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ABSTRACT
P53 is activated in response to DNA damage, hypoxia, oncogenesis expression to
promote the cell cycle checkpoints, DNA repair, cell senescence and apoptosis.
These activities are important for the suppression of tumor formation and mediate
cellular responses that are related to the cell cycle control, being the key element and
also the main obstacle to the suppression of tumors. A better understanding of the
apoptotic mechanism of p53 may promote the development of in vitro and in vivo
assays, contributing to improve cancer diagnosis and prognosis and also helping with
the deployment of rational strategies that advance the treatment therapies. In this
way, this review is intended to present the effects of p53 protein on cells and show
how it works on the activation of specific genes to promote the cell control and
regulation and clarify the mysteries evolving the cell regulation mediated by p53
protein.
KEYWORDS: Molecular biology; Transcription Factors; Cancer metabolism;
Mutation; Oncogene.

A PROTEÍNA P53 E SEUS PAPÉIS FUNDAMENTAIS NO CICLO CELULAR,
APOPTOSE E NEOPLASIA
RESUMO
A p53 é ativada em resposta a danos no DNA, hipóxia, expressão de oncogenese
para promover os pontos de verificação do ciclo celular, reparação do DNA,
senescência celular e apoptose. Essas atividades são importantes para a supressão
da formação de tumores, bem como mediar respostas celulares relacionadas ao
controle do ciclo celular, sendo uma peça chave e o principal obstáculo para a
supressão de tumores. Uma melhor compreensão do mecanismo apoptótico da p53
pode favorecer o desenho de ensaios in vitro e in vivo, contribuir para melhoria do
diagnóstico e prognóstico do câncer e aplainar caminhos para estratégias racionais
que melhorem as terapias de tratamento. Diante do exposto, esta revisão da
literatura tem o propósito de apresentar os efeitos da proteína p53 sobre as células,
as condutas e ativação de genes específicos para controle e regulação celular, bem
como esclarecer os mistérios evolvendo a regulação mediada por p53.
PALAVRAS-CHAVE: Biologia Molecular; Fatores de Transcrição; Metabolismo do
câncer; Mutação; Oncogene.
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INTRODUCTION
In recent years, with technological advances, new techniques of analysis
and molecular research have been developed and incorporated into the routine of
research laboratories. This knowledge brings, increasingly, the understanding of the
molecular mechanisms and structures responsible for the metabolic processes in a
cell. The study of cancer cells benefits from these advances, because it is now
possible to fully evaluate the particularities of genes that regulate cell cycle, DNA
stability or even programmed death (SHAPIRO et al., 2013).
From the classic observations of Rudolph Wirchow in the second half of
the nineteenth century, a range of activities related to oncogenic research have been
generated to explain the relationship of genes to the onset of cancer and its
associated genetic alterations. The onset of the neoplastic process has already been
defined as a multi-step process and involves the accumulation of genetic alterations
in the cells. In general, these changes activate oncogenes and inactivate tumor
suppressor genes (SUVÀ et al., 2013).
In comparative studies, p53 deficiency was associated in about 75% of
human cancers, and often associated with loss of function or mutations of this
molecule (VOUSDEN, 2013; BOUAOUN et al., 2016). This protein is the most
studied tumor suppressor and acts in response to various forms of cell stress which
mediate a variety of antiproliferative processes (MICIAK; BUNZ, 2016).
P53 is activated in response to DNA damage, hypoxia, expression of
oncogenesis to promote cell cycle checkpoints, DNA repair, cell senescence and
apoptosis (GURPINAR; VOUSDEN, 2015). These activities are important for the
suppression of tumor formation, as well as for mediating cellular responses related to
cell cycle control, being a key element and the main obstacle to tumor suppression
(GURPINAR; VOUSDEN, 2015).
One of the most studied areas in the research involves the ability of this
protein to regulate apoptosis (CUNHA et al., 2014; GREEN et al., 2014). The first
clue that p53 could trigger apoptosis came from a work that reintroduced p53 into
myeloid cells deficient in the synthesis of p53. Subsequent studies have shown that
endogenous p53 could exert control of apoptosis by analyzing the thymus cells of
(genetically modified) knockout mice. In this case, p53 was required to induce
radiation apoptosis, but not cell death induced by other stimuli (LOWE et al., 1993).
In addition to its role in tumor suppression, p53-dependent apoptosis
contributes to cell death induced by chemotherapy (ZHANG et al., 2013). This was
demonstrated for the first time in studies using genetically modified cells treated in
vitro and in vivo (LOWE et al., 1993). It has been found that both senescence and
apoptosis contribute to the action of the chemotherapeutic agent, increasing the
sensitivity of the cancer cells to agents, significantly reducing the doses of
chemotherapy, possibly decreasing its adverse side effects (ZHANG et al., 2013).
Some tumors are insensitive to chemotherapeutic agents and in some
cases may acquire resistance and relapse. Although the loss of p53 function has
been linked to this resistance (HOLOHAN et al., 2013), the overall contribution of p53
to chemotherapy sensitivity remains under discussion.
A better understanding of the apoptotic mechanism of p53 may favor the
design of in vitro and in vivo assays, contribute to the improvement of cancer
diagnosis and prognosis, and flatten paths to rational strategies that improve
treatment therapies. In view of the above, this literature review aims to present the
effects of the p53 protein on cells, the conduction and activation of specific genes for
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cell regulation and regulation, as well as to clarify mechanisms that evolve regulation
mediated by p53.
P53 Structure
The TP53 tumor suppressor gene is located in the chromosomal allele 17
and presents the gene coding required for the synthesis of a 53 kDa nuclear
phosphoprotein, which names the final product . The p53 unit is composed of 393
amino acids, and the final structure of the molecule is composed of four identical
monomers, titled wildtype p53, characterizing its normal functioning. Each subunit
contains a C-terminal regulatory domain, a tetramerization domain, essential for p53
activity, a DNA binding domain and an N-terminal transactivation domain (HOU et al.,
2015).
The p53 monomers form tetramers by the association of the
tetramerization domains. The p53 tetramer formed binds to DNA sequences, where it
transforms specific genes, this binding being aided by a transcription factor capable
of binding to the DNA in a specific manner, which increases the stability of p53 (figure
1). Several points have already been identified for the p53 transactivation along the
human genome, with 65,572 fragments in 542 loci. In an overview, p53 demonstrates
high diversity of biological activities, in addition to tumor suppression (WEI et al.,
2006).

FIGURE 1 - Representation of the activation of p53 tetramer and the transactivation of
target genes, contributing to the increase of specific proteins. 1) Cterminal domain of regulation; 2) Tetramerization domain; 3) DNA binding
domain; 4) N-terminal transactivation domain; 5) Transcription factor; 6)
DNA tape; 7) RNA polymerase; 8) RNA messenger; A) formation of p53
tetramer; B) Transactivation of target genes; C) Transcription.
source: self-published

Structural changes in the p53 protein are consequences of gene
mutations, which generally promote the deactivation of the molecule. Because it is a
tetramer, monomer units may exhibit changes in the overall structure or in specific
subunits. Mutations found in cancer cells usually present changes in the DNA binding
domain, which makes it impossible for the protein to bind to its specific targets, and
prevents the activation of this gene (BOUAOUN et al., 2016).
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The changes that reflect in the loss of the function are, in general, of
recessive character. These changes do not destroy the modified cells, which add
competitive advantage over the normal adjacent cells. In relation to dominant p53
mutations, they trigger changes in the cell that lead to a gain in function, commonly
found in malignant tumors, such as the ability to break down the basement
membrane or acquire the ability to evade the immune system (YUE et al., 2017).
P53 Functions
Tumor suppressors act to maintain tissue homeostasis by regulating
metabolism and controlling cell division. In order to maintain this homeostasis,
several intrinsic and extrinsic processes act to regulate or prevent exacerbated cell
proliferation (LEVINE ;PUZIO-KUTER, 2010; HONG et al., 2014). P53 acts in the
control of these processes. For this reason, it can be called the "Guardian of the
genome". Its main function is to monitor the integrity of the genome by recognizing
DNA damage and assisting in its repair (GURPINAR; VOUSDEN, 2015).
Under normal conditions p53 levels are kept low by continuous
degradation of p53 by MDM2 (murine double minute 2). In cellular stress conditions
or in response to DNA damage the activation of a cellular homeostasis helper
protein, ATM (ataxia telangiectasia mutated), acts directly on p53 that promotes its
accumulation in the nucleus through the phosphorylation of the N- terminus of p53 (
WEBER; RYAN, 2015; LIU, L. et al., 2018).
With the increase of the active p53 concentration in the intranuclear
region, there is formation of p53 dimers and, consequently, tetramers, the active and
effector form of p53, which has the capacity to trigger specific target genes, which
determine the cell cycle arrest during phases G1 / S, and acts on the G2 phase,
inducing DNA repair; In this way, the intranuclear action of p53 is essential for cell
cycle control (RETZLAFF et al., 2013; WOODS et al., 2015).
During phase G1, p53 promotes transcription of the TP21 gene, a process
that stimulates gene transcription and induction of a 21 kDa protein, whose function
is to inhibit the action of cyclin-dependent kinases (CDKs), which cells in G1 until
complete DNA repair (ARORA et al., 2015). Simultaneously, p53 activates the 45β
gene (GADD45β - Growth Arrest DNA Damage Inducible), acting on DNA repair. If
the repair process fails or chromosome damage is very extensive, p53 activates
genes involved in cell apoptosis (HAN et al., 2003).
However, if the final destination of the cell is apoptosis, p53 will trigger
different stimuli, which will act in distinct metabolic pathways, in particular two
pathways: extrinsic and intrinsic apoptotic pathways, each path being dependent on
specific proteins and genes for its activation (FULDA; DEBATIN, 2006).
Extrinsic pathway
P53 can activate the extrinsic apoptotic circuit by inducing genes that
encode membrane proteins, Fas (cell surface death receptor), DR5 (death receptor
5) and PERP (p53 apoptosis effector related to PMP-22), process of injury suffered
by the cell. The Fas cell surface receptor is a member of the TNF receptor family
(Tumor Necrosis Factor), being a key component for extrinsic cell death. In response
to irradiation or extreme DNA damage, p53 transforms the Fas gene and increases
Fas levels on the cell surface, allowing rapid cell sensitization to apoptosis
(BONAVIDA, 2014; LIU et al., 2014).
Fas, in turn, allows the recruitment of two signaling proteins, FADD (Fasassociated death domain) and pro-caspase-8, forming the DISC (Death-inducing
signaling complex) complex. After its recruitment, pro-caspase-8 is transformed into
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active caspase-8 and then released into the cytoplasm, where it directly activates
caspases, such as caspase-3 (BONAVIDA, 2014).
The second p53 -induced receptor is DR5, also termed death receptor,
actively promotes apoptosis after overexpression of p53 or by binding of TNF-related
apoptosis inducers (TRAIL). DR5 is induced by p53 in response to DNA damage and,
in turn, promotes cell death by activation of caspase-8 (LEE et al., 2014).
The apoptotic gene PERP is also transactivated by p53. Studies indicate
that PERP-induced apoptosis is also mediated by the caspase-dependent pathway
that acts on caspase-8 cleavage. Complete loss of PERP expression is associated
with p53 mutations. Another important factor of this gene is its crucial role in cell-cell
adhesion and tumor suppression, and can be used as a possible marker for cancer
cells and possibly a gene related to cell invasion capacity (KONG et al., 2013).
Intrinsic pathway
The intrinsic apoptotic pathway is regulated by the Bcl-2 family, which
regulates the release of cytochrome c from mitochondria. The Bcl-2 family comprises
a vast network of pro-apoptotic proteins (stimulate or participate in the apoptosis
process) and anti-apoptotic (inhibit or block the apoptosis process) (Mariño et al.,
2014). Family members are classified as Bcl-2 domain homology (BH), with BH1,
BH2, BH3, BH4 and a transmembrane domain commonly found. Among the
mentioned domains, BH3 is present in all members and is essential for
heterodimerization (association of different proteins) between the members
(PEIXOTO et al., 2015).
In general, the Bcl-2 family can be divided into three subgroups. The first
includes anti-apoptotic proteins, responsible for maintaining cell integrity and blocking
apoptosis. Bcl-2, Bcl-XL, having the BH1, BH2, BH3 and BH4 domains belong to this
group. The second subgroup belongs to a group of pro-apoptotic proteins, which
induce or give continuity to the apoptotic cascade. Bax, Bak, Bok and Bcl-Rambo are
the proteins belonging to this subgroup, characterized by presenting the BH1, BH2
and BH3 domains. The latter subgroup also has pro-apoptotic function. It is
composed of an increasing number of proteins, classified as BH3-only proteins,
because they present only one activation domain. In this group, the proteins Bad,
Bid, Noxa, PUMA, Bmf (BOUMELA et al., 2014; MOYA et al., 2016).
Of the members of the Bcl-2 family, Bax was the first to be induced by
p53. These proteins are found in the cellular cytoplasm in the form of monomers, a
condition to which the molecule is inactivated. To perform their functions, Bax
proteins need to be activated and translocated to the mitochondrial outer membrane
(SUBBURAJ et al., 2015). In response to cellular stress activation, Bax forms
homodimers, an association of two identical subunits, and induces the release of
cytochrome c from mitochondria, through pores formed in the outer mitochondrial
membrane, which results in the activation of caspase-9, being an action irreversible,
triggering apoptosis ( WALENSKY; GAVATHIOTIS, 2011; MAES et al., 2017).
Another protein acting on the mechanism of cellular apoptosis, called
PUMA, has as an auxiliary function in mitochondrial alterations in many tumor cell
lines during the process of p53-dependent apoptosis. This molecule has two
functions, to translocate the Bax protein to the mitochondrial membrane and to
promote the quaternary structural arrangement for Bax activation (LIU et al., 2003;
YU; ZHANG, 2008; RENAULT et al., 2015).
Recent studies have demonstrated the suppressive effect of Bcl-2 antiapoptotic receptors, such as Bcl-2 and Bcl-XL, when binding via its BH3-only domain
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to PUMA suppresses the effect of Bcl-2 and releases the protein Bax, thereby
altering the Bcl-2 / Bax ratio leading to apoptosis ( LI et al., 2015; CHEN et al., 2016).
In a study with mice deficient in Bax production, the normal apoptotic
process in thymocytes was observed after induction of DNA damage, suggesting the
existence of at least one other gene necessary to explain p53-dependent apoptotic
response (ODA et al., 2000).
The Noxa gene was identified and classified, belonging to the Bcl-2 family,
with BH3-only domain, which acts in a similar way to PUMA, inducing apoptosis
through the association of the BH3-only domain with anti-apoptotic receptors.
However, this mechanism does not fully explain its function, but probably Noxa and
other p53 target genes cooperate for the efficient induction of apoptosis in various
cell types ( ODA et al., 2000; MEISTER et al., 2016).
Mitochondria play a key role in the description of cell death and its
mechanisms of regulation. Specific events such as hypoxia, trauma, temperature and
radiation represent an important initial step essential to induce the process of cellular
apoptosis. The mechanism that governs the control of apoptosis over mitochondria is
established by the interaction of p53 with Bcl-2 family proteins (GALLUZZI et al.,
2012).
In general, the process of apoptosis begins with the induction of
membrane permeability of the mitochondria, with release of cytochrome c to the
cytosol. This process is controlled by proteins belonging to the Bcl-2 family. When an
apoptotic stimulus is triggered, pro-apoptotic proteins such as Bax, Noxa or PUMA
are transferred to the outer mitochondrial membrane to form a channel, which allows
cytochrome c to exit (GALLUZZI et al., 2012; KALE et al., 2018).
In the cytosol, there is formation of the apoptossome, a complex formed
from cytochrome c and APAF-1. This complex promotes the cleavage of procaspase-9, which in turn has the ability to activate effector caspases (Figure 2)
(LANGLAIS et al., 2015).

FIGURE 2 - Representation of apoptosomal formation mechanism and activation of
caspase effector. 1) Mitochondria; 2) Cytochrome c; 3) APAF-1 protein; 4)
pro-caspase-9; 5) Apoptossome; 6) pro-caspase-3; 7) caspase-3
activated; A) Activation of the APAF-1 protein; B) Formation of the
apoptosomal complex; C) Activation of Pro-caspase-3.
source: self-published
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Activation of caspases
Apoptotic caspases are classified as primers or executors, depending on
their point of entry into the apoptotic cascade. Initiating caspases are the first proteins
to be activated to determine cell death, which contribute to the first phase to trigger a
cascade of reactions which generally consists of at least two stages until the
activation of the caspases (KALLENBERGER; LEGEWIE, 2012).
Caspases present lethal action on the cell. To ensure the production and
packaging of these proteins safely, without causing accidental death, they are
produced and stored in their latent form (zymogens), and a specific event must occur
to activate them. Activation of the initiating and executing caspases is totally distinct
and dependent on specific stimuli such as oxygen reactive species, energy
deficiency, DNA damage and hypoxia (MAZZONI; FALCONE, 2008; REDZA;
AVERILL, 2016).
In general, the activation of the caspases requires dimers of identical
catalytic units and highlighting that each catalytic unit has its active site. The basic
structures of the caspases are presented with two major subunits, titled large and
small subunits. Its activation consists of cleavage of the caspase and the
rearrangement of the dimers by the binding of its subunits within its binding region
(Figure 3) (CLARK, 2016; DAGBAY; HARDY, 2017).

FIGURE 3 - Representation of the mechanism of generalized activation of the
caspases from the reorganization of the dimers. 1) Pro domain CARD; 2)
large subunit; 3) small subunit; A- Reorganization of the dimers; BActivation of caspase.
source: self-published

Caspases can be divided and grouped depending on the origin of the cell
death stimulus. Caspases belonging to the intrinsic pathway, caspase-9 and
caspase-2, respond to changes in mitochondrial potential, while caspase-8 and
caspase-10 belong to the extrinsic pathway and are activated by death receptors.
These initiator caspases cleave the pro-enzyme forms of effector caspases
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(caspase-3, caspase-6 and caspase-7), which allow the digestion of essential
targets, which affect cell viability (MCILWAIN et al., 2013).
Control of p53 expression
P53 is a very important protein to maintain cell functionality. Because it is
a molecule with potential for high cell control and with the capacity to cause important
changes in cellular functioning, the mechanism of control of its expression must be
effective; therefore, the processes used to regulate p53 expression include its
degradation, blocking its activation and blocking p53 tetramer formation (CUNHA et
al., 2014).
One of p53's main functions is its direct relationship with the central
mechanism of cell growth by directly influencing mitosis. It has already been shown
that the accumulation of p53 in cardiomyocytes caused apoptosis of the fibers, and in
turn developed the process of cardiac insufficiency (MAZELIN et al., 2016). The
MDM2 oncogene is of great importance in suppressing p53, and exerts a function
similar to the protein ubiquitin ligase E3 (YUE et al., 2017).
MDM2 is able to inhibit p53 protein activity through three pathways. The
first is by blocking p53 through its association in the transactivation domain, which
forms the MDM2 / p53 complex and inhibits its transcriptional activation. The second
process is to promote the transport of p53 to the cytosol by regulating the
intranuclear p53 concentration by means of negative feedback. The latter process
occurs in the cellular cytoplasm, where MDM2 plays its role of proteolysis via
ubiquitin and proteosal degradation (Figure 4) ( PANT; LOZANO, 2014; NIHIRA et
al., 2017 ).

FIGURE 4 - Representation of the control mechanism of p53 regulated by the MDM2
protein. 1) p53 protein; 2) MDM2 protein; 3) MDM2 / p53 complex; 4)
Ubiquitin; 5) Conjugate of ubiquitin; 6) Proteasome; A) Blocking p53; B)
Transport of p53 to the cytosol; C) Ubiquitination of proteins.
source: self-published

Experiments with MDM2 control have shown that this is the main negative
regulator of p53, since the increase in its expression blocks p53 and promotes the
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advancement in the cell cycle. In experiments with pigs, when inoculating PRRSV
(swine reproductive and respiratory syndrome virus), there was an increase in MDM2
concentration, inducing cell replication and consequently virus replication, avoiding
apoptosis cell death in the initial phase of infection (WANG et al., 2016).
Inactivation of p53
Inactivation of p53 protein may occur in the following situations: gene
alterations, interactions of p53 with suppressor proteins and protein interactions with
viral proteins. Among the cited cases, the most studied is the genetic alteration due
to chromosomal mutations and gene deletion (WADE et al., 2013).
Point mutations and the exchange of one or more nucleotides are the
most common types of gene changes found in neoplasms, which results in the
formation of a non-functional protein. These mutations trigger metabolic changes in
the cell, interrupt cell cycle arrest, and prevent DNA check and repair (HIENTZ et al.,
2017).
Several researchers have demonstrated the importance of p53 in
evaluating tumors where p53 deficiency is present. In the case of Li-Fraumeni
syndrome, patients inherit the mutant gene in the TP53 allele, which predisposes
them to develop cancer at an early age, such as sarcomas, breast cancer,
leukemias, lymphomas and brain neoplasms, which are commonly reported in these
patients. There are reports that mention the possibility of any type of tumor occurring
in the absence of the TP53 gene. During the development of the neoplasm, the TP53
mutation, whether spontaneous or inherited, results in complete p53 deficiency and,
consequently, loss of function (MACEDO et al., 2016).
Double nature of p53 and cancer
It is known that the functions of regulation of apoptosis, cell cycle arrest
and senescence are essential for tumor suppression. However, its tumor suppression
function can be summarized in transcription and induction of pro-apoptotic genes in
response to DNA damage (DITCH; PAULL, 2012; GURPINAR; VOUSDEN, 2015).
The neoplasia arises through a process where the somatic mutations of cellular
genes occur, followed by a clonal selection of the progeny variant with aggressive
growth properties (CALVINO, 2016).
In the normal cell, the p53 protein has a short half-life, which may last
minutes before its degradation, being undetectable by immunohistochemistry (IHC).
Despite this, there are reports that this protein was expressed in extremely weak
reactions ( ESRIG et al., 1993; CAMPOS et al., 2014). Some mutations of the TP53
gene generally express altered proteins with a longer half-life, which explains why
they are detectable by IHC (PAGLIARONE et al., 2016).
In works with carcinogenic cells obtained from prostate from dogs,
mutated p53 was detected through IHC, even with the variation of the protein, its
epitopes are present and its expression is possible, however, its function is
compromised by the mutation present in the TP53 gene (PAGLIARONE et al., 2016).
With the identification of p53 functions, another approach was questioned
on the hypothesis that p53 is a tumor-inducing agent. Some p53 mutants may
aggregate other effects on the cell, such as the ability to invade other tissues or
deregulate cell growth. Thus, they lose the ability to suppress tumor and contribute to
tumor progression (MULLER; VOUSDEN, 2014; SCHULZ; MOLL, 2018).
This dual nature of p53, protective and cell death, indicates the possibility
that p53 may also act as a tumor promoter. The anti-apoptotic function of p53 may
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lead to the survival of damaged cells under mutated conditions, which may increase
the possibility of malignant transformation. As found in the research, a new mutation
of p53 has been reported, these alterations promote the transactivation of genes not
normally recognized, in this way they induce the formation of proteins that block cell
membrane receptors, they normally signal the apoptosis via extrinsic, thus mocking
the immune system by transcribing and activating survival genes (MONTEITH et al.,
2016).
In humans approximately 75% of the mutations found in p53 are
missense, which consists of nucleotide substitution, resulting in amino acid
exchange. These changes, even if small, can promote the formation of an altered
protein, which generates a selective advantage rather than losing function completely
(BROSH; ROTTER, 2009). Studies on rodents with mutant p53 have developed
larger tumors and about three times more tumors, which emphasized the potential
effects of a p53 mutation both on initiation and tumor progression (LUBET et al.,
2000).
Structural changes
The structural alterations of p53 and its altered function arouse interests in
the scientific community, aiming to clarify, under molecular vision, which point
mutants can promote the development of the tumor, and thus to recreate models that
more precisely explain the development of cancer (KATO et al., 2003).
According to the sequences of the mutations or the type of alteration
generated in p53, they can be classified in two ways: for point alterations, which
reflect from alterations in the DNA sequence and generating proteins with incorrect
amino acid sequences. The second change observed is when the mutations are
focused on the conformation of the molecule, making it impossible to fix the p53 in
the DNA strand (ITOH et al., 2016).
The N-terminal and C-terminal domains are disordered structures, actively
participating in the transactivation of other proteins and nonspecific binding of DNA.
The DNA binding domain is well structured and responsible for DNA recognition, as
noted, changes in DNA recognition domain favors changes in the molecule's
conformations, changes in the N- and C-terminal domains are related to the gain
mutations of function (ITOH et al., 2016).
Among the structural changes, the N-terminal and C-terminal domains
gain greater prominence regarding the ability to generate new oncogenic properties,
as demonstrated in epithelial cells, the mutated p53 can transact specific genes
responsible for cell adhesion, migration and proliferation of epithelial cells, adding
functions to these cells (DONG et al., 2013).
These data imply that the positive regulation of the mutated p53 is
responsible for the increase of the aggressiveness of tumors, in this way it induces a
stimulation by the research in the control and regulation of p53, since it is involved in
the prevention of the appearance of abnormal cells with capacity to cause tumors
(WATANABE et al., 2014).
FINAL CONSIDERATIONS
The knowledge of the role of p53 in tumor suppression opens new doors
to the scientific community and studies for the development of a possible control for
cancer. The research innovates and deduces the pathways involved in p53-mediated
cellular control and apoptotic activity. It also allows the discovery of possible solutions
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to maintain DNA integrity against deleterious aggressors, such as radiations and
reactive oxygen species.
However, in-depth and increasingly specific investigations generate
hypotheses that originate from existing models. This helps to refine the
understanding of the role of p53 in tumor suppression as well as to understand the
fact of p53 activity and its association with tumor suppression, or even to explain the
innumerable variations found in relation to the mechanism of action of p53 in different
cellular tissues.
New contexts and functions from p53 as a barrier to carcinogenesis have
been identified in recent years, as shown by the various changes that have been
observed in p53-deficient cells. The loss of its function not only causes increased cell
division and improved cell survival, but also more invasive behavior and metabolic
disorders, which have already been evidenced.
Future studies will provide the additional pieces needed to complete this
complex molecular process, involving p53-mediated tumor suppression, which will
allow us to better harness the power of this molecule from the perspective of cancer
treatment.
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