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Assessment of internal exposure to radiation using teeth

Keiichi Sasaki
Division of advanced prosthetic dentistry, Tohoku University Graduate School of Dentistry

Key words: Fukushima-Daiichi Nuclear Power Plant Accident, Exposure to Radiation, Milk Teeth, QOSr,

137
Cs

Abstract

Radioactive strontium (*’Sr) are known to be incorporated into teeth during the process of
calcification. *’Sr incorporated in the tooth persists in it until the tooth is fallen out. We hypothesized that
the levels of *°Sr in teeth can serve as an index of internal exposure to radiation. In order to assess the
hypothesis, we examined the *’Sr concentrations in the teeth of cattle abandoned in the evacuation area of
the Fukushima-Daiichi Nuclear Power Plant (FNPP) accident. We confirmed that *°Sr is incorporated into
the teeth during tooth development and exhibited a positive relationship with the degree of radioactive
contamination that the cattle experienced; thus, tooth *’Sr activity concentrations reflect environmental **Sr
levels during tooth formation. Assessment of *’Sr in teeth, therefore, could provide useful information
about internal exposure to °Sr radiation.

In order to assess the above hypothesis in humans, we have started collecting deciduous teeth from
children in the Fukushima area and in the control area, where the effect of the FNPP accident was thought
to be negligible. More than 4,200 milk teeth have been collected to date (at the end of December, 2015) and
measurements of radioactivity in the teeth have been started using imaging plates and by the determination
of *°Sr and radioactive Cs in the teeth. Since the teeth collected so far were formed before the FNPP
accident (control teeth), there is no significant differences in the content of radioactive substances between
Fukushima teeth and the teeth collected from control areas, and between the teeth collected from different
cities in Fukushima Prefecture. Further collection of teeth that were formed after the FNPP is needed and
further investigations are necessary for fully understanding the extent of environmental pollution by the
FNPP accident.
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Whether lower-dose radiation can induce circulatory disease?

-Assessment using animal models-

Yasuharu Niwa

Department of MolecuarBioscienses ,
Radiation Effects Research Foundation (RERF), Hiroshima

Keywords: Model animal, Hypertension, Stroke, Circulatory disease, Radiation effects

Abstract

[Introduction]

Previous epidemiological findings including the LSS and the AHS indicated that radiation may be
associated with increased risk of circulatory diseases (CDs). These issues received keen attention from the
research scientists in the field of radiation protection, radiation biology and cardiology. On the other hand,
inconsistencies have been observed among various studies, especially low-dose occupational and
environmental exposures. Given the uncertainties, a study using irradiated model animals is being

conducted to assess whether or not risk of CD is elevated with increasing radiation dose.

We have been assessing the issues as above, and obtaining information about biological mechanisms
through the animal model studies. Irradiated stroke-prone spontaneous hypertensive rats (SHRSP), even at
0.25 Gy, showed stroke symptom significantly earlier than unirradiated rats. In the course of SHRSP
studies, we learned that the system using SHR rats is more suitable for assessing evidence of
radiation-associated risks for hypertension, because measurement of blood pressure is difficult after
SHRSP showed stroke symptoms. Thus, we used SHR rats. We are conducting the study using SHRSP and
SHR rats for assessing the association between radiation and CDs, such as stroke and hypertension.
[Methods]

In the study of male SHR rats irradiated by gamma ray with 0, 1, 2 and 4 Gy, blood pressure and their
body weight were measured once a week until 30 weeks after irradiation. In this study, we examined blood
cell compositions and blood biomarkers. In the study for SHRSP, male rats are irradiated with 0.25, 0.5,
0.75 and 1 Gy, as well as a 0 Gy control. The life span was examined and pathological examinations were
conducted by autopsy samples.

[Results]

1) Regarding to SHR’s peripheral blood cell composition at 30 weeks after irradiation, platelet number

was statistically significant decreased with increasing radiation dose. 2) Several blood biomarkers in SHR

rats altered with increasing radiation dose. 3) The life span among irradiated SHRSP rats was significantly
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shorter than that of non-irradiated SHRSP rats. 4) Pathological analyses demonstrated the number of rats
showing fibrosis and inflammation in cardiac muscle increased in irradiated rats.
[Discussions]

Our animal model studies using SHR and SHRSP rats demonstrated that we expect to obtain somewhat
clear evidence indicating radiation truly related to CDs, such as hypertension and stroke. The approach
may provide novel ways to seek possible mechanisms of CDs at lower-dose radiation exposure and
long-tern effects after irradiation.

Finally, the results obtained through our studies might be able to provide important information for the
association between CDs and low dose and low dose rate exposures of ionizing radiation from Fukushima

Power Plant Accident.
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Health effects of continuously very low-dose rate

irradiation exposure in male B6C3F1 mice.

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

Abstract

Currently, the effects of chronic Low Dose-Rate (LDR) irradiation are estimated using the
data obtained from HDR radiation studies, due to the limited data on LDR radiation effects.
To elucidate the health effects of LDR radiation, especially on metabolism and tumor
development in the liver, male in-house specific-pathogen-free (SPF) B6C3F1 mice will be
exposed to LDR gamma-rays (0.05 mGy/22hrs/day or 20 mGy/22hrs/day) for 400 days and a
batch of mice will be sacrificed every 100 days until 700 days from the start of irradiation.
Body weights, incidence of liver tumor, tissue weights, blood counts, and serum components
will be scored, and pathological analysis and gene expression analysis will be performed. Up
to the present time, mice have been sacrificed at day 100, 200, and 300 from the start of
irradiation. Increased body weights, increased levels of glucose and total cholesterol in the
sera of LDR (0.05 mGy/ 22hrs/ day)-irradiated mice were observed. Increased gene
expression of PPARY, a differentiation-initiation factor of lipid cells, was also detected in the
liver of LDR-irradiated mice. These results suggest a possibility that continuous LDR

irradiation may have effects on the metabolism in the liver of B6C3F1 mice.
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Nk B R RAPUR Z W 7o 8 00 Ye kI L 0 s L 7=,
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Fo. KIBRIEREN A TT V& FAW T, BERIC L 2 KRIBB A @ﬁ% \Z%4 % DIO DR (1
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+% DIO DA A fHIAT 5,
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AT, B EREZIT O ICh Tz > Tk, ENOEWERIEE 285 L, BEFZREIT O BRIE
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Rk 27 FEEEIE, DIO 2 XD BH MO RIEG A METT 2729012, Mk W TRIESUS D+
Kelpb~ru7 7=V BT 20 E W, S Rafim oM %2 BHis L CTLLT OFfF
e x Tl LT,

FP. MEEAR L, 95COIRE CHUFRIE(LALAIR 21T, —RIURE OGS D L & LT,
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EER X OEIEORITICIE, T Ki-67 HUiE (BioLegend, 16A8) % /=, T b O—kFUAIX, A
EEFEFTERBL TWAFECBOTHEAL T b DT, BECEEREROOFERELZF £
T3,

WA, FERIE SR 2T 2 72912, RIERISIZE D 2 KIEMMIRIC T 5 ~— B — & it
L7z, BOBREOLRKEEMBIXI~7 077 —UTHAEIN, v~ 77y —VrafibT 2580k E
LT, F4/80 LU CD11b (MAC1) (26T 25RO AMMEZBE Lz, £ORE, 5 FHEOH
F4/80 A RIR L AT L7z, 205 H 4FEIZ Y VP XHKOHUAT, | FEN T v MHEROFIEK
Thd, £70. 2 HEN~ U ZAHROPURZ W TER S 7L, 780 @ 3 fifHIT e FHESROPUR %2
AWTHSL SR TH D, v/ v 77—V DFEDRHR SNV TW D IFIROEAZ HWT, 5
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X1 gz 2 F4/80 tk~ 27 v 7 7 — Y O

SHT, VI FNLDOhEEIT-T-, FORE, MFEOL T FNF—FTHZenbnry, $ice
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FARIZ BT D RIEMEROS B 2 /m & LC, F4/80 kD~ 27 a7 7 — v L3RBT, NKT
fa Dt &3k 7z, NKT A%, T MR O R & NK MO FE A & bR OMia <, 1 b
A DLW EIT UTCRIERS 2 I3 %, £ 2T, NK #ild b & T NKT #ifld ok i)~ — 7 — &
LTHBIND NK-1.1 ([T T DR EZ R LI, TORRE, MBERICEHTETHDL & Id 3
FEOPUEZ AT L, NKT MRS FET 5 & S lires L ONFiRC 7 v o 82 i L,
ZORER, WTNOHURBRRI2 L 7T v ERT 2 Eide . FIATE 25T AS b
Mmool

4. Sy EARIEE OBFE R R
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LN S, DADORELZOWROBE(ENBD N D~ T AT OW TSN L, JREEY 7
IV OPRAER KON 217 5 ¥l 256 T L 7=,
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2 NI O ATE BB X DA E SR OARRREIEZ (L & BURBRR A Y A 7 I RIF T BT
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LA (Lers #MI) T, ZEXT 7 x> (40HT) OHEHITHAF L T BRI
B2 ZHE L 2O HMlEE LA — % —BE 1 (LacZ) THEEG# S %~ 7 A (Lgr5-EGFP-CreERT2
/ ROSA26-LSL-LacZ ¥ 7 A, LN LRZ ¥V R) OBz Lo, PRk 27 FEIE, IERmEE &
FEAEFEE A2 BV TEMIRHERFIRIC E T OBV H 200 F AR L, @A 8L
TG AL E RO 2 — o A — "=l B JIEFTRELH L NICT H72DIC, LRZ v 7 A ZHf
FLIE# (K 3~4 i) 7> 6 1 52 A M. 60kcal% 7 — N & & e iGN & (Research Diet £, 1% D12492)
EhHzT-, BIEEVREZ 52 T HIFEE, B2\, fHE2H L, (RER L OEHEOHE & 1T
ST, WO WU e Y —THEN (10kcal%fEh), 35kcal% A 7 1 — A) O %A (Research
Diet fl, % D12450B) # 527~ U ADEKEL LOEBHEEONEEITo72, 1 »AHEOEE
BRIOCHBELZG A%, TXTOY Y AOHLZ BRIV BT, 20K, aE&%
Bz 7=28C, H7-0 OBEERREBMARD SN, £7o, ik~ 7 2 (10~158#E) (278>
To WA CMREE L, SRR B (Lineage tracing) (K 0 AZR%k S /- #AkBAAL (LacZz™2 ) 7
N OEEGZRAELZE ZA, JIREREL OEWVITBE SN o7,
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1. MR IS 1T D RAE R EL Ay O fife 37

R IE SR 2 T 2 72 12id, RIEHITRORE 21X U, RIEMES A SO A > ORE,
X DAMPs OHIES D HENH L, FIEHMIR S 2220 v 7 77 7 — UM bR
B=Chf HHER, NKT Mifi7e ERARIEOERICEE LTS, AFETIE, ZhbOREOH T, ~
ru7y—VaEY, MROMBN TOOMERET L Z & T, RIEMESL O K22 MR AT 2 52
M5z &e Lz, TOHEBE, FlZIE. BBRAOWMEILBHBENICE > T-HE, T TRIEN
B A MBI A L DAMPs ORIEITEE RIS ThH D, £, RIEMEOHF TYH, RIEKIGCOHE
PO E TORTOTrtAClbIMinE LT, v~/ a7y —VOEN K LEITZND
Thd,

DEN, v/ u Ty —VUERETHHEE LT, stk e ®IR L, TNETICH,
Ta—%A A M) —IZE D77 0Ty —VORTN —RANATOI T E 28, AFEETIE, M
AN TOMBEERD R DEELRER CTH L0, MRICBIT 2B RaEE RN L, v/ >
7=V E AL T D HRE LT, —AIZ, F4/80 B LU CD11b (MACI) HuJFIZ%E9 2 Hrik s H
WHERTWD, LLaenn, ToELiE, 7a—HV A hA NI —HTHoHD, TTIhbh
ROFMMBGEICB T 2FAMEZREF Lz, #E < OHEBPBEGES N TWDHTNRT 7 4 VEED
R AIOCHTE2 b2 E &N L, @, MkoEE 7+~ U BHWbh, £
D% T 7 4 HRICEEEND D, BlOFEE LT, HEREIERS 550852, [ UM
BEATH, NT7 0 RHER L HEEATIE, BACTE IR ERDIHBANHLOT, 7
ANV CREE—RT T 4 AMIERICEHA OB PR AR, S 6T, EARICET 5 HE T
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YO E AREICT D720, U XHDW0NET v MIHERT L R EZHE L, — &Iz, ~v
ZHRDE ) 7 0 —F VHUERBRI A SN D, AR THOWTW D EREM N~ T A TH L7280
2. YU AHRO—RIUEEZ TN D &, —REUEZRBIET 5720Vt~ 2 E a7
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I, FURZERT 2HEC, JURE EOBMREN O AF LI biERE o 7o, — I
X, B NEROERESOXTF IRHURE L TESHOWLND =0, B NIRRT 2 RS pE
BOWTLERZ VR, ZOFROT IV BESIPFEEZ B TR SN TV LM EiERA THWDLGE
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OB HEINERSZ ENZNDT, FURNE FHETH-TH, thoBfEiceEd 5 2 L
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R, HDOVIFFEENMENES B E L FRICEFHTERNZELEZIRBL VWS, TD7
D WD, 7 T ABKOHUR & TEITVERL S AL B & RIS R R Lz,

ZOREFR., SHEOPLFAR0 LR ZRINLAF Lz, 202 B 4 FEIT VX HROFURT, 1
TN T v PHROFUA TH o7z, £, 2N~ U ABROHURZ AW TIER S 4L, R D 3
FEIT e FHEROTURZ W TN ENTHERTH D, v/ n 7 7 —VOFEPERIN TN D
FFigDEEA Z W T, S FEOPURZ MM L- & 24, 2 EOFRIT, Hicvrn 7y —V %7
FULT 2 HEHRHUETH D Z EBH LN o7z, ZRHOHURIZ, FEWRZEIZI2HT v b
HEOFUR, b5 1 2V FHKOHUETH 5720, DNA HEECHMILSE, & 5 WIS %
BETT 2P0 & O B ORI LN 5 72,

FERIC BT D RIEMEISICE D DM & LT, F4/80 ik~ 27 v 77— LI35NIZ, NKT
fa D &3 A7z, NKT ML, T MR O FE & NK MO FeEa: & bR OMia <, 1 b o
A DR EN U CRIER S Z M4 %5, 22T, NK Al &1 NKT g0 f R~ — 07— &
LTHILILD NK-1.1 [ZRT2FUREZEE LTz, TOREER, MBERICEHATETHD & 3LD 3
FEOPUEZ AT L, NKT MRS FET 5 & S pMliRs LORFR Ty 7 v ofF B2 Rt L
DONTHOFUR BRI 7 V2 RT 2 it FATEEIZAS T BTz,

LU EDOFEE S SRR 27 FEFEICHESL Lo~ 7 1 7 7 — P O iE Y talc X 4 8 s, Sk
231 % DIO \Z K B RIEMERG 2 R ZZ RIS+ 2 AR FIETH D Liim T b,

V. fEm

SRR 27 4R IL, B6C3F1 ~ v ADEEZBM L, 4 20 S llivE CORmAIr Y —HD K5
ZRT L, DIO I L 2 IREBINZ /el Lz, £7-. DIO IZ X 2 &S MO RIERIEZ et 5729
12, MERCB W CTRIER GO TR E D~ 7 v 77—V ERBHT DHERE AT, SO6REREG
W ORI L, EHI0, BETFHEIC X HEE SR B4 fiEIC Lz~ v X
(LRZ~ U RA) IZBWTH, mAhr ) —fHoR5%Z6E L, EAROIERIZETF LT,
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VI RAFELLRE O 5

Rk 28~29 L, DIO B O E Z Mkt L. 100 H IS, x5 &3 Dl - Mkl T2
RN A DOIERFBER 21T 5, FRiC, PR 28 EEN B, SHOMEFEETIIFEL TRl
721 Gy BBINBEZ N Z T, BB AERL O NTHEBRNTICE BT 5, BRAERICADE T, M
AR ZMER L, DIO 12X % DNA 155 L OHIFAE D5, Lk ER F & ORIE SUG O fiEdT %
119, F72. HSHRESHC X 5 DNA &AL, WIS I3 2 DIO O F 2 g3
%, & HIZ,DIO o R WIFE A flkie L, RS 700 AR £ TOMMBRIR & T4 5 &3k,
NS ATEFE DIFHT & 8D AP NBRBEDFENT 24T 5. 2 C. DIO O LEE#ME &2 — 2 A —
— DB SRS L DB L SO TR L KIBRIERERE S AERICHLETT 5,

AWFFRIC B 5 BIIE £ TOMFZERML., kK
AL
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1) Wolf MJ, Adili A, Piotrowitz K, et al. Metabolic activation of intrahepatic CD8+ T cells and NKT cells

causes nonalcoholic steatohepatitis and liver cancer via cross-talk with hepatocytes. Cancer Cell, 2014;
26, 549-564.
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Analysis of the effects of life-style in childhood on low-dose radiation

carcinogenesis and its mechanism
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Abstract

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

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

Current study has applied the diet-induced obesity (DIO) mouse model, which is widely used to study
the effects of obesity. Our hypothesis is that an excess calorie intake could cause systemic inflammation,
resulting in alteration of tissue microenvironments to promote radiation carcinogenesis. To prove the
hypothesis several tissues and organs, which are the target of radiation-induced cancer, are obtained from
DIO mouse, and DNA damage, cell death, tissue recovery, as well as local inflammation are investigated.
Also, sequential analyses for up to 700 days is carrying out to find out microcarcinomas and cancers.
Considering that tissue stem cells are the origin of cancer, effects of an excess calorie intake on the
turnover of tissue stem cells is examining in the small and large intestines. Our results should provide a
fundamental scientific basis towards the possible countermeasures for mitigation of any possible risks from

low-dose/low-dose-rate radiation exposure.
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BOELEERRICIVIERT L2 L2 AiET, EfE (100mGy) OB HREIE S &2 & et
BMEEICE DB AD T a2 %, ODNA BEEOFHRE L RE. QM Z & fe kR
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REITRIE L7 LB ICHEITL TV D,
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HAARKERIZE b2 WRBENREE R IREFTOFL (IR IIEBRBE R &%)
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Flo, YU ADRPARBPERENDKRAEFMEZIT I, RTO~ Y AEERK T T 57010
SHENMETHDLN, ZINETORRMN ORI T HEIT, K2 HFFETHLNIRD L
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Uncovering the interaction of lifestyle factors in children with low

dose radiation-induced cancer risk and carcinogenic mechanisms

Shizuko Kakinuma

Radiobiology of Children’s Health Program, Research Center for Radiation Protection, National Institute of

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

Abstract

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

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

confirming that the project is progressing as anticipated and remains on schedule.
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Effects of life-style in childhood on radiation-induced carcinogenesis

and cellular turnover of intestinal stem cells

Kensuke Otsuka

Radiation Safety Research Center, Nuclear Technology Research Laboratory, Central Research Institute of

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

Abstract

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

First of all, we fed the HFD or LED to Lgr5-EGFP-Cre™?/ROSA26-LSL-LacZ (LRZ) mice during
childhood (from 3 to 7 week-old) and measured increase in body-weight to evaluate the validity of the diet.
We confirmed that the body-weight in HFD group significantly increased their body-weight compared to
LFD group.

Then we quantified the rate of LacZ-positive colonic crypts to detect the effects on cellular turnover of
intestinal stem cells by lineage tracing. We found that the rate of LacZ-positive crypts did not show
significant difference between HFD and LFD group.

These results indicated that HFD did not affect cellular turnover rate in colonic crypts. However, the
LFD may increase body-weight compared to normal diet, which contains lower carbohydrate. We had to

consider total calorie intake to understand the consequences.
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Cancer risk associated with childhood exposure to
low-dose-rate ionizing radiation — risk evaluation mainly based on
epidemiological studies of residents in high natural background

radiation areas in Kerala, India

Suminori Akiba

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

Medical and Dental Sciences.

Keywords: high natural background radiation; Kerala; children, young people, cancer risk
Abstract

Health effects of Fukushima residents after the nuclear accident in March 2011 is of concern.
Particularly concerned is cancer risk after exposure among children and young people since the excess
relative risk of cancer risk 1s considered to be a few times higher when compared to adulthood exposure.
In Fukushima, residents are concerned about the childhood exposure and its cancer risk.

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

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

In this fiscal year, the results of statistical analysis already conducted by the principle investigator were
more closely examined with the collaboration of Indian investigators. In preliminary analyses, leukemia
risk and thyroid cancer risk was not significantly related to cumulative dose (since the analysis was
preliminary, the results were not shown in the report). However, the accuracy of diagnosis of those
malignancies was unclear. Therefore, it was concluded that closer examinations of the clinical/
pathological /hematological data were necessary. After discussions with Indian investigators, it was

decided to examine the relevant data, and some preparatory work was conducted.
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DAY NIVERHT

TR~ T A A BHDFEREF7>5 2 OO E AL S, 1 DB & R R O Y
T T TR B M R AT R A BRI R R E L 7= 100 Bg/ml @ P7CsClKIRIE A H ISR S T,
H O 1 ORNEXREEE L TENENIRRBL ATV, T T2 15 AL EORZBUZEI LT\ 5
DT, TOFE XA CHRMF TR ARG LT, £ LT, ZRENDOHOEZNENLORIZEIT D
iy b R, Il A #H U CERs R 2 Lz,

15 B O~ 7 2B 5T L W DNA ZHhH L, $RcdEa—F ¢ o ZfEic ST
5 EEBEZONDEEORMNARAS D T2 DNA 2 —F % — (Hiseq2000) (ZTA /LT
fho 7w k3 —/LZHE U T Nlumina V3 kit 20 LT ) Ly —7r o A aiTo72, S HICHh
b — REFIZHNTAS FA T 4~ T 4 7 AT ATV —T ¢ 7 fE (Exon) 725
WZIEa—F ¢ > 7488k (Intron, Intergenic) DIFEILFEIFINZ B Z G~ T, 2 B COHEIMALHED
7. BREN ORHEAE SRECHER Uiz, $£72, RIRHIEREIZINT 2 MR G ek oo i FE 28 B A
Fa b & DK EHUR R O 28 B Rt B A4 P~ TR BB O F M & 2 DR b AR AT
(&,

2. Msh2 BEFHRE~ TV R EZAWTEE L~V DR R - 203 AW NS EE O RFT
ZHNETOMFETI A~ vy FHEEROEREFRD—2>TH D Msh2 DEIE F-ZRETKELIE~Y T A
T L. AR~ 7 R C RIS FSHE O B L & BICHIEEIEEZ BRAETH 2 &, &
DITEEAI OG- TEEA L AZAINT 5 Z LK 2O OBEEN ER325 Z LRGN E
2o TS, Msh2 BfnFHREXRE~ T AL T L 137 2 — WG L, B5HR%K 7%, ik
BROTTA BT A AHEED R TIETRGE~ U A B R SH, B b KRG E TOEBELZRMH L, N
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B VR LV BRE LIRICEE L, TS T CIEEOHOE, A7 & & ftdk L CIH(LE <
DIEFTERAAE 2 e GRE L Tl d2 2 & C NI < ORBAfifHT 92 72D D Msh2 (BI&1-REX
B~ U RO EAT -T2,

TSR A FET CIT 5 IR < I K DD AMBHTEBR O 7= DIZ1E Msh2 BB S~ ¥ A D
A NESEDIVLENHLDOT, FEXD X ) ITEGEFKRIB~ T ADOZREIN LB E2AL
TARFLRHCATHR S C FUIBRRZICEBLCE S S8, MAELEICHEES Li~T o KBRS L OGE
K~ 7 ADIERRZAITUN, D OGN 265 L C in vitro B4l & Bih L 7=,

[ mamER O\ 22 IR 5 B AR
AKX THE y

Msh2+/- Msh2+/+
X rpsL-Tg+

| Msh2+/- | |
I I I
2P0 =
rpsL-Tg+
_/_

+/- +/- +/+ [ I
ROAKEF @ @ o k4 W
Msh2-/- Msh2+/+ Msh2+/-  Msh2-/-  Msh2+/+ Msh2+/-

ﬁ& IEE}I:,\ rpsL-Tg+ rpsL-Tg+ rpsL-Tg+  rpsL-Te- rpsL-Tg-  rpsL-Tg-
‘ ratio 1 : 1 : 2 : 1 : 1 : 2

BEFEHEREST., invitroFE I
[Z&YEMEEFEDIYIREE R
%L,\ -tz:/rblgﬁk?ﬁ%r'ﬁaé / \Bﬁj(’\ = tvrbLuHﬁEfﬁﬁﬁéj

FTo, B UL 137 e HEDZIRIEBIRNT O FIEZNAIZLL NI, JSRERfT O LR — & —iER
FrpsL ZFfo 72 Msh2 IR FHRERE~ T A, BILOVHR—F —BI5 &2 Ffo M~y R 22y
5137 & ARG L, Bliashlo 7' o7 U TEBICERERET 2. HEE & SRR DS
/ 2 DNA #HhiH3%, L L7=47 /7 5 DNA D DEUL L7 LAR—4 —@a -2 AWC, KB IE
AT %, ZOLR—Z =B PO~ A USRI s T ORBOFER, hh~A VU FEFT
B L CE MM = v =— A RO 2 R U, Rk, ZRTH O L AR—% —#5 1
P AE U A RIGERTHA ML T b~ v Uittban=—% b 7 b5 2 & CIRAITaZe R 7
BEZFEIHT 5, ZOEROTZD, (KaZSRE RV AR — 2 —BInF2BEALTZIA~ v F
BERE~ T 2B IR~ 7 ZOEMEZmG LT, VAR—% —8&{51 rpsk 267 5 Msh2 i&
BRI~ T AZ T 5 FIEEZ AR RT, 3 BlOR S CRE TR A2 RE L, HE L8
BT BE~ T A% AR ORISR ICEE L, B2 U A 137 #5217 5 TETH H(18).

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

3. Msh2 BIZFHE~Y Y ADENAREHEREICHMN S & 5 NEKIE < SREDKREE
JERRE FRR G RFSE T OBy IR B hisk X, BB O REIEIE N e L 51T, ME 0 FEER

B AEFEZ B E L TS 72 JLUBIRREIS IR A L C BARAREL O K72 Msh2 i&1x 1K 47
~ U AOAFERE Z B L B E R A RIS E R IR E A AR L. N LBRRS - 1R
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FRRE~OBAE « 7 LUIB - BBLIC L A8 F 2o, invitro BHEIZ K 5 Msh2(-/-)~ 7 A DK
PR BERT T2 DM 21T o 72, F7o. WEMRIT < ERER THE Lo~ U AR 1T 2 ik
L D OWEHE ORI E I L OHIENC B4 2 BB % & iz D,

FRBFC, T TICHENL L CWA AL A KU A M) —HiliD S 570 2 Bk E(L 2Rk A T, 2o
NAF RV A M) =L, 5%IT5 FEDE I T A 137 %512 X HFEHE 500mGy, 100mGy,
20mGy 3 L OSIRIZ I 1T D RS A EBRO 7= D OPEHIE < B &AM IRENC X D 80E < BRE D[R]
S AR T DT DICHEREICAD ThH S, BEH U X A2 2 mET 2 e o kox, 7
R L L CHAER~ T A %6 (C5TBL6) 2B\ TET T A 137 o<, X#, U 3208
H.72 EOFET 500mGy (KW IURR ) PL T OARAR EHURFR CHLEIHE I < SHTEE, 70 B ONT 3 IRefH]
PRERKIRIHR B A K9 100mGy & 72 2 AR R AU Cllie UG 4 U 72 BROIRINER & O E %17 5
AR A MLERA OB RNA (Bax, Cdknla) OFSEERZITV, M - HE L FHED
BAfR & F A~ T ().

(i BRI ~DHELFE)

AT TIXILRBFZET 2 W N ORZEEBIC BV T H & N OEAEH, o 7 V%5 e 5
E LT Ly,

KEROEMFEBRICE LT, KERKFICBWTIE, KIRKFEMERBRO L & BiERZE
B2OKBEG (EERGEE  REREFL I 2L —a & L TOZHAMERSTHR
WHEPIRIZ LD~ U AR COBER, AR EORET, &KRES 5 BIE 26-067-000 5,
AR : 2020/03/31), 7235, FSHPERINLICHEFRI A s N T OB B IOV T, KIRKFE
R TR 2 O M e S R D ARG A 2 T T RRRE S flE 19-01-0 ), A ERIN TR F] A
fiF N TOEBRIRIEICE L Tid, KIRKRZET AT A Y b—TE 1 v & — i EE T E
ZSF L TIT o T,

JUMRFATIT 2 s F#HE 2 FHBRICBI L Tl TDNA GFE OB LI ONTER 2B 5 471
RO | OKFBHE = 26-53. AR : 2019/08/31) T, H7-BMEBRFEICE L Tk, T2
IS L FED A OMBENZ BT 2 0 FBARTFHNIE ) OKGRE 7« A26-121-0. AZIHIER : 2016/03/31)
THEBI DR 15T,

R E R A IFZEATIC B W T, v 7 A~DE 7 L 137 FE5IC L DNERIE FZ5RICE L
T I BB RN G (FE-1-26-8) 36 L ONEN F2BRGT#I(10-1026-1) & LT, £/, &
Jb B AT B IS PEEEBL IR IZ DWW CIB AR R 2 B S 5 GHE(H25-6) & LT, Wb E
BRI S L OV A iRk Ll B U CHEREN TR & 1372,

I AFFSERE R
1. ZHRERENEIZL Lz AL, C57BLI6) ~ U XA RHDFRICBIT 55 ) 2bERRBRIE L%
DAY N NVIEHT

DNA @ Exon fiE35, Intron fEI, Intergenic Ik T 1 HILZA (SNV) & 4FAKKLEF (InDel)
DRIV 2B Z AN D 72D BT L 137 G L RO 158 © A i~ 7 2087
J DFRNTEAT S TofE R, B w7 A 137 BEGHET 2,633,045,179 Hidoxt, &FHREEC 2,632,851,805 Hi
%t DNA BlAIEHT 24T 5 Z LN T & e, B UL 137 58 & % HEE T Exon i1k, Intron 78
ik, Intergenic fEMK C Annotation 235 ZFL TV 5 SNV & InDel O#AE % bk L 7255 F 23 TR T
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HbH, RIRT X OITET T L 137 BHED SNV D)8 Exon TlX 2, Intron Tl 6,095, Intergenic
T2 19,539 LXBEL W 2RO BN, F72, InDel 2BV THIEERIZ, Exon TiZ 0, Intron
TiX 802, Intergenic Tl 1,833 & Exon UADTHIK TE 7 L 137 GO F St EE L D £ <
W b7z, Exon Ml TIT 15 RO RE & WFEHR T =N R o ey BFICEE S
Z.72\) Intron & Intergenic FE1K T 0O DNA M HALFNZZ BT 6 T IBEE L © 20 L 137 & G8F
DI NZ%BOH BT,

Fis A/J ARORIZEI1TELT /) LIGEE IR

HiSeq2000 (A JLXF%1) 137Cs Fq Control Fs

Initial Bases whole genome 2,647,537,787 2,647,537,787
Bases covered whole genome  2,633,045,179 2,632,851,805

Bases covered all exon 64,332,589 64,330,842
Fraction of whole genome 98.55% 98.41 %
covered with>= 8X
15
AnnotationH 137Cs F,5 | — |ControlF,5 |=|| 1*7Cs F 5 1370‘312“
: BN
Mutation || |- p
SNV Exon 113 111 2 Z [
—EE2E Intron 1,944,232 1,938,137 6,005 | BT
Intergenic 3,922,697 3,903,158 19,539 ;; EZ
InDel Exon 5 5 0 i_%ﬁf
WARX  Intron 444,742 443,940 802 | £V
Intergenic 776,367 774,534 1833 | & 7

2. Msh2 BEFHRE~ U R ZAWTEE L~V DZERER « 353 AW NI EEOfFHT
Msh2 B FRIE~ U R B L OERERENTAELETFRE~ UV XDEH

WFE7 v =7 FBRGAHIAEEE T 2K 27 FEIE, FEBRICHER T 5~ U A OBGHEFHEITHE Y,
HWOBE R~ 7 ZAOAEHIZ AT CTRPEERS 252 72, BURBRE SR O~ O A fiak (2
BAT DIDITIIMBE AT O WER S Y | ATEHI 25T 5 72 DI B R B O~ 7 2
ZERVCHERE U, K1 L ONF 2 508l U CHiRE ORI L. — 3033 S I 2 BiRs L7 BT
TV % U PR SE T~k LTz, REROKTC1T 5 BN HE < & (RHIRR 2SR 28 5L o> fig AT
D Msh2 Bl FARERE,rpsL-Tg ~ 7 ZADIEHHEH 21T > 7o, KB X > TUAR—F —#E{z T
5 rpsk BIn &2 HT 25 Msh2 Bin X~ 7 A ZRRORITR Lz L 5 I L7=, ZhET
(2 Msh2 JBInf~7 1 K48,/ 1psL-Tg ~ 7 A Z BTV 525, HROBARF 215 5 12134157
ThHDHID5 &k E Bl ZIT> TV D,
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UL 137 &5 R OBLAIR 5 D ER

YU ARG ERICVELRBIGFRO~ U ADOILEATETE 2008 FEHICH -2 i 28
FELETH D720, R T Msh2 BIn F8ZE~ U A~Ot v A 137 H5ITBMTE T
VN, SRR BT TR FEE T U U Lk 4 BHEE L Msh2 BinfAREXRBEROE A~ T 2
&L HFREFEOENEND~ T ATHONWT, BIEE LRI L, Bz 7 7L, W
FEERAT LT,
AR ZE RS B DR AT

ZAVE TIZEERGHE 2 TR LT v o—HE AW Trpsl L AR— 4 —B8is 1+ &2FIH L%
BfRAT 24T O 72DIZ, 77/ L DNA ORI ZATVMRE L o, BTGt 25 L < 7272010, K FERR
BEORWN LT HBIE T~ T ZADOY T IVHR - ToRE R CERMENT 21T 2 3. ZIE TITTHE
Br& L C— MO I NEHWCTERBN 21T o 124G R, BB ) UL %E AEBBOKES Lz
Msh2 1A EXRE~ 7 2D/ TIE, [FEROLIEZ L7 B AR~ 7 2D /NG L THeRE
BAAREDF 20 52 ER L TWD 2 & ZfEd LT,
A THARR ZE RS B D AT

ZHETIT Msh2 s FARERE~ U ZAOMEREZ AR LG b~ v AT, HRETHZIC
EUTERRERZRINT 572012, Wl L~ ADRHEL Y 7/ L DNA 24l L, it —
o —EHWT—r RN B AT o Tz (5%56), BT Y — AOXGESIK) 50Mb ([ZxF LT,
T V¥ 7T v — KON HiSeq2000 (2 X B —r A (100bp, X7 =2 K) #{T\, v T RT
ALY 77 LA (mml0) ZHWCY vy B TR ToTe, SEEST LI L Tlid~ v 7
AIE U — NIE 99%LL _E. non-redundant unique reads 1% 92%LL ECTh o7, UV 7 7 L2 AESNTXT L
TR DEENTENTZY A b (SNV) OFFFTIZE D | &3 71T 2000 7 FTLA E oo 28 Bfptii o
A FRI—A &R, ThEDH A B LY T T — DR Z R 20D 7 4 L F — %D,
SHIMFY T ATORRH S, B~ U A THRH S 78 de novo ZREBERZMH L& 2 A,
60 A MEENK-T-, TINHIBIZINHD de novo ZREMOMEEDT-DIZF Y ET Y &~
— T AETo T, WS =7 U —IC LD REROMERZITV., BUEFEMICET P Th 5, =
NETICHELNTMER T, BREMOK 30%% D 2 —HILERTIE, 1ZTEAEOERY A K
C de novo AEFEAMARZE S CTh 5 HOMER S 7o, ZBRERY A R D 60%LL LA D ik UESIEER
FITR IR LESIHFICFEL TV, S ET VU —F AL 227 —L LTHRIEEN
HENE L BUEITE IOV THRFF TH 5,

3. Msh2 B FHRE~ U ADENAREZHEITHEMN S 25 NHHIE < BREDREE

TN KT T Msh2 ~7 K~ 7 ZA DR 13 L OUPHII 2 H L T 140 ORI 2 15
T-OTEFNLAERE L, 20 A2 A L THET 2 M XV AEFRN 9% TH D 2 & 2R LI-%
(2. FRD D 120 B DOSHEIP A HERRE PG A FEETIC R LT, AUENFCIE 100 8O kI8 2 fiF
WL, LTV 94 EOSZHEIN 2 ARELRHC A L TR S W7, 207 EUIBA DR R 35 It
FAEMFPELNT- O CTRFICHEE SHR, TRSMCE RN S < | BEILRFIZIE 18 PLITE L
TV, ZRHIEWT N b AR 729 2 & ASBRA THIA L, Msh2 7T KEEKIZA A 1T
EFA2PETH Y, Msh2 ~7 a0 REEEIRIZ A A 3L L A4 R IEAE BTz, ZiILE OERITAFH
M2 15572 DI B R THY . SHEENIC invitro ZRELUEO 7 v 22 Bh+ 25 FETH D,
R ER MK A MER D RNA 8T K DR EEHI S A 7 A % BIZHE L, NEBRIE < o X 95 7
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BIE < OBRITHHE L7 RNA fEE A IRET 572010, IR EHIL< S8 72 C5TBLI6 ¥ 7 A6 5
L7 HIMER RNA Z A LT~ A 7 a7 LA iz b iz, FREomsgi s LT, 100 fE2 8%
% RNA FENFEIE 7228, mRNA £V 6 IncRNA 3% < | £ OFERREIIMEE TH 72, B
(R FEIE DRV IATr L KB E RV AT LOMEL A HED TN D,

IV &%
1. ZSHAEBRENBHEIELS Lz A, C57BLIB) = T RARMDFRICBIT B 5 ) 2ERBH L £
DAYt NVFEHT

FREMF2 HEAR L7 1S R H ' > U A 137 B G5HEOF03F U 15 fCH OXFRBEC I TH S
ANZ DNA B EE RN LS BD LN Z b By 7 A 137 12X BEMARTONERIE S D2
TR SED IRV IE a3 — FHEETRHHERIICE R SN TV D 2 e b D . &5 ) LM &
%I — NEEIRIZISI1T 2 DNA MR B A IGHR BB D FRIE & U CHRDITHE 2 2 ATREME DS R &
niz,

F 72, Exon fEIE, Intron BEM, Intergenic B T T DHILRLSNECE 72V D SNV FEA R %
Kb % & FENEN 3.10x10°, 6.53x10°, 1.16x10° Th o712, ZDZ M6, 4 DNA ARSI T
PyETo e R CHRAERPFAE L T DO TS, AFICNE R o — NEICIEIE = — Rk X
D EFRARN 2 H1E SRS . I B OB RN K> TR Z LN bhrole, 2D
& 1% DNA S EZ BRI MR A~Z TN D D EZ AT 2B INERTFEL TWD I L ERET D
b O THEYFRIFNR & U THBRZRV,

7272, DNA ®D3F = — FElIZIIT 2 SNV OFRPRBO LD Z EMBRNBAMENRE SN D
EZATHDHN, AR L IFHNAT> TWDHE 10 B ~ U RTBIT 5 BARFEAEN A I OMET
W (D VZ ) FRENDAERICEBNT, B v A 137 K 5HE L xHIREE & O TS O3 4
RIZABEEITEO LN TV, Eio, MEEHEANEE O TIX, B2 v A 137 &R I 2
S RRFE I LE AR REICHERNSG SV TV D Z & D  REBREM T TOR' v A 137 DR,
TN N TND &) Z L ixB 2 #< . DNA O a— REKIZISIT 5 SNV OFREN,
ZOFEFERPAIORBDHEDOTIERNEBZZ TS GastlERH), S HIZHE 1 HRELHE
18 R H £ TlzHBiT 5 1 HOFEHEFE, HHIZB W TH MR TEITRD T
(Nakajima et al., J. Radiat. Res., 2015),

St SDHITHET— FHEBOERREZ M BRSNS 720 D 7= v o —HHAE R
DHRBERL TS Z L CEEMEORBEZ EN DVETERD NI ERFT D, S5IC,
DNA HEGITER T 530 A 2 il 2 ZEOBG#EHI S A7 L2 K DR E S RO R R~ D
BONRAIMERBACIC OV THBF L T & 720,

2. Msh2 BEFHRE~ TV R EZAWTEE L~V DR R - 203 AW ONTHHEIREEEE O RFHT
TAEEBROFER T Msh2 BIa T HREXRE~ VAT, BILAITH D RERI U T LOHPKES
(2 &0 /INGT DZIREE FAHFE D B AL DK 20 f5FREE & 72 o T e, RIRKR P CESE T E DR~ v
A~DE T A 137 1%, EEHAER S RS HREZRERDT U U L ERRRICED TIT ) 72, 2
R BIEAPE LAY MVOFEROMBEILE N FTRETH 5 L IfF S D, £72, Msh2 s - AEX
B~ AELOBFHEFEE FTOHARKEICL VAR~ T A TIE, K 50Mb OET 7 V) — A
FRHT T b M FTRE 2R R B O BT B AR FEII S AR AR A L T D Z &R ST, Thiaxt LT,
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B AR T A 0D [ SRGSIRZE R IT 5.4 X 107 /bp/ A% & #F & TF Y (Uchimura et al., Genome Res.
2015), A& FRERDRT Y Y — MMENT 24T o Tt BEEE FTOBRRZEICEI VAL H
CAFD N U AV T TR, FRVEIEMIAZERE RO T v MU T LTS D 2 &b, i
BRFLUT EHEE S LD, TE> THRIDZERERMEHTOFER LY | Msh2 B FRERIE~ T X %8
AT AARERZADHMENRB SN, SRIOERMEFESLE ALY ML OFERE L LT,
St I T DWAbAIRR GHE. BT A 137 BGREIZI T 2 AR TEAR I ZE SRS B oo s 2 Fis
FARECTH D LB X BT,

3. Msh2 BIEFHE~ U RADENARELEBITHENEE 2 NHEIE < REOKRIE
LHIHBERY WEﬁ@ﬁEK@%ﬁtbtMmZT%K%%i@A%nK@vvxﬁ%g
Niz, ZHEINO T EEE R TOHPERIL 35%FRE TH - 7203, b EITHEMICHERTE LTBA
Lt@ﬁmm%ﬁ%%%@LM%mk%LthZAﬁkH&ff%@\%Mﬁ%;@%%«%
EAFOERRIZ A T AHNC L TV Z &6, Msh2 i\ s FAIRIEIC X D T4 DD 72
WZ ENTRBEENT, Lo T, UHFEL TV invitro BHE R DRI 2D H I HT- - T, BAE
ESIOMS AT A AR N PRS2 bV Wit

(AR B IE < ITIE % RNA fliE L Cid IncRNA 2MESATH - 72, £ 20mGy LA THt
< Le~ U A0 BEI L 72 MM Tk, HEsaZME mRNA &3 L Ot oA 572
BT HD YA, 2K VRWVRE TIXEE OF S RBEINEROEE N, & 2 AP, R
JSZEVE IneRNA 1L 5SmGy FREEO#RIE < ~ 7 2 RO Mg C & A E D S - PRI L
Tz, MIBENIZEIT D 2D IncRNA S ITHEBUSEME mRNA B0 0.1%RE &R TH D |
IncRNA ¥{HIZ K DM ~DFEBIZFE E RN E R PRI D, L L, MICEEDB NV
FEOEHIIHETH>ThH, 2D IncRNA I MEBOIE L T5Z LITkY ., fle kX
ERIEDO BT R ATRETH D Z L ZRIE L T D,

vV fb

Rk 27 FEORFFRIZIBNT [DNA EER O KEEW 2 AW EE RO ERMEE @O 7o’ A
B BO EREMR TR |, £ LT, 14 DNA HEECHIIEHTIC L D/ AR I FE S T i R
BOFRBERIR] TR ERIREIE WEZEETEX S 2 LRSI, £, [
BRI MEBRENE L BEERFET DO AL A R A N =V AT L) OMNLNTET,

ZOZENS, YPEHE Lo~ v AEWEAE (in vivo) ZHWD ZEICk 'Y T A 137 OfE
PEAOICHR BRI E < DRA & T3~ D B D i BB BRI EE 0D 4 1% ORFSEEH ] 0> 2N A FE 1R
THILENTEZ,

VI R LARE D
1. ZHARUIBBREANEHKIEZL Lz A/J, C57BL/6) v U RZRHMOFRICBIT B Y /) »rERBRH L %
DAY+ VAERHT
AR B O f HSE5R - AT Ze sk B
- fRHE~ 7 A (C5TBL/6)) 12 & 2 FREIME 38R
« A/J TS BT 10 HRERRZED 7= Fos 1235 1T 5 BB ER
« AJ D Fis TR T L1137 KEGKIE IR EAKICTHARZ MRS E 72 10 #8E (Fis—Fs) T
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DI R OLERERE DX HEE (Fis—Fys) ERICICR D0 EHH~D

BT T AR

C RHETECR D BT T U L 0 ERREEO FHIN A RENEZ D

SRR 27 FEED AT ) B —r U AR AT o TR BV 2 —T ¢ 7 5EIK (BExon) 72 5 TNZIE
a—F 4 7 (Intron, Intergenic) @ DNA HERLERHIZE T — & % FZHEO ATHRER S D Y
Yuto R O IEISIE R MEOAIE S D I b= R U 7 DNA _EOEIESIE R DFE2>
WThET DA 137 5 & HRRBEDOR THI AT,

F 2 BB~ U A TOFBNEZ TS 72D CSTBL6] R~ 7 A& HWT A~ U7 AR &
[FERDOARARERZITV, BT A 137 2 HAURRENETII L FREGTRT ) LY
—/ AT K D DNA SEERANER T — 2 OWERE 21T 9, F7o. Ak 29 FEEIZHV T Msh2
B FORERE~ T XA TOMMAREEICONTHFRERIZHA D,

BHHIT IR, ANEIRENC L 57— 2 L AR A NEKIE OF — % & Ol ENT 2
D X OICFHEBREE AT D,

I BT, Rk 28 FEIZBWTTRMICHRF S 22d 5 IR EAH R EBEOLIEET v
(Wak-Mol &7 /L) V% 5T 5120 DU 1T 5, T LT, K 29 FEICB W TENE TOER
X THRLNET =226 LIERBREIHIT AT L D BREESK PR A ET
IV OREFEDRATREDMRES L, St PR FIEORERE & U CURAR S AU #1522 O B AR AR R
BROEIIPIE I K AR BIKIFREEIZOWTTRIT S 2 LA RENEZR A D,

2. Msh2 BIEFHRE~ TV R EAWTEE L~V DZERER « 53 AW N OFT
BIEETIZ, BV U AEEZTHITZDOBIBTUE SV AOE Z1T>TH Y, HNOBIET
2155 72O ORZEUC AW 2 BLOMERIZIZITFE SRV ITHEA TWD, SRR 1D D R
i 28 AR FE L2 \ZITIRIRR T OB T A 137 G~ U ZAEBRO 72O OFBIn O~ 7 ZDO4EG
ZRIET D TETH D, MEHRREFZRAIFEITTO Msh2 EinF KB~ 7 ADORhREEL v
U 13T KD FB A DEEEDMIFED T2 DFEF-- JIFIZ DOV THE, BRIZERIR LB XA TH 5,
~ 7 ADMERF - BHHPE & G EHEEAT O o FEIREEMRIT - AETEARR D ) DEATIZ OV T b 5] & fit
YU AT, BRI 21T O,
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Msh? Bl FRIETVRIZETLHHEIELEENARY

EAREERDENT ——— SEROEBRDHIE LEETDOR
L S A BRI ER LK } L %%%Eﬁﬂ#ﬁ/ﬁ&x-ﬂk}
: /- i
B7CsD16BRE 5 (RERR) 0 B7CsDABE MBS (B K)
I [ =
0 4w ‘ 20w 0 4w 8w
INB O BB GREF- LX) & [E 3 DONAY LT ILRTF (BRK)
R T R (LK)

A | KBTOs BEEE | wCsi 0%
\ 2 .
B ' ?
& '
& o
! L
WT Msh2-/-

1 AR ORI IR - KIRZERAER - A
- N IE < IC K DR B T2 0 DT AT, (KRR ZERAE FR O SR
- SN & Pk oD [F] S O RREE
1) {RHRZEIRZE B D S|
SRR 27 4R EE (S Y L 72 ZSRZE BT OO L iR — 2 —&(5F rpsL ZHF - 72 Msh2 i a7 KiE
~ 7 A% 4 TR O R R CHERIE < B FTREZR KIR K PO R 1 sk ICHis L, B D& -
MEBRERDEOICEY YA 13THREEITH CERK 28 ),
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Fukushima nuclear power plant accident

Abstract

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

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

quantitative assessment for the low-dose radiation effects.

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

2. Since the indirect effect of low LET radiation, such as gamma ray, is known to result from oxidative
stress. We attempt to evaluate the effect of internal exposure of Cesium-137 and the treatment of
oxidizing agent on the somatic mutations, tumor incidence and germline mutations by using DNA
repair-deficient mice.

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

developing biodosimetric tools for situations that are difficult to compare of external and internal

radiation exposure.
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