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AgeingAgeing--related health problemsrelated health problems
•Decline in mental health

•Loss of muscle strength 

••Reduced wound healingReduced wound healing

ElucidiatingElucidiating the damagethe damage--induced signalling induced signalling 
pathways causing cell death is essential to pathways causing cell death is essential to 
design rational drug therapies to improve design rational drug therapies to improve 
wound healing in the elderlywound healing in the elderly



Normal ageing pathway:
DNA damage

↓
repair attempt

↓
cell death

↓
tissue regeneration

↓
cellular senescence

↓
organ failure

↓
ageing / death

Loss of efficiency of 
damage repair 
systems causes 
ageing 

Tumour 
suppressors can 
kill damaged cells  



AgeAge--related damage increases related damage increases 
activity of tumour suppressorsactivity of tumour suppressors

ACTIVE
Tumour suppressor pathway

AGEING 
PHENOTYPES

CANCER 
INCIDENCE



The p53 tumour suppressor The p53 tumour suppressor 
pathwaypathway

•“Tumour suppressors” become activated in ageing 
tissues due to accumulated cellular damage

•p53 is a damage-activated “master switch” that 
controls the expression of genes to protect from 
cancer initiation / progression events

•p53 activation can kill or stop proliferation of 
damaged cells

•Loss of cell number can accelerate ageing



Prolonged damage signals due to:
•genomic instability 
•telomere erosion 
•reduced DNA repair

p66SHC

p53 has a central role in p53 has a central role in 
ageingageing

INACTIVE  p53                                           ACTIVATED 
p53

Sir2

PREMATURE AGEINGPREMATURE AGEING

outputs?

NORMAL AGEINGNORMAL AGEING

inputs?

‘Superactive p53’ mouse  

Calorie restriction



p53 structurep53 structure

DNA-bindingpolyproline C-terminaltransactivation

Ser15 Ser20

Thr18

Ser315 Ser392

BOX I
BOX II – BOX V



ATM ATM -- Chk2: a major p53 activation Chk2: a major p53 activation 
pathwaypathway

ATM

Chk2

Cellular damage

CLASSICAL 
SUBSTRATES 
e.g. CDC25c

REGULATORY 
FACTOR

P

NON-CLASSICAL 
SUBSTRATES
e.g. p53, p21

•SENESCENCE

•GROWTH 
ARREST

•APOPTOSIS

•AGEING *
P

P



Outline of talk:Outline of talk:

1.1. Chk2 is a p53 kinaseChk2 is a p53 kinase

2.2. ATM signalling in ES cellsATM signalling in ES cells

3.3. The role of Chk2 in mammalian ageingThe role of Chk2 in mammalian ageing



I. Chk2 is a p53 kinaseI. Chk2 is a p53 kinase

Chk2 targets:

Chk1-tide  L V R Y P S F V I T A K 
Chk2-tide  L E R Q D S I F Y P K K 

Cdc25A 123 L K R S H S D S L D H D 
 178 T Q R Q N S A P A R M L 
 292 T K R R K S M S G A S P 

Cdc25C 216 S G L Y R S P S M P E N 
BRCA-1 988 L F P I K S F V K T K C 
E2F-1 364 L S R M G S L R A P V D 

PML 117 L Q R R L S V Y R Q I V 
p53 18 P L S Q E T F S D L W K 

 20 S Q E T F S D L W K L L 
Chk2 383 T S L M R T L C G T P T 

 387 R T L C G T P T Y L A P 
              

MDM2 ????             
Plk-3 ????             

 

CHK2

-

1     2

i. P-Ser20 MAb

ii. P-Thr18 MAb

iii. P-Ser15 MAb

B. CHK2 Specificity

CHK2

-

1     2

i. P-Ser20 MAb

ii. P-Thr18 MAb

iii. P-Ser15 MAb

B. CHK2 Specificity



Chk2 is activated by p53 peptides
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D. Docking Peptides Stimulate Ser20 Kinase Activity

E. Docking Peptides Stimulate Thr18 Kinase Activity
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Full-length p53

-
1    2    3

BO
X-
II

BO
X-
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1   2    3   4   5    6    7   8    9

lanes

Peptide

1    2    3

BO
X-
II

BO
X-
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CHK2
p53

Peptide

1    2    3

BO
X-
II

BO
X-
V

CHK2
p53

F. Effects of CHK2-Docking Peptides 
on 32-P Kinase activity



Chk2 docking peptides form a Chk2 docking peptides form a 
continuous surface on the p53 corecontinuous surface on the p53 core

BOX-IV

BOX-II

BOX-V

B.

BOX II
127SPALNKMFCQLAKTC141

BOX IV
237MCNSSCMGGMNRRPI251

BOX V
267RNSFEVRVCACPGRD281



AllostericAllosteric model for Chk2 model for Chk2 
regulation by p53regulation by p53

Chk2

II

V
Chk2

II

V

Inactive Active

I PRO



Summary ISummary I

Chk2 is a p53 kinaseChk2 is a p53 kinase
The The phosphorylationphosphorylation sites on p53 do not sites on p53 do not 
conform to the Chk2 consensus sequenceconform to the Chk2 consensus sequence
Chk2 binds to the core DNAChk2 binds to the core DNA--binding binding 
domain of p53domain of p53
This results in the This results in the allostericallosteric activation of activation of 
Chk2 towards a nonChk2 towards a non--classical substrateclassical substrate



II. ATM signalling to p53 in normal II. ATM signalling to p53 in normal 
cellscells

KUKU--55933 55933 -- specific ATM inhibitor specific ATM inhibitor 
developed by developed by KuDOSKuDOS PharmaceuticalsPharmaceuticals

We have used the ATM inhibitor in a pilot We have used the ATM inhibitor in a pilot 
study to delineate ATM signalling in study to delineate ATM signalling in 
embryonic stem cells embryonic stem cells 



The ATM pathway is active in ES The ATM pathway is active in ES 
cellscells

Control ATMi DNA-PKi wortmannin

What is the 
effect on gene 
expression?

DamageDamage--dependent p53 dependent p53 
ser18 ser18 phosphorylationphosphorylation is is 
blocked by  ATM inhibitionblocked by  ATM inhibition



SuperarraySuperarray analysis analysis 

ATM

MDR1

PUMA

TNFalpha

c-MYc

Dox vs control



ATM APR-3
Bap1 p16

X

Cyc H
Bcl2

ERα
Cyc G2

TNFα

ATM / DOX vs Dox



Summary IISummary II

The ATM signalling pathway is active in The ATM signalling pathway is active in 
ES cellsES cells
DamageDamage--dependent p53 dependent p53 phosphorylationphosphorylation
is  blocked by ATM inhibitionis  blocked by ATM inhibition
Preliminary data suggests that ATM Preliminary data suggests that ATM 
activity feeds back to control ATM gene activity feeds back to control ATM gene 
expression. expression. 



III. Is Chk2 activity affected by III. Is Chk2 activity affected by 
ageing?ageing?

Kinase assay

INDIRECT measurement DIRECT measurement

Using phospho-Chk2 antibody

CHK2

SUBSTRATE SUBSTRATE

32P-ATP

P

CHK2…69LSSLETVSTQELCSIPEDQ87….
P

Screen mouse tissues for age-specific increase in 
Chk2 activity



Identification of ageIdentification of age--specific Chk2 specific Chk2 
signalling componentssignalling components

YOUNG           OLD

IDENTIFY 
PROTEIN X

IDENTIFY 
PROTEIN Y

BINDING 
FACTORS

X

SUBSTRATES

CHK2

Y

SDS-
PAGE

32P 
incorporation

P

X
Pull down Chk2 
complexes from 
SELECTED tissues Y



Functional analysis of age-specific 
Chk2 pathway components

Age-specific Chk2 pathway components:
•regulatory factors
•substrates

How do the novel regulators affect Chk2 activity in 
human cells?

These are potential drug targets for inhibiting Chk2 –
p53 signalling pathways in ageing



Action of antiAction of anti--Chk2 drugChk2 drug
ACTIVATED CHK2 CELL DEATH

TISSUE REPAIR

INJURED TISSUE

INJURED TISSUE

NOVEL DRUG CELL DEATH

TISSUE REPAIR

Drugs that BLOCK CHK2 ACTIVITY in elderly patients 
could IMPROVE WOUND HEALING following surgery.



Summary IIISummary III

AgeAge--related changes in Chk2 activity will be related changes in Chk2 activity will be 
investigated using a mouse model systeminvestigated using a mouse model system
AgeAge--specific binding proteins and substrates will specific binding proteins and substrates will 
be identifiedbe identified
These are potential drug targets for rational These are potential drug targets for rational 
therapies to inhibit Chk2 activity in the elderlytherapies to inhibit Chk2 activity in the elderly
ShortShort--term use of these drugs could improve term use of these drugs could improve 
postpost--operative wound healingoperative wound healing
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