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Abstract:- The most frequent genetic alteration in human 

cancer is TP53 mutation. TP53 mutation in breast cancer 

is linked to more aggressive disease and the worst overall 

survival rate. Compared to other solid tumours, breast 

cancer has a lower mutation frequency. Breast cancer 

treatment may benefit from molecular pathological 

analysis of the structure and expression of the TP53 

pathway's components for diagnosis, prognostic 

evaluation, and, ultimately treatment. In some studies, the 

TP53 mutation has been linked to a good prognosis, while 

in other studies, it has been linked to a poor prognosis. 

The fact that the studies were conducted on various 

tumour types and with various therapy regimens may be 

the cause of these disparate results. The apoptosis, cell 

cycle arrest, and senescence in response to stress are the 

main topics of this review of recent developments in TP53 

research. We also go over TP53-prevalence, prognosis 

and detection of the mutation for treating human cancer. 

Methods: Literature review of English language papers 

available through PubMed and Google Scholar.  
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I. INTRODUCTION 

 

Every year, more than one million people are affected 

by breast cancer with a leading cause of mortality. Various 

clinical and biological factors like age at the time of 

diagnosis, histological grading and size of the tumor, nodal 

status, expression of estrogen /progesterone receptor, and 

Her2 status determines the prognosis of localized breast 

cancer. Treatments involve surgical removal of tumor, 

radiation therapy of the breast, Hormone therapy, and 

chemotherapy. 
 

Gene panel testing in breast cancer has been widely used 

for women early diagnosed with breast cancer and for women 

who are unaffected but have a strong family history of breast 

cancer. BRCA1 and BRCA2 gene mutations are the most 

common genetic explanation for those with a strong family 

history of breast cancer. [3] 

 

The TP53 gene known as ‘the guardian of the genome’ 

is a crucial tumor suppressor gene. The TP53 gene encodes 

the protein p53 is one of the most frequently mutated genes 
among human cancers. It is reported that approximately half 

of all cancers have inactivated p53 [1] 

The cellular tumor antigen protein p53 acts as a 

checkpoint to control DNA damage. It activates downstream 

genes to repair the damage or initiates apoptosis. Somatic 

mutations in TP53 are very common in the formation of many 

cancer types. Germline mutations cause a familial cancer 

predisposition. The syndrome was first observed in 1969 by 

Li and Fraumeni who described soft tissue sarcomas in 

children of four families [2].  Mutation carriers have a very 

high risk of malignancy during their lifetime. Germline 

mutations in the TP53 gene may cause an even higher risk of 

breast cancer malignancy, but these are much rarer than 

mutations in BRCA1 and BRCA2 [1]. 

 

In this review we summarized structure and functions of 

the TP53 and its role in the breast cancer progression. Aim of 

the review is to discuss prevalence of mutation in general 

population and on early stage and various methods of 

detection of the mutation. 

 

II. THE BIOLOGY OF P53 

 

In 1979, three teams led by A. Levine, P. May, and L. Old 

discovered the p53 protein, a protein that's highly conserved 
across animal species, which is encoded by the TP53 gene 

located on the short arm of chromosome 17 Its sequence, 

about 20Kb, contains 11 exons, but the first exon does not 

encode and is located about 10Kb from other exons [4]. 

Inactivation of the TP53 gene in human cancer was 

discovered by Vogelstein's team in 1989 [5]. The p53 protein 

consists of 393 amino acids (AA), is divided into regions 

highly conserved during evolution [6], and its role in 

numerous regulatory mechanisms has been well established. 

TP53 remains the foremost commonly mutated gene in many 

human cancers, with mutations (principally, but not 

exclusively, missense) estimated to occur in 50% of all 
cancers. Mutant proteins are nearly always defective for 

sequence-specific DNA binding, thus transacting genes are 

up-regulated by the wild-type protein [7]. Interestingly, the 

proportion of missense mutations in p53 is above that seen in 

other tumor suppressor genes, suggesting that expression of 

p53 mutants may confer a selective advantage over and above 

loss of wild-type function. 

 

Steady with this theory, numerous human tumor-

associated p53 mutants have a number of properties truant 

from the wild-type protein [8]. Other recognized components 
compromise p53 function to a large extent in cancer missing 

changes [9].In virus-associated cancers, this may happen by 
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means of interaction with virally encoded proteins coming 

about in sequestration or upgraded corruption of p53. MDM2 

ties to p53 and advances the ubiquitination of the C-terminus 

of p53 and ensuing corruption. p14ARF interatomic with 

MDM2, avoiding affiliation of p53 and MDM2, subsequently 

stabilizing p53. Debasement of p53 may in this manner be 

improperly invigorated by overexpression of MDM2 or by 

erasure or epigenetic hushing of p14ARF. Misfortune of this 
protein has been detailed in a few common human cancers, 

especially (but not solely) those in which the p53 quality is 

wild-type. However, another component of inactivation 

includes cytoplasmic sequestration of p53 protein, 

anticipating nuclear localization of the protein and thus 

inhibiting its activity. (7) 

 

III. FUNCTIONS OF P53 

  

Various studies have appeared p53 to be a transcription factor 

that targets multitudinous genes and microRNAs in response 

to cellar stress. The crucial part of p53 as a tumor silencer is 
to block cell cycle progression and/ or to actuate apoptosis, in 

response to cellular stresses similar to DNA damage. 

Impaired p53 exertion promotes the accumulation of DNA 

damage in cells, which leads to a cancer phenotype. As a 

transcription factor, p53 forms a differing and complex gene 

nonsupervisory network. There has been a broad examination 

to clarify the target sequences that p53 recognizes, the p53 

response element (RE), as of late surveyed by Riley et al. 

[10].  p53 incorporates an exceptionally wide range of 

biological activities, so this review will center on the part of 

p53 as an excrescence silencer and its suggestions for cancer 
treatment. 

 

A. p53 as a Sensor of DNA Damage  

p53 as a DNA Damage Sensor: One of the most 

prominent features of malignant tumours is hereditary 

instability. There are extremely sophisticated and modern 

frameworks for detecting DNA damage and repairing the 

genome. The p53 plays an imperative part. When p53 

responds to DNA damage, it evokes either cell cycle capture 

or apoptosis [11]. It appeared in 1991 that acceptance of wild-

type p53 can initiate apoptosis in leukemia cells [12]. Mice 

that have a specific p53 mutant lack the capacity to initiate 
cell cycle capture, but hold the capacity to actuate apoptosis, 

permitting them to efficiently suppress oncogene-induced 

tumors [13]. In this way recommended that the pro-apoptotic 

function of p53 may play a more critical role in its antitumor 

effects than in its acceptance of cell cycle capture. 

 

B. p53 and Apoptosis.  

The p53 tumor suppressor limits cellular proliferation 

by inducing cell cycle arrest and apoptosis in response to 

cellular stress such as DNA damage, hypoxia and oncogene 

activation. Many apoptosis related genes that are 
transcriptionally regulated by p53 have been identified. 

Numerous reports have described the mechanism by which 

p53 induces apoptosis. As p53 functions mainly as a 

transcription factor, it is important to explore the genes 

regulated by p53 that contribute to the regulation of apoptosis. 

[14,15] 

 

C. p53 and Cell Cycle Arrest:  

The p53 protein suppresses tumor arrangement not as it 

were by actuating apoptosis but moreover by causing cell 

cycle capture. Depending on the type of cellular stretch, p53 

can initiate G1 capture through actuation of transcription of 

the cyclin-dependent kinase inhibitor p21. This process is 

well known and has been broadly considered [16]. p53 to 

control the G2/M transition. For instance, p53 can block cell 
passage into mitosis by the interference of Cdc2. Cdc2 has to 

bind to cyclinB1 in order to function. Repression of cyclin B1 

by p53 also captures cells in G2 [17]. However, the transient 

cell cycle may not lead to tumor destruction, since a cell with 

oncogenic potential that cannot be repaired may continue 

multiplication [18]. Hence, the other mechanism, cellular 

senescence, may play a vital role in p53-mediated tumor 

suppression. Cellular senescence is a changeless cell cycle 

capture. There are numerous reports with respect to the 

relationship between p53, tumor improvement, and 

senescence [19,20].  

 

IV. CELL SENESCENCE 

 

Cellular senescence is thought to be important in tumor 

suppression and contribute to cellular aging [21]. The p53 

neoplasm suppressor is also an important senescence 

intermediary, and it appears to be involved in the induction 

and maintenance of cellular senescence. The first data 

concerning the importance of p53 on cell senescence was 

provided by the studies victimization T antigens of SV40 

virus that inactivate p53. p53-null fibroblasts stay immortal 

once propagated in vitro the p53 neoplasm suppressor is also 
an important senescence intermediary, and it appears to be 

involved in the induction and maintenance of cellular 

senescence. Within the context of senescence, p53 is 

controlled by ATM/ATR and Chk1/Chk2 proteins that cause 

the posttranslational stabilization of p53 through its 

phosphorylation [22]. 

 

A. Angiogenesis. 

Pro-angiogenic and anti-angiogenic factors regulate the 

formation of new blood capillaries (angiogenesis). The p53 

super molecule has been shown to limit ontogeny by many 

mechanisms: (1) officious with central regulators of drive that 
mediate ontogeny, (2) inhibiting the assembly of 014 The mix 

of those p53 to efficiently stop working the angiogenic 

potential of cancer cells [23]. Wild-type p53 plays a task in 

limiting tumor biological processes as incontestable by some 

clinical studies [24]. Mutant p53 plays a central role in 

promoting ontogeny in carcinoma progression [25], and 

tumors carrying p53 mutations square measure additional 

extremely vascularized than tumors harbouring wild-

typep53. The loss of TP53appearsto amplifies the HIF 

(Hypoxia Inducible Factor) pathway. HIF1α has been shown 

to be physically related to p53 in immuno precipitation 
experiments. TP 53 promotes MDM2mediated ubiquitination 

and degradation of HIF-1α, whereas loss of p53 ends up in 

the HIF response [26]. 
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B. TP53 Status and Prognosis in Breast Cancer 

Breast cancer could be a heterogeneous illness. 

Prognosis and the likelihood of a positive response to general 

therapy are influenced by the type of microscopic anatomy, 

grade, tumour size, lymphoid tissue involvement, and 

oestrogen receptor and HER-2 receptor status [27]. In a 

worrying half-hour of breast cancers, TP53 is mutated [28]. 

There has been a lot of research into the possible links 
between p53 mutations and breast cancer clinical or 

pathological options. 

 

The first study to look at gene-expression patterns of 

carcinoma advised that a minimum of four major molecular 

categories of carcinoma exist: luminal-like, basal-like, 

normal-like, and HER-2 positive [29]. V-J Day of breast 

tumours are basal-like breast cancers, which are commonly 

referred to as triple-negative breast cancers (TNBCs). 

TNBCs, which are identified by the absence of steroid 

hormone receptor, Lipo-Lutin receptor, and HER2 expression 

[30], are most likely to include all basal-like breast cancers, 
as well as a few barbiturate breast cancers [31]. They're also 

linked to being younger and having a worse prognosis [32]. 

TNBCs had a higher frequency of TP53 mutations [33]. 

Recently, it was demonstrated that p53 status was a 

substantially unfavourable predictive factor for relapse-free 

survival and overall survival in patients treated with adjuvant 

anthracycline-containing therapy during a triple-negative 

cluster. Beneath this treatment, the expression of p53 

provides info regarding poor outcomes in triple-negative 

tumors. [34] 

 
In HER2-like cancers, genes linked to ErbB2 amplicon 

and TP53 mutations are expressed more frequently [35]. 

Antibodies against p53 and ErbB2 appear to be more negative 

prognostic factor [36].Other evidence supports the concept 

that certain TP53 mutations and ErbB2 overexpression are 

indicative with doxorubicinin resistance in breast cancer 

patients [37]. Inflammatory breast cancer (IBC) is classified 

in the TNM classification as the T4d category [38]. It's a 

clinical subtype of locally advanced breast cancer (LABC) 

with a poor prognosis and aggressive behaviour [39]. 

Inflammatory breast cancer (50 percent) has more TP53 

mutations than non-inflammatory breast cancer (20–30 
percent) [40,41]. The fact that past research exclusively used 

immunohistochemistry to detect p53 accumulation 

complicates the interpretation of prognostic findings. ER and 

PR negative breast cancers with positive immuno-staining for 

p53 are the most common. This is frequently associated with 

a high rate of proliferation, a high histological grade, 

aneuploidy, and a poor prognosis [42,43]. In more than 25 

studies involving 6000 people, TP53 mutations were found to 

have a predictive value and the prognostic significance of the 

TP53 mutation is determined [44]. 

 
A substantial proportion of people with the Li–Fraumeni 

cancer susceptibility syndrome, which increases the risk of 

breast cancer, have p53 mutations in their genes [45]. This 

shows that p53 inactivation is important in mammary 

carcinogenesis, and researchers have studied the structure and 

expression of p53 in breast cancer intensively. Early research 

found that mutant p53 was expressed in breast cancer cell 

lines. Loss of heterozygosity (LOH) in the p53 gene has been 

found to be a prevalent occurrence in primary breast 

carcinomas, with mutation of the residual allele occurring in 

some cases. The remnant p53 allele is mutant in the vast 

majority of cases of colon carcinomas, but at least 60% of 

cases with LOH are mutant in breast cancer. 

 

Nonetheless, multiple studies have discovered coding 
mutations in p53 in breast cancer, and this is now recognised 

as a common, albeit far from universal, somatic genetic 

alteration in breast cancer. Indeed, only about 20% of all 

patients have mutant p53, according to a comprehensive 

meta-analysis. Several studies have attempted to pinpoint 

when the p53 mutation develops during breast 

carcinogenesis. Low-grade ductal carcinoma in situ (DCIS) is 

largely mutation-free, according to micro dissected tumour 

material, whereas mutations are more common in high-grade 

DCIS [46]. 

 

Despite the fact that the general prevalence of p53 
mutation in breast cancer is around 20% [47] different kinds 

of the illness are linked to greater rates. A higher rate of p53 

mutations has been found in malignancies emerging in 

carriers of germ-line BRCA1 and BRCA2 mutations in a 

number of investigations [48, 49]. Furthermore, such 

carcinomas have a different range of p53 mutations [50]. 

Surprisingly, p53 mutation is seen in 100 percent of 

medullary breast carcinomas [51]. This is particularly 

intriguing because it is now widely acknowledged that 

medullary breast tumours have clinicopathological 

similarities to BRCA1-related instances. Indeed, in medullary 
breast tumours, methylation-dependent suppression of 

BRCA1 expression is prevalent.  

 

C. The p53 pathway in breast cancers:  

In breast tumours, the p53 pathway is disrupted by the 

absence of p53 mutations. Despite intensive research into the 

structure of p53, the absolute frequency of mutations in breast 

cancer is significantly lower than in many other frequent 

malignancies. What are the molecular processes by which 

tumours without mutations undermine wild-type p53's tumor-

suppressor properties? This question has shed new light on a 

number of the regulatory pathways that control p53 function. 
The pathways of p53 inactivation in breast cancer were first 

discovered in a study of breast tumours with varied p53 

mutant status. Only cytoplasmic protein staining was found 

in a small percentage of patients with wild-type p53 [52]. As 

a result, the exclusion of the wild-type protein from the 

nucleus could be an independent mechanism for p53 

deactivation. Following that, researchers discovered changes 

in both upstream regulatory proteins and downstream p53-

induced proteins, suggesting that in breast tumors without 

mutations, the process may be deactivated or disrupted. 
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V. PREVALENCE OF MUTATIONS 
 

A. General population  

The general population's frequency of germline 

pathogenic TP53 mutations is unknown, but penetrance 

figures have been used to estimate it. The statistics range of 

estimation is from one in 5000 to one in 20,000 [53, 54]. 

Gonzalez and colleagues calculated the prevalence of TP53 
germline mutations in the general population by combining 

the prevalence of specific cancers (breast cancer in women 

under 30 years of age and adrenocortical carcinoma) in the 

general population with the frequency of TP53 germline 

mutations in those cancers. As a result, the frequency was 

estimated to be between 1 in 17,000 and 1 in 23,000 people. 

A recent study of germline variation in cancer-susceptibility 

genes in 681 healthy people found 15 TP53 missense variants 

but no nonsense or frameshift variants; One missense variant 

was likely pathogenic, while the others were clinically 

insignificant mutations.[55] 

 
B. Prevalence in early onset breast cancer  

The prevalence of TP53 mutations in women with early-

onset breast cancer has been studied in several populations 

[56, 57]. 5–8% of women diagnosed with breast cancer under 

the age of 30 who do not have a pathogenic mutation in 

BRCA1 or BRCA2 will have a pathogenic variant in TP53, 

according to McCuaig et al. There is very less proportion of 

women diagnosed with breast cancer aged 30–39 years will 

have a pathogenic variant in TP53 [58]. You're more likely to 

have a TP53 mutation if you have a family history of LFS-

related cancers or a personal history of another LFS-related 
cancer. In a group of patients who had a germline TP53 

mutation found owing to having a young start malignancy, it 

was estimated that 7–20 percent of the mutations were de 

novo [59]. De novo mutations are extremely uncommon in 

hereditary breast and ovarian cancer syndrome caused by 

BRCA1 or BRCA2 gene abnormalities. Even in the absence 

of a family history, our finding justifies testing very young 

onset breast cancer patients for TP53. 

 

C. Prevalence of TP53 mutations in females having breast 

cancer gene panel testing 

According to four recent investigations, the prevalence of 
TP53 mutations among women who have received panel 

testing is less than 1%. Among 35,409 women with breast 

cancer who received testing utilising a panel of 25 cancer 

genes, Buys et al. discovered 61 women with TP53 mutations 

(0.17 percent) [60]. Using a protein truncation test, Moran et 

al. discovered one TP53 mutation among 190 breast cancer 

patients with a strong family history and previous negative 

BRCA1/BRCA2 testing (0.53 percent) [61]. Kapoor et al. 

looked at 377 women who were offered gene testing by breast 

surgeons using multigene panels (5–43 genes, average 14.7) 

and discovered one TP53 mutation (0.27 percent) among 
them [62]. Susswein et al. published the results of over 10,000 

cases referred for germline cancer gene testing. They found 

nine pathogenic and one likely pathogenic TP53 mutation in 

3315 women with breast cancer (0.30 percent) who had never 

had BRCA1/BRCA2 testing, and three pathogenic and one 

likely pathogenic TP53 mutation in 1894 women with breast 

cancer (0.21 percent) who had previously had 

BRCA1/BRCA2 testing [63]. 

 

D. Detection of p53 

Because of its short half-life, p53 protein is undetectable 

under normal conditions. Mutant proteins, on the other hand, 

concentrate in the nucleus of tumour cells due to a longer half-

life and a different conformational shape. Detection of p53 in 
the nucleus is highlighted in the vast majority of 

investigations utilising immuno histo-chemical methods. 

This technique of detection could result in false positives due 

to cellular stress-induced stabilisation of wild-type p53 

proteins or false negatives due to codon stop, frameshifts, or 

other destabilising changes. Lack of immuno-staining for p53 

despite TP53 gene alterations was identified in tumours with 

nonsense mutations or deletions/splices [64], while other 

investigations found that immunohistochemistry-based 

detection of p53 positive did not always indicate a p53 

mutation [65]. 

 
The FASAY test (Functional Analysis of Separated 

Alleles in Yeast) [45] is another approach to detect TP53 

status. Reverse transcription by RT-PCR is performed after 

mRNA extraction from whole blood or tissue (normal or 

tumoral). The DNA binding domain is amplified using PCR 

and the PCR product is cloned into yeast using a linearized 

expression plasmid vector containing the 5 and 3 ends of the 

TP53 open reading frame. As a result, human TP53 is 

expressed constitutively in the plasmid. The yeast has an open 

reading frame (ORF) for adenine that is controlled by TP53 

and is regulated by a promoter. The yeasts are grown on a 
selective medium that is devoid of leucine but rich in adenine. 

When TP53 is wild-type, the colonies are white and the 

adenine metabolism is complete. Because mutant TP53 cells 

do not express adenine, the colonies turn red as a result of the 

accumulation of an intermediate adenine metabolite. Adenine 

restricts colony growth; therefore these colonies are smaller 

than usual. The colour of transfected yeast cells can thus be 

used to assess the TP53 status [66]. 

 

TP53 status in breast tumors was studied using a robust 

and sensitive technique that used three separate methods: p53 

immunohistochemistry, FASAY test, and coding sequence 
sequencing. When more than 15% of the yeast colonies were 

red, (ii) analysis using the split versions of the test identified 

the defect in the 5  or 3 parts of the gene, and (iii) sequence 

analysis from mutant yeast colonies identified an 

unambiguous genetic defect (mutation, deletion, splicing 

defects) [67], tumours were considered TP53 mutant. 

FASAY made a significant addition to the investigation by 

finding many TP53 alterations that were not found by direct 

sequencing, primarily in samples contaminated with stromal 

cells [68,69]. 

 

VI. CONCLUSION 

 

The effects of Tumor Suppressor Protein (TP53) in 

breast cancer were carefully reviewed in this study. The focus 

of the review was on the functions of TP53 in relation to 

breast cancer, as well as numerous clinical applications. 

Despite recent developments in p53 research showing that 
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loss of function of the gene causes breast neoplasma, 

mutations in the gene occur at a substantially lower rate in 

breast neoplasma than in other solid tumours. The 

understanding of the upstream pathways regulating p53 

activity has greatly improved in recent years, and numerous 

transcriptional targets for p53 have been identified. These 

findings have enabled researchers to investigate the 

molecular mechanisms by which p53 is disabled in breast 
cancer, in addition to mutations, and have revealed new 

information about breast neoplasia pathways. In breast 

cancer, molecular pathological analysis of specific 

components of the p53 pathway is likely to be diagnostic and 

prognostic. Furthermore, a number of novel strategies for 

restoring p53 function in tumours have been proposed [70]. It 

will be fascinating to see how these and other novel p53 

pathway-targeted therapeutic approaches affect clinical 

outcomes in breast cancer. 

 

Finally, TP53 status has a significant prognostic impact, 

which may be useful in determining the best treatment for 
breast cancer. TP53 mutation is generally linked to a poor 

response to chemotherapy, hormonotherapy, or radiotherapy. 

There are conflicting studies on its predictive value, which is 

linked to the method of detecting TP53 status. We show that 

the FASAY test and TP53 sequencing are more accurate than 

immunohistochemistry in determining whether TP53 is 

mutated. Prospective studies using these two methods could 

provide a better understanding of its predictive value in terms 

of treatment response. 

 

REFERENCES 

 

[1]. Kandoth C, McLellan MD, Vandin F, Ye K, Niu B, Lu 

C et al (2013) Mutational landscape and significance 

across 12 major cancer types. Nature 502(7471):333–

339 

[2]. Li FP, Fraumeni JF (1969) Soft-tissue sarcomas, breast 

cancer, and other neoplasms. A familial syndrome? Ann 

Intern Med 71(4):747–752 

[3]. T. Soussi and C. B´eroud, “Assessing TP53 status in 

human tumourstoevaluateclinicaloutcome,”Nature 

ReviewsCancer, vol. 1, no. 3, pp. 233–240, 2001. 

[4]. M. Lacroix, R. A. Toillon, and G. Leclercq, “p53 and 
breast cancer, an update,” Endocrine-Related Cancer, 

vol. 13, no. 2, pp. 293–325, 2006. 

[5]. B.Vogelstein,“Cancer. Adeadly inheritance,”Nature, 

vol.348, no. 6303, pp. 681–682, 1990 

[6]. T. Soussi, C. Caron de Fromentel, and P. May, 

“Structural aspects of the p53 protein in relation to gene 

evolution,” Oncogene, vol. 5, no. 7, pp. 945–952, 1990. 

[7]. T. Soussi, “The p53 tumor suppressor gene: from 

molecular biology to clinical investigation,” Annals of 

the New York Academy of Sciences, vol. 910, pp. 121–

137, 2000. 
[8]. Sigal A, Rotter V: Oncogenic mutations of the p53 

tumor suppressor: The demons of the guardian of the 

genome. Cancer Res 2000, 60:6788-6793. 

[9]. Vogelstein B, Lane D, Levine AJ: Surfing the p53 

network. Nature 2001, 408:307-310. 

[10]. T. Riley, E. Sontag, P. Chen, and A. Levine, 

“Transcriptional control of human p53-regulated 

genes,” Nature Reviews Molecular Cell Biology, vol. 9, 

no. 5, pp. 402–412, 2008. 

[11]. D. Hanahan and R. A. Weinberg, “The hallmarks of 

cancer,” Cell, vol. 100, no. 1, pp. 57–70, 2000. 

[12]. E. Yonish-Rouach, D. Resnitzky, J.Lotem,L.Sachs, A. 

Kimchi, and M. Oren, “Wild-type p53 induces apoptosis 

of myeloid leukaemic cells that is inhibited by 

interleukin-6,” Nature, vol. 352, no. 6333, pp. 345–347, 
1991. 

[13]. F.Toledo,K.A.Krummel,C.J.Leeetal.,“Amousep53muta

nt lacking the proline-rich domain rescues Mdm4 

deficiency and provides insight into the Mdm2-Mdm4-

p53 regulatory network,” Cancer Cell, vol. 9, no. 4, pp. 

273–285, 2006. 

[14]. T. Miyashita, S. Krajewski, M. Krajewska et al., 

“Tumor suppressor p53 is a regulator of bcl-2 and bax 

gene expression in vitro and in vivo,” Oncogene, vol. 9, 

no. 6, pp. 1799–1805, 1994.  

[15]. T. Miyashita andJ. C. Reed, “Tumor suppressorp53 is a 

direct transcriptional activator of the humanbax gene,” 
Cell, vol. 80, no. 2, pp. 293–299, 1995. 

[16]. L. E. Giono and J. J. Manfredi, “The p53 tumor 

suppressor participates in multiple cell cycle 

checkpoints,” Journal of Cellular Physiology, vol. 209, 

no. 1, pp. 13–20, 2006. 

[17]. W. R. Taylor and G. R. Stark, “Regulation of the G2/M 

transition by p53,” Oncogene, vol. 20, no. 15, pp. 1803–

1815, 2001. 

[18]. K. H. Vousden and C. Prives, “Blinded by the light: the 

growing complexity of p53,” Cell, vol. 137, no. 3, pp. 

413–431, 2009. 
[19]. J. Campisi, “Senescent cells, tumor suppression, and 

organismal aging: good citizens, bad neighbors,” Cell, 

vol. 120, no. 4, pp. 513–522, 2005.  

[20]. J. Campisi and F. d’Adda di Fagagna, “Cellular 

senescence: when bad things happen to good cells,” 

Nature Reviews Molecular Cell Biology, vol. 8, no. 9, 

pp. 729–740, 2007. 

[21]. I. Ben-Porath and R. A. Weinberg, “The signals and 

pathways activating cellular senescence,” The 

International Journal of Biochemistry & Cell Biology, 

vol. 37, no. 5, pp. 961–976, 2005 

[22]. G. M. Wahl and A. M. Carr, “The evolution of diverse 
biological responses to DNA damage: insights from 

yeast and p53,” Nature Cell Biology, vol. 3, no. 12, pp. 

E277–E286, 2001. 

[23]. S. L. Harris and A. J. Levine, “The p53 pathway: 

positive and negative feedback loops,” Oncogene, vol. 

24, no. 17, pp. 2899– 2908, 2005. 

[24]. Y. Takahashi, C. D. Bucana, K. R. Cleary, and L. M. 

Ellis, “p53, vessel count, and vascular endothelial 

growth factor expression in human colon cancer,” 

International Journal of Cancer, vol. 79, no. 1, pp. 34–

38, 1998. 
[25]. P. Faviana, L. Boldrini, R. Spisni et al., 

“Neoangiogenesis in colon cancer: correlation between 

vascular density, vascular endothelial growth factor 

(VEGF) and p53 protein expression,”Oncology 

Reports, vol. 9, no. 3, pp. 617–620, 2002. 

 

http://www.ijisrt.com/


Volume 8, Issue 1, January – 2023                 International Journal of Innovative Science and Research Technology                                                 

                                        ISSN No:-2456-2165 

 

IJISRT23JAN086                                                              www.ijisrt.com                     118 

[26]. P. H. Maxwell, C. W. Pugh, and P. J. Ratcliffe, 

“Activation of the HIF pathway in cancer,” Current 

Opinion in Genetics & Development, vol. 11, no. 3, pp. 

293–299, 2001. 

[27]. L. Pusztai, C. Mazouni, K. Anderson, Y. Wu, and W. F. 

Symmans, “Molecular classification of breast cancer: 

limitations and potential,” The Oncologist, vol. 11, no. 

8, pp. 868–877, 2006. 
[28]. M. Olivier, A. Langerod, P. Carrieri et al., “The clinical 

value of somatic TP53 gene mutations in 1,794 patients 

with breast 

cancer,”ClinicalCancerResearch,vol.12,no.4,pp.1157–

1167, 2006. 

[29]. C. M. Perou, T. Sorile, M. B. Eisen et al., “Molecular 

portraits 

ofhumanbreasttumours,”Nature,vol.406,no.6797,pp.74

7– 752, 2000. 

[30]. O. Gluz, C. Liedtke, N. Gottschalk, L. Pusztai, U. Nitz, 

and N. Harbeck, “Triple-negative breast cancer—

current status and future directions,” Annals of 
Oncology, vol. 20, no. 12, pp. 1913–1927, 2009. 

[31]. F. C. Bidard, R. Conforti, T. Boulet, S. Michiels, S. 

Delaloge, and F. Andr´e, “Does triple-negative 

phenotype accurately identifybasal-liketumour?An 

immunohistochemical analysis based on ‘triple-

negative’ breast cancers,” Annals of Oncology, vol. 18, 

no. 7, pp. 1285–1286, 2007. 

[32].  L. A. Carey, C. M. Perou, C. A. Livasy et al., “Race, 

breast cancer subtypes, and survival in the Carolina 

Breast Cancer Study,” The Journal of the American 

Medical Association, vol. 295, no. 21, pp. 2492–2502, 
2006.  

[33].  B. J. Chae, J. S. Bae, A. Lee et al., “p53 as a specific 

prognostic factor in triple-negative breast cancer,” 

Japanese Journal of Clinical Oncology, vol. 39, no. 4, 

pp. 217–224, 2009. 

[34]. M. C. Cheang, D. Voduc, C. Bajdik et al., “Basal-like 

breast cancer defined by five biomarkers has superior 

prognostic value than triple-negative phenotype,” 

Clinical Cancer Research, vol. 14, no. 5, pp. 1368–1376, 

2008.  

[35]. T. Sorlie, C. M. Perou, R. Tibshirani et al., “Gene 

expression patterns of breast carcinomas distinguish 
tumor subclasses with clinical implications,” 

Proceedings of the National Academy of Sciencesof the 

UnitedStates of America, vol.98, no. 19, pp. 10869–

10874, 2001. 

[36]. L. L. Nakopoulou, A. Alexiadou, G. E. Theodoropoulos, 

A. C. H. Lazaris, A. Tzonou, and A. Keramopoulos, 

“Prognostic significance of the co-expression of p53 and 

c-erbB-2 proteins in breast cancer,” The Journal of 

Pathology, vol. 179, no. 1, pp. 31–38, 1996. 

[37]. S. Geisler, P. E. Lonning, T. Aas et al., “Influence of 

TP53 gene alterations and c-erbB-2 expression on the 
response to treatment with doxorubicin in locally 

advanced breast cancer,” Cancer Research, vol. 61, no. 

6, pp. 2505–2512, 2001. 

[38]. S. E. Singletary, C. Allred, P. Ashley et al., “Revision 

of the American Joint Committee on cancer staging 

system for breast cancer,” Journal of Clinical Oncology, 

vol. 20, no. 17, pp. 3628– 3636, 2002.  

[39]. S. Van Laere, I. Van der Auwera, G. Van den Eynden et 

al., “Distinct molecular phenotype of inflammatory 

breast cancer compared to non-inflammatory breast 

cancer using Affymetrix-based genome-wide gene-

expression analysis,” The British Journal of Cancer, vol. 

97, no. 8, pp. 1165–1174, 2007. 

[40]. E. Turpin, I. Bi ` eche, P. Bertheau et al., “Increased 

incidence of ERBB2 overexpression and TP53 mutation 
in inflammatory breast cancer,” Oncogene, vol. 21, no. 

49, pp. 7593–7597,2002.  

[41]. M. Sawaki,Y. Ito, F. Akiyama et al., “High prevalence 

of HER2/neu and p53 overexpression in 

inflammatorybreast cancer,” Breast Cancer, vol. 13, no. 

2, pp. 172–178, 2006.  

[42]. M. Hensel, A. Schneeweiss, H. P. Sinn et al., “p53 is the 

strongest predictor of survival in high-risk primary 

breast cancer patients undergoing high-dose 

chemotherapy with autologous blood stem cell support,” 

International Journal of Cancer, vol. 100, no. 3, pp. 290–

296, 2002. 
[43].  V. Malamou-Mitsi, H. Gogas, U. Dafni et al., 

“Evaluation of the prognostic and predictive value of 

p53 and Bcl-2 in breast cancer patients participating in 

randomized study withdosedense sequential adjuvant 

chemotherapy,” Annals of Oncology, vol. 17, no. 10, pp. 

1504–1511, 2006. 

[44]. P. Bertheau, M. Espi´e, E. Turpin et al., “TP53 status 

and response to chemotherapy in breast cancer,” 

Pathobiology, vol. 75, no. 2, pp. 132–139, 2008. 

[45]. E. H. Romond, E. A. Perez, J. Bryant et al., 

“Trastuzumab plus adjuvant chemotherapy for operable 
HER2-positive breast cancer,”The NewEnglandJournal 

of Medicine,vol.353,no.16, pp. 1673–1684, 2005. 

[46]. TP53StatusandResponsetoTreatmentinBreastCancers 

MarianaVarna,1,2 GuilhemBousquet,1,2 Louis-

Franc¸oisPlassa,3 PhilippeBertheau,1,2,4 

andAnneJanin1,2,4 

[47]. M. Andersson, E. Lidbrink, K. Bjerre et al., “Phase III 

randomized study comparing docetaxel plus 

trastuzumab with vinorelbine plus trastuzumab as first-

line therapy of metastatic or locally advanced human 

epidermal growth factor receptor 2-positivebreast 

cancer: the HERNATA study,” Journal of Clinical 
Oncology, vol. 29, no. 3, pp. 264–271, 2011. 

[48]. M. Lacroix, R. A. Toillon, and G. Leclercq, “p53 and 

breast cancer, an update,” Endocrine-Related Cancer, 

vol. 13, no. 2, pp. 293–325, 2006.  

[49]. B.Vogelstein,“Cancer. Adeadly inheritance,”Nature, 

vol.348, no. 6303, pp. 681–682, 1990.  

[50]. T. Soussi, C. Caron de Fromentel, and P. May, 

“Structural aspects of the p53 protein in relation to gene 

evolution,” Oncogene, vol. 5, no. 7, pp. 945–952, 1990.  

[51]. E. A. Slee, D. J. O’Connor, and X. Lu, “To die or not to 

die: how does p53 decide?” Oncogene, vol. 23, no. 16, 
pp. 2809– 2818, 2004. 

[52]. Moll UM, Riou G, Levine AJ: Two distinct mechanisms 

alter p53 in breast cancer: mutation and nuclear 

exclusion. Proc Natl Acad Sci USA 1992, 89:7262-

7266. 

 

http://www.ijisrt.com/


Volume 8, Issue 1, January – 2023                 International Journal of Innovative Science and Research Technology                                                 

                                        ISSN No:-2456-2165 

 

IJISRT23JAN086                                                              www.ijisrt.com                     119 

[53]. Lalloo F, Varley J, Ellis D, Moran A, O’Dair L, Pharoah 

P et al (2003) Prediction of pathogenic mutations in 

patients with early-onset breast cancer by family 

history. Lancet Lond Engl 361(9363):1101–1102  

[54]. Gonzalez KD, Noltner KA, Buzin CH, Gu D, Wen-Fong 

CY, Nguyen VQ et al (2009) Beyond Li Fraumeni 

syndrome: clinical characteristics of families with p53 

germline mutations. J Clin Oncol 27(8):1250–1256 
[55]. Clinical implications of germline mutations in breast 

cancer: TP53Katherine Schon1 · 

Marc Tischkowitz1,2,3  

[56]. Lee DSC, Yoon S-Y, Looi LM, Kang P, Kang IN, 

Sivanandan K et al (2012) Comparable frequency of 

BRCA1, BRCA2 and TP53 germline mutations in a 

multi-ethnic Asian cohort suggests TP53 screening 

should be offered together with BRCA1/2 screening to 

early-onset breast cancer patients. Breast Cancer Res 

BCR 14(2):R66 

[57]. Mouchawar J, Korch C, Byers T, Pitts TM, Li E, 

McCredie MRE et al (2010) Population-based estimate 
of the contribution of TP53 mutations to subgroups of 

early-onset breast cancer: Australian breast cancer 

family study. Cancer Res 70(12):4795–4800 

[58]. McCuaig JM, Armel SR, Novokmet A, Ginsburg OM, 

Demsky R, Narod SA et al (2012) Routine TP53 testing 

for breast cancer under age 30: ready for prime time? 

Fam Cancer 11(4):607–613 

[59]. Gonzalez KD, Buzin CH, Noltner KA, Gu D, Li W, 

Malkin D et al (2009) High frequency of de novo 

mutations in Li–Fraumeni syndrome. J Med Genet 

46(10):689–693 
[60]. Buys SS, Sandbach JF, Gammon A, Patel G, Kidd J, 

Brown KL et al (2017) A study of over 35,000 women 

with breast cancer tested with a 25-gene panel of 

hereditary cancer genes. Cancer 123(10):1721–1730 

[61]. Moran O, Nikitina D, Royer R, Poll A, Metcalfe K, 

Narod SA et al (2016) Revisiting breast cancer patients 

who previously tested negative for BRCA mutations 

using a 12-gene panel. Breast Cancer Res Treat. 

doi:10.1007/s10549-016-4038-y 

[62]. Kapoor NS, Curcio LD, Blakemore CA, Bremner AK, 

McFarland RE, West JG et al (2015) Multigene panel 

testing detects equal rates of pathogenic BRCA1/2 
Mutations and has a higher diagnostic yield compared 

to limited BRCA1/2 analysis alone in patients at risk for 

hereditary breast cancer. Ann Surg Oncol 22(10):3282–

3288 

[63]. Susswein LR, Marshall ML, Nusbaum R, Vogel Postula 

KJ, Weissman SM, Yackowski L et al (2016) 

Pathogenic and likely pathogenic variant prevalence 

among the first 10,000 patients referred for next-

generation cancer panel testing. Genet Med 18(8):823–

832 

[64]. S. Geisler, P. E. Lonning, T. Aas et al., “Influence of 
TP53 gene alterations and c-erbB-2 expression on the 

response to treatment with doxorubicin in locally 

advanced breast cancer,” Cancer Research, vol. 61, no. 

6, pp. 2505–2512, 2001. 

 

 

[65]. F. C. Schmitt, R. Soares, L. Cirnes, and R. Seruca, “P53 

in breast carcinomas: association between presence of 

mutation and immunohistochemical expression using a 

semiquantitative approach,” Pathology Research and 

Practice, vol. 194, no. 12, pp. 815–819, 1998. 

[66]. J. M. Flaman, T. Frebourg, V. Moreau et al., “A simple 

p53 functional assay for screening cell lines, blood, and 

tumors,” Proceedings of the National Academy of 
Sciences of the United States of America, vol. 92, no. 9, 

pp. 3963–3967, 1995. 

[67]. P. Bertheau, M. Espi´e, E. Turpin et al., “TP53 status 

and response to chemotherapy in breast cancer,” 

Pathobiology, vol. 75, no. 2, pp. 132–139, 2008. 

[68]. M. Varna, H. Soliman, J. P. Feugeas et al., “Changes in 

allelic imbalances in locally advanced breast cancers 

after chemotherapy,” British Journal of Cancer, vol. 97, 

no. 8, pp. 1157–1164, 2007.  

[69]. E. Manie, A. Vincent-Salomon, J. Lehmann-Che et al., 

“High frequency 

ofTP53mutationinBRCA1andsporadicbasal-like 
carcinomas but not in BRCA1 luminal breast tumors,” 

Cancer Research, vol. 69, no. 2, pp. 663–671, 2009. 

[70]. Vogelstein B, Kinzler KW: Achilles’ heel of cancer? 

Nature 2001, 412:865-866. 

 

 

 

 

 

http://www.ijisrt.com/

