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Study of carcinogenesis of radiation-induced thyroid cancer in
childhood mice
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National Institutes for Quantum and Radiological Sciences and Technology.
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Abstract

Since the nuclear accident in Fukushima Daiichi nuclear power plant, long-term low dose rate
radiation exposure is concerned about health effects including cancer. 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 acutely irradiated at 1 or 7
weeks of age with 0, 0.2Gy, 1Gy or 4Gy of y- doses. The mice were also continuously irradiated for four
weeks started at 1 or 7 weeks of age, up to the dose of 0 Gy, 1 Gy (0.026 mGy/min) or 4 Gy (0.105
mGy/min). After pathological examination, the incidences of thyroid lesion were calculated, and
determined the effects of dose, dose-rate, and age at exposure.

The relative risk of radiation-induced thyroid tumor was 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 was 3.3 times higher in a 1 week of
age radiation exposure mouse than 7 weeks of age radiation exposure. On the other hand, the relative risk
of continuously radiation-induced thyroid tumor decreased to 1.3 per 1Gy in 1-5 weeks of age,
demonstrating that the existence of dose-rate effect in radiation-induced thyroid cancer. However, the
difference of the risk was not significant among the control, 1-5 weeks of age and 7-11 weeks of age
groups.

When tamoxifen was administered at 3 days after birth in the thyroid tumor model mice (BRafCA;
TPO-Cre-ERT2), a thyroid tumor developed in 8-14 weeks of age. Tumor tissue was formed in thyroid
gland even if acute or chronic radiation exposure was performed at 1 week of age to this mouse, however,

control and the irradiation group make no difference by the pathology analysis.
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%7l TRIAOEREIC L 0 FFIRNICAE C 2 IR 2 ATk 25120 U v 2 (PLIN2) Hifk
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AEFE 1T, @RI BTG BTRE & Gl G AR AR & OIS 221370 < | REROFIEBRMARD b, 7z,
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11



AT, fBELA% 300 H OBRE T, FFifRAR D Z < — I Ia I 4 &8 L 72 e 2 sl L7z
(X M-1), FERGiE 2 &R AL, 79 22— LTHEMATRASNDIENEL, £z,
HOLERIREL CHER SN D FENRZNFEN D | BFOEHTFHPRIETH, v~ U RADOFmN LD &
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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
“'Department of Radiation and Life Sciences, Nagasaki University Atomic Bomb Disease Institute

“?Department of Radiation Effects Research, National Institute of Radiological Sciences, National Institute for

Quantum and Radiological Science and Technology
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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, which was examined by immunofluorescence.

The results showed that fatty liver disease was brought about 300 days after irradiation. The
PLIN2-positive hepatocytes were significantly increased in irradiated cases, while they were not frequent
in the control mice. It is suggested that radiation exposure accelerated steatosis. The study also identified
that the E-cadherin meshwork was apparently compromised after irradiation, and CD26-positive signals
were also abnormally distributed.

The study should provide a fundamental scientific basis towards the possible countermeasures
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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.

15
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WCBXIETHELZOAN=XLOHEENE LD TH D, BAEIIE, [he U —=EA
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TORERILE AT L DRBAE, HUE < B ORBFIOFRNT & HKEFRBIC L VIBFR L, [FIFFC,
HRADT o A% HikICHIT S DNA fEE, Mildst, fMlaEik, RIE, 25O NREE O
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HHARRERIZE b2 0 HAEIREE IR ET O (LRI EREER 227
T FHOWRE 2 1hD, 2 < OERDSBEHRBIE < IC X D EFEFBIC AR L2 Z Lotz
FHPDHAEN T2 G, fEERNICI T 2 R ARG W) T < BREEE S D I20E,
HAZSHEOTHRY £ TH, MERBLIOEEIBRIZEN T, BABBRISHEIICH
BRZAEDRHEND ATREMETEWE SR TS, L LR S, FEEHERE OWSERO AT
RIEZEAD L, LD, FEYRFICHEB M2 2 L A7 b o AIEEIEEFEOZLD, ik
FHRFEDB Y A7 HAEMT D ARSI D, B TH, FRATEREREOZ, FINEE O
fR, EERREICERT L0 Y —FBENT o AT EES BEIE, BERBORB N ALY 27 %
BT 2 BN E LTERTILERDH D, fFEY 27 ORI E WD BLEN S b2 OB AR
THZENEEND, £ T, AL 2T FFE~29 LN T /NEBI OB O A AT H AT
FECHET L, BFSE TORENS, /NEOBR A, BEHREN A 27 1B LB JIEd A
REMEIZOWTHRIT S EA TV D, 5%, U EbHIIChH -7 FE L BIIE L, N THF~
ANIZIR o TN 22l ARD L, TNETOMEEZMTET 25t L LT, /NEBIOEIE D
FRAYU AT D, BRI O AT EELE OB TEM SN D S0 E I ST 2585 £t 5
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DORFFERICE T D90 LT, P b OB OATEEIESE N, /NI ORI
ICL DB B LT THEL MR L LRI, MO TEHEETHD,

AWFFETIZ, BN AET V& W@ IR RIS & 2 B 0 FER R 42 A, NEEIgIE < I
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B AR DS A BRI MBI L < ORI E D X 9 7o % 15 LT T 05T 2 BRICR
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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

Keywords: Low dose, 100 mGy, high calorie diet, obesity, diet-induced obesity model

Abstract

The aim of this research is to identify the impact that lifestyle changes in 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 (DIO) 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 the
normal diet. Thymic lymphoma was induced by 4Gy irradiation. The influence of DIO on lifespan

shortening and tumor development was not obvious.
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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 word: 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 Fukushima 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 Apc ™™ 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 17 weeks. Mice were sacrificed under the
anesthesia at 20 weeks of age. Blood, small intestine and colon were collected for biochemical and
histopathological examinations.

EE significantly suppressed the body weight gain and promoted the feed consumption compared with SE.
EE also significantly decreased the tissue weights of white and brown adipose tissues compared with SE.
Histologically, EE reduced the lipid droplet size of both white and brown adipose tissues. In EE groups,
plasma total cholesterol, low-density lipoprotein cholesterols and triglyceride were significantly lower than
that of SE groups. EE reduced the tumor size in small intestine and 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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R OBAR 728 B (RO NTVR) &2 L0 @& IR C& D ApcMin+< 0 2% AERL | BRI
FRRER R EE 525N LT, ZOZEF, ZRETHLN LS TQNRD -T2
R B RN IR D oy B AR R | AR D TEERFN RLEV R D,
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TSRS LN 2 D, £ DT EMEF Mz AT, BRI G- 52E 2615,
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B R R A% $ (Dose and Dose ApcMin/+=2v7 2 TSR
Rate Effectiveness Factor: DDREF)
28 A B ELRRME S A (Cancer DNA 15 b= RUT
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L WFJEHAY

EMTIIT DI RIS AV AT FEAML, T B« RWRF ARG 1 X< D AN DAL R D
FEuffEL 2o TG 12 LUt D, ARKR B TORN AV AT T DV T O+ 4372 HAFFHAL T
PRONDINBR T D, S5IT, EHR B REYRIIUCE 455 B AU I B s G & LT 27
A TIEL DBSADFF AT DEIINA IR DIIRNT ENH A S TNDAS, TR o HE R Al e &
SRV THRABIZSRERITIT R > TRV 3, BIE, R & - (SR R R R AV A7 30
T,ICRP Tix DDREF=2 % I\ 7o {EHR & - R E SR BRI DS AV DY AT HETE DM T THBD3,
DDREF DUl D Z 24 HEIC >V TiE, BEThE R TV,

a1 d, BB B D R d ApeMint~ry 24 FAUN TR B AR B R U IR I S AU A7 3l 24T
W, BRI RS R R AN RIC B E KIAE T M AE R QD T2 T AT, BRI AT
RS METHY , DO YR A2 2 P REZ AR A 45 ApeMin/t~m Az FIV Tl B
RO LD T A E ~DEBAE RN T 5, HONIRE R LT 4 DZAVE T ORI R D AAE
R4 12, DDREF fHOHE L ZOBUED Z SO BRFEATI. IHIT, fFONTo~ T AERL ~ Lk
REEREDAYART ~HMFT D720 | ENBEHRFE DS AN B 535 L5 2 S5 USRI IG5 D 5y 1
HEHERAEIIZLY, DDREF 50 I % 59 046K 7O R E%E B i1,

II. #FgE 51k

1. BT WE~T A& WIS RRIED MBI DRt R %H R
O~V ADEE : =V ADEE L, BB E R AT TR T R i 2 22 SR S 3 N O B W il B
AR—=AIZTUT T, BlEHI MF (Y= 2OV BERE T 36 (BR)) 2 0 Bl K% B RS ETREL
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7o ¥UAR FEARBNS 17—V H720 4,5 IETEFL, #H 1 BIOr — PR TNT, # 2 [[DFEK
D HAZAT T,

QRI2 DB RO IIHRIE D AR  WEEE LTSI &S | IMEIRRIED A TR Z AR LT, ~ 7 A% 19~
24 W ETHEE %, B, MEHZ21TV R M KOVNGZERIR L T2, ApcMint~ 7 2T, /NGRS
DIERIZAE HIIIZ X DB MAER D DN DT LD SN TND, MR RIE L O~EZ mE
(Hgb) EAME 92 Emb, 4 H B EREHEEE PCE-310 (ERMA)Z VT, R T Hgb fEo
MEZAT T2, iz, BRI/ NGIE BORENT AT RICBE T v 2t 2 W CHEE
LT, 2D% TNV T4 AT 72— B QB EAT o7z, Fo, G, EERBEMEE T ey b v,
1 DT OBREEATV, B IRATE LT,

QIR AN I T DX IR IR AP E O AT - BHRI L7 8 WL ED Apet <7 AD AL
ApcMin/+2 7 ZAD A A Wl L AR E AT 212, TR TZAAS T ARHERS L6, Bl — IS B S
BB EITV, B BBIE T 2282k, HFE B &Rk, S ff~oA3ER% 1, 11, 21, 41, 61
A BB B U R 21T o7, FREFITIT ., TR IS KRR R = R ST I O R S i 2 %
FEBR R TR B S 7= Gammacell® 40 Exactor (Best™ Theratronics 1 (137Cs #RJE . #R &R ~0.9
Gy/min)) & AV e, %9 4 BEREC, ~7 2D FLEND DNA ZHhH L, s TR EICLY) ApeMint~
U A Apctt< I ADREEAT ST, BN YT ADERF AR L, THI L CORWDBIE A T o7, <
VA% 19~24 HEE TR B %, BR EHATO, AN ER I LTz, BT/ MG, ED%, 7Y
T AT 7 A — Y m AT ol Fo, BT, SRS FCer ey MV, 1T DT ORIEL T,
BRI LT,

2. FEHHRRFE DS AN I DS A INER B D1 E

OEF MR S EE 28 S - b N ORI FRME SR M iaik (MRC-5. TIG-3) 1%, MEiEANE2—~ P A
T AR B A LR A L7z, MRS, MEM (7440 12 10% 7 2 6 Ve i ig EHt B 2 i U753
FiRAEHWT, 37°C, 5% CO2z DA TH &R LIZ, MR, faFTRAEIZZ2HR11C PBSC) CHEE L7112,
N Z L o TRBLL TUIN LT, —HZHT LT FATZENTHEIRL , #EFF LT,



QRS G RS, ERLREE R PP RR E S oy 7 AR IR 241 (H 32, MBR-1505R2)
FE IR B R TFIRIBE SRR E R A SR AT B AR S i 2 o FEBR MR | RX & S 472 Gammacell® 40
Exactor (Best™ Theratronics ff (137Cs #Ril, #&E#:~0.9 Gy/min)) ZH\\\ T, @& (0.7
Gy/min) D2VERRE LR E B (1 012720 0.01 Gy F7=i, 0.05 Gy OFREZEIC5 HIE 12
HTE: BRESE 0.46 Gy F72iE. 2.3 Gy) 21770, AR EFROBNERR ST B R AR R E
B EEAIFFE I i R vt P FE R 5% | SRR B ST IR B R~ R IR B 2R L. 20 mGy %
721, 500 mGy/day OFFEEFT 5 ATV REEHE 0.1 Gy E2i, 2.6 Gy DM ZIT-7,

@E N E ety Mlaz A5 24 FEREICHEEL T, a-SMA OHUAC 7~ )% VTt
PG EAREATV, B E LT, SRR R LT AT AR TAIL, F—T 0 A4t SOGBAMER
Keyence BZ-X700 T 100 fEHLL EOMAIABILZEL  a-SMA T aILH MM B FRIZEDHWL
TEDOREZRDIZ,

OFFHLER: =T — N—|JEEREE T, R TOERIL, D72a<KEd 3EILL EOMNT L7308 H
WTHRDIRL R AAT o7, =278 /Lifat 2012 f#ffrY 7 b VT, —JokidiE ANOVA #(2, Dunnett
EEMONTERERBREEIT T,

3. MEFRDREBEST DR F ORI —=7

DrhiPS #lfa LBz 5 AR FEBRIIZIEF B iPS #i#k Human Episomal iPSC Line (hiPSC)
(ThermoFisher Scientific) # MV 7=, hiPSC D %% 21% Cellartis® DEF-CS™ 500 Culture
System (X 7 /344) & A, T ~RROFGERRE 25T 37C, 5% CO2 AL FaX—X—NTHE
FrL7z,

@hiPSC D7/ Ak : CRISPR-Cas9 v A7 ALiB n 18 AZLE NEPA21 (Nepagene) (2L 5L
7haRl—a k& AW TC, hiPSC @ ape Bin 1B LW ps38in D% /5 DNA OfEE{T-72,
L7/ bR —a Tk, Poring Pulse 501X, #JE 125 V, 7L AR 5 ms, 7X/VAEE 5 ms, [A]
B 2\ HEE#E 10 %, WE+/-% Transfer Pulse §:4:1%, ¥/ 20 V, 7X/LAE 50 ms, 2L AfH]
@ 50 ms, [A1%k =5 [A], BWEEE 40%, MbE+/-% H\ 72, CRISPR-Cas9 VAT ADYaEF 1k
Cas9 [Z1%, Alt-R® S.p. HiFi Cas9 Nuclease V3 (Integrated DNA Technologies) % V>, ZiLE i
DEETFIZx T 5 guide RNA &L T, ape BinFIZxL TiL Alt-R® CRISPR-Cas9 sgRNA
(Integrated DNA Technologies) . p53 #&1x F1Zxf L TiE TrueGuide gRNA (ThermoFisher
Scientific) Z i AL TH e, BERVEALO — A E IR O/ERIZ I, 2o B BNk
% 90 mer O—AE DNA (ssDNA) (Integrated DNA Technologies) # & %L, Cas9 EZNZ D
guideRNA L3 hiPSCIZE A LT, TP53 8RR K hiPSC X, TP538in 1 D7/ LAELFID exon
5-6 ([ZHUEWEMMIERIR 7O AZITHIZ LI > THERIL 72, #8350 19%° /2 DNA B4l CHeEns-
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Blasticidin &2\ & Puromycin (2% DB 22— R 57 7 AIN)OIE L7 — AR DNA
% CRISPR-Cas9 X 3L|Z hiPSC IZE AL, ZNE O IEAN 3T AIMiHEDIEFSEFEIEIC TP53 851
%R UT= hiPSC O &1T 77,

@AA—T U TR T~ IR LT Miia% 4% /STHRNVLT VT ER (FATATA2) THEEL.,
0.2% Triton X-100 CTKFL 7=, anti-TP53, FL393 (SantaCruz, 1:500) 5\ X anti-TP53,
Ab-6 (Millipore, 1:1000) &, anti-rabbit IgG-Alexa555 F7-i% anti-mouse IgG-Alexa488 7 A%
ik #t & (ThermoFisher Scientific, 1:2000) % FH VT o % Yo 4 2 17 o 7=, Ml L % %
Hoechst33342 (ThermoFisher Scientific) Cutyifakl . 4= H B Yol iRz 2 & Opera Phenix
(PerkinElmer) T Yl 7T —4 2 BiGL7, 7 — X W4 @& f#4r/ 7~ Harmony (PerkinElmer)
ERWT, @EREDOT — 2NN 21T o7, o, 7 —2fEHTIZ1X TIBCO SpotFire
(PerkinElmer) % f\V 7=,

4. SRR PEOAE N ZEDOBE O

O AR S5 28 50 B N BN A8 LR PR Bh R FRE H I kHE 2R 2 SV40 WA /LA TARBEAL
L7z ATM KAEAIR(AT5VIBA) 5L TN ATM cDNA 3 A L7Z M (AT5VIBA/ATM -wt), 73—
ANUAEERE A ok NBS1 KAEAIE (GM7166: [FlERIZ SV40 TASE(L) & NBS1 cDNA # A L7724
FliABAL (GMT7166/NBS1-wt) . J ONEF A HURIgHE M 48BR (7R AT —BE AL TRIEL LT/
i) 1%, 37°C. 5% CO2 D&M THiE LT,

QO <R E: HE~D T <O FER EFE AL Gammacell 40Ex (MDS Nordion #1:: ¢
3 0.9 Gy/min) Z AV TEIR TIT o7, K 23562 AT AR & R RO SRR L (PR
i 1 Gy/day) H T, CO2 A FaX—F—NICHIRZFEREL- T 1Y 2 A frE L i To7c, Wiy
DIEE LH FGTHRIRIT 137Cs THY, RRIHEIT 2.6 Gy LLTIT-7

(e ER I ~DRELIE)

T OO NZEAL T, IR SR FFEREN IO R EHI L2230 B D 58 % e/ NR IR
DDLRVEEATH, Flo, AR FEIF TR T ERINL T34 f 95 32BN 5 F QD728 iU
[FIA7 038 B 2 KD BUR R IR OB IR B3 21 | 1T D& A & R R R MR R B 8 T s
R T D RS L2 8 »> CRGRA S TIT 72,

II1. WFZEhE S

1. B2~ 2% T B BRI DS AT 31T Dl =R 5 SR
ORI DBERO BEHHRTE DA FER : DDREF=2 D3 4D ME 2179728, ApeMint 7 2| H#4
BE 100 mGy (BRE% 50 mGy/day (LR ERICHRE), 262 Gy/day (i ERILHRE)) OH L~
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PRI A AT ole, T AZ BRI ATV KAE IS LOVNBE R 7=, B IifLOFEEZRIE T 5720,
R M AT, 2 A BN EkGHEEE PCE-310 (ERMA)Z T Heb fEAFHAIL 7=, ZOfEF, JEMRES
BEZH1TD Heb O X, 13.542.3 g/dL Th-o7=73, (KRR SRR BB T, 11.7+2.3 g/ dL,
100 mGy & R E ATl 10.842.1 g/dL & W b FERR S BEL L L CH &1 Hgb
KFLZ GEII-1),

WIZ, BRBLT/ NG E T, TV T 4 A7 74— B Yeta ATV FERBEMEE T CRIEETT-7,
FERRPRETIL, ~ T A 1 IEHT-0DOIEEELD T8 10.8 £ 4.0 THoT=DITxE L, KR SRR e 5
RETIT, 12.6+3.9, M E R ERATE T 14.527.2 LG IEREREL B L CH B IC~T A 1
VCd7-0 D IEFEL M UTZ (R -1, F7e, AR BRI R R i LT @R R AR B IR A
BED SN, VA 1 LT DIEEEN L EE R DITZ,

% M-1 B8RO I A B B

Dose Dose rate No. of Hgb (g/dL) No. of tumors/
Mice mouse
0 mGy - 30 13.56+2.3 10.3+4.0
100 mGy | 50 mGy/day 24 11.7 £ 2.3 12.6 = 3.9 *
ok
100 mGy | 262 Gy/day 18 10.8+2.1 14.5 + 7.2 **
o

*p<0.05 vs 0 mGy, **p<0.01 vs 0 mGy

O BURHRFE D AN I T DTS RFFE R AE PR D FRMT « JFUIEHE 1L < E D FRFIE AT Dk 1E<
IZBITDFNBAVAZ IR AT DOVAZ I0E @AW ERMEZITD, FHISEHERDBFEBA VAT I
BERIZTOTHIVUE, BEEDREHER T2 LRI, A M2 RSB T o0 ERHLHE
WR D, FIT ApeMin+=v7 22 FAWTHRIEL BHE R DS TE S A AV o E S 8B A ]~ 7=, ApcMin/+—=
DA 1,11, 21, 41, 61 H BIZH v RS E1TV, 19~24 Bl CREZAL TR 1 ILH7-0DfiE
Btz ZORER., % 11, 21 BIZRR AT T2 B b BURBRIE S 2\ SR S DI
=, — 7 Bt 61 H BICH Y~ RS AT 7B CIE, FEMRIREL LB L €L A AR IE SR OB L
BRI ol



2. JEETHRFE D ANTB T DA NEREE O &

FENANTIT ., BITHS AR D B T2 B OERE T TR DA NRBEDO N EE THLHEE R
BIVTND, DA INREE O R R IR - C o 2 e 2 M JE A 2l & 13 2720 CAF &PFi3,
HRPER -2 A U TR A MR TEZ AR E T2 45, L, BE#RFE 13 AUIZI817 5D CAF &L, +
SN2 TWNRWDNER T D, 22T, EMEFHHESMIA VT, B #Es EE CAF §58
EDBIRIZ DWW TR AT, BRI ATM BE5E#] (KU55933) . DNA-PK fHEAI (NU7026)
AKT [REFHI (API-2) ZALERL | HOE s Yefaiii2 20 oa-SMA BRI 2 E L, SR k5
CAF F&/EMEE 23 L= (X TTT1-1), Z ks B, ATM FLEHILBL TR, BUR#RICL D CAF OFFE )
fil&iz—J7, DNA-PK FL#EAIE AKT BLEHRITIE, 2.5Gy O S CIEMEREZE OB INE CAF O3
s -(KIII-1), L EXD, DNA-PK [HLEAIE AKT BLERNT, H sz a8 457219 ¢/
<, EEFHRFER CAF OLEWREZ KT DI L2 LML, $, vmAZ T ay T4 7 EE
7B N\ EFEBURITIZIW T | RIRRDRE RGO,

a-SMA- MR (26)

- IR 4+ IR+KU55933
24 IR+NU7026 -O- IR+API-2

R I1R+KUSSOII (ATMIE R D
"Gy O CY 05 1 286 5 10 0 01 05 1 28 & 10

a 1 07 00 08 13 18 48 1 1T 08 0% 09 13 13
w-SMA T ———— —— - ——

T R ———— N ——————

ReNUTOZS (ONA-p =W IR«API-2 (AXTILE#

,"‘i’avcs-zssw 0 01 05 1 25 5 10
1 15 83 97 €3 06 78 1 07 08 14 15 15 12

;-5'-‘A ———————— T ———
T m———— e ———
-1 sz EE CAF o538 ATM BHEAI(KU55933), DNA-PK [HEAI(INU7026), AKT

PLEAIAPT-2/F7E T BB IRSTIC LD CAF A% a-SMA IR L. (b S0
Qetaih, T vxRE Ty T4 T E)

3. MEFMRERET DR FORI)—=7

N AHIERE 2 A4 DG FIC~T 0 AR CTERE AT DA, BRT LIVOIFEICES T
EHTLLADOMETHZ L, 775 LOH 2, BALICEET S L EZbND, Fixld, Apct™
<7 A% W . YR 2 12 X D LOH 3SR ER BTG+ 5 R 25 T\ 5,
ZZ T, b MRHRIC W TY AR X 12 KD LOH 2T 2 v AT LAOMEE LT o 72,

O Betafkilz iz LOH 8RO S AT, EM T 28 ko sl oL LS, £ T,
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ABFFE IR, BRIl OE T VHIRaE L C, MO RE323 LIS 5 Chh D MEF Hif i >k o> iPS Hilfie
¥k (hiPSC) Z VT, RGNz L > TALSD LOH Mt 352 L3 Al BE/R EBR R O F AT -T2,
T DAMHIEIE - CThd APCEIA T, TP53 BIn112% HL. hiPSC 7% CRISPR-Cas9 v A7 A
ZFAWT, APC Bi51. TP53 i&fnv1 O 7LV E A2 FF> hiPSC-APCEV+ (codon 852/Leu
TTG>TAG nonsense mutation STOP codon mutant) 25V d, hiPSC-TP53V+ (codon 176/Cys
TGC>TGA nonsense mutation STOP codon mutant X/% deletion mutant) DESIAZFA7- (X
III-2), ZOfER, APCEAL T & TP53BIGF DR T LIV DI R R 3% LT hiPSC % ffr4
52 LN T o 72N TP53EnF R KD ~T 1 #57 TP53hiPSC- 7P53%V+ (hetero-deletion
mutant) EEBROI b — /L LU THWARERES A hiPSC-7P53eVdel (homo-deletion mutant) %
DRI LT,

t b 7753 MEF 19.14 kb

i H—H+H —
Q o
Exon 5 Exon 6
p53-left-arm | | p53-right-arm

B!asnctdm
or
Puromycin®

II1-2. CRISPR-Cas9 # i\ 7= hiPSC-7TP53V+(deletion mutant) D7/ AfREDRFHX B
TP53 851D /) LD exon-intron map (F#k) (2% 35 Cas9 & guideRNA (255 TP53® Exon 5
W (R ) OYIWALE (AN Ofa) E3EANM MBS 1 (blasticidint F7-1% puromycin) %5 T A
DNA 777 A hOE R R T,

EF1 promoter core insul

@QLOH EHTEDRESE : DD EFRIZL > TAT S RD hiPSC- TPV 3 GO T 285, 5 &t
. hiPSC-TP538U+ /£ 0% TP53 s ¥ LOH i+ 5 5k A To7-, £, M7 L
1EH TP53 #in 7%+ hiPSC &, hiPSC-TP53%l+ hiPSC- TP53%del |25\ T, TP53 #2737 E
DA D FSZ F NG EAT T2, D% MfdOd G2 4 B BraOt i iR 225 & Opera Phenix
THUSL, BT 7~ Harmony CHEATZIT -7, T OSSR, BHEARITICID, BPAR | KR B~
TaEAR | KRB RREHELEMENENEHR TEHIEN LN -7 (K TIT-3).,



TP53
+/+ del/+ del/del

B Anti-TP53
i (ab-6)

Anti-TP53
(FL393-6)

Anti-TP53
(ab-6)

Anti-TP53
(FL393)

I11-3. hiPSC- TP53el+ &4 F Bl i it B 4 fifA 24 1& OperaPhenix 4 iV 7z LOH # I fv
B0 e Ye il 18 hiPSC-TP53+ (B AR | +/+)  hiPSC- TP53eV+ (/R 78 B ~F oz 57
del/+) , hiPSC- TP53eVdel (R RIS HAREHEA | del/del) O —H & dr Y Y faiff, Hoechst33342
TOYG e (F) . TP53 Z o /"B &Rk 5 — kLK (ab-6 : mouse-monoclonal #ifk, FL393:
rabbit-polyclonal Hi{A) &, #0453 TGRS 2 FEEEO kLA (anti-mouse-IgG-Alexa488 i
R fkta, anti-rabbit-IgG-Alexab55 FLiA /& 4) CTHE M YA T o7,

4. HHRUESZMEOME N ZE OO R

WEAREE DA . ATM BREA] (KUS5933) 2 MU BHAARTIZALBE L 735 | AR R L~ R
FUT MO 2 T B e U MEBRE O I AR S 7z, ATM 13 DNA R 575385 157217 T72< H2Oq
QUER72 B ERAE AR A E AL RSB IE ML 3D 2 A DIL TS 0, FEAEFE DAIFFEN AR B R IR ST
RH TR L AL RSB DNEMAL SN D ZEDVRIBI NI 280 ATM (AR &R U RO 2L AR
AIRBNT KB R 2L B b, Thd A, ATM BRLEFILELZ LD L AN ADEEROAT
#E(ZOWT, 48BR Mz VT AX 7 ay ME TR ZTT-7- (K11-4),

ATM [HEASLELZFTH & ARHR &R RS CIEBR LA N RS EIE LD ~— 7 —Th 5 p3SMAPK
& AMPKa DUV ESEBITHIINL Tz, £72, TP53 I3 #1755 DNA HER AR CEE LS
% ATMIZEWY LS TN 25 1Ch DL 50, Mk BRI CIX ATM HETELL TP53 1%
D578, AR BRI T Liehs o7, 202813 TP53 2MERR BRI I 213 ATM VU ik
EIZIES ENEAFE TN, BRAEAR ARE LTI 5282 RIEL TV, DNA ARSI &
~— 1 —Td% y-H2AX [ EIZ ATM OV BRALIRIEL THY, mit R B CIZ R ERRIN TRy
L7223 ARAHR B R IR CIE P FE AR LML TR, ZAUXMEEE O LD AW E LT
y-H2AX MU IMER N3 52 88— B L Td, ZRHORERND, ATM ¥ —E DR FE I &
RIBH B ICER AR AIGE 2 TR L, v H2AX HEI IS ENRH LGRS T,
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PPIEMAPK | o S s -i
> == = = R z .

p53 T e m— — —

p21 S e D e am

At N ——— o

v-H2AX - - e -

11-4 48BR M 331F 5 ATM FLEFERFO Y = 2527 ey Mgt AKHRESR (L) HOV L E R ER
(H) 7o~ #BREHE T 30 0B ICHIIAA R L C, V= A2 7 vy NE T 21T -72, KU I3 ATM %
F—ERHEH KU55933 sz~ 7,

IV. &%

AHFFE Tl HOER IS A B B T L~ 2% W T BB B B 5 FCHUHRFR 23 A
FBrZ1T, DDREF EORELZEOEAEDZ 41 ZARMEOREZ1T, SHIT, ENER Mfa A
T, IR BN G35 B 2 DN AMILEZICE B L, DDREF fEO 4RI 57 D AfiIA
TOREZ T,

FT, BEROEWICLD IR N AV AT ~OEEE TS DT2D  ERRIGRAET L~ RELT
HHIVTND ApeMint<t7 A 275 B LT, A IXZNETOMFTRIZED . ApcMin/ 7 ZDSFET R B %
INAMETHDEVIFI AT TND, Fio, BRI RO D ApcMin'~ ) 2% TR RO 273275
T FRIEN A EBREAT ST e BARHITS 5y ApeMin/+v7 Z/NIBEEHC 31T AR B2 B B %
B2 DLWV FI R AEFFCNVD, £ TAMFIE Tl SERR S BIL TE, 2o BB BRI 217
ZEDTED ApcMin< 2% FW T, #fiE% 100 mGy LU, Ml ESRE LOMESRE R R 3 A
FBREBRIE LT, ZOR S, B ERB I OMERREREFE HOG | JERH i LT BRSO HM
MBS NT, F- AEEIIBHENRD T2 b DD AR B RMRIEE Lt U T e it B R O
FS, =T A1 IEH T DREEEN SO FER NGO, T7b b, B E IS ApeMint~ry 2%
WHZEIZEY, 100 mGy EWIRHREIKIC IS TH | #R SRR R T, 13DV IR B TR P~
FERATSOCNDTD | SREET SN E S E W8 2 BT AT > COETZNEE . TND,
I, ZNE TN B s D Res  ApeMint< 7 2 RN TZ HUR RIS 03 AFSERE 2 2T
DDREF fEDFLE & DFUAE D 2241 . ZERMEDIRFAATH) T E CTh b,

F FURIEE OEE AT B FHEM O RN AV AT NENZENRESNTND, ZDZL
I3, BRIE<EEERR)S DDREF MHIC8 8% RIE T ZLARIBT 5, 2T, AERIL, ApeMin—~v7 2% ]

WT, B2 5 i D~ AT~ R AT TSRO RHAIZAT o7, T ORER, A% 2~3 il
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W T E R~ AT BT DHITT BRABIE LI L TR BRIE DS AU AT D@ R DT BT,
DZEE, HIESFEHE 2O R G [ 23 DDREF D AR KIC B JIF T H B m LW 3 D,

O~ AERL L OfE R EENE R AV AT ~IMETHIDIZ1E, NSRS A D 5y 1%
W fR1<°, DDREF EDO AR & 53 AR T O RENLIEENZ D, £2C, 7/ DNA 15
IR IR RUTHRIBINE . CAF %05 B 2 LT S RS B RN 21T o712, ZD4ER, DNA-PK
R AKT 290l 32281280 | IR RIS CHUR RS LD CAF 2358 SN0 282 HMNIT LT,
DNA-PK <> AKT PHEIZXD . DNA H2ES 7 F AR Eg L, TOHRES 7 F A RIbar RUT I EDY,
CAF OF G RIETHEEZ DD, £z, ATM Z4il 35281280 | BB ERS RFIC L0 ER L AR L A
WNHRTDHZENHLMIZENTZ, BEEDOREREHDOEDLZLITED, ATM &, KRR MR X
VEFEXNBIEEAR ZE T HZLICEY 7 ) LD REICEETHLE 2 55, T HDREEH
5, DNA-PK, AKT, ATM 7%, DDREF fEOZRLIZH 5T HEMME - ThoHEE 2 bib, T72bb,
DNA-PK, AKT, ATM 22 B3 HE MERF, HR & - AR B BRI DS AN NAV A Ze i g /]
REMEN D DEM THHIENTRIREND, ZD SICHOWTIL, R LIRS, SR AT 21TO VBN HD
EEZ D, MERNFEERET DR OAZ)—=7TlE, hiPSC 2 AW, Yl Az 12 ks
LOH % H$57-0 0 TP53 5+ X2 hiPSC D ~T 0S| REHEARIZVER 5 LTI L
720 E72. BT TP53 HilhkZ V2 LOH M D= DA A= TN IEDHESL TE 228D, 50 2
R | IARAEEEICIT, BRI RRIR T2 XD LOH (ISR A N FDAZ) —= 7 N A[RETHHEE 2T
W5,

BUTE | AR & - ARHR B R B MR XL DR BT AR IR A D 53 18 2 TR TV D, D728 | KR
B KRB R R E N A DY AT FAMIZ 1L, DDREF ZH WY AZHEENM TR TS, 20
DDREF OBAED Z 4 HEIZ W TIE, FAEThE#mAR O TV,

T CAMEFE I, B R D AN B A 7R T ApcMint e T )L~ A% I T i B SR U R
BIES RN, AR BRI BRI XU LD DA LR ATV SR EEDENICEDHE B AV AT ~D
BZOWTIRITEATOTD DI A KR EAT o7, T ORGSR AR EIRIC B W TH R E RN R Bl X
Nize Flo, ApeMin/t~ vy 2% FRUN T, PRIESREAE R DS U BRI DS AU AV 58 % RT3 2 &2 BT
Uiz, ZOZ &0, #IE<HE, 2o <23, DDREF EO SAEIC % 532 EE R LA 2D,

EMEF M A AT, DNA #5, Sha RUT G, CAF #5812 B T2 BURBUGEMAT 5
DNA-PK, AKT. ATM 73 DDREF D Z I % 5T 2K 1 Ch oA RB T D RN RHNT, F
7=, F72, hiPSC # W T, etz 1255 LOH 235700 TP58 & s 1 KIED~Tn
PO TERTHE AT AR L . LOH #: (H DA A= 0 7 fRHTiEA NI LT,

VI A EE LA D Rt

AR FE D R B DY A BRI L BRI O WS PR T 21T o T2 IRFEE L, £ DAL EEZ VT
G BB 21T), T2, TNETOBBME DO RIRD ApeMin/tvy 2% AT R 38 03 A 5
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BOEZWMICTHIET, J0ERERBRIEREL T B E2R 2D, £72, siRNA FA47 TV % VTR
IR BB DT~ BRI C Lo TA U D (Yefaff) M2 B 2 HLE 5851 (LOH OBEN |
DAL ) DAT)—=2T %47,

TS AE O N ZE DR ORFHZ DWW T, BRSO AN 720D DDREF OS2804%
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ZEBROFREL 7201557 BRFHT 5,
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Is applying a Dose and Dose Rate Effectiveness Factor =2 a
valid approach in radiation cancer risk estimation?

Megumi Sasatanil, Tsutomu Shimura2, Hidehiko Kawai3, Junya Kobayashi4

Departments of Experimental Oncology, Research Institute for Radiation Biology and Medicine,
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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 1n 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
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to shed light on the molecular mechanisms underlying these phenomena. Furthermore, 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. 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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2-4 JEHHRIC K DY 27 L SR L DK LA BIE Lz
[HRE - FRERLNFEA%%) DDREF=2 D %YM Dt

JEUFTHRRFE DS AT IS T 2 73 AU INBRBE DB E
SHRBIZER B A (BRI

fefb A b L RIE, M2 fE O Bk 2 (Bfk, 2MA, AEEEFRE) ORKTH D,
BARRBFERT DB AICEBNTH, BRI L DBEA NV ANESBEET L2 LB8E X
Hid, WIEMOTEEEFEILI hay R THBAEPRT, A—"—FF T KT 4 ALFZ—E8
ML OFIRRLIE 7V & F A 70 & OTEVERESRE bR B L 0 Bk S, MlaN o
fEEITCIRAE (V' Ry 7 ) OEFEENPHEFF SN TS, Ll BB X 5180
DA NV ARIPLTIE, WRIZRIEEREEN AL, BEROI oy N TIZEEBEELFHE
T 2o AR CAAE T D RRHES IR, B RRME MG & I AN 72 0 23 A B HE 2
Al iE (Cancer Associated Fibroblasts:CAF) & FEEAL, 23 MR O HIFECIRIMEIZEID 5, ZHuE T
DF 2 DN G | BUBR T e MERSRMEFMN D CAF 255532 Z &, i #iahs CAF
X, I Far RUTOLIEAETHEEBENERIFKTHY . BAD/NREEZ K L Tk
SRR AICEETHZ 2B 6T L @mmwamm Molecular cancer research 2018;
16(11), 1676-1686), DL L& v | HEHHRIED ANIZN AMIR OB ER T TR, 2 ba
Y RUTHAEA RV AREET, 75>/u7ﬁlﬂﬂ/ﬂ&m D ORMifE & O EAFRIZ X203 ABMUNREED
TERNERSBEG L TWDHEE X5, EEETIC, CAF OREETHL MG T 7 F v
(alpha-SMA) D FEBUFEATIZ K 0 . BURHR OSSR (GRS, R HIR & B MEIRG)
T CAF OFED L EWBEN LD Z L 2H 60T Lic, REISEIRS T, SrERETIC T
RTEVERDHEETIEMERENBAE L, CAFZHET L2 E2HLNC Lz, SFEIL, ¥
(2. HUH#RFFE CAF OFFIZAE B L, UHEE 5 CAF OBREMMS 2 BT L7z, ABFFEDO N
Ao DIUINEREE DFRHTIZ K0 | AER D 715 TITMAT IR EE T & o 72 BUHRIZ K D205 AU DIEIE A T
= ALOHABEIRF SN D, LEXY | BNBREN A OEF 2R L, fiE - SRERZE
(DDREF)IZSWCHRET 5.
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. WFEER
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Ux&ﬂﬁ? « TIRAROMREERIEFEU BT 28R S BREITIRER T, HEHHERIZBEE T 5 5%
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Analysis of the role of the tumor microenvironment on
radiation-induced carcinogenesis
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Abstract

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 form 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 alpha-SMA  characterizes
fibroblast-to-myofibroblast differentiation. However, the role of tumor microenvironments in
radiation-induced carcinogenesis is not well understood.

Oxidative stress is associated with increased risk of various diseases, including vascular disease,
neurodegeneration, aging, and cancer. While low reactive oxygen species (ROS) levels of non-transformed
cells originate from cytosolic membrane nicotinamide-adenine dinucleotide phosphate reduced form
(NADPH) oxidase, elevated ROS levels in transformed cells have mitochondrial origin. ROS play a pivotal
role in the process of myofibroblast induction in normal tissue injury. We here investigated the threshold
dose and the mechanisms of myofibroblast induction to assess adverse radiation effects on normal cells.
Upon acute single radiation to human normal fibroblasts, myofibroblast induced by irradiation with high
doses (>5 Gy). In contrast, fractionated radiation, which is used for radiotherapy in cancer treatment,
lowered the threshold for myofibroblast induction compared with single radiation. ROS play a pivotal role
in the process of myofibroblast induction in normal tissue injury. Antioxidants, such as epicatechin and
ascorbic acid can prevent myofibroblast induction by scavenging ROS. We further investigated the role of
DNA damage responses (DDR) on myofibroblast induction. Blocking the DDR using DNA-PK or AKT
inhibitors enhanced radiation sensitivity of irradiated cells and led to facilitated myofibroblast induction,
whereas an ATM inhibitor enhanced radiation sensitivity of irradiated cells but abrogated ROS
accumulation and myofibroblast induction. In contrast to standard culture conditions, myofibroblast
remained after low or moderate doses irradiation (below 2.5 Gy) under the growth-restricted conditions by
removal of or a decrease in fetal calf serum (FCS). In conclusion, recovery of damaged cells from radiation
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is essential for myofibroblast clearance, which restores stromal cell dormancy and prevents tumor
microenvironment formation. However, remaining ROS maintained myofibroblasts persistence which led
to facilitated tumor microenvironment formation. Targeting ROS using antioxidants is effective in the
mitigation of radiation-related adverse effects, such as growth retardation and myofibroblast induction, and

helps protect normal tissues.
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D Z LTSI B TR RS LOH 2B 2 B DI SN b 5 — 4 %15
HZEEHWET D,

II. #F5E5ik

1. & b iPS fHfE & B 4t - REBRIZIZIER & b iPS ffaik Human Episomal iPSC Line (hiPSC)
(ThermoFisher Scientific) % i\ 7= hiPSC D152 (213 Cellartis® DEF-CS™ 500 Culture System (%
BT RAF) RO T~ BROFHERI T2 59T 37 °C, 5% CO, A % 2 — X — N THERF
L 72, MR D 72 8 DB 121, 35-mm D425 dish (ThermoFisher Scientific) . 6-well dish (ThermoFisher
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7 brARb—3 g3 PEZ VT, hiPSC @ ape Ein 36 X O pb3 BisF D7/ . DNA Otk & 1T
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BN DOIEAN KT DIl DML A AR TP53 AR T % KK LT hiPSC DRINLA#IT 72,
3. MR « W~ BRO R R I A 8 K 7 B O B B B - 0F FE I S5 S e i 2 5 FE Bt
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277,

(fiw BR i~ DAL RE)
AKHFEHHIETIETRO b MEEMIEZ O TOMT TH Y | MEZAEROFEITLEL LR,

III.  BFZERE R

Yot (RkH 24 2 LOH #R iR D&

TR IRAIZ L > TA LT S LOH # b MEBMIZRTAZ ) —=0 7425 2 L3FTREZR in
vitro COFEFRREMFET 5 L & Liz, BAIEL. & MERERT D&Mo@l oA T D, £
ZC. ABHETIIEML T LOH Ofgila By & L, Sl OE 7T Uflila s LT, MluokiE
DR S, T 5 b MEFMIaE KO 1PS fifak (hiPSC) #HwWas 2 & & Lz,

(DLOH f##7 1 hiPSC DR
LOH 2k %27V —= 7 HOEMIKZE 2 2 & 2 BrYiC, hiPSC 7»5 CRISPR-Cas9
VAT L WT, hiPSC-APCiV+ (codon 852/Leu TTG>TAG nonsense mutation STOP codon
mutant) » % &, hiPSC-TP53+ (codon 176/Cys TGC>TGA nonsense mutation STOP codon
3




mutant X% deletion mutant) OE#LZ A7 (K IT-1. I11-2),

A) E bAPC H{EF 108,35 kb

| 1 m | I ! | [ I |
f I T T T T T 11 1T T F
Sequence PAM 852
guideRNA for APC gene [ ————— nce DRSLERE

GATAGARGTTTGGAGAGAGAR

APC_ss_852LeuTTG>TAG_Stul targeting ssDNA (Anti-sense)(*phosphothiate)
T*CGTTCTGAAAAAGATAGAAGTTAGGCCTGAGAACGCGGAATTGGTCTAGGCAACTACCATCCAGCAACAGAAAATCCAGGAACTTCTT*C

B)
E b 7P53 SBIEF 19.14 kb
: H—H—+H -
*

Sequence 176

PAM
CGCTATCTGAGCAGCGCTCA TGG VRRC P HH

GTEAGGCGCTGCCOCCACCAT

guideRNA for 7P53 gene

Tp53_ss_| 76CysTGC>TGA_Bcll targeting ssDNA (anti-sense) (*phosphothiate)
C*CCCAGCTGCTCACCATCGCTATCTGAGCAGCGCTCATGGTGTGATCAGCGCCTCACAACCTCCGTCATGTGCTGTGACTGCTTGTAGA*T

III-1. A) hiPSC-APCtV* (codon 852/Leu TTG>TAG) 3 L% B) hiPSC-TP53%+ (codon
176/Cys TGC>TGA) D7 7 AREDHKFHX APC & TP53&/51 D47 /7 LD exon-intron map

HHR) &ZDTIC guideRNA & PAM O EHELSE LUV AREIZ Lo TRk R uoic 4
T57 X BOBDES] & F ORI ORT: 7 X /L EEERL) OFH, BHROMN
1% Cas9 & guideRNA & J:(THIMEITE A L 72 ssDNA O LR AIIEH, #R71% guideRNA O
FOF, FRREBIZY ) DREIC X > THE U 2 HIREEZ WAL,

APCEIAFIZEE L T, BAEWTEE SABFFERE THW TV % Mouse APCmin* 850 T>A O
BIAFEINMHYE T L b7 AEFIOMREL AEL L, TP63 IR FIZHOWTIET X/ BRE
[Z& > T TP53 & v R B OERGHERENTERT 5 & 912, £ DNA FEEfEHR~DOf& k3 Koo
fAZBRELE LT, 121 guide RNA & ssDNA %i%at L7 (X III-1), hiPSC (Z Cas9 & 3t
(2 guideRNA & ssDNA Z =L 7 bRl —v a3 RICEVEA L%, BRARIIEIC THBER:
LT, B LMD 7 2 DNA A fhiH LC PCR H9iFE L, HilfREESRABRIC L 5 8B A21T - 72
23, HEJD hiPSC #1556 Z L IXT&E o7, £ 2 T, CRISPR-Cas9 & Blasticidin & Puromycin
DOFAEME IR T HIMMEELE T2 &8 DNA 77 7 A MaHW5D Z & T, hiPSC-TP53%ev+

(deletion mutant) DORIILZ AT (X 111-2),

E k7753 ®f=F 1914 kb III-2. CRISPR-Casg %)EH l/ N
I H—H+H —

0o 7= hiPSC-TP53eV+ (deletion

£xon 3 Exon 6 mutant) D7 ) LREDKET

vt~ TP53 &8intD7 )

L ? exon-intron map (F )

C O < . .
p53-left-arm \ ! | p53-right-arm (Zxf9°% Cas9 & guideRNA (2

EF1 t Blasticidin" . |
promoter Furn:)ntvcmr core Insu J: 6 TP53 O) Exon 5 V;] (%é)
DEWHZE (NI Dfz) &K

HfitPE#E s+ (blasticidin® & 721X puromycin) Z &4 A DNA 7 7 7' A b OffiEZ R~T,



hiPSC (12, U = B |k Cas9 & guideRNA, B L, X III-2 (2~ L 7= HrAEW E e &R 1

(Blasticidin” & 7=1% Puromycin’) & TP53 D/ ) AECHEEHINCEAVTZ DNA 75 7 A &=
L7 baRb—a AR K> TEA L, Ml L7=%., Blasticidin % 7-(% Puromycin %41
TNOFERZ Gt a AW TH#&#T 22 L T, DNA 77 7 A b3S 7 A DNA ICRERIZHF
A S, PUEWEINME 245 L7 hiPSC @I L=, @R L7 hiPSC G, ps3 7/ AfH
WDIEHIERLOW ST & 2 WIEH T O T VVICHiiEWE MR A S T hiPSC %
PCR 227 V== 2L > TEJLT 227 o—Abd B1E¥£ 21T, LOH 227 U —=27|C
HA % hiPSC-TP53V+ (hetero-deletion mutant) & EBR O a tr— & L THWS
hiPSC-TP53%Vdel (homo-deletion mutant) %7157~

@LOH fRHT 15 DAk 5E

OQDOERBRIZE > TA~Ta#EEEKD hiPSC-TPSHH R ELNT-Z b, Bl Sk,
hiPSC-TP53ev+ 24 U % TP53 85+ LOH 24 5 kO 21T - 7=,

T, W7 LIVICER TP53 851 %2£F> hiPSC &, hiPSC-TP53+  hiPSC- TP53eVdel |7 >
W, TP53 X > /37 OO s Yo T o7, D%, MO CEiG 2 4 H 8hHEok
B AR A E Opera Phenix CTH(S L. E{&ENT ~ 7 b Harmony THET 21T~ 72, TP53 & > /3
B AR RANCRRT 2 2 O —RPUE L | T ZNO—RPUEZ FFRAICEERT 2 2 FEO®
AR R PR E O CIT 21T o728 2 A, B4R, REERA~T oM, KL RRTH
ERE . BB D, FNENEBRTE L LR LN E o7 (K TIT-3),

TP53 II1-3. hiPSC-TP53eV+ & 4= [ Bl it [ 15 e s i
+/+ del/+ del/del Hr3&f& OperaPhenix % f\ 7= LOH Mtz iV 5
A b AniiTps3  CUEHOGUEIR  hiPSC-TP53 (BAERL, +4),
L (ab-6) hiPSC- TP53el+ (RAIEFAT a AL del/+) |
hiPSC- TP53eldel (/x5 BT A, del/del)
?F”C;'J;f; O " ERPEN YA, Hoechst33342 CTORLY:
& (F). TP53 % /3 JE % RikT 5 — IRk
(ab-6 : mouse-monoclonal i & . FL393 :
A“(*;;Tg)“ rabbit-polyclonal Hifk) &. #IE@FE MBS
7= 2 FEFHO “RPUA (anti-mouse-IgG-Alexa488
Anti-TP53 PUA : f5k£4., anti-rabbit-IgG-Alexab55 HifA : &)
(FL393) CHRIFH YT TS T,




IV. &%

ARSI H ORFE O EBRAER S | H7e 2 B ESR OO & Rt S S 7o fifla <k, Mk
OFEFPOIRAE R EITRAF LT BIEBEER TR N LA TRER T O BTSRRI 22 26 B D 2L,
MBEIRDZEPH LN RoTe, TO I EITHUBRANER DR D& — R ER R
BIL Tix. b MIRAAFFOZERRK 73R BRI 2 vlREME A RIB L T D, 2D, AL
A THH DDREF OZY1kE= 2 Z MGt 2 E T, HOHRBRIC & 5 —2o— 2D EY R
~OREFRDROFM|MEZOHFREGR, T LT, ZTNOICHEGT 20 MHEEZH LT 52 &8
HETH D, BFRIRIC L > THINT %7 7 & DNA OZ R, EH, BEECED S, MR
BN AT ETe S F S ERBUHRENRIC X DR EICHES L TnWD, 2T, AOHEPIERET
(X, #7e HF RO BRI Lo Tl S D S/ L DNA OERICHEH Uiz, BT
F o RIZE D minl+ ~T a v T R BRI GRS NG O RS A FEBROFE R A B FE %
T, FEIZ LOH ZRICHT & —MERDRICED IR FOREEZRAD Z L L Lz, Ak 31
FEE L. APCEGT & TP53BInFDOR T LIVIZOI SRR ZFH%E LT~ hiPSC #{Eil425 - L %
AT, BEREZRT LVIZOBRBANSNTZbOEBNT 52 ERRETH -T2, 7/ Lk
DR EEFE 2 T, REROHBDPFR SN2k E A7 ) —=0 72X o THINL T 5 2 &35,
HOLRERETH D Z LITFEEBICBWTHEES L TV Z LD, [FRRHCHUAEYE RS
FZ& Mo TP53 Bint D RIS hiPSC DRI 21T/ o 7, ZDRER., TP53 8 ix T K5 hiPSC
DOA~T R REBEAMAEBRL LN TE R, £, ThLE MW 2 FEOHT TP53 ik
MW LOH ZERDOA A=V  JNTENMENL TEX 22 LD, B 24, REAFEITIE,
Bt T SRBFNC L 5 LOH IR DA RFD A7 U ==V ZRARETH D L EZ TV D,

V. #in

TP53 A+ DR RIEFE NPSC DR AEAT, ~T miE Rl L & b ICREHEAT 2157, 2 i
DOHL TP53 fiikz H\ - LOH BROA A — v Tk a2 fesr Ui-, WA IZIL, DDREF= 2
DFUMEERFTT 5 BT, BUR#RFETR LOH IS D KT ORIEEEEITH Z L BAETH D,

VI A EELARE O 5

PRk 31 AEHZICIE, CRISPR-Cas9 ¥ 27 A& W T LOH AT Al & LT, hiPSC 705
hiPSC-TPS3** 2 #f57 L 7=, %7, [FIFFIC TPS3 M5 112 LOH 23 U724 = v b — /Ll &
L T hiPSC-TP53** D7 21T - 72, F 7=, ZH b Otk & 384-well @ imaging plate & U} TP53
PR L OE BIRFERGUA Z W s @ ge il X 5 LOH MR A5 Lo, N 2 FREE I,
HEEE L 72 M R 2 IV T L MDM2-P53 #i A BRI Nutlin-3 27 1 7 7 — AP MG132 O
FERUER%4T 5 2 &2 &2 T 7 LIV TPE3 & RFoMlflc 38U C TP53 & /3 B O &Rt &
L. BT LK LTI & ORBEOEEWREICT 5 2 L T, L0 EREARIR S L TR
BRI D, £72. SRNA 74 77V EHWTRRDIMEROT o~ BRI >THELD (i

6
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TP53 {1 : B 5. [N ¥ p53 DEIAIEHRZ 22— K95, BIZTHEY TP53 1%, HluEH< DNA &
B, TRI—=V R EICBEO BT E2IEMHAET D Z EICEVERIALZMET D, B MZBWT
KOEERNDABILETDO—DTHY, PEONVATERSOKRIENBHEND,

KRR . VIREPRIOX 7 VAT FERICERS N TEL AR,



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.



2-4 FHHRRC K DHERE D A 7 LA RL ORI A B L7z
[HR R - R RARE DDREF=2 O 2 MO et

TG RIS M O N 7= D FE DO IR E
VTGRS ¢ IR GRS E R A R AT e R

g

ST#RIT DNA 4845 L iEERR TR (ROS) SREIC K 2(EA P L A% L HIZHFE L, Eift
ERH TIZS 7 2 DNA~O DNABEOFER DR EDO L 2 hb b LEZ b D,
—J7. ERE () SR TR I b 0FEEIECH AT ZNE THLNTRY, AT
JECITATRRIEE -« ENERIND £ B2 DN DA REREZME e N s KM %
W, ERE (3R) BB 2 SR IR T 2 ERRE ML T 5 LA A E LTV D,
SAEEOMIETIE e N IEFHEERIIC 3T D IR RO ROS fEL I b2 R
THEEE L ORIRE O MNICT B & & b, b NGRS B AR R R s 1 ATM & ROS
ERICE Wb A ML ARE L OBMRERF LTz, 612, b MM L Y bEkX b
VA E B 2 b5 e MILENEMIZIW T, FEEEIFSETH LN E LTZHBETH
%y H2AX BGPERUIME R KO LA b L A REIZ OV TR Lo, £ ORGSR, fkiEFHIIEIZ
BIT2ROS EFII b= NY TG - HRGIERF~DREZN L TEZTWNDHZ L&
HNZ L7e, Fio. MM T ATM OIEPELLEDMEMR R RN OBIEA N L2 %
WREELZLEEMLMNE L, ZNUBBMIMEESEROER THL LEXBND, £z, EN
FeAEEClx ATM OFSRESS ARSI A R L 2 LT L CTEF L T ETHETH Y | K
Fi R IR RS N RIS B R bR b L 2ok ATM FHE F T2 < Th y H2AX B
INETERRZBINESE 5 2 L2 OLMNIC Lz, 2RO OREEND, v H2AX Btk H2AX 1 Z{E#R
ERBAREEBORE, MEREDREZHHT 2 ETHAOREE TS S Z L. mENEMIRIX
ZOFHHTE T HMETHY 952 L EH LN E LT,

Fog— R

S

TEVERRSR ., bR P L AL X har FU T S EREZME, ATM

WHIE 1%
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I. WH9EEBY
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HOLEBADBESNTND, L, (ERE - ARRER OB B SV TR 2285y
MWL ZDOFHMDOIL L 2D T — X2 HERZ LOOBRBUIRTH 5, i #iT DNA 15 & 15 ERER
fit (ROS) HFREICLDEALA DL A% & BITHERT O, KRE () BARERZECBT S
INHDOFGHEIEGCHAEMIZINETHLA TR, AR TR, BBE&EZEo e MER
FREMIEZ NS Z S X 0 BB ENER SN D RIHE T, K#E () ez
RIS 2 R AT 5, BRI OfREE & LTiE, EEREORERTHL I har
RUT x5l U, IECRIRIR TH D2WUIMZIERL & b Hied 5 2 L1210 . DDREF=2 O %44
P T & D R BRI A A ML T D, S BT, BMEA P L RIZK D I b Ay FU THERER
DI A ~DFGIZONWTHEHLNIT LI E 2B E T2,

AEFEFETIE, & MIEFHGHEFAIIRIZ IS 1T D KR BRI IRE F O ROS #fEE I b= K
UTHERE L DBIRZBIOMNICT D L L bIT, b M ERZMEEF AR T ATM & FR{L A
FLARE L OB EBRE Lz, E6I1C, b MIERNBGIBIZIWN T, %Eﬁﬁﬁ?%Eﬂkb
ToFRRE. vy H2AX BPERUIME S K OB A k VXEE\/E [ZOWTHRRS L, R RS B
FHMAEA b L RIRE O, K OB RAMT I U 7oA 8 - SRR O 2 1 572 *J‘éo

II. WrgEs5ik

1. fM & BE At

b A A IR R P T ) O R B SR SR 2 SVA0 T A LA TARIE L L7z ATM KABHEA
(AT5VIBA)F OV ATM cDNA S AFAAE L 7= MR (ATSVIBA/ATM-wt), T A I —~JEEREBRE H
sk NBSL KIEAIAE (GM7166 : [AIEEIC SV40 TASE{L) & NBS1 cDNA A L 7= FH 4fi #i
(GM7166/NBS1-wt) , & OVIE & A Hi fehife 2 AtAa 48BR (7 1 A 7 —8E A L CTARIE(L L 7= #ifia)
%, 100mm 77 A7 4 v 7T 4 aNT10%Y VIRIRIME (F7 2) LHAMEZ RN LUIER
# (DMEM:¥ 7 =) % fWT, 37°C. 5%CO, D& ThiE L= Y2, $£7-. b MREImEEIR b
Je &N MG (HUE-101) (X227 —4 > 1 =2— K 60mm 7 1 v ¥ = (A 7 %) T, HuMedia-EG2
B (7 R 7)) ZHWT, 37°C, 5%C0O, D&MATHER Lz ¥, HREMNHHT-H, 40PDL
(population doubling time) i kA WAL D M 0 7x 2 FEERIZ VT2,

= R

HIR A~ D A~ RO i F =R A MR E Gammacell 40Ex (MDS Nordion £t : ###:2% 0.9 Gy/min)
e PN T EIR T o 7o AHR B 3500 FRUR ARG 2 R S e PR 2 . (SR - R R 1 Gy/day)
HAWT, COp A > FaX—F—NIZHIfZFERE L7=T v v 2 258 L fTo 7z, Wli50%E &
bHIRAHIEIL P'Cs Th Y, BREMEIL25Gy & LTHIoT,

YT AK LT H sy hNE
H o~ RN 2 T o728 ML N U 7o AU CRIEE L ClEIY L, PBS C—E¥EF AT 72,

2



AR U 7= Hifaix RIPA % (10 mM Tri-HCI /pH7.5, 1% NP-40, 0.1% SDS, 150 mM NaCl, 1 mM
EDTA) T U\ VB EAE L, @O0 L TCEEE LTRIN L, BN LRI Y Ny
BRELZERL, £ 7V ZREi, 50ug % SDS-PAGE EXIKEN 21T > 72, vkEEE ST
ZURTEFEI RIARX= L e Ry y MEE (7 h—) TPVDFE (fEtwr>: I UK
7)) WZHEE L7214, 55 S/ PVDF R, 7 v & 7Rk (5%Skim milk/TBS-T) N T 1
WREfEiE%E L7, WIS, TBS-T i 24 22 iR B AR L 7z — IR PURIR I — BRSO S/, £ 0t%, TBS-T
TR 21T o712, 61T, 1%BSA/TBS-T Tl X4 72 1247 L 7= horseradish peroxidase 1%
L7 PR (GE ~V A7) 1T 1 R ROS S 721%, TBS-T T L7z, 2Dk, HEYE
THEMELED/N RiZ, ECLprime (GE ~VAZT) ZHWTREIE, X BT 4L AIC
BTz ik TR L,
kU AZ 70y MECHWETUEIZLL TO@Y Th 5,

Pt Mfn2 $Tf& (Proteintech) . $T Opal Hi{& (Santa Cruz). #i Mff Hiii& (Proteintech), T LC3
ik (Cell Signaling Technology) . Tt pp38MAPK #i{& (Cell Signaling Technology) . #t pAMPK1
Ul (Cell Signaling Technology) . #T p53 Hitf& (Santa Cruz) . #t p21 Hifk (BD). ¥t B actin $it
B (7 =) . fiy H2AX Fifk (2 U ART) . Ht pKAPL Fiifk (Bethyl) . it KAPL Hiif& (GeneTex) .
P CyclinA $T{& (Santa Cruz). #t pSTAT1 #itf& (Cell Signaling Technology) . #t H2B Hi{& (I V
"7

eE RO s

100 MM BT 4 2 2ND MAS =— h X T4 FH T A (=Y F3) kI 1.0 x 10° A0 Z
FEL, £ FaX—F—NTBELThE, TR E21To7 (ATM BEARINEEIXFE
RRICFES] (10 M] 23N L7Z), MAQREED 30 4ral (FREHE T 6 BFI#) 12 MitoTracker Red
ZSu WML T, A > FaX—F—NTHELZ, A7 RTT7ATHPBS TR L, A X/
—/WZig LOKIR T 20 22 [EIEE, S HI2# PBS THERH4. 0.5% Triton X-100/PBS (235 LK T 10
IYHVERZ 4T\, ¥ PBS YRS L7z, Hil T, 5%BSA/PBS (2R T 20 /s &1, PBS T
Vevgt%. PBS T 1000 f5IZA R L7-Ht yH2AX Fufk (X UART) 1T 1 RS S E 72, PBS ThE
#.1.0% BSA/PBS "C 1000 32 AR L 72 IR FLIK (Alexad88 K275 mouse 1gG HT14 : Molecular Probe)
IR 1 RERAOS S 72, PBS Pl %, DAPI AYD OEAFIZR F L, I/N—HF 2% T TEA
L. #EBAMEE (74 v4h) CHEEL. BT —¥ 2 BF L7,

(fi BRI~ DAL RE)
ARHGERFZE CIIAEREFZE B0 & L OB S, Fhiiss DIl E 2o b MR 2%
WHT2 | MBEEBROBFEITLE L LRV, E72, AOHENFE TIIEERE1T 5 TEITHE,



I, BFZERE R

1. I har RUTEE - SRGEEF~DRBEORET

WEAEE DT O | IR E SR AT o~ MR IRE AR NER(E A D L ADERE, I b= R 7EjRE
OELPPFZIZRD i, & NEFMECIIFHCBEE CH o7, 2 ha v U TIMiaN TRk
D ROS/ LA b VARARE THDH I N0 BKRERBH TIEI bar R 7 oEEZE kI
DM AMERER LD, BELA F L ADEREIZ RN > TWARREMEN RIEI N, I v R
TIEEE ERREBVIRLENL, BEI Na v RUTE~YA R T 70— (A—h 77 V—D—
) THERR U CHEBEHERFZ L TR0 . MlE - YA 7 VO RFEPEEARICORN D EEZZDL
nNTWs 9, Zhwwz, b MEFR 48BR Mla TRELE - 3RV A 7 WTHRET DR ~DREE ¥
T A7 uy METHF L (KII-1),

T by R TEGHEIKR T Th D Min2 (TR ERIES, &t aR i, JERR CREED
BACIEA D72 o 1203, BIOREHIAEA 7 Opal TR ESRIEGHA TEZ D GBFEITIK T L,
Z O TIE 24 Rt £ TRt L Tz, FE7z, 2R M [FARIZARHR SR B T
ToRH LN, 2O OFERIE, (KRERRACIEI oy R TEE - 2K 03B
WERRIEFTZLICED 2 hay R 7T OBEHERFICRE 2558 L QO D aTREMES R XD,

) High Low

05 24 05 8 24 05 8 24hrafteriR
s - — o — - |2
—— e - Opa1
— D ——— |\

— e T R N X

c_-—---— —

X 111-148BR fICRIT D 2w KU TG « RN D3 E
AR ERE (Low) HDWIEEMRESE (High) T ~vfREEZ, KPR S5 Rk
TEICHEEREIR LT, v RAZ Ty NETHTZ{T>7-, LC3 T4 — 77 —D
Y= —=Th %,

2. ATM 7 —EEICL DA L AISE~DOEED IR

WEAEFE DT> 6. ATM FLER] (KU55933 @ v 7'~) % IREBHMARICERIN L7254, RRE
FI 2 AR L2 i 0 2 C y H2AX B1E ORUNETERLAY 40% 2L ECTllg s iz, —J5. i
RS TITH 12%., FERE TR 6% TH Y . FEAREZIT DR -T2 5E1E. v H2AX B
PEWUIMZITIE & A EBIER S e o T2, ATM % 7 — VI3 s % DNA IG5 8717 Tl
H2O2 4LFE 72 R A b U AFHEALERRE IS HIGTELT 2 Z &AM BTV D 9, MEEE DI D
AR SRR I T LA B L RSENEHL SN D Z ERIB SN Z &0 h | ATM 13K &

4



FRNFFORBEA N LA SEICHEHZ R L, 2z, ATM ¥ —EB2[HET 2 LA b
VAT D Z LN EZ BN, Tz, ATM BLEFILEIC X 5L A - L 2 DH5R A 5
[Z2OWTC, 48BRAEZAVWCT Y = AKX 7 ry METHRHZIT-o72 (XIT-2),

ATM [HEALEZ1T ) & KRERBH TIXMBIEA N L AREFEHE D ~—h—Th D
p3SMAPK & AMPKa @V LA E HITHM L Tz, F£72. ph3 I #R%%E DNA HE%
ARFICTEME LSS ATMIZ LD U UMb S TN 25 Icd 5 L0 . mREERE T
ATM fHE CTHE L < pb3 1B 228, RMRERRS TR L o7z, 2O &3 pb3 MK
PRERBATRHZIZ ATM O U U EREICiTHh £ 0 IKFEETIS, BEA R L RASE L THENT 5 2
L ETE LTS, DNA “ASEUINEED~— 1 —Th 5 y H2AX 1T EIZ ATM OV VB LICK
FLTEY, EfERRN CIERERRMN TR Ly, KRR ERRE CIXFFEARINIC X v 8
MUTEY, ZIUIMEEE O D W Lic y H2AX B/ MER T 5 Z & & —F L T
W5, ZIDHDORERI L ATM ¥ — B OHE AR &R RSB LA N U RSB E TR L,
yH2AX £ S H 5 Z ER LN E 7Tz,

( (VKU L L/KU H H/KU
PP3BMAPK | - -—-.—'i
L = 3 —
&

p53 T e e — —

p21 L e D e e
ractn A —r—
v-H2AX - - e -

B 111-2 48BR HUIEIZ BT D ATM [LERFD T = A X 7 1 v MENT
KR ER (L) HO2WVIEEHRER (H) Ho~EREKT 30 2% ICHAZEIR LT, @
T AE T a sy METHIT 21T - 77, KU I3 ATM - —EHEH] KU55933 #silZ<1,

3. I PNEGIIC I 1) B0 IMETE R O Rt

AR ER BT e NER S EEMRCIX, 2 har R U 7HRRR A IC X 0 MilaN ROS @
HfE, TORRE LTHEA PV ADHERMPFIEEZ SN TWNDH EEZEZ LNDHD, RITEEKNT
FARITAN ST WVERBRICH D | BHESEMIIE L 0 HEMLA b L RSB RRWVEE THEIN TNV 5
LEZ LN MEFMENBGMIIZOWT 0, (RFRERT -~ #RE TR T DU ML RIS
WTHFZITo 72 (KIT-3),

M4 N AR CTlE ATM % —E OIEMERLE 2170722 < T, FEREHINE TH 12% 0 y H2AX
BEPER NE DT HAVTZ, & BRI 21T - 72555121380 21% & A 2230 METE L
OEEMABIEL S T=A, mRRER RS CIIEARITN 1% SR b N2 o7, S 512 ATM
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XS —VIEIC L DB IEERROBBIC OV TR Z1T 9 2 & 2lkAlz, LavL, MmENEH
el Tk ATM FRFEFIZ W0 L 727200 C, o v B 21707 o 7256 TH 50%5 a7
4y anbRBELTEY, MIEOFEENRBR SN, 20X D Ml OBE 2FHEN D,
ATM F—VIFIC L DB NEER DB T 2 LN TE oz, — 05, b Mll#EE
MM TIE ATM > —YHEROFRMLT, BIEOFECHHD LT, MIELZFE LN L
WEAEERFZE N DI D2 & 72 o T,y BRFERRETIREIZ 1T M A NI C . ATM DI HAL 2 35 %
T2 X957 DNA “ASOIBEEGREEICER T2 L IBANTZN b, ZOX SR T
TiL ATM [FMfas B b2 b L RIS L TEMIL L T D & B 2 biv, £ OIEMEITRIA L
AZHPLLTEFL TN ETHHATH DL EB 20N, 20X 5 st 2 ~ LAz
DIEZNEN G . AWML ATM % —EIEHETTH, mHE Ty H2AX IR IME D
WINDHO0H L,

JEMR 5T

EiRE R

B4 11-3 & b N BRI 351 D30 IMETE R
AR S D OILER R o~ BRIRHE T 30 02 IS 2 [ E L C. v H2AX FLIR (%
@) RO TRERE YA EIT o 72, FR0 - MitoTracker Red 44, F 4 : DAPI Yefa, &
FE y H2AX 50 MG 2 7R,

4. MEANEGIZI T DB A N L R REOTEMEAL

B -3 23789 & 90T, A N B2 AR~ O B IR Ty H2AX B M 2 BN S 7223,
ZOX D BN O IMENEMIETHEMEA NV ARFERINTOWDLRREENRSZ L bND, £h
Dz ARHR R K DA b L RISEOTEMALOFE I ONWT, Yo AX Ty MET
Batd sz & e Lz (KMI-4),

TR R <RIBS T, RS 3 DNA HBER A CIEMEIL 45 ATM I24AF L 7= KAP1
DU L (pKAPL) . vy H2AX DM R SN 508, KR ERRFCIZ o0 U VIO 5
IREEIMIBE S o tz, — T, BMEA FLRICE b 72> T Uk S5 p3BMAPK 13
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AR B R BB R C B TN LT3 0 . AMPKL OIS 3D H vz, 2D OFEREN S . K&
R < RARRSTIRE N R IICER LA B L AZ IS ETWD Z EDREIns,

(-) High Low Pyo

— PRAP

— — <P

e e —— PAMPK1

— —

———— P53

M R e CYClinA

USRS o -4 MAENLICBT DT 2 ZZ T 0y MEH

| N, | g (Low). SRS (High) 7~ BIRSHE T 30
N v s % A pstati(Tyr701) %3 %13 pyocyanin ALEE (X b=y KU 7 ROS 3%
w | SRS Y ) o MBS E I LT, Y= 2T a

L e - - e BT AT o .

IV. #%2

AWFFE T, RS A R T MEE TR EZ VD 2 L1 X0 SO R E A E R
ENDHRMET, IEERBORER THDH I bar R 7 & L/ fiExtg & L, DDREF=2 D%
YPEOFFHIICFIH T & 2# &R (8) MSREEL SEE IR T 2 ERROMEL 2D S L,
AN TIL e MEFBHEESMILIC BT 2 KR E R RO ROS Rt I h=ar N THEEE
EDOBMREZA ST 5 & &b, b MR SRS R SRR KBS ATM & B bR b LA
ZLOBRERE L, 612, b MEHEIFMR L Y S LA P L AIZESEEB 2 65 e B
M N EBEIZ I T,y H2AX B IME R L OB L A b L ZUGEIZ W T U eI & T o 72,

N D ROS OEKDFIAIMREIII har KU T TH Y | FEEEIE) SRR E R AR
FHZE D I hay RUTIE~OEENRFA L E/> T, 2 b3y KU 71X ROS BARRE T
DI, WIHEENBELTEBY, B#ELZI a2 RUTEHI bary R TREORE &
HEDOY A 7 Va0 IBRTIHFECI hay R TRENA— N7 70 —ThHoH~A N7 7 V— %06
PALL T, I Far RUT2BELTVD EEZ6RS O MII-1 2T EEY, (SRR
o~ BSHEI by N7 HE - EHEK ORI EL KITLTEY . 20X 5k
BN~ A b7 7 VA ILE LT, SRERD wBE THRE LI ba v R U 7R
PIZ B ZRE L, ROS ZfIEN~NR A NWSE TV A AREMR D 5, /-, ATM F - —F[HEIC
X0, K -2 237573 K512, BBEA R L RARERT p38MAPK O U (bR L CTEHY, B R
WIHE A CIIARHR R A o ~ BRIBE RIS ATM DSPEE SN D Z LIC L > TEE A F L AR
U CHUME RSN LT & B 2 bivie, DF 0 BE{EA N L R3S 5 ATM O3B 2330

BFEEOMEICEELEZ NS, 727 L, ATM OJEMHLEIC L AL A R L AD#KNR I h=
7



YRUT~OEBERCBIZEZINDIONEIAATHY, 5%, I b2 R THEEHERICE
75 ATM OFEIZ MRS 5 Z ENEBETHH EEZOLND,

I N R X AEARN TR 2 2 < SHe Ml F I ity Tl 0 | ok ML & bk LT,
LA b L RSENTUET 2 2 ERB 2 b, RRERBUHREEL RS2 LT, AZAERE
MELE B Z BbND, EBEIC, BUMEERIZOW TR 5 &L ATM - —EEZIThR WS
THIRMERT BRI LV y H2AX GYERUNMZ O R Sz (K M-3), £72, 2
DRFIZIEEA S L A2 XD p3BMAPK D U (b8 BRZE ML Tk 0 (K M-4) . M N B
el CIEAR B A >~ SRR R IXER L A N L R IZIRIG L TV IMETEIR DS FH R SN T b &5 %
B, EHIZATM F T —EBHER O L 0 FERS CHRIRENBEEICHFEINDL Z LM,
148 N2 A Tl ATM AT HER(L A b L A~ORHITE DS % OBHEC 351 AT b
BEETHD EEZ L MAENEHIINTO ATM ORE 2 36 AT 2 BN H 5, 2D X (T,
18 PN BEABRE 22 FAVN 72 y H2AX B IME DR VR, AR 2 3R St R D Al el 52288 0D v Ja B L e
TEDHEEMERDH Y, MEFDROBFHIIBIEHNTELZ ENEZLLND,

A FE LA R D F B

AT D FALAELE Tl RSO E A 75D DDREF O BOM/ METERK & FRIE & LM
e LT, OATM *FF—¥ 2 R BAFHEA THIHI L7256 7 C. dfx 2o &R T y H2AX B
INME DT % JIE LB 2B 52T 5 . @ATM BEEAI OG22 A% E LTy
FNZIEMERH L7256, S —BIEM L~ BV METE BRI OBIR 2 Rat3 5 2 Lz k- T
DDREF FEICE L 5 2 NABER O Z Bfad., & 512, ATM 7 —8#ifil FI2k i) 5%
MERBEHR O I F 2> R TIRE~DO# 2% MitoTracker #HW\W /= b= KU 7HEIEE - 0
DT, ~4 b7 7 V—BER T EZIEE L Loy A X o7y Mg 217V, DDREF BEIZE
LD LEAEEROIBIE L 7201550, BFHT 5.

V. ZOWEICET 2 BE L TONTEIRIL, B

A R EFEH Y ML
AW Awile L ALY
C. FHHRFTER
1) Kobayashi J, Meng Q, Komatsu K. Relationship between endogenous ROS accumulation and

@
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Relationship between radiosensitivity and genetic individual
difference

Junya Kobayashi*

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 low dose
rate irradiation to human normal fibroblast influences expression of mitochondria-related factors and
amplifies oxidative stress with ATM inhibition in this year. And, we also investigated the effect in human
vascular endothelial cells. Mitochondria function is maintained by its fusion/fission cycle, related with
mitophagy. Low dose rate irradiation by gamma-ray decreased some regulatory factors for mitochondria
fusion/fusion cycle. Previous research clarified that ATM inhibition by the specific inhibitor remarkably
increased gammaH2AX-positive micronuclei under low dose rate irradiation. The ATM inhibition also
increased phosphorylation of p38MAPK, which is the marker for activation of oxidative stress responses.
These results suggest that the inhibition of ATM induces gammaH2AX-positive micronuclei via
accumulation of oxidative stress under low dose rate irradiation. Probably, ATM might have a role to
repress micronucleus formation against oxidative stress by low dose rate irradiation. Human vascular
endothelial cells could be sensitive with oxidative stress. Low dose rate irradiation induced
gammaH2AX-positive micronuclei markedly and also increased phosphorylation of p38MAPK in the
absence of ATM inhibitor, suggesting that detection of gammaH2AX-positive micronuclei in human

vascular endothelial cells may be useful marker to reconsider DDREF.
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2-5 B EERZ W B ENEEIE< I X 5
ZRINIR B L FE N A DIEFAEIME D A 1 = X LR H]

TN 0 e R CREROR)
SRR o KREF HPE (JUNRS)
AR 5L (RAEAEIEAT)

WREE
WHARER I > TRELTEBERBFHRESR LY 70 —X7 v FIstafifE L 72 o
T AR BRI B 1E < OBREUTZEMINITIT, BIE IC K DZERE R L BN A~DEED
GFHRLEZDOEGVICH D,
HORRRIE, BIEFRREREDAVOFERICANBRREFTHLEEZEZLNATND, HIT,
[ CR P ORI T, BEZR L OEMRIERMRE Y NRIRENTHE Z &b, i
DBHHRTH ZDOERERE L § 2 & CEHMIBABFERIND EBEZ LN TS, L
L. F&x DIT-o72228%

ROV ERI LR EHERNRICEIRAERLENSARIMOEAME
U Msh2 s |

< 7 AR E WA v
Y Tl R v
AN Rk 28R L b #Y L
LA L REFHFRETS x
L% (KBrOs) @ BT FHRIZLS
O B CIIE R At : ) .
. R . | y
R B 137 : BRI CR S
ST wHTL I ymapamme [ fcERAABRE (1~20mS) O
%ﬁ@'lﬁ‘@ﬁ/ﬂﬁfﬁiw MRRE Bt Ro TR{EE
BB DRI 55 ESEEO
.Jmawocu\ L%t : REAEH
HLces. iﬁﬁﬁgﬁﬁm & 8 BOR O TR EARO
PrTguny = L Mg~
ABIETIE, R i zomm: WO o s
FE TR ST BiTmES EHE -

DR ENFHIE L T

. ALFWEOER L3RR LT U ERER LR ANHBE L Tz b a2, KVEE
FH72FRATIC K > TEBAICTER T 2 & & bIT, MEKAME, ABRSOONE, SRS H %
FRIRICL TV AZ AW EREZIT, ZORRER LB AUDPHEE L TWRWEBIZD A T
S ALEAT 5, £ LT, EOREONEHEII ETIEEBADOLEEZ LR TRWOMN
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LW B 2 FRAT R & L TIRAR LT 2T E TOFA DHFFERERCZ < O8I &
S TURSN TV DOHRR L EDE TRENICHHMEST 2 Z £ HNTH D,

F—TU—FR
AECHR B i S A 137 WER#RIE <
ZRIRIR B FED A e S R
i VAR

A R ERR TS FBIST, BESBAED T WNKFET A Y b—TREE % —)
g BE (REBRFPRFEELFIER RERIT Y, BOHR - (WP E R
T EEA (AWEMEENLA - RR by — VEZZEE X —)

e BwET OUWNKETA Y h—TEt¥)

fEd: AET (EWHEREAENT  FHI - BREREAGE A AT — )

e ALE U RS0 FAEF)

HKH &) (EAEREAE DN B E IR AT FE S AR N BRI SE T — S Rt )
B AR (BT E AT SO R R E IR R ZE S RN BR YL 2 T — L &R ()
HH IR (BT B A SO R B TR R FE S AR N BR YA T T — L 0 F A7)
FH WG (AT AW B TR AT TR SR AR N R YL FE T — L MR A2 4957
A EFH CRBRR PR SR 7 A7 (4 Y b= ek 2 —)

. WFEEHM

T B RS U X DR ERIE < DA OBBFORBASDRBEORLZEHL BROO LD
2o TWnD, ZTNETOFHRA D~ T AZHWAZE T, 20 L EIZh= 0 & D A 137 K
(100Bg/ml) A2 LT TR ERIE (7 2K T 80~160Bg/g AH, & Tk
100000Bq/kg 1A E T 400 4EDHARAZRITAY) Lz A~ 7 A FFRICEBW T, [R50 sk o [F]
O FRBEIC R CTH BRI SRS E R NGB DR o2 2 & U L VERMIES DR AE
X' T A 137 HHBEL MIRBECHEEITRD bR d ooy, EEHHITE v A 137 857
THEEARAFRCHNIH S 4172 2 & L Msh2 BB~ U ARl & N2 28R L & 5803 AUk % [k
ICEIEERHTE 55322 Tl b WE TRl B D Z85RZ8 B & 3803 A O FABEPE D MEAR B Al
TIEHRBD LN LD ERBREABEIE TEINE TOFEME S TH D R~
DGR I EIENAD A T = X LN EI2 > T D ATREMERS, BB AMERMEZEME LV ~
AR THDAREEINREINTND 2, £ w A 137 TS TERREOMREE T, Z D) 95%75° B
BrE y A LT, F72580 0K 5%D A LT U A 137 IZ816T 5, (K LET HH# <
oDy BOEMEET, KOBIRFTEDIRIZ X DIEVRFEEOERIC LD b0 2 /3 L 5bh
TWEBRY | LA NV AZFHRT HEFHE (KBrOs) & I3HE72 5L DNABEEFHHT 5D
2H LR, ZOZEIFTEEFHUEY TV RTEALLL LR —F —BIRFOERART T LD

FEMZRRATIE NS RS MR 21T 9 28T, HBMNCT 2 ZENARETH D, LD K D AR
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ARYT BT APENACRELS FETHO0ERLNCT D 2 LR EFEOH CEE i
D—>TH 5D,

ZIZTC, ZOBGORNEMRATHZ LT, THET, SR EFMEZ R UERFE LT,
FDREREHEZ T L TWEHBAY AT % BERAXRT NI LNETEZDIHT-2BLEND
URAZFMUEST Z ERNARHFEHNEOEN TH D, £, ZOFEBRREMES Z & T, DNABEHEX
HD Msh2 BIEFHE~ U R & BSERSZIED N &AE TR, IR ENEERIE RN B
RHE (DNAEIERED & 2B AEM) CTho HE TITMBRAALL T T b SRS MR Tl T & 2 BRA
RERDTHZENHRHTED, ZORZMEDOIELZER L, Z2RER L RN A OFBEIMEZ R
DAL, ZNETOY R 7 FHHIIZ R0 > 72, & N TORSRUEZ MO %2 & /8 L 7=t
ﬁ?%@@f@%@%ﬁf%@ TR D FEVEMERE EICHE L CLD OB E L TR THN LD
TRV EEZ TN D,

E DT, ARWFFE TR X0 HE AT L 5 R B0 70 5008 SOSSONifds O FBLEAR 1 D[R E IS
X, PRSI K DR Y X7 FM O 72 D OIRPFEH D272 597, X BEOHEE, &
DITIIRE72 & COREED b O EHIL < ZFIH L7Io#Hiiz 72 2 WIEH~O )i H O /T RENE & i
HHERTND,

FFFEIRINICE & o A 137 123 T B IR E - (R ESR NI E < S8 % . BR(L A b L AR
BB A% SEE IR TE 2D NABEREZ KIE L7 Msh2 BIs 52~ 7 AR# & HAV T,
I < AT I T B ISR S B & AL F S A O FE BIME I ONC R AR T ME &2 = 5 (AR 31
ERE~DN 2 FE), v U AOFHEMREZI1T DIMREE T < ICR RN 2B B T ORBLEDEN, ﬁ
RO (A R A V&) OBRWERE L, ALFWE & ISR T 5 ARG D 22 2 7F
ISR D (B 2 E~DFN 3 ), £7o, @M~ 7 AR TOMERERBICOVWTRT
DFENTEIZ KO ERE AT T AZHONTHFR, BESHERAH TV O EE RN IER Th 284
D AL B6 ~ 7 AR EWIEERLKIZED X 5 72E RS 500 % Ll 5 (45 3 ),

1. WFFE7ik

RBRF, UMK, EF ORI DM D5, T E T L TV D E
M ORHE A A0 U ClEEEZ B LT b 2R K Sl BT CE D RHIZ D, v
2137 1T D ARSI < IC K D ZERE R L RN A DOIFHBAMEIC DWW T, E£72, Z DR
(ZN T 72 F50 % LU N O J7 1L CTRdE LTz,

(2P 31 AFREDFTH]
IR ERRIT < b FME (KBrOs) 1T & 2898 HL & 3673 Ao O FEAH BAMERERR oD 72 6D D FEBR UEAi
1. BEREEREBREA~ U X O%M L Xk
AR R BO T HEHE LTEX LN DLMEA F L RIZX 5 DNA HIEEE
FHOKE LTz Msh2 SBIR T WA~ U A%, BBIEA b L AFFEFIC K HIHLE D AS DNA ZER%
B A RREICRIE TE 5, KBrOz & 58 & & 2w A 137 /KFE/KEE L OFSRERF % g4 5 7=
DITRHMINZERE BIGT A LA — 2 — B T2 EA LTI A~y FEEXE~ T X (Msh2
-I-IrpsL-Tg+) . B L OB~ 7 2 (Msh2 +/+/rpsL-Tg+) Z¥EfH L T, KIKKFEDOR T figkic
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ik L7z (OREF - 78 o
2. BYU A 137 £721 KBrO; O 5B L OS>y 7
LR B IRKRICHE S L7z 4 BE D~ U A & B 50063 4 W6 OREE 8 WiliH 6 ORF
(HEZIC L 2EOLRN SR TED X DIZT2720D) O 2FET/T . xHRRERICITEK,
v A 137 BHRHCIEE VU A 137 K (2500 Bg/ml) ZECEK E LC 4G 272, By
2137 AKOKEAKBEIE DT ETO~ T AENET U A 137 B —EREIZSHE LD,
FEKBALA Y RIS 0 T &l > TH~ 7 A2 4000Bq/g IKEE D& > 7 2 137 /K% SR B
Mg OG- Lo, £72, B UL 137 KKK TIEZ OFMBINIERE £ v A 137 12X 528K
BHEBWPE~DEEL D72 T 272012, FK 4 BHBRIZ~Y ER I (20~50ud O e D)
EAToT-%, BV U A 137 KEEKICE 2T 2 B OKREMM A2 T2, KEHMO%, ~
XY B (20~50u D MSEERIR) AATVN, ~ U AR ZEIESECOMGE 3 A (+ 18
M350 1, /NEFRE 35D 1, BB 5D 1 2ZFNEI v F LTHIXIZHITR) ., 1%
BOREE R DR, BN, PR, . BEorntn gL, MERT I ATy o T
22— 7oL U CRRB L2 M & & 5 12-80°C TSR AT LTz, BUREIRAT L7 IMAE 2 g fe o
HIER. £ LT, a2 RERBNER O TV E L (B,
3. DNA BEBEOEEREDOHSL
DNA {50/ BIRIEA T 572012, 27 v /o L- RIS RMIRTH 5
RAW264.7 flfia i f L CEBHMNBR A HED D & & b, RS - p = v & — - i@t
@ DNA HREHEE & O BRI &2 KD T= (AR) .
4. BRELZEBREA~YA~DR®Y YL 137 #E
Msh2 BIcFDREXRE~ T A TOE L7 A 137 K (2500Ba/ml) BRI K 2 kA B2
AL OEFERARE L (P,
5. EIIIuEEEITI ODOEBER
Spring-8 © X I 7/ n ERIZMIT CHAERT — 4 215572012, skl T E a2 e Lo
O, WE{AE 1g 720 2 pmole FRE)EL Lzttt v AL, ME(RE 1g H729
100nmole F2EE) 5 L7 RIXE > U LA Dligas 0 Ai ORI EME 2~ 2 & 2R B2 (AR) .

(i g~ D B )

AW CIXILFRMIET 2 DT ORI B N TH B FOEAER, > 7% E IS5
E LT euy,

AREBROBPFEBRICE LT, KIKFHIZB T, KIKFEWERRREO S & B FEmRZE
BEOEKBEE/TWD (@ EREEE  fEREFL S I 2 b—a & LTOZIARMEK
FHRNESIE I X D~ 7 A TR COBGH, AEHPEBORG, KRES 4 BiE 26-067-000
. AZVIBR © 2020/03/31), 7eds. HURPERINLCHEFIH XN T OB IZ OV T, KRR
SRR R AT B AR PR R SR DO FRKR A Z AT TV D KEEE S fillE 19-01-0 ), AUHERINL
TLHRF MR N TOEBRBEICBE L TiX, RKIRRFZ7 47 A Y =T bt ¥ — Bt fiEEs
FRHHE & 85F L TIT o7,

JUNKRZFIZ I T D8R 7R 2 FEBRICE L CIE, DN AGHEO I ONHERICE T 5 5 75§
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ORI | GKFR%& 7 @ 26-53, AZHIR : 2019/08/31) T, 7@ EHFHMEICE L TiZ. DNA
IETE RIS DRGHELT K D S8R F L I8N A D oy F1BARTHIBIZE (A30-147-1)) THEBI DK 245 TV
Do

TR S A TR AT O Eh SR 3\ CURIR B 6 L O BR B2 O IEAL S =B
FBEBLOFERELMFHA L, vV ALET LBEEA L AREOTZDO b7 % T A4 F—i%
BRI 721X AR 70 T AR T TIT o 7, ikt 7a b NAEEFIRIIFTNERBIMZ B S
LY HATHEEBL L OERICL Y . ZOMIE LR INTWD, £-, EREHEHE DL
TR72 b N K% JE PO BREERFE D To O, SRR LR, 70474 Y b= B LM FWED
il FCHENT - T, FTNHLRY BB L Dl L OVERR 2 32 1T 7o VR TIEER X OV sk i F B eI 1E
> T3 L7z,

. BFZERE S

1. BEREZRERBA~Y XD L Xk

FEERIZHEST 2 A Wil O~ U 2 2 F 5720, BB ~7 1 (Msh2 -/[+& rpsL-Tg-/+ )
{410 X7 ORI~V AERE L, RBMEREITE~ T 2 & REEL. 3 %0 HER I H AT
Batas, b 3 BE OB CICHABEKOE 2R L, BEL&ZTEHICE
BARPHA Lo~ U AP~ L, Fo—2 bR Gt L LT KBro; (0.15%)
KEFEIKE LT 4 BERGAKL, EZBRAE2. OBy 7 A 137 KEAREE R U X 9 1cER%E
To7e (RI-1~% 11-6), aHflL, MRS (KEBATX) OWMEEIZTHE,

2. BV YA L137 £RIX KBrO; 0 EB X Oz 7Y 7

4 R L8 Wi~ ADFNFIZE L 7 A 137 K (2500Bg/ml) % 4 BRIFEAK L, ~
XY BRI (20~50p] DIMAEERER) 21TV, 2B ORELR 0%, HERi, EESoREE L
e~ ADFE, LEIHORMA, 2 [ HORM - f##5 B 2 RINRT,

SRR THE b, RTEMWER S OBGEIRE Y o 7 VIR RRHER (KE) . Z
L C, BUSE AT o 7 g Be 2 PR D 72O DA kA (IL-1a, IL-1B, IL-2, IL-3, IL-4,
IL-5, IL-6, IL-9, IL-10, IL-12, IL-12, IL-13, IL-17, Eotaxin, G-CSF, GM-CSF, IFN-y,
KC. MCP-1, MIP-1a. MIP-1B. RANTES. TNF-a) EOHEH & LT, WEEMIEFEIHE
STHIEZETTS (FE - PR,

728, ™ Genotype TO WT 1%, B4R~ 7 X (Msh2 +/+/rpsL-Tg+) ., KO %, LA KL
A~ 7 A (Msh2 -/-IrpsL-Tg+) /R L TW5, Wb IBRERKRH D7D D LK
— X —BETERFLTVWDLIY T ATHD (RI-1~FKI-6), £z, [—) 1%, FLTEICLY
MDD TERDSTe~v T AZRL TN,



FI-1 B v A 137 K (2500Bg/ml) #A/KEE (4 Fis)s 5 BIAEORE)

FI1-2

Tat R EE F;%Sygﬂf@%; Mouse ID Sex |Genotype ?EJIEL% zml@g;gﬁg
4 1386 8 WT 2019/11/18 | 2019/12/2
4 1387 I8 WT 2019/11/18 | 2019/12/2
4 1397 4 WT 2019/11/18 | 2019/12/2
4 1388 2 KO 2019/11/18 | 2019/12/2
4 1390 2 KO 2019/11/18 | 2019/12/2
4 1408 ° KO 2019/11/18 | 2019/12/2

KBrOs 7k (0.15%) #&/K#E (4 il B4 ORF)

KBrO, &% E-ﬁiggﬁ’ﬁ Mouse ID Sex |Genotype Eﬁ z*ff
4 1478 8 WT 2019/12/12 | 2019/12/25
4 1486 N WT 2019/12/12 | 2019/12/25
4 1551 4 WT 2020/1/23 | 2020/2/6
4 1557 g WT 2020/1/23 -
4 1558 7 WT 2020/1/23 | 2020/2/6
4 1540 2 WT 2020/1/23 | 2020/2/6
4 1545 2 WT 2020/1/23 | 2020/2/6
4 1559 2 WT 2020/1/23 | 2020/2/6
4 1560 e He 2020/1/23 | 2020/2/6
4 1474 g KO 2019/12/12 | 2019/12/25
4 1479 4 KO 2019/12/12 | 2019/12/25
4 1561 J KO 2020/1/23 | 2020/2/6
4 1562 7 KO 2020/1/23 | 2020/2/6
4 1491 J KO 2019/12/19| 2020/1/7
4 1492 A KO 2019/12/19| 2020/1/7
4 1477 e KO 2019/12/12 | 2019/12/25
4 1483 2 KO 2019/12/12 | 2019/12/25
4 1448 2 KO 2019/12/19 —
4 1489 2 KO 2019/12/19| 2020/1/7




#111-3 SRR (EAK/K) (4 8EH HEAMEDRE)

Fogiichic Bﬁﬁ?@ﬁ% Mouse ID Sex |Genotype Eﬁ 2&’@&?
4 1470 J WT 2019/11/14 [ 2019/11/28
4 1499 J WT 2019/12/19 -

4 1501 a WT | 2019/12/19| 2020/1/7
4 1496 2 WT | 2019/12/19| 2020/1/7
4 1497 2 WT 2019/12/19 | 2020/1/7
4 1498 2 WT  [2019/12/19 -

4 1500 J KO 2019/12/19 -

4 1459 2 KO  [2019/11/21| 2019/12/5
4 1464 2 KO 2019/11/14 | 2019/11/28
4 1465 2 KO  [2019/11/14|2019/11/28
4 1466 2 KO 2019/11/14 | 2019/11/28

FI-4 B v A 137 K (2500Bg/ml) #A/KEE (8 WHHnA 5 BIAEDORE)

TRETREE %;Z\E%ﬁ; Mouse ID Sex |Genotype Eﬁ z*fﬂf
8 1270 e WT 2019/9/20 | 2019/10/4
8 1259 L) WT 2019/9/20 | 2019/10/4
8 1263 2 WT 2019/9/20 | 2019/10/4
8 1267 L) WT 2019/9/20 | 2019/10/4
8 1268 J KO 2019/9/20 | 2019/10/4
8 1269 4 KO 2019/9/20 | 2019/10/4




3.

F111-5 KBrOs; 7k (0.15%) #a7k#E (8 Mlilinh o BAADEE)

KBrO &% Faﬁﬁ% g Mouse ID Sex |Genotype Eﬁ z*ff
8 1348 g WT 2019/10/24 | 2019/11/7
8 1349 g WT 2019/10/24 | 2019/11/7
8 1345 ° WT 2019/10/24 | 2019/11/7
8 1446 2 WT 2019/12/12 | 2019/12/25
8 1448 g KO 2019/12/12 | 2019/12/25
8 1507 J KO 2020/1/23 | 2020/2/6
8 1556 g KO 2020/2/13 | 2020/2/27
8 1346 2 KO 2019/10/24 | 2019/11/7
8 1548 2 KO 2020/2/13 | 2020/2/27
8 1552 2 KO 2020/2/13 | 2020/2/27
FKI11-6 XERRRE (BEUKARAK) (8 W in 5 BlAR DFF)
pajiicki Bﬁﬁg " Mouse ID Sex |Genotype Eﬁ 2;,]',;@]1?

8 1254 g WT 2019/10/17 -

8 1257 g WT 2019/10/17 -

8 1393 g WT 2019/11/28 | 2019/12/12
8 1395 ° WT 2019/11/28 | 2019/12/12
8 1409 ° WT 2019/12/5 [ 2019/12/19
8 1258 2 KO 2019/10/17 —

DNA HE 0 EEIBIE DML

FRALARAE D Raw264.7 Ml (B E-fIRSR) 7 L CEFERLIE < FEIE D E &M% i L oo
it 2D 7, £ LT, M - K - BBEOBLE O, F5E 4 yH2ax 34T & DNA 15
JIRZEFEBLRNA &3 2 RIRE T 25l Tz, B, oarsed (AREL) O FITFLH,

BRETREBREA~YZI~DEI YA 137 5

Msh2 B RE~ T A TOEI T A 137 /K (2500Bg/ml) ERAKIT L 2 HEHARR) 708 a5
BAFRDT-0C, IR 2. TORLEEY YA 137 BARBEOIYE S 1269 HE (Msh2
-J-IrpsL-Tg+) DOIRFEHIF IR CTH 5 1047 g (Msh2 +/-/rpsL-Tg+) & ZEZ4TV, B D
I 137 DHURBCNERHIEL S LTz EDBIR - %2 Bl kWP~ 2 6 L (HE 3 PT, it 3 PC)
137 (42 R 2019/10/20), ZHHDfF~ 7 AT 7 A 137 KEA TR WIERIE <
C57BL/6) ~ 7 A ([A] Ui/ Ny 7 75 v RR#E) #R8 L, BIE<#END 2 fREDFH~ v
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A& AP (HE2 DT, ME2PC) 2570 T, #IE 12 L AWM ~EI 5 DNA Z2RA Lk 1
FEZRBE B DR TARD 12D~ 7 AR 2 HHHRFE L2, ZTNE TITo CETZ AN~ T A
Z4%E (DNABIEREN B4R TOWRMAE L DN ATRE L 72577,

. BIITnEEEIT O IO DEREER

HLERBRORET D2 U AMEREHOLZESCBN T, BENSEGFE TOMILES
DOHSALFEER = & DB A& AR D B 7212 BCs 5B &R E. ICP-MS & D Cs &
BRRE. £ LT, Spring-8 it DY 21T~ 7=, FEANE. A E Calih) OWmEEICR
#,

HER

. SEERR

AT HE S N BR L A b L A B Msh2 G0 ~ 7 ZA4#iIE, Msh2 KIEHRET
IR B 72N T2, FIZ Msh2 +-D~F T REETHRERF L7213 Ui e b7, fE- T, 5
BREATOIZHT->T, ~Tu~v T RAALOLEIZ L > THAEF~Y TV AD 455D 1 LELR
72N Msh2 AR TR () ~ 7 AZFRECHEHNICHR 2 DIEELL SR T o3, 4
R, ERICHT U ROAFEICESC SN, IEFITEELOHEERLOF, SFEETEL
72 Msh2 REEARE~ 7 A TLR—Z—#nT (rpsL-Tg+) ZFfo TV H MR~ 7 2, Msh2 &
faf-REAERM~ 7 A TLR—2 —#at (psL-Tg+). Ko T\ D~ v 2 2 BB kG5
ZLINTE, FNENO~Y T ATBEREE (B A 137 K) LAbEEiRETE (KBrO;) %
TV, ZRERNSMEEY 7 v @GR TV a5 2 LR TE, WEETELTHDLE
REFB ORI, S RERIE O EF A FE - T,

SAEEICERI L Te Y o TV TR RR ORI, ERRIELTT O 2 & T, A{LFWHE & i
SRR OFE DS AAER OFBIBIR S EN BN D D, JRIRE BRZ FRIEIC L CERAICAEA
L. ZHUCBRT H0ERE (RIERE) OG- OEGWERITT5 Z L NAREE o7z,

Fo. HlEEICBIT 5E 2 27 a BT OMERNE S 1= T, ZOREBMTEED S 2
ETAERGEONDT —# %&b LIC L TR k& L B 7 A 137 X BEO BRIFHBE O
FEAR 7R E BT S I T & D,

. RERBITBICH LTED L S RBNTRIRTE 50

INET, HEHRALZWEERI CERF L U TRBAY A7 Z3Hi L CE 208, (K&
TIXEARER ERPAZMSINFHMETE 52 L 21275 2 L TRBA~DBEZIKBIL T,
ZOZ LGRS IE < ORLORPLE L TR THRD EZXTWD, £z, 20
FFETIE. B R COMSHFREZIEOIRE L EE L TV DO THATHLHID TOFETHMELEE L
THIfFCX %,

[HRHL]

AHFZED FEERR T 5 DNAETEKIBD Msh2 s T2~ 7 A & itz o e k&
FHETIUE, ERRENTERIE EERBRIRETH D A~ ARE (DNABERENR H 2 BE
) CIIMHRFLUT Cb @RGSR TR TE D RS Z RO 2 Z &R TE 5
HThd, bl., MESHHETLRINTERTIUL, ZOLLENRVZLTE S LL
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EEAOND LIRS,
3. BMIERRDOHRNIEE
B ENEPIE THERAERZEZ§ 2 & TBRNEDPABRFHEEINL EEZ LT
DM, EOREONEHKILS E£TIE, BBRADLEE L7 < TROWO N EOHE R 52
B R & L CiR Ly R K D MR < ~ DR 2 BHAH) L RO 2 2

LINTEDLHZ LT, HEMICERDPH DL LERADND,

TR
> g3 ERRERE FRR33ERE
@?ﬂ: 'Iktﬂ (2019E EF) (20205 ) (20214 )
ZFarm 2P FE3PM FE4Pm $Fa1Pu F2PU 30 FE4PR Fa1Pu FEore FE3r F4m
_:: A N,
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sh2)21= £ Ny g Al == Mo ]
(KBRKEE) |m5c90700 s nr~sms CRE (Gy) ~OREERKTRAL
BERSADBETFMEETS
£ L3RRI e D
(P AW i e Y o =) \r
(B4 BMIBIRT ) § EHEEORETRARE £ EEOTE | EREDEDRE & AEE~OS AR
2 R BRI i) i R
Msh2BEFHRERIB7RATOES 7 FERA~H = FIER
131377K (100Bg/ml) ER7KIC & 2 k(R
AEERE RS T, RBE
ABHSE | ——) | )
Msh2EETHE Y ARG L LR, B | AL USE N4 7 LOEER | BAZBO 22 b LICET 8 RIFE
(MM KE) |20 mrmss EHE RO 5

T L13TR SRS
£<LTz Msh2 BIT TS
02 2 AL IEEL

< D

EEEf LY mE L5/ LDNAK R
W, KRR —T ¥ —ICLBZRA

L BRI R D B2 TR,
B RERER ORI
EX.))
A A
£
IR 5A . — V[ S— =
BALAIRE B LT, B4 OERaE | A5 MABEEORBAMIIC & | ZBMELRERICH 55 LAE
(MEW) |toEssoprivs oot #| 1E- 2EEE~5. BEOE - BOEE. RAALEE~
mT S LEEDEN SHERE A =N
T g ?gm BEOBENAREER
B A R alig tals  —
O EEERIR GARIA S N—
U™ LR BT b oS
£ 35 A BT EEET 3. %o
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VI RHEFELLIEOFE

AFN 2 A

SAREE (BRIICH) 128V T Msh2 BRI~ 7 ACERERLNRFEEFE L b HEOEY
7 2137 KE LI KBrOs & 4 G- L C, i, 5], B OliE 21172, 2O/ b6
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LWV RT DRSS O ZE R 2 ERICHHAR D,

[FIRE L PRI 28 9828 L & YA 38 08 A O FR BRI NS AR EAR A E 2 TR D 721z, & G-
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SN 3
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Elucidation of the mechanism of non-correlation between mutation
and carcinogenesis by chronic low-dose internal exposure using

experimental animals

Hiroo Nakajima 1, Mizuki Ohno 2, and Hiroshi Ishihara 3
Institute for Radiation Sciences, Osaka University 1
Department of Medical Biophysics and Radiation Biology, Faculty of Medical Sciences, Kyushu University 2

Natl. Inst. Radiological Sciences, Natl. Inst. Quantum and Radiological Science and Technology. 3

Key word : Low-dose radiation, Cesium-137, Internal exposure, Hereditary effects, Carcinogenesis,
Fukushima nuclear power plant accident

Abstract

Radiation is considered to be a powerful factor in the induction of gene mutations and cancer.
Furthermore, since the Linear Non-Threshold hypothesis has been adopted in the radiation protection of
ICRP, it is considered that even a small amount of radiation could induce lethal carcinogenesis. However,
our previous studies suggest that low-dose internal radiation exposure does not correlate mutations with
carcinogenesis, unlike the action of chemicals.

In this study, we elucidate the mechanism of the phenomenon in which this mutation and
carcinogenesis are not correlated, and present as experimental results how much internal exposure does not
need to worry about carcinogenesis. In addition, we will attempt a comprehensive evaluation of the
research results and the results shown in many epidemiological studies.

This year, we increased the number of experimental mice (Msh2 -/-/ rpsL-Tg +) and (Msh2 + / +/
rpsL-Tg +) for detecting mutation rate and measuring immunocompetence. Then, the exposure experiments
to cesium-137 and KBrO; were performed, and plasma and various organs were collected from each of
mice.
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2-5 &7 L 137 BB CHHIE S LTz Msh2 & nfih 2~ o7 A% i

/

fEAR L~V D ZEIRIE e D AT

SHRRETEE . REPATE OUNRT: - EAFTERE « SEERURRRE 750 5F)

P AE UNIRS: « EEATIERE « R R IE 757 )

RS

TSR IE < (T X DAL 2 D BRICIT RN TORE % 72 SOSHRE & [ & 2 BT
— S ERFNCE R T A MER D DH, FHEEFEREZHE O DNA ~DORE L E &I
fRMT9 5 Z SIFEE T, WEEEROEEEZ T TR ZOFO/BEEZ L5752 LICENHE
He T — 2 L, UL, WELEM 2 AW 7o NI < O EBRAGARAT G130 72 < JEHsE
T =X b TR,

ZZTEHAITET U L 137 O OIS X2 NEHEIE < OEREEZ DRI FHE T 5 7=
WHIZ, rpsk ViR — % —Bn &7 AMSEA L [EEERMRZARERRHA~ Y 2| %
NI RHT R DRRE 2 1T78 o 72 K LET BORRREY O AMER Cix, Ml & BOG LT
AT DIGMERLHEFEIC L DM EH ORGP RE N LR TRIND -0, RIFJECTIE#{b
DNA HEDEEIZ H BT 2% DNA X A~ v FEHEOEELZ KBS BB rdE~ Ty 2%
fEATIZ VN2,

rpsL LR — % —I8F & RO BRI NS Msh2 B s+ K~ 7 A1, £tk 4 B 5 8
Wl E T v L 137 OFUKE G- %2 4 BRETTV., 20k 2 BRI OEEEHEO%. Dz i
LIRTE LT, WNEBHIE < OB 2 EE T 2 /MBI &2 ST RICE R 21T o7 & 2 A,
Msh2 i {51 KIE~ 7 A TILEFARNC I LT 10~20 (502K A BB 2R LT, ARFER
RIZE VBT L 137 ORABEUZ LY ARENTHER SN RBRER LSRR CERNE - &
PEVEZFFo TIRIET 2 ZEMARETH Y . S HICERICHW D~ U ADEES A, AR~
U2 HWDEE L LT, KIBIZHO 32 LR ATRBIC A D & B 2 Hivle, BIfEAR A
7 MIVOFER 7R AT 2 D TN D,

1) A% LET M

BHEME RS RE P A2 EiE T D, REOHBMEZI YV ITEY L TR =R F—E o
¥ —ff5. (LET : Linear Energy Transfer) &\, BURBROFRE (BUE) OEWEZRTIEELE L
THHVWLND, LET 2MEWHURBRZIK LET B E V9, il LT X B, T r~ift, ~—
SRREN DD, FTE LET BAHROBIL LCET 7 78 BT, KRS0 5 5,
F—U—F



UL 137 WERHE < 72 RIS L
DNA 3 2~ v FEH FAEA b LA ety

Wt 7178
TEHES OUNKRFETA Y h—Tfat 2 —)
MO OUNRET A Y =T a2 — EEEERRT - EEARERHIIET)

L WF5EHAY

AWFFEITE w7 A 137 OFF NHBEEUC X 5 NEBIRIE < OAREEE A D FRHICFEM T2 2 & 23 Al
IREBRRORF AT Z & ETAFWE BRBES & BT < 1 D ZERE B ARG O E
EZRAOMNCTHZEEEE LTS,

THETICH A X MBI L7 DNABEERIZEE S S~ OB InFBlE~ T A2 VT,
Bx IRBRIEA B L AIZ L > TAEL DRk DNA 85X, BAZs|ERITHEREICRLZ LA
IMCLTEZYS . —fRIC T3 (ZASHIRIC AR U 7= 225K 5% [ DR C MR HE B 0D i A 703 i
FELHIHEZ 4R 0 IR TIREETH D L EZOND Z b, IKHIIZRZE BAERE O 13360 ASEE
DR L 72D, R ILTNE TITKRIGEO rpsL Bl T2 Eie Y ¥ NI X —%2 < T RF ) LI
FAIAT Z & T o~ 7 AR TR Z o 7o (IR ZE IR B 2 2 BRI 3~ 5 J7 1k (rpsL 7 > & 1)
EMESLL TR, EEAY - EVER RN TR 2 L RRERFIRTH D,

DNA I 2~ v FEMHIZED 5 Msh2IMSH2 81513t F OBARMEIER U R— ARG A DR
BB DO—2T, ZOBBFORERE~ T AL DNA I A~y FEEBEBOREIZLY 6 »
AETHLE R AZ BIRFIET 5, 2O~ U AIBEHITHHRFRED U 7 A (KBrOg) @ 0.15%
KA 16 B G-2 5 & /MBI HEOEEN AT 59 . —F 4 BAfoRGHM TR
FEFSIITERL SV TR WA T CICZRAE BN LA LT D Z &2 R LT b (KB, 2017
FEREERFS SSCERT) o ZOXDICEEA ML A2 DNA HIEZFHFR L. a2k
TERMEE 2 B S MR E L CRPABED EFIZORN5 Z ERH LI E 2o 72, Msh2 i#1x
TRE~ T ATBEHEEFE FCHEAERICIE LT 20 [FRERVHRIBRERBEE 2 /~9 2 &
D, BRI 7 A TR LT O R - (SR ERBAREEICL D7 ) AERNER
FIZRT CE 2D Tiden it Hiff g, FEERICE T D A 137 K% 4 HEIZHE Y 2.5KBg/ml @
B HREOK TG (FIEIE 5RO 74 AKBa/g K E 4 5@l £ 5-) L7z Msh2 s 7K~ 7 2D/ T
1%, 0.15% KBrO; (BAE NG HHE SN DIRE) K ERFOZERMEE L FRIFEE £ T LA LT,
LU PRI LT, EREFZI3ENLLED XA SN IRE 7z Msh2 Bs 7 KE~ 7 AD
NI 16 LA T B IS O RAENRRBD LR ) GRENF AFEICE2EREI D) , Hdd
FRHEIE < SAL TP E 2 CIIER AT U TR 2R E2 72 LD AN RE S, Zb0
BHAN=ZALERGLINCT DURERH D EBZ DI,

T ZCARBETIX, BT U A 137 OEHREIC K DIHE OZHRE B O b & LV IEMEIZfiF
W4 272012 & BITEEE A 0 U CIRE BT R A D 5, £72 Msh2 BInFRIE~ T A
DFFFRIC X DIEEI AL FERIL Z N E OIS COMTONT= DT, AR TIES bR A&
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B X DRGREZAT 9, R CRBCORT:) 13 #akIE < % AL P E BEER A U DR ABEE

DIEWIZITHRIERESCIIELUSDBIR L TV D AIBEME 2 RREET D 72O %A b A v OWE % FHE L
TW5D, ZODIINKZTIEE AR R L Msh2 E s 1K~ 7 A2 0.15% KBros ##45-L 7=
BRO MR 2B LHIER Y o 7V 2308 L KBRS 2, &3 7 A 137 OFE# O Ik
o T ATRICR T TERIRT %,

Flo. VBRI, WEHKIE < OB T+ 2 BT, 2 7L 137 2% 5 L
FAD Msh2 BAsFRIF~ 7 A BAERIA X L AZRL L 45 HILTAT & BLd DNA Z DTkt
— VA=K DT ) MMENTEITU de novo AR RO E T E L TWD, BAER~
ADHAR B T2 0 OFRERLIIIEF RN, 07T — X BEHDH T2 DITITFE KA VL & 24
L F 50, HIRZBREEBDNE O Msh2 BEF R~ 7 A TIID WL TE U A 137 (12X
DR SN AR A BRI CTE 2 AREMER H 0 | BRI E RO RS IR X 5,

II. WrgEs5ik

1. BFFEOEEFI S & AR OWFFEET B

e Ti?/?AﬂW@W%%i<@%@LO%T(DWE@%%QQMﬁUmLTyﬁ4L
OIEF D7 ) NENT. QEALZEWIMRNT, OEFIRE BT 21T 5, fRIT Y — 2 71— L 2%
SGHZEZLUTOMI-1ICRY, BOBER T~ T A L ZREHEOMELZ X T-1 1277,

2019 4EHEIE, Msh2 BE T~ Y ADOEME L7 A 137 BeGRMG, ORISR BLARbT
(rpsL 7 > &A1) ZBtaT %,

2020 4EFE 1T, (DRHINLZESRZE BfRAT (rpsL 7 v A ) Ofikise. @AEALZMfNT (SoEfen &
BT Do Q) EFEHIIZE BARNT O T= > D& v 7 A 137 $r 5. & ASE O Bth, QBRSO &7 ) MEHT
oY v T AR T v 7 A 137 £ 7213 KBrOs @ 16 M OfRKE 5% Bt 5.,

2021 LT, BB LA b L ABUBE UM I E S ARKR AU RO 7 2B OE - BRI BANE
G, BNANEEFMT D012, @QIEREO Y ) LMENTEIT,



L

= _ A _ 13763\' A
<2 : e oy e _{ﬁ)
e f— 1] F o P & Y .
BEFE I shl- 0T sl W sh2-~/ sl w | X

—_ =
FY
3R H,0 KBr0, g s ;; §§ A
RIF PR N WNGRES B8 B il i Z D B g ATEE
[] [] O
[ amy-7n | [ EEY I ] | T | [ 7/ LDNAmH |
|| I D
B2 AT sl -Assay | | NGSHRAT | %4 ;E{jlj:i?t{ﬁij | NGSHEAHT |
- || I TRE |-
70— ZERIEE - T — RERHT - HRIBEEZ /Y T — RERHT -
R Y S LRRHT lESiiliRPAEAE LS GE - BB Z R
IR - BERsR O HENERS 7% FEH A DHIENCES Denovo 5B
ZRABE DL F v —HH HhBRF DR sy LWER
8 FLM A FPMRF - KERKF FMKRE
K -1 fErY—27 70— L 5&E45HE

2. MIBEZEEBREH~DAD

R

UM RF- O Eh) FEBRERR CREICHI L U CREMERF L T\ D Msh2 IR i~ 7 A & RIGE O
rpsL Bl F a2 By ¥ MY —%BIn AN LT BRI~ 7 Z 2B/ L, rpsk % ~b
Ny H =% L, Msh2 BHAEF KT UL % R TR BIREEZ BB~ 7 2 (Msh2-/-,
rpsL-Tg+) . B L, BAAI< 7 2 (Msh2 +/+, rpsL-Tg+) % 2B X W R IC/E 4 5 729
DAELE B A 7= CHBID~ 7 ZADER 51T > 1=,

R R

W
Msh2-/- Msh2+/+@ Msh2+/-  Msh2:/-
rpsL-Tg+ rpsL-Tg+ PsLTer  rsbTe-

ratio 1 1 2 1

L
4

RERARZFA~

Msh2+/+8 Msh2+/-
rpsL-Tg- rpsL-Tg-

1 : 2

I-2 R EARREA~

7 ZDAEH L
4

78 SR 7 v 9 S
RINERIATR LA
s o
Msh2+/- | Msh2+/+3
rpsL-Tg+
[ I I I
o o
Msh2+/- | M.sh2+/- Msh2+/+2 Msh2+/+8
rpsL-Tg+ rpsL-Tg- rpsL-Tg- rpsL-Tg+
[ I I I I I
B R S S - -
(I

B/
B

DFFFTIZIE. B 7L 137 ZH L
7oA A0 Msh2 Bin K~ T A Z AR A 2
ERE L THELNTZFD DNA i 4r
J WEFTT D[Rt




3. ©L U A 137 £1X KBrO, 0F 58 L OS> 7 ) 7

~ U AN3EH 3 REOR S CRE TR ARE L, A% 4 Bl TRIRKFIIBEE Lo, KRR
T, RIEBRHICENTE YT L 137 ORG AT T, HEGEFERPE T LIERFRATETOY Y
AR L, B 2 LSS, UK Lz, W RF T, RO a1~ 7 2
EHEALTC, BV U AFE LR Y A La—ATHBHERE LTO KBrO,#58 L O =
Fa—/LfEL LTl OKTOEE 21TV, RIS 2/ L TR LT,
#5-7m b a—L EERFEAZ LU TOM -3 17T,

351 W U V)
EEREE Msh2 ‘
EFD SEE — 4ER) — SEE  10EE &
N - 3
+/+ Control BEEH S
A _/_ 4 J—’ Cfﬁg\ &

+/+ 0.15% KBrO, #R7ki% 5 (o
B N ——J----—L——o ="
2.5kBq/ml 137CsERIK % <y @
+/+ I | > C(_g«\(y

C
_/_
y 4kBo/elhE KZ\Q &
i '¥Cs PO 12.5kBa/ml '97CsERIK 1% oy &
HEHR BT EBRBECOM2MG h

-3 KHEBREE L 2RE R HORE 7 e ha—v

KRR T, AFEX ELoO®E G 71 b a— W2z T, D #EOES L FRkO G E TR 580
WO H A% 8 TRl H U 7o SEBRIE bR LT,

4. ERERHRZRBRE A~ U R & T 220828 BT

AlEE L7z B AR R O Msh2 85 R~ U 22X, ZERBEHHY v b~ 2 — (KIGE
HOK rpsL Bn - & I~ A UMEBE -2 ET) 237 7 AFRICHAAENLTWD, -7 X
—13KIBkb TH 7 AITHK 100 = B —Efs L72REECTIEA S LTV 5, 20 DNA fillkz ~ 7 A
77 ADNADBYID L TEIL L, =7 AMENT rpsL a1 LICAEUERZ . KiGE 7L —
FETANUT A D UMEORBMZIEIC L CTRIET 5, I~ EXMLT = A
TATHEMETHY . ENOICHT AMMEER T A EG LI KBE I T~ A AR LT R
YA VUG ABEMTHAT 5 Z EATREL 0D, AFIEITERBEORE LT T < RS
EIRNTT 5 2 & CEBEHNLTOEL (A7 hT L) RFEETEHENT-EHRRTH D,

B IRAT LT i) 10mg 22577 7 2 DNA Z it U, HilBRE%SE Ban I TR L 7-#% . 3Kb £z d
DNA % & BRI UL U, BERIEIC K0 rpsL BB 1 & W~ A ¥ UittEEs 1%
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Eiey X —fEID DNA B LT 5, WL, BEEZRELIZmpsL 77 A3 R_7 ¥ —%H
W, KIBHE DHI0BB (NEB) ([C=L 2 bl L —1 g Al k VALK, BEiR#fR SN KG
WahF~ATE0 LB 7L —h KOTF~vA T ERA MV T h~A T U EH LB 71— |k
\ZHi X 28°CTC 40 WefiIB%4E L7z, KIGHE DHIOBB X4+~ A vV stE, A L7 b~ A 2 Ui
PEOVEE 2 Ffo, AR rpsL B T2 a0 77 A RBNEASND E AT~ A T UmittE, A b
T A A EE MR R T, — 0 rpsL AR ORSRE R AL E 2 FF O T A I RN EAShD &
HF~A v UMmE, AN VT b A UMM R RS, LR T, BREEICOWT YA
VARV b A v UittEan =—$EhF A Y UiftEa e =—TRLAME LTHEE SR
Lo BCONFI~AT /AT v v Uitiavn=—%2Hlc 7 v—T 7L, BH—a
7 =—% 58k, FRERIKA PCR CHNE L, 7 /VERIKEN SY — 0 OREGE R O — 7 o A E TR
L7z k¢, ZREEORIRAT—% & LTHERT 5,

5. W —7 L AL DIEBE DT WEYT

JESE OFRHTIZIE -3 & ARk OG5 T, G WIM % 16 WRICIER L, Z O/ MEHikT
DN 24T 9, ZAVE TIZ Msh2 {5 - KIE~ 7 A % VT X ROINBIRSHC X 2 217> C
WBHDT, AENINEHIE ORBEE T 5,
37 1137 £7213 KBrOg @ 16 B [H Ok #5112 L 0 Msh2 & fn+ K~ 7 A 234 LT ERO
KRR R % 77 ) BT A RIS T 5 72912, ISR K OV O FEREEER AN Z O,
B AL, 77/ & DNA i L, WIS — 7 o= KD 5 AR 2 AT\ S 2
BNCTE LT RHIRRZE RO REZAT 9o WIS — 7V ARITIZZFETIT S, itV —2 7 a—
2 -4 12”7,

KBrO; & & 137Cs i D Ton -4 JEEAE R RIS
¢ O

m | Bofgrr—r 77—
C ®
\ /D NGS b Ay — 4 v %
16 A ﬁ”ﬂ]’—
q:

Mosh?-- EEY 7L ESHEH

e

fEZ R 2 .
ey | NGSET (T 47/ L DNAWh

6. WA —7 22X % de novo AFEAIEZE B D fiRAT
X 1I-2 ZRLEXIiC, BAEMB IO M2 Ea KB~ T AD4FAIZET T L 137 % 438
M5 L, BAERDO AR LR L TELNTFORET TV E LRI S — 7 o AT 217
9o MIMENIZERT =2 LV AT PARERLZF ML, KIRKFOHTE SN TITATR>
TV HEAER AL), C57BLI6 ~ 7 AT T A 137 285 LTZBOT — % L Ol 2179 .,
6



(i B i ~ DAL RE)
ABFIETAT 9 BRI R TR (W Z~T1E) B L OB EBRGETEIZE L TITE DHFAZ T
BEIDAREF TN D, HEOTICHT- > T, RS FHHEIE A FEOMMFEOHHNIC LD
EMEAREOTERIZBIT D5 | TEW O JOE BSR4 215 72 EDiks L OB
T 5FRNBIAIZ 8T LT T > T b,

IIT. WFSERE R

1. SRS B ~ 7 R 2 T2 220K 28 SR AT

Msh2 -/-, rpsL-Tg+ ~ 7 A} O Msh2 +/+, rpsL-Tg+IZZ LU T D 4 BECAy . 4 A 0L
PR 24T, Z D% (R Ul s TR L. B R(F L7cigds 5 o 70 &2 D TR R 217 -
Too AMFEEEIE. H29 FEE ORI TTOIVTRE RSN 2., T~ U ZBUR D 720 o T iR E
MEERECTH L DEEE LT, Msh2 -/-, rpsL-Tg+ ~ 7 A 5IC. Msh2 +/+, rpsL-Tg+ 7 PC%& KPR K2
ik Lt &7 A 137 OB G- A AT VR Y o TV R R A LT,

Aff: v br— (BHEOK, BFEE)

B#E: 0.15%R%EMH Y v L (E(A) B5AF (B HEOK)

CHf: 25KBg/ml &+ 7 A 137 58 (HHKK)

DR : WIHIC 4KBo/g IAE Z &K 2.5KBg/ml &7 4 137 %58 (AHBEEK) |
(HEEFEE L C RO 2 1%)

BT L 137 & ARSI OWRRE THOK S B 5GA . MILE (TG HHEEDIEEAL
DRI &, E 0k, Tl PIicBiT LEFITofid b EE 255 (ICRP publication 30) .
ZZ T, BV A 137 BROERIC X ZNEIRIE OB A EREZ T D/NEMEE ALY A
DNA % fifit UZ8 BRI v iz,

AL IIRAT LTV o 7D —HE8, Msh2 -/-, rpsL-Tg+ ~ 7 & 2 )&, Msh2 +/+, rpsL-Tg+ 1 JT)»
D/ TV TOERBEE DT 21T 570, AT MAIENTI KJOFR Y DY 7L D28 Efig
HHIRAEEEZAT 5 AEOMRNT 7 2 B LT EREEDOT — 2 2L FOFE -1 1ITRT, 724
EERIE ORGSR BB LI R A A7 7 7 CRd L (K -1) , @EfEEa2 hr—
JVRE (AR OFERDB/NGHMRIC I T 2 B RERERBENG N D, BEM~ T 20 HKRSE
SRS BB 1T 1.4x10° L FEFITIEVMETH - 7= DI LT Msh2 51K~ 7 2 Tl 31.8x107°
LRI~ T 2K 23 fEEVMEE R LT,
0.15%KBrO; DK B H-(B BE) L. A BEIC i L CEAR~ 7 2 TiX 1.9 %, Msh2 KE~ 7 ATl
1.8 fFmVME A~ L7z (p=0.037, Wilcoxson fiE) . —J 2.5kBa/ml &7 A 137 % 4 JA[H B HAK
KIZE VG L2 CHETIE, WA~ A TII 26 (FO LAB R LN DD, Msh2 KIE~ ¥
ATIXABLIZZEREOEREE 27~ LTz, £7241HIZ 4KBglg RED &> ¥ A 137 Z 3R oK
72412 2.5kBa/ml 2 FHEAOKICE 0 5 L= D B (MEEREAEREIL CEREOR 2 %) D% B
FEIE, ABRICEEE U TP AR < 7 XTI 4 512, Msh2 RIEE~ T A D BECIHR 15 %I EH LT

W2, E-ZOfENE C BEICEHER LT, BRI~ 7 XTI 1.6 512, Msh2 KE~ v A D BECIX
7



#J 1.5 i1 - LTz (p=0.030, Wilcoxson 1) Z &b, £ 7 A 137 ONEKIE < &IT X
HEBBEEOBANDBEEINTND EEZ BT, Msh2 KfE~ T A D BEOZL BRI 0.15%
KBrOos ¥ 5.8 (BH#f) LIFIEREREVEE TCEALTWAZ ENbhotz,

= -1 /NGHRRR IS I 1T B 2N A E & ffpr o o 7 vk

Msh2 Genotype +/+ -/-
Experimental group A B C D A B C D
Mutation frequency (x1075)
Average 141 265 3.61 5.66 |31.83 58.27 32.82 48.47
SD 071 074 189 135 | 7.00 19.39 511 4.65
No. of sample analyzed 4 4 4 2 3 5 4 4
Mutation Frequency
p=0.037
f 1
80 p=0.020
i
& p=0.030
= [ —
R i i — mimm B
A C D B C D B
Msh2-/- Msh2+/+

B -1 A FEBREEZR T 5 28 BT L YR 7

Msh2 +/+XBF AR < 7 2 % Msh2 -/-1% Msh2 iBa R~ T A&7, AfE: 2 he—L (B
MK, BEEE) | BHE:0.15% AT Y v A (F{bAl) 58 (B HEkoKk) | C#¥: 2.5KBg/ml
T A 137 BERE (HHEEK) . DEE: B2 4KBa/g R E A2 F@fHIfk  25KBg/ml &7 4
137 # 58 (HHAK)  (HEEREHREIX C RO 24%) . Wilcoxson iE (X7 2L D 7 X
TANY v BB 12X plEETRT,

2. WA — v 22X % de novo AFEAIEZE B O iR
AAEEETE M-2 1IZR T X912, Msh2 BIsF KRB~ U ZADA R BARD A A L AZ/L LZE DIF
ZfRTm, RAFLO Msh2 G T KB~ 7 ZADFENA R IAFERERE 2 £ BB AR A 2 & DA/ TD
PEFF451T 6-8 JLC C57BL6/) LA D B 7R oTz, 7272 LA 18 BIHEEL 2 & A FHREME T 9~ 518
173 5L B 20720 Msh2 SEHE /R A R & B AR X 2 L DR TOFOBEGFRIIET~Tr LR |
HAE®RL EFICED, AIEL EF ThoTz,
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FEa L b — RO TLINE TIRE SN T EBUF T 7 1 R 2 VT,
BAlEN ST 7 5 DNA Zffiti L, Z0%ZFEELE LV =7 Y oy BaTFy V7, F47
7 VAR, Wity —2 % — (Hieq2000) 2k b4x s v 4 (K 50Mb) O —7 2 A%
1To7= (FIN-2) . 5P 7 INETTHEERD 10X I3 » P 94%LL E. mean depth (3 60
PLETHhY, =7 VX y 7Ty —BILOR—F7 o AD TN BRI FH ATBE 2R BE T1T0
Nl enbnd, %07 —2EHNT IR THZICAECLERZFEET 572012, BT
IR ST, AFTOHK 50%D T LV TR SV A ER (—HEE#RS LOVNS RN
R ORI ZEAT I,

F o, AL Msh2 BIR T KIE~ T ADA A2 4O KBrOs £7-13t v 7 A 137 O 5%
fTNZDRICEHAR A AL ZRL LT E 25, KBrOs#5., £ v A 137 BEOERETERTH
1 XT OIEPEENT-D TR T NVERF LTz, REELRRICRER S —F o —ic k57
) DENTEAT D TETH D, KBrOs £7-13k T v A 137 @ 4 B 512 L Y Msh2 EinF/KiE~
U ADF ADAEFERESI N KON D Z LT N LR bhoT,

@ @ ®

S a— ?&\K&Q&% <§\]wa&5
) [@® wo | o [F® wn | e [F® @

35_25_15_?5<+/» JS_EE_}E_]£<+/» JJ_ZE'ZE_}5<+/»

B 11-2 A5 AR e 28 BLFR AT O 7= O D BUTH 7 v

£ -2 BAFY Ty V) — AT LAR— b

Initial N % Non-
Average mappable % Initial on- redundant
redundant
Mouse ID n Sampl Average read Target throughput reads mappable reads (de- reads (out of
ouse genotype (15 length (bp) regions (bp) |depth of target| (mappedto | reads (out of d el' st( deb initial
regions (X) human total reads) ",'p icated by mappable
Picard tools)
genome) reads)
Ms-Father Msh2 -/- tail 101 51,619,095 121.5 61,873,316 99.70% 54,110,286 87.50%
B6-Mother Msh2 +/+ tail 101 51,619,095 136.7 69,634,576 99.70% 60,152,163 86.40%
pup-1 Msh2 +/- tail 101 51,619,095 133.5 67,999,014 99.70% 59,152,228 87.00%
pup-2 Msh2 +/- tail 101 51,619,095 133.3 67,910,102 99.70% 59,018,713 86.90%
pup-3 Msh2 +/- tail 101 51,619,095 134.9 68,615,876 99.60% 59,596,441 86.90%
Non- % Non-
- N f on- N f on-
rgdundant redu_ndant On-target % On-target | % Coverage umber of on % Coverage umber of on:
unique reads | unique |reads (=reads target target Mean depth of
A reads (out of of target of target 5
Mouse ID (uniquely |[reads (out| mapped to y genotypes . genotypes [targetregions
non-redundant| regions (more regions (more
mapped to of non- target " d than 1X (more than than 10X (more than (X)
human redundant regions) unique reads an 1X) 1X) an ) 10X)
genome) reads)
Ms-Father 50,255,815 92.90% 37,881,532 75.40% 97.80% 50,477,961 94.10% 48,566,107 61.9
B6-Mother 55,773,519 92.70% 42,401,825 76.00% 97.70% 50,435,834 94.70% 48,882,819 69.5
pup-1 54,747,479 92.60% 42,182,143 77.00% 97.70% 50,440,245 95.00% 49,037,609 69.3
pup-2 54,820,582 92.90% 42,716,240 77.90% 97.80% 50,463,502 94.60% 48,853,832 69.9
pup-3 55,365,891 92.90% 40,369,927 72.90% 97.80% 50,468,168 94.20% 48,642,473 66




3. WA — v R K DIEBE DT ) IMiEdT

AAEFENLT 7 BRAT YV 7 B RIS 5 72912 Msh2 385 1 K~ 7 A2 KBrO; ¢ 16 # [ #¢
HAAT o TSI UL /NI AE LTS, /MG ER R, Dg, R A RAE Lo, IR
ZZnNHOH T ERCTRIMR S — 7 VAL DR V) — NRIT 2TV, BESHHRRr BL
R ZER AR T 2 FETH D,

4. YA A RERILEY > 7 v OERER

# -3 IZAEE MY > 7NV OBRBUZ AW~ U7 ADICE % /R, A% 4 Bl E 7213 8 W)
5., BEEE FELILKBrO; O 4 BFE G 2T 7-HAET <o 2 L Msh2 BaFKE~ T A6
AR LRI FICE ST, B WA 137 5B L O MIT KRR TIT- 7,

72 -3 1Y > 7V~ 7 A L BEME AT v 7 L0

BB | Msh2it | BT
Wi | T oL T OARE— ,
BmHE 1 | BMmHE 2
4w +/+ A (GEMLER) 6 6 4
4w ++ D (**7Cs) 3 3 3
4w ++ B (0.15%KBrO;) 9 9 7
4w -/- A (FE4LER) 5 5 4
4w -/- D (**7Cs) 3 3 3
4w /- B (0.15%KBrO;) 10 10 8
8w +/+ A GEALER) 5 5 3
8w ++ D (**7Cs) 4 4 4
8w ++ B (0.15%KBrO;) 4 4 4
8w -/- A (FEMLER) 2 2 1
8w -/- D (**7Cs) 2 2 2
8w /- B (0.15%KBrO;) 6 6 6

IV. &%

R AR M~ O 2 & W Te S8R BAR OFER N6 . Msh2 K¥E~ 7 A Tl B4R
~ U AT LT, @R E OIRIET O BRZERE R 20 f5m W2 E BB E o T,
Msh2 K~ T A0 T A 13T HEGHED S5 6, CHE (25KBg/ml &7 A 137 #5.) T3 B4
D EFITRO N hoTon, mffEO D #E (F) H I 4KBg/g RE Z 5@ 8k 2.5KBg/ml &
UL 13T BEE) TIXASHEEMNT LT — X 2B L TRIE L ZAFE R EA BRI N,
7R BB AR NVORNTIEASHIT) PETH O . ZOBENOFRERORHRZ IR ST
HIENTEDLEEZTND, — AR~ T 2 THREIKFIICZERERBEED EH3 26 m
DERD LT, HIRZEREBAEE DN IEF IR W OFREROERN « EMERFEITICIZIS I
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2 DV TNELELT D, BAR~ T 2 TIEIEIE ORBNEREEO LT M bE LT
LMEZ B2V, Msh2 K~ T A TIXNRMNTRINT 5 Z ERAETH DL LB 2 bz, &
72, DNA I A~ » FEEERE D IE R ITHEE T 2 K TiX, KBrog ot 27 A 137 OFUKE 512 &
o T/PNBIZHIRICETE SN D 7 DR BITNEITIH S TND Z RS,
FFHRAIE < 1 L 0 IRHIARIC AR U 72 B BT E < ER DR 03 Aok 2 72 R RE DB R KT 72 5
AREMEDS B DA, SRS ZE B VE U A3 F 2 23T R UBEO RIS £ TREN K ST
REMENR B D, = Z CARMIETIIHIEL LA A28 & L TEH LEZREH VRt —47 v
AT & % de novo AFEMIARZS EOMEAT AT O FHEITH H, B HEB LU D #ED Msh2 REAH A~ 7
2 AW RZR THRE LN Z E D, BRI PICATMIICA C 7o B MF 0 7 ) LITHL
WD AR E 2 b, FEMZRRENTIZ AT O TETH D,

rpsL L AR — % —8 s+ & WG T~ U 2D L~ Tor' v w A 137 ERIT < I &
DR SN D RMIRZEARERORBICAEI TH D Z LR ENT, AERREZFMAT L2 L TE
(KN THA LT 8RB A s RIc, EEN - EMME R > TRINT 2 Z EBRAEETH D EE X
BT, SHIZMsh2 R~ T A ZH WD Z LT, FRALRE GEEEICHRTFTRETH Y | BpAER
~ U A% AWV LA LTI BT 2~ U ALK E KIRICH O T2 LA T& 5, —FH T,
{LFWVENT K DI A & BRI K DR A DRARET DIENR, BT A 137 NEgRIE < o4
FEAR A~ D e E QBRI IS T, A% bkt LIC RN EE ThH D L EZ b,

VI A EELA RO 5T

WAEFELIE S 2o 7 L 13T 59 0 VA & HITHEe U CERE RN 21T O, TEIEARHT.
A D ERR D 7= DIV~ 0 ADOBERGZB 2 5, SEETTIHRELEZY T
FHN T ARAT 2 kot L CHT 9,

VII. Z OMFEIZEET 2 8E £ COMFIEIRML. b

A FERNFRFER
1) Mizuki Ohno, Kunihoko Sakumi, Noriko Takano, Yoshimichi Nakatsu, Teruhisa Tsuzuki,
Toward understanding de novo germline mutations in mammals, H A R #2222 55 62 [A]
2, 2019.11. FATFHETH
2) Mizuki OHNO, Kunihiko SAKUMI, Noriko TAKANO,Kosuke TESHIMA, Kyoko
HIDAKA, Yoshimichi NAKATSU, Teruhisa TSUZUKI , Detection of de novo germline

mutations in DNA repair-deficient mice lines, The Joint Meeting of The 6th Asian Congress on
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Environmental Mutagens(ACEM) and the 48th Annual Meeting of the Japanese Environmental
Mutagen Society(JEMS), 2019.11.

B. EEFIER
1) Mizuki Ohno, Toward understanding de novo germline mutations in mammals,16th
International Congress of Radiation Research (ICRR) 2019.8, #A£F:#iH

VIII. 273k

1) Tsuzuki, T. et al. Spontaneous tumorigenesis in mice defective in the MTH1 gene encoding
8-0x0-dGTPase. Proc Natl Acad Sci U S A 98, 11456-11461, doi:10.1073/pnas.191086798 (2001).

2) Tsuzuki, T., Egashira, A. & Kura, S. Analysis of MTH1 gene function in mice with targeted
mutagenesis. Mutat Res 477, 71-78 (2001).

3) Egashira, A. et al. Mutational specificity of mice defective in the MTH1 and/or the MSH2 genes.
DNA Repair (Amst) 1, 881-893 (2002).
4) Sakamoto, K. et al. MUTYH-null mice are susceptible to spontaneous and oxidative stress

induced intestinal tumorigenesis. Cancer Res 67, 6599-6604,
doi:10.1158/0008-5472.CAN-06-4802 (2007).

5) Isoda, T. et al. Abnormality in Wnt signaling is causatively associated with oxidative
stress-induced intestinal tumorigenesis in MUTYH-null mice. Int J Biol Sci 10, 940-947,
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Analysis of mutations using Msh2-deficient mice internally exposed

to Cesium-137 radiation

Mizuki Ohno and Yoshimichi Nakatsu

Department of Medical Biophysics and Radiation Biology, Faculty of Medical Science, Kyushu University
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Abstract

A quantitative analysis of radiation effects on DNA is very important, and this data is valuable
in understanding the effect of radiation on the health of exposed individuals and their children. To evaluate
the biological effects of internal exposure due to oral administration of cesium-137, we examined the
experimental system using the rpsL reporter gene transgenic mice. Of the biological effects of chronic
exposure of cesium-137 radiation, the contribution of the indirect action caused by reactive oxygen species
generated by low LET radiation reacting with intracellular components is expected to be large. Therefore,
we used DNA mismatch repair-deficient mice in this study. DNA mismatch repair is known to be also
involved in the repair of oxidative DNA damages.

Wild-type and Msh2-deficient mice possessing rpsL reporter genes were administered with
cesium-137-containing water for 4 weeks, after which they were treated with regular drinking water for 2
weeks. Subsequently, all the mice were sacrificed, and their organs were isolated and stored for further
analysis. When the small intestinal tissue, which was directly affected by the administration of cesium-137,
was examined, mutation analysis revealed that the mutation frequency in the Msh2-deficient mice was
approximately 10-20 times higher than that in the wild-type mice. With this experimental result, we have
successfully detected induced mutations in vivo with high efficiency by orally administering cesium-137,
quantitatively and qualitatively. It would be possible to reduce the number of mice used for the study
compared to the study that uses wild-type mice. A detailed analysis of the mutation spectrum is currently
underway.

13



2-5 EWEER 2 O T BRI B E < IS K D 28R R L

FED A DIEFAEEMED A T = X L fi7 B

WFFETAH AR BT 63 2 iR b & B R O 5 O SRR BB

FRIGAT IS & O o 7 DRREHETE & FE DS A DT

SYRMTIEHE - Al gL (EATHERE. ERE. (RNERYY)

W E

S o D ANERBRIE < 1T K D AR AR ORI IE F AR e A AR T H 2 &
ZHBE LT oD E D=, #—I2, DNA BEEEEE KB ZE> Msh2(--)~
U AR L OEFAR~ 7 AOAEMIIZB W T, KRR - R ER O BRI L O /M
FOWEHIE < LRk D% DNA 5 AA A RY A MU —FREIC KD & &I
THIEAHEE LT, AL RAW264.7 B3 2 N C yH2ax FREE DR B4R 71 2 7w
TEREHINZ B Lz, 800, BOHDEMRATIC X 0 IRas NI £ o 7 & O B R 7 kAR
SARDIMRZED Z L2 BEEL LT, AERE TR 2 D -,

F—U—FK
NAFRY AR — DNA 8552 RNA yH2ax
R wPEE) B AT
WG 713

M a4 1 WREAET (B, Emr, BRERT)

I WFFEE

B FL FHCCERE I SO & 7 Ak B 8 K OB e IR R 24
MEFRDHRENTZbDTH S, L LERIL, ZhORETFENTHAICHEbL T, P
BUE AT K D EWHEFE AT < SEICET 2 B S ANEKICIEE S, JEYEF (K72 & NS Z DS
DI= D OFE D IE ST HIEEAE U2vhazely, 29 LIDRIICH L CERBIEDOTE 5 2 L1,
ERHEREEZITT D Z LI &0 R R 2T 5 2 & T, BUTRERED AL L 1Y
VRIS TG+ 52 & & L OHUHREBICT D158 E LR LRORKTH D, BEIE S 2895

TOFERBMR ST DL THA ) LB R, BARFAFHREROANLOFRD S 6, H—
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(ARHR B O AR 5 I e v U AORNEIBICB I 2R S ICER L, 20 b
DOEE S HRE LT, LT OWFZEEHE 1GEE L & & 137Cs WNEBHRIE < #rE o BiHEE
DOfFENT)E X OWFZERTHE NFEMEERE Y VA0 FUA N —k M bO 7= 0% 2 I 7 afgirilot)
ZEHE L7c, ENENDOMEHIRIZILLTO LB ThH D,

1. R A B & 137Cs PERBRIE < i oD SR AE B O i dT |

JRFTIREZRITIERM SN TE 2 LT, ERE - ERERHEE GBI OVWTOBEKE Th
%o FEFNCABEZD 2 WBIG 2 FERIIRT 2 & 13 THE LU, S SRR 7Y 10mSy F2 %
DORMEAR R < | BRI ERMEIE T & Me EORFLEMIEIC EBRINCBIE TRE D
BMEORmWEEIIRON D, ZOHBIT, BEHBROERN TH S DNA [TAERICNIET 2ty
RLAEREBL AW E ONEMEIEEDIC L > THHEELEZT. b OABIE B 5
TOIRAIZE D DNA HEOETIE S | BMEEIE < SH 7R K 5 DNA BIEOAE 72880
PHBILEENZ LICE D2 b0 & PREND, ZORBEEMRT 572DI2i%, B DNA B
MAEMBHLC, BlamhoX A7 ZEICEMEBEZ RO D Z LT, REEZEIC ERLE
HIZENKETH D,

3 5 IXEEIC~ U A O ER H M ERAIIBAE I 551 D Cdknla/Myc RNA Ed~ w7 2 D 1E <
BIZHA LTINS 5 2 & FICHIE < BREDS 20mGy Thh - THAREICHMNT 5 Z & 2REICHE
LTWo, TR, MEE 0 MERICE £ DMERIEIHRE ) 2 FF> A MLER(Myc RNA+) & 72 1) @
DNA HEHIHIC7HE X5 RNA(Cdknla)DfECTdH 0 | #2159 101% DNA SISk 2 Hile E & o
JISEDOREZRE L TWD Z &2 D) . DNABEOEREFIEOO L S Th 5, AWFFEFHE T,
IS DI E A AT H E L BIT, ThREITRARD DNA BE e 22 ERT 5 REA
ST H T E, FLT, Cs137 WX & & Wb B RS R EONTEMEEEHEY A&
BIMBEZTRT I LICLY, (KR - (SR &R REELZEE(b T2 L2 ZFHO AL L
77

AAEFE X DNA GO -7 E BRI 2 ML T 572012, 7 a4l L 72 R A2/
T2 RAW264.7 HiflazfEH L CERBEMNBRAZED D & L HIT, B - p =3 v ¥ — - g
b D> DNA HISHEIE & O BB EZ RO L2 HME LT,

2. BEMERES U LD KA M) =MD D0E I I 7 mfif s

W > T A ORNENEEIL 1960 4FR 2 HIFFEHESD AL, Jles L~V TOlgs 7 < fr i
PO HFEILE D, & ZAN, ZOBROEFAEWTFIINLI 7 a b, EEOFER A D
K & 70 DA D AR NI BAE T D B3 8~ A1 7 o A— ML OSHilRICH 5 LfE U6 b &
I ole, LT, BRESRBVMML NNV TN RET 2 2 E0Rand Loichd e, 7
NI VBB TH DY A bl NIRRT L THRMRAHIES SEL20TIEARN D &0 5 A ER
ATHNR, TNERETHERBEREB/ARETHY, BRISOER LD, ZOBKS 28T 5
TeDIZid, BIREANZEH LT 7 ADIBEENICE T 2 RTEOREZ 27 L, BUEOE I
HREFHIOIESHEZ RT Z L2 D LB 2T,

TEROEWINBIR DA — T A7 T LTI, B HORED R S0 bAHME L~ VT X R T
bote, LaL., Fexid Spring-8 Z Ml L7 Bt 2RI L CHlEEHMEI A RO 7 oot I
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7 o EBESHTHMBR ZED . BRIRAEHRICRBIT 20 7 OREEZ R L TE -, Spring-8 I
TRV F—MIZE VT LAORELEERICEHM CTHLDT, VT UOHIER L TV AT 7 a7
T AERETUTE S T LGN ~OBEANATRETH 0 | TR E & —HiLl Emd 5 Z & B HIFE
ENd, oiratSiEes & LCid, B2 7 AOKRNEIE CER I ARBIC/ZY 5 DR L Blg L L
T, B U LAOKRNIEERICE T DGR EH Uiz, RNICHR L7z v v L3R E D 80%4HH
M ESHER AR e & OWEALE D B LB Shu, 67%BIEE MO I U 7 AL & B IZFFRIN S
. WLEEERT 2 Z LMo Tna, T7bb IBRIEIEND Dt > o A2 gk 9
HRRD . B BRUCHE S UGS 5 2 L7 D, B U U AIMEBORIE LTS n-0b, -
EHITHMENDMEICBE I TFRICE SN S, MRS Y U ATHREOR S 7ER E T ¥
FIVEA TN ZART D8, BU T A3A A 2 PROMEIC L0 MREN D B IMIBAT LA
o<, AEAICHERE LT WIZ ERNFALNTWD, 29705 & Kl ERHIfIc I S vzt v
DAY T L EREOBITREZ & D ODRERRICHE T 200 TRITE LW, /RTER
REVEZ BN & LIZBBBR S N5, Msh2(+/1)~ 7 A TBE LI X 0 2205 0 RIS & S5 5
DS AR BRI A S (RIS 2 4 U7 2 8, Wk 2 THEE~ 2 9EEOARTEIC L 50
JECHI L7z, UL, Bt U AOEEIEERIC & b 72 O 22 RIREEIRIC & 1T 2 JRTEOH
BICBET 2P ARE LTS Z D, BEEICER S 215 LT\ 5, ZOBBOTDIA
WFFEEHE CTIE, THBETER L TV o o0 LA ORMBHHRRIC I T 2 RMEORE L2 I I 7
BLALVTRRT D Z L E RO BEEEE Lz,

AAFFE I Spring-8 £ X X 7 mERICIHIT TRAERT — X 215572012, IngsalklgaRl ik %
et Lo, WMiEW{AE 19 H7- 0 2 pmole FE) &G L= it o v AL #EWAE 19 H7-
» 100nmole FLE)# 5 L= KR > 0 MDA ORI%GEM2 /v 2 L2 BN E Lz,

. WF5E 51k

B ORETH DB LR L T & 137 NERRIE < BRE O BAME B O f#FT 135> 1 #ila L
W FEBR(FIEIX TRE 1, 2,3) 3 O THAIBEMEEREL VLD KU A Y —EMbD7=D
DF 7 a TR EICEERCTEII TR 4,52 XL 0 S BOMFRITIE N T 5 5N BRA%E 4
G EIT o7,

-1, RANEEAN RAW264.7 Ml ~DO KB L OB =3 v ¥ — by, &R

BEe g~ o A E IR 7 A ALMIlR CTH D RAW264.7 Mliid o @it 7 7 a—
(5 D5 FE 18 7 ) 4 384K L 7=, 10%FCS % & T» RPMI-1640 5% Hi T8 L 72 il 2 20°C T X HR-(200V,
200mA, Al-Cu-0.5mm-filter) BT L 7=, MREPEE OMRERITZNZH AirKerma 7> 5 7K IR &R
Gy/min & LTk, 0.5~1.0Gy/min OHiFH TS L7z, RNA Z3HTIXEAE 3.5cm 552 ML A L T
ARG O JE I 5 A 2 80%. yH2ax /3T OBRICIXIEHE HA 3 50%OMia s M L7z, p=Iv&—¢&
LTl v A 137 2 H L, Ge 8k H 25 TR RERI E L 7= 137CsCl % 0.1mL 15 #hZ 488kBq
ERAL, B2 7 A 137 O BRI 3L X —)0 188.4keV TH D Z & 1D, 488kBg/0.1mL/1hr
TIL 500mGy fHY & AFED Sz, wE b & L ik /k$#E (H202) & BFEfRET U 7 A
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(NaBro3), #Einigtta@iLr o Ll U o A[K2CH(VIO4 & L7, 24513 pHT £ Dk
e LT L= B I MICE A L, 20°CT 1 BEREE L=, W EROBI T AR R
O X % B U7- #2785 L, DNA-damage & &iZ#E L L7,

11-2. RAW264.7 #iE D yH2ax Z34T 8 L OV IMEHT

yH2ax EESHTIELL T O FIETIT oo, A 7 A)JEEEFRN E T &L L C LRt L=
RAW?264.7 el 2 e 72 b5 HC 37°C30 38548 LIV AT VT b RARREE LT, FikicH
ST DNA 5% yH2ax HOGHUAYt L7-1%10, YefmsRfgfE & LT & b 33342 et L T
HOCTAMBHRY Lz, IR X fa IS U722/t & Sham FRESHIAEEN 2 5| yH2ax &
ST BT BT AR IR & BRI A RE LTI, PRI E O X SRR SRR A i R &
LT, BB L & BTk LTz, SO0 10%4 8 2 72 W bR RERRINIC 10 554
Ly R K DA ZE-yH2ax-~F A Nl » N O 7 7 A /L% 5 B9 Oftsk L=, yH2ax L
~UL DT & LTI, MR TEAE D 40%0L 178 yH2ax HOGYt Sl 2Bt & LT, kD
720K 500 MR A B > b LTz, FENZ, Sham PRETFHECA » b4~ Threshold L~ L& #E L
7o TR MR EOINHIE < BB 100% A2 R T KIS A FI v 7 LU VERE L,

INZHTITFAEIZ LD, LTOHIETIToTe, T o= A R7 7 A RICHESEE L
RAW264.7 Mz A ~ 1T 2 b & $1Z 20 Refdi5a8 L. 50mM KCI Tl A IgAME L L 721212
[EE L, A FYu TR LTl LT, ifiiads X OVIME 2 £F 5 MR 0¥ JIE L,

11-3. RAW264.7 #ifid &> DNA 8 E535% RNA O E &554T
AR AU BB A ST 572D RNA fRIE & L CTlk Cdknla M L7z, FE#ERNA & L
T Gapdh 2 U7z, EFCAWER U7-#id 2 RS2 L7 BIok RNA 23F%. L, 200~600ng
&H72V 10unit O AMV HEE RS T cDNA Z G L, it RNA (IZHY 3% primer Z{EH L T
real-time PCR CT/E& L7, real-time RCR DS, A 10zmole DFEYE DNA Z HilE L CTHIbE
HWEOTNEMMIE L2, Gapdh RNA &7-Y @ Cdknla 721X RNA O &b Z KD 7,

-4, =7 2Tk 57 L 137 D5 L s
R — VU ClE(L#E 0 C3H/He ~ 7 AIZ 1kBq @ 137CsCl #FiR & F2 T 5 U=, BlE RE i £
B, v~ U AL N T F T A VPR I ZE S S Cligas 2 80 L 72, HORRERIT Ge
PR AR 2 LT 38 X OB U RE I I S R e % & o © A 137 % 5 To A MERR A
LHFCRI D~ U AENFRE & 7 A 137 BITHHREEMM O~ T A7 7 o N AEHH L CHIE L7,

-5, ~ 7 ADLEY V7 L LIEERNTE 7 L0 ICP-MS B, Mt LRk R
JIEAL 3 D C3H/He ~ 7 A D2 FiZ 0.5~5mglkg @ CsCl ##5- L7z, ~TAD KT ¥T A
BRI TR 22585 X Ol A B L7, Bl ER I~ A 7 v v = — 7R b2 E ©
BHIE R LT 2 ISR 2 L L, ICP-MS @2 H L TRy v a2 ER L, o, bt
FEAT P RS R OB GE O (10pum JE) &2 FREL L 7=, @it i o Y — XD 5 bH— & Mk o 7=
WIZATA K7 T AZEE S, —5E 'V L0 Spring-8 S LT 7=, —#HE BV U A
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D Pixe I HIRHT D72 DIZR Y T a B L 7 4 )V AIZERE ST, B2 & Tk eh T W i
R Fab L7 4 VAT —FE2AE0 T 5 2 & T oOBE A BiIE L Est s ) — X%
L7,

(ffE i ~ D BCLE)

) RISV CRIRERE S L OMEYRE OB E(L SN FHOMEEL L OVER=EZ
BHL, v~ AWET HEEEA NV RABEOTZ0OD T X T A PR E 7 IXE R 7 LT
VRN T TAT o 72, MEkakfi e b NTEEFIRIIFTNERBIMZ BRI L 0 FiliFEEL L O
ARIZE D . ZOWEADHER SN TND, £, EREMHF OSSR O ONTHERRE O
BB DT AR, 74T A Y b= B LML EWE ORI - T, TN
FHY RS K D EREds L OVKGRR &2 T To /R FIES K UM R i s - T3 L 7=,

1. AfF5E5S 5

-1, E@E b & & 137Cs PNEBRHRIE < &> ErIFE B O AT

IR IE < RS & U CITMiiiiiiic 381 5 DNA HEFHEM RNA OO E>TH D
Cdknla mRNA (p21)3# X Utlong non-coding (Inc) RNA & % micro RNA34a BBl (48 (34ae) D % B & A3
50mGy LA EDHE R OMREARTFIEE BIFIE & 725 2 L 32 1ITBEIC L LT\ iz, 2 o4EWF
JRERI, AEARPN A U7- DNA SIS OIS U CTIEME(L - 2 A RHERE O bifE 2 RNA &30 &
LTHETHZETHY, realtime PCR T K 2 milE AR & RNA EBEM OMELIZHAS VDT
Do

R & 1X DNA 257 7 20 R 2B kW& Ox I iX, B0 A FRREIZ -5 <
R ERIL IR O ERRINMLSLETH D, Ll s, ERERIIHEEL 2D 5 5
R B PRI IR DTV D, 72 & 2T #RIC X 2 DNABEROIK N4 EdU 7 v 1 . RNA
ARG Z EU 7oA I ha vy R Ty~ rad ICL 7 vk A . AMAATEENE T &
ER-tracker, fliflalFii®ho45{b% Cell-Mask, #HfsEz TUNEL T, YRz M #IEZEYt T
L7, 2D OZEIWTE 3Gy 22 5 EMEHIE TORBE S, EREREL IE
B 11X 72 0 #3727 - 7= (data not shown), & &P LR FT OO B IR B iR e B PR & LTI,
O CAMBEZNIZ I8 A L7z A8 DNA UIBrBAL 4585 L TR AT 2R ER &2 HUA CF
B9 25 LW AWRa I HES < yH2ax T 2R L7z,

BRSSO EBILIZR S TlERv, £ 2T, SEEIIRIULHIEZ M L T yH2ax &
FeYe il K D ERBGIEOHNAICEIRZE O 2, ~ 7 A RAW264.7 M A& iR o/ s L
TIEEHESNTELT A MM TH D, LME LM Th 57210, BN EZEIE~
U A MBI LR TR R EREGITICITE S LW, /IMESHTRE R 5%, FELEED
INEZBEEE D3R D TR < . 100mGy R DOf & T b A B/ MBS BIE SN D, AFEEIT Y%
faZ A &R LT, AMTHEIE < BREKIFEIE 2 R IR A B C & % yH2ax E&EFIEAE L
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(1-1).B =3 v ¥ — LR L S BB AR Y OB OREE % yH2ax 72 5 ONZ RNA fRIE Crb#k
L72(1-2),

11-1-1. RAW264.7 HEREIZ 35 1T 2 HBUR SRR SR A ME D yH2ax BtE e e & 15k
HREARAFIED yH2ax BN O ERRE 155 72512, 100m 7> 5 1000mGy O#iPH T X #RIRE L 7=
RAW264.7 fifc > yH2ax Geta 24TV, ARAE 3 CHOCBRMER IR O % (M BLAL C yH2ax Jeth L
NERIE Lz, X -1 0% 100m 7265 1000mGy DOHEIFH DI IE < OFSFRE T & D, R
BaRLEMTH S, Bk EHHEICB W CEERBERMEZ R L, 72t o s 3/ iE i
(yH2ax-focus-rich) & 1% Il BFZE 510D 2 IZF0E L7220 C TRME) & R Shi-fiflacdh v, L
) yHZax-focus HAERIVLEFLIREZR L LIEERHIETHD, BIEAKLE L CER LI
FIVELRD LIS Lz, ZOERFET 100mGy LI EOKE THE R BIMARD bz,

1.0

0.8

0.6

Cell ratiO(yHZax-focus-rich)
0.4

0.2

0 200 400 600 800 1000
Dose may)

-1, RAW264.7 Ml 351 5 X FREKTFNED yH2ax JEEG AL 48 FEHE N

[11-1-2. RAW264.7 HEIZ331F 5 DNA BIEIE RNA SO S & 7P EHE
RAW264.7 AR ORI L 0 | MR G INEREE Y 22 Ref 25 18 el iR L=~ 7 =
—VERIR U, BEFEINEIC X0 R E O m £ 5 2 L 2 IR L7223, DNA {552 RNA
ORI Z L L U7 SRR PRI SR R U i o @R fe < & % PrimiR34a InNcRNA
DISEMEITIE L, Cdknla mRNA ®O A A% 500 725 1500mGy O #i[JH o f & Tt 4~ L 72(X
111-2),



RNA ratio (cdkn1a/Gapdn)
0.10 0.20 0.30 0.40 0.50

500 1000 1500
Dose macy)

11-2. RAW264.7 fidiZ BT 5 X #REMIFED Cdknla mRNA & O N

> =

111-1-3. RAW264.7 e 36 1T 5 BAn 4 O “FIAOFEIFEIC K 5 E & ik,

EFE yH2ax-rich AR H =25 L O Cdknla RNA L2 EEfR1E & L C. DNA HEEH 2 F->
BEFEYORELE U, Wit s LR bkE L REBRT N U LDIE0, 4F YV BEe
BCHLZ7ua(V)BEEZFEHL, p =3 v & —X 137Cs 2 L7, 2N bOBREMICHIEE
20°CC 1 REffBefil S W 728 | Z OFHIX IV B4 310 L7, yH2ax ZHEIE & L7/ R4 X 11-3,
Cdknla RNA A5 & U7k R A X 11-4 12777723, yH2ax Btk # 36 L O Cdknlak RNA &1Z X A4
MR, 25uM OiEEE{LK FE TIEH 200mGy FH 4 Hi(eq) & 9 1000mGy-eq, 100uM O RFE LT
U 7 A% 0mGy-eq & 1000<mGy-eq. S0uM D7 v AEEILK) 800mGy-eq & 1500 % KigEIZH 2 5
mGy-eq & T -7=, F7=. AREIDOERR TIL Cs137 12 L DML < #EIX 500mGy [ZFH Y4
52 ENTFTRI A, yH2ax 35 L OV Cdknla RNA & & R ZRBINIFED HivZe o7z,



1.0

0.8

0.6

Cell ratiO(yﬂZax-focus-rich)
0.4

0.2

i [ = l
T

" Sham XRT H202 CrOs BrO3 "“Cs™
1000mGy 25uM 50uM 100uM 4.88GBq/L
1hr 1hr 1hr 1hr

1-3.  RAW264.7 fllEIZ %7~ 5 fli 2 OB FEMEY BT X 5 yH2ax FREGMHE R 0> B8 5 8 0

RNA ratio (cdknia/Gapdn)
0.10 0.20 0.30 0.40 0.50

Sham =~ XRT ~ H20: = CrOs  BrOs~  “Cs-
1000mGy 25uM S0uM 100uM  4.88GBq/L
1hr 1hr 1hr 1hr

I11-4 RAW264.7 flifid 259 5 4 OB EYE LB K % Cdknla mRNA &0

-2, FEMRERE T LD RV A R —E{bO 72D O& I I 7 a i@ it
EPN L FEIF M T 5 Spring-8 Tli~ Y > XA MEROFEENDH Y . FMEB LR T
TV, R E Tl ' v MMREFERR OB T RE R E2 15D T L lZmid . AR TSR
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R A D -, BARIIZIE ICP-MS A7 MASHTEBE OB 7 AERDT- DO . ZEt®
LU ABEEGREORBE, BRI S THY | IR TE DAL RERERIIE O TW
QAN

IV, #&%2

IV-1. RAW264.7 i OARRF SRR K 2 B SR A7 yH2ax TE P L L~ L 0 &k

TSR EFRRE & L C yH2ax-focus OBIZITINA S, ZOEEFTIEIZONTHE L WG
Bdb, LonL7enn, S 2EH Lo ERIIREMICES 20 X5 Z Loz, B
TR OFE D TRE <, 500mGy UL FOMEIZHOWCTIEHBRMEOEm W FEIIEL ST
W, BBV D OVE EPEMENILA S5 BOEPURTE CIIBIMET B OB, @E L - FhiEd e -
72 BN AR EIZ K 28R E OIR T OEERSRICE 2 D B0 MEIC e 5, KR EIZ R &
N5 100 [ L X OMBENBIZRIC L B yH2ax-focus DIELE TIE, EBIELDOH 5
ABEEZ PSSR EET 5 Ry MIRO yH2ax focus #8125 572012 1 flEr & 7= v ESRE %
20 43E| U CHOLBAMBE G 2 152 W E R TE 220 Ry MR 5, bk e PRS0 2 5 7=
FAREZ N 34T B OO BAMEE 2 L CHBVE R SR T 2 & LB 20 ISR % 1
] 24 2 5 & HOEHRE A 60~80%ICIEF L C L% 9, £7o. SOLBISANCEF YA T oo T
WHEHGBEZ L0 i) e B OWRE & RRHR E AT I LERH D, GRENRZNTZD I
ByEETH, 5 MOBEHE T L DEIEBREIL 70%I(K T3 5, SOEME KT 5 IR E
TEwD HIIZ, yH2ax focus DENBILIZ X 2 90T I1X 4 A FRETdH D L fbim Lz, e/ b,
(IR T K 2 B0 T &2 10%LINICIN 2 2 ot 2 MR 572, FEAIREN KX &
FhE RO D720 10 {5 £ 7215 20 5O L o XTI 2R D yH2ax Bt E A fisk L. B1D
DNZBEPEDHIRDOFL & BEEE 2 JIET D &\ ) EEFIEZA L, ZOMEE, SREsiphs 100 2
5 1000mGy D B PH TR EARAFIED R S FL72 (K 11-1),

RAW264.7 HHRIZ LT~ o A2 HEREL L 72 MR R AR R SRS 3 i D C L, AR
BRA L TECERERIZCIIEL 2D Z ERTREND D, HifEORMO®H 5 Z 1D
Mol

IV-2. RAW264.7 flifaIZ 3317 DKM B IE < B0 B I KL 2 E & TR

Cdknla RNA 7 DNA 852 X D HGEMIE DR OB FHBL L~V Z4ER L LTV D Z &I
%t L. yH2ax [3AEMBOENIZIEAT 5 DNA AU ALICH 535 Y ke 2 h o o®
ERLTWD, ZOMIZ S SR X VAT DBGIITEL VA, ®EENED DM R A E DY
WOHIFRFCE | DO ESITICHEH TE IR A DR S 5, Fx 1Tz b &0 D%
Bat L7z, e CE D ERFEEFE R TERD -T2, YR ISR, U=/ Mg it o
JEE & FIF 72 yH2ax ER & RISOE TH VD . 100mGy LLEDOAEHIE < T LA B 72BN
M C & 72 5> o 7= (data not shown), /NEZBEE D AR ERE NI L DNA ARSI X 25 Yefn
RO CTd 5, #IX< ZOMIITHIZ S BERER CTH oV A M7 B OFFE T, 1 lila)E
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Studies on the quentitative comparison of immature cell-damages by
radiation and superoxide, toward the dose estimation of internal

radiocesium prior to tumorigenesis.

Hiroshi Ishihara

Internal Decorporation Research Group , Department of Basic Medical Sciences for Radiation Damages ,
National Institute of Radiological Sciences , National Institute for Quantum and Radiological Science and

Technology

Key word : biodosimetry, gamma-H2ax, DNA damage-induced RNA, genotoxicity, trace biometal
Abstract

In this part, we set two 3-year projects, aimed to publish data that can be utilized for dose
estimation of internal exposure of radiocesium. In the first project, the object is quantitative comparison
of the action of DNA-damaging agents including reactive oxigen species and low-dose ionizing radiation
in external-single and internal-continuous exposure at low dose-rate, using two different biodosimetric
indicators, in the cell from wild-type and msh2(-/-) DNA-repair defective mice. In the first year. we
established quantitative microscopic methodology of yH2ax in RAW264.7 cell line. In the second, the
purpose is high resolutional obserevation of the location of cesium in the tissue by X-ray fluorescence
imaging using high-energy synchrotron radiation. This year, we set about instruments and procedures for

quantitative and histological analysis of cesium ion.
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11 B35

(J71£) 2011 4F 3 A BESEEC 18 BRLA T T 2012 4EM 5 2016 4F % TIZ/E B IRSLER R TR
W4T S 72 138 Bl st U CHE AR B 2 O T B L OB+ AR 2 B 2 o7, BE
SR BRSNS . PO, MR, BEGRE. U VO NHIERR, EIREEREIC OV TR
U7, BAR 128 BRAT 1Z TR IS BRI U 72 A EE A 2 iV DNA B8 KOV RNA &l L7z,
BRAFVE (i 7+ A B II ¥ A LY by — 2 =y v VBTN L. RET/IPTCL, RET/PTC3,
ETV6(ex4)/NTRK3 72 & Dl & s+ T real time RT-PCRIEB L N A L by —7 = v AT
i L= %,

(ffE i ~ D BLE)

AHFZE TR B R TRMTHEAT SN ER R & O B IR R B EERAE T O T ER O M &2
WET D720, EAEFROREIITRKRIBROEEE T 5, ARBFSEICI T 2 FHHEFIZ DOV TIET
IR RS ER R AHEEEZERIC L 2FEL2ZT, T TIOKREE WD, £, REM
FEFREDEFNZ SN T H T TICEEB R ER K HEEAEZERICID2EELZT, T TITER
EHETWD, SHIC, BEERE REREBEFHEOHEREZHEET D 0OMBEELZNINT 5 TE
ThbH, AMIEOSMEREIZITE N7/ A - BIETITFRICE T 5 fmBfa s, ANZxigl
% EFSEC BT D MR IR S 2 12 U oD, A HEE - BRI A 85T L, WFFERI g o AHEpERE & | A
TERERTEI I BB L7 e i 2 MERH 5 Z L 2 HiER L TH Y . AL
R MR LTI 29,

III HFFefER

(RFER)

2011 4F 3 H SR 18 mRLA T T 2012 4E/ D 2016 4F F TICHE B IR SLERN RS TR T S 1
7 138 BTkt U CBAn FARMNT IS Z 72 o 7o, FANFHERDIE 9 k2 6 23 i CHREIX 18 5 Th
ST, EREHERIT 5D 18 E TTHRMEIX 14. 5 Th o7, BMEIL 52 # (36. 6%) . &Pk
1% 86 1] (63. 4%) ThH v . Btk (Zetk/ Hik) 131.656 Thotz (F1),



Age (at surgery)
Median (range) 18 (9-23)

Age (at disaster: March 11, 2011)

Median (range) 14.5 (5-18)
Sex

Male 52 (36.6%)
Female 86 (63.4%)
Female/Male 1.65

ll

F1 PR FRS, =REFE, Bkt
(ER PRI B 2 B 120
FHTER] OB T 15, 3mm Th o7, MEEARIE 72. 5% T 10mm &2 2 T\ o, #RIEIMZH
1% 45. TRIZERD BTz, U 2/ HilEE L 78, 6% Hivlz, filiZe & OEMREEEIL 2. 2%Z78 9 5

e (F2),
T

FEZE (mm) 15.3+8.9

<10.0 387 (27.5%)
>10.0, €20.0 7917 (57.2%)
>20.0, <40.0 18 3l (13.0%)
>40.0 33l (2.2%)
pEx factor (HEAZE)

pEx0 7443 (53.6%)
pEx1 63 {7 (45.7%)
pExX 15 (0.7%)
pN factor (U >/ ¥Efisn#E)

pNO 297 (21.4%)
pN1 10973 (78.6%)
M factor  GEFRETE)

MO 13574 (97.8%)
M1 303 (2.2%)

F 2 ERARIHNEL IR
pEX (pathological extrathyroidal extension), pN (pathological lymph node metastasis), M (distant
metastasis)

(IR R B D FR BRAE R 2T

I BEAH AR O MR T T 138 51 FR iR FLEE R (Papillary thyroid cancer) S 136 {51, (%43 {b5 (Poorly
differentiated carcinoma) 2% 1 5|, Others (Chromophobe renal cell carcinoma-like thyroid carcinoma)’ 1
BT -7, FRARFLEERE & R (Classical)2s 125 f1], #i%h $LEEYE (Cribriform-morular variant) 73
4 1511, JERRRUFLERNE (Follicular variant) 23 3 i, OVE AMERILARUFLER)E (Diffuse sclerosing variant)
28 2 B, FEEAUFLEERE (Solid variant)’ 2 Bl Tdh o 72, F b ) T A U TEL b= FFEAIHLGHE
JEIX 7o Tn (F3)



NEERIRBRIE DRI IRRIESET (n=138)

Papillary thyroid cancer(n=136)
Classical (n=125)

Cribriform-morular variant (n=4)
Follicular variant (n=3)

Diffuse sclerosing variant(n=2)

Solid variant (n=2)

Poorly differentiated carcinoma(n=1)

Others (n=1)

# 3 /NEHRIE OB RGS W

Bz 2T
TG 725 BLAEAT 1% BRAFYSE ZEELA8 96 5] (69. 6%) Tdho7=, RAS OERITHL DT, F=
NI TA Y TEL BB RETIPTC3 AR TR T DT 1 FlOZITFBDT (K 4),

Mutation analysis (n=138) Mutation of gene No of Cases (%)

Papillary thyroid cancer(n=136)

BRAFV600E 96 (69.6)
RET/PTCI 8(5.8)
RET/PTC3 1(0.7)
ETV6(ex4)/NTRK3 6(4.3)
Others 8(5.8)
Unknown 17 (12.3)
Poorly differentiated carcinoma(n=1) Unknown 1(0.7)
Others (n=1) Unknown 1(0.7)

F4  BGTFERMNT

IV B
AAEFE T 2011 4E 3 A BESEHRIC 18 B LA T T 2012 4B 5 2016 4F F TITHE B R ST E R R TR
MEAT ST 138 BT %T L CHRAIR B 2RE OfT RS L OB T AR 2 B8 2 e o 72, #Es
5 BLRHTCIL BRAFYOE ZE 73 96 5] (69. 6%) IZA S0, F b T A U FilE O/ N EE
W T < b= RETIPTC MEin R 1X 6. 5% DR ENHLMNE o722 (£ 5), —
5



5 TR 31T 2 B ME IR 8 © 13 BRAFYOF Z5 78 40-50% DM TH-HTEY 7, fEER
I R FE AT 38 LB S 7= R OB By 0| A LT AEE TH - 7,

AR, AR, Post-Chernobyl, EENR
A \VE) MR (n=138)

BRAF 40-50% 3-6% 0* 69.6%
4-16%**
RAS 10-15% 0 0 0
RET/PTC 20-30% 50-60% 64-86%* 6.5%
50-60%**
AKAPS/BRAF 1% 11%* 0
0**
TRK fusion 0-10% 3-7% 5.8%

*In tumors developed after a short latency (< 7-10 yr)
**|n tumors developed after a long latency (> 9-10 yr)

Nikiforov YE, et al. Endocr Pathol (2006)
Mitsutake N, Suzuki S, et al. Sci Rep (2015)
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Thyroid ultrasound screening for children aged 0-18 years was performed in Fukushima following the
accident at the Fukushima Daiichi Nuclear Power Plant. As a result, many thyroid cancer cases were
detected. To explore the carcinogenic mechanisms of these cancers, we analyzed their clinicopathological
and genetic features. We analyzed 138 patients who had undergone surgery between 2013 and 2016 at
Fukushima Medical University. Median age at surgery was 18 (range 9-23) years. Median age at disaster
was 14.5 (range 5-18) years. Average size of the tumor was 15.3mm. Postoperative pathological diagnosis
revealed 136 cases of papillary thyroid cancer, one case of poorly differentiated thyroid cancer, and one
‘other’. This ‘other’ case was reported in our original paper as chromophobe renal cell carcinoma-like
thyroid carcinoma with tuberous sclerorosis complex. The PTCs included 125 cases of classical type, four
cases of the cribriform-morular variant, three cases of the follicular variant, two cases of the diffuse
sclerosing variant, and two cases of the solid variant. Postoperative pathological diagnosis revealed 136
(98.6%) cases of papillary thyroid cancer (PTC). The BRAF'®°F mutation was detected using direct DNA
sequencing in 96 (69.6%) of the thyroid cancer cases. However, RET/PTC3 rearrangement was only
observed in one (0.7%) case. The BRAF"**® mutation was mainly detected in residents of Fukushima,
which was different from post-Chernobyl PTC with RET/PTC3.
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Tem, 1 day 066 016 008 002 002 002 001 0 002 0 0O 0 0 001 001 0 O
lem 3days 003 005 01 014 014 01 012 011 007 009 002 0 0 002 0 0 001

PRET S 3 B 1 enBREE DB B M m OHEEFI 2 -5 1R T, 7 4 —Hh A AT
TrAME, KT vV B TRLSHHRTE WS Z LR TE 5, AR, FERF 255

DFEINTDONT, 7 —H ARER OV & = OFERERFZE S Uz, FERE O [ RR8A R
@NyﬁﬁiﬁyF&LT%ELK%%%@7%*ﬁZ%E@®?@@&%@%ﬁﬁ%%%HM
[ N

0.2

——1cm, 3days

015 ——Poisson

01 f

Fraction

0.05

0

0123456 7 8 91011121314151617
# of Foci

B 11-5. FRESRME 3 H 1 emBEBED SEAIE m D HEEH

% -3 7 4 — T AFAELLONV-EIHE & % OFEAER 2=
" lday 3days
EHAE (Cm)mean SD mean SD
0.025 1.2 1.1 8.3 2.88
1 0.3 0.55 5.1 2.25

TREE 0.025 ecmB L N1 em® 1 AR & 3 ARREEFD 7 4 —h ARALOFLYIE 4 5 (FF 11-3)
ZHWT, 74+ —H0 AR a(lIGY) & /35 A —Z ICIRAD ¥ Z /NI T 5 a 2 iE LT,
10



7=y (F-a) 2-1-2

ZZTC Rl T —h ARAEROTIE, THUC ol TRG LT R 2, DRGSR dis L
T EE T,

FERAEZ N-6 (TRT, 74 —Hh A RalL 1.620.7(L/Gy) & HEE S iz, MEBR O R L&

BRERZHE Lo 2 A, " 2 RIETHREBEREMREROT —213, 1 AR D 2 5L 3
H B D 250 um T 53BP1 7 o+ — A AEUIT JEDE o773, 3 H R D 1 em B 72 E Tl
R T 4 —H AEE, BT *@F@ﬁiiﬁrﬁ%‘u\#%@@oto

Markova %1%, EH b MRMEFME VH-10 ICy % 3 Gy D L EIBH L7 2D 7 +— W A
FRAEE 2, BREHHA T 12 B3R T 1.9(1Gy). 24 Fifi#% T 0.8(1/Gy) & iy LT\ 5 2, Ristht
> DRI BRSO T 4 —H AR a=1.620.7(1/Gy)IX, Markova DT — % LWMETH - 7=,
SRR B o> 1 AT E 7213 3 A M 0@t S T Markova %07 —# 1%, 1 [HOZKH TH
D7 BB TE DEMETITRW S DD vy 1 3Gy BETRED 7 o+ — ) TSR & [FIFREE T,
y k& AR DN R T 2 /RN 5,

10

a=1.6=0.7[1/Gy]

53BP17A4—HRAE

o B N W R U1 O N 00 W

0.01 0.1 1 10

FE R [em]
N6, 32 DF/MEE -2 5 7 4 — T ATGARE

3. REMEE T T LRI K DAl B AT

O RNEMER YD LR L X BB EEEZ AW AR THR S5 DNA “EHYIEr O
R

AT > T DRLIC K DR R & X B AR E A2 V0 2 B REIC L - T4 T 5 DNA
TEMHUINE A ST~ — 1 —Th D 53BPL ZfEEE L L CHER L7z, ¥'Cs 2 1,677Bq D ARIAEMEE
27 i & RPEL-hTERT % 24 B[, & 5\ % 72 B dhssag U, K080 & B2 5 1 cm
HEAL 7L OB T2 S H DNA ZEHUIW A2 E&E L7z (K N-7), PHITS V2 b —v a3 v
DOFER IV | R IIBERALTlX, 24 RO 8538 T 25 Gy WIS Sz LR L 7=, £ 2T, 25
Gy DRI A 12 53 CHT T 52 2170, BT D 24 B ICHH 415 53BP1 7 +
— A ERLF & DIER TR SND 7 4+ — DAL LT, RNttty Lhi1 & O
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T, XERTOT +— A ABMHMRTIE, 1/Mladbhzv 1-5 EOHPETT +— I AR ST,
X B A 8 2 > - RS TIT LR H 720 6 HLL o> 53BP1 7 4 — 4 A3 R H S, RiatE
Yoy LR EDOIREFE LY HIXDTE N 53BPL T 4 — D AR &z, 3 BRI oEERIC
FIY T D E CRBHNZIT - 5HA bR T, RERSHEIE CHREEMa L Y £ £\ 53BP1 7 4 —
T AN &z, AR TIRERMICZ < © DNA ZEHUIERNFHI Sh, £ 0%i% 20-40 DNA
ZHEHUIKIGY - Ml & B X BTV D, FRFHE TA U7z DNA ZE U)K RS o IRe R 12
Lo TEEENDH72DIT 53BPL 7 4 — I AN AT 5, SRS #% O DNA HEHUIWHEE H
1%, BT 2-4 KEfE1 O 5 HITAERL L7 DNA ZHSETIB O EMER SN2 RWEER L 20
% ORI IEE L AR/ D “HENM DTV D, FRICIRE %A 258589 % & DNA
THEMEOMOBFERIIEEAEBN AL, Zod, ARKN 3 KLY L, REtEY
U LR & 3 HIFHEEEE LTz & & D 53BPL 7 4 — B ADFHEE NI T &%, 1,000Bq LLED
EWHBEEEE B ORI Th > CTHIE U EO QRS & T DNA ZHEHUIW OF SRV 2
LR ENTe, DNA ZEHSHGIMNIBEEMEO SV EE TH 506 [ U EO SR A~ TRl
BHEBEL 2D B2 DND, L LR n, ki &8y 223 EV & 53BPL 7 4 —%
ANMEZ D Z L, DNA “EHEMAYINFREZABH LR bo o, SR (=) (s
U CHr4 |2 DNA “HSUIM A ERET 2 2 E0oRE N7z, LLEORER LV | @S HREE b O RR
Pt oo 2RI 7 < BRI G L om BEL7-#PH £ C DNA " HHUIN A BRI EH
TN, BREEITERE L0 LBV T-OITh 1 & O 28 T2 2 & THRIE 222 I
flcxnZ EnTPHEENT,

HIEBEEZHOBEEXEREREET
SEGZICECHBTEELIHASED
53BP17A—hADH #1

.
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40
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0 —
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TBMEILAFED
HIEEH(CESTELT-
(FFHS1 cmBht=5E18) 53BP1 77]'—73Z0)§J\?:ﬁ
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(1 $RREHT-YDB3BP1 TA—HRE O o)

»
%
3
N OB @
o & 5 & &

(53BP17+—hRIG R OE| &)
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B -7, REEPEE o0 sR7 IR () CRICEDO Xrai L& () o
1 HIfE & 720 D 53BP1 7 % — I A D534
FERZIE, RN > U DR & ORI X D HEE R & & SRS AR R & RO L 7o,
FED T T 713G RIE T EAL O 53BPLE DA, A D7 7 713wl iid S v Tind
A 2R L%, SRl STV DI U 72 %ISR S 47z 53BPL # D45t

@ REME VU LR O RE & DNA ZEHUINT O 5

B % Edee ('Cs T 7 Bg. 90 Bg. 1,677 Bg)Z b OARIAME T 27 Lk F- & RPEL-hTERT il
Ze 24 WP 52 U DKL Fl ik EBAL & 1om Bt 72 SEBO M (255 78 S 41 5 DNA ZEEH Yk 2 53BP1
ZFERRICRES L7 (X 111-8), 53BP1 [hMEAINaHE Tl 4% & 90 Bq Dt aE L & >Rtk
T BRIAIZ LD DNA “EHHEYIK O A R L7223, 7 Bg O TIEARALEEHIIZ D 53BP1 [
PEARIRAERE & A%, BEFITA DN o Tz, NEMEE VT DRk E & L EEIC k-
T2 BRI SN TV D, RIRAE pm T Bq BRE ORI 4 A 7 A TSI, Mo £
CTEET DAL S D DRI OB L ER T HUER LR Th b, SBEEEH L7 7Bq
DRI A XA TSN EEZ HIAHDS, DNA ZHEUIM 2 75% Lieh oo 2 Lnb | A
72 &S BEMMICBEEEOER 2 LT REMEIMEVW B X b b, —5 T, DNA _EHH#HUIW O
BHRIER ST R ITRIR N RKRE NS A T BIZPFETE 5, (BEEA L7- 90 Bq DAL 13 ¥ A
T ALFAT BOHRIOIERRIEE RT Z D, RO Z WET T 5 BN RIE X
NI o BB KEWERNO B ZPERT 57 U T 7 2 AEHEME) < 72 DITRNEICBIET 5
YAZIFRNEBZ BID, ZD7d, SPECIHIAENIZ B # A 7 ORL- 23 £ 5 WIH 2 8 325
THEEL ., MRSISIZOW T O R T 2 LEERH 5,

80 —
70-9&?1:

® <1cm
= 60 +
i
Y
R
| 40 —+
N Ve
~— —‘O
> -
‘.Lg 20 - —“_—o'—
S Oo-="

0 500 1,000 1,500 2,000
K FhCs-137 (Bq)

11-8. ki 71 5'Cs & DNA " E#UIOFHR
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@ TV DRLAEHET DL R B ORE

WA FE DABR VTR A3 2 REYERL - O M N ER VW A BT 2 T BURMRE 21T o 72, &V IhI1-
ZiRak U CHIIINERLY ARG+ B mIK & /7 B SRB1 D FEHL 2 # oS Y (oI5 TR L,
A TOMMITE—IZ SRBL 2MEHL L TWAD Z &R Lz (K 1-9), FREEE TR L7 U
Rif-& THPL 236538 L7 & 2 A, (RBEE 7223 BRI lum D> U ki 2SI NIZE D iAE LD
L aMER LI (K -9) . =AU ) IR 2 MR PNIZELY JAZ, & O L RFT 57
WIT SRBL =38 BUMI ORI N & 3772, SRBL FEHL T T XA I N4 THPL AT A L, FEAM A
fa e [ L7275, SRBL Z 22 E I M BT DRI INL CE oo Te, LU F U 4V ANRT H—
Z D EAGNROENFIEIZY) 0 #i % T, SRBL @B OB 21T > T 5,

<] 111-9. SRB1 OFMAENFETL & o U R 1-DHL Y iA P~
(/£) RPEI1-hTERT IZ31F % SRB1 O, 77 : SRBL. # : Hlilukz
(7)) THPLIZ L AIERURES U kit (GR) OFMMRPNEL Y AT DO

@ BWAEBHOMER WA A=V T T L — M

|H % K5 D B AE B D it 22 AT R & w7 SR 3HICER W SA £ 5 ATREPEIC SN T
FEt Uiz, AEREIL, HERBIZHWTA A=V 7 T L — b~ DB OME 21T - 7, 3Bq
DAY T bR T2 G A A A=V 7T L — N 3 MBS S A — T U4 7T
T AL TR TED Z L&A Lz (X -10), 2T, 1 mm EDfliZz ik 24 FEH
A A=V T T — NIBESE, A= T VF 7T 7 I L DHNOREE Y 7 A0 E
RIpTe, =RV ET TA T~ 2 BEIRT DG LS, RiiRo v 7 idmit &
mhole, WHEEDRE GG EHERE L, MEMESZHRC Lz ETHo S & v A RER
ERER & DR EIT O,
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B I-10. f A= T T b— WA — TV 7T 7 412 kDR oSk E

4, RV o DR OIRING AR & R ERRAT

O B ~OREEMERL A 551k

I Wistar 7 v MZxf L, ARMEH L7z SFRRAMEESEDRE (A7 hIVy, IXY T A 7 h
NT 7 =) T, 1IEYS 720 O PR (15—20 23] 128\ CHo 7 ke & BIEN S5
nic, AEERA Lz, KEZETO L CRELZBNT L HIETIE, BETARZ2EL EfEICK
BB RIEFZE T D Z ENTE L, BORIRG /< B #ICRITREE LT, YYE
ERIET D LR IERWICEB M T D 2 LN TE I,

@ il D FR AR AR AT

BEDDOMELEN D 10 OMBEIAIEAZBEE LTI L ZAH, WTIOREGHIZBNTH, K&

X, MRES, FRAEREICIE S A EREER IR bnehrotz, 2L, kbEHARR
(3.0mg/ PL) IZBWTiX, REMER T2 BB LM~ a7 7 —Unb e QL Yhic—&
FTRERE) #lezxniz (X 11-11),

AR & LR, HHEROBHEEORIEESOSITRES HAvT, il | 50 18 Rz iR 021k
HENST, ML, KE, KAE, B, B, Mo EnInbar hr— L LFELCTH
ofc, o, REMERITABR LI~y v 7y —VOEHE G, MiFEOHRME, PIFEERR LR
oot (K 11-12),
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H-11, REER 2 ER LM~ e 77—
(DR 2 ETe e« RCIEMEE S H)

L Y “19 (] N !
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1-12 REEteh 285 L2 7 v Mok (et - HE J4f)
bRV ERER LD ONT
V. &%

TEENOBRIL AR > T 20T, BE um ORE &2 FF->TEY, =R/ —4Hdk
X B BIT S T ADIFELEHERTH LN TEX o, F-A I~ =7 AEE K5
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ZEDBHTINS . HEEE v A OTEREL PCs/PCs 1T R T 09 RBRETH H Z E ot
ZRHDOMERA S, ZOREMY VT DRIFRATIIED # 1 7 BT E T 9,

T >0 DR FICE EN TS St OURTEA RICIXIE S & 03H B 28, *Si¥'Cs D itk
RELLIZ, 10* DA —F—Th-olm, THITBEICHE SN TOEREMEE & 7 DRFO55HE &
LEALE Y, SHICINLORENE Y Y DRIFISH LTIV b =0 AOSHT 21T - T2 F.
IRLORTFICT N N =T ARMEREEN TS Z L 2D TH LML Dy A F=T A
RN AR D AFAE Bl ¥ 7Cs OAFIERIC R LT 108 DA — 4 —Tdh 0 D TH7p 2 L 3 5rino iz,
ZOTN =T AT, WEICHECTHRE SN TV D RERER & bR L S BA L Y, B
KRt VAN Xkﬂ/?ﬁA T b= A0S ALEIE ORI D 3 DD TREOREEE
252 LT REMERI D4R LIRS OWTHEET 2 2 LN AR TH 5, BIFEE TIIOHO
FEN T TIERVD, TNEDOTREOERKEDE N EE X 5 & AP A R O IF IR X
2500 K £ Th 5 L HEE ST,

£7-70 b= AORNRE 2 IS & 24, 2PuPPu i3 0.35 72, *MPulPPu 1% 0.17
BETHLZ NG ole, ZHIRERFNIEEFROBRBEIO TV h=0 b X b —D
HEMOHRDIEFMAELE Y L b LA LTV, DF D AREMEE Y T AR FICEENE T L
=0 A%, BEFEBERICHK L TWD Z EBHID LT, BIRE R TITREENMENS DD,
SBREE AL T 2 & T, BEFBICHKRT 570 F =0 AORNRL %2 TR E
TE LA S 5,

ARSEERR Clx, MEFMAERICESWTARESEEY Y AR LR UREEZERN L X0
DNA “HHUIM OFRE 2 e Lz, SR & X TREEE 7 20112 X 5 DNA —EHUIMT
ﬁﬁ@@w:g%ﬁbkoK%@ky?Aﬁ%m;éﬁE*iﬁﬂ%f@é%%ﬁ@ﬁ%%iD
HIEL . & SICAREMR T CITE R IRE & 72> TV D, BERMENZDIC, Rkt s 7 28
FNEIT DAL 572 0 © DNA “EHUIMEN D2 & ﬁﬁtﬁﬁﬁu‘ﬂ;@ WiZ DNA —E#)
WrDFEH LAEE AT L TITON TS Z &2, TR KD b AEEE v Y DRI K 5B EH
BT o T2 Bi & LCRIF B s, — 05 TR HALERIER & & BICHEEMIN L= Z L,
DNA HIEN R4 IZERET S, T RbbEE SN WEEN BT 2 /EENRB I, 08
GUIRIRDRENZ A T B TORERINIZZ LD, MiOWEHETCEET L ZENTFHREINS
BIEED/NSWH AT A bxﬁ%ﬁﬁ?a{’g%ﬁ%?“é_f EMRITIR W E TR S,

BNCIY L7/ES i . SRRIRA BRI A TSGR & 2 KUE N G- IR DN G AT RE
WD R 710 SENEETE G TIEOMSLN BHHTE > 72O TREMRL OB %2 K KT
3mg/kg REEIZ L7223, 3-5 um JEOHEUNEARTIXIZ LA EV U DRIFEZRET D Z LN TE R0 o
7o Lo T, BREFHGO 72 DITARENERL - D RN 041 2 R 5 72 O34 Bl G- L7 &0 10 {524
FOBORIEMER 2B G T HMERDHDH EEZOND,

B ZALIZ DN TR, ARloREE, BLOBIZEH (B5—EE%) CTIERIESCHRMEEX
SRR BRI, THUT, BEBNDRNI L L HEREDORTHEL TWATEDEEZLD
hé —PC7= 0 20 mg DY BRIF-OKENEEG T, B 17 A% LIV L 2 » ARICBWTHE

7L LT RSB b @E R H 0 10, 51212 ARBRICBETINENDH D,
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B AT B DAY U DRI, B EE S T AL, BEEA br Ty A E TR
SULANEEND Z EEW LT LA, Y v T AT DS RE IR E TR 107 &
1084 — ¥ —CTholz, RFITETCIEIBMEE S T AN HA L5 BROEENKEL, 1 cm B
HEYROBNEETH LAV Ial—valilloTHLMNI L, £, A4 7 BR0
5 1 em LINOFIFAIZ & Mkt LC DNA BB 2555 L, Wi OB & & b ICHEE
NERT D0, XA 7 A TILHEFEHET DNA “EHEHEUIW OB RITAR N -7, o, WE2
WrORE R, Al U2 I R VATERL 7 & & B (B 5% —EM) ik, MicHE2RE
JiE S SROMAHEA LSS TR B v o 72,

VI WRAEFELLRE O G

ANEMEE T DRI TV b =0 ARRHERE TV, —EHOREMEE > T LR+ Tl
TR LARBIHEINRD T2 G, REMALFRITT LV P =0 LOEHREITITEDEN
bHZEVWRBEND, EHEHMEA R FUAICEALTH, EARBICEL2ZXDRH DL EEX
BNb, SHMBEEZESCTZET, ZRNHDEL OOV TIMZ1T S, £7o. Bk
TER T, ittt v o 208 A ERA D,

YR OBEROE T, Z A 7 AR DIITEY A EN 7256 OPUT < BREFHI AR 2 A5
ERAR

MR SEER Tld, ALEE O LRI T 2 BTN A T, i TR -3 08 4 J6 JUTJ mraetE
MW T BT 7 — IR D BT 2 BT 5, Elo. ARRERBEIS R LEE 2 V2 IR
WERRIZE Y | A Y DRI LD RFTRIES & H—E IS K 2B BOERIZONT
FRAET 2,

BN SR Tl ANEFEMEST LTkl O % 5352 VT, RNAEMERL - 30mg/kg (KED &% 7 v k
LENICHEE L., 14, 28,56 H&IZ, KHED T » b ZBREE T TS L T OFMBRIEA 2 BT 5,
REEMERL T DA 2 5H U BRRE 72 280, RIEMERUG 72 I DWW TRFHT 5,
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Interdisciplinary joint research for elucidation of biological effects of

radiocesium-bearing insoluble particle
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Abstract

Radiocesium-bearing insoluble particles were released into the environment after the accident of
Fukushima Daiichi Nuclear Power Plant. Many points remain to be elucidated regarding the particles and
the scientific evidences regarding biological effects are particularly insufficient. In this research project, we
promote interdisciplinary joint research that crosses research fields and integrates fieldwork and benchwork,
and accumulates the evidences of biological effects based on property analysis of the particle and dose
evaluation, resulting in the contribution to risk estimation by radiocesium-bearing insoluble particle.

Chemical analysis was performed using relatively larger particles isolated from the soil, and
Strontium-90 and Plutonium-239/240 were detected in addition to radiocesium, but the radioactivity ratio
with Cesium-137 were 10 and 10°®, respectively. In addition, we established the protocol to form insoluble
silica particles using stable cesium. The concentration of cesium in non-radioactive particles we made was
in good agreement with that of radiocesium-bearing insoluble particles. These particles were used to
examine an intratracheal instillation method in animal experiment. As a result of pathological diagnosis, as
for the excessive fibrosis and inflammatory reaction, it was not admitted to the lungs with the present
guantity of insoluble particle and the observation time.

The cellular effect was examined with radiocesium-bearing insoluble particles isolated from the soil.
Radiation dose from the particle was evaluated by Monte Carlo simulation using PHITS code. It was
clarified that B-rays caused by radiocesium had a great effect on cells in the vicinity of the particles, and
that only y-rays had an effect at a site 1 cm away from the particles. In addition, studies using 53BP1
molecular marker showed that DNA double-strand breaks were induced within 1 cm of the particles, and
the damage were accumulated depending on the time of coculture with the particles. We also revealed that
7 Bq of radiocesium in the particles was insufficient to introduce DNA double-strand breaks into the
surrounding cells.
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Deciphering the mechanism underlying the dose rate effect of

radiation carcinogenesis using animal and mathematical models

Tatsuhiko Imaoka®, Yuya Hattori’
! National Institutes for Quantum and Radiological Science and Technology

2 Tokyo Institute of Technology

Key word : radiation carcinogenesis, dose rate effect, animal model, mathematical model, stem cell

Abstract

Assessment of cancer risk from low-dose-rate radiation requires a mathematical modeling
approach based on knowledge of the biological mechanisms of radiation action. The purpose of this study
is to show factor(s) that explain the dose rate effect of carcinogenesis, by using a mathematical model that
describes carcinogenesis based on the experimental findings on dynamics of stem cells. As an animal
model, a rat breast cancer model is used because of its well-described dose rate effect. In the first fiscal
year (FY2019), experiments were conducted to obtain a part of stem cell kinetics data contributing to
estimation of parameters required for the mathematical model. Specifically, data were obtained on
progenitor cell activity, cell death, and cell proliferation for each cell type constituting the stem cell system
of the mammary gland. In addition, the mathematical model was designed to incorporate the spatial
structure and carcinogenesis, making it possible to describe the dynamics and carcinogenesis of individual
cells. A separate model was constructed that simulate the dynamics of generation and repair of DNA
damages under different dose rates. Furthermore, improvement was made to an experimental system for
estimating the origin cells of cancer and another experimental system for measuring competition between a
small number of irradiated cells present in a large number of non-irradiated cells. In the next fiscal year, we
will acquire additional stem cell dynamics data, start experiments to estimate the cell of origin of cancer
and evaluate cell competition, analyze mathematical model parameters, and incorporate experimental

findings into the model.
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Deciphering the mechanism underlying the dose rate effect of
radiation carcinogenesis using animal and mathematical models.

Development of a stem cell dynamics model

Yuya Hattori

Tokyo Institute of Technology

Key words : terminal end bud, mathematical model, dose rate effect, carcinogenesis, stem cell
Abstract

A mechanism-based approach is needed to clarify whether the cancer risk of low dose rate
exposure is lower than the risk of high dose rate exposure. The purpose of this study is to elucidate the
factors contributing to the dose rate effect by using a mathematical model. We have previously built a
prototype of a mathematical model describing the dynamics of the rat mammary gland structure containing
the stem cells (i.e., terminal end bud; TEB). In this study, the prototype mathematical model is refined by
adding the spatial structure, the process of carcinogenesis, and the dose distribution estimated by
microdosimetry simulation. Our analytical and prediction models to be constructed consist of four models:
a TEB model, a damage repair model, a carcinogenic process model, and a dose rate model. In this fiscal
year, we extended the TEB model and constructed a carcinogenic process model and a dose rate model in
order to bring these models together. For each model, we were able to construct one that met the

specification for single-cell state-change tracking required for the analysis.
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