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Study of carcinogenesis of radiation-induced thyroid cancer in childhood
mice
Yutaka Yamada

Fukushima Project Headquarters, National Institute of Radiological Sciences

National Institutes for Quantum and Radiological Sciences and Technology

Abstract
After the accident at the Tokyo Electric Power Company Fukushima Daiichi
Nuclear Power Station, it does not become clear whether a cause of the frequent
occurrence of childhood thyroid cancer depends on a radiation whether it depends on
other factors. It is important that a risk and mechanism of radiation-induced thyroid
cancer is clarified to understand a cause of the frequent occurrence of childhood thyroid
cancer in Fukushima.

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 and molecular analysis of radiation-induced thyroid
cancer are performed with the archive of the animal experiment sample (B6C3F1
female mice). Then, transgenic mice with gene mutation to be seen for human thyroid
cancer are irradiated, and thyroid cancer induction and association with the radiation
exposure as the modifying factor are investigated.

Radiation sensitivity of thyroid cancer in the B6C3F1 mice tended to be high in a 1
week of age radiation exposure mouse than 7 weeks of age radiation exposure.
Hyperplasia, adenomas, and adenocarcinoma in thyroid gland progressively was
observed. Radiation-induced thyroid cancer increased in dose dependent manner, and
the latent period became short. The induction of thyroid tumor tended to decrease by

the low dose rate radiation in comparison with irradiation in high dose rate.
Keywords

Radiation carcinogenesis, thyroid cancer, childhood cancer, low-dose-rate

radiation, mice
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JRFBMZ AIREIC L7zw 7 A (LRZ v U A) IZBWTH, @mhnl —fifkh~r X
DOFE 2Rk L. HEESMIED 2 — > A — =T D BOMITICET L, T
R 29 FEFEIT. T D DOFERFER AT T, AT Z S OISk L. B8 ABE DR
PR OFEN A~ T A DIFERNT %2 F0 L=,

AIFFEFREEHEET H 2 iz kv, u ) —EBEEE A, (KREBEIEICX
DIEEZBICE DL ) R BEE2BLIETHRIHLNC/RS, £/, ol —EERS
L DRI N A ~DRBD A I = X LB S, &0 bR oA TR R 1E%
DELIZ X VRS SNDHRIENR AV A7 2R 5700, HEmIC ISV 7oxt
W& AIREICT DR Rt X 2 L ifF S D,

F—U—FK
JRR, e ) — KRR, RIE, ARk

I. WF9EEBY

RHAARBERIZE b7 o OB IR EH T IFEBHTOFE (LR IIHE &R F i)
T T, FHOWKEZII LD, L < OERBEBEIE I K DRI L 21
WTWD, FHLIOE 4 FLUERTZL, BEENICET 2 REEFREICS O THIE S B

2



BEEINDICE bV, THIEENREE R EITFSU E O (EROMEFEE O &
D HFICBET A EMESRE OFHEEY O TH, BERBIUEEBIBRICBVNT, 2
ATRBRICHFHICHE BRI S D Al IRn E SN Tnd, Lo Laens,
JRREFHAZICE PN TV DERERDOAEFRRELZEADL L, LD, FELEICKITD
ATEEEFEDOLACD . RIS L DBRE 2B 2 BN & 72 2 rlRetE s S D,
PThH, FPRAEGRREOZ, FANEEIOHIR, EEARFICERNT 200 U —EEuE
21, BB ORNAY A7 ZEMT HHERE L THERTLILERD Y | #EEY X7 DK
WEWHBENS L ZORBEWRICT S ZE0NREND, Hu ) —EBEEZ O [ RN
AU AT ICRT DEBIIIL R EN TV DICHFRO LT, Iu U —EBEuEE A, b
PRV AZIZB LETEEX, ARPIZTHRLNTWHAEIFMmD TZ L, FrZ, K
ESTRBE IC K RN ACRIVE, e ) —EBEGES OREZ NS 5 B 2Rk X
HETHD, 20D, MERR, &0 DT FRZ DR - REDT D OWRFEEIZE
TROMFEL LT, AEEIEEDMEGHR BRI ORFERBIC B JIETREL, A=
A L AR L LR PRI E S Ve F LR T RN R RD b TV 5,
ORI TR, MRS AET AV ERHWEE e Y —RIZE HENE (Diet-induced
obesity; DIO) DOFEEZZ M, [ r ) —EBIulZc L v &k Sh 2 25 Mo RIEMH
DIEVELDS, fifas « MBRORIERIEZE SR T2 L2k 0, BRI Ic L 2% B A
VA7 % ERSED] EORBAERBL, ZNEEHT 2HEZ L LT, FFiC, K
#rE (100mGy) DOSHREIEL 2 5B HREIE< I 288 A0 7T nt 2%, DDNA
FEEOFHER L RE, O L S RS, O/MMREE OEIE, @YIHIN A L RN
AN, BN ORADNL EHERE, 12T, £ 7 1t ATo DIO OEE, 4y
-« MR - KRR - RIS LV TREIICHT T 2 F 2 BRI E LTV D, [ ET A,
B AT B W TNEEIIE K IC L VBB AU 27 OIS 5, M - Mgy >~
NHE, S AL A, BEOWEENATH D, OO A, REHRIER A D
BRIl Ch 2 Z LI E L, WkEHao@EL B X5 L 5ICTRLE
BEFUE~ T AN T, e ) —EBEuRZ 3 HbERl 2 — A — =2k XiET
HELMIT 5F %2 BRI Lo, SRR Ch 5 29 FEIEL. AL E TOMFEMRE S
HIZHR S, KASE B L OVEMRZEATRIUC X 0 F08 UBHEE 238l U, MRSUG D
FRMTAESR & & BITEOTR Y & D EITo72,

II. #Fge 51k

AHFFEIX, 3 AFFERERI ORI X A ILFAIIFZE & L CRHB S 7= b O T, AFRSROBEX
LToEBY THE (K1), £, BBRAERICEWNTIE, KETFHICB TR S
HiTolo~w v AL, DNRIICHY T 2 HFEICm I ) —fi2 5.2, 20k, REFEEE T
B2 I Ko TRADREZMNT Uiz, BARMIZIE, BEMHZE VLT, B6C3F1 M~ A
(1B 60PE) (2, 1B CHREHR (v # (0.5Gy/43). 100mGy, 1Gy 3L 4Gy) % FRE

3



L. 20k, 4 o 8lnE THmln Y —fi% 52 CTDIO Z#F5E L, ZDO%, Wi eH
IZHE LT 5 700 ALLEDORMECALSE 24k L7-, BN ZIX —m%ﬁﬂmﬁ
MRAEA Z BRI L T, WIHIFE DS AU & ORKRFBLES 2 i L7z, ®5 LT 28 AN, /N
BT R VBT A7 BN ERT 5, Bl LOMIRY N E, A A, BB A
Th D, Fio, BRI UIHMRIT, —# %2 RIGRTFITESM L, DNA #15, MlasE, MRS,
BLORIESEORNT 21T > 7, BHHF T, BHIRIHENREA (LRZ) ~ 7 AIZE
WTC, [k 7 m b a—i2 kv DIO #3538 L, HbE@SHilo % — o F— " —tk LiF
TR M D RS, MEEPNAOREICB XTI RELMIT L-, 72, BBl
TR, RIS S 254 L, DNA ECMIRSE, RIERIGC DI 217> 7= (K 11-2),

RFERE

HARERN
INBHADEFBRENMERBRFRE L CLIRPAVRICELEF
RS HRICERE LN SRFRT S

.1~4Gy
B6C3F1 (11.*:11-«») 4~8ilif
TR —
‘: mhovu-®& MR
1. DNAME/@EEITHRTT 3. HEEREREERT 2. IHRFEN AT
A (FehER) (HREEHR)
DIO#H LUMMIREEL < IC K DIOIC & Dt iER{UN DR SRNIERENEY) (CIAEZ RN,
SEEE. DNAIE., 1BIa%E. BRSUICKBIABRAD DIODU Z /U, HHFABE
HMEHE. BLUKRERGD WO S & W R % IRE UBNADRECSLFTE
ITAEIC R DN, BFIC & DA, T DULVTHRA,
HFENIMR

INEMADAHDO L —BEGAS HHESBRIHREE < (CLBRMFAVAICHLEF
TRENHASHCRD, TOWFHFEEHEDNERIT & HEFHMAADRE &
LWSBRNSRAENS,

I1-1. W OMEEX

EEFRIBM (RK)
FRREE | ERIC 51 SDNAMES £ FER
RISORIE
HRRHE © BAET
BUFRAS :
1. DNARERH
2 TS & TERE L
3. RERGRE
4, HREE
- ERRERRE L - ERBTRRORE EROERBAE
- DIOEEOREER DN * RAABBORT RO -DIoEEOmEE R
. %,
RO AR | EMBEEROH - BEARIFAEORH
- ARREEROE
SHEFHME (RER) REANRORAE | SEFREN (BEH)
HFRES : DIOK & & B A BT ARAES  NRBOLERMGC LML
FRAEE | HEENF #EROMMBEE(L L RHRRAA Y22
BUFRAE : RiFSEEITE
1. Ht RN FRAIE | TR
2 DIoE# BUFRAS :
3 EREAEN 1. R
4wtk (U2 Btk finh) e | ESCURPEORT) o wemsen
3 RBERS

X I1-2. ATt k] o 4



DIO ##5E 457D, mAr U —Ef & L TiL. Research Diet £1:0> D12492 % 7=,
D12492 1%, A= U —D 60%MEMICH R L, 78D D 20% T ONEEE & R O
Thb, BUEEH-YV O Y —&iF, 2> ha—E (D12450J, 10%[8H) 1< 5
_RBB LT 140% ML TE Y, %< ® DIO HFEOIERERE S L LA SR TWD DT
b D, WO DIO OFEL B0k, NEENCH YT 25 4 Bl 6 8 ks E TICREL
Tmhn ) —fHa525L2A5ThHb,

1. MA%IZI 1T 5 DNA FREE I J ORI SOS Ot

DIO & 2 \WIH#RIZ L% DNA [&E & 2 WIS & & ERCRHE T 5 72D, ftlE
BHZBWCEI S Lo - iR, Higds K OWiZ2, 74 v~ U U CEERISNT 7 4
AL EEIEAR (RS 4pm) ZERL THATICHAWEZ, AT 4 7T 2 RICEE LT
MUY L, BioRT 7 ¢ ABRE i L 7% 12 PBS USRS L. S0t mE Yt %17 5 £ T,
IR CIRAE LT,

BEAROYAEZT 9 4 B, BIT LT T 95 CO U+ — & —/3NR(Z 30 43R, HURORIE
fb%&1T o7z, ZD%, 5%skim milk %% 7 TBS-T (0.5%Tween-20 % & ¢» TBS #EER)
WP ZA IR L T, Y/ & 37TCT 2 RRIMUL ST, ROSHK T, PBS THar T B
L7-t%., kiR % 37°CT 1 RIS S8 70, “IRPUARICIE, Alexabd6 ik DHiw %
IgG iR OY Alexa647 2k DL T v b 1gG Pk %z 7o, AT, 11 g/ml @ DAPI %5
0 10% 27V YU > PBS IR CEA L THRAF LT,

PERC U7 AEART, aO B T ORI L. 7 VX VB ARG LIk, BT 27
DR —REURD > 7 F VAT LTc, —IREUA L LTI, DNA HEOKRHITIZ, #T
53BP1 #ii{k (Bethyl, A300-272) % M\ 7z, fHiklEE 6 L OEEOMHITIZIX, $T Ki-67 #i
& (BioLegend. 16A8 % L < i eBioscience, SolA15) % H 7=, IEMNKIGIE. fMkICE
o~ rm7y—YORME, v/ u 7y —Iloxt o8 EASUA (F4-80, BioLegend)
Z o st g e bl K 0 b LT, BENGR O EFEIL, T Perilipin  (PLIN) 1/2 $it{k

(Novus Biological) # F\\THEMT L 72,

2. DIO I K 2 SRR DS AU BT GERII I I IE 8 O MG E A2 S IR)

B6C3F1 v 7 A% MW\ T, DIO OFFE, FGHRIRH I X O At 4 92k L 72, DIO
OFEIL, 4 B O 8EIE TR IR Y —fE2 5252 L2 XV o7z, £7o. BB
S EOMAEDEETOHEAICIE, 1 BB TR (v # (0.5Gy/%r). 100mGy, 1Gy # X
W 4Gy) #HE L., 405 DIO 238 Lz, 20K, BHEEICH ELTHD 700 Hi%
ECORMBEZITo 7z, BURER%ZIIE, —EMEEICx5 &3 HEEE - ki
2R DS Ao DRRIRFBIER 2 SRR 29 4R FEIS /T TN L7z, MM 23 A0%, IliREs KOs U
VS, HAABEIOIFRATHS, BDE T, IO OMARERZIER L, EEHF
JeE LN X D AFTRTEE 1 OfENTZ R L7z, x5l T oM. AR, IR, BB,



Jifids L O T %

3. HIbEEAEIL OMRRBEIEZ (L GEMIT R IEE O Wi 42 S M)

AR WA L I EE SR HEMNEZ ATREIC Lo~ U A (LRZ ~ D R) (1B 5~
10 PC) 2B\ T, BHifao ¥ — > F—3—I2 5.2 5 DIO OB %fiftt L7, DIO OF5E
X, LRZ ~ v RiZ@minl) —fi%2 5252 L2 VITo7-, BUHRRS & O EbE DY
AT, 1~2 Bk TR (X#E, 0.5Gy/4r. 0.1~4Gy) 2L, 3~4 @) 5 DIO
EHE LT, @Y — A — N~ DT, Lgrs ' rE— ¥ —(CHIfl S D LacZ @
SEBLOA M L0 FHE LT,

Flo, RIBRIEBTH N AET V& VT, BEHRRIZ K D KBS A DOFEFITT 2 DIO O
Zhik (1 BE5~10PL) % 18~20 Btk £ TOMIMICKWTHRAE L., BFHRENAICEIT D
FAREEEAIIIZ 9% DIO DR A figh Uiz,

(fii B i ~ D BLRE)

AWEFEL,. BERREIT 5 (IZH o> Tid, ENOEMERIES 28 L, REFZRZIT
O BREERLFHAN T SR i OB TR T B R F OB A =TT BT, RO ERT A R
A v HET LU TEREZITo 72,

IOII. WFERE AR

1. @A e Y —fC X DRSS

AWFFETIL, 1B TR Lz~ o 2%, & /NS Y 35~ o 20/hNi
O 4 B~ 8 WIOMIZIRE L CEIr Y —REZ 52 23 FEHK LI, 5. @l —
BHIC K 2B OREZFET 572012, FERF~ U RZBW T, KEOELABE LT,
ZORER, mAan ) —fHIC Lo THEEIT->7- 4 BEOMIZ, BFELV L SHEHIETT
K 20% DREOBFEIREINEZRO T, LR s, BERENZ &2, 8 Min) b i@k el
R L TREEME L2 & 2 A, 10 Bl E TITiX, S0 Sl e CiE L- EZBREE L 1F
IZA CAREICE THET D Z ERHALNTRo T2,

T, @AY —fHOEEUC & b2 5 MRREUS AT 2 7o oIz, Tz 412, JI§
EVERHEE Z MG L7z, DIO E7 /b~v AT, Bz E b7 ) iFEEE LTBIFOH
ERELHmONTHWDDT, B EZ, TOHIRENS OB TES~—I—L LT,
ME W\ ZAFET 52V U v (Perilipin'PLIN) 2 H'E %2 FIf L7z, PLIN &AEICI,
PLIN1 & PLIN2 %55 &350 < O OM[FE X > 37 ERfFEEL, PLIN 7 7 2 U — %
L TW5, TOR T TR D EIEHE L TWAo PLIN2 T, EGREICE T DREN O
AHZ I L T2, HT PLIN2 Hifk &2 VW 7o # s Je B I K DT ofE R s v U —
RO 5% BT DRI CTH . PLIN2 23819 2 Ml AN 8AE L Chesd S4v (X TIT-1)



X TIT-1. 4 3 m??X®HWF$®atﬁF Lt it S
(0Gy, WFHETHEF)
HF KT A DAPL TYE L TR b N> 7L, REENEDO T 7L PLIN2 HURIC L 5 b0, &
7o, FREHEOEIE, HiF4-80 Ik v e s~ n 7y —

ZAUB IR, Il P IS B E T 2 AT 2 (Hepatic stellate cell: HSC, 54 57 8ffR) <.
B I AZITE LIS A SN T e, £, H1F4-80 12 LV it &5 1o
f~27 v 77 —0%, FRIZIAL 24 LT,

ikt L, 4 HEo® S e ) —fEERAIT o7 8 HETIL, R TOMFHIIEIZIVT,
PLIN2 5D RRAENBEICE B L T\ D Z 2 R /E Lz (X 1I1-2), PLIN2 BitEdfs
WA IR 72 R & U CRIRELZ AR L. BE 2 A3 2 MR, ISR L 2s -
Tz, TR 2 AT 2O 50T 0 23 A %2@ EPL\ FARATTIZ & 0 i @
VAR AT 2 SR8 L7 M o4 L Cune, PIARGTE T « RGN OO AE DN e L 734
fansZe <. Z o, FlEed Cgl =7z, Ht F4-80 Wﬂ%ﬁﬁwtv& n7y =0
SHOFECTIE, &b EFHNICHEL CWe~v 2z a7 7 —2000h (X 1I-1) & g
THE, mAhn ) —fE 52 500tk CRICEDOBEICERITRO bivkinol, £,
PLIN2 B D I G OFRE T, P OFIRME CHE Ch oo, v~ 7 v 7 7 — T O 43I
FRICHODEAIRMTICET LTS &) ZEiF7a, Zhb 2 DORNL, mhnrl—
2GR L7z 4 WEORIZ, AL NRBIERISHER STV D fREtEIEVnW L Z 2 6h
Do



X III-2. &k e U —&IZ L2 IR0 OERE
(0Gy. 4 HE~0 SHEvE TEmIn U —R/THE)
Fwdt B, Rt PLIN2, awit: ~ru7y7y—3

Z S g T OfENT & RIFEC, ARRARLRE COMBE)S 2 Bt L7 fE R, £3°. TR
Tix, BRWIEICAFET 5 PLIN O E#72 % 4 7%, s 2720, PLIN1 ThbZ &03b
Mmole, mARY) —fRORG 2GS % 4 @i E T, BV E MR 2 IENE T2 T
25 PLIN1 it TH o722, mb v U —f&K 52745 8 HiinTlx, PLIN1 M0 s Z
AL —IROMEEDPHAE L Tz, B REZ LT, Z4n PLINT RO fEEICIE, PLIN2
Bk, 73> F4-80 Gt~ 27 07 7 —UNRIEL TE YD . Wb 2iEkkfEE (Crown-like
structure: CLS) Z/E-> Tz, ZHUTKI L, W CHE L2 EREETIL, 8 Himick
WTH CLS o HHIE IR Lol

2. FRGTRRIRSTC X 2 AR SOS O 5 A

INRIAD TR EIE O AL AR BB KT T B RGET 5720, 1 B ERH R
A Lc~v o R, 486 4 BMOM., @b e ) —fFzih Lz, 7. BRSSO
RE~OEEETHRD L, 0.1Gy BE W 1.0Gy B~ 7 ATIHAREOLIITITEALERD
IR T2y, 1 I T 4.0Gy & S L7258, (REOFHIZ 15D 72 4 B D BFE T,
WG~ ADEKEDOBE LT 20%EEE TR L TND Z ERHLNIR T, WEEEE
DOEE TIE, 4 Bls CR LN REORAEIIL, D% b BRI Oz > THZE I,
[FEROMEREIL, 4Gy R O@E A U —fE S b GRS, FEREEOE I 7 ) —E&
HEEL [FIGRIC 4 25 8 Wil E TOMM P OMEEMA A o= %1, FERFHLL b
VAR EICBIT L, @l a U —f%2 5 2 TRV IS EAREE & FEEOREMR & L CHER



L7z,

KRIZ, PLIN2 [BYEDIEIE O HB Z~5 &, @ THT L7 4Gy EERIFTH,

8 W DO BLPE T, PLIN2 FHLO L~V EH L CW A Milas B s (4 II1-3),

ZD

fRlE AECTIE, FEMRSTRET S PLIN2 OF B L~L 0 EFRBFEO bzl LD

E ARG 2 S L7z (X TI1-4),

II1-3. i AR PRI X 2 MR AT O &k
4Gy, #H R THE)

FEAOE - B REEOE

PLIN2, fk@EN: ~orn 77—

“ nc0.01

T 240 ‘
-
3 200F ‘ ]
2 . |
J 160+ ‘
B 120+
< B |
© 80Ff .. | I
5 40} | o ’ N NREN |
o |
O L 1 L L L 1 L L L 'l L 1 1 1 1 1 1 L 1 J
PEISSPESSSPEISS P EFSS s
10% 60% 10% 60%
y-rays (4 Gy)

ITI-4. PLIN2 3Hl& D24l
PLIN2 O# 5t (Red FL) %, fMlf%is Kb % DAPI O & (Blue FL) THrL T, PLIN2 O
X FEBLE 2 Rl @ RO 4 BERO L~ b OZILDO A BEZ RIE



ZDOFER, 4Gy IR TO PLIN2 OFEL L~ L, FEREHEED L1 o) 2 (5F2E Th
D2 ENboTz, REEOBIAT, 4 BB, 8BEECHT Tab r U —ii2 85 L7 ER
FECHBIZ S, PLIN2 MO 28800, 4Gy BEFEO R LM T D
ERThHoT,

BT L DDA ORIEICIL, REIOBRMBLETH L Z EnboroTEH D, R
#BIB L 300 AREOFBEHRZR BRSNS L5k D, £ZTC, 300 HZ#EZ T
Bl E Ak Lo~ U A0 HERE L IR (I W T . IR OF R A TG L 72 (X
1-5),

B IIT-5. Sl K 2 NG5 s o e ik
(4Gy, @mAa ) —R&T—RMICEHT)
Fwmd B, Rt PLIN2, amt: ~rua7y7y—3

ZORER. HRR RS BT IRNGHE & & B RS L e s B I B35 2
EMNHBA L, k2, FELMIICE I Y —ETHE L~ Y ATIL, SHlE TOmIn
U — &AL T RITTECONT AR O ZEREDRME S5 03, RIS~ ¥ 2 TiX, 300 H % #
2 HEBEICL - T, Flacs T 2IENHEOREEREBRMEE SN TND Z EBH LN
720 (M III-5) . MBI OFERICHE P EZ KT L TNDH Z LN TRS N,

FEIATE O @ B 72 RIS & b 70 O RIEMEROS bR L7, BEIZ, I III-1 (R L2 X 91T,
FHIBALRR PN IZIE F4-80 BitED~ 27 07 7 — U NI DA LTV DH R, EfAEICL Y 20
DB ED L INZENT 200 %M LT, TORRK, ~7 07 7 =T DONAMIZH 60
ZALIFERO BT, -5 1277 K 912, BEBRERHICE > T 200 M biTAoh
7inotn, £ ZC, PLIN2 & [RERIC, EREMFHEZ S0 L2 f5 8. 85 A EURIEr 2 8n
BHEIFRO N b0o0, mIn ) —BIZLHHEECHARBHICL - Tyrr 77—
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DENEAT D LWV RERIIF LR -T2 (KIIT-6),

NN W
o u o
1

o o

Relative Green FL/
Blue FL

o
o

o

y-rays (4 Gy)

K II-6. v 7 177 —0ER M0

3. SyHERRSEE OWFFE R A

[FiAEEET]

B6C3F1 Mt~ 7 AD 1BERFIZ 0, 0.1, F721% 4Gy 2%, 4 ll»o e ) —0f
75T 4 BEGE L, TORIEHEE CEERETAITO 6 HARE L, MEBEBL IV
IRERE ZARRE L7223 5 BADRAER X ONWIROELARBD HiL D~ 7 AT DWW THEH]
IZHE L, JRERY 7L OORAFETS K OIRHT 2 fikfse L 72,

ZHVETIC, 4 81D SHEENE COEmI R Y —EHE 52 X AIKREMMN, £ D%kO@EE
R L T L OB CTHRENEL Z L2 RWE L, £/2, 1r U —foR5HITH,
4 Gy FESHET 20% 99 DR EMH 258072, —J7. 0 Gy 3LV 0.01 Gy HEFETIT, KE
DOEATRO e olz, EMEAEIC L HRBABETIE, BHE 200 HREETICT
I MR ORAEERBOT-, Fio, FRAORELBLE LIGD, Ehu ) —E5HHcRBN
T, R RHNCEE N B AT HHEAITED bR, TE OMICEERET R T,

[ K]
HLE S (Lgrd #4IfE) T, ZEXFT 7= (40HT) OEHITET L CHREIFRR
FICHBL . 2358 L, TOTHMIEE L R—¥ —i#Efs 7 (LacZ) CTHEEIELI~ T A
(Lgr5-EGFP-CreERT2 / ROSA26-LSL-LacZ ¥~ 7 A, AN LRZ~7A) #H\T, &5
P a2 B L GA IO EESREO X — o A —N"—ICB LIFTHEZHL NI T 720
(2. LRZ ~ 7 AZHEFLIE R (9 3~4 #in) 75 1AM, @R (Research Diet ff, %
% D12492) 5 x 7, @EELZ 52 TO 28I, B 2[E, HE2RHL, FREBSIOD
B EDORIEZIT -T2, D=, R L a U —TIKAE O xR (Research Diet 1, 7!
# D12450) & 5-2 /e~ U ADEKERS LOEERONELZT- 72, 1 »HEO&EELZER X

11



O EZ L2121, TXTOY TV AOHZEFEEIZUIVEZ -, ZoME, mlE&EE
B2 1-8EC, ‘%k@@ﬁ%@%ﬁ%Mﬁﬁbam\ﬁwv?x(m~mﬁ%)ﬁ@ot
BEACCREE L, AR RiENE  (Lineage tracing) 2 & U FEak S 7= 4k AL (LacZt
7)7b)®ﬂA%MEka A MERBEE OBWITBIE SN T2, BUNBRER
Dz — =N T L L VORI E LN, Eo, BRI X 2 AR
9%mwt# FREROEWVIZL DA LNRETRD oz, 51T, KIGEERKIEN

BT 2 NI X OB IR O 2 Bt U722y, WL b ISk 8 2 1Y 5h
LAWNWZ ERPH LN o T,

IV. &%

1. @hue U —fHE 52X D2 ERE~OFER X ORRRES

WEEC 4l E CRE Lo~y A% 4 HlisH o 8 liiE Trin Y —fHIC Ko THE
179 &, B ho/NRENZHY T 220 4 HEORIZ, BHEEEL D & 8 i E TTH 20%
DOEREOWBF L EINEFRD T, Zhux, mAn ) —fgHaG L2 bick s ha ) —EE
WENL LT RET, FE Ao — L UERE D S ICHET D & IBmE AN DR
ﬁ_ﬁéﬁé%m YT S, LavL, 8 Bl LEHFEHIIR L CHE Afkft LIz & 2 A,

%O 10 W ETIZ, 2 br—<w T 2 LIFEFEDO LU E TRENZHMICK
%ﬁé_kﬂ%%ﬁ ot BEEICE LT L ORIMRMAE O D3 EEE ST B
IAHATH L0, AEEEOUEICEI Y e U —BEGR L 03 EE S g, —RE 72 IR
AL, BN EEIND Z EEFEH LSRR T, 2OHERICH D A T =X LD
EFEEHICBWTEE TH D Z LRI,

A a U —fE ORI DMk OGS A a3 2 721, Il Z xt 5T, Pusz%ﬁ
ZEMT Lo, ZORER, 4 BROE v U —ff& G736 T Lz 8 sl T, @i Efc
DB ZTolzay hr— VERBETIXIZ L A LR L7000 PLIN2 Fﬁ'r$®1;“&#lﬂfiﬂaﬂﬁ¥réﬁ%
AR |2 B RO PR O Bl Z fEsB L=, 24U, b NORFIRICEB W T, ATEEE &
B L CEIE SN D, Wb HIET v a— UMERITEFR R (NAFLD) ORiBRIKRE & [F)%
ThY, vURIZBNTH, Ar ) —EBEMZICL Y, FEcsO TR OIFEENT
FEINDZ ENFEH SN, BECHER L2 X 512, 8L, WH AR LT bid, &

HIWZ OYERHEN o275, PLIN2 Bttt ofli Hﬁ{ﬁ@*ﬁ% 8 3 fliw LA 0D e ¥ B i

BIC LD BB NRD b, BB XL 12 Bl E CTloi, @B & FSEoyag
RS Z &R SN, 2D &, miﬁ§@M®ﬁ i E a0 b BN O
FEVEIZ L 0 B OABRRIBICR o 72 Z E BEAMIT bz,

MWMT@&%%@@H@%K&D%Eﬁmﬁ%@éﬂéﬁwa—wéHKQMﬂD
ERECHFEZ, WTIUEHRAICE DRI RSN TWD, £ 2T, Mk T 5 RIEK
m@zﬁf@évam77~9®%ﬁ%c77m77—9®ﬁ§%@v—ﬁ—f&5F¢%
EHOCIEMM L7, 20K, b b MRICEET 2~/ r7 7 =Y 0EHTR & B
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Analysis of the effects of life-style in childhood on low-dose radiation

carcinogenesis and its mechanism

Keiji Suzuki™, Shizuko Kakinuma*2, Kensuke Otsuka*3

“IDepartment of Radiation and Life Sciences, Nagasaki University Graduate
School of Biomedical Sciences
*2 Department of Radiation Effects Research
National Institute of Radiological Sciences
National Institutes for Quantum and Radiological Science and Technology
*3Radiation Safety Research Center, Nuclear Technology Research Laboratory,

Central Research Institute of Electric Power Industry

Abstract

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

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

We have hypothesized that an excess calorie intake could cause
systemic inflammation, resulting in alteration of tissue microenvironments to
promote radiation carcinogenesis. So far, we found that high calorie diets
between 4 and 8 weeks caused the initial phase of fatty liver, although there

was no sign for the excess local inflammation. Experiments investigating the

17



effects of radiation exposure demonstrated accelerated fatty liver, although
inflammatory macrophages have never been accumulated.

Also, considering that tissue stem cells are the origin of cancer, effects
of an excess calorie intake on the turnover of intestinal stem cells were
examined, and it became clear that high fat diet further accelerated their
turnover in combination with radiation exposure.

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.

Keywords

Radiation, Calorie, low-dose, inflammation, tissue stem cells
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y BRIRGT & E R B DA R R IC & 2 ALk~ 0 5 28 2 i B AR F R0 IR L 72 (1Y
111-6), 0Gy 10%JENGEHH#GHETIE, A% 400 A 26 I O ZEfaZetE0S58. 8 bR E LS
NEEREND Z NS0 o72 (K 111-6a-6) , 4Gy 10%JENFEE# 58 Tld, A% 300 A 2B AT
HARE D ZERaZE M 2 38D . FERNBEIC LTRSS K W IEIGTEE Y 100 H RENCFHE S D
Z LR E N (K N-6b-5), F7-. 0Gy 60%/5HgH# S5 RECTH . A% 300 A TR~
DZERAZEVED RO AL, RHIENEED AT HARNILAE OREIA 100 HEREE D Z LW phnoil
(1% 111-6¢-5), —J7. 4Gy 60%JEIAEEEEG-RETIE, IRIFEER 5% 7 H H 04 56 HIZH W
THF MR D ZEJa ZEVE T PEVRIIRE D /3L — AR Z 3R O M B I 2 R DIRIGTEAE 23R
7= (B NM-6d-1), Z=Dt%, A% 63 HUPRIIFMIREDOZERZAPET 1 IRENCHEERRO HIL D
DDA 200 HIZHOZERZMENRO btz (X 111-6d-4), v # & @I OE & REIX
y R & E AR AT AR B B (2 L UF AR~ D RRAILE A 100 B RHICHER SIS 2 &: i

ARIEEY

17&56H=’L?§263H=&1 i&lOOFI=HL1‘§Z2UUH=?’_L{§2300ﬂ=}J_1&400FI=?{Lf§:‘>00H

vy #H0Gy+
10%#H510 g

v #4Gy+ |
10%HAs i

y #0Gy+
60 % fuf

v #4Gy+
60%/5 A

-6, v BRI & @RI R 51 & 2 PRk G o R 22 b

IR ORAEIZBE LTk, v #ROIERKEE (0Gy) & MEHE (4Gy) & HI24:% 300 H T
Haﬂﬁ/ﬂ%%ﬁohﬂﬂﬂiﬂ@ﬂ;’iﬂii)l WO BT, vy E BRI OESERICL Y, A% 300
PR DAV IFIAEARFE DY A KT, BB TR A A B e, i

JE?:L % 400 H OBBHEE (4Gy) TOHZREH BN (K 11-7a&b), HAHRERICHBNT
I, AR & IR R O sy SRAE T DIRGRUTE b b v, i & mREl
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BHOBEAERBLEVISRMET T, FFRENAY A7 LA L OBLEME ISV TR 2 1D
HENEETH D, IHIT, FBIHEEDGRD Gl K T, ﬁﬁbtmmﬁ/7w®mﬁ
NE . MIERSTOTF 4 B A R A DL R L TWAHEAIRZRD Hiv, T
DIRMER 1 DB HAZ DN T b TN 2D DR B D,

8 oAUV e
- a. A8 O 35K A%
b. R oo kA (%

B4 -7, 4Gy  60%NEHTEE# G-HEICIEAE U 7o FRBRE S A oD BRAH R 8 1%

IV. &%

10%EIAEERE Tl 4Gy FREFIT K 0 5RVVARTE D 23588 H 7223, 60%I5 I EERE CTlx %
DEBIININZ LR gooie, Thbb, mBNAEBICIEL, SRR X5 KRER
VR FE NS THERARD D ATREES RB S -, 72, T8O 4Bl S 8 i)
D ENENEE 4 BB G X DREINT, BEE~H &9 2 & TRHEOREREIZRET Z &N
HER 2 FAI BT R o7, 100 HIZ R SEMEE OR R TS, 4Gy BT L 2 R EED
ITBECh o Ton, ZNUANORETIEIAME ClX e o7z, AFHIIR~DORBIAILA X, Hir
M, &2 WIEEIEN RO G CTREN D AL, 0Gy B, 2 WITlE A CLEE
DHELIZONTHEE I N Z 06, FFRORBG TIIRWZ ERH LN R o1, 514,
MRS OWRMER T O E2 L, WRICHDA D= ALIZOWTH LT HLERD
Do

V.

2

E:D

fi

ARFEFRNT &SN —EHF @ NENER L%, BHEEICRE LZBa0ERRRL LT
TEMYRETE I, FEbHoEIELERIT. 700 A A £ TOBEIZRW TIIAEESE M
WCREREEE B 2o Tz, A%ITFEAEL TE TV D0 ADOFEM 72 W AL AT IZ L 0
ENEMHEIR O EDRD N DI AT D LERH D,
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Uncovering the interaction of lifestyle factors in children with low dose

radiation-induced cancer risk and carcinogenic mechanisms

Shizuko Kakinuma
Department of Radiation Effects Research
National Institute of Radiological Sciences

National Institutes for Quantum and Radiological Science and Technology

Abstract

The aim of this research is to identify the impact that lifestyle changes

in children have on the risk associated with exposure to low dose radiation and

the mechanisms underlying radiation-induced cancer. Specifically, the high

calorie diet-induced obesity (DIO) mouse model will be used to test the

hypothesis that ‘systemic inflammation associated with high calorie intake in

children will alter their risk of radiation-induced cancer.” Following a low dose

radiation exposure (100 mGy), the interaction of a high calorie diet on (1) DNA

damage and repair; (2) initial tissue reactions including cell death; (3)

subsequent tissue recovery; (4) the microenvironment for early cancer

development; and, (5) the development of established tumors, will be examined

by investigations at the molecular, cellular and tissue levels. The cancers of

interest for induction by irradiation of young animals in this model will be

thymic and splenic lymphomas, as well as lung and liver cancers.

As a part of this co-operative research, B6C3F1 mice are to be

irradiated as infants (100 mGy, 1Gy or 4 Gy) before initiating diet-induced

obesity (DIO) by rearing on a high-fat diet. In the annual plan for fiscal year

2015, the rearing of the DIO experimental animals was to be started, with

subsequent preparation of tissue samples to study the effects of DIO on DNA

damage, cell death and inflammatory responses. In the annual plan for fiscal

year 2016, we have already finished the remaining rearing of half of the total

DIO animals, with collection of the requisite samples, which are now ongoing.

We also observed the predicted body weight gain in the mice reared on the

high-fat diet confirming that the project is progressing. Thereafter, we

observed the weight was reversed to normal level after changing the normal

diet.
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8 X5 AL OB IEIE N A B ROERRICTET 2] LG ATz, &
NERGET A72DI2@m e ) —/IZ X 50 (Diet-induced obesity; DIO) Z##FE L,
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L WFIEHRY

RAARERIZE 720 R E IR RS T DREF ORI (LI, @RI %)
2T, FOKEZIHD, £ < OERP BRI < I X DBREEEBICAZ E 0
TW5, [HUE RS —RF IR EFTFEEICE S FROBFEEROH Y I 2 HH
Faikel OFHIY £&0 [1] TlE, BERB IR EBTERIZIEWN T, 2ARBRITH
SN E R B SN D ATHEMEITAR VN & SN, IS ICE ) T DR
EROERRELZEAL L, LD DT, FELICBITAAEEEEDOE, B TH, 7K
ATRRREOZL, FANEBIOHIR, EEAREICERT 2 e ) —EBEaR 2%, HHBRO
WP A7 EMiT2ERE L CTHERTIMERH Y | EEY 27 O &V 5 Bl
OHYEORBLWMIZTHZEDNLEEND, Tu U —HIRICED2BRIENAY 27137
DEBITILS SN TSI HLRD LT, pu U —EBERZ SRR XIET %
BIIHJICHASI TS EITEWEES, Zod, mERR, &b iiti-boZzl -
HRDTZ O DREFFEITE T 2098 LT, AIEEIEE I LI ez,
BERETR I LSO T T 28R < SR b T 5,

Z ZCAMZE T, [ha ) —EBEEEIC L0 B Sh b 28O RIEMERROEMEL &
RIEMEY A NI A > O3WH, MLEZ V7 NORERIGESI SR L, TR XV FE
SN D AR OB N N A EROER T ET D] L OME AT, HLE B
fuRab B EEZ AW, mEMEIZ L 208 (Diet-induced obesity; DIO) Z#%E 4 55
BREAT > 7o, MA T, EEBEOBEN L SIEICHE-> TEUDRBAMEZ BT 5 2 L T,
INEHIOAETEEBE DO U A7 2 EBICH SIS T 720, BT X 5 J0E B RIS 23 A
DFEFEIT DIO M KIF T 8 L L E e O B 54 f 9~ 2898 4 FHiE L7z,

II. #H9ET5k

HALE s (Lgrd ##) T, ¥ %Y 7 = (4-hydroxytamoxifen, LI F, 40HT)
DGR U CREIRR AN R 2558 L, 2O Rfilaz LR — % —8&51 (LacZ)
TGk S D~ A (Lgr5-EGFP-CrePRT2 x ROSA26-LSL-LacZ~ 7 A, LT, LRZ~"©
Z) W T, @mIEMER 72O v ) —EBIulZ2 X 2 /0RO EBRIFEE & Lerd
SRR & — o A SR AL~ DR 21T o 7o, Rk 27~28 FFREEIZ1E, ORGR e
DEWZFLRFNC . Bk 2 R B O mMER R 2 HIE Lic~ 7 2Tk L TRNESI o %
2 U —BROR 0 KT TR AR U, AREET, SR 28~29 RO FEMIEH Th 5O
NI EROR R I 22T e~ v 2B /N o h v U —EEul % D%,
BLOG/NEHIO N v Y —EBIuEZ & RIEBE RGN A Z 53T 2 3Al %2 B L2 5Ha 0
BERBEZE L7 (KII-1),
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(A)

AR U sy
ERERE Eo
OB &
e
a5 -
a s —
(B)
e PHARAAAAN AOM DSS
s 85
AREERN BT, (SEE) (1:EM)
y ==
L A
sy y
(158) HRE |

X II-1 AFEEFEE L7 FERO A F— A

(A) =D LRZ ~ 7 A8 1w (9-13 Hiis) ORI ZEFT 7 = (40HT) H5%1T-
Too ZEFRVT = RSB RICHSRE RS L, @R id#ix 30 Gy/h O%&FT, X
FRIBEHEE S TIT o 72, IRBRE R HRIX 0.003 Gy/h O5:A:CE FRAFFEFTAMEA T2 4
~ MRS MR S Ol N 21T o 72, 3~4 EIRFICHEAL L, ¥ = / XA B T & Tl A E
Y UHEN D AR RS L XD 72O R 2 120 H (4 ) B IR S, £ 0k,
WHEHBICU X T, ik~ 7 2 (10-15 @) (272 - 7S T L=,

(B) O LRZ~ Azt L, (A) ERARICHSHBRIBR 217572, (A) & RERICHERL S
B, V) FA L TRIENOEENES LIHEBO DIk REE 10 (4EM) BhE
STz, ALFERDAHE OBEENREMGET D702, 5 HWERHZT V¥ 2% (AOM)
ZEHEPENRE L, 1 EBIZIZ 2% TX A R T UREET U A (DSS) Z#OKT 1,
HHRER I, DSS O#L5AK TH, K 18l Lk~ 7 A DRI AR L7,

LRZ ~ 7 A (W% 9~13 HERKF) (2 10 mg/ml OREETE~T U A A VIR LT
40HT (Sigma-Aldrich £, #H6278) % 3 mg/40 g IRE > HL—EIENEE 5 21T > 7=, Fht
Fri%, 22 RS 30 Gy/h O R XARIRGTRE & . 2RI ED 0.003 Gy/h O &Y
VIR L, AR T 2 VR GBAICRE 21T o2 URBRERBHOBA, B
PR LTZ), ~ U AT 34l CHEFL S, BERLERZ S 120 H, Bl e U —o 6 iR
&R CTH 5 E 7 — READOENENR (Research Diet t, 3% D12492) % HHERS
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i, EIENEL 52 TV AHIIE, B 1~2 [\, O H L RERE LT 77, B
v hua— I KB EEE T A0, KT — REAOX A (Research Diet t, W%
D12450d) % H B SE-RE LR T, 1 0 ABICEIEAEB L O BAER 42K T L.
TRCOMZEFRIZUY BEZ 7, R 1 IFERICHN &R, SR, @FEAROH
ORAFED 5> 6, BEI v ) —IZBRT D2 L7cb D& RT, FEBRICHW v U 2
X, BIaFRIE A © 2 T OFER, Lers-EGFP-IRES-CrefRT2 Y n+ %A+ A DI L L
Tz HUE~ T A (10~15 @) (272 o 2R TR L, + 2605, B, 3 L OUKIBHEHK
ZRH L7z, 261E 10em BREOR SI2U)0 43, Bl FmICHIBE L TRT, A ZAr—
JVIRIZAIE LT b iR A v~ U R CREE LTe, RGO I, BEE#IZ X-gal
Witk (1 g 2 DMSO10 ml (287> L THAG PR L72 b D). NP-40 Kk (200 pl % 10 ml
DOBMAKIZENLIZb D), 7= 7B U v A (1.65 g % 10 ml OBHKICIEN LT
bD), Z=ua T AN Y UL (2.1 g % 10 ml DEEMKIZEEALIZBO) &, 100 ml O
PBSOIZH L CENZEI 1%DIRE T X e taiid 2 VT, e « RIETBEE L T
LacZ Yt {7 o7-, ZD%. THEREE AL~ U @ L CHEE L. Bk - Bfgicos
F7valTay e L, 7V MRS 5 XD e Gl m cEl T A ERL LT,
TA LY L BB B —Yeta B (T T, LacZ B2 U 7 N (AU D i)
BXOLacZ G2 V7 b (7 U 7 NHiaE2S LacZ T SN/ CHOR L Sz o)
Ze RN R &t IR ARE & TR L 7,

B E58%
JEeRtER SEME XERE BEE
BRFE7T Research Diettt Research Diettt ) JHINE T —A
E D12492 D12450J MBR-1
— 26 192
F2NIE (20 keal%) (20 keal%) 24.2
- 35 73
e % (60 keal%) (10 keal%) 4.4
HS—Fk 317 1.9 F—AaL
— 26 673 544
BeaKde (20 keal%) (70 keal%) (FIEmERY)
A Xo0-2 7% 7% F—AiL

K II-1. AEBRTHEM LB O

RIERE KGN A & DEEDREBIET 272012, HRFLOFE [2] 1ifi-TTrV*
v A K (Azoxymethane, LA, AOM) &7 %X K7 Ufiifg) b U w7 AKER (Dextran
sodium sulfate, UL F, DSS) ZFH L7z, &5 U 40HT &5 L., &EHES LIX
M EAZHEZ TS LRZ~ v A3 L, 5 #ilnkHC AOM % 1 kg AHE&H72Y 10 mg >
MERENSE G- Uiz, 1% DSS & 2% (vWIZHHEL L7=foKicul v B %, 1 HH B BHEE
EE7-,DSS & 1 M E T/, 8HE OMUKIZEI Y 2 B X% 18 &I LT,
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RIGHAMT LacZ Yeta 3 HEK & . S ta s 17 o [EIRICHIE D /51F, F2RICE S TRD
Tﬁ%lm%ﬁok@LmZmém®ﬁ%;OWTi KIGHARE D LacZ Yetald bk &[R4
(AT o T2 EHRHEIEL & DSSIC L D RIEDKE S &2 EEMICHET D720, KIEMY A
KA e LT Z — DN ﬁa‘éﬁ?‘égm%ﬁi% PCR 7 LA T X Vgt U7z, BRI
30 Gy/h ® X#t (0.1, 1,4 Gy) HE#% 3 Kef##212. DSS #5-HE1E 2% DSS Ok 5% 7
AR L, B OIS KRIGHRRE A 2 IR =R/ THRE L. A — b IV CHUR IR |
RNeasy Plus Mini Kit (QIAGEN) T total RNA Z it L7z, & ®%. RT?2 First strand kit
(QIAGEN) T ¢DNA &% L. RT2 Profiler (QIAGEN) D~ 7 AJJEMEY A b h A v - LB
Z—3x )L (HPAMM-011ZA) Z JAWT, xHHREE GERRES 2> DSS 3% 5) & Dbk z17-
7o (%HE 318),

(fi BRI~ DAL RE)
AT, G B L 7B ERE B TED 2 TE FEERIs X OVERRE Bl #L 0
(DS T WM ER OBLE ) D FEENMT O, WMEFEOARE b > THEM LT,

I, BFZERE R

1. /MR O @R ARERIC X 2 REEIxH DR O

IR m AR R X S L IR ER v MK A L, /N B L<
IR A 5 2 721 O KRIBHARICE T 5 LacZ 7 U 7 MA~DEEIZ O\ T, K RO EHME
CREMER 2 S K OYERINEE & DA RO TfER 2K TI-1 12, FHE L EERELT~T 77
7 HERII-1 IR Lic, @RI O5GE, 5547 Lz LacZ Btk 2 U 7" b OBIG T, K67
=S (0.1 Gy) OFREHRERS 15 L<1E4 Gy) Lo bEWEARH Y, @fET
AL & — o A — S RELO TLE D RIR S iz, F o KRR ER RS (0.003 Gy/h) DA
BRI (30 Gy/h) XV b5%4FE L= LacZ BPE2 U 7 h OB A @\ ME T 28 2 b vz
ZEnb, B S — A N BRELICRERIR N B D T E R ST,

FERRIHE I, MR EEERE O 7 A BN BB EEE L U & LacZ Btk U 7 ~ OFIG MK
VMEANZ & o 72, BEEMOA B 1L Steel-Dwass DL HEEIHIEIC L V1TV, $EHFAIIC
BV LATOX, @t - RSB ORI L 1 Gy, ®EHEER
#@1%7kiUm%%ﬁﬁﬁﬁaﬂhley@ﬁﬁT%ok(p%D&o%ET\%
MRERMICE2EENRRENDG OO, B2 EITERO 6T, MA T, @EH
*E%ﬁ%ﬁ%®$&% A U7 LHEE S D LoV OB R IE < Tk, RIS
B o7, FERRRE L ol U C LacZ %27 V 7 MR ICAEBRETRBD Doz 2 &
M5, AR EF A RE IC X D8l X — o A — N~ DB/ N SN T EPIRIE X
niz,

35



$E7E MER wE LacZB5 14 A8 (%) JERRETEE
(Gy/h) (Gy) T HEERE EDLE
JERR & - 1.72 + 0.41 1.00
0.1 2.08 + 1.00 1.21
30 1 101 + 0.36 0.59
R ]
HIE 4 139 + 0.67 0.81
0.1 149 + 0.70 0.87
SRS 1 2.08 + 0.41 1.21
JEFE 5T - 142 + 093 1.00
0.1 258 + 1.17 1.82
N 30 1 0.85 + 0.42 0.60
—ul' =]
LS 4 1.09 + 0.81 0.77
0.1 1.80 + 0.97 1.27
oS 1 144 + 059 1.02

F II-1. AR U NEEICE IR D L IIXRE %2 5 % 2% O KGRI
7% LacZ 7 U 7 " E~D B

4
m CFD
- HFD
83 -
Z
N
= 2 -
Oy
paal
og
;- ﬁ
[1v]
|
0
0 0.1 1 4 0.1 1 (Gy)
HDR LDR

IRBHRER

III-1. #RELERCRRE L/ NEEIC SRR D LIIRIREE 5 2 7o~ 7 2O KGRI
BUF % LacZ Btk 7 V 7 NEIA
HFD : & iEEEE, CFD : xR AEHEE, HDR: SR R X AR IRE R, LDRUSHRER Y o ~ HR R HRE,



2. /NEHICEIE A BT L o~ v ADOEREZE(IZKIET AOM, DSS # 5 D%

I1-2 |21 5 T AOM ## 5 L, 1 AE#IZ 2% DSS # 1 MR ER A AT R
DOBERLE D DR EEbZ /87, X TII-3 (213 5 #ii T AOM & #5- L, 1 #1412 2% DSS
1 HEERTA AT ROBEAE DD DEREEETT, AAREFAOWTRIZEN
TbH. 1O DSS BRI TETE A L, DSS #5-HIM & T Ll i OfoKIizl v
BRATHOITEERMNICE U, S X 2FELMIT. A A TITAEEEITRD DIk
IR DTNy, A A TIEmft B A EEC I\ T DSS & 5- LAk DR EIE NG E 22
RN BT,

c4) a0
0.1 Gy HDR 1 Gy HDR 1
25 3 25 71
AOM R —— AOM o _TET
E?ﬂ 5 20
L L]
# 5 #
10 10
et < — 3 BE B = [ — — T R =)
IR (5) A IR BHn=a) £ 3400 B BE(n=2)
| B— . L TR (=5 HFD or CFD__ oiceope
s HFD or cFp— LA HEIFEEF (n=2) . HFD or CFD AR BB (n=5) . f A AT E B (n=3)
o 5 10 15 0 25 o 5 10 15 20 25 Q 5 10 15 20 25
HLE oA BN FLE D HOERBE N LB b SOERET
30 0
0.1 Gy LDR 1 Gy LDR
25 2!
AOM
520 @ 20
= &
# ® .
AX
L ~ I
HFD vs. CFD © 1 pss —umENe) — AR B=)
* p=0.05 Ly ——FEREEREE (= i EE
+'p2001 s HFD or CFD . HFD or CFD £ RGNS 7 8% (n=6)
o 5 10 15 20 25 a 5 10 15 20 25
FLE D HOERBE N LB b SOERET

X II1-2  SAEBBERAZ D A & 55T DIEZIT o To A A~ T ADEREZEAL

B OWE ST R OEY . HFD - SlEVIRFE, CFD @ MR, AOM : 7Y % A X (FENR
AREERAD . DSS: TRA LT UHiEERT Y v A (RIBZAEEEA]D) . HDR & ER X EHE, LDRYK
FRER T o~ BRI, SERMLERIT Y = VT OREIC K DA BEAEREZIT 27,
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A)

40 40 40
0 Gy 0.1 GyHDR .., 1 Gy HDR
34 35 . .z'l I 5
30 I! 30
] ]
L] R
® #®
20 20
(] (. _
15 DSSs ——m iEEE R A=4) 15 Dsg ——mFIHEEH=4) 15 DSs ——m AEEHn=3)
—m HHE n=10) —rn_ B ARAA R BY (=5 —r BRI BE (4
o TAOM A NERS B (n=10 0 Laom [r=5) o “AOM R (r=4)
a 1) 10 15 ] 25 a 1) 10 15 20 25 a 1) 10 15 20 25

A B OREEEN

A7 B BOEEEN

A7 B HOEEES

a — 4]
0.1 Gy LDR 1 Gy LDR
35 HFD or CFD 35 -y
[ . JEE.
30 30
El 8
& 29 W -
# # i
AR 2 2 R B=5)
HFD vs. CFD s o m FHER R B{n=3) . — A ARASE2E (n=6)
* p<0.05 DS5  — o R R (=)
“ p=001 1o Laom o lAom
] 5 10 15 20 25 Q 5 10 15 20 25
HEILE D SO #ILEDSORBEY
(B)
40
AOMiIES T
35
30
@ 25
e
¥ 20
15 —0 Gy, CFD (n=4) 0 Gy, HFD (n=10)
0.1 Gy HDR, CFD (n=4) ——0.1 Gy HDR, HFD (n=5)
10 § —1 Gy HDR, CFD (n=3) —1 Gy HDR, HFD (n=4)
— 0.1 Gy LDR, CFD (n=3) - ~0.1 Gy LDR, HFD (n=2)
5 HED or CFD - - 1GyLDR, CFD (n=6) - - 1 Gy LDR, HFD (n=6)
0 5 10 15 20
BEFLAHM S DEZIBIEL

II1-3  KIEBDE KRN A ZH 8T HE 21T - T-F A~ 7 ZADIREZLEAL,

(A) %8, (B) &FFOME, MPORSIIROEY,

HFD : @i, CFD : xR,

AOM : 7V H A& (BERAFEH), DSS: 77X A M7 URifgT b Y v A (RIBRIEFHEH]) . HDR:

72
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II1-4 |2 AOM B LU DSS ##% 5. Lz~ 7 AZOW T, % 1Z LacZ Ytz 7o 72K
MDYt tg % ~rd, AOM & DSS MLEEIToTo~ T AZEBWT, KIBRIEICL > THBLL
iz LacZ 7 7 A X =B L OMEG Bl S, KI5 (SR omE RS L IR
e, BR O ERRRE D U < IR SRR RRIC 31T Dl & & RIS o %o Btk
2T, WTINLOMERIZEWNT S, MREREDIZ S TE < OIEEGHEIE I BIR S 56
N o T=M, KRB OFE A% Steel-Dwass OZEHKHRTE L& 2 A, HitFHICHEE
ZTRO NPT Z e ALFERED ATHEIZ L 2 KGRI RIEIZ IS T 2 BRI
*UT, R EEIE BEHHRIE I X 2EEREBIT/ SN PRI, £,
RN EZ B o~ ZAZERT 2 &, EfERETE SRR ERBNFEOWTNIZB
TH, 1 Gy ZHHE L7c~ U 2 TIEIERHEE LV D5 SIS OEN D 72 Wi 23 5 5
iz,

B 0.1 mm2Bl EDlLacZ+I5 A5 — (& TICERR)
& LacZz+2UZ MUE (W< DhvEfR. $0.003 mm?2)

II-4  RIERE KRGS ABRALEZ LT~ v 2RI LacZ 4y

39



A AR

EZOH

Lo T S LA

h i o m bs &

0.1 Gy 1 Gy 0.1 Gy 1Gy

Control HDR LDR

B A

whlh,

0.1 Gy 1Gy 0.1 Gy 1Gy

T
O N B O

EEOH

S N RO

Control HDR LDR

C FR-AREGF

e

0.1 Gy 1Gy 0.1 Gy 1Gy

[ Y
[=T RS

IEH D
oM B O

Control HDR LDR

X II1-5  ARAERSHEE KRG A BB FRALE %2 LT~ 7 A KGOS
(A) A2, (B) A&, (C) AR+ A ADEF & YR L OEERATHR T, HFD L& B A T0E,
CFD |t HR A&, HDR (XM &R XARRGTE, LDR G ER T < BRI 2 R T,
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W, Rk (O7Z2R<) I8 5~ U X LEEHT-Y © LacZ 7 7 A 7 —Hiz itk
L7 Rz X -6 (29, @RI i & Bt s b, LacZ 7 7 2% —Hu3fH
BENRKREL, BEHBOAEZEE Steel-Dwass OLHERE LT & 2 A, Mt FHIIC ﬁ
BARTRBOONRpo7Z b, BELOEEIRIT/ SRS, K IOT-7 |
LacZ 7 7 A2 — 8 L ISR OB 2R~/ R TH D25, COMBICIIAEENH Y | i
WOBEN L NI E LacZ PE7 7 A Z —DENLWIEOMB (p=0.05) 23380 bl

A AR
16
14
ﬁ 12
{L 10
X g
M mCFD
oo
'S ' I mHFD
= 4
0
0.16Gy 1Gy 0.1 Gy
Control HDR LDR
B FR
18
16
= 14
| 12
fg 10
I{I’\\ 8 m CFD
N g B HFD
58
4
2 i
0
0.1 Gy 0.1 Gy
Control HDR LDR

II-6 RIEBDERG AFRLEEL LTc~ 7 AKRIGO LacZ 7 7 25—
HFD (3 ERRA &80, CFD 13l R HE, HDR I3 ieR XA, LDR IS sy v~
MR Z R, (A) A2 (B) A4,
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eeoeoe
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IEE D

-7 ~UAKREBD LacZ 7 7 A% —¥ & @50 BE%
AT < ONEAFERNC & DN OFE R, EDOMBENTED biviz,

F7o. MEREIZB T 2ILFERDATER & BRI < O BOEWE RIGRIEDOBLR
MORHIT 5728, 2% DSS Z# 5 LI~ U R LB ERF Lo~ 2AOKEGZHWT
PCR 7 LA #4To7c, RIEITDD D BB IBL SR MO T, BUR RIS BE TR R
BB FRBELD M L7 b O1% 89 AR FH 17 Bis 1. WD L7cb o 35 BIET &
% < DB CHREKRMEENHER TE /2, L O tRETHEA (a=0.01) ZRLT7
Lok, 0.1, 1,4 Gy TNEN 89 &R TH 1,0, 5 &5 Tholz, —H., 2% DSS & 5.8t
DA, 89 Bl TH 10 BiaF TABEZEEZ R L2 &, £, T ORBERITETHRIBEEE L
e LT, BN OEHEICHE L Z D, DSS F 5% O KIG Tl E < B
CHI L TRIENE L AT TWEZ LB L (K TIT-8),
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BT RREDWRELOL (Fod Change) DB (BEI-E DN BREDLE)

#f7FE | 041Gy | 1Gy | 4Gy |[DsSs2w| odGy | 1Gy | 4Gy |[DSs2%

[Aimp1 108 | -113 103 | -128 | 0663 | 0336 | 0867 | 0679 Fold Change

Bmp2 113 | 107 | 184 | 514 | 0913 | 0749 | 0221 | 0089 20 0 20 40 60 80

Cel1 113 | 112 | 126 | 125 | 0386 | 049 NA | 0045 ) } :

Celil 139 | 114 113 230 | 0162 | 0552 | 0569 | 0.220 AimpL

Ccl12 157 173 7.44 646 | 0734 | 0011 | 0001 | 0002 Bmp2 =

Ccl17 231 | -164 145 142 | 0236 | 0207 | 0217 | 0482 Celt

Ccl19 130 | 106 | 290 | 1304 | 0653 | 0525 | 0022 | 0026 Ceft ]

Ccl2 108 | 145 469 | 21.92 | 0724 | 0462 | 0008 | 0151 o __

Ccl20 1.0 192 3.93 163 | 0961 | 0033 | 0032 | 0002 o

Ccl22 101 | 104 142 38 | 0670 | 0977 | 0208 | 0432 oo —_—

Ccl2d 113 142 167 | 200 | 038 | 0130 | 0166 | 0112 om0

Ccl3 137 3.96 392 | 1203 | 0352 | 0080 | 0004 | 0.069 o2 =

Ccla 194 | -218 1.45 721 | 0166 | 0.147 NA | 0118 cazd .

Ccls 122 116 155 | 1510 | 0625 | 0507 | 0.666 | 0.110 s =

Ccle -1.19 103 | -1.28 138 | 0378 | 0969 | 0.260 | 0.288 Cot 5

Cel7 122 173 583 | 2127 | 0429 | 0205 | 0.003 | 0088 cos

Cclg 111 101 159 | 2794 | 0702 | 0956 | 0107 | 0016 cob

Ccl9 -1.68 1.19 2.43 3.16 0.222 0.697 0.034 0.105 Ccl? k

Cerl 117 | 111 | -1.08 | 349 | 0790 | 0.651 | 0000 | 0.047 cos

Ccrl0 197 111 -1.97 -11.16 0.297 0.558 0.195 0.013 Cclo =

Cer2 150 | -1.10 124 689 | 0327 | 0989 | 0690 | 0.006 cort _

Ccr3 1.01 1.08 111 3.96 0.754 0.862 0.987 0.009 Ccrl0 —

Ccr4 1.44 1.16 5.09 2.78 0.475 0.701 0.020 0.255 Cer2 i

Ccrs -2.35 -1.63 -2.21 3.97 0.018 0.224 0.027 0.021 Cer3 A

Cer6 244 112 2.10 246 | 0261 | 0.774 | NA | 0054 Cord ke

Ccr8 -1.14 -1.44 -1.54 -1.35 0.525 0.232 0.172 0.140 Cers 3

Cd40lg 117 -1.11 -1.20 1.20 0.239 0.565 0.221 0.882 Corb £

Csfl 1.79 1.37 1.28 -154 | 0207 | 0614 | 0751 | 0.302 Cer8

Csf2 121 | 135 | -200 | 1.20 | 0736 | 0582 | 0389 | 0335 Cdiog :

Ccsf3 113 | 112 | 120 | 599 | 0386 | 0495 | 0.221 | 0.03 gzg

Cx3clL 132 | 127 | 134 | 397 | 0577 | 0515 | 0378 | 0.069 o

Cxcll 184 | 140 | 204 | 1853 | 0403 | 0464 | 0333 | 0093 e =

Cxcl10 -1.60 123 318 | 3783 | 0.324 | 0844 | 0182 | 0.55 i =

Cxclll 122 | 112 | 155 | -140 | 0850 | 0832 | 0331 | 039 o

Cxcl12 116 | 108 | 131 113 | 0093 | 0568 | 0033 | 0544 oxcint

Cxcl13 167 137 | 364 | 630 | 0008 | 0091 | 0977 | oon oxcl12

Cxcli5 113 | 112 | 120 | -430 | 0386 | 0495 | 0221 | 0002 Cxelts P

Cxcl5 204 | -263 | -1.09 | 3345 | 0628 | 0315 | 0605 | 0173 Cxol1s =

Cxcl9 113 103 | 120 | 5935 | 0386 | 0819 | 0221 | o411 x5 i

Cxcr2 184 | -233 | 249 | 4791 | 0186 | 0434 | 0121 | 0.020 Cxclo

Cxcr3 128 | 153 133 532 | 0443 | 0330 | 0529 | 0.089 cxerz L

Cxcr 244 113 3.96 337 | 0115 | 0586 | 0027 | 0.001 Cxer3 -

Fasl 113 | 112 | 120 | 236 | 0386 | 0495 | 0221 | 0292 Cxers E

[itng 113 | 112 107 | 1387 | 0386 | 0495 | 0703 | 0124 Fas!

IL10ra 115 | 306 | -379 161 | 0565 | 0023 | 0028 | 0450 ifng —

IL10rb 111 | 47 | 131 | -184 | 0424 | 0265 | 0411 | 0051 L10ra =

11 113 | 112 122 | 2343 | 0386 | 0495 | 0377 | o164 10 Fi

1L13 1.34 -1.12 -1.20 -1.22 0.145 0.495 0.221 0.761 L1y

1L15 1.25 -1.37 1.00 -2.74 0.365 NA NA 0.011 IL13

IL16 171 -1.61 -3.38 107 | 0451 | 0467 | 0.80 | 0.805 IL1S =

IL17a 113 112 | 120 185 | 0386 | 0495 | 0221 | 0664 1116

IL17b 191 130 | -1.20 164 | 0314 | 0201 | 0221 | 0201 o t

a7t 1.45 145 1.69 390 | 0212 | 0401 | 0223 | 0005 i

IL1a 113 | 155 114 | 1469 | 0799 | 0312 | 0681 | 0044 in =

IL1b 260 | 194 | 329 | 2596 | 0261 | 0.229 | 0098 | 0.012 n —

[T 104 | 139 | 207 | -126 | 0944 | 0081 | 0001 | 0276 i

2L 106 | -1.06 115 | -1.09 | 0670 | 0742 | 0338 | 0497 oL

IL21 113 | 112 | 120 | 374 | 0386 | 0495 | 0221 | 0002 o1

iL27 113 | 142 | 120 | 358 | 0386 | 0495 | 0221 | 0098 27 ~

IL2rb 150 | -1.20 112 368 | 0599 | 0599 | 0938 | 0.225 L2

iL2rg 180 | 125 1.69 343 | 0115 | 0405 N/A 0.001 Lorg

I3 113 | 142 | 120 | -430 | 0386 | 0495 | 0221 | 0002 3 =

IL33 121 | 142 | 265 | 202 | 0558 | 0314 | 0075 | 0108 L33 r

L4 133 | 142 147 374 | 035 | 0219 | 0346 | 0.202 L4 £

L5 122 | 163 | 220 | -657 | 0694 | 0211 | 0103 | 0082 L5 |

IL5ra 127 | 48 | 111 115 | 0321 | 0290 | 0657 | 0502 Lsra

IL6ra 2.19 109 | 110 | -207 | 0556 | 0846 | 0624 | 0.249 Lera F

IL6st 123 103 1.05 109 | 0674 | 0908 | 0964 | 0962 IL6st

L7 109 | 114 112 | 294 | 0788 | 0585 | 0637 | 0027 [ 3

Lta 130 | 112 165 | -164 | 0128 | 0495 | 0368 | 0964 Lia

Lib 225 116 | 106 | 230 | 0273 | 0981 | 0750 | 0.144 Lib 3

Mif 117 | 108 116 173 | 0207 | 0445 | 0168 | 0.096 it 3

Nampt -1.08 1.09 121 207 | 0553 | 0561 NA | 0037 Nampt =

Osm 125 | 149 | 155 | 510 | 0694 | 0335 | 0307 | 0246 o =

Pi4 101 | 113 133 | 117 | 0947 | 0520 | 0418 | 0757 ot E:

[Spp1 138 | 175 | 110 | 2160 | 0461 | 0374 | 085 | 0112 o =

Tnt 107 148 217 503 | 0660 | 0.754 | 0476 | 0125 Tttt = —

Tnirsf1ib 112 | 130 | 155 | -119 | 0873 | 0439 | 0361 | 0639 =0.1Gy
Tnfsf10

Tnfsf10 120 | 103 1.09 233 | 0372 | 0730 | 0750 | 0.367 Tofetit S =

TnfsfLL 232 242 2.08 463 | 0422 | 0236 | 0463 | 0100 T = u1Gy =

Tnfsf13 116 | 108 | 146 | -146 | 0548 | 0822 | 0454 | 0131 Thisf13b 3 -

Tnfsf13b 1.45 128 1.60 178 | 0072 | 0049 | 0025 | 0.084 Toista 1 4 Gy -

Tnfst4 111 | 127 | 166 | -227 | 0646 | 0448 | 0216 | 0.64 Vegfa F n

Vegfa 120 | 125 | 112 | 217 | 0599 | 0390 | 0612 | 0065 Actd EDSS 2%

Actb 105 | 108 | -1.37 | 152 | 0757 | 0646 | 0201 | 0.44 B2m L ]

[B2m 1,04 1.06 119 326 | 0707 | 0966 | 0582 | 0.104 Gapch 3

Gapdh 103 | 126 | -127 | 228 | 0983 | 0342 | 0200 | 0037 Gusb 3

Gusb -1.04 1.07 1.46 176 | 0801 | 0568 | 0023 | 0.09 Hspo0ab1

Hspo0abl | 110 119 100 | -165 | 0276 | 0067 | 0985 | 0298

III-8 PCR 7 VAIZLDRIEMET A N A v - LT X —OB s 5B &
£ 3VC, AEFIX. RT? profiler f/EDFHE Y — ML W IREEE ORIULBIZ L VRO T7=, EFF
DOIFRFIL p-ET 0.01 KD H D,
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IV. &%

AMFFRIZBNTIE, BIERSHZ) OEMRBERI ) —2HET L ERHLWZD, &
MR RBAICB VT u ) —BRURZIC/2 5 SE L CEREED CTE 7o, FFEEET
DREFE, BEO, RAEEOKRA 7 0 —Z2ARBIZBWTHRBROMREDPBEO NI L0,
EEEERII 0 ) — B L2 L7206 LB b5, AN BT AEEE L
TFHRE < OIRIEBR ORI & W S Bl B FOIEL 25 2 2 58101F, R
LI ~DORZ R ENEOBRDAETEEEEEZ D& onT b B2 b5, /ME
HZB T 2 IR ER G AEGEEEOE(LO—K &5 2 uX, #0E < & BRSO B
BTV, Z0%, BIEMAZEIT 5 & WO RFEOT A ik, & MBI 28
E<RWAEBET S ECTEETHD,

E R BRI G E SR OMERHC KT TREIX, EF. ®WVBELEEDTWD, &®E
Wik %5z 1=~ A CHEBRHIOBIEIEENESE 5 2 ENHE ST D [8], BBRZEN
ZliT, B AR A= o TS LTS TV A SR — MR [4lix, e ) —§E
B2 L0 20N LTnWie [8l, Wiche U —#illRE3 252 & T, /<3 — Millaix
PRI OMERFRES B £ 0 |, /b X 0 Ll T — L 2 HERFT S M@ [Bl, bz
EERABMCIRZD E, hu ) —BERSIZR D L, =y F RS EHERFCE <20,
IR OHIE AT S LT BIc@ & . Bl Y — L ORDE S H 92 & T BT
FADOFHFENFHEZND & DALY LD, ARBFFETlE, F SRR 2358 i~ —
JACE LIFT LT L7220, BRIl SR B R R & IR L7285 ac, AN o
Sa U —EEGREL AR X — A — N —DIFELE HITTTHET A Z LRI ENTEY |
AIE TR E LA X R 2R/ b, o, @il Y — 2 KIE T 8
B MERIKFELTRY., AEHEEREHRE - (KREFHE L OMBEDRITR
Lo T,

b FO/NEHNCH - DR TIE, ~ U A DGE TIIRRE T - TEMIIE 05 2 #5031k
HzdH v (6], Z OREHNZEMILD 7 — L A HMERF T 2B S MR IV TRV, BETEDOT
LIRS AL & L CHSRE T 5 2 & C, MARMICERNER LT W Lk b, Hid
AL LI NEINIC SRR 2B L 258 OB AD Y AT 512 DIZ,
WEAEFE > D AREFE IS )T CLAOMADSS 12 L A RAEBIH AN A DOFFE % LacZ itk 7 7 A % —
SCIEB O N SRl 2 EBRREME LIZ L 2 A, BIEARE L SRAROWTHICH
LacZ [httr 7 2 2 =g Blgz S nl=, LacZ it r 7 2% —%7 U 7 N BALOEEEE
DIEHZTRTHOTHY [T, BOBAOHINARIEZ RS 5 ECHERERREL D 5 5,
AMFFRNZIBNT, 2D LacZ Btk 7 7 A2 —NEZWNE EREENRZVMEMICH D 2 & D3RIE S
i, F7o, ALFERBAFEIC X 2 KIGBIEHRIENS A BT, BEERICH LT, &
MR EAEE & BURBRRIE I X D EENRIT OO SN LR LN -T2,

ERE AR 0.1 Gy DR 24T o 7o B{KIZIW T, LacZ 7 U 7k O R{EG AR 3 BlEE
SN2, 5% S 01 Gy OMEICERHTAZEFEETHAH, —HT, @il —r
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BEOIFIZEB W TSN RIE LIC WHERO A 1 = X MRIIZA % OBGTRETH 5, (b
ENAHIDOIERGHETIX, LacZ 7 7 A X —bIEELBIE IR o722 &b, LacZ 7
T AL —DIRMIEEN A O T2 DOFRED 1 &0 952 L, X —rd—"—DiEE
RITEITR P AOFELEREH D 2 &, SRIEE LIAbSF RN AFEANT S #rIE <
DAL RZEREL B 2O L5 BREIEWZOLGEIX, 1 Gy ORI NBRIEIZ X HFH
NaEMZ DHFANE AR H 5 Z E B 2 bivie, EIEERES 1 Gy BRIV T
FEIZ S FEIE LIZ S WBLRD A 7 = X LITUE, SRR O 5 T8 R PR S LTk
A ERONE B9 < 5, BETERS 1 Gy BEEEO 775 DSS OHOUKEREA D
R, FANCRA T2 2 I K0 BOVEian &5k D | BEARRIEICHEZ Hivd Lo
TZARBMEE N B X DN DD, I LRDMMADTEDITIIA B ORI ELRLETH A I,

EEfL 7 — o A — =X E IR AU K RN R O TTE OB A A Do LI
AFREIC X D RIBBRESRIED AT BN TIE, @RI EERUC X o TR < 25 O
FERRICEENRZ T2 6 SN2 LWL NI T,

4

VI. A% DRE

@A) —BEEOHTITBWTEENRIE LI WERRIZAEOMFRETH D, £D A
H= A0 LT, mIEHEOMZIC K2 BE R, SRV RS 1 Gy AR T 5
DSS #UKIEHRED R FRIREIZ K 2RI AEFER B X SN L0, A% DL
MENLETH D,

VII. Z ORFFRIZREIT 2 BEF TOMFIRIRNL., 5

AV
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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

Abstract

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

Legr5-EGFP-CrefET2x ROSA26-LSL-LacZ (LRZ) mice were irradiated
with 0.1, 1 Gy of high dose-rate X-rays (30 Gy/h) or 0.1 Gy of low dose-rate
Cdrays (0.003 Gy/h) at 1 week-old, then HFD or CFD were given during
childhood (from 3 to 7 week-old).

We quantified the rate of LacZ-positive colonic crypts to detect the
effects of HFD or CFD on cellular turnover of intestinal stem cells. We found
that the ratio of LacZ-positive crypts showed dose-dependent decrease after
high dose-rate irradiation, but significant differences was not observed
between non-irradiated groups and the low dose-rate irradiated groups.
Treatment of HFD slightly accelerated the turnover of LacZ-positive crypts
both in the high dose-rate and low dose-rate irradiated groups. We also found
that both HFD diet and irradiation did not induce additional effects on
chemically-induced colonic inflammation and tumors by AOM/DSS treatment.
This was supported by the results of PCR array for inflammatory cytokines.
These results suggested that taking HFD and/or radiation exposure in
childhood may affect the turnover of intestinal stem cells, but the impact of
them toward cancer development may be trivial compared to factors which can

induce severe inflammation.

Keywords
Childhood; High fat diet; Intestine; Tissue stem cells
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BKIE B (BBVR B R KR B4 6 DR P B 7 A TSR0
e - THHEY HEBER)

REE
BEOFFIEFBTHIEL LIERICBI AEBERENBREI N TN D, FICEES
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WEIFHRT Y A 71X RA E R 23 AW EA L H DL BN TEY BEFKTDH,
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PIEL 22 T2 EHOEFRER R L L T 572 895,
1990—97 424 > KD T F M A NF A8 MIER 2R E S RIZR—R T 4 Vil
TP, AR — Hﬁ;&jé%ﬁ: (INFTTRY ak— 1K), BIE, 2013 FFE TOD AHE
BRET —ZPE SN, T _X—2{bsnTW5bD, ZNETEMEMFEFIL A F
@@ﬁn%k@%bf\_@ﬁﬁfﬁghkv—&%%wrﬁ%ﬁ%ﬁ«m%%%ﬁ<
B EMES R EO ) A7 1A LT, BtE{To TE 2,
AWFFETIX, BRI 2 BIFEA o REFM L. T30 s IR B ek oo+ 24 #
WAL T, AR FURER DS A7 & oo BRI IR EEAE 5112 B L C Mg AR ER TINEE S
TS D2 W O TEREMEIE F OHRIRALICE L CHEACIEMAINET 5 & & biT, Bk
FHEIREB L TO DML Z2 MR OMET 217 > 72, AMWRIZE L TIEaflns ik ¥
MM E2 T TWD Z L 2R LT, BEAAICEL T, SLCLVERLI D LR
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RIS U 2 7 DB ERMIEC TOHEMEED S RN LR RESATNDS Y, 2O

2



TiE, 7 RUE< &/NEBNA L OB G gt S 23, BfeZ: BIEIER 0 S e o7z,
R, ZOMETIE, MARENHEE SN TVDR, Hillk T L OFHEL EICA LT
ETHY ., MEHEITEREIXE X2, [FEROFIEN AL A THIThIL, BRSO
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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

I Department of Epidemiology and Preventive Medicine, Kagoshima University

graduate School of Medical and Dental Sciences.

Abstract

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

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

The Karunagappally cohort was established after the baseline survey conducted in
Karunagappally in Kerala, India during the period 1990-97, when the baseline survey
was conducted. To date, the follow-up was completed until the end of 2013. Akiba, the
principle investigator of the present study, has been helping Indian scientists to analyze
cancer and other disease risks in relation to cumulative radiation dose.

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

potential confounding is also concerned in those studies.

Keywords

high natural background radiation, Kerala, children, young peoplecancer risk
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R (R0 30 fEHE ) ok 2B RIERM L L CTERTDH LN TED,

# -2 EbBb wUAR vaulaunxzo litfRHEY 0 ERERERR

1 H-Y 0 1K, 115X 1D BIZFH  cMMIHTD
ERERR »Hi=vmn FE 4 HAR b= iR [1))
ERTREE (B#5) HEME

ek 3.6x107¢*  1.2x1078** 300 30,000

E4PZS 6.1x1076*  0.54x1078* 3 30,000 97 %

vavvaynz 1.8x107%* 0.3 13,000 60 %

*BEXB 1), HBEXB 2-11), BB 12]

~ U ADNEEIT < BRERH

KIFRDORROBENL. £ ™ A 13710 L AEBENTHE $BOERTH S,
WERHZIE < BBRICB WO CRIREZ RO 5 Z S I3REFHMEO ETETHLERETH D,
INFETOERBERILKO-1, RI-2127TLHIC, T AA 100 Bg/ml O
7 A 137 KEEBEICERLZHEAICIE,. 3~4 BLUBICBWTERNO > 7 AR,
EFIREEIZ2 D Z Lo Tnd (X1-1a), X I-1b %, 100 Bg/ml # L < I,
10 Bg/ml &7 A 137K % 8 » AM A MBI LT /=& &0t 7 A 137 Dligias
BN EEA— N~TF v Ho~H v % — (2480 WIZARD2, PerkinElmer
Co., Ltd., Waltham, MA, USA)Z W CHIE L= b D TH D, Fio, RI-2 02
BIEIX, 3 D AMD 4 IEOff~ 7 22T LERO 2 % 7V~ =7 ZEE R
%+ (Ge semiconductor detector GC3018 : Canberra Inc., Meriden, CT, USA)(Z Tl



ELIEEB g CThd, ZNHDETT A 13T O~ U AMKANGAAEE BB LN
ONTHIES MEBOREEZRA AT, HEIZIT, v~V AEREFEEFBRT 5 v OB
WROBREICL VRENEDDAREMENDH D DT, EfLBRELZRD LD, H
WHHEFH RO A2 53 PHITS, EGS5 22— R 2T AD FERCABM S & /I
L7enNA A RUA—F— (W) TROLNHMEEZHREHINTHRGT LT,

a b
200 —a— I 2001 87 A I .1ISOBBQ/mr:’W|
-3 ffi I a
—© — BFE
- =X - - EfE
- -4 =D -
150 il 150 A
% fE I
@ <l LS
(o) ---- ¥
El‘iﬁl 100 100 -
ﬁ , f
% _/-'-K
an + /f" i*
- . __;(/ S | |
L—m 50 4
-0 L
-4
0 T | T | TANT 1 0 |
0 100 200 300 400 500 6300 6400h0ur5
1 4 8 12 18 8
days months

0-1 A W¥Cs K% HHEEMLE L XD 3Cs EOEL L EFE
a : 100 Bg/ml @ 137Cs /K% H HEEBALA S 8 A 1% £ Tlgashl
137Cs D2t
b : 10 Bg/ml, & L <%, 100 Bg/ml @ 137Cs /K% 8 » H ] H HIEE L
(F7z & & D 181Cs DAL /A0

PHITS (Particle and Heavy Ion Transport code System) 1%, Jii+ /it th
D& 720 BT S NTAEE TR O 3 RGTIRNIT IS T 2 i 2s 8 & i © & % [EpE
ORMES TN BiEa— N Th D,

F 7=, EGS5 (Electron Gamma Shower Version 5) (XA % > 7 +— R#REIH R
U X — BT RX MR, VT RFOW ) TR S E s
YT AN aEEa— FT, ] keV 2253 100 GeV O = /L F—HifH TOE T - b
FlkAE T I 2L — M AHEVT AL BHE - R THD, ZNbDHEEM



IZLETINFETITHESNIZEY Y A 13T ZEHEE SN A/J, C5TBL/6I ~
ADENEY T AL 13T O Bq b~ A0 1 HRICBIT 528U A 1371285
WHE<ME (Gy) 2RIz, AFEODEEICLVEILTETWDERAL AR
DA R—F—LAbE TR EMART L TEEMEARETE 2IECHRELZRD S
e EmEr LT,

#F II-2 137Cs /K (100Bg/mDZ (B BB L 25 3 " HER(108 Biln) A/~ A
B ligan > 137Cs 2T

e~ R Bq/g 95%CT  1F M Ik 5% &
Bq / gz

fiti 40. 12 7.26 7.72
TN 69. 46 11. 04 7.12
JIT ik 39. 66 7.01 59. 45
B Mk 59. 17 7.09 24. 41
IO ek 57.17 10. 19 4. 00
N 69. 20 8.72 139. 37
H 60. 77 13.78 8. 20
ik 38. 29 6. 58 15. 41
i A 168. 27 43. 40

5 B 84.76 16. 80 14. 62
Y ok (R E ST 1785. 42
25 E 93.54 Bq/g

2312. 97 Bq/{E{A

3. IRMREMIEIC L 2 EEBOHIE T VAL

BELET VOMEIIHHEEET S Z & TER <, EBRIED 2w IR & i & #E
ETHEDDORLED 1 DL LTITIBDTHDH, HIRBSHR CIXEBHEEROI S
DRI FED HAVTOVRVD R DRFRES ML CTHERENT T N —I272 D
BEROFENTFHEND, ZOZLEZELIEEET VL LTEM, SO, fil
MNEEET 5 Whack-A-Mole model (WAM) (£ F7-7-&E7 /L) (BECHR 13, 14)
EREARL L TEZ2D, ZOBEET VOREERNL, OSPRmZ 5, S ARG
DR D EFEHDR AL AN TERL LI DT, Z8RE BB /NS  TEF Ml
ROEDMEIE—E &L T E D58 ICITE BB AEME F(0) ORHIZEIZLLT OS5y
FERATEZbND,

N

%Ezﬂaw+qdy—mo+mdﬁ:,dﬁ%§§3<

+

ZE BRI B AR ORI a, & BIRLIAA DRI K 2RI ad TIEG L, 7, EfK
DFEFOHMRMENE by LB L > THFE SN bd TEE - RESND LT 5, B
Z t=0 TEDHRER d TREZHIE LSS, R ¢ TOM F(0 13K E R D,

7



a, +a,d a
F(t)=F(o)l-e7)+Fs, F(o)=2—2—, Fy =, 7= (b, +b,d)t
() (o0)( ) S (e0) bo —l—bld s bo 7= o il )

MR ICRTT DB EOBIEIZ 2V, L L, KR ERTESICHIELS T
5%9& FEFI BT F(oo) IZESE ZNL EH X 2 WBIZZR > TWnWD, DD |
M L CHEMICERBMIN W &N EE T, INT (Linear
No—-Threshold : JtiFR 2L N MR & 1K F L CRIMEZ L CEBRENZEEMT 2 & 951K
W) BIRE X L ORERIREL IR ) W AR ERE RO & b 2 &Pl A i
N AT ERHIRETE D,

WBRR TR AE T HREBRIL., AEHNIZBWN TS INT BIThDH EE 25 2 LIFEIC
Mo TWB, o T, ATFICTARE, DNA 83 (Intron, Intergenic) TOHE AL
BIZEFIL, INT FUICHAE LR SND Z ERRDICE 2 BiVD, T DR L [
TEH ORI EDR—R L LT, EfFIC0EE e DNA fEiK (Exon) 1C31T 2 HHEE
BRIEFOTDOBRENF(ET H L THUT, ZOHEBMOEZLIET LD/
TA=HZD1 DL LTEZXDLZENTED TR ULIFRH I L iGna Hial,

(f B ~DBLIE)

AW CITILFFTET 2 VT O REBICB VT H & oA #R, Yo 7S a2
ZERIRE LTV,
AREBROBYEFICE L T, KIKKFHICBWTIE, KIRKFESHERRROL & 88
FEHRERDOERRESG (EWEFGEE  fERBFL S I 2L —va s LToLl
I BRI IIE < I X B~ U AR COBRH, AP BORGT, AGRE S 5 8
£ 26-067-000 5, AR : 2020/03/31), 725, HSHPERINL T3 F sk N C O Bt
BIZOWTIEL, KIRK R SR A TR i 28 PR 8 i i S5 % 18 DR & 2T 1 ORGRE 5 R
19-01-0 %), MHPERN LA A E% N CTOEBRBIEICE L Tk, KIKK%T7 V474
=G o F — R T RAELE 2 5T LT T o 7,

III.  BFZERE R

1.~ U A HEAREERRIC K 5 42 DNA SERLS O it

AT 24T > 72T _RTOY L 7 ICE T Depth (BERYD & 7 AFEIE 6L CTf a2 — 4
VAELTENEERT DO THETNRKEWIT E DNA BAISENT OEFEIEN mVY) 28 8 LIk
Lo cfEER O, Exon (BIniFH & 722 EHE 2 DNA EA) . Intron (1 DDOEETHIC
HHNBEEERE UTHER S u7evy DNA BA%1) . Intergenic (1 2O@s IR <#E
5 LB OMITAEET 2 DNA B N2 ofEk 2 &I dsk, BBk
® DNA TH[RI LERAZFF> TS (homo £ L 70> TW\W5) HIKDOAKIZEH L TN %
1T 7. AEAT - 724 DNA Mg BACH R OfFAT R A RATREPH DM, Mt S /e &



BAG IS A Al BAIZHOWTIEER -1, C5TBL/6J B2 OV TIEFR M-2 127,

# -1 AN =7 2RITB T 54 DNA HEEFIREAT ORATH .
FEATRFAOMRRE, R IN=ERBEERK

A/ IR IR F b Exon Intron Intergenic
DNAIEH DX il E 85,215,676 1.020.,239.909 1.544.463.199
THUTILETATIZEL TDepth 8XLL L&A~ falE E 78.136.347  905,185.220 1.228.763,247
BEATHEEE # (%) 91.69 88.72 79.56
EERIERYMEE SNV 119.452 2,096,946 3,226,141
InDel 18.409 502.776 655.131

# 1-2 C57BL/6J = 7 ARMIZH T 54 DNA 1 EEFIFEAT DT,
MR OMRRE, RSN =EREEK

C57BL/6JT IR %k Exon Intron Intergenic
DNAER D xR 88281447 1,038534.313 1.523,103.023
65 TILT A TIZELNTDepth 8XLLE Lo T-fElEE 88,054,106  1,033.554.409 1.507.267.892
BEATHEEE 3 (%) 99.74 9952 98.96
ERIERMEFT SNV 9,049 176.128 273.973
InDel 1,766 56.652 78.140

AHFZET Hiseq X (A VX F4h) ZHWTIT- 724 DNA HIESIfEHT ClX, C57BL/6
~ U AR D4 DNA Y 2 Bt &L L7z 7 7 L A DNA BASINTxF L TR 7 o 7otk
DEY T BT 2 HETH D, - T, BRMTHD Al ITBNTIE, 720 0D
ERFHDBD LTS (R -1, BREFEEFHO SNV & InDel), 372 U C57BL/6J
I TH > THHIKT 200 HARLLEIZHE - TRIHERF SNEAFBRO~ U 2 TIE, BAZE
REFIZE T, V77 LA DNA RS & 1T, HORERLLZERBEPBOONTND

(FRI-2, BRI FEEFHD SNV & InDel), Z Z T, SNV (Single Nucleotide Variation)
1L 1A R % InDel (insertion/deletion) 1TIEHDIFEAN, KEKOEEZEWR L T3,

B M-1 12 A/J ZAEOFMR (Origin) & 20 #HARIZHE > T 100Bg/ml Ot 7 A 137 K%
BER LT -~ 0 A, FRRICEKZEIL T 20 HACRE L 72 xHREED 4 DNA HE ELEL 7
Mz L5 1 AR (SNV) O%i% Exon, Intron., Intergenic fEIHINIZRT,

[ CAIRDDIRAE LI WFETH 223, 20 AR OHFIEZRED N EL Y 07 koT
W, K7 T 70, AR L7 X5 ICHEEDH LRSI & E BWERH 0 Z R L TR
LTW5 777 THhoDT, PIREVIERERLN DR R2oT0LDIE, W HOhDXE
AL TWHEEN OIS E R LIl ol (BIRBREREZEZ L) Z&%4R0
TWo, o T, MREZEND T L ITHEENERE L TR ST/ INCZE L LT, HIRAR
WEICH AT 50T TIERLS, BIRTLOIERBMFMEL TWDHDIT, Ml S o AL
BEITHAR L ICHATYO RS2V LTWLZEEEKRLTWS, Z0ZEMnb, ALY
R BIRA LTz 2 BERI O Z B O A 20 #AVE 7200 THET 25613, T ORETOZE
FIEHBOZENR DD TEF T, 20 HARDM CER LI OREI &L L= 2 LTl



e KI-1 X0 g s 20 H{CE ToE 7 A 137 B & xPREEO R T oI B

IR E BT D bz,

II-2 1%, C5H7BL/6J %A 0 AR (FO) & 2 R H (F2) [#T SNV % bz L 7-[F
KD 7T 7 ThHH, RNLVFERICHRMNOIRE Lzt v A 137 BEERREETH 2203,
M-1 & [FERICZE B S O AR CHIEY RO it T 5,

Exon Intron Intergenic
o Origin F20 Control F20 Cs137 . Origin I F20 Control I F20 Cs137 R Origin I F20 Control I F20 Cs137
M-1 A/ RHFED4E DNA BEEAEFIFENTIC X 294 (Origin) & 20 #RE (F20)
BT D WICs FEL MREED 1 AL R (SNV) 0¥k
ML Y 7 7 L2 2 DNA Ei¥l| & e 2O % 7R L CTE Y| Exon Tl
o A 137 BEE SRR & 12 20 HEAGRRE L CH 44X Origin & ORI TK
TRFENED B2, Lo L Intron, Intergenic TIZZENRD HILD,
Exon Intron Intergenic
M-2 C57Bl6d #HED2 DNA HBERFIEITIC L 5 0 K (Fo) & 2 AR H (F2)
IZRIT B 137Cs BE & X HREED 1 HEL R (SNV) 0
fedix Y 7 7 L2 A DNA fldl| & B2 2O % R LTV, Exon Tl
BT L 13T RHEEXRREEE I 2 AR L TH 0 HARE ORI TR & 722
RO LN, LA L Intron, Intergenic TIXZEDNROD LD,
BATI-3, [XT-4 1%, A/ R0t 7 L 1837 BE & xffEED 20, 22, 23 A H (F20, F22,
F23) 1Z8B1F 5 &> Exon, Intron, Intergenic fEIKZiLZ41D SNV &R~/ T 7

ThbH, -, KII-5. KI-6 1L, C57BL/6J Rkt 7L 137 BEL XHREED 0, 1. 2

10




R H (FO, F1, F2) IZBIF 58D SNV 27T 777 ThH D,

Exon (Control)

1697000
1696500

1696000

1695500

1695000
1694500 —+

1694000

1693500

Intron (Control)

F20 F22

F23

Intergenic (Control)

2398000

2397000 + -
2396000
2395000
2394000
2393000
2392000

2391000
2390000
2389000 |

F20 F22 F23

M-3 A/ RFEOXBEEDOLAAR (20, 22, 283 #HAH) 2R3

1EELR (SNV) 0k

fEEhiL Y 7 7 L > X DNA BeS & RARDHEOK AR L TR Y . KENZ, £t
R TCOEREEI OB EZ R L T\W5, - T, Exon, Intron, Intergenic
BTN END 7 7 7 HORHOR S5OAFHE, 20 fift (F20) 725 23
R (F23) O TERLUICEREEHOREGEHE 2%, LITHELUC,

93615
93610
93605
93600
93595
93590
93585
93580
93575

Exon (Cs137)

| |

F20 F22 F23

1706000
1704000
1702000
1700000
1698000
1696000
1694000

1692000

Intron (Cs137)

F20 F22

F23

Intergenic (Cs137)
2415000
2410000 p—
2405000
2400000
2395000
2390000 I
2385000 + T

F20 F22 F23

-4 A/ RHED 187Cs FHEOLAR (20, 22, 23 H#ARE) ITBITS

1HEELE (SNV) D%

253
252
251
250
249
248
247
246
245
244

Exon (Control)

FO F1 F2

4870

Intron (Control)

4860
4850
4840 -
4830

4820 -
4810
4800
4790
4780
4770

FO F1

F2

Intergenic (Control)
7082

7081 —
7080 —
7079
7078 —
7077

7076 -+
FO F1 F2

-5 CB57BL/6J RN DA (0, 1, 2HARE) ZBiT2

1IEEER (SNV) 0%

11



Exon (Cs137) Intron (Cs137) Intergenic (Cs137)
256 4800 7170

254 4790 7160
7150
7140

252 4780

250 4770
7130

248 4760

26 7120

Jan 4750 7110

4740
242 7100

240
238 4720 7080

FO F1 F2 FO F1 F2 FO F1 F2

4730 7090

-6 C57BL/6J Z&fED 187Cs BEDOLHAR (0, 1, 2HARE) BT S
1EEER (SNV) 0%k

BIMI-3, XIM-4 1%, A/ ZfE D& >0 A 187 B & xFHEED 20, 22, 23 HAUH (F20, F22,
F23) Z81F 54D Exon, Intron, Intergenic fHIkZNEID SNV ¥a/rT 7T 7
Thb, £, KI-5, KI-6 X, C57BL/6J RO v L 137 BEL X REED 0, 1, 2
HALE (FO, F1, F2) ICHB T 5K MRD SNV 2742777 Th D,

INHORERNG, MR E THAEL 2> TWVABIRIERES LR U720 (HIF
GERAEL) | HpoTe ) (BRER) TOEENT X LMIFHAELTNDLZ ERbhoTlz,

Z 2T, KMII-3 22 HKII-6 E AL Z THAAR Z & D RZRE (REIOE SITHY) Of

ATV, RG] ORERL B A KD (] : KI-4 @ Exon(Cs137)7 7 7 134
Lﬂ\ébxtﬁ%ﬂi ETITRAIDESOEFHNF20 105 F23 £ TORERERK L L),

Depth 8 UL |k & 72 o 7= ik R AT k- D M FE 28 550 & Exon, Intron, Intergenic fHIK
2B D SNV & InDel O#EEZROI-ONEIM-3 (Al ZHD SNV), EII-4 (A/J FH
® InDel), #I-5 (C57BL/6J %#iD SNV) £I-6 (C57BL/6J Zi#iEdD InDel) Th 5,

WRERRIIAFIIKNALEZOND Exon fHIEL Y, MEATIE2WEEZLND
Intron, Intergenic fEIk J5 25 E v M A 2 7R L7z,

# 1-3 A/ Z%H D Exon, Intron., Intergenic ZHHIRIZI 1T 2 ITREERIZXT 2
1HEELR (SNV) ORAHEE LIEELFEZDOERR

A/JR ) R %R Exon Intron Intergenic FHEEE FABRREER
IERTRER Control 1.63x10°° 4.14x10°° 6.79x10°  4.19x10°  5.40x107°
(IEEEHR) 31cs 0.50x107° 8.10x10°° 14.20x10°  7.60x10°  9.81x107°
'3'Cs/Cont Lt 1.82

#£ -4 A/ R D Exon, Intron. Intergenic £8EBkIZ 31T 2 fEHTRE LI 5
REFBAER (InDel) DRARE L EB(LFHEZDOERRE

A/ I ) R R Exon Intron Intergenic  FHEER RERLTER
ERFERE Control 1.59x107° 7.12x10°° 6.65x10°  5.12x107° 3.10x107"°
(RE-1EAN) 37Cs 3.23x10°  14.29x107° 14.58x10° 10.70x10°  6.48x107"°
''Cs/Cont Lt 2.09

12



# 1I-5 C57BL/6J FZ#D Exon, Intron. Intergenic &fHIRIZIS 1T 5 BT EELIZ
*9 5 1HEEER (SNV) ORAEHE LIZBILRBEROEZER

C57BL/6JY IR R Exon Intron Intergenic FHEEFE RFEELFER
BETER Control 5.68x10°  6.87x107® 0.27x10®  427x10®  5.40x107°
(1HEEEH) 3cs 11.36x10°  4.64x10°  3.32x10°  6.44x10°%  8.14x10°°
%'Cs/Cont kb 1.51

# 1I-6 C57BL/6J R# D Exon, Intron. Intergenic F4EIRIZIS T B TR ELIC
T BERRIEALE (InDel) DRAEBE & EREVRELOERSR

C57BL/6JY IR % fk Exon Intron Intergenic FHEEE RHEEETER
IERETER Control 1.48x107  1.25x107’ 1.31x107  1.34x107"  3.10x107"°
(R&E-HEA) 3Cs 0.45x10”7  1.50x10”’ 2.63x107  1.53x107"  3.53x107'°
'37Cs/Cont kb 1.14

I THRLIVTWAH A BT 4 DNA AL R ICB T o7 4o v 7%
DOu— VIR T CORBETH 2 DT, HRHRERKN RIS TWDS, £
I T, MR R RR A RO H 72012, kEEED Exon, Intron, Intergenic ™4 fEIK
e U COERERELEZ RS, T4 E TIZ Uchiyama & (& 30HK 12) 12X > THE
ENTNDYTATO SNV OAKRREAR (5.4 x 109 & InDel O HRIEAER (3.1x
10°10) ZAEAEIZ LT, AR TR DAL To MRS SR % PRl U C A ARZEIRZE HI T %}
5% 137Cs FEDOME AR B A FH U T (B R OISR L RR) , 1€ > T, xR (Control)
DAL, SNV & InDel, WL Uchiyarna LOWEEEFCICR->TWND, £
L T, B7Cs FEDFHEERR L B D HIRZZIREZRITHT B e (137Cs / Control) %R &7z,
%@ﬁ%\@Wﬁ%;AU&CWEﬂU%M?%%%ﬂ\L&klﬁLhﬂdfi%
EI, 2.09 & 1.14 ThoTz,

BUIT-7 |21 YR 35 1F 5 SNV OFEBYFE A 47~ L7z, Homo MiFEZ R (R
Bk & B D DNA OWT IS [ CHEIRE RN S 5) . Hetero HEFEZEF (A8
m%%b<ilﬁ$%@DNA®wﬁﬂﬁ_ﬁﬁﬁﬁﬂ%é)wﬁhf%l7$ PSRN

CRFEMIZZ AL TV,
ik\ﬁﬁéﬂkﬁ%%ﬁ@*%Tﬁﬁﬁﬁx&ﬁFW%%WLkﬁ\Cﬂi?@
E AT, BRIEA b LA K DR ZRERA RO AR ShTuhan,

Y QAR CIE, B C & A BRI ERE CTh o7, £72. 137Cs BEDOFH

BEIL IR AR D AIRGIREFIZxT D (137Cs / Control) Z:RKD7=23, Al RifE T
SNV 73 3.38. InDel 75 1.84 &i’ﬁﬁ%w,ﬁe@i‘?ﬂﬂm@fﬁlé’ﬂ? L7zoizkxk LT, C57BL/6J T
TEnLE, 0.52, 0.26 LA Z R A LITIFORER T,

13



137Cs ¥ Control

6E-08

6E-08

Homo Homo
SE08 SE08
M 4E-08 4E-08
i
i.|.| 3E-08 3E-08
*R 2E-08 2E-08
1E-08 | 1E-08
l‘l‘w‘w‘w.l‘Hl‘ I |
12345678 910111213141516171819X Y 1234567 8910111213141516171819X Y
6E-07 6E-07
Hetero Hetero
- 5£07 5E.07
R oae07 2E-07
;‘&I 3607 3607
2607 2607
1E-07 1E-07
MR S T L TPTIM FTITT A T
1234567 8910111213141516171819X Y 12345678 910111213141516171819 X Y
R2EARES
XT-7 A ZEOFLRtaEk (1~19,X,Y) I2BIT 5 1IEEER (SNV) O
FERTEOR AR E

Homo i 5528 B (R ok & RS kDO DNA O WA b [7 U A RN B 5) |
Hetero i i 5 (WCHHER S L < IZREH KD DNA OWTFuon i R s
H5) OYARFIFEASEE 279,

~ 7 ADWNEHIE < B R

T A 137 KEER UKL 72 20 HACE © 3 A s 4 IED I~ 7 2 D25 O EH|
ER LMK > 7 A 137 OERNSE (R11-2) ORELVELNERITT-T O
JERET — & (He~ 7 2 PR 24.8 ¢ | 1 {E{ 7Y 2313Bq. &l T4 93.5 Ba/g)
FHIZLT, v 7222 MEREEL THERIE HREEEE L,

# MW7 Fr~<=0LREERBRHBICL 225 DOT <~ REIE
Germa Whole body count
W Ba/g __ Bo/fEK
Average 24.8 93.54 231297
95%CI 1.8 15.14 337.07
FI-8 |[CTHEHMMBEHE (B2 UL 137 OR—FHOYEH T R /LX—% 0.227MeV,
100% UL, H o<k ¥—1% 0.66MeV, 5%WIL & i E L CEFE) . PHITS., EGS5

a— RV RATF AERANTELI 1HS CEY 108 H) &= OFHFEERE (mGy)
TR,

14



# I-8 FEBR~v2ONEHII < HREM

RER#E (X <ETM % 1HEKFENER
uGy/day mGy (108H)
HUmMBEHEICED 336.4 36.33
B Rty M(FHE5%LLT)
EGS5* 319.9 3455
FHITS™ 350.6 37.87

*Electron Gamma Shower Version 5
(by Daiji Endoh, Rakuno Gakuen Univ.)
**Particle and Heavy lon Transport code System
(by Satoru Endo, Hiroshima Univ.)

IGRRIE S Ik DB 7S SERE ®

xﬁn B TIRET L7 IR & SR

WZEET A HERE T L OSEARRBIL, B
%(%%mﬁw,m)_;ofﬁﬁéhk I
BTG EETLTH D, %%%§@ﬁ [
(DNA $815) 254 LIS a I EmiEe !
BB« L HCE B, BRI L +
THRAELIZDNAHEGZESF7LTHL. %
NaEEEZLS OPBREDEE TH S, KRE
B ROER ClX, ZOFV I -7-%1%, 7=
T < SR T, ;z/ﬁ%ﬂjﬁ“%f?@i&& iz K-8 EETE TRV DNA H85
D EIE b % BN CERRIE S T %72 DL & AREDBIR

(Mm-8 ), H5—EDHEEZHEZ T D
EEXT TOFVEBAIZ/ D | BEIEF L TEEHLTWDES T (BETE TV
v DNA 4815 7% <72% (K-8 O~Q), L2rL., EZ T OEPIRE > THIUL,
MERFNICHEEH L TWDEEY T OITKATHEZ BT 2D TIERLS, HDH—ED
EZATTT h— BTV &0  ¥Z2e<ed (M-8 @), ZDOET /LOFITIX
B2 72 0 OF 7 T OHBUBEEMEOREZ S 7272 FBBMLICE S 7 2Bl TE 5
(MEFEZBET D) ZELLkViIADD, ZOTTT7ORTYTEA RI—T7 % DNA
BEIZ L DM ERERBEDET NV E L TEXD I & THREET LVORE %A
72

GERIBFNZHONWTHE 2D L, HDOLEMOBLBTOEITRE > TV D O TRREMKATH
PRZERIE R L DT UIAIE SR B 13T THEN, TDFE I i%i%@%lf
%ﬁ?é(Im&()oﬁbi\®~®ifwﬁ@ﬁgﬁfé%ﬁﬁbfwé e
5, LT, EBMZIRZ DD OBEICY v IR THRZ N5 ,ﬁﬁ’jfg

>

=
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BB 2 R TS EN TR SR TS, LasL, OLL T ORI Tt ek
FFPEICE DD B30 b2 | AWOEEER EDOIEL S EOHIZHITHENTLE
W, T 7O ERD ORIRIEFICHETH DS, T O XD kT, KT
IR ERRO LR EWRDO DX == TRA b aRD D Z L3 TR EROKE
FEOENSARAREICITWEEZHND,

Z 2T, BERERFER DWEFECAW T OB CRILE 72 0155 /37 XA —H &R
D, FRNEHWTHEET VABET L2 2 N TEE, BLERICA LY 7EA RD
— T hiE . BEEICL s TEFMEZR TR AR2OICHY T 2MEZHET L L
MTEDHLEZOLND,

IOETTGIIEXETIUL, BN L-ULTIE, DNA BIE L E1E. HRERLE
K. £ LT, ML~ Tk, DA BRI & ERED X 5 I T 2 544 /i L T
BHETV~NERBIEDLZ EDRHPFFTE D,

W/ & OFFRIC L0 MBI b EE SN D EERE T VAR T 572D,
RILD & % /3T A— B G HVBNH LW FERRICITEE W=, OO, AuF
ZECHESL ST B R B U R 2 AN T, BE, EREZVNANAL LR
2T, EBIEELDRA LV NT— X2 EHDIRERD D,

IV. &%

1.~ U ZfEHAAEERRIC X 5 42 DNA SRS oo fighr

£ A 137 K (100 Bg/ml) Z 8K & L TEBRENT 8 2 A BIERAHET 72 Al Biffi~
UADE T A 18T DFGHENEREOLET 2 X LK -1 AR T L9012, B A 1371
HRNNICZ S EEL TS, 2L T, BH-EEOEI U A 137 ZBERL TWAHIZH D
59, IEEsNE Y T A 187 BITEREIS U T ERTY 7 h—IZET D (UBRRITVE
72%), HMIV-1 1%, 18 HAH (8722Hiils) ~ U A TR UL 137 DERZIFIE L7720 b D
FwNEL T LITORRE R LTS DThH D AN~DOE T 7 L 13T OB EIEZ 5 &
LS DlifiEs Tld v 7 A 137 MRS ARl S TREICIHE T 2, #ik T b flEeRIC
AT D TEH L, FERICES T A 18TIEEEL TV 5,

LLEDZ Ene, By A 137 KEMRIGT TODRIE, ~ 7 AD BT < el
—EThHLEZ LN, £o, 2HHREZ, HkOB g%, NIRHEDO B q 20
HRfECTho7oZ &, U ADERIIFHADBNIROE 2 —FRICIR Y BEETHDH Z &
O, WEBIZ < BED 2 — FEHEIL, v~ U 20K EY—722lfERE LT, 2fiEs v
TiThii,

[FIEAF %2 o A 13T HE L X IREED 2 BRIC 01T TR S E 2 B AT > TV H DT,
WEE L B2 U DNA B EESI O e~ 7 AN BB STV 5, FEAMIZIE, RO
MCTRAEDHEMELRDDE, B2 UL 13T ODNERIES BRH D020 DORTH D,

16



1207 A/J 72 5N CRTBLIGI =N Ehd
AR CHul U724 DNA 5L B
Wr (&% ) ho—7rrv) 12X % 30 (8
T2 o 1 HEREZEE (SNV ¢ single
-nucleotide variant) <Pff A « KIS H
(InDel : insertion /deletion) D34
X Exon X VU % Intron X
Intergenic 723 T <G8 LAV DM
MR L7z, UL, 20 fRo#Rag
REFERTHEI UL 137 B & kR
Ol AL RBUTKRE RENRD
Lo Tz,
~ 7 ZAOFEE L7~ 100Bg/ml Ot
V-1 137Cs KERA = L= D 7 137 KiZ. & CTOEEEICHE
BB IRERR) 197Cs BEOWE 5 & 100,000Bq / ¢ OE UL 137
KIS 2%, LT, £I-2 TRT
ECv U AR OYEE T L 13T IREITK 94 Ba/g T, & MIHE T 5 & 94,000Bg/kg
WS T 5, ZOX 2LV OPNEHEIE< & 20 %, 28 AR E il TH R BREECTHARIC
FAE LT BRI LT L A E T R TR R OERE R 630 bl ol,

~ 7 AL b FORMRTOBRIZREBRENZFER T (RL-1) THHZ EE2BETH L,
il L ZDL-UL(k b 1kg 24729 94,000 Bq, 50kg DA E TliL 44 T 4,700,000 Bq)
EVIRWET T L 137 WEHRIEL< TlX, FHRAOEBOERITIZLEA LSRN EBZ LI,
ZLDIRILD—D & 45 Z LIRS,

ZOZEEEMITLE D 1 OOFRE LT, EitfEOET 7 AK (100Bg/ml) % 1
R 5 18 AR E THERAIC AR 2t 1T 72 ALS ~ 7 A & Z ORFIRRE & % ik L7 ke (o
/R HREE 1.06, BT A 137 B 1.09) LAEBEAE (—ENCHEES LD~ 7 ADIFD
EEIUCEL - kP RERRE 5,13 PL, B3 A 137 B 5.35 L) IZBWTHERENRD Lo
R oiD, (B3BH15),

B, Y Yt RO A AE RO ERITHE L T D & B X LI, ARBFZEREOfENT ©
IR B RSB E] TH o722 &, annotation [F#k (DNA ECH| DB B L 72 1FH)
W FEHEL IR DR S N ERERI DR Z N LG ZNETDE ZATIIMK
HOEHEMEIX R VIRV E B 2 B, SRERESINTERIND £ THEZR2TER L2
WZ EDnbholz,

100+

80+

60

Bq /g fHi#

404
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2. U AONEHIE < BRI

b h TOWIE BT ETH D Gy (Jkg) BHELL->TnAD, LML, Ziux
1kg DML 7=V IR EN TRV —%HLDTHA TH 5H, ~ 7 AONEHEIE < Ehr
DAL, FMBBIEL & B2 | kg (T2 72V MEN (25g 13 &) ICER S -G HEY
B D OSSR OBRIREE E 2 72 e 5720, Lh L, BEREE L TFO~ T ADK
WD Dy BT, 1EFEAENEEHIT THERA~NHETLE > TS, ZDXIRGE, kg 4
— X —DWINFRETH D Gy TOFMITEINDEAS S, ZDERICHOWTIE, B FTHIA
CEITEZOND, WEOHMPRE SITHERNWNRDH LA LA THE L & 5 I
PRI HEE B q 22D Gy ~ORFE G TR C & 2202 & Mgl Le T hidZe 7220,

I CRP@(ublo8) TiZ., 7 v MOV TIiE, Ba2b Gy ~DOHEFH%E (dose
conversion factor) 23/ RIALTWVAN, T A ZOWNWTII/RI LTV, v 7 AEBRTH
BRONEHIE S MEN ENL BWTH D005 2 1 L < T2 U FEBRFERICH K&
IR D,

ZNETIEB 2 DN DT S MEOFNE & LT, WEBFRE ) DIT - T &,
EGS5 a— RKVATARPHI TS a—RVATAREDL I BREUT I Aaibzfio
ToRHIlE e ENRE 2 DL, ABFEICEB W TR L7z (RID-8), ZOfEER. ThEho
BERRITIVVETH Y, (KHE 24.8¢ T 93.54Bqglg DSMENRWZ EIRE L7285 E. BE
Teda 1A O 108 AR O#iE < #rEN 34.55~37.8TmGy L HE SN, HIHRREDRE
HEMEbHDEEZ DN,

Fro. MR HEE (AL ICX 0 HRIT< BRORRMSUSAERY Th 5 AiEkh o=
— FRNA(CDKN12)DRIEIZ & 2 @B ETHIE & LT 2 2 L B HPRTZ, 4k, Z DRl
L FRROBERREOMBIMEERET L2V,

RSN X 2 A BOE Z SR ORI ERT D 2 & TRERFMED KOS A1
TED X 2ITE, EBEOIIRG & WEHIE < IC K5 EMBUSEN S, ZiVE TORE
MERNIE Lo T2 E 9 DRy F—o g UinaleL 8 b,

3. KR EMIEIC L 2 HBOHILE T AR

RIFFET —% (WFRpET — 2 bETy) 2R LR ERIE< T L 2 B BOHFE
TNEWEST D102, AR OFRELE i & U CHE I#E & Oz Bl FER. i
R EAEWFE DRI TR TCE AN T A—ZREOTDIZIL, K-8 DX H ey 7EA
RA—=T D77 7D ERVEIORA b (K-8 OO LY M) | #FEf&A7aic#in L
TWARA b, ZLT, BRIZWICRDRA b (K-8 D@L v A1) RNEbhb k)
IR, MEROFEREMDL ZEN/AARTHDL EEZ LN,

INETHREDH D VITERB W EB X ONTMESDOT =2 2851 DO 7
F RERICKRERA 37 NIV, FiTe im0 b OBIRET VERET H72010 8,
AL CHREST U 7= s M O 7 15 2 Bk L 72 AR Ok N B E B,
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V. i

AlJ ~ T ATiE, B h® 100,000Bg/ 0 (24T 58 v 7 LKERANETHRIEL 2 23
AT T H X IREECHRICH A LA E R L 13 L A LT WMo lAL R
SHREAITRD SR T2, £ LT, 1~18 ROk b & S PEFERIC & BT 220
ST, U AL FORMKRTOBRERERENZEIRA L TCHLZE2BETLL, D
R EBLZOLL KD ADianE YT A 137 OWNEHHELS TIEFRA~DOREOEEITIE L
AMERWEEZ LIV, BRUDEERILO—2 LT 52 ENTE D,

Wi (REFAFE) (2L, BEHRITE L TEZEREWE A 7D FEEEL
7oy M A, BIREE L LTV Msh2 X~ 7 2K TE + o 2,5600,000Bq / 0IZHHY
THEU YA 137 KEEUC X 5 NI < CH2IRZE BB DSk FREEICEL LC 1.6 £53900,
HPAETRIBEICRT LTI 20 15 b MU 1T C& 7o, UL L, T OZESRZE B 13/ MG 2 g
REIE DL KBrO3 5L R LU TH o722 )b 53, [RIZE DL _E O i &k
X< (4~6 4Gy) TH/MBIEEIIHRAE LR -T2, R TIEL, #HIXITE D ZERER
T ERT D EDDIRANTORINE R o122 & TIREEFE R A & RIS S A D ISR
DHEPODIREEINDRER L 720 . & M D BRSSO 8 (R 22085 M AT 5 e
SNOEEL SRS N,

o WEsHE (AEGL) ISk o TRBIES YA 137 K (100Bg/mDZEE L7z A/
~ 7 A2 T IncRNA(CDKN1a) DI BB EAK IS T 5 2 & DR T & | mE
WNAFROA=FZ =L LTHHATEDLZ ER o,

VI A EELARE O 5T

RIAEE THLHDOT, SBORBFELTLHT 2,

T =X By a vy a U Rl o7 1927 EOWFFEHRAE 1T, NEITARKREHERRIC &
HRMACEEB LR IEL 2 L 7oz, LT, 1950 FRICAY | B X = DEFERCR
FEHERETR LI K D BRBE RO BEM O AR & L KRBT IC BT D REHEKIZ OV TH
ZHNED Tz, L LAans, GHEAZ DT D 90 4L LB L7z 2018 4EICB VT
b B, T D OIRMREHESIR O LTI OV TIEHMERE 72 5 AN B TRy,
INETITH 1986 FDF = /v /) 7 A U FIEFHCYRFIMEBE OB L L TR EFEBIZOWT
SN L b BT, 0 25 FE% O 2011 FOREFEFKTH, KREZEIZS
WTHFEEOBRN LT LEST, Zhb DKL, (EAREBIHREO L DR O
IZOWT O ENEBAIC RSN TI o2 Eicdh b, LovL, ZHIZIENL 200
HENH 5,

1. EREREOT X 2GHIEIREOT TARMKETH D,

2. BB OBAENEE L,
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3. FRORESDENNTHERDA 37 FIMELS . BFEEDEFN—a VKR,
4. TNETOEFRET —Z TE, ZHERFOERELHIT S BRENHME T2,
5. XAT 47T —H DOFEHIFEEL WV,

2, ERERREBEOM ORI PE LN T -2 5 E2L HDH T L TR
END, RERDL, BERZILTHLIN, BIFRLOBROGIIRN YT 4 7T =2 HED
R TH Y EARICEBR B CHEBICITON T REEHCEMEROGE) THL R AT ¢
TT—=HDORBEOLGIIEFIIDL, A7 FHELEbNEZNSTH D,

Loa U, IR EHU BB L Tk, it ~DBEEL LT — 22155 L0 5 B
DEFR—Ta U EFD, RBEERTY SEE CERNRFTMN TE 2 FIEERRRE L.
U A7 FHOARIL & 22 5 T — Z OEREZTHZ L ARELEZ OND,

INHDZLAaTRTEEE X, HUNERE I - RN REE (RO
(AR DWFZERAFE) & LT 3 EROME DS % 5 2 TR 7-BEE 15 LT < fkt
L7zuy,

SBIT. AR THONTR Z LB E T VOWMEDIZDDNT A= LI 5T —
FERD L LB FITICAATE L, M THRELR LGRS ELMEDRE,
TRIRA FZRI 6 HHR U T AR IS A E TR S A D B3 (SRR FER3 A U T b it
MRFED ANTALFHER A LR U & D13 Z 5720 | @R R 2 W 7ZREgaE < L4t
ERHIE < O FEPEDRIE 2 R~ D HFTE~ & IR SE TV,

B ERLEDO S LR D ERMRIEZ G L 72D ORI Tr Y =7 b & LTARNISE
NEEZZAETaY =7 FOMH EFZRBIETEHE 20,

VII. Z ORI 2 BIE £ TOMIRIRIL. £

A W@ ERHY
1) AEERL
B. @3 &Fe/e L
1) AEERL
C. FINFRHEE
1) FERK, REFAT &, Aloh, EEA. B Wl UL 137 OERBEEN
HBIE AT K D AEMFEE B AEM ALY ~ 7 A% A T2 AR 22 IR 2 BARAT O
Fr, BREEEERIFERE 46 IR, p26, 2017.11.7-11.7, T
2) KRBpAHTE, EBM 7 FEGE, AREL, TEER, A, v La 137
DAEFRENEHIE IS & B AWM - Msh2 KB~ 7 A & O - (Al 22 IR 25
FENT DRI, BRIRAE RIJFEEME 46 [BIRS, p27. 2017.11.7-11.7, HAT
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Quantitative assessment for the effects of chronic low-dose internal
Cesium-137 radiation exposure on genomic, carcinogenic and hereditary

effects in mice.

Hiroo Nakajima

Department of Radiation Biology and Medical Genetics, Graduate School of Medicine
Osaka University

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.

Every generations of A/J and C57BL/6J 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 (Origin, F20,
F22, F23 of A/J male mice, and FO, F1. F2 of C57BL/6J male mice) 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.

There was a higher incidence of single-nucleotide variant (SNV) and
insertion/deletion (InDel) per 3 billion bases at intron and intergenic sites than at exon
sites in whole genome sequencing comparing each generation. However, even with

repeated generations there was not a large difference in the total base mutation rate
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between the Cesium-137 group and the control group.

If the amount of intake is converted to drinking water in humans, 100 Bg/ml
137Cs water would equate to 100000 Bg/t. There was almost no effect on the mouse DNA
even when the mice consumed water containing this volume of radiation for 23
continuous generations. Mice have almost the same spontaneous mutation rate per
generation, base substitution rate per nucleotide per generation, and number of genes
as humans. Therefore, this inbred mouse experiment is effective for removing

confounding factors and for detecting fundamental biological effects.
Keywords

Low-dose radiation; Cesium-137; Internal exposure; Hereditary effects; Carcinogenesis;

Fukushima nuclear power plant accident
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2-4-a ~ U A&EHWI=E T A 137 OEMEAEEENEEIE 1T X DK &
T~ DD B EERREE

Msh2 BT U~ D A% FWTER L ~L OZRZE R « FED A TN HE IR O AT

SYRRRTEE R B OUNKRSE - REEBEESERIZERE AR A LR R
I B

(H28 £EJE £ TOWFE DN « fEA OUNKRY: « RYFBEE SRR A 2o
IERERIRRE A BR%))

U SS)

AR - (R BRI < OB A2 EER - EVERICEHET 2 720 O FZBRIRGE %
HiyL LT, DNA B RBIR FZE~ 7 AEEEZ TS T A 137 ONEHIE I L V%
B SNDIRMIBZERE R AR L, BREESER AT MVOMHT 21T 572, XBR v
HREE DR LET JRE 112 X 2 2EW1ER O 2 V3K OISR RR R AE 5 TSR R FE S X 5 [H
BEHOBFEGNRREN LD, BT A 137 OEMERNEHITE S DR E L 7 ) L5
BOBRN O 5128720 . B2{k DNA 8152 & Tefi ~ 0 DNA H{5IC R L TRAET 2
B2 DO EREZROTRET D2 HEN S D, £2, EEEND D IEHREEHEMNIC
152 72 DI ARBFSE TIEER L DNA RIS DB IC L BI5-9°5 I A~ » TEEHRE T M ZH D MSH2
B Ry B a— RT D Ush2 BAGT K~ U AR B A rpsL LR — 2 —i&(n
FEEANLTEEEERREH~ 7 A2 H0 e, AR NGB IE A~ Y AZENEh
W LTy 4 O® S T A 137 T RF BRI Y UL (BRAD) OROKEREEZITV., £0D
% 2 WE OWBHEE D%, ez 7 7 Lz, WEBIE DB A BT /N5
KA 2 et QAT S BIRIT 24T > TofE R, S EE BB~ 2R 2 WD 2 LT, e R
BERED LR ZR) 20 (5O RIEE TR TE D Z Enbhotz, ILICERAT MVOFEM
PRRATIC L0 | AR EAE < BE OISR BRI < BEIC LUl U TR A « ROZS J OB 3 1
MLTEY, BEEEORBSROEPBIE SN, REBRRICIVAEKRNTEAELL
TR R BN R CEEMN - EMEMEEZFF > TRET 22 ENARETH D EE 2 BT,

F—U— R
B A 137, WEHIELS . Msh2 R~ T A Z29RZE
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H1) K LET HUH# -

TEHEE RN R E T A s S DB, RO R I YV IEH L TR =L ¥ —%
B R X —fF 5. (LET : Linear Energy Transfer) & W\, KbHROMEE (BE) OiE
WEHTERE S LTH AV HND, LET MR Z K LET B &\ 9, Bile LTiEX
B, o~ N—2ERH D, F1om LET BB OF & LTI TV 7 7 8, i,
R 7 MFEDD D,

Fetmh I #E
L —2 ( (B) BREEREEAITERT  WH9ER)

RBINE
e E (UNRE HEEER)
OB GEMER Y FREER) (H29 4FE)

I WFIEHAY

bt b EEOHEBROEMEED > B, BN AL BIEHERE (IR (3R # D
B D BIEN ORI EIC S EH STV DA, [RRE - EREROMEHRIEL
KD OWTR, BRx RAERN TORISHEE Z B £ 2 2R PR ALETH Y |
Z DT DEFEIENRAIR T D, XL v #RFEDOIR LET BEHHRIZ & 2 EMER 02 <
XKD BRI FRAE D TEMERBREIC L D2 b ODHFENRENVWEEZONDL Z LD, &
UL 13T OEMEANEEIE OEREEEL T ) AEROBLEN ST T 2128720 B
b DNA {815 % & e 2 @ DNA BIEICHE IR L CH BT 2 Brp DRSO A B A M it 9
HVLENG D,
INFETIZFHRAIIKIBED sl BT E2 &Y v MR T X —12) @R EA L~
TRAEFA LT, ~ 7 AENTE Z o 7o (R ZE B2 2R8I U, 2R &8
B2 N VONRIIRNTIE Z NI LTS, Fio, MBI L7z DNAMEE SR BEE S
B2 DG WZE~ 7 A% VT, BRIEONCH 2 ZRBRBEA b L A2 X » TAEL 1L
DNA B3, MAZEBI & Z T HRIKNC /2 D 2 & 2 RSB T TS MC LT &z 128456
BRI TS A ISR AR U 72 Z2PR28 B 73 I IR] ~Cf R S 31 0D TR E A 23 AHE L R 9 2
DIETIREETH D Z L2 b IRMIIRZSRERBE D AT RA~DIERE L 0D, I A<y
FAEGIZRET D Msh2/MSH2 BAT- 13 & b DOBASHEIER U AR — 2 Z KNGS A DR IREAE T D
—OT, ZOBBFORERB~TRATER 6 »r ARECIHELENAZ ARRBIET 5, £
T BRI 512 X 0 B CH L E R A OFRAERE 2 B TINS5 2 e nTE b, &
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SIZFRILAI R 51T L 2 BRSO RITEBBE CII LB MR D% 7 ) 2T O ZE5R28 BAEE )3
FRFTZZEEZHESCLTEY 2, BEA LA DNABEZHTE L, (I Z2 IR 28 BAE
A RS, ERELUTEDPABED LRI O7Nn 5 Z a2 R LT, [AEROFERRZH]
MT2Z&T, B DA 137 OREGAIELY IARIZ X 2 NEHIE K D4R E L | RRER
ERPATER LT, BRIV THITT 52 & TELDTIERVWNE BT,

= ZCARMIZETIX, Msh2BIa T K~ T AT, FEMIEEOFE (KIKKF) © &
HFZEE O (REHREFRAEHIZEF) LHFEL T, TNENOR TR B N TEY
7 137 OF G5 L OMEHRIBE EBR 21T - 72, BUBRE FRAFZEINC TRP A CFRR
27 FEJE~fik 29 4EJE) ~DOFBEMNTT 5 2 L R ATm, FWNRFETIE, % RT ERliaak
RS 2720 OBIEFYE~ 7 ADMEM, HERF, B (CFRK 27 B~k 29 ) |
1 L ORI 2SR BFRAT 2 4024 U7 (OFRk 28 4R~k 29 4EJ) , 72, #iE ~ v
ADT—H LW 572 ORRER E LT, FUELBTFHRE~ 7 RATB LA 20 &5
L. /NG COZE RN 21T > 7= (K 28 4R~ TRk 29 4E )

TE2) X7 H— L (T4 2 DNA FEER OB FE 72 13 NS/ D DNA Z B ONAT o £ &

THHED, V¥ MR Z— L [ TH—DORT7 ¥ —T 2 FELL FOAY TR THEELN A FE/ R~
JHE—DZ L,
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II. #F9E75ik
1. WFEOREI S & E ORI

RIRRZ, TR, RENTE N Z N OB 31T D Hiax DA, #ESL L T 5 Bt D %F
AL CHEZEIC L TROIRL SESCDITHREPZITTE 2KH kL, vvv
2137 (TR DB MRV BENEHIE K B2 D10 O FRATIE L7z, LUFIC4AH
BB T DD &EI o L EERIE OBEE 2~ 7 (K 11-1),

MshZEEFREN D R BWBEL NILDRARER - DA DEET

8 K (KIEK)

IO L13THRE

ﬁ 1 D.® H274E H28%E H29FE
Sk OMhSREFRE ZREHA —

T ADHER - HhE

HIEA Bl RAE BB

KBags OB

thiE aE O SAFFN KV T3 ok :
ﬂ «'» D.® ﬂ Msh2BInFHE

TORDIZH

B 3 (RER) P B
KEHAER ke

X II-2  SHEBAICIBT DAFFEORE 3 & LRI OE  (5fH)

UM R OB FBR SRR CREIZHISL U CRFHERF L TV D Msh2 BinFZE~ 7 A & KIGH
D rpsl BIG T HGTey ¥ MY X — 5B TEAN LB RN~ A2 ZB L, rpsL
Yy MART X —%F L, Ush2 BT KET LV ERE TR OEBKELBRBRHH~ D A
(Msh2-/-, rpsl-Tg+), BXO, BAEM~ T R (Ush2+/+, rpsl-Tg+) % ZHUZ L 0 [FIRFHIC
BEVCHE T 5 72O OREGEE %2 7= CHMO~ U ZAOEHETTo 72 (K 11-2Z8),
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Msh2 BlaFREBT 2R IZBH5HIEERNA RV EARETROEN

—— I AMFER. ZidEHE

/ O MmN\ TR T RIRH- \
== S S
- TXE &3 x &
2 2 ol s
7 X 57 Pl Tgt
Msh2s/- Msh2+/ [ | [ |
< <
| | | | €3 X €3 . .
?A /?Q {2‘;‘ /?\AQ Mshz+/- Msh2 /- Msh21f+  Msh2ufs
}Ug z..([ }U( §X rpsL-Tg+ rpsL-Tg: rpsL-Tg- rpsL-Tg+
A | [ [ [ | |
J B B
v W
RIR, . RRIERE Msh2-/- Msh2tf+ Msh2yf  Mshz/  Msh2i/s  Msh2if
H28 ﬂi g rpsL—Tg + rpsL—Tg + rpsL-Tg+ rpsL-Tg- rpsL-Tg- rpsL-Tg-
‘ FTIZHRT ratio 1 1 > 2 1 1 2
~
TEE R I H2B4EEEE CICET
NI ADBES AT

\ =P oA /

o

4 II- 2

Br- ~ =p tL137- EE}/

PR A SR~ 7 A DBl OB

% SHEEOR R CTEE TR EZRE L, BEFL%ER 4 BE TBE L, KIRKRFO R S£5E
BN TEY YA 13T OROBE5%21T-7-,

B FBRDHET LT-Rp i CTa

TDO~ T R &R

L. M 2 LoRi . LN RIS R

LThbotz (H28 HFE), JUNKFETIE, FROBMLE M~ AZFH LT, B vk
HBLRICZ A La—ATHHBEER L U CORLAIRE S 2170, RIS 2/ L CRAF
L7- (H28-29 4EFE), Fh 5 Dlifaez AV CTERHIINZS BT 21T - 7= (H28-29 4EJE)

HRHRE S AT ZE T I TR MM A EBR T Msh2 85T~ 7 2D N TEIEIC L A2
HRETA LD BEIFZFEI L, TODICHERBEEFRO~ 7 A & LN KRS TR &

DR LR+ K OWRF 2 $2 4k

2.

L7- (H27 4EJ),

BT L 13T RORFAEMRT ) 7L (BRAEA]) D555

Msh2 /-, rpsl-Tg+t ~ T AR Ush2 +/+, rpsL-TgHlXFILFILLL T D 4 DD EBREEIZA T

THEZIT- T2
ARE
B #f :

v hr—)b (HHEOK, BEEH)
0.16% B3l U v L (FAeA) #GHE (HHEUK)
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CHE:  2.5KBq/ml B 7 A 137 58 (B HEK)
DEE . WIBIC 4KBq/g IKE 2 IR 2.5KBg/ml B> ™ A 137 ¥ HRE (B HBEK).
(HEEFERAR R CREOR) 2145)

BEFEBRO T o b a— A AEEX I1-3 (2R 7,

oo M S LD s )

BB o 4B 48R . SEE 108
SC Ay ieit]
Control SIS
+/+ |
A 4
_/_
/+ 0.15% KBrO; fAis
B _/- ———L-----L———P

2.5kBq/ml 137CsfkisS

c +/+ _l J_>

A 4kBa/gihe
137Cs PO
/+ 2.5kBq/ml 17CSBAIRS
D -/- 4 ;
HEFBUE IS RBYCDRY 2 13

X II-3 KEBREFCTOREG o ha—L

~ U ATAE% AR DB FEEN TN OREOR G 2L 4 kRS L, 2ER
FECHRGHIRMPIZET Lo~ U 230N o Tc, 0% 2, KICERE L7zl i E 5
D%, BETO~ T AZMRE L, Baszmb U, SRiRFE LT,

AL ZE SR~ & R & N T2 SRR 28 ST

w
ﬁn
[U

AlEEH L7 B AR R OY Msh2-~ 0 Z12iE, ZRBEHMA Y v bv~s 2 — (RiEmk
rpsL IR T & T~ A v UMEEE T EET) BN ARICEAAEN TN S, H—X7

—I3H 3kb TH 7 AIZH) 100 = B2 —fs L7IREETEA I LTV D, 2O DNA FHIK
B~ ARG ) ADNAGEIY L CEILL ,~ 7 2N T rpsLBin 7 BICAE U AR %
KIGE 7' L—F ECRA MLT b~ A U UMHEORBA 2 I L TRt 5, h~A1 v
VEAMVT IIAVTHEWME TH Y . OIS DR T 2 S LT KR
NF~AT v, AMVT hvA U ERBEHTHAT 2 2 ERNFTREE 72 5,
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ARIFEFERBEOT I Tl < IR 2 T35 2 & TERMBALTOLE L (A~
7 b7 L) EBRFEETE 2ENZEBRTH D, KIGE rpsL BAnT 2RI U 72 2808 B fipT
DOBEEE & 372 FIEIZ DWW TIELL T OSCHR 78 2 B,

HAEIRAT L7 IgE8% 10mg 754" /7 2 DNA A4t U, #iIBREESE Ban I CHUEEL7-% ., 3Kb
fHE D DNA % & O ICERAYICHIE LR U | BERABRIC LY rpsL Bin & F~A v
MPERAS 2 BT~ 72—k DNA ZBR1bd 5, HBRL, REZFE L sL 77
A R H—%FAWT, KIFE DH10BS (NEB) ([c=L 27 bRl — g 53 2ky
WAL, WEERRINWZRGEE D~V oG8 LB 7 L— Y RO F~A v
EARNLVT h~A T UEA LB 7 L— M E 28°CT 40 FifEL53E L=, KGE DH10B 3
IhF~ Az, A NV A U TR E A FE D, BAM rpsLBIR A AT
TITAI RPWEASIND EDTFT~A T UE A NV T b~ A 2 UM E R, — 5 rpsL
BT OBRER K EREZFFOT T AI RPBAIND E DT~ A VUMt A LT b
~A VUMM E RS, Lo T, BREEICON T F~A v ANV T b AT
it =— e b F~A L ofittian=—CR LA ESE LTEHSN S,

ERIIZTRTOIF Ay /AT h~wA v Uiitban =—2FH-lcF L—F 1 v
7L, B—an=—%0. FEEK%EZ PCR THE L., Z7VEKIKE/ Y — 2 OfEL D
U U AETHER LI BT, BRBEORHHAT -2 LTHER L,

1 3) wERVA TR Z HTWE 28N 5 Fik,
H4) LBE L BRABEE Ty — LI LE®ZH 0, LB EHUIKRGE OE#R LI
M Sh 2 EREE O 17,

(fi B~ DAL RE)

ARFFETIT e FORENIER, Vo TR EERIER G L TRy,

TUNKREZ I T DB s -1 2 FEBR . B FBRICEI L Tl FITED Ffit & 24T VBERI D&
RAERFTHEM LT,
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III.  BFZERE R

1. B2 7 A 137 OPREHEIE <12 X DL EFER COMHIa 22 IR B O fRMT

Msh2 —/-, rpsl-Tg+ ~ T AR Msh2 +/+, rpsl-TgHZENFEILAFEITH T, A BE O

B 24T, 2 O%E CBEERECRER L, B OR A LT i@s v o 70 & I R B fig
WraiT-o72, B 7L 137 Z aiRMKIRIEOIREE THOK SB1-54. Wit (/M)
MHZDIFEALEBRINE N, ZO%, BEIZMPICBIT LEFICHMAT D EEXLND
(ICRP publication30), % 2T, B WA 137 HROEEIC & 2 NEHRIT< DL BT
B /NIBHREE 2 T4 4 DNA Al U ZS BB IS I 72,

A ERHTIZAE ] L 7o F2BRBE D~ 7 A DL & ik & 72 ) OB RS 2 111-1 1
RT, EAERBECR T O PHEREE L SDE T 7Ic7 ey MU (M 111-1), Msh2
KE~ T ATIHEFHFE 2 e — i (A B THLEIAERI~ T 20 22. 6 fF5E AL
R Lz, 0.16%RFEMH U UL (BbH) OBoKEE B B 1X, mEs R~ o 22k 0n
T A BEORBEE AR~ T 2T HEE LT 2 5 BREE A B &W7z, —F 2.5kBa/ml &
T A13T = AEMBEBRBKICEVEES L CEETIE, Msh2 R~ T ATIT AR EIZIER
HFOEABEZ R L, AN~ ZTIE EAEMITER O S ODOREEZEOHIFANTH -
7oo FTWIHIC 4KBa/g RE D& 7 A 137 Z5RHIEOK 721212 2. 5kBa/ml % H HERKIC
FOEE LD (HEERBEREIL CHEOK 245 OERBEE L, AR L CHAR~
U ATIIR 2.6 {512, Msh2 KIE~ 7 A DFETIIHN 1.4 fFIC EF LWz, F72, CRECH
e LC, BRI~ T 2T L8 51, Msh2 KB~ T A D BETIIN L4 FIC EH LTz
ZEnD, BV UL 13T ONEHIE BRICK ZERBEEOB BRI ER TS EEZD
Nz, Msh2 R¥E~ 7 A D BEOEEMEFIT 0. 1I5%RFI T ) 7 2858 B LIRERE
FEDOfEE T EF LTz,
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EEREE Msh2 BT | v ALE | FHEEREE SD
(x10%) (x10%)

A +/+ 4 1.41 0.71
/- 3 31.83 7.00

B */+ 4 2.65 0.74
-/- 3 58.27 19.39

¢ */+ 4 3.61 1.89
-/- 4 32.82 5.11

D +/+ 1 6.62 -
/- 1 45.80 -

* -1 ZREFTFTORSE  CPORRSEE ) (X109)

Mutation frequency

90
80
70
60
50
40
30
20
10

X 107-5

II- 1 AEREE I 5 P28 R

ARE: = br— (BHEOK, BFEE)

BH#E: 0. 16%RHAMEL Y v L (LA 58 (8 HAK)

CRE:  2.5KBq/ml B 7 137 #e 58 (HHEK)

D#E: AT 4KBq/g IR 2 RHIRK 2. 5KBq/ml £ A 137 #58E (A HIEUK) .
(HEEFEE BT CREOR 2 £%)

WIZER AT MIVOIRNT 24T o 1o, B SN2 T X TOERIZHOWT, BEABEBR O,
TN REDY A X712 82l L, % EREHCIIT 5 A7 MBIOZEREE (109) 25
MUz, fRaEFR IOI-2 1087,

W E OIRIETD Msh2 R~ 7 A0 BAIRGEIRIE T 1-2 I DI /R EFR D
KAz ED TV, BT rpsL IR TATHFET 2HEFTO Arun BF| (77 =KD 4
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D 6 HLEREE L2 EAL) CTREBEEICAET TV, iU, S A~y FEEKEA KRBT
HHRLORHE CTH D LB DI, BREMI Y v L EGYT BU U A 18T #5907
VT HAREORE S Z R LTz, Msh2 RIB~T AT, ABEL I L7ZBEo B &, D BECBIT
L8P D EFILEIC Arun BLAITORKOEINTH -7, AR~ T2 THEI T A
137 BEHRHZ R OBEE S EH LT =, Z4Ud A-run BB TIX 72 o 7c, D BEOFEA
SRR OBEET C BEIZ R LT, AR~ 2 CK) 1.9 {5, Msh2 K~ U A TH 1.4 512
FERL QW2 ENS BV T AISTHREICEZFRERMMHE SN TWD EEZ BT,
HWIEHROFIEIL, Msh2 KB~ 7 AT GC 1S AT ~D b7 Py a RN EDFER
FECHREEERD T0%U L& 5o Tz, BpAER < 7 2 TR ER OREIZRIC K E
IRV TR BN oy, RSN EROBREN D72 DREdHIE TE /v, D
BEOHEILE WS L CHEICH LT, AR~ U R Msh2 K~ v ALK 1.4 512 B5-
LTW=Z ehb, By A IBTHREICIDFREANREENTND LB b,
FII-2 A7 MBIEREE  (105)

Msh2 +/+ Msh2 -/-
Exp. Group
A B C D A B C D

Transition

GCOAT 0.23 056 0.23 303 2.11 1.19 3.27

AT->G:C 016 0.95 045 1.48 1.19 1.31
Transversion

GLOTA 0.08 024 0.23 0.22 0.19 0.30

GLOC06 0.22 0.30

ATOTA 0.08 0.23 011 0.30

ATCG 0.67
Frameshift

1bp deletion 0.39 0.88 0.90 2.84 056 1.30 179 3.27

1bp deletion (A run}) 0.45 21.07 46.76 23.27 3140

1bp addition 0.08 011 0.30

1bp addition (A run}) 3.59 445 2.39 3.27

>2bps 0.63 0.72 158 2.84 134 1.48 179 3.27

>2bps (Arun}) 045
Total 141 2.65 3.61 6.62 31.83 58.27 32.82 45.80

# I-3 R X 7REE  (105)

Exp. Group Msh2 +/+ Msh2 -/-
A B C D A B C D
base substitution 0.39 097 0.68 0.95 471 4.08 3.28 458
deletion 1.02 1.61 293 5.68 2343 23.43 26.85 37.95
insertion 0.08 3.7 3.7 2.69 3.27
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Mutation spectra and frequency
0
60
50 Bhase substitution -
o [ |
o 40 deletion
* 30 - B
20 ®¥insertion
10
0 | || || || | .
A B C D A B c (M}
Msh2 +/+ Msh2 —/—

K II1-2 KERXATOEE

IV. &%

AR W28 AT o AT AT, Msh2 KB~ 7 A TIHEAER -~ o 2|2k LT, @
il OIRIE TR 20 (B WVERBE AR LTz, *RERE LTORERD Y ¥ LEEHHET
XL NRERBEEO EAMBER IR, — ey U s 137 BT, AREmIE <R
Tay bu—/VZ g UCTERBEN 1.4 512 EF7 LT, BRERICHETII=
b — AR FRRE Cholo, mfEE < B CIMRREFHIE B L ik L ClHARl~ o
ATIIH 1.8 512, Msh2 RIB~ T A D BETITN LAFICER LWl &b, fRElck
LERBEEOBEPBRHIN TS EE 2 BTz, ARIThi - 8 TomiRRIE < Bt
X, & b 2.35MBq/Kg (ST A< ME L HEE S D, BER~ U A TIIPIEL O
BNERIEE DO T DT DB b e LTUMEX BILRWAS, Msh2 KRIB~ 7 A TN
ICHRHT 2 Z EBRAEETHD EE X DT,

BRANRY N VOFEMRITIZ LD | SRR ERE < BECIHRHRERIE < BRI L CHf
A s REZEROBENHIML TH Y | MEKRFRBBROZENBIR I NI, REMREL
VLRt A BT HEGIZEY A RKKREROFK L 725 DNABE 7 13ER 7 —
DBEFET 203, BRI~ D 2Tk, MilnERT 2RI A~y FEER - IEFICE <
Tk BEROFRPMERE S, BRERFENIFFITEIMATNWD B2 BT,
Msh2 RIE~ T ATIEI A~ » FEEEENMES T, FRINCEROFRBMEE I TIC
BT 570, ERPELTZLE. BERE L TEENEESI N, BHED EFIZoRN 5 &
Ex bbb, BAEM~ D 2T E S BRERERBENIFF K. £ OBEITERD
BHHBRFUTTVMETH 2720, IR ERBE & OEZRFET DB E - EiRiaE
DAERICKRE BT L5, BAR~ v A BMCZ RN A TN 21T 9 BRICI3Ek 2 < ok
EHWORENRHY LVEZOaX MERHEZNLEE T D, (6o TERAZ SREITHR T
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TED Ush2 RIE~ U R ENHT 5 2 & THRRERFHAEDARIN OWE O AR AT b
BHhThdbeBEBx bl

INETOFHA DIET, BEEEFROREDRFEmD Y U LOERE % 16 HHEkET 2
& Msh2 K~ T ADEEIRT, /NMBICEEOEENRET DL Z EEZPALMILTND &,
ZOZENG, FRNERBENBRELIZERBEECEA Loty v A 137 50 D #EL
HZEHIT 16 B E TICERE LIESBRA D Msh2 KRIE~ 7 A2 TO/NEONEIETE AMEE )N F5
THMNE I MERGET HUEN D -7, & 2 CTHREFIEE O (S RRE R S5
X, Msh2 KB~ 07 Z/NGITHRIRIERE: 4 /5 64 7 LA L7025 X0 IZHiiiciE< (R
# 1Kg &7- v 425kBq 7>5 136MBq D& 27 A 137 % 16 B RMAPIZRE; Lis 1T 2o~ — 4%
FRIZ X DWW EICHEY) SH =B EEOREITRO Lo T-, T ORERIIMbFERN
Ao & TSRS LV DIERBF O LR WETIE, FEOBIEMETH > THNEHIEL &
SIS DFBENWTH L AMREME b RIR SN, 2D LiE, ARICBIT 28I D%
P A Z E DL S EZ R LTEY, b MBI 2 BHREZ O JEEZECEREEED
RO 7= DIZ, 5% S D7 B RN LETH D LB 2 DT,

T L 137 NEHIE < DR L/ MEOMBRIZ I AT 2 RHIIRZAE R A FREIc L
TRNTT 5 2 L ZRBRTFER, rpsl BIo 1% VR—4% — & LIm B RENTIEN ~ 7 2K L
AL TORT T L 137 NEEIX<IC R VFER SN D B ERERZOBRBICAEDTHY |
Msh2 RE~ T Az HN5HZ LT, BRBEICRIEFTRETH D Z LR InTe, RERREZF
M2 2 & THEENTIAE LI RRERZ R, EEME - EMEELZRF > THRIET 52
EMFEETH D LB DN, — T, HE BOREDORICE T 2 90E < Mfkh o %8
SREBIFE D L5 & T OB O ABE & OBEMES, LFERPA & HRBRIC L 203 AD
FEAERETF OB AR B RO NEIE < OAEREE A ER L~V CHEfFT 5 M5
WRESI, 5% bEODOEBHAENEECHDH LEZ LI,

VI REEFELLE O i

rpsl G T& LR—4% — & LB RMNTIEN~ 7 AEIR L~V TOE v 7 A 137 N
E<IZ RV FER SN DEHRERERDORIIZANTHL Z NG o7zD T, A%IFS
SIZ/MGLIA O TOIERSEE 2 L, B3 7 A 137 OREEBIEEEZIA SN Ly
EEZEZTWD, BV NI A ) UL EFUOLFHIRE ARSI LD, BKNTIEA D Y
LEDOL WA COFEN TRISND0, —FH T, /MEd RIS RIETHICBIT LT
T MIHEAHECC RIS NS Z b MBI TW D, L2 THIESC B i
KT 2B LIRE SN D, —MKIZ BIRZERE B D FEA R L FE DS /USRI TR B Tl AN o A 7
R TEWOEN, B A 137 2@ PERNRE DB L 7= 554 ORI Ok 528 B oo s %
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Z OMIFEIZBIT D HUE £ TONIEIRDL, R

ENFRFER

) OKR¥AHTE, JEE M7 hEFE, AJRL, PTEHR. A, “E DA
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SRR ERHT OFRA” | BREEAEHF P8 46 [BIR4s, 2017 A 11 AL HOR
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Biological effects of chronic internal exposure to low-dose 137Cs : Analysis of

somatic mutations using Msh2-deficient mice

Mizuki Ohno and Teruhisa Tsuzuki*

Department of Medical Biophysics and Radiation Biology, Faculty of Medical
Science, Kyushu University, (*current affiliation: Advanced Science Research Center,
Fukuoka Dental College)

Abstract

To investigate the biological effects of chronic internal exposure to low-dose
137Cs, we attempted to assess 137Cs induced-somatic mutations by using a highly
sensitive mutation detection system. Since majority of the biological effects due to low
LET radiation, such as X-ray and y -ray, are largely influenced by the indirect effects
due to reactive oxygen species accompanying radiolysis of water, the biological effect of
radiation exposure was examined from the viewpoint of genome mutation, it is
necessary to comprehensively and quantitatively detect different kinds of mutations
that occur due to various DNA damage including oxidized DNA damage. For this
purpose, Msh2 gene knockout mice harboring the rpsL reporter genes in their genome
were utilized. Msh2 gene encodes MSH2 protein that is essential for mismatch DNA
repair, therefore Msh2 gene knockout mice become mismatch repair deficient. Each of
wild-type mice and Msh2-deficient mice were divided into four experimental groups as
follows, unexposed control, potassium bromate (oxidant) exposure, 137Cs exposure (low
dose), 137Cs exposure (high dose). Mice in each group were treated with corresponding
reagent for 4 weeks and normal water following two weeks, then were sacrificed at
endpoint. As a result of mutation analysis on small intestine which directly affected by
137Cs internal exposure, it was found that by using the Msh2-deficient mice with rpsL
reporter genes, the induced mutation frequency can be detected with a high sensitivity
of about 20 times of wild-type mice. Further analysis of the mutation spectrum revealed
that the frequency of insertion/deletion mutations increased in the 137Cs high dose
exposed group compared to the low dose exposed group, and dose-dependent radiation
effects were observed. In conclusion, it is possible to detect mutations generated in vivo
induced by 137Cs internal exposure by this experimental system with high efficiency

with quantitative and qualitative properties.

38



Keywords
Low-dose radiation, Cesium-137, Internal exposure, MshZ-deficient mice,

Mutation frequency

39



2-4-h U REHWI=E T A 137 OEMEAEEENEEIE 1T X DK &
T~ DD B EERREE

Msh2 BARFYWE~ U ADFEIN R 2 A FITHEIN S H D WERHHE < BrEEDOREE

Syiatged - Al 5k (ESZAFZERR S IE N B 1R R BN FEPH A O RIE e B ik
FEHT  BRHRREEENIEE  RNBRGIE T — & F—A U =4 —)

RS

Bt v DM X DI O L 9 2, KB ER TRHIRICHOZ 5813 < 0
B2 W OB ERRTHAIT 5 Z LIFAES Tl Bt T AT I X
DA BRI < IC K D AR EEZ ER(LT 572DI2, Fx X O R 58
B FHERE 2 MGE LTo, B — ORI, JUN RS TR & 4172 Msh2 B85 1K
~ U ACBT D/NGRIEEE OB ERTH L, O~ U RIEInEEO & LY
Th o REWM L RO G5 & /ARG 2 %35 2 LRI Tn 5D,
AWFFEFETIE, RFERE L BRI < O BB Z MBI 572912, JUNKRFE S
Msh2 a7 R~ U A& MIENHIBA L, FEREHEZN - L7z in vitro EPER & ST
L. 2 OFEETHHES Lz, 5 _oEiEiE~ U 2 BRIz T DNA 815
2 L CHINT 2 E#3E 2 — R(Inc)RNA Th 5, AWFFEFETlE~A 27 a7 LA 4y
B £ 0 ARBR R < ITHef L THEINT % IncRNA 22 8[8E L=, TOHhb, &
DO~ T ARMITIBNT, e ROBEKFEIMOERMEZ =T ZFffHD IncRNA fiid
BIR L7z, 2 LT, v SREEHRIE < - v BhEFikIE < -137Cs 12 &L 2 B ikl < - R
SRR 21T D Mila~ DA 1 E & PCR /0TI X 0 FRlfigir L=, S 51T
KIRKRFTHSEE Y T 2% 12 HBL BB L 72~ 7 2O FLEKH O IncRNA 28 A & IZ
B2 LA Lz, ABFRICE YD . 43 IncRNA AHEEHRIC K D EREEO R
JREIRNA A RO A N —EEEEL LT R~ AERET VICHEHATE D Z &
DR ST,

F—TU— K
B o A NEHE < . Msh2 BRI~ 7 A, IncRNA, A4 KA R —

W71
Wl 0 1 (I8 &) SREFE R (R RHEE BRI JE B S B E AR &
WHIERT i el EMpEHEER . K RIER)
W 1% 2 (e B feiRA LT (BT RIAEANp 70 JEpsas it ik
BHFEAT  FHAL - BRERHEES  EVRERHE T — A, ZRER)
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st YlIES
MRS 1 (BT &) mo SR (EFREARITRT 7R S R e &
WHIERT  ORRBE TR IR RNBRYIISE T — 2 WF9ER)
WS 2 (Fle )

I WrIEHAY

W F1 #5IC X 0 KRB v v A EERE IS S, SREWMEEZ N L
WIEHIE 2Rl 22 Lz, BEEZNLHEAINT-EESS & & OREREMLR, B
FE7 S SRS EME OO AIC L 0 . AR OBEE Y v A ORI
IR DRERNEBOFGE R EB % THT 2R FAIRILIZZ L b b3, BRE
LIeRLZITREIC K o Tz, £, R 30 tFO KR 7 A 13T 1IZ45 % b REIZDTZY
JEDHEIZIRATT 5 2 E N TSI, SR ZOER & 7o T D, Fox 13U HREE
FEHE L LT ORZORBUCEH 5T HMRORTE B L,

BATOLRREAET, B TR BB T 2 5 A 780 R0 G BT S TR
A 72 O BB R SR 45 B CA T & 4172 linear no-threshold (LN [f#Rn: 2] 72 2 (EAR
ETHo THMIEIMEE AME~ORBIIFIT D, LI B X T, 1. B ITEFEIED
SHER SN HBZDOEKRT 2 BNMRERE THY | FEROK#ELZ BETHLOTH S,
FHUCKET DARZOOE DI, T > T 22X 2 EMRONEEIE <2 L 5 EHERE
MEFREIZE O RWGE, T O LNT K & fR R IR O T ICE A3 5 D0y &
IEERIN D D, FEHMEZIRIMEICBIT S 7 LA —F —DOEBRERIEL OBE. B
ROMfE A ] U 72 25 DAY 0 EBRAFJERE RE LNT R 2 3R L T b, & 2AN, K
FREER CRBIFNC D7 2R EHIEL < ORBIZ OV TIE &M e FEBRIFEN R E L TRY |
W 72 5 RREHIRFIE DB RO ST\ D,

AT TIT RO R 28T A L ¢, IR ESEEIE < B L & BN
THZEEEME L, TTH—-OBEL LT, SM#FIEE O KB X OFEOUNNRZ) ot
SLTE R Ay FEEICED S Msh2 B FOREXRE~ TV ACER L, 2O~ T AT
WL CTH D REMD U U LAOROEGIC X0/ NGREIES 2 85835 2 L s S
TWo, ZOZ Enn, MBSO RAEEE LR L L THITHELE OFEEEZ RS
TERTEDLDOTIE ARV EE X T, HSBRE R AT IEET IR S AL E B OIMNE « N
T < Eag 2 O TR S B A fRIT 9 2 72912, JUNRF225H Msh2 Rif~ D X
DOEAEWA LT in vitro ZEFE L CTHNBAEREIT - 72 CFEAK 27~29 F), F 728 O
& LT, AMERFIIC BT D G RNA BECTER Lz, 4/ & DNA ICHEEBZ %=
FMER O HEFEINHIC 7 AR b — > A el MIRoOSED—ERE, BHahaE 2% 1 A B
B BT S8, ML AR S LIRS ICEET 2 2B 0EAE 2 — KT 5

41



mRNA DR BICRBAFE SN DL Z LT EL< »ombnb 0, SRk A
Ar— REOSES: AN TRAE LS D — DAL RIS 5] & 4 L 72 - TRID AL
MOt &4 L NEHT D 2 &, ZOESINE TN A EAICHIBET 5 RIC LY
AERITHERET D, 1B EREVTRAET D720, RELRFIE R EORMMOBEL LT
OFANIFRL TR, L L, HilRlZIZEBZ 22— R L7224 L2 k72 long non-coding
(Inc) RNA BNEHMEEND Z ENITERLMICEN2>2H Y . Z 9 L7z IncRNA O HHZ KR
BT OEBIEL D TREPEENTNDOTIERONEBZ X, T2 Tﬁﬁiﬁi<
SHLY Y RAMBORE~A 707 LA GRS R ~v—®o~A 7 a ik R
58,000 7 KL A %I4T, ZhENDOT KL AT m5m%%®RNAA%ﬂ#Aé@t%
DOBR~A 7T LA, v~ AMITHELL 9% mRNA X° IncRNA 451 O HES| T — ¥
R 2T HASN T, FERHK) 58,000 FEEED RNA ICZ2NENDT RLAEZEY . Znth
@ RNA (ZHA O IR 2 FFo) 50 HiEk D RNA S ZfA Sz b onEH~ 1 7 0
T LA THD, MIaOPIITEEFREIUC L0 BT~ B EHEO RNA BFELTEY , £
DM E Y ERIHET 2 7-DICHBI~ A 77 LA BMEH SN D, BRRIZIE, T
B O/ S RNA i L CRBl~A 7 a7 LA LSS E 5, K 58,0007 KLADH
B, REHHICAFET 5 RNA OALDBFERICH HDFRELH L THREGT 5, 7 LU AREE %R
ETHZ LI AEBEOMBOTIZHEET RNA OfALE &2 fET 5228 Tx 5, ]
IZE VIR EHIE THINT 2 IncRNA A FREL, I aEEEEE LTHEx O5MAT
PIEL SHTev T RO F RO R MY — BT 24T 5 72 CERk 27~28 FF 1), £ LT, T
e O B (RIR KNI B P 7 2% R G-9 5 2 & CRMEHR R C R W s
FEPRHIE S S/~ T R B ARMFRICHEH LTV D DT, ZOMiR % REHFO RI ik i
LT RNA NSA A R A R U—(TfRT L7z Ok 29 ),
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II. #Fgehik

AW CIE RO 872 5 U B O E &R & LT, 1. Msh2 ~ U 2 O/ Mg IS
FAEBE, BRIO2, ~ 7 A MROESREHEBREIE < FEME IncRNA 25 Lo A 4 K
DA BN —HIF ORI E AT L TIT o T2,

1. Msh2 @+ XRE~T ZAD/NEBENDALET I X D8 CER 27~29 )
AFREII X I -1 1R TR SV THIZE 2 8D 7=,

(xBHTEANKD)
(sprmammam iR )
Ei:i:ﬁ:ﬁmﬂlﬁiw:nu —
L E D B 80 - 0 - EEAE - e ) < IABRD7a—
( N RN BRRELRATHRA
EREL, Bch R, BIEME, RAETF
Wins) At SPERY I F6I
= b BRTERI-LD HESPFE) AR W HERE

Msh2 T I ADEE

HREREIZLD
Msh2 ™ R0 4 &
’ v
> INBREHAERR - AR
T FHETE - R R EY
\ SPFEE{RAF IR J G

=P £ 0510

FIGL S 515

L3515

X I1-1 Msh2 i&{s KB~ 7 ZADRENF~DE AN SR ISR £ TOERGHH

O Msh2 BIZ 7RI~ U7 ADEA: LR « 1EEAL « N TEAGEER OMENLCFRL 27 )
ST RRE AT IEFT OB R B R IT. BUORSRBORMBIZ N FREZR L 512, MBED
KREMWM AR YELZ R E L TWD 20, AT B OB AD T2 D1 1T R O B 32 ks 1
AL, REERE~ 7 2O T FICBM L TR A R S, 7 EUIBE CREEICHEA: S,
THERERE~ 7 2RI S CTHRBEIIR & 372 &V ) —HOBIEDRKIZ, FHERDORNT &
TR T OMEN DD, £D LT, Msh2 BIEF KRB~ T AOMEDBIF, KD B R % 57
LT in vitro TR JUNGE L C Mlafiszion e 7 — 795 & & bIicZzo—fITko
YA 7V OAFERBERIRD - OAEFEICHEH Lz, 77—V RO B AER R AE L C
Msh2 K~ 7 A & A PE S W TR A EBRICMHERH L7z,

@ Msh2 #fx FAREXRB~T A E2 AT /NGRS A ERCER 28 ~29 )
FROTHELNT Msh2 RERBE~TUALEMEH L MR PAFEREZKT-2 [ZRT A7
Va—/LTTol, BHOERRE LT, KEFOLOENASMETH S 0.15%(8.9mM) £ 72 1%
0.20%(12mM) RHKFET U 7 L&k E LT, BEFLEZ DO 4 BE)H 16 HE~ v 2T
SHTe, EE BRI ORI, Fx BREICHENL L TV DB R Co FEE 2o X
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FREUR SR 2 B L 72 (1, 2), /IR EAARR SR 72 e BN Bl D 961 < MR 8Gy LA ET
HLHM, 8Gy ERHGWRHFTH L BEMOEMRIEIRL T~ 7 AERITELCLTLES, L
DU, T BREHE T HIUZIE S AR XIEF S D O, 1 IR LA @& AR A X e
T2, LEER-T, 2B I EICRELTHRFAT L2 LI2X 0, /NERINIREZILKT 5 Z
EMTED, < OIS ATT VT, BRI 72 BRI T O F A3 2 M & Tl
KRBTS0 ETE T H DT, 18] 8Gy ZAEHEL Lic, T OHIETIEME % 10 HRRE T/IMG
FEBHARRIXEE T A0 TE), 2 EMIC 1 EORK VKL CEBREZREDZ, £, 1
[ DOHIT < Tl INEREIBREE OB 22 S 4Gy, F 72 13E MR S48 %251 720 0.5Gy
O T H KA TR RE L,

0.15~0.20% BFKEH) 7 LOPKEE
N opick: —— ..

2;8(Z1E], BB F8.0GyD T4 & MBat

SR ——— & & 8 4 4

LAIZ1E, FET4.0GyD T MBS
HE R R B 3113313333133 3133313133

18(z1[E], FETFo.56yD T3 5@t
ST ER IR ATRES. >

48% 2084

X -2 Msh2 &=EXKE~ T A& HWTZHEN A FER

2. Mk RNA ZHEL LA A R A MY —HiFoBECER 27~29 4 )
ROACHEIFHAAL C I, HHREIE < $% 4~8 RFRINC /T T, MRS (EITR D EAST
NE—Z@EEO U HY TR —EO B A — RSO & 72 2 AR OR, W2
b5EADO mRNA BFESND, v AZ 2T L AN O CDEKNIA <
Bbc3, Bax 72 £ DNA HE7EM(DDI)-mRNA 3 i RV IR He i LTI+ 5 =
EEBRATAH LR, ~ 7 AMERSSHRIRLZAMEKITEER U X ARERKE S, 4
RYA MY —HRIEICRZOEETIHMEZ 2 o724, TDH%, AMEKMIED 5> 5 Myc
mRNA % B L TV 58 2Y E50 DDI mRNA %8452 L 2 RH L.
DDI-mRNA/Myc mRNA IR U X LA AR LIo A A RO A MY —f5FICe 5 2
LERHLEG, 6), Znbd 5L, CDKN1A/Myc mRNA FridiH&E 2 & < . 20mGy
FLE DOYEL THERBNEZ 59 2 & 239> 7258, CDKN1A mRNA ORI L 5o
W22 k2 CDEN1A mRNA RBUZ b AT 5720, (KR EFICBIT 2EHgHE< 280
IHTIER A D S o 72, IEHF, BEHEZ 22— K725 mRNA DM & IR X2 AR 7R
IncRNA 7% mRNA & [FIERZRG CHRIFEZZITH 2 ENHA LN TE T, 22T,
EMREWIZ I L VBB AMERP CHINYT 2 RNA FZ2%EB~1 7 a7 LA TRRENICHR
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% UCER 27 42), il s i % & & PCR 5l &4 FVWCHRGEET 5 Z & C, Psrcend IncRNA
DRI NAFRIA RN —THAHZEEZHONITHE L DIZ, BIFLO Msh2 w7 2%
ZDOHME R T D CH5TBL6 ~ U A THlr & 7= (CFRk 28 ), & LT, HEMEH D
TR CRIRCR ) ORI L 7 i M & 0 AR B A/ = 7 2D IncRNA OE & 5547 217 -
7= (AL 29 %) (K 11-3),

BEHRE RSHRELRA TR )
ARG, BhR. REANE. BRAETF

~

B - SRR & e AR

SPF ) fiE 1 B

e a;mnmimﬁﬂ
<oARA |—E _—L—% RNABH-BETRRE |
—

;
; . 15 HRE - RIW) e 7 B B
#sprEN MR I FE RS :
=i~ XS RNATR B ~#E R =5 |
TORER A
seriden |Lo{zoRmm el (X220 [FRIES
\S A /
i R (T R TR
1)) . .
ABHTEAMKE) | Rimmwms
TIARIDTE— le;n—’ PR E(KRKE)

hiEOIo—

O-3RNA SA A R A Y —HFRICE T 588 - ik - RIGYEEFEO 7 n—[X
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OB EBHEBREIEIT LD EMT 2 IncRNA O 5% (CF L 27 F %)
Msh2 ~ 7 2 D HH#ERHE T dH 5B AER C5TBL6 ~ 7 X Z4f [l L T 100mGy 5 L O 200mGy
DL G 6 FFf# B L, AiEk RNA 28 L CRBl~A 7 n 7 LA ot &21To 7,
MRERAAVEIZHN T2 RNA U A MZOWTHEE & PCR THRGE L. HaHREEEMEOFE W
2 fi¥HD IncRNA & LT 34Ae & Psrce RV IAATE, T HNEHZ 22— K72 mRNA
TRNWZ EIX, ZOWEMITRB LT 0 — Ry ZRBLEDO RN & TR LT,

@ B EEBUGENE InecRNA OAA 4 FP A Y —fFfE & L CORMGECERS 28 4 )
TR IBES % O~ 7 2 A ERICE 1T 5 Z 45 O DDI-IncRNA OFEHEER NS #7413 < 1
D —27 RNA L~ % 8 I & TOMFgIL <L LT, £D%D RNA X— A L~L
EREHAU EOEGHIEIEE L LTHIARTRETH D Z LB holz, RIEIZ2ON T
~ U AMEEGHT ORI BT = U AL IMIR O ex vivo BREET LY | fHEE
R, vy BN R E L NEHBIE S e v v A&, BAEMI Y U LAEOHBEL
AT LTz,

@ MR X 2 EHIFEGHIE < £ 7 BT 5 IncRNA FE8L & O 5347 (AL 29 42%)
FAEMFZERE O H R RS SARFZE TR LTV B it o 7 A2 B HIRER L7z A/J
~ U ADMIKRD RNA 53#r & 1T - 72, KPR RI gk N CHRif L7z 187Cs 5%~ & A ifi.
WA Vg - B - BB L7oRIS, MR IR0 U CHRUEMOZAEL RI sk PIZ#E L,
RNA F48L0s & 556 8 B3 EAF O RT sk N C3HE L7z,

(fi B i ~ D BLRE)

AAFFE IR B 2 L T\ D DTN Z A~FIEIC LT » THEfi L7z,
£l UFTOBM MBI ICHE > TEMWERIECIRES - 5 - TRilLZe 13X NERICAT > 72,
E OIS B E O Bl TR BRI E D IR 1570 & NS AEBERNC eV, b5
WHE LB AP L2 E OBEER 2 85T 5 2 & TRRIEEE O L4
WAEDOHERIZE DIz, AFTEOZEITIZH I BIEFITEE LR -7, 2B, T bW
N ER NS YT OFIERAER~O G - HEIIMOZ 2 f o L CEREE OAGR 2%
Tn5,

L. AFSERS R

1. Msh2 Bz RIE~ 7 AD/NEFED AET WA X DT

gk 29 FEEE D & PSR L7 JUIN KT B IENF~O AR O AN S 7 U — 1k, in
vitro AEFEE CO—H OB IIFER #D 5 Z ENTE -, BRI 100 18 o —Hifui
RDOFRBZIZIE 94 IPNAELF L TV =D T, A ERBERO BB Lz, BFeE LT
R L, W FEYIBAE O AEF L QWA AL 36 iR Th - 7o, BrbEfr 2 BEIfATE TlE &
WIAER, 18 DO ESS Z LN TE T, ZTDO% Msh2 REXRBE~ T A L~T B XIE
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~ U AZEERI~ T 2 & HARAHEL & in vitro &ZHL &1 C Msh2 K~ 7 AERE A HC L,
TSI AEIN A T — L UTe, SRR 28 AREENN D 29 ARFEITHNT T H AR AL L OV LI
X0 SIS ORI A 0 K L, WE. HRIRAE B L T O~ T AR AFEL
T Msh2 BRERIE~ U ATRNAFERITHE LT,

C57BL6 ~ 7 A LRI 2 5 2 M T db 5 72 %0 3 El D Msh2 € K~ w7 A28 20 4y
BIERNCHELE Lz, BRFEED U U AEFE LT 20 85 UL AT Uiz~ v AT 225k 4y
\ZZ B DOIEE GRS BTz, FEEG - JEMRE ~ 7 A0 B I3/ MBS R S v o 7o,
REMBHBH L LRV~ 7 A TMBERIXR Do Tz, SRS~ 7 20/
R OREFAEIL 4Gy 205 64Gy £ COILEPH CThH o724, RFEMI Y v afkh~T A
AT/ ERR OMRFBITRE T CThH Y | /BRI 2 R84 Lo~ U 2R RGE b
o7 (FRIM-1), UNTEMBIE EEOERRE L T2 TETh - i/ MEHEIEL CH
B 20 AR THEFLT-HIELS = 7 22N 14 TEOR S CTHEENE SR Nh o122 L b,
WS NAFERET LV E L TUIMOENOEERNMETH D Z L RIB S Tz,

# -1 Msh2 RERE~ 7 2 DI A ERBRAFER

AR G i FAPCER | 20 3 R|EPTE NG RE S R
& A LU~

M - IS 8 6 0

BRIV v LEE 12 7 6

8Gy F@iE fEa 9 4 (72~88Gy) 0

4Gy F3 1 A 16 7 (68~72Gy) 0

0.5Gy i FR G 7 3 Gy 0

2. I RNA Z4FHE L L2 "A 4 R A b Y — o BA%

100mGy 3 X ' 200mGy D X & 25 B L 7= B£8R C57TBL6 OFEBR MLE [ ML ER D&
<A aT LA E T oTo & T A BURBRBREICRAE L T 2 RNA A HFE S 4
e, ZHAVERIZEE LW & TRV, Fox O HIIERERIE < THINT S H6E L 72
W IneRNA TH 0 L H BTV % DDI mRNA ff1356 50 & BREN L 72, 8 W iA A 72 RNA
v MIEE, PCR 774 ~v—% Ak L CURBRERK ~ 7 X A1fEkD RNA 7 — /L% 5
& L CER RT-PCR 12 L 0 HIEARCOHIE R, HEOREAEZHE L CHRLIEE 2 A, &k
#)IZ PrimiR34a RNA 3 XU Psrel M@K S47z, PrimiR34a i3~ 7 2 RNA Th 2
miR34a DOF) 5000 EHEOWMETY) &L ST\ b, L, TORBEEITER O mRNA
D110 LA FTH 0 Mk RNA OFENTHAMT 3 200 & 3T XN EECH 5, Box 1T R4k RNA
DB 21T > CTEX O THOM xS L L7z, PrimiR34a /X DDI-IncRNA & L C
miR34a DHBUIFHFEEHEIC OV T HIRBIN TE 2, FEEICHRHEEIE THEINT 5
RNA 55 FFEORESE 2 T4 % & . PrimiR34a @ 3 KIS 425 Z<EHOWBA TH Y |
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miR34a Z4HET LI LEDTERNSDTHDLZ &N Nrolc, T THRAIZZOWEA %
34ae L LTAAA RU AN —FEEOHEME Lz, —J7, Psrcl 3R EBL L L THDL
LD, SRR CRERIEBIEINT 5 RNA Zifr32 & . 3RO = — FEIZHYS T
DN ORBBEIMLTWAE Z EXghoTe, Zih Psrce & LTNAA A RUARY —
i LCotriclifl4+52 & & L,

By C57BL6 % 200mGy T 1 [FI2 g ET L7 % OfEBR MK H MERIZI 1T 5 34ae/Myc
RNA [t35 KO Psrce/Myce RNA L& XT-1 (2R T, W& & & RS % 4-8 BERIZ 20 TEMN
FEL LML 72T T 5, 34aMyc HLITHHE 1 B@H TX—A LUK 3%
23, Psrce/Myc fEIZZ2 2 MEIF LR, ZDZ NG, MAEDE—7 LULEINTK 8
B[ & COMRBRB OONICIIEH &2 Z LR anz, £72. T LoEHE
< BB RARMTI 5 72 121% . Psrce/Myc @ late phase EENAN T D 2 &R S LTz,

RNA ratio (34ae/Myc) RNA ratio (Psrce/Myc,
0.304 -0.60
-0.50
0.204 -0.40
-0.30
0.104 . -0.20
: T oo

06 24 48 168hr

-1 200mGy @ X #45 Fgt L7 B4R C57BL6 OfFER A IMERIZ 1T 5 34ae/Myc(E)
B LW Psrce/Myc (X {2) D RNA b O#RBEZAL,

KII-2 121, 50~200mGy % 1 [EIfE&L7= C57BL6 @ 6 Wi OFE A ImERk+F o
34ae/Myc E% 7, FERGFITBIT HX—RA L-YULEE)ND 7200 T 10mGy FEDO#KIE <
THERT DI ENTED I ENRINT, Fox IFBEIZ 10mGy FREOHIE I LY Ak
CDKN1A/Myc L3 A EICHINT 5 Z & 2@ LT 5 (5, 6)23, CDKNI1A LV % 34ae O
FREDD 2L BRSO AITE 5 2 L AVREB S iz,

8 FE[H] & T IR R 2 FEHIIZ /AT 5 72912, C57BL6 7 HERI L 72 MR & kR
N 37 IR LT, A& R T ex vivo IRET L 72 (KII-3), MRITEEIM 721 2 BHE L
THAHISOREE i /e E RS 5 Z &7, TOFFE 37TETRIET 5 2 & T, RNTEER 24K
LIREEA ST TE 5, BRIRIEREZ 30mGy & 725 X 912, MEREME45 200mGy (R
IR 9 F) 2> 54547 0.0625mGy (U IR 8 IRF[H]) C oy i A e IR L €, MU 5 8 IRfH]#
(2 RNA Z BS54 L7=, 34ae/Myc RNA ~DO#3E < 134> 10mGy(REFIFRT 3 491
3T CRBMITAR T3 5 03550 2mGy(FRETIERH] 15 43) K 0 BREEN F 235 & IRE MK T 1367
RN D, T LIEREEDRITHEI NS ONTVWDEN, RETAEZHHT L Z &I
L ORI FRECH B Z L AR ST,
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RNA ratio (34ae/Myc, peak)
0.30 -

0.20 -+

0.10+

0 50 100 200 mGy

M-2. XA A RKY A b U —F51% 34ae/Myc RNA L O IFM:, C57BL6 D45 M #
6 I ICER L U 725 B8 i Bk 2 404 L 7=,

RNA ratio (34ae/Myc, 30mGy, 8h)

0.080+

0.070+

0.060

0.050 1

0.0401

0.0304

0.0201

0.0104

.
: { } t 3 !
{oay

200 40 10 2.0 0.50 0.25  0.0625 mGy/min

II-3. 34ae/Myc RNA fi T/r S DM EFDNH, C5TBL6 DIk 2 3 ERE N T 37 FEIZ R
IR LD ok~ 7o B CRBRED 30mGy & 725 L 91T ex vivo IS L7z, FRHBER
M6 8 W% 1C RNA 2 F88L L T L=,
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Z D ex vivo MIEMESTET VAR LT, v sk RS E & Bt o v 2B OME %
Kbz, RBREN CMIRAZRIE L7225 8 W]y #A HH A L7 2 &1 X 25 34ae/Myc
Feix, 1837Cs Z#1Mig 1 77 55720 73kBq 35 & U 146kBq #¢ A L T 8 REEIRIE T 2 51
VCRR 2 2 & 2o 72(XTT-4), v #E 30mGy O 8 FEFHEH A TIX, E& FRARDT
AENKE L, BUED L ZAREMZRZ SIXHB X 20, SLICEFE2EX-ERSR
BratEd 5 2 LT, 137Cs O LA E NI EICET 27— 2 OF 65 2 & B3 Wify
SNbd, ¥z, Bl Msh2 REXRE~T ZAO/NGEEEZFHET D RFEMHEA Y 7 LOFE
ERGELT-, BEBRU U U AMIIEEBRE L L CEBRICRILIEGEZ 5258 T0n5, &
FlAZ MPRIZ 1ImM & 725 L DA L7z & & D 34ae/Myc RNA Lt 137Cs % 244kBq/g
LB X HITHE LB oIS ILEL L2, Msh2 K~ 7 RSNG4 5 REmS T U 7
LT 9~12mM ThHDH I EE2FZZDEFLWHEBICR R 5, 12720, RBEMITMIK L ZER72
HALRROG 2B & S 5 DT, 20 34ae/Myc OFEE L, WERLIER 721 Tl
72N H LAWY,

RNA ratio (34ae/Myc, 8hr) RNA ratio (34ae/Myc, 8hr)
0.80 1 0.080 -
0.70 1 0.0704
0.60 - 0.060 -
0.50 - 0.050 1
0.40 1 0.040 1
0.30 1 0.030
0.20 1 0.020 -
0.101 0.010+4
0Gy 122 244 1mM 2mM 4mM 0Gy 30mGy 36.5 73 146 202
kBqg/g kBg/g V-ray kBg/g "¥’Cs
37Cs BrO,-

-4 FRERE N CORIE L 72 it & v Mt 8 WD fe U i e o 4 & 8 IREfIES 2%
£lF, REBRI Y v AL EFHEEE L. RNA 2% - 4 L7z,

AR TIX, BEWICE > THIRMEE S U A2 BIT 5 2 L IC L 2 8L RN
FTZEMNROHLNATND, FELHEE O O ITRMAREENTE O 72 DI KK T TR
MBTEE S U A ZBREE e~y U AZHE L TV D, ZHIUIBEHRERIISET L Th
D . EFED Psrce/Myc RNA L@ late phase THAIUXGH TX S A[REMHIZIH 7=, L,
1% % DL < DN NELIRES TO RNA 7947 THIEE TE 2D THIULERITK
TV, KERKT RI MR RN T YL~ U ADOERML & R - RERE% . IEFO RI fix
2Bk L C RNA o 217 o 7o -5 13 v U 2B~ v AfE S | B~ 7 AT
AEADABERGELT-ERTH D, BEDD 1 FE2BXbH2 0 TEEUE & IEEEET
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BEODHD Z LB,

ZOTFT—=FxENFGIT LIz E 2 A RGO AIMEKTIZH T D Psree/Myce i H s &
EHITEINT 5 Z ER o m(KI-6, 47), 2D Z &1 Psrce I & & H12, HIMERE
CEBLTWDZ ENmNnD, —hH. B 7 ABEHEETIL Psrce/Myc thiZZ Ll EOE
JETEML T D Z ERNh-o=2(K-6, 7£), ZOIZ END, Wi OMENHIE TFEIC 72
LRFHNIBAEO U AR REROYE, 1FERELZET L LN 0o T,

RNA ratio (Psrce/Myc, late)

0.30 1 *p<0.01
0.20
0.104
water --- Cs+ - Cs+ -- Cs+ -- Cs+ -- Cs+

age 1.5m 1.5m 3.0m 3.0m 6.0m 6.0m 9.0m 8.5m 11m 15m
9.0m 15m 15.5m
mice no. 4 6 8 7 6 7 4 5 a4 4
IM-5 it oo b & Bl DAUREE L CRORERL L 72~ v AGR) & [R5 s o xt
MR~ 7 Z(FREEO FIMERIZ 31T D Psrce/Myc RNA kb, one-way ANOVA 5 L (X LDS £ TH

BAEERAELT,

RNA ratio (Psrce/Myc, late) RNA ratio (Psrce/Myc, late)
0.30 0.30
b=0.0073
0.20 ) 0.20
. b=0.0043
0.104 0.104 /”
1 1 .
2 4 6 8 10 12 14 16month " 2 4 6 8 10 12 14 16montn

M-6 gttt oo ABEE(E) & IEFBREECIICR T 5. A#ilZ X 5 Psrce/Myc DR
il
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IV. &%

AT TITHEE > U 270 I X 2 BURHREERIC X 2 RIIBIE < 8 L2 & BIRT
ZLEHEBEME LT, Msh2 REXRB~ Y AZEBT D/ NMEIES 2 IS & L7-gE L. A ERS
® RNA Z 51 & LTt & [ 7o, RIS DUV CIE, HL7R D BCH R R 325k Cidv s
MBS 2 R ICRESED Z EOHKRNWZ ERRBR I N, HILED D OBERLE IR
FEICHENO+ 850, BEERG ISR EEEGOH LR IR O BLas S22 &
WTRRIND, DT, Msh2 REXE~ 7 ADHBHFREEIL, BB AD LS e@ B A
B L 0 b7 ) AOBRMAE L EEBEI RO T RNES Th L Z LR EES NS, SO
FFZERHE Tl R B O E BIRIE L 35 2 LIXTE h o728, Msh2 B R~ 7 2 Dk
PIEERE L. OAEERITMEN THGRE L TWAH DT, Bix 2R U SR BRI 26 4 %
728 OBREE T STz,

AT RICE Y | RREHSR CHES NS IncRNA BECRET 2 ANER L, D7
CEBHLZED—EILRNA NA ARV MY —IEHTE L2 LRSS, Z11H D RNA
ZOWTIERBTHEIC L 0 AERERELZRT 2 L 2B T 5 RS20 72 < . To L AR
(2L > THITIE 220 RNA S FFER = 20X 5 ICHIRE ISR LTV 5 2 & 2R LT
W5, EMFRRENRRL L, ZTNEFRA LT, B EBO L 5T Ik
gL, BEEEORELZEENICHET 2720 0F AN E LTHRREIEDL 2 L
MATREDN S L7y,

R R L < DEROM BRI RO AR LT D, Bk Tl 8 K E T
L < &L TEBOEFGIIE IO W TT =2 B™M G0N, TOFMEETHHEA
Mo AMOEIES ET VOMENSZORETH Y | BURKREE O BRE 2 HE o TRE
FOMEFTNET LV OELMEAHEET-DbDETH-0I0 6, AFEE2 S HITHED L 2 &
DLETHDHEZEZTND,

JRENFT Msh2 K~ 7 A0 NLHEAFEER 2L L, FRAER & L TEH%ROSERR
BB B TE 2 b D EHFERZBND, £z, BMEKT O Inc RNA Z5fEE Lz A
FRVA DY —ERBBINPRE SHER LT, AEM ISR EIIIED 272 63, k72
TR Cln w2 ERIICE=F —T 25747 L LTOER b EZBND,

VI RAEFELUEO R

ZDOZFEOHEIZL D, UTF—LIBITF A4 RU A MY —HFECHNERIRIE < 22
WFZem RO EBR A RXSHERE L, 20 3 FEM O TEMMBNCIEL KT 27217 T
<, ZOMRE S BITHESELWEEZZ TS,
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Studies to validate accumulated internal irradiation dose that increases the

tumor incidence in Msh2 gene-deficient mouse.

Hiroshi Ishihara,

Internal Decorporation Research Team, Department of Basic Medical Sciences
for Radiation Damages, National Institute of Radiological Sciences, National Institute

for Quantum and Radiological Science and Technology

Abstract

Biological effects by long-term exposure at low dose-rate of ionizing radiation,
including internal contamination of radiocesium, is hardly to be estimated in
conventional animal experiment. To quantify biological effect by the continuous
irradiation at low-dose rate by internal contamination of radiocesium, we examined two
distinct biological indicators which are established recently. The first indicator is
mucosal tumor incidence in small intestine of Msh2 deficent mice, established by
Kyushu university. The intestinal tumor incidence was significantly increased by the
long-term oral administration of one of the genotoxic peroxide, potassium bromate.
For the quantitative comparison of the genotoxicity between bromate and radiation,
we introduced the embryo of Msh2 deficient mouse from Kyushu university, established
production system of the Msh2 deficient mice by surrogate birth following test tube
fertilization, and used the mice for irradiation experiments. The second indicator is
long non-coding(Inc) RNA species induced by DNA damage in white blood cells of
irradiated mouse. Using microarray analysis, we identified several IncRNA species
whose intracellular amounts are increased by low dose radiation. Among them, we
selected two IncRNA species showing the best quantitative linearity between the RNA
amount and irradiated dose in the several inbred mice strains. Using accurate
quantitative PCR technology, we compared quantitative relationship among single
exposure of gamma-ray, continuous exposure of gamma-ray at low dose-rate, internal
exposure by radiocesium, and genotoxic exposure by bromate. Furthermore, we also
found significant increase in the IncRNA in white blood cells from mice which were
ingested radiocesium more than 12 months in Osaka university. These results showed
the IncRNA can be used for quantification of biological effects in various irradiation

conditions in mice experiments, as a high-sensitive biodosimetric indicator.

Keywords

Radiocesium, Internal irradiation, Msh2-deficient mice, IncRNA, Biodosimetry
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2-5 A BRI R SR BT IS X D~ w7 2 AV E B O s ORI & 7
% PU.1 85 125 B OB B SRR A ME D fRAT
~ BT IS A DR E R RO EE 2 D~

HEfmI (R RN R AR FAH A Bi%)

HREE

i R s Lok, AR B RO O R e gk 13 < 2 K D Y A 7 13T B LS
BMWT—~Thd, HEY A7 ZREICEMET 5 7-0100F, B 72 5 23 AR
AT D FE TORA DEYTFRIT 1t AT D RO 8 & R X OERR &
HEWVIZE S THLIZ L TV TE R B2, ZAILE TIZF 41X C3H R~ 7 A D&
HHIIC BT 2 AR E AR SEER & £ OAMIREIRE O FF T T LI X - T rAML (i #RaE %~
U AR EREE A IE) FIEE COEMFEN T r A EBR L TE L, ZORE., rAML
DRI L A2 4 (HSC, MPP, CMEP, CMLP) 7’ FILJR AR IC 25 (b4~ 5 12id, M fric
Lo ToZnsoMiartOSE e laBifEo 2 GRIEE, MiasE, Mias ) 23885
LTWT, ZAUTHRERITEKAFE L T D ARV RIE S 7z, & 2 AL Z ORGEIC
ESEF, rAML OEJR & 72 DM A2 RFRIT, AR - - @RERTHEI A RAN%Z, 1) M
FaXe, 2) A Sfpil Eis+ (PU.1 A=y a— RLTWAEET) fEICRENEL T
HREOEI G, 3) XL Sfpil AR T ITMIEREENE L TV D MO 2 et L, K#R
ERBIRIC L DN AV 27 ORVFRIRHI AT > Z & 2 HAYE L1z, C3H £~ ¥ AT 20
mGy/day. 200 mGy/day. 1 Gy/min OFRER T EREIE 3Gy D v e 2 BE L7-F5 R,
FRESRKFC, 1) &Em&Hln (HSC) o &2tk > DNABER R b L 208
A, 2) Rl Stpil AR 1 DK & %7 Sfpil AR 112 SRERE RN A LT D HSC OFEIA
MEIMLTWD Z ERbnolz, ULEOAMZERIR LY rAML IZB 5 Mg D 2L IZ#7
BEREIRDROND Z EBRbroTe, Lo T, rAML OFJEE TOXMIRFEZ T T2 <,
BEH OB O T R TUITB W THREFNR RS 5 Z LR I,

F—U— N R, AfaEhaE, 2 B EREE | Sfpil 5. PU.L DOFEBL, rAML
et ) BENFEA BREERMFHEANIIZERT) . A B KRS (BLRTRT)

I. WFFEE™

CEFARG AT 1960 R DR EO T RARA U E L TR TE
Too FAIIAMICICISL D, B RIRYL AR R AR & R R, 7 D QNS B O BER
W& B L CRAE 21T o 72, SCHRAAE O XFELT in vitro TOANDORM MY > 7 BRI X i
FoTy MERS LIERTH LD, ZB)FIARG AR A & SRR o RRIZIB VT,
EFEMR ALY 1000 mGy A TOMEFNE (A Ut T HAREREORN ST OB/~



HG) IZBE SR LR h o 7= Vs, FRA RS O STk T Ol MR R 13 0.5 mGy/min
PLETERBERICL D DI o7, LA L invivo TlE, HifFf~ 7 A2 0.0007~0.14
mGy/min OIEHR &R y F 4 EREHE 100~8,000 MGy £ TR L. MsfifE o — @) F ARGk
WAMEICET HIRENRH o7z, ZOHRTHEA SN BIRORERIT A RBEAR L~
D) 400 fi5, BUEDRE WP DS AR XIR DK 10 FFRREICHY 42, ZO®E T, 4
FEfE B 250 mGy T. 0.0007 mGy/min & 0.014 mGy/min OEAR &R TR ERZENBIE SN
T3 Y, 5T, in vivo TORGD TIERWERE R TORBRNEL N AL L OFER
THNT T2 Z ENEETHD LB LN,

R S A DIRERF & L CEMEEMEREA S5, v hOZAMEFHAE AR ERR

;I TH D CIHAR~ T A% HAWTZZ I E TOME T, HRFERE ~ v A2 M A s

(rAML., radiation-induced acute myeloid leukemia) Z¥&JiE L7z~ 7 A OB HEMIZIZ 1T 2 T
AR B Rl Sfpil AR -k & B T RARTUEL T & | RS2 2 @R Lo Sfpil AR T 1248
PERERNPE L TOND ZER Do TERLZY, LivL, 2D ORI %, W
O, FOXICLTAELDDONRIEHLTIE/RV, & 2T, Fxid rAML OFRIERKRE &
L CFRReORE A STz, THEHRO BT X 0 KA mERRAREL S b L, a4 o 7o
(B ERAIAE (HSC ; hematopoietic stem cell) 25 Eg BN ClRBENCEET 5, £7-.
TEFHRR T[RRI HSC o 2 FYeta ik oo 4 Stpil i fm 7-fEiiC KL =3, = Dk, HSC
OIBFIHEFIZ L 0 DNABRA h L AR E(LNEL, FBET D O —HOX Sfpil i&
(GBI IRRE R 2 HRT 5D, 2T X - T Sipil s+ DGR+ T 5 PU.1 DFEHE
DN & AL HSC X A MRl I B 5, | Z OGO K 5 I HUR B3 [EIHERD L 1l E)
AL ESEDZ LICE D BAERET D E VI BT E, FRESASCHIARY
SETHLIRESN TS W 22T, Fx3AiEOREEE OFE FFFERE4 Ml
RDVATT 4 v 7 L Ea—EERT — XTI X DR E - R ERITI T 5 R
RV AT ORE. HFZEHIR : 2012 4F 4 A ~20154 3 H) TIEKHREE (20 mGy/day) .
R ESR (200 mGy/day) B L UOEMRER (1Gy/min) @Oy #f% C3HR~ 7 AIZ3Gy £ T
B L. HSC Ofifatt D2 LA i~ 7=, T OREFE, HRREE L @i EEO v #iCIEH
72 HSC O/ 0 N BIZE S 7= 23 IR E R v MR TS O ZIER D b ivie o 7o,
Lo, 2 L7Z HSCiZb & BEERL L W 5 2 B o MnEIfe 2= 72%, il FETIE
Z @D HSC DI FRRY e BB BE 2 B LTI & 9, MBI & 5 B0 38— 5
TlE 7oz,

% 72,2010 /F1Z Bondar & (3 1Gy D Ut A B L 7= C57BL/6 v 7 A & FEHRSF o> C57BL/6
~ 7 ADOEEMEERA L, BOEREE B L2 C57BLI6 ~ 7 AT 2 EBREITV,
1Gy % & L 7=~ 7 A H 3k ™ HSPC (Hematopoietic stem and progenitor cells)i%. Bfit. &
BRI H 5T 2 BANIERE ~ 7 ZH RO HSPC 1T TIRWZ L2 @iE LY, Zo
FERIT, RIS &> T, DNARE A3 1F 72 HSPC 13, Ml A OfH, s hTL %
I EEBRLTWD, ZOHBNRICAE T D7 HI1F, R HSC 12 2 FY ik o
RIFIBE ZFHE R LIZE LTH, MIREROF CUEMPLOEEGE - /2 bid i <4, A



AT TR LIC< W &2 D, ZOBRGIL rAML O EFGREEZE 2 5 ETIEFIC
HETHD,

2 CARMZETIIAR - H - B ER CHEERED 3Gy LD ETyMi%E C3H B~ U A
(ZHRG L, BRETBALE B 2> D x C250 H fIC 381 % Kfgif L~/ (WBC, RBC, PLT) DO
fae, rAML ORI E 720 5 HiE MR (REEm&AME (LT-HSC) | AL m il

(ST-HSC) . ZHEMERTERAIND (MPP) | ‘BBERIV /B R ILEATER MM (CMLP) . ‘&
6 Bk SR /7R 1. Bk 5% 2k 38 Al 5K HE e (CMEP))) ZXGIZ LT, 1) Miflad. 2) Al Sfpil
AR REIIC R EDVE U T D HSC DEIA, 3) %7 Sfpil AR T ISR ZERA RN E T T
% HSC OFNG & FAVEIMRNT L. ARBRE SRR K2 rAML BIE Y 2 7 2332 Z &
EHEE LT,

0. #F7EHE
< A>
ARFZE T 8 WERD S D C3H/HeNIcl ~ 7 2 Z -, ~ 7 ALK 4 ICFHr—D
IR U, IR, W, KRNBIHOBEY A 7 L NVEE SN 72 SPFBREE T OB RF CHE
L7z, EREEE KT EBICERS S,
<y MR BREE >
y BRIREH I BR BT R AN TR AT ISR E L Cdh D Cs-137 (KR EHE v MIRHEEE 2 F ¢

iTolce vV AZary br—# (0 Gy, IKFHEEFER (20 mGy/day) . H#EE=HREE (200
mGy/day) I X OVERRERRE (1 Gy/mln) D 3 BT, EFERED 3 Gy (rAML 2345
THME) ([T DE Ty MEeH ICHERERA L, AFECIXLIBESIEDO~ Y A2/ H L
7o WSHE TH B 2. RSB A 254 % C 250 HREH L7z,
< M EREL DR E >

VI REA Y TNT L CHMBRICIRERIN TR T2, TOH%aA—NF =TT H—%
AWT, RigmFoamsk (WBC), #RifEk (RBC). Ifi/Miz (PLT) D%z #Hl L7z,
<Ta—HA MY —F T L DR EERA o HE >

AV TNT BT LY B LT~ U A OO KERE 2 b F il 2w Le, &5
{LEERE D& M RAMIAE CIIMIRER & o N7 B OB REF — BRI > TND Z & D350
STW5G, ZORMEZFIF L TENETND X 237 E ORI 25 BRI T 720, 7
o—H A bR Y — X — O CREMEAN (HSC) ™. IS MM (LT-HSC) 2, 4#
W MERHII (ST-HSC) ™. ZHREVERTENAINE (MPP) ™. B&6R/ Y > /< BR % 3L 3 Al B A
(CMLP) ™°, &8 Bk R /7R Bk R @ ATER AL (CMEP) "° 222 i L7 141
9, ﬁ"é‘iﬁ*ﬁmm;ﬁrﬁﬂi)@@i@ﬁ_ A 2K LR T, Z OREIL A CEREERE G
WFZERTIC T FE0i L 7=,

“'HSC  : CD150 B5fE, CD48[atk, LinFatk, scal Bk, c-kit Btk

“2LT-HSC : CD34 [&:, CD150 B, CDA48 [&f:, Lin &k, scal Bttk. c-kit Btk



"ST-HSC : CD34 [, CD150 B#:, CD48 fafk, Lin [k, scal BB, c-kit Btk
“MPP  : CD150 b5, Fattk, CDA48 B, Lin fatk, scal Bitk. c-kit Btk

CMEP : CD34 [, CD48 [5fth:, Lin fart, scal [k, c-kit Btk

°CMLP : CD34 [51:, CD48 [tt:, Linfatk, scal ik, c-kit fatk

< il Sfpil EAR 7RIk 0D K 2K O fRHT >

Sfpil iE{n 1D BAC 7 v — 2 & W TaOb i 7 e — 7 2 Epk L7z (BLRTR T CHEHE)
=0 Sfpil G TG O # O e Ik~ 1 — 7 % IV T YA ik FISH (Fluorescence in situ
hybridization) Z4TV>, HGBAMEE T T, Sfpil BAGFDHOEA 18 L BIEL S v il
Z FP A Sfpil B REIUC KN4 L CTUuvd HSC & L CREli L7, AAFZETIX 150 H B8
F U250 A BIZHIT DO HSC Z@l8ixt5e L LT, 1 L& 72V 50 fELL L oofif 2 8152
L7,

< KFNT Sfpil AR 10D ANZEIRAE B DR AT >

Sfpil EinDEREIN T D PUL IX, GM-CSF (FERIERHLER = v =—fil4N 1) L&
7B — a lTfEA LT HSC ok Z2Ff LT 2 18 rAML IC 7 Sfpil @5 Foa B
V235 (TR ERNELD L, IE SN PULIZGM-CSF L7 ¥ —a EfEATE 72
2%, ZHICEVMERERFENEE D EEZDNTWD, T2 T, AFETIE PUL &
GM-CSF L& 7% — o O%REHEIHURIEEAZITO Tali f A=V _X—2% A f A —F—(H
A EHAEEE) 2 W T, PU.LT/ GM-CSF Lt 7 % — o il % 56f 37 Sfpil in+-12 522
SRAEFINAE U TN D HSC & L CRTAll L 7=,

(B~ D ELIE)

NS ENE NBREER P B R P Bl S 5h 2 B = I CEBRGHRE A TR 1 L. 9598 O,
REEDOTER B L OB E OMEImES L OREOZ 4 EDRE 2%, KREEL
KRB 27-26 &),

M. #F5eHs S
< AKAH IR oD i ERER DR IRFIZE AL >
WBC: =1 > b o — LREIA B BIAA7 5 1 H B2 80X 10° 8/ 1 1.5 H B (2 103 X 10/ . I,

10 H HIZ 99.8 X 10°f#/ 12 1. 15 H HIZ 120X 10°f#/ . 1. 54 H HIZ 75X 10%{#/ 12 1. 150 H HIZ
104X 10°ff/ 1. 250 H BT 69X 10°ffl/ ul & 72 o 7=, ZAUCK L Tt E&REETIZ1 B A
(2 54X 10/ w1, 3 HEIC 17X10° 8/ 1 . 7 B HIZ 40X 10° /1, 150 H HIZ 102X 10?
8/, 253 HBEIC 92X 10°#/ ul & 727, 1 HENS 7 HEICH THE LB EA %2
R LTo, ZO®RIIW{IMERmZ R L, 150 B BURIZ= > he— At e ZTR o ko
Tmo THAERFETIZ 1L HBIZ 80X10%E/ 1. 5 HHIZ 70X 10°f#/ 1 . 15 H BT 58X 10
/1, 18 H HIZ 42X 10% 8/ 1 1, 22 H HIZ 72X 10% @/ 1 | . 152 H H{Z 72X 10°f#/ 12 1. 251



HEIZ 80X 10*E/ | & 72 o7z BT % 15 B H £ TSP AR 2R LIz, €0
BITHEIMEm A /R L, 150 H B LIFRICiZar he— it 2R o hotz, KiE
SREECIZ 10 B HIZ 113X 10% /12 1,54 H BT 85X 10°f#/ 1 1,150 H HIZ 79X 10° f#/ 1 1,157
HH 95X 10% /11, 250 H HIZ 48 X 10° /| & 72~ 7=, 250 Hf = > b o — LB & REED
Bz LT,

RBC : = b o — LRI ERES 1 HEIC 84X 10°fE/ u 1, 5 HHIZ 76 X X 10° &/ 1
I, 10 HHIZ 74X 10°f/ 1, 15 H BIZ 74.7 X 10° &/ |, 54 H HIZ 77.4X10°{/ 1. 150 H
H1Z 81.2X10°fl/ w1, 250 H B IZ 434X 10° i/ | & 7257z, ZAUCH L TR EsREE ik
1 HEIZ 75.5X10° @/ w1, 3 HHIZ 747X 10°f/ 1 . 7 H BIZ 72.8X10°ffl/ 1. 150 H H
(2 73.4X10° M/ w1, 253 H HIZ 66.6 X10°fH/ u| & 72~ 7-, THERFETIZ1 HHIZ80.7X
10511151/u|\ 5 HEIZ 71.9X10° /w1 . 15 HBIZ 71.3X10°f&/ 1. 18 H HIZ 65.7 X 10°f/

L 22 HBEIC 71X 10°#/ |, 152 H HIZ 69X 10°f#/ 1. 251 H HIZ 57X 10° /1 & 725
710 1£E1’>% RPETIZ 10 B B 71.2X10° /1 |, 54 H B2 74.6 X10°{&/ 12 1, 150 H H |2 78.7
X 10°f#/ u 1, 157 H B 76.6 X 10°ff/ u |, 250 H B1Z 36.1 X 10°ff/ | & 72> 7=, iR REE,
AR EREE, (MR ESREEVT Y 250 A2y b e — LR L AR O ELE R LT,

PLT : =2 b o — VRIS ERILE2 S 1 H B 743X 10* &/ 1, 5 H HIZ 89.6x10* fa/
w1, 10 H BIZ 123X 10* @/ 1, 15 H B2 69.2 X 10* &/ 1 |, 54 H HIZ 123.4 X 10*{#/ 12 1, 150
HHIZ 80.2X10° 8/ 1, 250 H HIZ 855X 10/ | & 72572, ZAUTH L T aRuE <
11 HEIC 78.6X 10/ 1. 3 H HIZ 112X 10/ 1. 7 H HIZ 555X 10*#/ 1. 150 H H
(2 96.5X 10/ u I, 253 H AT 118.1X 10/ 1 & 725 7=, 7T HBIZHD B R ONTZN, %
OBBIMERZ R L, 150 HHURRIZ 2 be—A Bt l Z xR o hote, THRER
FECTIZ1 H A 76.4X10ME/ 1. 5 HHIZ 96X 10* @/ 1, 15 H HIZ 38.2Xx10* &/ 1. 18
HHBIZ77.3x10 @/ 1, 22 H B2 100X 10* /2 1, 152 H B Z 113.5X10* @/ . 1, 251 H H
IZ 99.8 X 10/ | & 72 o7z, BREIME T T % 15 H BICHA 2R L2, £ O%ITH e
Mz L 18 HE UREICIEay br— il ZTR o ol RRERFETIZ10H
H1Z 116.4 X 10* 8/ |, 54 A HIZ 122.6 X 10*{#l/ 1o 1, 150 A HZ 116.6 X 10*{#l/ 12 1, 157 A H
111.8 X 10*fE/ w1, 250 H H1Z 68.9X10*f/ | & 72 ~7=, 250 HR = > b o —/LRE L AR D
N Oy

BRI F 1 B i BiBE A 2L D FI A Ok ZE L >

LT-HSC : = b o — L REI3A BRI 1 H B2 0.096 %, 5 H H120.011%, 10 H HiZ
0.153%. 15 H H(Z0.186 %, 54 H H1Z 0.15%, 150 H H 12 0.028%, 250 H HZ 0.082% &
7polz, ZAUCKT L CRMESERETIL 1 HHIZ0.057%.3 H HIZ0.129% .7 H HIZ 0.339 %,
150 H H1Z2 0.095 %, 253 H HIZ 0.117 % & 72 ~7=, 1 HHMS 7 H BIZ/HT TEIME R %
RL7, 150 HHUREE X = e — At BTl o 2olc, THREFHTII1IHA
120.079 %, 5H H 0.022% , 15 H HiZ 0.094, 18 H HIZ 0.067 %. 22 H HIZ 0.047 %, 152
H H1Z 0.024 %, 251 H H1Z 0.098 % & 72 -7-, 250 A=y b a— it L [REEOZE(LE R
L7z, (EHRERIETIZ 10 B H1IC 0.122 %, 54 H HIZ 0.126 %, 150 H H{Z 0.219 %, 157 H



H120.365%.250 H HIZ0.077% & 72> 7, B T2 150 H BIZHMNR RS 7=08,
TSN Ta s b r— e RO E LA R LT,

ST-HSC : =¥ b — LREIfFAEBRLA2 5 1 H BIZ 0.043 %, 5 H HIZ 0.003 %, 10 H H
12 0.067 %, 15 H H1Z20.092%, 54 H H1{Z 0.062 %, 150 H H(Z 0.005%, 250 H H1Z 0.019 %
Eleolz, ZHUCK L CEMBERHETIZ1T HHEIC 0022 %, 3 HEIZ 0044 % . 7 HEIZ
0.038 %, 150 H H(Z 0.034 %, 253 H H1Z 0.055% & 72 ~7=, 250 HE = b o — LiREER
DOEALZ R LTZ, TREREETIZ1 HHIC0.04%, 5 HH0.011% . 15 A H(20.045%, 18
H H120.023%, 22 H HZ 0.008 %, 152 H A2 0.01%, 251 A H1Z0.023% & 727, 22 A
IR RO, Z0%ITay br— L FROEEZ R Lo, RFREREETIX
10 A H1Z 0.045 %, 54 H HIZ 0.059 %, 150 H H1Z 0.062 %, 157 H E(Z 0.048 %, 250 H H
(20.015% & 72 o7z, 250 Bl = b — LR & RO E(LE R LT,

HSC : HSC OHIA OMkRFIZE AR LITRT, v he— AR XM ER®m 5 1 A
|2 1.475%, 5 H H1Z 1.656 %, 10 H H1Z 1.39 %, 15 H H(Z 1.282 %, 54 H H(Z 1.485 %, 150
HHEIZ 1.242 %, 250 HHIZ 1.068 % & 72-o7z, ZHICH L TEBERHETII1IHAIC
0.873%, 3 HHIZ0.246 % . 7 H HIZ 0.045%, 150 H HZ 1.35%, 253 A HIZ 1.166 % &
oz, THRBE CRIMRBMER 2R Lz, £O%ITEINER 4~ L, 150 A B LRI =
vhmr— AL TR ONRL o, PRREEHETIZITIHAIC137%, 5HEIZ13%,
15 H H1Z 0.68 %, 18 H HIZ 0.169 %, 22 H HZ 0.186 %, 152 H HIZ 1.122 %, 251 H HIZ
0462% L7257, MUK T35 15 H HICRMZRBAD 2R Lc, £ O®%RIIIEINMER 2w
L. 150 HELRICIZ = e — i e BT R 6N ol [RHERETIZII0HEIZ
1.378 %, 54 H HIZ 1.247 %. 150 H H(Z 0.298 %. 157 H H1Z 0.337 %. 250 H H(Z 0.618 %
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—>| CMEP > PLT
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(_A_\ > WBC
LT-HSC > ST-HSC > MPP —

> WBC

> | CMLP -
—> T cell

> CLP |—

—> B cell

1. B OEMRMEDOIEE - 2MEEKXX

EMeEHMAE (HSC, hematopoietic stem cell) & (XRHEMmMEMAZ (LT-HSC, long-term
hematopoietic stem cell) & 55 #i& MEFHAAE (ST-HSC, short-term hematopoietic stem cell)
ZRT, LT-HSC [CEFRADBCERE L MMERESHFENTIVS, ST-HSC [FEHTH
CEHMEDIEZHBYRL, BCEREZT X - ZEMAEMAE (MPP, multipotent
progenitor) Z4£E 3 5, £ D% . MPP (B B2k R/7R Mk R B FTEE#AR (CMEP, common
myeloid-erythroid progenitor) & BREEKR/1) /N BRRH BERIEFMAZ (CMLP, common
myelo-lymphoid progenitor) 24 t., CMEP [&FRIMEK (erythrocyte) &9 R T 77—

(macrophage) 129t 9 %, CMLP [E= 4207 7—SADNEE ) VR Bk R L ERTER
fig (CLP, common lymphoid progenitor) [Z45 41, CLP (& T #HA2 (T cell) & B #HR2 (B cell)
2739 %,
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F 1. HSC (EIMEFHRE) ZDOMEFRIZE L

(%)

gy | 2z hA—LE SiRERH hiRERE BiRERH

T | BRERE | T | BERE | FH | BERE | T | BERE
1 [1.475] 0.158 0.873 | 0.366 | 1.370 | 0.080
3 0.246 | 0.079
5 |1.656| 0.129 1.301 | 0.196
7 0.045 | 0.017
10 |1.390| 0.121 1.378 | 0.098
15 11.282| 0.240 0.697 | 0.158
18 0.169 | 0.148
22 0.186 | 0.063
54 |1.485| 0.218 1.247 | 0.159
150 |1.242| 0.182 1.350 | 0.200 0.298 | 0.169
152 [1.295| 0.235 1.122 | 0.258 | 0417 | 0.131
157 0.337 | 0.038
250 [1.068 | 0.494 0.618 | 0.407
251 0.462 | 0.076
253 |[1.158 | 0.182 1.166 | 0.293

& 2. F {8l Sfpil Bz FREEIDRKXZHD HSC DEIS

(%)
qy |2 FA—LE BB PIREEH fEC 4 8 B
Fiy ZHRE Fiy ZERE | B EERE Fy ZHRE
7 3.96 2.69 38.93 7.16
150 6.17 2.10 19.85 5.84 18.47 6.89 14.17 1.82
250 8.80 2.20 20.68 6.74 14.70 551 12.32 1.04
* 3.
X3 Sfpil BIZFICRAZEARAEZENE L TLVS HSC DEIE
(%)
g Oy hO—)LEE g2 iR SRR BigE 3
Eiy | BEERE EHy | BERE | FYH | Z2ERE Eiy | BERE
150 2.40 4.21 2.82 3.75 1.33 1.89 1.61 3.61
250 0.86 1.49 11.50 12.00 4.89 7.77 1.42 1.99
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F 4. HSCIZhH®H B rAML Y R 7 #FADE &

RN J0) o i ok o -
@ R B Sfpid % 48 Fi7 Sfpil HZERRERD | HSC I2hH®H 5 rAML
T TN LS R HBRADEIE
EE=
12.32 % X 1.42 % =
0, 0
20 mGy/day 12.32 % 1.42 % 0.17 %
14.70 % X 4.89 % =
0, 0
200 mGy/day 14.70 % 4.89 % 0.71 %
20.68 % x 11.5 % =
0 0,
1000 mGy/day 20.68 % 11.5 % 238 0%
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A dose-rate effect on chromosome 2 aberrations and Sfp:7/PU.1 loss leading
to radiation-induced murine acute myeloid leukemia
- Aiming at clarifying radiation cancer risk at low doses and dose rates

Michiaki Kai

“101ta University of Nursing and Health Sciences

Abstract

The dose-rate effect (DRE) is a critical phenomenon that should be considered to
estimate the low-dose radiation cancer risk for human health. However, the DRE
remains unclear in the light of not only mechanical process of radiation carcinogenesis
but also low-dose rates. As a pilot study, we had reviewed the DRE on
radiation-induced dicentrics in the recent reports and had suggested that DRE exists
in the low dose-rate region in vivo system. Resultantly, it became very important to
analyze the DRE at low-dose rates by conducting an in-vivo study on radiation cancer
using mice. It is well known that exposure to radiation leads to rAML
(radiation-induced acute myeloid leukemia) in C3H mice after an incubation period of
1 to 2 years. In murine studies, it has been reported that dysfunction of PU.1, encoded
by the murine Sfpil gene, expression in hematopoietic progenitors (ST-HSC: short
term hematopoietic stem cell, LT-HSC: Long term hematopoietic stem cell, MPP:
Multipotent progenitor, CMEP: Common myeloid-erythroid progenitor, CMLP:
Common myeloid-lymphoid progenitor) by radiation-induced Sfpil gene-site deletions
in chromosome 2 and subsequent S/pi] point mutation in the remaining allele, leads to
rAML. In our previous study, we had observed that cell turnover of hematopoietic
progenitors was activated depending on dose rates, and hypothesized that DNA
replicative stress through radiation-induced cell turnover can induce rAML-related
mutations. To clarify our hypothesis in this study, we examined the dose-rate response
of cell turnover, Sfpil gene-site deletions in chromosome 2, and PU.1 loss in
hematopoietic progenitors of y-irradiated C3H mice, and thus aimed at clarifying DRE
of radiation cancer. We showed that the pattern of cell turnover in HSC was markedly
different depending on the dose rates that can be classified into high (1 Gy/min),
middle (200 mGy/day) and low (20 mGy/day). We also found that the frequencies of
HSC with deletion of Sfpi7 gene site in chromosome 2 and HSC with dysfunction of
PU.1 increased depending on the dose rates. Our experimental results will provide a
clear insight into the DREs of Sfpil loss in HSCs that is likely to lead radiation

16



leukaemogenesis.

Keywords:  radiation, dose-rate, C3H mice, chromosome 2, SfpiZ/PU.1, rAML

(radiation-induced acute myeloid leukemia)
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The association between either low-dose or low-dose rate radiation exposure
and increasing risk of circulatory diseases. - Attempt to infer potential

mechanisms underlying the radiation associated circulatory diseases -

N. Takahashi!, H. Murakami 2, W. Ohishi 3, M. Misumi 4, N. Tsuyama 5, A. J.

Nakamura 6, H. Mizuno 7
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4 Statistics, Radiation Effects Research Foundation (RERF), 5 Dept. of Radiation Life
Science, Fukushima Medical University School of Medicine, 6 Dept. of Biological Science,
College of Science, Ibaraki University, 7 Laboratory of Analytical and Bioanalytical

Chemistry, School of Pharmaceutical Sciences, University of Shizuoka, Japan

Abstract

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

Irradiated stroke-prone spontaneous hypertensive rats (SHRSP), even at 0.1Gy,
showed stroke symptoms significantly earlier than unirradiated rats. However, SHRSP
irradiated with 0.05Gy did not show those efforts. This suggested there a threshold in
the radiation dose effect between 0.05 and 0.1Gy. With respect to dose rate exposure,
preliminary examinations, where SHRSP rats were chronically irradiated with an
accumulated dose of 0.5 or 1Gy (dose rate was 0.05 or 0.1Gy/day, respectively), did not
show any significant radiation effects.

To elucidate mechanisms of radiation-associated CD, we have measure blood
markers, such as cytokines, biochemical substances, and metabolites. We collected the
biomarker data from SHRSP rats irradiated with 0.1, 0.25, or 0.5Gy and sequentially
sacrificed at 1, 3 and 5 weeks after irradiation, and compared marker levels among
groups.

Metabolome analyses for sera from SHRSP demonstrated that the levels of
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some metabolites, such as bile acids, were altered with radiation doses. Moreover,
various cytokines, such as IL-2 and IL6, were also altered. Those were closely related
with cause of CD.

The introduction of various assay systems may provide valuable data for
inferring mechanisms of CD at lower-dose radiation exposure and long-term, effects

after irradiation.

Keywords

keyword1; circulatory diseases, keyword2; radiation effect
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The radiation dose dependent cellular responses in spontaneously
hypertensive rat (SHR) as an animal model of cardiovascular disease.

Asako J Nakamral, Mio Kuchiki?!, Norio Takahashi?
1Department of Biological Sciences, College of Science, Ibaraki University, Ibaraki,
Japan

2Radiation Effects Research Foundation, Hiroshima, Japan

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

dose-dependent manner.

Keywords

H2AX, DNA damage, inflammation, cellular senescence
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Rk 28 AEEEIE, IETH 72 DNAEERREZ AT 5 b MRHEFMIR, U o Bk 2 AV T
TGRR AP E OB O R EMBAMR, IEMEA A Lo, Pk 29 X, & DNA
M RABMIN 2 AW CRIBEDIRNT 24T\, BRI TH O LR R & e+ 25 Z &
L0 BEOFHSEEOMEZH LN T L2 HNE LT, ML FE M LTz, £z,
R E Z OB T 2 e ME D E N 72008 AU & oD B O FR A D i & LT,
RIKEN BRC Cell Bank 7 & @5 E& H 2 WIENABREH RO B ~ U 2 oSERIE 2 40 FEER
EAFL, 7xu(e FOBURR - ALFW BRSO SRR Z K™ 5 X o 1Tl S 7=



faot v F)aEER L, F2E2 DNABEBNE Y ™7 BORBORE 21T 7=,



II. etk
FERK 29 FEEEDOHFFEITLL T O & 91252 L7z,

1. XRCC4 Ser320 @V U FLIKFERF AT / 7 v — T VHURD SUGE DO RERR

WRE 28 4FE1C XRCC4 Ser320 @V v ERALIRIEFRF RAE / 7 v —F VB
Anti-phospho-XRCC4-S320(M) # At E PRI TEICRFE L TERIL 72, 72, 20
PURD )M % ELISA (Enzyme-linked immunosorbent assay) {512 L - CThERR L72, &K
BEX, Vo RAZ U - TayT o ZEICEBT S5 ATREEIC DWW TRRET L 72,

Vx AR e Ty T U TIEFR A D TE TICRR L Ui L HIETIT -

72(7), MkIL e N2 Stk HeLa Ml 2 AV 7o, B #RCy #50 B30I 4 55 28 1R L2 0
W L7 RHE L A a0 b 60 BRIHERR IS TIT o 72, MRS, 290 g, 5 3 DiELIC L - T
AfRABL L UCiti s, U CERREE AR K(PBS) T 2 MYy Lz, Z OAHIaSE 4 Hila
FhH % (50 mM Tris-HCL, pH 7.6, 150 mM NaCl. 0.5% Triton X-100, % > /%27 45 g%
BLOWLY e blEsE OBLER 2 BN L7)ICRE L, 30 23] 4°CIloffF#%. 20,000 g, 10
Sy DI EITO, EEER T, 20 BiED X o8 IR R 2 721, 8O 2XSDS-PAGE
BRI (125 mM Tris-HCI (pH 6.8), 4% w/v sodium lauryl sulfate, 20% v/v glycerol,
5% v/v B-mercaptoethanol, 0.02% w/v bromophenolblue, 0.01% crystalviolet) & /&4 L.
100°C. 10 3B L 7= b D&EFELE LTz, ZOE% 10% 727 VAT I Fagie/ /L TE
SvkEh 21T - TR L. polyvinylidene difluoride ®EIZE LEL~7-, Z DA 1%D A ¥
AINVT HET b U AREEAFAEK(TBI)IZIR Lz, #T XRCC4 Hifk, XRCC4 Ser320
U VBRLIRER R Y XFRY 7o —F AHFEB L O~ v 2E /7 n—F Lk, 61
KR L LCHt PCNA Fifk & —Wt ACTRIG S /7o, KIZ, "L F X —BiE#IS -y
FXHLWNIE~ T R GE T a7 ) AT HHUR L KIS S o, &#%IZ, PerkinElmer fh:
Western Lightning % » k& %\ X LiICOR £1: Western Sure Substrate % k& F TR S,
LiCOR digit % iV T4 2 B L7z,



2. & bk DNAMETE KABHA IR~ 2 Bt « AL E o B M OV SR R 528 O it b
@ MfE - E% b MERMESEMAD HF19, NBIRGB, 1BR3, 1EF & kU >/ ERHHN TK6, DNA
(EHE B R IER BB M, 7 LFRERT CRISPR/Cas9 EIC & » TIERI S
7= DNA {&18 - DNA {55 E BT XK EMIa 2 vz, 2o 95, HF19, NBIRGB IX[E T
WFZEBR T 1 NFRAL SR ZE TS A A ) Y — 2 o & —#HaA4 BB 58 3 (RIKEN BRC Cell
Bank) 7> &, TK6 (X[ESZAFFERAFEIE AN EHEHAME - R - SRAB0F5EFT (JCRB) MmN
TIBHAF LT, IBR3IZHEE « Y 7 AKRFD Penny A. Jeggo LB TEVV -,
F77. Jeggo it AT =2 —F 0 - ha U RAAHFFEFTD Qiang Pan—Hammerstrom {8
16 XRCCA 72 & 0D DNAMEIE BRI R A4 K5O I HOR ORI 2 THU M 2,
FZEERIZ BV T e MG IOk HCT116 flifad v it e NEREMAD U20S flfah 5
p53, XRCC4, XLF K#BHfE% CRISPR/Cas9 EIZ K-> TIERI L7, F7-, mUEEKZF - &
ME bz, B2 WS EZH 5 DNA-PKes, DNA ligase IV, Smarcall, ATM /K4
AR A TENZ (8)
@ B v MEHEEEMR OEEEE 21X, DMEM(Dulbecco’ s modified Eagle medium)
TRAREEH (4.5 g/1 Zva—A L-ZZ I AU N ULAER) EH,
AR R i 3% (FBS) & 20%7% (HF19, 1BR3. DNA &1 s K8 B HSMIN) %7213 10%
2% (NBIRGB DA M LT=, & b U L BRI OB 1213, RPMI1640 i {AEs 1 (1L-
TNEI L ENECEBT N U LAER) AV 0% O FBS Z iR L7c, WTith,
EDOR= Y /A RNLT v~ ARER (4 10,000 U/ml, 10,000 ug/ml).
I%DFEMAT I BRSIE AT LTz, U o SEROEERICE LTl Pkl e LT,
50 uM @D 2=-ANAT hxX ) —VERINLTZ, B531X 37°C. 5% CO, #REE, Wm/E 95%
PLEDOEMTITo Tz, MROBRICIZ, T4 v v aEid7 7 2 anbiftiz i L
B, N7 RAEHREIR CUEE L, 2.5 g/L- MU 7T /1 mM EDTA & C 37C, 2~
SPALER L, BEHIC 15 ml OIS L2, TS e R ISR LT, Bl
TA vy aEllIT7 T A TR LT, MkRIT 3~T7 BIZ—EETT 57, FBS X HyClone
s, EFNUSNORIEZT T A4 T AT BEEA LT,



@ FSTHRERST « ERER TORENT, BT
RFa 90 MR ERZICBW T, £ il —1—
1o USSR O DI, TR 28 (TR gog —| R
294E2 A 8 AT, B LERTHEHREEY g1 o
5 — R[] | L1 et SRRt 5% L 2B 7 A SR R R
WA L7, WA LTARIRIL, “Co FUREIEHE v
B (AAT A Y b—71%. C0401CE, 1MBq,
FORAEGEHERD 4 HTH D, Z ORME &Mz
K LSRR S BR i sR N D CO, A > F 2 _X—H
WNICEWTE#EEZTo7- (R, #REI 4 -
R RICEWCHEET 5 X 912, koG
Bl L7 (KO-1 7)., AARIXER 10cm OR5#E
T4 w2l REL, 20 ETOMRIZESA
TERICEE L. (KI-1TF), MkoMkEE9.3
cm T 5, “Co DFENMREIEEE 0. 305 1 Sve
h' - MBq! TH D25, EARFZI T HRERIL

W) (T4 v adR) T65 uSv/h, &K (7

4 yTa®DH b, b PRIZIEVLE) T109 u
Sv/h, /b (F 4y a2mH b, EbLHRnbE
UVMZE) T39 1 Sv/h TH Y Co D L 5. 27

-1 AR ERBEZ BT 2R
JREMaORE FIXERNS R
2B, H. TiEEREL. BRI,
T4y vaDiEL END R

ETHDHZ D, L3043 A8 HIZBWT

RO 8ThDORERIZ /D & AL bz, &

BT, BRI o 2 — /I O 1 245 T IR R E
HREHEE CORKN 21T o7,

@ 2 r =—AIEIC X2 EFRAE - b MEEFRIC OV T, B2 10 cm O
BEA8 T ¢ > 2 =12 300-500 fIE DA A FEFE L, BRI £ 7213 b P E LB 21T -
7o 23 WRREE Lok, Blshlzan=—%28¥x 7, BAMICiE, £9°, Btz
BrEL, 99.6%= % ) — L CREELIHZ, 7 U RZANAF Ly FTYE L, 50 fEEL
FoflatGtran=—0E K xT-, £7-. B MY UoSERIZOW T, @OlZqe# L
TR CFBS % 165% L L= b DI 0. 2% w/v DT H 11— R Z RN L 7= R E K
b TR SN ERROa e =—%2 %27, WIhb, LTOHETTL—FT 17
B (P.E) B LOEFRS.F.) ZRDT,

P.E. = B ESNican=—o%) /G L 7-Miao%) X100 %) .

S.F. = (RIS £ 7 1B 24T > 125D P.E.) / GHRD P.E. ),

-
X,



® ZEREBEOWE - 1 EOMIEI D 107 EFREE ORIIALER 12 72 2 FE TOZEIRE
B DR AR T, BAREIIZIE. 96 7= L L— NI 1 W bdbT- 0.3 &
2% £ 912 TK6 Ml ds L OV o DNA BT B AR RAE M A R FE L | IEHR S = i IR
HTFBIOFELLAT AT E K (0.0033 mM) &2V E N-=F/L-N-= k2 JRFE(ENV)
(0.033 mM) {F7E T CH:E L7z, BEHEFFRICEBWTH D T =i 1 {EOMIE A 2 i
LIXRT VUMW LB 2D L 0.22 (=e®?+0.3/1), FEA1TEG AL
fEHRIT0.74 (=e*3+0.3%0!) THLHIMD, Mlan 1 {EHLEASTWHWD Y = LOHT
RS 1E7Z A>T D 7 = L OEIATE 0.86 (=0.22/(1-0.74)) & 725, MIfaAHE
FELTD = /WRE E AL LEORIBa HHTENE Z o 72 & B 2 | HEREEA O L2
MOEERL, 1I00REOMEE Lz, ZhiE 6T 77 = (6-16) HHWI KV
Tt uaF IV (TFT) ZRINMLHEREMP CTHEL, @LRkkIcan=—%
e &8z, 6-T6, TFT HFEF TOan =—BRRTHIEL T, T L HPRT
(Hypoxanthine phosphoribosyl transferase) E{m+. TK (Thymidine kinase) &
IR DFRERETER L LT,
® AR BRI T 2 85 TR O B OFEHT HIE 2 R R R R IR T T
B th, AR Y = 17 4 7 A4LD Fast Gene ¥ v b & FHC RNA Z K58 L 72, Z @ RNA
T BT T NA AR U, iR — 2 Y — (NGS) (2 K BELSIENT 51T > 7=,

3. B MU U ERHIRES M SR L DAERK

O HMife - 40 FEFHDOTZ T AHZ A 2« N— « UA LA TR LI HARAHNRK Y /35K
il Zz RIKEN BRC Cell Bank 706 AF L7z, BEaERMFHIE, Lido 2. @IZFEH L 72 TK6
DEMFEFRIC E Lc, AFR, BEHICEELHGL, BfA Ny 7 by =X Z -7
2T 4OV TNV AR L,

QUazARFY TRy T AT U AE Y Ty T 4 TG R X
OZEDAFICIFLLFOEY TH 5, Anti-DNA-PKes : VW XK U 7 o —F L fifk, Y4
WFFE=EI TERL Y, Anti-DNA-PKces (Ab-4): ¥ 7 ZE / 7 1 —F LK, Neomarkers ;
Anti-Ku86 : XA Y 7 m—F bk, YHFEEICTHER P Anti-Ku70 : 7Y F
RY 7 v —F VHUR S RFFEERIC CTERL Y| Anti-XRCC4: 73R Y 7 o —F Uik,
WEFFEEIC TERL ;. Anti-ATM (NB100-104) : 7% X8 U 7 o —F /LHi{K, Novus
Biochemicals; Anti-ATR (ab184137): V¥R U 7 v —F /LH{K, Abcam; Anti-ATR
(ab4d71) : ¥ 7 AE /7 a0 —F LK, Abcam ; Anti-53BP1 (A300-272A) : 7%
AU 7 v —TF UHiK, Bethyl Laboratories ; Anti-XLF (3757-100) : VH ¥R 7 1
—FLFLR, Biovision; Anti-PAXX (ab126353) : 7YX Y 7 o —F /LH{E, Abcam ;
Anti-PCNA (sc-7907) : 7 H XKV 7 v —F LHK, Santa Cruz, —KFifkL LT, ~L
FX A —BIEH X RE s a7 Y 7 XK Y 7 a—F UHHRP0399, Dako),
A~ A&7 a7 ) Y XK Y 7 o —F LHiRP0447, Dako)Z H\ 7=, ol



PerkinElmer #: Western Lightning & > k& %\ X LiCOR f1: Western Sure Substrate &
k% Fvy, LiCOR digit % FV > Clifg 2 5 Lz,

(fEL i ~ D BCLE)

b MBI N A AU Y — Ak o 2 — AP R N . ESTAFERRIE A IE
SRR - (e - SEARAFZERT (JCRB) MR N> 7 & 2 WX EINAMC TR 2 85 L 7= BF9E 3 H>
BAFL, BAEMEZMET LT, FREIT -T2, SRR BT\ I
1H{ER L OB S 25T L T{T> 72, CRISPR/Cas9 ¥ A7 A% /- DNA —EH#Ukr
EE B AR KB ERIC D W CIIBFE B AR R CARFIC TR S N TEBY . A K
TA U ERESF L TTTo T,



III.  BFZEks R

1. XRCC4 Ser320 @V U ERAIRBERF BT / 7 1 —F /VHURD K o e iR 45

Rk 28 AEEEICVERL L 72 XRCC4 Ser320 UV VERLARFERF B~ 7 2E /) 7 v —F Pk

(-XRCC4-pS320M) &= W T, W AKX v - TuvT 4 7Kk Te FHIJENTO
XRCC4 Ser320 ®V U E{LIRIEA M TE 5>, b MBS ok HeLa Mlfa 2 VT
Afllc, ZORE, ~UAE/ Z7u—F APk, vFRY 7e—Fagiks s THES
N5 55 kDa OALEIZ/N RAHER S NTZ, Z D32 Kid, siRNA(small interering RNA,
H P& s O IERLS O —EBIC kST DV 2 A8 RNA T, ZNAEATLHZ LKV E
B O mRNAN SRS D)2 HWTXRCCA % /) v 7 X T 5 EHRLIZZ b,
XRCC4 Th 5D Z LRI NIz, £o, WIAMRIEEN pCMV-7 & — 2 W TIER
XRCC4 #FEBLE T2 E O RBBINTZR, Serd20 # U VLIV T 7 =g
HaL 72 ZRAR (S320A) THEHAV RREFELLWEEI LTz, ZOZ &L, WTEROHIE
H XRCC4 @ Ser320 (2817 % V U ERLIREERF BAYIZSOS LTV D 2 & D3Rl S viz, — 7.
Ser320 Z HEM A FFOT A/NT X UBIZEHL L T, U IR IRIE A 1 L 748 B4R (S320D)
DA, ~ T AT 7 a—F PRI IER XRCC4 DA L VI DO DE %R LTZAS,
UHXRY 7 a—FAHRIEE R E 2ol TOZ EMNG, K 28 4FEICERL L 72
< AET ) 7 a—FPRITEBRICE > TU VR BIRRE ARSI L TV B ATHEME A L &
Ez bz,

2. & bk DNAMETE RABHBRIZ R~ 2 BOH#R - AL E D B K OV 5 R 8 5228 O figt b
O EAFRITKE 2

TP, EEE MRHEZEMN NBIRGB 3L 0% kU 2 3Bk TK6 O R AR, b
EWE (RVAT VT e R, N-=F-N-= b r VR#E (ENU)) &Mz oo =—Fkik
2L 5T~ (KI-1), FALAT AT E RIZoWTit, NBIRGB /X 0.03 mM-0.1 mM
Dfi], TK6 1% 0.01 mM-0.03 mM DRI TEMFRDEIH L, 2 v =—N e TERRoT,
ENU (22T, NBIRGB (ZIEED ERTH S 1 mM T RO 50%LL EDEFRE R
L. TK6 % 0.1 mM-0.3 mM O] TAEFEROEBN R Sz, —F ., KRR SRR
T (380 pSv/h) THER LGS, WIhoMias i FEOFET 0.5 1 Svh OfE
RERD) WA, BHTFEar =— LR L, ZOMEND, 30 1 Svh £TOMR
ERTIHEFRETOREL /<, T LAMIREMEMEE SN D ATREMER & 5 2 & AR
Iz,

WIZ . DNA B R BRI C 0 5285 & 3 A 7o, ARSI 70 & & 514 L 725 5. TK6
1R O AR RIBMIR S B R - AL 598 O B fRAT I i & & 2 572, DNA-PKes,
ATM KEHIE & 5. 0.911 Gy/min 3 X O 1 mGy/min O R BRI LTI EF IR L0 &
Bz AR L2235, 100 1 Svih OFREHS T an =— BRI EEW R R 50 -
2. F7o, FARBXWENU (Zxf L CIEIEF ML & F%E OS2 R Lz,

10



INDDOT—ZDoT EBRITLY, BEREACFEWE OB EFET 57O OB

EFNEER L (IV. Z%),

15
0.8
E g
B os g
=] E\ 1
E ooa £
3 3
0.2
0.5

—a— FA[NB1)

=== ENU{NE1)
0 —a—F
—m— ENU{TKE)
_n._z | 1 u i
0.001 om 0.1
Conc. (mM) Dose rate (uSwh)

KII-1 & FEGHESEMAEL NBIRGB 55 L OV kU 2 RERAE TK6 OARHR AR AHikEs L O
FEHRN M

NB1RGB(NB1) 5 X U'TK6 Z# 7R/ A7 /L7 & R (FA) N-=F/L-N-= k1 VJRF% (ENU)
FAE T, &2 WL ERBG RN T CTHBE L, a0 =—JBRIEIC X 2 EFRAE 21T

277,

11



@ ZRIRE BRI T3t B

TK6 HIfF L OV Z AU H k4% DNA-PKes, ATM (= KHEAIEAS 1 8 OMIE > 5 107 fEF
JE DAL HETE S 2 e T DO IR BB OFHI A2 A T, S HRIEIRES - (L2 E
HWBFEC BN TIE, WIN b ERERARETH -2 (R I11-1), FALLAT AT E R
(0.0033 mM) ALEREEIC ISV T 2R R T S ed o7, ENU (0.033 mM) SLBREEIC
BT, 105-10° OFIPHDOZERZERA R S 47z, IR ESE R Tld, HPRT &
B ORI BITRE SN ipo 7oy, B 1 7 v — 2 T TK BB 1 DR B
SNTe, ZNDHDRERD S | AR EFRHES IR K 2 2RERBE D EFITRO 61T,
Hol=E LTH0.033 mM D ENU L 0B/ NSWEEZ B,

AEDFHINC BV TR TE 20y o 7SI DWW TR, A%, BERRE % HI1F 2 BN
bbb, TP, OB LEGEZBRMGT 5 Z LI LA, TR OMIRRE, ALt
Bonlrza—rnZ b0 Tl 1HELELNRNTobDORH o7, HYH
D7 a—rEHEFEIEL DT, < OY o VICHIRER-ET 2 Z EBAREICR D, 3K
FPLEZ DWW T IZ e Wb O 0| KIRERBKN G O%E . IR O EHHEHICELS 2 &
NTELT L — FOBITIRADRH D72, TRV IBRLBMLEE RS,

7. AEOFHINC & D8 FERIGRAEFILIE, K 1078 276 L, @ IREERIIEFAE T
TOP.E 23060 THo7=Z LMD, K1.5-3x107 L BfEDL biv/z, LnL, EEOR
HTRIZ LD &< EEME DS TR B 2 bivd, —KE LT, 6-16, TFT & A
BrH I ZREFE U 7o BROMBRIREE 72 & DO BT IBPCERIIEFAE T LD P.E 23 1 HRREEAK >
T-R[REMEN B 2 NS, b Tz, BEAR—R2 LD L H D0, TIROMY KL
WL ER RS ELEZ LD,

@ (R BRI R KT D BB T-FEBLDJRE DFRHT

TK6 #Hf 36 & OV FUT F k3% DNA-PKes, ATM Bz T~ K FE AR 2 A B S e R R ¢
48 WFREE 1S . RNA RSB, RIS — 7 o —12 L B ECSIf#T (RNAseq fEHT) % F2fE
L. ZTHZHHK 4,000 57U — B GKJ 4,000 518D DNA ¥ i OHEEERCS) D7 — % 24572, =
AUC RV | AR R BRT 2BBE FRBLOINE & 2 OFIEIZI5 1T 2 DNA-PKes & ATM
DEENZ SN TOIFERIE ST,

12



# TIT1 22078 BIRIE D RIS

1 5B @ CTL XS HRIERRSE « (LW EIENEE, FA XAV LT LT E R,

2 %1H®D WT

TP AR GBIE T2 R STVt TK6) . CS X DNA-PKes KEMfd, AT /X ATM
KL, 8 FIH D 1-56 OFFILI v —r DFF, NDITEEITORN-1-Z & E2RT,
5HIBEILT L— b 1 H7- v B L-Mlaok, 6518, 85IH® 6TG, TFT XD
BINFEK A ST L — MR SN -aa=—0FEK T, 75H. 9%5BO M.EIZFN15

FHAE S 472 HPRT 5136 X O TK B D JERAE AR,

P.E. |[Cells/plate |6-TG |M.F. TFT [M.F.

CTL WT [ 1| 60.9 1.18E+07 0 0

CTL WT | 2| 66.6 1.21E+07 0 0

CTL WT [ 3| 62.5 1.17E+07 0 0

CTL CS 1] 41.2 1.24E+07|N.D. 0

CTL AT 11 47.1 9.69E+06 0 0

FA WT | 1| 48.4 1.04E+07 0 0

FA WT | 2| 61.6 1.18E+07 0 0

FA WT [ 3] 77.0 1.15E+07 0 0

ENU WT | 1| 67.8 1.23E+07 27 3.25E-06 0

ENU CS 11 39.1 1.19E+07 28 6.00E-06( 61| 1.31E-05
ENU CS 2| 43.8 1.17E+07 24 4.68E-06( 31| 6.05E-06
ENU AT 1] 53.1 9.99E+06 7 1.32E-06 0

LDR-L [WT | 1f 45.7 1.28E+07 0 8| 1.37E-06
LDR-L |CS 1| 46.6 1.18E+07 0 0

LDR-L (AT 11 50.1 1.13E+07 0 0

LDR-L [AT 2| 53.6 1.05E+07 0 0

LDR-H |WT [ 1| 31.3 1.10E+07 0 0

LDR-H [WT | 3f 56.9 1.23E+07 0 0

LDR-H |WT [ 5| 415 1.20E+07 0 30( 6.02E-06
LDR-H |CS 1] 45.6 1.18E+07 0

LDR-H [AT 2| 45.3 9.85E+06 0

13




3. B MU U ERESZ M SRV DAERYL

Rk 30 D DNA HEINE L iGTiR - LB RS PE O M BEfET I 2. C. BRAFAEAD
FATOHARNERY > ERMaK 500 BRI D HNG | E AHRO LD, 2SABEH
Kobo 20 FET O, 40 FEEAATF L, SHAEER L (R I-2),

WIZ, 2D ORIEIZI 1T 5 DNABHERE Y L XV EORBEZ T = A X Ty T 4
IR LTe, FEMIRIERRAS BB IR 5 DNA-PKes, Ku86, Ku70, DNA ligase
IV. XRCC4, XLF, Artemis, PAXX, DNA & OR K ERIRICEED S 53BP1, F= v 7 K
A2 MDD ATR, n—F 47 - ar hra—/,LE LTPCNA OREREZBRHF LI, £
7=. JCRB 2°H AF-L7= TK6 #{ZE#EL 7=, XRCC4, 53BP1, PCNA (22 CiF&Th
I CHBZ MR TX 72, Ku86, Ku70 I[ZoWTIE, —#RENR SR> =/l s &
ST, PURD IR L) — TR o TR EZ b D, TRLSDFZ R 7 BFIZO0
TIE, ZCIINT 2 BXRHUARE Z T 5 2 LI K> TRERF TORFI PR LIELE
Z b, 12, XRCC4IZHOWTIiE, FEOEETICBWT—HIESZR (A247S) NfE S
NTWD, ZOBEWVIESEIOT 22 Z T yT 4 7 ETHRETZ LIIRARETH Y
DNA B EBSN DM 78 EDB B L B 2 BT,
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fEE A Bk

A 14 Bl)| 2 p
HEV0012 |Z¢ | 46
HEV0013 |Zz | 42
HEV0100 |Zz | 55
HEV0160 |Z& | 38
HEV0190 |#Zz | 21
HEV0195 |%& | 59
HEV0236 |Zz | 34
HEV0311 |& | 50
HEV0333 | | 29
HEV0401 |Zz | 27
HEVo011 |5 | 27
HEVoos8 |55 | 54
HEV0091 |5 | 21
HEV0098 |55 | 36
HEV0120 |5 | 65
HEV0134 |5 | 48
HEV0296 |5 | 41
HEV0356 |55 | 57
HEV0384 |5 | 23
HEVo428 |55 | 31

FIII-2 & b Y o RERIESE M L O il —

15

FUEEBERXK

#H A MR | S
HEV0135 |%& 53
HEV0157 |%& 58
HEV0261 |%& 47
HEV0272 |%& 50
HEV0303 |% 55
HEV0312 |%& 37
HEV0317 |%& 62
HEV0337 |%& 41
HEV0345 | 52
HEV0378 |#& 68
FEEREEERE

i) R |Fip
HEV0080 |%z 65
HEV0136 |%& 77
HEV0146 |%z 54
HEV0209 |%& 68
HEV0257 |%& 43
HEV0299 |%& 72
HEV0305 |%& 56
HEV0352 |%& 36
HEV0390 |%&& 61
HEV0438 | 48




IV. &%

O HER EACTFE OB LHET D 72O DI E T /L
N1.2. O DAL FWEAFAE F CTOEFROREM R, L FWE ST C O
(2017 4 11 A I\C#EE TR S 7= ICEM-ACEM2017 TIESRINE L, £7=. W&
Young Rok SEO 1§ L GEETEW) BB LN L, FilOBIENET VEBL LT,
1 EORZRICRE T HieE%E P, WIRICHTET 2% %4 Q &7 25 L. Q=2-1/P OBEREAN
b5, an=—FFE PE)IZQDHELETHL LB X iDL, P AXRICH~0.37 (e1)
FIE T T 2BERBETIEOSAES -V 1EOEMENEZ > TWNDHEBEZLND,
ZOMER, REEZBEAMLTH LT, BREACTFHEORELHKRLIZY, AL
DT HZENTEXLAREELRDH D, MIESE 1 BHZYOEMEDKEELLETDH L, BE
ROPEEEZ A, E. o BEERLELTA=a+pd &EIT D, HALL AR DHEROMEE T
1B &L, ZnaEMND L, MSHIERN - (bFWEIFLER D 2 v =—EaE (PE.)
[ES
P.E=2-1/e"

Flz, AFE(SF) L,
S.F={2-1/et*-Fd}/(2-1/e )

L%, EHIT, BURFREAE BN & o 72 AFRMBRICET 2ENET A LQ 7V E A
720, SF=0 L7222 - RESKRDOND (a+Bd=0.693 /=7 d), IL2.0DICH
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Unification of effects of radiation and chemical substance and

evaluation of personal variance in sensitivity

Yoshihisa Matsumoto

Laboratory for Advanced Nuclear Energy, Institute of Innovative Research,

Tokyo Institute of Technology

Abstract

Effects of radiation, in general, appears not by itself but as the consequence of
combined exposure to endogenous and exogenous substances arising from environment
and life style. In addition, personal variance in genetic factors is thought to modify the
effects of radiation considerably. This study aimed to develop a method to unify the
effects of radiation and chemical substance and evaluate the variance in sensitivity
among individuals, based on the induction and repair of DNA damages.

In FY2017, cultured human cells, including normal fibroblasts and
lymphocytes and their derivatives lacking DNA repair genes, were exposed to radiation
of high dose rate and low dose rate and/or chemical substances, i.e., ENU and
formaldehyde, and analyzed those effects on cell survival and mutation frequency. The
results indicated that the low dose rate radiation up to 100 micro Sv/h did not decrease
cell survival or increase mutation frequency even in DNA repair-deficient cells.
Additionally, based on the results of cell survival measurement, a mathematical model
for quantitative evaluation and unification of the effects of low dose rate radiation and
chemicals was invented.

Toward the evaluation of personal variance in sensitivity toward low dose rate
radiation and chemicals, a sensitivity panel, consisting of 40 Epstain-Barr
Virus-transformed lymphocyte from Japanese population including healthy individuals

and cancer patients, was established.

Keywords
DNA damage, DNA repair, protein phosphorylation, DNA-PK, ATM, ATR
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