T—< (2)
BRIk SBREEZEDREPARUBSHRELUSD
BERICLEBEIVRIDEFZESHT-
BENLTREYRVICET 2R

2 — 1 MMEHRERBIBEGRIE < ~ T 2 2 W T B AT
I 5% GRERFFEANIIZEAT EM BT BENFER)

2 —2 JNEMIOATEHEEZEOBEBREBGHREN AV A7 ICB KT TREL X ) =X L
B
SR RETE] (RlRy KRR B R ZE AT R S B R He3a%)

2—3 /NI HFEMOEEEEHEBREIE IS E2BAY 27 OFHi—A » K75 F
Moo AR BUR IRE ROMAERE R 2L L LT
FREE A (IR BRFRZFEGEE A O FERHE RER 7 B BN R BR BT R 2
TRIES: #i%)

2—4 Y RAEMIE LY A 13T DIRPEREEREPNIEIL < 10X BRIk L THRAOR
BT e SR T
A OB IR RIS U SRR B120

2 — 5 (EHRERBEHREIER RN LD~ v 22 A R ORR & 725 PULL
R T2 B DRREIRIKAFE O FEHT ~ TUFRRFE DS A DR BFNR O A2 E 2 D~
HE il CROTIRSER R AR FE N FR BB L AR A . %)

2—6 1&%§%ﬁ&%{f§fi?ﬁfj‘%%§ﬁ%@ 7 ii’J:H%) I ? 1&%§%$m%%§0i 2 ﬁﬁzﬂﬁﬁ‘%%ﬁ@
PEER 2RI R DR DO iRt B
THAE S (MR BIRCFTRIR RS B

BORE &8 ANZEOFHARIZ B3 5 F

&

2 — 7 DNAE - EEICHES SR - (LFmE!

i

A A RO TR A5 T EaT B ToEi i )
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AR B A ROERIE < ~ 7 A 2 IO T R B AT

X

JR5: (BRETFHFAHARBF e B s BT JE i LR IR B)

s

[H&I] 0.05, 1.1 B X 21 mGy/22 FifEl/ A OEHRER v # %2 B6C3F1 ~ 7 AT 400 H [
TR L7238 T JFIES R AERICBI L ¢, BED BT T O MG CIHAES AL D
HEINA L B A, IHRE R R IR K D IFIE R A IE M ER 6 5 2 & & 2007 FRICHA L
T2o ZORERIY | KKRERHSRIBENC X B ISR A IR VT v OB LT
LAREVEDS R STz, £ 2T, ABFFE T, i B6C3F1 ~ v A2 0.05 mGy/ H O ittt % &
HhEfGe i U, AR (RE, SR AR, Mt m i, mEkE, migpsy. wmEL O
AR THHL) (IZOWTHTT 5 L 3Ric, BBLE LA RE L, B3I XA PSR E~D
WEILOWTHMIT 21T oo, &5 12, BEEETH D4R E R G4 400 A [H
HG RS 100 725 300 B O~ 7 AR U, (KE, FFIEERASR, RS ERE, WHEEH
A OB TR BL A AT LT,

CRER] RIS 2R (0.05mGy/H : LLF, MEHEER & i) MR CIRIERATHE L
el U, FRESBRZAEE 100 7205 400 A H OWIMAEISHANL . 600 A H AR 3 D w25 5,
BT, IR ORSEARG BRI, BEBRMAS 200 205 500 H H OMIMAE 22/ 50
7o Fo. FFIERR AR IIMIER R RIS T 300, 400, 600 } (V700 H HIZF W CHENNME
MR BTz, —F, EB~UARETIE, BKEBLEG 600 HHIZ, FEEBFRICHK LT, I
FRETEE (P<0.01) & MMEHRERIBHEE (P=0.07) OliFE ILICIFIEE R AEROBMA R NI,
FEB~ T ATBWT, MIEFHT A 2T 0y EITRINC L 2B RZ IR biieho
708, AR OBS I BURHT TlX, 100 225 400 H O FREHRT 4 C O W il TR B4R B 008
BF O BERFEBD BEE S, JREIEAMITIC L VRN TO Z 0B s+ H BN % FriE
T&7,

(k5am) LARTIEME L7 1 BE4Y 500 PT 2 V7o T g A S2BR O MR EHR SR IR~ © 2 Tl
(REOHNIME M & SR AR O E a2 H)E L Tnd, —F, RIEFHR TR ERR
SEECHBREEBINA R S0, SR AR OV UIIMEN O R BT Y | A
FBRFE R IIRABORNEIC L W EEEN TR RERE X bND, — )7, RO
B v A\ 2B D IFEERAROR BRI, R EMEE O KA HE BEC3F1 ~ 7 A DL
RAEZZRRELZRIFLTND ZEZEKRL, S DI &R RS IR I W O R
R RS T RABEOAERBO N A SN2 LD, MK ERIBE G R I EE
EHFRELTCODARENRE 2 B,

(B3] ARFERRTIE, BURHR R 2 B RS Lo~ U 2O RIZE T 285 3B
AERBDEZHSNC Lz, ARELNZMAND, 5k, MIERERGEHRER RS X 5
FERA~D R L RFIES R A OBEMEZ X 0 3EICRETT 5 & &b, BFEROMBENE M
AL TELDNE I NITHONTH, SBRBRFTOILERSH L EEXD, — 5T, WE#HRESR
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B IRA I RO EEBIIIEF SO TR0, ~ U AEBLRMISEOMOBERIC L 5 EET
FKER (FFIEEHEN, (REBMN, R EEEADE) BTV D TREMEA PR CTE 220, £
DIz, T HOREN | MUK EREGRINIC L 2HETH L0 E ) 0 akkx RAEND
FRAT20ERSH D LB 25,

F—U— N ARBRERBSRR, M~ v A BFER, BisTRHE, KR, £5

W 71
H AR (BRETRIEBANHTTERT A4 5 B T2 88 AL TR 2D |
M 7y v (BREREBANITFEET AW B S8 B AT 2 R)

I WFEER

PERATON T X TR EHSHRE BT D L 1. W ERO SR E FRHERH 32 Z &1
L 0ELNAEMER TOMIETH -T2, T OEMERBEHROHRBIREIC L v HRShi-%
BOWIEIL, BRBIGE R ED Y A7 1T H2MEITITAEATH L0, KRERORHH#HIZEL
X DR Y 2 7 HEEICITHEMIZIG A TE 220, R, BEEFE R EFEk (LT 145
froFEN) L)) R EICX Y REZBLAFTE LN T DR ERKNRESIE < OREEEE
AL NTT D12 IE AR E SRR & B T & D Mf COMPENEE L 725, BIfEE T,
fECHR B3R R AU R RS I L D A~ DR BT — 2 ITEH SO0 H 5 b DD, S DOH
T TR AP R S AL O IR - R (i 200 mGy BLF& 5T 0.1 mGy/HELT)
WIE AT EDIREL 1 L UL TORET, RIZICE < bho T, BEEF Clid~ 7 A1Z 0.05,
1.1 BEW 21 mGy/22 FEfE/ B ORMRE R HGTRR 2 B L7225 GEmaki) 258 L, £ Of5R
OHF T, HHIEWVRELRTH S 0.056 mGy/22 FifE/H @ 400 HERE FEHRE 20 mGy) 12k - T
F A= U ATIIHBEICHIEESRAERNEMNT 5 Z & 2HE Lz (1. B. Tanaka, III et al., Radiat
Res., 167, 417-437, 2007), F7=. FUEHIZ FOZERFHER I CTIL. 1 Gy H7= 9 OIFIEERA
URAZPHMET 132 1%, ZHETIL1.28FThH Y., BT EmEZET, TOREIIIE L
ENRHDH L EREL TS (D. L. Preston et al., Radiat Res., 168, 1-64, 2007), ZiL5H Dk
FVE B EHROEFIE < A e Mo DO EZ KT A2 R~ L T\5, & 2T,
ARFFETIE, BUEFRESR (0.056 mGy/22 FfEl/H) H#RO 400 HEhER RS (Bfta 20 mGy)
L 7= B6C3F1 ~ 7 A % ST BIAAT: 100 B2 700 H B £ TR 2R 2170 i RRIRET I
Ko (S, MIGHHE 1. BETRE%E) 2E=F—L7, /. SRERKHRR
ST K B~ A AFREE R A RIITMEIC L 2 E W H H Z & (1. B. Tanaka, I11 et al., Radiat
Res., 167, 417-437,2007) Z &b, fi~ 7 A& BT 5 Z LI X D FEE R AROLE( & F
AL OBEEICOWTHLMNITHZ 2 HE L, ZHUT XD, SBOFHIC L A EHFER
R EIIIE S OB EOARAH U2 &R L R o ROBEZ AN L T 5,
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11 W52 515

AR SR AU BB iR CTlE B6C3F1 ~ U A ~D KU IS 2 SRk 26 FEEICBAA L, AP
IXRESTBEAATE 400, 500, 600, 700 A HO~ D X GERRESHEA 16 IE, 0.05 mGy/22 K#fH/ A O R4t
#E% 16 T, 20 mGy/22 Wi/ B OFRSHEEZ 8 P {H L, 600 H BIXIEFREIEEZE 32 PL, 0.05 mGy/22
R/ B OFRSTRE 35 JC) Zffl L, ~ o AO@EERRIL (KE, FEERASR, RasfixiEE, M
ERECRAT . MIERCS OFFNT. JWBREEAR DR, BARTREUMNT) IO\ TE=F— L7z, £/,
EB Lo~ 2 GEMREREE 33 PL, 0.05 mGy/22 [/ B O MRSHEE 35 PT) (ZRE L Cid, MRETEIAE
#% 600 H BICAEHI AT OAFIEB O EREET =2 — L1z (K1 F), MRS Lz~ 7 20
FRTOBRIZ L 2 WBLZYRT 272010, fFEHRTH L0 AERLE 21T 7o, fEHE RN AR EER i
L7z ik h o EkExix CellTac e (AARYEE) 12XV IE Uiz, MEAREIZORER M A 1TV Y, £
L 7= M7 B Mg 2 0B L. s o7 2 s 25 1 8% ELISA £ (CAY 4) (2 Xk v #liE L 7=,
E7o, MEEIREICEI L 72 R 25 mRNA 24l U, cDNA (S8 Ht% | R iR BAYER S DR
WCOWTRIT LTz, JRERREAMAT A 7 v & LC, I, Pk, Jih, L, ~— & —RoOJHEE
IR Z2ER LTz, E7-, st~ AOB M, DK, R R, R, WEHZ R~ U ARTF
L7z, &5, fEH TIX in situ hybridization ¥ (ACD #1) (2 X 0 #f#k T D@5 13 BUHAL % [F]
ELT,

(ffi BEL i DL RE)
BREMN OB FZBREBSBRICESE, HEEL2RIE L, BWERZEXL5HFE. TN
HEB G THITE 2T~ T,

IIT AFFFEfE F
1. K&

400 H RIFRECHR SR AR IR L 72~ 7 2O W T HRETBIZAT 100 H 2212700 H B £ T
TV T U, BRI OREZRE L, £ORE, MEHRESR (0.05 mGy/H) FREHEEE 100 7
5 400 H HIZBWTAHBEIZKRENEI L, 600, 700 HHIZABEZET ALV Lz (K1
). Fio, EEBRESE (20 mGy/H) BEBEIIIABEREEETIR O o7 (K1), LAETE
fiti L7z 1 8 500 Vo 7= FaalBRie i, MR ER R LA RO R & ZIZ O R EH
BRI, FERIHE & A SRR & OMICEEREITA o7 (¥ 2),
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EEBH EBH
g i npe:d JEHRGTRE i hge
RER 0 mGy/d 0.05 mGy/d 20 mGy/d 0 mGy/d 0.05 mGy/d
FE&H A% THOREH |REE (mGy)| THOREH |[RKE (mGy)| YTHOREH | vHREH [REE (mGy)| YTHREH
100 16 5 16 2000 8 - - -
WAt Rt 200 16 10 16 4000 8 - - -
AR 300 16 15 16 6000 8 - - -
400 16 20 16 8000 8 - - -
500 16 20 16 8000 8 - - -
BEHAE
HARS 600 32 20 35 8000 8 33 20 35
700 16 20 16 8000 8 - - -
———  0.05 mGy/d
20 mGy/d
50
~ 45
o))
-
~—
<
20
g 40
>
-
@)
M 35
30
100 200 300 400 500 600 700 (day)

1 EE:: fREs, REHIR., BERER L OWE Lo~ A%
TE% . MUK BHAEH 100-700 A O KREHER
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Male

50

35

£

25

8 16 24 32 40 48 56 64 72 BO EE 96 104 112

2 2007 TS L7z 1 8E 500 IEOFHa ikl T 647z B6C3F1 I~ 7 A DRE
Hets, 5 FEMBESEE. E : 0.05 mGy/22 IR/ H ¢ 0.05mGy /I8 F FRETRE
R A B, 10 100 225 700 HIZkHET D00 &2 RVREIT TR L7z, 1 B.
Tanaka, III et al. Radiat Res., 167, 417-437 (2007)

2. KB E

AECHR B R AU R IR S B 4G T2 100 725 600 H B IR 21T - 1=~ 7 X Tl R D22 K
TVEEHIHER CTH o 72, ~ 7 A OREBAR KR EEIIIRER (20mGy/H) B E2 LT 50
100 225 400 H O CHE 2R 2 7 S 4, FERREEE & ik L 400 B BIZHB W TR 27%1804 L
7z (B3), —J., WEHESR (0.06 mGy/H) KESHHIRE ~ 7 2 TIXRHBIE 5 200 225 500
H O CREEFAXT E R OF B2 03 1 Hdu, FERETHE & iz L 400 H BIZBW TR 5%
L7z (B3 1), UL, WUEHR SRS RO OIS EEIZ OV T, AEREITR
ST (X3 ), EARERMSHRBS I IR A B RS2 ENH D Z L 2 RTOICH L
T, MR E RS IE R ER~OERN BT ON RN L 2R LTV D,
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X 3

—  JRERSY
= (.05 mGy/d

T 20 mGy/d

0.8

0.7

0.6

0.5

RREE/MEE (%)

0.4
0 100 200 300 400 500 600 (days)

290
270

250

1 (mg)

230 ok

210

190

EERREES

*kh%

170

150
0 100 200 300 400 500 600 (days)

b B BRIATZ 100 225 600 H B OFRSROMXIEE (F ISR, A1 oo
0.05mGy/ H FREFE, JK{A : 20 mGy/ H HREEE)
T BUNBHIAT 100 205 600 H B O AR RER (F RS, 10
0.05mGy/ H FREEE, JK {4 : 20 mGy/ H HREEE)
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3. MG AER

JHE RIS D58 AU DU CRERIIRF IR BRI FT R HEFE L7z, 2 OREF. 100 33K 10200 HH
TIXFFIES R AL A SR o 7248, 300 B B IXIEFRSHRE 2 OB AR B =R ISR 35\ C L 400
A HURIE T R COERBECIHIEGEOREN R O (K4, £ 1), REOITHEAE LIZIFERO
AfifH~ 7 A (100 225 700 H) (27 2 EIA T IERAEE TR 27.3% (35/128 : IFIEE/fEHT~ ©
AHE) . WA E RIS T3 32.1% (41/131 @ FFIES/fitr~ v A%0) . RS ERBAHECIIH
28.6% (16/56 : FHIEE/fiET~ 7 2%) Thotz (X 5), MEHRERBHEAE (p=0.22), [KHRER
FREHEE (p=0.67) HIZHEBEEETA Lo T,

WIT, BEBOREL R LHFERIZIHVT, 600 H BT 5IEES, B~ v 2AONEE
FAREFHE Uiz, TORE. ISR ARIIIELEBIERPTE T 50.0%, FEEBMURHR R
FHEECTHI 54.3% & DTN L7z (X 6), KRIC 6 BEREZ BB EIT - 7o~ U7 ADIFIEE R AR
LB UTs, TORER, BEIERKEE TR 81.8%., EHEBIRERETK 74.3%DIFIEERAERTH Y
(X 6), FEMRKNBETIIERICLEAER (p<0.01) EFRERONT (M6), —F., BEBETIE
RS AERO EFRITA N2 BHEZE (p=0.07) Z4ho7z (X 6), ZNbDOfERIE, v 7 A
FEHLEERE O RIEDHE B6C3F1 ~ 7 A OISR ARICE R B2 KT T Z L 2rme+ 5, (1
JHF RS 0 B2 T IR s O IR AT RIS IS <, D78, SRR HFIRIC 72 A D ODOIRENRZ B
D, JHFHEE & W C & ZRWERITRT 2 B R\ 2, Fo, BT~ U AT IS E Te,)

e JEHR ST
———  0.05 mGy/d

— 20 mGy/d

100
II III III ||‘ ‘||
00 300 400 500 600

700 (days)

®
<

60

4

[}

2

FFES DR /BEITDX(%)

o

100 2

4 100-700 H H E T O 5 C o B IR 56 4 31
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FIEERET IR/ T IOAH

2% %€ B JERR 5 0.05mGy/d 20mGy/d
100 0/16 0/16 0/8
200 0/16 0/16 0/8
300 1/16 3/16 0/8
400 3/16 3/16 2/8
500 4/16 4/16 2/8
600 16/32 19/35 5/8
700 11/16 13/16 7/8
oy 35/128 42/131 16/56

100

80

60

40

20

FFRES <o R /R R (%)

0.05

mGy/d

b AfFE~ 7 AR D TR A R
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#1 100 7°5 700 A H £ TORKME S T OMEHIREIT RS A 55,

20mGy/d




FEEBEF i

— JEmEst N=32 —  JERREt N=33
——  0.05 mGy/d N=35 ——— 0.05 mGy/d N=35
#4p<0.01
l 1
90 f 90
r( -
o % .ré 80
14 4
|70 B0
g ¥
X 60 X 60
1% D
14 b
50 g 50
:, B I =
= 40 =S

C 0.05mGy/d C 0.05mGy/d

6 600 HEERDIEERE, KB< 7 XOAFIEERAR
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4. IMIEfEHT

100 725 700 H HIZfES L7e~ U ADIMEFR T A M AT v &2 JE LTz, £ OfE%, 20 mGy/
HRRSTRETIZ, 400 HH. 500 HH. 700 HEIZT A AT BOAEERBOPRONT (K7
o —7 . WURHERRATETIEL, 300 B BT 2R H 508, WEICLDT A AT
0UEDIELDENZNEOAEETRON o7 (M 7).

700
600

500

.

100 200 300 400 500 600 700 (days)

IS
S
S

3

S
=

Testosteron= (pg/ml)

1

=
S

—_— JERRSY
———  0.05mGy/d

. 20 mGy/d

1.5

13

s AN

Testosteron& Lt
(R AT EE/IEMR5TEY)

0.7

*

0.5

100 200 300 400 500 600 700 (day)

X7 100725 700 H HOIMEFOT A M ATa &, 7 A AT o Ur&Z 100 BB

ZWCHELE, BT ANATRUE, T TAMAT R UERK
H o FERREEE, ALY 0 0.06 mGy/HBREEE, K 0 20 mGy/ H FREEE
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5. B TFIHBUFHT

TFHRIBENC X » TR ERL T A N AT o VEBHICEENR N0, BETO
BARFHHZL@MBRNAIC DWW TR L7z, 2 ORER. FEARIER T (Tesmin/MTL5) D%
BUIMSARESR (0.05 mGy/H) FREHEET 100 2°5 600 H HIZH W T, KHREE (20 mGy/H)
FREHECIE 100 225 500 H H XY 700 H HICH B2 Z La@lgani (K 8), 7.
S OBKFHERTHOLNTZHERA LY VEREZHWT, Temin/MTLS O3 Bl% In situ
hybridization %2 X 0 fi#HT L 72455, Tesmin/MTL5 181511305 SLALHR o0 K REMAE O BEEAIZF
HLTWAZEMRHRTER (1K9), Temin/MTL5 1Z A % 0 F 4% A RO & @G AL A Ff
% 7378 (T. Sugihara et.al. Genomics, 57(1):130-6, 1999) T. 7 v hOER TR EN
BEOY 7 0R A7 7 2 FREIC LY Temin/MTLS REEMBE BT 5 2 &, KO, 7 aR
277 2 F&ET v b~OHEHE 5T LY Tesmin/MTL5 OB MAAE N EE L, W 7 o
TAAT 7 RICL D REHREEICRT 20 I 5 2 & RHE ST 5 (KP. Maremanda
et.al. Biochem Biophys Res Commun., 445(3):591, 2014), 4nl, ¥53 C Tesmin/MTL5 Oi&fs
FRIANBD L TND Z b, () R EREESRBRN Y 7 0k 27 7 I MELOFEL R
BICHEZ TV DO AN EZ BN D, FTo, BRI ~ 7 2 ~Odfnf G TR LT
Tesmin/MTL5 OHBEIEICTH LT DA REENEZ DD, Sk, () (KHRERBENEE Tl &
Z &5 Tesmin/MTL5 FERAIZHEH L, BB EREERIC EDBR~OZBELZH L NIT S
Ll b, a5 X DR E D FREMEIC DWW T ERET T A RERH D B2 D,

@ C
@ 0.05 mGy/d
@2

0 mGy/d

1.4

1.3
m 1.2
a
A~ 1 i
g T
g 1 o I*** -|- . I * 1
ERR <l B 5 !
E 0.9 T*** -|-*** + I * o T *
% ¢ L sk J_
Y |

0.7

0.6

100 200 300 400 500 600 700 (days)

8 100 7>% 700 H H DA AR A& {5 T (Tesmin/MTL5) D38 B8k
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Control x 100 days
R NN

0.05 mGy/day x 100 day

A Sl s
L
00 days

IV &%

AR TIIEAR R (0.05mGy/H) EfHREH IC X 2 REOR B2 BN E O EA X E&OAH
BB H R LT, WA R R K D R BT E & R 1, FEEEO R ERINC X 2 Ar6e
PELEZDNDID, HEMRBEREZITIMLENDD EEZLND, —F, BEREREBSEEO
~ U ARERICB T D8 s TRBMNT T, A7 Tesmin/MTL5 (s T ORBE LA RH Lz, £
fo. BB Ko T U ADOHBEBEREOHBZEMA AL, 2D OfRERIT, KRR

(0.05mGy/ H) #fEHRFIZ L 5~ ¥ AAGHRA~OE L FEER A2 A O ORREBERR H 5 Al
REME A RS 5, — T, MR EREGIRNE TR LN BEIIIER IO TR, v T A
fl B R EDOMO BRI X 28 cREA (RGN, (REHIN, HEAExE R %) A8
ATV D REME 2 HEFR T & Zeuy,

V i

ASREONT-FERNS . BIKHRER (0.06mGy/H) EHie A 13X, Tesmin/MTL5 F& 5Lk Sk
DEFRTHIFWE L LB e R L, ZORENFEE A ZIEE L TV 5 AR
PEDRE STz, LR B, 26 OFEP AL TSR E30Ei A L 2B TH L0
ME I DEAEWT A DI, KR ESR (0.06mGy/H) EitEHE~ 7 AOE(L Ak~ 7o
FEDDBEMGTT 2 &30, BERERSE ML TE200E 0o THED, H
HICHET20ERHD B XD,
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Health effects of continuously very low-dose rate

irradiation exposure in male B6C3F1 mice.

Takashi Sugihara
Department of radiobiology, Institute for Environmental Sciences
Keywords: Low-dose-rate irradiation, male mouse. Liver tumor, Castration, Testis

Abstract

Currently, the effects of continuous low dose-rate (LDR) irradiation are estimated using the data obtained
from HDR radiation studies, due to the limited data on LDR radiation effects. To elucidate the health
effects of LDR radiation, especially on metabolism and neoplasm development in the liver, castrated and
non-castrated male specific-pathogen-free (SPF) B6C3F1 mice were exposed to LDR gamma-rays (0.05
mGy/day or 20 mGy/day) for 400 days. A group of mice was sacrificed 100 days from the start of
irradiation and every 100 days thereafter until 700 days. Body weights, liver neoplasm incidence, organ
weights, and selected serum chemistry were measured, and pathological examination and gene expression
analysis were conducted. Increased body weights with decreased testicular relative organ weights were
observed in irradiated mice. Furthermore, decreased gene expression of testis specific gene was also
detected in LDR-irradiated mice. Although no significant increase in incidence of liver neoplasms was
observed in LDR-irradiated mice, a significant increase was observed in castrated non-irradiated control
mice, which indicate that castration may influence the incidence of liver neoplasms. These results suggest
that the effects of continuous LDR irradiation on the B6C3F1 mouse testes may be related to the

development of liver neoplasms.
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Analysis of the effects of life-style in childhood on low-dose radiation
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Abstract

After the accident at the Fukushima Daiichi Nuclear Power Plant in Japan, much attention has been paid
for the health risks associated with annual low-dose radiation exposure. The Health Management Survey
governed by the Fukushima prefecture has reported that probable radiation dose delivered to children
could be sufficiently low not to cause any delayed effects. However, enormous change in the life style and
the school life of children might have affected the physical and psychological condition of those affected
children. In particular, physical inertia may cause life-style-related complications, one of which is an
excess calorie intake. Resulted obesity must be one of the health problem that should take into
consideration.

Accumulating evidences so far have implicated notable relationship between obesity and multiple types
of cancer. However, little is known about the effect of obesity on radiation-induced cancer. Therefore, we
have intended to determine whether an excess calorie intake affects the cancer risks from low-dose
ionizing radiation. Our final goal is to define the mechanisms underlying the possible interaction between
an excess calorie intake and radiation exposure.

We have hypothesized that an excess calorie intake could cause systemic inflammation, resulting in
alteration of tissue microenvironments to promote radiation carcinogenesis. So far, we found that high
calorie diets between 4 and 8 weeks caused the initial phase of fatty liver, although there was no sign for
the excess local inflammation. In contrast, adipose tissue showed crown-like structure, which recruited
activated macrophages. Experiments investigating the effects of radiation exposure are underway. Also,
considering that tissue stem cells are the origin of cancer, effects of an excess calorie intake on the
turnover of intestinal stem cells were examined, and it became clear that high fat diet did not affect their
turnover.

Our results should provide a fundamental scientific basis towards the possible countermeasures for

mitigation of any possible risks from low-dose/low-dose-rate radiation exposure.
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Uncovering the interaction of lifestyle factors in children with low

dose radiation-induced cancer risk and carcinogenic mechanisms

Shizuko Kakinuma

Department of Radiation Effects Research
National Institute of Radiological Sciences

National Institutes for Quantum and Radiological Science and Technology
Keywords: Low dose, 100 mGy, high calorie diet, obesity, diet-induced obesity model

Abstract

The aim of this research is to identify the impact that lifestyle changes in children have on the risk
associated with exposure to low dose radiation and the mechanisms underlying radiation-induced cancer.
Specifically, the high calorie diet-induced obesity (DIO) mouse model will be used to test the hypothesis
that ‘systemic inflammation associated with high calorie intake in children will alter their risk of
radiation-induced cancer.” Following a low dose radiation exposure (100 mGy), the interaction of a high
calorie diet on (1) DNA damage and repair; (2) initial tissue reactions including cell death; (3) subsequent
tissue recovery; (4) the microenvironment for early cancer development; and, (5) the development of
established tumors, will be examined by investigations at the molecular, cellular and tissue levels. The
cancers of interest for induction by irradiation of young animals in this model will be thymic and splenic
lymphomas, as well as lung and liver cancers.

As a part of this co-operative research, B6C3F1 mice are to be irradiated as infants (100 mGy, 1Gy or 4
Gy) before initiating diet-induced obesity (DIO) by rearing on a high-fat diet. In the annual plan for fiscal
year 2015, the rearing of the DIO experimental animals was to be started, with subsequent preparation of
tissue samples to study the effects of DIO on DNA damage, cell death and inflammatory responses. In the
annual plan for fiscal year 2016, we have already finished the remaining rearing of half of the total DIO
animals, with collection of the requisite samples, which are now ongoing. We also observed the predicted
body weight gain in the mice reared on the high-fat diet confirming that the project is progressing.

Thereafter, we observed the weight was reversed to normal level after changing the normal diet.
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SN D MARE I OIS RN AL ROERICHF LT 5] L OEEHZ LT, HLE
fuRREBEMNEZ VT, SIEMEIZ L 28 (Diet-induced obesity; DIO) A #5384 % 3k &
To7ce MAT, AEEBEOENE RIEIC > TELDIEDABEL KRS 52 LT, /h
RHIDOETFEED ) A7 2 EEMICH LT 5720, BEBRIC X5 KGR 2 A D
FHEIIT DIO 723 MAF T 52 L L E I O B 5 2 iR 28 2 51l L7z, 7eds, Al
PR 29 FEE TIZAT O RO 5 B Rk 28 HFEIZHEME LI-NE DI % F L DT Hifw#
HTHDHED, BIREETIIELNTWDLT — X ORI b b, Tz, BIRFR T
FHRFTARZ D72 BB E LT RWED, HBoNEPRT —% Ofm b FHESN
DT EEBRT D,

1L WFEJ5E

AL E EAIE (Lars 8MIfd) T, ¥ EF v 7 = (4-hydroxytamoxifen, UL T, 40HT) O
B GARAE U CREIRR YIS R 235 8 L. £ O fiRfilnz L AR — 2 —#is T (LacZ)
THE#HSE 5~ % (Lgr5-EGFP-Cre™ ™ x ROSA26-LSL-LacZ ~ 7 A, LI F, LRZ =7 &)
FRWT, BIEMER LTI ) —BEER I X 5/NEIER O FZERIFHE & Lers w5
fia & — o A= N LA~ DB A AT o 7o AT, OHEHBES MED B FLIRE
2, BEx B O ERER IR EZRIELS Lz~ 2cx L OMNEo e ) —EHGE %
MNRINE TR, ORAMYICHRERORR LI 22T e~ v ACB T 5/NEHoH r
U—BEGHEZ ORE, BIOQ/NIMO e ) —EBERS & KIGRIEBE N A ZFHHRT 5
FHhl % R LTSS OBEA R EZTHME L7 (K1),

LRZ ~ 7 A (4% 9~13 HHEREE) (2 10 mg/ml ORE T ~ T U A4 A VAR L7z 4OHT
(Sigma-Aldrich f:, #H6278) % 3 mg/40 g (AEH T DH—BENE G- 21T o7, ~ 7 AL 3-4
W CHERL S, BERLE®R2 D 1 AR, Bl U —o 6 FINEmKXThLEmT7— N
HOEEN R (Research Diet £, Bl D12492) # HHEI S W72, @EMAE%* 52 T\5
HIRE, B 1~2 B, O EKBEREL T o7z, BEEa L b r—/UZ X 2 8% ik
T5H=0, KT — FEHOXIRA (Research Diet £, & D12450)) % HHIER S -8
T2 1 PABRICEBEMEB X ORBERGEZK T L, T TOHLEF BRI & T,
F 1 IIEERICHW - EERE, MRE, BEAEOHOMMED - B, Bl v U —IZBf%
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TORDEFERE LT D ERT, FERICHW T R X, BETRY A B 7 DORER,
Lgr5-EGFP-IRES-Cre™ 2 & n & A+ B kDI & L=, ik~ 2 (10~15 @il 12785
TR TR L, + 24605, B, B LOKRBMARE R Lz, 2 6iE 10em BRE DR S
2B 53T, BRECA NI L CIR, A A A m—/LRIZETE LT b Rt R L~ U
R TCHEE LTz, KIGHMF ORI, BERIC X-gal i (1 g 2 DMSO10 ml (237> L T
FELRAF LT b D). NP-40 KIEHE (200 1% 10 ml OEHAKIZIEN LB D), 72U T
AEA VU A (165 g % 10 ml OBHKICIENLTZH D), 7=a v T bV v A 2l g
Z 10 ml DFBFAKITIENLTZH D) Z . 100 ml D PBS(IZK L TENLI 1%DHEE Tl Z
TP A T e - IR T MRS L C LacZ Yeta 4172, T 0%, FEEE AL
<UL CER L CHBEE L., K BEgos 7o alray s L. 7 U7 NER
MABIZe D L9 B MO 2ER Lz, =4 P @izl b h o v ¥ — Ytk AT
Stk LacZ 2t r U7 b (=AY Qe ) BE W LacZ B2 V7 & (7 U 7 KM
2% LacZ THA SN THO R S b D) ZEiENIERE L T RERE & THER L7,
RIGRIEBHE N A L OBADREBET D201, HFRFLOFE 2] Xl TT V¥
A % (Azoxymethane, LA N, AOM) &7 X A K7 UHilig) b U w7 AKEEHK (Dextran sodium
sulfate, LLF, DSS) #F|H L7z, H 51 U® 40HT Z#% 5 L, SEfEHAED LIIRRE%E
B2 TWbH LRZ~ v Akt L, 5EERFC AOM % 1 kg (KEH720 10 mg T OIEHEN#E 5
L7z, 1 HR#£IZ DSS % 2% (VVIZFAIE L= foKIzEl v & x| 1R B BB E w72, DSS
Z 1 EFEEE % @ OBOKIZEI Y B & | F L& 18 & IS UTc, RIGHARI LacZ
Qutt e 3 DB & | gt 24T 5 ERICHR Y 010, 3 A RIC Y T D AR E E 217
572, LacZ G2t ORI OV TIX, KGR D LacZ Yefald Bib & RERIZIT 5 72,

(PR ~DALIE)
ARFZEIL, SN L - B ERZE S TED S B ERB L OEREMY BRI
IS BB EOBE D FEENTOIL, WFEEHHOKRE b > TEM L=,

L WFIEHE R

1. /NE#IOT 0 ) —BEGEZIZ K HIREZ & @i RO RO S

4 2 1% 30 Gy/h D FEMREFEHERZ 0.1, 1 & L<I1%4 Gy BRI L7 A A~ T A2 T,
BEFLIE D & OfER Z & O EE b Z 7T, NEEICEEEEZEBIR L7~ Y 2213 0.1 Gy &
BIEL LA 60 HIMLARE T 20 g DL EDOREZ /R LI=DITKE L, BREOHIMIZE, [FH
Ui CORED AT 288 R CHRiLz, L L, BRC X - THERLRFOIRE R R -
T2 e, K31ITiE1 Gy DT 4Gy 2 Lz~ 7 RIZ2O0W T, BfFLH 26 OfkiiiE
T ofRERS LA RREETD) LT, AENEL LI REE 5 225G
DR F e A E AL I LT A2 7T, ZO/RE. 1Gy DT 4Gy #RS L~
AELLORICEWTH, BEREZ 5 2o~ T A%, B b e — LHIFE o8N
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RO BTN, BHEEICE B 2% OB SICETRED biiRino T,

X 4 121X 30 Gy/h D SR EFRHFHRE 01,1 H L T4 Gy B LA A~ T RIZ20 T,
BEFLIEDS D OEIR Z & OREZ(LEZ RS, A A~ R LFEERIC, /NEINZ @SN %2 1
Lz~ 7 ADEKEITRILH OMIE < BEBOBINEV, B BRI 2 EENED TS
B 28 B CHL =, K 512X 1 Gy HDWE 4Gy #BE LIz~ 7 2250\, BERLE 2SO
RmE =L OREHR S BB EZER L T2) I LT, REMAED LIIREE 52
TS B OMEHFIIR A EAZ R LI REZ T, TOME, AAXAYT AL 1 Gy &
H0NMNTAGYy R LT~ VA ELELOIZENTY, ®IEREZ 52~ R %, Bz
v e — VHIR R OIS HATe s, BE RISV R X IR OESITEITERD b
oz, BELREOREAZZET D720, 0.1, 1 BLV4 Gy OXBETHEE(EIR IS S
TWDHA AT RZOWT, HERBROKRELZ 1 &L, TO%ROEBIEERIC X 5K
FEHINEEZK 6 (R LT, =y bo— VIR oRERINL, RILFOMRENHEZ 5

EL MBIz b A RERSBE S, BERICE LB L, IREEINL MR ME R
R LTz, BEIZRWT, IERIBEOREICK T 25EHFIA EA% Willams O HHH#L
MEABHALIZE ZA, £< OB TA4Gy DERERINNMZ b5 RZ2R LT,

F202I%, AL EMRER X B 30 Gy/h) T EIEABRELZRE L, NEHICE
JEMGE S L 1T ELZ 5272~ 7 Z22HOWT, fRE#% O KRBT 5 LacZ Btk U
7N OBEERE LTSERE R T, 1Gy b LT 4Gy U L7z & 2O &R L &
BRED LacZ B2 V) 7 MIEAEHREED J7 AMEVMEAEASZR O B =23, Wil -FE Oa 5
ERECTITABEZEITRO N0 -7 (1Gy Tp=043,4Gy Tp=0.81), 0.1 Gy ZME& L
e~ U A, LacZ B2 U 7" R B EVMEIAAFE S HAVE A, T AU 7V HIZ LacZ
BitE 7 V7 NRRELEZZELD D Th o7,

2. /NEBIO EmIE BB X 2 REE I 2 ER O E

X 7 (IR SRR (3 mGy/h) ZAMMPIZ 1 Gy £ CHEERHN L7z A A~ T A
DBEFLE O OREZEL 2T, K TA AR OEKERERS &, X 7B IZREE D OBEIL 5
DOF% B A OV L AERER A2 R T, mREROME (K3) LT 5L, KRERK
SR OBA T, RIEMEEERENC I T 2 I E I 03/ SV R Cluv iz, B8
(CIERRE R B 3 mGy/h) ZRABIM I 1 Gy £ THEGRE L4 2~ 7 2O
%D OREEbZ T, B 8A IXERIOKREHS Z | X 8B IXREH 5> OBERLD b D%
A3 D EHE L UER 22 %2 T, BUEEITHTOER TH 5720, PR T — X Ol T
TH D0, AT RZOWTCH UERBE (1 Gy) 25272~ U XA THRELEDEN A HK
L7eb D&M IR T, IR ESR 3 mGyh) TH 2 BERS L7256, &iE
BB XD REEML, FARICERESR 30 Gyh) R Lo~y AT
AL DFED HALIZA | -FE T, S FN R A EEITRD bk o7 (S% A EAK
),
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3. NEHNCEE B A B L 72~ 7 ADOEEELIZKIET AOM, DSS 5 DR

B4 10 121X 5 T AOM Z 5L, 1 HH%IC 2% DSS & 1 MK ERTA AT AD
BERLZ DD OREZ L (K 10A) BLOMERL A Z#&HE A & L7oRER S (K 10B) 2777
BIRF R ClL, ERPKET LT EEKEDN®ENEZER L~ ZADH h=1) THD
To®, WEHERIALEIX T E RS, DSS EEEREIIZAREN A L2z, @il
IURFIZAT o 72 DSS B G- O8I K 5 L #E% éhﬁﬂlm%@D$§ﬁ%%ﬂﬁ?b\L%
DEAKIZ 72 > THBITRERINCEE Uz, B 11121 S Bl < AOM Z#:5:- L, 1 8%
2% DSS % 1 i %%iﬁtﬁXVWX@%%%#%®¢EWM(IUA)kiU%%E%t
BHEUARERSS (X 11B) 239, DSS RN IR ER NG L L2720, miEl
BERRIATo 72 DSS & G- ORBIZ L 5 L Hig S iz, 1EM O DSS 5B T L,
W ORI > TOBIXEEOHMNRD vz, A AOMEEBITERVIERE L O
AR n=3Thollzd, t-MEICE Y BIENERE L RETEOHE = L OREHESOH
BEEMELEEZA, BENRZERS S~ A (BEILE 8~17 HOR) THEHHAMIC

EREREOETRRO O, K 10 1TMEHIZIC LacZ YetazAT > To~ U A D KIG% 4
mﬁcmndkmm@%%_;ofﬁﬁféLmzaﬁx&—ﬁggg@k%f%ﬁéé
Niz, £z, TNTN/ NS RSN EEBEBRE SN,

V. #&%2
AAFFRIZEBNTE, HAERHT- OERLEBRI e ) —2HETHZERHE LD, &
FEMI BRIV TIE I Y —BEURZIC72 5 LUE L CEREZED TE 7, EEEDR
O, BB AHIE LT RN 7 22BN T, By he— b o Eishe
OEEATHBARE (BAZo—2R) LB L TEVKERINEZ R L2, RKEEDOKZ 2
0—ARIZBWTHRBEOENSRO D2 Eh, BIEMAZERIT Y v ) —EHuE %
EblzbLiEEsBEZLND, Kﬁhﬁahﬁéﬁ 18 & BORBAkIE < oo R R BIR O &
WOBLELS B FORHIEL 28 2 72568120, BRI K 280X ~DORE 72 ERE D%
DHETEEE A 2 zé%ofpﬂ:?ﬁték%z%hé NN I D m B R A TEEE
DOEAD—K EEB 2 UL, #IE< ZHABREZEO BWIRAINITV., 20k, SENR
EEETDEVIORMEOT A T, b MBI SHIESRINEZEEST S L TEETH
5o
EET AR G S AL ORI KAE 8L, T, AVBELEED TWD, RE
W% b % 7=~ 7 A CIE @R OBAEEN B £ 2 2 EBWE SN TS [3], BEBREN
2, B AHERE T A =y FlE L LT DI TTV SR — MIE [411%, e U —#
BUl 212 & 0 208w LTz [3], #iche ) —H#lRE 32 2 & T, 23— Mk
PRI OHMERFREDN R E V. b LV b T — VB MRS 2 @2 [5]. bz
BN 2D & e ) —BERZICh b L =y T RSBl E R T2,
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ERAIIE OEFEA FHE SN TofbicB . Bl — L OB &2 b7 b3 2 LT AL
FADHHFENFEEND &V IR Y LD, ARBFETIX, BRI 238 s il > —
NZE RETRELZTME L7722, AR SRR A N L2581, NEEo
Zrm Y —EBOEZ NI 7 — S AT TR TR B L TR D L A TR E T
S ) —EBEGEZIC K > TR T — VDX — 2 = "—HEALN S DICHERIND Z &N
FHENTZ, LOELARNDL, PHNRT =200, MERNEZ LA, BEHRE
S & 2 REIINA I 2 DR bivlz, T OEWNE, AWM O#IE < RO R
SMARRDZLITERT 2 LEBZLNLGD, FOHIIBRE LD, ZThe bRAENT
LIz BN 2 ONERYTH 2 LT TE ol IMBHIEL 22 0T - RHER O£
HENT DB OWTUIHAN 2L, 4%, ERT — ¥ 2lAEQOD, @il —/1
DE— 2 F—N—RELUICKIT DB L g5 2 & T, NEMIICBIT e ) —EEGES
DEBLELECTMTLZENEETHDL LB DN,

v FO/NRENCH 72 2RI TCIE, ~ U R DORE TR IS - TR O 2 H03
HIZH Y [6]. Z ORHNZEILD 7 — /L ZAMERFT D RE ) AR T AL TWRIT AU, HFEOTH
L UWVHIRR 2 il & U CHEBET 2 2 & T, MARICEENEE LT W Licke b, FiH
A LRI/ NSRBI R 2B L 7288 OB AD IV A7 5 T-DIZ,
AAEFE T AOMHDSS (Z & 2 RIEBIE S A DFFEE % LacZ Gt 7 7 A & —olEIG OfRHT ) BEF
fili s 2 EER O L BRET L, SRR & REOWNTNIC S LacZ Gt T X % —CEg;
WS SN LacZ B2 7 A 2 —137 U 7 N AL OB OER 2 R+ 5O TH Y [7].
R ADOHTNAIREEE BT 2 ECEERBIEL 2D 55, Fo, @MERBEHR 0.1 Gy
DS 24T o T2 BIRIZIBN T, LacZ DRIESGMBBIE Shz7od, 4% b 0.1 Gy DFREIC
ERHTLHZLITEETHAD, —H T, RIEDME 7 T AL —L OB, £ DORIE L
DR, I HITIFBERIZE o THES Y — U ZEZBRRD LD I ONTIEASH O
HTHD,

V.

INBEICEIE B Z R L~ 2B W T, BALHE - MEREZRE Lz~ v XIC
BT HEREERBM L — o F— R — DN BE SN DADEEN A L, £7-. &
JE RSN A D EBERR AL T D 2 & AVHIBA LT,

VI R DG

/NRI O B R IR S RIE B S VI 2 5- 2 Te~ 7 AT N T, B LM E - #ij
BROMFABREZ BT 52 L T, Y — 2 A —"—DBELNBE SN E D 1Ak
D, THHICK > THIZERENS, SEEEBIE SR EEHIERT 22T
BNV AT BEDDEDIIOWVWTOHEEE LD D,
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(A)

ERERRN Bt

) — S
40HT
s
(1i85%)
(B) AOM DsSsS

|y Bs
B9, (SAE) (1ERH)

C\C\rc‘ e @R

40HT
1Bs
(1:885)

X 1 AREET>=EROSM

(A) ZHF D LRZ ~ 7 A 1 s (9-13 Hilis) ORFZZEFXFT 7 = (4OHT) H5%21T-
ko&%%v7xy&5&” HICHUR B2 B LT, @fR U IE 30 Gy/h DS T,
X MRS E (2 CTIT o 72, AR AR T 3 mGy/h DS TE A RBFFEFTAMER T 5
ﬁ/Vﬁ%%mabT@ﬁ%%%ﬁoto%-ﬁ%?%ﬁuﬂv:/&4t/f%ﬁoko
&46Vﬁ%%#6ﬁ%%ﬁ%b<i%&@k ICHIRAEE 120 (4EM) ABERSE
Tz Z0t%, BERICHV L T, fik~T 2 (10-15 Hin) (272 > 7R ORI L7z,
(B) 1K%§§ﬁ>hﬁﬂk®%ﬁaaﬁ%%ﬁﬁ%‘f5f: i, T HRUAZLY (AOM) EFF A K
T UmEST Y UL (DSS) OEGEIToT, (A) LRFRICHEIL S, Y=/ 2/
At D EIE R S L <IXHE DDA L 100 (4 ) A RERS 2, Eifa
v hw—) VI, 5 R AOM & B—JEEN& G- L, 1 %2 2% DSS Z 8K T 1
W, B HBERSE, DSS OFGMHETH#, K 18 WNFE L 72l ~ 7 2 ORI ]
L7,
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BR5E7T Research Dietft Research Dietft ¥)) JFHIET7—A
ETE D12492 D12450J MBR-1
— 7% 92
FNOR (20 keal%) (20 kcal%) 242
. 35 73
is B (60 kcal%) (10 keal%) 44
R S—R 31.7 1.9 F—H10L
— 7% 573 544
BRAKAEY (20 keal%) (70 keal%) (ErEmEEY)
A 20—2X 7% 7% F—5120L
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0.1 Gy

4 Gy
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=B REHER
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=2 3 | B1Gy
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Eftects of life-style in childhood on radiation-induced

carcinogenesis and cellular turnover of intestinal stem cells

Yuko Hoshi, Yuki Fujimichi, Kensuke Otsuka '

“'Radiation Safety Research Center, Nuclear Technology Research Laboratory, Central Research Institute

of Electric Power Industry
Keywords: Life-style; Childhood; High fat diet; Intestine; Tissue stem cells

Abstract

In this study, we established a hypothesis that an excess calorie intake could cause systemic
inflammation, resulting in alteration of tissue microenvironments in intestinal crypts to promote
radiation carcinogenesis. To this end, we applied the diet-induced obesity (DIO) mouse model,
which is widely used to study the effects of obesity, and evaluated the effects of life-style in
childhood by feeding a high-fat diet (HFD) or a low-fat diet as control (CFD).

First of all, Lgr5-EGFP-Cre®f"?x ROSA26-LSL-LacZ (LRZ) mice were irradiated with 0.1, 1, or 4
Gy of X-rays (30 Gy/h) at 1 week-old, then HFD or LFD were given during childhood (from 3 to 7
week-old). We found that the body-weight in HFD group significantly increased, but growing ratio
of 4 Gy irradiated mice were significantly lower than that of non-irradiated mice.

Next, we quantified the rate of LacZ-positive colonic crypts to detect the effects of HFD or CFD
on cellular turnover of intestinal stem cells. We found that the rate of LacZ-positive crypts did not
show significant difference between HFD and LFD group when the mice irradiated with 1 Gy
radiation.

We also addressed the issue that a chemically-induced colonic inflammation and cancer could be
affected by radiation exposure and childhood HFD. We confirmed that colitis-associated colonic
tumors and cluster of LacZ positive crypts could be found in both HFD and CFD treated mice by
AOM and DSS administration. By this, it is possible to evaluate whether radiation effects and HFD

during childhood could affect the process of chemically-induced cancer progression.
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Cancer risk associated with childhood exposure to low-dose-rate
ionizing radiation — risk evaluation mainly based on epidemiological
studies of residents in high natural background radiation areas in

Kerala, India

Suminori Akiba

! Department of Epidemiology and Preventive Medicine, Kagoshima University graduate School of Medical and

Dental Sciences.

Keywords: high natural background radiation; Kerala; children, young peoplecancer risk

Abstract

Health effects of Fukushima residents after the nuclear accident in March 2011 is of concern. Particularly
concerned is cancer risk after exposure among children and young people since the excess relative risk of
cancer risk is considered to be a few times higher when compared to adulthood exposure. In Fukushima,
residents are concerned about the childhood exposure and its cancer risk.

In this study, cancer risk associated with radiation exposure in the childhood and in young adulthood will
be estimated, using the Karunagappally cohort data, and the estimates will be compared to those obtained
from other studies, including the LSS of atomic bomb survivors in Hiroshima and Nagasaki.

The Karunagappally cohort was established after the baseline survey conducted in Karunagappally in
Kerala, India during the period 1990-97, when the baseline survey was conducted. To date, the follow-up
was completed until the end of 2010. Akiba, the principle investigator of the present study, has been
helping Indian scientists to analyze cancer and other disease risks in relation to cumulative radiation dose.

We did not find any serious problems regarding the completeness of case ascertainment and accuracy of
diagnosis of cancer cases registered to the Karunagappally Cancer Registry. In preliminary analysis of
cancer risk, which was conducted to examine the risk associated with exposure during ages 0-14 among
those aged under 30 years, no significant risk increase was observed. In addition, meta-analysis was
conducted to estimate an excess relative risk (ERR) per dose, using those reported from recent European
studies and a Chernobyl study on childhood leukemia. A statistically significant association between
radiation exposure and leukemia risk among children was found. However, uncertainties regarding dose

estimation cannot be ignored and potential confounding is also concerned in those studies.
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THIAERE £ T2 25 IR LLEOAREUCREI L2 T, 50, 20, 22, 23 fAA D~ 2 2BIT 54
D I —r o AT AT ORI ONRA T A v T =T 4 7 AT bR T (hE), £7-. K
PR KD RI S2BR SR N C Msh2 i85 17 E K rpsL-Tg ~ 7 A8 L AR rpsL-Tg+~ 7 A
AMZET T A 137 K (2500 Bg/ml) % 4 7~ HEOKEG- L, lEas2 R L, #HE%, SLNKRFEORI
fisk ~Hs U CRAE L7 (R, RIRFZ, IRK~ES 2B E R CREO~ 7 2 & W TERLAICTH
% 0.15%D KBrOs & ¢ 59 2 b A b L AERZIT o7, REF RO IR & 72 2 WbANC X
% Z DO FEBR T Msh2 i@ a1 K, rpsL-Tg~ 7 A5 L OB AR rpsL-Tg~ 7 A D/ NG T,
Z2RIE B |2 2 L E N 42,97 X10-5,2.28X10-5 Th 7= (. KIF),
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S BT Msh2(-/-)EAR D in vitro ZEPE LA D TE L, TR DELD Msh2(-/-)~ 0 AT U R R 5
LC/NGNRAZBE L, £7-. MK RNA Z A A RO A MU —FFE L LT, Mg ~o
UL 137 OBAE Ly BUEG A EOBEOMITIC L ET L (B,

F—U— B AREREGTR. U A 187, WERIES . BB, B A, R EL

T % RIS (BETREFR AT - BEMEE) IUN—C GREERIEHTIIZET -
WIRB) |, JRE T (KBRS EIge 2 o & — - £FBFIEE. NPO IIAM X v h 7 —2 &
WA LY TWA - BER) | RIHARZETE RS 27 AB TR - H09), BB (KRB
KEFEBE T GR) WFERE - B0 | fBEBAET (BTRIERTIT I B RS ORI e B e
At - FAERFFEE)

I L—137ABEIXEEOHRBIEER

ROABHZRAVEZRHZTERE - EREZARRIERICIVEZSNDG
HEMNALEREREEEEMNICFETS

1EREEEE Mt EEs
_—y 4 BIERFHETYIR FERTHR ™\
EERERER B#RIARE
(Msh2 BiRFRERH) (A/J, C57BL/6JFHFR)
| |
BR= -EEEX 5K= BHATESE - EE=RNMEIESE:
ERE RN ELIZES FREIIADLT J LBHIZED
FHREREEZLELA SR EARATE(EEEEE)
EERERLSE EERERLEE
IRRYF BonfBEE,SIE SDNAEEREHT
DNASTE R % /\SA—LERTE
\_ BEETILOFEE Yy
H#ohd ( #ELAE . BERHLEUDERRER DNAIEEZEEE - 1{E{&- 11#{X - Exon, Intron, )
BRE ZERFTEE . @F BEHVOLE— Intergenicﬁﬁﬁf@QNAﬁgﬁiﬁ(53\%30
L 9—5%&?@252&?5&{'\”7{-» EEEU(DI/&}L.’GEWE) )
| ! |
o HHELTTCOEREE EREEATBIIEENDEE
o RHEHFBED-ODRULELYBFLT—2ERHE
I WFERM

&SR X DIEBREMIE S A2 ~DOFRARCBIEEED R L 2L BROO L DI
STWND, £2ZT, & hDEL L TEOREONTHFIZ ETIHENZELE LR TRW
DINEDFIRA B 2 FEBRIFZERE R & L C 2 E TOEAZERE RN 2 TR 5 2 & AAARHFSE
DHIITH D,

AR, EREW 2 WA TS 225, B E - R E RS IT < 08 %2 E &Y
R 2 F 7= ER AT LAEZHBLED ET0THY, 3 FRHITREERIEARE LT
Msh2 {5 - hE~ D A% HWT, /o, BEM~ o 2T, #iE st EEL£< LTas
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J DORNSERORINZRAA D, T OMFERRIZ. ICRP 15 CEWNIEDRE L 72t & D 24 1M
ERAET HEBRFEREZ 5 2 57200 Tl BdHER T A XD NEBIE < EEBEOW S B RGE
THZLICH DT, BUEORIE S U7 HREM &S < BB O R FF 2 FEBRAVICHRGE - 380
THZEEAREICL, SROMEBOLDEEZRT 7200 EEEE L TRBERIZET S
ZENHIFFTE S EEZ TV D,

F 72, Bk MELODI 72 &0 X 95 72 KR &I < 1B 2 BRI 6 X SSIRRERF TR i i) 2 48 5 I
HEMIZER L TS ARICBWTHUERTILERH D LEZ LI, 5 DN BERMNE O
SLVDOEL D XML,

0 #Fge5 ik

[FRk 28 R DFE]

Tk 27 AFEEICREE . KBRT, JUNKZ, BIEFZ TN OB D isk D4, ML
TV D BAR DR A A0 U CEEE A 21T LT bR K DTN AT T & DRI 2 B
ARG, YT A 137 12K DRI BN IE < EBR AT o 12,

1. ZHARERENTHEIZL Lz A, C57BLEI < 7 ZARMDFRICBIT B4 ) 2ERBIH L %
DAY NIVIRHT

IR~ A AL ZREDFIETF 75 2 O ORWE2 R &, 1 DA & I Sl i% O F
TR v e P RS M e A e R A BT IR EEER G L 7= 100 Ba/ml @ BTCsCl KRG & B T ER S ¥ T,
B9 1 OBNEIEE L L CENEIULRAREL ATV, BT &£ TIZ 25 ARLL EOZEUZ A L
TWHDT, TOFEER CERHFTREZR 2/t LTz, £ LT, TLENDOHEOZNENLORIZ
BUF 280 bR, R A R L CHAERTT L7z,

AT, B0, 20, 22, 23fRNH OB~ T A2 DS ATIEREAE L D DNA ZfhH L, %7l
Fa—T 4 THEIRICERE T 5 LB DD EROBHERR D TZDIA VI ST m ha—
JUZHE LT Hiseq X HD regebt kit Zf ] L, U — F& 150bp L EDO~<RT — R RIZ TR K DNA
= o— (HiseqX) ([ZX D827 ) LAy —F U At a1To7c, S blicE b — FEddl %
HAWCARA A T H~T 4 7 AT EATO a2 —T 4 > 7l (Exon) e bNZIEa—FT 17
fE3% (Intron, Intergenic) OHEILEIHIZ I A FH~T, 2 BER COMILEL IR D7, I HLEEAL DORHK
EETECTHERZIT> TWVW5D, 70, RRHIEFITB T A MR R EEIR O IRE R ERE L & O
AR B S SRR 0D 28 B SRR HE 2 R % P~ MR B B O (AR & 2 DB BAL AR TV D (),

[P L A SR C OB 2 FERR 9~ 5 7212 C57TBL6) ~ 7 AR VW T A~ T AR TOHE
B & AR DG CHARA R S 5 KB A Bilth L7z,

2. Msh2 BIEFHE~ Y R ZRWTEE LIV ORRESR - 305 A W NIRRT

bt M EETUBIRBOEMED 5 B RN L BIGVERE (EHAGE) 1B O
B BIENEEOHERABIZ T S TV 5 08, (KR - IRER OB BREIE I X 2 W%
BIZOWTIE, BRx RAERNTORUSHE Z B E A -BAERSLETH Y . ZDTDDEFE
AN RTH D,

XHRR v B OIR LET BURARC K D AMTEH D2 < 13K DS FR 3 MRS AE 5 IEHERERTEIC L 5
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HLODFENKEWE SO TV 5 (Huma Radiation Injury, Chapter 1, Dennis C. Shrieve, Jay
Loeffler, Lippincott Williams & Wilkins, 2012) , Z L% TIZFE 4 D DNA (B R DB E~ T A %
ANz Z T, AR~ Y A TIHRHENBHNETH > T-ZRE R - BRA~DOEEL | Bz E b
F7IRAE TRk DNA G IR T 2 FRICER L TRIT CE 5 Z L 2 b L,

AL TIL, BRL DNA B IGEDERIC G BE-3 5 I A~ v FEERD Ush2 BIAFRIE~ U A%
W, R I Eg CRIRKRT: « &, BERRE R AT - A7) 1I2B8WT ¥es b4 2N
B EBRICERA A, 8RR B, BLOREEZH -, X<~ v A EED 5 [E]
WS TAARk LY DNA ZhhH L, & LTRARLERDO AT T AORHEIZOWT, iRk DNA 8
GOERMEE DR Y 2t L7z JuR-H8. i, KE),

AR B~ T ADVEH SRS K USRI DHERF

KIRKRF=TITOHBEI (1) O 7 2 137 K (2500Bg/ml) HOKER 52 &2 NEHIES RO 7=
D Msh2 BInF R\~ T AL Msh2 AR RIB~D AL rpsl ViR —5—i8I5 AR T AR 2298
I RIRMT O~ Z%AE R - BIH LT, 324 T DBE TAIO~ T APEL VIR BT O G D
RENE 4 (R IR LT 91T, 4Tl O IRE TN X< FEBRAS ATREZ2 KBROR Tk LTz, G #RIE
FHRREWFICET T B OB AT DA BT T D2 D T, AR~ T AOMIZ, Y% ER TR~
VADIIT G T BN, B G EBRONE T L, o T ENE Ao TR i T (IR ZE R
L OfRAT D DNA Yo 7 2 JUMN RFFATIRIE LT,

Msh2 S8AR -2~ 0 AR Uiz — AR B N I < U S D (M 22 9 28 L

FROMERLL TR UL 137 FRESTVA(LR—Z =B R EASITWD I AR
(Msh2+/++rpsL-Tg) & Msh2 BinFHEXRB~TA(Msh2-/—+rpsL-Tg) . BLOE{LHITHD RZERE D
U7 4 (KBrO,) DF b~ 2755 DNA Z 8L T, Z2RE RO 247 o7 (ff - k- KEF) . SHIT, K
PRKZTOEI T L1837 F 5 RZERDHE T LI ICTUUN KR FATIRE S L7 DNA Y07 L% B TR
GEIRBE DT AT CND, Flo, FEIRE B | JRE RO AT V% | SHRE KON, KBrO; O
FAZ Lo TR SN DL AT O RE T2,

BTN 137 B R E R A TN TR 5-375) F7213 KBrO, O B MIE 51220 Msh2 iBix
T RP~TANEE DA LTS E | AR COMMIRZEIRE Ba 7 ) AT AR N T 572012, 1)
JESERLLD S DNA ZHHI L, RIS — o —2 kb =7y — MMt (5 7 A nbksilsh
7277 ) 5 DNA % W T s — LECFIDOFEMT (50Mb) 24T\, /N7 7T R CTdhD C5TBL/6] D
JLEHNE RS DI CEREFE TS, ) [Z5t]. 2) RefRkL ~ IV OERPFEONOG AL, TV
A CGH fighft (Re e DBLAN DA —E DAL/ R K I L O A R E A oM ) [ZFE] 2179,
Flo, ZNHOFRGFEERICKT A3 RBEE L T, BHEEE NICT Msh2 BI5 TR~V AIZHRIIES
DNEIG A KRE G ) DT AT ORI 2SR A R ORI ZAT V), B GREL T 5,
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TEFRE SMHEFIRE a
hE #%k AE 5h R\
KA B WET BAREERTECY |

B LB EICkATERER L LR EIC BB E () FHE \
BEH - A B AR PN Ty Ay :
Msh2i&EF&HE vy LEETD Msh2iE{E T ZE

2RO @ jv AMBORM jv THAD R 3
/ ﬁéﬂgfﬁ \ ~
K2 -BRE i@i%i%ﬁé;k

MREME MmESmE mEHmAE
KEHTE thi A wR—=2
i . TR F S et
Msh2BiEFREYIAT Msh2BnFHREI IR e
DEAT BRI - AR (rpsL) TR L BARAT - Msh2iE{EFERET IR
T 4% A BRI DERYERI L E

FICEY S EHEMH

N /

Msh2 BIEFRIETIRIZETBEIELERERINA

RURAREEDGEN
[%ﬁhﬁm/mgﬂwjz] [%%giﬁm/wxduq
BT DT RBA Y A XA Msh2F/rpsL-Tg+

Msh2+*[rpsL-Tg+
BREHYY LIRS (LK) D sgsERTRETREHRIL.
BIEFETYRELESEK
7CsDIGERIHE 5 (RET) L TR IE
I |
0 aw 20w 157CsDAARIR 5 (FRK)
INS DIESRMN (RER- LK) 0 ‘; 8w 10w
£ IHESBODNAY U T IILRTFE RERF) LB ODNAY VT ILRTE (BRK)
EIERMT (LK) EREERBN (LK)

BT A 137 F7203 KBrO, OFE 5% DZESRIEBFRNT Tl 5% D~ 7 ADELE 2 & o &lidasn &
77 5DNA ZHiH L, FBRLL7=4 7 A DNA DB EIR L2 LAR—4 —E8a 2T, KGE 2 IS

T oo, ZOVIR—F =BG FRRFON T~ A T VIR RIs - OFBLORR, T~ A AHET

THERK L CX ittt o v =— A I OB 2 R/ U, [FRAC, BRI HO LR — 4% —#5
TR A U ERIGERT A A ML h~A VUit an=—%2 7 b5 2 & TRl ZERZE
FAERE 2R LT,
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/ snmEE O\ %2 SR 25 RAEHT \
&

Msh2+/. Msh2+/
2 x B [
Msh2+/- | Msh2+/- | I I |
I E— L x® 2§
@ % @ @ Msh2+/- Msh2+/- Msh2+/+  Msh2+/+
rpsL-Tg+ rpsL-Tg- rpsL-Tg- rpsL-Tg+
A [ | | | | |
‘E@ @ ‘/;\\ Y N SN ‘/:\\ ™
p (alp) as (1p) o
E4PV S - Yl O, ey, Wl
Msh2-/- Msh2+/+ Msh2+/-  Msh2-[-  Msh2+/+ Msh2+/-
H& EE}P/\ rpsL-Tg+ rpsL-Tg+ rpsL-Tg+ rpsL-Tg- rpsL-Tg- rpsL-Tg-
‘ ratio 1 : 1 : 2 : 1 : 1 : 2
FHEEHERESE. invitro%FE I
&Y EMEBEGFEDOIVREZE

%L,\t*fbl_\m?ﬁl-}%ﬁﬁé /\Iﬂij{’\ — t*/rbmk?ﬁ%ﬁ‘ﬂ&y

3. Msh2 BIETFHE~ U RADENRARELHBITHEMNE® 2 NEHEIE < REORIE

TR AT T BR R AR U R B R A SR AT I RS 28 | 2 22 P e 2 B U 7 Jiic bt R o
BB, B2 A 137 OPNERIE < 5 Vi K ORI B 2 WGES 5 72 O IC B2 R TN £
BUEHE WA BT BRI 2 DMK AR LB EET A VRSN TWD, Z OFERER
5T Msh2(-/-)~ 7 21281 2483 BE OB 2 7 4 137 NEBHRIE < I X D/ IR A LD
B E RN T 2 ERABATT 72012, PR 27 ST R ZFED B L7z Msh2(+/-) i
KOZIEINERERFTRIZE Lizoblz, s EYIBIC X 5 s XL OEHEFARIC L 2158 &7
VN, Msh(-/-)~ 7 2@ invitro AEFER DREFLICE T LT, Rk 28 EEE 1T Msh(-1-)EfR D2 E T
518 72 in vitro SRSIZEE T2 81 L I OREAEE ZWRGEET 2 72912, Msh2(-/-) 35 & T Msh2(+/-)
DIFEF. Msh2(-/-)F LT Msh2(+/-) D R IRF-Z I L T, £ D 4 FIHOMEE TIFREL L O
ERE R LT, O CARE L7z Msh2 BEFKIE~ 7 R BINBHIZ< B L Ok v Y
2137 NERHIE IS L B/ A O T EBRICHE M Lz, 72, Wik A fEk RNA Z L L
T A A R AR —HATBRIITHEH LT,

RERRETCHEAE L7z 18 LD Msh2(-1-) '~ 7 A Zffi J L C/INBIE 3 AU TR FEBRICHE F L T2, 3%
YU REREHTZY 2~4 L L LT 7 BRSO, FEALBER R OIE D>, JUIN R CHESE L 7o /MBS AUBi
FEMTH D 0.15% RFEME S U U APUKE G 16 B QM E21T > 7, SHFZET— L TR~ v
AD T X ME S L2280 5, /NSRS O HER & S OB DWW THFE L T &
7229, SERR 29 ARPEICTE LTV DB E S v A 137 O~ U A ERE REL 5201, 20
INIBANEIE S BT VA L T, 2R E ORIREN 4,32 £721X64Gy LD X I3 HILTTE
He by h X #CHMHIE S S, MER A DOFEZ IR LTz,
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F 7o VR 27 I EAFHR BT S B R B SRR 2 e S W TERT O RZRBHE T it i DS B>
41 SIERE G R L LTI SN 2 & 23200, PRk 28 AR I3 E 3 L O 2 O 72 s v
YU AOWERPIE S ERRfER 2 ML, UL TOERET o7,

Rk 28 AFFE TGRS 2 E BRI 534 A KU A MU —frfE L 72 %, DNA B2 X
V#FEE5DDD mRNA 5 KO IneRNA 2 L7z, 252 & T, B2 7 A 13T DT LKL
&y MK E OB AR 7o, FEBRFIEIL, R U XA EEL RS 5 7o OIZHRERE N TR
L7z fER LT, ZuctEy v A 1837 B AE 1L, y FEki RS LT 8hr #2i231F %
DDI-RNA &AW EERE LT, ZTORNALAENA A RO A MY —fHIEL LT, B> 7 AHH6E
Bl y MM ERORIICET Lz, 2B, YEAA A RV A Y =B~ U ZAOFFER A MmEK
B L OFARRA B A MER T O myc FBUBIERNIZ BT, BGRRIIE < BiCpl L Tm¥ 52 &
LOEFIA L, H A A R A R — & UCOERL 27 4 & T L7z il ¢ 5 6.7,

(f PR~ B FE)

AT TIXILRBFZET 2 W N OZEEBIC BV TH B N OEAEH, o 7 V%S5 e 5
E LT Ly,

KEROEFEBRICE LT, KERKFICBWTIEL, KIRKFEMERBRO L & BiERZE
B2OKBEG (EERGEE  REREFL I 2L —a & L TOSHAME KSR
WEBHIREIZ LD~ U A TR CORER, ABNEEOMRTT, ARE S : 5 BE 26-067-000 5,
AR : 2020/03/31), 72ds. FSHERINLCEFI A M N COBEMWMEBFIZ OV TIE, KIRK7E
R TR 2 R M i S R D ARG A 2 T T (RRRE S filE 19-01-0 ), A ERIN TR A A
fiF N TOEBRIRIEICE L Tid, KIRKRZET AT A Y b—TE 1 v & — i EE T E
ZSF L TIT o T,

JUMRFAT T 2 B AnF#HE 2 FHBRICBI LTl TDNA GF oIk OB 2B 5 40 F1
RO | OKF8%E 5 : 26-53, AZNWIIR : 2019/08/31) T, F7-EMFEBRFEICE L Tk, 2254
IS L FED A OMBENZ BT 2 0 FBARTFHNIE ) OKGRE 7« A26-121-0, AZIHIIR : 2016/03/31)
THEBI DR A 15T,

TR E FR A IIZEATIC B W T, = 7 A~DE 7 L 137 FEGIC L DNERIE FZ5RICE L
T I BB AL 6 F G (FE-1-26-8) 36 KL OV F2BR 51T #1(10-1026-1) & LT, 7=, &
S B TR LS JEEEBS IR DWW TR R 2 A % BRI (H25-6) & LT, Wih bk
BRI S L OV A iRk Ll B U CHEREN TR & 1372,

I AFFSERE R
1. ZHAERENESHEIEL Lz ADC57BL/6) v U XA RHMOFRICKBIT A7/ 2rERBRH L%
DAY+ VAERHT

A~ 7 ABHNZ BV TR E T2 25 HARLL EORFUICHKII L T\ T, 2O E A U
1 C R AL 2 e L C 24 E U 30 R E CTOREUZ R L 7=,

R 2T FFERENCAT o728 U A 137 B HHE L X REED 15 FRE D AN BE~ U ZADRT ) LT D
AR B U A 137 BEHRED 1S (SNV) O3 Exon Tl 2, Intron Tl 6,095, Intergenic
TIX 19539 ExHREEL W Z <O BN, Fo, FHAXRKZLR (InDel) (2B T H[FEERIZ, Exon
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TIZ 0. Intron TiX 802, Intergenic Tl 1,833 & Exon LA DOFEIK TR > 7 & 137 K E5RED S5 03 %t
BEELVZ<BOONT, 2O & LY AMFIZEEL 5 2720 Intron & Intergenic 81T DNA
HERFSE BB L VB U A 13T HERETEZEBOOLNDL Z LN RBIN2dIic, 448
BEVE. BEMIZRMRMT 21T 5 720288 0, 20, 22, 28MRA DR~ U AIZBIT D80 ) b —0r o A fif
Wrafto7z, 2@ DNABSIRITT — & 21547 2 L camoesl B o) 75 1I5RREZRLONC
20fRBE£ T, 1I5REMNS 20f0H £To 5 R, 22KHH 23 KA 1 AR To R -7
AR O DNA ELFIZE BRI AT 2 Z LB TX 5, BUE, 156072 U — RESIZ VTR

ANTIARZRRETMES (FRX)

165 167
173 175
185 188
241 242
297 300
329 330
366 370
424 427
50 51
71 72
F11 261 264 122 127
F12 303 306 210 213
H27 & F13 342 343 241 244
. . F14 356 357 295 297
£DNAV—7 R F15 —> Fi5 382 335
FI6 398 400 oo 410 417
F17 424 428 0‘.‘0 495 500
H28EfE F18 459 461 530 531
R F19 492 494 e — 557 559
2DNAY—45 2R Fyg —3 Fa0 531 [5agl Cs-> 0BqKI- X = 577 [878]
‘]l, 2 d
e 5 — F21 566 572 F1(F21) 576 577 H28 5 [
s e RO Fao< e oo r2 :IFzz SDNAS — 4 2z )
F23 608 _611] F3(F23) 15 Fyy 1RSI0 B RE b
F24 633 637 F4(F24) 24 30
F25 664 668 F5(F25) 42 45
F26 672 673 F6(F26) 52 53
F27 690 692 FI(F27)
F28 706 709
F29 719 721
F30

DAL FA T H~T 4 7 AT EAT > T D,

ERIE, vURABF S TR LUEARFEZROERFZRK TH D, AR L5 T Fplli#E LD T,
Bz IR AR & B 2, Fo DIRIIEF 2 3 7 L 137 F 58E & RTIREED 2 BRI 1 CASld & Bl bh
L7z, ZHUCE Y, A FETEY T AL BHRETH - 72500 B MU TEAKE BT B 7= 7ot IR
DREZNTET-Z LT D, ZOMBEEN B 7 L 137 HERE LV DNA H AR D28 BR )N TR
HINEIMEERTEDHELEBIT, KON I TT ROIRWREHWTEREOREE RG2S
HTENTEDLHEEZLND,
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FEIE AR

C57BL/6) RO AR ZRREEME S (BRK) 9T > 7 B

R D7z
o

DI AL =T

2R TOE

L .

137Cs (100Bq/mi) |y Control (0Bg/ml) cés;ij;yig

’ B L [FRE O 4
T T AR A AR

2 & 2 & AR D F R

v e s

FO 268\1/ 270 267 269 Fggﬁrﬁ.}j ) Tg?)éo 512,

F1 3 6 204 298 DNAS —4r RIS L - AT

Fo 16 19 308 311 11t AR T R R g al ? :fﬁ

F3 29 30 336 338 ERIC LI

s 314,817 L e 0 42
F5 406 409 R ‘

TNV —r

AN L DT 24T O TIETH D,

2. Msh2 BIEFHRE~ U R EAWTEE L~V DZERER « 53 AW N OFT
B T2~ 7 ZADVEH LS K O R ST

Msh2 AR T-~T v K rpsl-Tg ~ 7 ADMERED BT L o THEIIPREHIE < &R0 28R4
B ORMT T Ush2 AT RERE rosl-Tg~ U AB L OBARL rpsl-Tg+~ 0 X & G2 DT, #%
WA TR~ 7 2% KIKNKRFA~ R LT, S BICHBRER~ 7 ADIEH O 720 OHERF B 21T
277,

RIRKR 1L U7z Msh2 AR RIB rpsl-Tg~ U A" 2L (B 5 2183, 2201), 23
U (EW& 2184, 2187, 2222) IR rpsl-Tg+~ 7 X2 1L (@75 2191, 2212)
éa (3 T (Fh& 5 2163, 2204, 2206) 2OV TIE, jtﬁ)iﬁ(%@ RI SEBRMERR N C, Ak 4 H &

W™ A 137 K (2500 Bg/ml) ZEK#E G- L, £O%, BFOKIZELL, S5 2
L%@ﬁ%ﬁot%v%ﬂ ligds BN /NG, TG, KGR, RSB BAR, OB, B
ﬁ\ﬁwwwm%%mb\ﬁﬁ%ﬁbk(ﬁ%ﬁao%wﬁ HHEIRAT LTz ldigs o 7 v &2 K
BROR 2273 B JUN K200 R M f ~Has L CIRAE L 7=,

AR D KRB TIT 5 & 0 L 137 PERHIR SEBRIEL 6 L CL BREAITd % KBrO; & 57, 18
WHEEICLD 3 b — VAT 572010, #ak Lo~ 7 A & R RS CRBLATTV,
BG T~ ™ R B VEH LT, Z28R25 BLARAT A 0. 15% KBroga‘:E?&zLLE L0 4EEERE L.
ZORITKICEL L TEHIC 2BHOBEHEEEZTole~v U AFEE | W OK%E 5 2 [F U
B LIz~ U AMONEaSE 7Y v 7 LR T LTe, —fo o7 v (&S 375, 1291)
Z FAWNT rpsl ViR—4 —8a1 & AW T2 R 225K 28 B O ST 24T > 72,

0. 15%D KBrO, % % 5- U7z Msh2BAnF TR, rpsL-Te~ 7 AR L OB rpsl-Teg~ 7 A
D/ TIE, SRR T FNFA42. 97X 107, 2.28X10° Th 72, Msh2 B FREXRE~
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7 AZAD /MM TIX KBrO,

Msh2 mouse mouse Km" Km"Sm" Mutation PBEIZL Y . RO
genotype ID# sex clones clones frequency % T o 7= B AT 7
S S A DB bl LT

SAN=N TR 7R
-/~ 375 male 161 |69 42,97 18. 8 fifis \ N RANA T

ENBRINT, Zh

O OfEIE, LARTIC 4 6
FETIT ol M ay

+/+ 1291 male 4.82 11 2. 28

N EBROFER L IFTH
LS, AREBROT B b a— 2 L0 FEME L S BARERBEOMIT A A RETH D 2 & MR TS
= 5% T ST A 137 B 5~ 7 AREDEES 5 DNA 2 3R E U CTZesRB BMNT 2470,
KBrO, # 58, = > k1 — /LB L DR EITV, BROBESHEEOMYT 217 5 FETh 5,

Msh2 B ATt 25~ A% F Uiz — HARAEHR B NI S <2 2 (ARl 22 AR 28 S

WEAREE & CTIT Msh2 AR T ARERB~ U A HROZREIN 2 BRI L . TR R G TR~k
L. SIS DA S L0 BIEABG L, &2 v L% 51T X 2 LB TS A DIRNTRIFE 3
ITHCTH D, & CAFEEIIRRERHA S be— it s LT, @FEE Iz Ush2 BI51HE
RE~ U AT HIRIEA LT HE IR 2 VT IR A IS4 U IR A RO 217 > 72,
~ 7 AEIRITE 2 FFORCHI S AL (SNVs) & #7128 Ui 2R B 4 KR4 5 BT, [Fl—
ER O /NGRS, /MG IEE RS, DK, BEL D 7/ & DNA 28U iy —4—r o —%H
WCERTY Y Ui & T T (%5, &7V URNT O REIRIZR 50Mb T, 24306 Efs T,
221784 =7 V UInEEND, 4 BT NAE2T Ty 7 AReY — R 99%LL b, *IRE s N L v
DI 93%LL b, ¥ depth 13 60 LA b & RAFAREAM T — 0 U AR id T T 2 & 2RI R
BFoHhiz, BIA Y 7 h U= 72T 100bp X7 = KDY —4 A — R&E~<7 ZAml0 Y 77 L
ARSI~ 7 L, SAMTOOLS |Z7C SNVs, indel (ffiA « KK) 72 E&HMHR LR, £V 7
TENEI 2000 B4 ML ERaT— LSz, & TOESY 7V THEIc a— /L &= 884
YA FT, ZHITFTICHW T~ O 2R ITTA AT 5H SNVs ThDH EEZ BD, 884 %A R
677 ¥4 MI—HEEEBHBAER TH Y G—A, A—C ERNERDOK 65%% 5, AT~ 7 2D SNP
SRID Y — v T, TEEERGERRE T Uil LS R A2 R+ 2 BT, g7
SNVs 7 — & 7 50l IE & #ifk  R3ED SNVs T — X 27 LIk 2 A, 1314 1 FME
R IR R e Ui STz, 1314 A RH 508 B A Midindel &~ A 7 u¥T T4 LS
DY E—FREOK2=y FOETH Y . ZIULI A~ v FEEEEN KB L5 ORHSN 72
IR THDLZ D, SEHToTY 7 U U T HER Y —7 o A RIS R OGBS R S
Too %D D806 YA NI —HILEHRIZR T, (>T LBERNPBED 46%% 5O, RUVT G—A, A-G
MR THI40% L 70> TEY . TAUTBERDI LA HT D SNVs D8 — 2 LITRE B0 | i
Ry SO 72 AR 28 O S AR DRI ST,
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3. Msh2 BIETFHE~Y Y ROEPARER RIS S & 25 NEHEIE < BREOKRIE

g% 28 4EFED in vitro S2kEF L OMUEREEIC K D Msh2(-1-)~ 7 A AFEDEFH G IT AR DO LB Y
T b, JHIVHEFRAIZEE LTz Msh2(+/-) $28 &, Msh2(-/-) 12 I BIRAERER L 72, FHDHN
AEPEFRIT Msh(+/-) L D3 RHAS 72 0 S 25 BRI CTH 5 Z Lzt L, Msh(-/-) @ I3 RHAH 72 0 44 3.4 I
ThY ., BEIZIVOMERENES TRWET TR L, Msh2(+-) M1 F 7213 Msh2(-/-) & 1 % 1
L CHINDOZAERNFE) 023 & L KD o7, Msh2(+/-) @ HR DI % Msh2(+/-) o g 1 C
SRSEL A, THREEIL 083 TH Y RERFEBMEOERLAZRIL 034 ThoT,
Z DA TIL 25% D HAEEIKD Msh2(-1-) T 5 7= I 72 0 O Msh2(--)ERAFESR L 0.071 T
oty —7F Msh2(+/-) @ R DIFZ Msh2(-/-) " HRAE Tk S/ 5 & SRR 1T 0.65 Th
0. HAERIT044 THoT2, T OAETE TILB0%DMESR T Msh2(-1-)EENE LD DT, T
0D Msh2(-/-)EERAEERIL 014 & ERROK 2 5 ThoTlz, ZHAHD in vitro AETHEENT
Msh2(-/-)fl {& & BSR4 CTHEAE L 72 Msh2(-/-) IR DI A B EERLFH S IR BE O AHIE I T AL b

o,
| BT | (AT
EEFE 025 LEF0.50
(+/-)BR BHEFE0.83 F#FE0.65
25/  HAEFE0.34 HEFE0.44
Far: 0.7 Faye: 0.75
(/)5 LEF 0.50 LEF: 100
3.4 /5 ZEFE0.23 FHEFFE0.23
HEE:nd HEE:n
* 120 B EEF
FRLFER T O Msh2(-/-) '~ 7 A 18 L&l L 7 /N 2> A D i FEBR D% 5 | ALBR 1
IZ 8 TEAEICY L/ BB CHEL L, 10 IED A 16 M ORFE T V 7 L F 723G RBHE b
AP LTz, FEMBERIR < T R 3 JCIZIZ/IMBER A DNRBO DR o ToDy, BFEBI Y v LE2HE L
72 3UCTIEE B O /IMEN A DNBIE ST=, 4Gy % 8 MRS L7=~ 7 & 2 JL(#Ht & 32Gy) & 4Gy %
16 [BIFEES L7z~ 7 A 1 PU(RaFR & 64GY) TIZ/ MR AN 2L R SN0 - 7228, 8Gy % 4 [Al &
L7z~ 7 A 1 V(R & 32GY) DB D/ NG A L Sz, 0.5Gy % 8 RIS L 72~ 7 A (fafit
B AGY) IR H THIR L 7272 D/ NIBFE S VDB N TE T o Tz,
YT L 137 DR LV L ERTREOMBICOW T, BB EE Ny FO~ T ATHKE
T HMEEMEH LT, MEMICABRT 20BN H D, BEDO L ZA 1L EO~ T ANLERR L7
WA L2 EBRT — 2 LV LI T WS i 0.5mL (2w A 137 % 18kBg ¢ A LT 8
REHI PRI L 72 0D 34-IncRNA/c-myc mRNA FLoOfE i, (iR % 22 MIHR SR KW IL#R ) 3.75mGy/hr
BRI T C 8 REMARIE L 721 OfEICIT L L TV 2 (A F),

IV &%
1. Z2HREREBNTHKRIZ Lz A, C57BLEI v 7 ZAZMDFRICBIT B4 ) 2ERBIHE %
DAY+ VIEHT
[FREMF 2 HEAR LTz A~ 07 2480 16 AR H D' 7 A 137 B GREO 5 23F U 15 S H Oxf
PEREICHERT DNA A RN L RBO LN Z L6 B 7 A 137 12 L DK M TONERIE
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< OEBITEFATMIED VI — FEBCHHIERIVICER S T 2 &nbirb, 25 A
FENTIC K 22— REEIIC IS 1T D DNA M B 2 KR B B FEIE & L CHRDITHE 2 5 wlRefE
PRBENEZ LT, FlEkE, FEHIZRBNT O DIZH 0, 20, 22, 23fXE O~ 7 212BIT D
BT ) B —lr v AR AT o T,

Stk 15 HAUH T b RIIE A Hk O X RRBEIC KT 5 1 > 0 A 137 #5-H£D Exon,  Intron,
Intergenic FEE DM EERFIEY 72 0 O SNV F84: % 3.10x10°%, 6.53x10°, 1.16x10° % Jiz, LF T
LT =205 1R &7 OERRL L R B2V D BIRZEIRAE LA KD T, 4 DNA A
Bel ECHE e R TR A RN AE L TWDHDOTIE AL, AFICHER a— NETIEHEa—
R & 0 B BRDME < | IO RN EIKRIC L > TRZR 5 2 & 2 ERIICHR LB
L7V, 2O ENHERTE D L BIR TOREHEIE <12 X 2 BB BRI R A~ Tk
IS D % BT 28N E OIFAE 2 R T & | KREDO R BIC XTI 2 50 E 45 L b
LD AEEMENRE 2 B 5,

U A 137 OERMEFERIRENTHIE T X DB A~OEBIZ DN TR, AR &I THNCE
10 R B~ D RIZBT D BRFEENRAB I OMTFWE (VL& V) FRFENRAFEREIT>TEY
T L 137 Fe bR xR & O] TS O FAERICH BAITEEO bt TV, Eio, il
BE AR E O e Tld, 10 22 Al Urethane #%5 FANEGARE Tl B 7 A 137 KEaKHE
(8.6mm3) @ J5 3%t FREE(5.5mm3) 2k L THE(p=0.0056)I2/N SN2 ERBH LN TN D Z &D
O RFEBREME T TOE T T A 137 DGR TR AAREITENTWD L) Z L i3B 2 #E<|
DNA O3z — REEIKICE TS SNV OZFER, TOEEHBANIORBDH D TIEWnWEE X T
W5 GRSCIERRH) . S B2 1R B2 18 CE £ TlciiT 5 1 O HEFER, ik
IZBWTHMEER CTEITFRD BTV eLy (Nakajima et al., J. Radiat. Res., 2015)

Stk S OIZIFEa— FHEEOERRZFEMIZHI A, SRS S 72 0 R G720 O—HE A R
D AIRFEER L T 5 2 & TSR EHH O EBEORBEZ N D VWETED LNDLNE
Bt L=,

2. Msh2 BEFHRE~ Y R EZHWEER L~V DRREBR « FH AW IR EOART

Msh2 BA& 7R ERE~ 7 A TIL, BLAITH D RFEmED ) 7 LOFHAKEEGZ X0 /NG TOZER
I FBEDEF AT OK) 18.8 5 & 72 o T ie, RBRRFTHEM LR~ 7 ZA~DE T A 137 12 X
% /NG TT DZESRIE BB OFENTIX, BUFEHEITH C, REERA Y U L & [FRRIC 2SR BAE O A~
7 MVOREROM AL EZ1TO TETH D,

F7o, Msh2 BIEFAREXRE~ UV AR LOBEHFEE T TOHRLEIZ LV EENTAF~ T AT,
#J 5B0Mb DT 7 Y — LR T S R FTRE 2R AR FE OB B FEAIR SR A RN T AE L TV DH Z &0
RENT, ZTHICKH LT, BAR~ 7 20 BRZRZZRRIT 545107 bpHHR L HE Sh TR Y

(Uchimura et al., Genome Res. 2015) . 4 [al & RO R T 7 Y — AT 24T - 12856, @EEE T
TOBRRREICEVELNDIBEFD U A7V TlE, FiAEEMIRZEARERD T 7 M
X1LLFICARD 2 Emb, RIHBALT EHEIND, o THEIOIMRERMGHTOFER LV |
Msh2 {51 B KIE~ 7 2 & T 2 ARFEFRROEIERRE ST, 4IE 0% FAREE 04 B A
XU MVOREREHUEL LT, A% ERT 2MILA G, B2 v A 137 £5 RSB T 2 FHE
FHAAZEIRZE B OFE R & ISR P RE TH D L B2 DTz, X BIZA RIS RRE R A ST
TITON TSV AEEHZOY TV OT —ZIUEZIT, T 2 £ 2 T ETH 5,
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3. Msh2 BIETFHE~Y Y ROEPAREF RIS & 2 NEHEIE < BREOKRIE
Msh2(-/-)EAR D 85 A pE % B ik & L7z invitro ZEpER O B OFE R, Fikod X 9 12 Msh2(+/-)  H1
KeDIP % Msh2(+/-) I HISKOIE - TZ4E SNAUTIRSH 720 0.071 @ Msh2(-/-)fE &A= PE 3 BifF S 4.
Msh2(-/-) " Fi 2k DF5+ T2 HE S BAUTINH 72 0 0.14 D Msh2(-/-)EEAFEDOHIFF S5 Z VR S
Nz, GHEs%IZH T D invitro B PEREITIZ 1 7 —/L 100 SMLEESMERECTH D720, FilE O
AETIE L Z—/L 7L, BEOMEETIL L Z —/L 14 [ED Msh2(-/-)y~ 7 AEFENHIFRFTX 5,
Msh2(-/-) M R O AFEMRIL S ) A2 EVEICIEIZ S 2 b OO BRI S 2 AMENT 21T D720
INGFE D VRO REZE DR L L TOEBMITICIIHEATE 2 Z RTINS,

FARAI 72/ NBFE S AU FEBRDFERE . KR DRI NG A DFEAET DRI Y /372 & CoE
CT 52 Ee0b, MO RTREZRFEMN A FEBRTIX 1 B 6 VLR D Msh2(-1-)~ 7 A &3 2 4%
PO DHZ EPRENT, PMIREEFRERRIC S < EEBOBLILRW 4Gy & GRS L T H/MEas Al
g, W% 4 B O BRI T AEEBD O R 6 2858 Th 5 8Gy ORI T/0%
DINGR DG HNT T & DD BREE T/ N REIEREE O ZERE D/ NGB AN WZA T 2 FIRENED R
ST /NGB AR O FTERHIAL L crypt N 1grbHiii & & 2 5 CTE Y 86y DIRETIX 1gr5+
BRI DIEE R 5E T 95 £ THIEMAHE S, MBS —IBIEIEK T L TEERELHL 2
EMTRIND, 1grbtHfADER Z L IR =T —REETHZ LICKVRPAEORE L EE
PENRSH D DT, ZFOWAENESHMNETH D, BT 137 DEBEOKRIEDTZDITIX 0. 56y LLTF D
FREC O EBE AR I < ORFIBRLETH 5,

ARk T 58D A 137 D BRI L DR F—f5% D()=E x CO x tn2DHFHE
THE, BT L 13T O BROFE)T FILF—F 188. 4dkeV 5 3.0 x 10(-14) J/fAEEL 725, 1
lCD~ 7 A Mk & L7~ FEt BBl At 7 A 137(C0) 1% 36MBa/kg Th v . FHERG (1) 1%
28800 ) (8 H§f#]) TH 5 Z L5 D(8hr)=0. 031]/kg=31mGy (272 V) . v #i 30mGy/Shr o> Hife: & C
L DM < EBHER L RERFFL e hoT, 12712 L, RETHRRIGZETE RNA SR 2 BR
LTz~ 7 AEERSCABNEFCTEET 22 ERHVELOT, ZHOBEREZEN L T 0L
P& R 2 MR H D (AR,

Vi

Rk 28 I, YRR 27 AREEDOHIFE ThH D TDNAETE 3 O RABENW) 2 AV T 2 H oo 548
LT L BAAEEOSEERMFR ], £ LT, [4 DNA HIEBLFIFRITIZ X Dk AP EFE
SNTEREROFEERTR] OMEIZE > THONTEREEZRIE LTI HICFEMAT —4
ERLT-ODFEFRIEFTE, JARERZHFTHDHDT, 4%, IR BRI < 24
DEBMFEROHRENTEZDH LB ZOND,

Dbz Enb, BEHE L7z~ v Z8EE (in vivo) ZHWDZ ik b oo 4 137 ©
T2 MR RAR E PR T < DEA & 1 Fr~ DO E B FEBRIRAE D4 t; OAFZEE I O LM % X
DBLEMIZTHZ ENTE,

S

I

I3
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VI RAEFE LA D71 1Hy
AFFED NEAETE~DIVE & BETBA~DOER

B - (KR ERNIEIE T LD AB~ORETIE, BEEMERE L BN AMEDFEH
fatl S5, L N TARBUCARUIHERRINCHET D 2 L2250, ERICITER b0y os
HTHEIMOEBFBREORENSIEFICH LY, T2 T, BREBREZEL LERHEZRZHAWT
R - R BRI < fEIRIC B 1T B IERA~DORBOEREZRAL D DN O TH 5,

Z @D ET, A/J R CBTBL/6] ~ 7 AAf & W= Ak A ERR T, DNABERNIER ThH
L HEIRRETE Y T A 137 O E - ([KREFENEHE< Lt TR LZEEDEDNA
R (R 30 IR AR OERAZ I IRNEERL SREICERT 20O TH D, T,
~ 7 AD 1R ERIIRE BB A E R U TH SR (Drost IB, 1995) & H[E T 5 & HIRIRAEIC
BOWTOAMTOMBERAEEELZ S I 2L — N 2ILET L, T72bb, KiRE - RFE RN
BIE < 2T 7223 O NI HEARZRE M D IR L2356 O HRICE 1T 2 DN At~ DR 8RN &
NSHEWTHDON, o, TOEBRTDGFTT, MRS 0m RIHRESIX, LNT
ECRN D) 7o hy, v e S EEZREHAIITE Z VI < v (RERFEEIT L N TG L 0 KW)
DY7e E xR K T 2 ERERI L L TERTHHDOTH D,

KEBREAETIE, =7 ZADOFH 1g H7- 0% 160 Bq (Pl TIZK 80 Bq) DIBMHIE &ETH
LM, B hTiE1kg 720D D Bg Tl 2D T, b hTOITHEE LTHRET D L/
W 1kg 729 160000Bq IZFHYT 5, ZD X 5 fETH~ U A TRRICE W THEFEOMEICE
BT TWRYy (Nakajima H. et al., 2015), 7235, 2011 26 2012 FF O] TR B RE O R — /LR
T A=A E Y PE SN < B & LTI, 32811 AT Tl fE S 183. TBa/kg (74
%) . 2FHE D 111.6Ba/kg (T0 %) TH VD, BH Y720 O EIT, £ E 4L, 6177Bq, 2547Bq (Hayano
RS.etal. 2013) T, 1963 448> A AN )28+ > v A 137 & (9 650Bq, Uchiyama M, et al. 1996)
DKII0fEFETH T, Flo, 6% HIBIRKDFHED 95%I2 7% 1383 ADORPETIX, TXTH
BHIRALLT (2585 300Bq LLF) Thoto,

o T, ARFRICE T 2 @EERHBIEIC L > T DA TR TOAFICARE TH 5 DNA FEIKOH
HICEREBRHTEIZE LTH, @5 THE SN hmNHgIE < BES, RERSFMEOE LI
WK 870 0D 1 DETHHZ LD, BETOE hDOEBIIMO TIREBZ LD, K
WEITEMERTH YD . TXTOFRRLE MTT Y TID LN HDTIFRWNWI EHEE LR
FAUXZR B 7R, 7272 BUE DAL T E % O FHEERR E 5\ T FEE DR D B3 A& 10 £,
EAZEIC KD EEZMED B NWE 105 & D | 2o OFETH D 100 & b & B F5R O it KT
TEFE®D 100 53D 1 ZHEHEEE L THD T E0n, K870 00 1 &EIF 100 5D 1 LV S HIT/hE
WERELTIEH B,

—J7. Msh2TBR 1A~ 7 A% AW FEBHR T, KRE - KRERNTERIE S CFGRNE
WZEMTHRENDEEA L RIZE DD NAREEOEERLZ K LR CEMBERIC K DI
FRAEROEZEMSET1IHATORRERER ERAREEHREIERT 20D TH D, Msh2
BEFUE~ T AL, ABIZEWTHEREZEORWEEE B R 52 LN TE D,

HARIREE & DN AEHE RIEIC L 2 @RS RO A 2 487E L T OB ENTIIE < B2~
% Z & CHIRIRE CITRHRALL T T @R ERE TR TE DR R Z Lo 5 2 LAk
L, 5T, BEZERETHEREFHICEEPRE CERVLNLVOFEL ROTHZ ENT
XHLEEBEZTHEY, ZOX ) RERERN, AR IR D RO MR IR DRI &

139



LTEYLTOHNDEDOTIERWVWnEEZ TN D,

1. ZHAREREBNTHEIZ Lz A, C57BLEI v 7 ZAZMDFRICBIT B4 ) 2ERBIH L %
DAY N IVIERHT

AR B O f 1 SE5 - AR 22 IR B

ol 28 AEFEIAT o T2 S HAERRE NI IE S Lz A ~ 7 A% 20, 22, 23 {LH L REF
H sk D% REED 20, 22, 23 X B 7 b NS RIEFORIIOH (T b ) (231 2R D
I L7ZZDNADRYT ) by —lr v AT — 2 e dLict o0 L 137 58 & et REEO R T 24T 9
EEBIT, BEORTR SN D Y Yok IR Brr © O FERGIZE BE DO ZEIZ DN T
et 5, Zhuck v, Bow A 137 B HEEO 1R (22 i E & 23 HCERD) . TTE DD
20 tEARE O IR ROEFIESLE RRDMNT CX 5 L & bio, MIREED 1R, 20 oA
PRI BRI CE D, vV AD L HRARERLRENANE LR L THLRAZET D &
HIRRIEIZIH W TO AN TOMMARAIEEE S I 2L — N T 21T 5, T7hbb, KfE - K
FRECRNEEIE < AT 7208 b AR RS Z MY IR L7356 O FHRICI1T 2 D N A A~
DEENENLS BNWTHDHDN, Fio, ZOERTDEGFHL. MR R o0 (R
. LNTHGRICAID) 2205 £ & bEEREBAISITEZ Vi< (REMGZEIIL N T
L VARV Y) D7 & A AR (R 30 MR ) Ioxf 3 2 A BIE M L L TERTE S (PE),

Fio, R AL R~ 7 A X2 S HARIKEREPE RIS < BESEBR ORISR T O BB % 7
N5 72912 C5TBL6) Rfi~ U A > w7 A 137 M E B TR Z A S, A L [RIEEOfR
Wzl s,

AT, AN X 57— &% L RBFRICE T 2 NEHEIE L OF — 2 & DR T 2
% & O \CEBREHE &L TR LR~ 2 T 720,

BT T RS

TN R S22 5 - T AR E AR O T 7 /1 (Wak-Mol 5 /L)% V2154 5 e
DT 28 FEICB N Ty a U Y a UNRTZROv U A% Vol £ DOSIRE BRI Eim L DT
— X & IR B AR B OB PEE T L (Wak-Mol EF WL ZRF LTz, 5%, & HITAHF
FCBIT DT — & 2 I BEREIRIE IC L D BERERESENADEITT NV ZRHEETE S
DRI 5, T L CHRHATIEONERE & L CRREEREE O BIE-PERER R o &
I 1T L DMERGFEBIZOWTPIIT 2 Z LN RN ERA D, (WF7EH 138 - B8, o
H. ),

2. Msh2 BEFHRE~ TV R ZAWTEE L~V DR R - 303 AW NS EEORFHT
1 RSB DR H G - (IR 2SR - DA

H28 IRV TRIRZFIC TR v 7 A 137 (2500Bg/ml) %S (4 ) fokEb 24772
Bp /AR (Msh2+/+ - rpsL-Tg) & Msh2 Bfs f7REXE~ T A (Msh2-/- -rpsL-Tg) . BLPZED =
fr—L & L TOEAR (Msh2+/+ -rpsL-Tg) & Msh2 s FHRERE~ D A (Msh2-/- -rpsL-Tg)
DR ERE, KBrO3 £ GHED H28 4R £ TIZHRIRAT L 7l ¥ o 7 v &2 VT, 8RR O
B RIS T AT A T O (. KB, £/o. ~ U AOHER: B -G 25 2 X179,
JEBHAAE COBRMBSERER 2 7 ) 2T A RICKRET 572012, EEMAfkL v L= A
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DNA ZHW\W T, kR —F o —ck b= vV —4ufift (Vo TAanoiEfsnizs 7 A
DNA ZHW\WTax 7 vV —ABF O (50Mb) 5| &1V, Ny 7 7T REHTH D
C57BL/6) D7 J LEEH| & 425 = & CTERAZFET 5 (E. KE),

3. Msh2 BIEFHE~ U RADENARLEBITHENIE 2 NHEIE < REOKIE

v A 137 WEBHIE < AR &/ MBFEDS AR O BEHIRRGE

Rk 29 4R 1L Z AL E TO Msh2(--)~ ™7 Z @ in vitro ZEPERS K OFEA A Pl B R lc S &
Msh2(-/-)~ 7 A& AFELT= D HIZ 1 BE 6 PELLEZ2fTH U C/MER S ABERE 2 43I TTHET 5 Mk
BWIE &L, MBS KIEZIEL, B 7L 137 B EIC L 5 RBOAEL R 5,
ERR RN TITBAED & 25 8Cy % 4 [T L THMRE: 382Gy (23 L= BRSNS A2 &
NTW5H A, 8Gy HEIRKEDORENAORHNLETH D, 7270, T L) RKBREICHYST
Ly A 137 BB EBRITLMR OFF RS KE B TETRIETH L 700, KRR O R
FHOEL S ETAMBIIE S T VAR LI/ MBRRAEREEL, £ 7 A 137 5IC XD/
N ADOH A RGET 5 TIETH 5 (AR),

ST < & NERBIE < DIRISEPE O RGEE
Fh~ U ZAOWNEHIE S BEFHEIL, AFEBROGEMEEELZ AL T OROEERNTH L, =
DORFEFMD 72 OIZLL T O J7 k& AW TR R~ 7 2 O &I 2 37 5,

4. KMEICTHBEBLIEANALAFT RV A MY =V AT A& HBEFAM

Wk 29 FEEIIEB ORI DEENy FO~ U A 2MEH LT, MiE#lio DDI-mRNA X
DDIIncRNA Z /A F R A MU —5IE & Lotz ited, B v b 137 Fehf by SR2EHIft
KOMASEBFIHZ KD D, Vik 28 FFEIIT o 7o~ U A BER L gz A9 2 in vitro
B BRI T — 2 2 BT A7 T, v RICEY A 137 85 F 7203 y SREki RS L7-
BB U7 MR 2 3T 3 D IR EBR A 1T 5 .

5. EGS5 o— RI RF AT L AHREFTE

BN EET T e iE 2 — F EGS5 (Electron Gamma Shower 5) 13%% keV 72> 5%% 100
GeV DT X)L X—FiH TOET « Tk a s I 21— M9 5P Monte Carlo #E o — FThHh
0. I THD EGS5 IFAK 74— KR Mg v ¥ —, @R X—%efT, I H v
RFO /1T S 4, 2006 FICAB Sz, AFETIE, S X —Wi - Jj+ ) - B - 7
AV =T« FHREOHA 2B TRHHINTETEY, ZOHEEHES 2L TIiE TIZH
EINTEY T L1837 #BHEG S- A~ U ADEENE Y 7 A 137 D B b~ AD 1
HRIZH T D' T A BT IZEHANHBEILMELZ RO D, £ LT, ZIE TITHE CRO7-#
X< HRE 26mGy/HfR) CAWFIE THEN. L CETWAHNA A RV A h—F—LHbETLD Bk
72 UCEEMEZ A CTE 2IEMRELZ KD D, FFIZ EGSS = — RV AT ATIIRERIZEB T S
BED RO LN D O THIHRAZIC KT 2 AMIROR BT LG T 5,

6. &5 ) bLI—ir v R X HBENMN
[ HARAGRR RPN < L7z AJJ. C57BLB) ~ 7 AR D T RRICBIT A5 ) NERBH L+
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DAY NVIENT ] OFEFR LV, B2 7 A 137 K (100Bg/ml) # 58 (Khgesnt w7 A 137 ©
Bq BITHEF ) \CBIF BT ) bhy—rr v A2k D 1R OEEERN RO b D &, %R
B~ 0 2Tk LT SRS K DN R EBR 44T 5 2 & T, A U AR B R LRI IR
FRRERD D Z ENTE DO THEHIES & NEHIE < DIRIENMEDRREEAZTT 2 5 rIREMED HIfF T
x5,

-
—
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Abstract

Even 30 years after the Chernobyl catastrophe of 1986, people have been suffering from the concern that
the southern districts of Belarus and Chernobyl are still highly radiocontaminated. Similarly, the Fukushima
Daiichi Nuclear Power Plant accident, caused by the tsunami of the Great East Japan Earthquake of 2011,
has led to environmental changes. It is predicted that radionuclides in the contaminated areas are taken into
living organisms, and they irradiate organisms for long periods externally and internally. The health effects
of radiation exposure, especially low dose and low dose-rates irradiation, on residents of contaminated
areas, such as Chernobyl and Fukushima, have to be estimated based on the scientific data.

To investigate the genomic, carcinogenic and hereditary effects of chronic low dose-rate internal
radiation exposure after the nuclear power plant accident, we are trying to develop new systems for
guantitative assessment for the low-dose radiation effects.

1. Every generations of A/J mice were maintained in the radioisotope facility with free access to
drinking water containing Cesium-137 (100 Bg/ml). And then, we performed all mouse genome
sequences of the mouse (0, 15, 20, 22, 23rd generation) to detect accumulated genomic mutations.
Because small genomic mutations could occur, be inherited, and accumulate in each successive
generation in non-coding genomic regions and have no effect on survival, we compared levels of
accumulated base mutations between the offspring exposed to continuous low-dose radiation and
control mice of the same generation that started from a littermate mouse.

2. Since the indirect effect of low LET radiation, such as gamma ray, is known to result from oxidative
stress. We attempt to evaluate the effect of internal exposure of Cesium-137 (2500 Bg/ml by P.O.)
and the treatment of oxidizing agent (0.15% KBrO3;water by P.O.) on the somatic mutations, tumor
incidence and germline mutations by using DNA repair-deficient mice (Msh2 -/-+rpsL-Tg).

3. To quantify the damage due to low-dose radiation exposure in mice, we constructed a biodosimetric
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model using mRNA indicators (the relative levels of RNA for DNA damage-induced (DDI) genes,
such as Bax, Bbc3 and Cdknla) in circulating white blood cells. And we quantified RNA from a
small amount of blood isolated from mice following low-dose body irradiation (<0.5 Gy) aimed at
developing biodosimetric tools for situations that are difficult to compare of external and internal

radiation exposure.
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(ECHR BRI R R ONE A R (2 K D~ 0 2R B E Bl B s O R &

725 Sfpil A1 72 B O MR B SRR A O FEHT

~ BRIE IS Ao DFRE DR O & 5 2 D~

HEEMIA ORISR R 2R T i %)

=]

%E%J?%%%ﬁzu% B0 D i MR B RO R O R HE R X I K DR Y X7 ARy
HIZERET D 720121, IEFE 22 O B8 MBS AET 25 TOfL DAY TR 1k (T
ﬁ#é%%ﬁ®%@%ﬁ KRB L OEBBREOEWVICEI S THLMC L TR TE AR LA
W F & X TAVE TIZ C3H K~ 7 A DO R Aa 36 1 5 A sh BB 525k & & o>l i B HE o> 250
FT ML 5T rAML (iGHRREE R A e A IR) FIEE TOAWFEN T o A2 ELZ L
T& 7z, ZOREE, tAML OEJR & 72 2ffa (HSC, MPP, CMEP, CMLP) 7% H s i fa iz
AT 21T, U &> T2 b OfiakE o 2R 2 MidBi & o2 GRIQIEAT, MARSE,
AR E) D3R5 LTV D ATREMEAS RIB S v7e, & 2 CARMIZEIL Z O FTREMEICEE D& . rAML O
R & 7o DR A PGS, K - P - mARESR TR A BRATE . 1) Mifatk, 2) 2 FYAE
D Stpil 35T REIBIC RN AE L T DHIBEOEIS, 3) XL D Sfpil s 112 2R B
WAL TV DRI OEIE &2 HREt L., 1&#@ RIGERC L DR B 27 ORFERRHEZ1T 5 =
CEAELLTCWD, HEEOREBRER (1 Gy/min) (ZXDFERICH Ehid, AEZITHHRE
E%Qmeww%FmHﬁvvx 3Gy Dy HEEFICHE Lz, 2L T, BEBHBEANS
¥z C250 HMICBIT S 1) Ki§im~Lr (WBC, RBC, PLT) ¥ X ON&IMF% L~ (HSC,
ST-HSC, LT-HSC. MPP, CMEP, CMLP) DO#fiflafidZt., 2) Sfpil BinFHEEIC R IR A
CCW5% HSC DEIE, 3) T 5 Spil BT DRIERERIZL VAL S PU.1 OFERER S
W E TV D HSC OEIG & 2N ENMIT LTz, 5% ITIEHRERCOEBR LA L, rAML ICH
N ERNBERIKFCECLZO0DHALNCTETETH D,

F—U— N R, MiREhRE, 2 FYLEARRE . Spil BinT. PUL OFEL rAML
geh 1 - BEENEA BRECRI BRI JERT) . A SRR (BLRITRST)

L WF5EE )

THENFE ARG EARIE 1960 FER D IR E O RS R E L TR bIRRbNTE - Fx
IABIEIZ N D, BRGNS AT & R R, e O NS EROREMRIZE R LTk
HEZIT -T2, CHRFAAE O3 SIL in vitro TO AOEKIEM Y > NERIC X B E Iy BERS L=
EBRThH D, “HRARREARIEABE L REROBRICHE T, EREHBRED 1000 mGy Kl T
DOMERHE (A UHRETHREROBEO T OBEN NS WES) ZHRINRN I R0 o
7= D3 RS o0 SOk T O B/ MR ER1E 0.5 mGy/min P TR ERIC LD b DR o1,
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L 7> L in vivo Tl F T~ 7 A 12 0.0007~0.14 mGy/min DEAR &R v #1 2 LR i 100~8,000 mGy
FCHS L. A O B AR AR AEBEICET A E N H o7, ZOPFTHERAIRTERD
IRWER SR B AR L L O 400 155, BULEORE B RN O SEAHIBR X O 10 {5525 124
W5, ZORETIEL, ERBRE 250 mGy T, 0.0007mGy/min & 0.014 mGy/min O {EHR &3 T
ERGE/BEINTND Y, -5 T, in vivo TOMED TV VR T oM ER 54 52
NI EDRBTHENTTHZEREETHDL EE L LN,

SRR N A DONRER E L CREEMEAMERA S 5, T E TOMTET, BERFRSET
BEME s (rAML, radiation-induced acute myeloid leukemia) % F4E L7=~ o7 A OB HEAMARIZ 1 2
FY AR Lo Sfpil BAs1-HEIk 2 & Te KRR E & | X3 d 25 2 FYalk Lo Sfpil Bi5 1712858
RERBECLTWDZ ERNh->TERE>, LinL, ZhbORENBEREREEZ, o, Fo
EOIRLTAELDIONPREHLN TRV, 2T, Fxld rAML OFEMHE & L C FiRoRH
TNLCTz, THORHR O BT 10 SR M ERMARE A A L. 24l o 7o oo il (HSC,
hematopoietic stem cell) 73 FH R R TRRNCHGTET 5, F7o, HAFRIZFEFRIC HSC O 2 FY
AR b Sfpil BARFHEIRO Al Z RS D, £D%, HSC OmFIHEFHIZ LY DNA R L
ARLRMBINEL, BIFTDHH I 5D Spil BIGTRICAEREREZFRTDH, Lo
T Sfpil BIRF DGR FTh 2 PU.1 OEELIIH =4 HSC (X B Mmsiiiaic RS 5, | 2
DALFHD X 5 TSRO BRI 72 BB RE D ZALIZ X D2 3 AALOfRHE X, FURIRDS AR U >
NESETHIRE SN TVS W 22T, Be 3EEOBRES OFE (WFeiEs - Miasine
DYATT 4 v L Ea—ERRT — ZRITIC X D IRHE R - (RRERICBIT D BN A Y
A7 OG- WFFEHIM : 2012 44 H ~2015 43 H) TEMBREE (20 mGy/day) . HFHREE (200
mGy/day) L OEMRER (1 Gy/min) Oy % C3H R~ 7 A2 3 Gy £ THRE L, HSC Oz
BOEERST-, ZORER, THRER L SHRERO v HCITEMN 7 HSC OIS0 38152
SNTEA, AR ER y BRI OB LITRBD b o7z, Ll 0 L7 HSC ik &
HOER SV D 2 FEOMILENE 2 /<3725 AiEIHZE TIE 2 0 HSC DI PRI 72l fa B 78 2 ) 22
LCHELT, BRI X D2 BOFEA —E 45 Tldho Tz,

F 72,2010 412 Bondar H 13 1Gy O Wi #R % BT L 7= C57TBL/6 ~ U A &L JERRST D C57BL/6 ~ 7
ADERARZRES L, BIEREZRE L2 C57BL/6 ~ 7 A CBAET 5 FEBRAZ1T\V, 1Gy % R4
L7z~ v ZAH % ® HSPC (Hematopoietic cells and progenitor cells)iZ, Bk, HMHEEICT 5T 5
BIANIERK ~ 7 ZH RO HSPC I TIRN Z & 284G LY, Z OfE I3 BRIz & - T,
DNA #5543 F 72 HSPC (%, MlBA O R, RSN TLEI ZLZERL TV D, ZOHE
M—MRENTAE T 2 722 HIE, B2 HSC IZ 2 AR DO R IR F 2555 Lz L LTh | Miflasg
[H o> v G4 5% AR O B A « S ALIZ3HE] S 2. rAML O A MBI IZE LI WD i b,
ZOBRILTAML OMEFRNFEEZZ 2 D ETIHERICHEETH D,

Z ZCARMZETIESE - - IR ERE CERMREN 3Gy IZ72 5 E Ty fi%a C3H R~ 7 A ICHSH
L. BEBHAG H 22582 T250 HIZ R 1T 2RI L~ (WBC, RBC, PLT) Oififa%k, rAML
OEJRE 72V 9 DG M-AME (RS mEME (LT-HSC) | /i meia (ST-HSC) . %hE
PERTERARAL (MPP) | ' H#ER/ Y o S ER R S i BEM A (CMLP) . B 86 Bk R /7R i Bk 5% 36 38 #i
BAAERL (CMEP))) Zxf&ic LT, 1) ffafk, 2) 2FGAEK L OShiERFEIBRIZ KD
AL TWD HSC OFIE, 3) RN T 2 Sfpil BIs DO mRERERIZ I Y PUL ITHERER T LT T
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W5 HSC OEIG % Z N E T U, KR EE AR L D rAML BIAE Y A7 5 li+25 2 & %
HIEL 35, MEEOREBRERTOERICH EHE, AMEEITFRERTOEREZRG L,

L. 5%
< A>

AL TIX 8 Wil D D C3H/HeNJcl ~ 7 A& W ie, =0 AT K 4 L2 —JIZNE L,
MR, M, SN OFRY A 7 VN EBL I L7 SPF &REE FOMEET CHE Lz, FEFEE
EAKIZEHBEICERE -,
<y OS>

y BRI SN BR BT R R BT SR I ISR L T D Cs-137 (KA ER y MBS E 2 VT T - 72,

~U A%y ha—/EE (0Gy)., THREFERE (200 mGy/day) 35 X OEHREERE (1 Gy/min) @ 3
FELZ A0, SRR DY 3 Gy (rAML M 4FR T 5 8) I272 5 £ Ty MAE LTl Lz (F
FREREEIL 15 AR ORE) AR TIX LS IEDO~ T A2 Ui, BREHE T#% LEE 26T,
MRGTBHAG H 2 % 2 C 250 HEEH L7z,
<M EREL DO W E >

YU REA Y TNT TR ICIRER AT R oo, 2% a— NV E =y o Z—% HNT,
KR o {iimEk (WBC), #RIfLER (RBC). i/ (PLT) D%z #Hil L7z,
<Tu—WA Y —F =2 X DM, BRI 0 HEfE >

AV TIT B L B LT~ U ADOMHH O KERE 2 O E s iR A R Lie, Ko B
D IE MR ARL TR 2 > /7 B ORBL S HZ — /ﬁ)ﬁfxofwé WG TWDB, F
DOFREZFIH L TEREND X 37 B OHURRER 2 F R T2, 7 r—H3 4 LY —
— I THEMEMA (HSC) ™. 1015 i s A (LT HSC) . & mepiiie (ST-HSC) .
ZAEVERTEEMINE (MPP) ™. ‘BBER/V v SERRILERTER AN (CMLP) >, ‘B BEER R /IR M Bk
FAEATEGM A (CMEP) " 2 Zh e Lz ' 1519, mﬁqj@laml,wﬂiﬂ’ﬂ@i%'?ﬁ - b
B % B 1R T, 2 OBRIEIT e CRERH A EIFIFFEATIC CEME L=,

"HSC  : CDI50 B, CD48 &%, Lin [afk, scal Bk, c-kit Bk

“LT-HSC : CD34 [, CD150 B, CD48 [&k. Lin B2, scal Bk, c-kit Byt

“ST-HSC : CD34 B, CD150 BftE, CD48 &bk, Lin B2k, scal Bk, o-kit Btk

“MPP  : CDI50 [,/ [at, CD48 B, Lin fatk, scal Bk, c-kit Btk

CMEP : CD34 B, CD48 B, Lin [&PE, scal fath, c-kit Btk

"CMLP : CD34 B, CD48 B, Lin [&1E, scal Btk c-kit [atk
< Sfpil AR D KK DR >

2 FYAAK LITH D Shpil BAnFHED R K Z M~ 257201 Sfpil Bis+D BAC 71— % ]
WTHEE AR T 1 — T ZERR LT (BLRTRFCTHEM) . Z O Sfpil Bin kO & etk 7
— 7 % W TR FISH (Fluorescence in situ hybridization) Z {7V, HEHEMEE FC. Sfpil &
BT OHEAED 1 H LB SN Wl E Sfpil s 7RI K A4 T Cd HSC & L CRF
L7 ABFFETIX 150 A BB L UN250 A HIZH T MM O HSC 28855 & LT, 1 EH7D 50
E LA B oo fife 2 Bl22 LTz,
<PU.1 DORERE & O fiftir >

\zr
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Sfpil EfnF DB T D PU.l IL. GM-CSF (BERIERHER = 0 = — RN +) oL v 7H
— a \ZHEA LT HSC D4 L& LT 5 718 rAML (T #2872 Sfpil a0 = R 235 124
FERIERNEL D &, 55 S 72 PUL X GM-CSF O Lt 7 X —a LA TE R D, ZhiC
FOERFEREEDLEZEZ LN TS, £ 2T, AW TIX PU.1 & GM-CSF D8 ik
BettZ 4T, Tali £ A —V_X—2 Y%A N A—%— (HEIILEHIZEE) 2 H T, PUL L3EEL
L CWRWHII % Sfpil 8 An+ D s 2ERAEFIZ L 0 PU.1 OERERE 4 L Tu\vb HSC & L CHE
filiL 7=,

(fi HEE ~ D ELE)

NS HIE NERBER FH AT Je T Eh ) 328k 25 B 2\ SEBRGH Il E 252 1 L. 2 ORI, (URE
DIEAB L OEWE R EoMmBlmls KOG O Y EOREL T, KRB EHL KGRE S
27-26 ),

I b5
<RAH i H oD 1 BRE O Ak R 28 Ak >

WBC ORI L2 X 2 12T, EMREREETIX 3Gy TWBC N2 hr—/LEED 0.25
& 7pofe, ZTOBIFWIMER 27 L, 150 B LB IZ = br— L BEE ZiT R on< kol
AU LT PR ESRRE TR B DR R Z R L 3Gy 12D & ay e — LD
0.58 {5 & e oTz, ZEDRITFEHREIMER Z R L, 250 HHIZ= > br—/URE L 2T R 67
< Tp o,

RBC £ OMIFIE L 2 K 31”7, @ EBETIL3Gy TRBCE N 2 b — /LB ED 0.9 /%
Eleolz, ZO®BRITFTIFEE(LITRL, 250 HETH-TH a2 he— D 09 FOEFETH-
T2 PHRREEREACE L CIXBE B SR RBAME 2R L, 250 HEIZ=2 Y o —A D
085 L 7ro7z,

PLT Ok L 2K 4 127779, WBC X° RBC L %72V PLT i = > hr—ABETH 250
AMKELSLHE L TCND I EBNbhote, 2Ok, ERERIEL PRERIEL LB LE
RA Y MBIy b — A EAEENALNZY L, 2EMICHEE S HIZIE—ET
B EITR BN o T, THRRESREE T3 Gy BB RO N RO N-R, ZOFHICE LT
X ERD SO CBEMRFPTH D,
< BRI I d T D s L AT AR D B ORERF 2 (L >

HSC O#ERFHIZL 2K 5 1ZRT, ERERETIZ3Gy Tar hbu—A D 0245 E ko712, £
OBITHMME M 2R L 150 B BB X2 b — LB L ER A ONRL Roto, ZHICK LT H
PR CIXRA B DR R 2R L, 3 Gy IZ7edar hua— /LD 058 5L 72 o
72o 150 BHTIE—Hay be— L RO L~V o773, 250 HHIZIZ= > b e —LRE
D0AfFEE ST,

LT-HSC 3 £ U ST-HSC OMRFIZE L Z K 6 5 L O 7ICENZIRT, mfk i Tl
fa & HI2 150 HHIZ=Z > b —L D 4.5 % (LT-HSC) . 3 % (ST-HSC) & 7257z, R
13250 H HIZ ST-HSC 23 = > b — LD 0.5 5 & 72 > 7223 LT-HSC |d = > b m—/LHE & [AlER D
Eilbwr LT,

MPP OFFIIZE L Z K 8 IR T, MMEFRHETIEI 3Gy Tary bur— A0 03 /LT,
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ZORITMER Z R L, 150 HHUBEIZ =2 hr— il Zn o holz, ZThiTxfL
THRERFETII3IGy Tary ha—A D 045 Eeo7, TORITHEMEMZ~ L, 150 H H
Tz br— VBEO L6 FITHMUL7223.250 HEH Tlid = b — L #ED 0.4 [FICH O Lz,

CMEP OMEFFZEAL A X 9 (2R T, MM EREETIZ 3Gy T2y hu—REd 0.07 %, 150 H H
TIL03f5L7eo7z, 250 HECay br— A LFEKO L~ Lipolz, Zhicxt LT hfgE
REETITREBRE SAMEmZ R L, 3Gy [ZbEary ha— LD 04 5L 72 ->7-, 150 H
HCary hu— AR LREEDO L~V LR oTon, £0%, QU EIMER 4R L, 250 AHIC=
=D ERoT,

CMLP ORI L 2K 10 1277, @ EFEETIE 3Gy T he—L i D 04 %, 150 H
HTO06ff&7mo7, 250 HEClEay ha—AftlETR LN holz, ZhUTx LT Hif
BRECIEBEGN D a2 ba— Bt L FEREOZB(LEZ R L T2y, 150 HiZ/kRb Ear br
—NBED 2 fFIZEM L=, 250 HE CHREBETH - 72,
< I Sfpil & - FEIE D K 2 % Ff> HSC D #HJE >

X 11 1 Fr {8 Sfpil s K& % FF> HSC OBEE &4, THRESRIETIZ 250 B (=
Yhu—ARED 1.8 %) 12, EMERETIZI50 HE (> ha—aA o 25#%) [car br—
NREL I L CHERMMABIE ST,
<PU.1 I[ZHEREE S 234 U T\ D HSC D#EE >

PU.1 IZHERE R E 3 & T D HSC OBHEZ B 12 128 T, SILOFEHE T3 5 & ha=s
M mMEEEbay b — A EARRETRA NP STz, L LT E TR S E 150 H
HCIL@mMBREREED 1 IO~ 7 A2 PU.1 OFSREEH A FF-0 HSC 28 7 % Blai =47z, 250 HEIZ
2% L EMERHETIZ 2 IO~ 7 AT 10~20 %, FHRELRFHETIT I LD~ T ZIT 18 % BlEI
77

IV. %43

AHFIETIL rAML 2272 23 2 AW L O ERIKFEIEEZ A 20T 5 2 & T, IR &K
WIIZ X DRBA) A7 ZRFRCEHET 2 2 L2 BE L LC05D, MEEORERERICLDE
BRizol&fheE . REEITTRRERICKDFEREZIT o2, TOME, THRERH L AREREFLE
FERR BN 3 Gy DO A T4 % & RN I L~ L Ol Tl WBC (¥ 2) 3 L VRBC (4 3) 23,
LR LV ORIFETIX HSC (B5) . MPP (X8) . CMEP (M 9) 3 JXONCMLP (I 10) A3
FERIIKFEL TR LTS Z N gnoTe, ARBFETIEAEG B8 X T250 HEETO
IFZIL DR TV D, 75 &, EMREFEREO WBC, HSC, MPPIX 150 H HIZ, CMEP £ &
NCMLP 13250 HHIC= Y b r— AL RIBRD L)L ETHIE L TWD Z ERmgnoilc, 2
kP U C B B I E R B & IR AN e . HSCB X O'MPP X250 HHECTh 2 ki
—ABEX D B EEICHED LTV, LarL, CMEP 22500 HIZ, CMLP [Z150F Hic=2 > ho—
AEL D BARICHML TWe, ZOFEMR A T = X NZOWTIRBERF T TH 503, 3 Gy
WHEORM M L ~ULE L ONEM R LUV OMIIEERER CIXERMIC, 2 L CHRERTIEE
WIE Z T T o< VEE L TWADREENRE X b, b LIOAEENIELWRHIE, &
FRECREECTIX RV EERE T HSC IZIR 72 DNA A N L AR o TVt EX B D,

rAML (W ZE 72 525 D —DI\Z Sfpil AR D RZERER N b D, ZIVE THEHRIC K D228 E R
FFEIE, HPRTEE T 2R L L THZ<ATRDITEY , BBITAERER LY L RO
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EREFBECHERTHZEAWLNPCESN TV HEDICAIETH K 10 1RT X 5 12Spil
AR THEIIC R R A FF o 72 HSC OF B 72NN EMEFHETIZ 150 HRICA O TWS, 22T
TR DS RN XIS Sfpi] BAR T ICRBERERE AL DA D= ALEWDO TEXTHD, Fx
XSRS HSC 1T Fl 72 DNA A ML A 25| &L 232 L TREIE(S4AE T, Zhick

DEM L7 IE R R (ROS) WRSLT D SpiliBIR FICREREREFRTHEZ 2Tz, L
22L. ROS 78 TAML TR 5 Shpil BT D =t 1235 DCGCH» S TGCIZ B HZE . S8 5 J5 KA
22D DI OB THARIZEZ A, ROSIZGHE T~OEBEBRERLZ SR THLOTHD
ZEnRbnoi= ), Ko T, ROS 2 rAML IZMAE 7R Sfpil 15T O S JERE R4 5| & # = 3 Al he
PEIHEWEEBEZ Bz, 22T, A BIIC X D Shil Bis 1O RERERF LD D720, C
MO T~DERZG SR ITAD=ALE L Ea— L, ZORME K13 IR T LI Ch
5T ~DERT, DNABERMOBRCTHRICEZ 27 I /LIck»TELD Z Enbho72?h
P Ko T BRI R AR O A Eh s £ 25k S8 5 2 & T HSC 12 DNA R b L2 %)
e THUBFRE 725 TRLT 2 ZAEDMERE L C Sfpil BIR IR ERERNE| R SND EH
Z b,

Sfpil &fn1 DEREIK 1T D PU.1 1L, GM-CSF (JERIERHAERK = v =— RN ) OLkv7XH
— o \ZHEA LT HSC O b2 LT\ 5™ rAML (T Z 72 Shpi BBIE T D = R 235 124,
ZERBRENEL D &, BRE SN PULIXIGM-CSF DLt 7 X —a LFEETE R D720, 4
EERF NP Z D tAML IO N D EEZ LN TS, & 2 TAMZETIL PU.1 & GM-CSF O E
WY EATV PUL OB ZEFELL TV D HIlaZ Sfpil Bis 112 RZERERNA L PUL O
HERW NI E TWDH HSC & LT Lz, TOREE, K12 L0, 150 H HICEBREREED 1L
D~ A2 PU.1 ORERH A2 5O HSC 23 7 %@l S iz, Z ORERILEMAEFFETIL 150 H H
£ TORNT Sfpil BIGFITHBRERNEL TOWEAREEEZRLTWS, Lo T, BMEREET
X WEEPE T 72 DNA 5L A b L A Sfpil G F DS GRERARKICEE LT 5 D)
H LAV, ZHIUCH LT, HRRERIHTRE VR Z 2T T o< D DNABER A b L ARMH
> TN 72 250 H B> T Sfpil BRFICHRERERNECTNDHOTIEEEZBND,

L%, BMERTOERLBMB L, MEROEWIZE 2 KM L~V L O R L~r O
OENRE, Sfpil BixFHEIkD R Z K-> HSC OFIEG . PU.1 OBERER H % 7> HSC OFIG & bt
L. rtAML IZEDR DB R OB EFEKMFEZAONITHTETH D,

V. fi

BIRFRUZBWT, F - @fRER CIERM M L~ L KO LR UL ORIfa OB REE LD /X
—UPHERIZE S TRRDLZENahoTo, £, Spil B FHIZREZFD HSC OFIGEH XL
O PU.1 ORERER S 2 Ff> HSC OFIAELMERIEKFL THMLTWDL Z N photz, T0
ZALS tAML IZ ED X H ITFEV DL Oy, FTEMERTIIED X 5 e X — v 2R TON5H
DBRHPBLETH S,

VI RAFEJE LARE O F e

WEAEBEIZ 5] & fot S BREERL P HAANAF 7 AT IO B L Cd DR R y MRS E 2 T, 20
mGy/day (K#E=R) COEBRLHLT L, BIEHEBIITHOBLTHD,

1) HSCIZEITHMIEBE DEEEZILNTT 572912, DNA 5% Spil B 1 DR K% FEE

alp
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2)

3)

4)

& L CHEZ . DNA 5% £ HSC 3 ORRFFIZE L 2~ 5, ZOFERICHE L CikmitEsR
BIXOTHREFTHIT), BAEMNITIZ3Gy B L THhE 14 HEETIZRB T 28 (LE T~
HTETHD,

HSC 1% A C RGeS & Ff o fie b R & ML, LT-HSC (IR 1 B o0 3 i #4flf) & ST-HSC
(<RS2 LT MPP ~23{b 3% HSC) IS N D, £ 2T, BHRIZ £ 5 HSC O
faERE 2 MifasE, &, /b ZEBR L THET 5720, LT-HSC & ST-HSC Dl el 5E D 48
BE 72 b N AL DRI AL & AT T~ 5

rAML Z 38 L 72 & MR Tl PUL OBRBEENETC TV D Z RGN TWD, £
Z . PU.l & GM-CSF O#IEHUEYAZ T2\, PUL DHEFBLL T\ 5 HSC OFEIG %
fRtT 9 %,

rAML (2 ZH 72 2 F YL aARIZ 6 5 Sfpil 18 An TR D KK % £55 HSC DEIG 2T~ 25 72D,
WEAEFEMERL L 7= Sfpil EiG T Dt etk 7 1 — 7 % W= Qe ik FISH 217V, 8B
85T C Sfpil BAG 1-HEIK D KK % R HSC OEIE Z M3 5,

Z OWFZEIZRE T D BIE £ TOMIEIRDIL. RS
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A dose-rate effect on chromosome 2 aberrations and Sfpil/PU.1 loss
leading to radiation-induced murine acute myeloid leukemia

- Aiming at clarifying radiation cancer risk at low doses and dose rates

Michiaki Kai™, Kentaro Ariyoshi %, Atsuhisa Hirouch™

“'0ita University of Nursing and Health Sciences
“Hirosaki University, Institute of Radiation Emergency Medicine

“Institute for Environmental Sciences

Keywords: radiation, dose-rate, C3H mice, chromosome 2, Sfpil/PU.1, rAML (radiation-induced acute
myeloid leukemia)

Abstract

The dose-rate effect (DRE) is a critical phenomenon that should be considered to estimate the low-dose
radiation cancer risk for human health. However, the DRE has so far been reported in the high-dose region.
As a pilot study, we reviewed the DRE on radiation-induced dicentrics in the recent reports and found that
DRE would exist in the low dose-rate region in vivo system. Therefore, it is very important to analyze the
DRE at low-dose rates by experimental study on radiation cancer in vivo system. It is well known that
exposure to radiation leads to rAML (radiation-induced acute myeloid leukemia) in C3H mice after an
incubation period of 1 to 2 years. In murine studies, it has been reported that dysfunction of PU.1, encoded by
the murine Sfpil gene, expression in hematopoietic progenitors (ST-HSC: short term hematopoietic stem
cell, LT-HSC: Long term hematopoietic stem cell, MPP: Multipotent progenitor, CMEP: Common
myeloid-erythroid progenitor, CMLP: Common myeloid-lymphoid progenitor) by radiation-induced Sfpil
gene site deletions in chromosome 2 and subsequent Sfpil point mutation in the remaining allele, leads to
rAML. In our previous study, we observed that cell turnover of hematopoietic progenitors was activated
depending on dose rates, and hypothesized that DNA replicative stress through radiation-induced cell
turnover can induce rAML-related mutations. To clarify our hypothesis in this study, we examine the
dose-rate response of cell turnover, Sfpil gene site deletions in chromosome 2, and PU.1 loss in
hematopoietic progenitors of y-irradiated C3H mice, and aim at clarifying DRE of radiation cancer. The
preliminary results suggested that pattern of cell turnover in HSC was different from between 200 mGy/day
and 1 Gy/min. We also found that the frequencies of HSC with deletion of Sfpil gene site in chromosome 2
and HSC with dysfunction of PU.1 increased depending on a dose rate. In the next year, we will start the
experiment of the 20 mGy/day, and will construct a risk model for murine rAML based on dose rates.
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FABRHENLTZOIZ, LY BWREREH/ONDZ EQNHEB L, 22T, SBOFERT
FMiEEAWD 2L L Lz, ZOFETIE, @FEFEALETL—bory MEZE, FLey
FOFTL—FTH7L— FMHZENE LD DICEBIR(—K DT L— M DV 7Ll
Yoo RERET D Z LIIREETH DL LB LN T, Fxlx, Fl—may ho
TU— hESEEAT DL L EbIC, ZEEENLERIRL, Tu— LB oiEL, WERT L
T MIEE A NS L LTV, ZOETT L— MEOMBELZFET S 59 TRICEY,
ZDOFEOFFOF R AR TE 7o, A%IL, B 2R (%) TG 28O O 1 |k
NAEMNEL, TOEBENDLZ LITXY, BREIRN &0 X 5 227 ClaBRaREE L
BT 2 0 EMAT 52O OBEERRENE LD H O LML TV D,

A B R T — NEHT OSSR E

LC-MS £ % FIV e A Z R b — DMENT SRR 2 it L, Fox D B & U2 BRI 2 fEsr L
720 BIR L7, EERECKIT D, Z0) o OMTEEDORA L., HERRIR & J5 58 2 B
OFEBINCBHR T 27 25 2 2 BRICHREN b O TH D, A, ¥ UV U IIfRERGR BIRIE
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VI.

WZHELTWD Z EIEFR<ALATND, AR [ME BRI 5 FEEM] 2 iz
T, 2V CDOEEGRREFFIZRNWRanZ v ) v ORZ &k 23 & PR E &kl 2
R E, FEREEEIEOEFIHRSTND, 20X, REEM (X ZRT A N D ERS
FERZEWD, fx ORBOFIEDRR L 72> TWD Z &1, Bl OATHAF O R LIS L
TRL<HMbND X HIThoTz,

DNA 15, Zb L~V DT O Fi S (e iE

UL YT IR D vy H2AX OffEdetaTid, JETHRIC X 2 EHA7: DNA HBEIXIFIFEE
EENTWD L2505 BE% 10 B3 L0020 B Ol T v -H2AX ORISR S
2o ZOZEND, BEHRIBEIC X2 k172 DNA BIESE DN EBOlER THE STV
L e ENT, & <ICEBTITMERFERZR y H2AX SRME B TRt snz 2 &
D KOFWRIL AL U & U BHERERSE O AT REMEAVRIR Sz, SRR Shrz ki
72 DNA G OFERDPERIEB L FHELIT L HETH 2 DEWEZARHTH D53, HERHRIC
Ko THEINLMFEEL U CIEFITHBREOARL E WX 5, A6, MlaZbofEcd
% SA-B-gal IZW TN OIBERIZ BN T H R S e o7, SA-B-gal Yetild 2 DR 23 Lk
Bz, MIREISEN BRI K> THEIN TN D0 E D NcHonTIiE, B{uBEy
A NIA L ORETRE, X OFEMRENT A REZ L Bbh s,

i
ZDOERFETHONTWDET LEML, FT’x DRITERTHLRENTNDHED , D THE
RS TR EEBRAIRBDIIE Y A7 L ORREBIET 2N T&E D, 22 TIORE
FAWTRRR R - AR ER R OREBELRET 22 L, T, BONTRBBGER R &) %
HICEORERTFEBZRT L LT, REFAEEXETHLLEZZOND, BUEE TOMETH
BREENBZEINTZDIL0.16y L ETH D, ZORE B IRITESFH R 13 EFTFi T
—WRAERDYR L7z EHEE STV DB EICHETHYICEWVWL D TH D, 5k, EORE
RWVREE TRENRRD LN NTHEENE ZATH D, —F, AECHERLEZET L
X E T, MAEFERETHET L THY, ZORENEHIZ, b MBI DHSHRIC
L DMEBREERDO Y 27 FRIZHEOMNL bOTIERNWZ L2l L TRBE-w, Ll £
DIFE T [HEBRRA D2 DR CIRBREIEBD U 27 % EIF TV E 0] 72 EORE#E D
nE, Tz kil 27 2Kk 2 Fikiwmo e v bR oNS TR H 5 b D EE X
W5,

YA LA D

Wi 28 FEFEE D AR MERITRBIT 2 EEANM O ZTE RIS E 29 R ICIE, D28 FEEIZBRA
L 72 fKAR #5(0.05Gy) — IS L7z SHRSP 7 v b OIMAE RS SE IR 23 FE BRG BE L b~ C R
LTWENELOfmE 5, Q% LB, 3MHE, 58 B CHCRAZHWT, 14
~— A —HEB L ORAZ R o — L#lrE, FERORBMRTE, DNA B, ZlbL~r, %
SER 2 8 28T %, Z OREE L EATHFEICE VT SHR T v b TR UFEIE 2 J 7=k 58 L
I LT, BRI WMIC U TIRREERD Y X7 & EH- S8 2 0O BT 2 IKG%
RS D, —HlE LTET 572 51E, SHRSP Tlish TR VRE TR OFIENTRD S
72DIZk LT SHR TiX 4Gy S L THHRIE L2V, ZOEWZ (7256 LTV D AREMED H
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DI RO, TN U TS OMEERARIE RO U 2 7 OHINTHBIT 2200] &\ 5 7
BT DGR A MRS D, @IAT LT, KRR L MEBRAEE Y 27 O B & orHE
ERETT D, 2 OSSR X 0 ERARE BICKT T DM EFN RO TERMICHETX 5, F
% 30 AT IV TIE, 29 FEEEICHEEE L2 BRI BT Dk &, Flix O E % BB L7 SHR
BEOSHRSP Z#HW 5 & &bz, MAEZOMIE AL X I EREITWVGET 5, LA E -
TIFE O AT Z LI K VT 5, TP OMBINC LV | BEST#ER 2 HIK &3 5798
BRI ORBIER AT 5 Z ERAREE K Db Ly, 2o X9z, KEHEEZS X
HERICIX, BFORFEIIRAIR E Bbind, £, ERERHEHRCYR L= T v ~ TR
FHRBOFRIERIMENE B ORRMEONIGE . @EH R IR EIT I X 2 B
DIEFFEII AL 2 F5 > T D 7 BUFEIRIRDL T CORBEARL ZFf> TV D T OREZ &g
BT H7-DO—8 &R0 L7y,

Z OMFFEIZRET 2 BUE £ TOMITIRDL., E4E
L

51 FHSCHR
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Can low-dose radiation exposure increase the risk of circulatory
diseases? How about low-dose rate radiation? Inferring potential

mechanisms underlying the radiation associated circulatory diseases.

Norio Takahashi (Principal Investigator) ", Asako Nakamura (Contributory Investigator) 2

“!Radiation Effects Research Foundation (RERF), Hiroshima,*ZFacuIty of Science Ibaraki University

Keywords: Model animal, Risk of circulatory disease, Radiation effects, Radiation exposure, Low dose-low
dose rate radiation

Abstract

[Introduction]

Previous epidemiological findings including the LSS and the AHS indicated that radiation may be
associated with increased risk of circulatory diseases (CD). These issues received keen attention from the
research scientists in the field of radiation protection, radiation biology and cardiology, as well as
international organizations, such as UNSCEAR and IAEA. On the other hand, inconsistencies have been
observed among various studies. Given the uncertainties, a study using irradiated model animals is being
conducted to assess whether or not risk of CD is elevated with increasing radiation dose.

We have been assessing the issues as above, and obtaining information about biological mechanisms
through the animal model studies. Irradiated stroke-prone spontaneous hypertensive rats (SHRSP), even at
0.1Gy, showed stroke symptom significantly earlier than unirradiated rats.

Based on the result, we started the study for the rats irradiated with 0.05Gy. On the other hand, in order
to provide novel ways to seek possible mechanisms of CD, we tried to introduce analysis systems. We are
currently conducting the preliminary studies for establishing the experimental conditions for those analyses
and also evaluating the applicability and the feasibility of those systems employed for the future studies.
[Methods]

We assess the onset time of stroke symptom of the SHRSP rats irradiated with 0.05Gy. We are currently
examining 60 irradiated SHRSP and 60 controls. A liquid chromatography-mass spectrometry (LC-MS)
was used for metabolome analyses. Immune staining of yYH2AX and SA-B-gal stain were used for detecting
the DNA-damaged cells and cell senescence, respectively.

[Results]

The onset time of symptoms related to stroke in SHRSP irradiated with 0.05Gy is examining, and the
results could be obtained in early next financial year. Metabolome analyses demonstrated that the levels of
some metabolites were altered with doses and those were closely related with cause of CD. DNA damages
identified by yYH2AX staining were found around renal tubules, and the ratio of the number of damaged
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cells to the whole cells was increasing with increasing doses.
[Discussions]

Our animal model studies using SHRSP rats demonstrated that we expect to obtain somewhat clear
evidence indicating radiation truly related to CD. As our previous studies demonstrated that the rat systems
have high sensitivity for accessing the relation between radiation and CD, we are expanding our studies
where we examine the rats irradiated with low dose and low dose rate radiation. The introduction of various
assay systems may provide novel information to seek possible mechanisms of CD at lower-dose radiation
exposure and long-tern effects after irradiation.
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DNA 815 « IS < bk - (b E R EORE &
{8 N Z= D FEAm I B3~ 2 W9

A A GO TRERZRFAHAAI AT 72 b S 851 - W SEET)

U =]

FON R BT — P X R CEN 2 DT Tlidle < . BRESCAEEEIEICER T 2NE - 4K
HOWE L OEAJRBEOMRLE LTEND LEXOND, £, BIEMERIZEDBEAZES R
MO BEE RE ELATDEEAOND, ABIFEIL. DNABEOEK LERICIERTHZ L
XY, BRI EREOR S, MAZOIZIT) Z LA ML LTTo 72, 5
EE LCE, b MESEMNG &2 B R (B R R R R =R)  {L 529 ”& (N-ethyl-n-nitrosourea (ENU),
RALT NT B DICENTRREME L OMAE ClRE%. (1)) v Bkt 2 b2 H2AX(y -H2AX)
FEfEE L LT DNA REGEOARK, BERBRZ T 5, CHREBMICBED D 2 v 7D ViR
{bI#% 5% DNA-PK(DNA-dependent protein kinase), ATM (Ataxia telangiectasia mutated), ATR (ATM and
Rad3-related) DS & & fENT 2, (BfIRAEAF I L O IRE T | J8RE R OBE A2 5T 5,
Fpk 28 FEEEIT, IE 72 DNA [EEEREA A3 2 & Mliflaz T, DNA 4815 & 2 0EE, Ml
AR IR SRE R OFEEZIEE L LT, Ui &b E O8O & EMEATR,
IS % fif A L7z,

¥—U— K : DNA {815, DNA &, % "7 &) »E{k. DNA-PK, ATM
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I #FFEET

BB ARAOI M TR B "

bl Tl < BB AR I RE T mag LA
BRAMNR-T5—

BN + SRR OWE b O IR O s | BIERFA
B LTHNS L EZ BB, £, s
ERERIC L 510 A b HOH RO B8 & W

K& AT B EEZ RS, AR

BEOE BEOKE MBROBELEN BE |

DNAREGOARL LERIZER T 5 Z LI /// N
KU R LA ERCE DRSBTS FIEHE-FEEBEE
BAZEOFM 1T Z L 2B ET 5,

TR LA E O ARG B O & MRS A4 BENRE

FVEITR < FRRR S, ARG, B

BATONTOVLM, BEASTERN w1 ptis KO E O % & DNA #{50
fENTREROFLIRZ T L LTBY ., MR B b

AL TFWE OB E AT D2 DR

DEEFED B TIEAN, AFFRTHETHA &F, @0 T8l 26 - T, R E L b
WERBLZLE LY, TOEARELZFMLEZV T2 THDH, ThE T, EiC, bk
IOV TIERRE, (LW SV TR R X OB 2 Bl O 250 & L <, MR (-
& ZIT, MRS, JRRARBE R L) OB EGREREOENTHOTE, Ll
RN G, RWEGIRERNE B X HHAICB W TE, BEHRIC O W TITRESE, (LEWE T
TITRENREOLE L L CGHY TH D B 272, ZHITWTh bR H 720 O DNA HED4E
REIWZHBIT D EBEZLNDINETH D, 72720, &F I E742 DNA HIEOFHESCENLZENOEIS
. R EEEME O T, £, ThThOBEICL - TRRL EEZOND, KRz
W ERITARA O BRECREMIL & OMAEMRR EE2 KT 55O TEARWA, —F T, &
AFHEZHOLNCT D ETIH#E L TWD EZEX HILD, FRICIE, RfdH 720 © DNA HEERK
RRAMIEE LT, S IERMEOBIHR. P WEOBMELEEZ RO T, 7 —FX—=2{LL T
I LT LY, B#R, (LFEWERELF G cx, EAMBEREL M~ OEEDIE

ELTCIMECE D L ICRb Z NI/ END,

R DB ANZE S F 7oA < FBFR S, cDNA 7 L A 12 X BB T3BUENT 72 E BT T
W5, ARBFSEIE. U o ERIE T OFGR D DNA BEFE, 7 2 ZEME, OWTIERA T X7 %
KT 2 & 0 L2 TV D, AFFECIX 5 IR OBLE D B 40 FEEOMENT 2 51 L TV 5 28,
BRAFAIRERITITIZ B RN RO ARIEAL Y BRI 500 FlE & S F S F e NI H K35 R L
U U RERMIAE 159 FEH(EE - S L7 v a UBMEE SR TWDZ EnD, AIFZENR L 72 -
T, FEIRARIC L 23BN R ELEO T L) KB RMIRICRIET 5 AREEND D,

AWFZETIE, b MR 2 ARG R, R ER), (LFWEENU, AL AT LT E )
ICFENFEMB L OYHAE TIRE%. (1) y -H2AX %4515 & LT DNA #1504 Rk, EEIER %
RT3 %, (2HEERERICEb D % X7 B ) U ER{LEESE DNA-PK, ATM, ATR OIGE % fjfTd 5.
(MR AR L OYL R R . SSREROBE &2 FHIT 5,

£, IEH 72 DNA BEMRELZ AT 5 b MRMESFMD, U > ekifiia 2 VL R &by
BORBORNEMBER, MEMEZHONICT 5, KIZ, B b DNA EE X\ E AV CRERD
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fRAT 2 ATV, BRI THE DAL RER &R 5 2 LIk 0 HEOREREE O 2 1
LNNCT D, S 6T, HUFHIAEIT N B E H D WA ABERRDO B MY BRI 2 40 il
FREAF L, LR FBEOMTZITO Z LIk, HAZE, HNARENEL OREZH 62T
o

Pk 28 EEIX, IEW 72 DNA BEEMEL AT 5 b Mgz W7o L2 E 2B O By
BIGR DFFAT 21T - 7=,
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o #rsesiik

1) Aifa

HIITIER & M ARMEZEMI HF19, NBIRGB, 1BR3 Zfifl L7=, Z®» 55, HF19, NBIRGB i%
[ESEAF SRR S i NF LI TR S A 4 ) Y — A v X —Inb 4y 5 2% 7=, $£7-. 1BR3 [T#EH -
Pty 7 ARFO Penny A. Jeggo L DIHEVW, HiHiE, DMEM AL (4.5 ¢/1 7 /va— R
L-7NZ Iy, EAECEET ) ULAEH) 20, R IRIEFBS) A 20%% (HF19, 1BR3 DY
A FET2IL 10%% (NBIRGB OGA) IR LTz, £72, 1EDON= ) /A ML T b~ AV URE
BEiE (4% 10,000 U/ml, 10,000 pg/ml) ., 1%DIEMZT I BEGEHR 2 N L T2, 553813 37°C. 5% CO,
W, WE 95%LL EOFMTITo e, MMROBRICIE, T4 v v aEiid7 7 A anbifizrE
L7, N> 7 AR CUeE L, 2.5 g/L- b U 7’3 /1 mM EDTA &% C 37°C, 2~3 /MLt
L. HHC 15 ml O ICEI L, TR EEYRREICHRL T, friLnr 4 vy v aEid 7 7
A ZHERE LTz, fkRIE 3~7 BIZ—FEE1T -7, FBS X HyClone £ 5, LN ORIEILT T
AT ATFENBEEA LT,

2) Pk
TxAK Y e TawT 47 wMAEREREAIIH W —RIEB L OFDOAFTIILL FO®ED
T 5, Anti-DNA-PKcs : 7H XKUY 7 o —F UHik, YFzeslc CER D Anti-DNA-PKcs

(Ab-4) : ¥ 7 AFE J 7 a—F /LHKR, Neomarkers ; Anti-Ku86 : V¥R U 7 o —F /LHIKR, HHF
ZERICTIERL Y Anti-Ku70 @ 79K Y 7 o —J LBk, SaFgE=Ic CTER 2, Anti-XRCC4 :
THXRY 7 a—F PR, BHFEEICTER Y . Anti-ATM (NB100-104) : 7 HFXR Y 7 g —F
JLHLR, Novus Biochemicals ;  Anti-ATR (ab184137) : ¥ XK U 7/ o —F L H A, Abcam ;
Anti-ATR (ab4471) : ¥~ AE /J 7 u—F /)LHi{K, Abcam; Anti-Nbsl (NB100-143) : 7% ¥R 7
1 —F /LHLAK, Novus Biochemicals ;  Anti-Mrell (NB100-142) : 77K U 7 o —F LA, Novus
Biochemicals ;  Anti-p53 (DO-1) : ¥~ 7 A€ / 7 17— F /LK, Neomarkers ;  Anti-53BPI
(A300-272A) : 7 H¥AR YU 7 v —F /LK, Bethyl Laboratories ;  Anti-RPA32 (ab2175) : ¥ 7 AE
J 7 a—F VPR, Abcam ; Anti-PCNA (sc-7907) : W ¥7HR U 7/ o —F /LHi{&, Santa Cruz ;
Anti-phospho-XRCC4-S320 : 7 H ¥ KR U 7 v — F )L Hi ik, HHFE B2 TEHR 9 ;
Anti-phospho-XRCC4-S320M) : ~ 7 A E / 7 1 — F L fifk, RIFEICTER(TFR) ;
Anti-phospho-p53-S15 : 7 % X R U 7 v — F L Hi ik, Y HF % =i CTIER Y,
Anti-phospho-DNA-PKcs-S2056  (ab18192) : 7 % ¥ &K U 7 v — F L FIL (K | Abcam ;
Anti-phospho-DNA-PKcs-T2609  (ab18356) : ¥ H ¥ " U 7 v — F )L § {K | Abcam ;
Anti-phospho-ATM-S1981 (ab81292) : U ¥R Y 7 v —F/LH{K, Abcam; Anti-phospho-ATR-S428
(2853S) : Y XK Y 7 v —F/LFLK, Cell Signaling ;  Anti-phospho-ATR-T1989 (GTX128145) :
XA 7 v —F PR, GeneTex ;  Anti-phospho-Histone H2A . X-S139 JBW301) : ¥~V AE /7
o —J LR, Millipore ;  Anti-phospho-KAP1-S824 (A300-767A) : U H XK U 7 o —JF LHik,
Bethyl Laboratories ;  Anti-phospho-RPA-S4/S8 (A300-245A) : V¥ X¥7AR U 7 o —F /LHi{R, Bethyl
Laboratories ;  Anti-phospho-Nbs1-S343 (ab109453) : 7 % XK U 7 o —F /L Hi{K, Abcam ;
Anti-phospho-Chk1-S317 (NBP2-37703) : 7 #F¥7 U 7 m—F L4k, Novus Biologicals,

U AZ e Ty MEZBWTIX, ZRPUAE LT, " Ad X o ¥ — Bty X g s
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077K 7 a—F U HRP0399, Dako), FIHi~v AGE /a7 ) oY XK 7 a—)
PLIR(PO447, Dako)x AV iz, 7o, HOLMEYEIEIZI W Tik, kiR E LT, Alexa Flour 488
ERPT T Y [gGHAL) VXA U 7 v —F L Hi{A(A-11034, Invitrogen), Alexa Fluor594 fEikfi~ v
A 7% F [gGHAL) Y F AR Y 7 v —F /LHIK(A-11032, Invitrogen) % V7=,

723, Anti-phospho-XRCC4-S320M) 1%, HRASH R ARK THEICEFE L TER L, fuiR/ER

FIEOHEMIILL F @Y TH D, £, PR E LT, B b XRCC4 ¥ > X7 ED 314 FHD D 326
%& B & [A] UEZ A (Ile-Ser-Ala-Glu-Asn-Met-Ser-Leu-Glu-Thr-Leu-Arg-Asn) @ C Kl > AT A 2 (Cys)
ZUMEMML, 320 ZFB0EY v Senz U VL LT F RERK LTz, Gb®ET, 2ok v
Y UBIELTOWRWARTF R A LT, T, U VBRI ONTF FaeXxy 7 —% X
VETHDLNTATANETT = EIAREEE, 3 Lo~ T ACHF L7, HiiRffiz ELISA
FIZTE=F—L, LA LEEZAT, MIEEARIL, I=uo—<fldsfa L, HAT £HZ X
HBINE 7 —fb&{ToT, &7 a—UBEETLIHERSWEINTND LB LN HEHE E
Hatilil, U VBB TF R XY U b~ 7 F NIk 2 SOS % ELISA 1 TR
EL, ZNRRENHDOEEIR LT,

3) HRSHRARS .
AR R T OMSHT, B LHERT a0 RS J25R P I 9.3cm
MERZIZB N T T o7, Fio, KMERRFOZOIZ, '
T EIEHARR AT v X — KRR [
BT HORBRIRZ B A LTz, A LRI, “Co Akt
REAEYE v HRIR (A AT A b —7 %, CO401CE, 1 MBq.
TR 4 [ CTh D, T ORRIR & A 2 K 1L A
FHRFIZBRIEEX N D CO, A v F 2 _X—F NITE W TR #EZ
To7c (K2), BIRIE 4 EZEIRICEWICHET 589
o RO PO B L7, MIRIAERR 10em ORI 8
WCHEFE L, £ O E T oMMICIESARRICEZE Lz, M0
WOMEIL 9.3 cm TH 5, CCo D FEBHRELTEEIT 0.305
pSv+h'-MBq' THHNEL, FRERITES FFEIO
) T65 uSvh, K (FEEIMD S H, KkbHF RIS
VML) T 109 pSvh, F/h (BEERMO S 5, &b HR
HIEEVLE) T39 uSvh & RS b,

X2 KARERRAICERIT DB
ZIKEH%LT I, Ak EORFELE LT, FAVLAT AT E

K& N-x=F/L-N-= | 17 Y JR 5& (N-ethyl-n-nitrosourea ,

ENU)Z F\WN 72, RV AT VT & RERE 36-38%) 3T 1 7 A 7 A7 (s DEEA L |IE CRAF L=,
FEHOBRIZIZ, £7 Ca,Mg A& X~y 2l giEdEA gk (LUF, PBS) TAMR L T 1 mol/L
WiRE L S HIZPBS TAHMRL T HHL 10 mUZx LT 10l Nz 2 & HRGRE L 25 K oI LT,
ENU (Z# KR D b D % Sigma-Aldrich #E2 SHEA L7Z, Zhic Hﬂ%@;%szmymkb

20°C THFIRREIC TIRAF LT, MEHOBRICIE, 22l L CHEEAR L T, 55 10 ml iZxf L
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TU7 plMzdEBMRELRD DI LT,

5) an=—IEIC XD AFREIE

EAE 10 cm OFFREEE T ¢ v 3 =12 300-500 {18 OMND 2 758 U FO RIS £ 72 13 b2 LB
EAToT2, 2~3 HWEHHR L%, BlRShl-an=—%2%x7-, BAEMICE, £, HlikEs
L. 995% T X ) — )L CHEE LB, 7 UAXLALF Ly FTHRE L, 50 Ll Eofias St
an=—0KEKZ, UTOHETT L —T7 4 V7 BEPE)B L OEFRSF)ERD =,

PE.= (B STz 2 v =—D%),/ (L 72 il D £0)x100 (%).

S.F. = (iR & 72 1 3L 2 B AL B 24T » 7= 855 D PE.),/ (X R D PE.),

6) VAKX T my MEZXD DNABEISERES X7 B OB R L OFREEMREE
D fFfT

TR RS E 72 13 b P BB AT - 7o, 1) OMROGE & FERIC, B L7, RIZ,
R T290¢g, 5D LEIT-oTZ, EIEEIBRW-%, (ML TV 5Hla% PBS ICE L, B
OFIRIZT290 g, 55D LEITo72, RIEEZIRY RV, 1ml O PBS IZEEL, 1.5ml F =
— 7 LTz, | T 1,000 g, 5 3D LEITV, BFEZIY RE, ke Lz, %23 <Ic
AW nWgE1E, -85CTRIF L7,

HIIE 1008 720 100 pl OS> 7 7 (50 mM Tris-HCI, pH 7.6, 150 mM NaCl, 0.5% Triton X-100
a7 T —EEEAB I ORRAT 7 ZF—BEEAZ RN L7 b O)IEE L, oK I 30 45 A #fE
L7z, WIT, 4CT20000g, 10 3 DmOLEITV, RIGEZERILL, Mlafhtii e Lic, Z ofia
I O & 2R 7 R % BCA Protein Assay Kit (TAKARA)Z IV CHlIE L, BEARIZ 7214, &
# D 2XSDS-PAGE %> 7L Xy 7 7 ZIRM L, 100°CT 10 MM L7, Zhafi L Ty—Ic
L7-#. SDS-PAGE IO 7 /W27 77 A LTz, 72%. DNA-PKcs, ATM, ATR OFHL &L L NZD
FHRR L B MR RE 2 RIT T D AITIXT 7 VLT X NIRE 6% DB LV, TnLISND X VX E
DI I L O OFRREEMIREBA ST+ 25 8121E7 7 VL7 X RIRE 10%0 5387 V% H
W, BERVKENIE T, 7V FRICHE > TR S vz % 737 B % PVDF i (Immobilon P,
Millipore #184) (Z#RE L7=, #55 DO, DNA-PKes, ATM, ATR ORI EF L V2 OFHRREZ SR
RE & fRAT 9 DA%, SDS A #5E /N 7 7 (100 mM Tris, 192 mM Glycine, 5% Methanol, 0.1%
w/v SDS) &\ TC, 2 mA/cf D EET T 90 M DBEEIT -T2, THLSND X R0 B DI E
BRLOZOWRZEMIREA I T 256812013, BEEOEE Ny 77 (100 mM Tris, 192 mM
Glycine, 5% Methanol) % H\T, 2 mA/ciiDEEIE T 60 TR OEEELITo7, 71 v ¥ 7%,
1%F 720X 2% D A% I V7 % & Te Tween 20 %4 TBS (LA R, TBST, 20 mM Tris-HCI (pH 7.6).
150 mM NaCl, 0.05% v/v Tween 20) % T, =R T 1~2 B T 72, 1 RPUARISIE, Piik%
Tay xS CTRWERIRICHEYS RREIC/2 D X 9ISz, 4CT—BfT o7, 2 WHUAREIE,
RIERICERIR T 1~2 BfIT o 72, PUARIL O HIZIE, ECL % > kb (Pierce L% Western Blotting
Substrate Plus & % U & PerkinElmer £L# Western Lightning) % W THRIE I, a2 X7 1 L A

(GE Healthcare f1:f Hyperfilm MP) THH L7z,

7) #NSE YA KD DNA BEIRERE Z X7 B O JRER L OV OO FRT
HRIZAT A RAHTALICEEE L, ZOATA RHT AZELEZ 10cm OFEMICAIL, 1) &F

181



FROR IR CRE 2 U, BB 7213 BB 21T o7, JEllhlooTE, £, X7
ARTTAEaT ) T —IZ AT, PBS T2 [IEEHTE, 4%/37 KV AT VT b REE T PBS
12 10 /MiRiE L, M2 [EE L7z, WIZ, PBS T2 [ #. 0.5% Triton X-100 % & e PBS (2 10
SRR L, MIRAEIZZEFL L7z, fEV T, PBS T2 BIEH L, 194 MIET V7 X v & 5& T PBS (LA
T. 1% BSA-PBS) (230 953 ~1 FEflIZIE L, 7 r oy ¥ 7% {To7, WIZ, AT A4 RERE/KICE
Z. 1% BSA-PBS Tl 4 72 B AR L7 —IRHUA L IR T 1 FFRIAUG S ¥ 72, 0.05% Tween 20
Z T PBS (LLF. PBST) T 543, 3 DU, 1% BSA-PBS Tl 4 72 EICAR L7z ik
iRk BEAP CERT 1 MK, PBST T 5 /oM. 5 Bl OEEH%.
4’ 6’-diamidino-2-phenylindole diydrochloride (DAPI)% 1/100 %5/ L 7= Fluorescent Mounting Medium
(S3023, Dako)#{ii F L, #/N—H 7 ATEA LTz, #&CIMETBILIIE IR SIS 1IX71 (F
U R) T T2 72,

(fiw B i ~ D Ficl )

TSR D 38O AR\ S R B 5 1R vk 38 L OVBE k43 & 85F L CfT > 72, CRISPR/Cas9
AT N 72 DNA ZE SR EE B 7 R ERIZ DWW CUIIAFZEBR Aaike s CAR IS Tk
RPFEONTEY, A4 KT U E28FL T To T,
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I #AFgERE R

1) XRCC4 Ser320 VU U EE{LIREEIZ K § 5~ U AE /) 7 m—F iR {FEfR

ELISA RERIZ LV, SIEO T ADONWTHIZEWTHHUAED ERAPEO e (K3), ik
X1 HZAL3FADOYTRIIBNWT, 2HBADOY VALY Enole, 22T, FT1FR. K
IZ3FHO~ Y 2 A HWT, Mg ORR, I —~vflas OfeEE21T> 2 & & L,

HilkE kil HikE

3000 —i L L -\\

/ll

3 500 \ =
\- 1.000

1.000 \ \\ 1.000 \
0500 \ 0500 - 0500 \-
I~

oo o o ol ol ol o > ol o ol o ¥ i ol ol o ! o | o
0.000 —~— 0.000 — —~ —~ ~ 0.000 =

1000 2000 4000 8000 16000 32000 64000 128000 1000 2000 4000 8000 16000 32000 64000 128000 1000 2000 4000 8000 16000 32000 §4000 128000

BREE BREER FRER
—*pre ®ist —pre W ist e W 1st

3 XRCC4 Ser320 U iR iER: BAIHUAIERL <~ & X f11E O BRIGE S 1 [RIER M RE O HLA
w1, B2 4H:~vw7RA3,

~ A 155 1E XRCC4 Ser320 UV VLTI~ T7'F Rizxt L CEWIGHEZ R L, 3E Y U ER{ETL~

7T RITHT D OSEMEN TR Z EAT D7 u—2 L LT, 2A, 2BD 25D 7 u—2 %1552
LN TEZ L ELISA WBRIC K » THERR S ivle (M 4), 72720, Bitk= v be— & LTHN
Ty HXRY 7 a—F AHuRIZE~S & FURREIL 10~100 < HBVMEWEZ 2 bz, &6
12, FAERICL T 22005 18A, 18B D2 DD 7 u— 3G H 47,

a—bLIEzRTFE L UUBEE  UVEMER
ik

VY FR)Ia—F)L + + +
YYRE/IO—F)L(2A) + + +
YYARE/YO—F)L(28) + + +

FRE V0¥ TIX
INYT7DFH

105 10°

3X10¢ 3X102

104 102

3X10° 3X10! |

10° 10
3X102 3
102 1

X4 HUKFEAEZ a— 2 OEEE FiE O ELISA #RER
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2) FhHRE L O E SR OBTERE ) . ATERICE 2 D BT

BRIVAT T E RIZOWTIE, 1BR3 fildZ 1| mM OJREE T 24 R 21T > 72354, BE
MR REZ L (ZEHE) AL (K5), 0.1 mM DR Tl Z OZLIFHER TX R)vo T2, £ 77,
ENU O%4, 1mM £ TORETZ DL ) B LITHB TE oz,

I AEEEE 2 AR E RN L O ABRBIRICHB WL AL AT LT v FRERS L OVENU
REZHEMOREN N2 VRE, $2bbZnE£ 00 mM, | mM & L7z, 1BR3 fifdds L O
NBI1RGB il 2 (AR B Yy (39-109 1 Sv/h) H, BV AT LT v R DT ENU F1E, I
FHETTI~6 BEHEE%, a— ¥ —h v v ¥ —% AW G A BRI 2T o & 2 A,
WIS FRLBRRE (AR B U b 3R AT DR o T2 /E) & OEWITFRD HiLRnoTz,

4X 20X 4x 20X
a - - . - -

RILLTILTER ENU1mM
1mMm

5 FRILALTIVTE R DHUWIEENU L Z1T - 72 1BR3 MG O FE 2= BEIR 4

3) R L OMEEWEIZ L > THE U 5 DNA 15 & 2 OE1E ., MlRISE DT

E AR EEHYS (39-109 1 Svh) F. RALT AT E R DUV ENU FE, FEFEE T
T6 HEEG, Vo AKXy -7 ry MEZKY, Hxd DNABERNE - EEEE Y X7 B O3
Bl ORI IE MR BB & fEAT L 72, DNA - E I O IEFRI ARG #E A& 18 12 B4 5 DNA-PKes,
Ku86, Ku70, XRCC4 OB &2 AT R b d-7- (X 6), £72, DNA-PKcs (2 & 5 DNA-PKcs
H & D Ser2056 OV fiE{k, XRCC4 @ Ser320 O U U FEALITWTNOREIZ BN THMRM S 2 h -
2o TNHDVU VEREIL 2-5 Gy UL EDORE ., 30 20~ 1 &% Tl & T\ b, DNA &
SHOUIWT DFAFEIALHL 21 K D EHE B L OIIE M F = » 7 R4 MBI % ATM, Nbsl IZ2W\WTh
HEEICELITR N 2oz (K6), £i2, ATMIZ X D ATM HE O Ser1981 ® U L fE{k, Nbsl
D Ser343 OV UELITWTNORIZEB W T H RN SN0 oTle, 62, MlE#F =y 7R A
YEBLOT R N RAEFIET HEER T TH Y R EIC L D DNA HEEIIRE L CEE
T 5 p531I2ONTH, ZORICEITRD Lol (K6), ZOfM, DNA-PK, ATM IZ X5
RPA Serd 33 L Ser8 D U R LS W TR OBEICBWT b S o7,

ERROFT, pS3 LSO R BEORBENE L oloDld, THE TOYHRETOMR
Aot 7 V=T OMEDL & —H L TW\WD, —F ., DNA-PKes, XRCC4, ATM, Nbsl, RPA @
EREEALICET D U LS p53 DEFEIL | Gy DL EOHERIBE IR STV B3, RS
T S 72> 72, DNA HEDOREDNDRNTZDIZ, ZNH DG FINERHBTE 5 ETIC
FELRD-T22 L, HDHWIE, Bl OERERD R, ZOREBEEM T, R
BEOLRNSTl R ENEBEZ LD,
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Cell NB1RGB 1BR3
LDR - + - +
FA + + + +

ENU + ¥ ¥ +

DNA-PKcs

Ku86/70

XRCC4

ATM

PCNA —ame- el

6 DNAHBEINE - EBEICEDDZ X VR IEHO T 2 AX Y~ Ty MEICK 58 LDRIX
A B RO R RS (39-109 1 Sv/h) . FA IZRAL AT LS E R (0.1 mM) ZL¥E . ENU % N-=F /L
N-=hrrVREHE 0mM) L% 6 AT 7.
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I, 1BRAIIZ DWW T, 3 A OMEHR &R B #RRE (39-109 1 Svh), RALT VT B R
# (0.1 mM) ., ENU ZH (1 mM) %, &2 WITEHRERTO 5Gy, 10 Gy B D 30 /3% ICEHE L,
y -H2AX & 53BP1 O NHREGA LT o7z, RUFDOEEITIX, v-H2AX OGAITIEEAER
BT, S3BP1 IR AR o T BlgE Sz (K 7). 5Gy, 10 Gy S %1, v -H2AX
& 53BP1 OEEENHEIM L, 74 —H A (FIROER) 2BRO LA, 5 Gy BT~ 10 Gy
I OEEIZ T +— I AFBE Th o lo, ([RBEEERFO5E . v -H2AX, 53BP1 OV i s R
WMERDOE G EEWR R SN/ hoT, BRAVLT VT B RALE, ENU LEOHAIZIE, 5 Gy, 10 Gy
ST OLAIF EBE TIXRWA, RABOEA & T, y-H2AX, 53BP1 OEEEOHNE 7
F—H ATERRNRD bz, v -H2AX. 53BP1 ® 7 % — 7 AJEALIEL DNA —EEHUIKIC L > CTihE
SN, TOBENETTHEMETIEENTND, ZOI LD, KEBROERN 72 HEHIRE
WHUZ BT, DNA 15, F5I12 DNA “HEHUIW A D BN O EIFET 2 EEx b, -,
AR FEIR T 8 A 2R AR SRS SRR AR THE(E T 5 DNA ZEHSHEIMTIT Z L v Dlen e B 2
biviz,
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DAPI 53BP1 v-H2AX Merge

R0

LDR
12hr

FA
0.1 mM
72hr

ENU
1 mM
72hr

5Gy

10Gy

[X] 7 1BR3 T® vy -H2AX, 53BP1 JG7EDE e Y taikz L DT LDR [IAKHR & 3R U IR
(39-109 1 Sv/h). FA IR/ AT LT E R (0.1 mM) LR, ENU /I N-=F/L-N-= h 1 VJRFE (1
mM) %A 3 A{T-72, F72. 5Gy. 10 Gy S 30 3R ICHIfE 2 B & Lz,
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IV B

1B MERHEEAIILIZ DV ARER R RO BRI (39-109 1 Sv/h) \ ARV AT LT B RALER (0.1
mM)., ENUZE (1 mM) % 1~6 BTV, Mifa/E E, H%H, DNA 5, Bl X I BEOIRE 7
EH RN Uz, KRR B HRIRST (39-109 1w Svh) DA, WTFILh RLHEOGA L&V RGR
OIS T, RVLT T e K, ENU AFICOW T, MIARE, BT RAFEOEA L&
WARBO LT, £o, Y= AZ - Ty METIEDNA HEIRNE - (EEEE Y 7 HORE
BEORRRIEARRE D ZLITFRD bRy 7223, y -H2AX, 53BP1 D7 + — I AN FED
nic,

ARBFFE DA BB H RN O ERIL, ZNETOMETHRD K<HWHNATE7 1 Gy/min
FREEOMER LR 100 HEREDEVRH D, ZOMOE NS, SREAWVZRLVLAT VT
F (0.1 mM), ENU (1 mM) ELRFEOEHEZRTHELRNHD EEZEZOND, MOENIOEEHR
BEREHZE CORBRIZZOFHE TH 5, & 21, mHE KBRS YT v 4 — Tl 1
mGy/min FEEOBKNFHETH D, T 2T, R ¥ —O/RRihHEESR & SRR & it x
iTolc, ZOMEFRTI~2 HORRPEITo 125G, BBEIZZEN L 1.5Gy, 3Gy IZRD M, IE
W72 DNA [BEMEEZ AT 2 MR TIXEGFER DT LMK T LRV oISkt L, JEMHEFRRE &
IR Z R OMIE CIIBEE R AEGFRIETRROOND Z ERN0hoTc, I ORERIE THAIL
BB LT 2013—2DH M Th 575, WA LTV % DNA BEXKEMEE HnWs 2 &
2RV AEIR LR TR BRI OEEN RO DRt b & 2 b,

Vo

e N BRAHE SRR 2 (AR B R AR YS (39-109 1 Sv/h) HHZE W 7=85E6 . AR T, HE%i.,
DNA 15, R & LRV EDISE R EOZEGITERO bivieiroTc, —H T, 0.1 mM RV LT LT
E FHDWE T mM N-TF/L-N-= b 1 YV RFHFIE FIZEW 251213 DNA HEBEE 7 78
DISENRRLONTZ &, LLOBREROBHFROEEL, LRROREDOHRLVLAT LT E FE
FON-ZFV-N-= b VIRFEDOEELV /NI NEBZ BT,

VI WAL LARE D i

AEEOEREZRE 2, Ak 20 FE 1T, &  DNA B1E KB 2 s - b2 mE o
Hl K OEAREBOMNT 21T 5, Ml & LT, BUEFERF O XRCC4 213 U &4 2 HfiA
D51 O DNA —HEHEIMHEE KEMAL(CRISPR/Cas9 1EI2 X 5)°, BEICAFTLTW5H DNA —
S TIWHEE s T KR B M (DNA-PKes, XRCC4, XLE, NBS1, ATM %5)% v, AAEE &
FREDIRMT 24T 9, FERZHEBRHT5 2 LIk 0, BB EEEWEICL > TELREDE
B ORBEHE A 52T D,

DT, SRR 29 FEEEDD 30 ST T, B R U USERSROVITRET D AR - ALFEE O
R OGRS B OMRIT 21T 50 R 29 FEEITIE, BUL PRI AN A V=Rt Z—D
A ARNHSEAREALMIAREBY ThT VA7 4 —A L7 U VSRl 2 L7 &3 v 500 FEE O H
Mo EFHANBROS D, BAUBEGEN A FESER A ERO S OK) 20 D, 51 40 FEH
EANFT D, Wk 30 FEEIATOMITICE R, Ve AZ L - Ty T 4 778280, DNA EE
Z N BREORBLE, N REEEZMAD, PR30 FEICIE, 2 ORifaE FIvT, AREE L
[FIERDFRHT 24TV R AN TOMEAZER, AL NABER TOBENe EE2RFT 5,
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Unification of effects of radiation and chemical substance and
evaluation of personal variance in sensitivity

Yoshihisa Matsumoto

Laboratory for Advanced Nuclear Energy, Institute of Innovative Research,

Tokyo Institute of Technology
Keywords: DNA damage; DNA repair; protein phosphorylation; DNA-PK; ATM; ATR

Abstract

Effects of radiation, in general, appears not by itself but as the consequence of combined exposure to
endogenous and exogenous substances arising from environment and life style. In addition, personal
variance in genetic factors is thought to modify the effects of radiation considerably. This study aimed to
develop a method to unify the effects of radiation and chemical substance and evaluate the variance in
sensitivity among individuals, based on the induction and repair of DNA damages. Cultured human cells
were exposed to radiation of high dose rate and low dose rate and/or chemical substances, i.e., ENU and
formaldehyde. The kinetics of induction and repair of DNA damage was analyzed by using y-H2AX as the
indicator. Responses of the protein kinases involved in the recognition of DNA damage, i.e., DNA-PK,
ATM and ATR are analyzed by western blotting, monitoring the phosphorylation status of themselves and
their substrates, such as XRCC4, Nbsl and Chk1. Cellular sensitivity to radiation and chemical substance
in terms of cell survival/death and mutation were also evaluated. In FY2016, cultured human cells with
normal DNA repair capability were examined for DNA damage, cell viability, cell death and mutation to

find the quantitative relationship between radiation and chemical substance.
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