27 A U RE IR B SR R AR
[ZHB1T BRI RIETE &£ HRF O fEHT

FEXRFPHEFRERENTF LHREE
FERFRFREEPHER BESNT

1E#E &P “recombinant annexin I(rANX )& FEm &
NE=FE a5 A ABRIZE T2 RMRBEERE

CS3BES CS1ANS
, ;NC (J/Tz)

6 0

UVC (Jim?)
2 4

-
(=3

FrANX I

0.2 ugfmi) + rANX 1l

(0.5 pg/ml)

10

Colony survival (% of control)
Colony survival (% of control)
3

(Kita K, Sugita K et al., Rad. Res., 2011)

BEHPITMAONT-
recombinant
annexin i

o SRR 2R~ DER?
Annexin lIZMIBEEICHET 2N ?
HREFERAS S FOREE?

Recombinant annexin H(rANX I)FEIZk 54D

ROMRBZHMRO R EBIEERL
RSa cells XPA deficient
cells

60 1 Mock
5 - _ 60 B+ rANX 1l
20 S=
C = 40 $8
28 5E 40
2o 28
§5 5 2%
3= g2

0 4 7 0 0.8 1.2
UVC (J/im?) UVC (J/m?)

(Kita K, Sugita K ez al., Rad. Res., 2011)
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rANX IEEIO RN SEREHRE~OEE

AP™1 cells Hela cells
[ Mock

i 100 B + raNxH
- T = 80
© = 2
g o 60 E%

= 3 60

3 g ]
i O 40 2 e
=5 5 2 40
3R 20 g < 2
8= 0

0 0

UVC (Jim?) UVC (Jim?)

(Kita K, Sugita K er a/,, Rad. Res., 2011)

#hN S hizrecombinant annexin I(rANX H)D#IH s 3%
E~O#EE—REAS VIV ADEFF UREIC &L B85

Bioting Extracellular space

Annexin I 88 0 Transferrin receptor

Membrane

capoH ¢

Intracellular space

|
Pull-down of biotinylated
proteins with avidin resin

= |TiR
Western blotting = | Annexin Il

Annexin IOMENERE~DOESHENE
BIEERLIZEDL S

[Cell surface binding] CANX I
Mock rANXIl +gGTA
lm R —— ’Annexin 1l

WI Transferrin receptor

_ [ | GAPDH

S =

g £ 60T [UVC resistance]

28 40
[+

£%

) o 20

8= 0 (FFEAbayr 2 40R)

rANX I - + + (Kita K, Sugita K er al.,

EGTA - - + Rad. Res., 2011)

Recombinant annexin Il (rANX Il) iFh0IZ &
SENEFTUT R F—> 2O

C (6Jim2)fR5t 24m5 M

[TUNEL asay] uv

v >~

5]
o o
T

Ciiw

,JV’

) ; * ; Srw :
orte—vatamn FTROAN

o

(% of total cells)

- N W b
o

TUNEL-positive cells
(=]

0
rANX I - +

L ANX (REfeas M8

(Kita K, Sugita K et a/., Rad. Res., 2011)
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q‘gfk‘ /Qs./ ki Bel-2 family (Bcl-2, Bel-xL#: &)
N © PR - RHET
<, m IBax : FPHE—UREERTF
2 P 7
K¢ <s.mm Bel-xL/Bax b IZHIpa 475
o - \ /| EADIERD1D

Recombinant annexin Il (rANX 1) iEh0IZ &

5Bcl-xL/Baxtt D L5
Addition Mock rANX 1l
Time (h) 0 6 10 0 6 10
after UVC |~ = | |~ s e |eBelxb
(3Jm?) [ e s e | «<Bax
{ ] | «Actin
o 25
§ T 20 I Mock
[
5 & 15 B + raNx 1l
m
5 ; 1.0
L cos
Q 0 (FSElLasr 1)
6 10 (Kita K, Sugita K et al.,
Time (h) after UVC Rad. Res., 2011)

PI3KBEE #lIZrecombinant annexin Il (rANX 11)i&Ei0
[2&%Bcl-xL/Baxtt D) EF ERNMRIBERILZRET S

Addition Mock rANX 11 FAX !
lﬁjccafter | @B | @8 <Bcl-xL

23401
g *‘é 30} LY294002(LY29) :
n 9 Phosphatidylinositol
2 %5 20 3-kinase (PI3K)
_g ° inhibitor
o 10
; ANX(:I i n + (RIEAL7 A HIRT)

- - (Kita K, Sugita K et al.,
Lv29 + Rad. Res., 2011)

WEER : oV A4 ROERERICHENS AT
recombinant annexin Ii(rANX I)[%, #BESREI
#& L. PIBK/AKktZ T FILES L TBcl-xL/Baxkt
ZERSE., ROMRBIEERILEFET S,
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Annexin D %51 §3 B &£
DRETHETOEBIHES
RIFTHEEFENYY

BHNERZHHRRICHIT RN BENED
annexin IE DR D

Timeafteruvc RS2 AP"-1
iradiation (h) ¢ 3 g 12 24 0 3 6 12 24
L 2 e —,

R

Actin

2N
[3.]
—t
;JlN

Relative amount
(annexin ll/actin)
-c -
o
bnd -
(3]

o

12 24 0 036 12 24

Time after UVC irradiation (h)
(Jin et al., Photochem. Photobiol., 2008)

(=]
w
-2}

Relative amount of annexin Ii

ARG HMBEEBEF AL F 2 (BRERS) I & DES
RattkMannexin 11522 & RNMBRBOEEILE

[Annexin 153 f#] [RARBTCB 2]

RSa RSa CS3BES
UVvC (Jim2 UVC (Jim?
1.2 < ( % 0 2 ( i )
100 100 - . :

1.0 + Cystatin .g .g
8 8
Y N
0.8 ° S
Mock & <
® ®
2 2
08 H 2
0{_‘___‘_._.__.__4 10 2
0 10 20 E' E'
Time (h) after UVC 8 S

-
o

A review and appraisal of the DNA
damage theory of ageing.

2011 Jul-Oct;728(1-2
Abstract

Given the central role of DNA in life, and how ageing can be seen as the gradual and irreversible

breakdown of living systems, the idea that damage o the DNA is the crucial cause of ageing remains a

vowerful one. DNA damage and mutations of different types clearly accumulate with age in mammalian

issues. Human progeroid syndromes resulting in w&at{a;‘)pears to be accelerated ageing have been linked
3, st al

to defects in DNA repair or p d levels of DNA damage can accelerate

:12-22. Epub 2011 May 10.

physiclogical decline and the development of age-refated diseases not limited to cancer. H lgher

DNA damage may trigger cellular signalling
pathways, such as apoptosis, that result in a faster
depletion of stem cells, which in turn contributes to

acce‘erated age‘ng . Genetic manipulations of DNA repair pathways in mice further
strengthen this view and also indicate that disruption of specific pathways, such as nucleotide excision
repair and non-homologous end joining, is more strongly associated with premature ageing phenotypes.
Delaying ageing in mice by decreasing levels of DNA damage, however, has not been achieved yet,
perhaps due to the comxlexxiy inherent to DNA repair and DNA damage response i)athwa 's. Another open
question is whether DNA repair optimization is involved in the evolution of species longevity, and we
s%ggest that the way cells from different organisms respond to DNA damage may be crucial in species
differences in a%emg. Taken together, the data suggest a major role of DNA damage in the modulation of
longevity, possibly through effects on cell dysfuncfion and loss, although understanding how to modify DNA
damage repair and response systems to delay ageing remains a crucial challenge.
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Xpg null? 5 A D EEHT

BERKRZEEFR 7/ LBEESEH

hiRHAE

Xpg null XD RIZHIF B A L HRERERAEIR DB 5L

DEBSDXpg nullT VR (~3ES) OHEERFEZITS. BRICEK. €8BS
YOREEREELBEAEERL(ERERE—EIZT50) SR
FEOEFBITESTEITEMERWVT) TRET %, HA. ERETHROEDE
IZIE O OEEEL>THRET S,

ERDOT AV BEESADEREFNOMRESEIZLT. UTOAIZEE
T4,
R T RS R RN AE] MR MEARSAEE T, MIERE AR T EE.

RIpE ). IR RS RE). DRUN KK, BREBIERE, &),

RBHTRR). OB [MAMEE], &R AR . RSB S
BETD,
[ a1 DBEKRER,

DBPEELFEEEARLNGNGETEH, EREORBELALOEVS D

LAEEMEEH DD T, & B $Xpg null YO ADE MRS (B OmRNAZHREY

%’C ‘*fffﬁ%ilﬁﬁ5"3’6535:?%1,%%Rea!-ﬁme PCR. RIGHREIF TR
THET 5,

[Xpg null THA—REME . ANEAIR, RFBESEAN) |

RULF FRIREBH(NER)

Giotal yanome repey (GOR) AT e GED e ieass

T
A
4

Targeting constract

s
Body Weight
Gross Appearance(P16)
. o .
ES Controty @ ®
N % * a®
« 0@
. g‘ ' o..’...o'
3 i 5% Xpgnulimic
| ovssERaR | e ek -+ T T R
S e LBELEMS | Gastrointestinal tract Spleen
and Ge naw e 2 N o
* s st fIF
DNApolcf RPA
PCNA RF-C ‘ DNAsgass |

Aot Kraemar KH, et at, Neuroscience, vol 145 (4)p1388-95,
2007

f 2
P21 ( -

oy

R

UV sensitivitysmsanszg)

-t \

Harads YN elal Mol Ces Bl
1923662372 10995 51)

Xpg null T2 ARBE T MRS R & L FIEMO WA BE LT,

A

RV LA F FRESEEREO T TERKIER

33 BREEEE ? C;;;;f UERH
g e | it iy MPE MUHTTOR
B8 ++ ++ * ++
BREROAR +4+ - H.D.
BERAS ++ - N.D.
BRI DAL mr s ++ ++ 7
PEERORRIERY ++ ++ ?
BRBAEET ++ + ?
%M (HITAK) ++ +4 +
BHERE ++ ++ ?
BRAR P T 3
XP-B/CS CS-A, CS-B BELGRERE
BTREDEBRO XP-D/CS REEREE BHEH @ Wan
bictia3:3 XP-G /CS el
EER% EERA%
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ITAEBEROEIEHS
AU ERROBHERIE, ELLEEORNTRASHDOT, HRMERICEBLBETRERHLE,

T Bosbina,

BRDLH e

= o]
i k(}m?ﬂﬁ”@ﬂ WO FSG, Tl (IR BRE, LR
pigee

ARomm

FHLAROADEY

's fat pad KFP)
Ao {Kago P )

?}IMX'X WATOUELNEE) ., Fo2-RETRN(VLAN) . TOrFIARHTTFSIAEERE

Uttcasaund of the Musculoskeletal System, Bianchi S ot al. 2007, Spanger

A AVERBOVCON QEERERE. @on OEH TELSEIRMBRO KK, &Ofibé'}kﬁib(ébb

Xpg nullRIRAD BTEE

Xpg null I R, BOBASEBEERDIRDSIITHITL, KO2KYEH TV,
Fo ARIEFTEIREORERLOM LMLV T, DERTIREIHTL
LHRBLTUM=,

B NIED RO REERBERATREL LS, BT RTHAEH3E R Xpg null
TYAORBEIROEHRESORLA RSN, Eic, FIRICEBTNS LU REOEHA
BABOLTWV, COlEMD, BMHEROEHEROBLH, BHOBEOFIRILLEYSD
CEMBEIVIIE (REEEROB/DLSUEFLLNEE) LADAHEMER WL, SHELIC
FHAZORPERRICLY, BVHELOMRLEHTILENSD.

BLE &Y, Xpg nult T 7 ADHIFRE L, MEKRHIZL B0 TL BHROREHAZOR
DL BEBOWEDRBICEYELTODAREEAHDHEEZ LN,

SHROBFMD. Xpg null T AHCSOMEIMEORBEERITT SODETILEEHTRE
HHH D,

Xpg null T AD D

ATAVERBOBESATRERENRES PRICSREDL S0 . TORERENEETHD.
CSHOBEMEDHEMRBADI=0IZ. Xpg null T 2D BRDBHTETTo 10

1) NERRHHR EXpaifl 5 F RI/T V)T, BB TOBETFORRERBEN LA THEOREN DD,
[Dolié ME et al., Mutation Rasearch, vol.596 :p22-35, 2006, d genomic instability is not a prerequisite for
shortened lifespan in DNA repair deficient mice.]

2)NERD KK BEXpaiBEEF RMAT VR, 72 £ F A BAVER ST HE, AV IROREHDELR
HE L ERAORIEHI KarvomegayERL  RIETFORRERFAEN LR T HEOMENH D, (Luiten

M et al,, Mutation Research, vol.596:p143-50, 2008, Phenacetin acts as a weak genotoxic compound preferentially in
the kldney of DNA repair deficient Xpa mice]

LR LY. NERRIBIREETIX. BRICALADRENECHAREMEMNEI DN,

FLT I5ARELU21B HXpg null T ABRE XA TREL M, BB <BAELFETE
Rohighvotz, ThEEBIT, FHERT. Xpg null O RFRICE T 5 ERAERERIZTO
Real-time PCRICLZBIEFRBMBMET o2& 25, HBRTIRELBLTULOHDBEFD
RBEICENRHLONT, BE. REBEHOLTCREFREBTETD. TOBEFLERIELOS
EERITPTHD,

SHROBHEEDHDIET. CSOBEBEOREDRBIC DU DTN HDIEERLD,

HR

FRARMTRELIARITIZEY . Xpg nullR IR OBEIHEN DML ETHITREDHEBITED
TEMTES, LU, BB LURHHRLRBELOBERISPALNAGDITET, CSOHFAUATIE
BISRUD(LDEERD,

o, 4. EHEHOLD, Xog YRR TEHENELY, REFRROTLLENELD -

TRAWMEHERL Tz, LAL, PREBTRELLVCOIOBERMERETFORBRLLIAD
CMETEDLR-MBEFEREA . BRECOMEERRTILELNH D, E5ICSEFADBROFE
VA CORKETHCLT, CSORRELRETFRARBEOMREHARD,
EHITHEMEHED  Xog null T I AFRECSHEMBLORBMNBALH ITHN L, CSBESADTHR

(CR T B RAVERIEE R D728 Din vivoET IUERAI~ O B2 - BERBEL TRILOFHEMA

o

LLEMDXpg nult‘qu'zo)&#mttﬁkfj:ﬂfl& Cswiﬁf“ﬁﬁ@ﬁﬁﬂwﬁtDb‘%b‘fz‘t&é".‘ﬁ&ﬁb{

 BEIEFEITNWD,

Rikls
COCSHUTBMEE TWN2E SLOBE - BAERNFEWENF T, Xpg null RV RAMCSOFEBETLELTO
AHEMEERE . LLTTACSORBRBOFHAMYERONLBELTOET.
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KETHS.

2 XS ETICEI RN T O #S R E AT
PRBEIERN AT —H—fEHTEEL T, CS-
XPEEDHBREETOEIEAN XD 5%
ML TES-.

BIERARLADAH=X L

SOD: 0, ~H,0,
GSH-Px: H,0,—H,0

EZ=2C and/or EZS2E

iﬂ]ﬂﬂ%-#ﬁﬁﬁ
BIRRRR R | RE - R Bt

A - BiREEAL - BEFR S - E b (BIERRLRT—H—HI%)

FILINAR—IR/ - IN—F YR

HILRZIVEER

« AVINVEDOBILEBMELLT, AILRZILES ]
VEIZIHAREINTINS.

o AIRZIAEBU RSB (XE R 08hnTOy,
FILX=D, Yo, ALAZUBEDTI/BNEYE
R FRTE (ROS) ICKYBRLIEMRZE ST, WILR=ILEE
BRELEST=80 B DB THS.

o ALARZIIVEERITIEERICRERT8, BRIERF
LAY—h—ELTHEEICALLA TS,

- PERBEE (DDM) I2EWLW TR DAHILAR=ILIE
EALRNILALERTZIED,, BlICEWNEESDH
IWRZIJMEEBS M EMT I EMNHESNA TS,




CSLERE

- TH21EELEAEREEICLDE
— BT 5584
— EFF16HIR14

« REFRR (BEDHEXY)
— RERAREILSE, REKAEEROER
- S FRME R
-MEMEEL

SEEOHRRR

o L RN AT —H— DT (A7)
- HILARZIVEER (REEEB&ELISA)

- CSIZBITEHERE
— BIR G TOREN XPED LB

DNA-BE(Zx T HEIEANAT—H—
AL EHBF 8-OHAGY ™I RAE /7 O—F )LEiK (200045)
AL EIEITF 4-HNER ™ RE/ZB—F LA (20001%)

ARz EEIEE
TransGenic AGERY ™ RE/HIA—F LR (300013)

mER{EEER
Stressgen Cu/ZnSOD™HF7R1) U0 —7F LK (75045)
Stressgen MnSOD™ 7R - 0—F LK (5001F)

ZALE®TFILIY RKlothoEH
ABCAM Klotho™HF /R O—4 )Lk (250F)

BEEOBIERNL ZY—h— [
4-HNEZ:£ .

232 EXP-AH D A FRHA
ELEEMRFELTIV,
CS, EMFIEBIZREHSE
FrRZEEDHIEM 2T,

ASER YRGS o7 Al 2




CS 44, XP-A 245, Eil»
Bl (LB ITIRFERIESE) 2
5T, RHE LB AL
FoOTLVE=:

hILVR=ZILIEEBSE
AGEZf

DNA-fEE (T HEIERANLRAT—H—
AL SIEFF 8-OHAGT ™ AE/HO—F LA (20001%)
ZALE| I 4-HNET ™ RE/2O0—F LA (2000£%)

AR EBIEE
TransGenic AGER ™ AE /S B—F LA (30001F)

ERLEER
Stressgen Cu/ZnSOD™HF7R1) 7 A —F )LH{K (7504%)
Stressgen MnSOD™ HFR1) 7 0—F )Lk (5004F)

ZIEETILT IR KlothoEH
ABCAM KlothoH ¥R - 0—F )Lk (2501F)

IEGIRMEE (HE =18
E8) L AR . REBRIK
R—<BEAY, CSHI (5%
17E8) . XP-Afl. EilM5l
NDETTRELT LV,

Cu/ZnSOD
&

klothoiE{&F

O ZLEE

o

klothoFEIR R AN R (klothoR ™I A) &, EEiE
R, £E#H100B TEEICEYETET S,
sklothoBIGF &, DL LRAFTRES ZDHRTHSHBERME.
IO BREIE, Bl R RIRAHRILELEEE T SRR RIRD T HAE TH
{HEBLTWS,

sklotho BRIz FHR - EHENBTFLEEOBHBTHEEZCIETL
TULVA(BBRC: Koh N et al;2001;280:1015-1020),

Klotho&ZEFDEHZET HIADF) I WEOLXMOV LY ESHOMEITI LR
W EROREFHCEKBDERTHD.
FFTEGORIZHTHODHREZENSHHDHNIO—F—(Klotho,T#iE 1D
B) TARICTEY S TEHE NS X (Lakhesis, EHFORFEHE IOE)T. O
SLTRECCOFYLTON-4E. ZEEOTHFAKRR (Atropos, [RA#DLD |
DFE) H Yotz CD& SICLTABDFERILREDIDTH D,




Klotho
=]

XP-A-FEILMAITIEE LR
HE ERMEaAEEST

LMz, CS 36 TIE AR Bk
K-RAEHIE. KE

RE LR LEMLTLY

f=h%, CS 445 &EKlotho
TEMEIERINT,
_

Bl Patg gl
A ¥

Glomerular Tubular

Reduced expression

Klotho ELISA

No. age/sex  klotho (pg/ml)
Cockayne syndrome
1 4y/Male 1290
2 6y/Female 947
3 10y/Female 1210
4 13y/Female 913
5 31y/Female 1240
6 31y/Female 911
Xeroderma pigmentosum group A
1 7y/Male 927
2 16y/Female 778
3 18y/Female 825
4 26y/Male 1010
5 29y/Male 462
Xeroderma pigmentosum group D
1 13y/Male 1970
Werner syndrome
1 8y/Female 1910

No. Age/Sex changes changes 8-OHdG 4-HNE AGE SOD Klotho
Cockayne syndrome
1 18y/Male L L © ©) ©) ©)
2 18y/Male 2+ 2+ © © 1 ©) ©)
3 28y/Female () © ©) © L ©) ©)
4 35y/Female 1 ©) ©) l ©) ©)
Xeroderma pigmentosum group A
1 19y/Male ©) ©) ©) ©) ©) ©)
2 23y/Female | “) ©) 1 ©) ©)
Sequel af ter perinatal asp hyxia
1 20y/Male ©) ©) ©) ©) L ©) ©)
2 24y/Male ©) © ©) ©) ‘ ©) ©)
Sequel af ter encep halothy
3 30y/Male ©) ©) ©) ©) 0 0 ©)
Klotho ELISA
oty 'A“ r=-0.599, P<0.001
e b o female 7:CS
Ty 1600 - » 2 male #:XPA
£ 1400 | #&:XPD
E_’ 1200 % :Werner
= 1000
:: 800
@ 600
400
200
8 0 ZIO 4j0 6'0 810 160
Age (year)

(Yamazaki Y. et al., Biochem Biophys Res Commun. 2010)
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Itoh, T. et al, J. Invest. Drmatol. 1996
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UV survival of cultured cells
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CS cells were sensitive to UV irradiation.

IFZIISVIVEEMEFERT ALY, FTAVN—T2FERETIC
UDS., RRSE/=IIRDSEERE1TD,

Nakazawa, Y. et al, DNA Repair 9 (2010) 506-516
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Figure 1. Click reaction between EdU and azide-modified dye or hapten.
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RNAS K EI{EER (RRS)ICELD. AT AV EIEREDETE

IEHE#R BREMERIEAR
2T A 2V EEIRBEBEE BEROMR

RNAS R EEER (RRS)ICKD. AT A VEREDRE

Recovery of RNA synthesis

Arbitrary unit for RRS

! 1
1 [ : I |
Mori Kps4 Kps\(» LSI’\AO f\(U F10 Kps10

@ o
2D NPPIUENE A
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CSADIFVACEREDHDRREE D H D,

Kpsll

20k RS R, FFHFEET GRIEREN?).
/NEREE, BAMIGI TARREESIT. BIBE, B,
<BIEFLKRDE, EHTDEREERDSB,

ERRIIEERR, TRRSEMEDAHSN, TRROBERETDITHE,

NEYZF—RE. FrivoRERG % RIBREGEERDD,

B PRAZ 0 : 4y D BA(4 S B 2)(CI 3 B2 M AEIA H 3R,
TORICHITRENSHIRL 1 REFICERIN I THRERAREC
MU TFMRDBEITSNTINS,

FE9ICIFIRTTIEL
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