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What is p53 ?

p53is a and that
plays a critical role in the network of signals that

major p53 dependent responses;

it is the
human cancers



History of p53

(1984-1988) p53 found to
be Inactivated in tumour
cells™

Oncogenic
activities of
cloned p53

* Determination
thatp53isa
tumour
suppressor™®

* [P53 shownto
be mutated or
lost inhuman

» CDKNIA (which
encodes p21) described
asap53 target gene”

* pS3-MDM2 loop
described™

| [« MDM2 discoveredtodrive |

p53 ublquitylation and
degradation™®

* p73 and p63 described'“

* ARF-p53 connection
"Bdelu

* p53 firstimplicated in

* p53 gene therapy approved
inChina™

* MDM2 potymorphism shown
to accelerate cancer ™

* Nutlins shown to
activate p53 (REF. 117)

* p53 found to be required for
embryo Implantation™

* p53-induced senescence
shown to prevent cancer™"’

* p53 shown to regulate miRNA
expression™***

* p53 shown to inhibit the

utm.‘sconcc“

described™ ™

p53 first | p53 found toinduce
described™ | apoptosis™®

tumours p53 implicated in ageing** IGF1-mTOR pathway'*

-

2001 2002 2003 2004 2005 2007

© 188 (1980 1990 ) 199 1903 1004 1097 1998 2000

| p53 found to
acton
mitochondria
toinduce

‘ apop(ogsl!ll)l

* Multiple p53 isoforms
described™

* p53 discovered to have
antioddant function'™

* p53 discovered to
requlate
metabolism

; ]
| ATMfoundto

phosphorylate p53
| (REFS 146,147)

* TP53 germiline
mutations
foundin
Li-Fraumeni
syndrome™*

* pS3 discovered
toinduce cell
cycle arrest™ |

p53 first
cla-.edl).ﬂ.l. {LP 8

First pS3-DNA
complex structure
described'

' Caenorhabditis

| elegans p53
| cloned"'*

* MDM2 shown to negatively requlate p53

(REF. 82)
* Trp53-knockout mice shown to be cancer prone®
* p53 shown to maintain genome stability'™**

Drosophila
melanogaster
p53 cloned***

1504520

(1990-1992) 53 shown tobe (|

a transcription factor* 4

ATM, ataxia-telangiectasia mutated; IGF1, insulin-like growth factor 1; miRNA, microRNA.




Organization of the Human TPS3
Gene
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Adapted from: http://p53.free.fr/p53_info/p53_gene.html



Missense Mutations are Clustered In

the DBD

Transactivation Proline-rich DNA binding Oligomerisation Regulation

50.8% 45.4% 82.1% 36.4% 72.7%



The p53 Pathway

Mitotic apparatus dysfunction

| Ribonucleotide depletion | ' ] Oncogene activation | w
Hypoxia DNA replication stress

Nitric oxide Q: | Double-strand breaks

Oxidative stress NS Telomere erosion \

Regulatlon of p53 target genes / > Protem—protenn mteractlons

v ¥

Metabolic Antioxidant  DNA Growth Senescence Apoptosis
homeostasis defence repair arrest

Mild and physiological stress Severe stress

Adapted from Levine A et al., Nature Reviews Cancer 9, 749-758 (October 2009)



Requlation of p53 by MDM2

DNA damage

A
&

ATM, ATR, hCHK, ...

Phosphorylation

Proteasome Inhibit the
MDM2-p53

intferaction W
Growth/survival factor | ! )
Receptor :I!—P | NUGTBOIUS @
PTEN \ | ‘W
Phosphorylation ‘ 4

p53-independent T | Activated
activities DNA damage oncogenes

Moll UT et al.,Mol Cancer Res. 2003 Dec;1(14):1001-8




Apoptotic Pathways Activated by p53

‘Death-receptor
‘pathways

KILLER/DRS5
FAS
PIDD

Vousden K et al., Nature Reviews Cancer 2,594-604 (August 2002)



Examples of p53 Target Genes
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wt-p53 versus mutant pd3: two
sides of the same coin

Mutant p53

W wy
Half life: 1-24 h 4‘

Half life: 6-20 minutes
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Strano S et al.,Oncogene (2007) 26, 2212—2219.

Senescence | | |




Majority of TP53 Mutations are

Missense




Frequent p53 Mutations
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249%
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pS3 Somatic Mutation are Frequent
In Human Cancers

OWARY (1971 14127 )

LAUMG ¢ 3041 187 )
SKIN [ 756§ 2157 )
STOMACH [ 1192 13642 )
FAMNLRESS [ 289315 ]
LIVER (1040 {3171 )
BRAN (1554 / 5756 )
BLADDER { 1051 13911 )

014500

i
b
L

B
e
_ul
=
E
]
[ ]
B
i
= |
E
l'll
T
E

UTERU= 111128 )

"

SOFT TISSLES ( 215 11102)

L¥MPH RODES (301 1575 )

Tumor site

PROZTATE (195 /1108 )
BOKEE [ 148 11011 -

EMDCRIMNS GLAMDE | 102 7 721 )
HEMATOR . EYSTEM [ PRI F 5979 )

CERWIE ( TE 11304

http://cshperspectives.cshlp.org/content/2/1/ac01008.full.html#ref-list-1



P53 Germline Mutations Predispose
to Several Types of Cancers
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http://cshperspectives.cshlp.org/content/2/1/ac01008.full.html#ref-list-1



Breast Cancer Incidence

Estimated 1.38 million new cancer cases diagnosed
In 2008 (23% of all cancers)
Ranks 2nd overall (10.9% of all cancers) (GloboScan

2008)
Ranks 5™ in among female cancer deaths worldwide

In 2007, ranks 1st in most common

cancer
Ranks 3" among female cancer deaths (Hong Kong

Cancer Registry)



Number of studies that have shown an
of p53 mutation with poor survival

Mumber of studies that show TP53 mutation
«— —>
Mot associated with poor survival Associated with poor survival

0
(n=340)
Bladder (n:2 =20
ai n: 318)

I N
Breast | (p=510 L i —

Bronchus and lung
Colorectum
Esophagus

Head & Neck
Hematopoistic
Liver

Lymph nodes
Qvary
Pancreas
Prostate gland

Stomach

Robles Al et al., Cold Spring Harb Perspect Biol. 2010 Mar;2(3):a001016

n = The cumulative number of
patients in all cohorts reported
in those studies for each
cancer type



Kaplan-Meier Survival Curves with
Breast Cancer

P53 gene mutation status
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Blue =without mutation, PR +ve Favourable outcome, TG<3,
Red = without mutation, PR -ve TS<5, node —-ve, ER/PR +ve
Green= with mutation, PR +ve Blue =without mutation
Black = with mutation, PR-ve Red = with mutation

Olivier M et al., Clin Can Res 2006; 12 (4) 1157-1167




Kaplan-Meier Survival Curves with
Breast Cancer
by the type of p53 gene mutation
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Blue =without mutation, or with silent Blue = with Y220C mutation
mutation Green= with G245S
Red = with missense mutation, outside DBS Black = with any other missense mutations
Green= with missense mutation, in DBS Red = with R248W
Black = with mutation, other than missense Purple = with any missense mutation at 179
Olivier M et al., Clin Can Res 2006; 12 (4) 1157-1167




In some Cancers, p93 is Targeted for
Degradation




To summarize...

p53 plays a critical role in controlling signalling pathways and keep
improper cell proliferation and tumour formation in check

p53 and it's downstream genes consist of a complicated gene
network

functional inactivation seriously compromises the cellular processes
resulting in decreased apoptosis and loss of cell cycle control
—> tumourogenesis



To summarize...

Mutant p53 proteins not only represent a mere of wt-p53
function
But additional oncogenic functions to promote to the

development, maintenance and spreading and resistance to anti-
cancer treatment of a tumour

Increasing the understanding of p53 mediated pathways will
provide intervention and therapeutic agents to awaken the sleeping
guardian and may hold the key to more successful therapy for many
cancers
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