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# TP53 Mutations

P53 mutations in human cancers
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e P53 mutations are the most frequent event in human cancer

 Mutations can occur throughout the open reading frame



P53 mutations
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IN human cancers
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Features of p53 mutant tumors

 More aggressive histopathology and
iIncreased invasion

* Highly rearranged genomes
* Jypically linked to poor patient prognosis

* Frequent in tumors with limited treatment
options

e Often linked to poor therapy response




Challenges in navigating p53 research

Publications with p53 or TP53 in the abstract (PubMed)

Papers per year >120,000 total papers to date
6,000 I

5,000

* pS3 is a highly studied gene 4,000

3,000

« ~ 130,000 papers published with the term 2,000
‘53’ in the abstract (‘chromatin’ ~ 143,000) 0

1980 1985 1990 1995 2000 2005 2010 2015 2025

Data estimated from PubMed searches.

* More information has not achieved clarity

Publications on major cancer genes per year

Papers per year

* We still do not understand why p33 is so 5,000
important in cancer nor its role (if any) in ool
normal physiology 2600(8
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Decade 1
The discovery of p53 and its oncogenic role



DNA tumor viruses

RNA tumor viruses inadvertently pick up
cellular DNA and were essential for the

. L. V4
identification of oncogenes SV40
Tumor viruses a tool to unlock molecular
events linked to oncogenic “transformation”
Adenovirus

DNA tumor viruses occasionally integrate
into the host genome leading to
transformation

HPV

DNATV oncoprotein were used to identify
cellular processes linked to transformation



Arnold Levine

Discovery of p53

David Lane




Discovery of p53

SIMIAN VIRUS 40  David Lane and Arnold Levine were
/ independently studying SV40 t antigen and
noticed it bound a 53kD cellular protein

Transfomed cells

mAb PAb419 ‘ |

Co-precipitation of S¥40 large T Antigen
and a cellular protein of 53 kDa

Hamster or mouse
Fibroblasts

* Protein was highly expressed in SV40

transformed cells
53 kDa

 Hypothesized it might mediate action of T
Ag on transformation (i.e. pro-oncogenic)




P53 has properties of an oncogene

ot 42  p53 protein is highly expressed in certain
(anti p53 monoclonal antibody) CanCerS

* Microinjection of antibodies against p53
protein triggers proliferative arrest

GROWTH ARREST

Mouse cell line
NIH 3T3

wild type p53 Mercer et al, 1982 \




P53 has properties of an oncogene

it aerrsanie 053 cDNA * pb53 protein is highly expressed in certain

fibroblasts cancers
\. Immortalization

Faviekl el 19605 * Microinjection of antibodies against p53
, protein triggers proliferative arrest
! s s,
activated Ha1as

| * A cloned p53 cDNA facilitates
(Hiyahu et al., 1984) . . . ] ]
(Parada etal.,1984) immortalization of primary fibroblasts and
cooperates with oncogenic was to
transform




Emerging inconsistencies in oncogenic role

FRIEND VIRUS
* Friend murine leukemia virus thought to (SFFV + F-MuL¥)
promote cancer through insertional \_1
mUtageneSiS /ﬁ;:_:?ﬂﬁ;)_ — - :fi - Erythroleukemia
 Some leukemia harbored integrations with .‘/ spleen cell

two integrations in the p53 gene

P53 gene

 The dogma of “oncogenes” prevented a full —pe INACTIVATION
OF BOTH pb53 ALLELES

: : : : . Benchimol et al. 1987 /
understanding of the potential implications nehimol et 3 Intsaration of SFEY provirus




PO3 IS a tumor suppressor

* Different p53 cDNA clones have different

 So-called ‘wild-type’ clones inhibited

sequences

Different clones had different behaviors in

cellular transformation assays

proliferation and could suppress
transformation (Oren and Levine)

Rat embryonic ——

fibroblasts

wt p53 +
activated Ha-ras

mutant p53 +
activated Ha-ras

A & &
Rat embryonic -//'-'-'{\\_ \ @ 9=
— P - »
fibroblasts "““x\ - - ® 28
N ,// ®®@ @
\‘,- &
Mutant + wt p53 +
activated Ha-ras
A |
- /"/;\‘\ l’-, @ @
Rat embryonic __ ~_  \_

fibroblasts

Eliyahu et al. 1989
Finlay et al. 1989



PO3 IS a tumor suppressor gene

* Different cloned p53 cDNAs and different

seguences S
S0 e HUMAN
G meREeF | TUMORS
 Different clones had different behaviors in NIRRT | st
cell transformation assays i R
* So-called ‘wild-type’ clones inhibited mnomosome\
: : | 248 73
proliferation and could suppress 160 “
transformation (Oren and Levine) 2 175
40 +
' : R il 1y TR
* Apparent loss of function mutations Nigroet al. 1989 | st et T et ™ et ™ o ™ e
: : Takahashi l. 1989
observed at high frequency in human Sifneen e O A MISSENSE MUTATIONS

cancers (Vogelstein)



What went wrong?

TAQ actively counters p53 stabilization to
prevent proliferative arrest

P53 mutations in tumors are dysfunctional SV40

but stablized owing to lack of degradation

PAb421 anti-p53 antibody changes p53

conformation to an active form Adenovirus

Initial p53 cDNAs obtained from cancer

cells @
HPV

P53 functions as a tetramer and mutant
proteins can function as dominant negatives
when expressed at high levels



Decade 2

P53 activity and regulation



Li-Fraumeni syndrome linked to p53

e Li-Fraumeni is an autosomal dominant

familial cancer syndrome characterized by

early onset cancer (soft tissue sarcoma,
breast, other)

e A substantial subset of patients have p53

mutations

 Tumors display ‘loss of heterozygosity’ at
the p53 locus

0
I:1 1:2
1:1 :2 I:3 :4 I:5 I:6
(WT/WT) (WT/WT) (WT/Mut) (WT/WT)
H:1 H:2 n:3 Al4 H:5 H:6 HN:7 1:8
(WT/Mut) (WT/WT) (WT/Mut) (WT/Mut) (WT/Mut)
ID Age in 2014 Tumors
I:1 Deceased Liver mass at46 y
1:1 40y None
11:2 Deceased Breast cancer at 32 y
1:3 35y None
II:4 35y Breast cancer at 34 y
1:5 30y None
1:1 13y Adrenal pheochromocytoma at 3 y, and
kidney cystat 12y
1:2 10y None
1:3 6y No
I:4 Sy Medulloblastoma at S y
:5 3y Choroid plexus papilloma at 3 y

Li-Fraumeni Association



P53 mutations linked to carcinogens

a

Transactivation DNA binding Regulatory region
—t - - I m Lot -

—

393

* The high frequency of p53 mutations lent

itself to the study of mutational signatures/ 52001 Allcancer types 248) 273
mechanisms early on. ST ws' '

£ 407

2 0 - i o

» Different tumor types display different types

_ _ %b 90T Coloncancer 175 i
of mutations at the gene level (Curt Harris, e o
others) % 0] l |
E b e
 Often these could be traced to carcinogenic £190T s e »
factors pre-disposing to cancer (aflatoxin, s gg] e
UV, cigarette smoke) § 2 e

Figure 4. Dislribution of pS3 mutations in various types of cancers. (a) Schematic diagram of ps3.
Human p33 cansists of 393 amino acids with five avalutionarily conserved damains (1=V). Damains II-V
coerespand 1o the DNA-binding domain, which is the target for pS3 mutations™, {b) In each type of can-
cof survayed, mulations are scatiered in this central region, although a hat-spol exssis at codons 175, 248
and 273, The only exception Is hepatocellular carcinoma, which shaws a mutational hot-spo! al codon
259 (data for hepatocelular carcinoma also include cancers from countries not exposed 10 allaloxin B1).

Hollstein Science 1991



P53 knockout mouse develops tumors

* P53 constitutive knockout mice develop
normally

* Mice highly predisposed to tumors (mainly
thymic lymphoma and certain sarcomas)

e p53+/- develop tumors at a longer latency
of typically lose the remaining wild-type p53
allele

o Superficially, p53 functions as a ‘pure’
tumor suppressor

nature 12 March 1992

Article

Nature 356,215 -221(1992): doi:10.1038/356215a0

Mice deficient for pS3 are developmentally normal but
susceptible to spontaneous tumours

Lawrence A. Donehower, Michele Harvey, Betty L. Slagle, Mark J. McArthur, Charles A. Montgomery,
Janet S. ButelAllanBradley

Mutations in the p53 tumour-suppressor gene are the most frequently observed genetic lesions in
human cancers. To investigate the role of the p53 gene in mammalian development and
tumori-genesis, a null mutation was introduced into the gene by homologous recombination in
murine embryonic stem cells. Mice homozygous for the null allele appear normal but are prone to
the spontaneous development of a variety of neoplasms by 6 months of age. These observations
indicate that a normal p53 gene 1s dispensable for embryonic development, that its absence
predisposes the animal to neoplastic disease, and that an oncogenic mutant form of p53 1s not
obligatory for the genesis of many types of tumours.




P53 as ‘the guardian of the genome’
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 pd3 facilitates cell cycle arrest (G1
checkpoint) following DNA damage (Kastan)

&

' 14~
 pS53 loss triggers genomic instabillity (Tlsty, # . 206
T z Be26
Wahl) 5 meo
 David Lane coins the phase ‘p53, guardian - e-? 9
of the genome’ - 1
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Kastan Cell 1992



P53 can promote apoptosis

P53 over expression promotes apoptosis in
leukemia cell line (Oren)

e Studies using p53 knockout mice indicates
that p53 promotes apoptosis following DNA
damage (but not other stimuli) in
thymocytes

P53 is stabilized by certain oncogenes,
which promote apoptosis

Viability (% of untreated)

PMA/Ca++
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ffffffffff

Lowe Nature 1993



P53 mutations and chemoresistance

* Disruption of p53 apoptotic function
Treatment response of murine lymphomas to cyclophosphamide reduces kiIIing by radiation and Cy’[O’[OXiC

drugs

Day 0 Day 1 Day 7-10 Day 13-17

 |Loss of p53 is linked to chemoresistance in
ctrl VIVO

e Some human tumors show clear links

between p53 mutation and therapy
po3 resistance, though whether it is due to an
apoptotic defect remains unclear

« NEW IDEA: genotype of cancer cell dictates
treatment outcome

Schmitt Cell 2002



pPO3 IS a transcription factor

P33 has transcriptional activation
capabillities

P53 is a sequence specific DNA binding
protein

» (Crystal structure of the core domain
suggests mutations disrupt this activity

Nikola Pavletich (MSK)



pPO3 IS a transcription factor

P53 has transcriptional activation
capabillities

| 175

P53 Is a sequence specific DNA binding

y of mutations

248
273
245 8249 ¢ } 281

protein

Crystal structure of the core domain > | ; A

suggests mutations disrupt this activity “N J Yo, TR
. _ _ TA domain SH3 binding with DNA elements oligo- regula-

The biochemical function of p53 as a domain meri- tory

transcription factor appears important for its
tumor suppressive role

zation domain

Peter Chumkov



Negative regulation of p53 via Mdm?2

Mdm2
]

Target genes

o e

p21
ptprv

/fm\
G2 G1)
‘\gj

Cell-cycle arrest

NOXA
Bax
Puma

Apoptosis

JC Marine and G Lozano

‘Murine double minute 2° (aka Mdm?2) is
amplified in murine and human cancers

Mdm2/Hdm?2 protein degrades p53

P53 Is phosphorylated by the DNA damage
kinase ATM which disrupts Mdm2-mediated
degradation

Mdm?2 is a p53 target gene

Mdm2 functions in a feedback mechanism
to blunt p53 activity

Mutant p53 proteins do not induce Mdm?2
and thus are stabilized



ARF and oncogene signaling to p53

 Chromosome 9 deletions frequently occur in
human cancers

RB pathway  The locus encodes (at least) two tumor
_ suppressors - p16 and ARF - that have an
__ARF | __INK4a | unusual organization
it gl + ARF inhibits Mdm2 interactions with p53
r (DePinho, Sherr, others)

 ARF is not induced by DNA damage but is
by oncogenes (Sherr)

* ARF is required for oncogene induced
apoptosis and senescence (Sherr, Serrano,
Lowe, Vousden)

Charles Sherr (St. Jude)



P53 IS a member of a gene family

e p53is a member of a gene family that

includes p63 and p73 A
®® ®® ® 77 e ® ®
TAp73 o [op | [ sam ] |
 p63 and p73 KO have developmental S — R — o
Aex2 BN Y AN | ] W |
phenotypes AN — A T i 5
Aex2/3 i 4 AN [ T T 5
« p63 and p/3 have splice variants that ® ® €3 ®® © ®® © ©
. . TAp63 o [N PR oD [ oo ] [ sam | |
influence function (TA and DN)
TA Y AN | ] [ 1 |
AN l [ AN [ ] W |
* Re-evaluation of p53 indicates it also has s
splice variants of unclear function e N eyater
& SUMOylation Ubiquitination
* Neither p63 or p73 are potent tumor S ooy ooy

SUPPressors
del Sal CDD 2010



Textbook view of p53

P53 Is a transcription factor that can be

activated by cellular stress to drive distinct g Enctox'c STugS IR
anti proliferative processes |

Oncogene activation DNA damage

(Such as MYC, E2F1, Ras, BCR-ABL)
P53 activity is regulated upstream by DNA | ATM*/ATR
damage or ARF which prevent Mdm2 @ N el !

inhibition and stabilize p53

l \ CHK1, CHK2

p53 mutations disable transcription I 2 o Gﬁ
. : . : G \) 2, L W —l
functions allowing aberrant proliferation S b R

Apoptosis Target genes Cell-cycle arrest

~//' A

P53 regulators are also mutated in cancer

Charles Sherr Nat Rev Cancer



Decade 3

New p53 biology and emerging confusion



P53 and organismal aging

* A fortuitously engineered p53 mutant
mouse has p53 hyper activation and
displays premature aging (Donehower)

 Suggests that too much of p53 is a bad
thing

* Mice with an extra copy of wt p53 (‘super
P53 mice’) are cancer resistant but do not

show aging phenotypes (Serrano)

Donehower Nature 2002



Hot topic: pS3 regulates microRNAs

a
JOJ ,J. i
< 30+
2 | [J Mir34-a
*§ 20 D Mir34-b |
- 1 I Mir34-c * microRNAs can be direct transcriptional
& 10 ] targets of p53 (Hannon, Ventura)
O«:‘C.,PE!.,(‘WE-,J“, ‘ - .
Day 0 Day 1 Day2 Day4 Day6 Day®8 * Induction of mir34 family is linked to
b repression of genes involved in cell cycle
10t ] arrest
S
g : » Provides one mechanism for how p53
S 1 represses gene expression

Q& >(\ ‘bQ N >‘(\ Q)‘(\
Ve ¢ YV e ¢
Wild-type mice P53~ mice

He, Nature 2007



Hot topic: p53 and stem cell biology

o
o
0

3 factors 3 factors 4 factors
500 . 12 30
2 " 3 T 2
= 400 | r= '
o o o
o © 8F o 20t
© 300 f O O
o o o
(. L (1
G 200 O O
5 5 4T 5 10
o 100} o o
Z Z Z
0 +/+ +/- =/- 0 +/+ +/- /- . +/+ +/= =/-
p53 genotype p53 genotype p53 genotype
d e
3 factors 3 factors
300 400
* 7))
n D
2 c
S 2 300}
S 200 <;>
Q. 8- 200¢
O O
‘s 100¢ ks
S c 100F .
Z Z ‘
0 0
O O O O On o L
S T8 % S T, TR T%
o @o 2. %o . @% @®/‘
) &, Y
S T, &
2 Y%

Hong et al, Nature 2009

P53 restricts the ability of Yamanaka factors
to produce induced pluripotent stem cells (5
Nature papers)

Loss of p53 increases IPS frequency ~100
fold

Senescence is a p53 output that prevents
IPS formation

Suggests a role for pd3 in restricting lineage
plasticity but role in cancer undefined.



More sophisticated models expand capabilities

A E E
-‘T‘-—w«vez{s.—{ a - 0frH2H3IH 4 L
_ LSL-Kras®'® LK "‘;’;i":=
<0 1;2{3-—- oo JoHJ1H2HsH ¢« |-
WT Kras o WT Kras
Pdx-1-Cre "
* More sophisticated mouse models allow for — -
tissue specific p53 inactivation together - S e
with other oncogenic events t—{2HsH « H s b1} 12 e Hs int WT=
WT Tp53 WT Tp53
B
 KP lung cancer model and KPC pancreas
cancer models become work horse tools T prcra a3 "
. . . wT
that genetically and histologically model ook £ } | i
human carcinomas 3 os- L '
c?) 057 1 K*; Cre
2 04 L (n=20)
03 - 11
g :12 | K*;P*; Crr
= (n=28) i 1
00—
0 100 200 300 400 500
Age (days)

Hingorani Cancer Cell 2005



P53 restoration In tumors

Mouse models with conditional (inducible)
wt pS53 alleles are produced

P53 reactivation triggers tumor regression
(Evans, Ventura/Jacks, Lowe)

N
0.40 -
Loss of p53 is required to maintain cancer % 0.30 -
G 0.20-
Targeting the p53 network would be 0.10- No tumour
therapeutically viable i ———

0.00-
Day 0 T¢ Day 12 TT Day 18 Day 28
Tamoxifen Tamoxifen

Ventura Nature 2007



Does p53 have oncogenic activities?

B
i o e
Carcinoma | * p=.005 =
. * p=.015 B 270H/-
B 172H/-
Brain
Primitive §
Sarcoma |
p=.005

Endothelial |

Hematological |

0 10 20 30 40 50 60 70

% Incidence

Mice harboring p53 hotspot mutants
develop tumors with a different spectrum
than nulls (Jacks, Lozano)

P53 mutant strains display more metastases

P53 mutant proteins can have ‘gain of
function’ activities

Mechanism appears to involve mutant p53
protein binding to p53 family members



Does p53 have oncogenic activities?

(A) Wild-type p53 @
>~  Mice harboring p53 hotspot mutants

ey Fusisien develop tumors with a different spectrum
| | than nulls (Jacks, Lozano)
(B) Dominant negative p53 w

e * p53 mutant strains display more metastases
pSZza l;enié)ztr\se pS3 target gene
(C) Loss-of-function p53 . ¢ .
@  p53 mutant proteins can have ‘gain of
function’ activities
EEm [
pS3 Irespo;\se pS3 target gene
(D) Gain-of-function p53 * Mechanism appears to involve mutant p53

protein binding to p53 family members

i [
7 \/ et

Protein X

response element Cancer-promoting gene

Cccccbtjeggtrnevnfbuncuerintlhffhrvuvlejbduv



|s p53 just a transcription factor, or more?

A B
O o
g8 2 5 28
total o E o© E
vIR & = ‘ dR &= =2 ! |
pS3 o s
p53 el Mt hsp70  w——— s -

Mihara et al Mol Cell 2003

P53 can associate with mitochondria and
this may be linked to apoptosis (Moll,
Green)

Mitochondrial p53 binds Puma and
promotes apoptosis (Green)

P53 mutants defective in puma binding....

So could it be linked to tumor suppression?
(Green)

No one talks about this anymore...



Decade 4

Increasing confusion yet notable advances



Emerging debate on what’s important

There has been substantial debate
regarding which p53 effector functions are

most important for tumor suppression — 100 i cx= == -

= e WT (n=167)
Studies demonstrate that disruption of key 2 7 p21-/-pumar/-noxa-/- (n=28)
p53 effectors in cell cycle arrest and o o] —— p537/-(n=125)
apoptosis do not form tumors as do p53 =
null g 25 -

32 R

0+ I

Separation of function p53 mutations point o 100 200 300 2400 500
to p53 and cancer metabolism or other p53 Time (days)
functions as key

Valente Cell Rep 2016
There are caveats...



More “gain-of-function” mechanisms identified

While increased metastasis is the most
common p53 ‘gain of function’ output
identified, there are many other effects
(stem cell biology, cell plasticity,
epigenetics)

Virtually every study reveals a different
mechanism underlying the biology

Even the same mutant allele can have
different gain of function activities
depending on context

How might it work?

PARP1/MCM4 / PCNA
CIC structures
p73/ BubR1

Mre11 / Rad50 / NBS1 - ATM
E2F4 — BRCA1 /RAD17

CD44 / Lgr5 / ALDH

p63 — WIP — CD133 / CD44 / YAP

FoxH1

NF-Y / p300
NF-Y / NF-kB — MAP2K3
YAP — cyclin A/ cyclin B / CDK1
STAT3

CDK4 - cyclin D1 —c-MYC
MLL1/MLL2 / MOZ
miR-27a - EGFR —ERK
circPVT1 — miR-497-5p

PKC-VEGF
MALAT1 - VEGFA
ID4 - IL8 / GRO1 / CXCL1

pro-invasive secretome
HIF-1-SWI/SNF

p65 / NF-kB signalling
IL-18 signalling
miR-1246

miR-130b — ZEB1
Twist

p63 — smad2
smad3

Rac1

p73 / NF-Y — PDGFRf
ETS2-Pla2g16/snoRNA
PCG-1a

a5B1 integrin / RCP (EGFR / Met)

( Metastasis

D

/

Metabolism
reprogramming

I/

ABCB1

NF-Y — ephrin-B2 — ABCG2
CYP3A4

p63/p73

Caspase-3

AMPK — mTOR — autophagy
p50 — ATG12 — autophagy
miR-128-2 — E2F5 — p21
miR-223 — ZEB1 — Stathmin-1

RhoA/Rock — GLUT1

HK2

PKM2

SREBPs

ETS2 - RRM2b / dCK / TK1
PCG-1a

Zhang

JMCB 2020



P53 gain of function push back

Analysis of CRISPR screening data does
not reveal a relationship between p53

nutation and p53 mutant dependency in Higher expre;snogthein mOWTQ\ " Lower expre\se\smrg)tha\n mc\}NTQ\ o
i (o A gS Sd & S X
cancer cell lines (Hahn) SO FTEFLT P LSOl F LG

123123123123123123123123 123123123123123123123123

4 3
—
7 '

Inactivation of p53 by CRISPR in a range of
cancer cell lines has no phenotype
(Strasser)

;
:
[\
:

Precise generation of p53 mutants in AML g

lines appear strictly dominant negative
(Ebert)

BUT: analyses have been primarily (though |
not completely) in vitro Boettcher Science 2019



Binary classification of tumors is simplistic

P53 mutations show a range of distributions
across cancers, including a large number of
truncating alleles

The most common p53 configuration is a
missense mutations on one allele and a deletion
event that targets the other and a series of
adjacent genes

Different p53 mutations have different biological
activities (dominant negative, gain of function)
and to different degrees

Deletion events target haploinsufficient tumor
suppressors linked to p53 deletions

TCGA Cohort

0.5

6 5 4 3 2 1

I

J. Il.l.l.|‘

R306"

Vi

Vil

Vil

Sordella eLife

9SUSSUON

aSUasSIA



A range of p53 mutational configurations

 p53 mutations show a range of distributions
across cancers, including a large number of
truncating alleles

 The most common p53 configuration is a
missense mutations on one allele and a deletion

B Second Hit Inactivation

event that targets the other and a series of Pe—
adjacent genes N
-
] ] _ _ _ Whole Chr Loss Whole Arm Loss Sub-arm Loss Uniparental Disomy _Dominant Negative - Mutation in trans
* Different p53 mutations have different biological o —— O <O ~— :-%’  —

activities (dominant negative, gain of function)
and to different degrees

* Deletion events target haploinsufficient tumor
suppressors linked to p53 deletions

e The classification of tumors as ‘wt’ or ‘mutant’ for

P53 is likely simplistic Kastenhuber Cell 2017



P53 mutations: not just any instability

100 -

50 -

Enrichment (-log(q))
o
|

50 -

100 -
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p53 mutations and CNA

APC mut

7 KRAS mut

MGMT meth
MLH1 meth

/CDKNZA del

Alterations
enriched in
M class

Alterations
enriched in

C class

BRCA1 meth
BRCA1/BRCA2 mut

MYC amp
3q amp x
TP53 mut

(@ =3 x 107 78) ~—=:3..

B High-level amplification [l Mutation
B Homozygous deletion

B Hypermethylation

Giovanni Cirello, et al Nature Genet 2013

p53 mutations and WGD

WGD"™ WGD*
B ' P>  Pvalue

TP53 hotspot (2,887) - o 32x 107
TP53 LOF (1,369) - @ 3.0x 107°
AR amplification (74) - -l 6.1 x 107°
Mixed GCT (142) - | cle— (38 x 107°
BAP1 LOF (159) - ol 2.0x 107*
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Bielski et al, Nature Genet 2018



CNA, polyploidy, and p53 mutations in pancreas
cancer
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P53 down regulation enables Iimb
regeneration in salamander and promotes
lineage plasticity in cancer (Brockes)

p53 reactivation can revert tumors to
premalignant cell fate (Lowe, Finley)

P53 linked to clonal hematopoiesis (as is
P53 target Ppm1d)

P53 suppresses transposable elements and
its inactivation leads to retrotransposition
(Gudkov, Abrams)

P53 can promote survival in some
circumstances (Vousden)
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Yun et al, PNAS 2013



Decade 5

Unanswered questions and therapeutic opportunities




P53 can be activated by a wide variety of triggers

DNA e ATM e CHK1 Mediators Ribosomal Ribosomal
damage e ATR o CHK2 . proteins biogenesis

Telomere Oncogene
erosion addiction

Post-
Senescence translational
modifications

Epigenetic
changes

: * Starvati :
Metabolism . N'I?l;\s/a S Mitophagy

e Hypoxia e HIF1a | * ROS Redox
* Anoxia * DNA damage e Glutathione potential

Levine, Ad, Nature Reviews Cancer 2020



The p53 transcriptional network

* |tis now clear that p53 controls many genes
that are linked to a wide range of biological N S

R A&
processes ©-9 N [ e d

DNA
P

Z

RADSOJ *!
H2AX

e Some are cell intrinsic and others cell
extrinsic’

* pb53 likely acts through coordination of
multiple anti-proliferative programs

* Did this evolve to suppress cancer or other
processes?




Context, context, context
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P53 likely coordinates a tumor suppressive
program through multiple effectors

Some may be more or less dependent on
context

Contextual factors include tissue type,
activating stimulus and the presence of
other oncogenic events

What dictates context in p53 output?

Can contextual functions of p53 be
exploited?



A role for p53 in wound healing responses?

A +DNA damaging
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A role for p53 in wound healing responses?

Oil Red O staining of livers post-damage

Time post-CCl, (hrs)

WT

Oil-Red-O

Humpton Cell Death Diff 2022



P53 action in would healing Is intriguing

SEMINARS IN MEDICINE

OF THE
BETH ISRAEL HOSPITAL, BOSTON

JEFFREY S. FLIER, M.D., Editor

Lisa H. UNDERHILL, Assistant Editor

TUMORS: WOUNDS THAT DO NOT HEAL

Similarities between Tumor Stroma Generation
and Wound Healing

HaroLp F. Dvorak, M.D.

Cancer: A wound that does
not heal

HISTOLOGICAL SIMILARITIES

 Cancers often arise at sites of wounds

» Both involve inflammation, blood clotting factors,
blood vessel formation, cell plasticity

- Both require tissue remodeling and cell proliferation

CELL AND MOLECULAR SIMILARITIES

» Overlapping changes in cell composition and cell
state in the tissue

» Critical role for stem cells and regenerative
programs

* Molecular pathways important in would healing are
mutated in cancer



p53 as ‘guardian of the genome’

Fluorescence reporter to identify cells Schematic of copy number evolution
that sporadically inactivate p53 following p53 inactivation

I—
als

POLYPLOID

DIPLOID

Pre-Malignant

Deletions

Gains

&\ Endoreduplication

Baslan, Morris, Zhao, Nature 2023



P53 and Immune modulation

 Emerging evidences suggests p53 directly
controls immune survelillance functions

* pb53 directly regulates factors that are
important for NK and T cell surveillance

» (Consistent with a role for p53 in limiting viral
responses

T cell

Blagih et al, J Cell Sci 2020



P53 and Immune modulation

Emerging evidences suggests p53 directly
controls immune survelillance functions

P53 directly regulates factors that are
important for NK and T cell surveillance

Consistent with a role for p53 in limiting viral
responses

Reactivation of endogenous p53 in tumors
can provoke immune mediated cancer
regressions

P53 can coordinate cell intrinsic and
extrinsic tumor suppression

Proliferating

Senescent
(p53 on)

(p53 off)

SA-B-gal

2

Wild-type Immune deficient

Chen, Cancer Discovery 2022



Therapeutic opportunities for targeting p53
(P53 wild-type tumors)

A pS3 wt pS3-/-

P53 activation in tumors by chemotherapy
can be potently tumor suppressive

 Agents in clinical trials that disrupt the
Mdm2-p53 (or mdmx-p53) interactions - will
they be too toxic?

 (Can p53 inhibitors be useful for certain
indications (ischemic injury,
neurodegeneration)?




Therapeutic opportunities for targeting p53
(P53 wild-type tumors)

~LGURE. Reactivation of p53 Pathway’

Reactivation of p53 pathway is achieved through Nutlin-3a. With oncogenic activation, the
ARF protein interacts with MDMZ2 sequestering it into the nucleolus, which prevents the
proteasomal degradation of p53 that activates its target genes promoting apoptosis, growth
arrest, DNA repair, and senescence.

nucleolus
Activated Nutlin-3A
oncogenes . ARF : / :
o . I
°'.)4 MDM?2 \
L e 4 MDM2  Nutlin-3A
9q21 deletion P
ARF "~~~ 9(" ~ MDM2
/, overexpression Apoptosis
Prjotgasome ol Growth arrest
ubiquitination e
53 DNA repair

? -~
’/
‘3 °
'.""

Senescence

age

Negrao, Targeted Therapies in Oncology 2022

Small molecule inhibitors of Mdm2 and/or
MdmX (e.g. Nutlin) can effectively reengage
P53

Drugs do not work in p53 null cells (i.e.
specific)

Many clinical trials have been performed
showing limited efficacy and toxicities

Drugs can cause thrombocytopenia,
gastrointestinal issues, and clonal
expansion of p53 mutant cells



Therapeutic opportunities for targeting p53

(P53 mutant tumors)

viable

viable

Ggg A

4

viable

lethal

Synthetic lethality exploits vulnerabilities
created by specific cancer mutations.

Example: PARP inhibitors targeting BRCA-
mutant cancers.

Functional genomics screens enable
systematic identification of synthetic lethal
partners.

Unfortunately, synthetic lethal strategies
have largely been unsuccessftul for TP53
mutations.



Therapeutic opportunities for targeting p53

(P53 mutant tumors)

* Developed rezatapopt, a small molecule
that stabilizes TP53 Y220C mutant p53 and
restores wild-type conformation and DNA
binding.

 Reactivated the p53 transcriptional
program, inducing canonical targets (e.qg.,
p21, MDM2), causing G1 arrest.

e Selectively inhibited growth of Y220C-
mutant tumors and suppressed xenograft
growth in vivo.

 Demonstrates that mutation-specific
pharmacologic reactivation of mutant p53 is
Alan Fersht therapeutically viable.




Saturation mutagenesis reveals insights into
the fithess of TP53 mutations

-1.0 O

Funk et al., Nature Genetics 2024

CRISPR saturation genome editing generated ~9,200
TP53 variants to measure mutation function in human
cells.

Most cancer-associated TP53 missense mutations
cause loss or partial loss of tumor-suppressor activity.

CRISPR scanning reveals subtle dysfunction—
including protein destabilization and splicing defects—
missed by cDNA screens.

Revealed clinically-actionable alleles: stabilization of
partial LOF with small molecules or ASO that correct
mutations the alter splicing



Therapeutic opportunities for targeting p53

(P53 mutant tumors)

YQR-PLKA4i

&b

Mutant p53 e R e Missense TP53 mutations lead to a stabilized p53

i but inactive protein
Mutant p53 mislocalizes PLK4

HCT T116y22°¢ HC1116p53"~

e Bifunctional molecules tether mutant p53 to
PLK4.

e PLK4 is mislocalized from centrosomes, blocking
centrosome duplication.

PLK4 PLK4 localizes

<centosomes to centrosomes ® MltOth fa”ure SeIeCtlvely k|”S TP53'mUtant Ce”S

Sadagopan A. et al., Nature Chemical
Biology (2025). doi: 10.1038/s41589-025-02051-7



Therapeutic opportunities for targeting p53

(P53 mutant tumors)

P53 mimicry aims to activate downstream p53 effector
programs despite p53 loss.

e p33 reactivation rewires metabolism, increasing a-
ketoglutarate (aKG) and promoting differentiation
programs.

* Suppressing the aKG dehydrogenase subunit (OGDH)
elevates aKG and induces differentiation even without
PS3.

 OGDH inhibition could mimic p53 signaling, but
potential toxicity remains a concern.

Morris et al Nature 2019



UPAR marks a unique state and niche in premalignancy that

expands In cancer
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CAR T cells targeting uPAR ablate p53 mutant ovarian
tumors

UPAR-positive ovarian cancer xenograft UPAR CAR T cells response
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‘All models are wrong, but some are useful’

—George Box



‘All models are wrong, but some are useful’

—George Box

‘All models are wrong, it just a matter of how wrong’

—p53 researcher



