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Abstract:  P53, the guardian of the genome, is one of the most studied tumor suppressor gene having the 

ability to induce cell cycle arrest and/or apoptotic cell death in cancerous cells. Extensive mutation search 

reveals that 50 % of human cancer can be attributed to mutations in P53 including cancers of Bladder, Breast, 

Cervix, Colon, Liver, Prostrate & Lungs. P53 is located in the short arm of Chromosome 17 in Humans 

containing 11 exons. These homologues are sequence specific transcription factors which activate overlapping 

sets of P53 genes , thus inducing cell cycle arrest or apoptosis. The mutations most sensitive to the loss of 

function of P53 lie in the exons 5-8 which encode the DNA binding domain of P53. Under normal condition, 

P53 is generally inactive. But in response to different kind of stresses such as DNA damage, Hypoxia, Oxidative 
damage etc activates P53 by phosphorylation and dislodging and proteolysis the MDM protein that normally 

inhibits it during non stressful conditions. However, P53 is not a solitary gene product as it was previously 

thought. The present study aims to understand the role of p53 gene mutations in Human Cancer.  

Keywords: P53 gene, Human Cancer, tumor suppressor, Review. 

 

1. INTRODUCTION 

p53 is the most commonly mutated gene in human cancers and more than 50% of human cancers 
contain p53 mutations Arnold Levine, David Lane and William Old discovered the p53 gene in 1979. 

It was first thought to be an oncogene, but10 years later team lead by Bert Vogelstein and Ray White, 

then studying colon cancer, showed p53 to be a tumor suppressor gene. In the past decade, the roles of 
p53 in human cancers have been investigated extensively in many aspects and intervention to restore 

wild‐type p53 activities is an attractive approach for cancer therapy. 

Extensive research has been directed towards targeting the p53 tumor suppressor and other key 

players in the DNA damage surveillance network in an attempt to improve the outcome of 

conventional cancer therapies [1]. This approach has met with limited success [2]. The impetus 

behind most of these studies has been the model, proposed in the mid 1990s, suggesting that the 
principal role of the p53 pathway in determining cell fate following genotoxic stress is to either 

promote survival by activating cell cycle checkpoints and facilitating repair or to induce apoptotic cell 

death [3, 4]. However, several laboratories [5–13], ours included [14–18], have demonstrated that the 
primary response triggered by moderate doses of DNA-damaging agents in most human cell types is a 

sustained proliferation block, and not apoptosis.    

The proliferation block triggered by ionizing radiation predominantly reflects stress-induced 

premature senescence (SIPS) in p53-proficient cultures [6, 11], and the development of 

multinucleated and polyploid giant cells in p53-deficient cultures [5, 8]. Accumulating evidence has 
revealed that such responses may represent cell survival mechanisms consequent to therapeutic 

exposures. All cancer cells contain mutations in combinations of tumor suppressors and oncogenes. 

The removal of functional p53, from a cell allows for the accumulation of even more DNA damage 
and the division of cells that contain damaged DNA. The mutation of p53 is one of the most frequent 

genetic changes seen in cancer cells. In addition to mutations that arise during the growth and 

development of individuals (sporadic mutations), there are forms of cancer associated with the 

inheritance of a damaged version of p53. In addition, several viruses have evolved ways of 
inactivating the p53 protein.  

p53 has been initially identified in crude cell lysates prepared from cells transformed by simian virus 

40 (SV40) [1–5]. Subsequent studies demonstrated that p53 forms a stable complex in SV40-
transfromed cells with SV40 large T antigen which has an oncogenic potential, and p53 had an ability 



Arindam Dasgupta et al. 

 

ARC Journal of Cancer Science                                                                                                              Page | 16 

to promote tumor growth. In support with these results, p53 was detectable in a variety of tumor-

derived cell lines [1, 3, 4]. Based on these observations, p53 came to be classified as an oncogene [6]. 
However, this classical point of view has been challenged by the findings showing that the initially 

discovered p53 is a mutant form of p53 [7]. In a sharp contrast to mutant forms of p53, subsequent 

studies revealed that wild-type p53 is capable to suppress the malignant growth of transformed cells 
as well as tumors, suggesting that p53 acts as a tumor suppressor [8–12]. Intriguingly, p53 gene 

(Figure 1) locates on the short arm of human chromosome 17 (17p13), where loss of heterozygosity 

(LOH) was detectable in a wide variety of tumor tissues. It is worth noting that the remaining non 
deleting p53 allele is mutated in some cases [13–18]. Extensive mutation searches demonstrated that 

over 50% of human tumors carry p53 mutations. Indeed, p53-deficient mice developed spontaneous 

tumors at a relatively young age [19]. 

 

Figure 1. p53 gene details 

Ninety-five percent of the mutations were detected within the central sequence-specific DNA-binding 

region of p53 [20–22]. These mutations disrupted the whole conformation of the sequence-specific 

DNA-binding domain of p53 and resulted in the loss of its sequence-specific DNA binding ability 
[23]. Since p53 was a nuclear sequence specific transcription factor which transactivated a set of its 

target genes involved in the induction of cell cycle arrest and/or apoptotic cell death, mutant forms of 

p53 lacked their critical function to maintain the genomic integrity. Furthermore, mutant forms of p53 
has acquired a much longer half-life as compared with that of wild-type p53 [24, 25] and displayed a 

dominant-negative behavior toward wild-type p53 [26, 27]. This dominant-negative effect of mutant 

p53 on wild-type p53 might be mediated by the hetero-oligomerization through their oligomerization 

domains [7, 28–30]. In this connection, p53 mutation conferred the resistance of tumor cells to 
anticancer drugs by inhibiting p53-dependent proapoptotic pathway [31–33]. 

p53 had a strong proapoptotic  activity. Under normal conditions, the expression level of this 

dangerous protein is kept at extremely low level. In response to multiple cellular stresses including 
DNA damage, oncogene activation, hypoxia, nucleotide imbalance, and oxidative damage, p53 was 

rapidly accumulated in cell nucleus through chemical modifications such as phosphorylation and 

acetylation and exerted its proapoptotic function to remove cells with seriously damaged DNA in 
which DNA damage was severe and repair was impossible [22, 34–36]. In this case, p53 

transactivated proapoptotic 

target genes including BAX, PUMA, NOXA, and p53AIP1,and the collaboration of these gene products 

contributed to the disruption of mitochondrial membrane potential, which was a critical step in p53-
dependent proapoptotic pathway [37]. On the other hand, p53 promoted G1 cell cycle arrest in the 

early stage of DNA damage response through the transactivation of p21WAF1, p53R2 and GADD45 

implicated in the induction of cell cycle arrest and DNA repair [37]. After DNA repair had been 
completed, cells reentered into normal cell cycle. Upon DNA damage, cells underwent either cell 

cycle arrest or apoptotic cell death to allow DNA repair or suicide of cells, which was dependent on 

the degree and/or the nature of DNA damage. 
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For a long time, p53 has been considered to be a solitary gene product. Due to the improvement of 

cloning technologies, Kaghad et al. identified the first p53 homolog termed p73 [38]. Additionally, 
Yang et al. discovered the second p53 homolog termed p63 [39]. Cell-based studies demonstrated that 

p73 and p63 act as nuclear sequencespecific transcription factors which transactivate the overlapping 

set of p53-target genes and also have an ability to induce cell cycle arrest and/or apoptotic cell death 
in cancerous cells [40, 41]. Like p53, p73, and p63 were induced in response to a certain subset of 

DNA-damaging agents [42, 43]. Thus, p53 becomes a foundingmember of p53 tumor suppressor 

family composed of p53, p73 and p63. 

2. P53 GENE – GENERAL FEATURES 

p53 locates at a short arm of human chromosome 17p13 containing 11 exons spanning 20 kb. p53 acts 

as a nuclear sequence-specific transcription factor composed of NH2- terminal transactivation domain 
(TA, amino acid residues 1–45), central sequence-specific DNA-binding domain (DB, amino acid 

residues 102–292), and COOH-terminal oligomerization domain (OD, amino acid residues 319–359). 

In addition to these representative functional domains, p53 contains three nuclear localization signals 
(NLS, amino acid residues 305–322, 369–375, and 379–384) recognized by importin á/â complex 

[44], a Leu-rich nuclear export signal (NES, amino acid residues 339–352) recognized by 

CRM1(chromosomal region maintenance 1) [44], and a Pro-rich domain (amino acid residues 63–97). 

Cytoplasmic retention 

of p53 was observed in certain breast cancer-derived cells expressing the truncated form of importin á, 

indicating that importin á plays an essential role in nuclear import of p53 [45]. Cytoplasmic p53 is 

nonfunctional. Pro-rich domain has been shown to be associated with proapoptotic activity of p53 [46, 
47]. Deletion of this Pro-rich region resulted in a complete loss of proapoptotic activity of p53. Active 

form of nuclear p53, which functions as a tetramer, recognizes and binds to a consensus sequence 

motif made of tandem 10 bp elements (RRRCWWGYYY: R, G/A; W, A/T; Y, C/T) separated by 1–

13 bp found within the promoter regions of p53-target genes. p53 exerts its proapoptotic function 
through the transactivation of its target genes [48, 49]. Genome-wide analysis revealed that there exist 

over 4,000 putative p53-responsive elements [22]. Although all of these canonical p53-responsive 

elements might not always be functional, identification and functional analysis of new p53-target 
genes provide novel insights into understanding the precise molecular mechanisms behind p53-

dependent proapoptotic pathway. 

Since the sequence-specific DNA-binding ability of p53 is tightly linked to its proapoptotic activity 
[48, 49], the genomic integrity of p53 gene encoding the sequence specific DNA-binding domain 

(exons 5–8) is particularly important. Extensive mutation search revealed that over 50% of human 

tumors carry p53 mutations [20, 21]. Among these mutations, 95% of them occurred within the 

genomic region encoding the sequence-specific DNA-binding domain of p53. These mutations 
disrupted the proper conformation 

of the sequence-specific DNA-binding domain of p53, and thus mutant forms of p53 lacked the 

sequence-specific transactivation ability. In contrast to the short-lived wildtype p53, mutant forms of 
p53 had a longer half-life [24, 25]. Moreover, mutant forms of p53 exhibited an oncogenic potential 

[50] and displayed the dominant-negative behavior toward wild-type p53 [26, 27], suggesting that 

mutant forms of p53 attenuate p53-dependent proapoptotic pathway (Figure 1). 

 

Figure 2.  p53-dependent proapoptotic pathway 



Arindam Dasgupta et al. 

 

ARC Journal of Cancer Science                                                                                                              Page | 18 

Since the previous mutation search for p53 gene focused on the genomic region encoding the central 

core sequencespecific DNA-binding domain of p53, it is likely that there could exist the unidentified 
mutations outside the central core sequence-specific DNA-binding domain. Indeed, Lomax et al. 

found point mutations (L344P and R337C) within the COOH-terminal oligomerization domain [51, 

52]. Similarly, Di Giammarino et al. reported the presence of a point mutation (R337H) within the 
COOH-terminal oligomerization domain [53]. In addition to these mutations, we have found p53ÄC 

lacking a part of the COOH-terminal oligomerization domain and nuclear localization signals in 

human neuroblastoma-derived cell lines [54]. According to our results, p53ÄC was largely expressed 
in cytoplasm and had a significantly lower proapoptotic ability as compared with wild-type p53.  

3. MUTATIONAL INACTIVATION OF P53 

Mutational inactivation is considered to be one of the most common molecular mechanisms behind 
the dysfunction of p53. Extensive mutation search revealed that more than half of human cancers 

carry loss of function mutations of p53 [16]. Among them, 95% of mutations were detectable within 

the genomic region (exons 5–8) encoding the DNA-binding domain [4]. The close inspection of the 
mutation profiles revealed that the six amino acid residues are most frequently mutated in human 

cancers including Arg-175, Gly-245, Arg-248, Arg-249, Arg-273 and Arg-282 [38]. These mutations 

found within the DNA-binding domain of p53 disrupt its proper conformation and thus the mutant 

p53 is defective in the sequence-specific transcriptional activation dependent on the wild-type p53-
binding consensus element. Furthermore, mutant p53 displays a dominant-negative behavior toward 

wild-type p53 through the formation of hetero-tetramer with wild-type p53 and has oncogenic 

potential [21,22,25]. The accumulating evidence demonstrated that certain cancer-derived mutant 
forms of p53 transactivate various target genes such as the multiple drug resistance gene 1 (MDR1), 

c-myc, proliferating cell nuclear antigen (PCNA), interleukin-6 (IL-6), insulin-like growth factor 1 

(IGF-1), fibroblast growth factor (FGF) and epidermal growth factor receptor (EGFR) [39-45]. Scian 

et al. found that cancer-derived mutant p53 transactivates aspargine synthetase (ASNS) and 
telomerase reverse transcriptase (TERT) [46]. Therefore, it is likely that certain cancer-derived p53 

mutants transactivate growth-promoting and oncogenic genes, thereby leading to the progression of 

the aggressive cancers. Since the mutation search for p53 focused on the genomic region encoding the 
DNA-binding domain, there could still be unidentified loss of function mutations outside the DNA-

binding domain [4]. Lomax et al. found point mutations (L344P and R337C) within the COOH-

terminal oligomerization domain of p53 [47,48]. According to their results, p53 bearing L344P 
mutation existed as the monomeric form and lacked the transactivation ability. On the other hand, p53 

carrying R377C mutation formed the tetramer, whereas this mutant displayed the significantly 

reduced transcriptional and pro-apoptotic activities. DiGiammarino et al. reported the presence of a 

point mutation (R337H) within the COOH-terminal oligomerization domain [49]. p53 bearing R337H 
mutation formed the native-like tetramer, however, its stability was significantly lower than that of 

wild-type p53. We have found p53C lacking a part of the oligomerization domain and nuclear 

localization signals in human neuroblastoma-derived cell lines [50]. Based on our results, p53C 
largely expressed in cytoplasm and had significantly lower pro-apoptotic ability as compared with 

wild-type p53. Therefore, p53 mutations detected outside the DNA-binding domain also caused loss 

of function of p53. From the clinical point of view, a novel strategy to eliminate the negative effect of 
mutant p53 on wild-type p53 needs to be developed. Although the great majority of p53 mutants exert 

a dominant-negative effect onwild-type p53, some of p53 mutants such as R175P display only partial 

loss of their DNA-binding activity [5]. 

4. VARIANT FORMS 

Yin et al. detected full-length wild-type p53 and another p53 with a relative molecular mass of 47 

KDa termed p53/47 [94]. p53/47 was detectable by the 421 monoclonal antibody which recognized 
COOH-terminal portion of p53 and also detectable by the 1801 antibody which recognized an epitope 

between amino acid residues 46 and 55. On the other hand, the DO-1 (amino acid residues 20–25) and 

the DO- 

13 (amino acid residues 26–35) failed to recognize p53/47. Subsequent study demonstrated that 

p53/47 is generated from the NH2-terminal alternative initiation site (Met-40). Since p53/47 lacked an 
NH2-terminal MDM2-binding domain, it was not targeted for proteasome-dependent degradation by 

MDM2. Previous studies indicate that NH2-terminal transactivation domain of p53 is divided into two 

independent domains such as TA 1 (amino acid residues 1–40) and TA II (amino acid residues 43–63) 
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[89-94]. p53/47 lacked TA I domain but contained TA II domain. Of note, p53/47 failed to 

transactivate p21WAF1 but was able to induce the transcription of MDM2, GADD45, and BAX. These 
observations suggest that TA I and TA II domains contribute to enhance the specificity of p53-target 

promoter usage [89]. 

 

Figure 3 

In addition to the alternative translation product of p53, Bourdon et al. found the presence of multiple 

variant forms of p53 arising from alternative promoter usage and alternative splicing events [74-78]. 

Based on their results, they identified the alternative promoter located within intron 4, and mRNA 
transcribed from this internal promoter generated NH2-terminally truncated form of p53 initiated at 

codon 133 (Δ133p53), which lacked NH2-terminal transactivation domain and Pro-rich domain. 

Further studies demonstrated that the alternative splicing of intron 9 results in the generation of p53β 

and p53γ, which deleted the COOH-terminal oligomerization domain. Thus, p53 is expressed as 
multiple variants including p53, p53β, p53γ, Δ133p53, Δ133p53β, Δ133p53γ, Δ40p53, Δ40p53β, and 

Δ40p53γ. Δ40p53 corresponds to p53/47.  

Immunostaining experiments revealed that most of these p53 variants were localized largely in cell 
nucleus, whereas p53γ was detectable both in cell nucleus and cytoplasm. Additionally, Δ133p53γ 

was localized exclusively in cytoplasm. p53 variants had an ability to bind differentially to p53-

responsive promoters and modulated p53- target gene expression. For example, p53β bound 
preferentially to BAX and p21WAF1 promoters rather than MDM2 promoter, whereas p53 bound 

preferentially to p21WAF1 and MDM2 promoters than to BAX promoter [81-83]. 

5. DISCUSSION  

Since over 50% of human cancers carry p53 mutations, mutational inactivation is a major molecular 

mechanism behind p53 dysfunction. Cancers bearing p53 mutation sometimes display a chemo-

resistant phenotype. Although the intracellular balance between the expression levels of wild-type p53 
and mutant p53 might be a critical determinant of cell fate in response to DNA damage, mutant p53 

acts as a dominant-negative inhibitor toward wild-type p53 and exhibits a longer half-life than wild-

type p53. Thus, the development of novel strategies to re-activate mutant p53 is required to provide 

clues to effectively treat malignant cancers bearing p53 mutations. p53 plays a pivotal role in the 
regulation of cell fate determination in response to a variety of cellular stresses. Dysfunction of p53 

such as mutational inactivation permits the abnormal cell growth and finally results in the malignant 

tumor development. In addition, loss of function of p53 contributes to the significant decrease in the 
sensitivity of tumor cells to anticancer drugs. 

Therefore, the elucidation of the precise molecular mechanisms behind stress-induced activation of 

p53 might provide a clue(s) to find out the attractive therapeutic target(s) for cancer treatment. In 
contrast to p73and p63, p53 is frequently mutated in human tumors. Mutant forms of p53 lack their 

proapoptotic function and display a dominant-negative behavior toward wildtype p53 family. Further 

efforts should be required to develop the novel strategies and/or the chemical compounds which could 

convert the abnormal conformations of mutant p53 to normal ones. In this connection, one of the 
remaining questions is that why p53 is frequently mutated in tumor tissues. Although it could be due 

to the serious defects in the DNA repair machinery in these tumors, further studies should be required 

to address this issue. p53, located in human chromosome 17, is a gene with tumor suppressor 
activities. This protein contains 393 amino acids and a single amino acid substitution lead to loss of 

function of the gene. 
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Mutations at amino acids 175, 248, and 273 can lead to loss of function and changes at 273 (13%) are 

the most common. All these act as recessive mutations. Dominant gain‐of‐function mutations have 
also found that lead to uncontrolled cell division. Because these mutations can be expressed in 

heterozygous conditions, they are often associated with cancers. This genetic function of this gene is 

to prevent cell division of cells with damaged DNA. Damaged DNA could contain genetic changes 
that promote uncontrolled cell growth. Therefore, preventing cell division until damaged DNA is 

repaired is one mechanism of preventing the onset of cancer. About 50% of human cancers can be 

associated with a p53 mutation including cancers of the bladder, breast, cervix, colon, lung, liver, 
prostrate, and skin. p53 related cancers are also more aggressive and have a higher degree of fatalities. 

Several gene therapeutic strategies have been employed in the attempt to restore p53 function to 

cancerous cells. These approaches include introduction of wild‐type p53 into p53 mutant cells; the use 

of small molecules to stabilize mutant p53 in a wildtype, active conformation; and the introduction of 
agents to prevent degradation of p53 by proteins that normally target it. In addition, because mutant 

p53 has gain of function activity, several approaches have been investigated to selectively target and 

kill cells harboring mutant p53. These include the introduction of mutant viruses that cause cell death 
only in cells with mutant p53 and the introduction of a gene that, in the absence of functional p53, 

produces a toxic product. Many obstacles remain to optimize these strategies for use in humans, but, 

despite these, restoration of p53 function is a promising anti cancer therapeutic approach. 
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