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ABSTRACT  

p53 is a widely studied oncogene to date. In most cancer types, 
p53 is highly mutated and considered a potential target for 
cancer; however, there is no clinically valid candidate in the 
market that targets p53. There is still confusion about whether 
p53 promotes cancer? Or not as of now, it is believed that it is a 
tumor suppressor gene. A lot of studies have been done, and 
many scientists doubt its functionality. This mini-review will 
discuss some recent findings on the p53 mutations, their 
association with cancer, and with some insight on p53 isomers. 
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P53 an oncogene or tumor suppressor gene: A confusion 

Introduction 

p53 is a tumor suppressor gene that functions as a 
transcription factor with major involvement in DNA 
repair management, apoptosis, control of cell 
division, and responses towards cell stresses. 
Besides, p53 causes the arrest of cell growth and 
alters cellular aging [1]. TP53 is located at 17p13 
locus, which encodes a long protein having 393-
amino acids. The binding of p53 protein to DNA 
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activates another gene to translate the protein p21. 
p21 crosstalk with CDK2. This CDK2-p21- complex 
stops the movement of CDK2 to the next level of cell 
division and prevents unwanted cell growth. This 
function of p53 describes it as "the guardian of the 
genome [2]. TP53 is the most commonly altered 
gene reported in cancer human subjects [3]. In the 
case of sporadic cancers, the p53 mutations are 
associated with adverse prognosis [3]. The 
mutations lead to LOF in p53, which is the main 
outcome and results in the normal cell 
transformation to the cancer cell and prevents cells 
from undergoing apoptosis and senescence. The 
most frequently associated mutations include 
missense which leads to amino acid substitution in 
the DBD. The mutant p53 formed has a different 
structure from the wild type. It is predicted that it 
reconstructs the cancer cell transcriptome and 
proteome because of its crosstalk with many key 
regulators, proteins, enzymes [4][5]. The cancer 
cells take full advantage of the new p53 functionality 
and structure for proliferative potential and survival. 
The surprising fact is that the mutated p53 becomes 
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more stable and gets accumulated inside cells [6], 
causing the uncontrollable proliferation of cells, 
leading to malignant tumors. 

Mutations 

The p53 mutations are missense, mostly the DBD, 
which is very unlikely in other tumor suppressor 
genes. In the DNB, eight amino-acid substitutions 
are reported in about 27% mutant p53 proteins as 
showed by a variety of cancers clinically, as 
described in Figure 1. It was reported by Ishioka et 
al. that there were single amino-acid substitutions 
when they checked the functionality of about nearly  

 

 

 

 

 

 

2000 different p53 proteins in yeast [1]. Based on 
the similar work did by other scientists led to the 
classification of TP53 gene mutations as described 
in Table 1. The well-built choice to keep up the 
expressed full-length p53 proteins in the tumors is 
extremely advocative for its role in transformation, 
including dominant negative and gain of function 
mutations [8]. The ninety-percent p53 mutations are 
localized in the central domains-100-300 AAR, and 
most of the p53 proteins are affected by these 
modifications [8]. The modifications in the p53 are 
usually due to missense mutations [8] and because 
of the exposure to mutant elements, there is a high 
rate of substitutions. The dispersal of p53 mutations 
is uncommon amid all cancer genes like the tumor 
suppressor genes and oncogenes. All but seven 
residues of the 393-AARs of the p53 protein have 
been the target of at least one mutation in human 
cancers & in the core domain that holds the DBR, 
and each AAR has been detected to be at least five 
times mutated in individual tumors & up-to forty 
thousand times for hotspot mutants. The extensive 
dispersal of p53 mutations is caused by the core  

 

 

 

domain's apparent fragility, which AA substitutions 
can impair at various places (Table 1) [8]. 

The disfunction of p53 Isomers 

There are three members in the p53 family, which 
are TP53, TP63, and TP73. The increased complexity 
of this network as the two p53 isoforms (TP63 & 
TP73) may also take part in the oncogenesis [8]. The 
isoforms TP63 & TP73 are expressed in many forms 
due to different applications of promoters for 
alternative splicing and transcription [8]. Long 
isoforms of p73 or p63 can also transactivate the 
genes in which p53 can transactivate for induction  

 

 

 

 

 

 

of apoptosis; however, the short isoforms have 
opposite functionality via dominant-negative 
mechanistic approaches [8]. There is complex 
crosstalk between TP73, TP63, and TP53. One 
reason is their cooperative activity for the induction 
of apoptosis. The mutations in the p53 can lead to 
unfolded protein structures that can ligate 
specifically to p73/p63 and disrupts their activity [8]. 

The mutations and Cancer  

The p53 mutations were identified in tumors, and 
germline mutations were described in Li-Fraumeni 
syndrome, a hereditary cancer predisposition 
disorder [1]. In humans, most of the p53 mutation 
occurs due to missense mutation. Mutation of p53 
can take place at the early as well as late-stage of 
cancer. The human body can get an early stage 
mutation of p53 due to the exposer of any 
carcinogens. It is reported that the p53 functionality 
is compromised in thirty-three cancer types, and 1/3 
of cancers have a mutation rate in the p53 gene with 
a percentage of more than 50% and 30% in half of 
the cancers. UCS and OSCC are the two types of  

Abbreviations: PRD: Proline-rich domain; DBD: DNA-binding domain; OD: Oligomerization domain; NLS: Nuclear localization 
signal; CTD: C terminal domain; TAD: Transactivation domain; AA: Amino acid; CDK2: Cell division stimulating protein; GOF: Gain 
of function; LOF: Loss of function; AAR: Amino acid residues; DBR: DNA binding region; UCS: Uterine carcinosarcoma;  OSCC: 
Ovarian serous cystadenocarcinoma; VEGFR: Vesicular endothelial growth factor; STAT: Signal transducer activation of transcription; 
TSGs: Tumour-suppressor-genes; TCGA: The Cancer Genome Atlas; DBD: DNA-binding domain 

 
Figure 1. Organization of domains of P53 protein and TP53 missense mutations taken from TCGA. Green dots 
indicate missense mutations concerning the position of amino-acids and mutation frequency within the amino-acid 
positions [1,7]. The most frequent mutations are these missense mutations in every domain of p53protein, leading 
to amino acid substitutions and results in LOF and GOF mutation, which ultimately results in cancer transformation 
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cancers in which p53 is highly mutated with the 
percentage of 91.2 and 83% [9]. The shift of the p53 
tumor suppressor gene to the mutated oncogenic 
p53 is involving a lot of processes like in the case of 
wild type p53, which is a cell growth regulator, but 
when mutations encounter, it can lead to loss of 
function and can trigger oncogenesis [8] 

Mutant p53 in cancer metabolism  

In cancer metabolism, the tumor suppressor gene, 
p53, plays a balance between glycolysis and 
mitochondrial respiration. In cancerous cells, the 
overexpression of glucose transporter is found as a 
normal phenomenon facilitating glucose flux. It has 
been found that mutant p53 proteins get stabilized 
and accumulated in plenty amount within cancer 
cells through different mechanisms and promote 
metabolic reprogramming as a novel GOF to 
promote tumorigenesis [10]. 

Mutant p53 in Cell Cycle  

It has been found that tumor-derived p53 mutants 
interact with nuclear factor Y. This complex 
promotes DNA synthesis via upregulating 
cyclin/CDK1 kinase complexes. These mutations 
mainly occur at the DNA binding domain of the p53 
protein, which is responsible for the downstream 
stimulations. Thus, mutant p53 protein can no 
longer effectively bind DNA. For that, p21 will not be 
available to provide a stop signal to the cell division 
resulting in uncontrollable tumors [11]. 

Mutant p53 promotes invasion and migration 

p53/p63 or mutant p53/p73 complexes promote 
invasion and migration. Due to the formation of 
these complexes, p62 and p73 get inhibited, 
enhancing the function of STAT3 signaling and 
VEGFR expression [12]. 

 

 

 

 

 

 

 

 

Clinical studies 

According to TCGA database out of 4796 clinical 
cancer cases were affected by about 1423 p53 
mutations in 41 projects [7]. The p53 mutations are 
reported in almost every cancer type with a 
percentage range from thirty-eight to fifty percent 
like in esophageal cancer, head cancer, neck 
cancer, lung cancer, larynx cancer, colorectal cancer 
and it is five percent in sarcoma, melanoma, cervical 
cancer, and primary leukemia [13]. The mutation 
frequency of p53 gets increased in the advanced 
cancers with unpredictable aggressive behaviors 
like that of triple negative breast cancer. The 
polymorphisms have also been identified in the 
human cancers and its reported that around eighty 
p53 polymorphisms have been detected are 
located in the outside splice sites and in the intron 
regions or at the noncoding regions. In case of 
smokers suffering from lung cancer about 623 
genes were screened from 188 clinical sample 
which reported that there was higher mutation rate 
and increased level of guanine to thymidine 
transversions as compared to non-smokers [14]. 

Conclusion  

The oncogenic p53 mutations are among the most 
regularly expressed protein variants in cancers of 
humans. The distinctive characteristic of p53 is its 
mode of inactivation compared to other TSGs. It has 
been reported that more than eighty percent of 
mutations at the germline and somatic can result in 
the production of stable mutant p53-proteins that 
pile up in the nucleus of the cancer cells for their 
survival. We can target these mutant p53 proteins 
for a better prognosis, but it is challenging, or the 
drugs can be designed to deplete the mutant p53 
from the cells. The mutations in the p53 don't only 
abolish the tumor suppressor functionality. Still, it is 
also leading to pro-oncogenic activities, but how the 
gain of function activities is being achieved is a big 
question; it requires extensive findings to develop 

Table 1. The Heterogeneity of P53 mutants with examples of the corresponding TP53 mutations 

Activity Examples of amino acid Mutations in p53 References 

Gain of function R175H,G245S,G245S,R248Q,R248W,S241F,R249S,R273C,R273H,C275Y,R280K,D18
1G,R282W 

[1] 

Loss of function R175H,G245S,R248Q,R248W,S241F,R241F,R249S,R273C,R273H,C275Y, R280K 

Dominant R175H,G245S,R248Q,R248W,S241F,R2495,R273C,R273H,C275HY, R280K 

Altered specificity K120R,S121F,V122A,T125R,G279E 

Wild type like/Super 
Transactivating 

T123A,G199H,S240N,S288K,R337H,G360V 

Partial 
function/temperate 
Sensitive 

A161T,R181L,R2025,Y220H,S215C,D228V,V272L,R282W 
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strategies to reverse the wild type functionality 
rather than targeting the mutated p53. 
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