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I—2 {RFREER - R RO RIE <12 K 2 kg oo

TR RIS O BRI B S 5
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WFFERRE A - AR R - R B U BRI <A 2 LR R e oD
TS R O FRUZ B D AFSE

WFFEH B 4 - R R - KR <2 K 2 HEAk DNA B E o Z AT
ST ] (BRI K 52 I 35 20 F 22 R WO 50 I 0 P 2 0 - MR

R EE

HWRBNEEE R T HRETOFER 2% T, KBEHRAHE. &9 biF 100mSv LLF
DBFRLIELICEDBBEZERNRLEISIN TS, EERHEMKBESETIZ. 20k RER
ERERIC L DEEEEBICOWVTCTIIAKRE X255 FIIMD CTHRECTH D720, A
FHeE DI 6 AR L X2 Wl 72 L (Linear Non-Threshold: LNT) 5 LA L TW5S
D, ZOZERMIZ, —REROBEALZEERT A2RKICLR>TWDH, £Z T, Kif
ZERRE CIXERER EREHIES ETALEHMICB T HIEICE > THEE I N DS DNA
BEBIOEBAZROMBICRBIT 2EMEPRE, MEHMRICER LB SMIITT 5
T AREE Lz, BARMICIE., ARMEEANRER FHMA R REM) BV TR
R R E U R (0.05~20mGy/H) Z# S L7z~ 2B W T, BFEH RS 1~100mGy
DT, HFIRBRSC AR Z Z e 11 EOMRK M A TR L, RIFKFIZH VT DNAHEE
BFTa—T B LS~ — I —H D W~ — I — & O RS EY B A RE L
7=

FP R ERE KRR R~ T 2B T D EROEEBUZ DWW TIL, 0.05mGy/H |
1 mGy/H .20 mGy/H D #p &R TERME ImMGYy H 5\ T 20mGy B2 Li-~T A LV |
RO, FLMR. MR, Mo, Wi ks, JFBE. . BN, BERbtl K OVERASRIL, 7
N ) R THEEBIZANT 7 4 v a a2 T, MU AIE, E&E2 4370 ZEHEL
THEU L A4 RN 7R LICEELEURZR/ N7 7 ¢ % HURIRTEL LB 2 0 L T,
PL53BPL 35 L UL Ki-67 HiiR CH B R 21T o7, T ORR, FIRER, LR, Hb#
72 CB3BPL 74— W A L, 72, 400mGy O HFEELEMHIZ LD DNA HED
BREMEAT 22 5, 400mGYy O#HIFKIC LV FEINT 7+ — B A TH, BEH% 72 K £ Tl
X, BRI ORBECTHBEINDIEARKED 7 +—H ATRMBEE L R% D L)L E T
LTWABZERHLMNI L, B2, Ki-67 BHEMIEICEK T 5 7 4 — 0 A OFFEM» 6,
MRS E % O 7 o — 1 2 50TIE, SRR I R 72 ) X D 22 0 o T

S, KRRER - KR E MRS RIS 2k LTItV 7o, BREL 2SS - MikicB T
% DNA HEBREOMNT 25 T LT, KRER - KBEWIEL ~ v 20 MEBEIcs T
%5 DNA HEDOZEH L BRI W THZNAREZE LD, ZNLOMEREICEY ., B 5
TORTIEKE I EORBEEH - fEERZIRICET 2EMAEE - KBREFIE OB
R % 6 X7,

F—U— RN KBRE, KBEER, 100mGy, MM, DNAHEE

. WFZEEBY

WREBEBNEES BT IREFTOFEKEZ T T, KEEKFH., &0 biF 100mSy LI T
DB IE I K DBEFREZEIZOVWTOEZ DFERPILZDINT WD, L2LRRG,
IR B o JFUBWRE OB FREL LTI, 100 mGy £V H IRV E KSR X D
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REEBCOVTHEREZ 2G5 FIIMO THET, 2070, BHBREDOSLE NS
B L EZWHEZ L (Linear Non-Threshold: LNT) EFANRNHEHAEINTWEN, 2O N
Wz, —REROBEARLZEZER T HRREICHL > TWaD, EEERFAICHTEER (O
WTIEHER) OZLOTDIZE, 100mGy & FEIS K 95 22 KM &k To#iE < o kR 2
DMK LN EENT WD, M T, BIFEHIES ORETEEZHR T WD
BEHREORZD < BEDT-OOREEZHIZENT, ZORFHZ YL LY —@E) 57
WHIZEH, AEM 20mSy oA JE R AR A 100mSy o0 . K HIKAR R - KR ER IR IE < ot
FEBOFRIZONWT, L DITFRPACHMREBOIEN L 72 5 MM T 5K
WHREEOEBOAELVHIBANS, BENICEESNTZEREEZEIERRDO LT
5N, 22 TABIETIE, EREER - EREFREICEFTALBMICENT, ®IZICkoT
RSN D DNABREB LORB AL ROEE & PBRZ | BB DR & 72 5 i d -
MRCAEHMB OB, 50T 200 HE LB MBI THITT2Z 2 HW
e L7,

. #WF2E 5%

R R R - (KRR BB O BB, BREEAT O MR AR B R - (R B O R R A i 5% 12 B
Tiio7= 2, BARICIE, RIGKFTHWA L B6C3FL v~ 2 (1 7L —7 6 L) % BilE
WRZHEA L. BEDOHIC, 0.05mGy/H ., 1mGy/H B X O 20mGy/ H O 5T, BRIEMHREN
ImMGy & 5\ X 20mGy 1272 5 F CTHRH ZMFE L7z, 2> br—v & U CIERS R Z [
E L, £/, Bt b — e LT, AMREREHIE (400mGy/H T %M =2
100mGy 3 X Y 400mGy) Z[AEED HFIEIC X D BBE L7e, 1 H O BB FRFIL 22 REfHIZERE
L. BYDO2M2E8MEETREOA L TF L ACH T, BHOBRBEREIZELE L Z
AT, HURM. FLBR. MRE. MORR. VWAL FRE. M. BB, BERE. NI X OVHE B A B
BL, 74~V o FPCEHEBICAT 7 AL, 0%, 4 700X THEY)
EARZERL T, BLNT 7 0 VHLBRIZIZ, PBS HICHRIF LT,

A, ISR+ T 95 CT 30 A LT, FiRORIEILEIT 72, TDH., 5%skim
milk % % p TBS-T (0.5%Tween-20 % & &» TBS M HE k) I —RITEZ AR L T, 87 & 37C
T2 BRI AOG &7, —kPLIR & L CIiX, it 53BP1 HLfk (Bethyl, A300-272) F & UL Ki-67
ik (DAKO, TEC-3) MW/, BUGHK T, PBS TR WEH L T, kA% 37CT
1R RS Sz, ZRPULIRICIX, Alexa532 (488) I DL U ¥ ¥ 1gG HiLik K O Alexa647

(594) 1FEFEDOHLT v b 196 ik M7z, BEARIT. 1ug/ml @ DAPI Z &5¢e 10% 7 U &
YPBSHEWRPCE AL TRA L, £, Mkl EIid, #fl~—F—& LT
GPCR49 72 K izxt 4 2 Hiih 2 . Miflass & R 2 H W\ THRE L7,

ERR L7 AE AR, HECBMBE T CHE L, T VEG 2 IS Limtk, BEGENT AT
ALV EALTH 500 8 (FEFRGTRE T DNA G OBEE IZIG U T 1000 R E £ T) O
FAZ > W CTRENT 24T\, 53BP1 OBESIRD Y 7T (74— A) OHBBEELZFENT 5
Z L2k Y DNABEOER S & OB £ 300 L7z ¥,

(fify BE i ~ > Bic &)

ARHFFENT. BFEREZAT O ICHIZ > TiE, ERNOBYERIES 28T L, B LREZIT
D BRBER TN OB EREESEORREZ T2 LT, FATOBMERT A FZ
A BT L TEREITo T,
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. BF7E5E 3
1. 8 =R - AR & B R R 36 KX OVE AR D 1R Ak

B6C3FL~ 7 A% 5~6 i CAF L, REMFOKBEEMHFBFICWMALL, 1L 7r—Tbiz
D 3D~ A% ANT, MEDOHK, 8 I/ To ZATHREZBLH L, 0.06mGy/
H. 1mGy/H., 20 mGy/H O & # &= CHE 2k L, REMHE ImGy H 5\ X 20mGy (2
ol ZATHREHAEKRT L, ERHF~v ALz~ 22 LT, BEM LS T/4£
MBI o — IR AN L, R 2T o 7o, KhEEs - MR 10% PHEREE R L~ Y
TL1HEEL., MAEEFORIZTO% Y J — VIZRE LSOV HLEIT-72, 910 H
L7-geRix, Wy MCANTHBIEHEEBEICI Y N7 7 o ol L7, BREL 72 lgas 1%
RO, FLM. MRBE. Mafg. W bR, IFNE. A, BN, BEbtd K OVERIR T, MY A
AT7ARZTAEICEHE L, £/, THEROER T, tkx RIES OO ZEM L TH
LD, BKEMIC, BEEE2 4370 CBlET DI EICRE L,

2. Mk 1T 5 DNA HE O /B

£, 400mGy O EMREBRF T ANLHB LM OERY T 2B NT 7 4 1
PURBRIG L ALEE 2 i L C, BL 53BP1 HiiR CHLME RO ZITo72 L 2 A, FARMR, LR,
HEE® 72 Y LA DR TE3BPL 74— A2 MLz, £7-, ERF~v 2HkD
Mg, MEELRNRL 7 — B 22 RH L7z, HILEICRBT 2N O1E, R~
A DHALEICK T 2 BRI AED DNA —HEUIBOHE L, BB XEMiandb7zv 0.01 HRE
LRSIz, 400mGy BE 21T, MRH7Z VN 01R2ERBRED 7 +— I ARBLEINT-
D, FRSE T2 BRI E TIlTIE, ERB D A TBIERINDIBRBEED T 4 — I ATRBEE &
FZEDOL )L ETHADLTWDEZ ERNHLMNIR-T-, £o, 400mGy KB D 7 4+ — B
AR O 7 4 — I A DO WX THDLE, 0% OIS 1D 7 +—Hh A
EHLTEBY, Tonfilk, FRF~vRATBEINLTESMERLETH -7,

3. FHRREMAN I 1T 5 DNA &

MEENICHFET 28 MR E R ET 272012, Ki-67 JLIRIC X DG 21T o 72, fEk.
Ki-67 LR ORI IX, ZDIFZE A ERBEAETITODRTWAH N, AIFJE TIiX, i 53BP1 #i
K% Alexab32 (B EE) THH L, #l Ki-67 #i{k% Alexa647 (EREE) THHT S
FikwE ST U=, MENTORER., HLE T, Ki-67 BBty 7 Amn 27 U7 ho FHIChAE
TOMPMTEE SN, < ORIV TR, Ki-67 BYEMRIZEEST S 2 L b
o7z, 400mGy #WIE vV RAIZB T D7 4+ — D AKOFHMMN S, BEHEZDO 7 +— 0 2
Wik, S ISR R E TR SN o Te, £, BRBEO T 4 — 7 A OWAH T
t . Ki-67 B EMI L & PRl & O MICHME R ZIXRO b ho Tz,

V. &%

AT, EKRER - KBRERFREZBE L~ T 2 CHkT D - ki VT,
DNA “HHEUIMOWE L, MR MIIcER L CEMTA2ENREMN TH - 722, MIKHKEE
R EHRFABROBRF T, EHREANTITHICHLBRBEMICBVTCORAETHS D
122, B UDBREN L BIGRYRERRE R ARATER & ol TRFEFERK % f
L, o LT, BEMICE W TRE 2170, HEEARZ KB K TR 2 IR H %2 %
FLio, ZOMRKE, MRURAZHERECHET IR EDOTLRET LI LITE ST, KB
JERTE AW D 72 < HEME T D IRHI 2 fENL T D FEN TE T,

FRRAZEAR %2 72 DNA BEOMITICB T 2 HE 2 B0 FE—1%, BUhoE iR %
M7 R ETLEINEVHIMETHD, BmMIZIE, BERREENDL L O RELD
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R ZERT 2 ONEAENTH DA, FEEIZIE, 10 27 v VEEOFE O EAR TG A0
sl Eo, MATOBRIC Z 8 moMaEOEREZR Y REFE L - T, L RENAR
ERTPAETCH DL, 2T, MAOKER., HREKNIIESEZ 4170 3T 5FHTHEE

L., kxR BEATHENICHBEENTD OGNS Z L 2EE LT, &IKTH 500 oM
WTRITT 53 & Lz, WICHBEICR>7-072, DNA 545+~ —H —® 53BP1 7 # —
J3 A& Ki-67 O ZHYLEIEDMESNL Th o 7o, k., Ki-67 LR ORI, ZDI1E & A LR35
BIETITONTVWDR, ZOHBIT, BEOELERERAIETEHIN REEEN, M
MNP OAZFENEE LTHRICHREESNTLE > 2D, @t EHREANRTRETH D HEIC
k%, = Z TARMFETIL, BU53BP1 fiik% Alexa532 (FREEE L) THH L. i Ki-67 #t
K% Alexa647 (EREYE) THRINT 2 HikE ML L=, Alexabd7 [Z X 581X, AW H
TIHEATERNED, FBRITELT7 AV —Z2@L CRE LZEBREEL T 7 —{bT 5
A N /BT KR [ e > R B i

fESZ L7 FIEICE D, £37. 400mGy O mE MR EFEREK ~ 7 200 b B H L 72 Mk O 1 A 8]
REfr Lz 2 A, FIRIR, IR, WHik#mR ., 1T A EDE4 T53BPL 7+ — 1 X %
L7z, L2Lanns, FERF~Y 2AHROMMETH ., REERNPS 7 4+ — I A% K
THZENTE, MEBREIE 220 CTRVWRETYH, HEEMNIC DNA BERFHFE SN T
WD ENER I N, KR EE - KR &SR OBFREEL M 5L, B R
IR SN2 BMEIECICROEEL L TZOFEmALINLIN, SEOERNG . £
OB, EERNTEEOICAERL TS DNA BEDOL NV EEET XX TH DL HENHMK
W7o lc, S%IT, Klgd - MRICEA O EFIRIED DNA 5 L v 2 & &R0 L
TBLIEPMET, 20O LT, KBREF - KB EHHHRIC LD DNA HIEOFE %2 5
TOENHETH D,

PL Ki-67 FUiRIZ L 5 Ki-67 BBEME OB IC L v, MILE ik, BEMERs 27 V7 ho
THIZERIZBE SN, TRLUADEZ < DMWY TIX, Ki-67 B5 MM X #E T
L2 EMbholz, Ki-67 BEMEMAEIX, HEMIC A>T A HilaTH Y, L7 L bHEMES
MR 2 S L T2 D TR, 22T, o~ —5 —2 Huv T, Mk Lo
FeE 2 7oy, HILE 0% & D GPCR49 (Lgrs) ORI, fEE SN TWH~— I —Th
SThH, BERAIIGHATEDIREZIIFEA LR, BERLNL, SFEEORF TIZ, M
MO EICARRPRIIR SO S hol-, L LAaRNL, FES OSBRI S
FEWIRIEN Y KL T, HTLWHER KR A EHBESNTWVWLEIRZEZEL T, 4% bR
Y BTt 215 D HUR DR B 2kt L TIT 5 FTETH 5,

FAL Ak ML 2 3517 2 DNAHE O E Z5Hli 3 2 72912, Ki-67 MM 351 % 53BP1
T —ANADOFEEERFT LI, ZO/RE., BMFEZD 7 +— 0 21X, Ki-67 5
ICRFEE Rl mIER O b rolc, £, MNEZEO 7 4+ — W 2AHKOWAP TH ., Ki-67 5
PEAAE & patERE & oI EEMBIRICB O CITHBREITRBO bR hotz, — . &
e (12Gy LLE) Tk, /NGB O TN L0 BRI DNABEEEBE L+ 2
bdh oV AERE D D VISR E R - R R < O DNA BEOHERICOVW T, &
BRI O RDBHFT-N D,

V. fEim

AR - (R E MBI~ 2B W T, R L 7-IESE - ikl 175 DNA #
EOEHE L HEBRZ M T 2B R 2 Uiz, BFIRIR, IR, HILE R E, 3L A LD
#CH3BP1 74— W ADFELZBHE L., IR~ AIZEWTHIERBEEL2NLAELTTVD
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DNA &2, B <ick ol sE2mEE L7, £7-. Ki-67 £ 53BP1 & » — &
Yk A N L ﬁ&ﬁ AL IZ 31T 5 DNA BIEDOEH & PEFRICR D D iRHT 23 % £ 1T
A TWND,

VI, WAL LLUFE O G

Rk 24 AEEEIX, SO RERFE O T OPEE L L TESIT b, KRER - KR EK
SBE ZBGT D LR, R~ 205 B LT 502 - MkZ 8 E L. DNAEE
DEMEMRBEZ O T, FRk 25 T, R E 100mGy DKM &= - (K7 5 AU B R
AT 2 ERIKIC, Rk 24 B ICERR L 7Z 2R E ImGy B X O 20mGy O FEAR O E
BRI EED S, T LT, FR26FEEETIC, LR TOERDOMTZET LT,
AR R - (KRB REE< 12X 2 DNA BEOMBRSBMRICS T 2 5 & PJEbRIcrE &
LRFRIMA AR R T D, £, MMEBMIIZH TS DNABEOHE N, DNABHEGEE
L2600, DHWIE DNA HELZZ TR MlO 7 R b —2 2 X8RO RO
DEAMEIZT D720, FR 25 FED B IX, EdU O£ 51T X0 HR R M A 23 — RE A 12 A%
WmENDOEFIA LT Y, DNAHEDOWHE L 112 DNA HE % 21 7= sl o i i % 38 b
T HEHE A RE LT,

ARWFZEICPE T 5 BIAEE TOMTRIKRDL, ¥R
7L

51 3C ik
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Analysis of DNA damage accumulation in tissues exposed to low

dose and low-dose rate radiation

Keiji Suzuki
Department of Radiation and Life Sciences, Nagasaki University Graduate School of Biomedical Sciences

Keywords: Low-dose; Low-dose-rate; Dose-rate effect; 100 mGy; Tissue stem cells; DNA damage

Abstract

After the accident at the Fukushima Daiichi Nuclear Power Plant in Japan, much attention has been
paid for probable health risks associated with annual low-dose radiation exposure. While the
epidemiological studies of A-bomb survivors from Hiroshima and Nagasaki have indicated a linear
dose-dependent increase in cancer risk at doses above 100 mGy, it is quite difficult to estimate
cancer risks stem from lower doses of radiation, e.g. less than 100 mGy. Thus, the LNT model has
been adopted and used as the current standard for radiation protection. However, the LNT model
does not always explain biological and epidemiological data. Although the LNT model assumes that
accumulation of the initial radiation-induced damage in the target cells is associated with cancer
development, this has not been proven in any of the experimental systems so far. Therefore, current
study aimed to demonstrate whether DNA damage is accumulated in mouse tissues exposed to
low-dose-rate radiation. B6C3F1 mouse were exposed to low-dose-rate gamma-rays until the total
dose became 1 or 20 mGy, and several organs, including thyroid, mammary gland, intestine et al.,
were obtained. Then, tissue slices were incubated with anti-53BP1 and anti-Ki-67 antibodies to
visualize DNA damage and proliferating cells, respectively. Obtained results show that 53BP1 focus
are detectable in every tissues derived from exposed mouse, whereas they are also observed in the
control mouse. The Ki-67-positive cells are identified in some of the tissues. For example, a lower
half of the small intestinal crypts is mostly Ki-67-positive. These cells show similar levels of DNA
damage compared with those observed in the Ki-67-negative crypt cells. The present study
established an experimental system, by which accumulation and exclusion of DNA damage in the
tissue and/or tissue stem cells can be determined. The results are anticipated to provide scientific
evidences that should contribute to the scientifically acceptable estimation of cancer risks from
low-dose-rate radiation exposure.
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FeAEA - EHREER - IRRR BRI T < IT K DRk
DISESHRIE S OERIZ BT 50158

WIFEE A4 ARRRER - R ERIT < 12 X 2 FLURE I~ e B R O R

SRTEE  (BETHRE A AT TERT R Jet o & — S < PBITSE 7 m 7' 7 LR
< WFgE %~A%~AU~E—)

BRI OIS E TGRS T2 6 LIS DR Y A7 ICBLAEE > TND 2 Lnb, U A7 FHlAR
DI & 72 DHT- R FHARIL A RIS 2 7260 . AERRERHANE ~ D U R 2 T T 5 2 & ASARIFZE
DHEMTH D, AEREZ, 7 v bIOERIRLZZFURESIIEZ T, AR BOEI RS KIE 3%
ARl U E 7 FERE R O LREDRHMSEH R DML 2 ik ATz, £ DR, MBI RO T
ZAREE & Lo BOE DR MR Z & 3oz, Eio, MIEEESE R 2R & L
ToFERERHI R 2L L, S EAF SR T COMIBBEERR O b~ — I — B2 FREEIC L7 LRERT
RS LTz, REEFELIRRIE, 2 OFHliR 2RI L7 BU#REE B ORHE, KO, HB#ras DNA 8
%éﬁﬁﬁﬁﬁﬁﬁ%ﬂﬁﬁétb®?ﬁiﬁﬁ%@K? FWEEZES T D,

F—U— N R, LR, HORRRRE. AL ok

| WFFEER

FALH AR IR 0 5 R I AT DT X 0 B S B RN L DB D5 Y%
ZF T, (SRR R E <A K BFEEA~OBILAE E > T\ D, RIS O
PROORE L 72 DBATHEHR Y A 7 SHIAR ORI LNT (3T 5 78, Z O 72 3R RER O 5
B BERBENADA == g VOIS TN D LWV D ERFICOWN T, BHEAARILA R
RLTWD T, E7=, SRS OMERAS R ) 2 2 3B Dk BRI R E IR A o
A&Fiﬁ%wﬂ“ TR B C BRI A2 LTSI IR W A E LT 2 R o 7,

Z 2 CARFFE I, MBI BRI O b OO O L S TH AR LT, FBAADRIET
&)E.’)%ﬂﬁ&ﬁ%fﬁﬁﬂ@&ﬁ&%ﬁ%’iﬁiwfﬁ“ DNA /R, MIAETE, FERER OSERE~ DR % E BT
R L. b CTEMLEUVMER L (LNT) (RELOMHL & 722 DHERAER D SToME 5 hafilEEd 5 = &
FHMET D, AEFEL. ORISR OBIEIT KT TR EA R L, & SICEAERR 0L

D ERR AT H 2 LR EE L,

Wrge i
%%@ﬁﬁ%%@@%-u~mL#®m%MLWW$%?y%% BRIV T CHUMIC K - TEREIES |
7o, R U C PSSR 2 8RB U7, B U7 2 IR BT TR L. 0.1% = 7 &7 —F 1l

SR % BRI T > Tl g5 Z LT & \%%L&ﬁﬁ%%wtoé%m\:m%a%%bUfyy
JeOVDN 7 —8 | TR LTIl AEEE L. FEBRICH W, FEBRTCITE Y U A 137 T~ #a Ik
FEST S L <13 100mGy 75 8Gy TEMET (]9 0.5Gy/4y, ==iR) L7z, 100mGy (ZBIL Tk, v v A
137 77 o~ MBI (ImGy/4r, 100 43, =EiR) biT-o70, MRS O%, spiilas i 25585
(R S50 % &3 %5 MammoCult £54#h) 12 C 1EFE#E L, B S 7o iaietEsiss (%
TIFZE ¥ I k- TEHIREZ RO 5 & &b, ) ZBEMEE T TR L T, Sl ~ 08 E
f‘Hﬂ’:o

ARERTAM R OBR%E « LR0 & [RIRRICHARE U 7= LR ERGHIIn 2 oA 2 s 3 D B 4o € 13
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MEF L, spiOBEIR 2152 & & HIT, RS NI R E S 2 FHl L 7=, F7-. 2 ik
SEBLAREE L. [R UM C 1 MR L <. OV S - AIREEESL R 2 3T L 7=,
SHLRERFAR OBRAZE © L50 &[RRI BEE U7 FLMR BRIl Z | s ila & JeiE - D B SR o TR
L. SHIROEESL A5 7-, WRICZ OMIREESL L . 2MbAFET 2528 LT LEMEEE L,
Az A~ U CEE LD i R~ bE YA T T 14 OSEla b gL A X
ST A ERGBa~D o3 b & A R4 5 F o 18 DS bR AT K - T 2T LT=,

(i P~ RCE)

EEREW A E T DEICB LTI, BERRRE A ST TERTE Y SR B 2 ORRR S EBRG
B[ ZHDE | BWEER L O ONTHGRE TS HSERT 8 RBREE B8 2 Bife ) S2REiIi
W OREFRE PR BT 2 e ROy THEBREW) O A % B3 5 BLvE) 2385F L C ¥ L7z,

I AF2eRs S

1. eMfREsEh AL

BESZALER T > CHEEL 72T v AU LACHIIIC 7 o~ A 100mGy 725 8Gy TAMBK L, wiia
TR DREREME COMBEBEILOE R AN L= & 2 A, 100mGy TIid#EFRE (05Gy/5rH L<
1% 1mGy/5y) (2B & TSRS O AERICE T A b o 7o, BREDHETITHE - CrllakEsE
HOEREEIME T 2802 7 537223, 8Gy T 0Gy DA D 50%FEE £ TIZ LAME T Lo 7z,
ZO LS, MEEERE AR AR L LG, Wi X i O S O MR B E R (ot L Cfif
METH o7,

2. TAERERHN R DRI

FEMRIF ORI LR AN A 1X 10° M/ 7 = L THRERE L T 5 1 1% OMBEEI O TR RI13K
0.1% CTh o7, Z OHIFIEREI Z ARl L TS O 2 MBI 10 230 L LT & 7o 7208 1
X 10" #BaY 7 = L CHRRE L C 1B 5 - & THUOMIIBEHEN Z K S8 5 & filasEsLoy
RRITRLIEV K 01% TH -T2, TS L 0 HEES O FARE MR 2 B T 7=,

3. S {LREFHAN R DB %S

FEHRST OFLIR R SRR U7l tE iz, ~ N A c L a— b LT v rN—2
TA RET1HEBEEET 2 Z & CTHobiFE L, SlasEsiic b3 2@~ oM, A L72IR
BT MU MTEE L, 2ROl e =—% kK L7z, Zhzdi~ U VEE LZE, i B
MR~ A N T T 14, WEE ERHI~DMbE A R 52 18 Ot EiniEgta
WL TR L7z, A "o F o 14 BBIER O A b7 7 T2 18 BB NRET 5 ar =—X0,
YA NrFF 14 KO A Nro7 52 18 “EEMHMEN O 2 =—A R T 7o, Utk
SRR R A BT T & 7o,

IV &%

PR BT RIRE U Cid, MasEESL O 2 FEHE & U CRlMill L 72354, 8Gy £ TORRN Tk
W L BT D2 L bhotz, TOZ LR O/ BER % b Y X < AT L TRBADE
KERDZ LR LTS, EEE. 7 v FILIRC 1~8Cy % RS L T bR EKIEANC RN AN
FrEND Y, Fo, EHERTO 100mGy BN L 2B EREEBITBE SN~ T, AL
2 WA S i < T o 2728, ARHRER ORI B BOE R 2 R D =012 5 ALLE
BGy DIFE) HLEKTIMENRH Y, FRRICHE R, 5%, @VESE A R AR R & -
Ba. TOFREIZOW TR ER O I 2 725 R 2 S L7=0,
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FAERE R OV LREDRIIR DBRFEIZEI L CTldk, IREFEELARE, ZAVAFIH L 7c s B Rt 217
9, AFEEOFBRIT LV EHIRS BEE b N X < AT D Z EAVRIB I NN, T ORI
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Evaluation of accumulation of low dose/low dose rate radiation effects

on mammary stem cells

Tatsuhiko Imaoka ™, Ayaka Hosoki', Kazuhiro Daino ™, Isao Kawaguchi ™
“INational Institute of Radiological Sciences
Keywords: Tissue stem cells; Mammary gland; Cellular radiation effect
Abstract (400 FELLN)

The Fukushima Daiichi nuclear power plant accident has provoked a nationwide concern about health risks of
radiation from contaminated environmental radionuclides. The goal of the present project is to offer a novel
scientific basis of estimating radiation risks and, specifically, the study aims at evaluating radiation effects on
tissue stem cells. This year, mammary stem cells were collected from rats and used for evaluating the effect of
radiation on their lethality and for establishing systems to evaluate their self-renewing and differentiating
capabilities. As results, the sensitivity of mammary stem cells to the killing effect of radiation was relatively small
as indicated by the rate of sphere formation in culture. Experimental systems were established to evaluate
self-renewal with sphere-forming efficiency as an indicator and to measure differentiating activity of
sphere-forming cells by marker protein expressions. The subsequent years will be devoted to evaluation of
radiation effects using these established systems and, further, to preliminary and actual experiments to evaluate
generation of DNA damage by radiation.
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F1 RKBICBITD LaczBE2 ) 7 FHEOBRERIZ L HEWD

{ & [ ac !
R\E\ S NO 5 ! PH 52 :I:\ }J ﬁ 13—4\ \ZE ﬁ;"f‘r
E 7|<1q: U o]\‘& U o}\‘& ) 7}‘%11" / 'f ,f

(%)
1 625 16 2.56
2 838 14 1.67
3 734 32 4.36
I FE Gt 4 1199 13 1.09 248 +  0.95
5 882 25 2.83
6 1,154 26 2.25
7 1,597 43 2.69
8 1,092 26 2.38
1 1,401 9 0.64
1.5Gyl%y 134  + 0098
2 1,232 25 2.03
1 1,855 53 2.86
1 Gy 2 2,389 54 2.26
3mGy/H 3 2,671 40 1.50 212 + 052
4 2,988 65 2.18
5 2,346 42 1.79
1 646 19 2.94
2 1,023 12 1.17
3 1,351 9 0.67
4 1,206 9 0.75
100 mGy 1.5Gy/4y 1.48 + 001
5 881 8 0.91
6 875 19 2.17
7 398 3 0.75
8 278 7 2.52
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#2 WEHEEO Kie7 BEOAE L ZNFNICKIET 5 53BP1 7 +— 7 ADHE

HRDEE (%)

B 8 BB L B &4 Ki67" Ki67
53BP1" 53BP1° 53BP1" 53BPI

0 Gy 0.0 71.8 0.9 27.3

NG 1 Gy, 6h 14.3 23.4 32.5 29.9

1 Gy, 24h 5.9 58.8 2.4 32.9

0 Gy 1.6 19.3 1.6 77.5

N 1 Gy, 6h 4.8 6.9 37.2 51.1

1 Gy, 24h 0.0 6.2 6.2 87.6
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Evaluation of dose-rate effects on turnover and DNA damage

repair in intestinal stem cells

Kensuke Otsuka
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Abstract

The risk of cancer induced by low-dose-rate radiation is estimated on the basis of the frequencies
induced by high-dose-rate radiation. However, it is well known that the biological consequences
after irradiation depend on the dose-rate (Dose-rate effects). To estimate the risk of cancer induced
by low-dose-rate or low-dose radiation, it is important to understand the biological mechanisms of
the dose-rate effects on the cell-of-origin of cancer. Recent studies demonstrated that the tissue stem
cells (Lgr5-positive cells) can develop into cancer using Lgr5-dependent linage tracing system.
Using the lineage tracing system, we evaluated the turnover frequency of the intestinal stem cells
after low-dose-rate and high-dose-rate irradiation. We found that high-dose-rate X-rays (100 mGy)
can slightly accelerate the turnover frequency of colonic Lgr5* stem cells, but showed no statistical
significance. We also found that 1 Gy of low-dose-rate (3 mGy/h) gamma-rays did not induce the
turnover frequency of Lgr5™ stem cells. To evaluate whether residual DNA damage can be found in
the irradiated stem cells, we tried to detect DNA damage in the intestinal stem cells in terms of the
accumulation of the DNA repair protein, 53BP1. We could detect the accumulation of the 53BP1
proteins after 1 Gy of X-ray irradiation in the Lgr5" stem cells. These findings are useful for
understanding tissue responses and future assessment for health effects induced by low-dose and
low-dose-rate radiation.

85



TR RE4
R - AR E T <12 K 2 MRkEs R E o
TR E DS RE BT DP9

WHFEE A 4
(R A < 1T K DRGSR 2 U R G O 8

AA—3F (RBRFSLRT: « RPBEERFSRAIIER - MR AL - B - B3

=]

AR E RN CAEMERE S LD LW O RER RO, 202 &G, RREEROESIEL I
AUTC, BAIRTIE, ZOBRGBNRE-ESNDIATREMENSH D, L LR D, (KRR SRIRE % O
HIREA~D BT S M STV, AERE RSO —>Th 5, AR O R ~D
RERINT 2R A ML T 572012, 1) DNA HEREDOER. 2) Yl bic DV CRREE L
oo BENRIEICE S I =V UEREROESHINE~ — 5 —CD133 |2 L 2 iiFE 2175 = & T, #uE<
IR O SRR 2 20 BE L7, Z ORINEZ VD Z LT, 2 HOMBaEE, &5V ISMiakEE s
175 2 &70< . 2Gy C DNA 15, YRR BRI TREE 72 o7z, SHEITAMRE (0.5Gy/min)
TRREEZAT o 7203, AR IR R (20~200mGy/min) T4 U 2 fdisiliia ~o g #a
BEEHLNIT D,

F—T— R PREHIA, y-H2AX 7 4 — 71 A YutoRiRE
ek, 0 WEEE] KBRFSLRY: « RPBEERTFSRA50R - MBI - BURSAEDY: - B0%

I WHFEEE

MRS LIEARDTEF P A HERF T D72 OICMATH . ABJE, ERPICREE SN D, B
wHR D LT, WIS 2 SOEERBEWE RO, 1 D3AEMERr S 2miiaid, RIS
RITIHROIER) L2 D AREMDN D5 Z & TH D, b O —Dl%, BllaZBAMEOERLE T2 T3 A
EAIEEITR) OFFAETH Do ANFED BRI ERG T < T phREEIIIEIC, 1) B RES
BT 200, 2) RAKBERENHBIT 200, THDH, 0 OBRITHHIG, FRoHRRA
M~ DOEFRE () BB LZA O T2 ETHERMAL 2D, S HIT, BEHRT X 2R
R~ DRBT, BERHRIE < I X 2 I REFE FCRERR ERAE D 0 F M & R D72 R TOIR
TS 70 E OREREERE - RN RITE T D AN i 2 4R T & 5 L HifF S h D,

0 #F9EE

RBFFSLR T« HUBGHEERF e OPTA 32 X #BGHERR 12T, B6C3FL v 7 A (6 i) (2, ~
2Gy DRI EATolz, ¥ U A B LHISWT-1%, AR A R U KRR BIANER a7 L 0 shiRapiiie 4
GefEI A BRI U7, BESRALERIC X v R L L7-#%. 6% percol Z & T ok g, 1 LU
FoTIx= Y vl Liz, SHIT, MkEiiia~ — 7 —CD133 BptEMiaiis 2 W e R o7 « 7k
Vo va i Tole, ZOMEE HWT, BERBERE A FHE L7z, DNA 5122\ T y-H2AX %15
L UTe, YetofKBE 12OV IR 13, 3 &FYetaff%s 7 1m0 —7 & L7z Whole chromosome painting (WCP)

86



FISH Zf5tE & L7z,

(ffi B i ~ D BL )
FERE O BRI T DRIV FZREW RS (ZH> TiT o 72,

I PR R
1) FhREHER AR DYEHE

TIE T, MR O FEEREGIZ neurosphere FEEGIIEN WV BT E 72, AU, (B L 72 kR
MRITHEZ i 2 B e DT (X 1. A), F58E R X DMULIEREN LT /2= TH 5, LA L. neurosphere
TR R A RARAE CHC R . AR Cid 10 ARREEOEFRHIM 2 4B L Lz, Z£D72%, DNA B
WFED X 9 7 B OANRIRZ Tl 5 2 LN TE R o7z, R, MO BIRRFICEENDH I
U PR & FERFRIICHEA T 572X 1. C), #flifld~— A —CDI33 IZL DAY T4 7L 7 V3
YHTERDPST, ZHVETIZ, 09M ¥ a fiE OnBHI LD I = VEREDHE SN TWNDHR, K&
IRNFITERD BRI o Tz, AlEl, BRI A [FU3 2 FETH D, 6% percol (2 K 5% fE A)fdE O
EEHWSZ LT, IV CORAPEESINZ(KL B), 52, ZOMIBIZCDIB AT T 4 7k
L7 va v EITH 28T, BHRSE A2457-(X 1. D), ZOHIEE AW T, y-H2AX O 7 4 — 71 2Tk
ZRIE & L7~ DNA G 21T -7,

1. JERER D & ORI A
ARALEEHIAD, B:percol ALERMAD, C:iz.Cofli CD133 B, D:slatk CD133 BhtElfL, PL/AEfMA
S M1:CD133 Bty El, M2:CD133 #5157 i

2) y-H2AX 12 & % DNA f8{&7Ef

RG> © 40 S 7z CDA33 BRI PFA [EE ., y-H2AX Hifk & Alexad8s 5 2 kil % i
WTCHE SN, 7a—PA A MY —ETRHRIE L 2. /£), BESRERGHIN 7 +— 0 ARG
DN U7, F70, 2 HREDEFE T, 2 E TOENBEMEBIBIZE T DNA HIEINE iR T 72(X
2. £i),

87



bl FHiR:1Gy .. |
'y R
R ‘11 |u 'l ,L, 1
38" QWWH i
.4“ '} <L L 2.1
Y 1 ‘,i\ ) E
J¥ - . W "'.Jv :
@ —#nfnml('ﬁ;r‘ﬂ;ﬁf'ﬁmrrﬁﬁ‘ & 0.95
w! wh o ' 1 wh wl 2
FL1-A 0Gy 2Gy

2. AR RIS O HUR RIS

FGHR RS %, kAR CD133 BEtEMIaZ [ L7z b D% y-H2AX FUR TR L7z, ZEX : FRS 3
eI, m—H% A b A MU —IECTHIE, A RE#%, 2 BREEEE L2 b O stBMetic L 7
— 7 A &I,

3) WCP FISH |2 & % Y ta iRz et

1%, 3/ YRR E T r—7 L L= WCPFISH Z1T7-572(X13), ~ 7 A& |2 2Gy RS L. 6 # ik
(2L ETA Y O RERIE 2 U Tz, RIBFEE(X 3. A) TIHEREE SR S ino 7= —J7, IRETEE(X 3. B)
T 2.240.8% DHHE THAFENBIER STo, Z OYLEIREF 132 T2 L ) ZER Th -7,

[<] 3. WCP FISH |Z J % YL ta izt
FRPEIE 1 Btk (B & 3F/YAIR OR) 24 mit 5 2 & CllE Sz,

IV &%

Al BB A B/ NRICT 572010, IV UERELS CDI3 MO R YT « 7iEIRE I 272
STz, FHTI T Y 213 CD133 Hifk & BN E 2o, BrER L CHf RO RS 21T 5 2
Ll o TR A/ D RN D D, A Bl Z OBEMIdZ IV T, BERREE O 2 2 e -
72, neurosphere Z R ST ICEEE, D EOMZFHIT 5720, 7o —H A A —F—ETHEL
7o ZOJFET, MO y-H2AX 7 4 — B ATGRIIHREARAFANIEM L= DT, Z OFHlikix
BT D W Uiz, F72, %3RO neurosphere FERRIZ X 2 71ETHEEIR %2 2 BIZMEHECX 7= (1¢
Seld 1~2 HR) . BEFFILINTIHAET D yv-H2AX 7 4 — T A BIET 5 Z L nd, BN R < 72

88



5 EWIHHEE AT CE R RDATRMED & U | A RIOEFEWIM O K78, APl
7 DNA HEFTIC EE B WA R, KA X0 fifE (b 572012, 2 IkPURZ b7 i ek U
VL 53BPL HiUiAZ W CIRIBRICSEBR 21T o 724y, 7 a—H A h A —F —JECIIMERITENGED &
Nieholz, Ziud, sETHREMRNZ0OTH 5 & Bbi, 906 2 IRPUR &l 213 y-H2AX ZfRIE &
L7 LAREORERMNMEOND LD, £, 4 WCP FISH (2 X 2 it i oo s Az 3T v
DHENLIZ HEREN Lz, 2Gy #IE< 4. 6 HMFGE L 7= iRl B\ C R 3 A I b
ALTWz, ZOZ E3E< Lbsiiiic iV ¢, ZERERE 27> b O PR &
NN EZRIBEL TN D, Z OB MEAIE AETE 20072 8, TR COBEREZ IS
T D2 LA BOBETH D,

v kR

“IE], percol # ALY & CDI33 HUFMRIR LA D15 = & T, AP ORI E 57
BECE Tz, COMIEMVD Z LT, FHEBR AT I HHEMAG AT D 2 L ST AT,
LU, 270 DI ) AEANPEDONLDT, SLRIWENPLETHD LB,

VI AL LA O F il

R 24 AR IREHIEORNLICE R A B oS, AR, Bl BE A BT 5 L &b,
v #i1.5~20mGy/min 045 B TREFLIL B 200m~2Gy @ 60Coy #t#iE < (2 Xk D EFHMEZ1T 5., £7-.
A DOFERN D | YA R 2 R oI I RN IR R S D Z L 3 PR E 72D T,
Z ORMIREDIEF 2253 65T 5 ONEPERRET D, S BIC, #UE < A T 7o el LA b
THEBR SN D D>, PREF S D D& RN THEET 2, £O72HI, PRk & 2 o Rk
RN CHRREIL TE DR T L ~ U A BB AT 5,

Z OWFRIZET 2 BIE £ TOMFRIRNL., ¥
2L,

51 STk
L

89



The accumulation of DNA damage in neural stem cell by low dose

irradiation

Kazunori Shiraishi™, Seiji Kodama™

“'Laboratory of Radiation Biology, Department of Biological Science, Graduate School of Science, Osaka

Prefecture University.
Keywords: neural stem cell, CD133, gamma-H2AX, chromosome aberration

Tissue stem cells have specific roles of maintaining and repairing tissues in living organisms. Because of
the characteristics, DNA damage in stem cells may be accumulated during long-term exposure to low-dose
radiation, though it has not been elucidated yet. In this study, to assess the effects of radiation on the neural
stem cells (NSCs), one of the adult tissue stem cells, we verified the accumulation of DNA damage
response and chromosome aberrations. In order to remove myelin from the samples, we applied a percol
density gradient centrifugation. Also, the cells were concentrated by positive selection using the CD133
stem cell marker. So that the NSC was purified from brain tissue consisting of various differentiated cells.
We estimated DNA damage and chromosome exchange in purified NSCs obtained from irradiated mouse,
with a 2-day culture or without a cell culture. The frequency of gamma-H2AX foci increased in a dose
dependent manner. Chromosome exchange was still detectable in mouse NSCs on 6 weeks after 2Gy
irradiation. The results show that purified NSCs allow estimating genomic damage ex vivo, and

chromosome rearrangements could be retained at least for 6 weeks in mouse central nervous system.
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Health risk associated with exposure to low-dose-rate ionizing
radiation — risk evaluation mainly based on epidemiological studies of
residents in high natural background radiation areas in India and

China
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Abstract

The purpose of this study is to examine whether magnitude of health effects associated with external
exposure to low-dose-rate radiation is different from those related to medium-high dose-rate exposure. In
this study, we confirmed the absence of excess cancer risk in relation to external exposure to high
background natural radiation among residents in Karunagapally in Kerala State, India and Yangjiang in
Guandong Province, India. In addition, this study has shown that the Indian estimate of excess relative risk
per gray of cancer excluding leukemia is significantly lower (P=0.013) than that of solid cancer among
atomic bomb survivors in Hiroshima and Nagasaki. Similar analyses of non-cancer diseases will be
conducted. It is also necessary to examine the internal exposure of respiratory organs and internal exposure
from ingestion. It is also necessary to evaluate uncertainties involved in estimating doses from external
exposure, and evaluate medical exposure. Shinji Tokonami, the co-investigator of this project started
those surveys involved in dosimetry.
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Abstract

The purpose of this study is to examine whether magnitude of health effects associated with external
exposure to low-dose-rate radiation is different from those related to medium-high dose-rate exposure. In
collaboration with a principal investigator, Dr. Akiba, we are going to investigate internal and external
exposure to high background natural radiation among residents in Karunagapally in Kerala State, India and
Yangjiang in Guandong Province, India. Regarding internal exposure, it is necessary to estimate inhalation
dose due to radon and thoron. Ingestion dose through food will also be estimated. Regarding external
exposure, we conducted a preliminary car-borne survey in Karunagapally in Kerala State.
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II-1. AMACENAEIZ B3~ ik L B = —

PubMed |2 £ V| AlREhRE, E{b., IHMEREF. DNA G, JLEafRRE | BARER | AML & ¥ —
U— P& LTXMMEET o7, £ LT, MRBIREDZAIC & DM B OB 2 M Lz,
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11 St & 2 5 B Lo~ 7 2 o iR MIIZ 351 5 DNA IS5 O &S BIFR

<< A>

S I OMED C3H/HeNIcl ~ 7 A& HAZ LT inbEEA L, R, W, SN 12 B 2 &
DRI A 7 NV TCEBINFEEPTHE Lc, v UV AT 12 LT O EF 7 — VITNAE L,
BERE (HARZ L7 #CE-2) LK% HBEICEREE,
<X BROFEG >

X ARRT X X AR HF320 (A 7 7 4) AL, v~ U 2 ZIERESEE (0Gy) . 1Gy S
B, 3Gy BSHRED 3 BEIC 1T ¢, BN O~ U A IZEEE 200kV, EEIR 18mA, 7 1 /L ¥ —IC
0.5mm JEDOHR & 0.5mm EDT /LI =7 LA L, 0.47mGy/min Off &3 T X 4 25 R4
L7,
< EasySep Mouse PE Selection Kit {Z & % i& i & #5502y B>

K77 hF = N\—=NTv U RCZ—T )VEEZ 20T, SEMEFIC KD B LT, 2ok, Ml
M OKEEE Z YK L. ¢30 >+ — LN T PBS with 2% FBS {&iF 1= L7z, KEEE @ Wil &2 4% mm
GIWr L. 23G OFEREHZ T 72 iml D> U 2% AW THEM2 S 1ml 372, §F 2ml @ PBS with 2%
FBS 1A % REREPIZE WL EA L, 10ml O LE T = — 7B B S 4 PBS with 2% FBS
VAR 2 VERK U T o ARWFSE Tl B BEM AR F o3& I ErHIRL O 5 A &% & 5 72 D12, EasySep Mouse PE
Selection Kit (VERITAS) % W oieKMfa mBE 21T o7, £, BhifIlaE A PBS with 2% FBS
Wii%, E/V A s LA F— (BD Falcon) ZHWTHEEL, ZO% 10ml i@ LET = — 71T AL,
1400rpm T 10 FrfElim0 L7z, 30fR, BERKZ T, 200ul O PBS with 2% FBS ¥k 4 Adv,
K <H U, . 2ul @ FeR blocking antibody (VERITAS) # Adv, K< LTZ, TDH%,
1ul @ PE-conjugated antibody (VERITAS) # Adv, K <FEL 15 0fE L7z, #FiE%. 10ul O
PE-selection cocktail (VERITAS) Z AL, X <#EEEL 15 FkE L7, £ D%, 10ul @ Magnetic
nanoparticles (VERITAS) % Aiv, L <HEERL 10 08E L7z, $E#%. 2.5ml © PBS with 2% FBS
WA AN, K<HEB LRI Ry NAF 2 —T7IZ8&EA L, 20Kk, ~7 Xy NAF
a—T %~ 73y Mty ML, 5 EFRE LTz, §fE#%R, Ta—T7%~ 73y My bLE
EFFEDORIET, HanzHli) LB EZE T, ~7 %y b Fa—7 204 L, 2.5ml ® PBS
with 2% FBS i&ik & AL, K< L%, 10ml = O0EF 2 — 712 A ., 1400rpm T 5 53[5 O
L7z, im0, EBAREZE T, 2ml @ PBSERA AL, K<L, ThO60BEEZITH 2
& T, EPCR(H)FINE (& A O MR 2 > < 2 8) oo A B % & 1= B Al & A PBS
WU 2 R LT,
< E AT OB K D RRY I Y > RER D HAEERS X OMEAR O /RS >

RZ 7 hFx "= NTv TR —T VREEZ T, BEREREIC XY B LTz, 20%, ~
XY (RN EL000, TR T 4 AT 7=~ —RASH)IRS ORISR A U, DR
Mz kv, R Y > 8EREA QMK EFR L, BRI L2 Migix, Suldo~RU »RNEfa Lz
L5mlF 2 —7 OHFIC A L, K<HEH LT, 20%, ~ ) U EROMIKEZPBSEIK & [F&E (1:1
DOEIE) 1Z7eb 21Tz, K<\ L, #BH%. 2mldDficoll-Paquei? (Pharmacia Biotech) %
10mlDE LV F 2 — 712 A L, £ D _EHBficoll-Paqueiif DEL A % EL S 72\ K 9 IZIEEICPBSIE
HAOMKEEE S W7o, EE%E, 400ref T30 MO Lz, bk, U EROgoHhE~A 7
2By R TEI L, 10mlOE EF 2 —7NT, 6mlOPBSIEIR & IRE S, 100ref T1045 [#i=
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D LTz, Lk, RBAREZEE T, 2mlOPBSEK A AfL, 100rcf T107 M L L7c, £D0%, bk
BE A H T, 500 u IOPBSERIR 2 AAUVBEHE L, 4% /3T 7 /L A7 L7 & R500 1 1& DNV L
R L, 2050 MIFHE L7z, §RER. 300ref TSm0 L, FEAKZ R T, PBSHHKA 500 u LA
MR SHHR L, BEE300ref T iz O Lz, T OMFEZ2E#R Y I L7k, 500 1 10OPBSTAK % /N
ZATCELSEBHL, ¥F0a—F AT RHTFR (Y F ) Yy bLIETF = A—RNIZEERE
ALTe, ZOF o N\—%F— K ARXAT (7 ZkE#) 2y b L, 800rpm TSl d % 2
LIZED, AT A4 FHTARICRIEM Y VN BREBH LT, mO%, A4 RTF7A%2a7 ) v
T —iNT0% T X ) —VEIRICIR L, Ml & [EE L,
<V U LATM S BT IR G 4 >

DNAIZ “HEHEHUIW A U5 & UIWEBAZIC U b LIZATMOMERE L, 7 4+ — I A Z BT 5,
ZOT7F—H AN, AL TS 2 LN AEETH S0, DNA HHYITORIE L 2D, 2T,
AAFFETIXSIBP1 7 A — B A% Fed FIE TR E L, DNA ~EEHEIMr 28152 L=,
EE LN B ENTWD A TA RH T ADSHENORSRIREEZRE M- 7%, 02%
A N UXPBSIEIKIZIR L, 200 [M#E Lz, §fEH%R. AT7A4 NHTZAEZMOML, AT7A4 RHZ
ADESEHLNE | REIREEZ RN > T2, T D% 100 1 1O —IRFUAESHE (Anti-ATM protein kinase
Rabbit-Poly, (RCK) : 3%/BSA/TBSIA#K=0.211:99.8 ul) ZMidmE LIZH F L, /8T 7 4L AT
EHA L7214, 37COWMBREE, 5%C0,1 > F 2 _X—X —PNT 1R Lz, —IRPUARLEL
a7 ) T —RNICPBSIRIR & 7= L. AT A R T AZ2EIWEH LIz, Wik, A7 4 KT 7
ADSHLND | RTINS 721, 100 1 10 —IRFUAEEHE (Alexa Fluor 546 goat anti-rabbit
IgG (H+L) , (Life Technologies) : 3%/BSA/TBSYA#R=02u1:99.8 1) Zfifamm LiZ#H FL, 23
T 74 NVATEH AL, 3TCOMMEEREE, 5%C02A ¥ 2 X—& —NTLSKRREE L7o, K
#q%, a7V VX —HNICPBSIEIR AT L. AT A KA T AZ5EIGEE Lz, k. 274
KRBT ADSHENE | R 72 Wik & W EL - 72 1% Al F1210 u 19O DAPI 1T counterstain (Vysis)
T L, 22x22mm®D B N—7F A TE A LT,
<V UERLATM 7 #+ — 71 A DRBIEE >

U UFEEATM Y 4 —H A1X, DSH AT 2> hr—/ba=v ~DS-U2 (Nikon) % %&fi L 7=d0k
BAMMEEDS-Ril (Nikon) Z HIVNTEIZE L7z, HHEMIAE & KA M Y o SEROMIBEZ X, Faodith
ELTHRY U UBEATM Y 4+ — 0 RTREORDRIZR 2 %, WL~ T 2720 RKIEMmY >
SNERDAZ A FEEHHIDO AT A FEREMFER L, 15D T A F2x550F L ORI Y >3
BB X OVEREMIE 2B L, MIRIEHZ0 OV VERMEATM Y 4 — 7 AR &R H LT,

-1 AR U 72~ 7 2 O & iR AR 36 1T D1 PERE S8 PE AL B O R IRE 28 L

T2~ 0 A X#HORSF S, FHRo Bt FiEX, FRAGETN EFELCTH LD
BT 5,

<MitoSOX Red (invitrogen) (Z& 5 I h= > KU T7N-0, OHENE >

AN O X b=y RY TR EZ Y IAS MR 72 BB e = XL X —Z AR L T D,
EVEREILEORIED E L TEASNDZ RN TS, Z0H, 2 har KU 7N-0,
Rt A EREE T dH 5 MitoSOX Red (invitrogen) #HWTI h=2y KU 7 TREA IS -0, OH
ExEIToT,

1.5ml F = — 7' PN T PBS AL Iml H1(Z 1.0 X 10° fE OHfE £ AFL7= %%, 6000rpm T 30 Foiztds L7z,
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L%, REARE T, 1uM 2R L 72 MitoSOX Red (invitrogen) % 1ml EA L, ¥ U727,
37.0C. 5%CO, A v F 2 _X—X —NT 30 /rFfE L7, §E%. 6000rpm T 30 fhu L, EEAS
R C, PBS AWK 400ul Z7EA L, BifE L7z, #HERtE,. 6000rpm T 1 73O L, EEARIRE
T, PBSIml Z{EA LEFE L2 b D4, I E 510nm, d0OEIK R 580nm D43 e o R4 H
WTHIE LT,

<APF (FE/KAT 4 HV) 1T X DHIKEN-OH ORIE >

R T IR DAL T2 ERESH L H & OH 23 AE S5, 3E L7-H & OH BFOREA L.
KEFIZRD LATS REIZAE U220 A, TV HVEIEFISHEE LT WEE 2 > T\ b 720,
oy LFEA LIchE, E L TOMEEZZEZ CLEI ARENREZ bND, TDT®,
OH M T H I TH D APF (BAK AT ¢ A1V) & MWT, MW CHEA S % -0H OHlE
o RRASeY

1.5ml 7~ = — 7T PBS WK 1ml H1iZ 1.0 X 10° {8 DOffE % AdL7=#. 6000rpm T 30 Fiz s L7z,
ok, BRI EZRE T, SUuMIIZHIR L7- APF (KA T 4 V) % ImliEA L, L7,
37.0C. 5%CO, A »F 2 _X—2—NT 30 /3FkE L7z, #ER, 6000rpm T 30 il L, LA
R #C. PBS IAIK 400l Z7EA L, Bi#E L7z, HifPtE. 6000rpm T 1 73wl L, EEARIRE
T, PBSIEIR Iml Z1E A LR Lo b D% | Bl R 490nm, #5863 K 515nm O 53 e e EE
ZHWTHIE LT,

I11. HFZEE R

-1 AR EhREIZ B 5 (kL B = —

PubMed 7> & AlfRENRE, E{b, TEMEREFE . DNAHE, O RRE | 2RER AMLA ¥ —U—
R & LT106 o3k * P2 IE Lic, Zodhn, £3°, HSC OEILORHKIZBIT 2 itk z 7
R, RFEHRER L LTI 2012 4E0 Florian HOWENZET HLD P, 5135~ 7 2 L&
fii~ 7 ADHSC & TN LMD~ 7 ZTHAE L T A L 7 HSC HR O M ERE O FIE 2 i~ 72,
ZORER, R~ 7 A0 HSC RO MEAMBOFI AN E LK TLTWAZ EaHE LTz, 2D
WE LR~ U AD HSC I T 2NPERTLTWAH Z AR LTWD, £z, 1999 1T de
Haan 51~ 7 ZADZRHIZFEITH D M E i~ 7 2 TlE HSC OB TH L VW) &2 LT\ D
O SRS OWEEE LD D L~ 7 AD HSC, SF Y E(L L7 HSC 1E, HZUHAE L b oRE
HPMETFLTWDZ ERmnol,

WIZEALD A T = X LB 2 IR E R~ T, BIEDO A =X LI L Tk S OEFHESF
AR Z W2 EZBR TR KRN T WD, REMZRFERR L LTI 2004 0 Olga b DD S
HID P, S IR ORI BILOBIRE AT, ZORBER, MIRORMEN 25 282 5
AL DIRIED—>TH 5 SA-B-gal ZHBLL TV D HKLOEIE S ZIITHIN LigD, HkK
DS 30 TiX 60%, MRIELDS 32 T 100%I270 5 2 & 2 #iE L7z, 2006 4-0> Wang b D & HE
T 50, M HIEET 6.5Gy Dy Fik~ T ADRL RS L HSC O ORI & T2,
ZORER, HHRIRE % 3 A B LARRIC HSC OR2S @l e % Litsd, 60 A H £ THAM LS
D2 ERBIE U, WICHE 61X HSC D3N8 2 207 TV B RE (B 14 A H) T ple™™® (il
faElbD~—71—) ZHBELL T\5D HSC DFEIGZ T T, ZOREE, FERHTEL ik L THEIC
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16™4 ZJ&H LTV 5 HSC DEENEML TWAHZ 2B L, bR ELZ L LMD &
ﬂ%ﬁ®’vwﬁt%ﬂﬁﬂﬁk__fwﬁbLQTW\é ERyino T,

WIZEAIZ K DB BT 5 SCRZ 3~ 7=, 2010 4212 Wang B 1% 6.5Gy D v #f & 45 Bt
L7~ D AD HSCIZEIT D ROS EDRERFHIZE L Gl ~72, £ DOfEF., ROS 23 IERRGIRE & Hlg L
THRE% 14 B HTIZR 2565, 28 HA TITH 1565, 56 H H TITH 15 ML TWS 2 & 24
U723, BAST% 14 B I ple™ @ 23881 LTV 5 HSC OEIE NI L TV 5 3D Z &, #
{fE L7z HSC H11Z ROS OFEMMNEL TWDH Z &M -T2, ROSIE DNAIZHEEZ 5 X Z 1%
K2R TH 5D, TIEEIL L2 HSCIZIZI DNABEREL TWDHDIEA D 222 b b OIEF B
M Z V72 EBR T 5 2 Olga & I3k 2k & DNAHEOBRZFHI TN D, ZOREE, Mk
BOEAZFEV DNA 55 (v -H2AX 2 f51%) 2 REEEEEITHMmML T Z & a@HmE LT

%2, F7-. Wang 51 6.5Gy 22 F WA L7=~ 7 2D HSC |25 %5 DNA 52 (v -H2AX 7
4 — 0 A AEFRE) ORFEFHELET XTIV D, ZORER, MR 14 H B CITIERSTRE Ltk L
T HSC —ffl&7- 0 @ DNA HBEHDKI 25 ML TWAD Z L2 HE L Tn5 ), &5z, 2011
(T Ritbe B I3 f@ A5 HSC Z8-HL L., 4E#in & DNABEEL (v -H2AX 7 4 —h 285 % fats)
DORBREFHRTND, ZOREE, FHICHK(F LT HSCIZ DNA BEBENERL T\ D 2 & 2WE
LTV 5 P DNA BB TH B L MICER 2 BN AE LTS Z ERHE STV,
2011 712 Okazaki & 1% 8 RO~ 7 A2 3Gy Z28 FH L EgHiaIcs i) 5 11 ﬁﬂh@ﬁmiﬂ“
DEIE OB EZTARTND, ZORRE, 11 BYEOAROEREOEI ST 10 B8 TIER 6%,
TER T 3% & 30 ER E TITEEN LA L CRMEM 277 LT 23, 70 BERIZ 72 5 & 10% %
THIINT 5 Z & 2wt Uiz, £72. M OIBERATETS 10 @i TIEK 0% THh > 7223, 70 @I
BB E 1% 5 T LM LTS Y, 2012 412 Xu S1E~ 7 ZO4ER & AT 552
REBROBABRERRTND, TORER, TSI L CRREROFAEFENHIML T 2 &
EHELTVS P, ZhbDZ Lnbfllao# (b ROS OERZE L, DNAICHEEZ I &k
F o L T R OZERIS T S e 2 B FIREMEA A o 7

-1 S iz 2 R Lo~ o A O1E R AR 35 1T % DNA B O &G R R

Xz 2H B L~ v 205 ifldis JORMM Y o ERIZE T2 U VEBEATM Y +— 71 A
BOMELOSERZ KNI T, KX D KHIm Y > ERICB T 2lR1ESH =0 OV U FE{EATM
7 — A ARUE, FERUREETITAI10ME, 0.5Gy MR BE CIIAI20M8, 1Gy U #E CIIA23.7M8, 2Gy
PR CIIA032.81E ., 3Gy MRH B CITKISOE & 7o 7=, ZHUTH L TEBEMIE TIX, JERKEECIX
448, 0.5GyFRETRETITASIE, IGYRETHETITA9.3M, 2Gy R EE TIN5 1E, 3GyHREHHET
ISR & 7 o7, REHM U »/RER & RS 5 £ 0.5Gy TIlEf1/4f%, 1Gy TlIf1/2.56%, 2Gy T
IXH91215%, 3Gy TITRISIE & 72D Z E N yho Tz,

I-TIL. B RS U 72~ 7 2 O i R AR 33 1 D TGP 55 PE AE B O RRRF 2811
<EHFRZ LD I b U TR0, EAD 2L >

21 MitoSOX DMIEMEDRERFHIZ L2 R~d, K2 K0, BEHE 1 B HO MitoSOX OfE i
FEMREIRE & Hefz U C IGy FRETEE CIEIH 1.5 6%, 3Gy BERETIZR 3EHEML TV D Z &350 -
7. DO, MitoSOX OEITRE/EM Zr L, FRE 20 B BI2IX, WRHETEE & ICIERETRE L
ENR LN eoTo, UL, BEHE 400 BARIRT 5 &, ~ 7 AOEEB TIELSE B8 H 5
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HOD, 1Gy FBEHETITN 1.3 1%, 3Gy FRERETIT 1S EHM L T\ b Z & nmghoTe,
< EHRRIZ L 2 HEBRE N-OH FEAE O BB AL >

31 APF ORIEME ORI ZE 2 ~d, K3 L0, #ENO-OH 11 1Gy FREHEER L OV 3Gy
FRATRE & IS 30 B & CIEMRARE L R A LN o Tz, L L, BRE% 400 H 2L BRI
T5L~v T ADOMEERMTIES2ERNH D H DD, 1Gy BEFHETITN 1.4 %5, 3Gy SR T 1.7
FIML TV Z ERghoTz,

IV. %%%

V-1 MR ENREICRE 9~ 2 Sk L B 2 —

HSC B EALT 2 DINENT ZHF% < OMRFIZ L - Tl SN TE ), T4, i~ 7 A
D HSCIEZHZL - 550t T DR NN E LK T T2 2L PO s#iidEx 52 E2 605, Tlkk
BEIPRBE DDA S H02?201ga HlEb MEFMMEFHMIILAZ AV T, Mifd OfFREIL A L T
SA- B -gal Gl ELOFEE) 2 F B L TWAMBAAEINT S Z & 2Wi LTW\W5 ?), £72, Wang
Bt~ 7 A & T2 F25R T UHSC OB OB & LA pl6™* (KB L D FE1E) 25681 L T\ 5 HSC
DEIEBHMLTL 52 E2HE LTS Y, HSC OEBEINT 5 L5 2 &% HSC Offasy
HOIWEVENR LR > TWAHZ EEZEH L TWHOT, HSC b2 Lo TRt s b &
EZ BT, TIRBIENEE 2 LAEWFENCED L 5 REENE D025 9 )2 M54
LR X — R ORIEY & L CIEMEREFEFE (ROS: -0y, -OH %) 475, Z D ROS i% DNA
WCHEZSIEEZTRTFTHLIN EBFILII by R T Iibo i LBl LV FRESI NS,
LovL, B LM TIEZ OBBMEREME T2 2 EAmbNTnD %, HIC Wang 5 13#
{EARAEIC 8 5 HSC 0 ROS RS EHRETRE & HLlt L TR 2 MM L TV A 2 L 28 LT 5 2,
Lo TELLZHSCIZIZROS DEENEL D Z N1z, 2, 51X ROS DEEN AL
LT % HSC IZ DNA IS MAFERHEEOK 2.5 ML TV D Z L bE LT s 2, EkL
7= HANEIC DNA A 2 5 &0 9 813, Ribe & OEBEICHEE A D HSC % V7= E5
<, Olga H Db M OTEFMMELEMIZ FHVER P THLRLN TS, £/, DNA HEST
b~ 7 2D &SRR VOB TRRER OO RABENEZ T HZ L bRES
nTnb, LoT, EH ROS OERAAEL, ZHPFKE 72> T DNA HEZLIEZ LT,
Yo R T OBIB T RBREREZ AT D WHEEDNH D Z LB 0ho T,

PEske, AN ZAIT AT LB = 3L X — R O RAME T U7 IR 2 1k 0> O HERR
L., ORI AREHERFL T TZODBETH L LB TE R, AEIORL B 2 —
2L 2T, BN B 2R S 5 ATREMECE LAY DNA ICHEEZ 5| i LB AIZ D723 %
AREMEN B D Z LN Tz,

LEOERL B2 —I2 k0, ghislagiito b5 i - LlRicgbss &3
EAMLIZE N D 2 FYARO RIFIFE S Sfpil AR 10 - ZERE R A 5| & 2 3 e S
Z bz,

IV-IL i 2 25 B Uiz~ o 2 0 R MIIIZ 31T 5 DNA 5508 &5 B4R
X% 25 B U 7=C3H/HeNJcl~ 7 A OB #iAlfiad L OSRMEM Y > 2RERIZEB 1T 2DNAEE O
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PRESUGERZ U VEELATM Y 4+ — 0 A 28R & U Tl T, ZORR, Biifiic ATy o
ALATM 7 4 — 7 AEUIRMEIM Y R E H T 5 &0 0.5Gy TIEAI/ARE, 1Gy TIERI1/2.565,

2Gy CIERIL265%, 3Gy TIFRIN/SHEIT /e D Z E X oz, T ORERIT, BB RMm Y >3
BRE D SRS EDME N2 E N o To, TIE e BEM A S AR Tk U TR AR
DIES 9 22 XTMIEN OH,0% Bl L T-HB K OWOHZ ALK T 5 Z L AL TN D, Zh

DT IHMIARSNTHHMES L TLEXTHLOICR A2 7ZA, DNALFEGLTLES &
HWRENE D> TLEVDNABRBEIC R D AR 5, Z OB TR R L VO XK 249
WRESEREITAN=ALTHD, LrL, ZOBRITHIEOE» N TWDEREICKL > TR
Ed, 20% & 0.1%DERFEREE TENENEETE L7-CHOMI(T v A =— AL A X —DIifli)
VT, 6.5GyDXMRIBE % DO AR Z I LIAER & 5, T OFER, 20% CTH:FE L=l o
T NAELERBS0ICID T 5 Z ERME SN TWD, 20X ) RBRITHNIE T T < Yefafk
BEPRRARTHRONTEY . —MKEITAREERBREE T Clln 2 5548 U 7 5 DS U I BRBUE

2725, TIRAREIMEREIC L > TXKROBEZMENEDL L DS 9002 mIBEFRRIES & Xt
WX o> THIINIZAE U HBEESRE D T E A LT LESI D, 7V —IZh o> 72 O N4
Do LinL, [KEEFIRRETZ & OHIZHEFEE T DMERN R 5720 7 U — OTEMERESE OFI IR
T 5, DFED | KEIIRE @ﬁ#ﬁﬁ&%&mmﬁﬁAbfmmﬁﬁ LI DMERN NS D b
W ZEThHD, THUTKVIREESR T CIIBSRRICERPUEIC e D, RERENIZ0.1~1%, W& MNIX
T%OMEFIRE TH D Z LAMESNTNDY, Lo T, BRMIIIRMMY »/SERE 0 b i
FRIZ K DDNABEH N D7 lp oo DI2AH H LFZ b,

IV-TIL SRR RS U 7o~ & 2 O R 38 1) 2 TGP ER 3R PE A= B ORI 2k

FEG R E FRE Lo~ 7 2 OB BRI 51T 50,78 L OVOH FEA: B ORI 2L % 2RI 28
217, £7. MitoSOX Red Z HW\ T b RUTHND-O, DIEEHIE LTz, =OREHE, HE
% 1 B HTO-0y OpEARITIEIERE & ik LT 1Gy FREETIZR 1.5 5. 3Gy FREEETIEH 3
EIZEAIN U7z, FO%ITHAD LT | IBE% 20 FICIXMmBBERE & & IEIRITE & BN D7 <
mole, LorL, 400 AARIET 5 &, ~ U AEKRETIELSE 03 H 56O D, 1Gy KT
) 1.3 F5. 3Gy BREHECIIR LS5 L7z, 2 b=y B U ISR OTEENC LEE 7 ATP &2
Fafo TEMT D, TOBE, RBIFEME L TO W EAIND, THE TONE THIKAN > 2
WCAD &0y DL PR EZITHEZ TWE, Go IIZBATT DL X har RU T A>TV L HER
TEEEAEMAL L T-O 13 R 2 12D L T T ERHE SR TS B0, Lo T, ABFETR O
7= AR IR ET#4 20 H B £ TR ONZ-0, 0BT, BEHRBEIZ X > TT7 AR h—v 2 & 72 1M
R DOMR A A 5 72 DIZ, B BEAIAE O eI 2 5 A > TOW R TIER VW EE 2
bbb, £LT, +\&i®mm@ﬁzék@b_AW%ﬂ®(h% IBATL T &, IREHE 20
AT e A EOEMBMIES Go I/ Z & T, -0y D LV IERRGEE L RIFRIC /e B D72 A
FIEEZ LN, TOBEZERET HERE LT, HGTRRIRS % o3 i s o A e Bh i o 221k
Y aIlb—va VRTINS R, B2 2T 7S s IR B & 2 A 5 E
AR5 L) ZEREEESRTWS 2V, TIEBE L TH 5 400 HLIERICHOR S 7--05
OEINE E 9B Z TN DTEA S D, 2N E TOMIET, MlEarZlkd2LIhar K70
PURBLREAME T LU, M SIS BEREA ST D L0 ) ZenmiESnTna, #lxiX, &l
DOV UAPLRO LI b R TR, BRO~ Ty ADI har R 7 LD b2 < OIEMEERE
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FEREPELEL TS M, ZEE 2 T—oDaREEE 2 -, HEBRBIHIC L > Tl &z
ST MR OFIR O A4 2 72 D1 EBEMIE T O 1E eI LRI A S, 2z X0,
MfaOZMEES L, I Fay R 7 OPRMEEME T L TnE | K% 400 H UL ERGE L7
~ U AOFBEIEIZ-O)y OEMMAE UlzD TIdlanmn e & 27z,

WIZ, ARWFFETIX APF Z H W CTHIFREN O -OH HHIE L7z, ZDfEE, -OH O LU T B4
30 H & T 1Gy GRS KL O3Gy A S B ICIFRITE L 2R b 2o 7o, Lo L, B 400
HH TIX 1Gy BBERHETH 1.4 15, 3Gy BRETEETH 1.7 f5I2HIN U7z, -OH XS #R 23 AN oD 7k
NFYENRTDHZEICESTELD, LL, ZO-OHIFFEFITIGERE W=D, o7 ) —
TUNNVERELTHRLTCLE Y, Lo T, -OH 2T 5 72 DI IR R B4 2 R
WCHEASNTWDRIEIZSH D 2 EBNEICR D, A, BB Z 1 BB ORIEE B L
728, -OH OFEAERIZIERGTHE L E W2 =Dt LIV, TIEBEH LT 5 400 H H LA
BRI 728 -OH I L= D725 9 0y, — 2O fetkd L CTTic b 2 e o #(E A BIR L T
WhHEEZBND, 201042 Cadet HI1E I b KU TN TAER SH72-0,75 Hy0, ICA# ST
BETHEEL, BN TOHIZARL Z L2 L), 2oz Lind, ASE TR 5 L7--OH O
X, BRI Ko TR SN E Mt O I b2 RY T REAIC-O, AT S
ZET, H0, 2L, BNICBITL TOHIZ/R > TWDDTIERWNEE X 7=, TIX-OH 4Rk
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