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Réhme PNAS 1981

: 38-yr-old '\ iR .
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Species Range Mean + SEM  cultures  yr Ref.

Mouse 811 92+05 69" 5 R (x120)
Rat 10-16 128+13 @6* 4 35 2
Rat-kangaroo 10-16 12.8 = 1.3 4 7 2 .
Mink 23-27 250+ 20 2 10 2% Senescence-associated
Rabbit 21-24 22515 2 13 25 I
Bat 16-20 180 =12 3 138 26 - i
Horse 17-41 28824 12 46 2% B-ga aCtOSIEjase
Man 57-67 61322460 4 110 27 (SA-B-Gal) &
100 Man
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10 100
Fibroblast life span, PDL
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Diseases Overall effect

Disease description and therapeutic strategies Refs
of senescence
Cancer
Multiple pr - iated with thology and restricts tumour progression 4,
tumour types = Cycli inase 4 (COK4) inhibi pr and can inducs tumour 61-66.
regression 166
Fibrosis
\diopathi y D - i iated with thology and i 112-120
fibrasis = NADPH oxidase 4 (NOX4) inhibitors and anti-i T - and
revert fibrosis
Cystic fibrosis Mot determined =5 i with thal 153
Liver fibrosis i = L i with thal and restricts fibrosis 6671,
= Interleukin-22 {IL-22). CCM family member 1{CCN1) and statins are pro-senescent and 73-75
revert fibrosis
Skinwound healing and =5 i i with thal and restricts fibrosis T6-78
‘oral submucous fibrosis = CCMN1 is pro-senescent and limits fibrosis
Renal fibrosis - [ i with thology and restricts fibrosis upon wrethral T
obstruction 7937
= A CDK4 inhibitor is pr and idney repair i ic injury
y i iated with the restricts fibrosiz 89
and cardiac fibrosis
Pancreatic fibrosis Mot determined with the 164
Vascular diseases
i with the restricts ic plague 90-101,
formation 106,107
Brain aneurysm and Mot determined i iated with the 142143
Bortic aneurysm
Metabolic disorders
Obesity D iated with ity il toi ical effs [: i 122126
Type 1 diabetes D i with d il di 128133
Neurological disorders
Alzheimer’s dizsase Mot ith the 149
Parkinzon's dizease Mot determined dwiththe 150
Muscle disorders
Sarcopenia D =5 it with ia and 125126,
ibitors of MAPK p3Ba (also k a5 MAPK14) and MAPK p38 {alzo known as 137-140
MAPK11) i th i il
Bone and cartilage disorders
‘Osteparthritis Mot determined with the 155,156
Intervertebral disc Mot determined with the 157,158
degeneration
Ocular diseases
Macular degeneration Mot determined with the 159,160
Glaucoma Mot determined dwith the 146
Cataracts D i d the 125,126
Other diseases
Pulmanary hypertension - with hal 106110
= Nutlin 3ais pr and reverts
Chronic obstructive Mot determined i iated with the 161-163
pulmeonary dizease
Renal i D» d i0N SUCCEsS 70,88
induced oral Dy =5 the 141
mucositis panmycin i L andp ion-i iti:
Intestinal bowel dissase Mot determined with the 154

Damage-induced senescence

Brain aneurysm
Alzheimer’s disease
Parkinson’s disease

Ca,tata;cts
Glaucoma
Macular

TR i L : degeneration
OSMF H Disc degeneration
Hypertension ]

IPF —[Aorta aneurysm
COP.D . [ Atherosclerosis
Cystic fibrosis | | Cardiac fibrosis
Liver fibrosis

= Cancer
Obesity [Renal disease
Intestinal Transplantation
bowel disease Z -
Type 2 diabetes

| Pancreatic fibrosis

Sarcopenia Osteoarthritis

Wound healing

Skin nevi

Muhoz-Espin and Serrano, Nat Rev Mol Cell Biol 2014
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/Young tissue (healthy) \

/

Senescent ¢

ell

Aged tissue O *Accumulation of senescent cells

Tissue function
*Chronic diseases

) 4 )

Cells affected by SASP

Senolysis /

INK-ATTAC cdkn2a/Ink4a (Tg)
p16-3MR Cdkn2a/Ink4a (Tg)
ARF-DTR cdkn2a/Arf (Tg)
p16-Cre/ERT; Rosa-LSL-DTA Cdkn2a/Ink4a (KI)
p16-Cre/ERT; Rosa-LSL-DTR Cdkn2a/Ink4a (KI)
p21-Cre/ERT; Rosa-LSL-DTA Cdknla (KI)
p21-ATTAC Cdknla (Tg)

Baker et al. Nature 2011
Demaria et al. Dev Cell 2014

Hashimoto et al. JCl Insight 2016

Grosse et al. Cell Metabolism 2020 Tissue aging and chronic diseases

Dementia, Cataract, Cardiac hypertraphy,
Kyphosis, COPD, IPF, COVID-19,
Atherosclerosis, Glumerulosclerosis,\\
Chandra et al. Aging Cell 2022 Osteoarthritis, Frailty, Cancer etc...

Johmura et al. Cell Metabolism 2020
Wang et al. Cell Metabolism 2022
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Baker et al., Nature 2011; Baker et al., Nature 2016
INK-ATTAC® "7 X

a pigna Cell membrane

promoter INK-ATTAC m mm Fkbp-Caspase8 (catalytic domain) % pl6'nksa

E—lrer 7O0E—X—%fFRAL CEAMEICHERTS
! “PQE‘%? %, FK5067 7 A7 (AP20187) % &5
FKBP @» g_/ < ctive _%)\c‘:\ AR ISERICT R b — AN
Darren J. Baker Casp8-Flag [ Myristoylation %12133‘59 R “ l;“ . E%&Jé; N5,
poptosis

— ATTAC -AP (n = 57)
--- ATTAC +AP (n = 59)
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INK4b ARF
—_— - —
Cdkn2a/b locus .
INK4b DTR-Lug INKda__ ~ r7 A2 % % 7T I) )
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Post-DT (2d)

DTi&C & % kB #kZ L fd D iH &
2 mo 2.5 yo +PBS 2.5y0 +DT

r 1 ARF-DTR References
Ar * -OIO- * % Hashimoto et al. JCI Insight 2016
°

-

Mikawa et al. Aging Cell 2018

Mikawa et al. Biomolecules 2020

Kawaguchi et al. BBRC 2021

Kawaguchi et al iSciznce 2021

Uy N Kawaguchi et al- STAR Protocols 2021
I_'_li—| Suda et al. Nature Aging 2021

Katsuumi et al. Nature Aging 2024

2 mo 2.5y0 25yo
+PBS +DT

SA-pGal-positive cells (%)
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Accumulation
of senescent cells

* Reduced tissue elasticity
* Increase in the alveolar space
* No detectable increase

in the tissue inflammation
etc...

“Senile lung”

Recoil pressure at 60% of TLC cmH,0

NN

b b IZ3FB W THERE D Recoil pressureld
20- 30 B — 7 IR 9 %,

= 1MW = (FEV1)DIET
7

T T
24 32

Age yrs

T T T
40 48 56

Jassens et al. Eur Respir J 1999 1t£
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DT DT Resorcin-fuchsin stainin
Wildtypeor _2mo 12mo | | : ey
ARF-DTR mice N\ 2wks  2wks 12 mo + PBS Y
— — : :
T T
PBS PBS

5 %
D

e EE (> 7747 X)

v G
ARF-DTR Wild type
o 010 _
% ————
= oo08f
% o) M M 12 mo: 2mo
oI T 11 Ul oT 2mo
é % 004} _x B .
® -4 0 8 Fold change (log2)
*_g 0.02}
S o AR TIIRIEZEL % L 7 BAE T OB E A

2 12 12 12 12 -
(7) 4PBS DT +PBS DT LMK R RIREE T H - 7=, p B
(n=7) (n=6) (n=5) (n=5)
Hashimoto et al. JCI Insight 2016
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ARF-DTRand DT or Elastase DT or
WT mice (%) or PBS PBS
Assay
= 1 week 1 week 2 weeks
BALF
PBS/PBS : PBS/DT 7
<
<2 ,{ 7 7\@ ',/ AR
PPE/DT :
LA &
1% P o 2 S
PI_’E/DT 1 X
f‘( i 4 ;" |
. 2 % Vl. b Y “ ;; -
- b .’)) " l. l.: .’\"’: 4 :
)__‘ _‘f_ i ¥ -
} \ o f
4 4 ] »° v
e / [ g
T \ £ AN
: 2 AN 3 e
* i N i S
BB o b , e
AN 3 4 e

PPE: porcine pancreatic elastase
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Mikawa et al. Aging Cell 2018



# Metastatic nodules

(left lung lobe)
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2 mo 12 mo 12 mo
(n=4) +PBS +DT
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12 mo +DT ¢

Kawaguchi et al. iScience 2021
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Senomorphics
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BCL-2, BCL-XL
BCL-2, BCL-XL
FALYEFF—+
PI3% F—t7HE
FOXO4-p53tEEEMA
MDM2-p5318 E £ B
BCL-2
OXR1
PI3K/AKT/mTOR
NF- « B
JAK1/2
BET
mTOR

SHERIAR
BB R
BRBR R
BRBR S ER
FRER R
BRBR S ER
BRER R
LR
e i
BRER R
28] (ERFAEE)
2H (BRISHELAED)
SEERAR AR
A (B

ZEES, AXYNINZT - ZA{AFRE 2022

EHOIERIZDOWNTIE. https://clinicaltrials.cov/ & CTHER



https://clinicaltrials.gov/

Cell Metabolism

Defined p16Y'9" Senescent Cell Types Are
Indispensable for Mouse Healthspan

Grosse et al. 2020
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Removal of
Hepatocyte senescent
p16”'¢‘h LSECs
—=gaes [|SEC
M=~ Senescent p16"&" LSEC
e Macromolecular waste,
Lipoproteins and oxLDL

%  Scavenger receptors

:& Collagen deposition
and liver fibrosis

p16-Cre/R26-DTA

liver

heart
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Tsushima et al. Aging 2024

J  Diabetes
CVD
COPD
Dementia
etc...

#&57 © Chen et al. Aging Cell 2020

Senescence
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Cancer Aging N St o
NZHTN2ZZX I (naked mole rat)
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