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SRR AL B2 b, LEWVEOTFENHE Sz, LovL, ZOEIIHI®E LZE Fo 1%23 10
FELIEICIEBREVR B A RIET DMENOHME L - b O TEBEOBRICHK T O TIER N,
(ICRP Publication 118%) —J5, Little & *|%, 10 £ 17> 5 72 5 EEFEHME IS L OMREMRE L7- b
b6 K OVRIEHIREE O 5 BRI R 0. 56y L F2 DRI SE L HET — & & FHV CIRBR#IRE D 2
SR ZAT -T2 8 A, TOFR Y A7 1%, L& VWMEZ LB INT G0 1@ L T L&
R BTz, 2T, ZTORITHERIX, fied TRFRETEBIZ IV T B R EIC I E] L CIEBR# R
BUYRINERT L EBNRBIND, —F., AEF A 231572 SHRSP & FW 7 2BkE R Tl 4
72K 1 0.056y TIXVU A7 O FRIFBO SN ol ZOFRERL, Texr s HWW=F v FA L
A NZHKT 200 LRV, LEVMEOTFELZ RET 56D Th D,

AR R R & PEBR AR B D U R 7 OB & TR T FERIL, BRIV O TH 5, Al S 0. 56y
B IO 16y DOFEHRA—FH RS X 4172 SHRSP CIIAM 25 R AE R 1 X FE RS O SIERFR I LR T
BEACHFIE LTIkt LT, Rk 29 4EFEIC T o 72, (RAREER (0. 16y/ H 3B LTV 0. 056y/ H) ik
SR A BEFERR 7S 0. 5Gy 38 KON 1Gy 1272 5 & TG L7z SHRSP T, FREHEO Mz 38 e R &
FERAST SHRSP OFSAERFH] & MICIT A< ZITRD b o7, ZAUZxf LT, ICRP Publication
118 * Tid, —HERS. HEIRS, RN OM T, TO LEWEIZET RV EESNTND, =
D EIFFERICEERZ L EBZHNDOT, RELE (CEAL 30 ) IZATEE & AR/ EBRA1T -
7o ZOREFIT, B L RBRIC, WTHORREHCIS W T, FERFRE L g LT, BIEDO R
HHEITRO b o7, (K I11-1) BH, MEEEORKROBFIMNRO bivlz, ALY 15
BN MREFN LRI, ME SN TV AEL VB TEW LA HEE Sz,

FRE% 18 B C SHRSP X 0 #37-1fiE Cix, MIE L7z 12 FEDOW IL-5 & GM-CSF Z < 10 fEo
A NI A ORI, FEREEHEO L O LV BN L T, —J7, FREH 53 B CE7- i+ T,
3FE(IL-2, 13 BIOVINF-a) THML T e, ZHUTH LT, WKY CIFRREEFICE 2 T
L OIF otz (K 111-2) 2O IIEBRAEBICHET 5 Z L Tz A M A U TH
Do ZOZ LKV, SHRSP TITMSTERZIZ, HEBRIC KV AECTRIEIC L bRV L DA M A
CINSIMEI, FOWEEN ERT S, UL, BEEGEBICE BRVWRIEDBEN R 5D T, *
DOREITWFERT D EEZDND, TOEBERETYH, A MhA Ui E0EA S, Flix Ol
ORHEAEDFRZ D5 Z LIEBL<AMON TS, ZDX ITRKIEIENDWMENTZYA S I A 12E
REFREDO—KNERS>TNDLHEDEBZ BND, ZHIUTx LTI FARIER 2 2 S 720 WKY Tl
ZD X Tt A M A VHOREEGITBIE SR o, A M IA COBEICE B 5 &k
23, SHRSP OFFEDINT & & 72 5 A U 2 7 OINAE L TV D ATREEIEE 2 v b,

MERFST DN, AIMEROBAEIT RS 1 B TiX, WKY 33X OV SHRSP & HIZHED ERICE D

11



RVNBD LT, LasL, b i H Tk SHRSP TUisid 23 ikfse L TN = oI LC WKY TlEE[E
LTWT, FEIZE b ) BTl Sz o7z, (K 111-3) SHRSP CEIZ /-, HiMEkE
DEIE IO E A3, SHRSP 12 DA TREEEH OFIERFI SR L 0 B E T 2 RR E 52 6
N5, B, ZoEIE S OFEN ., M2 OIGERY o B (K25 SHRSP 12721388 H v, WKY (21X
B SN WENTH D et SN 5,

4Gy DJS# % FRGT L 7= SHR 38 KL OVWKY O fiF R o mic L 0 . BRE% 5 B Tl TCA Y1
7 NI 72 &L R VX —FEAER DNA BRRIZE ST 5 0 75 % < OB R EL LT,
— 7 CHRRSS 20 0 B CIILE 2R LRI o7 2 &b 1T & A LR OLE B ik
SRR X D — R 72 AR = BAR 772 Z E RIS e, O T — L EOfE
TR B AR EORE TIE, 20 B BICBW T HEHEIZRZENHEGRSNZ720, Zhb DR
HER R S R PR & EER AR BRI R E T D A A~ — D —fEffi L 7 0 152 Z LR & T,
(X TI1-6) WRIZ, AKHFE S FST L7z SHRSP O MG R T 21T o 7o/ 5 . IR IRk % 72 R
MEALLTWD Z EMN3hoTz, FFIZ SHRSP OIR# &SR CIX, Milao = x ¥ —pEE IR 59
% TCA [RIEE-ORERNZ BIR T 2 2%, BEgHi: 1 B &) LR cRE S LB L, 5
HTIERHN L W ARWns 1 —7 LZFREOLEICEE L, Z OfERIZLARNCE # 2MERR R
S A B L 72 2 D TR R OE B 2 TR LRERTH D | HE R &
D AIRHRGOMEE 72 & T v MEPIZI W THRIF R Z bR — RIS 2 - TWD 2 L DVRIB S LTz,
—J5 . MR RICEE T 5 2 — Vgl EOREIE, BE% 1 R TRESLBL, 20%
5HHETHEMLFT TWDZENE, Ty MENTEEMZIFES 2 L AT 1 —LORBIZEL
MEETND Z ERREEI T, (KTII-8) 2 b DFEL G £/, KRS & i8R 2 I B
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W, AR TIET v MEZ W08 07H, B MBI, F~——¢ L TORHME
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B EEBRAR B ORIEY 27 L OFUREBIRT 52 LN TE D, —H, ZOETLVEWITS
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BV 27 OFBZEHEICGEH LT D O TiEew, LaL, B EAWEE X, %
FHIWFSE) T, KRR E - R E RO R OB LGN T2 Z L 13D THREECTH Y | E - HHE
a2l bRoTnD, ZOLOEYERTHOLNDIERD., REFERTHL EEZ LN,

ARFFEDOFER LV | AT RIERAZ FIE L L7254, 0. 16y dDAIC LEVERNTFET S 2 &N
HESh-, 7. EWHER TR L7 SHRSP CIIERBBENE WA TH ., IMET OFRIER
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DI, R EDZALA ) 2 T 5 2 LIC L 0B SNA K RIT . R 2 g LT
WDHE MCBITDIMZEFRIED A7 #E 25 LT, WO TCHARERZIRIET 2 b0 L Hff S
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Abstract

Previous epidemiological findings among atomic bomb survivors conducted at RERF suggested that
radiation may be associated with increased risk of circulatory diseases (CD). On the other hand,
inconsistencies have been observed among various studies, especially low-dose and low-dose rate
occupational and environmental exposures. Given the uncertainties, studies using irradiated animals are being
conducted to assess whether or not risk of CD is elevated with radiation exposure. We also have been
obtaining information about biological mechanisms through animal model studies.

Stroke-prone spontaneous hypertensive rats (SHRSP), irradiated with even around 0.1 Gy, showed stroke
symptoms earlier than unirradiated sham SHRSP. However, SHRSP irradiated with 0.05 Gy did not show
those efforts. This suggested there might be a threshold in the radiation dose effect around 0.1 Gy. With
respect to low-dose rate exposure, examinations where SHRSP rats were chronically irradiated with an
accumulated dose of 0.5 or 1 Gy (dose rate was 0.05 or 0.1 Gy/day, respectively), did not show any significant
radiation effects. The data indicated the dose-rate factor might be higher than those previously reported.

To elucidate mechanisms of radiation-associated CD, we have measure blood markers, such as cytokines,
blood cell components, biochemical substances, and metabolites. We collected the biomarker data from
SHRSP, spontaneous hypertensive rat (SHR) and Wister-Kyoto (WKY) irradiated with various doses (0.1-
2.0 Gy) and sequentially sacrificed at 1, 3, 5, 10 and 20 weeks after irradiation, and compared marker levels
among dose groups.

Metabolome analyses for sera from SHRSP demonstrated that the levels of some metabolites, such as bile
acids, were altered with radiation doses. Moreover, cytokines, IL-2, IL13 and TNF-alpha, were also altered
among SHRSP but not WKY. Those were closely related with cause of CD.

The introduction of various assay systems may provide valuable data for inferring mechanisms of CD at
lower-dose radiation exposure and long-term effects after irradiation.
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2-1-a (KEREHSTHIIVEBREIRBD Y R 7 %2 LIS 270> 2 KSR E R

(32 T AR B BR e R R OB P D iR B

(G HR) SRR < % O DNA HIEIEE B L ORIESUG 2
TEER ZRIR BIE LT B 2 % 5B D WAL,

SRMEZEE - PR R (RIROREE B HR)

RS

TR AR AR L U TR bR LR WRBE TH 508, FUBIIEE 1265
PEZR ED D, TREREEB G FHRIC L > TEORIEY A7 BNRERGFENIC EF+ o RE L
LTEZLNTND, LLARRE, ZhE TOEFNZRME CIIBRRUANSOBREE D 27
KA ORBEYRT L L OEEL X2 800 HEBRAREREGERY 27 ER OB 2R
FThHDEVIFERITITE > TR, —JF, SILEBRREIET v b (SHR) LG M3
JEZ v b (SHRSP) 72 & QBT T V% VT2 AT Tl B SR A M e 5
Oz A ER RO OND 2 ERD o TN D,

Z 2T, AW CTIIHER AR R SR IR B DO FIE A I = X LD LN F-IE Y A
IR D 7= Doy TAEMRE Z Bk BB L LT, 8T 7 V& F TR & 22 U RIS B
A U7, BARAGICIE, B IRE Sz SHR 368 L OY SHRSP H sk gtk 2 v T
DNA #EL~v LEE L~ (8-OHAG) ., HEIMOMM, 7R h—v A L~ULie &l
W THRIEMM L Z TEE O TR 217272, S DIC, SRS %OZ » bl g
DRIEVES A ST A > L~ ZHOWT ELISA & W CTHRF 21T - 7=,

AFFCHRE RN, HAHRA GRS B O FIE A T = X MRS E TR OREIC D728 5
EHIRES NS,

F—U— R
s, DNA 815, H2AX, KIEMG. s
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L WrJEHAY

FATHRGED D UL I K o TR REBDOV R R LR T2 2 EARBIN TN D,
L LR s, TEBRARIRE Y A7 L5 &R - fR iR & OMBITES, FIEDO ST A =X
LZOVWTIEELAHTH 5, BERS STV A EMRERIEBMHEHRIE < I L DR EL
REAME9™2 720 iE, HETRRIE < EIREREREB Y A7 L OBRMEE S LUV THEIZL, U A
7 LRA-OFERMEDR & 2 5E T OIRER 2 LT 2 Z L NEETH D, £ 2 TARIFSEEHETIE,
FREHIRIC & D I8 ER e iRTR B A B ATRE 2B £ 7 L (SHR 7 v M ET LB L OVSHRSP 7 v k
FBTV) T, BT < % OB e MR R B L 2 B 2 72y -~ — 1 — & W T
Bt Uiz, BRAICIE, R E< %0 SHR 7 v B L ONSHRSP 7 h H kO wii gt
TIATONT, HYRRRD R OER L, DNA ARSI, 748 b— %, Bk DNA {5, &
~ 78Ty —UNKT D~ — I —E O T R O YA K D RSB SOG DO R AT o 72,

WEARE & Clo, GRS #% 00 SHR 7 v b HEREIRIC BV CHEEE 72 DNA IS 08I0 %,
f21 DNA 8150 | F-0 R BRI BAY 2o MIAZE OB E R S -, E72, DIEHLRR Tl Bk
TR TR LS R S T2 Z & D HRIREHT X 2 B 72 B A AE I 23 B BR AR ~ D &
MEHERINTWDZ EnTREINT,

Z ZCAFEEIX, SHR 7 /L Ciled b AV S Mah BYERIC A b, AP ET L Th D
SHRSP 7 v FCTHRBDOLNDL DD, & HITITEHRERIT < ITB W T MBI RINE (LA
HE L D00 EBRFT D729, SHRSP 7 v hHROBEEE Y > 7 Az oW, EORRY) A
OIERLL ., DNA “ ARSI 72 & A2 b LT-,
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II. WF9E751k

WFIE TITABER AR BIEIE T B 1T 2 T #Rah MM A LS & 2 T o 7= i, LR O EERF
EE RV,

1. 7y FET IV

AR CIIE BR AR B IBIE T 36 1T 2 HOH Biah J6 AL N & T T~ 2 72 DI B Ae
HIEGEME T »~ b Td 5 Stroke-Prone Spontaneously Hypertensive Rat  (SHRSP) D74 & & H\ 7=,
2. WG TR 2 & ORI A X T A R O/ER

-80°CHD 7 V —H —IZMRAF Lo BAS CLHBAR 2 -19C D 7 T A A A % v FRICKEE L TRk L.
JES dpm CHEEFIRLERE T &2 1Bk L7z, 1ERR LTZRRREI T IEA T A R T AIZBED HF TR A
Y —TK 3 B RFL £ 7213 —MRiE & . £ OB IV,

3. S HOL Y

YRR A O LTI2 A T A4 FY 2 7% PBS (CiR LT 15 S BHKER 21T > 7214, 4%7%
FHRNVAT VT B RIZH 7 2R LTEIRT 20 pEEUEEZ{To 72, 7 ilfk-7= PFA
LY BRI t%, PBSIZ 5 0 RliR L CH v T i » 7B B OVR 21T > T2, Z OVESHE 2 (7]
MR LTz, -30CITHmC LT T0% =% / — /TR L, 4CT—BrEfE L TR 2T -7, =
Z ) —=ninb YRR L, PBS 2 15 3R L TEUKILBE 21T > 72, BIKAEE, 2T
A RH T AZREY (T 723 o 7V O JED % K PE T & % PAP PEN T4, Yeafifl & [RE L7,
5%BSAIKIC T 1 IFHEIR Ty n vy X V& (Tole, 7y XU Uk, o7 L% PBSIZ 547
M2 L CHes 21T o7, B VR IR 2 — kAU L 1% BSA % & e —RPUASUSIRIZ T
4CT—B—REULRRIS ZAT o T2, £ D% CHOUIEBSUAR, 1% BSA. 0.05% Tween 20, 0.1% Triton
X ZE&Te “RPURROGIRIZ T, IR T 1 R ZRPURRIG 21T o 1o, YetbhkAT T2 A T4 R
TEIERER O 77 e T 4 v A (PD 2E0EARZE T LR, AT T 2 %h5
ETEHAZ Lo, JANFET LA TA FEELBHME TR L., TV F VBB EZIV AL
WZHIE LT,

(fii B i ~ D AL )

AWML, FAEIZEE (BREHRR) X0 & Sz iifds L O 7 TT S 0 Th
Do W0 T ZRIREETIIHT - 22 B EBRIT FEHE L 720,
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III. WFZERE SR

1. RS % 0 SHRSP ORMIZ 35T A Mk re 22

TECGHARIE PR K 2 B2 P38 SE L2 SN » TR E DGR D DD 0 Z R T D 72012, BEHR
st % > SHRSP 7 v bH RO MR OIZIEZE L 25 L7, FHliFEE LTid~~ hx2
Ve AT YR K DRI RIS & T,

0Gy 0.1Gy 0.25Gy 0.5Gy

TI-1 R SR B % 0> SHRSP o2\ 7= ST RE Y o T
0Gy. 0.1Gy, 0.25Gy. 0.5Gy O EMGTHBH L, 2 2h 1, 3, 5 Ef&HE L7zl
Do R %Y LA R (n=1). HOREIREHC 3 5 MO S A (LI R b
2ot

2. SHRSP 7 v b RO 51T D B RIS #% © DNA BI5I0E

SHRSP 7 v FHXKD OCT = v /3y Radlgislgias o o 7" /W2 C IR S v o 1Y
17\, DNA ARSI~ — 5 —Td 5 y-H2AX (T D Hik & W - e d o et 217 - 72,
yH2AX 7 4 — 7 A&+ %5 2 & T, DNA#EG L~V OFHE 21T 72, £ ORER, BIRIIT y
-H2AX BRI 0.3% A T DIRWEIS T L2 S, S HIZIEMRST & ik L T DNA #51
L OF B RIEIME R b B S ko Tz,
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I1-2 AR B R R 7% > SHRSP 0 i 2 I 72 KBk T e Y 2 14
BB E (0Gy. 0.1Gy. 0.25Gy. 0.5Gy. 1Gy. 2Gy) W&t 138, 38, 538, 10 %DM
2B T2 DNABEL~LVER LY T 7 (BT 18,3 1, 0.1Gy IS4 5 B OfEARIX n=3,
Z OMOEEIE n=2) , FEFRET & bk U CHE 2 DNA 5 L~V O BB BT R S 72 o 72,

3. HUBR RS D SHRSP D ifiLigH o> CCL2 8L L~ /L fighfr

WEARJE & TOWFSE T, SHR (2381 5 @I ERIEIZRIEMEY A S A T D CCL2 O ifiLih i
FEDS SRR E 12 B L, BRSO B WD TR 2 G S 25 E R Z LT D Z & AVRE
iz, £ Z T, SHRSP IZHWTH HHHRIBE%IZ CCL2 B8 MO RIERENEMEL L TV D
INEREIT D200, IR % 0 SHRSP D lfiEd o> CCL2 #EE 4 ELISA I X - Tghr
L7z, ZOkEH, JEMRE &l U CRERE (0Gy. 0.1Gy. 0.25Gy) THE7% CCL2 HEED -5
TR SN o7,
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m0.25Gy
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1w 3w
weeks after exposure

II1-3  fEARE T BRI % 0 SHRSP kg ic g £5 CCL2 L3
B IBE % (0Gy. 0.1Gy. 0.25Gy) @ SHRSP M IfiiF % v 7= ELISA IZ & 5 CCL2 #H L
AUUIEMT OFE R A2 FK L1227 T 7 (n=2), 0.25Gy LA T O E R TIZIEMRE & i LT
CCL2 JE OB MME AT BIE S o T2,
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SR FIENE T~ N SHRSP % AU THUR R R # O RIS Z DWW TR ik b 700 Fik
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DHETHDLEZEZ LD,

WELEFZ D £ TONITE b IiE A RFEIENE T » & SHR TIT SIS 2 . CCL2 IKAFRI 72 RIE
FOSH MR 72 DNA B 2 B O TR L T o Z & FrZEIR TR BRIRRR R A 72
MISEDSTRO HILD 72 & BURRAE R ERRERENBO 6N D Z LW bnE o, ZDZ L
IHATRE DO B REIEE S ERSEA Y 27 EHOHERBERRFO—2THDH I LA R LTE
0. BEA~ORFTIRA N LEREEZFRET D LT o@BEORL L b —BT 2D, £/o, KEED
WFZETIE, SHRSP 7 v b DU FEPEIN A2 T FEAE (D 72 23 2% AR B 7R AR A O 213
THZENTERPSTD, ADBAVBEOHERL L OHRY v Ei~ DB HRIE DR AR T 0 Y
A7 ZMSED LWV MEREND S, BHBGEII BIMAET Y 27 2 ER &5 2 LITRHE
Wi Atk K0 IR O S EIT e D LB B D,

VI RAEE LA O 5]

ZHIVE T, EBREBRBEIE IC & o TED XS RIS B A TEMEAL T 5 2 & CIRBRARIR
BU AN ERT D00 L TET, TOME, BEBRIRINT & 2 RIESUSTEMEL, £ LT
ZOBRDOBEEREENERN DO —D>THDH LB TETz, LML b, JEERAY X7 5
DA F~—T ==, U ATEBER OEIIITE > T, Sk, IR EHIEX I X 268
RIBY A7 i T 28 LSS A~ —H —DERERL, U A7 KD 72D D4y FAERIDRIE 72 &
1T 2 LT, BURBIT S B OBER ST E 5 2 WITBHER 2R E BRI < U 2 7 3REE
SNDERICH T DREFER EICHITE 5 £ B XD,
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The radiation dose dependent cellular responses in an animal model of

cardiovascular disease

Asako J Nakamra', Kumiko Koizumi', Norio Takahashi?

!Department of Biological Sciences, College of Science, Ibaraki University, Ibaraki, Japan

’Radiation Effects Research Foundation, Hiroshima, Japan

Key word : radiation, DNA damage, H2AX, inflammation, cardiovascular disease

Abstract

The epidemiological studies of atomic bomb survivors, such as the Adult Health Study (AHS)
and the Life Span Study (LSS) of Radiation Effects Research Foundation (RERF), revealed the causal link
between radiation exposure and cardiovascular disease including stroke, heart failure, and myocardial
infarction. In fact, the dose dependent increase of systolic blood pressure (SBP) in spontaneously
hypertensive rats (SHR) model and motility related with stroke in stroke-prone spontaneously hypertensive
Rat (SHRSP) were demonstrated. These findings strongly suggest that radiation exposure associates
cardiovascular disease. However, the molecular mechanisms of dose dependent effect and risk in
cardiovascular disease have not been investigated in detail. Therefore, in this study, we aimed to clear the
relationship between dose dependent cellular responses and cardiovascular disease in SHR / SHRSP rats
and reveal the molecular mechanisms to identify the efficient clinical targets. The radiation-induced
responses, such as DNA damage response, cellular senescence response and hemolysis response were
evaluated by monitoring of y-H2AX foci formation, the senescence-associated B-galactosidase (SA-B-gal)
level and Berlin blue staining, respectively. In addition, radiation-induced inflammatory response was

assessed by measuring of cytokine, CCL2, in rat’s serum.
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SRR L, BREECARTE I BIR T 2R - AMRPEOME & OEAIRIEEORER L LT
BiAL, F72. BENERICE 2BAZBHEHROEELZREELATDEEZLND, A
%t1%. DNA 85, 52 DNA “HHEGIWOER SERICERT 52 LI X0 | (DR
AL TFERBEORE . CHEANZEOFEZIT) Z L2 HRYE LTITo 7,
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L WF5EHHY

TR BREEOATE BRI BAGR 3 2 K - S AME O E & D AR OFER & L TH N,
Fo, BEEMERICEDMEAZEL BEROZELEREEATLLEEZLND, AL, DNA
A, FrC DNA “EHUIMOAEREBEEICER T2 2 LIk v, BRSSP E B D
. EAZEOFNZITO Z L2 ANET D,

PSR RCIIN B DU TR < | BREEATE R RIE S 5 I - AR
DI & DEARBEOMRL LTRND LELLND, £, BEOERIC L5 AR
DR BERE JAT D LBABNS. AL, DNAHUSOAER & ERICER 5 2 12k,
HSHRIE L (LE W B0, RO 2 L2 AL T 5,

R & ACE W E O W AR B O EE N
RS RS BRI, s [ mEE | R e
TVDWB L A EITE BT ROk % (Gy/s) “ (M, g/L)
EELTHY R AT OB LA

T % 7= O OBEIRN B HITIE/R, AT ‘ L1
THIETHA LI, B0 T %6 - T,

TR L LW B il L0, 20 BEERE
BOMEEIM LY 52 L Thh, TNE (/s)

TIE, EIT, BEERRICOW TSR, bmE
2D W TR FE 5 K OMLER R & A i oD 25 %4
& LT, AEMFRINR (T2 & 23, Ml AR AR,
LR ML 72 &) OUIOCEGRBRZEBOFMMATON TE e, L LR s, EhEkgdE
WA EZDHACBOTE (K 1-1), BEHBRIC OO TIRER, (LB OV TIRREE A
HIOEH L L THEEITHD EEZLND, LFWEOHT T, BEMWWE H 2 WITBEH MR A
oW TIE, MERLREIISMTH D, e xE, N F T LK (HTO) % & ek cHil
R LB A . MRAZT 2WIURESR (Gyls) (X Y F 7 LKOHEHRERE (Bg/L) 2 HH
L., LENST, ZOWEREE (mol/L; M) (THFIT D, 512, MERERBEOSMME, Ak
PEIZ, B & FEEIOER 2 bW (DNA HE3A], BRERF2 L) [TIEERRETH 5
EEZLND,

ZLTC, LAY (HDWE 17 24720, 1YY 2&5 2 TH W) B4
DOEEAREITZ OMEBROREIZHFITHEEZ2 005, 2L, &E&E7% DNA HIEOH
HOZNENOEIGIE, R EEFEWE ORI T, $o, TNENOREBEICL - TR D EEZ
HiLD, BRI AE 2 ERITAERNOREC R L OMBEAER R 82 KW 25 6 O Tl
RO, — T, EAFHEZHLNCTS ETIRELTWD EEZ LN, FERICIE, FEdH
720 © DNA BEAEREEZE L LT, & % SO MR, L2080 ELR 5 E R T,
T _X=Z2{L LTI 2 &Ik Y| B, bFWEREL I T &, HERETE
HE 2 OBEHFONMFE L LTI CE 5 L5107 2 LB S D,

B 1 -1 B EALTFEMEORBOREG DI
DIZAWIZE THRA L T D&

IE



WA PED RN ZE S 2R Bk S 4L, cDNA 7 LA 12 K D BB T RBUENT 72 E M T
TW5, AWFFEIE, U v SBRIZ—E OO DNA SR, 77 D2Z2EME, OWTIEBAY A7
ZRRT D 6D LR TND, ABFFETIE TR, HIMOBURA 5K 40 FE O 2 5HE L T\ 2
2. FFIASRATIC I AR N HSEO ARSI Y o <ERAIE 500 FE & S £ S22 NIRRT AR
FEAL Y o RERAIN 159 FEEE(E T - MBI L7 a )BMEE SN TS Z LD, ARIFZE 225
Lo T, FEMCAFIZL 2EN R E L E DT L0 R TRIC BT 5 /RN H 5,

AWFFETIL, BERRICED D Z )

sELIH e
78 ) e{tB%% DNA-PK, ATM, ATR 2SI 1 RSHDNA

IZEICIERT 5 (K T1-2), DNA-PK I3, t
st~ = = » 1 DNA-PKes & A e e
DNA K #i 12 #5 B i 12 5 &3 5 Ku !

(Ku86 (Ku80 & H119) & Ku70 M~ Al
Fu KA w—) PEMES, DNA = €E..DDL
KGO AR B, ATM 1. |
Nbs1/Mrell/Rad50 # & 1K % /- L T
DNA “ A5 %787+ 5. ATR I3, | 198

RPA (RPA70. RPA34, RPA14 @ 3 i
D7) ATRIP 24 LT, —AR$#H
DNA 23S0, OR—HERL [ 1o DNA HEERMT 55 22 B Y L ELE
2035, DNAREITISE LT 1,000 3 (DNA-PK. ATM. ATR)

O R ER ) CBRET DT b

ML TNDQ), 2056, REMNZ2L DL LT, XRCC4, H2AX, Nbsl, Chkl 232
Foind, £, EhEh, BoZ2 U VBT 52 LML, ZOFR TEEREAIH LI
725 T 5(2), XRCCA 2O\ TIE, FAEMFEENLRTOMIE T, HER#RH%IZ DNA-PK (2
FoTY VgbE=T 22 L 20O TRLIE, 6T, MAIZXRCCL D 4 AFFD Y ERAGEAL
ZREIEL, 92563 WFT2S DNA “EHHUIMERICEE ChHZ a2 /A L, 7z, DIaiRdG S
Nzt O D(3,4), MENTY VEMEBSEZ 5008 5 WA TH - 72 XRCC4 Ser320 D VU Rk
DNA {E125% LT DNA-PKKIFRIICH 2 5 2 & 2R LT2(5), 4%, XRCC4 Ser320 V) ik
{EARAEDS DNA-PK GRS L L CTIA HWHND Z EBn PRI ND,

(H2ax | [ Nbs1 | [ chia

[ XRecd J320 139 343 J 317

Rk 28 FEEEIE, IEW 72 DNABEHREZ A 2 b MERMEERMIG, U > SBRM 2 iV T,
Mt LACEWE O RO B FMBISR, INFMEZ A L7, SFRK 29 I3, & - DNA E1E K
Je 2 R TRIBRDET 24TV IEF AN TR b 7o R & a2 Z &ic kv . RGO
REEOHELZHLNIT LI L2 AME LT, MEEEm Lz, £, Bl O mE
(X D A ME DR N B0 AUTREME & OBTEOFIA O W & LT, BUHRIZERTT 2 HEH H b
DWVENABERROE B U Rl A 40 FRRREEATF L7z, PRl 30 AL, AIFEE TIC
EBR LT LA FWE OB L AT D 2O OBERE 7 VI L T2 M & @ T aedip
OFFEfZERD & LB, KRB IR O FRAEFZRIC L 2BGEEE1T> 72, %
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7o, BUHER - ALTFWEREOMAZEITEE LT, BARANESR Y /BRI TREE NHSRD S D
WNABFERRD S D 20 FEEHT O, G 40 FMHHOMIEIZ SV T DNA “EEGIWHEERICED 5 %
7 EREDFEBEIRARTS J ORI % D AL DT 24T - 72,



II. BFge5ik

T SALA e N— -« 7 A )L A (Epstein-Barr Virus; EBV) THRIEAL L7 HARANHIK Y > /3B
HfE 40 A BT ERI T2 D AF L72(6) (R—T R I1-1), Hiiid L CTix, RPMI1640 KK
B (L-7 w2 v ENVEVERT Y U AER)E W, 10% A4 NR M (fetal bovine serum;
FBS) . HiEME L L T1I%ED= U /A L7 b= ¥ BB (4 10,000 U/ml, 10,000
pgml, FrRfAlE LTH0 uM D 2- AV h 7 =X ) — )V EIRINLTZ, B21E 37°C. 5% CO2
TR IR 95% L EOSMETITo 70, MR 3~T BIZ—EE TV, HIFREREE IS UC 2~10 f31
AR L7,

ERE U U RERik TK6 Ao B AKX ENIAFFEBIRIE N R - R - SR AFEiT
(JCRB) #ifa N> 7 vb AF L, RERT - HE 8%, MR fE#80%7) > DNA-PKcs,
DNA ligase IV, Smarcall, ATM O KA Z TEWZ(T), ZHbHOMEOR#IT, Eiio EBV
RIEAL D > BRI & [RIEE D 51 TIT o 72, 7272 L. TK6 flakix EBV R3E(L Y > Bkl &

D HEFEAS N & s BRERIE 83~4 BIZ—EE TV, 10~20 f5IZA IR L7z,

T ¥ A =— AL AZ—[i#HEIEE V79 38 X OV O Ku86 A Btk XR-V15B, Fv 1 =—X
NI A K =PRI CHO-K1 B8 X UZ D Ku86 A HFE xrsbh IX American Type Culture
Collections (ATCC) XL W AFL7=b D& AV -(8-10), £ L Cik, DMEM i&iALs# (4.5 g/l
INha—A L-ZVE I BBV N TLAEA)ERV, 10%ED FBS, 1%A D=3
UUIA ML b=A 2 RATRIE (410,000 U/ml, 10,000 pg/ml), 1%EDIELET I FEIE
AR LTz, B3 37C. 5% CO2 I, ML 95% LA EDSMETIT o7z, #RROERIZIZ,
T AV aFETT T AANLRERE Lk, U7 RAEREE TS L, 2.5g/L- NV
2 /1 mM EDTA &% T 37°C, 2~3 /7B L, BT 15 ml 3/ IZEIN L7z, A& 2 72
REIZHRLT, HILWT 4y aEid7 7 AL,

FBS i% HyClone t:2°35, ZHLSNORIEIT T H T A4 T A7 0 BIEA LT,



KIO-1 & U Ko —%

(EXNEEES

A 4 5| E fp
HEV0012 |%& | 46
HEV0013 |Zz | 42
HEV0100 |& | 55
HEV0160 |Zz | 38
HEV0190 |%Zz | 21
HEV0195 |Zz | 59
HEV0236 |& | 34
HEV0311 |Zz | 50
HEV0333 |& | 29
HEV0401 |Z¢ | 27
HEVoo1l |5 | 27
HEV0058 |55 | 54
HEV0091 |55 | 21
HEV0098 |5 | 36
HEVo120 |55 | 65
HEV0134 |5 | 48
HEV0296 |55 | 41
HEV0356 |5 | 57
HEV0384 |5 | 23
HEV0428 |5 | 31

s

A R |Fp
HEV0135 |#& 53
HEV0157 |%& 58
HEV0261 |%& 47
HEV0272 | 50
HEV0303 |%& 55
HEV0312 |%& 37
HEV0317 |%& 62
HEV0337 | 41
HEV0345 |%& 52
HEV0378 | 68
T=EEEE K

A MR | S
HEV0080  |#¢ 65
HEV0136 |%& 77
HEV0146 |7 54
HEV0209 |%& 68
HEV0257 |%& 43
HEV0299 |%& 72
HEV0305  |%¢ 56
HEV0352 |%& 36
HEV0390 |%&& 61
HEV0438 |%&& 48




2. TEUFTRRIRST & AR IE

RS, O LR =L SR SRR I Z 38U TAT o T, SRS T IO EIC L o
TH2Y | 0.46~3.38 Gy/min O Th > 72, Fo. AR FHEBREDITIEE > & — D/l
M LEOWH N Z2G T, o~ EREREHRAEE (Wb 8Cs ) & Vs %
1Tolce o= OBERIT 855 mGy/min, KR E=R R E O &1L 1.00 mGy/min

ThHol,

AR R IR D72 DI, Rk 28 FECERL 29 4 2 A
8 FIT, MU LEER PRI E T o & — K L
FEBRHE AR\ FRIR A B LTz, A L 78REIE, 60Co
T REAEE T o~ I (ART A4 Y b =T,
CO401CE. 1 MBq. #1584 %) 4 HTH L, ZD
FRUE & AR 2 AR L R FE B s N > CO2 A v ¥ =
NR—FNIZENTHEEZTT>7- (K 11-1), FRFEIE 4 18
ERTRICEWVICET 2 L0102, MIROFLICEE L
7o MINEIZIEAE 10em OFEEMICHERE L, £ L TOM
BRI IEAAIZIRICELE L7, IR ORIFREIX 9.3 cm Th
%, 60Co DEBHREREHIL 0.305 1 Sv - h'l - MBq!
THHND, AR D ERITEE GEEILOH
) T65 puSvh, kKX BFEMOS L, KkbHRIZT
VMZE) T 109 uSv/h, fi/bh (BFEILOH B, b HR
NHIEVMIE) T 39 uSv/h THY, 60Co DX
5.2THTHDHZ EMOLHEEEE LT,

AFERAE T2 r =—BRIEIZ L > TYTo 7, @Y7
Bofld (7w =—0Wfny 100~200 EREE) Ak
iU, BOHBRERS E 7213 b P B AL B 24TV 2~ 3 T
B L%, BRENZan=—%2%x7, s
X, F9. BHARREL, 995% % /) — )L CEE LT
%, 7 U AZ AL F Ly NTYRE L, 50 E 2L Lol
reran=—0REHx, UTOHETTL—T v
7R P.E)E L OEFHES.F) &Rz,

HE —1—
E |, I 9.3cm
e ——

X -1 {RHRERRAICR T D
PR & A OB E

(F) 4 rFa_—22KDIEHEK,

(") BIRO DY, BHDHR
/2

(F) HHAE D Be D 4, 1 AL TR
I,

PE. = (B Siizan=—n%),/G&E L 72O %0x100 (%),
S.F. = G RS & 72 13 b A B IR 21T - 1236 P.E) /Gt P.E.),



3. Ux AL - TuyT 4l

VxRAE Ty T 4 TICHW e REEB LR ZEDOAFTCIILUTO#EY Th D, Anti-
Ku86 : V4 FARY 7 m—J/Lhifk, YHERICTHER 2 ;  Anti-Ku70 : 7% ¥R 7 v—F L
PUA, Y221 THERL 2, Anti-XRCC4: U H XK U 7 v —F L fifk, BIF5eEICCTER,;  Anti-
XLF (3757-100) : 7% XK Y 7 v —F 5K, Biovision; Anti-PCNA (sc-7907) : VH XK
7 a—F APk, Santa Cruz, —IKHAE LT, W AF X —BEHIL Y FHoErary v
72 RY 7 v —F A HiRP0399, Dako), R~ T AHE /v ) L ¥HRY 7 o —F ik
(P0447. Dako)% v 7=, Ffal%. PerkinElmer # Western Lightning & >~ k& % % LiCOR
f1: Western Sure Substrate % > ;% V>, LiCOR digit & W CTHEifg %2 fufs L 7=,

(f B ~DALRE)

b MR ZEERIIE SR T, ENIAFSERRIEIE N RS - R - SREBATSEAT (JCRB) Mlifla N
7. American Type Culture Collections (ATCC) 73 & DHIMIE N 7 & 2D WX ENAMT T
R ZRISE L T2 EE DD AF L, S 2B LT, MR E1T o 70, BUBRIEOE AT
BRI E T K OBEES 2 385F L C1T > 72, CRISPR/Cas9 27 A% M /- DNA —
HH U EE B s R ERUZ D W IR ER AR S CARFIC TRREB G L TEBY . A

NTA 2@y L TTo7,



III. WFEREIA & &%

1. B R U SERD DNAEE Z 2 /X7 B O BRI O bt

T RMESZ E DA E & DJRINEZ RS 72012, BRI T2 5 EBV TAME{LLI-E RV
> SERMINE 40 FEH A AT L, DNAEE Y L B OMSIRBRHEGEOXE 2 T =24 - Tay
T A TS TIRET Uz, FRIZ, ARSI THUA Z /L L 72 XRCC4 @ Ser320 @V F{biiRTE
\ZHEH L7=(5),

FEATIZOENE D . U U NERHSR O LHEIE TK6 % AW T2 it 217 - 72, TK6 OB ARk (TSCES) |
LIG4, Smarcall, DNA-PKcs KM@ (ZiZ4iL LIG47", Smalcall”, DNA-PKcs”, 723,
LIG4 BIETHEIL 3@ 25) ZZE4 0, 5. 20 Gy ® v #EEF D 30 HFZICEUL, U= AH
Ve TmyT 4 T EToREREZ X 1277, XRCC4 D Ser320 @V Ul (o -XRCC4-
pS320) ILEFANE, LIG4 3 L U Smarcall KB CIIAR &G U THINAFRD H 7223, DNA-
PKes KAIBHIAE CIXIERRSTRE, B L L2 LR oTe, ZDOZ b, LIl Fx 23t
OREREZHNTRLEZE 512, U oSBT XRCC4 @ Serd320 @ U gkl DNA-PK (2 L -
TATONTWD Z &R S LT,

Cells WT (TSCES) LIG4+-  Smarcall+ DNA-PKcs+-

y-ray (Gy) 0 5 20 0 5 20 0 5 20 0 5 20

a-XRCC4-pS320

a-XRCC4

a-PCNA ——————————————

III-1 & kYU RERER LA TK6 H etz it 2 XRCC4 Ser320 @V U ER{LIRIED ¥ =
AL T yT 4TI K DR
TK6 k8 4:kk (TSCE5), LIG4, Smarcall, DNA-PKes KiEMIEZ. =L b 60
y #JRAZ VT 0, 5, 20 Gy RS 30 /32X L, XRCC4 Ser320 U > Lk AEAS
Ptk (o -XRCC4-pS320) , XRCC4 Hifk, =n—7 4 7' 2 hr—/L & LT PCNA
PiREZRW =T 22X T ayT 4T w{To7-, XRCC4 DN RITEREETRL
-HDTHD,




RIZ, EBV TRSEML L2 U Bkl Z255& L, 0. 5. 20 Gy @ v #RIRST D 30 43#%1C[H]
WL, VxAZ Y - TayT 4 v JIC KD a1T o7, —OMITEHEAMES . v A
Ve Tay T 4 T B HIR TE D ETEBT LD o T, T TE ISl TT
Ku86, Ku70, XRCC4 B LUVn—7F 17 + ar hr—/LThbH PCNA OFBLIHR TE T,
TIDHDR N ORBIETIERE, A% TIEEA EE(EMR <, MM TORBEDEN
LB LN otz, LLans, XRCC4 (ZHOWTIE, Fox NUARTHRE L7z & B0 (1), fidt
FRIRERIC AN RO—En LT B (BaF&R) 27 b Lz, ZHUEDNA-PKIZL DY
Vb AR L2 D TH D Z L A ITLAEIR L TVWAH(D), XLF FERICE > TE, v 7
VIR ST | BBEONY RPBIE ST Len, RN RRHERTE 2B DICE LT
X, AERRTSCRRST, JERRST COEITERD b o T,

XRCC4 Ser320 @ U U E{bix TK6 DA I TRIDBRECH 72, LLAn 5, F, G,

H IR THRERO X512, BURBEIDS U TY VB EOEMAHR CEbDb b o, ZNHD
FERTIT, @ HE LM, WD ABE L, FEENABE L, BEEBES 1 ANCHKTSHY
YNERZFRRFICT LTS, F OFERTIE, @& S mkY 32k (HEV0011 B LT
HEV0012) (T~ BNABERKY 8k (HEV0135 3 X0 HEV0080) T 20 Gy FRE#% D
XRCC4 Ser320 OV U Abn D72 X 9 ICRZ T blz, GOFERTIE, FEENABERKY
>3k (HEV0136) T 20 Gy %OV Vb I ISR O D & &bz, FERFNIRIET
H U BB bivTe, H OFEER Tl F O & RARIZ, & Hdk Y 35k (HEV0401
B LOHEV0428) TRABEHER Y 8k (HEV0438 35 XN HEV0378) (2T 20 Gy fR&
?&@ U U EAESIRVE B 2SR DT, £i2, WAABEHNKY o8Bk (HEV0378) TIEMK

ZH U VBIERRD B, TNDHERET D L. B O XRCC4 Ser320 O YV b
@%%Hﬂw VORERTRABERRY RERE D Ev, FERINERED U U by — oA A BE R
KU RERTEWD, EWIHAND 5D TIIRDMNEEZLNDN, BIEICITE HI2%< Dk
DIRFVBLEETH 5,

X II1-2 EBV TAHEAL L7z U BRI U U BIRIED T = A& >« Ta vy T 4 7 X
DM (IRE L)

A-HIZERLZEROERTH D, MILOTD () WO Fidkthmske, M BrEmk, H itk
WHEHd, B IXIAABERK, C i%“”<‘ﬁ75>/u$%ﬂﬂ§!éfﬁé EERT, AL, 250
~ 60y BRI EZ VT 0, 5. 20 Gy FRE % 30 43 i2[Bl L. XRCC4 Ser320 Y bk iRy 2t
& (a-XRCC4-pS320). Ku86 ik, Ku70 Hifk, XLF #ifk, XRCC4 Hifk, n—7 v 7=
fe— & LT PCNA HilkZ WD = AZ v - TayT 0 T a4To7-, Ku0 Hifk L Ku86
PUAIZIRA L CRIFRCHE Lz, B ORKIATR L3 K2 Ku86, T 7D FARIA TR Lz
> F23 Ku70 Th 5, XLF Tit, EBRIC L > TEEDO N REBRE SN2 HERZHD, D LX)
RBEIIE. DTFERENPSBERETRLEAY RS XLF Thd EHkr L7z, £7-. XRCC4
Ser320 U L2 OV TIE, XRCC4 D3> REBREA, 70 kDa T2 7 45 A2/ >
RZHRHTRLTWND,
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Cell HEVO160 HEV0401 HEV0311  HEV0100
(FH) (FH) (FH) (FH)
IR (Gy) 0 52 0 5200 5 200 5 20

a-Ku86
a-Ku70

a-XLF

a-XRCC4

a-XRCC4
-pS320

a-PCNA

Cell HEV0345 HEV0209 HEV0257  HEV0299
(F.B) (F.C) (F.C) (F.C)
IR (Gy) 0 520 0 52 0 5 200 5 20
. I8

a-XRCCA
-pS320

o_PCNA R ——— e —— —
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Cell HEV0337 HEV0311 HEV0352 HEV0356
(F.B) (FH) (F.C) (M,H)
IR (Gy) 0 52 0 5200 5 200 5 20

~et]
=

A-PCNA S — 0 S . o A

Cell HEVO160 HEV0272 HEV0209  HEVO0098
(F,H) (F,B) (F.C) (M,H)

IR (Gy) 0 520 0 5200 5 200 5 20

a-Ku86

a-Ku70

a-XLF
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Cell HEVO0333  HEV0384  HEV0390 HEV0345

(F H) (M,H) (F.C) (F,B)
IR (Gy) 5 20 0 5 20 0 5 20 0 5 20
a-Ku8b
a-Ku70

a-XRCC4

a-XRCCA =
-pS320 -
a-PCNA —W
. ey
Cell HEVO011 HEV0012 HEV0135 HEVO0S0
(M,H) (F,H) (F,B) (F.C)

IR {Gy) 0 5 20 0 5 200 5 20 0 5 20

a-Ku86
a-Ku70

iy



Cell HEV0157 HEV0013 HEVO136  HEVO0058
(F.C) (F,H) (F.C) (M,H)
IR {Gy) 0 520 0 5200 5 200 5 20

a-Ku86
a-Ku70

i

a-XLF

a-XRCC4

a-XRCC4
-pS320

a-PCNA

Cell HEV0401 HEV0428 HEV0438  HEV0378
(F.H) (M,H) (FQ) (F.B)
IR (Gy) 0 520 0 5200 5 200 5 20

a-Ku86
a-Ku70

—

a-XLF

a-XRCC4

a-XRCCA
-pS320

a-PCNA



2. XRCC4 RV 7 > ks OESREMMT

1LOTAZ Y ~TayT 4 7L DN Clx Ku86, Ku70, XRCC4 # > /X7 H OB L
VNI D Y L NERIFREIT CE EE T A O o 7223, Ku86 & XRCC4 O/XY T k&
A& DFBINCEET 2 HERN O HEE : 23U 72 b &% DNA HERSIDOEN T, HEED
FALRBRBIZORR D LD ORN B0 E DL EEND), TOH T, XRCC4 O T 2/ fRiE#i
EHEO NV T U RT, DAY AT RENE WS REDRH D rs3734091 (c.G739T, p.A247S) ZiE
HL(12,13), HREfT 21T o7z, BARMICIEL, YMAE=ECIivE THWWTE 72 XRCC4 BIETIC
PCR Z#HWCZOEMEZEAL, ZOE#HA XRCC4 s 1% XRCC4 KAEAI M10 (23 A L
TRERBUKZHNL LT, ZOMBORE A 7LD XRCC4 BB T2 B A Ltk L g LT,

FP. ar=—BRIEIC L o THRIIESZ 2 g L=, 4 Gy BRIV T, A247S Y
XRCC4 B4 HMiflidocd XRCC4 Z#%BLT H Ml L AEIIRWAEFREZ R Lz, 2Ok
BiL, DETOME L —FH L THB Y, A247S A XRCC4 735t XRCC4 (ZHt~<T DNA2 A&
BEREREMENZ L 2RIB L TV D,

F 7o, LARTOHE Tl A247S I XRCC4 BAK O TId7e <, MREICRET 22 2R T
Wz, 2T, A247S B XRCC4 (Zhktad it # > 78 (GFP) &G L& X7 HORBA
7 X —%t MERBER SR U208 fIICE A L TA & 7 IRBE CHORBRMEBI IR 21T > 72, LURT O
L2 | A247S I XRCC4 135tD XRCC4 & [FARRICE~D R{TEZ 1~ LTz, A247S ! XRCC4
@ DNA2 A TIMHEBERIEIR TORRICOWTIZES LR 2MABMLE L E 2 LT,

Radiosensitivity

.-\—n.._\/_\ +CMU
2 01 ~ X-XRCC4 EGFP
i A247S
2 0.01
=
>
@ 0.001 XRCC4

Radiation Dose (Gy)

A247S

III-3 XRCC4A247S /XU 7 > b DOREREMRHT
75 : XRCC4 A247S FEBUHIAE D b #i sz, XRCC4 % KIHT 5 M10 Hifaic A247S Y
XRCC4, 7©» XRCC4 DFEBIRY ¥ —F L N XRCC4 a1 48 £\ % — (CMV)
BEAL, BERBMOBSEZ S 2 0 = —ERIE CHIE Uiz, B#RITZ =0 k60
y BRIRZ W CTHRE L7, £ : A247S  XRCC4, £ XRCC4 % GFP [Z#45% L T U208
IR CRBLS ., SOLEMEBISR 21T o7, £ EGFP X XRCC4 ZHi L T\ el b o
Th b,

15



3. WU LALFIE DE B AT D 72D OBERE T /W T D IRET
TR 29 FEEOHITEIC BV THE S NIALFWEAFAE T TOEFROPER R, T 29 4 11
HICHEE TR S iz ICEM-ACEM2017 TIFHIEE L 7L E BT B T ORMMETR 2 £ %
ZEICLNRD, FTEOBHNET VEER LT,
MRS 1 RIONZAT T DeH % P, ERICHIET 2MR2 Q L 45 L,
1

Q=2-5

DEERH S, an=—FKEK PE) X QOEEETHL LEZLND, MISZE 1 EHY
DL OEIHIREOR A L L5 & EBRICZ T 2 BSEMBEOTHUIAR T Y 5AmICiE S, M
Ry 2L 35 DI, BEERBRED 0 Th 2557 DT,
p=e*
LB, MEBROBEREZA LTI e, BEEKELT
A=a+pd
EET D, ALFWEIZONWTIE, FRRICZDOREY c L9258, a, vyEEHRELT
A=a+yc
EETD, a, B yiIFmu=— BRI TRD L ZENTE, HHROMEBFORNE 1/5
ICFEDOWREDEN A 1y L5 LT, MM EATWEORELZ K LI, ME LY
THIENTEDHEEZDLNS,

ZOFETIMCE LT, BRGNS ESSE 61 MIRK2ICBIT 5TV —2 v a v (FK 30 4E 11
H 6-8 H., &R, 5521 [FEEJE « KEGLERIERIEEIE Y VAR U A in mE (FRK 31 4F 2 A
2-3 H, &RER) TORK, BLOKHET VEHMZF L ORI G2 LT, 20w HFHE O
MEt2E1T o7, Pk 314E 1 A 21 B [ 30 4L BURSRERTHL - EEARZERIRHEE (i
RO EI AR DI EAF ) AR IRES] THaxr MRbo7eo T, URIZEON
BHED TR EITo 72,

AT RIZER LT 5D, HMBE L, WHRB T LELIC Lo T, BRER
RIZEHT 25 €5 /L (Whack-a-mole E7 /L) IZOWT—#HOWENTHOIL TS, ZDO—#HD
FECIE, MERICHERT D2 LICE o T, WAWVAEYRE, BRERETHE SN TV DHERER
AL MU T 2 2 LTI LT A4 fih), =2 RARA > MIRZR L2, KREREHR
FOBE, BEHPIEEOLRLT, BN IS ZELEETILERDHY , MERICERT
LZENHEHTHDEEZONT, £, ZOETILDHERL 2> TWD Z LT, MR oK
ZHEREDE (R Y U ARICE S BRE D) OBFIEEEZZIT L WHIET L THY | K#R
ERBUAFROM, BB LA 2", 72 & 213, DNA HEHEA, JSRE R L
WCHEAFRETH D B2 bz, —F, BEMREITERANRKRE S B (L2WE, =& 21E,
BEMELRBHETF AR CICTEA SN b O TIERW I L 2RI RETH D L EZ BN,
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4. DNA B K HEABIE O (KR 2 2 U BRIE S M ARAT
Wk 29 FEEORICBWNCELNZT —X
EHESHT LI Z A, TK6 3k DNA-PKces
SRR U8 ATM JARAIIRAY, B i T
BHE (855-911 mGy/min) 12k~_T, (KRR R
Bk (1.0-1.1 mGy/min) (Z%F L CEW RS

5 o1l WT LDR
BT ZERgmols (KII-4), Tk, —fix 3 1-\,.-.,,"r HDR
AINZ T B D B RN S & 130 C HLBR R S SR % DMA-Piest LDR

o = N > . - s
VG‘&)%ZIJ)\ é %fcﬁ 6*ﬁﬁ#ﬁ)M‘g&%Z %ﬂf\_o % a 0.01 L ATM" L_DH
Z T, ftho> DNA &1 kEMia %2 AT, [k N Y

- e , el «Dom

@F’Fﬂﬁi?&&b Hhb ﬁ)*ﬁgﬂ‘}gf'ﬁ‘o 72 %mﬁ%\ ~ hl‘\.iqu. DMA-PKcs-- LDR
¥ ZH13k D DNA-PKes KiEild (SCID) 13, 0.001 | | | "‘%_ATM--‘- LDR
TK6 & 8720 | IEHERHER L Y SR 0 ‘ y ° ¢

gamma-ray dose (Gy)
ST L CRWEZEEZ R L (KIT-5),
. I1I-4 TK6 #fifid 3k DNA-PKes., ATM i&
DNA-PKcs k%g/ﬁ\ﬁg%fﬂéﬁkjﬁé KUS6\ Ku70 iz - . e = 4 =
L e (7 AN OO FR R B R, ARt
DUVTIE AR BRI R LT MR ik e - n
e e N FIHRZ 6 2 s ME LR
i &R, K0 WA R LT,

1 ! ‘_“==t=:::3
_ N
S : S —
5 T i =
g 0.1 + g 0.1
i |
i+11]
£ £
> S
= —=—CB17 LDR = -=—KuWT LDR
0.01 > (.01
E —-=—CB17 HDR 5 ——KuWT HDR ¥
W SCID LDR w Ku70-/-LDR
SCID HDR Ku70-/-HDR
0.001 0.001
0.0 1.5 3.0 0.0 1.5 3.0
v-ray dose (Gy) y-ray dose (Gy)

III-5 ~ v 23k DNA-PKes, Ku70 KIEHML D B # B R iR . ARAR B R o9 2 &
%M g

ARBFFED DO ERR T, (S ERB IR T2 A, BEMRET3Gy £TL L, 3. (7]
H) THlRAZHHET LTI, BRI PIC—EdE THIEEIAET L T D LIREL TV D, #
JJEATF = v 7 RA > b T1AREBORRARS 225803025 Z LIFER SN TNDH, =
0 =— B OET TR AT LI2GE 0ZENIZE S LTy, BRESHIR G & & T % oM
JABIEN R K > TEENEC D ATREMER B A O, AROMPLETHD LB DN,
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5. ik L OMERR BRI RS 2 AR F R HISE O LRI FT

TK6 #ifids & O Z U H KT % DNA-PKes, ATM a7 KEMIBZ X II-1 (2R L= & 912K
MR L~ RIBE 21T\ 0D, 48 BRI L=l Lz (BRERT%) 57 u Sv/h, /) 34
wSvh, fx K 95 1 Sv/h, BBEFY 2.7mSv, /D 1.6 mSv, XK 4.5mSv), Fi=. FHETH¥
KRz r b 60 S ZFH LT 5 Gy OH < 2170 4 W[ 37°CCTHE2E L7242l
I U7z, B L7 & RNA 2R3 L kit — 7 o —1C K 25 fEHT (RNAseq fi#t)
ZIFEME L. TN 4000 77U — ROT—X 2457,

27,339 BI5 T D 5 B, 507 Bl T DOFBLAIEH TK6 M T 5 Gy RS 4 Refii#£ 12 2 {520 Bl
MUT, Fiz, ARHRERRS T 2,226 EEFORBNIERIITHT 2 F2L RiZ¥n L7z, 7272
L. I 5 OHFIZIEFBEID TRV S O, OB IR T & ElF EIE— Tfto B < Ll
Bl SNTmbDRELFENTEY, RTHERICHEMLZR TRV LICEERLETH D
EEZBLNTZ,

HHRIRE R ICHEESND Z EDHLMNCR> TV ABIG D —>ThHsD CDKNla ([ZiER L
7o CDKNla OFELUL ATM, ps3 IZ Lo THIHSINTEY . ZOEMIL p21, WAF1, Cipl 72
EOAFRTHLI, A 7 U RIS —E (CDK) ., %12 CDK2, CDK4 D% LET %,
Uz Lo T, CDKN1alx Gl/IS T = v 7 &R A > MCEEREEH A5, TK6 ¥4EK% 5 Gy
FRAT 4 Kefilt% . CDKN1a OFBUIIERFRED 6.5 512N L7 (II]I-6)O DNA-PKes™#lifa Tl
TARFIZHIN L7225, ATMAHII TIX 2.0 f5Ic s EE o7z, ZORERIT, kOB EELEHLT
F . DNA2 ASHINIIGE Lz CDKNl1a OB ATM 8595 Z L 2R LT3,
DNA-PKes " #fifldl TEFARE L 0 SEBUETRE A K Z VW O1X, RIEE DO DNA2 AREUIEAHEINT 5 72
HDEEBEZOND, ERERBEF%Z CIE, 5 Gy B I/ hsnboo, 4% DNA-PKes’f
fel, ATMHERR CTHIMAFRD Hifz, L LA b, ATMAHIE TIXBEMORRE N/ NS 2vo 72,
CDKN1a i1 OENTFE R D A B OMHTIE DNA BEIEE LBia T RSS2 E bAoA b
ZHNTWD LW L7z, F7o, HE®E 100 uSv/h, A& 5 mSv DL N O ERRH TH
MR T = > 7 KA > ML BB FRBUNEBREZ > TWd EE X LT,

p53 Ol %% 251 L LT, pb3 O /3fE% w5 MDM2 (HDM2) ., DNA EEICED 5
POLH, #laE#F = v 7 KA > MDD PLK3 72 8 CDKNl1a & [RERD /N Z — 2 TOIRE
DBV, ATM, pb3 IZ XD Z 32 1T TWDH AEEMENR B 2 billc, £z, 7R M= AFHEIC
B> D TP53INPI1 b GRS MBS A b7, L L7en s, TP53INPI 1%, CDKNla
LRI 5 Gy R LV IRRERRFNZO T RREWIREREO DT, £z, FERFRFO S
25 ATMHHBEIZ 33U TEF AR DNA-PKes #ifid & 0 Evo 7=,

II1-6 TK6 ffifds L % D DNA-PKes, ATM KMl D RNA BRI R OHF: (KR E)

FERUHC), 5 Gy v IS 4 BERIEL (H), (RMRE v fUT 48 IFffEE R % L) O, 5 RNA %
FEEL, R —T o= K DT A T o T2, EOHDG | 5 DOBE - Z i L7z, FKPM
IZ Fragments Per Kilobase of exon per Million mapped reads DT, B 7FO=F YV DES
THILE Lo B FIRGPEY O B 2 71T,
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FKPM

FKPM

FKPM

B
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o
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[T ™
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WI  DNAPKcs~ ATM-
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WT DNAPKcs AT
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100
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HL - HL - HL
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IV.

DNA #H{EINEICBET 2 AN ZOFHE O 7212, 40 FEO B AR NHRORFE Y o/ BRI
> DNA2 AEHGIBHER & o /7 G ORBLE, FFARIRBOMNT 21T > 7o, —HOMian+o7288 0
M2 MR CE D5 ETESF Lado7oh, i T -#PHIcB VW TiE, Ku86, Ku70, XRCC4 @
FEHUZAMEE TR bR o 72, XRCC4 Ser320 d U ERLIZ DWW T, FbHRIBE % 0
U EREDMER R Y O SER TR ABEH Y VBRI D @B B S ATREME, FERREIFD
U U OB ABERRY LR TERWAERBIER RIE S, BEEICIEE HI2% < OFRE}
DBRFRMETH D, £/-. ZHETICBAY A7 L OMBENRE SN TWVWDH XRCC4 A247S D
BRRERNT 21T o ToRE R, SN E COWME & —FH U TEEZ M2 FRIE & L7- DNA EEiED
KTFRROONTZ, LL, INETOREICHST-EZREORFE TR O LNT, HFIZoONT
X, SOLROMBNALELEZ bR,

SR EALFE DORBEOFRAITEA L T, MEBRLCMRAEFRZZ FRA o e L
B LWEEEE T /DWW T ORF 21T o T, (R EREHRE 0546 A HITERE O 2 577,
HIENAE Z 5 2 &b BETOMLERH Y, BREICRbo T, MERIZERTL2ZEPNAHTH
LEEZONT, o, ZOETIMMEREFRBEBROM., BEHRIEL U TAEH 2m 3 %E.,
7o & 21X, DNA HBEFA] JERE R 72 & O FBRHMIZE L T2 —J7 #RRd B o
PA EICEH SN L O TIIR W EEZRTREITHDL EEZI LN,

FRESE 100 uSv/h LU O SR Tk, MlAEFREORERIKR NI b0 o0,
WA — o Y — % AW o El 55 RNA R BT OFER ., MEHTF = > 7 RA o b TR b—
A, DNAEE 7 EICBD 2 B FREORBIFEENEZ > TWD 2 ERPLMNTR -T2,

V. 5% DRE

4

R - AL FE OFBORAITOWTIE, MlanR 1 Rld7e b BEEHEEL 52 2 &R H

DV FWEOWRE AR E LTRSS TR E D ET NV EBR LT, % OMELE LT,
15 OFEEROMH (FIZIXED LS 7 DNABENEZW LN T L2 L), IR & 725
DEERENFET OND, TNOOREEMR LT e ha— L a2 Bl L, SIS ERFEHEO
B, AEFEIZ OV TOMBLREAE RO TT — & _X—=2{b L T < FHE L H NS~ DB %
Bz TD,

BRI RIS T 2 EAZIZOWTIX, 7 MERIENTEINTSC T ) MRERINORRAE & b
WCHEMREEMES T 5, kEO DOE (Department of Energy). KFK/M ¢ MELODI
(Multidisciplinary European Low Dose Initiative)7g EDHFZER » F U — 7 BHEE XL TV 5,
BRETYH, 7/ AME#R. o FEDT. BT i - BORAEW T 8 S £ S E R0 O~
FTeR b LT TRIEEDIEE > T D, BRIEE. B OBGIT. GRS EICR T DR,
BB BB REITIN 2 . G CIR AT E R AR R ETORE - Ry NU—2
ML VETHD, AFFREZOMREEZ T D—2L LTE ) LA DFEBICEHBR L2 &
Bz TD,
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VI. Z OMRICEET 2 BUE £ TOMITIRDL, 48

A.

D.

W EmEEH Y
L

Ao AEER L

L

ENF2HE

1) OA F8/A. DNA 15 « (EE OH S S I RE BRI, B AU 2
AW 61 EIRE, FR30FEI1IHTHEH~9H, RIGT Y v 7 Rh—(EIF), V—27 3 v
7" 2 KRR - AR SRS AR DRI « T REAVERAR D 72 O O 7= e i - &, WS2-
4.

2) OFJ ¥, Bl #E, 5H 8%, A FA. iPS MBI 575 /7 N2 EMERER
B2 U UERE - LY ERLEERERRAT. B AR EAEE 61 MRS, Tk 30 4
11 H7H~9H, RIG7Y v 7 R— (KR, 18R EE R E)O0AS 15 -
BB L, OA3-1.

3) OAli Reza Amiri Moghani, Mukesh Kumar Sharma, Yoshihisa Matsumoto. In
cellulo phosphorylation of DNA double-strand break repair protein XRCC4 on Ser260
by DNA-PK. HABUNKREE PR 61 Rk, k3011 ATH~9H, RIG7 U »
7 A= (R, AE¥E 07 #1 - £ (2), 07-7.

4) OA F|A. (KB DNA G - (BE D OELL, 21 [BIEFE - K
PE AL AR IR ZE L AR Y U A in R, Rk 314 2 H 2-3 H, BRESULAEGE
RB), P3OR A # —3%5).

5) OMd. Ashikur Rahman, Milai Enkhbaatar, Ali Reza Amiri Moghani, Mikio
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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 (1) to develop
a method to unify the effects of radiation and chemical substance and (2) to evaluate the variance in sensitivity
among individuals, based on the induction and repair of DNA damages.

In FY2018, regarding the first aim, we examined the appropriateness and the scope of application of the
mathematical model for quantitative evaluation and unification of the effects of low dose rate radiation and
chemicals, which was invented FY2017, through presentations in academic conferences and discussions with
experts in mathematical modeling. Regarding the second aim, we examined the expression and status of DNA
double-strand break repair proteins in 40 Epstein-Barr virus-transformed lymphocytes from Japanese
individuals. Finally, we analyzed the effects of low dose rate irradiation on the expression of genes in

genome-wide range and the roles for DNA double-strand break sensors, DNA-PKcs and ATM, therein.
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2-3  BURREEF N BRI 2N A DR MBI 5 FEREFSE

W

(BT RAH TR BT - RSN M < i o ¥ — 1R ASRITIER)

RS

B IE R IR AT SR TIRREREE ] NEIN TR, ZOHRE
RAFERIZIN T, FAE O HUIE D A ER THIE STV D HRRIRD A OREBHEEH 2 £
HEE SN D AR ARTEWEMA RSN TS, 2O L RRIIZOWTIEREZ DR
R HEIHBIZ X D b D0y, MOZERIZE 2 DN LNTIER > TN Enb it
BB RS A DR RIEZ R, T U R 7 OEMMFEEHLNCT S Z 2T, 5%, &
BIZBWTRAEL TOD/NEHRRS ADRK 2B RS 25 L TEETH D,

Z ZCARFE TR, ANREIOFEIE < L RRITIRRR R R kX < 1T & D BRI S A KE
BERAEMOEE T BN L ANEMIOBSREIE<IC XV FR S D FIREBAD Y 27
P, B X OB OO DOEBHFREEL L EHNE L TTO 2L LT,

FBRCIE, £ B6C3F1 v 7 A& HW e FEBGAEO T — A4 7 2FIH LT, B
SHZ X VK% Lo RIS AU DFRER - 73 AT 2 5 Z 72 Z ORFRMEZH LT H 2 &
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Study of carcinogenesis of radiation-induced thyroid cancer
in childhood mice

Yutaka Yamada®, Shizuko Kakinuma?, Takamitsu Morioka?, kazuhiro Daino?, Xiaohai Jin?
1: Department of Radioecology and Fukushima Project, Center for Advanced Radiation Emergency Medicine,
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Abstract

Since the nuclear accident in Fukushima Daiichi nuclear power plants, people living in contaminated areas
are concerned about health effects including cancer caused by long-term low dose rate radiation exposure.
There is an increasing interest in the radiation exposure effects of children with particularly high radiation
susceptibility. Currently, thyroid cancer has been found by ultrasound thyroid screening. However, it is not
clear whether thyroid carcinogenesis is associated with radiation exposure. A purpose of this study is to get
clarifying carcinogenesis of thyroid cancer due to low-dose-rate radiation exposure at childhood period, and
basics of thyroid cancer information for a risk estimation and a diagnosis.

By the experiment, pathological analysis of radiation-induced thyroid cancer is performed with the archive
of the animal experiment sample. B6C3F1 male and female mice were irradiated at 1 or 7 weeks of age with
0, 0.2Gy, 1Gy or 4Gy of y-ray doses. After pathological examination, the incidence of thyroid lesion was
calculated, and determined the risk of thyroid tumor.

The relative risk of radiation-induced thyroid tumor is 4.6 per 1Gy by 1 week of age and 1.4 per 1Gy by 7
weeks of age at exposure. The radiation risk of thyroid tumor is 3.3 times higher in a 1 week of age radiation
exposure mouse than 7 weeks of age radiation exposure.

Then, transgenic mice (BRaf®?; TPO-Cre-ER™?) with gene mutation to be seen for human thyroid cancer
were introduced from Nagasaki University, and treated for SPF condition. Thyroid cancer induction and

association with the radiation exposure as the modifying factor will be investigated.
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TR OPRE 2 i 2 < OERDPSHEE A X DREZEBICARLEZ Z L icoT,
FHHNS 8 BN H, EERNICET 2 REREEMRAEICS W THRIT < BED R S D IThEn,
HAZSHEOPHID £LHTH, @GRS IOEBIERICE T, DARBRICHENICH
BEREEDSBRH SN ATHEIIRNE STV, Lo Lans, JFIEFSSG O SEROAETE
REZ#EAD L. LD, FHYRICFE L ZW D Lz e b O AETEFIBEOEA, K
FERFENR AV AT ZAEMT D RN E SN D, PTH, FRAEREOZE(;, FINEEIDOH
FR, EE)REEISERT 201 ) —BEANT o AEFICEEDS < — R 21X, BB OFE A A
YR ZEMTHERE L THERTLIMLERDH Y | EEY 27 OEBE WO BEND b Z DR
FAMICT D ENEEND, ZNETO, NEMOIEMOEEL AT DHFRICL Y . N
DORGIX, BRI AV A7 ICHEEEZB LS 2 WAREMENRIBE SN TV D, 5%, YT L
LI HoTe T EBIEBITME LT, OB THEFE~RAIL > TN Z 2 E\ARDLE, ZHET
DOIFFEE e T 2L LThH, /NEMIOBIE OFBA Y 2703, Ao ATEEESEOZL
TEEMESNDNENEZH LT D2 BT 208 AH 5, mERE, &0 b, MEREIC
HAREBR LB OB - BROTCDORFEERIZET 249t L LT, b4 #%o
ATEEIEED NEH OB EEHRE IS X DREREICE JIFTREE S L LT,
b CTEETH D,

Z DT DAMIRIE, BRI OAETEE S, NEFOEHREAS LT K 2B Y
AZICBRETRELEZOA N =X LOMPEZ AR L LTI S L7z, BEMICIE, Thn ) —E
AN T U ABETN X DIER D RETORIEZERL L, RIEIC &b 7 5 MIRIEAHARM NREE 2 L
T5Z LK 0 /NEIEE IS KD IEHRENAD Y A7 BEMT D] EOREREREL, Zh
. RN AET IV E A OEIENIZIZ X DR (Diet-induced obesity; DIO) £ /L% #i
HEDEEERRCI VAT Z L2 A LTS, BAMICIE, EEE (100mGy) Ot
MBIE L &t/ R (1 Bl CORKBRINEIC L 2R BAE, #IE < B OREFROMRIT &
HARBICL VBB L, FRIZ, ODNA FEEOFH L RE, QML (Rl 2 &g HiH
A, QORI E DB & RIEVESUG . @RI A & BB ARUNRESE, BRI, @ADL
CHER, O T a ARV T, RIS O DIO OB A M NREOZ(ICE B L THRAMIC
AT T 25, RRETINAE, BEPATT VB TNEIHESIZE VBB AY A7 Dk
AT DM - MY oNE, BFS A, BROWMRATH S,

AIFFRITIE, RIRRTI X OB EFREIEET (RE) o 23S E L, KK T
X, HERBUNRBEOZE O A S T 5, BIEMTIX. DIO B0 RS, KBRS

(100mGy 3 XU 4Gy) . RRIFIIEAERI, 38 X OFEBNAMNT 2 2435, iR SHE B6C3F1
Mg~ o 2D 1 RERHIATO, BUAIC 5722 20 @5 24 B E T, 60%MEM &% 52 THHE
L. Z0%BEHEEICE L CTRIBBIZEZ1T 9, BB L 72 REA I, IO & Rl RIZEf LT
FEAEMU NBREE DT I 2, AHRRISU R EE OFRITIZ . FFRAVPUAZ W 2 EEOLRE Y fls
W2 L0 FER LT,
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TEEEZ L D BARFE D A IR DR BRI < OIREEER BT & X 9 2 8% 3 JE T )kl
TR RZRZMAN GO ND, &b, AT, KRB E LT 100mGy
DTN 525, ZTHE TOMERENS, 100mGy HIMRETEIZ WTIE, AROFFED T
RGBT DB A7 OFBREINIRD N NWE TSNS, RFFEORREIZED
100mGy (T & 2 S E < & AR o ATEEEE E QAR LIESETH, BRAY A2
HERBEMMBPFRD S, 100mGy LT OB ENHR CTH . BRI < H ML 64
DL ERBIESEOBICRH -1 GETHRERNAY A7 OBINI TR IV EERTE 5,
IRBIZEY, AEEEEOZLICL VBRI DRI N AV A7 ORI, HERIC
FESNW xR & FRRIC T 2 R R R Rt T X 5,

Rk 30 4EEEIE, B6C3FL M~ w7 2 & HIW T, /N (13 (1Z31F 2 BU R . oA dic
BT % 20 kD5 24 W OMOFAENIE (60%E &) B, BOEHERICE L ThHhHO/KAE
fE ARG L7z, Th e RIS, MU NRBEOZ L (DNA 6., MldsE, M, RIE,
INIER LN VB OREE) BT D 7 ORI R A ER S O kA 5E T L, B
FRBEIE < ORI E 8 X O DIO OB/ NREE~DOEBOMNTICE T LT,

II. WFge5ik

AP TR BT AR L2 7 8 b7 bAE LT b OAIERIESE OB 2 SHEIC,
ANEHT (1388 (BRI 21T o 7o~ w7 A2, BUREICH Y 9~ 25 Wi (20 B2~ 5 24 HHi)
O, BRI GRE RN 10%IEEA TH D DIZx L 60%A51i& A, BB LZ 36%Dh 1
U—HZ720  15~20 iSfREOFETHR T L. 1 Bdi OFEEZ X LF—&TH S 2300
~3100kcal IZ%f LT, 2700~3400kcal FH412725,) ZiEEL, £D%, KAEMBELZTHZ LIC
Ko THAORAEZBITT2E R T ba—LzEH L (KIT-1), BEERGICE, BEFICEN,
T, B6C3F1 Mt~ v 12, 1l CTHESHE (v # (0.5Gy/5r) . 100mGy 6 KM 4Gy) RS L.
Z D%, 20 B 5 24 B E CEENIEEZ 52 CDIO ##FE L, TO%BHFHIIE L T LE
HIEE 21T > T D, BURBRES 313 — E S o | SRR A 2 BB L €L AR N BREE 28 b Dk
WA M9 5, BEHTRENADORG ETDRADZ A T, NEEPIEICE D BB X
IWNEFETDH VU oNE, A, BEOWRAATH D, BREL M8 S 8 2 ER L,
R RZIZR N T, PUFBIE (LA OB 24T\ BB Y ayRIc K % DNA BEE, Hifast,
PE SRR N R BE DT 24T > T D (KM 1T-2),



HEDEK
BEEOSEEMETENVEHTOERBRRRICLERNAU RV EREL
FETERETOAN_XLOBBEBNELE

0.1, 4 Gy
YOR (1) p 20~24308

aa AN ANNN——

e ®WHhov-m (EmiEL) FLES

1. DNAME/SMRICET (REX 2 BH@RLFARE (REH)
DIO® &L UHBEEC CLSHEES MHEENNICMEERR. DIOLERE
. DNAHIE, MR, RERD. & BHBOHEERICOWT. #BON A
UM R OMITIC L D FE (U I, Bibth., BWOASOREKR
L 2WTRETFR
S Eh iR

A OEEANEHTOERBBRHBEIIICLIIRDIA VR EELIEFT
EENHESHCED. TOMFEN. BRRAERD & ERANRBERG E WS
RHIOSREZNS

11-1. #FZEfEsEX

WEREE  HAHE (REX)

WRABS : BRI T2 HHBMES L RRRIC ORI
BUREAS :

1. DNAFRE B4R

2. HRASES & UHIAAE (LR

3. HERIG - SRV IR

4. FHREE

- ERAERERER :
-Dmﬁiwﬁﬁﬁ%wﬁﬁjir .ggfﬂﬁigﬁﬁ
RO ABITRROKS

SBHRE : HBEERF (REW

WREBS : AL &5 BERFEN A B EREIT
BUFEAR :

1. mEERy

2. DIOE®

3. WA ER

4, FEHA (UCHE. BB A, BDSA) BRART

X T1-2. HFFEHLAR M o [X]

DIO ##FE 4 57Dl v U —f & LTI, Research Diet #: D12492 % fi\ 7=, D12492
X, U —D 60%BENICHK L, 7D D 20% T ONEAE L R OEFEETH S, HAL
FEbI-VoAa ) —&E, 2> ha—f] (D12450d, 10%f8HG) 12< HREBE L Z 140%H
MLTEY., %< o DIO WFFEDFEAEE R LTS TWD

1. ARSI T % BRI 36 L O ARBOUE O fEHT
DIO & % W MEBEIHRIT X 2 MRS & 2 VIR NR AL 2 E BRSBTS 720, E




BHZ B W CTERE S v Mol - e, T, ffids K OB Z . A~ Y o CEE L7&ITN
F7 4O L EEIEAR (RS 4um) ZERL L THATICHE L7z, BN A DXE5 & 72 2 Hfk
X, iR - R, B KO CH A3, BRI BRI L 2 g OB 5T 5 IR b i
HroxXtBIcEGDTe, A4 R7 72 BICEE LEGY I, BT 7 0 B Z i LTI
PBS FIUHRE L, HOLMEYREEIT 9 £ T, WREH TR L7,

EAROYAELTH MBI, MITLIERT T 95 CO T 4 —H — S22 40 /3RHZ T, FUR ORI
kx24T 572, ZD#%, 5%skim milk % & TBS-T (0.5%Tween-20 % & e TBS #EMK) (2K
PUAZAIRL T, Ul & 37°CT 2 MRIRE S ¥ 70, IS TH#. PBS THAICIE L%, —
WHiR%E 37°CT 1 BRIRE S8 70, ZPURICIE, Alexa HOBE#PUIAZ AV, HEAIE, 1
g/ml ® DAPI 5% 10% 27V £ U PBS i CEA L THRAF L7, TERR L 72EEAIT, HOLEA
WER T CBIZE L, 7 VX VEBRZTIG Lok, BRI 27 MK —REUED > 7 F L & fif
HriL7=,

—&HUR L LCix, DNA BEORHICIE, $T 53BP1 Hiffk (Bethyl, A300-272) % fAfkEEsE
F L ONEE OFRHTIZ T, BEOH Ki-67 Hulk & it Lz, RIESUSIT, Mfkick o~ orm 7 7 —
UL aFHERE K OB ORI Z . 24 D ORI D FR R PR Z W oo s g Ytk
WZE VG LT, MifdsElX, 7R b= A0 KOO E L, £, Mk
BRET, REGHIad K OMIBER ML 2 M A8 R E A IS T DR RAFUARIC L > T, S 51T
INIAERY LR, MR & DU NE Y LS PN RGIIELT e B e A HTIRIC o TR
fbzfat Uiz, AFEE, 2o RFROPTUEOBRRICYL S O Falt 217 - 7=,

2. BARHINREIC K 2 B RS 23 A BB R AT

B6C3F1 i~ 7 A% HvC, /MR (118 (CHEBISE (v #. 100mGy 3 L O 4Gy, ##
®H(X 0.5Gy/min) #{T-o7, £DO%, WHEHTHEZITV, IEHICHZ 25 20 M@l 5 24
ME T, BIENR (60%EMR) 252 CMBE L, Z0%, BOWEHRICE L CRARE % i
L7,

WAERRE 21T 5 BEX. 0Gy, 100mGy, B LN 4Gy BEEED 3 #EE ., TR Cu@i & L &
FEMGACEE L, it 6 BEAZRRE L7z, 1REIL 60 IET, N A E BT 2 &AHE HICIEE 360
WLz L7, fMEBEB I OEENEZME L. BADOREL LOHROBARRD LNDH~
T AN OWTIIAEA L, B 7V ORIER L OMIT 217> TV 5, BRI O BRGSO S8 1%
U NfE, FBA, BEXOMABAAICER L TEERIECBITS U A7 OEVWERIKETHZ LT L
0 FHET 5,

(fi BRI ~DELIE)

ABFFEEHE TIL, B ERIT, BEMFHIZBWTERT S, 20D, LITICERERT 5 X 51T,
B EREZIT O ICHIY | BMEREZESFORREZ T OKGRE S 18-1003), 7. FlK
T, BATICBWTER SRR OI A 2 Wi O 2 24T 5 7o d . B 32 B 2% 0K
RIFARETH D, BMENFTEWTIZ, BERZITO IO, BMERZESFORRBEZT
7o BT, B EREIE R b NS RRE e AT 7ERT TEh F28R 5 S |2 B3 5 Bk ) T SEBREI L
WE ORFE ISR L) RO TRBREY O//EE S IC 2 AL UE ) 2y L TR A
1T TWn5,



II1. WFSERE R

1. FHERIC 351 2 BURIRIE T 36 K OV SUS O fig b

R X DAERRRE S & 2 WIS N ERIEZ L, BRI bICkT 5 DIO 024 E&
FIZREM T 2 720, BUEFHCER W CERER S AU 2 AR - B, Pl Afids X OMERARERRIC B\ T,
WYL K DIRHT D 72D O RGO 21T o 72, MBEARIL, A~V VHTEE L
TeBITRT 7 4 P EA L, HEEAR (ES 4pm) ZER L TRITICHEE L7z, AT 4 K772
BICEE LR, BT T o AR A L 72 #21C PBS ISR L O IE YA 21T O
FCWIBREN TRAE LT,

1-1. FURBRIE LS D b

EEARDOYtZAT 5 Y4 A, IS LEIKT T 95 CO 7+ — X — /N2 40 53R T, PUROIRIE
L ZAT - 7=, W OFEARDIRKIELIL, 7 =V B~— 2O pH6.0 F&RER & RIS haik s LCHW S,
AWFFETH, ZAVE T pHE.0 DIRIELIEIK Z W T E 20, FURIZ X > TE, +oy 7 an
BONRNEDHEEEH Y | HOCRERAIEDORBE(LOTZOIZ, £, 2R WIS WK % et
U7 BRI, b U ZERE~— A2 D pH.0 #RHEHK 2 Fat L7z, et oo o—wbifk & LT,
DNA GO HIZH W 25T 53BP1 #ifk (Bethyl, A300-272). 5 KO8, FEMEALOMEHTIZH
51 Ki-67 ik (eBioscience. SolA15) #FIH L7z, —&HiikIX, 5%skim milk % & ¢ TBS-T
(0.5%Tween-20 % & ¢r TBS fEEK) AR LT, Gl & 37CT 2 RIS S ¥z, RGH T
%, PBS THEARZ /318 Lz th, ZIRkPUEZ 37°CT 1 REMAUG S W72, ZIRPUKICIE, Alexa
WIAEFHR OB Y XU i 53BP1 HiikA) 8L OHLT v bR (i Ki-67 HiikH) & Az,
PURRSHE T % OFEAIL, 1ug/ml @ DAPL 251 10% 27 Y & U > PBS IFEH CE A L CTRTF
Uiz ERR L7oAEARIT, HORBEMEE T OB L, 7 VX VB2 BUS Lo th, BB~ 27 A
\ZE 0 —RBUED > 7 gl Uiz,

7] — DR D VERR S A7z 2 Mo O EEIEA % 1 #1% pH6.0 $&fEiEF ¢ £72 6 5 1 41% pH9.0
R T C RIS AL AL B 22 ATV 2 T OHUA % FIRFICFUS ST Ot 2 Bl Liz &
Z A, P 53BPL HURD T 7 F)Lid 2 FEHOREIKH CAE L RO R T205, HL Ki-67 HUkIZ
FBUWTIE, pHI.0 FEEIRIC L 0 BTG 21T 5 T ARICB W T, B RS 7 FVRE OSEN R D
bivlc, Zo7z, LIEOFERTIEL, pH6.0 OFEEHEIZN A, pHI.0 OFEE#RIZ K 5 il OIRTE
b FIRFIZRRET L7,

1-2. AR 36 L OSHRRIMUNBR B2 b D AT So it D it b

FEGRRIT & 2 Rk R ORI BRI DT, KR & 7 BUAR 2 AL RIRE ISR A A o D 2 E L
AP RNEIZ L ARSI 21T > 72, £7°. DNA#HEG ORI, $153BP1 Hifkz v
Tz BB EOFHERIIL., BRI X — ORI X 0 A U Hkkx 722 A 70> DNA 5D
5%, DNA ZEHEGIMANERT 5725, DNA “E#HUIM AT 50 F~——& LTHWS
NTCW5 53BP1 EHEOER (Znd N7 +— B A LMES) &S L7z, 1180 DNA —
EHHUIWT (LAFRIE DNA 85 L FES) (IZxbis LT 1 0 53BP1 7 4 — I ANAEREIND T2,
7 g — N AR E R 5 HE T, DNA BERSEBEAICEHETE 5,

B I-1 121X, 4Gy O v $RERST 1 Ref % ORFIRO YL g 2o L7223, IFls A& k3~ 2 i o k%
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22D 53BP1 7 + — I ANBIEIN D, ML, DAPLIZ L W A SN TH DD TRIAED
Hov 7P b LTHRiaEn5, 53BP1 7 4+ —h 2803, BEBREIS U CEOHENELL, £
= RN S HBIE S D 7 4 — 0 AL R OB BAEDIZ SN TE OB T 5,
Mooz, KII-1. ZEfRo X iz, &L-~Lo 53BP1 EHE 238 L TV 5 RTE
TOEHIRS D, T OMIIX, PRI OIBE 2 k3 5 Mila T, MigofEHIC XV 53BP1
EAENRGR DR AY — BT HELPALNIR T,

X TTI-1. P71 53BP1 HLIRIZ L B DNA HEE O H
IRt (CIRPURIZ Alexabbb ik DPLIR ZFEH) OBELSRD > 7)1 53BP1
7+ — 7 AT, DAPI T ENT-FEOMPAE FIZRELTWS,

FAREEIE ORI, FL K67 JUADIS A Z2 et Lz, X II-2. (2%, 1o~ 7 A0 68
U 7= g o et 2o L7223, #MHREPIIC Ki-67 PEfII OKE THRE SN TV DML 2382
IND, ZOEARTIE, &y, Ki-67 BN ES L7 7 AZ =PRSS s2, 2

X II1-2. $T Ki-67 HUiRiz L 2 BEFEHAE O # H
FHOOMZ I CHBET 2 Ki-67 7L (G, MTIIEOFREERDHT-0
KEIZRZD) DEEIND,



1L 1 EEE ORFIENICAEE S Dl T, B~ 7 2Tk, BHE7ZT T <, IFETH @i
PITON TN D HENMER Sz, — 7 BTET 5 Ki-67 B iXAiriaic k35 > 7L<,
1 Hfs~ D7 AT, IIRSIROIEIEIEMED @ WFEDRH 5T o7,

TR R 1% O R B T BSE OB EIC L > CTREE SN D2, MR T H 5 M iRl
TIET AR b= AL MR FEE SN D 7T, B, EERESR TIET AR h— &
IFHE SN, THD Ol TIE, BALEHIINSE GRS 3 0 AR RIS (RS 1L & [FSE O
NELIRRE 2 #5384 ISR ) NEEARHIFETH Y, Z o7z, Ki-67 BrEHIE b ErER
~OEARIE, BLERFEMIL Z AT 272 DIZ BIGH TE 2,

FARMUNERBEIE, BRI & v 2 B0 & < VE A MRS 2 EERAMIL A © 72 2 46 O B
Th D, MBMNREIZIE, S OICB/NLES Y o VEENGAA L C, EEEREREEZER L TV
Do ZAVET, HURBOREIT, FEOMEAERIC L TOLFHI SN TE 7 (FIZIXEHT
XMERSC Y o REROBIRETS VT, TR BEE I LE G 0 & K5 1D) | HURRREE D
WA HIBAREOD 72 D121E, MMRBUNREES OB E 3T 5 FER RO BN D, RER B,
155 2 2 TR BIHE T 2 72 DITIE, ARk & . OYESE - 43k A SCRFT D AR N ER
BEIEING TH D, MEMUNRROREEIL, MROETE 28I S, BURBREIE < oot
DIFENT 72 %, AU NREEOREE X, — 5 C, REIMOMMBM/NRE OB e fk L, #2103,
EWICOT D18MERIEIL, BUNBROBEEBI RO MBIGE L TRMEND LIk TE
77

ZITET, MBBUNRR AR T 272000, ka2 EAGad L O E M2
fel 56 R R FVEL S )T 2 R RBTAR Z W TIP3 B o de ik 2 S L7z, Mo g
HET HMIEKREAEICIX, T27F 7407 A0 b, MNE, BLOTREBRMEE VNS 3o
DEI HFEOBHMEEEAE N> TWD, 209 b MIEFEEIZ R 5 6 O N RIESHRHE T,
ERMIEY A N T T BEMRIIE A F R T HPMERMEE A LTV D, T T,
D O ERMRHEE A BICKT 2PUR T D IS Lo T MRRN T O BRI OREEE D
AT 2 FIREIC L7z, 2 2 CIEFRrIC, RO, 4 o5 8+18 Wiz,

B IIT-3. 121X, IR COfTORERZ R LI2A, A N T F 2 8+18 THim S v b, ekl
AR 2 FEME CTH DO SR E & bic, IFMROMBRICAE T 280, <5
2%, HIBRIZRTET 5 Ki-67 Bt O MEFEME AL DA E e & 2 i T 2 FN TE | HUNMRERIC X
LA NR R AL OF AN & AT REIZ LT,

Iz T, MM NREOZEE LTHONDRIERIETIE, v 77y —2 ke X 0%
WHIEORBEN TR SN D 72D, Ziub ORI RT 5 R ROPUAZ v 728 e s g etk O i
WS EM L7, Fric~ 7 a7 7 — U, HFIBNICEEEL TR0, 7 v 3 —Hila & FEE T b,
MBEZED 7 VT 7 AL TV OIEERMW TH LD, v~/n 77 —VOv—A—Th
% F4-80. CD11b, CD68 (243 D HURFEDOEBMOTIARZ MG L T, Yt il oiaiibz it L
7o ZOFER, F4-80 ik (Bethyl, 7 v MHUA) OYEMEN R HEN TV 22D, IR LR
ORFFETIX, FEE AW F L Lz,



H AR IR < 12 K D02 S U DIO OFRUINREE~ DB OMATICHE T LT, £7,
AGy DB FRIRE% D DNA HBEDOWHEICHOWTIL, 1 53BP1 HUAIC L DT 2 306 L. RS
RICEER 5D 53BP1 7 4 — 1 AL, B % R Of&E & & b I3 D@ m &2 fERd LT,

B III-3. VA~ T F 02 X 2 BRI o #iE

FOITMIEEE, ST A N 7 F T, ORI > T
IR EISND, f@iKﬂW%@ﬁ@oﬁﬁW#%ﬁ5HMTi\ﬂﬂ
Rl L3 8EE T HEH S L. ITFHREICHEBRARO DN HEH 0 &N H D EN D
%o F£7-. BIBRIZIE, Ki-67 Bt/ MO 2 SN RET 2 F 7 & I
B O NRBE DOAEZE DOAR DM 0 T X 7=,

£, BBV AR ORELZHERT 5720, FFC BT 2 I505H OB 2 MR L7 (X III-
4.), TORER 4 WO 72 B IL, RIS R EROERE L2 L= 5T HENH SN

X TI1-4. FFligi s 3 0 2 Mg Pk sOs

DIO #3EHBRA%A 4 % ORFl&, PLIN2 Hiik (Boi7Zz iRk 7)) 2k v it
AIENIZ B DR OERB A2 58D 7=, FkEoYtld, F4-80 hiiklc L v it s
727 =i, AR OB CH 28RS m T2 O0NEE I NS,
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oty K4, TlE, R~ Z 07 7 —VO0AERE L2, Z OR R Tk, BEE 221k
IRBD LN hoT,

UL EoREN G MRS SRR N R EE DA & RT3~ 5 7o D O HO S Yt TR D B
Wb ZSET U, WAEBEI T 72 U SRR B R AT IS5 T L=,

2. BUAHINEG S K 2 HUR BRI DS A s B AR AT

B6C3F1 ff~ 7 2 & FHu T /N (1 38 ) (2350 2 BRI (v #. 100mGy & KO 4Gy,
R i05Gy/m1n) &L RN H 7= D 20 B S 24 B ORI ERE (60%051E) %
5252 LT X DWBEMNTT 5 FERICET L,

F9.13 WB&Mﬂvﬁ%%A%#étwﬁ%%%v?xum@%%ﬂbﬁan¢X3%
VEAERL U 7=, R RstZ, B6C3F1 Mt~ w7 2 1 MEIFIC 0, 0.1, £7-1% 4Gy O y A4
FWHNT D LI i@%mbk(ﬁﬁmms#%@#MEWmm SN, IR~ T ARt R
filE L (5 UL/ —), Ml OFER~ v A CHE 2k Lz, 0%, skl (20 Hilm) |
%E@(ﬁﬁﬁmj~®um#%%m$)itimh%ﬂ(ﬁﬁﬁm)~@&m#%%m%)%
4 HFERSETDIO #7558 L7z, 4 EM#ZIT, BFECREL, BEMEZERL WD, 20
], EMIR R EERESL, B HOBIE LMk L, 2SADOFEFITH ) EHIREBOE(LATRD b
B~ 7 AZOWTIEAER L, JREY O TV DR R X UMENT 2 ke L 7=,

IRFETIE, FELH (1ER) SfEBEREEC (v 8 4Gy RH S 12X - THEERE
HERTRED Oz, £, B (20 BilsH 5 24 Bl OmARHEHETUL, 815 0372 R EHY
Mz R LTz RE IR Z SIS X0 SIENEE O BN WE S N O 2R TE 72, I
Fif 240 A I LBRE T, U B8 (1K) SmERIEC (v #R 4Gy 2H RS |
FHIOKIRR Y N\ EORIEZ BT, L L, EIEIEERE & EEVERTRE LI KR U //\Hi@%%fh#
LS FBEEEEIC X 2 F8IE R SEIEAEE O 7213 B1EE L 72 Do 7o, FERRST K QMR E PR ST RE (0.1Gy)
\Z~ T ADET IE 2o T GEMIZ D HEIFZEE O e dfEEE2 S M),
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IV. B%2

SRR L O 72 DIO 1T & 2 kR 4 L ORI/ MR BE O 2 b 2 & BIICRH 35 72
B, AL, BOERE Y L O o b & S L7z,

ETHE I VB L 7oIE A O HURIRTE (L Sk & Fciifb U7z, FUROIRIE(LICIZ, A — F7
L—TRBE L VERWDHEOMIZ, VA —F— N2 HWDHER RN TH LR, Kif
FETIE, VA —F—NRRAERWDLFEERA L, TOHBIE, ZOHENM LR REMET
PURORIE LN TE | £z, WITEH, HODICHERKIED AT » FIZED LN H TH D, PR
DOHRIFALIZ 1T, — ARSI A VSN D08, T E T, 7 T UiE~— 2D pH6.0 FEHiK
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Analysis of the effects of life-style in adulthood on low-dose radiation

carcinogenesis and its mechanism

Keiji Suzuki™, Shizuko Kakinuma™

“IDepartment of Radiation and Life Sciences, Nagasaki University Atomic Bomb Disease Institute

*2Department of Radiation Effects Research, National Institute of Radiological Sciences, National Institute for

Quantum and Radiological Science and Technology

Key word : Radiation, low-dose, carcinogenesis, life-style, tissue response

Abstract

After the Fukushima Daiichi Nuclear Power Plant accident 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 noticeable 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 addition, as children are growing up, changes in their life-style causes related complications,
one of which is an excess calorie intake. Resulted obesity must be one of the health problem that should take
into consideration in relation to the estimation of radiation-induced cancer risk.

Accumulating evidences so far have implicated notable relationship between obesity and the
incidence of multiple types of cancer, including thyroid cancer. However, little is known about the effect of
obesity on radiation-induced cancer. Therefore, the study has intended to determine whether a temporal
excess calorie intake affects the cancer risks from low-dose ionizing radiation or not. A final goal is to define
the mechanisms underlying the possible interaction between an excess calorie intake in adulthood and
childhood radiation exposure.

Since an excess calorie intake could cause systemic inflammation, alteration of tissue
microenvironments is expected to promote radiation carcinogenesis. Therefore, B6C3F1 mice were exposed
to 0.1 or 4 Gy of gamma-rays, and experienced high fat diets between 20 and 24 weeks. Tissues/organs,
including thymus, spleen, liver, and lung, were obtained from the mice, and subjected to the analyses of
tissue response. Experiments investigating the effects of radiation exposure were performed by
immunofluorescence, so that the experimental conditions have been successfully optimized.

The study should provide a fundamental scientific basis towards the possible countermeasures for
mitigation of any possible risks from low-dose/low-dose-rate radiation exposure, together with the
mechanisms underlying the late effects of low-dose ionizing radiation.
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Uncovering the interaction of adulthood-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
Key word: 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 adult have on the risk associated
with childhood exposure to low dose radiation and the mechanisms underlying radiation-induced cancer.
Specifically, the high calorie diet-induced obesity (D10) mouse model will be used to test the hypothesis that
‘systemic inflammation associated with high calorie intake in adult 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 or 4 Gy)
before initiating diet-induced obesity (DIO) by rearing on a high-fat diet. In the annual plan for fiscal year
2018, the rearing of the DIO experimental animals was to be started, with subsequent observation of body
weight change and cancer induction. We confirmed the body weight gain in the mice reared on the adult high-
fat diet. Thereafter, we also observed the weight was reversed to normal level after changing to the normal
diet.
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Study for risk reduction of childhood continuous radiation exposure-

induced health effects by enriched environment

Takamitsu Morioka

Department of Radiation Effects Research, National institute of Radiological Sciences

National Institutes for Quantum and Radiological Sciences and Technology

Key words: Low dose, Childhood exposure, Enriched environment, Cancer prevention

Abstract

Long-term evacuation life caused by disasters such as unclear accident, earthquake, and tsunami have an
adverse effect on physical and mental health. After the accident at the Fukusima Daiichi Nuclear Power Plant,
many people are concerned about the health effects of low-dose radiation exposure. Low-dose radiation
induced cancer risk is considered really small but many people worry about it, especially to children. It is
important to establish a new prevention method for children’s stress and radiation effects. Enriched
environment (EE) provide positive physical and psychological stress. EE has been mainly
reported to activate the central nervous, immune and endocrine systems. However, whether
EE prevent the radiation associated tumor is unknown. In this study, we examined the
modifying effects of EE against radiation-induced intestinal tumors in mice.

Male C3B6F1 ApcMin* mice were irradiated y-rays for 2 weeks from 1 week of age to the low-
dose rate (0.0052-0.21 mGy/min), receiving 0, 0.1, 2 or 4 Gy total dose. After irradiation, mice
were housed in EE or SE (Standard environment) cage from 3 weeks of age for 7 weeks. Mice
were sacrificed under the anesthesia at 10 weeks of age. Blood, small intestine and colon were
collected for biochemical and histopathological examinations.

EE showed decrease of body weight, white and brown adipose tissue weights. In EE groups,
plasma total cholesterol, low- and high-density lipoprotein cholesterols and triglyceride were
lower than that of SE groups. EE also reduced the tumor size in small intestine and total
number of tumors in colon. These results suggested that EE has possible improvement effect
of lipid metabolism, and potent cancer preventive effect in this intestinal carcinogenesis
bioassay system. The goal of the present study is to provide the scientific evidences that should
contribute to the scientifically proven prevention against radiation exposure-induced health

effects.
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Is applying a Dose and Dose Rate Effectiveness Factor = 2 a valid

approach in radiation cancer risk estimation?
Megumi Sasatani?, Tsutomu Shimura?, Hidehiko Kawai®, Junya Kobayashi*

'Departments of Experimental Oncology, Research Institute for Radiation Biology and Medicine, Hiroshima University,
2Department of Environmental Health, National Institute of Public Health,
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Abstract

It is a well established fact that exposure to ionizing radiation (IR) may produce deleterious consequences
in humans, including cancer induction. Our knowledge regarding the relationship between absorbed radiation
dose and cancer risk is mainly based on epidemiological evidence from the Life Span Study of Japanese A-
bomb survivors. The traditional approach to radiation-induced cancer risk estimation is to extrapolate the risk
from high and moderate doses down to low doses and low dose rates which are relevant to contemporary
radiological protection. The International Commission on Radiological Protection (ICRP) recommends using
the so-called Dose and Dose Rate Effective Factor (DDREF =2) to estimate the cancer risk per unit dose at
low doses/low dose-rates. However, with the accumulation of new epidemiological and radiobiological data,
the validity of this extrapolation has been questioned, and the ICRP has re-opened the debate on whether the
DDREF should be applied. There is also a growing appreciation for the need to elucidate the molecular events
governing the dose rate effect.

In this project, we are planning to contribute to the reassessment of the DDREF value by addressing the
issue of dose rate effects from multiple viewpoints at the molecular, cellular and organismal levels. Using a
mouse model susceptible to tumor induction, we will conduct an in vivo study providing direct evidence for
the carcinogenic potential of radiation at different doses and dose rates. In addition, our in vitro experiments
will allow us to explore the relationship between radiation dose-rates and biological effects, such as genomic
DNA damage, mitochondria damage and the induction of cancer associated fibroblasts (CAF), and to shed
light on the molecular mechanisms underlying these phenomena. Thus, our study is expected to produce
variable datasets and analysis of the biological effectiveness of different doses/dose rates of radiation, and

we believe it may be a step towards developing a new scientifically based concept of radiation risk estimation.
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LT, %72 58 &R O PIR CHE SN HEROBENCHEEG T 5BEFDSiRNA A7 Y —=
YIERIT) . AR RER EMEFRDRICEOAIRF2FAETHZ LICL D, KRE - KR &
SRFLGTRIRIC X DR A Y 27 OBIIZE#RT 5.

F—U— R
JERHRRIE N Ay Bt IR, M EA L, sSiRNA A7 ) —=> 7
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I. W78 H /Y

BSOS, KERE, £ LT, Flin 72 R &R O B R ER O FE 3 A~ D R X
SRR OB b TEEERAIC S RE R I R ERE L 2> T D, RHRE R O BUR BRI 1
EDRBAY AT X, BRRERIIREL D LI & S, BUROBE L E A B3 2 E B R
PisEZ B2 (ICRP) TlX, DDREF=2 & H\ /o AR & « (SRR BRI RN A D Y 2 7 HEE DT
nTnb, LiL., DDREF OFIEDZEHEIZ OV TIE, BIETHEmd e T b,

AR A O Ot - SRESE R OMEEATT O FLAIEL, & b BRI 2 AV TR o
EWFHIRET — 2 NG Z LR, 20T =28 LHFEMENS . T DTV REY
PR BE TREMNICHNIT CEX 28255, DIUOIITERE - (KRERYIREEO 2FMAZ H
BT, ZAVE TICFHet i SRR LB R AT o A T L2 L, PRt 2N A RS K 0 bR
TR 7 iR B OHEITF IE Th DML AFE 3 5 2 & £/, Rtz
LS TFEHALMILTE T, ZAOORBRICHKSE, HEHEE. SHEMeE L L TH
TR 7 FEBRR & VT RIS A A B D 2 BTBLIR 7 O [ B L2 B Y # e, MM SR & LTI,
DS ARIBEIZFR &3, DS AKRRRICE 405 RV HIIE 2 R, RIS S AR S ICBlER & D
EAEEZ . BB R A DG FREEAONCT 2 22BN E T 5,

AHFFETIE, R AR R BT o A T DA WA V== 7 %4TH Z L lc L 0 Yeth
(KL A48 2 (2 s Do DRI T2 DWW T OFRE R A 2k %

Il. #5851

1. FEEEAIAaRK & BR A Ao - AFEBRITIT B N HORMHESMIfaR (TIG-3, BJ-1/hTERT, MRC-5, HE-
4) & Hviz[1], & TOMBOREEIZIX Alpha modification of Eagle's MEM  (SAJ #1) 12 10%4F15 12
fj% (FBS) & L-Glutamine Solution (7% 5 4 5 2 7 1) I =538 % V. o~ OE:
B 25T 37 C, 5%COz A v ¥ o _X— & — N THIIA A HERE L7, MEE5E121%, 100-mm @
Be#& dish, BT H O 15281213 384-well imaging plate Cell Carrier Ultra (PerkinElmer ££) % Hu»
7=

2. FREISRAE 0 T~ RO R RS T I3 B R U U i 2 B S A0F 20 FIT St R 21 i 1252 5 S B i
RICRE SN v~ (BTCs MR, BRER : ~0.9Gy/min) 35 X OMEARER T o ~ R IR & &
(17Cs R, BREER : ~1.388 mGy/min) & U7z,

3. A A=V TN - T RIS LTI A 3.7% /3T ARV AT LT B RCHEE L., 0.2% Triton
X-100 THLPE L 7-1% . anti-Parkin HT{A& (Abcam %t 1:500) . anti-Tom20 HT{& (Cell signaling £t 1:200) .
anti-53BP1 Hifk (BD /3o A1 = &4k, 1:4000) ., anti-y- H2AX Hif& (Merk Millipore #f) . anti-
P53 (Santacruz ff:, 1:500) & anti-lgG-Alexa # tAEakdtiA& (ThermoFisher Scientific £f:, 1:2000) %
FW st et 217 - 7=, #ifuk%Z % Hoechst33342 (ThermoFisher Scientific £5) CHzYEAERE L .
4 BB 2 & Opera Phenix (PerkinElmer #) THEif{gT — % 245 L1z, 7 — % HEitg %
m g AEAT > 7 & Harmony (PerkinElmer #£) % H\NT. d0OEHRE 2 IS 21T - 72, £7-.
7 — H fEHTIZ 1 TIBCO SpotFire (PerkinElmer ££) % Fv 7=,
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4. Senescence-Associated Secretory Phenotype (SASP) fi#4T : SASP OfE#TICIZ, 7o —BE—X7 L
A fi##T (LEGENDplex, BioLegend #1:) Z H\ 7o, FUH U 7o B3 M0 OBE 8K A4 ASH L, 24 IRFfiIRS
LT8R B S B WIRFICRT 29U TIERR SN 7 n— =X L h &, 7r—H3 A1
kA —2%— (FACS Canto, BD Bioscience t1:) % ]\ T SASP #hkIA -4 & BT L7z,

5 SiRNA 74 77V —IZ X DBIE T A7 V—=2 7 @« FBIE T ORREIZ L - THE I 1L72 siRNA
+ 774 77 Y — (ThermoFisher Scientific 1) %, hZ7 v 27 =7 ¥ a »#AIK RNAIMAX
(ThermoFisher Scientific #1:) % H\ T 384-well plate |Z#EFE S L7 MlfRIZE A L, 24 REffE5#8 L 7=
%, B DRMTH o~ BREHE R UL & it 21T > 72,

(PR~ DBLE)
AT TR & MEHEMIEE O CORITo Y . MMERROFETLE L LA,
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1. BFgEHE 3

1 BUEFRIC L 5 S by U 7RG ORI

B DMEROT o~ BN T5 I hay R THREOEEMEIT 21T 9 12H 720 |, 384-well
plate Z W72 FEBRZAT O 72D O MR, R FIFOMRET 21TV, SR CTOEREIEZIRE L
oo BNIFLIC, BERETPOMEREZ 10% () X% 01% (TE) & L., [AEoOME L
T 8 HRHEEE Lo Ga O MMM O a0 e miig 4 Lz, MR aofE I L0 |
PEARBHE N U DM EEN R D Z ERH BN E 7oz, R DM ER TR LEL 21T - 7
JalzoWT, S har R TEORE L 258 Tom20 Hifk e I hav RU THREDOREIETH 541
Parkin LA CY B Z1TV, s L7C B O RE R O —E 2 X 111-2 3 KO -3 1R LT,

- By 1-10%

Tk

., “MRC5-0.1%

= —

-1, &fEb ~hHSRRHESEML T Tom20 & Parkin OFEIZ . GHERIE% : Hoechst33342 &,
o KU T : Tom20 8. X b= KU 74815 : Parkin k)

171
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Tom20 OB EDEGEMAENT (B4 11-2.) OFEENG, HifIC L 2B NIR NS DODI ha v
RV 7 OBNBERBREIEFE L THEINT S Z ERH L E o7, 10%IM7E (FBS) &AL T
BB INTMIETIZLY I hay R 7RIS 2 A3 bz, o, 2R (M Ac)
ENT-AIE LV RIS (K Ch) SN 7-HfRICBE R IMEA A A DD Z Enh, 2 b
¥ R U TR0 e B R A U TR IR E T 5. HDWIE, BEBEZT 2 FREMEN R
Wi, =T, 2 har RUTHEDOEE L LT 21T > 72 Parkin ® AR v M IE 10%IM
THE AR TR S - MIRICEBW T, 2.5 Gy BLEDOEIRET 0 40 @R Sk TR 72 BN AN RS
ST, BEEFMETHMOBERNREDLD Z L0 h, ARICBW TR TOREO MO Ry
DRBEMRNTT2IELT57201I20F, MRORELFERMNIEETHDL EEZHND, 100
mGy DR, R OWT OGS THRRN & il L CHEREIIRE SN holz (K
n-2.0, @),

2. RS M 2 R E T A R D RE

T RRAEIR I L D I E S ERER 54 % DNA RIS OEERRE & S S HmgIci L <, |
S (RE-PRERNER) & ORRMIEDIIT 21T o7, 1I-1 & [FIERO B B3R S CTARLBR L 7245
FRAESEMIEIZ IV T, R T4 U % DNA 15 & = OE1E =12 L Tix DNA HBEHALIZEHE
LTCT7 4 —HA%EEKT D y-H2AX B L 53BP1 O HED A LA EHE L LT, £7-. HSHRIC
KoM A b LA JREICEE LTI P53 ORBLEDO B A fRIE L LTI 21T o 72, i Lo
G O % X 11-4 12, AT OFERO—F % X 11-5 (2R Lz, y-H2AX Z 5% & L7- DNA
HBEOINTHI1X 25 Gy LLEDH v~ SRR CHlin O FE-CHESHIZ B & 9" DNA 8513 —i#
FICHEINT B2 b DD, ZDIT & A ED 24 FEZIITERT 2 2 L PR & 72, 100 mGy D2k
FHZBW TN DD D 7 4+ — T ATERD MERE S Tz, F7o. FRfiti Tl 500 mGy/day LA
T y-H2AX HEREE OB TR H AL, AR R UM EE RS L7256 X0 &2 o
IHEN o7z, L, BERRICBW T ZOEOEIRE ORI IBIZE ST, DNA BER R L T
FAEL TV D AR RIZ S NTo, 202 &k, QR & R IC K - TARR, 78477 %5 DNA
HEOEHOE, &2 WIXEEBEOIENOFEL TR T 5, £/o, BHREWT L1, P53 D%
BlEX, 2R L LRGN O TR BOWIRBLENHR S, BET% S P53 ORILENLE
LCTHIMUEBIT CWAZ E BN E T,
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-4, &FE b b HSRRMEST RO DNA &L 2 L 2R,

TBOT R 2
DNA#EH: v -H2AX

0Gy 24h

Ac100mGy 0.5h Ac100mGy 24h Yelbmoykeath i

Ac2500mGy 0.5h Ac2500mGy 24h Ch500mGy x5d 0.5h Ch500mGy x5d 24h

Ch1000mGy x5d 0.5h Ch1000mGy x5d 24h

BJ1-01% MRC5-0:1% TIG3-0.1% : DNA*E‘ {% : P 53

0Gy Oh 0Gy 24h

Ac5000mGy 0.5h Ac5000mGy 24h

BJ1-10% MRC5-10% TIG3-10%]

Ac100mGy 0.5h Ac100mGy 24h | Ch20m@Gy x5d-0.5h Ch20mGy x5d 24h

Ac2500mGy 0.5h Ac2500mGy 24h Ch500mGy x5d 0.5h Ch500mGy x5d 24h.

AcSODOva 0.5h Ac5000mGy 24h Ch1000mGy x5d 0.5h Ch1000mGy x5d 24h

H2AX #Ek. F) A b L AR : P53 5

53BP1 (. y-H2AX & [FIREIC R IR 12 L 2 DNA RIS 2385 L C 7 +—h AT 5, Lo
L. 53BP1 OFHLEOZFENL y-H2AX L1THEe D | BESRMIC L > TEOMBER N RS 2 &
WD E 72572, 53BP1 OAMMEAZN OEGIREE L, SRS Tl y-H2AX & IZIZ[FER D 2B )
R LTEA, RSN B W I, MIOREE & miER e, BESHcRE L Cahn e By
> 72, 100 mGy/day D PR St CITHRE 147> DM, 500 mGy/day LA F o FRET S CIEIR IR #& T4
W2 LTz, 53BP1 O Z ) L= BIHRIME O RSFETIHIF E A RO LN N2 DD

MRS KA LB ARBRS N2 b D EEZ BN D,

20
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TREHAHE Ac=a B8 (1Gy/min) . Ch=FFp 4 (1Gy/day)
DnolR @Ac0.1Gy @Ac2.5Gy @Ac5.0Gy GCh0.1Gy ®Ch2.5Gy (DCh5.0Gy
M DO BRI RBEET0, 24, 72 h HEE0.5, 6, 24, T2 h el
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[11-5. y-H2AX, 53BP1 Z#5#E & L7- DNA 5 &S LUV PE3 ORBLEZ IR L L2 X ML Rk
BROGR & IR E—RR R L OB (Ry 727 vy b, Bfft 0 HRfH)
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3. HHRIC X DRI L D5y 1 O fiR i

INETOMED D, BRHESFIIC KT 5 FRgt IR A 2RISR LA FHE T2 2 L 2015
e LTV, & 2T, BEHRIRENC X o TAE U 2 BRI I B RO Rk
FFRNY W S D HRNEIR -, BEFEIN -, A BB A ORIEZR A=, BMHICIE ELASA X0
b, SHIKOEIER T ORI E BB N R 70— — X7 LA EEZERA L, 0T
— Z IR E RV, TIG-3 M Tld, IGFBP-4, IL-6. Mip-3a 23 B3R IZ FHAKAERI DO Rp B AF
IR RS S A7z, MRC-5 il Tik, TIG-3 Ml TRt S 7z 3 FEFAIC N2 T, HGF, IL-8 ™
BEmMABIE SNz, —J . BIUNTERT Mifdic W\ Cid, fhofRMEEAMIR & (X820 | IGBP-4 (2N
2 T IGBP-6 DFBLO LM S 4L, A NI A idt Enienoiz,
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V. &%

AOTHBFZECIE, B7R DR & SRR O U 3 2 M fd ~ DG & e o )i M & 7
Mg 2720, BEMRTHDMMEFMILE A ANV—T y MEFTTFEZHANT, T har U7
Lz D%, DNA 15, MIGE . SASP ICBA L, MU SEM: & 22O 7 D28 & o BEMRME
(DWW CE BN 2 3 72, Z OFER, Hiia OFRECHARIR BRI IR AT L C, S ARl ot
THENENDRER T DISERHEBENRI D Z LB LN o7, Fz, SRS LIRS & T
1355177 5 DNA BESCHIE~D A kLR & ZDISEMEN T 5 lREME & /R S 7o, FFIT, Fife
HRGHZ Ko TH LT B TINBHITIRHNZ IS RS BARALND ZERH LN E o
72 TOZE1E, B DBEROME IR DA U D AW EIT, BRI X 2B AN ESE
EEBERTRETHLZLEIFTHLDOTHD, £72, 100 mGy LL FOBETIL, ABFZETHUW
TR TORBEICB W THRHT 2 Z LR TH -7,

VA T

ARG TIT o To FBRFER 2R V-1 ICE L D7z, I = KU 7 DNA 15, MlaSZ. SASP
DAV E BT 2 MR EER O R0 L THEZR o 7 BB S R S 4L, £ D OIS IXBE I
OO0, TOT EVTHFRIRIC X DR EC T DR R — REE AT, B
BAMBER G2 L 2RBT 5, ARSI 2 2 EIZIT, MIRsE, Mk, 2
HRpERHY, TNENDBREORELZEIZFLG T LD THLEBEZLND, RINTH,
SIHRIC K 557 - DNA OZERIT, EHERITHSRREE D AL S TR RIS D, £ 2 TR
EEND, B BEHRER COLRFREBICER LT, ME-—RERDHFICED LK OF
ExERHD,

K V-1 BRI L5 BHEEOBILD % & CRENIFRFRIFGEIZ M 5 B LA 7R~d)

Ac/Ch | Aco0.1 | Ac2.5 | Ac5.0 | Cho.1 | Ch2.5 | Chs.0
(h) oo0562472 | 00562472 | 00562472 | 00562472 | 00562372 | 005062472

Tom20 / ———>  Growth
Int. — 5 — . dependent

Parkin Cell line
Spots —— , _—7 / o > dependent
P53 — ., > Cellline
Int. | —| " |— dependent
Stable
yH2AX \
_— Growth
L PR, \ _— E dependent
Unstable?

53BP1
e T T NG N ke
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VI RAEEELARE O FH

FBRFE D AV DRI, A L~L BoV L, [A—ERNTHAE L~V TR D, FR
BEWR U7 A3~ T a AR TR AR A B T 2 IR FICE R A BT 25812013, ERT L
VD LOH BN ANCTHFETDHZ LT, DAUEEN EFTHILDOLEEX NG, FE, BDAMGIE
BFTPS3 DA~T 1 /)y 7T U b~ T ATIE, BB X 232 UM OBEE L 157 L TP53
BIRTOEFET LLTO LOH B3 a5, EHRIC X 5 EHET LV OBIR THEEERERIZIT, K
SRS BN - MEEICFERE T 2 RERSRKER . &5 WIXERG I 7 EAREE3 5, K%k
RO TAENFSEE - A2 X D WNT Signaling Pathway Regulator APC @ min/+ ~7 1~ 17 A % f
N T SRR R NGRS O RS A FEBROFE RS | Ye R 2 2 It L7z LOH Tl gl
IR DR RO BN BN  WATREMEAVRIR KTV %, DDREF O 42 iatd Hicdhiz > T
(X, AR X DB DAY P BEA~ORBEFRHROGESETHE L TNENICEET 54
THEZ I OMNCT D ENEBETH D, © 2T, AUFSEHEH TILSERIZ X 5 LOH & 4t
RHA A 2 (C B 54 D 5 T % SIRNA A7 V) —=2 2 X > CRIEERRD Z & T, Jbirah 7
LOH (2B 5 BRI s DRI D73 6 7 — 2 %155,

ES
AV

5| TR

1. Cao L, Kawai H*, Sasatani M, lizuka D, Masuda Y, Inaba T, Suzuki K, Ootsuyama A, Umata T, Kamiya
K, Suzuki F. A novel ATM/TP53/p21-mediated checkpoint only activated by chronic y-irradiation. PLoS One
9(8):104279, 2014.
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&L

SIRNA : 21-23 Skt 670 2 ARSI RNA Wi T 0 . small interfering RNA & RS, HEFEAN
(23R 2 & AHRA 7 H O A A2 HE > mRNA 255 fR & 2 WIZEIERINHI 2 Z L R T X,
FE DB F OB 2T 52 LB TE D,

DDREF : #i & - &R E(%2% (dose and dose rate effectiveness factor; DDREF) , [EES I #R #
2 (ICRP) 12X o T, 23HWHINTWD, (KA SR O BALBEE Y 72V O HUH##
XAV R MEBRERWIROED 2 5D 1 THAHZ L ERT,

VELAIAGL « A 2 o e B A 7 &b B O SCRFRELRR 2 A i3~ 2 AT OO REFR,

Senescence-Associated Secretory Phenotype (SASP) : Mifd B biTffo CTRIER EZFIE R Z§ 3 F
S FERGUMES LN B (RIEWET A N A A s~ b Y T R RS
HER 72 &) N@EBEBT D, T OB A Ml ELBE W LS (Senescence-Associated
Secretory Phenotype; SASP) & BEOR, HEELDFREED—D2TH Y, £7o, BB ADHERK D
—DOTHH D,

N7 RAT7 2l vay: BT 7 A X RO SiRNA 72 EORZENT 5 EED Z &,
YA NIA 2 MR B GWPEDIR S 27X T B DRFR,

ELISA 5 : fillfass& o bR EOBERTIZE £ 5 BOFR 2, FrRPUATHIE L. BERL
ZFH L TR - E&T 551k

Tu—E =T LAk MR B EOWERTICE ENS BRI & ORI & &
To TR RUAR G E—ATHRE L, 7r—F A P A—F =2 W THIFIHRE - E&
% Jiik,

AT SR BRIV T, WREO—FORIERNH Y Bipo i nE T A O L O,
TP53 {51 : B85 [K - p53 DA HA 22— N9 5, BIs1-FEW TP53 1%, Hifa/E <> DNA &
B, TRV AR D BB T EEH LT 2 2 IR VBB AZIEIT 5, B M

BOTHROEELRDABIGTO—DOTHY | FRHOPATERSLKKPHBEEIND,

B . THENORX 7 LAF FHEEICEBREI N TEL LR,

N
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Screening for molecular factors that have determining role for the

dose-rate effect

Hidehiko Kawai

Graduate School of Biomedical and Health Sciences, Hiroshima University,

Key word: Radiation-induced carcinogenesis, Chronic irradiation, Cellular senescence, siRNA screening

Abstract

Low dose and low dose-rate radiation-induced health effects are still unclear, and their underlying
biological mechanisms need to be better understood. In order to address this issue, we have established at
the Research Institute for Radiation Biology and Medicine, Hiroshima University, an experimental set-up where
a Cs-137 source radiation facility can be operated at a wide range of dose rates (0.001~1.4 mGy/min for cell
cultures, and 0.001~2.8 mGy/min for experimental animals). In our previous work, we have utilized this facility
to conduct studies on the effects of chronic irradiation on various types of cultured cells, such as primary cells,
tumor cell lines and iPS cells. Consequently, we have been able to single out several factors involved in cellular
radiation responses and cell fate decisions triggered by low dose-rate gamma radiation .

In this study, in order to explore the potential relationship between radiation-induced carcinogenesis and radiation
dose-rates, we are planning to conduct siRNA screening, which we expect will allow us to identify factors
distinctively associated with gene mutations induced by different dose-rates of gamma-irradiation. This study is
expected to make a significant contribution to understanding the mechanisms of radiation-induced carcinogenesis

and biological effects of low dose and low dose-rate radiation exposure.
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2-6-b TR L AR Y 27 LSRR bE Big L7
[HiE - BERELEE DDREF=2 O 40 iEt
(53H)  FFRRFE DS AT BT D 08 AU N B B D 1% |

SrEgEE SR B (ESLAREERB R

=]

ZAVE CORERBRIED AMFFETIL, BEHBR ORI TH 2 DNA EORFRA R (B
MO 7 FF¥—) ORTEEZBRICHFIENED L TW5, UL, BITEE TSN
A DFEFFREBNIZIZE > TW e, Foa i, BRI 1T 2 23 Al & JEaE o fi e o
FEAER (BADOHUNRE) OB S A Y CTTHRIT Lz, 23 UMM S £ 5 #EEEm
i3 A8 A BEELERAE 2RI (Cancer Associated Fibroblasts:CAF) & FEEAL, 15 HRRHESEAIIG &
R 0 ESUANC KV DO AR OBETERIRIE AR T 5 Z E R ImE SN TV D, Fix
D bV SR IE S A ARMESE I TIG-3, MRC-5 & W =@, —»nH RO RS
Oy EIREHC K 0 IGMERER BN L, BMbA ML A ZFHET L2 L2 LI L, @k
TEPERR R LI O BEHEC /3 EICBI 595 TGFbeta ¥ 7' /UIRIHE 2 TEMEA(L L C RO I8
M7 7 F . (alpha-SMA) DHEL 2 358 L SRMESF MR H CAF #TET 5 2 & 28 Lz,
EHIT, X=Fw U Az Anict bRABRER OfFFTIC LY | R THFE S D CAF 231K
T D HMER A2, BNAMIOHEIEZRET D Z L2 o2z Lz (GEFRS Molecular
cancer research 2018; 16(11), 1676-1686), LA L XV | Rz X 288{L A b L 2%, CAF
DIERE I U THERBE R AN G35 2 LB 2 bivd, AIFFETIL, alpha-SMA O% Bl
IR L LT CAF MiF8 S0 BUNMO BRI SR 2 at Uic, eI, SRS
N DEIEATIIZ 0 ERORETRAE L, CAF 25595 2 L 2W LT L, AFEON
A DRUNBREE DT IC K 0 | 5RO 15 TITFRATIAEE T & - 7o U BRIZ & 2 23 AU DIESE A T
=X LOFERANIFEES D

F—U—F
TSBRIEDS Aoy /NBRBE, TEVERRSR . 725 A/ B F g
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L WFFEHAY

TR AR (WHO) REEA2E B2 (UNSCEAR) O BIFIEHHICET 2 B EHH L O
R ) A 7 I ClE, —MBAROBEIE < BREIZIREN T, HHRIZ B 2 BB OB RIRIE 1M
HanzndisshTnsd, LrL, EBEROAZZLTEEICEWVTHIRE - (KRELOK
FAE RO VI LIEG B ICEENEEINDONE I DDOEWRLEDERH Y | Kb
FROFENAEBORAN LI L SN TWD, FJEICDI L /FREERSFL 2 62 E LR
R REEFED B L LT, VK 234 3 H 11 HEFE T O D 18 E TORRK 36 7 A %%
HL L, FIRBOBERMRAZ EH L TV D, BRI K0 /NRERIRS AR TIET 5 F TITiX
A~BEDPND ENDILTWVWD Z EnD, A% ZORMETHANRE SNZHEIC. BRENAL
DONFETX, BHBILLSDBFEERTHLONOHWZRDEND T ENTRIND, ZDD,
TSR S AAERE ORI R B OMETH U | BRI AR BB IR 2 B 5 2023 2098
EHEET DMEN D D,

D3 AURERRIC & F 0 DRI I, IE R RAME S & 13722 0 | 23 A BEERRAE SR Ml id (Cancer
Associated Fibroblasts:CAF) & FEIEAL, WEPER T % ficH U TS Afiia o sEhE 2 et 5 (1, 2], L
DU BRI D AIZET D CAF O&ENL, 312> TORWVWONRBRTH D, ZANETOE
N IEH SHEEESI MRC-5, TIG-3 °X— R~ 2 & Wizt b SABHLR O~ 5. — A [
DOEMIERINC LY CAF 2758 5 2 L 2 HE Lic, & HIZ HHRIZ X 5 CAF OFFEICI,
2 hay N THEOFEMERFEICE D TGFbeta o 7 F VR OIFEMHAL RSB ST 5 Z L 2 5D
i L7z[8l, ARFZETIE, R TS S D CAF OIRE MR, CAF RO 4y T-HtE 2 B & >
L. BB ADRIK & 72 DR T2 ST A5 L2 BN ET 5, BEHIEZ. Ko+
~OERRLI b2y R 7O VX—EADIEMHLZ N U CIEEBRE LML, BA b2
EHETDH, I har FUTEEA NLRIL, BAZEDERL RERICEST 5200, ik
BRENACBTHI hary FUTEEA N L ZADOKEZMEAT 5 EREETHH EER D, K
HEEIFZEDRRIZ KV | BRI A0V 27 FHIOARYL & 72 2 B2 F OB HIF S D,

II. WF9E751k

1. MfE & RERARME - v MR RIE R 58RI MRC-5 & TIG-3 1%, MEEANE = —
~ A T AR L VA L, b M EEEAAMAIE HeLa (X, HALK NG = 7050
Frd 0 AT L7z, Mifldik, 77 2AaNT, 10% Y UREME & FrAEME % RN L -5 E A
T, 37C. 5%CO0z DA TH#E L7z,

2. MRS X MRARSTEEE (HSZ, MBR-1505R2) £7-1%. vy SMBHHEEE (Ho~&L 40 =7
W7 &) ERWT, @ftESR (0.7Gy/min) OEMERK & EHHEIMRS (1 F4729 0.01Gy 7=
IX. 0.05Gy OIS ZMIZ 5 HE 1 22HM : BFEE#HE 046Gy £721%. 2.3Gy) Z1T-o7, K##
R OEVEIRG TR SR FFURERFAFEAT O S > 7 A 1837 28R & 52 7 o ~ S 2
EEFHA L, 0.025Gy E721%. 0.625Gy/day OFEFE T 4 HEITV BHEHBEE 0.1Gy £,
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2.5Gy DR Z1T - 7=,

3. alpha-SM O3 BUfiEt: AL %z &5 24 R ICHEE L T, alpha-SMA OHUE(T 7 <)
RO THE R RER G EZITV, G A E & LTz, SOtmEa LA T4 R7 7 R EIT, ¥
—x A fE EIEEE Keyence BZ-X700 C 100 fELL EO#fifn 2 #1%2 L, alpha-SMA THfa X
LD PR 2 B K 0 Il L CEOBELZ KD, £72, CCDWATT1ODODATA K77
ZATKE U TR R (SO 2 b BIRAG L, F—x o X4V 7~ Hybrid Cell Count
software Z VT, BT 217 o7, LEVMEZRE L TREAE SN D EIE L, | CHT
ZcAaTOmIE A BB T L. alpha-SMA OB 2 IE L7z, Ml oY) bk %k
O, 14720 @ alpha-SMA OFEEE O &2 5 L7,

4 REHLE: =T N—IEEEFELRT, ETCOERIT. < LD 3 I EOIMS LZER
Bt HWTHR Y IR LER AT 72, =7 B/UHEEE 2012 fiflr Y 7 R &2 W T, —JcfidiE ANOVA
#1Z, Dunnett 5% W CEELEBREEZIT - 72,

(PRI~ DAL E)
AHFEMZECIEHIRO b FEEEMAZ W COMTThH Y M EESOFEERIILEL LRV,
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III. FZERS R

1. alpha-SMA 4:ta & DI K 2 FBL & O figtT

Z N E T alpha-SMA ORI E DML, alpha-SMA OHUAZ FW CaOERERAE LT
AT A REECHEMSECHE L, BRIZLY alpha-SMA TYta X5 BPEMAE 2 flk L T %
DOFEEZ RO 7=, alpha-SMA THEIN-MIIL, MRENKE S REERT, Yeta X2 —r
X7 7 A N—RICHARRICBIZE SN D 2 &0 BEMROHWTITIAS TH D, LirL, Z0J
ETIE—EIZEZ OMRAEBIET 5 2 SIXREET, MITICR-IA D025, 207D, wtE‘
ZEGE L, BECT—EICREOMIIZ OV TEBAENT Y 7 & AW CHEEOREL 21TV, &
B 72 R DML 2 iR AT, XTI -1 O B fEHT O —131] 27159, alpha-SMA DEOEHRE
FE CEREINDITH D ZRINL, ZOEENOBEE 25l L7z, ~F A hOYETHEIL
ToHIIRE NS 1IN 72 0 @ alpha-SMA O3B EEZRD =,

1 Alpha-SMAGEREDE=S
Alpha-SHATHE X n S8R5 2 2R L. E{RE
oo brEHCTHEZHERLK.

III-1 W RENT Y 7 - & 7= alpha-SMA O FEL& O kT

2. X MIEFHC X % CAF OFfHE

MRC-5. TIG-3 filfic X #ro&tEmEt (0.1, 0.5, 1, 2.5, 5, 10Gy ) Z4T\>, 24 BRI IZHE
fi 2 [ E L CHIE < BB & alpha-SMA RBUFFEOMHBBIR 2 M5t Lz, X -2 ORPERS o
FERALERNIRT, TIG AR TIEIERS 2> o —L & e HRHICHE B, 5Gy LA EDRET
T alpha-SMA O3B ENHNT 5 Z & 20 502 L7z, alpha-SMA OFRBLFEE I S 417,
BRI D 7 HEBRIZIZTE R L7, MRC-5 Mgl W T H RIEROFER T, 5Gy L ED X #roa
PERRGT 24 IfEI#212 alpha-SMA OB ENINT 5 Z L #H oLz, —FH, 1 hAMOE
W5y EIBECIX, MRC-5, TIG-3 HfEIZH W T, 2MERK L0 LRV RRRE 0.46 E7213,
2.3Gy O T alpha-SMA THfta S D CAF 38 S b Z L # LT Lz,
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B~ 7 MERIR L 5 v BT £ 5 CAF 084 it L7, MRC-5, TIG-3 #illc 2.5Gy
PUF OZMERS Tk, X # & FRERIZ alpha-SMA ORBUIFE I N> 72(X 111-3), —F. [FA
U 2.5Gy by SIBMERRM DAL, FAE 24 BFREIE%IC alpha-SMA THefs 3412 MBS EIL &
M. CAF S#HEEND Z &2 HI BT LR 11-8), = OHHERFER CAF 12, B 7 A %I
BEINerol,
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IV. &%

AAFIETIT, B AIZB D 2 BB OB Z A LN T D72, BAMIRITIE T T2 <,
FESEEREL R O JE S O M & 23 AR DA AR ICHE B U CRE Gl 2 ARk 7~ 2 & M kHEF IR o
RSB DN T DN 21T o 72, CAF Of5ECTdH % alpha-SMA OFRIUFENT TIL, T ET
WHCBEMETEIZE CHMIC L 5 alpha-SMA [EHEMAOFAMAIT > TW2p3, K0 Gl 72 fifdT 51k
& LT, EHBRNT Y 7 b B TR OSBRI L B RHIEE R Lin, $RE OBEGENT Y 7~
AWML, — IS KREOMIE A Eh <, FEREEICANT A FHETH DS 2R, 2 DD J7E
DELLIZEWTY, SMERE & EHOBIFSEC TIG-3 & MRC-5 fifglZ alpha-SMA D3 HLAH
P I A, BRI D CAF BNERESND Z EEH LT LT-, CAF OFEICIIEMH:E
FIZ £ D TGFbeta ¥ 7 VIR OTEMEAL S LB T, IHMEREFR L, SRR~ BRI Tl
LFVIRWVRETHESNSI(3,4], o7, AVERE Tid CAF OfFE | awuim%%ﬁiﬂ
VETH L, HHIRACEMERAN TIX, KVIRWHEERET CAF AFEIns 2 L 2H L0
Too HURBRIRG 14 . TEMEREFRIL. HUHBISEIC ié:%nxh)?@ixw%~ﬁéwﬁﬁm_
LVEIFEmE LTRET D6l LLEORENS, S LANIIEIERESE 2 rE L C CAF OFMA
L. BURRROMBEETH DN AORIELIET 5 2 LS5, EBRIZ, Mlano
P E N B F I BINEE D N- T2 F LY 2T A 0%, BERRIZ L D CAF OJER: &40
s LaWmE LBl £/, RECEEINLI I EI T 0, BHHRICESI b R T
BEZHH L, LA ML AEMZSH[6], 2D OPELANT, B A DM R % o
ZENEIRFEND,

V. K@

CAF 0= L L THW SN S alpha-SMA OFREEOMITIC LV . AMERE & b ToOE R
RIS TIE L VARV R AR E TN OISR &SN L, CAF 2358752 L 28] 50
(2 LTz ARBFICITHS RIS AENT DR T 70 & L TR ADBUNRIRICE R 3T5 2 & T, #Ek
D5 TIIENTIREE T H > 72 RIS X DDA DIIE A I = X L OfANEfE SN,

VL. A LARE D G

AAEEEI & M L7 i 5 98 CAF O FEIMEOHER L CAF 23558 S5 o L& Wik E:
IZOWT O EHED 5, BRI E B 5571 & itk CAF OBILRSC, AFRIEHEAS L B 7
EL BERFERD A B =X LNZONWT ORI 2D 5, S5, P LA Z VT, BSRRaE %
CAF ZHifil L, FENADOYRENRZFFDNE D OB EITH TETH D,

32



VIL. Z OWFRIZBE T 2 BUE £ TOMEIRN., FEME

MR BN L

FRRR

1) EREL, RO S WAEFHEZ, MR, /R, IMAEGE, BRE M RS
AU BEARHESE IR I, TEPERESRIC & B TGFRY 7' U o R OIRMAL 2 I LTS A Dt &
T 2 5 61 [ A AK R4, 2018. 11. pb2.

VIII. &% Sk

1) Kalluri, R. The biology and function of fibroblasts in cancer. Nature Reviews Cancer.
2016; 16(9): 582-98.

2) Kalluri, R, Zeisberg, M. Fibroblasts in cancer. Nature Reviews Cancer. 2006; 6(5): 392-
401.

3) Shimura, T, Sasatani, M, Kawai, H, et al. Radiation-Induced Myofibroblasts Promote
Tumor Growth via Mitochondrial ROS-Activated TGFbeta Signaling. Molecular cancer
research : MCR. 2018; 16(11): 1676-86.

4) Shimura, T, Sasatani, M, Kamiya, K, et al. Mitochondrial reactive oxygen species
perturb AKT/cyclin D1 cell cycle signaling via oxidative inactivation of PP2A in lowdose
irradiated human fibroblasts. Oncotarget. 2016; 7(3): 3559-70.

5) Shimura, T, Sasatani, M, Kawai, H, et al. ATM-mediated mitochondrial damage
response triggered by nuclear DNA damage in normal human lung fibroblasts. Cell Cycle.
2017.

6) Shimura, T, Koyama, M, Aono, D, et al. Epicatechin as a promising agent to
countermeasure radiation exposure by mitigating mitochondrial damage in human
fibroblasts and mouse hematopoietic cells. FASEB journal (in press). 2019: fj201802246RR.

33



Title Analysis of the role of the tumor microenvironment on radiation-

induced carcinogenesis

Tsutomu Shimura

Affiliation1 Department of Environmental Health; National Institute of Public Health
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Abstract

DNA is a major target for the detrimental biological effects of radiation. DNA mutations associated with
radiation-related carcinogenesis, the so-called “radiation signature,” have been intensively investigated to
elucidate the risk of radiation-induced cancer. However, radiation signatures remain a matter of debate in a
variety of cancers because the development of cancer is a multistep process that occurs over long periods of
time. Therefore, basic research on radiation-related carcinogenesis is indispensable for obtaining a rigorous
body of scientific evidence on the estimated risk of cancer following ionizing radiation.

Fibroblasts are cells in connective tissue that contribute to the synthesis and deposition of extracellular matrix
(ECM) to induce changes in the tissue microenvironment. Cancer-associated fibroblasts (CAFs), which are
related to myofibroblasts, are an activated from of fibroblasts in tumor tissues, are distinguishable from their
normal counterparts. CAF control the release of paracrine signals that promote tumor growth and cancer cell
aggressiveness, such as tumor angiogenesis, extracellular matrix remodeling, tumor proliferation, invasion,
and metastasis. Expression of a-SMA characterizes fibroblast-to-myofibroblast differentiation. However, the
role of tumor microenvironments in radiation-induced carcinogenesis is not well understood.

We here investigated the association between oxidative stress and the formation of tumor microenvironments
during the development of radiation-related tumors. Alterations in stromal cells can contribute to radiation-

related tumors. Radiation affects malignant cancer cells directly and indirectly via the tumor stroma.
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2-6-c JUHHIZ L DY X7 LSRN EOKRE (LA BIE L
[HR & - B 425 DDREF=2 O 24D kadTt
(Or48) BRI YE OB N ZE O E Ot

SYHRMETEE Rt GRS R SER R A A B 2R FE R

=]

T RRIE. DNA 815 & iR MERR R (reactive oxidative species: ROS) ZflIC L DM b A b L
A% L HICHEE L, BRERE TIXZ /) & DNA ~OEEOFE TN SR B0 %< %
HOLHEEZLND, —F, BfRE () R TIEIIN60FGHECHAEERITZNE
THLNTRV, AR T, BEREE - BERERMIND BN E N OGRS
MR E AR T R 2 DT R E (R) BOE L R IRt 5 ER R %
WLTHZ L HAME LTS, SFEDOIFETIEZ O X 5 7o @i R DFEEE DA &
LC, I havyRUTHEME I har RUTHEROS EfE & HIT, ERIEETH D2 MUINME
FRAZDOWT, AR ER R ERERT o~ BRAIC T 208 - Bl MEt Lz, I hav
RUTHREEFEI N T v —Z2 O TR Cldmr &R 4 Cld AT (ataxia telangiectasia :
LA PLEMEEEN JCTRE) E M,  NBS (Nijmegen breakage syndrome : 7 < —~JE
ERE) AR, 5% IR CRRGT 24 IFRRZICRIREEE O X by R U 7 RE SR Sz,
AR SR HRAT I NBS Ml CHRAHIA T 6 FEfI2 0 O [AER DIZHE R 23 et & 4172, MitoSox

(X hz KU TPE ROS Yot ikds) AWz b2y KU 7Pk ROS #EOMETCTIL, My
~0 ROS EENFRIE L LTRIHL 9 5 LIz, 51, ATM ) —1 (AT JiKR#E
Rk Y 7B Ui EEER) BLERIZ VT AT BE & R R E SRR
WONZIERR AR 2 & ARRERET TOA, vy H2AX (S5 DNA AR5
HAERICY UIRfbs Lo e A h L O—FE - U DNA Hiio~—T—& LTER S
TW5) BHERUMERTEEIZEINL TWie, 2RO OFENS, I b= R 7R
F Oy H2AX ISPER IMEZ DB FE 1 i 1 ARHR 5 - ARCHR B i R 5 228 0D v R B A HH SR iR oD
MRIEL 720 9 D Z EBH LN E TR o Tz,

F—U— R
TEPERESE, BREA R LA, R hay KU T HAHRERE N, ATM
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I. WFFCH M

MR < EERIE < . R FH T, IR ERBUIHRC X 2 ISR OB 5 M 0 (ki 2 C
HOLFENVABBREINTWD, Lol KERE - KRR O IRE B OV CIIRARI 2235 5
NEL . FOFBDITE 25T — 2 HIENRZ LOORBRTH 5, HU#T DNA #15 L ROS &
FRIC L DB A P L R%& & BICHERET 22, EfE (R) BURRAEREEICBT Zhb0%s
B AEMERIZZ N E THL TR, AR T, BaHREEZEO v MMEEE R 1 KR
faz A5 Z LI R0 BURBEENER SN D &M T, R (R) B L &R E IR
H 2 EBRAEHNTT 5, HEFHBORE S L, MINTO ROS Ok KFEAERTHH I b=
YRUTERRGE L, IECREE TH LM IMEIER & bIikd 5 2 L2k v, DDREF=2 D %24
ALl © & 2 AR AR ME 2 LT 5, S DIC, BMEA ML RIZE DI ha v R THERER
W OBERENA~DFGIZONTHHLMIT I L EANET 5,

ALEERFSECTIE, ATM (ataxia telangiectasia mutated) & % \ % NBS1(Nijmegen breakage syndrome 1)
AR T 2N KAE U 72 o s s MR B Bl &2 VL BN % o b2 KU T
FRER LN b2 R U 71 ROS OFRE A Mt U, KR E SRR B 2 R A0 H TRE 7R 5
HEORRZITH, S HIT, ATM KIERE I & Rk IR EZ Bl CE 2 ATM ¥ — B
FI RO I BB D B HE T i DI IMETERIC O W T H B b THRF L. IR E SRR E D
FENTIZHE U 72 FEAE - AT FIE OB 2 B & s 2,

1. BT

1. AR & s Sept

v B LR E B JTE (AT) B R B2 SV40 7 A )L A TABE(L L7= ATM X
AL (ATSVIBA)IS L OV ATM cDNA A L 7= /i fa (ATSVIBA/ATM-wt), T+ I —~ it
(NBS) B3 H 3k NBS1 KiBAHIH (GM7166 : [FAIfkIZ SV4A0 TAHAEAL) & NBS1CDNA A L 7-F4f
Ml (GMT7166/NBS1-wt) . [ OIE & A HURIEME SR /IE 48BR (771 A T —¥ [Yea kT 1 A 7 K
AREEE] B AL TR LM 1%, 100mm 7T AT 4 v 7T 4 > =2NT 10%7 R i
H (X7 3) LH/AEWEZIRINLT-R2# (Dulbecco’s Modified Eagle’s Medium ; 7' =1) % >
T, 37°C. 5%CO, D&f:THE#E L= 12,

2. W~ IR

HAE A~ AT o~ FR D R SR A RS 13 Gammacell 40Ex (MDS Nordion 1 : #&:& 0.9 Gy/min)
Z TSI T T o 7o, IR E SRR IR LR B R i AR PR A 2 i (PEZERL % R BE 1 Gy/day)
AWT, COr A > FaX—F—PNICHIRERERRELZT v v 2 28E L T{To7z, Wo%E L
HHGAHIRIL ¥Cs Th Y . BREHFRIL25Cy & L TTo 7,
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3. I MMy h—4ayE (X b YT oRHAL)

100mm #5#T 4 v ¥ 2aWNDO MAS 22— R X7 A RH T A (w7 F ) kIZ 1.0 x 10° {E DO 2
BREL, A FaX—%—NT 8 KHh#E LRI ERRA 265G L7 (Ef RIS I8
T 73 REfEIIAT o 72) . BEHE T#, A v F 2 X— X —Thi4E % 5 R[] 30 408 2 \ M i 23 REfH] 30
el T 72 . MitoTracker Green FM (Thermo Fisher) & %\ 3 MitoTracker Red CMXRos (Thermo
Fisher)¥H i - Ml il 55 11 C 500 5 IC AR S D K D ICHINM L, A 3% 2—2 —NT 30 offlFkE L
2o ATA KA 7 A% PBS (phosphate buffer saline : U »FEFEMER) THE L. WA X ) —ILIC
RLUTKET 20 4pHEE L7k, W PBS T &7V, BRRGLEIAEE (DAPI) A D OEAH
(VECTASTAIN: Vector) Z i T L, EARICHEOCEMEE (T4 Vi) TR L., mig T — 2 205 L
72

4. MitoSOX Yetaik (X b= KU 7 ROS Ok )

Fx L R—=ZTA R (4well, Nunc)iZ 7 = b H7= 0 10° O ZIFEREL, £ > FaX—F—K
TEFL3 LRI UKRHEE L ThD, T v E2iTo7-, MK TH, M1 Fa2X—%—Th;
& % 23 WFfE] 30 Z3fe T 7=t . MitoSOX Red mitochondrial superoxide indicator (Thermo Fisher) % i
BE i 1000 ISR END KO, A > F 2 _X—F—NT10 pMEHE L7z, 2T74 KA
Z A% PBS THEH L7=#%., ~F A b 10pg/ml 33343 (Ft) /PBS % F L CE AL, HOCTHMKEE

(T4 Bth) THIZEL, W7 —F ZBE LT,

5. SO e tals

100mMmMEEET 4 2NOMAS 23— h AT A RAT A (=) ) EIC1.0x10° HOHNE % #%
L, A0 Fa_x—F—NTLE3 LA UKMEEL DL, T v EZ1T->72 (ATM
FIRIEELRIRFICBREA (10w M] ZIRINL72) . MAEEED 30 a0 (RAEET 6 KefEk) (1
MitoTracker Red % 5 pl JRIML T, A v Fa_X—F—NTEE L=, AT KH T A dH PBS T
WL, WA ) —)LIiZiz LK T 20 72 [RI[EE, & 612¢ PBS T4, 0.5% Triton X-100 (5t
HEPEA] O —7FE) /PBS (2i% LK 1T 10 /0B 24TV ¢ PBS THEH L7z, eV T, 5%BSA (bovine
serumalbumin) /PBS |Z5{R C 20 sy )i &, PBS C— 4. PBS T 1000 1A R L 725t
YH2AX Fifk (R VART) 12 1 RS S W72, PBS T2, 1.0% BSA / PBS T 1000 {2 AR
L7 kLR (Alexad88 17 mouse 1gG #i1{A : Molecular Probe) ¥A#(Z 1 B S H 7=, PBS 7k
%1%, DAPI AV DEAFIZ F L, B AA—H T 2 &0F TEA L, HOCBEMEE (54 ) <@
2L, W7 — ¥ RS L,

(PR ~DALIE)

AHFENIZE TR ZE B Rg & LTI SHu, AITHERS MIC S B A0 b MO 2 &
WS MBIEESOFERITLEL L, o, ROHENIE TIIEMW FER 21T 5 TEITE,
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. BFZERE R

1 BEBBIEICE DI by RY TRE~DRE
D b MEH 48BR flaz MW= b T v I — Y oiEt

R har RY T ZAPUE L TZEDIFRE « B~ DS E L R 57202, I hav R
UTRROICEET LI NN T v D —ROBEEHNDL T L L LD, ESREADELE 2
TOEBOEENANOIN, TNENOWENERDLZ &b, BEA ML ZARE - I har
U 7 BER - & o T EYEA~OM)GH % %2, MitoTracker Green K OY MitoTracker Red (22T
BE 21T o 72, RPEETEHIC & % 48BR DL Z Z U & a3 & RIS TR L C 30 4y R
BT 5 LAREIC T DI bay R 7 HAkkEROAETIRIEZRERIBREBICRA I, KE
I b R 7 TIPS E CRFICHEE CE 72, /2. 2 b0l DAPL IZ K HH
faZ D .0 Y a1 — ﬁbfwﬁm%ot(llnlh‘_® L, EbboEFEE AN
Th., S hay R TE2EERTGREICIETEX 5 2 L MR T,

WIZ 48BR M 2 (KA B H 2 WX EFRER TH o~ RIS L7 B2 MitoTracker Green %
WAL, 30 A ZICEE LTz Lz (K 1-2), FEMRSGETIHIZEAEOMETI ha RY
T D% BERIZHERE LT, 2O FHITIEN > TRV, BRERRNE LIZIZR CFEZRL
Too — 07, BBMERBRHFNZIII bar R 7OFREEITELS 2o TBY . ZHRAICEND O
WDIER > TV, TRUHORERNSG, I M T v W —fIc LY, @fER L EKREFERETO
S har R TORCEDZRZHRETE L2 EDNHALNERoT,

Mitotracker Green Mitotracker Red DAPI

X HI-1 48BRAMEZDO I k b T v b —fafs

REx ERERRH

:n+

Mitotracker Green & DAPI

B HI-2 B~ %O 48BR fRICHIT 5 2 b2 KU 7 ORIIBAN A

@ Hcit s e B MR & F O T Bt
TIZ, ATM & 50 E NBSL SR 25 K8 U 72 F # i s MR An s A F Rk fe OV A
fa CGEHEME) Z2HAnT, EHFEEELOERERECTHT BB L, BIEE TS 6 AW
24 BRI L 7= %4 . MitoTracker Green T L, X b KU THEIZ DWW TR Z1T-o72 (X
-3), 7o ~#3ERR D56, ERR L OVEE BRMia (NBS d6 KOV AT #ifd) (3 48BR #f
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Relationship between radiosensitivity and genetic individual

difference

Junya Kobayashin

Radiation Biology Center, Graduate School of Biostudies, Kyoto University

Key word: ROS, oxidative Stress, mitochondria, radiosensitivity, ATM

Abstract

Exposure to ionizing radiation causes both DNA damage and oxidative stress induced by excess
accumulation of ROS (reactive oxidative species). In the case of acute radiation, the biological effects of
radiation are most induced by generation of genomic DNA damage, while it is unknown about the
contribution between DNA damage and oxidative stress to the biological effects by low dose (rate) radiation.
In this project, we attempt to develop hypersensitive detection system of the effect by low dose (rate) radiation
using radiation hypersensitive genetic disorders. And, we investigated whether mitochondria morphology,
mitochondrial ROS and micronucleus are useful to develop such systems in this year. Mitochondria staining
showed that high dose rate irradiation by gamma-ray caused mitochondria morphology changes at same level
between normal and patient cells, while low dose rate irradiation induced earlier change of mitochondria
morphology in NBS1-defective patient cells. MitoSOX staining also showed that mitochondrial ROS
accumulation may be useful to develop the system. We also investigated micronucleus formation in ATM-
defective cells by ATM-specific inhibitor (KU55933) with irradiation. High dose rate irradiation did not
increased gammaH2AX-positive micronucleus, but low dose rate irradiation remarkably induced
gammaH2AX-positive micronuclei. From these results, mitochondria morphology test in NBS cells and
micronucleus test in ATM-defective cells might be useful markers to develop hypersensitive detection system

of the effect by low dose (rate) radiation.

45



	2-1 H30 高橋(規)班.pdfから挿入したしおり
	＊
	2-1　研究課題名；低線量放射線は循環器疾患のリスクを上げるか？　低線量率放射線は？放射線関連循環器疾患の機序の解明
	I. 研究目的
	II. 研究方法
	a) イオン化補正法の確立
	b)  放射線照射により生じた血清中の変動分子の探索
	c)  低線量放射線照射により生じた血清中の変動分子の探索
	SHRSPに0.5Gyを照射したものおよび非照射群を対照として用いた。照射後1週目および5週目に採取した血清を同様に処理し、親水クロマトグフィーで分離し、質量分析計にて分析した。内部標準やQC試料も同様に処理した。データ解析も同様に行った。

	III. 研究結果
	1.  低線量率放射線と脳卒中発症時期との相関
	2.  放射線被曝がどのようにして循環器疾患をもたらすかの機序研究
	③ メタボローム解析
	b) 放射線照射により生じた血清中の変動分子の探索
	c) 低線量放射線照射により生じた血清中の変動分子の探索


	IV. 考察
	V.  結論
	VI.  次年度以降の計画
	VII.  業績
	VIII.  参考文献



	2-2 H30 松本班.pdfから挿入したしおり
	2-2　DNA損傷・修復に基づく放射線・化学物質影響の統合と　　　　個人差の評価に関する研究
	I.  研究目的
	放射線影響は、環境や生活習慣に関係する内因・外因性の物質との複合曝露の結果として現れ、また、遺伝的要因による個人差も放射線の影響を大きく左右すると考えられる。本研究は、DNA損傷、特にDNA二重鎖切断の生成と修復に注目することにより、放射線影響と化学物質影響の統合、個人差の評価を行うことを目的とする。
	II.  研究方法
	1.  細胞培養
	2.  放射線照射と生存率測定
	3.  ウェスタン・ブロッティング

	III.  研究結果と考察
	1.  ヒトリンパ球のDNA修復タンパク質の放射線応答の解析
	2.  XRCC4バリアントの機能解析
	3.  放射線と化学物質の影響を統合するための数理的モデルに関する検討
	4.  DNA修復欠損細胞の低線量率放射線感受性解析
	5.  高線量および低線量率放射線に対する遺伝子発現応答の包括的解析

	IV.  結論
	V.  今後の展望
	VI.  この研究に関する現在までの研究状況、業績
	VII.  参考文献


	2-4 H30 鈴木(啓)班.pdfから挿入したしおり
	＊2-4【PDF化前チェック済】研究報告書（H30年度詳細版）（長崎大・鈴木）
	＊2-4a【PDF化前チェック済】研究報告書（H30年度詳細版）（長崎大・鈴木　分担_柿沼）

	2-6 H30 笹谷班.pdfから挿入したしおり
	＊2-6【PDF化前チェック済　図を確認すること】研究報告書（H30年度詳細版）（主任研究者笹谷めぐみ）
	＊2-6a【PDF化前チェック済】研究報告書（H30年度詳細版）（笹谷班分担研究者　河合秀彦）
	＊2-6b【PDF化前チェック済】研究報告書（H30年度詳細版）（笹谷班分担研究者　志村勉）
	＊2-6c【PDF化前チェック済】研究報告書（H30年度詳細版）（笹谷班分担研究者　小林純也）


