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Abstract

The tumor suppressor p53 plays a critical role to preserve DNA fidelity from diverse insults through the regulation
of cell-cycle checkpoints, DNA repair, senescence and apoptosis. The TP53 is altered in more than half of human
cancers. This leads to the production of mutant p53 proteins that loose wild type p53 tumor suppression functions
and concomitantly acquire new oncogenic deleterious features implicated in: increased cell proliferation, increased
chemoresistance, disruption of tissue architecture, promotion of migration, invasion and metastasis and several
other pro-oncogenic properties. Accumulating evidences suggest that mutant p53 proteins drastically perturb the
residual genome-stabilizing mechanisms during cancer progression, thereby increasing genomic instability of mutant
p53 carrying human cancers. In this commentary we briefly summarize the most important evidences suggesting
that mutant p53 plays a relevant role in promoting genomic instability in human cancers.
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Introduction
In the recent few years, several consortia have led the sequencing of

human cancer genomes identifying a myriad of genomic and
chromosomal alterations in many human cancers [1-12]. Among
them, the gene most commonly mutated is TP53: 96% in ovarian
serous carcinoma [8], 85% in small cell lung cancer [6,9], 75% in
pancreatic cancer [10], 60% in head and neck squamous cell carcinoma
[11], 54% in invasive breast carcinoma [12], just to tell a few. 74% of
p53 mutations are missense mutations that fall within its central DNA-
binding domain conferring new oncogenic properties (GOF) that
contribute to growth advantage of tumour cells [13]. Moreover, certain
mutations in the TP53 have been associated with poor clinical
outcome in several human tumours [14,15]. In line with this, in
patients affected by the Li-Fraumeni (LF) syndrome, germline
missense p53 mutations have been associated with earlier age of
tumour onset when compared to germline TP53 loss [16]. Concerning
the molecular mechanisms through which mutant p53 proteins exert
their oncogenic functions, we and others previously characterized their
ability to modulate gene expression through interaction with known
transcription factors, such as NF-Y, YAP1, E2F1, NF-kB, Pin1 and
VDR [17-21]. Mutp53 proteins also bind to p53 family members, p63
and p73 impairing their transcriptional activity and consequently their
anti-tumoural effects [22-24]. In this scenario mutant p53 operates as a
co-factor able to sustain the expression of several pro-oncogenic genes
[11]. Mutations of TP53 are typically seen in the later clinical stages of
tumors. In line with the oncogene-induced DNA damage model,
activated oncogenes induce in both precancerous lesions and
established cancers an aberrant DNA damage response (DDR), the
failure of DNA replication forks regulation and the formation of DNA
double strand breaks (DSBs) [7,25,26]. This continuous accumulation
of DNA alterations activates TP53, which exerts its safeguard
mechanism by promoting apoptosis or senescence [5,25-27]. When
this replicative stress causes the mutation of TP53, the DDR is

definitively compromised allowing cancers to develop and to spread
[7,25-27].

Genomic instability is defined as an increase in the rate of DNA
alterations compared to normal cells. There are diverse types of
genomic instability and GOF p53 mutants have been implicated in
promoting two types of instabilities, chromosomal (CIN) and
amplification (AIN) instability [25-28]. Notably, expression of
mutp53R172H (corresponding to human R175H) in p53-null primary
mouse mammary epithelial cells and developing mouse mammary
tumours resulted in aberrant centrosome amplification, multipolar
mitoses and increased numbers of chromosomes [28,29].

Recently, we have shown that transcriptional activity of GOF
mutant p53 proteins plays a role in the inefficient activation of DNA
repair mechanism and consequent DNA damage accumulation in
proliferating tumour cells [30]. In search for co-factors sharing mutant
p53-induced transcriptomic alterations in cancer cells, we identified
the transcriptional inhibitor E2F4 as a new partner of mutant p53
proteins in diverse types of tumoural cells. E2F4 plays an important
role in the suppression of proliferation-associated genes and recent
evidences report that E2F4 may play an oncogenic rather than a tumor
suppressor role in cancer cells [31]. We found that mutant p53/E2F4
oncogenic complex was recruited onto rad17 and brca1 gene
promoters inhibiting their expression. Both BRCA1 and RAD17
proteins are key signal transducers during checkpoint activation in the
response to DNA DSBs [32].

Our observations about epigenetic changes in the rad17 and brca1
promoters due to the concomitant recruitment of mutant p53 and
E2F4 proteins provide evidenced a global increase of histone H3
methylation and a decrease of histone H4 acetylation [30]. This might
contribute to chromatin transcriptional inactive status of rad17 and
brca1 promoter regions. These findings might have clinical relevance.
Interestingly we have assessed rad17 and brca1 gene expression in a
cohort of tumors from head and neck squamous cell carcinoma
(HNSCC) patients where TP53 status was assessed by direct
sequencing of exons 2 through 11 [33]. HNSCC is characterized by a
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high grade of genomic instability and a TP53 mutation incidence of
nearly 62% [34]. We observed that rad17 and brca1 were expressed at
lower level in tumors when compared to non-tumoral matched
samples. This was significantly striking in the group of patients
carrying mutant p53 proteins independently from other clinic-
pathological parameters. Unlike those with mutant p53, wild type p53
tumors did not show any significant difference for rad17 expression
between tumor and normal groups. Interestingly, brca1 transcript was
upregulated in wild type p53 tumors [30]. We also found that tumors
carrying missense mutations of TP53 (usually related to gain of
function activities) exhibited lower expression levels of brca1 and less
pronounced for rad17 when compared with a selected group of
tumors, characterized by nonsense (NS) mutations and frameshift (FS)
mutations. [30]. Collectively, these findings strongly support the
hypothesis of an active repression of rad17 and brca1 gene expression
by mutant p53 proteins, leading to a continuous DNA DSBs
accumulation with a permanent increase in genomic instability.

Conclusion
The oncogene-induced DNA damage model for tumor progression

can explain many characteristics of a given tumor as its high
proliferation rate, its genomic instability and the uncoupling between
the constitutive DDR signaling and DNA repair activity.

In the context of this intricate puzzle we propose that mutant p53
protein, on the one hand, constitutevely suppresses DNA repair activity
inhibiting at least the transcription of brca1 and rad17 genes [30] and,
on the other hand, it sustains aberrant cell proliferation inducing the
transcription of cell cycle-related genes [17].

Of course, there are still many unresolved questions surrounding
the role of mutant p53 in cancer. The answers to these questions might
facilitate the development of mutant p53-tailored anticancer drugs and
therapeutic strategies. This will surely benefit from studies on mutant
p53 gain of function activities which mainly aim to better define the
molecular events and consequently to tailor more accurately target
specificity for novel therapeutic approaches.

References
1. Sjoblom T, Jones S, Wood LD, Parsons DW, Lin J, et al. (2006) The

consensus coding sequences of human breast and colorectal cancers.
Science 314: 268-274.

2. Wood LD, Parsons DW, Jones S, Lin J, Sjöblom T, et al. (2007) The
genomic landscapes of human breast and colorectal cancers. Science 318:
1108-1113.

3. Jones S, Zhang X, Parsons DW, Lin JC, Leary RJ, et al. (2008) Core
signaling pathways in human pancreatic cancers revealed by global
genomic analyses. Science 321: 1801-1806.

4. Kandoth C, McLellan MD, Vandin F, Ye K, Niu B, et al. (2013) Mutational
landscape and significance across 12 major cancer types. Nature 502:
333-339.

5. Cancer Genome Atlas Research Network. Comprehensive genomic
characterization defines human glioblastoma genes and core pathways.
Nature 455: 1061–1068.

6. Ding L, Getz G, Wheeler DA, Mardis ER, McLellan MD, et al. (2008)
Somatic mutations affect key pathways in lung adenocarcinoma. Nature
455: 1069-1075.

7. Negrini S, Gorgoulis VG, Halazonetis TD (2010) Genomic instability--an
evolving hallmark of cancer. Nat Rev Mol Cell Biol 11: 220-228.

8. Cancer Genome Atlas Research Network (2011) Integrated genomic
analyses of ovarian carcinoma. Nature 474: 609-615.

9. Rudin CM, Durinck S, Stawiski EW, Poirier JT, Modrusan Z, et al. (2012)
Comprehensive genomic analysis identifies SOX2 as a frequently
amplified gene in small-cell lung cancer. Nat Genet 44: 1111-1116.

10. Yachida S, White CM, Naito Y, Zhong Y, Brosnan JA, et al. (2012) Clinical
significance of the genetic landscape of pancreatic cancer and
implications for identification of potential long-term survivors. Clin
Cancer Res 18: 6339-6347.

11. Stransky N, Egloff AM, Tward AD, Kostic AD, Cibulskis K, et al. (2011)
The mutational landscape of head and neck squamous cell carcinoma.
Science 333: 1157-1160.

12. Shah SP, Roth A, Goya R, Oloumi A, Ha G, et al. (2012) The clonal and
mutational evolution spectrum of primary triple-negative breast cancers.
Nature 486: 395-399.

13. Freed-Pastor WA, Prives C (2012) Mutant p53: one name, many proteins.
Genes Dev 26: 1268-1286.

14. Muller PA, Vousden KH (2013) p53 mutations in cancer. Nat Cell Biol 15:
2-8.

15. Goh AM, Coffill CR, Lane DP (2011) The role of mutant p53 in human
cancer. J Pathol 223: 116-126.

16. Bougeard G, Sesboüé R, Baert-Desurmont S, Vasseur S, Martin C, et al.
(2008) Molecular basis of the Li-Fraumeni syndrome: an update from the
French LFS families. J Med Genet 45: 535-538.

17. Di Agostino S, Strano S, Emiliozzi V, Zerbini V, Mottolese M, et al. (2006)
Gain of function of mutant p53: the mutant p53/NF-Y protein complex
reveals an aberrant transcriptional mechanism of cell cycle regulation.
Cancer Cell 10: 191-202.

18. Weisz L, Damalas A, Liontos M, Karakaidos P, Fontemaggi G, et al. (2007)
Mutant p53 enhances nuclear factor kappaB activation by tumor necrosis
factor alpha in cancer cells. Cancer Res 67: 2396-2401.

19. Fontemaggi G, Dell'Orso S, Trisciuoglio D, Shay T, Melucci E, et al.
(2009) The execution of the transcriptional axis mutant p53, E2F1 and
ID4 promotes tumor neo-angiogenesis. Nat Struct Mol Biol 16:
1086-1093.

20. Stambolsky P, Tabach Y, Fontemaggi G, Weisz L, Maor-Aloni R, et al.
(2010) Modulation of the vitamin D3 response by cancer-associated
mutant p53. Cancer Cell 17: 273-285.

21. Di Agostino S, Sorrentino G, Ingallina E, Valenti F, Ferraiuolo M, et al.
(2015) YAP enhances the pro-proliferative transcriptional activity of
mutant p53 proteins. EMBO Rep.

22. Girardini JE, Napoli M, Piazza S, Rustighi A, Marotta C, et al (2011) A
Pin1/mutant p53 axis promotes aggressiveness in breast cancer. Cancer
Cell 20:79-91.

23. Strano S, Munarriz E, Rossi M, Cristofanelli B, Shaul Y, et al. (2000)
Physical and functional interaction between p53 mutants and different
isoforms of p73. J Biol Chem 275: 29503-29512.

24. Strano S, Fontemaggi G, Costanzo A, Rizzo MG, Monti O, et al. (2002)
Physical interaction with human tumor-derived p53 mutants inhibits p63
activities. J Biol Chem 277:18817-18826.

25. Di Agostino S, Cortese G, Monti O, Dell'Orso S, Sacchi A, et al. (2008)
The disruption of the protein complex mutantp53/p73 increases
selectively the response of tumor cells to anticancer drugs. Cell Cycle 7:
3440-3447.

26. Terzian T, Suh YA, Iwakuma T, Post SM, Neumann M, et al. (2008) The
inherent instability of mutant p53 is alleviated by Mdm2 or p16INK4a
loss. Genes Dev 22: 1337-1344.

27. Halazonetis TD, Gorgoulis VG, Bartek J (2008) An oncogene-induced
DNA damage model for cancer development. Science 319:1 352.

28. Hanel W, Moll UM (2012) Links between mutant p53 and genomic
instability. J Cell Biochem 113: 433-439.

29. Murphy KL, Dennis AP, Rosen JM (2000) A gain of function p53 mutant
promotes both genomic instability and cell survival in a novel p53-null
mammary epithelial cell model. FASEB J 14: 2291-2302.

30. Caulin C, Nguyen T, Lang GA, Goepfert TM, Brinkley BR, et al. (2007)
An inducible mouse model for skin cancer reveals distinct roles for gain-
and loss-of-function p53 mutations. J Clin Invest 117: 1893-1901.

Citation: Agostino SD, Blandino G (2016) Genomic Instability: The Pivotal Role of Mutant P53 in Human Cancers. Chemo Open Access 5: 191.
doi:10.4172/2167-7700.1000191

Page 2 of 3

Chemo Open Access
ISSN:2167-7700 CMT, an Open Access Journal

Volume 5 • Issue 2 • 1000191

http://www.ncbi.nlm.nih.gov/pubmed/17932254
http://www.ncbi.nlm.nih.gov/pubmed/17932254
http://www.ncbi.nlm.nih.gov/pubmed/17932254
http://www.ncbi.nlm.nih.gov/pubmed/18772397
http://www.ncbi.nlm.nih.gov/pubmed/18772397
http://www.ncbi.nlm.nih.gov/pubmed/18772397
http://www.ncbi.nlm.nih.gov/pubmed/24132290
http://www.ncbi.nlm.nih.gov/pubmed/24132290
http://www.ncbi.nlm.nih.gov/pubmed/24132290
http://www.ncbi.nlm.nih.gov/pubmed/18948947
http://www.ncbi.nlm.nih.gov/pubmed/18948947
http://www.ncbi.nlm.nih.gov/pubmed/18948947
http://www.ncbi.nlm.nih.gov/pubmed/20177397
http://www.ncbi.nlm.nih.gov/pubmed/20177397
http://www.ncbi.nlm.nih.gov/pubmed/21720365
http://www.ncbi.nlm.nih.gov/pubmed/21720365
http://www.ncbi.nlm.nih.gov/pubmed/22941189
http://www.ncbi.nlm.nih.gov/pubmed/22941189
http://www.ncbi.nlm.nih.gov/pubmed/22941189
http://www.ncbi.nlm.nih.gov/pubmed/22991414
http://www.ncbi.nlm.nih.gov/pubmed/22991414
http://www.ncbi.nlm.nih.gov/pubmed/22991414
http://www.ncbi.nlm.nih.gov/pubmed/22991414
http://www.ncbi.nlm.nih.gov/pubmed/21798893
http://www.ncbi.nlm.nih.gov/pubmed/21798893
http://www.ncbi.nlm.nih.gov/pubmed/21798893
http://www.ncbi.nlm.nih.gov/pubmed/22495314
http://www.ncbi.nlm.nih.gov/pubmed/22495314
http://www.ncbi.nlm.nih.gov/pubmed/22495314
http://www.ncbi.nlm.nih.gov/pubmed/22713868
http://www.ncbi.nlm.nih.gov/pubmed/22713868
http://www.ncbi.nlm.nih.gov/pubmed/23263379
http://www.ncbi.nlm.nih.gov/pubmed/23263379
http://www.ncbi.nlm.nih.gov/pubmed/18511570
http://www.ncbi.nlm.nih.gov/pubmed/18511570
http://www.ncbi.nlm.nih.gov/pubmed/18511570
http://www.ncbi.nlm.nih.gov/pubmed/17363555
http://www.ncbi.nlm.nih.gov/pubmed/17363555
http://www.ncbi.nlm.nih.gov/pubmed/17363555
http://www.ncbi.nlm.nih.gov/pubmed/19783986
http://www.ncbi.nlm.nih.gov/pubmed/19783986
http://www.ncbi.nlm.nih.gov/pubmed/19783986
http://www.ncbi.nlm.nih.gov/pubmed/19783986
http://www.ncbi.nlm.nih.gov/pubmed/20227041
http://www.ncbi.nlm.nih.gov/pubmed/20227041
http://www.ncbi.nlm.nih.gov/pubmed/20227041
http://www.ncbi.nlm.nih.gov/pubmed/26691213
http://www.ncbi.nlm.nih.gov/pubmed/26691213
http://www.ncbi.nlm.nih.gov/pubmed/26691213
http://www.ncbi.nlm.nih.gov/pubmed/10884390
http://www.ncbi.nlm.nih.gov/pubmed/10884390
http://www.ncbi.nlm.nih.gov/pubmed/10884390
http://www.ncbi.nlm.nih.gov/pubmed/18948736
http://www.ncbi.nlm.nih.gov/pubmed/18948736
http://www.ncbi.nlm.nih.gov/pubmed/18948736
http://www.ncbi.nlm.nih.gov/pubmed/18948736
http://www.ncbi.nlm.nih.gov/pubmed/18483220
http://www.ncbi.nlm.nih.gov/pubmed/18483220
http://www.ncbi.nlm.nih.gov/pubmed/18483220
http://www.ncbi.nlm.nih.gov/pubmed/22006292
http://www.ncbi.nlm.nih.gov/pubmed/22006292
http://www.ncbi.nlm.nih.gov/pubmed/17607363
http://www.ncbi.nlm.nih.gov/pubmed/17607363
http://www.ncbi.nlm.nih.gov/pubmed/17607363


31. Valenti F, Ganci F, Fontemaggi G, Sacconi A, Strano S, et al. (2015) Gain
of function mutant p53 proteins cooperate with E2F4 to transcriptionally
downregulate RAD17 and BRCA1 gene expression. Oncotarget 6:
5547-5566.

32. Schwemmle S, Pfeifer GP (2000) Genomic structure and mutation
screening of the E2F4 gene in human tumors. Int J Cancer 86: 672-677.

33. Kastan MB, Bartek J (2004) Cell-cycle checkpoints and cancer. Nature
432: 316-323.

34. Ganci F, Sacconi A, Bossel Ben-Moshe N, Manciocco V, Sperduti I, et al.
(2013) Expression of TP53 mutation-associated microRNAs predicts
clinical outcome in head and neck squamous cell carcinoma patients.
Ann Oncol 24: 3082-3088.

 

Citation: Agostino SD, Blandino G (2016) Genomic Instability: The Pivotal Role of Mutant P53 in Human Cancers. Chemo Open Access 5: 191.
doi:10.4172/2167-7700.1000191

Page 3 of 3

Chemo Open Access
ISSN:2167-7700 CMT, an Open Access Journal

Volume 5 • Issue 2 • 1000191

http://www.ncbi.nlm.nih.gov/pubmed/25650659
http://www.ncbi.nlm.nih.gov/pubmed/25650659
http://www.ncbi.nlm.nih.gov/pubmed/25650659
http://www.ncbi.nlm.nih.gov/pubmed/25650659
http://www.ncbi.nlm.nih.gov/pubmed/10797289
http://www.ncbi.nlm.nih.gov/pubmed/10797289
http://www.ncbi.nlm.nih.gov/pubmed/15549093
http://www.ncbi.nlm.nih.gov/pubmed/15549093

	Contents
	Genomic Instability: The Pivotal Role of Mutant P53 in Human Cancers
	Abstract
	Keywords:
	Introduction
	Conclusion
	References


