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Abstract 
Cancer is a global problem that in addition to physical, emotional and physi-
ological causes economic and social impacts. The p53 gene is a tumor sup-
pressor gene found in many malignant and benign tumors; this has the pri-
mary function of keeping cells at rest after damaging to DNA. The p53 acts in 
the maintenance of cellular homeostasis, mainly through autophagy, playing 
a role in cell cycle arrest, when necessary, thus avoiding mutated DNA repli-
cation. When in the oncogenic environment in many cases it is mutated, los-
ing much of its efficiency allowing tumor development. Studies show that ex-
ercise can in the regular part of its pro-autophagic function even in the on-
cology setting. Stimuli of moderate-intensity aerobic and predominance of 
submaximal seem to trigger the protective function of p53 in various cancer 
settings. Among the many changes that these pathology triggers were the ob-
jective of this mini review is to relate the changes that exercise generates in 
p53 protein functions and their possible influence on tumor cells.  
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1. Introduction 

The tissues of the human body are formed by cells that multiply through a natu-
ral and orderly process; when this multiplication enters an entropy state, the 
diseases that have in common the disordered growth of cells are triggered, that 
is, a malignancy; malignant neoplasms are called cancer and benign neoplasms 
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as tumors. Cancer consists of a change in genetic material and is characterized 
by progressive replacement of normal cells with altered cells, is among the main 
causes of morbidity and mortality worldwide and it is believed that in the next 
two decades the number of cases could increase by 70% [1]. 

Among the main causes of cancer are tobacco and alcohol consumption, an 
unhealthy diet and physical inactivity. Thus, making a major impact on the 
country, in this way measures are needed to minimize its effects on society. 
Among the alternatives aimed at preventing or treating cancer cases, physical 
exercise has been an intervention measure, together with conventional treat-
ment, because it is an effective strategy, both in the prevention and treatment of 
patients’ cancer [2]. 

The mechanisms involved in exercise can reduce tumor cells by increasing the 
transcription of p53 protein, and thus contribute to cancer prevention [3]. 

This function is tumor suppression and is known as “guardian of the ge-
nome”, due to the fact that the TP53 gene is activated in response to signs of 
cellular damage, leading to transcription 1 of the p53 protein, which monitors 
the integrity of the genome and prevents the proliferation of cells with mutated 
DNA. Its transcription factor interacts with at least six other genes that are 
linked to the division of DNA and its processes [4] [5]. Based on this biological 
marker, the present study aimed to point out the relationship between physical 
exercise in the functions of the p53 protein and its influences on tumor cells. 

2. The Immune System and Cancer 

The main function of the immune system is to fight infections and toxic agents 
caused by pathogens. The genes considered tumor suppressors are essential to 
maintain genomic integrity and play an important role in the immune system, 
among them the p53 gene, associated with RB1, PTEN, and CDKN2, seem to 
respond to inflammatory diseases and signal immune responses [6]. These genes 
also amenable to mutation, can become oncogenes such as the case of TP53, ex-
erting a dominant-negative effect, i.e., the only mutated product allele interacts 
with and inactivates the normal allele, inducing the processes cancer [5]. 

Tumor cells use several biological mechanisms for unable to proliferate, trying 
somehow not to be affected by the immune system. One such mechanism is the 
source of energy that they used, which is defined as a war burg effect and seems 
to facilitate the increase in cell mutated. Through accelerating excessive glycoly-
sis and lactate formation, even in high availability of oxygen conditions, they 
cause changes in the environment cell phone. Lactogenesis that occurs in this 
process is associated with the chain respiratory cancer cells, thus resulting in 
high consumption of glucose and acid extracellular environment beyond normal 
levels [7].  

Evidence shows that the P53 suppressor gene p53 and act in response to stress 
homeostasis state of the cell, since the change ribosomal to metabolic change, 
when in normal states, acting as an alert to the body, and when mutated contri-
butes to cellular changes, increasing and decreasing glycolysis energy produc-
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tion, characteristic of respiration of tumor cells, thus attenuating the changes 
caused by cancer cells [7] [8].  

Physical activities, mainly of moderate-intensity are known to improve the 
oxidative mitochondrial capacity and promoting activity of enzymes that are re-
sponsible for oxidation of glucose and acid fatty and may lead to a dispute by 
glucose, thereby decreasing availability supply to the tumor cells and the influ-
ence of mutated p53 gene, which plays an apparent role of enhancing the func-
tion of these cells [9].  

3. P53 and Possible Interactions with Exercise 

Exercise is usually associated with increased health and well being, nevertheless, 
a number of mechanisms by which it acts must be elucidated, for stimuli also 
represent a break constant in the body homeostasis, which before these various 
changes need to react, creating acute and chronic responses, especially in muscle 
tissue Skeletal. One way stimulated by exercise and coming gaining great prom-
inence in the scientific field is the protein responses, these responses undergo 
several changes due to the entropic state caused in the cells by physiological 
changes occurring in the body due to different stimuli received [10]. 

Among the proteins that can be stimulated through exercise, those work in 
autophagy seem to have an important role in cancer because when autophagic 
activities are inhibited are afforded the genomes of re-productions unstable and 
chromosomal aberrations, then it is autophagy essential for genome stability and 
its inhibition is considered oncogenic [11] [12]. 

The p53 nuclear is a pro-autophagic, process triggered by transcription of 
several genes that are responsible for sensitivity to mTOR and AMPK while p53 
cytoplasmic is suppressing autophagy, a process still not clear to researchers, but 
it may be associated with a negative regulation factor RB1 protein induced au-
tophagy [12] [13]. 

This dual role is influential especially in scenarios cancer, as in healthy cells, 
even when p53 is found in cytoplasm, its interaction with other proteins and 
genes allows that there is apoptosis the non-functional cell since when treating 
the tumor cell, with mutated p53 undergo these interactions decreases, resulting 
in failure of cell cycle arrest, favoring a scenario where there is little propensity 
to apoptosis and autophagy, characteristics typical of cancer cells [5] [6]. 

Exercise seems to have a key role in this role p53, since several studies have 
shown that this protein reacts to stress caused by physical exercise, the data type 
of stimulation can increase or decrease its nuclear expression, mitochondrial and 
cytoplasmic, was also reported its ability to prevent or facilitate translocation of 
p53 to the nucleus mitochondria [14]. In an attempt to clarify some cases, stu-
dies of the area, selected for this systematic review, seek to work with different 
scenarios, such as the TP53 transmutation of studying cancer patients having the 
mutation, working with knocked out mice, cell handling “in vitro” [9]. 

The monitoring of the level of physical activity throughout the life of women 
diagnosis of breast cancer, mostly with mutations in TP53, showed a reduction 
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in mortality risk associated with those practiced years Physical 1 - 10 and 10 - 20 
years before diagnosis [9]. Corroborating these findings, experiments with rats, 
demonstrate that those exercised voluntarily (treadmill at 17.5 to 20 m/min), the 
period prepubescent, resulted in lower risk of development of triggers malignant 
transformation of breast tissue and improves the regulation of p53, while on 
sexual maturation, compared to the group of rats that did not exercise [14]. 

It shows how the exercise, done voluntarily and regularly, has the potential to 
generate a function protective interaction with the non-mutated p53 and prevent 
the possible activation triggers that could trigger the production of atypical cells 
in adulthood. In the presence of TP53 mutated, the findings are still controver-
sial, similar stimuli, has led to different results [14]. 

4. TP53 and the Mechanism for the Change Metabolic 

In the case of TP53 mutation, which results in the inactivation of p53 is one re-
ported change in cell bioenergetics, it is more dependent on glycolysis and It has 
functionality drop in mitochondrial respiration, a process is known as Warburg 
effect, which could explain in part as a stimulus similar exercise results in dif-
ferent response in the presence or absence of mutated TP53 [9]. This decrease in 
mitochondrial function, previously reported, is confirmed in mice homozygotes, 
who also develop sarcomas and have a higher incidence of metastasis [15]. 

When comparing the homozygous mouse the mouse wild-type, there is a de-
crease in ox1y1gen consumption homozygous species, related to p53 deficiency, 
even if the final amount to amount of ATP is similar in all genotypes, those with 
disabilities genetics, produced high levels of lactate, confirming the energy cell 
change, that favors glycolysis and low aerobic capacity [16]. The regulation of 
aerobic respiration by p53, corroborates the fact that your inactivation may 
promote tumorigenesis by decreasing the dependence oxygen would result in 
more and more acidotic hypoxic environments, furthermore the loss of p53 
function may undo a cellular response that is exerted on the excessive presence 
of reactive oxygen species [9] [16]. 

Hypoxia is one of the most important flags for angiogenesis in tumors, vascu-
lature that is known to form a network that strengthens the cell tumor and its 
processes. The cellular response to hypoxia is given largely by HIF-1α, the main 
transcriptional regulator of cellular response and development to hypoxia. The 
HIF-1α responds to the low presence of oxygen and activates the transcription 
genes resulting in glycolytic enzymes, glucose and lactate transporter, which is 
also responsible for the transcription of the gene MCT4, which favors the extru-
sion lactate cell [17].  

This availability of lactate can do with which it is absorbed by other cells, it 
can be used in aerobic metabolism or converted back into glucose in the liver, 
potentially leading to energy waste and cachexia. Lactate which is highly influ-
enced HIF-1 is considered a key component of the metabolic Warburg effect, as 
you may be involved in all processes of carcinogenesis, such as signaling for pro-
liferation, cancellation of the suppressive effects of growth, and metastasis 
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mainly in angiogenesis. Strenuous exercise can lead to hypoxia, and they are re-
lated to hormones and cytokines, types of modulation Reactive oxygen, and 
DNA damage [18].  

The mechanical damage that may be caused by these exercises results in 
apoptosis and necrosis with inflammatory responses, increases also the produc-
tion of reactive oxygen species, studying animals exposed to the training and 
hypoxia chamber led to increased p53 and TNF-α leading to increased apoptosis 
of healthy lung tissue. Due to the naturally hypoxic cells in the framework of a 
situation where the TP53 gene is mutated, the use of strenuous exercise that 
leads to an enhancement of more acidotic and lactogenic environment, can re-
sult in the table marked with TNF-α expression, so that there is signaling apop-
tosis of healthy cells, in a disorderly manner [19] [20]. 

5. P53 in Acute Responses to Exercise 

Regarding the acute responses to exercise, we have different results in the ratio 
p53 location. In an experiment where men were untrained subjected to cycle er-
gometer exercise for 60 minutes (70% of peak VO2) It resulted in increased nuc-
lear p53, but did not suggest changes in mitochondrial p53, with results similar 
study in transgenic mice, subjected to 60-minute submaximal exercise (treadmill 
for Run 12 - 18 m/min) [21] [22]. 

Already in rats on a treadmill for 90 minutes (15 m/min), there was the de-
crease of nuclear p53 and p53 signaling increase mitochondrial rats wild-type, in 
rats and knocked out, adaptations to exercise It was zero in relation to proteins 
related to p53. THE results of difference may be related to different protocols, 
species, or Indeed human and the mutated are untrained rats specific proteins 
[21] [22] [23]. 

6. Final Conclusions and Future Perspectives 

Cells can interact with variables of physical exercise and in this case more spe-
cifically p53. Exercise at moderate intensity and submaximal aerobic predomin-
ance seems to trigger protective functions p53 in various cancer settings, primar-
ily through stimulating cell autophagy.  

High-intensity exercise triggers the hypoxia and increases lactic acid and an-
giogenesis. These factors, besides the action of HIF and the suppression of p53 
protein, are considered protective factors to the vascular network of tumor cells. 

Still results of differences exist, because as in any intervention involving on-
cology, the protocols do not apply to all patients and all types of tumor cells, as 
in any intervention involving oncology, the protocols do not apply to all patients 
and types of tumor cells. However, some findings demonstrate the benefits of 
exercise when compared to the group without exercise in animals. The p53 and 
physical exercise have a notable role and are still controversial in cancer scena-
rios, but they appear to be interesting tools for the quality of life and as an alter-
native treatment for some tumorigenic scenarios. 
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