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What Is p53 and Where Is the Gene Located?

• While commonly known as p53, the official name of this gene is 
Tumor Protein p53 and its official symbol is TP53. TheTP53 gene 
codes for the TP53 (p53) protein which acts as a tumor suppressor 
and works in response to DNA damage to orchestrate the repair of 
damaged DNA. If the DNA cannot be repaired, the p53 protein 
prevents the cell from dividing and signals it to undergo apoptosis 
(programmed cell death). 

• The name p53 is due to protein’s 53 kilo-Dalton molecular mass. The 
gene which codes for this protein is located on the short (p) arm of 
chromosome 17 at position 13.1 (17p13.1). The gene begins at base 
pair 7,571,719 and ends at base pair 7, 590,862 making it 19,143 
base pairs long



What Does the p53 Gene Look Like When 
Translated Into Protein?

The TP53 gene spans 20 kb on chromosome 17p13 and  has 11 exons 
and a very large 10 kb intron between exons 1 and 2. 

In humans, exon 1 is non-coding and it has been shown that this region 
could form a stable stem-loop structure which binds tightly to normal 
p53 but not to mutant p53 proteins

The TP53 gene provides the base pair sequence from which to code for 
the tumor protein p53, which is 393 amino acids long. The gene codes 
for a protein which contains several different domains which include:



TP53 domains

• a) A transactivation domain at the amino (N) - terminus which 
activates transcription followed by a proline-rich segment.

•  b) The proline-rich domain mediates the p53 response to DNA 
damage through apoptosis. A common polymorphism is the 
substitution of an arginine for a proline at codon #72 but it isn’t clear 
if this substitution is related to cancer or not.

•  c) The core domain is the DNA-binding domain and is the section of 
the protein that recognizes specific DNA sequences so it can bind to 
the DNA



• d) It is followed by the tetramerization domain and consists of a beta-
strand, which interacts with another p53 monomer to form a dimer. 
This dimer formation is followed by an alpha-helix which mediates 
the dimerization of two p53 dimers to form a tetramer which is 
essential for activating p53

• e) The carboxyl (C) -terminus acts in a regulatory role recognizing 
damaged DNA, such as misaligned base pairs or single-stranded DNA



How Does the p53 Protein Function?

• Tumor protein p53 acts as a tumor suppressor and was identified in 
1979 by Arnold Levine at Princeton University, David Lane at 
Dundee University (UK), and William Old at Sloan-Kettering 
Memorial Hospital. 

• The p53 phosphoprotein is located in the nucleus of each cell and 
works to in response to DNA damage to orchestrate the repair of the 
damaged DNA. If the DNA cannot be repaired, the p53 protein 
prevents the cell from dividing and signals it to undergo apoptosis.



• p53 plays a central role in the coordination of cellular response to 
stress, such as exposure to UV radiation and reactive oxygen species 
(ROS). ROS are chemically reactive molecules containing oxygen, such 
as oxygen ions and peroxides. 

• Other examples of stress are heat shock, viral infection, and nutrient 
depletion. 



• The MDM2 gene is the target gene of the transcription factor p53 
protein. The encoded MDM2 protein is a nuclear phosphoprotein 
that binds and inhibits transactivation by the p53 protein, as part of 
an auto-regulatory negative feedback loop. If MDM2 gene is 
overexpressed, it can result in the excessive inactivation of the p53 
protein and thus diminishing its functions. 















What Role Do Mutations in the p53 Gene Play in 
Causing Cancer?

• About 50% of the cases of adult human cancers contain a mutation 
in the p53 gene. This includes point mutations (missense and 
nonsense) and insertions/deletions in the DNA of the gene. Changes 
in the DNA mean a transcription into mRNA and translation of that 
mRNA into a protein which is different than normal p53. With a 
different sequence of amino acids in this new protein, it will 
potentially fold improperly and function abnormally or not at all. 



• About 20% of the mutations in p53 are concentrated at 'hot-spot' 
codons, such as arginine (A) 175, 248, 249, 273, and 282 and glycine 
(G) 245, mostly in the DNA-binding domain. 

• The most common mutation occurs at arginine 248 which normally 
forms a strong stabilizing interaction with DNA by fitting into the 
minor groove. With changes in amino acids at the DNA-binding sites, 
it means that the p53 protein won’t be able to bind to the DNA to 
initiate repairs of damaged DNA and more importantly, won’t be able 
to initiate apoptosis in cells with mutated or damaged DNA. There 
also will be no regulation of arresting cell division in the cells with 
mutated or damaged DNA. 



• In patients in New England, 90% of squamous cell carcinomas and 
more than 50% of basal cell carcinomas contained UV-like mutations 
in the p53 tumor suppressor gene. These somatic mutations are 
differently encountered within the body. In some cases, differences in 
frequencies of mutations at a specific site may reflect an enhanced 
growth 3 advantage for a tumor in a particular tissue. For example, 
the mutation of p53 at amino acid 175 is common in colon cancer 
but is rarely seen in lung cancer





Li-Fraumeni

• Li-Fraumeni syndrome appears to be the only inherited syndrome 
associated with mutations in the p53 gene. There are more than 60 
different mutations that have been identified in individuals with this 
syndrome. Since the mutation(s) is inherited from a parent, it appears in all 
of the body’s cells, unlike someone who develops a somatic mutation in 
the p53 gene in a specific organ of the body. Inheritance is autosomally 
dominant so a person who inherits a PP or Pp genotype would be affected 
and a person who inherits the pp genotype would be normal. (P = mutated 
p53 gene and p = normal p53 gene). This syndrome was named after two 
physicians, Li and Fraumeni, who studied the pedigrees of families with 
cases of childhood sarcomas. They identified this syndrome in those 
families where one individual had a sarcoma, at least two immediate 
relatives had cancer before age 45, and multiple cancers, such as breast, 
brain, and leukemia, were found elsewhere in the family. 







Available Assays

• Sequencing (first NGS and then Sanger especially for confirmation)

• IHC

• SSCP



Sequencing

• Exons 2-11

• Hot spot mutations in exons 5-8 (75%)



IHC

• In summary, IHC for p53 identifies TP53- mutated luminal BCs with 
high specificity and accuracy. Optimal cutoffs are 35% and 25% for 
treatment-naïve and endocrine-pretreated patients, respectively.

• p53 Expression in Luminal Breast Cancer Correlates With TP53 
Mutation and Primary Endocrine Resistance







A wild-type pattern. B overexpression pattern. C null pattern









Clinical Relevance of TP53 Status in Breast Cancer

• The impact of the TP53 tumor suppressor gene in cancer development has 
been demonstrated through various approaches, in particular by the 
important observation of TP53 knockout mice developing various tumors 
(Donehower et al. 1992 ) . Li–Fraumeni Syndrome (LFS) patients carrying a 
germline mutation in TP53 are frequently hit by cancer at young age, and 
one of the organs most commonly affected is the breast, suggesting a 
crucial role for TP53 in breast cancer development. 

• Overall, one in four breast cancer patients has a somatic mutation in the 
TP53 gene, and this is significantly associated with an aggressive cancer 
with a poor prognosis and development of metastasis. TP53 mutations also 
have been observed as an early event in tumor development, found in 
premalignant hyperplasia and in situ stages of breast cancer (Chitemerere 
et al. 1996 ; Zhou et al. 2009 ). TP53 may play an important role in the 
origin of certain breast cancer subtypes, such as the basal-like



• HER2-enriched groups described previously in this chapter. A very 
intriguing finding is that the majority of breast cancers arising in LFS 
patients are HER2 + (83 %) (Wilson et al. 2010 ) , suggesting that a 
TP53 mutation may be an event prior to HER2 
amplification/overexpression in sporadic breast tumors





• Measuring a pure prognostic or predictive effect of tumor markers is difficult in 
an ethical perspective. The original definition of a prognostic biomarker is a 
biomarker that provides information on the likely course of the cancer disease in 
an untreated individual. Since the majority of breast cancer patients receive 
adjuvant treatment, most studies of prognostic markers will today include 
patients who received systemic treatment, influencing the natural course of the 
disease. A prognostic marker may, however, be extremely valuable in selecting 
early stage patients for the appropriate adjuvant systemic treatment. 

• The term predictive biomarker is defined as a marker which can be used to 
identify subpopulations of patients who are most likely to respond to a given 
therapy. Predictive markers are the basis of personalized medicine, and in breast 
cancer patients, estrogen and progesterone receptors are used to predict 
sensitivity to endocrine therapy, whereas HER2 is used to predict sensitivity to 
Herceptin treatment



• The data supporting a prognostic power of TP53 mutation status in breast 
cancer are rather convincing, as the majority of studies show association 
between mutant TP53 and poor prognosis (Petitjean et al. 2007 ) . As 
discussed in Chap. 8, the predictive value of TP53 status remains uncertain 
because of the lack of study replication. Indeed, available studies are 
heterogeneous in the type, dosage and combination of drugs used, the 
methods used to assess TP53 status and treatment response, and the type 
of tumor included.

•  TP53 mutations seems to confer resistance to single-agent anthracyclines 
(Aas et al. 1996 ; Chrisanthar et al. 2011 ) , but to predict response to 
dose intense combined anthracycline/cyclophosphamide treatment 
(Bertheau et al. 2007 ) or to a regimen of docetaxel-capecitabine ± 
trastuzumab (Glück et al. 2011 ).



• A recent phase III clinical trial showed no impact of TP53 status on 
response to taxanes (Bonnefoi et al. 2011 ) . Many large clinical trials 
have unfortunately not included TP53 mutation analysis in their study 
design, but based on promising results as prognostic and predictive 
marker, we encourage including TP53 gene mutation analysis in all 
relevant clinical trials to resolve these important issues. Breast cancer 
on the molecular bases appears to be several different diseases with 
seemingly different origin, progression, and outcome, and the 
significance of TP53 as a marker should be evaluated in the different 
subtypes of breast cancer.



Current Guidelines and Future Perspectives

• Despite many reports on somatic TP53 mutation status as a strong 
prognostic and also predictive marker of breast cancer, analysis of TP53 
mutations in tumor tissue is generally not routinely performed in clinical 
practice for breast cancer patients. In a guideline from the American 
Society of Clinical Oncology (ASCO) concerning the use of tumor markers in 
breast cancer, they concluded that the present data in 2007 were 
insufficient to recommend use of TP53 measurements for management of 
patients with breast cancer (Harris et al. 2007 ) , referring to diagnosis, 
staging, prognosis, surveillance, or monitoring treatment of patients with 
breast cancer. They acknowledge TP53 gene mutations as associated with 
poor prognosis, as shown, e.g., in a study of almost 1,800 breast cancer 
patients (Olivier et al. 2006 ) . Based on this study they also suggested that 
TP53 status may, if confirmed, be used to select patients that will benefit 
from systemic adjuvant therapy in node-negative, ER-positive patients. 



Systemic Therapy Considerations

Mutation (Li-Fraumeni Syndrome) p53 is a critical tumor suppressor 
gene and a germline mutation in p53 is associated with a high risk of 
malignancy. One study estimated that the prevalence of a germline 
p53 mutation among women with early-onset breast cancer and no 
family history was 5–8% [121]. Studies have suggested that patients 
with germline mutations in p53 are less susceptible to DNA-damaging 
cytotoxic agents [122, 123]. Novel therapeutic approaches may 
include MK-8776, a novel chk-1 kinase inhibitor found to radio-sensitize 
p53-deficient cancer cells [124], and MK-1775, a Wee1-kinase inhibitor 
found to sensitize p53- deficient cells to DNA-damaging agents [125]













Treatment 

• Bilateral mastectomy rather than lumpectomy is often recommended 
in those with LFS-related breast cancer to reduce the risk of a second 
primary breast cancer and to avoid radiation therapy [Siegel et al 
2022].



• It has been indicated that treating LFS with radiation therapy and 
alkylating agents can damage DNA and increase the risk of secondary 
cancer onset. Therefore, when LFS is suspected in patients with 
cancer, it is highly significant to determine whether the subject has 
the germline TP53 pathogenic variant



Thanks for your attention
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