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TP53 is mutated in the majority of human cancers. Mutations can lead to loss of p53 expression or expression of

mutant versions of the p53 protein. These mutant p53 proteins have oncogenic potential. They can inhibit any

remaining WTp53 in a dominant negative manner, or they can acquire new functions that promote tumour growth,

invasion, metastasis and chemoresistance.

mutant p53 chemoresistance  targeted therapy  gain-of-function

1. p53 and Mutations in Cancers

p53 is a tumour suppressor protein and nuclear transcription factor (53 kDa) regulating target genes and involved

in apoptosis, senescence, cell cycle arrest, and DNA repair. In response to low doses of genomic stress, both

extrinsic (e.g., UV-induced DNA damage) and intrinsic (e.g., chromosomal aberrations), p53 regulates cell cycle

arrest to allow for DNA repair . In response to high doses of stress, p53 is more likely to promote apoptosis.

Importantly, many chemotherapeutics act by inducing this stress-induced cell death function of p53 to destroy

tumour cells.

In the absence of stress, p53 protein expression is kept at low levels . This is facilitated by the E3 ubiquitin ligase

MDM-2 (mouse double minute-2) that ubiquitinates p53 leading to its degradation. In response to DNA damage,

p53 is released from MDM2 suppression allowing for p53-mediated transcription. MDM-2 limits p53 expression

whilst p53 directly promotes MDM-2 expression. This creates an autofeedback loop that allows for a fast and

dynamic signalling response to react to differences in stress quickly (Figure 1) .

Figure 1. p53 and mouse double minute-2 (MDM2) auto-feedback loop. DNA damage and cellular stress increase

p53 expression and facilitate its nuclear import. This allows for p53’s transcriptional activation of target genes,

including MDM2. p53-induced MDM2 activation then results in p53 binding to MDM2 and its proteasomal

degradation.
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TP53 mutation occurs in ~50–60% of all human cancers and can result in both the absence of protein expression

or the expression of a mutated protein . p53 mutational status within tumours is heterogeneous and the onset of

TP53 mutations can vary greatly in different cancers. As an example, in colorectal , breast , and pancreatic 

cancers, TP53 mutation is marked as a late stage tumourigenic event aiding more with tumour progression than

with tumour initiation, while in pre-malignant breast lesions , hepatocellular carcinoma , and in astrocytoma

 TP53 mutations present during the early stages of tumorigenesis.

Unlike most other tumour suppressor genes, TP53 mutations often affect a single allele with loss of expression

from the remaining allele . This occurs via deletion of part of chromosome 17p , methylation of the second

allele , or through additional mutations . Principally, whilst the presence of TP53 mutations span across

almost all of its 393 aa residues (Figure 2), the specificity and frequency of the >25,000 registered TP53 mutations

can be differential based on the tumour type, with individual mutants often showing different phenotypical changes

. Importantly, most mutations are found in the DNA-binding domain (DBD) with six hotspot mutations at

codons 175, 245, 248, 249, 273, and 282 (Figure 2) .

Figure 2. TP53 structure and mutation distribution (%) within the DNA-binding domain (DBD). The frequency of

each mutation in all cancers based on the p53 database (www.p53.fr) is indicated for the DBD of TP53. Amino acid

positions are indicated below the domains. Five TP53 hotspot mutation sites are further indicated with codon

numbers above the bars. TA = transactivation domain; PRR = proline-rich region; DBD = DNA-binding domain; TD

= tetramerization domain; CTD = carboxyl terminal regulatory domain.

TP53 mutations can cause truncations or frameshifts in TP53 that almost always result in loss of p53 expression.

Missense mutations generally result in expression of mutant proteins with one amino acid variation from WTp53 

. This generates a stable mutant p53 protein with longer half-life, seen as increased expression in human

cancers . These mutant proteins, including all hotspots, can have alterations in the protein’s structure such as

unfolding of the DBD (conformational/structural mutants)  or a decreased DNA binding ability (contact mutants)

.

Mutant p53 proteins often lose some or all of p53’s tumour suppressive function (loss-of-function, LOF) but may

also acquire gain-of-function (GOF). This GOF resembles an oncogenic phenotype and is independent of WTp53

. Researchers and others have shown that mutant p53 promotes invasion and metastasis, tumour growth,

genomic instability and chemoresistance , via a multitude of different mechanisms (reviewed in 

). Mutant p53 proteins can further have dominant-negative effects over the remaining WT protein . This
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was attributed to mutp53’s ability to form hetero–tetramer complexes with the WTp53 protein , causing multimer

inactivation . This was seen for both contact and conformational p53 mutants .

2. Mutant p53 and Chemoresistance

Mutp53 forms a challenging anti-cancer therapeutic target, mainly due to its lack of druggable allosteric sites, the

occurrence of thermodynamically disrupted states as well as its intrinsic ability to confer drug resistance .

The association between mutp53 expression and decreased chemosensitivity is seen in various primary cancers,

including breast , ovarian , lung , and hematopoietic . Loss of WTp53 expression can underlie this

chemoresistance, but there are also ways in which mutant p53 acquires chemoresistance via its GOF .

Mechanisms include, but are not limited to, upregulation of drug transporters, enhanced DNA repair, activation of

stemness, apoptosis avoidance, and drug inactivation (Figure 3).

Figure 3. Examples of ways in which mutant p53 promotes chemoresistance. Mutant p53 can impact various

cellular processes to prevent chemotherapeutics drugs from working. It can neutralize chemotherapy, promote

efflux and impair the way in which these drugs promote cancer cell death. This figure shows examples of these

pathways.

To limit toxicity of drugs, mutp53 can directly act on drug availability by regulating drug efflux or drug stability.

Mutp53 promotes expression of the (MDR1) gene encoding for the ATP-binding cassette (ABC) transmembrane

transporter ABCB1/P-glycoprotein (P-gp) . P-gp extrudes xenobiotic substances/toxic compounds and
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chemotherapeutic drugs . The transcriptional upregulation of P-gp in cancer is driven by GOF-mutp53’s direct

binding to MDR1′s promoter . This enhances drug efflux, reduces drug absorption, and minimizes drug

retention/accumulation, causing resistance to anti-cancer drugs, such as taxanes (paclitaxel), vinca alkaloids

(vinblastine), and anthracyclines (daunorubicin) . Of note, other ABC transporters such as ABCG2 can also be

upregulated by mutant p53 to enhance secretion of 5-flouracil (5-FU) . Interestingly, mutant p53 does not only

regulate the gene expression of such transporters. Researchers recently discovered that mutp53 also specifically

enhances plasma membrane expression of P-gp and ATP7B in response to cisplatin and etoposide to enhance

efflux, perhaps working in concert with transcriptional regulation of such transporters . GOF-mutp53 (R248W

and R282W) can also directly inactivate chemotoxic drugs by upregulating cytochrome P450 enzyme 3A4

(CYP3A4) that help neutralize these drugs .

In order to limit toxicity of drugs, mutp53 intercepts in many downstream signalling pathways. In response to drug-

induced DNA damage, mutant p53 promotes DNA repair. As an example, GOF-mutp53 (R175H and R248Q)

promoted etoposide resistance by enhancing tyrosyl-DNA phosphodiesterase 2′s (TDP2) expression in lung cancer

cells in an Ets2 dependent manner . TDP2 in turn repaired etoposide induced double-strand DNA breaks ,

resulting in chemoresistance. Likewise, GOF-mutp53 upregulated the expression of O(6)-methylguanine-DNA-

methyltransferase (MGMT) in glioblastoma, enabling the repair of alkylation induced DNA damage by

temozolomide . Mutp53 can also directly or indirectly prevent apoptosis. Transcriptionally, it can upregulate Nrf2

(nuclear factor erythroid 2-related factor 2) in response to cisplatin to induce expression of the anti-apoptotic

mitochondrial genes: Bcl2 and Bcl-xL . Alternatively, GOF-mutp53’s apoptotic resistance can also occur via

direct inhibition of caspases 8 and 9  or through transcriptional upregulation of miRs that target the

apoptosis machinery . Many of the chemotherapeutics are known to cause autophagic cell death through

apoptosis. Mutp53 can avoid apoptosis by inducing autophagy via the mTor/AMPK signalling pathway , although

autophagy itself also regulates mutp53 expression.

It is likely that in an actual cancer, mutant p53 employs one or more of these mechanisms to combat

chemotherapeutics, resulting in selection for p53 mutations. In fact, selection of mutp53 is driven by the fact that

mutp53 actively promotes stemness . This could be seen as promoting chemoresistance because cancer stem

cells are relatively quiescent and therefore less vulnerable to chemotherapy that predominantly acts on highly

proliferative cells .
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