferation and death and they are often expressed simultaneously in a variety of 
tumors [14, 15]. Due to the short half-life of p53, its suppressor function depends strongly on this stabilization [16]. 
In normal cells, p53 levels are kept at negligible levels by ubiquitin-mediated proteolysis. p53 and PTEN may form 
a positive feedback loop .By binding to PTEN promoter and thus activating PTEN receptor, p53 can regulate it. In 
detail, p53 can upregulate PTEN by binding to the PTEN promoter, thereby activating PTEN transcription [15]. In 
terms of mechanism, PTEN inhibits AKT-mediated phosphorylation of MDM2 to prevent MDM2 from 
translocation into the nucleus and p53 breakdown [17]. MDM2 is an important negative regulator of p53 [17, 18]. 
Thus, PTEN can stabilize p53. Therefore, it can be stated that AKT activation with PTEN deletion may lead to the 
quickly breakdown of p53, leading to more PTEN-dependent tumorigenesis [19]. However, there are controversial 
views on the importance of this regulation [20].  
 
Germline mutation in p53 and PTEN leads to Li-Fraumeni syndrome and Cowden syndrome, respectively [21]. In 
recent years, physical activity has been considered as supportive treatment after diagnosis of cancer. There is clear 
evidence suggesting that training improves psychological and physiological consequences and reduces 
cardiovascular disease and mortality rate of non-cancerous people significantly. However, the possible impact of 
physical activity in preventing or reducing prostate cancer has not been revealed [22]. Therefore, the aim of our 
study was to investigate the effect of intermittent training with and without E on p53 and PTEN tumor suppressor 
genes in the prostate gland. 

 
MATERIALS AND METHODS 

 
Animals 
All experiments involving the animals were conducted according to the policy of Iranian Convention for the 
Protection of Vertebrate Animals Used for Experimental and other Scientific Purposes, and the protocol was 
approved by the Ethics Committee of the School of Medicine Sciences, Shiraz University (SU), Iran. In this study, 
50 three-month-old male Sprague-Dawley rats (180–220 g) were purchased from Center of Comparative & 
Experimental Medicine (Shiraz University of Medical Sciences, Iran). All animals were housed on a 12-h light-dark 
cycle, with controlled humidity and room temperature (20–23°C), and access to food and water ad libitum. 
Afterward, the rats were randomly divided into five groups including: (1) control (CON, n = 10), (2) intense 
intermittent training (IIT, n = 10), (3) intense intermittent training + vitamin E (IIT + VE, n = 10), (4) vitamin E 
(VE, n = 10), and (5) sham (S, n = 10) groups. 
 
Exercise training protocol 
Protocol of this study was implemented for 6 days in week for 6 weeks, with observing the overload principle on the 
motorized treadmill. The intermittent training program consisted of a 3-min warm-up at 16.2 m·min–1, followed by 
intervals of running at 54 m·min–1 for 30 s, alternated with running at 16.2 m·min–1 for 60 s, performed 3 days per 
week. Initially, 3 intervals were completed and increased to 20 intervals by the 4th week. On alternate days (3 days 
per week), rats completed a warm-up, followed by running for 3 min at 40.5 m·min–1 separated by 60 s at 16.2 
m·min–1. Initially two repetitions were performed and increased to six repetitions by the 4th week. These intensities 
were subsequently maintained for 4 weeks (23). 
 
Vitamin E supplementation 
In order to supplement vitamin E in this study, 25-gram succinate package of Sigma Company ((+) - α- Tocopherol 
acid succinate, Sigma-Aldrich) was used. Six days per week and three hours before the implementation (24), 60 mg 
of vitamin E per kg body weight was given to rats of VE, IIT + VE groups by gavage (25). Sesame oil was used to 
prepare vitamin E (60 mg in 1 ml of sesame oil) (26). Additionally, 1 ml sesame oil was given for sham group rats 
per kg of body weight by gavage. 
 
Tissue sampling 
Forty and eight hours after the last training session, rats were anesthetized by Ether and killed. Then, their prostate 
was removed and rinsed by physiological serum, and it was kept at – 80°C for subsequent analyzes. 
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Total RNA extraction and cDNA synthesis  
The total RNA from prostate tissue were obtained with TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA, 
USA) following the manufacturer’s instructions. The total RNA concentration and purity were measured using a 
NanoDrop™ 2000c Spectrophotometer (Thermo Scientific, USA). The 1.5% agarose gel electrophoresis was 
performed to check the RNA integrity. 500ηg of total RNA was used for cDNA synthesis with a final volume of 20 
µL, using Prime Script™ RT reagent Kit (EURX, E0801-03) following the manufacturer’s instructions. 
 
Real-time PCR  
To measure the relative mRNA expression, real-time PCR was performed with an StepOne real-time PCR system 
(ABI, Applied Biosystems, USA) with SYBR Green High ROX (RealQ-PCR 2x Master Mix, Ampliqon, Denmark). 
The housekeeping gene B2M was used as a reference gene for normalization. The forward and reverse primers listed 
in Table 1 were designed using the NCBI-primer BLAST database. The PCR was performed with 12.5 µl 2X SYBR 
/ROX qPCR Mix and 10 pmol forward and reverse primers specific for the respective genes, in a total volume of 25 
µl. The following reaction conditions were applied: 10 min at 95°C, 45 cycles of 15 second at 95°C and 1minute at 
60°C, and a melting curve protocol (plates read when increased 0.5°C every 5 second from 65°C to 95°C) for 
amplicon specificity verification. All amplifications were run in triplicate, and any doubtful curves were excluded. 
The amplification efficiency for p53, PTEN and B2M was estimated by real-time PCR with different diluted cDNA 
template. The threshold cycle (Ct) values from all amplifications were measured. 
 

Table 1. Sequence of primers used for real-time RT-PCR analysis 
 

Reverse Forward Gene symbol  Accession No.  
5’-AGACTGGCCCTTCTTGGTCT-3’  5’-ATTTCACCCTTAAGATCCGTGGG-3’  P53 NM_030989.3  

5’-AGTGCCACTGGTCTGTAATCC-3’  5’-GGAAAGGACGGACTGGTGTAA-3’  PTEN  NM_031606.1  
5’-TTGATTACATGTCTCGGTCCCA-3’  5’-TACGTGTCTCAGTTCCACCC-3’  B2M  NM_012512.2  

 
Measurement of prostate vitamin E 
Prostate vitamin E levels were measured by HPLC, as described previously (27). 50 mg tissue were powdered with 
liquid nitrogen. 5 ml cold absolute ethanol were added. 10 ml cold hexane was added and then vortex. After that, 
Centrifuged for 2500 rpm, 15 min, 5 C˚. The upper layer was removed and injected to HPLC instrument.  
 
Statistical analysis  
All data were expressed as means ± SE. The comparative 2–∆∆CT method for relative quantitative analysis was used, 
and the results are expressed as a fold change of expression levels. The mean value of triplicates was applied for all 
calculations. All statistical calculations were performed with the SPSS 22.0 software package (SPSS Inc.). The One-
way analysis of Variance (ANOVA) test was used for comparisons among groups. When main effects were found, 
comparisons between means were made using a LSD post hoc test. The GraphPad software (Prism, 6.01) also was 
used to draw the graphs. A P value less than 0.05 was considered statistically significant. 
 

RESULTS 
 
Measuring vitamin E in the prostate of all groups showed that levels of vitamin E in the group VE showed 
significant increase compared to other groups (p<0.000) (Figure 1). After performing intense intermittent training 
for 6 weeks, p53 gene expression in IIT and IIT + VE groups significantly decreased compared to the CON group 
(respectively, p<0.000, p<0.013). However, decrease in IIT + VE group, was lower than IIT group (Figure 2b). 
PTEN gene expression level after 6 weeks of intense intermittent training in IIT group decreased significantly 
compared to control group (p<0.031). In IIT + VE group, the expression level of PTEN after 6 weeks training 
increased significantly compared to IIT and CON groups (respectively, p<0.001, p<0.035) (Figure 3b). p53 and 
PTEN expression decrease after 6 weeks of intense intermittent training in IIT group was statistically significant 
compared to sham group (S) (respectively, p<0.000, p<0.016). Figures 2a and 3a show results of electrophoresis gel 
of all PCR products of the samples. 
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Figure 1 shows levels of vitamin E in prostate tissue of rats in the control (CON), sham (S), intense intermittent training (IIT), intense 
intermittent training + vitamin E (IIT + VE) and vitamin E (VE). As shown, E vitamin level in the VE group (* ) increased significantly 

compared to all groups (p<0.000) 
 

  

  
Figure 2. (a) Gel electrophoresis of PCR product for p53 gene (b) As shown, mRNA expression of p53 gene VE group (* ), IIT+VE (**), 

and IIT group (***) has significant difference with that in control group (respectively, *p<0.002, ** p<0.013, *** p<0.000) 
  

  
Figure 3. (a) Gel electrophoresis of PCR product for PTEN gene (b) As shown, PTEN expression level showed significant difference in 
VE group compared to CON group (*), IIT+VE group compared to CON group (**), IIT+VE group compared to IIT group (***), and 

IIT group compared to CON group (****) (respectively, *p<0.013, ** p<0.035, *** p<0.001, and **** p<0.031) 
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DISCUSSION 
 
The results of our research showed that after six weeks of intense intermittent training, the expression level of p53 
and PTEN tumor suppressor genes was significantly reduced in the prostate tissue. As similar studies have not been 
conducted on the effect of intense intermittent training on p53 and PTEN gene expression level in prostate tissue, we 
were forced to refer findings of other tissues and other trainings such as continuous training to interpret and analyze 
the results. 
 
p53 gene expression level after implementing 6 weeks of intermittent training in IIT group and IIT + VE group were 
significantly reduced compared to the CON group. The decrease in the expression of p53 was also seen in 
continuous training (28-30). Although some studies including those conducted by Jiang et al (2014) investigated the 
effect of chronic intermittent training in this regard, these studies were conducted on rats with myocardial infarction 
and the effect of these types of training on these rats was examined. Jiang et al (2014) examined the effect of 8 
weeks of aerobic intermittent training on rats with myocardial infarction (MI). They investigated the protective 
effect of intermittent training on myocardial mitochondria in post-MI rats focusing on mitochondria. After MI, p53 
expression level increased significantly. However, after implementing the training program, they observed that the 
ERK1/2-JNK-P53 signaling pathway was deactivated (31). Bartlett et al (2012) compared the effect of one session 
of high intensity intermittent training and one session of moderate continuous training matched with each other in 
terms of workload. Their hypothesized that intermittent training stimulates signaling pathways related to 
mitochondrial biogenesis more than as continuous training does. Their samples included Vastus lateralis of active 
men. Their results showed that physical activity (both intense intermittent running and moderate continuous 
running) increases P53Ser15 phosphorylation in skeletal muscle of man 3 hours after training (in the period that it 
seemingly belongs to upstream AMPK signaling and / or p38 MAPK) (32). According to what was said, it is clear 
that one intense session of exercise as physical stressor increases p53 expression. However, the interesting thing is 
how chronic training reduces the p53 gene expression. It is proven that regular training reduces oxidative stress and 
enhances the antioxidant defense (30, 33). Free radicals and reactive oxygen species (ROS) are essential for our 
health playing various regulatory role in cells (34). They also stimulated the signaling of many genes encoding 
transcription factors, differentiation, and increased antioxidant enzymes (35, 36). Therefore, as one of the reasons 
for the increase of p53 is increased oxidative stress, we can expect that expression of p53 gene also to be reduced 
due to the reduction in oxidative stress. 
 
On the other hand, expression of PTEN after 6 weeks of intermittent training was reduced in IIT group (p <0.031), 
but it significantly increased in the group IIT + VE (p <0.035). It has been shown that p53 can be connected to 
PTEN promoter areas and activate them in terms of transcription (15, 37). Thus, according to the direct relationship 
between p53 and PTEN, one of the reason to reduce PTEN expression might be reduced expression of p53. On the 
other hand, as mentioned earlier, regular training reduces the level of oxidative stress and this in turn can reduce the 
level of expression of PTEN in the prostate. 
 
Many studies have shown that free radicals play important role in damage to genome DNA (38-40) and incidence of 
certain cancers (41). As physical activity is one of the factors in producing free radicals (42-44), one of the possible 
reasons in decreased expression of p53 and PTEN can be damage to the DNA of these genes. 
 
It seems that vitamin E along with intermittent training regulates PTEN gene positively. Increased expression of 
PTEN in some studies used other supplements was also observed (45). Smolarek et al. (2012) examined the effect of 
taking various supplements of tocopherol (α, β, γ, and δ) in inhibition of breast cancer tumorigenesis in animal 
models having estrogen-receptor-positive. In this study, levels of PTEN mRNA in rat consuming β, γ, and δ 
increased, but it did not change in rats consuming α- tocopherol. The researchers concluded that in the tumors of 
mammals, γ and δ-tocopherol, but not α- tocopherol, increase levels of PTEN and p53 pathway. The relationship 
between PTEN and p53 may be an important mechanism for the inhibition of tumorigenesis by γ and δ -tocopherol 
in vivo (46). Gupta et al (2015) investigated the effects of γ- tocopherol-rich mixture in two different animal models. 
The results showed that γ- tocopherol consuming increases PTEN expression (45). It seems that vitamin E causes 
over-expression of this gene in IIT + VE group, because it did not happen in IIT group. Cellular effects of vitamin E 
is mainly based on the antioxidant activity of this vitamin, but it has been shown that vitamin E, in addition to 
modulating various signaling pathways, is effective in expression of genes involved in cell proliferation and 
inflammatory processes (47). The mechanism by which vitamin E causes over-expression in PTEN is not yet 
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known. It is due to fact that lack of sufficient background on diagnosis of mechanisms involved in this positive 
regulation is difficult. 

CONCLUSION 
 
Our results showed that regular intermittent training reduces the expression of p53 and PTEN suppressor genes. 
Reduced level of these genes can be examined from two aspects; (1) Intense regular training reduces free radicals 
level in organism and reduces the need for activation of these genes (2) Intense training and followed by production 
of free radicals causes damage to DNA of these genes, thereby reduced expression of them. On the other hand, 
vitamin E, along with training, can cause over-expression of PTEN and prevent p53 from under-expression in some 
extent. 
 
Perspectives 
The main finding in this study was that the regular intermittent training can reduce the expression of p53 and PTEN 
tumor suppressor genes. On the other hand, nutrition is a very important factor to alter the expression of these tumor 
suppressor genes. Therefore, in order to gain optimum results, it is recommended that the optimum level of training 
with the use of antioxidant supplements should be used. 
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